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Foreword

This is the Worldwatch Institute’s first
State of the World repont. The intent is
not merely to describe how things are,
but to indicate whether they are getting
better or worse. The yardstick by which
we measure progress is sustainability—
the extent to which our economic and
social systems are successfully adjusting
to changes in the underlying natural re-
source base.

The primary focus in State of the World
-=1984 is on the interplay between the
changing resource base and the eco-
riomic system. Recent concernt with this
relationship was heightened by publica-
tion of The Limits to Growth in 1972 and
dramatically underlined the following
year by the QPEC cil price hike. The
return of famine during the early seven-
ties after nearly a quanter-century’s ab.
sence raised questions about long-term
food securtty. These and other issues led
the U.S. Government to undertake a
swdy ofglobal resource issues facing the
country as it appreaches the twenty-first
century. which culminated in The Global
2000 Report 1o the President, published in
1980.

In an effort to regularly monitor
changing conditions worldwide, a num-
ber .of organizations now issue annual
reports. The International Monetary
Fund, for example, publishes a World
Economic Outlook. The World Bank pro-
duces the World Development Reporl, an
annual review of economic conditions in
developing countries. Several U.N.
agencies compile yeady reports in their

special areas of respousibility, such as
UNICEF'S State of the Worlds Children.
The United Nations Environment Pro-
gramme publishes astate of the environ-
ment repert. The Food and Agricultu ¢
Organization has been publishing for
many years a State of Food and Agriculture
and the U.N. Fund for Population Activi-
ties ssues an annual repért on popula-
tion.

At the national level, some, govern-
ments—]Japan and Israel, for example—~
issue annual “state of the environment"’
reports. In the United States. the Con-
servation Foundation last year put cut
State of the Environment—1982 in an effort
to supplement the diminishing efforts of
the U.S. Council on Environmental
Quality. Half-a-world away this was par-
alleled by The State of India’s Environment
—1982, prepared by the Centre for Sci-
ence and Environment in New Delhi.
Within the U.S. Government, the De-

" partment of Energy issues an [nlerna-

tional Energy Annual and the Department
of Agriculture maintains a steady flow of
reports on the world food sitation.
Worldwatch’s contribution te this
growing dialogue is an attempt to ana-
lyze not only the major developments
and trends in these specific areas but
also the way they relate o each other.
The canvas on which this repont is
sketched is necessarily broad. Its pur-
pose is not 1o replace any of the more
detailed reports, but rather 1o supple-

_ ment them and perhaps even 1o enhance

their usefulness by integrating their

i3
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findings iu a broader_analysis. We try 1o
determine, for example, how the deple-
tion of oil resetves affects the global
economy, both directly and indirecily,
How will the shift from oil 10 renewable
energy alier global economic structures?
How does population giowth affect soil
erosion and what effect will erosion have
on food preduction? Will population
growth evenwally be slowed by falling
birth rates ot by tising death rates?
These questions may not yet be at the
tep of natienal political agendas. but we
bche\re theyareissues that will shape the
uman prospect.

The State of the World—1I1984 tries 10
measure progress toward sustainability
and determine why some countries are
doing beuer on a given front than oth-
ers. Is progress due to the play of market
forces. tax incentives. public education,
government regulation, the emergence
of a new tedwmology, or intelligent lead-
ershin? Wetry to convey what is working
ar.d ~hy. We sec the report as a vehicle
for quickly disseminating news of inno-
vative initatives—-whether it be Swe-
den’s nauonal plan to use reverse vend-
ing machines to recycle aluminum
bcvcrage containers, Thailand’s innova-
tive family planning incentives, or Cali-
lornia’s policies to spur a massive break-
through in wind elecirical generation.

Thie State of the World will not cover the
same topics each Yearbur rather will deal
witly the shifting constellation of issues
that relate to sustainability. This year,
for example, we have analyzed world-
wide soil erosion; next year we may focus
o the conversion of cropland te non-
farm uses. This year we have a detailed
analysis of deforestation and the various
iree planting efforts that are under way.
W may focus next on the condition of
the world’s grasslands, a major source of
protein jn the human diet. This year's
chapter on renewable energy examines
wind power, firewood, geothermal en-
ergy, and photovohaics. In the 1985 re-

Foreword

port, we anticipate covering hydro-
power, solar collectors, alcohol fuels,
and metlanz generation from biclogical
wasles. '

In general, this first assessment shows
that existing priorities in the use of both
fiscal and natural rescurces are not com-
patible with the long-term sustainability
of society. A resumption of the broad-
based improvements jp the huwnan con-
dition that characterized the third quar-
ter of this century will require a shifi in
developnent sirategies and areordering
of priorities. A major purpose of this re-
port is to provide a sense of that necded
reordering and of new ways to evaluate
improvements in the human prospect.

We have tried to design a report that
will be useful 1o policymakers. For exam-
ple, in analyzing energy irends we have
sought to help national energy planners
who are faced with difficult choices, The

‘chapter on nuclear pewer economics is

the most comprehersive international
compilation currenily available on the
costs of nuclear power. Unfortunately,
few energy planners have had access to
these internaticnal cost data. The chap-
ter that charns the reduced dependence
on ¢jl worldwide enables national en-
ergy officials to compare theijr progress
with that in other counries.

One by-product of global assessments
of this sort is the dentification of basic
information gaps. Our effort 10 analyze
topscil loss from erosion indicates that
few countries have systematically gath-
ered dar on soil formation and loss on
their croplands. Although soil is a basic
resource, most countries lack the data
needed for its intelligent management.

The analysis underlying the report js
integrated. or what is sometimes de-
scribed as interdisciplinary. We have
ronsciously chosen not to consider is-
sues exclusively in biclogical, economic,
political, or other disdplinary framne-
works. Rather, we antempt to examine
issues in all their complexity, much as
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policymakers must consider them. Any-
one who has attempted to conbine ¢co-
logic and cconoinic analysis understands
the difficuliies inherem in inerdiscipli-
nary research. Even the starting assunip-
tions of the two disciplines conflict.
Where ecologists see specialization as a
risk, economists are inchued to sce it as
a virtue. Ecologists see the world in
terins of cycles, such as hydrciogical and

" carbon cycles; cconemists are more

likely to see it in terms of continuous
exponential growth. Ecologists seck a
yield that can be sustained over the long
Lerm; economists are inere interested in
maximizing shont-term profits. .

Given these differing frames of refer-
cuce, the stumbling blocks in integrated
research are obvious. Confining re-
search on an issue to a particular disci-
phine is obviously inuch more comforta-
ble. Ecologists can wrap themselves i
the principles of ecology and econounisis
bave their economic theories, but inter-
disciplinary rescarchers lack such a secu-
rity blanket. They can selectuively draw
on 1heory fromn various disciplines, but
when he theories do not mesh they
must rely on judginent and occasionally
even on lwition. )

The tone of this report is not intended
to be optimistic or pessimistic. Neither
unfounded optimism nor undue pessi-
mism provide a solid foundaidon for
policymaking. Only realism will do.

] ] ]

With this proj..t. Worldwatch is re-
sponding further to a strong worldwide
demand for policy-oriented interdisci-
plivary research, a demand that is re-
flected in sales of the 67 swudies—57
Worldwatch Papers and 10 books—thiat
the Institute has published duning its
first several years. For the first six World-
watch books, where arrangements for
forcign language editions have been
largely completed. 74 publishing con-

{xvn)

tracts have been signed in some 24 lan-
gnages. For several Worldwach Papers
the number of copies i privi in all lan-
gtiages cownbined has passed the hun-
dred dcusand nark.

Sales of Worldwatch Papers and book
* walties have helped put the Instiute, a
soiprolit research organization, in the
unusual position of earning a large share
of its financial support. Indeed. these
earnings and the interest on ¢amings
saved, which now account for nelrly h=If
of the Institwie’s budget, have provided
sonte of the funding for this project.

The launching of this global assess-
ment represents a natural evolution of
the Institute’s ongoing rescarch pro-
gram on c¢nergy, environment, food,
population, and other global issues. In
undertaking this progress report, the In-
stitute has relied on s existing informa-
tion-gathering networks, including pub-
lication exchanges wirh some 70 other
rescarch institwtes around the world,
and an extensive international network
of contactis in agriculture, business,
demography, economics, energy, envi-
ronment, and science. The Institute has
also taken advamage of is locatien in
Washington, D.C., to tap the informa-
ticn sources of the U.S. Government,
World Bank, Internadonal Menciary
Fund. local universities, and other re-
search organizations.

Since this is our first Stale of the World,
we welcome suggestions on how 1o make
succeeding editions mote useful. Com-
ments and queries may be directed e¢i-
ther to me or t¢ the authers of individual
chaprers.

Lester R, Brown

Worldwatch Institwie

1776 Massachusents Avenue, NW.
Washington. D.C. 20036

December 1983
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. Overview

- Lester R. Brown

The news headlines of the cighties de-
scribe the worst worldwide economic
crisis in half a century. In many couniries
incomes ure falling. Record budget deb-
cus plague national and lucal govern-
ments on every continent. The external
debis of several countries in the Third
World and Eas  'n Europe verge on the
unmanageable. Corporate bankrupicies
in major indusirial countries arc more
numerous than at any ume since the
Great  Depression.  Unemployment
ratchets upward in both industrial and
developing countries. More countries
are threatened with famine than at any
time in the modern era,

The belated U.S, economic recovery
in 1983 notwithstanding, the world
econemy is in the worst crisis since the
Great Depression. There are, however,
niajor differences between the thirues
and the eighties. The crisis of the thirties
was akmost entirely the product of eco-
- nomic mismanagement during the twen-
ties, of ill-conceived economic pelicies
that fueled an economic boom uniil it
went out of control. On both sides of the
Atlantic the boom psychology led {o

Units of measurcment are usually meuric unless
comnion usage diciates otherwisce.

»

financial speculaton that cventually cul-
minated in the Grear Depression. Once
under way, the Depression scemed to
feed on itself as international rade de-
clined and countrics turned inward,
adopting protectionist policies that fur-
ther reduced trade.

Although the economic crisis of the
eighties is cxacerbated by ¢coromic mis-
management, its roots lic in the deple-
tion of resources. both nenrencwable
and renewable. During the hftics and
sixtics the world economy sicadily
boosted its use of ail, a finite resource,
putting it on a path that by definition was
not sustainable over the long run. ‘The
depletion of oil reserves, and its effect
on world oil prices. is the most immedi-
ate threat 1o world economtic stability,
but the depletion of soil resources by
erosion may be the nost serious long-
term threat, ‘The unprecedented don-
bling of world food supplies aver the last
generation was achieved in part by
adopting agricultural practices that led
to cxcessive soil erosion, crosion that is
dratning the land of its productivity.
Afier a point agriculture can no longer
be sustained-and the land-is-abandoned: -

Sustainability is an ccologic concept
with economic implications. It recog-

ERIC
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nizes that cconome growth and hwnan
well-being depend on the nawral re-
source base that supports all living sys-
tetns. Technology has greatly expanded
the cartdi’s hmnan camnying  capadity,
most obviously with advances in agricul-
wre. But while the nunan ingenuity -
bodicd in advancing technology can
raise the nawral Limits on human ece-
notnic activity, it cannot entirely remove
thein. A sustainable society is one that
shapes ws econonnic and social systems
5o that natural resonrces apd life-sup-
port systems are aititained. Today we
study the archacological sites of earlier
civilizations that failed 10 do so, deplet-
ing their soils, mismanaging their irriga-
tion systems, or etherwise embarking on
an vnsustainable development path,

Humanity's newly acquired capacity 1o
self-destruct with nuclear weapons has
added another dimension to the concept
of sustainabilits. Recent research by U.S
and Sorviet scientists on the climanc and
biclogical consequences of nuclear war
indicates 1hat a successful preemprive
nuclear sirike by cither superpower
would lead 10 a “nuclear winter.” the
end of civilization and quite possibly
the el of human life on carth. Against
the backdrop of this new potential for
self-destruction, achicving sustainability
presents unprecedented political and
moral challenges.!

Nuclear weapons are not the only ex-
plosive force threatening civilization. As
populations have mudtiplied, their de-
inands have begun o exceed the systain-
able yield of the economy’s biclogical
support systems. In country after coun-
try these thresholds have been crossed,
leading 10 consumption of the basic re-
sources themselves. Deforestation is re-
ducing firewood and lumber supplies,
driving up the cost of cooking fuel in
Third World villages and the cost of
housing ecverywhere. Overfishing and
overgrazing have become commonplace
as hunan claims on these major protein-

producing biological systems have spi-
raled.

Today's ~conomic headlines describe
a world that is finding it difficult to live
within its incans. Eager 1o maximize out-
put sy, we are homrowing from to-
morrow, Our economic problems are of
our own niking, the product of short-
sighted economic policies designed 10
promote expansion at any cost, of agri-
cultural pelicies designed 10 boost food
ocutpin at the expense of soils, and of
failed or nonexistent population poli-
cies.

In our preoccupation with monthly |
ecopomic ndicators we have lost louch
with the envirenmental resource base on
which the econemy rests. We keep de-
tailed data on the stock of plant and
equipment while virtually ignoring the
conhition of scils. the health of forests,
and the level of water wables. Only when
emironmiental deterioration or resource
depletion translates inte economic de-
cline do we seem to notice it.

Goop NEws,. Bap NEws

Over the past gencration the world has
yielded 1o an excessive dependence on
oil, moved from farming soils 1o mining
them, and begun « consume the econ- .
omy's biological suppert systems. In
short, the world economy has moved
onte a development path that is unsus-
tainable. Although at least semne political
leaders and their economic advisors are
vagucly aware of this. the effort to return
to a sustainable development path is not
yet well defined. Most national govern-
mdnts, lacking a clearly defined systain-
able development siraiegy, are attempt-
ing 1o “muddle through.” As a resuly,
successes are infrequent, often cuthum-
bered by failures.

Tne essential components of 2 sus-
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tainable. development strategy are
straightforward. They include stabilizing

+ population, reducing dependence on
oil, developing rencwable energy re-
sources, conserving soil, protecting the
earth’s biological support systems. and
recycling materals. The good news is
that in each case at least a few countrics
are making some impressive progress,
providing a model for others. The bad
news is that in only one area, reducing
dependence on cil, is the worldwide per-
formance close to adequate.

Aflter several years of tuying to reduce
dependence on oil, the world finally
turned the corner in 1979, Since then,
progress has been "broadly based, ex-
ceeding expectations. Oftentimes histor-
ical turning points are tied to a spedific
cvent. With oil, the tuming point came
in 1979, when OPEC oil prices rose
sharply for the second time 1n six years.
After peaking in 1979 at 23.8 tallion bar-
rels, world oil consumption has falien
sharply in each of the four years since,
declining some 14 percent.? -

" After three decades of rising oil use. it
was clear by the early seventies that the
world’s growing dependence on a dwin-

. dling resource, though convenient, was
not sustainable. Throughout this period
oil use per unit of output was rising. Be-
tween 1950 and 1973 the cil used per
$1.000 worth of gross world product
(GWP) climbed from 1.33 barrels to
2.27 barrels, increasing the oil intensity
of economic output by 71 percent. (Sce
‘Table 1-1.) Durihg the seventies the oil
'used per unit of GWP reached a plateau,
but after the second oil price rise of the.
seventies it began a steady decline, fall-
ing from 2.15 barrels per $1,000 of
product in 1979 to 1.74 barrels in 1983,
a drop of 19 percent. In this critical area
the world was not only headed in the
right direction, but making impressive
gairis. ~

Following the 1973 oil price hike en-
ergv planners generally assumed that

Table 1-1. Oil Intensity of World
Economic Output, 1950-83 -
{(in 1980 dollars}

it Used

per $1,000
Ycar of Cutpwn

(barrels)

1950 133
195% 1.46
1960 1.67
1965 1.90
1970 217
1971 221
1972 2.23
1973 2.27
1974 > 2.13
1975 2.05
1976 2.15
1977 ’ 2.16
1978 2.14
1979 2.15
1980 T 2.05
1981 ’ 1.93
1982 1.86
1983 1.74

SOURCES: American Petroleum Instiliie; Herbert
R. Block. The Planetary Product tn 1980 (Washing-
ton, D.C.: U.S. Departmen of Siate, 1981): and
Worldwatch Institute estimiucs.

the development of nuclear power
would surge forward, beginning to "~
the void that would be left by cil. But this
was not te be. In 1970 the Organisation
for Economic Co-operation and Devel-
opment (OECD) projected that its mem-
bers—the Western industrial countries
plus Japan—would have 563,000 mega-
watts of nuclear generating capacity by
1985. A 1978 OECD projection foresaw
a 1985 generating capacity of just 214.-
000 megawatts, just over one-third the
earlier figure. A 1983 Worldwatch pro-
jection shows a further reduction. to_
183,000 megawatts. largely because of
the cancellation of partally completed

1§
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plants. In the Umted Stares. where the
industry has been plagued by nightmar-
ish cost overruns, no new reactors have
been ordered since 1976 and some 87
reaetor orders have been canecled. Bar-
ring any more new starts, U.S. muclear
power may peak i the carly nintenes,
The country chat led the world into the
age of nudear power may well lead it
ont.?

Wirth nuclear pow er faling the inarket
test and with senous envitomnental and
meteorelogical consequences associated
with the expanded use of coal. the world
is wrning to renewable energy re-

sources. Ahhongh the development of

1enenable eneigy has not received the
gorernmental support it deserves, some
indnidual countries have made spectac-
ular gans. Ip the Umited States. where
forests are widely underhan ested or not
harvested at all, firewood now snpplies
twice as mnch delivered energy as nu-
clear pow er. Public atrention focuses'on
the soaring residential use of firewood.
which has ripled sinee 1973, et it is
exceeded by industry’s nse of wood and
wood waste as a fuel.?

The country that led the world into
the age of nuclear power may weil
lead it out.

A dramatic breakthrough in wind elec-
irical generation is also occnrring in the
Unied States, in Califormia. By the end
of 1983 an esumaied 4.600 wind tur-
bines were instlled in wind farms, 95
percent of them built during the preced-
ing 24 months. Their collective genera-
ting capacity totals some 300 megawaus
of electricity, enongh o satishy the resi-
denrial elearical needs of some 120,000
Californians.5

Other renewable energy success sto-
ries are scatered aronnd the globe,

Worldwide, over five inillion homnes now
heat watcr with rooftop solar collectors.
As oil prices clinbed during the seven-
ties, energy-deficit Third World coun-
tries, aided by intermational develop-
ment agencies, turned to hydropower
developinent with renewed vigor, Both
indusirial and developing  countries
demonstrated an interest in mini-hydro
developraent. a resource largely ignored
during the era of cheap oil. ,gnd in Brazil
nearly one-fourth of all autemotive fuel
used n 1983 came from agricultrally
based fuels, principally alcohol distilled
from sugarcanc.®

If living standards are ro be main- -~

tained and improved as energy becoines
more expensive, the systematic redycling
of materials will have to replace the
throwaway economy. Some countries al-
ready understand this. For example, the
Netherlands and Japan now lead the
world in paper recycling, reusing nearly
hall' the prper they consume. In the
United S:ates, nine stares have passed
legislaion requiring returnable deposits
on beverage containers, making it likely
that over 90 percent of these containers
will be returned for recycling and reuse.
Worldwide recycling of aluminum has
increased from 17 percent in 1970 10 28
percent in 1981, More important, recy-
cling of this energy-intensive meral ap-
pears to be poiscd for sharp gains in the
years ahead.?

On the population front, the news has
been mixed. After peaking shortly be-
fore 1970 atabout 1.9 percent per year,
world population growth has slowed to
1.7 percent in the carly cighties, Unlor-
tunately this decade-long cbbing of the
growth rate has not been sufficient to
reduce the actual number added. The
annual increase, which was roughly 70
million per year in 1970, has now cdged
up to 79 million. (See Table 1-2.} Unul

- the rate of world population growth

slows markedly. improving the human
cendition will be difficult.
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Table 1-2. World Population Growth,
1970 and 1983

Annual
Rate of Amwal -
Year Population  Giowth’ Inciease
thillion) (percent)  (mlhon)
1970 3.68 4] 70
1983 4.66 1.7 79

sovkree: Populaiion Reference Bureau. Warld Pogm-
fation Data Sheet (Washungeon. P.C.. anmeal).

At the national level, however, some
countrics have performed adinirably.
Twelve countries in Europe have
brouglt population growth 1o a halt.
More importanty, China, home 1o 22
percent of the world’s people, has re-

, Buced its population growth 1o just over

1 mercent per year, comparable to thatin
some industrial countries. In a near des-
perate efforgto break the momenntun of
us population growth, China has shifted
from birth planning and the adoption of
birth quotas at the commune or produc-
tion-team level 1o the national goal of 2
one-child family.8

Elsewhere in the Third World, prog-
ress has been uneven. India, the other
population giant, appears to be getting
its family planning program back on
track after several years of neglect, but
valuable time has been tost. Without de-
cisive action, India’s population of 715
million is projected 10 grow by another
billjon people—as many as China now
haﬁbeforc stabilizing.?

e lack of movement toward sustain-
ability in several other key areas is also of
great concern. Efforts o protect the
world’s forests are not faring well. Each
year they shrink by an arca roughly the
size of Hungary. In the grca{ majority of
Third World countries deforestation is a
serious matter—one with long-term eco-
nomic and ecologic consequences. One
notable exception to this generalization
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is South Korea, which has successfully "~

reforested its once denuded mountains

(5]

and hills, planting it wrees an area two-
thirds that in rice, the country’s food sta-
ple. Although mnatiounal successes are
rare, there are scores of promising local
intiatives. such as in the Indtun state of
Gujarat, that must be maltiplied many
ties if future firewood needs are 1o be
assured.1®

Soil erosion. as mentioned. has now
rcached epideinic proportions. But no
major country. industrial or developing,
has responded effectively to this threat
1o sustainable agriculture. As pressures |
on the land have intensified over the past-
gencration, erosion has increased uniil
close 10 hal€the world's cropland is los-
ing topsoil at 2 debilitating rate. ! In the
United States, the crop surpluses of the
early eighties, which are sometimes cited
as a sign of a healthy agriculture, are
‘partly the product of mining soils.

With food security, what little good
news there is has been overshadowed by
the bad. During the carly eightices, warld
food reserves increased, climbing to
their highest level in a decade. Unforiu-
nately, reserves accumulated for the
wrong reason—the lack of progress in
raising the purchasing power and per
capita food consumption of the world's
poor. Since 1973, httle progress has
been made in raising food consumption
per person for the world as a whole.!?
While North Amencan agricultural out-
put stirged ahead during the late seven-
ties antl early cigliies, that in Africa and
the Soviet Umon lagged. In Africa falling
per capita food production has, since
1970, slowly but steadily dragged that
continent into a crnsis. Perhaps even
more disturbing, the forces leading 1o
this deterioration in Africa—rapid popu-
lation growth, soil erosion, and underin-
vestment in agriculture—may well lead
to a decline in per capita food produc-
tion in other regions as well, such as
northeastern Brazil, the Andean coun-
tries, Central America, the Indian sub-™
continent, and the Middle East.

fuws
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The widely dispa ate 1 egional perfor-
mances in food production are mirrored
in the shift in world grain trade patterns.
More and more countries have become
unporters, increasing their dependence
on the North American breadbasket. In
1982, the United Siates cowurolled 55
pereent of world grain exports; Saudi
Arabja. by comparison, controlled 32
percent of world oil exports.t3 This
overwhelming reliance on one region
for food leaves the world vulnerable to
North American clinatic variability and
politically inspired export embargoes.

The value :f arms imports into the
Third World has now climbed
above that of grain imports.

If the scientific and financial resources
needed to put the world economy on 2a
sustainable footing in all these arcas are
to be mobilized. they may have 1o come
at the expense of the military sector. But
during the yewrs since 1979, a period
distinguished by a lack of economic
progress, the militarization ¢: the world
economy has accclerated, almost as
though mounting cconomic stresses
were causing political leaders 1o try to
offset these insecurities by spending
nmore on weapons. Beiween 1978 and
1983, global ulitary expenditures
climbed from $554 billion to $663 bil-
lion (1980 dollars), an increase of one-
. fifih, and pushed global military expen-

ditures to $145 per person. 14
Not only do many of the world’s scien-
tists devote their skills to develgping
new weapons, but political leadefs ap-
pear 10 devote more and morefof their
time to military matters. Andy disap-
pointingly, the value of arms \mports
-into the Third World has now. climbed
above that of grain imports.!> As a re-
sult, many Third World populations,

though poorer and hungrier. are better *
armed.

On another key from—ithe threat of
nuclear annihilation—there was serious
regression. Hard-line posturing by the
Jwo supcrpowers raiscd concern over
nuclear war to a new high. Many of the
estimated 50,000 nuclear. weapons, both
strategic and tactical, are poised for
launch a; the push of a button.'® If ever
unleashed. this destructive power would
bring civilization as we know it to anend.
The one encouraging development on

“this front has been the rising level of

public awareness, particularly in Europe
‘and the United States. Public interest

. groups, religious organizations, pmfes-

sional associations, and business group$

have joined hands in an effort 10 reduce

tlic potential for nuclear annihilation.

On balance, perhaps the key gain during

the carly cighties has been this growing
understanding of the many threats to the

sustainability of civilizaiion. By this indi-

:cator, at Jeast, we are gaining.

THE CHANGING ECONOMIC
PROSPECT

For most of humanity the century’s third
quarter was a period of unprecedented
prosperity. World output of goods atd
services expanded 5 percem annually,
tripling in less than a generation. Rapid
growth had become commonplace, built
into the aspirations of consumers, the
earnings projections of corporations,
and the revenue expectations of govern-
ments. Few stoppéd to calculate that
even a’ 4 percent rate of economic
growth, if continued, would lead to a
fiftyfold expansion in a century. And

-even fewer considered the pressures this

would put on the earth’s resources, both
renewable and nonrencwable.
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A . .
Cheap energy. speafically theap ol

Jfﬁnc literally fueled this record ecos

nomic expansion. At less than $2 a bar-

.rel. oil was so clicap that now, from the
-perspective of the late twentieth century,

it apprars to have been almost a free
good. It was not only inexpensive, but it
was versatile and easily transported: It
could be used equally well a5 4 fuel for
generating clectricits or_powering ma-
chisery oras a chemical feedsiock.
Cheap oil ‘pushed back many of the
traditional  resourte  constraings -on
growth, In its various forms it was sub-
stitnted for scarcer resources. Fertilizer
was snbstinied for cropland. kerosene
for firewoorl. synthetic fibers for natural
ones, and. as tractors replaced draft ani-
nials, gasoline and diesel fuel for forage
and gram. Cheap oil had becoine a siifety
valve, alleviating pressure on less abun-
dimt resources. But as the price of oil
began 1o climh. substitution became

» )
more costly and the safety valve hegan to

Q

close. .

The wransition to costly oil has affected
world:economnic performance both di-
recily, andd indirectly. Capital require-
ments in the energy sector, especially for
the development of new energs sources,
have soared. draining capital from other
sectors, Rising real coergy cosis have led
to higher wage demands arid general in-
flation. And realization that the age of

()

energy abundance is ending has damp-

ened the outlook for investors and cons

sumers alike. (See Table 1-3.)

Among the seciors most affected by
the changing oil situatiou is the oil in-
dusiry #self, a major pari of the world
economy. As demand for oil dropped
hecause of high prices. world ¢cononic
activity has been reduced by downturns
in oil production, transport, and refin-
ing. After increasing by well over 7 per-
cent per year from 1950 1o 1973, oil pro-
-duction dropped to 2 percent per year
between 1973 and 1979.. Afier the sec.

ond oil price hike of the scqucs it -

began to decline, falling some 5 percent
per year for the next four years.

Rising cil prices have also slowed the
growth in world grain production.

{Other factors slowing the growth in’

food output include soil erosion, water
shortages, and diminishing returns on
fertilizer use.) Although attention has
focused on the effects ofhigher oil prices
on food production, the effect of escalat-
ing oil prices omthe world economy has
also weakened the gromh in devnand for
food. After increasing by 3.1 percent per
sear from 1950 10 1973, world grain pro-
duction has averaged less than 2 percent
per vear ever since.

Industrics that arc even more directly
ticd 1o oil have been hit still harder by
the changing oif outlook. Of these none

Table 1-3. Basic World Economic Indicalors at Three Ol 1 rice Levels, 1950-83
{in 1980 dollars)

Antal Growih

Ol Piice (il Grain Amomobile  Gross World
Petiod  Per Barrel  Produaion Produciion Praduciion Product
(dollars) {(percent)
1950-73 2 7.6 31 5.8 5.0
1973-79 12 2.0 1.9 1.1 35
197983 31 =52 1.0¢ ~ 3.0 1.7

1Severe drought e North America and Afrnica and o record wdling of cropland under U S farn
programs teduced the 1983 harvest well belaw 11end.
sovrers: Baved on data from Amepican Petrodeur s Institute, U8, Deparimetn of Agricadiure, Motor
Vehice Manufacturers Assocunon, and US. Deputient of State.
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has suflered imore than automobtle pro-
duction, the world’s largest manufacwr-
ing industry, Between 1950 and 1973
world anto production expanded by 5.8
percent por year. With oil averaging $12
a barrel between 1973 and 1979, the
growth in anto output slowed markedly,
tojust over 1 peccent per year. When the
world oil price was pushed over $30 in
1979. the slowdown in production
growth beeame a decline, with output
falling from 31 nillios automobiles in
1979 10 an estimated 27 million in 1983.
Although this four.year slide is obvi-
ously not a trend 1o be projecied 1o the
cnd of the century, it does suggest that
the nnomobile’s future is clouded.

"The eftect of higher oil prices on auto-
mobile sales is both direct and indirect.
Mostimmediately, higher fuel prices dis-
gourage automiobile ownetship. But 1o
the extent that the changing oil situation
translates inito slower economic growth,
growth in the mimber of potential buy-
ers also slows. Although it is analyucally
difficult 10 separate these wo effects,
they are combining o alier the avtomo-
bile’s future. -

A decline in the demnand for automo-
biles ripples through the world econ-
omy, depressing demand in basic supply
industrics such” as steel, rubber. and
glass. Companics producing aute parts
and inacline 1gols are also adversely
affected, Downwmirns in-these basic in-
dustries have conwributed to the eco-
nomic growth slowdowu in the leading
industrial societies. e
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growth or decline in the basic sectors.
Econcmic growth in the next several
years, and quite possibly throughout the
rest of this century, is more likely e be
slow than rapid. more likely to average 2
percent per year than the 4-5 percent
that characterized the cenwry’s third
quarter. ) -
Assessing future economic prospects
is complicated by the difficulty of sepa-
rating the effects on growth of the
changing resource siwation, evidenced
for example by the 1979 oil price hike,
and the cyclical behavior of the world
economy. In short, is the slow growth of

“the 1979-83 petiod merely a cydical

downturn, as some €Conemists argue, or
is it the early stage of*a transition 1o a
furure when economic growth will be
much slewer? . The analysis underlying
this report, which assesses the effects of
a broad range of resource constraints on
world economic growth, indicates it is

the latter.

THE SHRINKING RESOURCE
BASE '

Of all the resources that are being de-
pleted, losses of cil and topsoil pose the
greatest threats to economic progress
and stability. With reserves of both
being steadily depleted, the world is fac-

Given the cmerging consiraints on ¢=Jng major economic adjusiments that, at

~ growth, partialarly in such basic sectors

as food and cnergy, the world will have
great difficulty resuming the rapid eco-
nomic growth of the 1950-73 period.
High-technology indusiries such as mi-
croelectronics and biotechnology can
expand dramnatically, helping o ilnprove
the efficiency of energy use and boost
agricultural  production, but  their
growth cannot begin to offset the slower
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a minimum, will extend over several
decades, -

Oil reserves are commonly measured
at two levels, those that are proven and
the larger. less precise category of those
that are ultimately recoverable. Proven
reserves have been physically verified
and can be extracted profitably at cur-
rent prices, relying largely on natural
pressure in the oil-bearing structures.
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Ultimately recoverable reserves indude  tand, there are some 3.5 trillion tons of
not only an estimate of'any additional oil  topsoil that can be used to produce food,
likely to be discovered. but alse any re-  If erosion on cropland exceeds new soil
serves chat can he extracied using the  formacdion by 23 billion cons per year
morg_expensive secondary and tertiary  (the rate that is calculated in Chapter 4),
recovery technigues, which, rely on the  topsoil reserves -will disappcar in about
use of pressure and solyents. Extracting 150 vears, only a few decades afier the
all the estimated 2.1 trillion barrels of  exhaustion of ultimately recoverable re-
ultimately recoverable oil would require  serves of oil.
prices well above current:levels. ! ‘There are; however, unportant differ-
By the late seventies annual world oil - ences in the ways these two basic re-
consutption was just under 23 billion sources_are being depleted. For exam-
barrcls per year, nearly 3 percenc of  ple, it 'is reasonable to cxpect that
proven reserves of 670 billion barrels. 1t essentially all the world's oil reserve s will
was this wholesale depletion of reserves  one day be depleted, buc this is unlikely
. that helped convert the world oil econ-  to occur with topseil because ot afl the
omy from a buyer's to a seller’s market  world’s cropland is subject, to excessive
=dlmost overnight. At the 1983 oil pro-  crosion under normal agncultural use.
duction level of 18 billion barrels,  Yet much of the world's topseil will be
proven reserves of oil would last 37  lost if steps are 1ot raken to protect it.
years. (See Table 1-4.) Applying this A second contrast in che depletion of |
sante rate (o the ultimately recoverable  these twoe basic resources is that the
reserves would streich productioncutto  world is far more aware of oil depletion
114 years, obviously a prefcrahlc time - and its consequences. Governments
span. - cverywhere have responded to the grow-
As the demnand for food has climbed ,  ing scarcity of il but such is not the case
with cach passing vear, the world has  for soil. With only occasional cxcep-
begun to mine its soils, converting them  tions. agricultural and population poli-
inte a nenrenewable rescurce. Even in cies have not taken seil deplenon nto
an agriculturally sophisticated country  account. In part, the contrasung aware-
like the United States, the loss of soil  ness of otl and soil depletion is the un-
through crosion exceeds new soil forma-  derstandable product of dlffermg levels
lion on over one-third of the cropland.'®  of information. The world oil crisis re-
Assuming there is suill on average seven  ceived a great deal of atention largely
inches of tapsoil on the world's crop-  because gil is a widely traded commod-

Table 1-4. World Depletion of Qil and Topsoil, 1983

Annual
i Rate of Time
Resouree » 1983 Depletion To Deplete
{billion barrels) {years)
\ = Proven Reserves of Qil 670 18 37
LUintaely Recoverable Reserves 2,100 18 4
of Qil
(billien wons}
Reserves of Topsoeil on Cropland 3.500 93 152

SOURGES: Amencan Petroleum Instnute, wosld Energs Conlerence. Suver of Energy Besomees [ 930
{Loudan: 1980}, 1opsoil reserves are Worldwatch fnatuie estimites {see Chapter 9.
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ity, with most countnies being iinporters.
With soil, however, the crisis is a quiet
one. Estimates are regulariy made for il
reserves, adjusting annually both for de-
pletion through production and new dis-
coveries. Such a procedure does not
exist for world soil reserves. Indeed, not
until topsacil has largely disappeared and
food shortages-or even famine have de-
veloped does this loss become apparent.

The depletion of: 0il reserves will
make the remaining soil even more
valuable.

The effect of pncc on the depletion of
the two resources also varies. Higher
prices for ol raise the amount that can
be ultimately recovered, but higher
prices for food may simply lead 1o more-
mtensive Jand use and faster topsoil loss.
And the depleton of oil reserves will
make the substitution of energy for crop-
. tand more difficult, rendering the re-
naining soil even more valiahle.

Beyond these key resources of oil and
soil, a daunting range of renewable sup-
port systeins are deteriorating under
mountg pressures. As a result of over-
cutting and clearing for farming and
grazing, the world’s forests are shninking
by nearly 1 percent per year. Eacl: year
the forested area of the ropics, where
nost deforestation occurs, is reduced by
11.3 million hectares, and each year the
demand for forest products increases.)?
Disttibutton is a key factor. Although
there is an abundance of fuelwood in Si-
bena. it might as “vell be on the moon as
far as Ethiopifin villagers are concerned
because the gost of transporting fire-
wood lopg distances is prohibitive.

A newly recognized threat 1o the
world’s forests, particulardy those in the
northern tier of industrial countries, is
acid rain. Poland, Czechoslovakia, East

= -

and West Germany, and the United
States are the countries most obviously
affected. One-third of West Germany's

forests show signs of damagé, and some”

500 000 hectares of forests in Czecho-
slovakia are dead or detenorating. In
North America there are also signs that
trees are dying and that forest productiv-
ity is declining 2s a result of growing soil
acidity. Cne of the disturbing character-
istics of this forest dieback is that by the
‘time the problexn becomes evident it
may he oo late 10 save the rees.2?

In many areas grasslands are disap-
pearing under the weight of excessive
numbers of catile, sheep, and' goats. In
the United States the Council on Envi-
ronmental Quality reported that one-
third of US. rangeland (excuding
Alaska} was in fair condition and one-
third in poqr.2! Long evident in the Mid-
dle East and North Africa, the excessive
pressures are spreading to Africa south
of the Sahara, 1o the Indian subconu-

aent, and to China, Australia, and Mex-,

ico. Desentification, the word that de-
scribes the conversion of productive
ranchland int6 desert, has become_part
of the international lexicon.

Between 1950 and 1976 the world's
grasslands sustained a doubling of beef

*ouput; but since ther there has been ne

growth’ at all. With over razmg now
mmmonplace. the world’s herders,
.farmers’ and ranchers are no longer able
to expand their herds apace with world
population. The result has been 2 steady
decline in’ the world’s per capita beefl
consumption since 1976 and stagnation
in this subsector of the world agricul-
tural economy.2%

Fisheries, oo, are under excessive
pressure. The world fish caich, which
had tripled between 1950 and 1970, has
increased little since then. Iis annual rate
of increase fell from nearly 6 percent in
1950-70 10 less than 1 percent. The
catch from some of the leading fisheries
in the North Adantic peaked in the lae

R0
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sixties and early seventies and is now
only a fraction of what n was 15 years
ago. Even recently exploited fisheries.
stuch as those in the Guilf of Thailand.
have reached therr limits and begun to
decline in the face of the growing worid
demand for protein.®?

In the eyes of some scientists, the loss
of genetic diversity as plant and animal
species disappear is the principal threat
to a sustainable society. At the broadest
level this consists of the loss of many
species of plants and animals as habitats
are destroyed. Clearing tropical forests.
with their richness of flora and fauna,
¢in cluninate countless uncatalogued
spucies that have yet v be evaluated for
their potential commercial value, Once
again. mounting economic demands are

leading directly to a resource deteriora-

tion that adversely affects the economic
prospect, in this case¢ by reducing the
potential for new discoveries and for
commercial innovations based on those
discoveries. 24

ENERGY-RELATED
STRUCTURAL ADJUSTMENTS

Aside from its adverse effect on eco-
netnic growth, the severalfold increase
ul the price of oil during the seventies
contributed to a massive redistribution
of wealth from oil-importing countries
to those that export petroleum. A few
industrial councries—the United King-
dom, Norway, and the Soviet Unjon—
have benefited from higher ojf prices.
But it has been the members of the Or-
ganization of Petroleum Exporting
Countries (OPEC) and Mexico. alf of
which were preindustrial societies, that
gained most from the dramatic shift in
the terms of trade between ¢il and other
products.

(rr)

The dimensions of this shift are per-
haps best illustrated by the change in the
relative prices of grain and oil, both
widely traded commedities. Between
1950 and 1973 a baskiel of wheat could
be wraded for a barrel of cil. (See Table
1-5.) Then.as the price of cil jumped, the
relationship began to shift. By 1977, it
took 4.4 bushels of wheat to buy a barrel
of oil: in 1982, it 1cck nearly 8. For the
United States, which paid much of its
mounting oil bill with farm products,
this shifi in the terms of trade stimulated
an enormous expansion of agricultural
exports.

Table 1-5. The International Terms of
Trade Between Wheat and Qil, 1950-83

Amount of
Werld Price Wheat To
Bushel Barrel  Buy a Barrel
Year  of Wheat of Qil of Q)
{dollars) (bushels)
1950 1.91 1.71 0.9
1955 1.77 1.93 1.1
1960 1.58 1.50 1.0
1965 1.62 1.33 0.8
1970 150 1.30 0.9
1971 1.68 1.65 1.0
1972 1.90 1.90 1.0
1973 3.81 2.70 0.7
1974 490 9.7 2.0
1975 4.06 10.72 2.6
1976 3.62 11.51 3.2
1977 2.81 12.40 4.4
1978 348 12.70 3.6
1979 4.36 1F 97 3.9
1980 4.70 28.67 6.1
1981 © 4.76 32.50 6.8
1982 4,36 33.47 7.9
1983 -, 435 28.50 6.6

soURcES: lniernauonal Monetary Fund. Monthly Fi-
nancal Statsties 1980 Yearbook (Wathington, D.C.:
1980) and /983 FYearbook (Washinglon. D.C.:
1983).
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The same was ttue for other countries
-paying for oil with agricultural com-

modities such as tea, coffee. or sugar.
During the early seventies, when a barrel
of oil was still priced at $2, it could be
purchased with 4 pounds of tea: in 1983,
over 30 pounds were required. For
coffee, 1+ wenus of trade wenn from 4
pounds m the carly seventies to 22
pounds in 1983. With sugar, the most
widely exported farm commodity in the
Third World, the “'sugar price” of a bar-
rel of oil went frow just over 30 1o nearly
200 pounds during the same period.

In a sense, the tevms-of-trade gain for
the oil-exporting countries is a desirable
1esult of the rise in price associated with
the rapid depletion of an important non-
renewahle resource. Unfortunately. the
restftig redistribution of wealth was
not only from industrial to preindustrial
socictics but also from preindustrial so-
cieties that did not have oil to those that
did. By any nmicasurement, the handful of
countries that had oil to sell greatly in-
creased their slice of the global eco-
nowic pic. It was their short-term re-
ward
resotirce with the rest of the world.

'The OPEC increase in the price of oil
launched the transition to alternative en-
ergy sources, a shift that is restructuring
the global economy. Some sectors are
shrinking: others are expanding rapidly.
Just as the shift from coal to oil reshaped
the ecopomic system during the first
three-quarters of this century, the shift
from cil to alternatives will bring pro-
found changes in the decades ahead.

One of the industries most immedi-
ately affected by the oil downturn was
shipping, whose tanker fteets carry the
ail to the consuming countries. The in-
troduction of more-cfficient supertank-
ers that sparked a shipbuilding boom in
the late sixtir , ant scvrcig}ics also led to
enormous growth in tariker tonnage ata
iime when production of cil was on the
Srink of turning downward. Although

for sharing a nonrenewable’

the fall in oil production w s abritpt an
swift, oil exports fell even faster. Within
a few years afier being lauached. some of
the supertankers were iz ‘laiwanese
shipyards being cut up for sciap meial.
Vast amounts of capital, steel, and en-
“ergy had been wasted building shipping
capacity thar would never be user 2

Paralleling the decline in il produc-
tion was a fall in refining. Excess capacity
resulted not only from the fall in output
but also from the continued construc-
tion of new refineries in oil-exporting
couniries, which sought to maximize
their income by selling less crude cil and
more refined products. In 1982 alone.
67 refineries in the United States and 15
in Europe were closed completely; many
others operated at less than full capac-
ny 26

.As mentioned earlier, gutside the il
industry isell the greatest adjustments
occurred in the automobile industry.
Nearly one-third ot the 780,000 automo-
bile workers it the United States were
unemployed by 1980. Both the number
of autos produced and their design were
changing. Even as production started to
fail, the reins of industry leadership were
shifting from the United States to Japan,
where higher quality, more-fuel-efficient
cars were rolling off the assembly lines.
In 1980, for the first time since automo-
bile production began, the United States
lost its leadership position to Japan,
which produced 7 miltion cars compared
with 6.3 million in the United States.?’

As world automobile production fell,
so did the number of automobile deal-
ers. In the United States, still by far the
world’s largest automobile market, some
2,500 dealers closed their doors during
the 1wo years after the oil price hike of
1979. And service stations also felt the
crunch. As gasoline consumption in the
United States fell some 13 percent from
iis peak in the late seventies, the number
of service stations nieeded to handle this
gasoline also declined.?®

*EKTC | . R3 ’ :
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Overview

The corollary of these shnking sec-
tors of the economy has been the expan-
sion of other tndusmes as the price of oil
climbed. Energy conservation has be-
come a business m its own right: The
retrofitting of both residential and bnsi-
ness stouaures it the northem indusinal
countrics has provided milhons of jobs.
The production and expurt of solar
water heaters has also become a major
acuvity n several industrial counttries. In
California, the sale ol solar equipment
reached $460 nillion in (982, ‘The
search for alternative sources of energy
in Brazil has led 10 a sugarcane-fed alco-
hol fuel distllery sector. For the first
time in the modern era bicycle sales ex-
cecded those of antonobiles 1n key in-
dustrial coumtries such as the United
States, the United Kingdom, West Ger-
nuiny, and Japan.*¢

As the advantages ol recycling serap
paper, alumimum, and iron and sicel
have become clear, a thriving terna-
ticnal trade in serap has developed.
Sotith Korea and Mexico, for example,
get half their paper from recycling scrap.
much ofit imported. The highly compet-
itive electric arc steel mills how being
built in some industrial countrics and
several developing ones rely almost en-
tirely on scrap metal rather than virgin
ore. Worldwide. a vigorous aluminum
recycling industry has begun 1o evolve
siuce the oil price increases of the seven-
tics. 3¢

Dramatic though the falls have been in
some economic activities and im pressive
though the gains have been in others
since the mid-seventics, the adjustments
have ouly just begun. In a great many
fields, such as rencwable encrgy devel-
opment, vast growth lics ahead. At this
point the economic owtlines of a sustain-
able society are only barely visible.

The long-term shift lrom oil to rgnew-
ables 1s leading to a geographic r
turing of global economic act. 1y, !
industries are moving oward geol

(13)

mal tields in the Philippines and New
Zealand and others are relocating near
heavily forested areas or those that are
rich in sunlight. Thar this process is pro-
ceeding most rapidly in the aluminum
industry is not surprising, given the en-
ergy intensity ol aluminum production.
Conipanies are particularly auracted to
cheap hydroelectricity in sparsely popu-
lated regions that are accessible by
water. Promiwent among the relocation
sites are the Brazilian Amazon, Sumatra,
and remote Canadian locations such as
Goose Bay, Labrador. Within the Soviel
Union aluminum production is shifting
1o Siberia, where there is an abundance
of hydropower but few people.s!

Perhaps the most extreme early exam-
ple of the shift of preduction facilities
across national borders is the migration
of aluminum smelters from industriaf
countries to the Brazilian Amazon. In-
vestments in this industry te exploit the
enormous hydroelectric potential of the
Amazonian Basin have come from Bra-
zilian firms as wel as those based in Can-
ada, haly, Japan, the Netherlands, the
United Sitates, and West Germany. In
contrast Lo the situation in many indus-
trial countries, where aluminum produc-
tion is falling as plants are closed, Bra-
zil’s aluminum output is expanding and
appears likely to continue to do so as
investment  plans  materialize.®?  Al-
though the gradual relocation of the in-
ternational aluminum industry to sites
where cheaper renewable power sources
arc available will be costly, exploiting re-
newable energy resources for such pur-
poses may be essential to the evolftion
of a sustainable economic system,

LiviNc BEYOND QOuUrR MEANS

As this overview of global ecelogic and
econemic cenditiens indicates, we are

23
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living beyond our means, largely by bor-
rowing against the future. In addiuion to
the widely recognized deficit financing
practiced by governments in an effon to
maintain short-term consumption levels,
the world is engaging in wholesale Lio.
logical and agronomic def <it financing.

As the demand for p sducts of the
basic biological systems—grasslands.
forests, and fisheries—has exceeded
their susiainable yield, the productive
resource bases themselves are being
consumed. In economic terms, the world
is beginning 1o consume its capital slong
with the interest. With biclogical sys-
tems, as with income-earning endow-
inents, this is possible enly in the short
run,

In addition to the decimation of Third
World forests for firewood and for tim-
ber exports described earlier, the de-
struction of forests by acid rain and air
poilution in the northern tier of indus-
trial countries is another manifesiation
of living beyonz our means. The failure
to invest enough in emission controls for
coal-burning power plants in Peland.
Czechoslovakia. West Germany. and the
United States is helping keep electricity
costs down but is also desiroying forests.
In effect, society is getting cheaper elec-

. tricity in the short run by sacrificing for-
ests over the long run.

With world fisheries there are innu-
merable examples of biological deficit
financing. One of the most dramatic was
the Pgruvian anchovy fishery. A study
underiaken by UN, Food and Agricul-
ture Organization marine bielogists in
1970 indicated that the highest yield this
fist.ery could sustain was 9.5 million tons
per year. The Peruvian Government,
eager 10 maximize the immediate return
rather than the sustainable yield, permit-
ted the carch to approach 13 millicn tons
per year in the early seventies. The pre-

{ dictable result was the collapse of the
fishery, The caich dropped (o less than 8
million tons per year, where it remains
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today. Although shifts in the Humboldt
Current may also have affected the an-
chovy flishery, there can be little question
that overfishing contributed 1o its col-
lapse. The decision to maximize the
short-term vield has cost Peru heavily in
long-term income, jobs, and foreign ex-
change.%3

The worid is engaging in wholesale
biological and agronomic deficit
financing.

The adoption of agricultural practices
that lead to excessive soil erosion is per-
haps the most widespread example of
living beyond cur means. This mounting
agronomic deficit is a result of efforts 1o’
exiract more and more food from the
land with increasingly intensive methods
of cultivation. In many countries the loss
of produciive topseil has contributed 10
growing food deficits.

Economists convert reporied trends
in the value of output into real outpur by
deflating the numbers to eliminate the
effeas of inflation. A similar technique is
now needed in agriculiure, where cur-
rent production is inflated by the use of
practices that cannot be sustained, In the
United States, for example, soil scien-
tists estimate that 17 million of the
roughly 350 million acres in crops are
eroding so rapidly that they should be
withdrawn from production immediately
and planted 1o grass or rees to avoid
losing their productive capacitlv en-
tirely.34 Other land that is now planted
continuously to row crops can be kept in
cultivation over the long rerm enly it itis
converted to rotation cropping, alternat-
ing corn or soybeans with, for example,
grass or hay. If current U.S, agriculwral
output were adjusted for these factors,
then we would know benter what our
“real” or sustainable output is.
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Similarly, where water used for irriga-
tion leads to a declining water table or
the exhaustion of an underground
aquifer. an alternative senies of agricul-
tural cutput dara should be developed
that would indicate the sustainable out-
put. in the 1.S. southern plains, for ex-
ample, much irrigation comes from the
Ogallala aquifer, an essemtially nonre-
chargeable water resource. The increase
n output that was associated with the
conversion from dryland to irrigated
farming in this area is a boost that will
last for only a few decades. Indeed. the
reconversion to dryland farming has al-
ready begun in parts of Colorado, Kan-
sas, and Texas.

In addition to these biolegical and
agronomic deficits. the early eighties has
witnessed ar enormous increase in debt,
both public and privafe. Underlying the
apparemt vitality of U.S. agriculture, for
example, js a soaring debt burden. Be-
tween 1977 and 1983 U.S. farm debt in-
creased from $100 billicn 10 $215 bil-
lion. This compares with annual net
farm jncome during the early eighties of
some $22 billion per year.?® The in-
crease in debt is largely the result of
farmers borrowing against tnflated land
values. As land prices soared from the
early seventies through 1980, farmers
trapped by the cost-price squeeze bor-
rowed more and more money. Bt as
land prices turned downward after 1980
more farmers have been threatened with
foreclosure than at any time since the
Great Depression.

Tue Dert OVERHANG

Perhaps the principal economic manifes-
tations of our inability to five within our
means are soaring national fiscal deficits
and foreign debts. In too many coun-
tries. national political leaders have
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failed to adjust population and eco-
nomic policies to the changing resource
situation and instead have engaged in
deficit financing fo maintain consump-
tion levels. Nowhere is this more evident
than in the United States, where the Rea-
gan administration’s budget deficits, ac-
tual and projected. for 1981 through
1985 will increase the federal debt by an
estimated $692 billion, raising it from
$914 billion to $1,606 billion. The Rea-
gan deficits will closely approach those
of all previcus administrations com-
bined. (See Table 1-6.) Over this period
every man, woman, aad child jn the
United Siates will have incurred an aver-
age of $2,800 in ad ditional public debt—
$11.200 fcr a family of four.?® Not only
has the Unnod States mornigaged its fu-

Table 1-6. United States: Gross Federal
Debt, Total and Per Person, 1950-84

Gross Debt
Federal Annual Per
Year Debt increment Person
(billion doltars) (dollars)

1950 257 1,691
1960 291 i.616
1970 383 1.875
1971 410 27 1,980
1972 437 27 2,089
1978 468 51 2,216
1974 486 18 2279
1975 544 58 2,525
1976 632 a8 2.904
1977 709 77 5.226
1978 780 71 8514
1979 884 54 3,712
1980 914 80 4,024
1981 1.604 % 4.578
1982 1,147 143 4,955
1983 1.584 237 5,921
1984 1,606 222 6.827

SOURCES: Etonomic Report of the Prestdent and Statutr
tal Abtract of che Uniled States 1982-83 {Washing-
ton. D.C.: U.S. Government Printing Office, 1983).
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ture, but this huge nattonal debt now
hangs like a dark doud over the world
economy, suse to push interest rates up
in world capital markets for years to
come.

Aggravated by the record real interest

rates in the United States in-ae 1982 |

and 1983, external debt has continued
10 expand lllrothom the Third Werld.
Indeed. of all the economic problems

twing the world in the mid-eighties. -

1one seeins quite so inracfable as the
management of huge external debts in
the Third World and Eastern Europe. By
the end of 1983, developing countrics
owed some $700 billion. The hard cur-
rency debt of the East European coun-
tries, excluding their ruble debt 1o the
Soviet Unjon, was $53 billion. Together,
these two groups owed three-quarters of
a triltion dotlars.%?

Several converging forces contribined
10 the record debt levels. ‘The 1973 oil
price adjustment led to a modest in-
crease i bormwmg by many oil-import-
ing countries. For most oil-deficient
countries, however, it was not until 1979
that the debt load began its steep climb.
Close on the heels of this came high in-
terest rates that sharply boosted the cost
of debt servicing. At the same time the
prolonged globa% economic slowdewn of
198083 reduced the volume of Third
World commedity exports and in most
cases their prices as well, a combination
that sharply reduced export earnings.

The precise contribution of these
sources of debt growth varied by indind-
ual countries. In some.fthe depletion of
key resources reduced export earnings
or raised import needs. Fer many Third
World countries, the loss of 1opsoil con-
tributed o the rising demand for focd
imports. Exporters of tropical hard-
wood, such as the Philippines. Thailand,
and Nigeria, are loging this valuable
source of foreign excHange as wood har-
vesting exceeds the sustainable yield of
their forests. Indeed. Nigeria has be-

come a net “mporter of forest products,
importing some $221-million worth in
1981.38 Livestock herds are dwindling in
some African coumries as grasslands de-
tericrate, depriving them of a traditional
scurce of export eamings. For these
countrics, and others such as Peru, with
its heavy foss of fish me3a} exports, the
ousmanagement of biological systems
contributed to a trade deficit. Resource
depletion—whether baosting the price
of oil imports, increasing the need for
food imports. or depriving borrowing
countrics of raw material exports—
figures prominenmly in the worsening
debt situation.

Scme oil-exporting countries also
found themselves in a financially precari-
cus position. Given the exiremely low
real interest rates during the high infla-
tion years of 1979 and 1988, ‘borrowing
secnmied attractive to these apparemly
credit-worthy governments. What was
not foreseen was the extent the demand
for petrcleum would weaken as a result
of both conservation in importing coun-
tries and the worldwide slowing of eco-
nomic growth. The failure to anticipate
the drop in exports and cil prices led 1o
sericus miscalculations in oil-exporting
countries such as Mexico, Nigeria, and
Venezuela. .

The difficully of managing these
mounting external debts can be seen in
the relationship between the cost of debt
servicing and exports. Half to two-thirds
of al] export earnings are now required
merely to pay interest on foreign debtin
Argentina, Brazil, Chile, Mexico, the
Phitippines, and Turkey. For the Third
Worr d generally, one-fourth of export
earnings are claimed for this purpose. In
many countries; debt servicing require-
ments are so large that litle foreign ex-
change remains Lo import essenuial com-
medities such as cil. food, and industrial
machinery and parts. {See Table 1-7.}

Because the debt preblem threatens
the viability of banks in the major indus-
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Tuble 1.7. 1nterest Payments on External Debt in Relation to Export Earnings
) of Major Debtor Countries, 1983

Share
Tolal Estimated of Export
External Export Earnings to
Country Debit Eamings Pay Interest!
(billion dollars) (percent)
Brazil 9%.5 17.5 64
Mexieo 86.6 222 47
Sontk: Korea 40.3 194 25
Argettina 38.5 9.2 50
Venerela 31.5 120 29
Indonesia 28.8 16.8 21
Poland 27.0 10.2 31
Turkey 23.6 5.2 54
Philippin . 22.7 5.7 . 47
Yugoslavia 200 10.3 23
Chile . 187 4.1 54
‘Thailand 13.5 84 19
Peru 12.5 3.7 41
Malaysia 1.3 12.4 11
Taiwan 85 27.5 94
Ecuador 7.1 2.1 38

TAssitmes ilerest rate oF (2 percent. total debs scrvice, including principal repayment. 1s of course

much larger.

sovreks: Morgan Guaramy Trust Company and tacernational Monetary Fund,

" trial countries, it has grabbed the atten-
tion of leaders in the industrial world as
few other Third World economic prob-
lems ever have. For example, in many
instances outstanding loans by major
U.S. banks to debi-burdened Third
World countries exceed 1these banks'
capital assets.¥?

1f a wawve of defaults were to engulfthe
Third World and som. of their loans
were to go bad, U.S. banks would face
collapse unless rescued by Washington.,
At a minimum, the inability of debtors to
repay the principal wifl reduce capital
available from major banks for new loans
in industrial countries.

In the preface to its World Deb Tables,
published in 1983, the World Bank ob-
serves that “'the resolution of these diffi-
culties lies in a restoration of economic

health to the global economy and a re-
sumption of strong growth in interna-
tional trade.” Other analysts, including
those at the International Monetary
Fund and the Institute for International-
Economics, make the same point, in-
dicating that the debtor developing
countries and those in Eastern Europe
can work their way out from under the
debt load with a return to a more tradi-
tional rate of growth in the world econ-
omy and in world trade 49

At issue is whether a rapid rate of
global economic growth can be sus-
tained. Since 1979 the world economy
has expanded at an average of 1.7 per-
cent per year, exactly the same as popu-
lation growth. This means that on aver-
age there has been no increase in world
output per person. Some countries, of
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course, have registcred continuing gains
in per capita income, which means that
others have experienced declines.

As discussed earlier, the depletion of *

natural capital, particularly oil, has
stowed world economic growth. (See
Table *-8.) When oil was priced ac $2 a

barrel, the world economy firew at an °

exceptional 5 percemt per year, or
roughly 3 percent faster than popula-
tion, allowing for substantial gains in per
capitaincome. From 1973 (0 1979, when
the price of oil averaged $12 a barrel, the
rate of economic growth dropped o 8.5
percent, roughly double the rate of pop-
vlaton growth. But since 1979, when
the price of oil has averaged $31 per bar-
rel and when other resource constraints
on growth have intensified, the world
economy has barely kept pace with pop-
ulation growth.
*  Given the likely continuation of high
_ oil prices and the growing influence on
long-term growth of numerous other in-
hibitors such as topsoil loss, freshwater
scarcity, grassland deterioration, defor-
estaton, and militarization of the world
economy, long-term world economic
growth may not substantially exceed 2
percent a year. This certainly would not
be enough o help Third World coun-
‘tries work their way out of debt. And,
given this growth prospect, the eco-
nomic climate is unlikely to encourage
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commercial banks 0 continually add o
the current outstanding debt of the
Third World and Eastern Europe.

Nor is future growth in international
trade likely to be rapid. According to the
Intern itional Monetary Fund, the value
of world exports peaked ac $1,868 bil-
lion in 1980 and fell 1o roughly $1,650
biltion in 1983, a decline of nearly 12
percen’ (See Figure 1-1.) The General
Agreement on Tariffs and Trade, mea-
suring e volume of wrade, shows only a
negligible decline in trade for this pe-
riod. But measured by value or volume,
there has been no growth in world ex-
ports thus far during the eighties.4!

Several factors are restricting world

Table 1-8. World Economic and Population Growth at Three Oil Price Levels, 1950-83

Amnual Growth

Gross world
Oil Price Gross Product
Period Per Barrel World Product Population Per Person
(dollars) {percent)
1950-73 2 5.0 1.9 3.1
1973-79 12 35 1.8 1.7
1979-83 3] 1.7 1.7 - 0.0

sources ‘Ol price data are from Inicrmavonal Monetary Fund: gross world product data are from
Herbert R. Block. The Planetary Product m 1980 (Washington. D.C.: U.S. Depariment of Swae. 1981)
and Worldwatch Insutate csumates. populavon data are from Unucd Nauons and Worldwatch Insti-
Lute eshimales,
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trade during the varly eiglines, such as
the econemic slowdown and severe im-
port restrictions int debior countries that
are struggling to hnprove their trade bal-
ance. In addiuon. the slower global eco-
noiic growth has led many countries to
auempt to protect domestic employ-
mert and production by adopting pro-
tectionist trade measures. But over the
long term it is the declining role of oil in
the world econoiny that will constrain
growth in wrade. Qil, the engine of
growth in world rade for a generation,

" 1s no longer spurring trade expansion as

Q

it once did. The 14 percemt fall in world
oil consumption since 1979 was ex-
ceeded by an event greater decline in oil
trade, since importing countries cut con-
sumption mere than cil-expurting coun-
tries did.*? Although the declining de-
pendence on o) lowers trade, levels, it
stemns from more-efficient use and the
shift to sustainable energy sources, both
of which contnbute 1o ecenomic sustain-
ability,

As the curtain slowly descends on the
age of oil, investments in more energy-
efficient technologies, in other fossi
fuels, and in rencewable energy resources
are expanding. Of these, only the fossil
fuels, coal and gas. are traded and they
are not as easily or widely transported as
cil. As the world shifis to conservation
and renewable resources—whether
wood, hydropower, wind energy, geo-
diermal energy. or any of the many oth-
ers—energy production will become
more locahized. As energy production is

RIC

Aruitoxt provided by Eic:
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such a large secior the localization of
energy production will contnbute to the
overall localization of econemic activity.

In combination, these new influences
on world trade suggest it may be unreal-
istic 1o expect it lo resume the growth
that prevailed prior to 1979, If thys is
true, somcthmg more imaginatve than
the existing “muddle through” ap-
proach is needed if the world is 1o avoid
a decade of economic stagnation. Even
worse, a continuation of the “muddie
through’ approach could lead the world
into an unmanageable economic crisis.
To break out of this mold will require
leadership—leadership that will almost
certainly have 1o come from the United
States and the International Monetary
Fund. Unfoniunately, the U.S, Govern-
ment, with its vast budget deficits, is con-
tributing to the erisis rather than ameli-
orating n.

Better undcrs:andmg of the ongins of
the current economic crisis is the key o
I'ormulaung workable policies. Forw-
nately there is a growing awareness that
conventional economic policies are no
longer working and that many of ocur
economic difficulties are rooted in the
depletion of the resource base. This
heightened ' awareness is necessary,
though not sufficient, for the formula-
tion of national population and eco-
nomic policies that wall put the world on
a sustainable development path, one
that will restore a broad-based improve-
ment in the human condition.

€O
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Stabilizing Population

Lester R. Brown

Progress at halting world population
growth has been extraordinarily uneven
during the last decade. Some countries
have been highly successful. others com-
plete failures. Some have reached zero
population growith wuhout trying. At
one end of the spectrum are several
European countries that have comp-
leted the demographic ¢ransition and
whose population growth has ceased.
At the other end are some 34 Third
World countries whose populations are
expanding at 3 percent or more annu-
ally.!

Assessing national population policies
is complicated by ¢he changing criteria
of success. Unteil recently, progress was
defined simply in terms of stowing popu-
lation growth. 5o as to widen the margin
of economic growth over that of popula-
tion. During the seventies, however, the
inadequacy of this goal became evident.
Forests were shrinking. grasslands
deteriorating. and soils eroding. Biolog-
ical thresholds of sustainable yield were
crossed in scores of countries. When a
biological system is being 1axed. even a
modest increase in human numbers can
be destructive. Failing to halt population
growth before such a critical threshold is
crossed leads to food shertages. fuel

LY

scarcities, and a declining standard of
living.

The relationship between population
and economic growth is also changing.
When the world economy was expand-
ing at 4 percent or more per year. the
average rate of national economic
growth was well above that of even the
most rapidly expanding population. But
the much slower economic growth of the
eighties means national rates are begin-
ning to fall below population growth in
many of the countries with high birth
rates. The failure of these governments
to introduce effective population poli-
cies is leading to a broad-based decline
in living standards. In these circum-
stances rapid population growth does
not merely slow improvements in in-
come, it precludes them.

~

PoPULATION ARITHMETIC

Over the past decade many people con-
cerned about rapid population growth
have cited with some relief the gradual
decline in the growth rate, Peaking at
something like 1.9 percent around 1970,
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annual growth in world population de-
clined to 1.7 percent in 1983, Although
this is encouraging, the rate is not falling
fast enough 10 reduce the number of
people added each vear. In 1970 world
pepulation increased by 70 million; in
1983 the addition was 79 million.? By the
criterion of sheer numbers, e world-
wide effort 1o get the brakes on popula-
tion growth is falling short.

There are few areas of public policy in
which a lack of undersianding of basic
arithmetic has hindered effective policy-
making as much as it has in populaticon.
Few nauonal pelitical leaders seem 1o
understand what an annual population
growtdt of 3 percent, relatively innocu-
ouss in the near term. will lead 1o over a
century. Political leaders and economic
planners ofien think of a 3 percent
growth rate as simply three times as
much as a | percent rate. Altltough this
»s true for one year, it is not true over the
longer term. as the raes compound. A
population growing 1 percent annually
will not even tnple in a century. but one
growing 3 percent annually will increase
nineteenfold. (See Table 2-1.)

Stopping wor'd population growth re-
quires bringing the number of births and
deaths roughly into balance, as they al-
ready are in several countries. How far
the world has 1o go in this task can be
scen in the data for 1983, when an es-
timated 131 million births and 52 mil-
lion deaths yielded the net increase of
some 79 million. A clearer idea of tie

Table 2-1. Relationship of Population
Growth Per Year and Per Century

Population Population

Growth Growth
Per Yeur Per Cetnury
{percem) {percem}

1 270
2 7
3 1.922

solwer, Worldwateh Tnsttane

(21)

dynamics of this growth can be gained
from analyzing the annual additions of
various couniries. Leading the list 1s
India. where there are now over 15 mil-
lion more births than deaths each year.
(See Table 2.2)) China, which reached
the on?sillion mark in 1981, adds 13.3
million? people annually. fewer than
India because of its much lower growth
rate. Together. these two demographic
giants account for over one-third of the
carth’s new, inhabitants each year. The
five lcading national contributors to
world population growth—these wo,
plus Brazil, Bangladesh. and Nigeria—
constitute nearly half the 79 million an-
nual increment,

Many relatively small Third World
countnes have an astounding number of
new citizens o feed, clothe, and shelter
cach vear because their growth rates are
so high. Nigena, for example, has 84
utillion people, less than one-third as
many as the Soviet Union; yet each year
there are 2.8 million more Nigenans,
conipated with 2.2 million more Soviets.
In the Western Hemlspherc the U.S.
population is four times that of Mexico’s
but the latter grows by nearly 2 million
people a year, whereas the U.S. natural
increase is 1.6 million,~A similar situa-
uon exists in Asia: Burma, with only one-
tlird the population ofjapan. adds more
people each year.

COUNTRIES WITH ZERO
PoprPULATION GROWTH

The first country in the medern era to
bring births and deaths into equilibrium
was Fast Germuany, where population
growth came (v a halt in 1969. It was
clasely fallowed by West Germany,
whuse population stopped growing in
1972. During the decade since, several
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Table 2-2. Principal Sources of World Population Growth, by Country, 1983
Annual Annual
Country Population Growth Rate Increase
(millon) {percent) (million)
lndia 730.0 2.1 15.33
China 1.023.3 1.3 13.36
Branl i31.3 2.3 302,
Bangladesh 96.5 3.1 2.99
Nigeria 84.2 33 . 278
Pakistan 95.7 238 268 °
Indonesia 155.6 i.7 2.65
Soviet Unron 272.0 0.8 218
Mexico 75.7 2.6 1.97
United Siates 234.2 0.7 1.64

source. Fopulaton Relerence Bureaw, 1983 World Populanion Data Sheet {Washington, D.C.: 1983}
China’s growth rate 15 author’s esimate based on 1982 census by Chinese Governnent.

other countries—most recently haly,
Switzerland. and Norway—have joined
the ranks of the demographic no-growth
couniries.

By 1983, there were 12 countries,

all in Europe, where births and
deaths were in equilibrium,

By 1983 there were 12 coyntries, all in
Europe, where births and deaths were in
equilibrium. (See Table 2-3.) For them,
in contrast 10 the rest of the world, a year
of zero economic growth does not-auto-
maticaily lead 10 a decline in living stan-
dards. With the exception of East Ger-
many and Hungary. all are in Wester
Europe. They range from tiny Luxem-
bourg to three of the four largest coun-
tries in Western Europe—Iialy, the
United Kingdom. and West Germany.
With 1he recemt addition of Switzerland
1o the list, Europe’s German-speaking
population has siabilized. Togeiher.
these dozen couniries comain some 244
million people. Although this represents
only 5.2 percent of the world 101al, it is

art least a beginning 1oward the eveniual
siabilization of world population, a
prerequisite of a sustainable society.

Population stabilization was not an ex-
plicit national goal in any of these 12
coumtries. Declines in fertility Aowed
from economic gains and social im-
provemenis. As incomes rose and as em-
ployment ‘'opportunities for women ex-
panded, couples chose 10 have fewer
children. The improved availability of
family planning services and the liberali-
zation of abortion laws gave couples the
means to achieve this. Population stabili-
zation m these countries has been 1he
result, thercfore, of individual prefer-
ences. the product of converging eco-
nomic, social. and demographic forces.

Several other European countries
could reesiablish equilibrium beiween
births and deaths in a matter of years.
Among these in Wesiern Europe are
Finland, France, Greece, the Nether-
lands. Portugal. and Spain. In Easiern
Europe, Bulgaria and Czechoslovakia
are soon likely to follow East Germany
and Hungary along the path of popula-
tton siabilization,

Encouraging though it will be when
these countries reach population stabil-
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Table 2-3. Countries With Zero Populilion Growth, 1983¢
" Annual
Crude Crude Rate of
Birth 1Yeath Increase (+) Popu-
Country Rate Rate of Decrease (—) lation
{per 1.000 {(percent) {million)
population)

Austria 12 12 0.0 7.6

Belgium 12 11 +0.2 9.9

Denmark 10 11 -~0.1 5.1

East Germany 14 14 0.0 16.9
Hungary 13 14 -0.1 10.7 ’

Ttaly 1 9 +0.2 56.6

Luxembourg 12 11 +0.1 0.4

Norway 12 10 +0.2 4.1

Sweden 1 11 0.0 8.3

Switzerland L1 9 +0.2 6.5

United Kingdom 13 12 +0.1 56.0

" West Germany 10 12 ~02 61.6

Touat Population 243.5

VZero populanon growth is here défined as within a range of plus or minus 0 2 percent Change in

population size per year.

souncke: Worldwaich Lnstituie estimates. based on data in Unied Nations. Monthly Bullen, of Statestics.

New York. monthly.

ity, major gains in raising the shire of
people in the world who live jn a similar
situation awaits further fertility declines
in the three largest industrial countries
~]Japan., the Soviet Union, and the
United States—which now have annual
population growth ratés of 0.7, 0.8, and
0.7 percent, respectively. The postwar
dechine in the Soviet crude birth rate Jev-
eled off in the early seventies, hovering
around 18 since then. The U.S. birth
rate, after declining rather steadily from
1957 unul the late seventies, picked up
slightly during the early eighties. Japan’s
birth rate, however, has been falling
steadily for over a decade and, at 13, is
now the lowest of these three.

With the number of young people en-
tering their reproductive years now fall-
ing steadily in both the United States
and Japan, it is possible to envisage a
time in the not-too-distant future when

births and deaths wiil comeinto balance, :
as they have in so much of Europe. In
both ceuntries this will be hastened by
the aging of the population and the con-
sequent increase in death rates. The sit-
uation is somewhat less ¢lear for the So-
viet Union, which has a highly fertile,
rapidly expanding Asian minority. The
moderate overall Soviet growth rate em-
braces both European republics where
popuiation growth has ceased and Asian
republics where it cexpands at typical
Third World rates. Indeed. some of the
Soviet republics in Asia have higher
birth rates than some demographically
progressive states in India.* Overall,
nevertheless, barring any unexpected
rises in fertility, it is only a'matter of time
until natural population growth comes
to a halt in these three countties, since
each has a net reproductive rate well
below the replacement rate of 2.1~
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RAPID NATIONAL FERTILITY
DECLINES

The demographic transition. the shift
from high mortality and high fertility te
low rates of both, has historically been a
slow process. In Western Europe death
rates and birth rates fell gradually overa

few centuries. In countries now in the _

early stages of modemnization, the start
of the transition has been much faster.
The ﬁrcapnous decline in mornality of
roughly a generation ago was often com-
pressed into a decade or so and usually
occurred before the decline in fertility
had begun. This produced record popu-
lation increases against a backdrop of in-
sufficient, inequitably distributed re-
sources. The result was hisgorically
unprecedented growth in human num-
bers, commonly exceeding 3 percent per
year. These rates underline the urgency

of completing the last phase of the -

demographic transition—the decline in
fertility—as rapidly as possible. But re-
' ducing births is a much more complex
undertaking than reducing deaths. Mor-

tality rates can be brought down quickly
-, through public health measures and

childhood vaccination programs, where-
as the reduction in births requires
changes in values that must then trans-
late into changcs in reproductive behav-
ior.

As of the mid-eighties hope on this
front springs not so much from the
broad global trends as from the sharp
reduction in fertility in countries that
_ represent a wide cross section of cul-
tures, religions, and political systems.
This diversity is evident in the four coun-
tries in the Western Hemisphere that
have the lowest crude birth rates—Cuba
(14), Canada (15), the United States
(16), and Barbados (17).5 It would be
hard to find two national cultures more
similar than the United States and Can-
ada, so their simlar fertility levels are

Stale of the World—198+4

not surpnsing, but the contrasts be-
tween them and the two Caribbean is-
land cultures are striking.

The four developing countries in Asia,
on the cther hand, that were among the
first to lower their kirth rates—Hong
Keng (17), Singapore (17), Taiwan (23),
and South Korea (25)—are rather ho-
mogencus in that all are predominantly
Sinitic (Chinese-based or -related) cul-
tures. In addition to their commoen or-
sumlar ethnic backgrounds, all four aye
ecconcmically vigorous societies moving
rapidly aloeng the path te modernization.
And they all have had well-designed
family planning programs, with contra-
ceptive services widely available, for at
least a decade and a half.

2

In 1979 China became the first
country to launch a one-child fam-

ily program,

~Perhaps the most impressive family’

planning achievement in the developing
world has occurred in China. Famlly
planring was renodlca]ly caught up in
the ideclogical crosscurrents ¢f the Chi-
nese communist party from 1949 until
the early seventies, but since that time a
sustained naticnal effort has been under
way to reduce births. By the mid-seven.
ties the Chinese leadership was urging
all couples to stop attwo children, and in
1979 China became the first country to
launch a one-child family program.

By 1980 China had lowered its crude
birth rate to 20, an achievement many
thought impossible in such a large coun-
try still at an early stage of economic de-
velopment. Aithough the 1982 census
showed a shghtly higher birth rate of 21,
this does not diminish the success em-
bodied in China's remarkable reduction
in fertility from 34 to 20 in only a decade.
This preapitous decline closely parallels
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that in Japan from 1948 to 1958, when
the birth rate fell 47 percent, from 34 10
187

China’s family planning program is
distinctive in seveial ways. To begin
with, the national leadersk. has been
deeply involved in designing and sup-
porting the program. More than most
countries, China has fostered public dis-
cussion of the population problem and
particularly the effect that continuing
growth has on future living s:andar‘ds
As population policy was 1megraled into
overall economic planning. it led in the
late seventies o the establishment of
birth quotas. The oyerall plan aimed o
ensure that targets for raising living
standards were met; couples who had no
children were given priority in the quota
allocation. Once births were allocated o
people at the producti~n-team level,
peer pressure played a .mportant role

in assuring compliance. To even con- -

sider such an ambitious birth control
program requires, of course, the ready
availability of family planning services,
including abortion.

From birth planning it was a relatively
smalt step to the provision of economic
incentives to couples who would agree
t¢ have only cne child. The one-child
family campaign was not introduced be-
cause China’s leaders were enamored
with the cancept per se, but because the
buildup in population pressure left few
alternatives. Gaining social .acceptance
of this concept is not easy in a society’
‘where large families are radincnal and
where, there is still a strong preférence
for sons, particularly in the’ coumrymde
This unprecedented policy initiative
puts China one step ahead of other
.Third World couniries in trying to halt
populaticn growth.

On a smaller scale, neighboring Thai-
land’s reduction of fertility hasalsc been
impressive. lis ‘estimated crude birth
" rate of 26 is not yet as low as China’s but
" it apparently started from a higher level

Table 2-4. Thailand: Share of Married
Women Practicing Contracep e,

1970-81
Year Percent
~1970 4
1975 37
1979 5¢
1981 58

SOURCE: fniernational Famly Planming Perspectives,
September [980 and June 198%. :

- n 1970. Data on annual birth rates are

not available in Thailand. but various
fertility surveys taken from 1970.onward
have measured contraceptive usage. The
propertion of married Thai “womien of
reproductive age who were using con-
traceptives -went from 14 percent in
1970 to neariy 60 percent in 1981, a
level appreaching thar in industrial soci-
eties.® (See Table 2-4.}

In 1983, Thailand’s birth rate was 26
—only one point higher than that of
South Korea, which launched i its Family
planmng program many years earlier.
Indeed, it was roughly the same as the
U.S. rate immediately afier World War
Il. Thailand’s achievement is all the
niore laudable because its reproductive
revolution has proccded  widespread
economic gevelopment. Ceniral to s
success is a public education- program
that emphasizes both the economic and
social advantages of small families and
the ready availability of contraceprive
services. lis vigorous family planning
program is credue d with perhaps 80 per-
cent of the national fertility decline since
1970. Behind this imaginative program
is Mechai Viravaidya, the innovative and
charismatic head of the family planning
group.?

Ana!ysts of the Thai fertility decline
associate the rapid change tn reproduc.
tive attitudes and behavior with the high
degree of social and economic fidepen-
dence of women. The influencé of Bud-
dhism, which does not restrict con-
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traception and is not particularly prona-
talist, may alsc contribute to the ready
acceptance of family planning. And Bud-
dhism emphasizes individual responsi-
bility, which may have created a social
envirenment particularly receptive te a
progressive family planning program.

One of the most rapid fertility declines
on record has occurred-in Cuba since the
mid-sixties. The country’s 1983 crude
birth rate of 14 per 1,000, lower than
that of the United States, is all the more
remarkable because it was not the result
of a concerted national program to
lower fertility and curb population
growth. This recent birth rate decline
should be seen, however, in historical
perspective, since Cuba, along with Uru-
guay and Argentina, experienced a grad-
val decline i birth rates in the early
decades of the twentieth century. At the
time of the Castro takeover in 1959 the
birth rate was 28, already well below
those of most of Lat'n America.

One of the early actions of the new
government was to begin enforcing the
rather restrictive abottion law that was
already on the books. This pushed birth
rates up sharply. to over 35 1963. (See
Figure 2-1.) In 1964, the interpretation

Birth
Rate

10

{interpretation

: of law relaxed)
304...
(restrictive
abortion law
20~ enforced)

Sources: Pop. Ref. Bureau;
Cuban Mmustry of Public Health

4 T 7
1950 1960 1970 1980 1985
Figure 2-1. Cuba’s Crude Birth Rate, 1950-82
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of the restrictive abortion law was
relaxed and, abeited by widespread so-
ctal gains for women and broad-based
improvements in health care services,
the birth rate began a precipitous de-
cline that continued for the next 16
years. By 1980 it had fallen o 14. Al-
though the birth rate had been more
than halved. the population growth rate
had been cut by some two-thirds, to less
than |1 percent per year.!?

After China, the most populous Third
World country t¢ reduce its fertility
sharply ts Indonesta, Until the late sixties
Indonesia was a pronatalist country. Its
only population program was one of
transmigration from densely populated:
Java to the sparsely populatego outer is-
lands. After years of struggling at great
cost to move Javanese to these territo- |
ries, and discovering that the resettle-
ment flow was a mere trickle compared
with the torrent of births, the Indonesian
Government shifted its attention to fam-
ily planning.

Indenesia’s naticnal family planning
program was launched in 1969. By 1976,
when the World Fertility Survey con-
ducted a study there, fertility had fallen
substantially in some regions-—as much
as 12 perrent in West Java o 34 percent
in Bali. Indonesia’s family planning pro-
g:am has been distinguished by strong
government support and a highly ac-
claimed local approach that goes far be-
yond the more traditional clinic system.
The direct involvement of the local vil-
lage leaders as motivators, field workers,
and even contraceptive distributors has
been central to the program’s success,’
By 1983 Indonesia’s birth rate had fallen
to 32 and its population growth rate was
reportedly 1.7 percemt per year, well
below the nearly 3 percent that existed
before the program began.!!

Another Latin American country—
Mextco—is the site of cne of the most
recent fertility reductions in a major
Third World country. Prior to 1972 the

.
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ofhcial Mexican policy wis hké In-
donesia’s—the more people the better.
President Echevernia’s announcement in
1972 that Mexico would launch a family
planning program came as a surprise. Al
that ime Mexico’s cride birlh rate was
44 and us overall population growth rate
was 3.5 percent annually—one of the
highestin the world. Within a decade the
birth rate dropped to 32. Combined with
a death rate of 7, this still resulied in a
population growth rate of 2.5 percent,
which was far oo rapid. And there are
remote rural arcas where family plan-
ning services are not yet available.
Nonctheless the progress of a decade in-
dicates that Mexico has at least set the
stage lor a continuing decline in fertility.

The chalicnge now will be limiting birthsg

aver the rest of this cenwry among the
enormous number of young people en-
tering their reproductive years as a re-
sult of the extraordinarily high birth iate
before the mid-seventies,'?

The countries that have achieved
rapid national fertility declines repre-
senta wide variety of cultures. The com-
mon dencminaters are a committed
leadership and locally designed pro-
grams. Experience to date shows a broad
popularinterest in planning families and
a willingness. in some cases an eager-
ness, to take advantage of services when
they become available. Fach country
desiring 10 redice  fertility nust of
course desigu its own program, one that
1s responsive te its values, lradmons and
needs.

PoPULATION VERSUS
EconoMic GROWTH

Overall, global economic growth during
the third quarter of this century was
more than double that of population. As
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]
will be noted in Chapter 3, this growth
was closely ned te an ahundance of
cheap oil. With the 1973 oil price hike,
economic growth began to slow. With
the 1979 increase it slowed further. Thé
following four years the world economy
expanded less than 2 percent per year.
Although these four years are not in
themselves encugh to constitute a trend,
the less favorable resource conditions
that contributed 1o the slower growth
during this time may alsc lead 1o slow
growth over the long term.

‘The Wall Street Journal, in a survey of
European economic analysts at the end
of 1982, reported that many expect the
prolonged recession of the early eighuies
to become permanent. In contrast to
earlier recessions, when recovery trans-
lated into a 4-6 percent growth rate, the
Journal noted that these analysts saw
European recovery from the current re-
cession in terms of a 1-2 percent rate, '3

For parts of the Third World, pros-
pects are even grimmer. A 1983 assess-
ment of Africa’s future by the Economic
Commission for Africa reported that
“the historical trend scenario is almost a
nighimare,” It continued: “The poten-
tial, population explosion would have
tremendous repercussions on the re-
glon 's physical resources such as land.

. At the national level, the socio-eco-
nomic conditions would be character-
ized hy a degradation of the very essence
of human dignity. The rural population

. will face an almost disastrous situa-
tion of land scarcity whereby whole fami-
lies would have to subsist on a mere hec-
tare of land.” A World Bank analysis.of
Africa’s economic outlook described the
Commission’s assessment as “‘graphic
but realistic.” "4

Given the emerging constraints on
growth, particularly in basic sectors such
as food and energy, the world is going to
have great difficulty resuming the rapid
economic growth of the 1950-73 pericd.
Expanding global economic output even
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by an average of 2 percent per year may
tax the skills of economic policymakers.
Countries with rapid population growth
may thus face declines in living stan-
dards—~unless they quickly reduce their
birth rates.

Slower economic growth will have an
impact everywhere, but the effect will
vary widely according 10 national popu-
latiors growth rates, For West Germany
or Belgium, which have auained zero
population growth, a 2 percent rate of
annual economic growth will still raise
incomes 2 percent each year. For coun-
tries such as Kenya and Ecuador. whose
nunibers expand a; raore than 3 percent
per year, a 2 percent economic growth
rate will produce sieady declines in in-
comes and living standards.

If an economic growth rate of 2 per-
cent per year becomes tlie new norm,
then nearly haif the world's people—
those living in countries with annual
population growth rates of 2 percent or
more—face possible income stagilation
or decline. Countries where the threat of
falling income is greatest are those
whose numbers grow at 3 percent or
more per year. These 34 countries, al-
most all in Africa, the Middle East, and
Cemtral America, have a combined pop-
ulaton of 394 million.!%

Within this group, countries with ex-
portable surpluses of oil may be tempted
to neglect population policy, with the re-
sult that their populations will continue
to muliiply rapidly. sustained by the im-
ported resources that petroleum buys.
Over the iong term, however, as oil re-
serves dwindle and the exportable sur-
plus disappears, they may find them-
selves with populations thar far exteced
the carrying capacity of local resources.
Couniries such as Iran atd Nigena,
where oil production and exports have
already peaked. illusirate well the risks
that oil-producing couniries with rapidly
expanding populations face over the
long term. Situations like these have the
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greatest jong-term potential for massive
human suffering.

Unfortunately, econoniic growth has
already fallen behind population growth
in many countries, The World Bank re-
pons that per capita GNP declined in 18
counines from 1970 1o 1979. {See Table
2-5.) In a few cases this was caused by
disruption of economic activity as-
sociated with political conflicts and in-
stability, but in the great majority popu-
lation growth simply outstripped thar of
economic ourput.

Central 10 the decline in per capitain-
come during the seventies in many of the
countries in Africa, a largely rural cont-
nent, was the decade-long declinein per
capita food production. The growth in

Table 2-5, Countries Experiencing a
Decline in Per Capita Income, 1970-79

Annual
Rate of
Country Population Decline
(million) {percent)
Angola 6.9 ~9.6
Bhuan 1.3 -0.1
Chad 4.4 —-24
Congo 1.5 -0.2
Ghana 11.3 -3.0
Jamaica 2.2 -37
Libya 2.9 -16
Madagascar 8.5 -25
Maurilama 1.6 =07
Morambique 10.2 -53
“icaragua 2.6 -1.6
Niger,. 5.2 -1.2
Sierra 1.cone 34 -1.2
Uganda 12.8 -3.5
Upper Volia 5.6 -1.2
Zairc 27.5 ~2.6
Zambia 5.6 ~19
Zimbabwe 71 =-1.7
Total 120.6

soURCE: World Bank. 128! NWorld Bank Atlas
(Washington. D.C.: 1982),
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Stabrirzing Population

Afnca’s food supply compares favorably
with that for the world as a2 whole, but its
increase in human numbers is far more
rapid. Plagued by the fastest population
growth of any coniinent in history, as
well as by widespread soil erusion and
descrtification, Alrica’s food production
per person has lallen 11 percent since
1970.18

Given the prevailing economic condi-
tans of the early eighties, the ranks of
the 18 countries wich declining per
capita GNP are likely to swell dranau-
cally. In a report published in late 1981
the World Bank projecied a decline in
the average income of 187 millien peo-
ple i 24 low-income countries in sub-
Suaharan Afnca. This is the first time the
World Bank has projected a decline in
living standards for a major region of the
world V?

As the growth in the producuon of

macerial goods and services slows, the
disacnbhtion  issue must  be  viewed
against a new backdrop, one unfamiliar
to this gencration, With the changing
growth prospece, pressure to reformu-
late economic and social policies with
basic human needs in mind will no doubt
increase. This task will be far more diffy-
cult than it was in che era of rapid eco-
nomic growth. with its underlying belief
that a rising tide raises ali ships. As econ-
ormst Herman Daly has perceptively ob-

-servesd, turning our focus to meeting

basic human needs will " make fewer de-
mands on our environmenial resources.
but much greater demands on our moral
resourges,”’ 18

PorULATION/RESOURCE
PROJECTIONS

Existing projections of poptiladon and
rescurces do not provide a solid founda-
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tion for formuladng intelligent popula-
tnon policies. U.N. projections show
worid populanon continuing to grow
until it reaches | | billion before leveling
off a century or so hence,'? Thesc popu-
lation figures are the product of two sets
of assumptions—one explicit and one
mmplicit. The exphcit assumptions are
demographic. They include country-by-
courury assumpiions about future ferdil-
ity levels, sex ratios, life expectancies,
and numerous other demographic varia-
bles. If these explicit assiumptions hold,
the projected increases in world popula-
don will matenalize.

Africa’s food production per per-
son has fallen 11 percent since
1970.

But populadon growth does not occur
in a vacuum. Currem projections of
world population are based on the im-
plicit assumption that the energy, food,
and other natural resources required to
support human life are going to be as
readily available in the future as they

_have been i the past. They assume that

the production of the major biclogical
support  systems—hsheries, forests,
grasslands, and croplands—that satisfy
basic human needs for food, shelter, and
clothing will continue to expand along
with population. It is perhaps unfortu-
nate that population projections are
done by demographers on their own.
Projections by an interdisciplinary team
of analysts including, for example,
agronomists, economists. and ecolo-
gists would be more realistic since pop-
ulation growth cannot be divorced from
the carrying capacity of local biological
systems.  Continuing  increases  in
human population on the one hand and
<he progressive deterioration of life-
support systenis.on the other are not
At tbi_ et

-
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conpauble over the long term.

The unreality of currem population
projections can be seen in the numbers
put fonlt for individual countries. Ac-
cording to the Weorld Bank, which useés
dightly lower projections than the UUN,
mediunt-level ones, the growth ahead
for some comuries canonly be described
- as phenemenal. India is projecied 1o add
more than another billion people 10 its
1983 population of 730 willicn before
stabilizing a1 1.84 billion, while neigh-
boring Bangladesh and Pakistan could
increase from 96 million each at present
to 430 millicn and 411 million respec-
tively. If these three couniries grow
as projecred. the Indian subcontinemt
would be heme to 2.7 billion people.
more than the entire world population in
1950, The 84 million Nigerians of today
are projecied o increase 10 623 million,
more people than now live in all of
Africa. Mexico would grow frem 76 1nil-
lion to 215 million people. roughly the
size of the corrent U.S. population. And
the populations of several Central
Amencan courunes—El Salvador, Gua-
temala, and Nicaragna—would triple be-
fore stabilizing.2® Clearly, national and
global resources would be stretched to
the breaking poim well before increases
of tlis siz¢ materialize,

Many of the economic stresses afflict-
ing the world economy during the mid-
cighties have their ongins in chang-
ing population/resource trends. When
world population reached the three bil-
lion mark in 1960, the per capita produc-
tion of almost every major commodity
was still increasing, But when werld pop-
nlation moved.toward four billion, de-
mands began to approach the sustain-
able yield of many biological suppon
systems: The world harvest of forest
products began to fall behind popula-
tion growth; 20 years of rapid growth in
the world fish caich came to an end; and
per capita growth in world beef cutput
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halted in 1976. World production of oil,
the leading energy resource, peaked in
1979. The growth in world grain pio-
duction, which had been steadily cutdis-
tancing population since mid-cemury,
has barcly kept pace with populaticn

_ growth since 1973. In North America

food producticn has continued to out-
strip population growth. But in Africa. as
menticned earlier. the reverse is rue.
Since 1970 per capita food production
there has been falling by some 1 percent
per year.?!

Faced with this emerging picture of a
new population/rescurce balance, Prest-
dent Carnter was frustrated by the inabil-
ity of U.S. Governmem agencies 1o pro-
vide coherent sets of projections in
important arcas such as energy, water,
and food. This lack of global foresight
capability led him 10 launch the Global
2000 study in 1977. Undertaken by the
U.S. Council on Environmemtal Quality
and the Deparniment of State in cooper-
ation with 17 specialized governmem
departments and agencies, the study
examined, among other things, the
consequences of the projected increases
in world population.

The Glebal 2000 siudy team disccv-
ered numercus inconsisiencies among
government projections and policies. In
assembling sector forecasis from the
various agencies, overlapping resource
claims came te light. The Deparimem of
Agriculture, for example, was incor-
porating in its projecticns water that
the Depanment of Energy was expecting
10 use 1o launch synfuels projecis. The
risk of such alack of ccherency in plan-
ning is that it can lead {o resource scar-
cities, as in the case of water, orlo excess
capacity. as in the case of electrical gen-
cration. In either :case rescurces are
wasted.

The Global 2000 Report, the end prod-
uct of this first effort to project global
economic, environment, and rescurce
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trends. observed i an oft-iuoted con-
clusion that “barring revolutionary ad-
vaiees in technology. life for most peo-
ple on earth will be more precarious in
. 2000 than it is now—unless the nauons
of the world act deasively 1o alter cur-
rent trends.” Five years lhave passed
#pce the study went to press. Unfortu-
nately, life is more dithcult now for many
of the world's people than it was then.??
The only other conmprehensive at-
tempt Lo project world trends to the end
of the cenury was undertaken in the
mid-seventies by the Untited Nations, [i-
rected by economist Wassily Leontief. it
foresaw a rosy economic future for the
wotld. The weakness of this undertaking
was tlat it was done almost entirely by
cconotutists and lacked a solid interdisci-
phinary foundation. The result was pic-
n-the-sky projectinns aud misleading
conclusions about where the world was
headed. For cxample, the UN. sindy
postulated for the remainder of this cen-
tury an average agricultural growth rate
in the developing world of 5.3 percent,
a rate with little foundation in either the
historical experience of developed coun-
tries or in current Third World realities.
The authors noted that soil erosion
would affect future foed prottuction, but
because data was sketchy they chose sim-
ply to ignore it. If agronomists had been
nvolved jn the project they could atleast
have estimated erosion’s inpact on fu-
ture preductivity, thus making the pro-
jections more realistic and useful.2?
Concerned with the declines in per
capita productiou of the basic resources
that underpin the glohal economy, sev-
eral individual countries decided to ex-
amine the implications of the Global
2000 siudy for their own national poli-
cies, Countries as varied as Japan, Mex-
ico. and West Germany have expressed
iterest in the "Global 2000" approach.
China, well aware of indigencus re-
source constraints, js undertaking an
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ambinous China 2000 study. Japan has
organized a Year 2000 Committee
focus on the implications of-the chang-
ing global rescurce outlpGk for the Japa-
nese economy. ‘nited States, un- ¢
fortunately. has filed to follow through
on Glebal 2000. The result has been an
nternational vacuum as the dominant
world economy and traditional world
leader on such matters s on the side-
lines. failing 10 provide leadership on
this critical complex of issues.

One of the first countries 10 examine
systematically the long-term popula-
tien/resource balance was China. As
part of the post-Mac reassessment, Chi-
nese leaders prejected future population
size based on the assumption that cou-
ples wouldhave only twe children. Even
under this scenaric, given the country’s
youthful age structure Chitta would add
another 300 or 400 million pecople be-
fore population growth ccased. Afier
relating these projections 1o the availa-
bility of land, water, energy, and other
basic resources and to the capacity of the
cconomy 1o provide jobs, the leadership
cencluded that they had no choice but to
press for a one-child family- lesi they
Jjeopardize their hard-earned gains in liv-
ing standards.?®

Elizabeth Croll, China scholar at Ox-
ford University, cbserves that Beijing
had concluded that “'unless the popula-
tion 10 be fed, housed and clothed 1s re-
duced. the goals of any development
strategy in China arc bound to fail ""26
The principal difference between China
and other denscly populated developing
countries such as Bangladesh, India,
Egypt, Nigeria, and Mexico may be that
the Chinese have had the courage and
the foresight to make these projections
and to translate their findings into public
policy. If others took a serious lock at
future  population/resource  balances,
they too might well decide that they
should press for a one-child family.




(32)

NEwW PopPULATION'
INITIATIVES

As world population moves toward five
billion. the per capita production of
many basic commodities is falling. The
effort 1o raise incomes and Iiving stan-
dards is laltering in many ¢ountries, par-
ticularly where populauon is growing
most rapidly. The fall in global eco-
nomic growth from over 4 pefcentannu-
ally to 2 percem is dividing the world
nto two groups: those where economic
growth exceeds population growth, and
those where it does not. For one group,
living statdards are rising. For the other
they are falling. One group can hope
that the future will' be better than the
present. In the other, hope is turning o
despair.

The fall in per capita incoines is occur-
ring, almost without exception. int coun-
tries that have given lutle attention to
the human side of the population/
resotirces equation. The auention of po-

fincal leaders and the allocation of,

budgetary resources have both focused
almost entirely on the supply side. on
expanding cuiput. One consequence of
this imbalance is that more and more of
the growth in output is required 1o sat-
isfy the increase n population, with little
remaining  for 1mprovcmcms in per
capita consunption,

Where population growth is rapid,
changing economic circumstances call
for new population policies. Many devel-
oping countries are stalled in the middle

-of the demographic transition discussed

carlier. 1f economic grewth remains
slow, barely keeping pace with popula-
tion growth or even falling behind i,
then high-fertility developing couniries
cannot cotnt on cconomic improve-
ments 10 reduce births as they did in the
indusirial countries. Fortunately, recent
experience has shown thai countries
with bread-based but inexpensive health
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care systems and well-designed family
planning programs that encourage small
families can bring fertility down even
without the widespread economic gains
that ‘characterized the demographic
transition in the industrial societies.?’

Making family planning services uni-
versally available is the very firsi step
that all countsies should take. Beyond
helping to curb po‘;:ulanon by prevent-
ing unwanted births, it makes people
aware that they can control their fertility,
in effect creating its cown demand. And
because family planning leads 10 better
spacing of births, it lowers infant mortal-
ity, which in turn fosters lower fertility.
Although each country represented at
the U.N. Conference on World Popula-
tion in Bucharest in 1974 agreed that_
access to family planning services was a
basic human right, not all governments
have followed through. As a result, an
estimated one-third of all couples siill go
to bed unprotected from unplanned
pregnancy.t$

Essential though family planning ser-
vices are, they are not in themselves
sufficient. Data from the World Fertility
Survey show the desired family size in
many countries is still four or five chil-
dren. Although this is lower than it was
just a few years ago, in'some countries
having this many children would lead 10
vas1 population gains that would steadily
reduce living standards #? Reduang fer-
1ility 10 the%aﬁircumsmnces call for
requires public éduication programs that
inform pecple about the future relation-
ship between population and resources
and about the economic coensequences
of continuing on the current demo-
graphic path. More projections like
those done in Beijing are needed. In tra-
ditional countries such as China, child-
bearing decisions are still influenced by
a parental desire to be locked afterin old
age. By emphasizing future population/
resource relationships, ¢ 'vernment offi-
cials can shift parents’ considerations of
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childbearing deasiens from their own
well-being to that of their children.

Formost Third World countries, how-
ever, the provision of family planning
services and public education programs
based on projections will not slow popu-
laton growth quickly enough to avoid a
decline in living standards. Govern-
ments in these countnies will need to
reorient economic and social policies 1o
lower fertility further. Traditionally.
government policies thart affected popu-
lation growth encouraged large families.
In most countries, for exampie, income
tax deductions and maternity leaves are
available without restriction. Now some
countrics are beginn.ng to alier these
long-standing pohcies. For example.
South Korca and Pakistan limit income
tax deductions to two children. Tan-
sania, Sri Lanka, and Nepal have gone
cven further and entirely eliminated tax
deductions for dependent children. ®0

Several governments restrict mater-
nity benefus. In the Philippines. they are
limited to the first four births; in Ghana,
Hong Kong. and Malaysia. to threc; and
in South Korea, even more stringent. to
only two. Tanzama. adapung this gen-
cral approach to African family planming
programs’ e¢mphasis on child spacing,
provides paid maternity leave to em-
pleved women only once every three
years.3!

Some¢ governments use access 10
education and 1o public housing or
to low-interest loans for the purchase
of housing as a carrot 10 encourage
small families. In China, the certificate
awarded to couples who pledge 1o have
only one child ¢ntitles them to preferred
access lo schooling for that child. South
Korcan government employees who
sto]y at twe can dedua ther educational
expendinres from income tax. In Sin-
gapore, having no more than wo chil-
dren gives couples preferred access 1o
housing. much of whidf is goverument-
construcied,3?
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Other couniries have designed reward
systems 1o encourage sterihzanon or the
use of contraceptives. India. for exam-
ple. was the first government to provide
small. one-time payments to men and
women who were stenlized. In some
countries such payments are regarded
more as compensation for lost wages and
travel costs than as incentives perse. The
Indian ‘payments in 1983 ranged from
$11-13, for example, roughly iwo weeks’
wages for rural laborers. In Bangladesh,
those sierilized receive new clothing—a
san for women and a lungi for men—
plus travel-cost reimbursement.?®

Experience shows that such payments
do make stenlization more popular.In a
1983 Worldwaich Paper. Judith Jacob-
sen noted that “'in Sn Lanka, the number
of sterilizations performed in govern-
ment family planning programs in-
creased when payments were first intro-
duced i January 1980. Nine months
later. when payments were increased
fivefold to match those offered on pn-
vate estates, sterilization clinics were
swamped. The number of sterilizations
performed at one clinic increased from 6
1o 35 a day afier the introduction of the
payment and rose to 150 a day afier the
Increase.” %4

Some countries have begun to expeni-
ment with community incentives. A com-
munity that achieves certain family plan-
ning goals. either measured in terms of
contraceptive usage or in reduction in
births, becomes eligible for a new
school, a village well, a community irri-
gaticn pump, or even a television set.
This approach. being tried in Thailand
and Indonesia. has the advamage of
mobilizing peer pressure to limit family
size. 3%

There 1s an urgent need for data to be
gathered regularly in this vital area. to
permil conunuing evaluations of prog-
ress and reports te the public. The col-
lection and monthly publication of birth
rates would help measure progress on
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this critical from, 1uch as 5 now the
casc with employment, inflation. or the
balance of payments. It would also con-
tibute to public awareness of the need
to reduce family size and hali population
growth.

In many vountnes, reducing the birth

rate rapidly encugh to avoid a decline in

hving standards will require a Herculean,
effort and the constam auention of na-
tisnal political leaders. Administratively,
snecessful implementauon of population
programs may require that responsibil-
ity for them be escalated from a division
in the health minisury. where it com-
monly resides. w0 a cahinet-level com-
mitiee that regularly reviews the situa-
uon. Lnorthodox though this may be. it
1s the level of anention befitting the
gravity of the issue.

Among the Third World countries
that have snevessfully reduced fertility.
no two approaches are identical. But 41
have tnvolved nanonalleaders’ commit-
ment 1o reduce fertility. the widespread
avatlabilty of family planning services,
and a public educanon program that
luiks popnlanbn growth te the long-term
social interest as well as 10 benefits for
mdmidual families. Several of the more
successful countnes have often used
some combmation of cconomic incen-
tives or dismcennves to encourage small
families.
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Governments will be forced 1o seule
differentes, between private interests,
sometimes better served by larger fami-
Jies, and the public or social interest,
which is invariably beuer served by
smaller families. Recenciling these dif-
ferences can be extraordinarily complex
and politically costly. Failure. however,
could be catastrophic. The issue is how
—not whether—population growth will
evenwally be slowed. Will it be hu-
manely, through foresight and leader-
ship. or will living staidards deteriorate
unttil death rates begin o rise? The latter
would certainly reestablish a population
equifibrium of sorts, but it would be
through high birth and death.rrates,
rather than the low birth and death rates
characteristic’ of countries that have
completed the demographic transition.

In an age of slower cconomic growth,
improvesacnts in living standards may
depend more on the skills of family
planners than on those of economic
planners. As the outlines of the new eco-
nomic era become more visible, popula-
tien policy scems assured a high place
on natic 1al potlitical agendas. Too many
governments have delayed facing the
tssue for 100 long. When they belatedly
do so, they may discover, as China has,
that circumstances force them 1o press
for a cne-child family,




' Reducing
Dependence on Ot

Lester R. Brown
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If the 7 percent annual growth in global
oil consumption that prevailed from
1950 10 1973 had contiv.ued, the world
would have increased o0l use from 20.4
billion barrels in 1973 to just over 40
billion barrels in 1983. Ai such_a con-
sumption level unprecedented adjust-
ments would be required, adjusimenis
that would place great pressure on the
inmernational economic 'system. But this
did not happen, because a group of
preindusirial, oil-exporting countries
that controlled the lion’s share of world
oil exports decided in late 1973 that oil
was vastly underpriced. To remedy this.
they quadrupled its price, sending eco-
nomic' shock waves through the world
economy and making OPEC a house-
hold word. N

The 1973 oil price adjustmen
checked the runaway consumption
rend, but it was the 1979 increase tha

reversed it. As a result of the two price -

jolts, world oil consumpiion in 1983 10+
taled only 20 billion barrels, not the 40
billion barrels it might have been.*

Despite laie 1wentieth century ad-
vances ju mathemaiics and widespread
access to computers, political leaders
and other key economic decision-makers
have a dangerously deficient under-
standing of exponential growth. If the
oil consumption trend of the century’s
third quarter had continued through the
fourth, by the year 2000 oj! consumption
would have reached 127 billion barrels.

. Proven reserves would have been used

up by 1990 and before 2005 all uli-
mately recoverable reserves would have
been exhausted.?

By the mid-seventies oil's low cost,
mobility, and versatlity had made it the
fuel of choice everywhere. Countries
that did not produce oil imported ji. Al-
though it had become the principal en-
ergy source powering the world econ- ~
omy, and although the growing
worldwide dependence on it was pai-
enily unsustainable, few seemed to nho-
tice or take heed. In the United States.
amomobiles were growing larger each
year and the number of miles they could
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» travel per gallon was dropping ever

lower. Projections of the world auto

market thropgh the year 2000 that were

done before 1979 showed the \r:dustry
casily doubling i size, erroneobisly as-
sulmng that the growth in oil consump-
tion could continue indefinitely.?

In retrospect. the world may betheav.
ily indebted to OPEC (the Organization
of Petroleum Exporting Countries) for
having raised the price of oil. It is easy
to criticize the group in the short run,
especially the failure of cash-surplus
countries to assist more vigorously the
poorest o1l-|mponmg countries, And it
would be naive to overlook the self-
interest involved in GPEC's move 1o ob-
tain a better price for the oil of its mem-
bers and stretch out remaining reserves.
But its oil pricing policy s nonetheless
socially constructve on the whole. With
reserves shritking, a socially responsible
policy would raise prices just fast
enough to encourage the conservation
and deyelopment of alternative energy
sources needed to minimize disruption
in the tran‘suion to the post- petroleum
cra.

Asof 1984 it is hard to argue that the
price of ol began rising scon enough to
make this smooth transition possible.
Prices of petroleum products like gaso-
line are still comrolled or subsidized in
too many ccuntries, slowing the adjust-
moents that energy consumers can make.
Efforts by governments o partly offset
the price rise notwithe  ling, OPEC’s
role in raising oil prices will almost cer-
tainly be vindicated over time.

SUCCESS STORIES .

Smn:e 1979 world oil consumption has
fallen 3.3 billion barrels, a 14 percent
drop. (See Table 3-1.) There is a distinct
possibility that the 22.9 billion barrels of

’
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Table 3.1. World Oil Consumption,
Total and Per Capitas, 1950-83

Year Fotal Per Capita
{bilhon barrels) (barrels)
1950 39 1.56
1955 55 2.01
1960 7.8 2.58
1965 114 3.40
1970 15.7 4.54
1971 17.7 472
1972 18.7 491
1973 9204 526
1974 198 5.00
1975 19.3 4.80
1976 219 5.16
1977 99,2 5.32
1978 93,0 5.30
1979 94,8 548
1980 29.1 5.92
1981 29,1 491
1982 21.5 4.70
1983 20.5 440

soLrGES, Amerncan Petroleum Institwle, Basie Pe-
troletem Deta Book (Washington. D.C.: 1983); “Mid-
year Review and Forecast.” (hl and Gas foumal, July
25, 1983: Worldwatch [nstitule estimates.

L

oil produced in 1979 will never again be
matched. If so, historians looking back
from the twenty-first' cémtury will almost
certainly sce that year as a hinge point in
economic history, a year that signaled
not only the eventual fading of the age of
oil, but the beginning of the post-
petroleufm age as well,
Given the growth in world p0pulanon
since m:d-cemury, the rise in per capita
il consufnption was somewhat fess than
.}nat of tofal consumption. Between 1950
and 1979 the average individual’s use of
oil climbid from 1.56 barrels each year
to 5.48 barrel$, a gain of nearly fourfold.
Since 1979, however, with world oil con-
sumptioti declining while the number of
people cbminued to intrease, the per
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capita decline has been predipitous. Fall-
ing nearly 20 percent in four vears. 1t has
affected every facet of human existence
from diets to transportation. The sub-
stantial adjustments of the last few vears
will conunue for decades 10 come,
The 14 percent drop in world oil con-
sumption since 1979 is impressive, but
some countries have contributed far
more 10 the decline than others, (See
Table 3-2.) In fact, a few are still expand-
ing their use of oil. Among the larger
economies, the leading Western indus-
trial countries and Japan have been the
most successful in reducing their cil de-
pendence. The centrally planned econo-
mies have not done as well. The Soviet
Union is the only major industrial coun-

(37)

try that., try as it might, has been unabie
te reduce ojl use,

In retrospect, the world may be
heavily indebted to OPEC for hav-
ing raised the price of oil.

Somewhat surprisingly, the country
with the best record in reducing oil con-
sumpiion is the United Kingdom. the
only major Western industrial country
that exports oil. UK, oil use peaked in
1973 at 840 million barrels and turned
downward, falling 10 606 million barrels
in 1982, 28 percent below its high. The

' Fable 3-2. Petroleum Consumption in Major Countries, 1960-827

United West
United King- Ger- Soviet
Year States dom France many Japan Union China lndia Brazil Mexico
Z:{milli(m barrels)

1960 3577 343 204 230 241 869 62 60 99 110
1665 ° 4,201 544 398 588 635 1.318 84 9| 120 124
1970 5.366 763 690 887 1,405 1,934 226 134 186 182
1971 5,522 . 763 748 - 953 1,526 2.427 288 155 204 190
1972 5975 818 814 Lo07 1.591 2.226 232 154 237 204
1973 6.318 840 883 1.066 1,851 2,398 409 166 281 223
1974 6.077 781 825 953 1810 2559 504 168 303 245
1975 5.957 683 781 916 1.642 2,727 577 182 318 270
1976 6.373 679 832 989 1.741 2,792 613 188 354 209
1977 6.727 686 814 1.037 1909 2986 668 201 369 307
1978 6,880 675 792 L1113 1.876 3.092 661 295 383 336
1979 6.756 704 872 1L,121 2,000 3.132 675 241 431 329
1980 6.277 632 825 989 1.810 3,252 668 235 423 445
1981 5.826 585 725 891 1.680° 638 389 485
1982 5.567 600 712 884 1.565 529
Fall

From “ :

Peak (%} —19 ~28 —19 92| =22 -5 =2 =10

souvRceS. U.S, Department of Encrgv. Energy Infarmation Adsmnistraton., Iniemational Privoleitm
Annual (Washington, D C.. varous years) and 1987 Intemational Energy Annual (Washington. D.C.:
1982); 1981-82 data are prehnunary cstimnates by Womddwatch Insinute,  1Peak yrar in bold.
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other major Western industrial coun-

tries have achieved remarkably similar
reductions, ranging from 19 percent in

_ the United Suftes and France to 22 per- -
cem in Japan. Except for France, where
consumption turned downward right

after 1973, the peak year was 1978 or
1979.

Among the developing countries
trends vary. China. an oil exporter,
began reducing oil consumpuon in
1980: India. an importer. has increased
its consumption steadily for the pasi wwo
decades. Even since the 1973 price in-
crease India’s use of petroleum has risen
over 40 percent. Although per capita oil
use in India is only a small fraction of
that in iadustrial secietiessthe wisdom of
fostering this growing dependence on
oil, a2 dwindling resource. is question-
able?t

‘The consumption trends of the two
mnajor Latin American countries also
comrast. Brazil. which is an oil importer,
has reduced its use sharply since 1979,
Indeed, from 1979 to 1981 consumption
fell 10 percent. Oil-exporting Mexico,

meanwhile, consumes more and more |

perroleum. In 1982 it burned an almost
unbelievable 59 percent more oil thanin
1979.5 'Even though Mexico exports
more o1l than it consumes. there are
doubts about the wisdom of continuing
10 raise its dependence on ¢il given the
certain knowledge that is reserves will
be largely depleted within 1his genera-
uon.

" The 14 percen fall in world oil con-

~~/sumpuon beiween 1979 and 1983 was

achieved partly by substituiing energy
from other sources for oil and partly by
sing all forms of energy more effi-

by country and by s In some cases
dramatic falls have been achieved en-
tirely as a result of conservapon. In oth-
ers they are the result of extensive sub-
stiturion,

N
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THE CONSERVATION
CONTRIBUTION

Oil can be conserved in two ways-—by
using 1t more efficiently or by not doing
certamn things that consume oil. Insula-
tion permits a building to be heated {and
cooled) more efficiently. Keeping a
kitchen list of needed groceries. on the
other hand. and thus reducing the fre-
quency of incidental auto trips to the
grocery conserves oil by not deing
something that uses it. In this case, orga-

- nized information is substituted for gas-

oline. g

In considering how to conserve oil,
the world’s transportation system, which
depends heavily on pétroleum, deserves
careful attention. And within the trans-
port sector, it is the automobile that-
dominates. (The future of the automo-
bile is discussed in greater detail in
Chapter 9.) Here it is efficiency that is
the key: since, except for the Brazilian
alcohol fuel program and the South Afri-
can coal liquefaction program, there is
little immediate practical scope for sub-
stituting other fuels for gasoline.

Recognizing this, nearly all industrial
societies have established programs and
goals to raise the fuel efficiency of au-
tomobiles, In 1978, the last year before
the second price hike, automobiles com-
ing off U.S. and Canadian assembly lines
required half again as much fuel per mile’
as those being manufactured in France,
Japan, Sweden. and West Germany.
Standards set after that by the industrial
countries with the largest auto fleets
weré designed to boost efficiency by
one-tenth to one-third. With the two
countries that were manufacturing the
least fuel-efficient cars in 1978, namely
the United States and Canada, setting
*he highest goals, there was a conver-
gence in fuel efficiency standards among
countries. (See Table 3-3.) Although the
differénces among countries will largely
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" Table 3-3. Fnel Efficiency in New. Automobiles in Selecten Industrial Countries,
1978 and Targets for 1985

Gasoline Consumplion y .Rcd:::i'{:‘-li?l‘uci .
__Country_ . -e— 1978 1085 Use. 1978-85
- ) (kilometer per liver) (percent)
"Australia ©85 11.8 -28
Canada 76 1.6 34
France 122 15.7 ~11
Japan 1.6 12.8 -9
Sweden 0.9 14.0 —-10
Unsted Kingdom 10.0 11.0 -9
United States 78 1.6 - 34
West Germany 104 11.9 —12

Data for 1970.

soumet. Toternatontal Energy Agency, Jorid Enersy Qutiook (Pars Orgamsation for Fconomic Co-

operatrn and Development. 1982),

disappear bv 1985, the French and Japa-
nese, whose 1978 cars_were already the,
most fuil-efficient, should still maintain
a narrow lt:gad.

In 1972, American automobiles
burned roughly half the gasoline con-
sumed by the world fleet. Raising fuel
efficiency in the United States is thus a
key to reducing world dependence on
petroleunmi. 1.5, gasoline use peaked at
113 obillion gallons in 1978; after three
decades of continuous growth, con-
sumption dropped some 3 percent
within five years. Virtually all of this was
due to conservation—a combination ol
improved milcage; changes in driving
habits, inchwding reduction of less essen-
tial driving and the formation of car
pools; and the lowering of speed limits.
In per capita terms the trend was even
more striking. falling from 515 to 437
gallons between 1978 aud 1982.% This
15 percent decline in gaseline use in a

society thought to have a “love affair-

with the automabile’” was not widely an-
ticipated. And its impact spread far be-
yond the auto industry (as will be dis-
cussed in Chapter 9).

The second area in which conserva-
tion has played a major role in reducing

the amount of oil used is heating. In the
United States, the use of fuel to Deat resi-
dential and commercial buildings has
fallen dramatically, particularly since
1978. (See Figure 38-1.) In 1973 the
United States used an average of 223
million barrels of ol daily for residential
and commercial space heating. By 1982,
the figure was 1.27 million barrels, a de-
cline of 43 percent.”? The bulk of this
drop was due to conservarton. but there

Million
Barrels
Per Day
25

2.04

154 | \

1 01

0.5

Soure 1N Depr Energy

Vo I )
1952 1960 1970 1980 1985

Figure 3-1. U.S. Residcntial and Commnercial
Use of Petrofeum, ]952.82

ol
9




(40}

has been some snubstitution of other en-
ergy sources, parucularly of natural gas
and firewood in residential heating. Effi-
ciency gains have largely stemmed from
msulation, overall weatherizing, and the
more cfficient management of heating
systemis in large buildings.

Impressive though this gain is in the
Umted Siates. it would have been even
larger if the country had adopted stih

energy cfficiency building codes like -

those itroduced in France or Sweden
during the lawe seventies. As with auto
mobile efliciency, heating-fuel efficiency
also increased in virtually 3]l Westernin-
dustrial countries.

Some gains in conservation can be
inade quickly—Dby reducing speed limits
for automobiles, for example, or by turn-
ing down thermostats. Others involve
the mirnover of existing stock of automo-
biles. airplanes, or buildings. and 1ake
much fonger. Thie automobile fleet turns
over alinost completely every 10-12
years, depending on the country and the
durability of the cars. Housing stock
changes very slowly, however—over
decades or generations. Oftentimes ret-
rofitting provides a way to shericut this
very slow turmover.

In the United States millions of
% mes switched from heating oil to
wwod between 1973 and 1983,

A similar situation exists in industry.
Somevoil efhaency gains can be made
quickly by modest adjustments in pro-
cesses. but others occur over ume as
equipment is replaced. If the fuel effi-
ciency gains embodied in new equip-
ment are great enaugh. the replacement
of capital stock wil} accelerate.

Althongh using substitute, mainly re-
newable, fuels in developing counuries

seems the most realistic way 10 reduce

State of the World—1984

oil use, opportunities for energy conser-

. vation may be at |east as gréat as in‘the

industrial world. A 980 repon from
Energy/Development International con-
cluded that '‘censervatien, a subject not
widely discussed in the context of third
world energy policy, appears to be at
least as promising as all the renewable
technologies taken together in tenns of
its capacity to replace projected LDC
(less de .’ ped country} oil demand.”8

PETROLEUM SUBSTITUTES

While governments everywhere were
launching energy conservation pro-
grams during *he late seventies and early
eighties, a combination of governmemal
mandates and market forces fostered a
bre.ad substitution of other fuels for oil.
The substitute fuels, varying by country
and even by region within countries, in-
clude the other fossil fuels (coal and nat-
ural gas), numercus renewable sources
of energy. and nudear power. In some
sectors, such as electricity generation
and heating, the substitution of other
energy sources was easy; in others, nowa-
bly 1ransportaticn, it was difficult 10 say
the least.

Perhaps the largest single fuel substi-
wuen was of ceal fer oil in the genera-
ticn of - lectricity. This was a werldwide
shift, driven largely by the wide price gap
that opened up between the two fossil
fuels as the world oil price climbed.
Afier 1979, the energy-equivalent price
of coal was only one-third that of oil,
Even with additicnal expenditures on
smokestack scrubbers by utilities, coal—
invartably a dirtier fuel~was stll far
cheaper.®

The switch from oil to coal in electn-
cal generation can be illustraied by the
changes’ jn the: United States. After a
steep, decade-long rlimb, interrupted
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only briefly atier the 1973 ail pice luke,
U.S. aill consumpuon b electncal unh-
nes peaked in 1978 at 1,74 nulhion bar-
rels per das. (See Fignre 3-2.) By 1982,
1 had cdropped 6t percent—ta 680,000
barrels a day. Wulnn forr seans utilities
had au oil use over a nmlhon barels per
day, accounting for roughly one-third of
the overall 3 nulhon batvel per das drop
in LS. al consumption between 1978
and 1982, Since U.S. nudear electrical
generanon imereased only 2 percent der-
ing this period, nearly all the reduc.
m oil use came from the maeased use of
coal.1®

To replace ol-generated electricmy,
countnies lave also been turnng to hy-
dracleaincty . nudear power, and vari-
ous rentwable sources (which are dis-
cussed in more detail in Chaprer 8), As
the price of ol has climbed, the Third
World las heen paronculatly nevested
u hvdropower as a source of addmonal
clectneal power. Strongly supported In
the World Bank and other international
agenaies, the development of lndto-
power frem both large- and small-scale
projects has proceeded aapidls since
1973.1

Aithon
Burrels
Per Das
20
Sowrce U8 Dept
ﬂf l‘!l(ig\
134
(NH
[
. [ = v e mmqeme )
FEENTE] [RIEN 1970 1950 1985

Figure 3-2. Petroleum Used by U-S. Electrical
Utifities, 1950-82
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The sulntintion of mclear power (o
otl-gencrated elecinaty has been con-
centiated m g few ndusinal countries,
naniely those that were heavily depen-
dent onthis source of electricity and tha
had expanded thew nuclear decincal
generanen capacity. O dwe niajor indus-
trial comunes, onlv France and Japim
sansfy hoth eritera. Noclear elecrical
generation in West Germany, the United
Kingdom, and the United States is ex-
panding slowh and n the Sovier Umon
thereis linde subsunution of nuglear elec-
maw for ol. Even thouga the long-term
prospectTor nuclear power is not prom-
ising becanse of high costs (as discussed
in Chapter 7), plants that have been
undee conseruction over the last 10-15
vears have becn coming ot stream re-
cently, 12

A second major area of substitunen
has been that ol wood for heaing oil,
paraculatly m esidences. ‘This has been
most itpressive in the United States,
where millions of hones switched from
heating ail 10 wood between 1973 and
1983 to take advamage of the lower fuel
prices. A national survev in 1981 in-
dicated that 17 milhion awe of 79 pnllion
LS. houscholds relied on wood for part
or all of thewr heating {el. OF these, 6.5
mlhon relied on wood exclusivels. This
shift. driven by cconomic considera-
nons, s expected o contmue for the
leresceable lunue, albent e a slower
I]‘u‘(..l.i

People are relying on wood more i
devcloping countries as well, but for
cooking rather than heating. As aties
grew and as deforestation progressed in
tie Third World from the ifties through
the seventes, consumers turned 1o kero-
sene as a cooking fnel. After the 1979 oil
price ke, howeser, the price of kero-
senie chimbed 1o over $1.00 a gallon al-
most everswhere. In Addis Ababa kero-
sene cost $1.20 m 1981 i Islaimabad.
$L05: and m Santiago, $1.29. (See
Table 3-1)

o/
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‘Table 3.4. Keeosene Prices in Selected
Third World Cities, 1981

Price Per
Cny Gallon

{dollars)
Mexico Cuy 024
New Delln 0.73
Bucnos Aires 0%
Istanbad 105
Banghkok 1.10
Accra 120
Addis Abalim 1.20
Nairobs 120
Smgapore 1.21
Sanbaga 1.29
Manila 1.49
San Salvador 1.58

sotkret U'S Depavtmen of kuergy, knergy Infor-
maton Aduitisiration, 1081 Intermativnal Energy
Annual {Washwgron, D€ 1982}

With these prices, and with annual in-
zames that frequently average only $200
per person, the cost of kerosene has
becane prohibitive. The demand for
firewood has consequently increased
sharply. Where fircwood has not been
s ailable, consumers have wirned o cow
dung and crop residues. One unfortu-
nate consequence of this particular syb-
stitunon for petroleun is that the use of
straw. leaves, stems. and roots of agricul-
tural plants for fuel reduces the soii's
organic matter comtent, and hence its
productivity.

World substitution of natural gas for
oil 1s concenirated in the indusirial sec-
tor s of the Soviet Union and in the coun-
trics that depend on u for fuel, including
particularly  Poland, Czechoslovakia,
East Germany, and West Germany. Pe-
troleum production is now declining in
Romania, ouce a leading world oil ex-
porter, and apparently leveling off in the
Soviet Union, so the pressure to develop
oil substitutes is mounting. With the
world’s largest reserves of natural gas.
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the Soviet Union is nor only turning o
this fuel domestically but 1s also expand-
ing rapidly fis exponts to both Eastern
and Western Europe. Ahhough the
country ~ rrently has a rather remark-
able balance tn its national energy bud-
get—each of the three major fossil fuels
supplies roughly one-third of toial en-
ergy consumption—natural gas is now
moving into a domnant position, Re-
cent Soviet cforts to produce more coal
as a substitute for oil, a valued source of
foreign exchange earnings, have not
been vty successhiel 14

Within the transportation sector, na-
tional sv.cesses in developing subst-
tutes for oil-derived fuels have been
rare. The numerous coal liquefaction,
tar sands, and oil shaie projeuts that
were being discussed or launched in the
fate seventies (sce Chapter 9 have
largely been canceled, abandoned. or
put on hold. There arve. however. two
notahle exceptions to this generaliza-
non. as mentioned earlier—Brazil and
South Africa.

Brazil, imporung some 85 percent of
its oil, launched a concerted effort in
1975 10 produce alcohol from sugar-
cane. Using a wide range of government
credits and other subsidies. the world’s
iargest producer of sugar has made
stewdy progress. In 1976 the country
produced just over | million barrels of
atcohol for both industrial and fuel uses,
scarcely 1 percent of its annual gasoline
consumption of 92 million barrels. {See
T'able 3-5.) By 1983, industrial alcohol
production had exceeded 34 million
barrels per year. and alcohol for fuel
displaced 29 million barrels of oil, ac-
counting for roughly one-fourth of auto-
motive fuel consumption. With a heavy
external debt, the pressures 10 reduce oil
imports will continue in Brazil, giving
the alcohol fuels program further impe-
tus.}

+ South Africa. mindful of its political
vulnerability at the international level,
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Table 3-5. Bra<il: Alcob .t Share of
Auto Fuel Consumylion, 1970-82

Alcahol
Share
Yo Alcohol Gasoline  Total  of Total
{mallion batrels) {percem)
1970 1.1 1l 621 {8
1971 I 5 066.8 HK.3 L
1472 2.6 752 778 13
£978 1.4 B7.6 844 20
1474 11 0.2 913 |2
1475 1.1 42.0 93%.1 1.2
1976 1.1 92.9 yd.4 1.2
1977 10 8K.7 927 1.3
1978 - 45 953 1048 9t
149749 13.9 g8 6 1125 12.4
1950 I3 #3.1 144.4 15.6
1981 141 % I S [ ) 18.7
1982 262 . 850 1'12 936 .
1983 286 —_ - Y

soURGES  1970-79 from World Eaetgs Industes.
The Energy Decade 1970-80 tCambnicge. Mass - Bal.
hnger Publishing Co . 1982), 1980-43 from Joural
of Commpree. Apnil 5, 19835, and Wor.dwatch Tnsue
lute eshnlates

has made a sustained efiort over the lost
decade or so to increase its production
of liquid fuel from coal. Highly success-
ful in this regard. it is now obraining
roughly half us automomive fuel from
coal .16

THE ROLE oF PRICE

't he eftect oil price rises have on demand
is comnplicated by the impact of concerns
with security of supply in borh the inme-
diate future and the long run. For some
ail users, 1he sense of vlnerabiliny dur-
ing the seventies mnong those who de-
pended heavily on oil led.to a search for
suhstitmes. For others, the dramatic oil
price hikes spurred the reduction in oil
use.

RIC

Aruitoxt provided by Eic:
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How fast the deinand for a commodity
falls s irs price rises depends on what
cconoinists describe as the price dJasuc-
ity of demand. ‘Fhis in turn s influenced
by 1he availabilny of alternatives, includ-
iig. 1 the case of pil, 1the cost of conser-
vatior;. For petroleum, 1he rendency of
“spat” of shortaerm rices 10 nse well
above the contiact price for oil durimg
ames of inwrnaional shortages indi-
cates the inelasucity of demand in the
short cun.

Tine prnice of oil over the longer 1werm
whiould be seen both jn enrrent anu real
prices—that is, the price after adjust-
men for ipflation. In curremt terms, the
postwar oil price reached a low of $1.28
a barrel in 1969 and a high of $33.47 in
1982. (See Table 3-6.) Yet this greatly
overstates the real price change because
this was a period of record worldwide
inflation.

Using the lnternational Monctary
Fund's consumer price index (1975
equals 100) 10 adjust for inflation reveals
a somewhat differem trend. In real
te-ms, the posiwar price of oil bouomed
in 1970 a1 $2.09 a barrel. It increased in
six f the next 1en years and reached &
high of $16.48 in 1980—almost exactly
cight tixa=s the price in 1970. Adjusting
the price of oil for inflation reveals an-
other iueresting, often overlooked
trend. Although current oil prices de-
creased only slightly from 1951 10 1969,
the real price of oi! fell by some 61 per-
cent, providing an irresistible economic
lure to all conntries. botl- induswrial and
developing.

As a rule, oil-exporting countries have
chosen not to raise the domestic price of
pewroleum products to keep pace with
the world oil price. In effect, they are
snbsidizing their own consumption of vil
with incoine from the much higher ex.
port prices. Among the more extreme
cases is Venezueta, which had a retail
gasoline price in 1981 of 13¢ a gallon.!?
Snch a low prize conld lead 1o an exag-
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Table 3-6. World Price of Petroleum,
Current and Constant Dollars. 1951-83

Year Current! Constant?

(doliars per bareel)

1951 171 i B
1955 1493 fiod
1960 1 50 371
1965 1.33 271
1970 130 2.00
1971 1.65 250
1972 140 272
1973 270 3.53
1974 9.76 11.06
1975 10.72 1072
1970 135! 16.35
1937 1240 10.01
1978 1270 941
1979 1697 125
1980 28 67 1618
1981 d2.50 16,38
1982 3347 ' 14.95
lugys 29.60 2222

1For Saudi Araban Crode praeda Bas Faoara
taltutated usiog IMF 1ndex of contumer prices
based on 1975 cqualbig 100 Prelmmnan
sonie b Ineeenatinal Monctary Fund, Yenthh Fi-
nats el Staisie c (W ashigton, D¢ monthlv

gerated dependence o the automobile,
which would be to the country’s detri-
ment over the long term.

Within  importng  conntries,  the
Carter administration’s decision to re-
move controls from U.S. oil prices, an-
nounced in April 1979, was certainly the
polics change with the greatest effect on
world oil consumption. Qil price con-
trols were 10 be phased out over 30
months, although the Regan administra-
tion remaved, the last of them in Febnit-
ary J981, ths compressing the process
into tess than two years. This tndoubt-
edly dramatized the price rise. thus fur-
ther encouraging conservation and sub-
stitution.

In Canada, 100, the price of oil was
below the world marker. But in this case
it was much more of a political issue,
leaving the government reluctant to per-
mit Canadian prices to climb too far.
‘The Canadians have instead adopted a
dompromise that lets oil prices rise, but
not to the world level.t®

.

In several countries, the tax on gas-
oline now exceeds the cost of the
fuel itself.

Soine governments have used 1axes to
discourage consumption of petroleum
products, particularly gasoline. In sev-
eral countries. including Argentina, Bel-
gium, the Netherlands. Sowh Korea,
and the United Kingdom, the 1ax on gas-
oline now exceeds the cost of the fuel
itself. According to the latest interna-
tional compilation, South Korea, where
gas costs $4.06 a gallon, and Ghana, at
$3.63 a gallon, were among the highest
in the world. (See Table 3-7.)

In the Third World, where kerosene
consumption often exceeds that of gaso-
line, governments have attempted to re-
strain the increase in prices. Because
kerosene is the principal cooking fuel
and thus a consumer staple for low-
income groups, some governments
{such as in Sri Lanka) have raised the
price of gasoline well above the market
price, using the added revenue to subsi-
dize the price of kerosene.!9

»

GOVERNMENT REGULATION
AND INCENTIVES

Perhaps the easiest way to reduce depen-
dence on oif would be to permit markes
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Table 3-7. Gasoline Prices in Selected Countries, July 1981
Total Counines
Gasolne Gasolnt Revad Where Tax
Cowtiny Retail Price Tax Prrce Exceeds Price
tdollar)
Sonth Korea 1.77 2.24 4 06 X
Ghana 357 0.06 3.03
Belgmm 1.27 1.44 2.71 X
LU'nited Kingdom 1.26 1.36 2,062 X
Sweden t 39 1.29 2.61
Japan | 66 0.89 2.53
Kema 1.7% 084 2.55
Netherlands 124 1.25 2.49 X
India 146 0.992 2.45
Sombh Ahwia 1.26 0.94 2.20
Ertwopia 1.95 0.23 2.18
Argentina 0.52 0.77 1.29 N
Unuted States 1.12 0.13 1.25 X
Colombia .20 0.61 0.4]1 X
Mexico 0.20 0t 0.44 T
Venczutla 0.12 0.01 0.12

Plus 1.5 pereemt yalue-added tax.  *Plus 7 percent value-added 1ax.
sorack. U S, Department of Energy. Energy Informaton Admimstration. 1987 Iaternanonal Energy

dAnanal (Washmgon, D€ 19482),

forces to make the adjusunents, but un-
fortunately markets are imperfect and
often shortsighted in behavior. Their
shortcomings can frequendy be over-
come by government regulations or the
use of inanciat or fiscal incentives. such
as the taxes described in the previous
sectiont. These policy tools can be used
both to conserve oil and 1o encourage
the substitution of cheaper, sustainable
sources of energy.

Many governmental regulations are
designed to increase energy efficiency,
making it difficult to single out those
aimed specifically at increasing the effi-
ciency of oil use. One area in which the
inarket does not always perform well is
in reducing oil use in the residential/
commercial sector. Oftentimes builders
and potential occupants of buildings,
both residential and commercial, have

Q
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conflicting 1aterests. Builders are inter-
ested in minimizing construction costs,
since price is an important markeling
tool. Occupants, however, are interested
in lowering fuel biils. Yet be ause own-
ers «nd renters often change frequently,
their interest in thermal efficiency is not
very strong. Geuting governmenis 1o es-
tablish energy efficiency standards for
buildings is thus important.??

The northernmost indusinial coun-
tries have been particularly active in this
area. In 1977, for example, Sweden
passed a building code requiring a ther-
mat efficiency nearly double the national
average of buildings constructed before
1970. Although these new standards are
only about 20 percent above the thermal
efficiency of homes acwually being built
in 1977, they are nonetheless playing an
important role in increasing the thermal
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efficiency of the nanenal building stock.
Dennmark passed a building code i 1979
that alse provided for a far more strin-
gemt thermal cfficiency than the stan-
dards vohmtarily followed hy huilders at
that time,?!

Because both residentdial and conuner-
cial buildings arc replaced so slowly. so-
cicties also have an mterest in retrofit-
ting  existing  structurcs. Can?a‘s
national energy program. adopted i
October 1980, includes fedceral grants of
up 1o $500 to help owners insulate their
homes. ‘The government of the Unned
Kingdom provides grants up to £50 for
installing home insulation. Another
widely used governmental intervention
to reduce fucl use is the adopiion of
inaxiinum building temperatures in win-
ter and minimuins in summer. In some
cases, such as in France, these tempera-
tures are mandatory m conmncercial
buildings, and government 1nonitors
penodically check for compliance, In
other countries they arc voluntary but
widely adbhered to; these govermments
rely en example and cxhortation to re-
ducc ¢il used for space heating.??

‘The inarket alse fails to raise cncrgy
cliicicncy  in multifamily apartment
huildings where heating and cooking
fucl and clectricity are bulk-metercd for
the building as a whole, thus providing
hule incentive fer individual eccupants
16 conserve, One remedy for this. which
has been adapted by tnany governments,
is simply to require that apartment units
be metered individually,

Energy cfficiency standards can be es-
tablished for houschold appliances as
well as for houses themselves. lu an En-
crgy Conscrvation Law passcd in Octo-
ber 1979, Japan set rigerous standards
for refrigerators, air conditioncrs, and
lesser appliances. ®* In some cases a com-
binanon of regulation and market forces
can be cffective, Some gevernments sin-
ply reqaire that the energy cfficiency of

an applmncc he clcarly stated on a labcl

- - —

ra -
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This provides consumers with informa-
tion needed o minimize cnergy con-
sumption while responding to market
signals.

Somctimes governmen regulanons
or incentives arc uscful when the mar-
ket does not respond quickly cnough,
such as in the transportation sector, In
additon to the adoption of fucl cffi-
ciency standards discussed earlicr, most
governments  of industrial countries
have lowcred speed limits for automo-
biles. West Germany, wherc motorists
staunchly resist such limits. is a notable
cxception,?4

Governments have alo relied on
rcgulations and financial incentives to
cncourage a switch from oil to less
scaree, less costly fuels. Australia, for ex-
ample, has provided tax concessions to
indusiry for conversion from oil-fired
cquipment. Canada’s 1980 cnergy pro-
gram authorized grants to homeowncrs
and busincsscs to convert from oil-fircd
heat 10 alicrnatives, The Japanese Gov-
ernment provides low-interest loans for
the purchasc of solar pancls to heat
water. And the United States provides
nenrcfundable income tax credits up to
$4.000 for homeowners who install solar
hcating cquipment.?%

Brazil, as noted eadier, has perhaps
gonc furthest in cncouraging the shut
from oil 1o altcrnative energy sources. In
addition to using subsidies to cncourage
the substitution of alcohol for gasoline
as an automotive fuel, the Brazilian Gov-
crnment is also cncouraging the chemi-
cal industry to switch from petroleum

-feedstocks to alcohol 26

In  centrally  planned  economics,
where the market's role is limited, the
maltivear  development  plan  itself
becomes the central instrument for re-
ducing dependence on oil. For example,
in the Sovict Union's eleventh Five-Year
Plan (1981-85), rcducing dependence
on petrolcum depends heavily on the
substitution of other forms of encrgy,

.
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espeaally of nuddear power for oil in
thermal  elearical generating  plants,
Duning this period. nuclear power was to
provide all the growth i electricits in
the European Sovier Unen, but its de-
velopinent is lagging hadly 27

Anove o 1un Soviet mdustrial boikers
on coal 15 not working well either, largels
hecause  coal procFut:liun has fallen
below the plan’s target evers year since
1976. As a result, Sovier dependence on
oil had not declined at all as of 1U8].
While other indmstral countries have
mosed vigorousls awas from oil m elec-
trical generation, it still higures promi-
nently nr the Soviet Unton, accounting
for dose 1w one-lifth of the coumry's
total oil use.

The ponderous Soviet planning bu-
reaucracy seems particularly ill equipped
1o make quick course corrections or o
read the changing international scene,
Soviet planners placed emphasis on oil-
inmensive technologies and supply agree-
ments just as Weslern countries were
moving away from oil dependence, mak-
ing the eventual change to substitute
fucls even more abrupt.

Conservanon., o, has proved espe-
cially difficult in  centrally  planned
cconemies. though the potential and
economic rationale for saving encrgy ap-
pear 1o be as great as in the West, In
contrast to Soviet efforts 10 phase ow
oll, which depend on the government's
own plan, conserving oil depends on be-
havioral changes by plantinanagers and
individuals. and these in fum depend
npon exhortation. something o which
the typical Soviet atizen has hecomne
rather inured. Desired changes in this
activity may come only with cconomic
liberalization. Crech energy analyst Ist-
vin Dobozi, ating a Sovict source that
“with sharply nsing prodnction and
transport costs for additional output.
perenergs unit. conservation costs hitille
more than half as nutch as new sup-
plies.” concludes that the major source
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of consenvation i the Eastern bloe s ec-
onomic reform.??

China, on the other hand, is much
more adept at adjusung the energy mix
tqekly. After many years of rapidly ris-
ing oil consumption, the government
effectively and rather abruptly reversed
this trend’in 1979 in order o free up oil
for export. Oil use is being reduced in
China by converting to coal in both elec-
trical generation and in industrial uses 3¢

The experiences of centrally planned
and market economies demonstraie the
wisdom of relying on the market wher-
ever possible to reduce energy con-
sumption. But one reason market econo-
mies, in ndustrial as well as developing
countries. have been much more sue-
cessful in both conserving oil and switch-
ng to aliernative sources is that they
have been able to effeciively combine
those market forces with government
regilations and incentives.

THE OIL INTENSITY OF
EcoNOMIC ACTIVITY

With oil consumption declining cach
vearsince 1979, the world is far less de-
pendent on oil today than it was during
the late sevemies. Obviously, as ecq-
nomic output expands and oil consump-
tion dectines, the oil intensity of eco-
nomic acuvity declines even faster.
Ever since the first oil price hike, en-
ergy analysts have focused on changesin
this ratio of energy 1o gross nattonal
prodna (GNP). As the world is running
out of oil but not of energy. the oil inten-
sity of economic activity is particularly
important. The amount of oil required
to prothice $1.000 of gross national
prochser has varicd widely among’coun-
tries, from a low of roughly one harrel or
less in China and Indhia to o high of hive
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barrels in the United States at the peak
of the oil age. (See Table 3-8}. Over the
past generation the United States has
been by far the world’s most oil-inten-
sive.economy. using easily twice as much
oil per $1,000 of GNP as Japan. the So-
viet Union, or the United Kingdom.

An abindance of low-cost indigenous
oil fostered this U.S. dependence. which
the other Western industrial countries
and Japan were able to resist because,
except for the United Kingdom in recent
years, they had to tmpont most of the
petroleum they used, Now this too has
begun 1o change. Between 1977 and
1982 the United States reduced its de-
pendence on oil from just under five bar-
rets per $1,000 of gross national product
to just under four barrels,

Other magor Western industrial conn-
tries and Japan have done at least as well

Staie of the World—1984

as the United Siates in reducing the oil
intensity of their economic output over
the last several years. The Soviet Union,
however. which has had to rely on eco-
nomic planning to move toward other
energy resources and on exhortation to
decrease oil use, has been remarkably
unsuccessful. Indeed, the cil intensity of
Soviet economic oulpul  continued
climbing through 1980, the last year for
which data are available.

‘The trends within developing coun-
tries a"e less consistent., India, which re-
lies heavily on coal in its Industrial sec-
tor. has a relatively low use of oil per
$1.000 of GNP. But its oil intensity in-
creased throughour the seventies, reach-
ing a historical peak in 1979. Although
followed by a modest downwurn in 1980,
the Indian performance did not begin 1o
maitch the decline of one-fifth between

Table 3-8, Oil Intensity of Gross National Product in Major Coumries, 1960-821

United West
Urned  King- Ger- Soviet
Year Suiies dow  Framce namn Japan UCidon Clana foadia Brazil  Mexico
- (hiatrels of oil used per $1.000 ol GNIY
1960 195 1.82 098 055 111 152 0365 38 127 206

1963 4.460 247 145 150 182 181 038 050 LM 1.67

1970 5.03% 3.06 193 182 236 205 073 058 133 1.76
1991 5.03 208 L9 180 245 249 086 0.66 128 1.77
1972 5.11 3.12 20 193 235 2HM 095 067 L34 1.77
1973 5.11 2.97 2,10 195 251 225 14 0.69 139 1.80
1974 A 2 a0 a1 153 248 2.3 123 0.69 1.36 1.87
1975 1.90 247 180 1,70 220 242 132 049 135 1.98
1976 494 237 185 1y 2922 238 141 070 138 209
1957 498 2.36 .74 198 231 246 142 070 138 213
1978 148 2,35 L6 181 216 247 L% 075 1.3 208
1Y 469 232 1.7 178 218 248 1890 0.83 142 1.98

1940 1.36 2.2 163 154 180 254 113 078 1.20 2.48
sl 404
1982 348

reak sear n hold.
sin &eE Ob cotsimpnin data froon U S Dicpariment of Encrgs. Enetgs idonination Admimstranon,
1982 Anmual Euesgy Review (Wanhungton, 1> C.. 1983), GNI* i Gn 1980 <dollars} from Herbert 8
Bloch, The Plavetars Droduet in 1980 1 Grentiee Panse? (Washmion. DG U S Departmem of Stave,
a8
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1977 and 1980 1 the od mensuy ol
China's gross national product, lroni-
cally tncha, an ol importer, became
more oil-intensive while oil-exporting
Clima was steadily reducing its depen-
dence on pewaleom.

Within Latin Amenca the singuion
was more predictable, Mexico, a Ivadmg
oil exporter, raised the oil content of its
ccondmic output rather steadily, reach-
ing nearly 2.5 Jbarrels per $1,000 of

oduct in JY80—well above all the
Westerniidnsinal countries except the
United $i-1es. Brazil, weanwhile, main-
tamed a fairly <weady level of about 1.3
barrel during the seventies. A combina-
ol of subshmubon and conservation
pe:aitted Brazil 1o inidate a downturn
m the oil content of its econoniic outptit
in 1980, redacing w by an impressive 9
percent from the preceding vear,

For the world as a whole, the oil inten-
sity of econontic output increased stead-
ily from 1950 10 1973, gong fron 1.33
harrels per $1,000 of GNP 10 2,27
banels. (Sce Figure 3-3.) The o oil
price adinstments during the seventies
liunched what scems certain to be the
begmning of a long-term historical de-

Buarich
I'er $1.000
Quipmn

25

1) 5 =3
L Seteraes Nmer Peivalenm

I, Dept of Nl

T 1 T
1951} (LN} 70 R0 1485

Figure 3-3. Oil Intensity of World Economic
Output, 1950-83

cline in the oil intensity of economic ac-
tiviy, Sice 1979 the fall has been both
steady and subsiantial, dropping oil use
per $1,000 of gross world product to
.74 barrels.

*

THE OI1L PROSPECT

Fumre oil consumption will he in-
fluenced by constraints on supply as well

as demand. Supply-side constraines are

hoth geological and polincal, while de-
mand considerations involve foreigh ex-
change at the national level and purchas-
ing power at the individual level,

On the supply side, production bhas
peaked and is declining in a2 number of
oil-exporting conntries. The hig three
producers—the United States, the So-
viet Union, and Saudi Arabra—illustrate
the range of production possihilities.
U.S. oil production peaked in 1970 and
declined steadily wnil the late seventies,
when there was a modest increase, (Scc
Figure 3-4.) As a result/of the frenzy in
oil drilling and prodisction associated
with the two oil price bikes and the
decontrol of oil prices in the United
States, production has held steady since
1978 at 8.6 nillion harrels per day, a
inillion barrels less a day than in 197001
Once (s binsi of acoviy associated
with rising o1l prices has passed, U.S. oil
production is expecied to resume the
decline it started in the seventies.

The big push in Soviet oil develop-
ment is historically recent, most of it oc-
cnrring since 1970. The sicep growth
from 1960 to 1980 reflects the all-ow
cffort by Soviet leaders to develop their
oil resource, both as a major internal
tuel and also as a sonrce of hard-cur-
rency export earnings. Althongh the
Soviets would like (0 expand production
further. the decline in the all-imporam
reserves-tosproduoction rtio that slowed
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Source. Int't Energy Agenty
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Figure 3-4. 1.S. and Soviet Oil Production,
: 1950.83

growtltin output in the carly eighties is
likely (o lead (o 2decline in the late eight-
ies and nineties, barring some unex-
pected major ol ficld discovery. It is this
difficulty in expanding oil output. com-
bined with the failure to increase coal
output according to plan, that has led to
the Soviet Union’s crash program to de-
velop its vast gas reserves.3?

Of the major oil producers, only Saud
Araljia has enough reserves 1o markedly
raise output beyond previous peak levels
if market conditions warrant it. Whether
the Saudis choose 10 produce at full ca-
pacity is another matter, however, since
they have served as the residual suppher
within OPEC and have sometimes sin-
gle-handedly  supported QPEC’s  oil
price through decp production cuts.

This range of future production pos-
sibilities also characterizes the situation
in other oil-prodticing countrics. al-
though more appear to be like the
United States than like Saudi Arabia. For
example, production in Venezuela has
fallen nearly 40 percent from its 1970
high of 3.7 million barrels per day.
Other major producers experiencing
more-recent declines include Algeria,
Iran, Iraq, and Kuwait. With production
of the major North Sea exporters. the
United hingdom and Norway, projected
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to turn downward within a few years,
substantial future output increases are
expected in only a few countries, notably

.China and Mexico.3%

Qil production declines in some coun-
tries, such as the Soviet Union, are due
to a decline in the reserves-to-produc-
tion ratio that makes it physically impos-
sible to continue to boost production.
Elsewhere, notably in some of the mem-
bers of OPEC, production is being.re-
duced to support the world price of oil at
an agreed level. Political gisruptions,
particularly in the Middle East, are also
influencing production: levels’ And some
governments, such as Saudi Arabia and
Norway. are influenced by a “‘depletion
psychology,” a desire to stretch out the
income from oil exports over a longer
period. This attempt to postpone the
day when the wells go dry could steadily
lower world oil production jn the late
eighties and nineties. The market impact
of the basically healthy fear of using up
an irreplaceable resource is hard to
gauge. But just as the changing market
psvchology drove prices up in the seven-
ties, the emergence of a strong depletion
psychology could markedly reduce oil
production below the levels commonly
projected for the remainder of this cen-
tury.

The combination of geological, eco-
nomic, and psychological factors is
likely to place end-of-century oil
outptst well below the current level,

All these uncertainties are enough to
humble even oil experts who attempt to
predict tomorrow’s production levels.
Nevertheless, common sense suggests
that to extend petroleum’s lifeume, pro-
duction in the near term should fail. The
key question is whether the long-term
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décline in world output will be gradual
and orderly or irregular and disruptive,
The combination of geological, eco-
nomic. and psychological factors is likely
to place end-of-century oil output well
below the current level. Aldiough a con-
tinuation of the 5 percent anruai decline
from 1979 to 1982 is obviously unlikely,
a further drop, perhaps a total of 15 per-
cent, between now and the year 2000
seeins entirely possible, given the output
dedines now under way in most produc-
ing countries. ‘Fhis: would put end-of-
century world oil production at 16.3 hil-
lion barrels per vear, down from 22.9
billiont barrels in 1979. I projecied pop-
ulanon increases also materialize, pro-
duction will fall 1o 2.6 barrels per per-
son. (Sce Figure 3-5.) In effect, each
person will thien be using only half as
snuch oil as at the peak of the oil age.
On the-demand side, the price of oil
will be the doninant mfluence on con-
" sunipuion. In its 1983 world oil price
projections, the U.S. Department of En-
ergy's iniddle scenano projects a nse in
the price of oil 10 $37 per barrel in real
ternins in 1990. This projected rise in
prices still leaves the long-term price of

Barrels
Per Person , ' \
5 A
44 .
2 -+
1 Sources: Amer Peirolevm Inst..
Untted Nations; Worldwatch

1950 1960 1070 1980 1990 2000

Figure 3-5. World Oil Production Per Person,
1950-83, With Projections to 2000
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petroleun well below the cost of oil pro-
duced from tar sands in Canada. A Cana”
dian survey of eiglu projects that were
originally scheduled to siart production
between 1980 and 1990 indicates an av-
erage production cost of $52 per barrel,
U.8. ol shal€ and coal liguefaction proj-
ects designed to produce liguid fuel
consistently
abov: the projected world price for con-
ventional oil at least through 1990.%4

Beyond pnice, future oil consumption
will be determined by changes in per-
sonal income. Given the slowdown in
global economic growih since 1979, itis
by no means certain thart the affluence to
support oil-consuming habits, whether
in the form of automotive fuel, cooking
tuel, or otherwise, will increase apprecia-
bly. Unless real incomes rise fastzr than
the projected rise in real oil prices, the

‘scope for expanding oil consumption

will be hinuited.

At the natenal level, mounting exter-
nal debts in a number of Third World
and East European countries are making
it more difficult to import oil on the same
scale as in the past. In country after
country where the International Mone-
tary Fund has had 1o intervene with
emergency loans and has mediated debt
resclieduling with private banks, sub-
stantial increases in petroleum product
prices have been reguired as a condition
of the loans. This is especially true for
gasoline in countries such as Brazil and
Mexico. Yugoslavia, in order to avert an
unmanageable increase in its interna-
tional debt, intreduced gasoline ration- -
ng. Poland, far in arrcars in payments
on its international debt, also rations
gasoline.3s :

As the age of oil slowly recedes, gov-
ernmients evervwhere will be faced with
difficult choices in the use of dwindling
supplics. Inindustrial societies the gues-
non inay eventually become a choice be-
tween public and private transportation,
with the more cfficienn rail system ex-
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panding at the expense of oil-dependent
road transport. For many Third World
countries still in the early siages of de-
velopment, the adjustmems will come in
the form of conditions imposed by the
International Monetary Fund and World
Bank in exchange for continued financ-
ing of develospment. Increasingly, Thurd
World governments will have to choose

. State of the World—1984
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between fuel for private auiomobiles
and fuel for cooking, or whether to use
precious gasoline in cars or in irrigation
pumps and tractors. Unless govern-
ments develop policies that channel
scarce ol supplies to the most essential
uses, affluent motorists could easily
outbid farmers,

4




Conserving Soils
| Lester R, Broz_vn

Between 1950 and 1973 the world de-
mand lor grain donhled. spurred by
both population growth and rising afflu-
ence. It will double again hy the end of
the century if the Projected growth in
population and income materializes.

This unprecedented  quadrupling in |

world food demand within 50 yea:s is
putting more pressure on many of the
world’s spils than :hey can sustain.

In the face of this continuously ex-
panding world demand for grain and the
~ssociated relentless increase in pres-
sures on land. soil erosion is accelerat-
ing. In effect, mounting economic pres-
sures are degrading the resourck base,
In 19850 Anson R, Bertrand. a senior
U.S. Departmemt of Agriculture officiat,
described the situation in the United
States: “The economic pressure—io
generaie cxport earnings. to strengthen
the balance of payment:. and thus the
dollar-—has been transiitted more or
less directly 10 our natural’reso'-ce
base. As a result, soil erosion today can
he described as epidemic in propor-
tion.”’! Bertrand’s ltnkage between eco-
nomic pressure$*and resource deterio-
ration applies ¢'- here as well; in

‘st countiies, | ae demand
pressures come ¢ e agenous rather

than foreign sourcgs.

Grave though the loss of topsoil may
be, it is a quiet crisis, one that is not
widely perceived. Unlike earthquakes,
volcanic eruptions, or other natural
disasters, this humanmade disaster is un-
folding gradually. It is not always widely
recognized because the intensification of
cropping patterns and the plowing of
marginal lands that leads to excessive
erosion ovér the long run canlead io
production gains in the short run, thus
creating the illusion of prosress and a
false sense of food security.

Allhough sotl erosionisa physical pro-
cess. it has numetous economic conse-
quences. affecting productivity, growth,
income distribution, food sufficiency,
and long-term external deb?, Ultimately,
i affects people, When soils are depleted
and crops are poorly nourished, people
are often undernourished as well. -

THE CAUSQES oF SOIL
EROSION

'The apparent increase in soil erosion
aver the past generation is not the result
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of a deddine 1n the skills of fnmers but
rather of the pressures on farmers o
produce more, In an integrated world
food economy, the pressures on land re-
sources ave not confined o particolar
countries: they  penncate  the  entive
world. Mauy radinonal agricudiurdl sys-
tems, that were ecologically stable as re-
cently as mid-century, when there were
onty 2.5 hillion people in the world. are
breaking down as world  population
moves oward 5 billion,

Over the willennia, as the denand for
food pressed agammst avalable supplies
larmers devised ingenious techniques
for extending agriculutre onto Lind that
wits otherwise improductive while still
keeping croston in check and nainain-
ing land productivity. These techniques
indode terracing, crop rotations. and
fallowmg. Today, kel farmed throngh
these specialized wechingues sill feeds
wmuch of humanity. Although these prae-

* tees have withstood the est of time,

they are breakt £ down in some situa-
tons under the vressure of continnonsly
cising dewand.

In mountainous regions such as those
m Japaw, China, Nepal. Indonesia. and
t:+ Andean countries, con truction of
terraces historically pertnited farmers
o culiivate sweeply stoping land tha
would dtherwise guickly lose its topsoil.
Centuries of laborious effort are cmbod-
1ed m the claborate sysiems of werraces
in oldfer setded con wries. Now the grow-
ng competition for cropland in many of
these regions is forcing farmers wy the
slopes aca pace that does not permit the
disciplined coustruction of temraces of
the sort their ancc tors built, when pop-
ulation growth was negligible by com-
pasison. Hastily constructed terraces on
the upper s+ j.es ofien hegin o give way,
These in tun contribute to landslides
that sometimes destroy entire villages,
exacting a heavy human toll. For many
residents of mountainous areas in the
Himalayas and the Andes, fear of these
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landstides has become an integral par of
daily life.?

Rescarch n '\Ilgcrm has shown how
muich more serieus erosion can be on
sloping land that is wnprotecied by ter-
races, Cassava planted on land of a |
percent slope kostan average of 3 metric
tons per heaare each year, comfortably
velow the rawe of soil loss welerance. On
a 5 percent slope, however, tand planted
to cassava eroded a1 a rate ol 87 Lons per
hectare annuallv—a rate at which a top-
sotl layer of six inches would disappear
entirely within a generation. Cassava
planted on a I5 percent slope led to an
amat erosion rate of 221 1ons per hee-
tare, which would remove all topsoil
within a decade. Jutercropping cassava
and cornt reduced soil losses somewhat,
but the refationslap of soil loss and slope
remained the same.$

Much of "he decline in inherent soil
fertility that occurs under row
crops is being masked by advances
in technology.

Throughout the Third World increas-
ing population pressure and the ac-
celerating loss of topsoil seem o go
hand v hand. Soil scientisis §. A, El-
Swaify and E, W, Dasgler have observed
that it is in precisely those regions with
high population density that “farming of
marginal hilly lands is a hazardons ne-
cessity. Ironically, it is also in those very
regions where the greatest need exists o
protect the rapidly diminishing or de-
grading soil resources.” It is this vicious
cycle, set in motion by the growing
human demands for food, feed, fiber,
and encrgy, that makes mountung an
effective resp  se particularly difficult.

In gther parts’of the world farmers
have Been able 1o cuhivate rolling land
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withowt losmyg excessn e amonnts of top-
soil by usmng crop rotanons, ‘vpcal of
these 1egions 1 the nudwestern Uinied
Sunes, where farmers traditionally used
lorng-term 1otanons of hay, pastune, aned
corn, Frelds planted ut 1om crops, weeh
48 Cotn. are Most susceptible 1o erovion
By alternating row aopy with cove
crops hike Ty, the ascrage sl rate of
sotl erosion was kept 1o 3 wolerable level.
Not only do crop votauons provide inore
soll cover. but the amaunt of organi
matter thit binds soil paracles together
remains much bgher thar it would
unider continuons row cropping,

Av waotld demand for U8, [eedstufls
sored afie: World War 1T and as cheap
muogen teralizer reduced the need lor
legumes, Knacm firmers throughowm
the Midwest, the lower Mississippi Val-
les. niud the Sontheast abiandoned crp
totations 10 grow corn o1 sovbeans con-
tinvously, The risks associated with this
shift m cropping vatterns have long
been known, Rescarch andertaken m

_ Mussounry d-tegr the thirnes showed an

Q
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MOTEASe 1 oleerosion lrom 2.7 wns per
acre (I acre equals (L4 icaares) anna.
ally whont kand was i a corn-wheat-
dover votation 1. TA7 o per acre
when the same Lind was plmied con-
tinuoush 1o cori. (See Table 4-1) The
fower rate is withu estabbishied crosion

Table 4-1. Cropping Sysiems aud
Soil Erosion

Srerage Anmul
Cropping § stem Loss of Soat

Hons/acie)
Corp. wheat, and

tlover totmon @7
Coantimaunn wheat int
Conunmmis coan 19.7

sobret MOF Mailler, "Croppang S o s n ks
stot Gontrol,” Mhssoun Expenmes sanon Bul-
tean 366 (Hs6) eprinwedt i Natonal Agncatinedd
Lands Somh, dad Degrddation Fflects an dgnodboal
Praductroan (Wasinngton, 1Y (. 1480
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toletance levels, whereas the higher rine
would lead to the loss of one inch of
topsoil inless than adecade. Much of the
decline my inherent soil {eruho that oc-
curs nnder row crops is being masked by
adsirces in technology. pacucularly by
the wicrcasing vse of chemical ferilizer.

Fallowing has pernmed farmers to
work the land boty in semiarnid regions
and in the wropies. where nugrieras are
scarce, In vast semiarid arcas—such as
Anstraha, the western Great Plains of
Notth Awgerica, the Anawolian plateau of
Turkes, and the divlnds of the Soviet
Union—where there s not enough mon.-
ture 1o support continuous cultivation,
alternate-vear cropping  has  evolved.
Under thus system land is lefi fallow with-
OUL il COVET Crop €very o*ircr vear to ac-
cnmulate moistore. The crop prodoced
m the nextseason draws on \wo years of
vadleaed moiswire.

It same siwations this practice would
lead to serious wind erosing it strip-
cropping were not practiced simuliane-
pusly, Alternary sirips planted 0 crops
cach vear serve as windbreaks for the
fallow strips. This comhination of fal.
lowing and strip-cropping  pennitied
wheat production 10 conunue in the
westera US. Great Plains afier the Dust
Bowl vears.?

Rising demand foy food has reduced
the wca lallowed in key drviand fanning
regions. As world wheat prices chmhed
sharph during the md-seventies, U.S.
summer fallow land dropped from 17
unllion hectares in 1969 to i3 million
hectares in 19748 This decline led
Kenneth Grimt. head of the U8, Soil
Comvervation Scivice, 1o warn fanners
that severe \\mfl crosion and dnst bowl
conditions could resul He cautioned
larmers against the lare of record wheat
prices and short-term gams that would
sacribee the long-term producivity of
thew land. By 1977, 1the Natonal Re-
sources Inventory showed that wind cro-
sion in wheat-growing stawes such as
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lexas amd Colorado tn exceeded the
ler=: ce lesels?

A e same time, the atnount ol Ll
low ed Land it the Soviet Umion was alss
bemyg teduced Dinmg he late sixoes
aned carly sevennes, the Sovers were
cotrstentls fallowing 17-18 mnlhon
heaates cach vear i the divland ae-
grongs. Butaltar the massive ceopy shon-
fall and heass imposts of 1972, e lal-
lowed arca was tedinced by one-thind. By
the camly aighoes Sovietofficials were re-
ueenng iwnore b 1o Lallow s an cllott
10 1estore Lind prohican #

In the tropucs—such as patts ol Alrica
south of the Sahaa, Venersuela, the Are-
azon Basm. and the outer islands of lie-
donesia—Lallowmg s used wo restone e
letnusy of the sotl. Indese areas tnote
nutrms are stored myegetanon thaitin

the soil. When alinated and sinpped of

then dertse vegetatne cover, soils of the
el ropies gqueck b lose then teinhty,
hrespoise 1o these conduttons, larmers
have evolved a svstetn of slntang culis a-
non* Lhey den and aop land o two.
thice. o posstbls Toit sears and 1hen
systemancally abandon i oas crop vields
dedime, Naunal segetatio s soon akes
avel the abandoned held. Movng on 1o
tresh o, Lannets repeat the progess.
When these ailltiivators retarm to their
starting pont afer 20-235 vears, the soil
has 1egamed enougl lerahus 10 support
aop ptodncaon for a few vears.
Monnung populinon pressoes m the
tropies are lorang sinlting cultis ators to
shotten these 1otanon ¢veles. As s
happens, laind producosicy [alls. A H74
Woirld Bank siudy reported thao i Nig-
e lallow penods under sinfing cnbu-
vaton have becoine 1oo short to restore
fertiling insome arcas.”™ h soine locales
the onigmal cropping avdle of 10-15
vears has alreads been aeduced to &
Smce 1950, the aopped area in Nigena
has imnltiplicd 2.5 wnes as new Land.
Ingely marginal, has been added and
fallow ¢veles have been shorened. to-

gethet. these o trends have offsa the
gams lrom the mcoreased use of cheimeal
lertthizer. the adopunon of tnproved var-
ietics, and the expansion of wrigation,
Cereal vields are no Ingher than they
were m the ciurly sixies.

As populanon pressure has inensified
m the tvet floodplains of northe e Tha-
Latiel ov et the last few decades, nee farm-
ers have ingrated to the nearby uplands
where they practice rami-fed caropping.
Early whgrams adopted a “slash and
burn™ system with a ovele of eight 1o ten
vears. which seeined quite stable. As ni-
gration has conunued, however, the lor-
est [allow evele has been caornendd to
between iwo to lonr vears m hiany areas.
In analvzing this simation. John M.
Schiller concluded that “soil erosion
problems are becomng dearls manifest
m some areds and the eflea of increased
nmolt s cavsing inareased flooding in
the lowlaeds and the siltation of dams. A
potentially very unstable physical. eco-
nonng, and social situation is des cloping
in the aflccred arcas,”W

Silar pressutes on land are evident
m topical Latin America. According to
C.N. Food and Agnadure Organization
tescarchers: “There is abundant evi-
dence mocertain regions of Veneanela
that. with growing population pressure.
the fallow period is becoming increas-
mgh shorter so that soil ferality is not
1estoted before recropping. This leads
to a Lall in the organic content and the
witer holding capacity of the soil. Soil
structure deteriorates and compaction
becomes more common . . . in other
words. with the population of modern
tines, fonnerly stable. shifting cultiva-
UGN sysients are now in a state of break-
down." 1!

Another source of aceeleraed soil
ctosioitinrecent edrs has been the shift
to lmger farm eqmpment, partcularly in
the Soviet Union and United States. In
the United Staces, for example, the shift
to large-scale equipment has often ded to

7e
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the abandoument of ficld 1enaces con-
structed 10 1educe tanodl on sloping
lands. In dnland fanpmg regions, iree
shelter helts that merfere winhthe nse of
lmge-scale cqupmenm have alse been
temoved. | he enlargement ol fields 1o
acconmodare huge tactons and gram
combmes also rednces border areas that
have trachuonalls served as checks on
Crosion, )

Ths  crmsforimation of agricninral
practices has been hueled by the growing
waotlduide demand for U8, leed crops,
parucularhy corn and sovbeans, and In
the avalabnlin ol cheap chermeal feruh-
7et. Daanand growth, in unn, has been
ampliticd by popolanon groswdh that has
hastened the detenoration of tradiuonal
agriendtinre n wany countries. As 4 re-
s, agticultaral ssstems thronghont the
world are now expenienoing nnsusiama-
ble levels of soil loss,

DIMENSIONS OF THF
PROBLEM

One of the fivst scieniists 1o assess the
duensions ol world soil erosion was ge-
ologist Sheldou Judson. who estimated
m 1968 that the anount of rver-borne
senb sediment carried ino the oceans had
nrcreased lrom @ bilhon rons per vear
belore the intodnenon of agricultore,
grazmg. and other acovaties to 24 hillion
tons per vear. Judson obsewvess “There

is no question that nan’s occupancs of

the Lland mercasss the pare of croson.
Whete that occupatnon is mtense and s
directed o the use of land for cnlus gred
crops. the difference is one or ore
magudes gieater than when the land
s vnder a complere uatunal vegetaine
cover. such as grass or lorest 7 His esui-
maies indicate that inmans have became
an important geologic agent. accdlerat-
mg the low ol woll 1o the oceans, 12

(571

Althangh detaited mnlormanon on sol
crosion at the local fevel s anvailable for
onlyv a few connries, data on the seds-
meat load of the wotld™s major nivers
and on the wind-borne mosvement of soil
over e occans do provide a broad-
bl view of soil erosaon at the conu-
nental level, The wmost recent hgiires on
rivet secinent tlow show the workd™s
magor rivers cnrving heav loads of soil
to the oceans, Daa compiled in 1980 by
three Chinese saentists working for the
Yellow Rinver Conservaney Comrission
v Beying mdicated that river was carn-
my 1.6 bilhion tons of soil 16 the ocean
achvear. (See Table 4-2)) Ihvdrologists
estignate that on average one-lourth of
the soil lost through crosion in a river’s
watershed actualiv makes it to the ocean
as sedimnent, The other three-loirths is
deposted on footslopes i reser oirs, on
nver (loodplnns or _otber  low-lving
areas. or in the riverbed itself, which
olien canses chanoel shifis 13

Close behind the Yellow River, in
rerims of silt foad, is the Ganges of India,
which deposits 1.5 bill'on 1ons of soil
into the Bav ol Bengal each year. The
Mississippi. the largest US. river, carries |

Table 4-2. Sediment L.oad of Selected
Major Rivers

Aunuel
Ruaer Conmrns Scdimom Load
tuuthon metric
Lons)
Yollow Clana IGO0
Ganges Tucha 1153
RUTRTIN] several 363
Musisappn Utsted Stites 300
hranaddy  Borma HG
hov Indin 174
Mehong several 170
Nale several i

ik kee 50 FhSwanly and EW Dasgler, “Rai.
Ll Evovons st the Liopscs 3 Stite of the at
Muchican Socees of Agranown, sml Frouon aid
Comarzation wi th {rapen (Mathnon, Wi 1980
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300 mithon tomy of sod o the Gulf of
Mexico cach vear, far less than the Yel-
fow or the Ganges. Yet it represents top-
soul fromn the agrienltural heartland and
15 thus a source of major concern for
L.5. agronomists, 4

Scientists Tave recenths documented
that vastmnouns of wnud-horne soil are
also being deposited in the occans as
sediment. Island-based air sampling sta-
tons  the Atkntic, along with recent
satelliee photographs, mdicate clearly
of soil dust are
bemng carned am ol Noirth Africa over
the Aillantic. Cleark visible from satel-
lites, these huge plumes of fine sorl paru-
dles trom the andand desert expanses of
Nonth Al at nmes create & dense haze
over the castern Atlanuc, Estinuates of
the amoum of Ahican sol being carned
westin thus was, renortcd i four studies
between 372 and 1981, range from
18400 mdlion tons anmoally, with the
latest report being @ the upper end of
the range.1®

A 1983 Saence artecle reported a suni-
I toss of soil from s, sord that s
varned eastward over the Paohe. Aar
samples tahen at’the Mauna Loa Ob-
senvatorny i Hawan from 1974 through
1982 indicate a contunious movemen
of soll particles Irom the Asian mam-
land. with a peak anmial flow conss.
tenth occwrving o March, Apnl, and
Mav, a tne that comades wath a penod
of suong wouds, low ramfall, ared plow-
g the semand regioms of North
Asia. Saentists at Mauna Loa can now
1ell when spring plowing starts in Notth
China 0

Althomgh soil erosion data aie not
avalable for most conntnes, a rough -
tmate of the excessive worldwide loss of
topsoll from croplands s necded. With-
ont such an esnmate, assessments of the
world lood prospect me unrealistic, The
estmate <developed i the followning
pages 1s the best that we can constrict
from the wiormation now avakable,

Other governments should follow the
LS. lead and take careful inventones of
their soil resourees »o 1o determine
the rate of excessive erosion. Only then
will they have the inforihation needed to
formulate intelligent agricultyral and
population policies.

The Soviet Union may be losing
more topseoil than any other coun-

try.

In addiuon to broad-brush estimates
of overall soil loss at the continental
level. the other sonrces of moie detailed
informadon on »oil erosion from crop-
lands include governmental survevs,
data on sedinentaton of reservoirs and
iner sediment loads, reports from re-
search plots, and the observations of
agriculuralists.

‘T he United States 15 one of the coun-
tries that has anahvzed its soil losses in
desml. In response 1o the Resource Con-
servabwon Act of 1977, the Soil Conserva-
ton Servace undertook an exhaustive in-

aenteny of land use and soil loss, Based

on some 200,000 data samplings.
viclded remarkably detailed information
on local soil loss throughout the United
Suues,

Aftet the Nanonal Resources Inven-
tory gathered data on soil erosion, sub-
sequent analyses related the rate of soil
loss to the twlerable level, a rate that
unuld not impair long-term productiv-
ity Caladated au fram one to five tons
pcr acre annually, depending on soil and
climatic conditions, this figure repre-
sents the maximum lesvel of soil erosion
that will permica high level ol crop pro-
ductivity to be sustained economically
and indefnitely. The inventory showed
that over one-third of U.S. cropland was
losing more than fin e wns of topseil per
acre. In total, the foss of soil at (bis ex-
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cessive rate from the U5 cropland base
of 413 mullion acres totaled 133 bilhon
tons, with e bulk ol it coming from less
than one-tenth af the aopland.t?

Induin s one ol the lew other commnries
to compile a havonal esumate ol sl
eroson loss, In 1975, Tndhan agnicuduiral
saentists collecied data on loal sol ero-
sion from each of therescarch stauons in
the nauonal network mahained by the
Inchanr Council for Agricultural Re-
searcl, Usmig these bigmes, they es-
nmated that 6 bilhon wons of soil are
croded Irom Inds’s aoplapds each
sear ' From this and Trom an estimare
that 60 percent ol the aopland is erod-
g excessin ey, the excoessive topsoil loss
can be caleulaed by subtracung Irom
the toal a tolerance lesel of Ise tons per
acie, Phisviclds an excessive topsoil loss
lrom Indian cropland ol -£.7 bilhon tons
per sear, more than twice the U.S. Jesel.
I s estimate rests on [ less"data than
does the figure Tor the Uniwed States but
it 15 based on nformation from agrrenl-
wiral scientists Familiar wnlb local sorls
anek 118 conoborated by doe- silu-
uon of hvdrocleqnie re river
sediment Joads, and othes s,aireet me-
diicaors,

Ihe Soviet Umion, which has the
workd’s largest aopland wea. may be
lowng inore topsotk thim am other coun-
trv. Although detmlted information on
the exient of the loss s wot avalable,
munerons sontc es—ndInding Soviet re-
search reporns, public sutements In
sewentists ind govermnent officials. and
the abseryauons of visitors from abroad
—nchcne the sevens of the problem,
Papets published by thie Soib Erosion
Laboraory at the Universiy of Moscow.,
for example. mdicate wsesere and wors-
CNING Croson stuation

Durmg the el eyghues the ofthaal
Soviet press carrted statements by sonl
screntists pleading with the agnoultural
burcancracy 1o address the loss of top-
soil. And in early 1981, Dr, Viodr Bo-
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rovsks ., a pronuneng soil saientist and di-
tector of the Kazakh Institowe of Soil
Science, pubhiely elanged the Academy
of Agricultural Sciences with neglect of
soll problens. In a broadeast on Moscow
ratho, Borovsky argued that Soviet agri-
cultre will he retarded without effective
sall ninagement. His warnings have re-
cened some support ai the lughest levels
of Seviet government, with Polithoro
member Mikhail 5. Gorbachev urging
planners to heed the advice ol sorl scien-
tsts,!? But i the face of pressures 1o
expand prodnciton and reduee the food
nniport delicit—now the workl's largest
—sotl scienusts are often ignored and
responsible soil manageinent practices
are cast aside.

As in the United States, erosion has
been spurred by the shith to large, heavy
cquipmeni and he enlargement of
fields, which climmued many nawral
boundary constrainis on erosion of soil
by both wind and waer, Each year an
estintted hall-milbon heciaes of crop-
landd are abandoned because they are so
severels eroded by wind thag they are no
longer worth Luming, One scholar of
Soviet  environmensal  policies  and
trends, Thane  Gusialson,  observes.,
“Fiftv vears of neglect have left a legaey
ol badly damaged sonls.”"3®

Although there are no official higures
onsoil erosion, an estimate of Soviet soil
losses based on the Tocal dar than are
avalable can be compared with the sitar-
adon in the Umted States, where de-
tuiled erosion inforination bas been col-
lecred. Two  Sovier  scientists, P
Poletaves and 8, Yashukova, writing on
environmental protection and agrieul-
wre ma Soviel economics journal
1978. reported hat “wwo-thirds of the
plowed land o the Soviet Union has
been subjected 10 the influence of vari-
ous forms of erosion.” Knowing the area
allected by erasion. emly the rine of ero-
sion need be dewermined to estimae the
wial topsoil loss ¥
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Like the Unned States, the Soviet
Union has an extensive dryvland fanning
areaand a substanual irrigated arca. The
European Soviet Union, which accounts
for a large share of 1otal farm outpur. has
mosture levels simlar 1o the U.S, Mid-
west., In terms of ramfall intensity, 10-
pography. and erodibility of presarhng
soil types, nothing mdhcates thar sol
croston in the Soviet Union would be
markedly less than in the Unied States.
Where cropping panerns are concerned.
the Sovet Enion rehes innch inore hea -
ilv on sinall grains, whereas the Unnied
States relies relanively more on row
aops. sudy as corn and sovbeans.

The world is now losing an es-
timated 23 billion tons of soil from
croplands in excess of new soil for-
mation.

Much of the Soviet gram land. how-
ever, semiins bare during the winter and
carly spring, when rainfall is heaviest in
wam regons of the country, Ina paper
presented m the United States in 1983,
LS. Tregubov of the Dokuchaev Soil In-
stitute in Moscow reported that land left
in bave fallow o bie sown 1o winter crops
sustained losses that {ar exceeded the
rate of new sl formanon. He obssered
that “spring was found o be the most
dangerous period hecause soils are
characterized by fluidin  after  snow
thawing.” To docoment this, Tregubov
ated long-tenm experiments showing a
mean annual soil loss on bare fallow of
5% 1ons per hectare amnually inthe Baltic
Sea shore regions, 46 tons per hectare in
the Rostov region. amd 32 1ons per hec-
tre i the Transcaicasian region. By
comparison, in the American states with
the tnost severe erosion rates in 1977,
Tennessee lost nearly 41 tons per hec-

/

tare, Missoun lost 30 tons, and Iowa,
Just over 25 tons. 22

‘These data and observations suggest
it is not unreasonable to assume that So-
vict soils are eroding at least as rapidly as
those m the United States, If oné-third of
the land isalfected by erosion at the same
rate as in the United States, which may
he a conservalive assumplion, the exces-
sive loss oftopsoil from Sovier ¢croplands
is nearly 2.3 billion tons per year.

In China, the fourth major food-pro-
ducing country, river siltation is now a
nationally recognized threat—one that
bas reached dimensions unmaiched
clsewhere. Dust storms in the borth and
the siltation of major rivers indicate the
heavy soil loss. Observations by outsid-
ers who have been called in to help as-
sess soil condinons indicate that the ero-
ston rate in China is at least as great as
that in India, where more detailed data
are available.

A comparison of the-sediment load of
the Yellow River in China with the
Ganges in India indicates the relative
magmtude of soil loss through erosion
faced by whese two population gianis.
The Ganges, with a drainage basin of 1.1
million square kilometers, carries ain an-
nual sediment load of 1.46 billion tons of
soil. while the Yellow River, which has a
drainage hasin of 668.000 square kilo-
meters, tanries 1.6 billion tons of soil to
the ocean cach year. These numbers
suggest that the rate of soil loss in China
is substantially greater than in India. For
the purposes of constructing a rough
global estimale, however, it can be as-
sumed that the erosion rate on China’s
aopland is the samie as in India. Given
China's  smaller cropland  arca, this
mcans that Chinir's excessive 1oss of top-
soil from its croplands totals 3.3 billion
lons per vear,

For most Third World countrics infor-
wmation on soil eroston is largely indireet,
such as data on scdimentation of reser-
voirs and river silt loads. Other indirect
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sources imcdude wfonmation on aoplind
abandomnent as a result of sevére cro-
sion and crop reports showmg long-
werm dechnes inviddds. Among the most
graphic sources aie reports by agricul-
wal sacousts.  developmem  edin-
cans. atd other obsenvers. (See Table
4.3

Altogether, the excessive loss of top-
soil rom cropland n the four major
lood-producing  countries, which have
52 percent of the world's cropland and

105}

scconnt for over half of its food produc-
toit, s estinated st | L8 infhon wons pei
vear. o obtamn a rough idea of excessive
soil crosion for the world as a whole, an
assumption must be made about other
countrics. {f the rates of sol ¢rosion for
the rest of the world are similar (o those
of the g four”—which is a consenva-
e assumption given the pressures on
fand i the Third World—then the wordd
15 now losing an esumated 23 bilion
tons of «oil from croplands in excess of

Table 4-3. Observations of Soil Erosion in the Third World

{ountry

Obsenation

Stuirce

Nepal
{Katinandu)

Petu

Indonesia
(Jaray -

Hilnopa

South Alna

“local mbabatants . . all concur
that the problem 1 more severe
now thaun a generanon ago.”

TErosons estimated Lo affeet
hetween 50 amd 60 percem of
the sinface ol the whole
comnry.”

“Hotl croswon s acanng an
ecofogweal emergeno 1u fava, a
result of overpopulanon, whih
has led 1o deloresianon and
msitbe of llsude arcas b
Land-bungy funers Rrosoh
Ining wiste o land ar ao
alarming rate. mudch faster than
present redamaton programs
can restore at.” .

“Hhere w g environenial
mgluman ¢ imloldig betore om
s wver | bilhon tows ol
tapsoil How Trom Ethiopa’s
nghlands cach vear ™

“The province ol Matal,
wicoporatmg Kwazalu, o losg
200 rulhion tons of wpsol
anuglly.”

Rolina “Recent aerial phowgraphs e
shown the tapid eaenvion of
deser-like condiions caused In
winid croson.”

irat “The arca of abandoned coltaed

Luid has doubled ne recem
(T T

Mountari Research and Development
{Boulder, Col ), 1982

Motwntarn Researeh and Development

{Boukder, Col.), 1982

U5 Embassy, Jukarra, 197G

U 5. AD Misaon, Adde Ababa,
{978

Jubn Flanks. Iosotute of Nataad
Resowces, Natal, 1980

Helene Riviere d e, Tostig des
Hautes Etudes o Aménqgue
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new sorl fonnauon, (See lable 4-4.)
Because of the shortsighted way one-
third 1o one-half of the world’s crop-
lands are being managed. the soils on
these Linds hase been convened fromn a
renewithle to a nonrenewable resource,
MAssummng an average deph of remain-

. ing topsanl of seven inches, or 1,120 wens

per acre, and a 10l of 3,1 billion acres
of croplaud, there are 35 willion tons of
topsotl with which 1o produce food,
feed, and fiber. Ar the current rue of
excessive etosion, this resource s beng
depleted a 1.7 percent per year—7 per-
cent each decade. In effect, the world s
mming mnch of as cropland, reating it
€8 g depletable resonree, not unlike ol

When maost ol the topsotl is lost on
land where the wunderlying formadon
consists of tock or where the produciy-
ity of the subsotl ivioo low to inake aalti-
vinon economical, at w abandoned,
More connuonly, however, land counu-
nes w0 be plowed even though mSst of
the topsoil has been lost and even
though the plow laver contains i ixure
of wpsal and snbsoil, with the lauer
dominatmg. Other things bemyg equal.
the real cost of food producuon on such
e as far Tugher tian on Lnd where the
topsorl Laver remans utac.

Table 4-4. Estimaled Excessive Erosion
of Topsoil From World Cropland

| otal bxcessive

Counits Cropland  Soil Loss
(nulhon tmilhon
acres) (043108

Unted Suates 403 1,500
Sovwer Umon G20 2300
Inda 3G 4,700
Cluna 5 3,300
Total 062 11,800
Rea of World L4909 10,900
Total 1123 22,700

soveer Worldwan h Inunue esinuces

State i:f the Worlid—1984

‘I'ie, EROSION OF
PrODUCTIVITY

Whene er erosion hegins to exceed tiew
soil formauon, the laver of topsoil
becomes thinner, evenwually disappear-
ing entirely, As the topsoil layer is lost,
subsail becotnes part of the tillage layer,
reducing the soil's organic matter, ulth,
and acration, and adversely affecting
other strncural characteristics that make
it ideal for plant growth. This overall
detetioration fa.sod structure is usually
accompamed by a reduced mnrient re-
tennion capacity, which lowers produc-
nvity further. Additional chemical fertili-
zer can often compensate for the loss of
nutrients, hut the deterioration of soil
strucnire is diflicult to remedy.

The effects of erosion on productivity
are not casily ineasured since they are
nsually gradital and cnmulative. Tn an
cffort o understand he  crosion/
productivity relationship beuer, in 1980
the U.S. Secretary of Agriatlure ap-
pointed a National Soil Erosion-Soil
Productivity Research Planning Com.
mittee. Among other things, commitiee
mewhers began gathering data from
past experiments 1o esuablish an cenpin-
cal foundation for predicting the effect
of continting soil loss on crop vields and
production costs. They reporied that
when corn wits grown continiously on a
ptot in fowa from which the wpsoil had
been removed, vields were only 20 per-
cemt of those on a control plow In an
experinient in Missoiiri, cont yields ona
desurfaced plowwere 47 percent of those
on the control plow. In this case, the sub-
soil was a clay loam—a higher-quality
subsoil than s commonly the case.2?

In an experinent in East “fexas, cot-
ton viclds on land with the topsoil
removed averaged only 32 percent of
the control ploUs. And in Minnesoua,
vields on severely eroded soils were
roughly two-thirds those on  slighly
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croded sols 20 A 1U79 experiment on
pedmont soils m Georgra designed 10
meiasare the efleds of eromon on cormn
velds showed that severeh  eroded.
maoderatel aroded. and unaoded soils
averaged 36, 75, ad 92 boshelviespece
mceh, On these soils, rescarcdles es-
tmated that cacly cenuimeter ol wpsol
losr throngh warer erovion redoced the
average corn ekl v 2234 bushels per
dcre2t

Leon Lales, an agnculunal engineer
withthe US, Depaiment of Agricdun e,
has provided probabh the most compre-
hensn € collection of rescardn esalts on
the efledt ol sol erosion on fand prodnc-
maus. Thawmg on the work of U8, sl
saentsts both wathin and outside gos-
cinment, Lales compared 14 indepen-
dent stuaies, -mosth undertaken in the
scorn belt states, o summuanze the eflects
of i loss of one inch of wopsal on com
viclds, Ths sorves Tound that suels a loss
reduced vields Irom a low ol 3 bushels
peracteto a ngh ol B bushels per acre.
tSee labje 1-3) In percentage tenns,
the loss of an inch of wpsoil reduced
conti vields at these 14 siees by an aver-
age ol 6 percent. Results for wheat,
drammyg on 12 snhes, showed a sunilar
relavonship bemeen soil erosion and
Eind prochsctnan. The loss of an inch of

(03

topsonl reduced whear vields 0.5-2.5
bushels per acse. In percentage ternss,
the lass of aminch v educed wheat sields
an nverage of 6 percent, exactly the same
as for com. (See Table 1-6.)

AR the soudies on sl erosion and
lindl productniy  that Iyvles  cued
showed that the excesave loss of wpsoil
lowered vields measmabh, althoogh the
extent of wield redwction vared. And. as
noted, his compilation ol studies showed
aremarkable swnilarity in the effect ol
sotl crosion on the vield of wheat, a crop
ustaally grown mdei tower ramfall con-
ditons. and that of corn. usually grown
m1 areas of higher ramfall. Recent, more
detailed rescarch on three soil types
Minnesota shows that the effect of ero-
ston vanes with soil type and depth. It
specifically notes that on some deeper
sols, such as the Kenyon soils thatare 76
mches deep. the near-term ellects of
erovion ae neghgible.? For the world
as a whole soils of this depth constitwe
a small share of the wtal, an exception to
the e npical 6-8 inches of topsml
found on most cropland.

Perhaps the mast dewiled analvsis o
datc of the long-term elicets of suil ero-
ston o1 land productivity and food pro-
duction costs is one undertaken for the
Southent lowa Conservaney District,

Table 4-5. Effect of Topsoil Loss on Corn Yields

Yiekl Redocnion Por

Lacauon

Iuch ol Lopsol Lot

So1l Descopnon

(bishelsfacrer
Fast Cyntval, Himoss 37
Fouled lnabang .1}
Clannda, lowa 1.0}
it eenfiold, lowa 31
Shevandoah, Tow.a 6
Berbutn, Misse any |}
Cohmmbus, Olao 30
Waooster, (Yo IR

(peryenn
5 Swagyrt il loam
43 Fowler, Brookston, and Parr
Sl Lo
51 Moashadl il Toam
H3 Shells st loam
51 Marshadl st Foam
£ 1) Shetby and Cndy sl Yoans
6.0 Cobna wiht Toam
b} Canheld st Toam

sorxcts Yanos tepor s cded in Leon Lales,

“Possable EHec s of Woarcd Frosion on Soill Prodingn i,

Jornal of Sold and Wates Comper ation Soneber/Decomber 1975
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Tahle 4-6. Effect of Topsoil Loss on Wheat Yields
Yicld Reducnon Per

Location

Inch ol Topsoil Lost

Sl Description

thushels/acre)
Akron, Colorado 05
Geary Commty, Ransas 1.3
Manhattnn Kaonas | !
Columbis, Ohie 13
Oregon [0
Oregon 25
Palonse Area. Washington 1 6

{percem)
2.0 Weld silt loam
62 (not avinlable)
4.4 Smolan sily clay loam
53 Cropped soil
2,2 Deep sl
58 ‘Fhin soil
6.9 (no1 available)

»ot RO Vanomsteports ated e eon Lyles, “Posaible Elecs of wind Esosion on Soil Prodacnsny,”
Journal of dol and Watr Comervation, Nosember/becembe 1975,

Condncted by an interdisciphnary 1eam
of three saennists. this analysis assumed
that soul erosion would continue at re-
cent raes, The rescarchers classiied the
degree of erosion mito three phases: soils
that arc shghth eraded. with no appre-
ciable imxing of subsal atdl 10psoil in
the plow layer: those that are moderately
eraded. with soine mixing of subsoil into
the plow laver: and severely eroded
soils, where the topsoil is kargeh gone
and the plew L er is predominantly sub-
sail,

In 1974, the base vear, 2.1 million of
the district’s 3.5 nulhion acres of crop-
land felt inio one of the three erosion
phases, with the largest acreage being in
the moderately eroded category. Assum-
ing a contimuation of 1he same rate of
¢rosion. ihis would also be rue for the
vear 2000. But by 2020, the researchers
predicted: the larges: share would be
in the severely croded category. As
soils progiess trom the moderately to
severely eroded category. the amoum
of nitrogen, phosphorus, and potash
needed to grow corn increases by 38
pounds per acre. (See Table 4-7)
Closcly paralleling this would be an in-
crease in’ fuel requirements for tillage.
As crosion proceeds, soils becomg more
compact and diificult 10 till. The acwal
fuel increase aried widely by soil type,

1]

but on the average the severely eroded
soils required 38 percem more fuel for
tillage 1han the slightly eroded soils.
Soil erosion would not only raise 1he
cosis of produaion by increasing the
amount of fertilizer and fuel used. it
wotrld also reduce yields. For corn, a
shift from slight to moderate erosion
would reduce the average corn yield by
16 bushels per acre, while going from
the moderate to severe calegory would
lower yields another 7 bushels per acre.
(See Table 4-8.) Akhough the soybean
vicld dechine was much smaller, it was
proportionate, since soybean yiclds are
roughly one-third 1hose of corn.
Although there are liule reliable data
an the effect of soil erosion on land pro-

‘Table 4-7. Increase in Fertilizer Needs
for Corn as Soil Erodes, Southern lowa

Change in
Erosion

Phast Nitrogen Phasphate Potash

(pounds per acre)
Slighr

Maderale 10 2 6
Moderare
10 Severe 30 | 7

sorece Paul Rosenberts, Russell Knntson. and
Laey Harmon, “Predionng the Effecis of Soil De.
pleieon From Brosion.™ fournmd of Sor! and Water
Corvervntion, Mas/June 1980,

. 5y

" .
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Table 4-8. Reducdon in Yields of Key
Crops as Soil Erodes, Southern Towa

Chaage m

Erosion Reduanon w Yeld Per Acee

Phase Com Sovbeans Oats
(hrshicds)y
Shght to .
Moderawe 16 D Y
Moderae
10 Severe 7 3 4
sorket  Paui Rosenberes, Russetl Kootson, and

Lacs Harmmon, "Predkccmg the Effects of Sod e
pletion From Ecoswn,™ foumal of Sed and Vater
Comevanon, Mav/June 1980

ductnan for most countries, some in-
aghts o the relationship can be
deined fiom diese U8, studies. Given
the consistenay of the deddine in produc-
aviy across @ wide range of sail types
and vrops, it would not be unreasonable
to assune thar  simmlar relavonsingy he-
tween soil eroston and land productvity
extsts i other counries, f%or the basic
agronomic relauonslups are the same.
Indeed. research on West African soils
shows liund productisuy there 1o he even
more sensitive 1o 1opsoil loss than in
North Ameriva. ‘The loss of 3.9 inches of
topsol] I West Afnica cut corn yields hy

2 percent. Yields of cow peas, alegurmi-
nous crop, were reduced hv 38 percent.
Fhis marked decline mav attest to the
tragilies of tropical soils.2?

Erosion’s INDIRECT COSTS

When farmers lose topsoil they pay for it
in reduced sod fertility, hun cunlor-
naeh the coss of crosion are not
cotfined to the fmm alone, As soil is car-
riec front the farm by runoff, it may end
up itt local streams, rivers, canals, or irii-
gation and hydroclearnic reservoirs. The
lows of wpsoil that reduves land prodhic-

(65}

uvity kv also reduce inngauon, elecin-
cal genetauon, and the navigabiliny of
Wwaterways,

The increase in the amount of -
gateel land m the world wewt liand in
haixl with efforts 1o raise food supphies
during 1he third quasier of tus century.
Olien the centeipiece of natonal devel-
opment strategies thioughout the Thad,
World, multipurpose dams represented
cnormous ivestments and an tmportant
part of the capital stock of new nations.
T'vpical of these was 1he Mangla Reser-
voir in Pakistan. The designers of the
rescrvoir projected a life expeciancy for
the dam ofat least a century. What they
did not reckon on was the effect of
mounting population pressure on the
watershed feeding thé.reservoir, A com-
hination of the axe and the plow, s land-
hungry peasants push up the hillsides, is
leading to a 1ate of sibation tha will
probably fil the reservoir with silt at
least 25 vears carlier than projected.
(See “labie 4-9.) One recent estimate
predicts it will be flled within half i cen-
tury.28

in the Philippines, scores of hydro-
electric and irngation reservoirs have
been constructed many of themn with as-
sistance from international development
agencies. Here, as in Pakistan. the com-
bination of watershed deforestation and
steep slopes being cleared for cultivation
is vielding record silvaion rates. A re-
port of the Agency for Internauonal De-
velopment on the prospects for the Am-
buklao Dam notes that “the cutting of
timher and the subsequent loss of water
retention capacity of land surrounding
the reservoir has resulted in massive si-
ing of the reservoir, reducing its useful
life from 60 to 32 vears.”'??

One reason: for the oxcessively rapid
siltation rates is than inultipurpose dams
are designed by engineers who some-
thnes fail 1o recognize the impound-
wents they build as part of a watershed,
which ofien drains an area of several

H
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" “I'able 4-9. Siltation Rates in Selected Reservoirs

. Amwal - - Time

. L Sihauon To Fill

Caunty Reservor Rate Wnh Sih

. ) {maric tons) {vears)
Egvn Awaan Ehgh Dam 139,000.000 160
Pakivitn Mangla - 3.700.000 75
- Philippines Ambuklao 5.800 e 32
Tanzama Mainmbuly 19.800 30
Tanznia Kisongo 3.400 15

sorkce S % El-Swafs and EW Dangler, " Ranfall bsosion mthe Tropics. A S1a€ of the A" n
Amencan soaeis ol Agronoms, Sef Ereston und Comervation in the Trapus (Madhson, Wisc.. 1982).

thonsand square nules. The Anchicava
Dam in Colombia is a ¢lassic example.
Engincers expressed hitle concern with
the siltation problem. even though when
the project began farmers were already
wnachug the upper reachés of the water-
shed that feeds the dam, Within two
vears of its.completton, the dam had ab-
reads lost a quarter ol its storage capac-
i1y because of siliation. 0«

in India. the inchrect costs of water-
croed sonl are sumied up well by B, B.
Vohra, Charman of the National Com.
mittee on Envromnpental Planning, He
obserses that the “premamte wliavon of
our 300,000 odd ponds and of the 487

reservoirs of our major and medium irri-
gation and multpurpose projects on
which the community has invested over
100 billion rupees during the last three
decades 15 a particularlv serious matter,”
He notes that siltation rates are now
comnionly several times as high as the
rate that was assumed when the projects
were designed. (See Table 4-10.) Vohra
observes that not only is the life expect-
ancy of these projects being severely re-
duced. but “in most cases there will be
no alternative sites for dams once the
existing ones are rendered useless.” A
dam site 1s often unique. Once lost. it
cannot be replaced. For India, what is at

Table 4-10. India: Siltation Rates in Selecied Reservoirs

Ratio »f
Observed to

Resenvon Assumed Rate Onened Rae Assined Erosion
(n acre-feey .
Bhaka 23.000 33475 1.46
Manhon (84 5.980 8.74
Mavuraksly 338 2.000 3.72
Nwzam Sugn 530 8.725 16.46
Panchet 1982 9.533 481 .-
Ramygitniga 1.089 4.366 1.01
Fungabihadra - 796 41,058 14,19
Ukay 7448 21,758 2.92

sovret Adagaedirom $ A Rl-Swab o and B W Dangler. "Ramtall Erosion m the Tropics, A Stte -

of the A" m Amencan Soceds of Agronoms, ded Erovon and Comsevintan o the Tropus (Madison,

Delly 1988,
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stake, according 10 Vohaa. ™15 the loss of

“the rreplaceahle potential—for irnga-
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uon; for rlectnicity and for flood control
—that these storages represent,’ !

Ihe st of countries with soib-sitting
disasters goes on and on. The names
change but the conditions are comunon
Whether in Nigena. Indonesia, Pakistan,
or Mexico. the same hasic principles of
soil physics are at work. When soil on
sloping lund is fnmed improperly, it be-
g1s 16 move under the impact of rain
and ends tp m places where it usually
does more harm ®an good.

Soil once used in the Midwest to
grow corn now clogs the Missis-
sippi waterways.

The third major mdirect cost of soil
crosion is the loss of navigability, Per-
haps the most dramatic case’ occurs in
tl Panama Canal. The combunation of
delorestation and the plowimg of steeply
sloping and in the v.ate-shad area by
landless campesinos is leading to an un-
precedented sitntion of the lakes that
iake up part of the Canal. If the rends
of the late seventies and early eighties
contmue, the capacity of the Panama

ual to lasdle shipping will be greatly
veduced by the end of the centiry, fore-
mg nrny ocean-gowng freighters that
have relied on its 10,006 inile shortcut to
make the trip.via Ca; ¢ Horn 32

Within 1he United Suates, soil once
used i the Midwest 9 grow corn now
clogs the Mississippi waterways. One of
the largest items in the hudget of the
Armiv Lorps of Engineers is the dredg-
g of mland waterwavs, prarticularly in
the lower Misstssippi River. Vast ghanti-
ues of soil reach the Guli of Mexico 10
hecome ocean sediment, but substantia!
amounts are deposited on the way, mak-
ing large-scale dredging imperative if

(67)

this major artery connecting U8, farms
with world inarkets 1s 1o continie 10
funcuon.

Tue ECONOMICS OF
CONSERVING SOIL

Receat U.S. studies have rather consis-
tently concluded that soil erosion con-
trol 1s often not economical for farmers.
hased on strictly dollars-and-cemts crite-
ria. The study of southern lowa soils re-
ferred 1o carlier showed that the short-
term cost to farters of reducing soil
erosion to a level that would not reduce
mherent productivity would be three
times as great as the henehits,

Nurrow profit margins, such as those
confronting U.S. farmers during the
carly eighties, might well me.  har if
farmers were 10 inyest in appropriate
conservation measires their profit mar-
gins would disappear entirely, forcing
thiem to operate at a deficit. They would
then face the prospect of bankruptcy in
the near future. Alternatively, they could
continue Lo follow existing agricultural
practices and avoid near-term bank-
ruptcy. but face the prospect of declin-
ing productivitv over the long 1erm and
the evenmal athdonment of land, if not
by this generation then hy the next. In
the absence of a governmentat cost-saars
ing program similar to those used sc
effectively in the past, a farmer’s only
choice is whether Lo go out of business
sooner or later. h

The ecor.umics of ¢rosion control in
the United States has recently become
more attractive with the adoption of new
mir imum-tillage nractices. In traditional
tillage the moldboard plow, the pringi-
pal farm implement, was used 10 {urn
over all the soil in seedbed preparation.
With minimum tillage the fand is .

83
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plowed mthis vadiongl way Cropaesr
e are ledt on the sarla@ e and seeds e
dulled dircathy into the unplowed land,
with herbrades providing the weed con-
nol that medhamcal culessarons pes-
owsh did  Uhie avaolabiliny of herbicades
enabled mmupom aflage we the same
wavthat themtsoducaon of cheap chem-
wat fernlizer penutied larmers w dis-
pene wilt aop oo contaunng
legumes, More commonly, however. in
munmum vllige nazrow stps of land
are tlled where the conn sovheans, o
other 1om crops me planmied. leaving the
space between the raws undisturbed. 43

Lo comnerve fuel, cont-consaons U8
Limers were abieads  experimentng
wain vanioes rediced ullage pracices i
the caly seventees. The oil price jup
P73 remionegd 1this chuange. The fortue-
s ll.llllll'@lllls developme e ies
s ekt on sod eroston, Wl Lad nat
heag plowed and arop tesidues lelt on
tie silace, sorl s protected from ram,
ancl runefl s mnch less, The resultis tat
{amers adopting nnmmume-ull or no-ull
pracues o comsene fnel have discoy-
cred that they are also wenserving ther
sarl edhividual Lamiers daig thew own
cost-henedit cdoulabons conld weigh the
“npuitatc e al both energy and soil sav-
mgs e deadimg whether to adopt e
IEW AT ES,

Notall serls anad pot all suuations fend
thennelves 1o mnmmam tllage i
maeases sorl mantute and sboas ol
temperature e m the sprig: Inareas
such as the nndhern cora belu the short
growmg season < ould wsiniet the adop-
twon of s tdlage, Stull, the growth
w reducel nllagt acreage mothe Unied
Steres b been rcmarhably steads, m-
deasmng evety vear sutce data collecuon
bhegar m 19720 In that e, neach 30
rillon ages—toughly one-teuh of the
cultnated mea—was 1 reduced nllage.
(Sce Table4-11) In 1983 1 cached 126
wilhion aaes, one-tdnrd of abl the land in
LrOps,

State of the Waorld—1981

Table 4-11. Upited Siates: Conservation
Tiltage, 1972-83

Alth m Share ol
Comersation Harvesied
Yea Tillage Croplangd?
tmlhan acees) {pereent)
1972 297 Lo
1973 139 13.7
1974 Jhy 142
1975 Al 2 16.7
1976 . 5y 17.6
1977 700 )2
1978 T8 i
1974 352 4 6
1940 HH O 25.1
1981 000 275
1982 111 31
1983 125.8 34 52

Share of haneseed cropland, caloulan-d In
Worldwateh, i dndhs area havested and that on
wlish avops baded  rananates, the Converuahion
Dillage informatian Center s the 1983 hgare ol
M percem
s rees Na-full baogers Manch 1982 and March
1983, Worldwatch Invataie

-
“Despue the encouraging” inerecase in
the use ol momum tdlage. there s hude
inforniition o dae on its wnpact on
severely eroding land. While roting the
encouraging spread of reduced tillage
larmung pracuces, Robert Gray of the
Amencan Farmtamd rust observes that
ven munimum-till and no-gill practices

should be forsworn on the most severely .

croding Lind, which should not be in:
production at all. ™ Preliminary obscrva-
uons indicate that mmnnum tillage s
being adopted by the more progressive,
imovative farmers and that all too ofien
these are not the ounes on marginal
Limds. wlich are eroding mose severely,
Nonetheless, the overall effect of mini-
i tllage on so1l conservation must
be vieted as positive and hopeful,
Although roughly onc-third of U.S.
cropland was manmuani-ulled as of 1983,

&4
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the practice s nog weefelv used w other
parts of the wotld. thgugh there ate o
aastonal relerences to it For example.
this 1o Soviet saenists ated earbie,
who 1eported on eimvnonmental prote-
e and agnenlune, noted  dat
method i whieh the soil Livetr s no
tnned, o the ceatment ol the sonl s
hieen developed and has been widel m-
noduced m producoon i Kazakhsan,
the Alres, e the Urals, m the Bower
Valga and other regrons ™ They alsom-
dicated that the speaalized anm equp-
went need 1 o mmimmm ullage
bewmg  manmtactared e the Soviet
T mon 19

Some observers danm that etosion
conrol 1 partiwularhy unecononneal m
the Umnted S1ates becawse of the urarame-
meled pursie of profits But all mdica-
tons are that production guotas, s nsed
i the Soviet Umon {or example, are a
ledast as desitnctne of sails avthe jaoht
motve: Undet (e Sovict svsten farm
mandgers ae judged oot by how eflec.
tael they contipl sol erosion b by
how suecesstuilh they Bl quotas in
Western comtnies, landownerslnp. pa-
tcnbar?s within & tarls, bongs with noa,
certam sense of stew ndship—althongh
tus obviously can be ov eridden Iy eco-
nomic forces. Such a dnect sense ol
stewatdslup does not exstm the Sovier
Union,

P

Farmers adopting :ainimum-till or
no-till practices to comserve fuel
have adiscovered that they are also
conserving their soik B

Others suggest that the cconomiks ol
croston contiol will become dedr when
wropland values dedme as sol ¢rosion
reduoces, long-term hnd  productnan,
Unlortmateh. the loss of topsod does

+

iyt
not alten thie pavsical appcnance of the
laned i the shiont run, or does 10 shos
up as anmmediatels measiable loss of
producavis. Groen the other lactors pi-
Hoenamyg land values, sinch as flanon
and the speadaine natme of nives-
ment. the elledas of sol crosion on land
values are sumphy noresable m the = lion
tun

Jnterest rates also alfea the cconom-
ws of croston conttol The tngher witer
estorates aie, the less attiacive become
mnestimets e the soll comenvation
techmgues, sl as tetracmg., that s
alf everothe long rerar Indeed, mteresi

tates lave been so lugh m thie Uiited |

States i the carhy eghities that fanmers
have sunphy been nable 10 consider
senotsh most nnesunents that haine g
tongsterm pavbadk, '

THE GOVERNMENTAL ROLF

.'\lll!l)ilg\ll the changes an agnculineal
practces needed 10 chod excessne sail
erosong ansally he smplemened onl
by Larméts themsehves, there are several
reasons whby brogming erosion inder
contiol requires g nermment anobve-
ment, 1o begin wih, many frmers can-
not easih deternnne whetlier their ero-
stont ts exeessne. Meastrmg the gradual
loss ol soll reguuies saenufic tecungues
arr L equipient: detenmenng whether
I eagessnve regunes infounation on 1o
crance iesels tor the paraentar cropland
0 dqueston.

Another 1eason [or government -
solvement s that indmadnal Guoers may
be unable w altord the conseration
practices that are needed. may 1ake
sense lof soaeh to mvestm soil conset-
vaton even il s not prol-tabie 1o the
mdnaduat fanmer, Oaly gos crnment can
taleulate the long-term agg egate cost ol
soil crosion for the nation as g whole,
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wcduding ofl-lari costs sueh as the sile
1educed capacits ol rngation 1esersonts,
Indroelectric reservoirs. or water tans-
POrL svstems,

The fast swep for governments in
counuies where, soil cromon s beheved
W be a senous threat s o ascess aare-
tully the extent of soil Yoss Onls when
stuch an i caony s been done can ol
the needed nauonal cost-beneht caleula-
uons be niade and the appropniate con-
servation programs designea. In ludia,
lor example, windh has a4 aopland base
comparable m + ~ 1o the Unned Sues
and which has
sonb loss, 1t a8 estmated tat a compre:
hiensive nattonwide sorll inventory would
cosr some $30 mullion—a small price in-
deed compared with the conwibution it
cotld make w0 more mntethgem polics-
makmng.

Most governments abso need betterm-
lrmation on the relatoming between
sorl erosion and land producininy than
they now have. ‘The Nauonal Soil Ero
ston-Soit Producuan Reseandh Plan-
ning Commuee m the Unned Stines
notes that “sich expenirents are costh
and e comsumiug. Yeas ol data me
needed to evaluate the eftedts ol the gen-
cralls slow process.” ¥

In some countries, the expendi-
tures required simply to stabilize
soils dwarf the total appropriations
for agriculture.

T he National Rescarch Commitiee of
the U.S. Sul Consersauon Senee aalls
wotk o the eronon/produciisiy rela-
uonshup s 0p prions. A theoreudal
modvl aalled the Erosion-Productivity
lmpact Calculator, deseloped by the De-
partment of Agriailwre, 1 designed to
esaluae ooth the plustcal process and

86

ity broad estnniates of

the cconotig consequenaes of eroston.
A Produmtnan Index tha caleulawes the
rauo hemeen adngl and potenual crop
vields at varions lesels of soil loss has
been applied w soils m the major crop-
producng regioms of the United States
and 1s being wesied on soils in Nigeria,
Mexico, and India. But the uselulness of
such models will depend on the pains-
taking collecion of years of data on
rianv soif types, an cHort that has just
begun.??

Mobtlizing public support lor ade-
quately lunded soil conservation pro-
grams will vequine xtensive public eduy-
cation on the dimensions ol the problem
and its nany consequences. Scientific
proof of the necessity of soil conserva-
tiot 18 not suflicient. Although soil scien-
tists can chart a nauonal plan of acuonin
detail, as they hiwe in the United States,
tiey cannon call forth the political sup-
portneeded o fund and adininister such

“a plan. At s ponu, nanonal political

leaders must become involved,

Perhaps one of the best examiples of
such mnvolvement occurred i the United
Sawes during the thinies when Franklin
. Roosevelt w2s president and Hengy
Wallace was sycretary of agriculture, De-
spite the fact that the counry was m the
midst ol perhaps the worst economic cri-
sis in 1ts history. Roosevel and Wallace
convinced the U.S. Congress w fund
witlin the Deparunent of Agriculwore s
new agency—the Sol Comservatior § ~
vice—tha would have the responsibnt-
ny lor administering a comprehensive
soil conservation progtam. Roosevelt
proudly wok credit for the planung of
tree shelier belis in the Great Plains 98

The ingredient s sing lrom unsuc-
cessful responses to the growing menace
ol soil erosion 1s poliical wili grounded
i awareness, Over e past generation,
scores ol countrnies hase become food-
deficit but few have linked the shonages
with the depletion of their soil by cro-
sion. In nigmy countries people know




‘that lood ‘prices e sy, bur most
don'tinow quite why, Anunder wanding
that lost saal means fower mherent pro-
ducvien . shiche me i means costhier
food, w necded (o mculeare @ natonal
sonl conservanon etling

Iy predommunthy tne P aocienies
where o people ae illiterae and Ine
at the sabastenoe level a Lk of publie
iterest mosol comsenauon has other
toots, Farmers i s Huerd World wal-
Lages can nonster listie concern abows the
luttre when then nnediate survval s
m gquesuon. o hha, reporine BB
Vohra, i mformed pubhe opmiion can-
not .. he wished nto existence ovet
mghn A gree ded of pansiaking and
panentwork will have o be done 1o wipe
o the badklog of ignorance. metna and
complaceney 4

I much of the world today, only the
withtigness of national governments o
shate e costs of the ieeded measuies
—elCIracrig.  cottowr  fatoung, s
(FOPPME. OV (ropping,  rotaung
crops tallowmg. and plimting shehier
belts—will mduce Birwers o light sol
crosion. Oue World Bank oflicial ob-
venves that f dll the Bank's capntal re-
soutees of 84 billion per vear were de-
woted e soill comservauon, it would
cover onl i small lrasuon of the land
aliectied by rrosion ¥ Insome countries.,
the expenditnres reguured snmpho o sta-
bilize soils dwarl the ot appropia
ucns for aguealiore,

Within (he sodalist economes. where
Lind s publich ovned and gov on-
ments are donectdy 1 pomsble for e
qualine of Lind ianagement, there s a
need lor the waling elies 1o be edu-
cated abowt bavue agrovom, Unless na-
aottal pohncal leaders qngl't'rsl.uld thuat
Joeountiy’s long-ternr seann d(‘})(‘llf!‘i
o protecimg s aopland, 0wl be
dithadde 1o gee the necessay commit-
ment of leadershup time and the budge-
G resouries o suppott dan clleitae
COtsers ation proglam.

Conversg Sodh (w1

T1E GLOBAL BALANCE
SHEET

{he fong-terimmoaal threat posed by in-
connolled sold erosion raises profound
guetions ol mtergencratuonal equits, 11
ou generation pelssts e minmyg e
\(JII\ ALE) lllqll LT ) (P AT A T { 141 ] LY (ll (310}
uldren and therr duldien may go han-
gry as @ result, Agniculiwmal economst
Llovd K, Fischier of the Unneran ol Ne-
Draska observes that the qualinn ol ow
diet m the future will be “substantially
lower and the costs diamaucally higher
il thoe tanagement of our land and water
tosources s pot amproved.” He notes
lurther that “we tnust cease to belave as
il there were no Lomorrpw, or WINGITOW
will be bleak indeed lor those who must
spend thar lives there. 41

Perhiaps even more roublmg tran the
current net loss of an estimated 23 bil-
how wons of topoil from the world's
cropland cach vear 1s 1he likelihood that
the process s accelerating as cultivation
v extended into eves more margimal
areits. e 2 world where 79 nullion peo-
ple are being added each yvear and where
the great majority of the carth’s imhab-
tams wari 1o upgrade thewr diets. the de-
nand for tood contimnes to climb. push-
mg larmers omo more steeph slopng
Laels.

soil erosion s o phvsical process but i
Ilclb THINRCT O (‘f(ﬂ")llli( (()Ilh('flll(‘ll(('h
for prices, preducinny. meome, and ex-
ternal - deb, Labor  producivie: s
dlfecred ottt as soils are depleted

Alirough eroston it becomes more dilli-

cult 1o rane the outpa, ol tha sobstan-
tal shwe ol thne world labor foree thia
works on the eroding land. b Lirgely
agraridu soceues thin detrmioration ol
the resouce base makes it mene difhicult
(0 1aise income per person. Furdhen, as
growth i lood o slows, so does
overall econome outp . I kngel
rundl. low-income soaeties with apid
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population grewth ths can tramslate o
declimmng per capita ticome, as g alreads
s for a doren conntres i Africa,

Over the longer term, world agricul-
nal wade patterns and the interna-
tnonal debt suncre will also be aliered
My osails e depleted, conmnes are
lorced v anport food 1o sausly even
mmnnial food needy. Scores of conmnes
i the Hurd Warld and Eastern Europe
el dherr muernauonal imdebieduness
bemg  aggianated  further by dheir
duome dependence on inported food.
And the loss ol topaail will force an encer.
gr-lor-topsoil snbsnminon as iCncreases
the need tor ferabzer and fuel lor nllage.
Other things bemg egnal, the less top-
sorl there s, the more energy 1s needed
w produce our food.

In ceflors o converve soil, the world 1s
fanmg poorly Ther ¢ are no navanal suc-
cemes, no models that othier countries
il ('IIIlI]c“(.' ||| llll\ I(.'\I)t'il. \("I {ONSCT-
vatton cottrasts sharply wath aal conser -
viation. where scores of conmtnes have
compiled inpressive reconds i recent
vears, Mimest averswhere dependence
on petiotewnn s dedimmg as s used
more efiaentis. Birt there s no parallel
with soft comservanon, even thongh soil
s o b nnre essential resonrce,

L he teclumguies for arresung soil ero-
ston are welt eatabbished, but halung ex-
cessine sail crosion iy net a simgHe -
ter even for an agnanltudly advaneed
soacty. US. Larm programs over the
vears have demonstiated that land can
be withheld Irom prodictiion lor cco-
donnc reasons, What i needed now s
the mregranon ot cropland  set-aside
policies withosol comersaton aeeds. Ay
voliey anaist Kenneth Cook obaerves,
the Unued States has “no policy o nse

, the good Land in preference to the worst

ludeed, with respeat w marching export
demand o the ngeds of ULS. farmers and
then Lond and o the needs of people and
1esources m the deselopmg world, we
do not have responsible pobhay ac adl. We

have a simple-ninded sales gnota,”™#2

The econemic and political pressures
to produce more lood in the short ron,
with Intle regard for long-term conse-
quences, hasve permeated the world food
cconomy, For Third World counuries,
cfiecin e soil conservation mitiatives are
pasucnlarly  difficult, complicaied by
fraginented landholdings. “The Lack ol a
technologically sophisucated farm pop-
ulavon nakes the implemewaton of
consersation ullage a difficnlt nnderwak-
g,

Althouglr there are no national suc-
coss stores, there are occamonal signs of
hope. One is the tresd toward reduced
wllage in the Uned Suates, which was
rigges -d by farmers” desire 10 reduce
fuel consumpuon and operating costs.
Although so far the farmers who are
urrning 1o reduced dllage are not usually
the ones with the most rapidly eroding
soils, reduced ullage may become an
cconomealh atiractive first fine of de-
fense against erosion, particularly given
the igh cost of construding (erraces
and adopung long-tenm rotations and
other wraditional approaches (o soil con-
servation. Stabilizing soils that underpin
the global cconomy will require wide-
spread alterations i agrnienlwral prac:
tices, including a recevaluation of the role
ol the plow. ‘I'he changes in agriculiural
practices required 1o arrest soil erosion
will not come casly,

Another enconraging development is
that the imernational saenific commu
uiy 1» beginnimg o respond to the ero-
sion {hreat, as evidenced by several
recent umivrcmg. and specially com-
missioned  scadies. The huermiional
Congress of Soil Science, which met
in New Delli in 1982, focused on the
need for a world soils polies. I+ carh
1983, the Soil Conservation Soaety ol
America convened an miternational con-
lerence om soil erosion and conserva-
tio; some 145 scientsts from around
the worl i presented papers. And the
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American Soaects of Agronom recenth
published proceedings of an nterna-
tonal sumposnim on soil erosion m the
topies. ¢

Orvet the dongen tenm, sal erosion will
lead o ligher food priices, hunger, and
qute possibly persistent pockets ol fam-
me. Although the world cconomy has
weathered o severallold inaease m the
preol ol mes the pagt decade it s not

" well equipped o cope with even mnodest
pises i the pice of food.

In the abseace of successful effonts to
stem the loss ol topsoil, the socwl ellecs
ol erosion will probably fnst be seen in
Alnca, aivthe form ot acute food shont-
ages ateh bigher monalon rates, partrar-

O

la b Loy mdants. Alnca’s record popnla-
non growth and rampant seil ctosion,
and the absence of an dflectine response
1o etther. combme o ensure that the
continent sill be ae tse foretront ol this
untoldmg global crisis, Whint is at stake
s 1ot merely the degradation of soil, bat
the degradanon of e sl
Histondcalfyv, sorl eroson was a lodal
problem. Indindual dsibizanons whose
lood systens were wndermined in carher
umes dedimed m o olation. But in the
mtegtated global cconom of the late
wentieth centues, {ood—hke o= 2
global commaditn, The excessie loss of
opsoml am where wamatels altects nod
pnces evenwhere, 2

“% T~
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Protecting Forests
Sandra~-Lostel

: v
Sustanmg thae world’s lorests presents

nuyor globat  challenge,  With  ever
greater demands for fuelwood and wood
procucts and for lind w leed ‘growing
populations, pressutes on folests neatly
evenwhere are macasmg. In the trop-
s tns pressure 1s most vsible in the
delorestauon of a least 7.5 million hee-
taes ol dosed lorest and 3.8 midhion
heaares of open woodland cath year—
anannual loss the ae e ol Austra and
Albaina combined. At this rare, trapscal
fotests will shrnk by 19=15 percent by
the year 2000

o some temperate regions, where the
torested area has been gite stable, ain
pellutans such as satfur dioxule. mro-
goen oxeles, and heasy menals are threat-
enng lutare forest growth amd produc-
tivty, The ulomate extent and sevenn
ol 1y laioremans a Jarge question,
Yer exstimg arcomstanodl estdence of
poltionandnced damage now renders
contmued levels ol forest produdtivin
ighh  quesnonable o mportant re.
gions, pancularh cenual Earope and
castern North Amenc

Deforesianon appears 10 be aflecting
not only om natural systewns b vor
ceononie ana soaal sstems as well
Fuelwood 1s begouung oo expensive 1o

R

buy and too scare e w gather for many of
tha third of huinanity who have no other
source of cooking tuel. Floods and
droughts that many believe are more se-
vere because of deforestation have cost
millions in lost crops, cattle, and human
lives. As never before, unmitigated ero-
sion of the nawiral resource base is hav-
mg clearly visible economic and social

COsls, /"

. THE FORCES BEHIND
" DEFORESTATION

Most numbers describing the world's
forest resonurce base and its destruction
are esumates dt best, Many countries
have not ved fully catalogued their forest
resources and the qualiy of available
data vanies greatly. The mosy thorough
study 1o dare of tropical areas was comp-
leted in July 1981y the Food and Agri-
culture  Organization  {FAQ) of the
United Nations,! Though comprehen-
sive in scope, the report inav be overly
optimistic in light of FAQ's obligation (0
accept ollicial £3ures from nanonal gov-
ernme s, figures that mav not be wholly

90 « »
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accurate Nonctheless, the stndy, whuh
me haded conespoden ¢ sath 76 uop-
el countries and the selected e of sat-
cllite magens, goes o long way toward
dovumentng the current statis of topr-
cal lorest resonnoes
Combiming FAQ estimates tor trogneal
remons with S Connal Lae knviron-
mental Quahty figmes for the rest of the
winld vields a4 rough proaure ol the
warld's lorests, Wouoded lands ol all
npes cover aboat 4,39 hulhon hevunes,
att aed hpe than inple tha m cops
(See lable 5-10 Over hall dus area s
o d as dosed forests, where the
shade i tniee aowns prevemts sub-
stattial grossth ol grass, Nearl Dl
these areas are m the tropacs, with South
and  Central Amenca accoumumg don
T one-quan ter of the dosed Torests world-
widde. About 25 peteen tal the total lor-
estedd area s open woorlland—areas ol
mined forest amd grassland nophel In
the Cerrado m Boaal and the wooded
savannah ol Africa. “Forest lallow™ re-
(ers 1o areas ddeared lor agronlu e and
1 vanots stages ol regrowth, st areas
mat agant support anifical o nagrally

tr5)

regencrated forest, Shrublands, which
aprealh sapport vegetanon o tatler
thart seven meters, are so severeh de-
graded, either becanse of a veny short
fallow penod »r veny poar sie conch-
bans, that natural foresivegrowth is vir-
tally imposable®

| hough comersions ol lorestland are
uccnmg evenwhere, lage-scale dedi-
myg ol {orests takes place primanly b
the tropcs. At least some of the continu-
mg controversy over rates of ropreal
deforestation demves from confusioh
overa delmin of teims. FAGY s use of
the word mchades complete dearing ol
forest lor some alternanve use of the
land, Not mcduded in their esimates are
other, less complete forms of alteration
(from sclective loggmyg. for example)
arel the gradual degradation from prac-
tces sich as tepeated burmng and over-
granng. According to FAO. 7.5 million
hectares of dosed forest and 3.8 milhon
hectares of open woodlands are being
cleared cach year, for an antiial tropical
detorestaunn rate ol 11.3 million hee-
tares. Selecine loggmyg s thonght 1o
alier ancadditional 4.4 mallion hectares

‘Table 5-1. The Global Forest Resource Base
5

Fon et
Clirved Open Fallow and .
Region Fores Woodlaul Shiublind ¢ Total
vimlhen htiaesy
Ligneal et h79 ) Ho e
1 eopical Al 7 186 609 1312
Froprcal Asia 105 ‘ - 31 104) 445
Nowh Amenica 170 176 — 1446
Fanoje 1 H) it | 170
USSR 785 1> . 15+, 915
Pacific Area " - 105 ] Ve 3 190
ol 26706 L9 T 1.055 +.806

sot ke s Fatimate s for bopeabrcgons m TR0 Lom T e Sa

ats Fuod d A e udiune Ehganiza

ton, Fropreat Firest Bl Torestis Paper 3 (Rome I osniiges bon o tegms sy

Lor carls by mudeses enites looig (.

s il onn Bt onmenital Qualits il U S Bepatoneni of State, Jor

Q

RIC

Clobal 2000 Report o the Preadent Vol Trivvaslingion. DCUS Goseronent Ponnag O,
1950 Berause ot the ddlerent geograplne gronpangs ased moade aso studies, the loress resomn ¢s
uf seseral coninies are oimncd, tough this shonld uor eatls affect ihe ezl totabs
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per sear D1 Notman Myers, o consul-
tant on tropical lorests and lormer resi-
dent ol East Alnc, estimates that coun-
veiston olall npes—Irom deforestanon
o the lesset lorms of degradation—is on
the order of 20-24 milhon heaares pe
vear. Muens's most recent esiumate ol
deforestauon of doved lmvests 18 9.2 ml-
hon hectares per vem, shghth greae
than FAQY's figure.

According 16 the FAO sty over hall

the 7.5 milhan hectnes ol dosed lorest
deared aunually aie i Sonth and Cen.
tal Amenar, (See lable 5-2) Foresis
are dimimishing a1 an equal 1ate n all
thiee vopical regiom of the wotld
about .61 percem pervear, Ol the open
wopdlanids cleared eacl vear. 60 percent
of the delarestaton v gcounsing n
Al with s Lage expanses of nonh-
crnavanias, most ol the rest takes place
i napieal Amenicr On o average, 058
pereent ol all open woodlands are lost
cach vear. 1l these delorestation 1ates
connmne, tropical forests and woodlaneds
wiil shonk by anadditional 1O percent by
cent s e

Wherever o iy occunnng. deloresta-
e s o dnect manilestation of pressure
placed on the matural resonree base by
the eoonones and social svstens it sup-
poris. Fundamentalls, these pressures
ate roeted i nng populations and nis-

Table 5-2. Projected Annual
Deforestation in Tropical Cegions,

1981-85

Closed Open

Repion Forest Waoodlandy
tanlhon heciaiesy
{roprcal Amienica 154 vay
Troptcal Aica - 134 230
ropecal Ase | B3 0190
ol 7 30 .|

sotrl Lored Navons Food and Agnoaone s
Rarwration, fropead Foredd Reanpees Focestiy Paper
30 (Rowae 198D i
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ing meonies, the former driving theneed
for agiiculuiral land and wood for en-
ergy aud shelter, and dhe latter for forest
products 1o meet consumer demands.
With few exceptions. populations in
wopical countnies are growing bewween
2 and 8.5 percent per year. Conversion
ol lowestland 1o cropland is by far the
leadimg duect cause ol tropical delores-
tauon, Such conversion 13 olien neces-
sary: Agnculure s clearlv the most
benehicial uae of land in some arcas. The
tageds mothe tropics 1s that increasingly
the dorest s cleared by landless peasants
with no alternative for a wostamable life-
stvle imd s happening cither on land
too nrfertile 1o sustain crop production
over the long 1erm or in a manner that
prematurely depletes the land’s produc-
Lrver capacity.

Shalting enluvation, which for cenw-
nes provided o sustanable agricultural
suatem. has broken down with the popu-
latton buddup of recent rimes. Tradi-
tnonally, farmers would clear sowe for-
st grow crops until the soil became too
deficient of nutrients, and then cear a
new Mea. retarning © the onginal plot
perhaps 20 vears later. By then the land
had lam fallow long enough o regain its
{ertihey and could again support crops.
Butin many situations population densi-
ties no longer allow for the 10-20 hec-
tares ol lnd per person necded to sus-
tain ths farming systeaind ‘The land is
orerused, addrional forests are cleared
on soils that cannot sustamn crops, and
destruction spreads.

‘The new pattern of shifiing caldvation
is destroving forests and degrading soils
m all wropical regions. The FAO study
auribates 45 percent of all forest clear-
ings o shifting agriculuwe, though the
problem varies by region, being the prin-
cipal cause of 70 percent of the closed
forest cleanngs in Afiica. nearly 50 per-
cent in tropical Asia, and 35 percent in
wopical America. Arcas where defor-
estation is most proncunced are predict-
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ablv ahose whete popubanon densities
are fugh Sme countnies of West Arica,
where the populaton densiiv as vinee
tmes that of e other Afrcan 1egron.,
dvcourtt Loz balf the torest bsses wtopi-
cal Afrua Closed torests i the segion
are dmunsting at an ol vre ol be

tweent band bpercend, and the FAQ e
port chums that the progressine disap
peatan e of the coastal forest i alteads
& Laar 7 hrcontiast, the Cameroon-Cou-
golese lorests m Gentral Alnca, whete
the population densiy i lorested areas
v less than aoenih that an West Afnea,
dre it vet cnticalh thicatened  Losses
there average 1.2 percent per vear®

Conversion of forestland to crop-
land is by far the leading direct
cause of tropical deforestation.

Fxamples abovnd ol forests succumb-
g 1o snfung culinguon, A sunh by the
Institie ol Sacnce estitnated
tut oner half the forest losses i hicdia
Intseen 1951 and 1976 were lrvom con-
versions 1o agin ultual land, whete pa-
manly the landless wete “encroacing
on goad forests 10 brimg the land under
cultnation.”™ In Thalmd. 30 vears of
ellor hy the Roval Forest Servace Luled
o stop the enagoachmem ol shilnng
anltivatons o notthern foresis, whete
torest destnction bas heen on the ot-
der af 100,000 hectanes pet vear.” Some
MO0 dandless  peasant fanihies m
Vencrucla have been deang 85,000
hoctares ol forest cach vear ® Perhaps
the most sting site ol slnfimg agricnl-
te’s elhirces v m the Peruvian Andes. as
Landless tatmers push tuether tos ard the
plams. T the Philippnes,
Nepal, northeasten Indiae and  nam

othet areas, maesmy scataty ol tand s -

forag stulung cdovatots np forested
hallsicles
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coutdies, most notably in Asia, are
cleanng forested land 1o emoonrage peo-
ple to migrare wa less populated-ierimo.
nes. The Indonesuan Governmer * has
been movng Lambies from Baland juva
16 ihe less populated slinds of Kaliman-
Lt rd Sunatra, Ferests on these s
Linds e rapnely betng cleaed and re-
placed wih agtcnd. we ol relamel low
ptaduaisuy, Siularly, plimited calom-
sanon it Malavsi i cansimg comeersion
of lowland foresis to plantanons of palm
ol and 1ublies 10

No  dener connecnon between
delorestanon and the demands of afflu-
el sovicnies can be found than ia the
comersion ol uopical forest 1o grazng
fand in Cemral Amenca and Braal,
shete catle-rasang offers export carn-
mgs that could help redude- external
debi Braal has by L the greatest area
ol topcal menst lores n the world:
280-300 anllion  hectares. triple the
amiount - cither Zare or Indonesia.
(ver 40 percent of tha hies in the Aina-
son Basin, where populanon pressures
ate sull punimal. Fhe nation’s siagger-
mgly high foreign debt in recent vears.
now about $90 billion. explains win Bra-
sy now view the nch Amason foresis
as an asset that can no longer be left
“unused.” Between 1966 and 1978,
sonte eight pullion hectmes of Amaron
lonost hecame catile tanches !

La Central Amenca grazng lind more
thasi doubled betacen 1961 and 1978,
while wooded land diminished by 39

peteeni. (See Table 5-3.) US. demand |

for beel has tasiered considerable con-
version ol lorest to pasture. A hitle aver
1w 0 decades ago. the United Sues im-
poned anls 2,000 wons of beef, By 1978
bert impans had risen to 100.000 (ons
and. although onlv a poruon of these

came hom Central Ametica, six owl of

the: sesen countries there wete sending
as it as 85 10 40 percem of their total
beel exports 1o the United States.'?
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Table 5-3. Ceniral America: Convérsion of Forests lo Grazing Land, 1961-78

Grasnng Land

v Forests anth Woodlands

Countn 1961 1978 Change 1961 1978 Change

: (thowsand heagrey) (prreem) (thousand hetraes)!  (percenn)
Costa Ria G964 1,704 +82 2,848 B30 - —42
Ll Sabador 606 (GO} + |4 230 , - 0 - 100
Gualenuala 10354 1.976 +H) 8.400 4.400 —48
Hondinag 2,006 2,370 +18 7.100 3.900° =45
Nicardguy 1.710 2.820 +65 6.432 4.400 -~ 32
© Panama 899 1430 + 5% 43200, 8.200 -22
fotd - 7.429 11,050 + 54 29110 17.830 -39

SOURLE  MSurraau Myeny,

Much of 1hat beet feeds the growing
demands of U.S fast-food outlets, one of
the few markets open to leaner beef
lrom grass-fed cattle, Fast-food chans
i ofter low-priced hamburgers by
using heet rased by low-cpst labor on
comerted torestlands i Central Amer-
ica. Few people are aware of the full
consequences of cach bite o a fast-
tood burger, which Norman Myers has
apth called “the hamburger connec-
tion,"13

Unlike forest comversions for agricul-
ture and grazing land. faelwood gather-
m;_, by rural peasants rarely results unan
imuncdiate 1oss of a large block of closed
forest. But the gradual degradation of
open woodlands by fuelwood gatherers
mav ¢ entnally Im;(lmc a virtual waste-
land. With fuelwood gatlering, as with
shifung cultivauton, it is primarily popu-
lation prespure that has transformed a
preswush sustainatie practice into one
that s gradnally destroving the resource
base. '+

For that one-tlurd of humanity for
whom firewddd is the primary sonrte of
cooking tuel, demartd will increase apace
witl population growth, Moveover, the
fuelwood and charcoal necds of an
emerging industrial sector are begin-
ning to coinpete with those of fuelwood
gatherers. In the southeast of Brazil, an

T 94

He Hombuger Comwttion 1ow Central Atoetica’s Forests Become
North Amenica’™ THandbrgers,” Ambie, Yol X, No |,

1981
esumated 38 million cubic meters of
wood are converted annually to charcoal
for the steel industry.'® A growing com-
mercial marker for fuelwood also creates
incentive for “emrepreneurial cutting.”
Near Nagpur, in Central India, where
people are permitted to collect dead
wood in forest reserves for their domes-
tic use, trees are apparently being cut
Wegally and taken to the aity for sale.'s
Myers has estimated that some 150 mil-
lion cubic meters of wood are cut for fuel
from tropical closed forests each vear.
The extent of the resulting degradation
of woodlands is not known. In fuelwood-
short areas of Africa and Asia, however,
prople are having Lo tumn Lo crop resi-
dues and cow dung for fuel V7

‘the role of timher harvesting in tropi-
cal deforestation is difficult 10 assess.
FAQ estimates that 210 milfion hgciares
of closed forest have been logged so far
and that 4.4 million hectares of virgin
forest are opened for logging cach year.
Because of the diversity of tree species in
tropical forests, commercial loggcrs
generally cut very selectively, taking oniy
the most valuable species. Cutting i,
hardwood forests is particulrly selec-
tive, with removals’ from a first cutting _
averaging 8-15 cubic meters per hect-
are. In Southeast Asian forests, where
there is an upusually high density of

| . ’ .
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comimetaally vahable speaes, hard-
wood removals average over 30 cubic
meters. per hedared® But even though
only 3 percent of the tees on a ghen
hectane mas be can, the tees are so dose
together and connected In vines that
logging can destron 30-60 percent ol the
unwanted  ees Y Moreover, Unee-
quatters ot logged torests ae lelt un-
managed atter the fnst euumg, Thus
witheut economc meentnes or regula-
tons 1o encowage moe-cflicent use
and better care lor these forests, large
numbers ol trees are desttoved for a
rebanvels small amount of woodd acunally
\UI{I

AcID RaIN: AN EMERGING
THREAT

Aad deposinon, commoenh called acid
ta, s the term gnven o sidb and ni-
wogen oxudes that are chennealls trans-
formed i the atmosphere and fall w0
earth as acids 1t snow o1 log or as
div, aad-formmg partedes. Scentists
have  amassed considerable evidence
over the past decade that these air poliu-
tants ma .ulwlwl\ affect the ecosvs-
temy they entér. Although documenta-
von ol accitvng lakes m Scandmavia,
cavtern Nonth Amaaca, and Canada
not uew. evidence s mounumg ol aad
deposinen’s severe threat 1o some of the
world™s most valued forests. Unul re-
centdy thie link 1o the health and produc-
teats of lorests wan fagels speanlative.
and documentation of even potential
eltecty was carce. Stndies of sick and
dying uees m knrope and eastern North
Amenca, however, are leading research-
et to put loith this link with greater
conhdence,

Over 360,000 hectues of forest in
West Germam, nenly 8 percent of the
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manon’s orests, showed dumage in the
fall of 1982, Just one year later, follpw-
g an extensive nationwide  surves,

. damage was estimated to cover one-

thud  of West  Gennany's  forests,
Whereas 60 percent of thie fir trees were
aflected in ke 1982, three-guarters of
them were sullering the following year

Dangge was also visible on four of every
ten spruce trees, which cover roughly 40
percent of West Germam's forestland. 20

By 1990 as much as three million
hectares of forests may be lost to
acid rain if Poland proceeds with
its present industrialization plans.

In Credhoslovakia, 500.000 hectares
icportedly  are  damaged, with  tree
deaths wides pread in a mountainous for-
ested park near the East German bor-
der.? Another 500,000 hectares are
affected i Poland. Forest rescarchers
m Katowice, close tffkrakow. say that
fir wrees are dead ov dying on nearly
180,000 hectares and that spruce trees
in arcas around Rvbnik and Czesto-
chowa, alse in the industrialized south-
e region. are completely gone. Envi-
ronmental scientists warn that by 1990
as much as three milhon hectares of for-
ests may be lost if Poland proceeds wath
its present industrialization plans.22

In the United Siates. detailed docu-
mentation of systematic forest destruc.,
ton has come from rescarch on Camels
Thunp. a peak lorested with red spruce
and halsam firs in the Green Mountains
of Vermont. There. after nearly wo
decades of study and with the benefit of
a.complete inventory of the mountun’s
vegetation, researchers at the University
of Vermont have found that half the
spriee trees have died since 1965, More-
over, seedling production, tree density,
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and basal area ave abo been nearly
fialved, 3 :

Reports on the current extent and se-
verity of forest danlage may belie the
uue magminde of an nppending prob-
lents The process leadmg rom sligh to
extensne dantage appears to unlold ra-
prelly. Widespread loss of silver s wrees
lad ocanred ut West Germany withn a
few * ears afier the first signs of dainage.
And it i not always easy to recognize the
symptoms. Without carelul Hbservauon
by 4 well-tramed evé, eatls signs of dam-
age ay be verlooked. Moreover, the
pattern of sumptoms, sich as discolora-
uoit and needle loss, imay vary among
speaies,

Saientihe evidence of aad deposition’s
link 16 this massne forest desunuction is
this far meondlosne. Indeed, necdle
discolormg and o thinnimg of 1ree
towns ¢an be tansed by many tlungs:
frost, dronght, wind, attacks by inseas
o1 fungr, and even poor lorest manage-
ment practices. But none ol thiese causes
alone seemns 1o be suthdernt  explam
the paiseris of forest destrucuon ob-
senved, As Universtty of Verinont bota-
st Eluben Vogelmann wiites regarding
the massne spruce deaths on Camels
Hunm, "With prany of € > norinal causes
of tree mortality ruled out, suspcions
has ¢ turned 1o one ingredient of ouren-
vronment that has been wtroduced in
the last thitty years—acid tamn.”*2%

I recemt decades, the acidity of rain
and suow has wnereased markedly in
nany locations. In widespredd areas of
castarn Nortk Amcaca and northern
and cential Europe the anbual aserage
pH ol prec ipitation s ow between 4
and 4.5, For comparisorf, thé pH of un-
polluted rainfall is typically no lower
than 5.6, : lightly acidic [ronvinteractions
with natural carbon dioxide in the atmo-
sphere. Rain and snow m many indus-
trial regions of the world are now 5-30
times more acidic thawr wonld be ox-
pected in an unpollued atmosph. re.2¢

u 96
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This dramaue change is atuributed in
lurge part to the release ol sulfur aud
nitrogen oxides o the atnosphere by
the burning of fossil fuels and the sinelt-
g of ores. Since forest sysiems canusu-
ally benefit from addiuonal quantities of
nitsogen, sulfur compounds are gener-
ally wonsidered to be the primary con-
cein, The saentists stndying West Gers
mwany s [orests foond thay the needles of
trees in severely danaged forest areas
contained nore sulfur than those in
other areas, Also, damage was greater
on west-facing mountain slopes, which
are ¢xposed to more pollutarus and acid
deposition.??

In portions of Europe, sulfur dioxide
entissions [rom lumian activines have
donbled since 1950, Excluding the So-
viet Union (with csrimated emissions ol
over 25 million mewne 1ons per year),
annual sulfur  dioxide emissions in
northern and central Europe now total

. nearly 27 niillion metric tons. Six coun-

tries account for 80 percent of this otal:
the United Kibgdom, East Germany,
West Germany, France. Czechoslovakia.
and Poland. Sulfur dioxide emissions
from Nonth Amenca are estimated at
nearly 29 million inetric tons per year,
with over 80 percent from the United
States,?®

Before the advem of air pollution con-
trol strategies, most pollutants emitted
to the itmosphere remained relatively
close to their source. Between 1956 and
1976, however, the average height ofthe
stacks at fossil-fueled power plants
nearly tripled, as higher stacks were seen
as better dispersérs of ¢missions from
source areas. Polinants thus began 1o
trayel farther before returning to the
earth's land and waters. Also, the longer
the sulfur dioxide was m the atmo-
sphere. the more ilikely it was 1o be oxi-
dized to sulfuric acid.?? .

The precise mechanism by which acid
deposition may be damaging trees so ex-
tensively is not known. Hydrogen ion
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concemration. the measure of acidity ex-
pressed as pH, affeas interartions be-
iween the soil and living biomass of an
ecosystein in complex and varving ways.
Soil structure and composition. vegeta-
tion types climate, and elevauon are only
some of the namral determining varia-
bles. Yet scienuists have nacovered some
common effects of ncreased acidity in
soils. Among the most nnportant is the
leaching of vital life-supporting nwri-
ents as the hydrogen jons react with soil
inaterials and the buffering capacity of
the soil is depleted. Both scientific the-
ory and observation suggest that re-
duced guantities of nurients such as cal-
aum. magnesiem, and potassium may
be widespread ju vulnerabile soils after
several decades or centuies of exposure
to acid deposition. In addition, several
studies have suggested that as soils be-
come more acidic, aluminun. which is
normally havinlesslhy hound in soil con-
stitients, becones soluble and toxic.?°

Areas now witnessing the death of
their lakes may soon be confronted
with dying forests.

Dr. Bernhard Ulrich. a biochemist
who has studied damaged beech and
spruce forests in Solling, West Gennany,
for nearly two decades. has documented
several phases i the acidification of for-
est systems. During the carly stages. ny-
trients such as mitrogen added 1o the soil
by acid deposition appear to increase
tree productivity and growth. Benwveen
1967 and 1969, the beech and spmee
trees he studied showed double the ex-
pected growth raie. Yer during this pe-
riod of iucreased growth, acids are build-
ing up in the soil, eventually triggering
the icaching of vital nutrients and rend-
ering aluminum soluble and 1oxic. When
the toxic aluminum begins 1o autack the
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root systein, a tree becomes less ahle to
take up moisture and 10 protect itself
from insear auacks and droughus. The
forests are also attacked from above by
heavy meial and gaseous pollutants in-
tercepted by trec crowns. From the pai-
terns of tree damage he observed in Soll-
ing. Ulrich fears that every few years o
every few decades 2 natural evemn will
occur that, becanse of the accumulated
air pollwmants, will cause fatal tree dam-
age 3t

Laboratory research at the Universiy
of Vermont has shed addiional light on
these processes, providing evidence that
acid deposition and heavy metals act
synergistically in stunting the growth of
trees, mosses. bacteria, algae, and fungi.
This rescarch also shows that loss due 10
acid rajn of mycorrhizae, fungi essential
to the health of a forest sysiem, may play
a role in overall foresi destruction. Fur-
ther. analysis of tree cores by these re-
searchers lends credence 10 the link be-
tween acid rain and the mobilization of
altminum. The amount of aluminum
in the wood was relauvely consant
throughout the first half of the century
but began rising dramatically in some
samples around 1950, about ithe ume
acid rain became more pronounced.3?

Though fragmented and inconclusive,
this evidence of acid deposition’s effects
on soils and forests can no longer be
ignored. If Ulrich’s description is accu-
rate, areas now witnessing the death of
their lakes may soon be confronted with
dying foresis. His findings offer a grave
warning: Waiting for dedlines in fores:
growth as the sign of damage from acid
rain may mean recognizing the problem
in its advanced stages, perhaps when the
damage is irreversible.

Although the amoum of foresi de-
struction that will be caused by acid
deposition is a matter of speculaiion,
both scientific researchers and polnical
leaders arc recognizing that the risks are
great. Referring 1o the potential effects
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of acid ran on Canada’s $20-bilion for-
est industry, John A, Fraser, member of
the Canadian Parliament, remarked in
QOctober 1982 that "the ecenomic cost of
doing nothing is staggering.”¥* And in
light of the large weod-volume declines
on Yermont's Camels Hunp since 1965
and the 57 percent drep in maple seed-
lings and saplings, Hubert Vogelmann
echos this concern: "If such losses in
only a few years are representative of a
general decline in forest productivity,
the econoinic consegnences for the lum-
ber industry will be staggering,”™

One obvicus remedy 5 10 preduce
emissions of sulfur and nitrogen oxides
to the atmospliere. Without waiting for
more solid proof of acid rain’s link 1o
forest destruction, the West Cerman
Bundestag passedt legislation in early
1983 aimed at reducing sulfur emissions
by a third within ten years. Yet even if
West German¥ succeeds In meeting
these goals, thie reduction of sulfur diox-
ide in its awr will be much less, since
about half the emissions originate out-
side the country. West Germany is also
auempting to tnitigate the existing dam-
age by adding lime 10 soils in damaged
areas (o couuteract the acidity. 3%

No doubt this link to the world’s for-
ests will heighten the international acid
rain debate both within and between na-
tions. It also implies that continued
growth and productivity of some of the
world’s teinperate forests can uo ' nger
be tacitly assumed. Developed countries
with energy futures based on fossil fuels
may need 1o reexamine the wisdom of
their strategies and weigh the costs of
pollwtion control against these new
risks. Moreover, large portions of Brazil,
southern Africa, India, Scutheast Asia,
and Chiua have soils relatively suscepti-
ble 10 acidification.?® As nations in these
regions establish ambiticus industriali-
zation plans, in which fossil fuels typi-
cally figure strongly, they must consider
that the means to their ends may under-
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mine a2 mere important and sustaining
resource base.

EcoNOMIC EFFECTS OF
DEFORESTATION

Deforestation has thus far been fostered
mainly by pressures to grow crops to
feed increasing populations. Whether
conversion is planned by governmenis
1o relieve food shortages or results from
landless peasants seeking 1o survive,
tropical forests typically have been
viewed as an underused asset at best and
an obstacle to development at worst. As
forests dwindle, however, this view is
bound to change. The growing scarcity
of forest products will increase the com-
parative value of these forests and the
products and services they provide.
Signs of scarcity typically take two forms:
shortages and rising real prices. Uli-
mately, scarcity fosters a shifi in the way
a resource is valued, used, and managed,

Firewood scarcity offers the most visi-
ble and dramatic example of deforesta-
tion's effects. In developing countries
some three-fourths of the wood har-
vested is used for fuel. These countries
both produce and consume 90 percent
of the world's fitelwood; only one-tenth
of 1 percent is exported.?? Already, fuel-
wood scarcity jstaking aheavy toll on the
developing word's poor, With 90 per-
cent of some national populations rely-
ing on firewood as their main fuel. nu-
merous local and regional scarcities
collectively bode a crisis of critical pro-
pertions.

In mauy West African and Ceniral
American cities a typical famlly may
spend one-quarter of its earnings on
fuelwood and charccal. a proportion
comparable 10 what a family in «n affiu-
ent society might spend on housing.
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Where wood is gathered tather than
bought in a market. scarcitics meam
more time spenl collecting wood for the
family. In some parts of India, a woman
or child may need 1o spend two full days
gathering a fanily’s weekly supply of
wood. 8

Fuclwood scarciny vas fosteved a dra-
matic rise in fuelwood prices in recent
years, Whereas the real price of fuel-
wood—the price adjusted for inflation—
showed no increase between 1963 and
1978. it went up by over 25 percent be-
tween 1978 and 1981. Siuce linde of this
contmodity enters international markets,
absolute prices and the trends in specific
coumries ray vary considerably. In
Dacca, Bangladesh. the retail price for
fuelwood was in sone years twice that of
the average world export price.®? In In-
dian tows, rising prices are fast making
fuelwood purchases impossible for many
residents, Between 1971 and 1980, the
current-dollar retail price of fuclwood m
Bombay morce than tripled.*® Price in-
creases in Africy are equally telling.
Fuclwood retailing for less than U5, $8
per cubic meter in 1976 in the Cemral
Africain nation of Canercon sold for
over $44 in 1981, Most extraordinary
was the sittation in the ivory Coust in
West Africa: Beiween 1976 and 1980 the
retail price in the coastal comneercial city

{83)

of Abidjun jumped from $26 to nearly
$250 per cubic meter ¥

These shortages are bound 10 worsen
in the decades ahead. FAQ projects that
by the year 2000, the minimum fuel-
wood needs of some 2,7 billion people—
over hatt the developing-world popula-
tion projected for that year—either will
not be met on & sustdinable basis (x defi-
cit situation)} or will not be met at all (an
acute scarcity). (See ‘Table 5-4.) The sit-
uation is already a dire one. In 1980, an
estimated 112 million people—half of
thent in tropical Africa—were experienc-
ing acute scarcitics of fuelwood. Nearly
1.2 billion people—70 percent of them
in tropical Asia—were meeting their
minimum fuclwood needs only by over-
cutting and depleting their forest re-
sources. In all cases. rural people are the
hardest hin.#?

Wood shorages in some areas are re-
ducing incomes and jobs. Basketweavers
relying on the bamboo stocks of Tamil
Nadu, a1 the soutliern tip of the Indian
peninsulz, reportedly now earn 25 per-
cent less than in the early seventies and
sulfer periodic botus of unemployment
because of insufficient bainboo supplies.
Stocks in the Western Ghats foresis were
once thought sufficient to keep local
paper mills supplied indefinitely. Yet
banhoo shortages have forced the in-

Table 54. Populations Whose Fuelwood Supplics Cannot Be Sustained, 1980,
With Projections for 2000

1980 2000
Acute Acate Scareny
Region Scarciny! Dedici? or Deficit
Onillion)

Tropical Africa 55 16 535
Tropical Asin k]| 832 1,671
Latin America 26 201 512
‘Total 12 1,179 2.718

"Fuclwood consunipnon is below diat requred 1o meet s teeds,
™Moumnm Oelwoord needs are met, but ouby by overcutting and depleting wood resaurces
sourGr. Umited Natons Food and Agriculture Orgamrstuan, Fropual Forest Resorrces. Forestry Paper

30 (Rame: 1982)
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dustry to operate at 70 percent capacity,
compared with 90 percent in 1970, and
some of the bamboc now comes from
northeast India and the Himalavas. The
plywood, match, and polyfiber indus-
tries in India are also facing shortages. 3

The cost of repairing flood dam-
ages in India below the Himalayan
watershed has recently averaged
$250 wmillion per year.

Though rarely valued monetarily, the
Joss of the ecosystem functions provided
freely by a natural forest entails real eco-
nomic and social costs. Flooding,
droughts, and siltation in many parts of
the world are more severe because of
deforestation. A half billion people in
India, Pakistan, and Bangladesh are
affected by water runoff from the upper
Himalayan watershed. Deforestation of
Hinnalayan hillsides has greatly reduced
infiltration and 151¢ land’s ability Lo retain
water. Rapid runoff during heavy rains
and the resulting soil erosion and silting
of rivers sets the stage for massive flood-
ing downstream. The cost of repairing
Aood damages in India below the
Himalayan watershed has recently aver-
aged $250 million per year

In the philippines, a government re-
port blames deforestation for frequent
fiooding, erosion, the silting of rivers,
and a loss of water supplies. Silting of
the reservoir behind Ambuklac Dant has
halved the hydropower plant’s expected
uscful life.#3 Haiti's largest hydroelectric
project may not survive past 1986 be-
cause of silting behind the Peligree Dam,
and electricity rationing has already oc-
curred in Colombia and Costa Rica be-
cause of lost reservoir capacity at hy-
droelectric facilities. Deforestation in
Panama, besides causing siltation that
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threateas the viability of the Panamna
Canal, has wersened both floeds and
droughts and rendered water supplies
less reliable.

The full effects of deforestation on na-
tional and international market ¢coao-
mies are difficult 1o predici. With the ex-
ception of fuclwood, most forest
products are part of complex interna-
tional trade patterns. There is thus the
potential both for shortages to ecno re-
soundingly in faraway regions and for
areas of continued forest abundance to
fill in emnerging suppiy gaps. Yel any
changes in regional balances of supply
and demznd can shift and alter pressures
on remaining tropical forests.

Demand for hardwoed in the indus-
trial countries for houses, furnitire, pan-
¢els, and other products has risen greatly
since mid-century. Aaention increas-
ingly turned to the tropical forests,
where hardwoeds cften compriseéd over
93 percent of the timber resource and
labor costs were comparatively low.
Consequently, annual production of
sawlogs and veneer logs, the primary
raw material for wood industries, more
than doubled in the tropical regions be-
tween 1960 and 1980. (See Table 5-5.)
Tropical Asia consistently dominated
the production picture, accounting for
half the average annual preduction in
the early sixties and 58 percent in the
seventies, over 95 percent of which was
in hardwoods.*?

Much of the increased proeduction was
shipped to Japan, Nonh America, and
Europe. These areas used 13 times more
industrial hardwood logs in 1973 than in
1950, while consumption in the tropical
regions themselves increased by only 2.5
1nes. Imports of tropical wood overthis
period increased nirefold in the United
States and Europe and nineteenfold in
Japan.4® Abowt three-fourths of Japan's
supply was from Southeast Asia. Much of
the tropical hardwood imported to the
United States started in Southeast and
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Table 5-5. Anpual Froduction of Sawlogs and Veneer Logs in the Tropics, 1961-79*

{961-63 1966-70 197 1-75 1976-79

(thous:nd ¢cuoic meters)
Tropical Amnerica 22,360 26.420 32260 42,390
Tropical Africa 10,320 13,660 15.760 16,710
Tropical Asia 32,050 47,020 65,320 80,020
Total 64,730 87.100 113.340 139,120

'FAO Gotes that these hgwres do not include illegal loggings. which 1n some countries may be 30

percent of e of recorded volumes,

sotrur Laned Nanoos Food and Agncnlure Orgamezaton, fropical Forest Resowres. Forestry Paper

30 (Rume: 1982)

East Asia, often gning through Japan for
processing. ‘Tropical hardwoods used in
Wostern Europe largely originated in
West and Central Africa, though in the
late scventies imports from Southeast
Asia increased significantly 9

The depletion of forests is reshaping
wade patterns in tropical lorest products
as well as worsening some countries” bal-
ance ol payments, Several long-time ex-
porters have markedly reduced the
amnount of llardwood logs sent ot of the
country and now focus more on process-
ing wood to meet their domestic needs.
Some traditional suppliers in West
Africa und Southeast Asta—arcas where
deforestation has reached critical pro-
portious—have pearly eliminated their
exports of sawlogs and veneer logs.>®
Ghana's 1981 raw log exports were only
7 percent what they were e 1964: Ni-
geria's were only § percent, Export de-
clines began later clsewhere but were
also dramatic: Thailand's log cxports in
1981 were only 8 percent and those of
tire Philippines 15 percant ol their peak
amounts in recent vears. While some
countries have increased their cxports of
processed wood products and thereby
sustained the total value of their forest
exports. others have not. Nigeria's twen-
tyfold decline in log exports between
1970 and 1980, for example. was
matched by a sixteenfold declee in the
export value of alt Its forest products.t

Between mid-century. when expors
of tropical hardwoods began increasing
rapidly. and the early seventies, a large
portion of tropical logs left the produc-
ing countries in their unprocessed form.
In 1973, the primary tropical wood pro-
ducers exported nearly half their logs
unprocessed;, the potable exception was
Latin America. which processed nearly
<lits 1ogs and eaportedlittle of its forest
products in raw form, Consequently, the
unit value of forest product exports re-
mained comparatively low. Value was
added in those developing countries that
processed wood into products such as
plywood. particle board. and veneer
sheets for domestic consumption or ex-
port. FAQ economist $,L. Pringle noted
in the mid-seventies that the tropical
countries were faillag to czpture about
$30-50 per cubic meter on logs used for
sawnwood or veneer and $40-80 per
cubic meter on logs used for plywood. If
they ha¢ been able to process the 49 mil-
lion cubic 1aeters of unprocessed logs
exported in 1973, tropical countries
could have gaiued perhaps an additional
$2 billion 11 revenue.5¢

Exports from Japan and the Philip-
pines over the past decade are prime ex-
aniples of this situation. About three-
quarters of the main industrial wood
exports from the Philippines in 1973
were unprocessed logs with a unit export
value of $39 per cubic meter, Panels had
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a unit export value more than riple that
of the logs but represented only 5 per-
cent of exports. In contrast. Japan—his-
toricaliy a major importer oﬁmpmc-
essed logs from the Philippines—earned
over $75 million in 1973 fron exporting
Jjust 165.000 cuhic meters of wood-hased
panels. Thus it took close 10 two million
cubic meters of Philippine log exports to
bring in as much revenue as the Japanese
panels. In response 1o dwindling f::'es:s,
rising domestic demands, and compara-
tively low unit expor. carnings for raw
logs. the Philippines has decreased ex-
ports of all wood producis. but espe-
cially of unprocessed logs. Higler-
valued wood-based panels now account
for 32 percent of forest-product export
carnings. whereas in 1973 they repre-
sented just 13 percent.

These fiscally appropriate responses
may prevent remaiting tropical forests
from following the route of other. now
over-exploited areas. Indonesia. which
still has 80-100 million hectares of tropi-
cal forest (roughly half of which is virgin
forest), emerged as the leading exporter
of tropical hardwoods in the mid-scven-
ties and undoubtedly helped to fill the
gap left hy the Philippine cutbacks. (See
Figure 5-1.) In 1980, over 80 percent of
Indonesia’s timher exports were still in
the form of unprocessed logs.

Apparently realizing that it shonld get
more financial mileage from its vast
arcas of remaining forest. the Indone-
sian Guvernment is now sirongly en-
couraging doemestic processing of wood.
With the ajim of completely eliminatkig
raw log cxports hy the mid-cightics,
strict €xport quotas were imposed in
1980. George Ledec of the World Bank
notes that this measure was instituted
despite significant econoniic obstacles.
inclnding protective 1ariffs applied hy
importing countries such as Japan 1o
[)mcessed wood products but not to raw
ogs. Ledec also notes that Indonesia’s
action has piqued multunation ' corpo-
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Figure 5-1. Sawlog and Veneer Log Exports,
Philippines and Indonesia, 1964-81

rations’ interest in Papua New Guinea,
where deforesiation and logging have
not yet occurred on a large scale.’’

The picture painted is thus one of
shifting pressures within the tropical for-
est resource base and of more active at-
tempts by tropical countries to derive
greater value from remaining resources.
Given that a raw wood supply of at least
15-30 years is nceded (0 justify invest-
ment in local wood processing facilities,
countries with substanial areas of tropi-
cal forests remaining—and desiring
greatervalue from them—have an incen-
tive to 1anage their forests on a more
sustainahle hasis. lronically, deforesta-
tion's implications may in this sense help
reverse some of the forces that have per-
petuated it

LESSONS FROM RECENT

INITIATIVES
Fuclwood shortages, uncontrolled cleay-

ing of trees for agriculture, mining of
timber resources, and the increasing se-
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venty of dclorestauon’s  ceological
conscquences are fundamentally chang-
g perceptions about the role of forests
in tropical development. Initiatives
spawned by these new perceptions have
in common a4 new vew of forests not
only as complex systents in their owr
right but as natural systems inextricably
Iniked to the husnan systems that revolve
aronnd them. Describing new {orestry
efiorts in Honduras, Marco Antonio
Flores Rodas. an FAO official and for-
mer Forestry Manager of the Honduran
Corporaiion for Forestry Development,
notes “it was intended that the distinc-
tion betweenr forest, industry and peas-
ant should be forgotten since they are
one iud the same thing.”'$4 Putting for-
estry on 2 snstainable footing in the de-
veloping countries requires antacking
the common roots of deforestation’s
direct  causes—population  growth,
poverty, ludlessness, and the absence
of viable options for people and
goverminents. Both inspiring and sober-
nig. recent ntitiatives are focusing arten-
UON 0N New Fesponses (o a rarely asked
question: forestry for whom and for
whar?

India’s western state of Gujarat 1s
widely recognized as having that coun-
try’s most innovative and niually suc-
cessful social forestry program. At its
core is a plantation effort under which
state foresters encourage villages 1o ¢s-
tablish plantations on a portion of their
communal land. Recett features added
to the program focus on individual for-
estry  nntiatives,  supplementing  the
soittewhat  faltering  progress  made
through community forestry.’®> One
such change includes assigning to land-
less farnilies 37.5 hectares of degraded
forestland to be planted with seedlings
at the rate of 2.5 hectares per year for 15
vears. In return for a commitment of 40
days of work per month, each family is
paid a fixed monthly sumn of 250 rupees
and offered free housing inaterial, some
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forest produce. and 20 percent of the net
profit from the harvest in the fifteenth
vear. With a stake in the profits, families
thus have both an incentive to care for
the trees and a steady income unt;jl the
vear of harvest. Another component of
Gujarat’'s program furnishes farmers
with free seedlings to be grown on de-
graded and marginal farmland. Each
year these farmers receive 250 rupees
for each hectare they tend, provided that
at least 70 percent of the trees survive 56
Despite its successes, social forestry in
Gujarat and other areas of India has re-
cently come under severe criticism. Par-
ticular concern has been rajsed abowt
promoting the planting of eucalyplus
trees. A study in the Kolar district of Kar-
nataka State by the Indian Institute of
Management found that social forestry
was not achieving its goals and in fact
in ittany wavs was worsening the lot of
the poor people it presumably was de-
signed to benefit. Introduction of euca-
lyptus encouraged private landholders
to grow trees for sale in the markets,
thus supplanting traditional commumty
dependencies and disrupting commu-
nity developmnent. Although increasing
fuelwood supplics is a primary goal of
social forestry. eucalyptus has thus far
provided little fuel for the villagers. With
the trees worth 250-300 rupees per ton,
about 80 percent of the eucalypius
grown in Kolar was sold as raw material
for the rayon industry in Harihar, ‘The
authors found that the plantations in
Kolar did not help meet rural people’s
desperate need for fuel and warned that
the brewood crisis may well worsen de-
spite the “impressive’” growth of euca-
lvptus plantations in the villages.s?
Planting eucalyptus on cropland
makes it nore difficult for the poor to
obtain food. income, and other basic
necessities beyond fuel. Although tree
planting programs ar« *ntended for mar-
ginal agricultural land, the area planted
to ragi—a staple millet in ryral areas—
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declined by 66 pereent in the Kolar dis-

trict between 1977 and 1981, as much of

the arca was converted 10 eucalypius
platations. Ragi prices in the state dou-
bled in the ¢ourse of two years, partly a
restlt of a crop failure in 1980-81 bt no
doubt also a reflection af the reduced
area in production. Although growing
cucalvptus ratlier than food crops can
double or even quadriple a farmer’s an-
nnal income, it deprives landless labor-
ers of eniployment. The Endian Instituie
authors ¢stinate  thwt  ecach  hectare
shified from food cropsto eucalyptus re-
sults in a loss of 250 days of work per
year. Eucalyptus is also replacing native
trees that benter met some of the ryral
people’s basic needs: The loss of Honge
trees, which traditionally provided oi}
for lightiug, has madc local people more
dependent on expeunsive and unreliable
supplics of kerosene.’® Even those who
dispute these criticistns of social forestry
agree that the presenmt form of these
cfforts threatens 10 wideh the gap be-
tween the rural rich and poor.>®

Social forestry as oficn praciiced 10
date emerges from these assessments as
very much a double-cdged sword. Be-
nefits clearly do acerue, but to whomn and
at what social. economic, and envnon-
mental costs? Arc program objectives
being met if, rather than mecting rural
people’s basic nceds directly, success re-
lies on benefits trickling down from
those fortunate enough 1o derive income
from supplying cucalypius wood to the
rayon industry? ‘These complex ques-
tions demand serious auention not only
in India, where forestry programs in
some 100 districts are planned, but in
other countries as well. One thing is
clear: Measuring the success of sacial or
commitnity forestry efforts merely by the
mmiber of seedlings plamed, withowt
concern for what species is planted
where, by whom, and for whose bencfu,
is insufficient and inappropriate.

Another approach to reforestation,

known as agroforestry, inmegrates wood
and crop prodnction. These schiemes
hold particular promisc for arcas in Cen-
tral America and the semiarid African
Sahcl where * aditional farming systems
have beguit 1o crmnble under the pres-
sure of rising populanons. Attempts to
sqquecze niore crons fron inarginal lands
have resulted in shortencd fallow peri-
ods, declining soil fertility, and reduced
crop productivity; rising fuclwood de-
niand has spread desertification.

Agroforestry projects in a number of
countrics arc altempting 10 reverse
these deteriorating conditions, In the
Kordofan region of Sudan, where deser-
tification and fircwood shortages are ex-
lremcly severe, efforts have focused on
restoring the traditional praciice of
growing nitrogen-Gxing acacia trees
along with foed crops. Turi Hammer,
designer of the Sudan program. attrib-
utes the willing cooperation of villagers
largely to this emphasis on rebuilding
time-tested suslamable land-use prac-
tices. as well as to their perception that
the program would supply food and
water along with fuel. Overall, Hammer
states, ""the fact that close 10 1,000 farm-
ers have actually planted seedlings to-
gether with their agricultural crops and
that many more are in line 10 join next
year's activities shows that the farmers
theniselves—small and large. men and
women—regard the restocking of the
gum bele through agroferesiry as one
itnportant measure 10 help secure a safe
livelihood in the area.’’s?

Alleviating pervasive fuelwood short-
ages in the tropical countries requires
not only programs toincrease wood sup-
plies but also efforts to use cxisting sup-
plics more cfficiently. Open fires, which
waste over 90 percent of the heat they
generate, are still a primary means of
cooking. In Kenya, where the fuel crisis
is particularly acute, it takes nine million
tons of wood to produce onc million
tons of charcoal. Yet without more-
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eflicient steves, this charceal burus with
only a 5-10 percemt efliciency. Given
that 70 percent of the charcoal is used in
cities while 90 percent of Kenva's people
live in rural areas, it is questiorable
whether Kenya can afford to nse its wood
in this way, even though it does ¢ase the
transport of fuel to urban areas !

Although stoves are available that can
ot fuel consumption in half, their intro-
duction has met with limited success.
Observers have found that rural people
resist using these stoves because they
often are not well suited to local social
and culwural practices. Researchers at
the Beijer Institute in Sweden. following
extensive study of the fuel cnisis in tropi-
cat Africa, concluded that "efforts 10 im-
prove stove design are essentially mis-
guided in 1hat the criteria for desigu is
physieal efficicncy rather than socinl efhi-
cieney."8? As with social forestry pro-
grams in general, working with the local
people in the planning .nd design of
technologies to improve their cooking
and heating methods is essential.

In several countries where logging has
contributed 10 forest depletion. pro-
grams have been intreduced to protect
forests from wasteful and unsound tim-
ber practices. One ar.parently successful
effort in the Philippines integrates local
processing of pulpwoed with an agro-
forestry program aimed a1 stabilizing he
livelihoads of the shifting culiivalors
largely responsible for forest destruc-
tion. The Paper Industries Corporation
of the Philippines (PICOP), a 30-year-
old public corporation, was a pioncer
among tropical countries in developing
domestic wood processing facilitics, By
1971, PICOP had established pulp
and newsprint mills, a container board
plant, a sawmill, two plywood mills. a
veneer plant, and a blackboard plant.
PICOP’s integrated complex allows it to
use nearly al) the tree species and quali-
ties of wood found on the 183,000 hee-
tares of public land iv manages undvr
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license from the Philippine Govern-
ment. 83

PICOP's innovalive program encour-
ages nearby small farmers Lo grow trees
on their marginal farmland for sale as
pulpwoad for the industry's mills. ‘This
program, funded in part by the World
Bank, offers loans 10 farmers through
the Development Bank of (he Philip-
pines and helps panicipants to plant and
care for the seedlings, The tree grown is
albizia, a fast-growing legume especially
snitable for manufacturing newsprint.
Through PICOP’s exiension services,
farmers have also been taught ways to
improve their farming and livestock
methods. By March 1978, a to1al of
3400 farmers were growing roughly
nine million seedlings on 16,600 heci-
ares.®4 john Spears of the World Bank
cautions that cash-tree programs such as
this are suitable mainl* when a process-
ing plant is located within a reasonable
distance. Transportation costs pre-
vented small farmers outside a [00-
kilometer radius of the PICOP mill
from paiticipating. Nevertheless, similar
schemes hold promise for other coun-
tries, and tree-farming projects are
being developed near cther processing
planis in the Philippines.s3

China and South Korea have been
widely lauded for their success in refor-
¢sting their conntrysides 1o restore the
cuvironmental  suppoit  functions of
their degraded lands More countries
are now following suit. The World Bank
is funding walershed protection efforts
in India, Indonesia. Nepal. the Philip-
pines. and Thailand. These projects in-
volve not only soif conservation and
reforestation projccts hul also measures
to improve irngation. floed comurol. and
farming and grazing practices so as to
create more-sustainable land use sys-
tems in these areas. An analysis of be-
nefus accruing to farmers from a soil
conservation and forestry program in
Thailand showed that increased crop
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yields and fu¢lwood and fodder produe-
1ion would give 1he project a rate of re-
1urn of 13 percent——evidence of the real
economic value of ecologic resiora-
tion 86

THE PROSPECTS rOR
SUSTAINABILITY

Sustaming the forest resource base in-
volves defining the socially optimal mag-
nitudes and mx of wooded lands—old-
growth natural  foresr, nawral or
artificially regenerated forest, planie-
tions, and woodlots—that will boih
allow demand for wood products 1o be
me1 withou deplering the forest capital
and preserve the essennal nonmarket
values of the forest ecasystem. Changes
now taking place in 1he siructure and
composition of tropical forest resources
resemble those that occurred in the 1em-
perate zone in past decades. Increasing
demands for wood and wood products
have diminished old growth naural
stocks. bringing demand and available
supplies imo closer range. This has fos-
tered a gradual shift away from reliance
on natural foresis 1oward greater pro-
duction and use of wood from higher-
vielding plantations.5?

The current rate of planting would
have to be increased more than 13
times tg reach the level needed (o
meet year 2000 needs,

In most regions of the 1ropics 1his
transition has begun only recenily. The
FAO assessment of tropical forests pro-
Jjects aresource base in 1985 of about 29
billion hectares, of which 40 percent will
be closed nawral fores;; 24 percent,
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Table 5.8, Projected Tropical Forest
Resource Base, J985

Forest Type Area
(million heciares)

Closed Nawral Forest 1.163

Open Woodlands 715

torest Fallow 435

Shrubland 622

‘Total 2,935

source: Unued Nations Food and Agriculiure Or-
ganization, Tropical Fornst Resvurces, Foresiry Paper
30 (Rome: 1982}

open woodlands: 15 percent forest fal-
low; and 21 percent, degraded shrub-
land. (See Table 5-6.)

Plantations are expedaed 10 cover 17
million hectares by 1985, only 1 percent
of all natwral forest and open wood-
lands. Based on estimates of existing
plantanions and programs planned or
under way, FAQ projects that 59 percent
of 1hese plantations will grow rees for
indusinal wood uses—primarily saw-
logs, veneer logs, and pulpwood—while
the rest will be nonindusirial plantations
growing trees 1o provide wood for fuel
or charcoal, nonwood products such as
fruits and gum arabic, or protection of
soil and catchment areas. (Sce Table 5-
7.) Industrial planiations are expecied 10
increase at 580,000 heciares per year be-
tween 1981 and 1985, 5 percent more
thas. during 1he preceding five years.
Nonindustrial plantations are projected
to grow by 519,000 heciares per year, a
24 percent rise aver the preceding five
years.58

At this rate of planting. the raiio of
tropical areas being deforested 10 areas
being planted with trees will be ten to
ane. Some of the deforesied areas will
suppon secondary growth: overall, how-
ever, planting will fall far shont of com-
pensaiing for deforesiation. More im-
portant is the exient 10 which 1he
projeacd mix and productivity of forest
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Table 5-7. Establishment of Plantations in the Tropics, 1976-80,
With Projections for 1981-85
Annual Area Planted Total Area
Plantation 1976-80 1981-85 by 1985
(thousand hectares)

Industrial Plantations 503 580 9.968
Fast-growing harawoaods 149 214 3,185
Other hardwoods 127 100 2.734
Softwoods 227 266 4.049

Nonindustrial Mantations 418 519 7.039
Fast-growing hardwoods 286 385 5211
Other hardwoods 9% 87 1.310
Softwoods 42 47 518

SOURGE. United Navons Food and Agrniculiire Organization. Frepical Forest Resources. Foresury Paper

A (Rome, 1HR2).

resources could meet future world needs
on a sustainable basis. Here the picture
is sobering, particularly for fuelwood in
the developing world.

Given current planting rates. tropical
nonindustrial plantations will cover 14.8
million hectares in the year 2000,
slightly more than twice the area today.
If the wood from all these plantations
were wsed for fuel, and if each hectare
annually vielded 20 cubic meters, 296
milliou cubic meters of fuelwood would
be available from plantations in the year
2000. Exwrapolaung prevailing  per
capita consumption leveis to the year
200¢. when the developing world’s pop-
ulation is projected 1o be 4.86 billion,
viclds a requirement of 2,19 billion cubic
meters of fuelwood. Thus fuelwood
plantations would meet only 14 percent
of these needs. The current rate of
planung would lave to bé increased
more than 13 times to reach the level
needed to meet year 2000 needs. More-
over, since 112 million people lacked
sufficient fuelwood as of 1980, per capita
consumption figures are below what
they would be if fuel needs were being
met adequately. Indeed, FAQ projects
that 3 billion cubic meters of fuelwood
might be needed for the developing

world in the year 2000, Meeting this tar-
get would require an eighteenfold in-
crease in current planting.5?

Although ne cause for complacency,
the global picture for industrial wood
appears bright nexi to these foreboding
figures for fuelwood. A team of experts
assembled by FAQ from industries, uni-
versities, and governments estimated
that global resources in the year 2000
could supply over 2.5 billion cubic me-
ters of wood on a sustainable basis and
that demand under mederate growth as-
sumptions should be about 2 billion
cubic meters. However, the team’s pro-
jections pointed to large imbalances in
regional demand and supply. Western
Europe and Japan are projected to have
net trade deficits in the year 2000 of 75
and 118 million cubic meters, respec-
tively, and collectively the industrial
countries (excluding the Soviet Union
and Eastern Europe) are expected to
need imports totaling 130 millton cubic
meters. Moreover, higher rates of popu-
lation and economic growth would in-
crease demand worldwide. Under FAQ's
high.growth assumptions, demand in
2000 would be about 2.6 billion cubic
meters, exceeding projected available
supplies,’®
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The FAQ temn assumed that wood
fron developing countries could fill in
two-thirds of the expected 130-million-
cubic-meter gap in industrial countries
through less-selective cutting of existing
stocks, logging of less accessihle areas.
and plantations. Based just on estinmates
of forest area and productivity, the So-
viet Union could comfortably supply the
additional 50 nillion cubic meters
nceded to balance the global demand-
supply equation. Of the Soviet Union's
estimated 785 million hectares of for-
ests, only about half are considered ac-
cessible for timber operations. Sofiwood
taken from these exploitahle forests is
alreaddy thought to he ontpacing the sus-
tainable harvest, yvet hardwood removals
are only about one-fourth the estimated
sustainable yield of 25¢ million cubic
meters. Thus while halancing overall
numbers, the study temn foresees strains
on supplies of tropical logs, seliwood
logs. and pulpwood.”!

Clearly, the practical reality may not
match the on-paper possibility ofbalanc-
ing world wood needs with supplies in
this manner. Export decisions by the So-
viet Union and developing countries un-
doubtedly will be shaped by domestic
goals and policies that may not accord
with the needs of wood-shor regions.
And per capita consumption of wood
products in the developing world has
risen dramatically in recent years. (Sce
Table 5-8) The combination of these
trends and T'hird World poptlation in.
creases will intensify pressures for do-
mestic use of tropical wood. China was
assumed by the FAQO team to be self
sufficient in both hardwoods and soft-
woods over the long term. Yet log ex-
ports to China from the L'nited States

Jjumped from 210,000 cubic meters in

1980 10 1.28 million cubic meters in
1982—a sixfold increase,”? Chinese im-
port needs in the future witl depend on
population growth, industrialization
plans, and tne success and scale of

State of the World—1984

Table 5-8. Per Capita Consumption of
Wood Products in Developing Countries,
1970 and 1980

Product 1970 1980  Change
' {cubic {pereent)
meters)
Fuetwood
and Charcont 445 452 4+ 2
Indusiniat
Wood! 090 118 +31
Paper and
Paper Boaed 005 008 +60

Hadustrial woad 1s the suin of mdusunal round-
wood, smamood and steepers, ind wood.based
pancls.
sOURCE. United Nanoyis Food and Agriutwre Or-
gawzanon, Regonal Tabdles of Produchon, frade and
Conyimpitun of Forest Products World Economie Clas.»
and Regions (Rome: P98

alforestation efforts, all presently open
to speculation. Indeed, the team con-
cluded that if world demand reaches the
projected high-growth ievel of 2.6 bil-
lion cuibic meters, the additional needed
wood might come “at a considerably in-
creased cost, from the tronical forests of
the Ainazon Basin and the less accessible
coniferous forests of Siberia and from
lower quality North American hard-
woods. Additional quick-growing plan-
tations in the tropics would also be
needed.”'?3

Although laced with uncertainties,
these rends clearly portend rising prices
and greater pressure to log tropical for-
ests. Competition for increasingly scarce
wropical logs between importing coun-
tries and wood-processing industries
within the producing countries will also
raise prices. Use of more species and
grades of wood from tropical forests, as
well as of mill residuals for pulpwood,
can counterbalance some of these pres-
sures. Yet with 2n exacerbating fuel-
wood crisis in the developing world and
the newly recognized possibility of de-
clines in forest prefucunity int some key
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tenperate regions lromn acid deposition,
sustaining an adequate global timber
supply will present some hard choices.

More plantations are clearly a key 10
meeting finure demands. ‘tThe story of
plantations so far in tropical countries is
one of unrealized pot~ntial. Eighty-five
percent of the arcas u .dergoing refor-
estation are planted with one of three
types of wrees: pines, eucalyptus, or teak.
Many other species may prove more use-
ful in meedng not only demzads for
wood but also the varied needs of local
populations. Initial experiments with
soine little-known tropical legume spe-
cics, for example, are showing greal
promise. The characieristics of many
legnmes make them ideally suited to the
multiple  purposes  of  reforestation
efforts. ‘They are natural proneers
plant succession. and thus a logical
choice for reforesting degraded lands
and controlling crosion. Many species
can he seeded directly, avoiding the ex-
pense and complications of distribanion
frotn nurseries; with their ahility 1o fix
nitrogen. they require little or no fertih-
zer, ‘Fheir inherent hardiness suits them
remarkably to degraded nutrient-poor
soil. and a variety of clinates and envi-
ronments. A recently puhlished inanual
descrihing 90 different firewood species
includes 35 belonging to the legnme
family.74

Although  cearly  optimistic  ahout
these species’ potential, scientists who
have introduced and studied them in
various locations and conditions are cau-
tious not to view thein as 2 panacea,
Monconlare plantations, especially of
introduced species, are not without eco-
logic risks, and the hardiness of some of
these species raises the possibility of
their becoming uncontrolled weeds. An
mformed verdict on the real potential
and consequences of these tropical tree
legumes will not be in for perhiaps five 1o
ten vears. Yet results to date are proinis-
ing.
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Leucaena, which has shown produc-
livities of 30-50 eubic meters per hect-
are, 15 being planted on thousands of
b« ctares in the Philippines, inclnding
large areas of degraded grasslands.
Leucaena supplies fiher suited for paper-
miaking and wood for pulping. as well as
forage, fuel, and fertilizer. Acacia trees
have taken hold on barren spoil dumps
from tin tnimng in Malaysia and helped
to stabilize eroding hillsides in In-
donesia. Foresters have planted over
15,000 hectares of degraded land in
Malaysia with another scacia variety that
appears 10 grow on quite acidic soils. Its
mgh-quality wood offers potentiat for
sawed timber, furniture, veneer, fire-
wood. and Viarcoal as well as pulp and
paper. Fuelwood plantations of callian-
dra now cover some 200.000 hectares in
Java, many planted hy local villagers who
often imercrop these small frewood
wees with fruit trees and vegetahles.”s

Many other spedes look equally
promising. Collectively, they not only
hold potential for helping to meet fuel
and inclustrial wood denands, hut also
may enhance the prospects for a sustain-
ahle way of lile for rural populations.
Their beanty lies in their apparent ability
to hattle not enly deforestation’s conse-
quences—both econoinic and ecologic
—but its canses as well. If even 10 per-
cent of the land now in forest fallow were
planted with species yielding an average
of 10 cubic meters per heetare, an addi-
tivnal 870 muiilion cubic meters could he
avallable each year 1 help meet fuel-
wood and other needs.

Plantations clearly cannot he the sole
savior of tropical forests. Odd as it may
sound, hirther exploitation of natural
forests themselves may he a key 1o their
strvival—not wraditional exploitation for
timher. but exploitation and sustainahle
use¢ of the multitude of other products
this rich resource offers. Citing a host of
specialty materials valuzhie to industry
—including latex, gum, cainphor, resins,
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tannins. mul dyes—Norman Myers pic-
tures the possibility of industrial centers
using as raw materials tropical forese
products harvested on a sustainable
basis with little disturbance of the natu-
ral forest.?® Ways to exploit tropical for-
ests’ economic poteruial while presery-
ing their essential ecologic funclions are
many, though as yet they are little recog-
nized or explored.

In mos1 developing countries, ¢he in-
stitutions, finandal capital. and social
mechanisins needed to chart a sustain-
able course for forest resources are not
yet available. Intermational lending or-
ganizations have a vitat role to play not
only in helping define this course but in
providing the technical and finandal
means by which developing counries
can enibark vpon . The World Bank
and U.N. lending agencies are now plac-
ing increased emphasis on community
forestry, on projects for €culogic resto-
ration, and on forestry’s integral role in
rural development. Although none of
the agriculioral and rural developmen:
projects funded by the World Baink be-
tween 1969 and 1972 included a forescry
component, 17 of those between 1973
and 1977 did. Over 60 percent of World
Bank loans for 1978-80 forestry projects
were geared oward environmenial pro-
tection and fuelwoed production. FAO's
1982-83 budget for forestry programs
wis 30 percent ligher than the previous
vear. including a 67 percent increase in
projects for rurat development.””

No infusion of dollars, however large,

can alter the present course of forest de-
struction without the institutions and so-
cial mechanisms to direct these dollars
10 the problem’s core. Recent efforts
show (lia1 foresury programs are bound
to fail if they neglect the basic needs of
the forest’s human dependents. As M.A.
Flores Rodas of FAQ states, “‘Once we
are all convinced that, in order for the
forest (o survive. us inhabitants muse
survive first, we shall reach the point
where both can survive.”7?8

Greater ¢emphasis on social foresy,
reforestation, and forest preservation
engender optimism. Yeq the deforesta-
tion dilemma still cries for more commit-
ment, clarity, and vision. Reforestation
effons are less than a tenth of what they
need 1o be (o avert a worsening fuel-
wood crisis. Dollar commitments for
creating and maintaining tropical forest
reserves are woefully inadequate (o en-
sure that species and gene pools are pre-
served for this and fuwre generations.
New institutional mechanisms are
needed (o generate and wisely channel
the billions of dollars needed over the
coming decades to suscain che products
and nonmarket values of these forests. It
is neicher plausible nor equitable to ex-
pect the developing countries endowed
with this resource to shoulder the bur-
den of its preservation unaided. Tropi-
cal forests’ intrinsic role in maintaining
ecologic integrity and biologicat and ge-
neuc diversity make them global assets
warranting a global commitment to their
preservation.

0
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Recycling Materials
Willvam U Chandler

Wood, iron, and aluminum, the prind-
pal materials used in a modern economy,
will serve as basic building blocks of a
sustainable future. But their availability
is threatened by the uncertain prospects
for energy. a resonrce with painfully ob-
vious constraints.* Simply maintaining
turrem levels of materials production
will require prodigicus quantities of en-
ergy. World sieel production alone con-
sumes as much energy annually as Saudi
Arabia produces. To raise global per
capita use of metals to U.S. levels would
require the energy output of seven Saudi
Arabias, or 40 percent of commercial en-
crgy consumption, Many people still lack
basic material amenities—metal for
water pipes, wood for housing—and the
earth’s population is still growing. Recy-
cling. fortunately, can cut the energy re-
quired in materials production by 50 1o
90 percem and thus help narrow the
widening inequity between the world's
rich and poor.

Throwing away an aluminum beverage
container wastes as much energy as pour-
ing out such a can hall-hlled with gaso-
line; failing to recycle a weekday edition
ofthe Washinglon Post or Los Angeles Times
wastes just about as much.? Because pro-
ducing and censuming energy o manu-

facture wood, aluminum, and steel
products create severe environmental
problems, recycling promotes énviron-
mental protection. And solid waste dis-
posal, a1 $30-100 per ton, represents a
major budget item for many cities.? Resi-
dents often react sirongly against having
dumps located near their homes, creat-
ing political roadblocks 10 waste dis-
posal. The prospect of achieving a 40
percent reduction in snlid wasie, as some
cities have done, offers leaders atangible
political and econemic epportunity,
Recycling thus saves energy and ex-
pensive raw materials, protects the envi-
ronment, and cuts waste disposal costs.
Despite these advantages, only about
one-quarter of the world's paper, alumi-
num, or stecl is recovered for reuse.
Nevertheless, certain areas have made
remarkable progress. These cities,
states, and countries have developed
markets for the waste products they col-
lect and have facilitated collection in a
variety of ways. Many countries have in-
vested in recycling equipment even
when locally available scrap has been in-
sufficiens; imports of waste paper, scrap
iron, and aluminum scrap have thus con-
tributed to recycling elsewhere. Their
investments have saved capital and en-
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ctgy and have helped nations conpete in
muernatonal markets by reducing debn,
inproviug trade balances. and lowering
the com of produais manufaciured for
export. A large international trade ire-
cyclable mraterials has developed, i fact.
providing a powerfutl new tool that can
transform a wasteful world marterials in-
chestry into one that is sustainable.

Wood, alutninum, and iron take prior-
ity i1t recycling because 1heir production
requires large quantities of energy and
causes major environntenial problems.
Also, their abundance should satisfy de-
mand for base materials in the foresee-
able future. Among resources, however,
woud takes a special place: 1t is a fuel, a
building mawrial, the raw material for
paper. and a substitute for oil as a feed-
stock for chemicals production. And it is
renewable. Sustaimng the world's for-
ests, atready being depleted faster than
thiey are being reuewed, is therefore a
special necessity. Yel progress in recy-
cling paper has been slower than 1hat of
aluminum, and the paper recycling in-
dustry is much smaller than that of iron
and steel.

Each marerial requires different recy-

cling technologies, policies. and mar-

kets. The constraims on recycling may
differ from resource to resource. much
as Wrade barriers for iron scrap differ
from 1ax subsidies for umber harvesting,.
Removing such obstacles may require
action on planes as different as local zon-
ing boards and international trade com-
missions. Each resource, its potemial for
recyeling. and its speaal technical and
political ¢ircumstances must be consid-
ered in nrn.

THE VIRTUE OF NECESSITY

Recvcling has been an environmental
goal for a decadr now, but enly a few
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areas of the world have registered gains.
Volurttary recycling efforts have brought
some success, bul progress has come
about mainly in respense 10 necesshy.
Counitries that have increased materials
recvcling have been motivaied by three
nuain factots: short supply of raw materi-
als, high energy and caphal costs for
processing materials, and high environ-
mental costs in materials production and
disposal. Coumries that have no pro-
gressed have generally masked necessity
with price comrols and irade barriers,
‘Those that have succeeded, however,
have wrned their handicaps to advan-
tage. ‘They have cut both environmental
and economic costs of materials use,

Recycling half the paper used in
the world today would meet almost
75 percent of the demand for new
paper and would free 8 million hect-
ares of forest from paper produc-
tion,

Metals recovery reduces pollution.
Using coke in iron ore reduclion pro-
duces copious quamities of airborne
particulates, inciuding carcinogenic sub-
stances such as benzopyrene 4 Recycling
iron and steel reduces these particulate
emissions by 11 kilograms per meiric
ton of steel produced. It also cuts coal
and iron ore mining wastes by 11,000
kitograms per metric ton recycled.
These solid wastes, unless handled
properly, can contaminaie surface and
groundwaters with acid and toxic metal
drainage. Recycling aluminum reduces
air emissions associaied with ys produc-
tion by 95 percent. {See Table 6-1.) Dou-
bling worldwide aluminum recovery
raies would eliminate over a million1ons
of air pollutams, including toxic fluo-
ride S
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Table 6-1. United States: Environmental Benefits of Recycling?

Environmental Benefit Paper Aluminum Iron & Sicel
{percent)

Reduction of Fnergy Use 40-551 90-95 60-70

Reduction of Spoil & Solid Waste 1309 100 95

Reduction of Air Poltution 95 95 30

Wercent seductian m B LUs, Wns of waste, 1ons of pashictlates. eic., per ton of inawenal recycled.

*Refers to combustion of buth commercial energy and wood readucs.  SMore than a 100 percent
reduchion 15 possible because | 3 pounds of waste paper 15 sequired 10 produce one pound of recyeled
papier, If all paper were recyeled, the waste reduction. of course. would equal only 100 percent.
sotntes: R.C. Zaegler e al . fmpach of Vingin and Recveled Steel and Alumtnum (Washington. D.C.: US.
Euvronmenital Prolecuan Agemy, 1976), Waste Paper Recovery (Pans  Organmisation for Feonomie

Co-operation and Development, 19749)

Paper recycling helps preserve forests.
Paper products use about 35 percent of
tie world's annual commercial wood
harvest, a share that will probably jrow
to 50 percent by the vear 20005 Al-
though a sanguine auitude regarding
the state of the world's forests has a cer-
tain following, there is little reason for
complacency. As documented in Chap-
ter 5, the world’s tropical hardwoed for-
ests are expecied to decline 10 percent
by the end of the century. The softwood
forests of western Russia have long been
harvested at unsustainable rates, while
those of central Europe are dying from
air polluiion. The resulung decline in
wood production will put additional
pressure on other forests.” The United
Siates, producer of one-third of the
world’'s commercial forest products,
would be expected te take up much of
this slack. But the harvest of mature soft-
wood forests in the United States has
exceeded  replacement  for  several
decades. Industry-owned forests, in fact,
liave been cut so heavily that mature
trecs have heen depleted ar an annual
rate of 1 o 2 percent. spparently since
the early fiftics.®

Forests in the United States may not
be as ample as many imagine. however,
anJ may require additional protection.
U.S. officials define a forest as an area as
small as one acre thai is 20 percent cov-
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ered by trees. Mature softwood trees are
idenufied as those over nine inches in
diameter, though this describes a very
young forest. Intensively managed
woodlands will not retain the species di-
versity of natural forests and will not be
as resilient against disease and pollution.
Advocates of more intensive harvesting
in the United States point out that
“growing stock™ has been cut at rates far
below replacement. but they ignore the
fact that, as the Wall Street fourna! put it,
“these forests are neither deep. nor
dark, nor lovely.”? Much of whal is
called forest can neither satisfy human
aesthetic needs nor produce commeraial
timber.

Paper recycling can help satisfy addi-
tional paper needs for years to come.
Only 25 percent of the world’s paper is
now recycled. though notechmcal or eco-
nomic reasons prevent a doubling of
this figure by the end of the cenwry.
Recycling half the paper ysed in the
world today would meet almost 75 per-
cent of the demand for new paper and
would free 8 million hectares (20 mil-
lion acres) of forest from paper produc-
tion, an area eqtal to about 5 percent
of Europe’s woodlands. But projections
of the future use of the waste paper re-
source are far less optimistic, Franklin
Associates, a consulting firm specializ-
ing in paper recycling, projects that recy-
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cled paper will supply only 28 percent of
world paper production in the year
2000.1°

Less well known are the economic he-
nehts of materials recyding. Producing
paper, aluminum, and irot and steel
from secondary instead of virgin materi-
als typically halves investment costs
and, though varying with the product
and the country, can cul total costs sig-
nificantly. Because energy cosis are also
lower, recycled pajier can compete la-
vorably in many markets, depending on
the cost ol collecting the paper. The
tolal production costs lor producing alu-
ntinum and iron and steel from scrap in-
stead of ore can be 10 to 30 percemt
lower. Debt-ridden developing coun-
tries and their lenders could benefit
from investing in recycling rather than
materials production from virgin ores
and hbers.)

Unlortunately, many nations—indus-
trial as well as developing—continue to
mask the growing necessity ol capturing
recvcling’s benefits. They subsidize en-
ergy use with price controls, production
tax incenuves, and the uncontrolled en-
vironmental cost of producing and using
encrgy in materials processing. The lull
cost of energyv-intensive materials is nol
accurately represented in prices, and the
incentive 1o reduce these costs is conse-
guently diminished. The true cost of en-
ergy includes damage 1o forests from
acid rain, to homan lhealth from pollu-
tion. t0 human and aquatic populations
displaced by hydroeleciric projects, and
50 on. Solid-waste disposal costs usually
are paid in general taxes, not by in-
dividuals wlto create waste, leaving no
incentive 10 reduce costs. And exporl
barriers have been erected specifically to
reduce the price al metal scrap, a mea-
sure thal reduces the incentive to collect
scrap and makes it less available as 2 sub-
stitute [or primary matenals. Countries
that lead in recycling have removed
most, il not all, of these masks.
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WASTE PAPER

World waste paper consumption has in-
creased 140 percent since 1965, Paper
consumption has doubled over the same
period, however, so the share ol paper
recycled has changed only slightly, from
20 percent in 1965 10 24 percent in
1982. Despite this poor record, certain
countries have achieved much higher
rates ol paper recycling than others. (See
Table 6-2.) Moreover, much ol this
progress has been made only in the last
ten years. {Sce Table 6-3.)

Japan, the Netherlands, Mexico,
South Korea, and Portugal lead in waste
paper recovery or use, Japan in 1980 col-
lected almost hall the paper used in the
country. The Netherlands, which has

Table 6-2. Paper Use and Waste Paper
Recycling, Selected Countries, 1978-80

Annual Paper
Consumption Recovery

Country Per Capita Rate!
{pounds}  (percent
Mexico na. 50
Japan 326 45
Netherlands 347 43
Spain 156 40
South Korea 87 38
Hungary 132 37
West Germany 346 35
Sweden 477 34
lealy 205 29
“‘Brazl 64 29
Australia 295 28
United Stales 580 26
Canada 417 18
Philippines 22 16
Nigeria 7 2
World Eslimate 80 24

Iwaste paper collected as a percem of paper
consumplion. three-year average, 1978-80.
source: United Nations Food and Agriculture Or-
ganization, Adwisory Committee on Pulp and
Paper. ~Waste Paper Daia 1978-80." Rome, 1981,
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Table 6-3. Waste Paper Recovery, Selected Countries, 1960-801
Countsry 1960 1965 1970 19742 1980
(percent)

Australia na 16 n.a. 23 28
Austria 22 25 30 30 33
Canada 16 15 19 18 19
Denmark 21 13 18 28 27
France 27 27 28 n 30
West Germany 27 7 30 32 35
{taly 15 17 21 28 30
Japan Ba 37 39 39 47
Netherands 34 34 40 16 44
Norway 16 20 17 21 22
Spaio 25 23 28 32 38
Sweden 26 21 22 28 33
Switzerland 33 33 31 40 35
United Kingdomn 28 29 29 28 34
United States na. 22 21 242 27

World Estimaie n.a. 20 21 24 25

"Waste paper collecied as a percent of paper consumption.  ?Data for 1975 unavailable, except for

the United Siates.

souRCEs: | 960-74 data from Orgamisation for Economic Co-operation and Development. Waste Paper
Recovery (Panis. 1979). 1980 data from United Nations Food and Agriculture Organization. Advisory
Commitiee on Pulp and Paper, "Waste Paper Data 1978-80." Rome. 1981,

heen a leader in paper recycling for
decades, recovered 44 percent of s
paper in 1980.!2 South Korea, Portugal.
and Mexico doubly coniribute to waste
paper recovery: They have high recovery
rates and they import waste paper.

Why do soine countries perform bet-
ter than others? Their admirable per-
formance has been predictably pro-
moted by necessity. These “fiber-poor”
countrics, without substantial forests
available for pulpwood harvesting, have
been pressed by price and scarcity 10
conscrve waste paper. This may be
partly a mauer of choice for the Japa-
nese, since they have forests on their
northern istands that they do not heavily
cxploit. South Korea has made great
strides in reforestation, but stili places
heavy demand on its forests, especially
for firewood,'$

Success in Japan and the Netherlands

has been promoted by twin necessities.
In addition 1o being “fiber poor,” both
are crowded, land-poor countries with
populations strongly opposed to waste
dumps. These factors together have
driven up both the economic and the po-
litical costs of w *sting paper. Importing
finished papeir was expensive. and the
Japanese passionately opposed dumps
being located near their homes, making
it politically costly for leaders to override
residents’ protests. The Dutch similarly
opposed landfill disposal of municipal
waste. Since 20 to 40 percent of japa-
nese and Dutch municipal solid waste is
paper. recycling ameliorates waste dis-
posal problems.'4

Japan's efforts in recycling have his-
torical roots but began in earnest in the
mid-sixties. Now about 10 percent of
Japan’s total municipal waste is recycled,
and efforts to increase this proportion
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continue.!? Collecnon ol waste materials
is done in surprisingly diverse ways, sug-
gesting that systems can be made 1o
work in any number of circumstances as
long as collected wasie can be sold fora
rcasonable price.

One of the first programs i Japan re-
sulied from the cfforts of a private ¢n-
treprencur who in 1966 persuaded the
government of Ueda City to pay him
a portion of the ““avoided cosis™ of
landfilling the marerials that his firm re-
cycled. The city has found it preferable
to pay a small recycling incentive than 1o
pay a larger amount for waste disposal.
The plan requires residents to scparate
refuse into combustible and noncom-
bustible material. Glass is separated by
hand at the dump and ferrous metal
removed by magnet .16

Elsewhere in Japan, Hiroshima has
achieved stunning success: Disposal of
raw refuse has been reduced hy 40
percent since 1976, Student clubs, par-
ent-teacher organizations. and other
nonprofit groups that organize source
separation programs and the delivery of
waste materials are paid at or above mar-
ket rates, with a subsidy made possible
by savings from avoided landfill fees. In
Fuchi City. a suburb of Tokyo, the local
government purchased recycling equip-
ment for the use of a private firm The
firm must wurn over 1o the city much of
the revenue earned from sales of recycla-
ble wnaterials, but is permitted to keep 20
percent of any revenues above the costs
of collection and operation of the facil-
ity. In a variation of this approach, the
Shiki district of Tokyo made the initial
investment in equipment, but lets a com-
pany carn all its revenues froin the sales
of recyclables 7

“We have 1o change [wasteful] culure
from the very roots,” asserts Muneo
Matsuwinoto, an official in Machida, “the
garbage capital of Japan.” Machida
boasts that its new recycling program of
source separation and computerized
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processing recycles 90 percent of the
city's garbage.!® Progress such as this
{lows from the legendary discipline of
the Japanese. their proclivity for efh-
ciency, and their wilbugness to cooper-
ate and solve problems. The grass-roots
information system provided by citizens
works well, apparently as a result of the
incentives provided to groups. The Japa-
nese make it easy to participate and difh-
cult not to participate in paper recycling.

The Dutch have taken a different,
though equally successful, approach 1o
waste paper collection. As in Japan. ne-
cessity motivated national and local gov-
ernments Lo encourage recycling: Both
fiber resources and land for waste dis-
posal have been scarce. The Netherlands
has historically achteved the best paper
recycling record in the world, using a
few key policies 10 make the marketplace
work better. For example, the govern-
ment established the world’s first waste
exchange, a free brokerage service to
match buvers and sellers of waste. The
government has also attempted to stabil-
ize the ypical boom-and-bust cycles
in recyclables by establishing “buffer
stocks.”

The recycling indusiry is particularly
vulnerable to wild cyclical swings in the
market, and the recent recession has
been the worst since the Great Depres-
sion. Buffer stocks enable collectors of
waste paper in the Netherlands to sell to
the government-established fund when
prices drop below a predetermined
level. The stock is sold when prices go
up again, and the fund 1s thereby replen-
ished.'®* Some economists say this is
costly and sometimes counterproduc-
tive. It is difficult to match its operation
with the needs of the market and thus 1o
avoid undesired market distortions. Yet
the approach has been used in both
Japan and the Netherlands, the two lead-
ing nations in paper recycling, and may
mert further consideration elsewhere.2?

The Netherlands also strongly pro-
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motes source separation. though differ-
ently from japan. which has reled niore
on awareness, information. incentives.
and armies of nonprofit organizations.
The Dutch simply enacted o law requir-
ing source separation in all mumcipali-
ties that have contracted for collection of
wasle paper. Their suecess reinforees
the point that any munber of policiés
may be applied 10 effect recveling once a
socety makes il a priority.

Mandatory sotirce separation has re-
cently heen applied with success in the
United States. Islip, New York, was sued
by the state 10 halt landblling, partly be-
caust s dump was contaminating tu-
derground water and releasing viml
chloride into the air. A court setilement
required the city to initiate recveling.
Residents mnay now be fined up 1o $250
for nonccinphance. No major enforce-
ment actions have been needed yet,
however, becaunse the 50 percent compli-
ancerate has exceeded the city's capabnl-
ity to handle recyclables. The collection
program has succeeded without costly
investments wn sophisticated engineer-
ing devices. Residents simply place re-
cyclables tn containers, putting glass and
cans on top and paper underneath. The
cily sorts {errous miaterial with magnets
and the rest by hand, as jn Ueda Ciy,
Japan. 2

“"Markets first, collections second”
should be the philosophy of recyclers,
according 1o Ronald Rosenson of (he
National Association of Recvcling In-
dustries in the Linned States. Tha is,
the first priority in materials recycling
policy shotld be to establish demand for
recyclable products. II' markets are es-
tablished, collection will follow. To en-
courage markel development, the Scan-
dinavian  cotintries  have  created a
cooperative waste exchange: Sweden, in
fact. helps industries with hazardous
wastes find buyers who can put the mate-
rial to productive use. These exchanges
are based on the princtple that one firm’s
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waste may be another’s raw matenal. A
West German waste exchange founded
in 1974 has brokered over 20,000 offers
and requests for recyclable materials and
has expanded into Austria, Swilzerland,
northern ltaly, and France. Bul «s the
expenence in the most successful coun-
trics stiggests, sitnultaneoushy establish-
ing markets and encouragmg collection
with various stiong measures is impor-
tant. 22

Machida (Japan) hoasts that its new
recycling program of source sepa-
ration and computerized process-
ing recycles 90 percent of the city’s
garbage.

Necessity is the mother of collection,
and uneven distribution of the world’s
forest resources provides some nations
with local abundance despite global
searcity, thereby lessening their pressure
to recycle. But just as wasting gasoline jn
an oil-rich country carries an opportu-
nity cost jn lost exportl sales. so does
waste of recyclable paper. If properly
promoted, the new and growing interna-
tional market for waste paper coald pro-
vide a strong incentive to all countries.
International waste paper trade has
grown from almost nothing in the carly
seventies 1o abott 10 percent of all waste
paper collected, or 2-3 percent of all
paper used in the world. The value of
this trade totats some $600 nillion, de-
pending upon volatile inarket prices.2s

Mexico now produces half jts paper
from waste paper. In South Korea, ym-
ported waste provides 40 percent of the
fiber used in paper production. Almosi
half of ltaly's paper production also de-
pends on waste, a significant portion of
which is imported. Canada imports half
the waste paper it uses. 2 This, unforug-
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nately, is a corsequence of the low col-
lection rate within its own borders. Most
other importers have high domestic
rates of waste paper collection. The high
percemtages achieved in Japan, the Neth-
erlands, South Korea, and Mcxico are all
the more remarkable consideriug that
much of the paper they use is exported
as packaging for manufaciured goods.

The United Siates now dominates the
international waste paper trade, account-
ing for 85 percent of ner sales. The sig-
nificant expansion of rade between us
leader and Mexico, South Korea, and
Japan during the seventies can serve as a
model for development of waste paper
trade elsewhere. China, India, the Philip-
pines, and ‘Thailand could all become
large markets for recyclable paper.2®

Bt obsiacles to trade could effectively
block such development. Though rade
m waste paper has so far met with few
serious consiraints, several factors have
kept it below its potential. South Korea,
for example, imposes a 10 percent im-
port fee on waste paper. Because the
United States js the main source and
shipping rates are extremely favorable
on this route. the rariff has not deterred
paper exporters. Under less favorable
transportation terms, however, tariffs
and constraints on licensing imports
would hinder recycling. Transportation,
in fact, has been a serious impediment.
Waste paper rade between the United
States and Venezuela has been crippled
by high rates, and inadequate rail facili-
ties have hampered trade between the
United States and Mexico. Another sig-
nificam impediment has been unsiable
currency exchange rates, High values for
the U.S. dollar have reduced the coun-
iry's exports of wasie paper.26

In addition 1o encouraging the expan-
sion of jmernational trade mn this re-
source, paper recycling can be promoted
by creating or widening its cost advan-
tages over paper made from virgin pulp.
One advantage could be provided by in-
creasing the price of virgin wood pulp 10
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reflect its true economic value. In na-
tions where mature sofiwood forests are
harvested faster than they are replaced,
reducing the rate of harvest would put
the price of pulp closer to its long-term
cconomic value. Forests would thus be
afforded greater protection and waste
paper recycling would be encouraged.
Paper and wood prices need not increase
as long as additional quanuties of waste
paper are recovered and recycled.

The U.S. Government could take a
major step in this direction, since it owns
half the sofiwood forests in the counuy,
The U.S. Forest Service directly affects
the price of pulp by leasing large areas of
national forests each year regardless of
marker demand. The suspension or
modification of this praciice, coupled
with a sewing aside of more publicly
owned forests for wilderness and park-
land, would reduce the environmenial
subsidy of the use of virgin pulp and in-
crease the relative auractiveness of waste
paper. The United Siates may also find it
particularly advantageous to acquire and
protect forests in the Southeast, where
wood harvesting is growing rapidly.

The price of waste paper can be stabil-
ized by increasing demand for it and by
expanding its collection. Higher, more
stable prices would provide an incentive
for commercial collection. Local zoning
ordinances to reduce landfill disposal of
paper wastes, along with broader re-
gional or national Jaws requiring source
separation and mandatory collection of
waste paper, will increase suppl:es and
thus serve 10 prevent drastic price in-
creases. Indeed, the greater problem
will be to maintain demand for waste
paper. International markets will be es-
sential for this purpose.

Waste paper will not be used unless
there is the means to yse it. and this im-
plies that a marked change is needed in
investment strategies in the papermak-
ing process. Following World War 11,
most Canadizn and U.S. papermakers
built mills 1o exploit virgin pulp. A dif-
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ferent type of mill s requured ro produce
paper from waste. Private companics will
be induced 10 build recycling mills
mainly by policies that increase the price
difference  between virgin pulp and
wasle paper.

In developing countnes, however,
using cheap wasie paper—domesiic or
imported—rather than imponed pulp or
lintshed paper products has alreads
proved econommcally attractw e, Interna-
tional development agencies and finan-
cial instinions have begun 1o recogmee
the cost-cutting potenual of ny estnent
in waste paper recycling in the Third
World, The World Bank coniribined als
most $1 million m 1982 10 iniprove the
cfficieney with which Egypt's outcasts
and garbage pickers, the Zebaleen, col-
lect Cairo's wastes, The organization has
also supported a  multimillion-dollar
projectin Egyvpt that will recycle paper.??
Such investments in developing coun-
tries can lead 10 higher rates of waste
paper collection by creavng a ready mar-
ket

Government procorement of recvcled
paper stinulates recveling. By law, the
U.S. Govermnent nwst purchase paper
made from recvcled hbers, but the
Carter and Reagan admimstrations have
ignored this requirement, ‘The state gov-
ernment of Marviand, however, has
cliectively conplied with a similar law:
Twemy-five percent of the state's paper
is now recycled stock.2® The Organisa-
tion for Economic Co-operation and De-
velopment also encourages procure-
ment of recycled paper for its own use as
well as for that of its 24 member nations.

The use of waste paper as a fuel n the
United Stares has unforumately cremed
an obstacle (o increased recy cling, which
J. Rodney Edwards of the American
Paper Institute calls "the worst threat 1o
paper recvcding,” This threat is “flow
control,” or government monopoly of
the flow of waste materials. ‘The opposi-
tion 1o and cost of landfilling has drawn
miwicipal gosernments 10 the use of re
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source recovety sistems, which bum re-
fuse 1o produte energy. But soine cies
have gone beyond using refuse and want
1o burn paper now being recycled.
Akron, Ohio, for example, has built a
resource recovery plamt and has fougln
10 conirol all waste products in 1he city.
The plant’s creditors successfully pres-
stired the aty 1o ensure dhat all burnable
waste would Bow 10 the facility in order
toincrease the revenues generated by its
energy sales. ‘This meant that would-be
reayclers collecting old newspapers, cut-
tings from envelope manufaciurers, or
corrugated cortamers from supermar-
kers vonld be forced 1o deliver these
materials to the city dump to be
burned.2? As a fuel, waste paper is worth
about $20 per ton. wlile recyclable
paper has a value of $40-60 per ton or
more.

The Japanese, the Duteh, and ohers
also widely use incineration and energy
rece sery, but only after recvclable waste
paper has been collected. These facih-
ties can be sized i advance 10 account
for paper removed for recyehng. 1 they
ar¢ not, however, cuies will have a pow-
erful meentive 1o discourage recycling.
Many U8, facilities were planned in the
energy crisis amosphere of the seven-
ties, Bat as David Brower, founder of
Friends of the Farth, said in opposition
10 a resonrce recovery plant in his hoine
town, they may be "a good idea whose
time has passed. "™ Some U.S. advocates
of recychng call for a federal law 1o pro-
tea recyclers from monopoly control of
municipaliies’ wastes. Since the United
States has 34 energy recovery facibities in
operation, 20 nearing completion, and
many others under consideration in
communities facing shortages of landfll
space, wilhons of wons of recvdable
waste paper could soon be “wasted” in
muticipal incinerators.

Another government constraing on re-
cveling stems from the control of energy
prices. The United States, for example,
controls the price of natural gas, which
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ranks second only 0 waste wood as a
fuel for the U.S. paper indusiry. As a
resutt. the indusiry uses more nawral
gas and less waste wood to produce
paper. Paper prices do not reflect the
true energy costs of producuon, and this
inurnlowers the rate of paper recyding
by decreasing the relative value of waste
paper. Because the United Siates pro-
duces one-third of the world’s paper, the
government’s policy on natural gas
prices in effect reduces waste paper de-
mand twoughout the world . $

RECOVERING ALUMINUM

Subsuting aluminum forheavy sieel in
automobiles saves gasoline. Substituting
it for glass or for steel packaging saves
energy in transportation and may aliow
casier, more efficiem recycling. Yer pri-
mary production, from bauxite, requires
20 times as much electricity a5 using alu-
minum scrap as a metallic feedstock.
Bauxiie and coal must be strip-mined,
and rivers are ofien dammed to generate
hydroelectric power for smelting. Dis-
carded aluminum conainers spoil the
environment. Because these problems
are serious, and because aluminum will
play an imponant role in any indusinal
soctety. aluminuim recycling is essential.

The world is far from achicving the
technical potential for aluminum recy-
cling. Although some analysts estimate
that 80 percent of aluminum can be recy-
cled, less than 30 percent of that pro-
duced in 1981 came from scrap. Half the
recvcled aluminum came from industrial
wastes—scrap produced in the smelting
or cuttng and fabrication of finished
products.

The low worldwide rate of aluminum
recycling is caused in part by rapid
growth in the production of durable
consumer items such as appliances.

State of the World—1984

These products last many years and so
do not soon vield their metal 1o recy-
cling. Purchases of washing machines,
refrigerators, and automobiles in Brazil,
for example, grew at an annual ratc of 24
percent 1n the early seventies.?? Such
coumries, moving from low to high per
capita rates of aluminum consumption
or experiencing high races of population
growth, can expect somewhat less alumi-
num to be available for recovery. But
many countries—such as Australia, Can-
ada, Norway, and the United States—
have had high per capita rates of alumj-
num consumption for years yet recycle
relatively small amounis. (See Table 6-
4.) Low recycling rates in these countries

Table 6-4. Aluminum Use and Recycling,
Selected Countries, 1981

Aluminum
Consumption Recovery
Country Per Capita Rate?
(pounds)  (percent)

Netherlands 21 42
Ialy 27 41
West Germany 45 33
United S1ates 56 32
United Kingdom 20 28
France 26 27
Japan 42 25
Switzetland 34 21
Norway 42 20
Sweden 34 19
Australia 41 16
Canada 36 16
Ausira 27 15
Brazil 5 13
Mexico 7 10
Soviet Union n.a. 10

World Estimate 7 28

TAluminum collecied as a percent uf cunsump-
tion.
sources: The Aluminum Association. Enc.. Alume-
ntrm Statstical Revww for 1981 (Washington. D.C.;
1982); U.S. Bureav ol Mines. Minerals Yearbook
1981 (Washington. D.C.: 1989,
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may be doe 10 histoncally low energy
prices,

Since energy accounts for 20 percent
of the cost of producing alunlinum from
virgin ore, the progress made in recy-
chng during the seventies can be ex-
plained in part by energy price mereases.
(See Figure 6-1) Great sirides were
made in the United States, illustrating
that modern society can adapt 1o in-
creasing scarcity without sacrificing liv-
ing standards. U.S. alinmum recycling
has reduced hoth environmental polln-
tion and the need 10 construct costly new
power facilitics, thus frecing scarce capi-
tal for use clsewliere in the economy.

Canada. Japan. the Soviet Union, the
United States, and West Germany pro-
duce 60 pereent of the world's aluini-
num. Australia, China. France, laly,
Norway, §pain, and the United Kingdom
bring the total 10 over 75 percent. Taly
produces half its aluntintum from scrap,
while West Germany and the United
States produce one-third of theirs from
recycled almninum. Italy'’s perforinance
is particularly unpressive because its per
capita consumptions has long averaged
less than half that in the United States
imd 60 percent thar in West Gerinany.32

Norway is the world's sixth largest alu-
minum producer and the fourth highest
per capita consumer. ‘The counry is
often cited as an example of environ-

Pereent
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Sources; Resouries for
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mental sensitivity, vet it directly recycles
only 4 percent of the aluminum it con-
sumes and exponts large quantitics of
scrap, which brings the to1al 1o 20 per-
ceni. Much of Norway's scrap finds its
way cither directly or indirectly to laly,
another sign of the importance of inter-
national trade in recyclables.

The Soviet Union, the world’s secand
largest almninum producer. aliogether
recvcled and exported only 10 percem
as much aluminum as it consumed in
1979 or 1980. This low level may be at-
tributed to the complicated and highly
centralized control of materials produc-
tion and allocauon and 10 energy price
distortions similar 1o those caused by
ULS. price controls during the seventics.

‘These aluminum recovery rates can
only provide a relative index of how well
a nation has perfornied. The figures in-
clucle scrap froin fabricating mills, which
undouhtedly overstates progress in each
major producing country. Nevertheless,
the dramatic differences, especially be-
tween cauntries with high rates of pro-
duction and consumption, can be in-
stroctive.

Just wen years ago the United Suutes
ranked low in recycling among the
world’s major aluminum producers.
(See ‘Table 6-5.) Subsidized hydroelec-
tric power and cheap coal kept electricity
prices low. But coal price increases and
cost overruns at nuclear power plants in
the  alumintom-producing  Tennessee

Valley and Pacific Northwest greatly in-
creased the cost of power and, thus, of
primary alominum.3* These rising en-
ergy costs had a dramatic effect in this
field: Recycling grew from 17 percent to
32 percent inten years.3s U.5. scrap con-
sumption jumped 17.7 percent in 1981.
‘The miost dramatic change came in alu-
minma cans, Only 15 percent of alumi-
nunm cans were recycled in the United
States in 1972; by 1981, over half were
recvel 4.96 The United States recycled
as much aluminom-can scrap in 1981 as
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Table v.5. Aluminum Recycling, Selected Countries, 1954-81°
Country 1954 1960 1965 1970 1975 1981
{percent)
France 21 19 17 20 23 27
West Germany 45 39 39 34 30 33
laly 27 20 33 37 41 41
Japan 19 26 29 28 15 25
United Kingdom 30 32 36 35 30 28
United States 18 16 17 17 26 32
World Estimate 19 16 17 17 21 28

I hese couninies represest 50 percent of world slunnnuin produtuon Recyvehng rates represent
secondary recosery, including scrap alutmmem consun.ed m both prenary and secondary prodvction,

atd net scrap consumplion

SOURCES Data through 1970 from Leonard 1. Fischman. World Miirral Frends and U8 Supply Problems
(Washington. 13.C . Resources Yor the Fulure, 1980). 1975-81 data trom dlumnum Statstical Benew
Jor 2981 (Washmgion. D.C.: The Alamunum Association, Inc,. 1982)

the entire continent of Africa produced
in both primary and secondary smelters.
This also meang, of course, that the
United States threw away more recycla-
ble aluminum in the form of beverage
cans than Africa produced.’?

Norway's poor recycling record is
probably due to its abundance of inex-
pensive hydroelectric power. Although
the long-term migration of energy-
intensive industrie’, to energy-rich coun-
tries such as Norway may be a positive
step toward a sustainable society, in the
current era of unattained recycling po-
tential it presents a hidden pitfall 38 Sub-
sidies for energy use—whether they
come in the form of ¢nergy price regula-
tions, government and development
bank financing of hvdroelectric facilities,
or environmental degradation from
flooding, species extinction. and fuel
combustion—unnecessarily waste re-
sources.

The largely untapped potential of alu-
minum recycling suggests that many en-
ergy projects planned around additional
primary alunummnm production are un-
necessary, Ten years of environmental
opposition to hydroelectric develop-
ment in Norway has restricied expansion
of primary aluminum production
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there.3? Similarly, opposition halted a
dam desizned to produce power for alu-
minum smelting jn Tasmania 4% These
actions may increase the availability of
affordable aluminum since they will
force a more economical use of re-
sources.

Only 15 percent of aluminum cans
were recycled in the United States
in 1972; by 1981, over half were re.
cycled,

Desj.ise high energy costs, Japan recy-
cles only about 25 percent of the alumi-
num it consumes. But per capita alumi-
num consumption was low in Japan until
the last decade, when rates climbed
sharply, Much of Japan's *‘consump-
tion,” in fact, is shipped out of the coun-
try inmanufactured products such as au-
tomobiles. The Japanese mainly use
steel cans and glass bottles for bever-
ages, and so less aluminum scrap is avail-
able than in the United States. Yet
Japan’s primary aluminum industry has
seriously lost its ability to compete.

e rrr———
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(Ihaly's industry is in @ siumlat position. It
has 1cttered on the brink of collapse for
several years, and its secoudary indusiry
may be the only healthy segment that
revunns 4ty Japan generates eleariaty
with oil, so power there now costs inore
than in most conmries. Japancse pni-
nary alumimun production, as . result,
has dropped by about 25 percent vver
the lasi ten years, and the industry’s
losses in 1982 wowled over $500 million.
Less than 20 percent of the industry's

rimnary aluminum production capacity,
in facy, is deemed competitive 42

In 1981, the Japanese actually pro-
ducetl more almminun: from secondary
nctal than from primary sources. One-
quarter of the scrap processed was im-

orted from the United Siates: bringing
Eack parts of ‘Tuyotas and Datsuns. as il
were. In the meannme, Japan has im-
posed tariffs on imported aluminun
ingot and has pursiied investmem in pri-
mary aluminum production in seven
countrics. Japan’s share in these invest-
ments asstires Japanese companies as
much primary aluminum as the couniry
used in [982 {872,000 tons).43

As with wasie paper, mternational
trade brings o new and dynamic force to
the recovery of scrap alyminum, Scrap
moving across nalional boundaries in
1980 1otaled 820,000 10ns, representing
more than 5 percent of werld aluminum
productivii. A1 36¢ per pound, the value
of utuernaionally traded  aluminum
scrap amounied (o almost $600 million
in 198044

‘Three leading consumers of recycled
aluminum—nhaly, Japan, and West Ger-
many—each import large quantities of
aluminum scrap. Japan imported as
much in 1981 as it used ten years earlier.
With primary production declining as a
result of oil price increases, secondary
production in Japan increased 138 per-
cent over the las1 decade, with as much
as 70 percent of the increase made possi-
ble by scrap imports. ‘I'wenty percemt of
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the towal aluminum production of boih
West Germany and Iialy in 1980 can be
anribuied 10 scrap imports. 45

In 1981, the Japanese produced
more aluminum from secondary
metal than from primary sources.

Yet European scrap smelters pose a
threar 1o the free rade of aluminum.
Seeking lower scrap prices, their owners
argue for increased trade barriers to ve-
strict scrap exponts from their countries.
A wade publication of the secondary
smelter industry repons that “EEC
{European Economic Communiy] sec-
ondary smelters are . . . endeavoring 10
ensure that the export ofhigh value and
cuergy-rich raw material is restricted by
the re-intreduction of export quoias.”
These quotas were removed by EEC
countries in 1981 and replaced with a
less resiriciive export licensing sysiem,
after which experts of aluminum dou-
bled.*® The importance of trade to the
growth of recycling is clear. The “mar-
kets first, collections second™ sirategy
will be defeated by effons to suppress
aluminum scrap prices. Similar effonts 10
suppress iron and s1eel scrap prices have
historically plagued recyclin

The impornance of rccyc?mg alumi-
nuia cans 1s also clear. Fully one-quarter
of all U.S. aluminum production goes
into packaging, half of which is beverage
comainers. Mexicans used abom 6.5
pounds of aluminum per capita for all
uses, while Amnericans used 6.7 pounds
per capita for beverage comainers
alone.#” Although packaging can be an
important means of protecting food and
other products, unless it is recycled such
consumption would not seem to be sus-
tainable,

The private sector has made com-
mendable progress m collecting atumi-
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nuin cans for reevcdding. One of the most
exciting innovations in recyeling is the
“reverse vending machine,” a machine
that accepts aluminum cans (rejecting
ferrous cans, glass, or other unwanted
objects), weighs the aluminum depos-
ited, and chspenses money orconpons in
pavment. One machine in North Dakota
reclaimed 109 tons of cans in one vear,
and 20 reverse vending maclunes in
Denver. Colorado, paid out over $i mil-
lion in an 18-month period. Sweden
plans to huild and install an estimated
10.000 reverse vending machiues as part
of an effort to recover 75 percent of the
aluminum cans used in the country. This
wonld save 10,000 tons of aluminum an-
nually (500 million cans), as much as
Sweden imports each ycar.*8

In the United States. the Colorado-
based Coors Brewery makes a special
effort ¢ recycle cans: It has a contract
with its aluminum supplier that provides
a discount in return for recovered alumi-
num. Coors opened eight recycling « en-
ters in Atlanta, Georgia, even before it
sold products there. 'The company each
year collects over 50.000 tons of alumi-
num cans in more than 20 states.*?

‘Though it is encouraging that Ameri-
cans now recycle 54 percent of the cans
they use, ccuntries and individuz! s, ates
with container deposit legislation have
made mnea niore  dramatic  gains.
Deposits are now required on all hever-
age containers sold in Sweden. Den-
mark. Norway, the Netherlands. and sev-
eral provinces in Canada. Nine states in
the United States now require such
deposits. and the recent addition of New
York. the country’s second most popu-
lous state, to this list represents inajor
progress for recycling. (See Table 6-6.)
Return rates of both bottles and cans
exceed 90 percent in most states where
the programs have been in effect long
enough to be measured, almost twice the
U.S. naticnal rate.

In almost all states with container de-
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Table 6-6, United States: States with
Bevorage Container Deposit Laws

Refillable
Siate Boiiles Cans

(percent 1eturned)
Oregun 11972) 95 92
Vermont [1973) 93 90
Maine (1978} 93 93
Michigaa (1979) 96 96
lowa (1979) 96 90

Connecuicue (1980) - -
Massachuseus (1983) - —_
Delaware (1983) -_— -
New York (1983) —_ —_
sources: William K. Shireman. Can and Bottle Bills
{Stanford, Calif: Calformiz Public Imerest Re-
search Group and Sianford Environmental Law
Society, 1981): U.5. General Accounting Office.
“States Experience With Beverage Comainer De-

posit Laws Shows Posiuve Benefits.” Washinglon.
).C.. Decetber L1, 1980.

posit laws, total lister has been reduced
by 35 to 40 percent by volume, and bev-
erage container litter by 75 to 86 per-
cent. No state with a bottle bill has lost
jobs on a net basis. Though container
recycling may reduce jobs in materials
production and container manufactur-
ing, It creates jobs in container collec-
tion, transportation. and reprocessing.
In Oregon, the U.S. pioneer in this pol-
icy. a net total of 200 jobs were created.
In Michigan, the first state to test con-
tainer legislation in a densely populated
urban seuing, 4,600 jobs were created.
A nationwide beverage container law in
the United States would, according to
the U.S. General Accounting Office. cre-
ate a net total of 100,000 jobs. As an
additional benefit, litter cleanup costs
could be reduced; in Maine, they were
halved. For all these reasons, almost
three-quarters of the US. population
favor container deposit legislation.5?
Promoting the use of aluminum con-
tainers in preference 1o others might ac-
tually conserve resources. The steel can,
when i is tin plated, is so difficult to
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recycle that even the recvchng indusiry
calls it "a can of worms.”%! *“Tin" cans.
which are mosily sicel with a thin coating
of tin to prevent corrosion, are not easily
recyclable hecause the un fuses with ihe
steel. Most recycled tin cans. in fact, are
used as a catalyst in copper production.
The metal in them is actually consumed
in the process and cannot he recovered.
The aluminnin can. which is readily re-
cyclable, could beneficially replace steel-
alloy or bimetal cans. and even glass.
Both glass producuen and recycling bro-
ken glass are encrgy-intensive processes,
and unless a returnable boule is re-used
M least ten nmes before being discarded
ar uinbed, it offers ne energy savings
over recycled aluminum cans Replacing
the steel and glass now used for foed
containers wuh alominum would thus
save energy and materials,b?

Twenty reverse vending machines
in Denver, Colorado, paid out over
$1 million in an 18-month period.

Cantinued growth in recycling will de-
pend on both market developinent and
scrap collection. International markets.
especially in developing countries. could
provide the impetus for increasing col-
lection in counries with high consunip-
tion rates. Investments in secondary
recovery can be encouraged bv interna-
tional lending agencies. by nations that
want ¢ improve their balance of rada,
by entreprencurs. and by environmen®
talists. International banks could expleit
this opporwnily tc promete environ-
menitally acceptable and economically
sustammable growth with a techneology
that produces aluminum for half the cap-
ital of primary facilities with only 5 per-
cent as much energy. The World Bank,
unforwunately, has apparently all but ig-
nored ‘iis potental in the late-1983
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draft of jts forthcoming “World Alumi-
num Indusiry Siudy,” preferring insiead
10 ask tradinonal questions about how
much new eleaific capacity invesiment
will be required 1o run primary facili-
ties,53

National governments, moreover. still
seem interested mainly in primary alu-
minum production. The response of the
Ministry of International Trade and In-
dustry 1n Japan 1o the high cosi of pri-
mary produciion there has been 10 move
the industry 1o developing countries
with cheap hydroelectric power.

Secondary aluminum provides an al-
ternative 10 environmemally trouble-
some additional psimary aluminum pro-
duction. But taking advantage of the
alternative will require nvesing time
and money in campaigns tc enact con-
tainer deposit legislation, an assurance
of free rade in scrap. and the introduc-
tion of energy pricing policies that re-
flect the real economic cost of energy.

IRON AND STEEL

The world steel indusiry now uses scrap
for 45 percent of its irou requirements,
and many countries rate high marks for
iron and sieel recycling. (See Table 6-7.)
These with some of the best records—
Belgium and Luxembourg, Czecho-
slovakia, Italy. Spain, the United Siares,
and West Germany—use scrap for 60 1o
75 percent of the meral used in steel-
making, if steel mill scrap is included.®4
But steel mill scrap basically just recircu-
lates in the production process. meaning
that these percemages would be only
half as large if only purchased scrap—
scrap frot., fabficators and consumers—
were counted. Post-consumer scrap re-
covery represents only one-quarter of
the iren and steel recycled. and if the
United States is any indication, only 45
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Table 6-7. Steel Consumption and Scrap
Recycling, Selected Countries, 1980-82

Annual Steel
Consumption Recovesy

Coumry Per Capita Rare!
(pounds)  (percent)
Belgium.lux. 714 40
United Kingdom 715 35
United Stares 1,120 35
Netherlands 723 35
Japan 1.387 3
Poland 1.162 31
Czechoslovakia 1.607 30
Spain 514 29
West Germany 1210 27
ltaly 1.010 24
Sweden L0996 24
Brazil 291 21
India 10 21
Soviet Union 1,250 17
China 9 9
World Estimare 400 25

'Represents steel scrap collected (excluding
steel mill scrap and including net exporis} as a
percent of steel consumed; three-year average.
sources: Warldwatch estimates based on U.S. Bu.
reau of Mines, Merals Yearbook. 1981, Vol 11
(Washmglon. D.C.: 1982}, Statstical Abstracts. 1983
(Washingion, D.C.: US. Gorernmem Priming
Office, 1983}, and unpublished dara provided by
the Bureau Intemational de la Recuperation, Brus-
sels.

percent of the iron and sieel that
becomes obselete-—ready for recycling
following consumer use—-is acwally re-
cycled each year.s® (See Figure 6-2))
Moreover: this rate is only half as high as
m 1955, when the high rates encouraged
by World War 11 still lingered.

One measure ofthe fack of progress in
iron and steel recycling, in fact, is the
increase in the stock of obsolete scrap.
In 1978, the backlog of recoverable fer-
rous scrup in the United States alone to-
wled over 600 millien tons. Since then,
it has grown to 680 million 1ons and is
expected 10 grow further.’®

State of the World—1984

Cerain countries appear te have far
worse recycling records than others in
iron and sieel. Among East European
natiens, Czechoslovakia, Poland, East
Germany, and Hungary consume scrap
at relatively high rates. The Soviet
Union, however, ranks as one of the low-
est users of scrap in the world, with arate
half that of Japan, the United States, or
West Germany. Argentina, Brazl, China,
and Yugoslavia consume very low levels
of scrap. Necessity again appears to be at
work, for countries with sufficient indig-
enous sou.ces of iron ore do less recy-
cling.

But using iron ore because it avail-
able may be afalse economy. Scrap costs
little more than iron ore and can be cen-
verted 1o steel with much tower capital
costs. The most vibrant sector of the
U.S. steel industry, in fact, is the "'mini-
mill,” which includes electric arc fur-
naces. These use virtually 100 percent
scrap, compared with 45 percent in open
hearth furnaces and 28 percent in basic
oxygen furnaces. Use of electric arc fur-
naces has grown dramatically around the
world, especially in the countries with
the highest recycding rates. The NUCOR
mill in South Carolina exemplifies the
advamage of building a " minimill”’ with
an arc furnace: The mill earned a profit

Percem
100

Sources: Robert B, Nathan Associates;
Inst. of Scrap Fron and Stest
75
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jgure 6-2. U.S. Iron and Steel Scrap Use
(ﬂ‘:l’eruntof&np Generated), 1960-82
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in 1982 during one of the wonst years
ever in the steel indusiry.5?

A valuable new iron ore reduction
technique,  direct reduction of aron
(DR1), eliminates coking and reduces en-
ergy costs. The pig irois produced by
DRI is even called artificial scrap. Many
countries, including Brazil and Nigeria,
have adopted this technelogy. T'vtal cap-
nal cosis for direct reduction. however,
run as high as for conventional sieel pro-
duction. Despite the advantage of scrap-
based production. Brazl sull has one of
the world’s low#st rates of scrap wiiliza-
oen.

Nigeria has recemily moved 10 elimi-
nate ns dependence on imported sieel
by investing in DRI. At a ne' mill, di-
rectly reduced iron is mixed wth scrap
in four new clectric arc furnaces, with
scrap supplying 25 percent of the
charge. The result has been unsatisfac-
tery, however, since the 1o1al cost of
Nigerian stecl is SBBnger ton compared
with import prices of $315-450. Nigeria
might instead have collected more of the
cars now rusting in junkyards around the
country and processed them in eleciric
arc furnaces. The cost of scrap-based
steel would probably have been even
lower than the most favorable finished
steel import price and only 25 percemt of
their current production costs.*® Thus,
developing countries with or without
wron ore resources should fird electric
arc production the wechneology of choice,
followed by direct reduction of iron ore.

Developing countries and all nauons
not well endowed with scrap mav think
that investing in eleciric arc fumaces is
unduly risky. History has shown that
scrap exports have been and could easily
again be restricted. American steel-mak-
ers have consistently sought to keep
scrap prices low by lobhying the govern-
ment Lo restnict the export of scrap. Such
policies seriously diminish the prospect
for iron and sieel recycling. They
threaten the $11-billion world ferrous
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scrap industry, in which the United
States has the largest stake. In 1980, be-
fore the worldwide recession devastated
the scrap business, U.S. scrap dealers
handled more than $5-billion worth of
scrap. about 15 percent of which was ex-
ported. In 1980, the United Siates ex-
ported more than 1i million tons of
scrap worth almost $1.3 billion, for 75
percent of the world’s net international
trade in iron and sieel scrap.5?

U.S. sieel-makers may have legitimate
complaints about unfair irade practices
in some steel-producing nations. West-
ern Europe, for example, provides ex-
tensive subsidies 10 sieel-makers, many
of which are owned in large part by gov-
ernments. These subsidies are not re-
flected in steel prices and therefore not
only permit unfair competition bur also
discourage more-cost-effective produc-
tion, meaning greater use of scrap. 60 Just
as the defense of free irade requires the
maintenance of open borders, it also re-
quires regulation of unfair trading prac-
tices.

Many metals are alloyed with iron to
increase its strength, resistance 1o rust-
ing, and duciility. Soning, separating,
and reprocessing these alloys has be-
come a sophisuicated business. Scrap
processors now use shredders, flotation
devices, melting furnaces, and cther
cquipmeitt 1o prepare complex mixtures
of scrap metals for recycling. An auto-
mobile, for example. coniains not only
iron and steel but also copper wire and
zinc handles. Scrap processors now are
so proficient that virtually ail the zinc in
recycled automobiles is recovered.
These skills will have to become even
more highly developed, however, if recy-
cling of iron and steel ts not going to
result in their comamination by other
metals.¢!

Market development must be the first
priotity for recycling’s promoters. Pro-
moticn would best be accomplished by
stimulating invesument in electric arc
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furnaces and removing ride barriers.
The need 10 conserve energy has been
the greatest impetus to the use of scrap
because of the quantities of energy em-
bodied in i1. Eliminating subsidies for
energy production and use shiould be a
liigh pricrity for promoiing iron and
steel scrap recycling markets.

Norway imposed a $100 deposit on
new cars, refundable with a $50
bonus for any car properly dis-
posed of.

Promotion of iron and steel collection
will be much more difficult. Beverage
comainer deposits help recover sieel as
well as- aluminum and glass. More im-
portantly, as mentioned carlicer, they vir-
ally eliminate the use of the steel can.
This saves resources overall. Flow con-
trol faws requiring that recyclables flow
to publicly owned or backed resource re-
covery facilities can hurt steel recycling
Jjust as much as they hurt paper recy-
cling. Monopolization of municipal mar-
kets for scrap collection diminishes the
marketability of scrap by reducing eco-
nomic incentives for its collection.

Norway and Sweden have been
praised widely for what have been called
model iron and steel scrap collection
policies. In the early seventies, 400,000
abandoned car hulks littered the Swed-
ish counuryside. A 1976 law required the
disposal of cars with authorized scrap
dealers. In Nerway, 50,000 autes had
been abandoned. with 20,000 more cach
year being junked. Norway followed
Sweden’s example and introduced its
own disposal law, but applied a tax
rather than regulatory policy. Enacted in
May 1978, the new law imposed a $100
deposit on new cars, refundable with a
$50 bonus for any car properly disposed
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of. lu the firsi eight months of the pro-
gram's operation, 33,000 car hulks were
collected, compared with an average
20,000 per year before the law.52
Though Norway’s car deposit and
Sweden’s disposal law have apparently
been successful, they would have been
unmecessary if there had not been artifi-
cial consiraints on ihe scorap market.
Sweden has essentially prohibited ex-
ports of iron and steel scrap since 1927,
and Norway permits export of scrap only
when the would-be exporter demon-
strares that 1o market for it exists in Nor-
way. The result is a greatly reduced mar-
ket that permits price fixing and
artificially suppressed prices.s$ Norway’s
iton and steel rvecycling rate remains
substantially below the world average.
On the other hand, Norway produces
iron ore, which in other countries has
reduced scarap use.% The automobile de-
posit may have helped offset this factor.
The refund system reduced the cost of
abandoned automobile scrap collection
and thus encouraged recycling. A similar
policy could be applied to spur recycling
in iron ore-rich countries such as Brazil.

STEPS TO A RECYCLING
SocIiETY

As the age of cheap energy fades and as
inflation, joblessness, and pollution in-
tensify, sustaining material living stan-
dards in rich countries and satisfying
basic material needs in poor ones
becomes more difficult than ever. Recy-
cling yields back much of the energy and
capital invested in materials. In this way,
recycling conserves energy fights pollu-
tion and inflation, creates jobs, and
helps put society on an economically and
environmentally sustainable develop-
ment path.
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Theseventies proved recydding's prac-
ticalits and worth. Japan and the Nether-
lands collect half their wasie paper. Suc-
cessful programs it some Japanese cities
have reduced the amoumt of land re-
guired far waste dungps hy 40 percent,
thus saving disposal costs and improving
the environmem. Beverage container
deposit legistation jn nine American
states has pulled recyveling raies for bot-
tles and cans over 40 percent. In addi-
tion, Maine has cut its litter collection
costs it half, and Michigan's economy
has gained a ne1 total of 4,600 jobs.

The development of a dynamic inter-
national rade in scrap paper, alumiium,
ang won and steel has shown thar huge
markets can be cremed lor collected
waste. South Korea's abilivy 1o produce
40 percent of its paper fromn imponed
waste paper holds out the hope tha
paper use can be expanded in increas-
ingly liverate Third World societies with-
out increasing pressure on forests. And
becanse mills for recveling paper cost
half as much o build as those using vir-
gin pulp, recycling can reduce the debis
of developing conntries. Large imports
of aluminumn scrap by Italy and Japan
have enabled them (o sustain industries
suffering from the high cost of oil-fired
elecincity, Spain and Italy have shown
that they can compete successtully in
steel markets by using purchased iron
and steel scrap for half their production
requirentenus. And the United States,
with nearly 81,3 billion annual carnings
from exported scrap iron and steel, has
illusirated the tangible value of collect-
ing waste.

:onries that hive mosed woward re-
cvching paper, ahoninum, and iron and
steel have thus enhanced 1heir competi-
live position in intermational markeis,
Receycling will become an even more im-
portant factor in ntemational competi-
tiveness as energy and caphal costs in-
crease the expense of producing goods.

Despite these gains, the world has
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fallen far short of achieving recycling's
potential, The glohal recovery rates of
paper, aluminum, and iron and swel
could be doubled or tripled for each ma-
terial. But three difficuh sieps must be
taken o collect recyclable 1naterials and
to develop additional markets for them,

As a first step, consumers should pay
the ful} costs of the materials they use.
The world’s foresis have been cut fasier
than they have been replaced, a practice
that makes wood cheaper now at the ex-
pense of future generations, Sening
aside additional forest reserves would
make virgin pulpwood more expensive
compared with wasie paper and would
both assure the protection of some for-
ests and encourage paper companies (o
buv waste. As owner ofhalf the sofiwood
timher in the United States, the U.S. For-
est Service should consider reducing
sales of trees for harvesting as long as
waste paper is underulized.

The global recovery rates of paper,
aluminum, and iron and steel could
be doubled or tripled for each ma-
terial.

The first step also requires a special
cffort 1o reduce energy price subsidies.
No single factor has increased recycling
morein the last 30 years than the energy
price increases of the seventies. Recy-
cling saves energy. and industries adopt
it1o cn energy costs: bu when the price
of energy is distorted by subsidies, in-
dusiries are less motivaied to recycle,
Thus when socievies subsidize energy
use by providing grants or loans for
damns and power plants or by applying
measures that hold the price of energy
below replacement cosis, they encour:
age environmemal degradaiion. 'Fo sub-
sidize energy consumption is 10 subsi-
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dize the “throwaway soaety.”

The second step roward a recycling
society involves building world markets
for scrap paper. aluminum. and iron and
steel. Wealthy countries restrain the ex-
port of scrap iron and steel and seriously
inhibit the use of imported scrap in de-
veloping coumtries. The European Eco-
nomic Community, for example, re-
stricts scrap trade between its members
and nonmembers. Austria, Denmark.
and Sweden prohibit essentially all scrap
exports, and the United States continu-
ally considers limiting scrap exports.
Few countries needing new sieel pro-
duction capacity will risk reliance on im-
ported scrap unless scrap-exporting
countnes remove the threm of scrap
“embargoes.”

The final step, one that will also re-
duce environmental subsidies, promote
international scrap trade, and soften the
impact cfhigher energy prices, demands
the greater collection of wastes. Con-
tamner deposit legislation can dramati-
cally increase the return of beverage
containers. Incentives, ini rmation. or
the threat of fines and nor .ollection of
garbage can induce higher returns of re-
cyclable material. A wide vaniety of poli-
cies, in fact, will stimulate recycling and
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can be applied at national orlocal levels.

These steps will not be taken simply
because they are logical or urgently
needed, but because concerned citizens
wsist that they be 1aken. Conservation-
ists, unfortunately, have shown oo little
interes. in assuring market pricing for
energy and free trade of scrap materials,
thongh they have much at stake in these
policies. National and local government
leaders have shown little willingness to
take the difficult step ef requiring collec-
tion of recyclable materials, but the ris-
ing costs of litter cleanup and landfilling
waste are bound to press them to do so.
Industry leaders in individual countries
will increasingly be forced by higher en-
ergy and raw materials prices to consider
recycling or face a future in which they
cannot compete in world markets.

The future of all society will be an un-
casy one if a major portion of the world
is forced 10 live with a low or declining
materials standard. Materials recycling
has become necessary if society is simply
to maintain current living standards. But
within this necessity lies the opportunity
to improve the material well-being of all
the world's people, and to do so without
great cost to the environment. In this
resides the great virtue of recycling.
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Reassessing
the Economics of

Nuclear Power

Christopher Flavin

The eighties were supposed 10 be a dec-
ade of booming construction and copi-
ous electricity generation for the nuclear
power industry around the world. The
Organisation for Economic Co-opera-
tion and Development (OECD} pro-
jected in 1970 that its member nations in
Western Europe. North America, and
Japan would have 563,000 megawatts of
nuclear generating capacity by 1985—
approximately half the total generating
capacity these countries now have.!
Over 100 nuclear power plants a year
were expecied to be built during the
eighties, many of them in the Third
World,

Today, just a decade after some of the
rosiest of these forecasts were made, the

Many of the issues in this chapter are discussed in
greater detail in Christopher Flavin, Nuclear Power!
The Market Test (Washington, D.C.: Worldwaich In-
stitute, December 1983),

1

world is using less than half as much nu-
clear power as anticipated. Projections
of future use have shrunk even more.
Estimates for 1990 now show a nuclear
sector only a third as large as once ex-
pecied.?

The largest curtailments have oc-
curred in the United States. where can-
cellations of plants have outrun new or-
ders for nine years, but with only a few
exceptions countries around the globe
have cut back on their plans. The nuclear
pipeline is now likely to run dry in most
countiries by the end of the decade. The
Financial Times Energy Economist, a news-
letter of the international energy estab-
lishment, reported in early 1983 that
"the day when nuclear power will be the
world’'s leading electricity source now
seems 0 have been posiponed indefi-
nitely."”3

Nuclear power is plagued by many se-
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rious issues that remain unresolved. in-
cluding safety, wasie disposal, and su-
clear weapons proliferation. Something
much simpler, however, is giving the in-
dustry most of its current problems. In
mest countries nuclear power is no
longer economically auractive. Years of
cost overruns have destroyed the eco-
nomic underpinnings of many pro-
grams, and much slower growth in elec-
tricity use has called inte question the
need for many nuclear plants now being
buili. All indications are that nuclear
power's economic competitiveness con-
tinues 0 deteriorate and could lead to
further cutbacks. Indeed, the develop-
mient of nuclear power may come 10 a
complete siandsiill by the late eighuies.

THE SELLING OF NUCLEAR
POWER

Commercial nuclear power has a short
history. Although the atom was first
fissioned in Germany in 1938, a decede
and a halflater weapons of mass desiruc-
tion, nuclear submarines, and some im-
poriant medical uses of radiation were
the only real *“fruits” of the nuclear age.
Yet enthusiasm ran high. To many peo-
ple nuclear power seemed the key to the
world’s future. 1t would supply infinite
amounts of energy indefinitely and
would remove miany of the constraints
under which humanity had siruggled for
millennia. .

In the carly fifiies, both the United
States and the Soviet Union greaily ac-
celerated their R&D programs to com-
mercialize nuclear power. Many differ-
ent reactor designs were tesied aund
enormous technological strides were
made. One result was the world’s first
eleciricity producing reactors: a small
breeder plant built by the United Siates
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in 1951 and a five-megawart light-water
plant built by the Soviet Union in 1954.4

The efforis of other countries 1o de-
velop nuclear power in the fifies were
hampered by the superpowers’ early mo-
nopoly of nuclear technologies and fuel
supplies. Among the governments that
nevertheless launched substamtial nu-
clear power programs were those of
Canada, France, the United Kingdom,
and West Germany, each pursuing iis
own approach to nuclear technology.
Progres$ was slow due to the unexpect-
edly challenging engineering required
and 1o the difficulty thar all countries had
going from tiny prototypes o commer-
cial planis.

Private companies showed litile inter-
est in spearheading the commercializa-
tion of nuclear power, and so it was lefi
to the U.S. Government te go where the
Forwne 500 feared 1o read. During the
fifties, the United States spent hundreds
of mitlions of dollars on a Power Reacior
Demonsiration Program in which large
corporations built a half-dozen proto-
tvpe plants. Then a major effort was
mounted by the U.S. Atomic Energy
Commission and nuclear equipment
manufacturers te convince utilities that
nuclear cosis could be subsianiially low-
ered.

Sull, wtility companies demanded a
guaraniee that nuclear planis would be
cheaper than the aliernatives. In Decem-
ber 1963 General Electric and the Jersey
Central Power & Light Company signed
a contract for a "turnkey” nuclear plant
that General Elearic would build at a set
price, competitive with the cost of a coal-
fired plant. For the uiility there waslittle
financial risk, since it would simply pay
the agreed bill and then “turn the key”
to commence generation when construc-
tion was complete. This milesione
agreement was followed by eight similar
contracts, effectively launching commer-
cial nuclear power in the United States.’

The next stage came quickly. In 1966
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and 1967. the utibuses ordered 51 addr-
tional nuclear plants, signing open-
ended, cost-plus contracts that shified
the burden of potential cost overruns to
the utiliues and their customers. By the
end of 1967 the United States had 28
times as much nuclear power capaaity on
order as tt had in operation. Four U.S.
nuclear reactor vendors competed ag-
gressively for new orders, and utlities
struggled to stay at the forefront of tech-
nology. Nuclear power was seen as the
nevitable way 1o ieet future electricity
demand. which was growing at faster
than 7 percent a vear.b

This "bandwagon” psychology left lit-
tle yoam for dispassionate analysis of the
economics of nuclear power. Utilities
had little 11nderstanding of these plants
and the much more demanding engi-
neering that would be required. Fach
new buver was cited by tlie reactor
manufacturers as proof of the economic
soundness of their claims. The rush o
nuclear power had become a self-sus-
taning process—self-sustaining, per-
haps. but not sustainable indefinitely.?

Beginning in the mid-sixtes, U.S.
companics assisted by the government’s
“Atoms for Peace” program aggres-
sively marketed nuclear technologies in
Europe, Japan. and some developing na-
tions. More than a dozen countries pur-
chased ULS. plamts or signed licensing
agreements o obtain American nuclear
technology. Today France, Japan. and
West Germany. which along with the
United States play a prominent rele in
the muclear power industry, all build
plants based on American designs. Wih
the rapid growth of clectricity demand
and the relative scarcity of indigenous
energy resources in Europe. there was
little challenge to the notion that the
commerciahization of nuclear power de-
served a hig]‘l Pl‘iol‘ily.

This period was also marked by a
great expansion of programs in the
Third Worid. Nuclear power was wel-
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comed as an alternative to imported oil
and asa way for developing countries to
prope! themselves into the twentieth
century. Exports of the technology were
vigorously promoted by the Interna-
tonal Atomic Energy Agency of the
United Nations and by governmentinsti-
tutrons such as the U.S. Export-Import
Bank. Sixteen developing countries had
nuclear power programs by the mid-sev-
enties. some of them nations that still
relitd on fuelwood as their major do-
mestic energy source.?

The development of nuclear powe.
may come to a complete standstill
by the late eighties.

By 1973, worldwide nuclear power ca-
pacity had risen to 43,000 megawatts,
provided by 115 plants. The United
States had half the total capacity and
Britain one-cighth. France and the So-
viet Union each had the equivalent of
three 1.000-megawatt nuclear plants
and Canada, Japan, and West Germany
only two cach. But nuclear construction
programs were in full swing in a half-
dozen countries, and a dozen more had
plans to begin soon. In the peak growth
vears of 197174, over 200 plants were
ordered worldwide, approximately dou-
bling the number of planned reactors.
Total capacity was expected to exceed
250,000 megawatts by the early eight-
ies.?

The 1973-74 ol crisis was widely se: n
as the final guarantee that nuclear power
would be the world’s next preeminent
energy source. Western political leaders
in particular saw nuclear power as the
necessary high-tech  scluuon to  the
stranglehold the Organization of Petre-
leum Exporting Countries had on the oil
market. ‘The Nixon administration’s Pro-
ject Independence aimed for nuclear
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power to supply half of U.S. electricity by
the vear 2&70. French Prime Minister
Jacques Chirac undoubtedly spoke for
many political leaders in the aftermath of
the oil embargo when in early 1975 he
said, “For the immediate future, I mean
for the coming ten years, nuclear energy
is one ol the main answers 10 our energy
needs.”?

Today nurlear power supplies much
less energy than was expected in the
mid-seventies. But jt has grown substan-
tially nonetheless. As of late 1983, a total
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ol 282 commercial plants in 25 countries
provided over 173,000 megawatts ol
generating capacity-~enough to supply
a{:proximalely 9 percent of the world’s
electricity. or 3 percent of 101al energy.
{See Table 7-1.) In industrial countries
the share ol electricity supplied by nu-
clear power varies widely, [rom approxi-
mately 40 percent jn France to 17 per-
cent in Japan, 13 percent in the United
States, 6 percent in the Soviet Union,
and zero in such nations as Australia and
Denmark that have decided to forego

Table 7-1. Worldwide Nuclear Power Commitment, by End of 1983?

Plants

Country Operating

Plants Ordered
and Under Total
Construction Commilment

{number) (megawatts) (number) {megawatts) {(number) (megawalts)

United States 77 60,026
France 31 21.778
West Germany 12 9,806
Soviet Union 34 18.915
Japan 25 16.652
Spain 6 3,820
Canada 12 6,622
United 34 9,273

Kingdom
Sweden 10 7,300
South Korea 1 556
Switzerland 4 1.940
Czechoslovakia 2 880
Ialy 3 1,285
India 4 804
Belgium 5 3.450
Taiwan 4 3.110
East Germany 5 1,830
Brazil - —_
Argentina l 335

Rest of

World 12 5,205

World
Total 282 173.587

64 70,376 141 130,402
31 34,520 62 56,298
17 19,516 29 29,322
1l 9.880 45 28,795
15 12,649 40 29,301
7 6,801 13 10,621
12 8.710 pie 15.332
8 5,115 42 14,388
2 2,110 12 9.410
8 6.710 9 7.266
3 3,007 7 4.947
8 3.520 10 4.400
3 2,004 6 3.289
6 1.320 10 2,124
2 2,000 7 5.450
2 1.814 6 4,924
2 880 7 2,710
3 3.116 3 3,116
2 1.292 3 1,627
2] 14.044 33 19,249
27 209,384 509 382,971

'Preliminary estimate

source: “The World List of Nuclear Power Plants,” Nuclrar News, August 1983: Atomic Industrial
Forum. ~Historical Profile of U.S. Nuclear Power Development™ Washington, D.C., March 1983.
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this power source altogether. In the next
three years, about 100 nuclear planis are
scheduled 10 commence operation.
which would boost global nuclear capac-
uy by 60 percenmt. Bevond ihe mid-cigh-
ues, however, the picture 15 mucdy less
clear,

CouNnTING CosTs

Thirty vears have passed since U.S. nu-
clear officials were quoted as saving that
nuckear power wonld be “'too cheap to
weter.” It was an unfortunate claum that
the industry now wishes had never been
made. These words will haunt them
nonciheless, for they mark the begin-
ning of a sad history ol bold assertions
and unsupported analysis that led to
enormious uncertainty about the acuual
cost or economic nerits of puclear
power. Exen today it is difficult 1o find in
any country a full and fair accounting of
the economic status of nuclear power.

Cost estinzates for nuclear plants in
the United Siates have been rising ever
since the first commercial plants were
started in the early sixties, Most of the
early evideuce of ecenomic trocubles was
ignored by experts who assumed that
costs would begin to decline as the tech-
nology improved. Unlity exeautives sig-
naled their confidence by ordering 126
nuclear power plants between 1971 and
the end of 1974—enough 10 increase
LS. generating capacity at that time by
nearly half.t!

Bul construction costs continued (o
rise throughout the seventies, and in
1981 economist Charles Komanoft pub-
lislied the first detatled assessment of the
increases. Using the wtilities” own data,
but carefully separating out the effects of
inflation and the cost of borrowed
money, Komanoff concluded that real
(inflatien-adjusted) construction costs
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lor nuclear power plants had risen 142
percent between 1971 and 1978, or 13.5
percent  annually. Based on these
figures, Komanofl concluded that toal
generating costs for a nuclear plamt
would soon exceed those for a coal plang
by a wide margin."?

‘The nuclear indusiry vigorously dis-
puted these estimates, largely on the
grounds thas statistical analysis of the re-
cent past was not a reliable predicier of
future trends. Since the mid-seventies,
however, cost estimates for individual
nuclear plants have doubled every four
years, rising faster than prices for gaso-
line, housing, or any other major ex-
penditure, Reactors completed in the
carly eighties will cost on average almost
$2,000 (1982 dollars) per kilowatt to
build, over twice as much as coal plants.
And because of the high costs and long
construction  twes, the FAnancng
charges for a nudlear plant are now three
times those for a coal plant and add ap-
proximately $500 million to the average
construction bill.13

Since the mid-seventies cost esti-
mates for individual nuclear plants
have doubled every four years,

Some projects make these average
figures look like bargains. The Limerick
I plant in Pennsylvania is now budgeted
at $3.4 billion and the Nine Mile Point 2
plant in New York at between $4.6 bil-
lion and $5.6 billion. Several recently
canceled plants would have cost as much
as $8 billion each had they been comp-
leted. Even the few economic “success
stories” pointed te by the nuclear indus-
try, such as the Palo Verde plants in Ari-
rona, have suffered huge cost overruns
that would be considered crippling in
any other industry. Nuclear economics is
not for the fainthearted. The annual cost
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overruns alone cqual the govermnent
budgets of many nations.!4

Operating costs for nuclear power
plants, once expected 10 be negligibie,
have turned gur to be anolher budger-
busier. A 1982 study by economists with
the Energy Systeins Rescarch Group
found that operation and maintenance
costs rose during the severuies at an ay-
erage annual rate of 18 percent. By the
carly etghties. the average nuclear plant
cost more than $30 million a year 1o op-
erate, enough to add approxiniately 20
percent 1 the generating cost.15

The economics of U.S. nudear power
have also been hurt by plants operating
on average at less than 60 percemt of
their rated capacity rather than the
75-80 percent of capacity originally ex-
pecied. A range of technical problems
that have required plants to be run at
partial capacity and 10 shut down fre-
quently for repairs are 10 blame. Since
two-thirds of the cost of nuclear electric-
ity comes from construction costs that
must be paid regardless of whether the
plant is operating, low capacity factors
greatly increase the cost of power. 6

U.S. industry and government studies
have been slow 1o recognize the declin-
ing economic competitiveness of nuclear
power. Cost estimates for individual
plants continue 1o miss the mark by a
wide margin and are commonly adjusted
upward by several lndred million dol-
lars ecach year. Industry-wide studies
often make selective use of daa or
blithely assume that costs will be re-
duced and capacity faciors improved.
Many studies, failing 1o distinguish be-
tween real-cost trends and the effeas of
inflation, simply assume (hat all in-
creases are caused by jnflation and high
interest rates.

Yet even govermnent and industry
officials are now much less bullish on the
economics of nuclear power than they
once were. In boardrooms and at regula-
tory hearings, cost overruns are fre-
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quently cited as a major problem. Care-
ful analysis of the utilities® own data for
the 30-odd U.S. planis scheduled for
completion in the mid-eighiies shows
thar the efectricity they produce will cosi
on average from 10-12¢ per kilowau-
hour (1982 dollars).!?

T'his cost is 63 percent inore than coal-
fired power and 25 percent more than
oil-fired power, the bigh cost of which
has often been cited as a major reason
for building nuclear plants. (See Figure
7-1.) If all the electricity used by Ameri-
cans were to cost as much as thal gener-
ated by these new plants, the country's
utlity bills would rise approximately 130
percent . t®

Enough information is now available
to show conclusively that new nuclear
power plants are no longer cost-effeciive
in the Unijted States. Even if all the
unique safety and health risks of nuclear
power were removed and cost escalation
were halted, a U.S. utilivy planner choos-
ing between a coal and a nuclear power
plant based solely on economic consid-
erations would have 10 select coal. In ad-
dilion, nuclear power carries financial
risks that frighten many uiility execu-

Cents Per
Kilowatt-Hour

Source: Worlduaich

Wastedisposal &
1o~ (m 1982 == decommissioning
<dollars) LY Fooed

Qil  Coal Nuclear

Figure 7-1, Average Generating Costs for New
U.5. Power Plants, 1983
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tives. . David Freeman, « Director of
the Tennessee Valley Authority. whicl
once had 1he largest nuclear construc-
tion program in the Unhed States, con-
chnded in 1982: “The cost of nuclear
power isn’1 just high, it's unpiedictable.
No sane capitalis is going te: build some-
thin~ “or which he cant denve a cost/
benefin rato becanse the cost is unkiow-
able."19

Outside the United Siates, the eco-
nomic staius of nuclear power is more
difficult 1o calculaie. In wost comnyies
the daa base is quie slim due to the
sniall nember of plants in operation, so
statistical studies vield limited results.
Further comphaanng the simation is ihe
fact that most nations do not release the
cost figures for individual nuclear plants
that are essential for solid economic con-
cusions. As itthe United States, compa-
nies and governnent agencies strongly
committed 0 nuclear power selectively
r- sase data. The picture is somewhat
nrky but appears 10 show high and
growing costs worldwide.

Fairly good data are available for the
Unned Kingdom, whiere the goverminent
15 itt the midst of a inajor deaisiou on the
Inture of its nuclear program. The na-
tionwide government-owned utility, the
Central  Electricity Generating Board
(CEGB). has proposed that the country
begin building a new generation of light-
water nnclear plaus based on the
Antericant. Westinghonse design. Con-
siderable controversy surrounds the eco-
nomic soundness of the proposal. The
CEGB now adnuts that the country's
most recet gas-cooled nuclear plams
cost twice as muclt to binld as coal-fired
plants, but it still argues that light-water
plants can be produced at an attractive
price.*®

The CEGB's analvtical techmiques
have come nunder attack in the conrse of
lengthy hearings over the program. One
of 1he most telling critiques comes from
Gordon MacKerron of the University of
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Sussex, who concluded in a 1982 report
that CEGB estimates for plants already
buil in the United Kingdom were biased
in favor ¥ puclear power by failing to
calculate ** * full value of past capita%in-
vestnients. The CEGB, MacKerron
fomul, baet not distinguished clearly be-
tween curreit and consiant dollar costs
or event between historical figures and
projections.*?

JW. Jeffrey, a retired University of
London professor, conducted a thor-
ough economic assessment of British
nuclear plants and concluded that nu-
clear power is considerably more expen-
sive than coal-fired power. Although his
figures were at first vigorously disputed,
the CEGB was forced in 1983 10 recant
many of its earlier claims about the eco-
nomic superiority of British nuclear
plants, The case for light-water plants is
still being made, but the tide seems 1o
live wirned against the proposal. Many
observers agree with Jeffrey: “Nuclea
power has not been economic, is not eco-
nomic and is likely 10 get more uneco-
nomic in the future,”2?

West Germany has a larger and more
successful nuclear power program than
the United Kingdom does, but it has
suffered from major cost overruns
nonetheless. Official figures compiled by
the country's largest utility show direct
nuclear construction costs rising sixfold
between 1969 and 1982 while coal plant
construction costs went up 3.5 times. Yet
West German nuclear officials still main-
tain that nuclear power has a 30 10 50
percent econontic advantage over coal
power. This claim is now being used as
justification for a government proposal
to order as many as five additional plants
in the mid-eighties—in a country that
has only ordered one plant since 1975.2

‘The price of o=} is quite high in West
Germanty, so there is some basis for the
claim that nudlear power still has a gen-
crating cost advantage over coal-bired
power, but it is unlikely that nuclear
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POWeEr can overcome a capitai cost mar-
gin as large as the one that officials now
admit to: Critcs charge that German nu-
clear planners have consistently under-
estimated cxpenses and have used ac-
counting methods that do not measure
the full costs. A study by Jiirgen Franke
and Dieter Victhues of the Freiburg In-
stitute concluded in 1983 thart due (o the
rapid escalation of construction ex-
penses and interest rates. nuclear elec-
tricity now costs at least 60 percent mere
than coal-fired power.?

France js a key country in making in-
ternational comparisons of nuclear eco-
norics, since the French nuclear con-
struction program has an international
reputation for efficiency and speed.
Whereas U.S. nuclear plants take on av-
erage cight to ten years to build, French
plants go up in less than six. Official
French figures published jn 1982 show
real capital costs rising just 43 percent
between 1974 and 1981. This works cut
to an annual rate of increase of 5 per-
cent, one-third the rate in the American
and West German nudear industries.
French planners maintain that nuclear
power is 20-40 percent less expensive
than coal-fired power.?

The scanty cost daia released by
French authorities make it difficult to
draw conclusions. and there is no way (o
verify the official numbers. Most of the
figures released ar. «ggregate numbers
compiled by planners with a vested in-
terest in the economics of their program.
And as no data are available for individ-
ual plants, jt is impossible 1o confirm the
figures or 10 correlate ther with relevant
variables. Also, Electricité de France
(EDF) has run up a debi of $19 billion on
its nuclear program. It is quite possible
that hidden behind EDF's complex ac-
courting practices are substantial subsi-
dies for nuclear power.26

At least in reletive terms, however, the
French program has been an economic
success. The margin may not be as large
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as official figurs indicate. but nuclear
power in France dv s appear to be less
expensive than coal-fired power. One ca-
veat to bear in mind, however, is that
although capacity factors have generally
been high and operating costs low. since
1982 many French plants performed
poorly. which js likely 1o raise costs.
Only more time and experience will tell
how economical France's ambitious pro-
gram really is.

The limited information available for
other nations alse shows substantial cost
increases during the last decade. [n
Japan. average real construction costs
have gone from $350 per kilowatt in the
early seventies to $1.000 per kilowatt jn
the early eighties (in 1982 dollars) ac-
cording to utility industry sources. The
official Soviet figures released in the lat-
est Five-Year Plan report that nuclear
plants are 80-100 percent more expen-
sive to build than coal planis, Daia
released by Ontaric Hydre, the builder
of Canada’s CANDU nuclear plants,
show that construction costs went from
$400 per kilowatt jn 1972 10 $1,700 in
the early eighties. a real rate o1 n.crease
of 6 percent afier accounting for jnfla-
tion. And jn India the government now
admits that nuclear power is much more
expensive than coal-fired electricity.?’

Eighty-seven nuclear plants were
canceled in the United States be-
tween 1975 and November 1983.

Comparing nuclear econemics inter-
naticnally in strictly quantitative terms is
a hopeless endeavor. Not only are com-
prehensive and reliable data scarce, but
constant vaniations jn ibfation, ex-
change rates, and fuel costs make i diffi-
cult 10 apply common standards across
naticnal boundaries. Enough figures are
available, however, 1o show that cost
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overruns have been most severe in the
United States, West Germany, and the
United Kingdom. But substantial cost in-
creases above inflation appear o have
been near-universal-—even in such
“model” nuclear countries as France
and Japan. This has badly hurt nuclear
power’s economic standing compared
with its most direct competitor—coal-
fired power. Perhaps most diswurbung
from a long-term viewpoint js that al-
most everywhere the sjtuation seems to
worsen over time. Many countries ap.
pear poised to repeat the disappointing
econemic experience of nucear power
in the United States,

A U.S. FINANCIAL
MELTDOWN

The first signs of trouble for the U.S.
nuclear industry came just after its
growth binge of the early seventies.
Eleven projects were canceled in 1975
and another 32 from 1976 through
1979. During the same period only 13
nuclear plants were ordered. Many en-
ergy analysts argued at the time that this
was a mid-course correction. a down-
ward blip in nuclear power's healthy,
growing future. They were wrong. The
carly eighties have witnessed a massive
trimming of nuclear power programs by
most of the country’s utilities. Plans for
16 plants were scrapped in 1980; 6 in
1981; and a record 18 in 198228

For some utiliies the cancellations
constituted a major shift in their plans.
The Tennessee Valley Authoruy
reneged on 12 out of 17 nuclear plants
it had planned to build and the Public
Service Electric and Gas Company of
New Jersey dropped plans for 8 out of 8,
All told, 87 nuclear plants were canceled
in the United States between 1975 and
November 1983, with a net loss in future
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nuclear generating capacity of 83,000
megawatts. {See Figure 7-2.} This is 30
percent more nuclear capacity than the
United States currently has, enough to
meet the electricity needs of any counury
except the Soviet Union or the United
States. Meanwhile, 11.S. commitments o
coal-fired plants had a net increase of
58,000 megawatts.2?

The depth of the nuclear recession in
the United States is llustrated by the fact
that only two plants ordered in the last
nine years have net been subsequently
canceled. And in the last several years a
number of plants have been scrapped
that were as much as 10 or 20 percemt
complete. In 1982 alone, reactors on
which $5.7 billion had already been
spent were abandoned, bringing the
total bill for such plants to $10 billion.
The only thing that will stop this wave of
cancellations is the rapidly shrinking list
of facilities that are not ax least half-built
and, therefore, very costly to give up.3°

Behind the cancellations lie funda-
mental changes in the economic condi-
tion of the unlity industry. High inflation
and jnterest rates have made it more
difficult to finance long-term, capital-
intensive projects. Electricity demand
growth has faflen from 7 percent per
year a decade ago to between 1 percent
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and 3 percent today. ‘The immpact of this
sudden shift has been exacerbated by
tne fact that most utilities failed 10 fore-
cast it correctly and have aliered their
Elanning several years later than would
ave been prudent. The long lead times,
large capital requirements, and soaring
cost overruns of nuclear projects have
wreaked particular havoc on utilities at-
tempuing 10 adapt to lower power de-
mand and unceridzin economic condi-
tions.H
In recent years, nuclear projects have
become a dominam and damaging part
of utilities’ capital budgets. Annual in-
vestment for nuclear construction has
risen from $2 billion in 1970 to $19 bil-
lion in 19382, a fourfold increase even
afier discounting for inflation. (See Fig-
ure 7-3.) Whereas nuclear plants re-
quired only one-third of utiliies’ expen-
ditures for new plants in 1970, by 1982
they soaked up two-thirds. And these in-
creases have occurred despite the sub-
stantial drop in the total U.S, nuclear
commitment since the mid-seventies.
The amount now spent each year on nu-
clear construction is more than one-
fourth the annual invesiment of the en-
tire U.S. manufacturing sector and more
than three times that of the automobile
industry.3?
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As capital outlays soared and electric-
ity demand stagnated the financial
health of utilivies deterioraied sieadily.
The proportion of expenditures that
could be met using cash on hand fell,
causing a rapid increase in borrowing
and stock issuance duning a period of
high interest rates and low stock prices.
The stock of many companies began
selling at less than book value. Wall
Street analysts have become worried
about the draining nuclear construction
programs of utilities and many recom-
mend against buying stock in such com-
panies. The Merrill Lynch Company has
gone so far as to publish lists of plants
that it believes are ripe for cancella-
tion.»

Financial constraints have driven utili-
ties with ongoing nuclear programs to
great lengths o raise capital. Borrowing
short-term funds at usurious interest
rates and “creative financing” are com-
mon. The Consumers Power Company
of Michigan, builder of the troubled
Midland nuclear plant, has issued com-
mercial paper against the utility's oil,
gas, and coal inventories, sold and
leased back the company’s headquarters
building, and borrowed heavily on the
Eurodollar markets.3* When massive
emergency transfusions become com-
monplace, a patient is usually in deep
trouble. The inability to finance many
nuclear projects has been the key signal
to cancel them. The fortunate utilities
are those that have been able to cut their
losses and get out early.

One company that investors are par-
ticularly concerned about is the Long Is-
land Lighting Company (Lilco). builder
of the 820-megawatt Shoreham nuclear
plant in New York. That plam, ordered
in 1967, is now scheduled 10 be comp-
leted in 1984 at a cost of $8.4~3.6 bil-
lion, approximately 15 times the original
budget. The Shoreham plant will gener-
ate at most one-third of the utility’s elec-
tricity but its cost exceeds the book value
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of Lilco's entire efeundity systean. in-
cluding other generating plants, trans-
mission lines, and maintenance facilities.
Electricity rates on Long Island are ex-
pected to double in five years to pay for
the plant. If the Shorcham reactor is ever
permitted to operate, which is now in
some doubt, it will yield the most expen-
sive electricity ever produced by a large
central generating station.%%

Ribbon-cutting ceremonies for nu-
clear facilities now often serve to
inaugurate a brave new world of
higher electricity bills.

Nuclear cost overruns have put many
state utility commissions in a difficuli po-
sition. ‘They are caught between the de-
sire to keep electricity affordable for
consumers and the need to provide utili-
ties with enough revenue to preserve
their financiat health. U.S. eclectricity
rates have more than tripled in the past
ten years afier being nearly stable during
the previous decade. Much of the in-
crease stems from higher fuel prices, but
rising nuclear construction costs have
become an increasingly important fac-
tor. Ribbon-cutting ceremenies for nu-
clear facilitics now often serve to inaugu-
rate a hrave new world of 30 1o 50
percent higher clectricity bills, a phe-
nomenon for which the term “rate
shock’ has been coined. In New England
it is believed that the twin Seabrook
plants could cause rates to more than
double 3¢

‘There is no indication of an imminent
revival of nuclear orders in the United
States. The Atomic Industrial Forum.
which represents the U.S. industry,
opened a 1982 mid-year press release
with the optimistic assertion that “the
U.S. nuclear power program enters the
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home stretch of 1982 like a runner
poised in mid-stride.” But the positive
indicators the industry pointed to are the
number of plants entering service and
the power they generate—each of which
continue to lag earlier projections by
wide margins. No longer is the industry
offering firm predictions of when it
would stop living off pre-1975 plants
and start ordenng new ones. Perhaps
the most optimistic projection made re-
cently is the Department of Energy's
1982 "'mid-case” projection for the year
2000, which assumes that ancther 25 nu-
clear plants will be ordered in the eight-
ies. This projection js probably little
more than a fantasy however. It is hard
to find any serious analyst at this point
who expects to see additional nuclear or-
ders before 1990.%7

The industry’s “preconditions” for
the revival of nuclear power are usually
dotninated by regulatory reform, higher
electricity rates to pay for the plants
being built. and lower inflation and in-
terest rates. These jssues hardly scratch
the surface of the industry’s problems
however. The kind of fundamental
changes that wonld really be needed—a
guaranteed reducuen In nuclear con-
struction costs and a major surge in elec-
tricity growth—are far less likely. The
continuing financial crisis caused by the
remaining nuclear projects hardly cre-
ates a climate conducive 10 major new
investment programs.

THE QUTLOOK IN OTHER
INDUSTRIAL COUNTRIES

It is not just in the United States that
nuclear power Faces a less secure future
than was expected just five years ago.
Although most governments with major
nuclear programs—including France,
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Japan, and die Soviet Union—remain
strougly committed to nucicar power,
there §s a growing gap bewwcen rhetori-
cal and monetary support and the actual
achievements of the nuclear programs.
Behind the lagging pace lic diminished
growth {n cleciricity demand and a long
list of 1echnical, economic, and political
problems.

The total commiment to nuclear
power in Europe has risen only 10 per-
cent since 1978 and almost all the gain
comes from France. The number of Brit-
ish and West German projects has risen
slightly, while the numbers in Spain,
Sweden, Swiwzerland, and lialy have
fallen, The changed owmlook is well jllus-
trated by the Organisation for Economic
Co-operation and Development’s 1985
nuclear capacity projections, which have
been lowered by ncarly two-thirds since
1970. (See Table 7-2.)

West Germany had FEurope’s largest
nuclear program until the jate seventies,
and h has enjoyed sirong suppon from
the country’s leaders. In recem years,
however, political opposition in West
Germany  has  mushroomed.  Major
demonsirauons have occurred ay a num-
ber of plamt sites. including onc near
Hamburg in 1981 that was described by
the West German Interior Minister as
the biggest police action in the history of
the federal republic. Opponents have
also been successful in raising jssues of

State of the World—198+4

safely, environmemal damage, and cosi-
effectiveness in licensing hearings and in
the courts. Project delays and cost over-
runs have been common. Meanwhile,
electricity growth raies have dropped
substantially and 1he couniry has been
under increasing economic pressure,
which makes investment in niajor capi-
tal-intcnsive projects much less aurac-
tive 38

Only one nuclear power plant has
been ordered in West Germany since
1975, and cight of those ordered priorio
1975 are not yet off the drawing boards,
due largely 1o political opposition and
ongoing court batiles. Only eight plants
are currently being built, four of which
are at least 80 percent complete and an-
other three half done. The West German
nuclear indusiry suffers from consider-
able overcapacity as a consequence;
compaonent manufacturers in particular
are reportedly losing a good deat of
moneY. and many workers have been
laid off.%9

With only about 8.000-megawatts
worth of nuclear plants now under con-
struction, West Germany will have less
than half the 45,000 megawatts of capac-
ity that had been projecied for 1990,
Preliminary approval has been given for
a “convoy’ of largely standardized
plants to be built in the next decade. But
whether this proposal will survive critics’
arguments that the plants are not

Table 7-2. Projections Made in 1970-83 of 1985 Nuclear Generating Capacity
in QECD Countries

Area 1970 1974 1976 1977 1978 1983
(thousand megawatts)
Wesiern Europe 202 175 167 125 84 73
United States 277 260 180 145 100 78
Japan 60 60 a1 35 18 29
Other OECD 24 18 12 13 12 10
Toual 563 513 400 318 214 183

sovrces: International Eacrgy Agency. World Energy Oudook (Paris: Organisation for Economic Co.
operation and Desclopment. 1982): Worldwaich Institute cstimates for 1983,
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needed and would be more expeinive
than available aliernatives is doubtful. A
growing number of utility officials are
concerned about the rising cosis of nu-
clear power. With a 50 percent reserve
margin in most of the couniry’s uulity
systems, they have little incentive 1o ke
major new risks.4?

Unlike West Germany. France is keep-
ing close 10 jis ambitious nuclear plans
of a decade ago. The couniry already has
30 nuclear plants in operation and 28
more nnder construction. France now
derives 40 percent of jis electricity from
nuclear power and is on course 10 gener-
ate 75 percemt by 1990. The French ny-
clear progran is supported by a sirong
cemral government that allows little op-
position, Both the wility indusiry and
Framatom.¢ (ihe lead nuclear company)
are adjuncis of the state. Moreover, the
nuclea: induostry is an influental compo-
nent of the French national economy,
and the income and jobs i1 provides have
become a strong political incentive to
continue. The staying power of French
nuclear power was demonstrated in
1981 when socialist President Mitter-
rand came to office calling the nuclear
program “‘excessive, even dangerous’
and then proceeded with business as usu-
al. supporting nuclear power strongly.+!

Economic realities have proved much
more hazardous 1o the French nuclear
program than political opposition. Elec-
tricity growth has been gradually slow-
ing since the late seventies. and in [982
the government reduced jis forecast of
growth in the cighties by 50 percent.
This means France would have at least
I3 percent too much generating capacity
in 1990. Such projections led Electricité
de France 1o introduce special subsidies
for eleciric heating and to set up re-
gional agencics that will encourage in-
dustries 10 us¢ more power. The decom-
missioning of many relatively new
coal-fired plants and the export of elec-
tricity are also planned. The upshot is
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that even many of the strongest support-
ers of nuclear power in France now
admit that from an electricity demand
standpoint, no additional plant orders
are needed for at least several years.+?

Economic realities have proved
much more hazardous to the
French nuclear program than polit-
ical opposition.

The French nuclear program is also
becoming a burden on already strained
capital markets. EDF has been forced 1o
reschedule debis and borrow extensively
on the Eurobond market to keep con-
struction going. The director stated jn
1982 that the utility was in its worsi
financial condiion in 30 years. In 1983
a high-level government commiuee
released a long-term siudy that con-
cluded that France should not order any
additional plants unul 1987. Recogniz-
ing the consequences this would have
for an industry geared 1o handle six new
orders per year, the government decided
instead 10 reduce nuclear plant ordering
10 just two units per year in 1984 and
1985; even this plan provoked warnings
of massive layoffs of nuclear workers and
the possibility that France’s small nu-
clear supplier companics could be
forced out of business.?

The French nuclear program. al-
though a success politically and in nar-
row economic terms, has in a sense be-
come the victim of its own achievemenis,
Its low costs are mostly atiributable 1o its
large scale and 10 a dearth of political
opposition, but these very factors have
made it difficult to adjust to a period of
rising costs and lower clectricity de-
mand. It will be increasingly difficult for
the country's leaders to justify ordering
even two plants per year. Although in
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the rinenes 1 will almost certamly be the
country that relies most on nuclear
power. France's full-throtde nuclear ex-
pansion program may have slowed 10 a
sputter by then.

The British nudear program s jn a
muly more anemic condition. Bevond
the 8,500 megawaus of nuclear capacity
that now supply 13 percent of the coun-
try's elecricity. enly apother 5.500-
megawatts worth are under construc-
tion. much of which is near completion.
The high cost of the planus built so far
an:1 the torccases that eleciricity demand
will grow liutle, if ar all, in the next dec-
ade provide ample economic hurdles o
a revitalived nuclear construction pro-
gram. ‘The current Sizewell Inquiry on
whether to build an American-siyle
light-water plant will in effect provide a
verdict on the future of nuclear power in
Britain. That plan, wlich has been
severely  challenged  on  ecottomic
grounds, provides the only hope for ad-
ditienal nuclear orders in the near fu-
ture, Without it, the nuclear indusiry in
Britain would soon wither. 44

Programs in other northern European
countrics ar¢ quite small and unhikely 1o
grow rapidly in the near future. Belgivm
has five operating nuclear plants. Fin-
land four. Switzerland four, and the
Netherlands wo: only Belgium. how-
ever, has additonal planis being built.
Sweden had a major program under way
wuil 1980, when a national referendum
on nuclear power was dedided in favor of
discontinuing the program and phasing
out all the couniry’s nuclear plants by
the vear 2010, Although Sweden has
wine reactors in operation and gets over
30 percent of its electricity from nuclear
power, only two plams remain under
construction. %

The nuclear power programs of the
Soviet Union and Eastern Europe are al-
most completely independent of those
in the West, but they have followed a
surprisingly parallel course. Construc-
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ton of plants it the Soviet Union began
i earnest in the early seventies. and the
nation’s nuclear capacity grew from 1,-
600 megawatts in 1970 to 6,200 mega-
walls in 1975 and 1o 17,500 megawats
(at 29 planis} in 1983. Nuclear power is
completely run and conrolled by the
government and the Communist party,
wluch have 2 wraditon of supporiing
elecirification as a feundation of the
modern economy. State-owned compa-
nies design and build the plants, and
government officials determine in their
Five-Year Plans how many reaciers will
be financed.4®

The Soviet Union obiained half as
much eleciricity frem its nuclear planis
in 1983 as was expected a decade agos
and the rest of Eastern Europe has
missed its targets by similar margins.
Nuclear power is nonetheless becoming
an increasingly impertant energy source
throughout the Eastern bloc, already
supplying 6 percent of the Soviet
Union's elecricity, 12 percent of East
Germany's, and 18 percent of Bulgaria’s.
Official prejections call for reaciors to
supply closc 10 a third -f the region’s
cleciricity by 1990, which would require
at {east a wripling of nuclear capacity,4?

In the past several years the Soviet nu-
clear program has concentrated on
building the Atommash plant. designed
L0 turn Qul as many as eight standardized
muclear reactors cach year. This un-
precedented effort 2t standardization
should in theory help cut project lead
times and reduce costs. It is also unique
in thatit is part of an internationally inte-
grated nuclear program in which com-
ponents made in various East European
faciliies will be used in each plant. The
large Skoda facility in Czechoslovakia
produces wrbines, generators, pumps,
and pipelines, Plants in Hungary, Bul-
garia. East Germany, and Poland are also
in Hlved. It is a strategy that should be
more efficicnt than having each nation
build its ewn planits from the ground up.
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As with much of the Soviet tconomy,
the nuclear progiam is kept under tight
wraps. Published nformation accentu-
ates successes and downplays problems.
Many examples have noneiheless
emerged of technical and organizational
difficulties that have slowed develop-
ment, including labor-management
problems and delays caused by builders
and suppliers. The nuclear targets in the
curtent Five-Year Plan are reportedly
being missed by more than 6,000 mega-
watts. The Atommash facility itself is at
least two to three years behind schedule
and was the site of a major accident in
mid-1983,48

Substamial cost overruns on the coun-
try’s ruclear plants are conceded by So-
viet suthorities although there is no evi-
deace that these have had a direct effect
on the overall program, which conunues
to enjoy ample political support and
proceeds as rapidly as various technical
and management difficulties permit. The
true test of Eastern Europe’s nuclear
power programs almost cenainly lies
ahead, since the scale of the efforts and
the associated financial and technical
risks are growing rapidly. Only time will
tell whether the Soviet approach of mas-
sive centralization and the absence of
political opposition and financial checks
can lead 1o safe nuclear plams at a rea-
sonable cost.

Japan has one of the largest nuclezr
developmem programs in 1he world
today. Despite the painful legacy of the
atomic bomb and considerable public
fear of radiauon, the governmem has
madc nuclear power the cornersione of
its ener%y policies in the las1 decade.
With 117 million people squeezed into
an area the size of California and with
four-fifths of the country’s energy sup-
plies currently imported, nuclear power
1s viewed as the only means of rapidly
enhancing the country’s security. Japan
has 25 nuclear plants in operation, sup-
plying 16 percent of the country’s elec-
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trichy, and another 13 are under way.
The governmem has ambitious plans to
expand nuclear capacity sixfold by the
end of the century, at which poim it
would provide approximately half the
country's electriaty 49

The first nuclear plams in Japan were
essentially American-designed reactors
licensed from overseas corporations.
Major research efforts in recent years
have tried to establish an indigenous nu-
clear technology and indusiry. a process
that is now largely complete. In fact,
Japan is now considered a leader in reac-
tor technology and has taken the initia-
tive in joint ventures with American and
West German companies to design an
advanced light-water reactor. As in other
industries, Japanese companies appear
10 be positioning themselves to compete
in the nuclear export market in case it
revives in the years ahead.

Yet the continued development of nu-
clear power in Japan is not necessarily
assured: Political opposition is growing
as the number of communiiies affected
by plams increases. Because n is a small
country with one of the world’s highest
population densiiies, it is inevitable that
nuclear plants are built in somebody’s
“backyard,” often the site of a valuable
fishery or beach resort. The accidental
release of radiation from at least one nu-
clear plant has aroused enormous con-
cern. Also a1 issue are the frequency of
earthquakes, which could severely dam-
age nuclear plants in virtvally all parts of
Japan, and nuclear waste disposal, a
problem that will be particularly difficuit
to resolve in such a populous country.’®

Japan, like other industrial countries.
has failed to meet its early nuclear goals.
The target for 1995 has already been re-
duced by 13.000 megawatts and there
are indications tha: the recent recession
will delay the nuclear program further.5!
Cost overruns have been a concern to
Japan’s nuclear managers but have not
yet forced a wholesale reevaluation of

145



{130}

the country’s nucear goals. Another
concern is that many Japanese plants
have shut down frequenily for repairs.
Yet the country’s nuclear manufacturers,
us privately owned utilities, and its en-
crgy officials are determined to forge
ahead. The pace at which they do this
will probably be determined largely by
the operaung and safety records of the
plantis and by their success in dealing
with the waste disposal problem.

NUCLEAR POWER IN THE
THIRD WORLD

During the sixties and sevenues, devel-
oping countries had some of the bright-
est hopes for nuclear power. which
Third World leaders vicwed as a way 1o
boost national prestige and reduce crip-
pling oil import bills, Industrial counuy
governments dispatched experts 1o pro-
mote the economic merits of nuclear
power. In the carly seventies, the Inter-
national Atomic Encrgy Agency (IAEA)
projected that developing couniries
would have 550.000 megawatts of nu-
clear capacity by the end of the century
—10 percent more than worldwide oper-
ating and planned nuclear capacity in
1983.52

By mid-1983 six developing countries
—Argentina.  India, Pakistan, South
Africa, South Korea, and Taiwan—had a
total of 13 operating nuclear plants.
Three other countries are building
plants and several are considering pro-
grams. Still, the Third World represents
just 6 percent of the total worldwide
commitment 1© nuclear power. And
since the mid-seventies the nuclear plans
of these devcloping countries have been
substanually reduced.$3

Akey obstacle 10 nuclear development
is the small size of electricity grids in
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Third World countries. If a single power
plant provides more than 15 percent of
a grid’s capacity, the whole system will
“crash” if that facility js shu down.
Using these figures, the JAEA estimates
that only India, Pakistan, South Korea,
and Taiwan have grids large enough 10
install a conventional 1,000-megawau
nuclear power plant. Nuclear manufac-
turers have responded by proposing
“mini-reactors’ in the range of 100-500
megawatts. But none is ready yet com-
mercially. The estimated per-kilowatt
consiruction cost for a plant of 200
megawalts is more than twice that of a
1,000-megawaunt plant, making them
even less atiractive economically.$4

A deteriorating world economy since
1980 has also led to a significant trim-
ming of the Third World’s most active
nuclear power programs. The capital in-
tensity of nuclear power plants makes
them a burden 1o debt-sirapped devel-
oping countries, particularly since much
of the money must be spent abroad,
draining scarce foreign exchange. Sub-
stituting nuclear import bills for oil im-
port charges is not seen by most Third
World leaders as much of a gain.

The "miracle economies” of the Far
East have made the largest Third World
commitments thus far. Rapid growth
and sizable eleciricity grids in countries
such as South Korea and Taiwan explain
why they are likely to have over half of
the Third World’s nuclear capacity by
1990. Taiwan, clinging to an aggressive
nuclear expansion program begun in the
seventies, has four operating planis and
iwo under construction. The pace slack-
ened in 1982, however, when Taiwan de-
ferred several reactors indefinitely be-
cause of cconomic constrainis and a
slowdown in clecirichy growth. South
Korca has two operating plams and
seven being built, but it 100 has decided
against new orders in the early eighties.
Leaders in these couniries are strongly
committed to nuclear power, buta major
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improvement in economc conditions 1s
now a prerequisite to building additional
plants.55

The Philippines once had ambitious
plans for nuclear power. but the coun-
try’s first plant, sited near an earthquake
fault. suffered major delays and cost
overruns while the seismic design was
bolstered. Plans for additional ones have
been scrapped. China has no nuclear
plants. but some of the leaders in Beijing
appear quite interested in this energy
source. Capital requirements have made
them cautious about making major com-
mitments so far. however. and the coun-
ry has anly ane small nuclear plant on
order 45 of 198356

India has the broadest range of nu-
cear technology and expenise of any
Third World coamry. lis program is
largely homegrown and much more in-
dependent than those of other develop-
ing nations. ¥our small plams arc¢ oper-
ating and another six are under
construction. India realisucally expects
to obtain 10 percent of its electricity
from nuclear power by the nineties. The
carly hopes of the couniry’s nuclear
scientsts for this source of energy have
not materialized. however. The plants
proved 10 be expensive and have poor
operating records. Additio nal orders are
not foreseen in the near future 7

Among the Middle Eastern couniries
that once had smbitious plans for nu-
clear power are Egypt, Iran, and Iraq.
Each has scen a combination of eco-
nomic and political problems seriously
jeapardize its program. lran’s Islamic
revolution in 1979 kifled an ambitious
and costly effort aimed at installing
23,000 megawatts of nuclear capacity by
1994, Even before the revolution, how-
ever, critics questioned the size and eco-
nomic viability of the lranian program.
Iraq’s nuclear program came 10 a halt in
1981 when Israeli warplanes destroyed
the research reactor that was its center-
piece. Egypt also considered building
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nuclear plants in the eighties. but its
cflorts are now on hold.58

Latin America was a booming market
for nuclear power in the seventies, but n
too has fallen on hard times. Argentina
lias had a small plant operating since the
carly seventies and two more are being
built. Wrapped in the cloak of national-
1sm. Argentina’s nuclear program has
enjoyed strong government support,
and the country hopes o have six oper-
ating plants hy the end of the cenwry.
Crippling debt problems, however. have
cast doubt on these goals, and anything
beyond the two now being built is un-
likely 59

Substituting nuclear import bills
for oil import charges is not seen
by most Third World leaders as
much of a gain.

Brazil, the warld’s sixth most popu-
lous country. has cne plamt complete
and two under construction. The coun-
try planned to have cight planis operat-
ing by the early nineiies, largely relying
on West German technology, but major
technical problems and a lack of capital
have rendered these goals meaningless.
Brazil will be lucky 10 complete the wwo
now being worked on. Mexico was a late»
comer to nuclear power. but as cil reve-
nues soared in 1979 and 1980, the coun-
try's leaders announced plans to build
seven plants during this decade. Today
that vision has been oblitcrated by the
country's debt crisis.5®

Current plans indicate that develop-
ing countries will have at most 20.000
megawatts of nuclear capacity by 1990,
which is only one-seventh as much as the
IAEA had projected in the early seven-
ties.8! Yet even these numbers overrate
the economic viability of nuclear power
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in developing couniries. All the nuclear
sales in the Third World so far were sub-
sidized by industrial country govern-
ments or manufacturers. The day when
nuclear plants are sufficiently cost-effec-
tive that developing countries will buy
them at the full price is far off indeed.

Beyond these problems lies the more
fundamental question of whether nu-
clear power is a wise use of scarce re-
sources for a developing country. Nu-
clear power creates fewer jobs and
requires more dependence on foreign
companies and governments than does
almost any other investment a Third
World nation can make. It is also likely to
serve a small minority whe use electricity
while bypassing the majority, who rely
on fuelwood and charcoal. Investing in
rural electrification using small-scale re-
newable energy sources or improving
the effidency of wood cooksioves would
provide far greater benefits.

Nuclear power was greatly oversold in
the Third Werld. Humanitarian and
profit-seeking motives became con-
fused, and projects were pushed that had
little hepe of being economical. Most na-
tions would in fact benefit if any projects
not yet built were swiftly canceled. And
beyond the economic jssue is the grow-
ing realization that nudear power plamts
are inviting targets for military and ter-

‘st attacks in politically unstable re-
o M8,

NucLEAR PowER's FUTURE

Worldwide, nuclear power development
hangs by a much thinner thread than
most policymakers yet realize. The glob-
al commitment to building nuclear
power plams has declined by 31,000
megawatts since 1978, as major cancella-
tions in the United States were not offset
by the more modest orders in some
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other nations. Further declines in the
next few ears are virtwally certain since
few orders are expected. and many of
the 20-30 plants not yet under construc-
tion or on which work has been stopped
are candidates for cancellation. The usu-
ally optitnistic Nuclear Energy Agency of
the QECD concduded in 1982 that,
“There is some risk that the nuclear in-
dustry will not remain commercially via-
ble in a climate of uncertain and variable
markets.”” Markets of any kind are
becoming rare indeed for the nuclear in-
dustry. 62

Hard, cold economics is now doing to
nuclear power what thousands of hot-
blooded demonstrators never could. ftis

stowly, painfully shuiting down _the

world's nuclear industries. The only
countries in which development js pro-
ceeding at close to the pace planned a
decade ago are those where there js no
semblance of a market test and where
nuclear power is pushed single-mind-
edly by a strong central government. Pri-
vate investors who have a choice and
who must bear the financial responsibil-
ity for their decisions are steering clear
of nuclear power.

Important additional costs may fur-
ther tip the economic scales. The dis-
posat of nudear wastes and decommis-
sioning of old plams are critical
problems that have yet 1o be effectively
resclved in any couniry. Each presents
enormous health and safety concerns
that could affect societies for genera-
tions. Providing remedies will inevitably
add to the cest of nuclear power. So far
waste disposal and decommissioning are
“uncounted costs” and their potential
size can only be guessed. Official figures
generally show the disposal and decom-
missioning adding 5-10 percent to the
cost of nuclear power though unofficial
estimates range up o an additional 30
percent or more. The degree of concern
over thesc issues js evident in Califo rmia:
The state legislature there has on eco-
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nomic grounds banned the building of
nuclear plants until there ts a national
program for waste disposal .$?

Some would argue that even (f nuclear
power is cxpensive it is still essential as
a replacement for imported od. Al-
though it is true that nuclear power has
helped lower oil imports in some uations
—particularly France and Japan—in
most couantries its contribution has been
negligible, dwarfed by increased use of
coal and energy efficiency. In the United
States oil imports have fallen 50 percewt
since 1978. but nuclear power genera-
tion has risen only 5 percent. Today a
stmall and shrivking fraction of the
world’s oil1s used 1o generate clecricity.
and the oil versus uuclear equatiott is
largely noot.64

Cold economics is now doing to
nuclear power what thousands of
hot-blooded demonstrators never
could.

The choice between coal and nuclear
power. as usually posed. is not an attrac-
tive one, Coal-caused air pollution has
steadily increased in many countries,
producing new evidence of health and
environmental damage. Air pollution is
shortening the lives of millions of peo-
ple, particularly in developing countries
that cannot afford pollution controls.
Recently, acid rain and the threat of cli-
nate change through the greenhouse
effect were added to the list of coal-
related ills and appear much less opento
simple technical fixes.

The world’s energy options. however,
are not limited 1o a chwice between nu-
clcar power and coal. The biggest
change in the utility industry in recent
years has been the new role of end-use”
energy efficicncy as an alternative to new
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power plants of any kind. By increasing
the amount of light delivered by a light
bulb or the work performed by an indus-
trial motor for every kilowatt-hour of
electricity used, the same energy ser-
vices are gained at less than jt would cost
with a new generating plant.55

Many of today’s efficiency investments
save energy at a cost of between 1y and
2¢ per kilowatt-hour, which is one-tenth
to one-fifth the cost of electricity from a
new coal or nuclear plant. Utilities are
beginning to take advantage of such bar-
gains, in part because regulators are al-
lowing them 1o include in the rate base
the funds invested, say, in home insula-
tion or a more efficient air conditioner,
Just as they do investments in newpower
plants. A 1983 survey of 120 U.S. utili-
ties by the Investor Responsibiliy Re-
search Center found that 75 percent
have formal energy efficiency programs.
Collectively the utilities surveyed esti-
mate that improved efficiency will re-
duce their need for new generating ca-
pacity by 30,000 megawatts over the
next decade at a cost of $6.6 billion, or
less than one-sixth the cost of equivalent
power from a new nuclear plant.$®

These fundamental changes in the
economics of electricity are greatly ex-
panding the list of utilities’ options. This
breader context is likely 1o determine
nuclear power’s future. Donald Jordan,
president of the idison Electric Insti-
tute, said in 1983: “The huge construc-
tion program we face has damaged our
industry and our company. The best
thing for us would be no growth.” En-
ergy conservation programs have caught
on mere slowly cutside the United
States, but many are now beginning.
Throughout virtually the entire indus-
trial world electricity growth rates have
slipped from the 6-8 percent annual
rates of the early seventies 1o between |
and 4 percent today. In much of north-
ern Europe, electricity use could actually
decline 87
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When new  generating  capaaty s
needed, utilites will have many more
options than when they last ordered
plants. Promising renewable sources of
clectricity include small-scale hydro-
power, geothermal energy. biomass en-
ergy, wind power, and photovoltaic solar
energy. In additicn, cogeneration—the
combined producticn of heat and power
—is a rapidly growing alternative to cen-
tral power plants. The cost of these en-
ergy sources today ranges from just
below te substantially higher than the
cost of power from new coal or nuclear
plants. But the cost of the new sources js
declining while those of coal and nuclear
are still rising. (See Table 7-3.) In addi-
tion, many alternative energy projects
can be built on almost any scale and
plans quickly inodified if demand shifis,
an important advantage given utility
forecasters’ poor record for projec-
tions.58

Nuclear power is geing to find jt hard
to stay alive in the emerging competitive
econcmic climate. In the United States
ost utilities now state openly that they
do not even consider it in their plans for
new generating capacity for the next
decade. In other countries the strength

Table 7-3. Estimated Cost of Electricity
From New Plants, 1983, With Projections
for 1990 (in 1982 dollars)

Energd Source 1983 1990
(cems per
kilowatt-hour)
Nuclear 10-12 14-16
Coal 5-7 B-10
Small Hydropower 8-10 10-12
Cogencraion 4-6 4-6
Bioass 8-15 7-10
wind Power 15=2¢ 6=-10
Photovoltaics 50-100 10-20
Energy Efficiency 1-2 1.5

soUrGr Worldwalch Instuute,
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of nuclear development appears to de-
cline in direct proportion to the degree
of responsibility and risk the private sec-
tor is required (0 assume.

If an overriding national goal is the
expansion of nuclear power, a centrally
planned energy program appears best.
However, providing energy services at
the least cost and ensuring adequate
capital for non-energy investments make
a centralized commitment to nuclear
power much less attractive. Even rela-
tively successful programs are encoun-
tering cost overruns that cannot be
entirely short-circuited via central plan-
ning. Many will pay for thejr “success”
with high electricity rates and scarce cap-
ital for years to come.

The broad range of alternatives avail-
able and the pace at which the utility in-
dustry js changing make a balanced ap-
proach more important than ever. Ade-
quate power at the lowest feasible price
is the most sensible overall goal, with an
internal accounting of the environmen-
tal costs associated with each energy
source. If nuclear power does not pass
this market test, which it may not, it will
be replaced by more-appropriate energy
sources.

Nuclear power's economic problems
are not about to disappear. Costs con-
tinue to increase everywhere and high
interest rates and tight capital markets
are likely to remain, even with a vigorous
economic recovery. Arguments over the
economics of nuclear power are bound
to grow more heated as cost increases
begin to affect electricity consumers di-
rectly and as nuclear industries, starved
for new orders, pressure for more sup-
port.

The question now 15 not whether to
make a few small adjustments to encour-
age a thriving industrv, but whether to
introduce fundamerual  jnstitutional
changes and new economic subsidies to
prop up a dying business. Leaders in
many countries will be tempted to mud-
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dle through, makmg one deasion at a
time and so wading gradually into a
financial quagmire. This could b. the
most costly approach of all. Many uili-
tres m the Umited States have clung 1o
nuclear projects long after their eco-
nomic rationales had wrned o dust. In
the end, the plants were canceled, but
often several years and hundreds of mil-
lions of dollars laier than would have
been prident.

National leaders continue to be mes-
merized by the once-greac hopes placed

O
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in nuclear power and fail 10 see clearly
the economic hurden it has become. A
basic business ponciple holds that
money-losing enterprises should not be
continued in an attempt to recover early
losses if more promising investment op-
portunitics are available. The wr - is at
hand 1o decide whether nuclear power
programs have reached this point. Many
natons would benefit by cutting their
losses and moving on to more-produc-
tive endeavors.
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Developing
Renewable Energy

Christopher Flavin
Sandra Postel

Efforts to develop renewable energy
sources have unfolded at an unprece-
dented scale and pace since the 1973 oil
embargo. In the early seventies, renew-
able energy was in a much weaker posi-
tion than synthetic fuels, nuclear
breeder reactors, and fusion power, en-
ergy sources in which great hope had
been placed and on which much govern-
ment funding had been lavished. The
many disappointments and delays plagu-
ing these heavily funded technologies
since the late seventies are saarply con-
trasied by rapid progress made in devel-
oping a wide range of renewable energy
sources.

Renewable energy development was
stimulated by major new government re-
search and developmenm (R&D) pro-
grams in the mid-seventies, which were

Many of the issues in this chapter are discussed 1n
greater detail inn Damel Dewdney and Christopher
Flavin, Renewable Energy. The Power to Choose (New
York: W.AV, Norton & Co.. 1983},

soon joined by research effortsin univer-
sity and corporate laboratories. R&D
programs covered everything from ge-
netic research aimed at developing bet-
ter fuel-producing crops to large solar
demonstration projects built by private
companies with government funding.
Not all the projects met their objectives,
but the successes far omweighed the fail-
ures and helped pave the way for future
progress.

In the development of any new tech-
nelogy 1here js a natural evolution
driven by economic and political devel-
opments as well as 1echnical change.
New inventions often languish in thelab-
oratory for years before their commer-
cial potential js recognized, capital
raised, and markets developed. Several
renewable energy sources are now cross-
ing this critical threshold, entering a
stage of explosive growth that will dwarf
past progress. The momentum estab-
lished in the past decade appears suffi-
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cient 1o overcome the negative effects of
stagnant oil prices, high interest rates,
and diminished government support,

Renewable energy sources provide
approximately 18 percent of the
world’s energy, mainly in the form
of hydropower and wood fuel.

Since 1980, nrivaie companies have
decisively rake the lead from govern-
menis in the development of renewable
crergy. According 10 International En-
ergy Agency data for 17 industrial coun-
tries, governntents spent $1.2 billion on
rencwahle energy R&D in 1981 and in-
dusiry spem $1.4 billion: total annual
privaie investment in the actual develop-
mem of renewable energy in these coun-
tries probably approached $10 billion in
1983.! Surprisingly, invesimems rose
consisiemly during the worldwide reces-
sion of the early eighiies. With the gov-
ernnien spending cumbacks, the privaie
sector is now leading the way in renew-
able energy development.

Today. renewable ¢nergy sources pro-
vide approximatcly [8 percemt of the
world’s energy, mainly in the form of
hydropower and wood fuel. That figure
has risen only slightly since 1973, b
more rapid growth is likely in the years
ahead. The lis1 of itnportant renewable
energy sources will grow toa half-dozen
or more. Although none of these will be
a cheup panacea, eliminating the need
for oil vvernight, collectively they ap-
pear capable of meeting many of the
modest additional energy needs that will
arise during the uext decade. ‘I'he re-
newable energy sources discussed in this
chapter—wind power. wood fuel. geo-
thermal energy. and photovolaic sular
cells—are among the energ¥ sources in
which recent progress has been substan-
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tial. Other major sources, such as hydro-
power, ntethane generators, solar water
heaters, and energy crops, will be dealt
with in this report in subsequent vears,

FARMING THE WIND

Wind power has moved to the forefrom
of the renewable energy scene in some
countries in the past few years? Al-
though simple wind pumps have been
usr J for over a millennuumn 1o lift water
for agriculural and household uses,
wind power developmem in the early
eighties has been dominated by a new
form of wind power: centralized wind-
eleciric sysiems operaied hy or for utili-
ties. "Wind farins"—tlusterings of wr
hines connected to the elearic grid—are
now generaling power commercially in
California and a few other areas.

Harnessing the wind 10 generate elec-
tricity dares hack 1o 1890, and wind gen-
erators were widely used 10 electrify
farms in the early part of the cemury.
Abouwt 20,000 wind wrhines are used
today at fire lookouts and remote air-
fields and on isolated ranches a-d
¢ istal buovs.? When energy prices
hegan rising in the seventies. the wind
power indusiry made only fitful progress
at first, Gradually the echuology im-
proved with the help of governmem-
funded research aud development.
Aerospace engineers worked 1o develop
wind machines with blades as long as a
jumbo jet's wings and with gencrating
capacities as high as 5,000 kilowarts,
enough 10 supply power 10 over 1,000
modern homes.

At least eight giant wind machines
have heen erected in the United Siates,,
and others have gone up in Canada,
Denmark, the Netherlands, the Soviel
Union, Sweden. the United Kingdom.
and West Germany. Success in these
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ellorts has been nuxed. Sonmie wind ma-
chiines have blown over and some gener-
ators have burned out—the ustial prob-
lems of aitew technology—and efforts
are being tnade 1o reduce the cost of the
wind turbincs aud inprove ther : Jdial-
ity. Employing aerospace designs and
compwer controls, these grant inachines
reqtire world-class enginecring. 1t will
be several vears before they are a viable
conmiercial technology 4

Meanwlule. business interest in wind
power blossomed. A 198! stirvey found
that 110 U.S. wtilities had wind energy
research programs, and many have in-
stalled  experimemal machines. The
world’s  lrst commercial wird farm
bega:: generating power in New Hamp-
shirc in 1981, and the first municipal
wind farm was installed in Livingston,
Montana, in 19825

Since 1982, however, all these efforts
have beeu overshadowed by those in
California. Blessed with mountain
passes that are ideal wind farm sites, this
stale 18 far and away e world’s wind
farm pioneer. Beginiing in the late sev-
¢nties, the state government conducted
thorough wind resource assessments,
offered generous wind energy iax cred-
its, and required utilities to buy power
from wind farms ar a competitive price.
Rapidly rising electricity prices provide
added incentive 1n a state where utilities
still depend heavily on oil- and gas-fired
power generalion.

“he result was a wind farm boom that
some have likened o the Califorma gold
ttish of 1843. Starting almost from
saratch, developers installed 900 ma-
chines a1 20 separate locarjons in 1982,
Surveys indicate that 4,613 wind tur-
bines with a total gererating capacity of
300 megawalls will have been installed
by the end of 1983, etough to meet the
needs of over 30,000 households. (See
Table 8-1,) Three-quarters of them we*e
tnstalled in 1983 alone. Wind farms now
in the planning stage that should be
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Table 8-1. California: Commercial
Wind Farms fustalied, by Locstion,
by End of 19331

Generating

Location Machines Caparcity
(nutnher)  (megawatts)

Altamon Pass 2,144 142

Tehachag 1647 102
Maountains

$an Gorgonio 604 34
Pass

Mojave 150 18

Salinas \'al]cy 80 4

Total 4,613 300

1Prelimmary estimate.
sorrces. Canforma Energy Commussion. “Large
Cahiformia Wind PBiojects Installed in 1981 and
1992." and "1.arge-Scale Cahfornia Wind Projecis
Planned for 1983, Sacramemo. Calif. unpub.
lished. 1983,

complete by the late eighties include 8,-
600 wind machines with a generatizg ca-
pacity of about 1,500 :negawatts.® The
California Energy Commission’s goal is
for the state to have 4,000 megawatts
installed by the end of the century,
enough to supply 8 percent of the state’s
electricity.

Much of the early work in developing
wind farms in California is being carried
out by small innovauve firms formed
specifically to tap this power source. The
coinpanies have contracts with utilities
to supply wind-generated electricity at
the same price it would cost the utility to
get the power from another source. The
U.S. Windpower Company. one of the
most successful developers. is one-third
of the way toward its goal of providing
60 megawatts of generating capacity for
the Pacific Gas and Electric Company,
The small wind energy entrepreneurs
typically raise their own financing
through limited partnerships and lease
the fand on which the machines are con-
structed. Aided by generous federal and
state tax incentives, such firms can invest
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m nes. power sources tua nuhties will
not develop on thew own. For the uulh-
ues, the arrangement is an almost nsk-
free way of adding a new power source.
For the mvestors, a healthy ax aedin s
avatlable, aloug with revenues lroin the
clectricity sales. As the echnologies im-
prove amd wind-generated  elecinat
becomes cost-competitine with conven-
noual sources, the tug credits wilt no
longer be necessarsy?

California’s wind farms have devel-
oped so quickiv that the widd wachine
mdustry is stll catching wo  Since the
large machimes are not commercially
ready, developers bave relied on medi-
um-sized nrbmiey wath generaumg ca-
pacaies of berween 30 and 100 kilowaus.
So rapid is the growth that inore wr-
bines were himdoin dhe United Staes in
1982 andl 1983 tlrar i the previons wen
vears combined. Imported  macline,
primavily from the Netherlands and Bel-
gium, flled the gap and cunently supply
L0 percent of California’s wind power
market The state is serving as a major
stimulus to the wind wrbine industry
woutldwide d

Wind farms now in the planning
stage include 8,600 wird machines
with a generating capaciiy of about
1,500 megawatts.

Modem wind awbines include the lat-
¢sUIN transmissions, computer controls,
and synthetic materials. ‘The wind fanns
have not been without technical prob-
lems, however. Many machines have had
w be slmg down wemnporarily fot repairs,
and nnportant lessons continne (o he
lecamed.? The niost basic one is that a
simple, rugged wind machine is likely to
hold up the best, and some of the sophis-
ticated, cfficient designs have been aban-
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doned. Large-scale assembly-line pro-
duction of wind machines should begm
soon, putung wind power about where
the automobile industry was when
Henry Ford introduced the Model T
The resalting wachines are hkely 1o be
maore rehable and less expensive. Gradu-
ally developers are ordermy larger wnid
maclines and ‘t may be only a few more
vears before multi-megawatt machines
are used commetcially. Prelimmary con-
tracts have been sipued o set up such
wind farms.

The cconocae verdieton wind farnis is
in. If well-designed nichines are placed
at windy sites, electniaity can already be
generated for as liule as 10¢ per kilo-
walt-hour. In parts of Califorma, the
U.S. Midwest, northern Europe, and
nany developing countries where wind
speeds average at leasts 12 ni'es per hour
and where ol-gencrated  clectricity is
conipon. wind farms are close to being
cconomically viable now, Studies in
Europe and the United States indicate
that later generations of mass-produced
miachines will be able 1w produce elec-
tricity at 3-7¢ per kilowati-hour, making
them commeraally viable without spe-
cial ax creciis. By the nmeties wind
farms are Likely 10 have an economic ad-
vantage over coal and nuclear power
plants ir. many parts of the world. In the
meantune, work is needed to further im-
prove tinbine performance and reliabail-
L

‘The environmental effects of wind ma-
chines are a potential constraint on the
future of this renewahle energy source.
The availshility of mexpensive land far
frown housing developments 1s key to
wind farm acceplability. A “farm™ gener-
ating power equal to a 1,000-megawat
power plant would cover approximately
82 square kilometers of land. Meeting
California’s goal of providing 8 percent
of the stine’s generating capacity with
wind farms requires the placement ofhe-
tween 10,000 and 100,000 machines on

135



(140}

approximately 615 square kilometers.
Yet this area is just two-tenths of 1 per-
cent of the state’s land. Based on such
calculations. countries with ample wind
should be able to get 10-25 percent of
their electricity from this resotirce with-
out infringing on land needed for agri-
culture or housing.!!

Noise and saferv are additional envi-
ronmental concerns. Annoying sounds
and inaudible vibrations have caused
problems with somie experimental wind
machines. Residents  living near Al
tamont Pass in California, site of the
world’s Jargest projects, complained
about the incessant “swooshing” sound.
and their land finallv had to be pur-
chased by wind power developers. In
1983, environmentalists fought a pro-
posed wind farm o be located near the
scenic northern California coast. Proper
land use planning could prevent these
problems. Wind farms clearly should be
sited discriminately, and there are plenty
of good locations where conflicts should
not arise.!?

California’s wind farms have already
gained worldwide attention and are
likely to stimulate similar projects in
other countrics that can benefit from the
technical and instituticnal lessons of
these pioneers. In the Netherlands. the
national electricity association is devel-
oping a 10-megawatt experimental farm
and plans to be generating 7 percent of
the country’s clectricity with wind power
in the year 2000. Expertinental wind
farms have also been started in Denmark
and Sweden., and several other nofthern
European countries have similar plans.
One of the most innovative is a British
plan to create offshore “farms” in the
windy North Sea, supported by plat-
forms anchored to the sea floor.!?

Governmient support is a prerequisite
for the successful carly development of
wind power. The advances made in Cali-
fornia would not have been possible
without tax credits. By reducing the in-
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vestment risk, tax incentives stimulate
the carly stages of wind power develop-
ment. So far. most government support
has been funneled into R&D programs,
which are necessary but not sufficient to
create a viable wind farm industry. Wind
resource surveys are also essential.
Those done in California, for example,
revealed an energy source larger than
anticipated and were the catalyst for the
state’s wind farm boom,

Today economics and politics—inore
than resource or technical limits-~are
constraining wind power development.
In California, the expected boom in
1983 was slightly restrained by delays in
extending the state’s renewable energy
taX credit. Oil price declines and the re-
sultant lowering of the “buy-back rate”
that wind developers receive from utili-
ties have also slowed the progress. Since
mid-1983 wind farming efforts have ac-
celerated, however, and several thou-
sand machines should be installed in the
next few years. Wind power is shaping
up to be a major energy success story of
the eighties.

THE RESURGENGE OF WooD

India and the United States, far apart on
the economic spectrum, have ~t least
one thing in common: They now burn
approximately equal amounts of fuel-
wood. Yet in the United States the 130
million tons of fuelwood used annually
represents cnly 3 percent of energy con-
sumption, whereas in India this same
amount supplies one-fourth the coun-
try’s energy.!4

These two countries highlight a srik-
ing dichotomy in world fuelwood use:
overuse in the developing world, where
tuelwood is a necessity jn ever shorter
supply. and great underuse in the indus-
trial world. where despite its abundance
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wood was largely supplamed by other
energy sources in the early wwentieth
century, For most Third World resi-
denms, fuelwood is the only viable cook-
g fuel. Oxver 100 imlhon of these peo-
ple cannot get enough wood 10 cook
their food and over a billion are meeting
fuel needs only by overcutting and dep-
lering their wood resources. (As dis-
cussed in Chapter 5, massive wree plant-
ing is the only hope of avening this
growing Third World energy crisiy over
the coming decades.)

Yet tn many industrial countries fuel-
wood use has only scratched the surface
of its potenual. Millions of 1ons of wood
waste and low-quality timber go unused
cach year in the foresi-nch countries of
North Amenica and Europe. Now. aftera
cemuny-long dechne when cheap, abun-
daut fossil fuels dominated, wood is edg-
ing its way back into the energy budgets
of indusinal nations,

Sweden, with one of the highest oil
imports per capita in the world, las
given wood a promine nt role in ns plans
for a nore self-sufficient energy future.
Aiming 10 lalve ol consumption by
1990, Sweden plans 10 get 15 times as
much energy from fuelwood, wood
chips, and forest residues as it did in
1980. Adding energy frem pulp-mill
wastes should bring wood’s projected
1990 contribution 10 12 percent of total
energy supplies, nearly hall oil's share. If
the government's plans to reap energy
from tree plantations are even modestly
successful, wood will replace oil as the
leading energy source before the end of
the century. ' Finland, too, is investigat-
g “energy forests”—the planting of
willow and other fast-growing. noncom-
inercial speaes mainly on marginal
lands. Estimating that wood waste could
replace up 10 30 pereem of its oil in-
ports, Finland has resolved to strive for
40 percent energy self-sufficiency by
1990,¢

Canada derives 3.5 percent of its pri-
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mary energy from wood, nearly all of
which is used in the forest products in-
dusury. Burning wood for space heaung
has been limited to about 3 percent of
Canadian homes, although the residen-
tial wood market is much stronger in
some eastern provinces where wood
supplies are nearer to towns. On Prince
Edward Island. Canada’s smallest prov-
ince and the one most heavily dependent
on oil. about half the rural homes are
now heated with wood. The govern-
nmicit's Forest Industries Renewable En-
ergy Program, begun in 1978 to encour-
age the wood products indusuy 1o
replace fossil fuels with wood wastes,
had such a successful first three Years
that 3t was extended through 1986 and
its budgetr was tripled 1o $288 million.
Canada’s $30-million wood energy re-
search program is focused on displacing
10 percent of fossil fuel use by the year
2000.17

India and the United States now
burn approximately equal amounts
of fuelwood.

In the United States, the decisions of
millions of homeowners and scores of
companies are sparking wood energy's
revival. After falking from 75 percent in
1870 to 2 percent in 1973, wood’s share
of national energy use is now up 1o 3
percent and climbing. In 1982, indus-
tries accounted for 60 percem of wood
energy consumption: homes and small
businesses burned the rest, Although in-
dustrial wood energy consumption has
been rising for decades. it is the use by
homeowners that has changed dramati-
cally. Since 1973 wood energy use in the
residential sector has more than dou-
bled.'® Annual sales of residential wood
stoves increased ninefold between §972
and 1979 and two million stoves for
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home heating were purchased in 1981
alone.?® Americans collectively burned
over 48 million tons of wood in their
homes in 1981—equal in end-use heat-
ing value to nearly 100 million barrels of
0il.2% (See Figure 8-1.)

Between 1973 and 1981, Vermont
residents halved consumption of
home heating oil and tripled their
burning of wood.

Wood’s reentry into the U.S. home
lheating market is strongest where the
fuel is abundant and where other energy
sources have risen greatly in price. No
region hetter exemplifies this than New
England. where 80 percent of the land is
forested and where the price of fuel oil
—the most widely used home heating
fuel—has jumped 240 percent over the
last decade. Between 1973 and 1981,
Vermont residems halved their con-
sumption of home heating oil and tri-
pled their burning of wood.?! (See Fig-
ure 8-2.) In 1980 alone, $48-million
worth of petroleum was saved and, since
wood is 2 local energy source. its use
increased local employment and in-
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Figure 8.1. U.S. Residential Wood Use (in
Equivalent Barrels of Oil), 1965-81
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Figure 8.2, Usc of Oil and Wood for Home
Heating in Vermont, 1960-81

come. Although the pace of fuel switch-
ing no doubt will slacken over the com-
ing vears. if these general trends in oil
consumption and wood use continue,
wood may rival oil as the state’s leading
residential fuel within a decade.

Industrial use of fuelwood has long
been dominated by the forest products
industry. Recent progress toward
greater self-sufficiency in this energy-
intensive industry js impressive. Bark,
pulping wastes, and wood chips now
supply about half the U.S. pulp and
paper industry's energy—equal o about
125 million barrels of oil annually—
while the solid-wood products industry
(making plywood, cabinets, pallets; and
so forth) is now about 70 percent self-
sufficient. Many of these companies are
supplying power to nearby communities
and industries. The Scott Paper Com-
pany cogenerates 30 megawatts at its
Westbrook. Maine, plant and sells the
surplus electricity to the local utility.
Paper companies yn Sweden are obtain-
ng 60 percent of their energy from
wood residues; those in Canada, 45 per-
cent. These figures should keep rising as
more firms find that extracting energy
from their own waste matter makes eco-
nomic sense,??
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Wood tuel is now attracnng other in-
dustries as well. By late 1985, at least 8
projects gencrating over 10 megawaus
of eleciricity exclusively from wood wil
be on line in non-torest-praducts com-
panics in the United States, (Sce Table
§-2.) By the end of the decade this puwm-
ber will easily exceed 25, ludusinal boil-
ers are heing fired with scrap fromn furni-
ture-ntakers, waste wood from pulp
mills, residues from the forest, wood
chips front land-clearing opcerations. as
well as harvests from private forests,
Proctor and Gamble spent $30 million 1o
convert jis large Staten Island, New
York, plart from anl 10 wood in 1983 and
expeets energy savings of $3 million a
vear. Dow Corning Corporation, a lead-
ing mamdacturer of silicon products,
began  cogenerating  clectricity  and
stcam at its Midiand. Micligan, plan i
December 1982, Afthough the facility
can burn wood, oil. nawral gas. or coal
{with modificanons). wood is the eco-
nomical choice for the eigliics. Dow
Cormng is meenng all its own encrgy
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needs and selling between 1 and 2 mega-
waus of electricity 10 Consuners Power.
the area uiility,??

Where convenuonal fuels are expen-
sive and wood supplies abundant. elec-
tric utilitics are also finding fuelwood an
auractive aliernative. A subsidiary of
Washington Water Power Company is
nearing completion of a 46-megawau
wood-fueled plant in Kettle Falls that an-
nually will burn about 450.000 1ons of
wood wasie from surrounding lumber
mills. Vermont's Burlington Eleciric De-
paruncnt, which already has rewohued
twe 10-megawatt coal units to burn
wood, plans 10 have a 50-mcgawat
wood-fired boiler operaling in early
1984. The half-million tons of wood
chips consumed annually will come from
privaicly owned forests within 50 miles
of e cy. Ulirasystems, Inc,, of Califor-
nia is pioncering the development of
small eleciric power plants to be runen-
tircly on forest residues. Two plants that
will tie into northern California’s utility
grid are slated for completion over the

Table 8-2. United States: Selected Plants Qutside of Forest Products Industry
Generating Electricity From Wood?

Proge) Capaciny Wood Source Siart-up
(negawatts)

Burlingtou Elecine Dept, 50.0 prvate forestlnd Spring 1984
Burlhugtou. Yerntont hatv esis

W.P Energy 46.0 mill resadues Fall 1983
Kettle Falls, Washington

Dow Corning 224 private forestland December 1982
Midland, Michigan harvests

Proctor aud Gamble 13.5 industrial wiste wood  June 1983
Long Beach. Cahfornia

Ultrapower, Inc, 11.0 forest residuces Scptember 1984
Burney, Calforma

Llrrapower. I, 10 forest residucs Scplwember 1985
Westwood. Califormia

Proctor and Gamble 10.5 mdustrial waste wood:  Junc 1083

Staten Island. New York

wood chips

INot icluded are uliiues and indisseres blending wood with Coal
soUReGE: Personal commuunanots with unibis and mdinsiry officuals,
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next two years ancd the company plans to
develop 20 of these plamts nationwide
over the pext five years.

Wood-fired clectricity generation is
also bang pursued in developing coun-
tries. In the Philippines, the hearty
leguine tree lencacna known there as
the ipil-ipil} has been planted on some
15,000 heaares of shallow, infertile soils
to supply wood to power plants through-
out the island nauon. Several of the 17
plants inivally planned are nearing com-
pletion and at least two were expecaed o
be operating by late 1983. Abour 1,200
hectares of leucacna are peeded 1o sup-
ply cach 3-megawaut power plamt with
luel on a sustainable basis. 'I'he trees are
planied and farmed by rural families,
many of whom now have steady incomes
lor the first time, Each hectare annually
produces wood equal in energy content
to 20-25 barrels of oil—at one-fourth
the price. With about six nallion hec-
tares (20 percent) of the couniry’s land
arca now denuded, there is ample room
and recason to cxpand these plania-
tions.?%

Wood's resurgence as an  energy
source is owed in large part (o new tech-
nologics of harvesting and processing it
for fuel. Mechanized whole-tree harvest-
ing. unlike traditional logging, removes
not only the commercially valuable bole
of the nee but its leaves and branches as
well. Residues formerly left as slash in
the forest are thus available for fucl. In
Jjust minutes, whole-tree chippers can
convert virtually all paris of a trec into
wood chips that can be casily tran-
sported 1o a waiting wood-fired boiler.
As shown by Proctor and Gambie's plant
in Staten Island, no lenger must a com-
pany be surrounded by foresis to fuel its
boilers with wood.

Also. in the last few y ears wood pedlets
have increasingly moved from the re-
scarch lab to the marketplace. The pat-
ented pelletizing process vields bite-
sized bits of wood (or other biomass)
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that are denscer, drier, and thus cheaper
to transport than other wood fuels. Since
converting boilers from coal to pellets is
typically quite easy. pellet-producing
companies sec a large market ahead in
fucling indusiries, schools, hospitals,
and other instilnions, as wetl as in heat-
ing homes. At least a dozen plants are
now making pellets in North America.
BioSolar Research and Development in
Eugene, Oregon, and Shell-Canada are
jointly building these plants in several
Pacific Rim countries, expecting a siza-
ble market where oil impert hills are

high, 26

No longer must a company be sur-
rounded by forests to fuel its boil-
ers with wood.

Burning wood for fuel is not always
environmentally benign. As demand for
fuclwood continues 1o rise and emerg-
ing technologies make logging of small
racts and noncommercial wood more
economical, the character and health of
forests may change. In the United States,
more than half the commercial forests
are owned by ncarly eight million private
landowners. Many have never managed
their forests for commercial purposes
but may soon have an incentive to do so.
The 50-megawau power plant in Burl-
ingon. for example, may double the
wood harvest of northern Vermont. Fuel
for Dow Corning’s Michigan plant will
come from private forests within 50-75
miles.??

Foresters anticipate both bencfits and
problems in this siwation. On the one
hand. selective thinning and removal of
old growth could increase the productiv-
ity of private forests, something that for-
esters have advocated for some time but
that private Jandowners had liule incen-
tive to do. Yet whole-tree harvesting
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technologies will remove snore biomass
from the forest and will encourage more
clear-cutting. Leaves and 1wigs have
high concentrations of nutrients that, if
left in the forest, revitalize the soil.
Removing too much biomass could
evenwally cause declines in forest pro-
ductivity. As the wood energy market
grows, these potential effects must be
monitored <arcfully and limits may need
to be set on wood removal from some
forests.

Like most energy sources, fuelwood is
not without its pollution problems. Win-
ter mornings in many wood-burning val-
tey towns are now shrouded in a bluish-
gray haze.  Wood-stove emissions
comntain a high percentage of orgamc
matier thonght to be 1oxic and carcino-
genic. Wood buming is now regulated in
the state of Oregon and in some towns
in Colorado and Montana. In other areas
where such pollution is worsening, regu-
lations undoubiedly will be forthcom-
ing. Catalytic convericrs effectively con-
trol wood pollutants and recoup part of
their $80-100 price tag by increasing
effictencies by 13-25 percent. Pollution
controls for industrial wood boilers gen-
crally require a smaller capital invest-
ment than a comparable coal plant
would, but costs are not insignificant,
The electrosiatic  precipitator  that
removes virtually all particulates at Dow
Coming’s plant added 15-20 percent 1o
construction costs.

Although wood is unlikely to regain a
place of dominance in the energy bud-
gets of industrial countries, it is emerg-
ing as an anportant component of the
renewable energy picture in many re-
gions. Neither the forest management
problems nor the pollution control chal-
lenges it poses are imsurmountable. Be-
fore the century is out. wood's contribu-
tion 1o primary energy needs is likely to
reach between 7 and 15 percent in sev-
eral industrial countrics, depending
upon the success of energy plantations
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and the extent 10 which commercial for-
ests come under more intensive manage-
ment.

GEOTHERMAL ENERGY
DEVELOPMENT

Whereas most renewable fuel sources
draw upon the sun’s energy, geothermal
energy comes dircctly from the earth’s
vast subsurface storehouse of heat. In-
tense pressure and the decay of radioac-
tive elesments deep within the carth con-
unuously gencrate heat that escapes
through hot springs, geysers, and vol-
canoes. The world's geothermal riches
include the area where the mid-Atlantic
ridge bisects Iceland, arcas around the
Mediterranean, the Rift Valley in East
Afnica, and the "Ring of Fire” that ex-
tends around the Pacific Basin, Yet even
outside these places, which constiute
about 10 percent of the world's land
mass, there are abundant lower-temper-
ature geothermal deposits.2?

For millennia people have flocked to
hot springs, and by the ninth century
Icelanders were using grothermal heat
for cooking. In the Middle Ages several
European towns disiributed naturally
hiot water 10 heat homes. The 20 coun-
trics tapping this source today for chores
other than bathing cull the energy equiv-
alent of 91 million barrels of oil each
year, about half in the form of direct heat
and half as electricity. Although not yet
a major component of the global encrgy
budget, this is cnough direct heat to
meet the needs of over 2 million homes
in a cold climaie and suffficient electricity
for over 1.5 million modein homes.3°

Heating homes is the widest applica.
nion of geothermat cnergy today. Since
the turn of the century, the residents of
Klamath Falls. Oregon. have drilled
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more than 400 wells 10 1ap the 40-
110° C water beneath their houses for
space- and domestic water-heating.
Household wells there have exchangers
that transfer heat from the briny subter-
ranean reservowr 1@ the pure warer cir-
culating to the house. Using a heat ex-
changer conserves the resource,
minimizes corrosion, and skirts the
problem of wasiewater disposal.*!

Where human settlements sit asiride
geothermal resources, district heating is
an unbeatable bargam. The most nn-
pressive example is lceland, whose im-
mense geothermal resources provide
heat for 75 percent of the population. In
Reykjavik, the capital, nearly all the 112,-
000 residents use heat from two geo-
thermal fields under the city and from
another ficld 15 kilometers away. Visi-
tors to this frigid city in the thirties recall
the pall of coal and wood smoke that
engulfed it in winier, Today the air is
clear. and heating homes cosis one-
fourth what it would if fuel oil were
used.*? France, Hungary, the Soviet
Union, and the United Siates also have
geothermal district heating systems in
place.

Although geothermal 1echnology has
advanced far in recem decades, it is still
the stmplest yses that are the most popu-
lar. Japan’s 1.500 hot-spring resorts are
visited by 100 million people cach year,
for example, and require no drilling. li-
tle piping, and minimal capital. Yet it
would take five large <conventional
power plants to heat these baths. In
parts of Mexico, pecople wash clothes
with naturally hot water: some Thais and
Guatemalans use it to betl vegetables
and make tea. The largest agricultural
application is greenhouse heating: In
Hungary, geollwermal greenhouses
cover 70 hectares, while Italy saves
$600,000 worth of fuel oil a year by geo-
thermally heating  several  green-
houses .

This rencwahle resource is also used
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in industry. In northern leeland a miner-
al-processing plant uses it 1o remove the
moisture from siliccous carth. With 30
percent lower energy costs, the company
now pockets an exira $1.3 million anny-
ally. At Brady's Hot Springs. Nevada, an
onion dehydration plant using geother-
mal encrgy is saving $300,000 per year,
enough to moiivaie the company’s
managers to expand the original plam
and build an additional one. 3¢
Converting geothermal heat 10 elec-
tricity allows the captured energy 1o be
wansported 1o cities and factories far
from its source. Arcas with the high-tem-
perature geothermal water or steam
needed for eleciricity generation are
rarer than those suited for direct use.
Even so, 1oday over 130 geothermal
power plants with capacities of 0.5-120
megawatls are operating in more than a
dozen countries, and the number is
growing rapidly. (See Table 8-3.) Collec-
tively, these plants have a generating ca-

Table 8-3. Worldwide Geothermal
Electrical Generating Capacity, June 1983

Total

Power Instafled

Counry Plants Capacity

{number}  (Megawatls)

United Siates 24 1,284
Philippines 14 594
haly 41 457
Japan 8 228
Mexico 10 205
New Zealand 14 203
El Salvador 3 a5
[celand 5 4]
lndonesia 3 32
Kenya 2 30
Soviet Union | 1t
China 10 8
Total 135 5,188

soUrce, Ronald DePippo. Southcastern Massachu.
seirs University, privite Commumcanon, Stpiem,
ber 983,
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Source: Pacyfic Gas
and Electrse Co
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voirs that comain both steam and water.
Plams that tap this less idea! form of geo-
thermal energy are found in at least ten
countries. though many of the projects
are still experimental. One of the maost
successful facilities, in Wairakei, New
Zealand, has operaied continuously
since the mid-sixiies. Electricity genera-
tion declined at this 190-megawatt plant
at first, apparently because water was
being exiracied fasier than it was being
replaced. However, generation has sta-
bilized since the mid-seventies.3¢

! I
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Figure 8.3. Electricity Generated at World's

Largest Geothermal Project, The
California, 1960.83 Geyters

pacity of over 3,000 megawatis.

‘The simplest techtiology for genera-
ting electricity is the dry sieam system
used at steam-only reservoirs. Four such
systems are in operation: one commer-
etal complex each in l1aly and the United
Siates and two smaller systems in In-
donesia and Japan. Eleciricity genera-
tion at these rare, prime sites is mainly a
matter of piping the steam 10 a standard
turbine. The largest complex is one at
The Geysers in northern California.
which has been rapidly developed in the
last decade. {See Figure 8-3.) 1;; 1983, 17
power plants were providing 1,000
megawatts of generating capacity for the
Pacific Gas and Eleciric Company
(PG&E)—about 6 percent of the utility's
generating capacity. ¥our other develop-
ets are active in The Geysers area, in-
cluding the California Depariment of
Water Resources. which uses the geo-
thermal energy to pump water intc its
state water project aqueducts. Total
generating capacity at The Geysers from
the wells of all five developers may reach
2,500 Mmegawaits before the cenmury is
oul 3%

More common are geothermal reser-

Over 130 geothermal power plants
are operating in more than a dozen
countries.

A major boost 10 geothermal develop-
ment will occur when generating planis
can use these more abundant geother-
mal resources. Conventional “separated
steam’ facilities use the naiurally avail-
able steam alone to run the turbines.
More-efficiem “double flash™ plants di-
rect hot water brought to the surface 10
a vessel where pressure is reduced and
additional steam generated. A recent in-
novalion—ihe binary eycle plant—al.
lows efficiem electricity generation
using lower-temperature water (between
150-200° C). Pilot plant tests in China,
Japan. and the Uniled States indicate
that this promising design needs mors
research and operating experience, how-
e =r. Geothermal cogeneration—using
the same energy for both electricity gen-
eration and direct thermal use—can also
increase efficiency.??

Improving the means of locating and
drilling for geothermal resources would
speed the pace of development of this
energy source. Many industries and cit-
ies undoubtedly sjt atop hidden geother-
mal resources that could provide them
with relatively cheap energy. The dril-
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ling of wells often accoums for more
than half the cost of some geothermal
projects. Exploration and dnilling relies
on techniques similar to those used 1n
natural gas development and improve-
meitts should reduce costs. The sophis-
ticated remote-sensing techniques de-
veloped by pewroleunt geologists are
being adapted 10 geothermal encrgy
prospecting. This should lower costs,
though by exactly how much is hard to
predict.

Inspuorities such as salts and silicates,
picked up from subterrancan rock by the
hot circulating warter, typically cause
scaliig and corrosion at geothermal
plauts. Morcover, the materials that cor-
rode or scale the inside of a geothermal
systein ofien become pollution outside
it. Hydrogen sulfide, a noxious gas
found at almost all geothermal sites, is
occasionally concemirated enough 1o
cause lung paralysis, nausea, and other
health problems. Pollution control de-
vices developed for use on coal plant
cmissions calt remove approximately 90
percemt of tie hydrogen sulfide. but so
far only The Geysers plant in California
and a few others use them. As the cost of
the devices would constitute less than 10
percent of the overall system, expense is
no cxcusc for this lapse; geothernial
plants need not become major polluters.
Surface water supplies also must be pro-
tected from mercury. arsenic, and other
substances ofien dissolved in grother-
mal water 3

Like all renewable encrgy sources.
geothermal energy will not flourish with-
oul amenable institutions. Governments
could help by conducting broad prelimi-
nary assessments to indicate where pri-
vate industry should focus ns efforts.
Most countries with major development
programs, including the Philippines and
the United States, have begun such sur-
veys, though few are as extensive as they
might be.3? Also, the uncertain legal sta-
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tus of geothermal resources inhibits de-
velopment. In most market economies it
makes sense to follow the petrcleum
model, giving the private sector primary
responsibility for developing geother-
mal energy but standardizing leasing
procedures and charging the indusiry
royalty fees if the government owns the
resource.®® Governments may alse need
to set requirements on plant size and
pollution levels 1o ensure that geother-
mal developments do not harm the envi-
renment and that they preserve other
fand valucs.

One approach to risk-sharing taken in
France, Iceland, and the United States is
for the government to reimburse some
propenicn of the cost of exploratory
wells. In Iceland, an Energy Fund pro-
vides loans to cover 60 percent of ex-
ploration and drilling costs. If the well
1s successful, the loan is repaid at nor-
mal bank rates using the proceeds from
the project. If it is dry, the loan
becomes a cash grant and the project is
dropped *!

Prospects for geothermal energy are
bright. Its use has expanded more than
10 percent per year since the mid-seven-
ties; in the two years leading up to June
1983, worldwide capacity rose by 26 per-
cent. Reliance on this source is likely to
increase five- 1o tenfold by the end of the
century, with direct heating playing a
greater role in the indusirial countries
and eleciricity generation being more
important in the Third World 42

Estimaces vary greatly on how quickly
the direct use of geothermal heat will
grow. France. which has low-tempera-
ture geothermal resources below two-
thirds ¢ its land area, aijms to have a
half-million geothermally heated homes
by 1990. Canada, China, Japan, the So-
viet Union. and the United States could
also exprad the direct use of geothermal
heat diamatically. Through China’s na-
tional exploratory program. approxi-
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mately 2,300 hoet spots have been iden-
tified, and geothcrmal experts expect
™~ cotintry 10 move rapidly in its devel-
¢, ..-ntofdirect geothermal heat. Much
of the Sosviet Union sits aiop low-tem-
perature geothermal deposits, and sev-
eral district heating projects are under
way. 43

Geothermal elecricity  development
could add up 16 17,000 megawaus by the
vear 2000—five 1imes the current level.
The United States is likely te account for
one-third of this ial. Encrgy analystsin
Hawaii estimate that geothermat sources
could supply 1,000 megawaus of that
state's ¢ fectricity by century's end—one-
thnrd or moe ot Hawaii's total projected
clearricity supply. Seme 20 potential
sites throughout the islands have been
identified, apening up the possibility of
an interisland clectrie cable 44

‘The Philippines has nearly 600 mega-
wans of geothermal generating capacity
today and plans to donble this by 1989,
Evenuually geothermal energy will rival
hydropower as (hat country’s largest
clectricity sonurce. Kenya, the only Afn-
can nanen now generating electricity
with geothiermal encrgy. Las doubled its
mstalled capacity in the last two vears. El
Salvador has generawed one-third of its
power from geothermal energy in some
recent ycars, and Mexito plans to have
600 megawatts of geothermal capacity
by the mid-cighties.$5

By any sonnd reckoning, geothermal
energy usc will be subsiantial in the year
2000, though it will remain concentrated
in a few arcas. Countries such as Iceland
and the Philippines will draw heavily on
their rich geothermal endowment. And
as the techneology for tapping geother-
ttial resources impros es and some indus-
trics relocate o geothermally rich re-
gions, many wwre countries will rely on
this renewable resource. It will gradually
become ancther strong link i1, a diverse
global erergy system.
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ELECTRICITY FROM
SUNLIGHT

Solar photovoliaic cells may become one
of the most rapidly expanding encrgy
saurces—atid one of the biggest growth
mdusirics—of the nexi 20 years. Produc-
tion of these ceils has nearly quadrupled
since 1981, and worldwide sales totaled
approximately $250 million in 1983,
Afier a decade of being considered a fu-
turistic solar energy prospect, photovol-
taics are now cniering the ¢commercial
marketplace with a full head of steam 46

Phcicvolaic cells are a product of
modern solid-state physics, and they di-
rectly convert sunlight, the world’s most
abundant and widespread renewable cn-
ergy source, imo cleciricity. Photovol-
taic cells are virtually maintenance-free
and are made from silicon, the second
most abundant element in the earth’s
crust, The first silicon cells, developedin
the United States in the fifiies, were ex-
pensive—sceveral hundred times the cost
of conventional electricity sources. But
the need for a lightweight and long-last-
ing power scurce for the space program
helped rescue photovohaics from obscu-
rity. By the late sixtics, U.S. companies
were producing cnougn solar cells to
power virtually all U.S. satellites, provid-
ing vital defense, scientific, and research
servitces,

As fossil fuel prices ros. in the seven-
ties, solar cells became a muth more at-
tractive cnergy sources researchers in
several Europecan countries, Japan, 1he
Soviet Union, and the United Staics
began (o develop solar cells for use on
earth. Major advances in the efficiency
and reliability of photovoliaic cells have
been made in the last decade while ¢, .ts
have fallen 1< 2 smau traction of their
earlier level.

Current nses for solar cells are quite
diverse. though they have preved most
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popular : apphastions lor wluch con-
ventional energy sources are inpractical
or simply not available. A large share ol
pholovoltaic systems are used at remote
communications installations. for water
pumping, ana at isolated houses. Other
solar cell applications range from porta-
ble modules thar are popular on hoats
and train cabooses to larger systems lor
isolated mountain cabins and scientific
rescarch stations. Alitkough most of
these are still cxpensive, particularly
since they normally require batieries,
they are usually cheaper than the alter-
natives. Also growing in popularity since
1980 are solar-powered hand calculators
ind other portable electronic devices.,
About 60 million solar calculators were
sold in 1983, using over 10 percent of
the solar cells manufactured.?

Approximately 60 companies now
manufacture solar cells in 20 different
coururies, The United States sull holds
60 percent of the worldwide market, but
other nations are gaining ground ra-
pidls. Japan has the fasiest-growing in-
dustry and now has a 20 percent market
share. The rest of the industry is cen-
tered mainly in Forope, led by France,
Ituly: and West Germany. Countries with
smaller photovoltaic indusiries include
Australia. Belgium, Brazil, Canada,
China, England. India., Mexico, the
Nethcrlands, the Soviet Union, Spain,
and Sweden, 8 Worldwide production of
photovolaics is generally measur-d by
the kilowaus of peak capacity that the
solar cells can generate, The manufac-
wre of photovohaics has grown 75 per-
cent annually, from 500 kilowaus of
peak-power capacity in 1977 1o an es-
timated 18.000 kilowatts (18 megawatts}
in 1983.—over 100 times as much as
when the space program was at its
height, (Sec Figure 8-4.) The solar cell
industry is currently once of the world's
boom industries. and so far its growth
rate shows no sign of slowing.4?

Cost reduction is the key to solar ek
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Figure 8-4. Annual World Shipments of
Photovoltaic Cells, 1975-83

wricity’s future role. Solar cells have fol-
lowed a remarkable cost curve, with
costs being at least halved every five
years. Although aciual average prices
have not fallen quite as steeply as U.S,
energy planners had hoped, they have
declined from nearly $20 per peak waut
in 1977 10 $8 in laie 1983. (See Figure
8-5.) Balance-of-sysiem costs add $5-10
10 the cost of a typical photovoliaic sys-
e, Commercia! solar cells generate
power for between 50¢ and $1 per kilo-
watt-hour, ten times the typical price of
grid electricity in industrial countries,S¢

Solar cells are expensive for a number
of reasons: energy-intensive processing,
large labor requirements (including the
meticulous hand-assemhly of cells), and
extensive  supporting  components.
“osts will be reduced by half simply by
developing less-expensive methods of
manufacturing the single-crystal silicon
cells that currently dominate the market.
Similarly. the efficiency of these cells can
be raised from 10 percent up 1o 15 per-
cent. Another cost-reduction straiegy is
1o develop any of several promising
nexi-generation solar cells, such as
amorphous silicon, that are likely to be
cheaper 10 produce. The main challenge
is to obrain efficiencies of at least 8~10
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Figure 8.5. Average Markel Prices of
Photovoltaic Modules. 1975-83

percent using materials that lack the in-

herently good photovoltaic properties ol

crystalline silicon. Commercial produc-
tion of amorplious cells began in Japan
n 1982 and in the United States in 1983,
Some analysts think they will sweep the
market by 199051

Larger manufaciuring plants employ-
ing morc-advanccd and less-expensive
processes are scheduled 1o come on-lve
in *he next few years. and intense inter-
national competition for market shares
is already helping 1o push prices down.
By 1990, a total solar-clectric system will
cost between $4 and $8 per wau and
geaerale electricity al a cost of between
15¢ and 30¢ per kilawatt-hour. This is
geuing close o the price consuniers pay
for electricity jn many parts of the world.
including Europe and Japan. Further re-
ductions are likely after 1990. Since the
costs of most electricity sources, mchid-
ing coal and nuclear power, will con-
tinue 10 rise. <olar ceils should be a com-
petitive #lectricity source in all but a few
areas of the world by the mid-nineties.5?
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Besides offering the prospect of in-
expensive power, placing solar-electric
systems on residential and industrial
rooftops allows greater cnergy indepen-
dence. In addition 1o the approximately
10,000 solar-electric residences cur-
reatly inremote arcas such as Alaska and
the Australian outback, architects and
cugineers are designing photovohaic
homes connected 10 electricitv grids in
modern subu~ban communities, Excess
electricity from residential photovoltaic
systems 15 sold to the local utiliy. while
the homeowner relies on the uiility's
power when the sun is not shining. Sev-
eral photovoliaic homes have been buiit
in the United States in the early eighties
and have been successful, albeit quite
expensive so far. Communites in all but
the m#st overcast climates should even-
toaily be able 10 obtain at least one-quar-
ter of their electricity from roofiop solar
syslems. >3

ALout 60 million solar calculators
were sold in 1983, using over 10
percent of the solar cells manufac-
tured.

The question: of which use of solar
clectricity will prove most economical
and popular tn the future is still open 1o
argument. Advocates of centralized
solar power cite the economic advan-
tages of large photovoliaic systems,
since one set of power lines and control
devices can serve a large installation.
The US. Department of Energy
financed a number of large photovolaic
projects in the lage seventics, including a
225-kilowatt sclar power project that
provides efearicity for the Sky Harbor
Airport near Phoenix, Arizona. Soleras.
the Airst major photovoltaic project in
the Third World, was installed in Saudi
Arabia in 1981, It generates 350 kilo-
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watts of sola power tor tUnee villages,
meeting the electnan needs of 3,600
prople5 (See Fable 8-4.)

In 1983 there was a blossoming of
lnge solar-clectric projects. The first
pinately funded  photovoltaic power
plant, built by ARCO Solar, Inc., was
completed in southern Califormia in Feb-
ruary 1983, Macde possible by the siate’s
solar tax credits, the |-egawatt project
feeds power mio the lines of the South-
ern California Edison Company. Fdi-
son™s California rival in the aliernative
energy business, the Pacific Gas andd
Flectric Company, now has a 16.5-
megawatt photovoltaic project nnder
way. The Sacramento Municipal Utility
Distmict (SMUD) has begun work on a
108 megawau photovoliaic power plant
—Un lar the wavld’s largesi—scheduled
for completion by 1994 at i total cost of
over 3250 million. Early in 1983 ARCO
Solar was awarded a contract to com-
plete the initial 1-megawatt phase of the
SMUD projedt for $5 a peak watt, a re-
corct low. By the lawe cighties, this pro-
jevt alone could install as many solar
cells each year as were produced world-
wide in 198355

State of the WWorld— {984

Japan began operation of its first solar
power plant, a 200-kilowau facility, in
late 1982, Solar panels are still being
added 1o it, and when it is complete in
1986 it will have a total capacity of 1
megawatl. Japan's New Enirergy Develop-
ment Organization, the principal funder
of this plamt, has several other projects
m the works, including a 200-kilowatt
experimental systent for a Japanese uni-
versity, 56

‘The European Economic Community
and individual European cotintries are
developing 20 photovoliaic demonsira-
tion projects. The five largest will be
completed in 1984. ltaly’s 1,150-kilowart
goverunent-funded  Delphos  project
was the world’s largest operating plant
in 1983 In West Germany, a 300-
kilowatt plant is being installed on the
island of Pellworm by AEG ‘Tclefunken,
the couniry’s leading photovoliaics com-
pany. The project will meet all the power
needs of a recreation center, and excess
clectricity will feed imo the utility grid,
in 1983, 100-kilowant photovohiaic
plants were completed in Denmark,
Greece, and Spain 57

Although much of the progress made

Table 8.4. The World’s Twelve Largest Photovoltaic Projects, 1983

Projeat

Expected or Actual

or Sponsor Location Size Completion Dace
{(kilowairs)
Se¢ ramento Munic. Ui Calitorma 100.000 1994
United Energy Corpmation Cahforma 20.000 1984
Pacific Gas & Elee, Ca. Cabfornia 16,500 1985
Uiited Energy Corporsmon (alifornia 19,000 1954
Delphos hal 1.150 1983
ARCO Solar Cahforma 1.000 1983
NEDOG Japan LO0D 1986
Soleras Sandi Arabia 250 1981
ARG 1 elefunken West Germany 300 1983
LS. Department of Energy Arkansas 245 198
U.S. Depanimemt of Energy Arizona 225 1982
Solarex Manvknd 200 1982

sotReE Wodldwach Inaate, based on sanous soufoes
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m photovoltaes so fn s heen mowmdos-
trial coumntries, the Third World imay ac -
tually gans the most from solar electnan
over the uext few decades. Most villages
and rural areas i developing countries
sulf lack aceess 10 a steads suppls of elec-
iy, and i dines power s osually
more expensine Uan v s the mdos-
tnal world. T'he dh eam of extendmg ven-
tral grids imto the “heart of darkness”™
Ly faded in the face of monnting debis

and the nsmig cost of vast neiworks of

power lines,

I'he most common elecimcain somce
in most s ilages 1odas 15 a diesel genera-
tor. But these are vareliable and expen-
sne—hetween 20¢ and $1 per kilowatt-
hour—many  tmes wore than Bpicai
eleciney prices m mdusinal counudes.
Photovoline  ssstems  are  relmively
maintenance-hee, and i solar cell prices
kall 56 pereent or more nt the pext bve
vedts, s expeaed, solar power will he-
come economical for most village elec-
maty apphaanons. Inoanam illages,
photos shaes are already an economcal
nay to rin refrigerators, commmunica-
tions systenis, televiawon sets. lights, o
mills. Water pumping w o particularly
goudd use of <olar clectricity, since st
hght s pswally avalable when waer 1s
ntost needed. i the ‘Third World, just a
few hundred wauts of power-——mintusc ule
by industrial nation standards—cin pro-
vidle basic amenities for the first te

Currently oven 90 pereent of  the
world's solar cells are produced in induos-
tnal wadons. but many developing coun-
ties will oon begin production, Most
hus ¢ entered the photosoltaics business
throngh joint sentores widh established
companics anclat first do onls pan of the
manufactnning at home, As of mid-1983
therewereat least cightvonnmercial solar
cell voinpanies in the Thud World: a
hall-dozen addittonal comnes will soon
have mdigenoas industries, Tweo Brasil-
an compames have joint vembres in

Renvaand Indw. and the government of

(153)

Pakistan s plamming to imroduce solar
decuicitein 14 villages by 19845

Two suall U.S. companies, the $pire
Corporation and the Chronar Corpora-
tion, are helping o create photovoltaic
mdustnes in the Third World by export-
mg manulacturing equipment. In carly
1983 Chrona ugued a coutaar with
Morucco to build a photovolaic Lactory,
‘The plant. which will be completed in
1984 for $6 million, will manufacture I-
megawatt worth of solar cells per vear
mitially and 20 wegawaus of cells annn-
alls in a ey yvears, A number of other
counties—Lgypt, Kawait, and the Phil-
ippines—are understatdably impressed
ane are negotiating with Chronar to pur-
chase factories of their own 80

Sowme countries, inchiding France, the
United States, and Wese Germany, sup-
port photovoliaics through their foreign
did programs, Siee the mid-seventies
France has had inigor programs under
wad 1o install solar-powered punips and
television sets in West Africa, The welevi-
sion sets, nodified 10 require as linde as
20 wants of power. bring edncational
programs to people in remote areay ata
reasonable cost. The U8, Agency for In-
tevriational Developtnent installed eigln
speaally designed solar-powered  vac-
cine refrigerators a rural heal:th cencers
in 1982 and has another dozen small-
scale projects under way, 81

One of the more ambitions plans for
photovoltne s is to provide electricity for
whole villiges. “The first experimental
village systein was installed on  the
Papago Indian Reservation in Arizona in
1978. Since hen s 3.5 kikowates of cells
have run water pumps, hglus, refrigera-
tors, and conununal wasling and sewing
machines for the village's 96 residents,
who pieviousty had no eleciriaty. A
osch larger. 25-kilowatt  system in-
staHed e a “Funisian village m 1982 is
pungpnng water, providing power for ag-
ricultural 1asks. and meeung houschold
needs. Thousimds of village solar-clec-
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tric systerus «onld be mnse by 1990, For
this to occur. howeser. governmers and
international aid agencies must arrange
mnnovative financing. One thing they can
do is 1o use agricultural exiension ser-
vices and subsidized loans 10 encourage
the use of solar pumps and mills.$2

Alihough solar cells are still oue of the
most  expensive  renewable  energy
sources, they are also advancing the
tnost rapidly. Based on recent indusiry
trends. phowovohaics should begin re-
placing most diesel generators and be-
come the largest new source of electric-
ity for villages in developing countries
within a few vears. And with wilities 1ak-
ing the lead, cemralized photovohaic
power stanons could become a wide-
spread electricity source in many indus-
rial regions by the late eighties. By the
early wineties, roofiop solar-clectric sys-
tems should begin to caich on.

Worldwide annual production  of
photovoluaics is likely 10 exceed 200
megawatts of capacity by 1990 and pass
1,600 megawatts b the end of the cen-
tury. This will make the photovoltaics
business a $10-billion indusiry by the
vear 2000, Total insialled solar-eleciric
capacity will probably be between 5,000
and 10.000 megawaus by century’s end.
Although this will supply just a small
fraction of the world's electricity, it will
set the stage for widespread introduc-
ton of solar electricity. By the middle of
the tweny-first century, photovoliaics
may be providing 20-30 percent of the
world’s electricity and serving as a cor-
nerstone of a sustainable global power
svstem. 89

ENCOURAGING
DEVFLOPMENTS

Diversity is a hallmark of the renewable
energy developments of the past decade.

State of the World—1984

With more than a dozen renewable en-
crgy sources being explored in a variety
of settings around the world, the occa-
sional friled project or neglected oppor-
wnty does not jeopardize overall prog-
ress. In a time of scarce capital and high
interest rates, spreading the risk inher-
ent in developing new energy sources is
cearly a benefu. Modern communica-
tions have permitted the rapid dissemi-
nation of information among research-
ers and entreprencurs, accelerating
renewable energy development far be-
voud the pace that would have been pos-
sible in a previous era.

This chapier only hints at the literally
thousands of technologies and concepts
being tested by individuals and compa-
nies around the world, Joining wind
power, fuelwood, geothermal energy,
and photovoltaic systems in the progress
of the past decade are small hydro-
power, passive solar design, active solar
heating, solar-thermal elecinicity gener-
ation, and liquid fuels from biomass. For
renewable energy, the oil price rises of
the seventies had a caalyiic effect,
stimulating a tremendous surge of inno-
vation that has far from run its course.

Much of the progress in renewable en-
ergy s not apparemt 10 those who
confine their energy studies 10 the analy-
sis of aggregate energy statistics, where
many renewable sources do not yet ap-
pear at all. (Until recently, for example,
the U.S. Department of Energy did not
incdude residential fuelwood use in its
statistical reports, although it ranks as
the country’s fourth largest heating
fuel) Yet the progress to date estab-
lishes a firm base for development, Even
without further oil price increases, many
renewable energy sources are economi-
cally competitive.

One sign that renewable energy has
come of age is that conferences on the
various technologies are now frequented
by businesspcop%e and bankers 1alking
about venwre capital and “buy-back
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rates” as well as tednucat speaficanous,
Newsletters are published for those n-
cresied in renewable energy invest-
ment: solar stock indices are available
for those who waut to keep irack of their
mvesuneuts. Topflight scientists and en-
gineers are involved in many of the re-
search programs. Renewable energy 1s
losing some of its coumercuhure image,
though it 1s sull stirongly supported by
many environmentalists, communiy
leaders. and consumer groups whe favor
renewable energy for its environmental
and social advantages.

In order 0 flounsh, renewable energy
development must be imegrated with
existing jusuttinous. Ouly then will
enough ramed people and sufficient
funding be available for long-term de-
velopment. One of the encouraging
trends of the early eigliies is the aea-
tou of a vanewy of nongovernmemal
mechamsms 10 facilitate this.  Most
prominent are the “third part™ devel-
opers in the United States wba construct
wind farms. wood-fueled power plants.
and the ¥ aud sell the power 1o wih-
lies. « tax credits, these outfis
are uci..asmg the invesunent funds
available for some renewable fuergy
sources and are stinulating new indus-
tries 10 build and service the equipmen.

Dozens of communitics arouud the
world bave 1aken the initiaive 10 de-
velop iheir own renewable energy and
conservation plans. This approach helps
bypass the barners posed by existing in-
stitutions that are reluctant to 1ry some-
thing different—often the chiefl problem
in gewing a uew ewergy source estab-
lished. Euergy programs in which -
dividuals assume much of the responsi-
biliry for needed changes have generally
proved more successful than those run
by distant bureauerats.

Most Third World countries already
rely heavily on renewable energy but the
difficulties they face in using it on a sus-
tamable basis are considerable. Renew-
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ahle resources are eroding a a frighien-
ing rate in developing countries, and the
technical expertise and fnandal re-
sources needed 1o adapt or develop new
energy technelogies are often lacking.
Mobilizing people and channeling avail-
able funds to productive use depends on
a redirection of institutions, The com-
munity foresiry program in South Korea
andihe biogas program in China are two
examples of how properly hamessed
efforts can accelerate the development
of renewable energy while helping pre-
serve a country's resource base.

No energy wansiion unfolds over-
night. Switching from wood fuel 10 coal
during the Industrial Revolution ook
most countres a century or more, and
several decades were needed for oil and
natural gas tc 1ake hold. The key 10 a
viable renewable energy-based future is
that the world manage the ‘ransition
gradually—phasing in new fuels before
the old ones run out and simulanecusly
reshaping economies and societies. The
last decade’s progress has cleared the
way for gradual chauge. Energy conser-
vaton can continue 1o provide breathing
room for development of new 1echnolo-
gies and allow a smooth meshing of re-
newable and  conventional energy
sources during the iransition. This his-
torical wransformaiion will provide op-
portunities for creativity and growth for
generations 10 come.,

Conservaiive projections compiled by
Worldwaich Institute tn early 1983 indi-
cate that worldwide use of renewable en-
ergy will expand a1 least 75 percent by
the end of the century.S4 'l'l}:is will be
enough to meet half of the world’s addi-
tional energy needs by that date and
one-quarier of 1otal energy needs. More
rapid growth islikely after the turn of the
century as ocil supplies dwindle and
prices rise~~and as developers take ad-
vantage of the 1ech .ological advances
1bat will have occurred in the imerim. By
that time. there will be mature indusines
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producittg witl generaors. sinail hy-
droeleciric turbines. and methanol dis-
ulleries for world markets.

With proper management, renewable
encrgy sources could casily supply as
much energy as the world uses teday be-
fore running up against resource con-
straints. Assuming a substantially more
efficieit world with wwice the current
population and several times the current
wealth, rencwable energy should be able
to meet our needs indefinitely. Reaching
thiat point will be difficult, but given the
failed promise of nuclear power and the
fact thai fossil fuels are fading rapidly,
major reliance on renewable energy
after the vear 2000 may be essential.

Fifty vears from now historians will
look back at the world's heavy reljance
on one fuel as an unhealthy anomaly
born of decades of low oil prices. In the
future, differences w climate, natural re-
sources. ¢conomic systems, and social
outlook will determine which cnergy
sources are used where. Some countries
will depend on five or six major sources
of energy—irue energy security. As en-
ergy supply patierns change. so will
ccontomices and societies. Industries will
1eud o lecate near large rivers. geother-
mal deposits. and other “lodes™ of re-
newable energy since these fuels are less
portable than oil. New patterns of em-
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ployment, new designs for cties. and a
revitalized rural sector could all emerge
with renewable energy development.

For individuals and for the environ-
ment the changes could be rejuvenating,
Because “renewables” are less polluting
than coal. people will breathe easier as
energy systems change, as will crops and
forests. And renewable energy offers
people siniving for self-sufficiency the
chance 10 1ake more direct control of
their energy supply. For many people in
the Third Worr . renewable energy de-
velopment will bring eteciric lights, run-
ning water, and television for the first
time,

Renewable energy is no panacea, how-
ever. As various forms of it are devel-
oped. land use pressures will intensify
and environmenial conflicts arise—al-
ready foreshadowed by disputes over the
location of wind farms and the iltegal
cutting of fuelwood. Each energy source
must be carefully developed and trade-
ofls carefully weighed if renewable en-
ergy is to provide the maximum benefits
to seciety. The first step is recegnizing
that renewable resources are a key 1o the
world’s energy future. The record of the
past decade shows that they deserve a
much higher place on the energy agen-
das of nations.
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Reconsidering the

Automobile’s Future
Lester R. Brown

In rhe rapidly changing resource and
economic milieu of the late seventies
and early eighties the future of the auto-
mobile has received 100 linle anention.
The only quesiion seems to have been
what the source -0 funure fuel supplies
would be. It has been assumed, perhaps
too rteadily, that synthelic fueis could
quickly replace gasoline and diesel fuel.

Within the auto industry, many be-
lieved it was only a matter of time until
the amomobile became the centerpiece
of transportation systems everywhere. A
1978 siudy of the world amomobile in-
dustry projected the world fleet would
expand from just under 300 million
vehicles at the time 10 some 700 million
by rhe year 2000, reaching one car for
every eight people.! Yet projections
such as these are not materializing
largely because they were based on a
narrow information base and a corre-
spondingly narrow se1 of considerations,
failing to account for a long list of
emerging resource, economic, and polit-
ical constraints.

Competition for resources arises, for

example, because automobiles require
not only fuel but land as well. In densely
populaied China, where land is scarce,
the private automobile is virtually un-
known. International indebtedness on
an unforeseen scale in the Third World
and in Easiern Europe is resiricring au-
tomotive fuel imports in scores of coun-
tries. At the individual level, 1he narrow-
ing margin of global economic growih
over that of population is preventing the
nise in affluence needed if car ownership
1S to spread as projected.

THE AGE OF THE
AUTOMOBILE

Although early automobile technology
developed more or less apace in West-
ern Europe and in North America, it was
in the United States that the new tech-
nology first took roor and flowered.
Henry Ford’s ingenious production ap-
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proacy saon copred by other inanufac-
wurers, fed to a rapad spread of automo-
biles throughout the United States. In
190G there were 8,000 regisiered cars;
by 1930 there were 23 million.2

The depression decade of the thinies
and the war decade of the forties saw a
slowing of growth. Nevertheless, the auw-
tomotive society evolved nuch faster in
the United Siates than in Europe. The
country was still a relatively young one;.
its cuties were young and, unlike those in
Furope witl their narrow streets, they
made room for the autemobile as they
evolved. And the United States had an-
ather major advantage—its own oil
fields.

Although the automobile became a
commercially viable means of transpor-
tation shortly alter the tum of the cen-
wry, the greaw worldwide growth in its
use did not occur umil after World War
1§, when oil was priced at $2 a barrel
and the world economy was embarking
on a quarter-century of unprecedented
growth. As recently as 1950 the world
fleet numbered only 48 mitlion. (See
Table 9-1.) Inits adolescence, during the
carly filties, the world auto industry was
producing just under 10 million vehicles
per year. But in 1958 productionbegan a
steep climb that continued, with only an
occasional interruption, until it reached
30 million per yearin 1973, At this point
some 100,000 suwemobiles rolled oft the
world’s assembly lines cach working day,
underlining the economic importance of
automobile manufacturing.®

In 1980 Japan produced 7 million
autos, compared with 6.3 million
American-made cars.

During the first hall of the wentieth
century, awo production and ownership
was concentrated in the United Siates.

State of the World—1984

Table 9-1. World Automobile Fleet,

1950-82
Year Passenger Cars!
(nullions)
1950 18
1955 67
1960 92
1965 130
1970 181
1971 194
1972 207
1973 220
1974 136
1975 249
1976 260
1977 270
1978 286
1979 297
1980 310
1981 321
1982 331

"Registrations as of January t of year Haced.
solRCE  Malor Vehiele Manufaciurers Associa-
uon, Wordd Aotor tehecle Data Book, (982 Editon
(Deron. Mh,: 1982).

Indeed, as recently as 1950 two-thirds of
the world’s awromobiles were owned by
Americans, {See Figure 9-1.) It was not
untid 1968 that the 1est ol the world
finally caught up. Since then, two-thirds
of the growth in the fleet has occurred
outside the United States.?

A vigorous auto industry has emerged
in Japan in recent decades. Although au-
tomobile manufacturing had scarcely
hegun in that country in 1960, the indus-
try grew at a remarkable rate. In 1980
Japan produced 7 million autos, com-
pared with 6.3 million American-made
cars. For the [irst time since the automo-
hile age began, the United States was no
longer the world leader.® In contrast to
the U.S. indusiry, Japanese automakers
have been heavily export-oriented, pro-
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Figure 9-1. Passenger Car Registrations, Usnited
States and Rest of World, 1950-82

ducing cars that could be marketed
throughout the world. Their success was
reinforced by the oil price increases in
1973 and 1979, which greatly strength-
ened the marker for the smaller, more
fuel-efficient Japanese model. This com-
bination of fuel efficiency, quality engi-
neering, and low price has made Japa-
nese cars formidable competitors in
markets everywhere. So formidable, in
fact, that by the early eighties the United
States and several European countries
were pressing the Japanese 10 voluniar-
ily limit their exports.

As the seventies began. automobile
ownership in the United Siates and in
the industrial countries of northwestern
Eurcpe was nearing saturation, a situa-
tion where the market for new vehicles is
dominated by replacement needs. The
large, undeveloped markets appeared 10
be in Eastern Europe, the Soviet Union,
and the Third World, where the private
car was still a cherished status symbel. In
the late twentieth century, autemebile
production has emerged as the world’s
leading manufacturing industry. With
numercus linkages both backward to-
ward the raw material suppliers and for-
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ward toward those businesses associated
with car sales and maintenance, it is
semetimes referred 1o as the “industry
of industries.”

THE DECLINE IN
PRODUCTION

Given the near universality of oil as an
automobile fuel. it s not surprising that
the automabile’s fate is so closely nied to
the price of petroleum. The il price
hike of 1973 caused a drop in world auto
production to 25 million in 1975. (See
Figure 9-2.) As the price of oil s1abilized
in the mid-seventies and as the real price
of gasoline again began to decline, the
demand for automobiles resumed an up-
ward climb. By 1978 production reached
31.8 million vehicles, the highest ever,
and 1979 nearly maiched that level. But
afier these two back-1o-back records.
production fell for three consecutive
years. There was a slight upturn in 1983,
though output thar year was still some 15
percent below the peak years of {978
and 19796

Million
35
3
20
104
Sources: Motor Vehicle
Manufacturers Assn.; Worldwaich
— T T
1950 1960 1970 {980 1985
Figure 9-2, World Production of Passenger

Cars, 1950.83
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From 1950 10 1973, when oil cost §2
per barrel, oil production increased at
7.6 percent per vear and amomobile
production a1 an almost equally phe-
nomenal annnal rate of 5.8 percent. (See
Table 9.2.} 'The 1973 intrease in the ail
price 10 $12 markedly slowed the pro-
duction of both petroleum and automno-
biles. Six years later, the second o1l price
hike actually wriggered a decline in the
produciion of both, with 1the annual
drop in cach case cxceeding 5 percent
over the nexi three years,

'The decline in global automobile pro-
duction since 1979 has not been dis-
iributed evenly among the world’s prin-
cipal manufacturers. In both the Unijted
States and Western Europe, the falloff
was disproportionately great. The
United Kingdom, with one of the least
competitive industries, was hit hard. In
this case a long-term decline resuliing
from gradual loss of competitiveness has
becn accelerated by 1the changing auto-
mobile market and rising fuel prices. In
Japan, however, production actually in-
creased in 1980 and 1hen reached a pla-
teau during the carly eighties. In 1981
the amomechile indusiry in North Amer-
1ca was producing at 66 percent of capac-
ity. Wesiern Europe was at 79 percent of
capacity, and Japan was at full capacity.”

Despite its historical lead and the ad-
vaniage of the world’s largest domesiic
narker. American manufaciurers were
unable to fend off the challenge from the
fuel-efficient, high-qualiry. lower priced
Japanese vehicles. (See Figure 9.3)
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These advantages, which have given
Japan the edge in the world auto market.
are going 1o make it exceedingly difficuly
for the United States 1o regain the lead.

Within the Third World, growth of the
dynamic Brazilian automobile indusiry
was effectively checked by the 1979 price
rise. Although somewhat protected by
its increasing production of sugarcane-
based alcohol fuel, Brazil was nonethe-
less affected by the overall downiurm in
global economic activity. Not only did
automobile exports level off, but the se-
vere internal economic stresses led 1o a
sharp decline in domestic sales as well.®

Another of the world’s mos1 dynamic
developing economies, South Korea,
also found iiself jn difficuliy in this sec-
tor. A latecomer 10 automobile assem-
bly. the Korean industry, with the direci
support and encouragement of the gov-
ernment, had been planniug a several-
fold increase in automobile output
within 2 span of a few years. By 1980,
however, it was using only 30 percent of
its total production capacity of 235,000
vehicles per year® Caught in the early
phase of rapid expansion by the 1979 oil
price increase, the country’s export-ori-
ented industry faced intensified compe-
tibon and, in many cases, import restrice
tions jn the major markets.

The fall in automobile production
since 1979 is only partly due 10 soaring
fucl prices and high interest raies. Also
conributing has been the slowdown in
global economic growth since 1979—a
slowdown to the point where overall

Table 9-2. World (il and Automobile Production. 1950-83

0Oil I'rice Oit Automobile
Period Per Barrel Produciion Production

{dollars) {percent ann,at change)
1950-73 2 76 58
1973-79 12 2.0 1.1
1979-83 3 ~52 -30

SOURCES: American Petrolevm lasutuie, Bave Privofewn Data Baok (Washington 1.C.: 1983). Motor
Vehiele Manufacturers Assocation., World Metor Veluele Daia Book, 1982 Editon (Detroit: Mach,: 1982),
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world Jconomic growth barely maches
tlat of population. The resubt is stagnat-
ing per capita income and purchasing
power. Without income gains, the num-
ber of conswners who can afford ab-
tonwobiles will remain limited. In addi-
tion, goverumental tax policies in many
counires are discouraging automobule
ownership. In many Third World coun-
tnes that do not assemble their own au-
tomobiles, import duties arc used to dis-
courage vchicle ownership,'® The
combination of these econoniic trends
dampeniug consmner demaund and gov-
erumental  policics  discouraging  car
ownership may prevent a resumption in
the growth in demand for automobiles
that has characierized most of this cen-
wry.

EFFECTS OF THE
PropucTION DECLINE

The effects of the four-year, 15 percent
decline in world auto production since

{161)

1978 are numerous and diverse. Coming
on the heels of a triphug of world auto-
mobile output in less than two decades
and at a time when rapid growth was
projected in world auto sales, the down-
turn was traumatic. o say the least, espe-
cially in the United States. It drove some
of the world’s largest automobile manu-
facturers to the brink of bankrupicy; oth-
ers survived only by merging.

The most immediate socizl impact was
rising unemployment among automo-
bile assembly-line workers. Among the
major producers the rise in lost jobs was
most pronounced itt the United Siates.
Aficr peaking in 1978 at over onc mil-
lion, U.S. auto industry employment de-
clined steadily in cach of the next three
vears. By 1982 onc-third of the work
force was unemployed.t! lu some cases,
a reduction in the number of shifts in a
given plant caused the unemployment.
In others. plants closed. From 1978
through 1981 some 20 1.8, automobile
assembly plants shut down. Many, such
as the Ford planis producing full-sized
cars in Los Angeles and in Mahwah, New
Jersey. closed permanently.’?

Thousands of small firms supplying
parts to the major auto nanufactorers
were also hit hard. In 1979, the U.S. De-
pariment of Transportation estunated
that the American auto industry spent
$73 billion on materials. parts, services,
and equipment, Of this, some $55 bil-
lion was spent in the United States, pro-
viding an estimated 1.4 niillion jobs, As
a result of the 1978-82 downturn, an ¢s-
timated half-million jobs were lost in
hrms that supplied parts and couapo-
nents.

The ripple cfiects also reacl all the
way 1o the manufacturers of basic auo-
motive raw materals such as steel, rub-
ber, and glass. Each of tliese industrics
has been affecicd both by the reduced
vehicle output and by downsizing. With
the auto industry accounting for close to
one-quarter of 1.8, consumption of iron
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and steel. and with the average weight of
anew car dropping. the demand for steel
fell sharply. further depressing an indus-
try already in the doldrums. Not all the
news is bad. however, becausc the down-
sizing in Detroit is generatng a demand
for hghter. stronger. more expensive
steel. Althouglh the volume of steel sales
to the autemobile industry may be dowa.
unit profits are up.** The amount of rub-
ber used by the automobile industry has
also declined, boih in new cars and as
replacement tires on ysed cars. Projec-
tious indicate that by 1985 a majorny of
American vehicles will be rolling on 13-
inch tires rather than the more tradi-
tional 15-inch ones.’%

The swresses of the downturn have
heen no less severe on the indusiries at
the consumer end of the marketing
chain. The number of U.S. automobile
dealerships has been gradually declining
since 1950 as the larger. more elficient
dealers acquire nore of the market. but
the rate of dealership closings ac-
celerated in the early eighties. During
1978, for example. 144 new-car dealers
closed their doors: by 1980, 1his had in-
creased 1o 1.558—a near-record de-
cline, 16

Billton
Gallons
160
75
Rl
26+
Source; Federal
Highuay Admin.

T T
1950 l'JIBO 1570 1980 1985

Figure 9-4. Consumption of Gasoline by
U.S. Pasgenger Cars, 1950-82
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Table 9-3. United States: Gasoline
Service Stations, 1970-831

Service
Year Stations
1970 220,000
197% 220000
1972 226,500
1973 215,900
1974 196. 100
1975 189.500
1976 186,800
1977 176,500
1978 172.300
1979 164.800
1980 158,500
1981 151,200
1982 144,700
19832 139.200

thaes now indude autlets at convenience stores.
e1c , wlere gasohine accounts lor Jess than half of
1atal sales.  TPrelimnary,
SOUNCE: Natwnal Petroleun News Fact Book, 1983
(Chicago: Hunter Publishing Co.. 1983).

Completing the circle of the far-rang-
ing impact of rising ol L.vices, U.S. gaso-
line sales were hurt by falling autc sales,
by the rising fuel eficiency of the cars of
the road, and by a decline in miles
driven. Afier increasing from 24.3 bil-
lion gailons in 1950 to an all-time high of
83.8 billion gallons jn 1978, the amoumt
of gasoline used in passenger cars
dropped to 73.7 billion gailons by 1980.
After this precipitous fall-=12 percem
within two years—the decline slowed
markedly in 1982 ar.d 1983.'7 (See Fig-
ure 9-4.)

The number of service stations, al-
ready affected by a movement toward
larger outlets, fell even fasier than gaso-
line sales, Between 1972, when the num-
ber of U.S. service stations peaked at
226,500, and 1983 over 87,000 siations
closed. (See Table 9-3.) If the projected
gains in U.S.-Aeet fuel efficiency materi-
alize, more service staiions are likely 10
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go out of business. reducing th  al 1o
perhaps half or less of the 197, peak.

Allin all, the second oil price increase
had a far greater impact than the first
one. The world auto indusiry could ad-
Jjust with a modest effort 1o the 1973 in-
crease, but the 1979 jump that pushed
prices beyond $30 per barrel posed ex-
tracrdinarily difficult problems. The first
price rise could have beea handled
largely by downsizing automobiles and
increasing fuel efficiency. The second
one, however, has forced a geueral
reevaluation of the wisdons of depend-
ing heavily on cars as a primary source of
mnobility.

FueL EFFICIENCY GAINS

A sinooth ransition to a sustainable so-
ciety depends on the far more efficient
use of liqud fuels. And since close to
one-third of all ¢il is burned in autemo-
biles. designing cars that are more fyel-
cfficient is the key. Worldwide, the ad-
jusiment has thus far been concentrated
inte United States, which at the time of
the 1976 Automotive Fuel Efficiency Act
accounted for roughly half of world gas

coline consumption.

Between -1950 and the 1973 oil price
hike, the size and horsepower of the av-
erage U.S. automobile increased stead-
ily, with the result that overall fuel effi
ciency gradually declined. reaching a
low of 13.1 miles per gallcn in 1973.18
(8 Figure 9.5.) The purpose of the
19/6 legislation, which was 1o apply 1o
each year’s new models from 1978
through 1985, was 1 bughly 10 double the
fuel efficiency of American cars. The,
shonly after Detroit had begun the mas-
sive redesign ¢fautomobiles required to
achieve the federal siandards. tlie 1979
oil price hike created marke condinons
that raised the average fuel efficiency of

Miles
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¥ederal Standar
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e

Hear Average
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Sources: Fedeval Highway Admmn.;
Motor Vehicle Marfact. Assn.
T T T
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Figure 8-5. U.5. Automobile Fuel Efficiency:

1950-85

new cars over the next three vears even
faster than required.

‘The combination of rising fuel prices
and the federal efficiency standards led
to a proncunced shifi toward small cars.
In 1970, some 37 percent of all new cars
sold in the Unned Siates were subcom-
pacts and - -mpacts. Large cars~the
luxury, stan  rd. and intermed:iate sizes
—accounted for 65 percent. By 1981
these proportions had been roughly re-
versed. with large cars representing
about 35 percent of sales and small cars
65 percent. (Sec Table 9-4.) Marked de-
clines in U.8. gasoline prices jn 1982 and
1983, however. renewed buyer interest
in larger cars, and the small-car share of
sales dropped for the first time since the
1979 oil price hike.

To achieve the efficiency called for in
the feder al standards and demanded by
the market, Detroit nnderthok a massive
downsizing of new .ars. "The principal
techniques used were weight reduction
and a shift to smaller. less powerful en-
gines. In t975 the average new car pro-
duced in Detroit weighed 3,970 pounds.
roughly two tons. Bnt by 1982 the aver-
age weight had dropped 1o 3,001
pounds. a reduction of one-fourth in five
years. 19
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Table 9-4. United States: Passenger
Car Sales by Size, 1970-821

Small 1arge Total Small-Ca,
Year  Carv Cars Sales? Share
Gmihon) (penent)
1970 31 D3 8 37
1971 34 6.3 1+ 2 38
1972 42 6.8 1049 38
1973 49 6.5 114 43
1974 4.3 4.5 8.9 19
1974 16 440 8.6 B4
1976 4.9 5.2 10.1 49
1977 54 5.8 1.y 48
1978 “6 a7 1.3 49
197% &4 4.7 10.7 55
1980 b7 3.3 9.0 63
tas1 55 3.0 B 6 65
Lug 8.0 3.0 8.0 62

Small” categors i likles subcompacts. cone
pacts and mports “large”™ mchades mtermediate,
standard. aned luxws Gy ™M not add due (o
rownddeig.

SOCRCE Motor Velnde Manufacturers Assoca-
uon. Moior Tehiele Factr and Figmes 83 (Detron,
Mick . 1983}

The shift to less powerful, more fuel-
cfliciein engines is cqually impressive,
As recently as 1977, 76 percem of all
U.S.manutactured  automobiles  had
eight-cslinder engines. (See Table 9-5.)
Smce then. their share of the market has
fallen precipitously. averaging 28 per-
cent during the early cighties. Mean-
while. six-cslinder engines have picked
up some of - ' 1t was once the ewgh-
avlinder ma ... increasing their market
share from one-hfth 1o one-third. At
the most cHlicient end »f the spectrum,
the nuniber of four-cylinder engines
jumped from less than 10 percent of
the market during the mid-seventies to
41 percent in 1982, In addition to the
pronounced shift .owmd four-cylinder
cugines, ueners) Motors has a three-
cilinder, two-passenger commuter s chi-
cle in the wings that it wnay begm manu-
facturing if fuel costs rise enough to

1
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asstre a market for it.?®

Other steps 1o improve fuel efficiency
include adopting front-wheel drive and
manual transmission and paying greater
attention to aerodynamics. As recently
as 1977 there were no front-wheel drive
vchicles coming out of Derroit. By 1985,
the overwhelming majority of American-
made automohiles will have front-wheel
drive. And manual ransmissicns should
account for 17 percent of all American
cars by then 2!

Overall, the 1975-82 period wit-
nessed a major ransformation of the
5. automobile indusiry, one far
greater than any since its fledgling stage
at the turn of the century. The wransfor-
mation has been not only in the design,
performance, and appearance of the au-
temobile, but of the entire automotive
industry and, because of its dominant
role, of the U.8. economy itsell.

Renault plans to have a vehicle on
the market by 1985 that will get 80
miles per gallon on the highway.

Althouglt the shift toward fuel eff-
ciency was most dramatic in the United
States. it was a worldwide phenomenon.
West Germany. Japan, and the Uuited
Kingdom were al.o 1aking steps 1o in-
crease the fuel efficiency of new automo-
biles. In West Germany, automakers
agreed 21 the time of the 1979 o1l price
hike to raise the fuel efficiency of their
new cars by 10-12 percent. In Japan, leg-
islation was passed that same year set-
ting a 32-mile-per-gallon average for
new cars by 1982, {By comparison, the
U.S. standard for 1985 is 27.5 miles per
gallon.} Mexico belatedly responded 1o
the need for greater fuel efficiency by
banning the manufacture of eight-cylin-
der engines as of November 1984 .22

F.ven as governments were raising fuel
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Table 9-5, Uniled States: The Changing New Car, 1975-82°

Model Average Number of Cvimnders Per Engine? A\].::;:f
Year Weighe B 6 4 Total Econom
(pounds} {percem) tmiles per gallon)
1975 4.058 7% i9 9 104} 14.7
1976 4,059 69 21 o 100 6.5
19277 3.94 76 18 6 100 17.1
1978 3.589 66 24 10 100} 18.6
1979 3.485 57 24 19 100 19.0
1980 3,101 32 ki 1.} 30 160 2.2
1981 $.099 24 35 1l 100 M5
198% 3,001 27 32 4} 100 246

IExcindes imports.

¥l otal exchudes diesel engines

s geey Moot Velde Manufacuter’s Assoaation, Mot Fehucle Factt and Figioen 83 (Detron. Muh
14983, Mhubp Faterson, US Departinen of Energy. private conumunicabion, October 12, 1983

efficiency standaids, 3 became clear that
cars contld be far more fucl-cflicient than
they are now. In the United States, the
Battelle Memorial Institute, one of the
. world’s larg. st consulumg firms, chal-
lenged its enginéers 1o design a four-
passenger car that couid get 100 miics
per gallon. Their response was a sehicle
that would weigh just over 1,000
pounds: it would have a variable speed
transmission with a microprocessor ad-
justing engine specd 16 achieve maxi-
muin fuel efficiency. Using only cur-
rently  available 1echnologies, the
cngineers showed that with a diesel en-
gine this automobile could get 100-105
miles per gallon. Even with a conven-
tional gasoline ¢ ;ine j could get 80-86
ndles per gallon.28

Individual manufacturers .were also
moving forward. In Franc:. Renault
plans to have a vehicie on the market by
1985 that will get 80 iniles per gallon on
the highway. Across the channel. BL Lad.
(formerly Brtish Levland) began mar-
beting @ “mini-mers’ in late 1980. Ara
steady 30 miles per hour, it can get 83
miles per gallon: in variable-speed urban
driving, it can average 41 miles per gal.
ion. BL plans to market this vehicle only
in the United Kingdom and Furope 4

In the United States, the General Mo-
wors three-cyvlinder vehicle mentioned
carlicr can get 86 miles per gallon 3 a
steady 25 miles per hour, and 60 miles
per gallon on the highway. Although the
enginecring of 2his vehicle s largely
compicted. plans to move the demon-
stration mudel into production are un-
certamn.

In Japan, six of nine automobile
manufacturers are marketing mini-cars.
with engines of less than 550 cubic centi-
nicters. This is less than half the size of
the engine in vesicrvecar’s small cars,
esuch as the internarionally marketed
Volkswagen Rabhit, or the Japancese cars
now marketed in the United Stawes and
Europe, which have engme displace-
ments of roughly 1,200 cubic rentime-
Lers. P

The Japanese minisye fr(u"as; rage
more than 50 miles por g.tuun! or
roughly double (he federal requirements
for U.S. vehicles in 1985, Weighing an
average of 1,200 pounds, these vehicles
were sclling for $2,000-5,000 in Japanin
1983. Sales of mini-cars and their mini-
ruck cquivalents there totabed 1.3 mil-
lion in 1982.25 With these sinall. highly
cfficient vehicles aircady ir prodaction,
the Japanese are well positioned 1n (oke

.

181




Q

ERIC

Aruitoxt provided by Eic:

{166)

advantage of the stext surge mn world oil
prices. The combinatton of economic
conchtions and future fuel price projec-
nons indicates a growing worldwide
market for these snualler cary that pro-
vide adequate transportatton at much
lower purclase aid operational prices.

ALTERNATIV:. FUEL
PROSPECTS

Governments. automobile manufacu
ers, and car owners are all keenly inter-
ested in the development of aliernative
attomotive fuels in light of the inevitable
depletion of oil reserves. Although there
are many potential sonrces of automo-
uve fuel bevord the conveutional re-
scrves of oii, progress an developing
them has been limited to a few countries.
Prominent among the new fossil fuel
sources of liquid fuel are coal, tar sands,
and ol shale. The technology for lique-
fying coal was developed by the Ger-
mans in the twennes and thiries and
used extensively during World War 1112
subsntute for inported oil as supplies
were cur off. After the war, however,
West Germany quickly returned to refin-
ing imported oil, a nuch cheaper fuel.
As of 1984, oniy one comury. South
Africa, is producing liquid fue} from coal
on a meaningful scale. For political rea-
sous. South Africa has always felt partic-
ularly volnerable to evabargoes by vari-
ours fuel suppliers and has accordingly
made a strong effort to develop liquid
fucls from its extensive coal reserves.
‘The first commercial plant began opera-
tion in 1959, supplying some 10 percent
of the country's auontotive fuel. Since
then output has expanded 10 the point
where close to half of South Africa’s au-
tomotive fue! now comes from liquefied
coal.?6 Other national governments and
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major oil companies developed plans to
invest heavily in coal kquefaction during
the late seventies, but unfortunately
nearly all these were abandoned because
they were not economical.

Reserves of a second source of liquid
fuel—tar sands—in Canada, the Untied
States, Golombia. and Venezuela con-
1ain as mauck petroteum as the oil fields
of the Middle East. but the economic and
environmental costs of extracting it are
high. Leadership in this field has come
from a Canadian ~.asortium that jn-
cludes the government and major oil
companies. A $2-billion commercial fa-
cility located in the Athabasca River
Basin of western Canada was designed
to produce 100,000 barril: of oil per
day. but thus far has managed 10 pro-
duce only half that amount.¥

Exiracting oil from shale deposits is
even more difficult and costly than ob-
taining it from tar sands. Some of the
world’s richest oil shale deposits are
found in the western United States, in
Colorado, Utah, and Wyoming, where
the oil is tightly locked into rock forma-
tions just beneath the surface. Although
several companies, mostly in the oil busi-
uess, are interested in exploiting this po-
tential, the possibility for doing so seems
alwavs to recede as the cost ol extraction
continuousiv rises beyond the cusvent
world price of oil. As of mid-1983 the
US. Syntheiic Fuels Ceorporation,
launched in 1979, has had trouble
finding commerc:. .y viable synfuel pro-
jects 1o fund.?® Projecis to develop oil
shale, 10 liquefy and, gasify ccal, or to
convert peat into liquid fuel have rarely
proved worthy of the corporation’s sup-

e,
F Another potentially important com-
mercial awomotive fuel is electricity.
Here tlie constraint is the difficuity of
designing an economically feasible elec-
tric car. One of the drawbacks of existing
electric autos is limited range, which
suggests they are Letter suited for com-
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muting and short. hxed-route commer-
cial applications than tor loug-distance
road trips. The basic technoiogy is ap-
propriate for various specialized pur-
poses. such as forblifts i warchouses.
where the fumes from biternal combus-
tion engines are utthealthy, or golf cnts.
which a1, quite light, ravel only short
distances. and require little power. The
rost of periodically replacing the batter-
ies 0 electric cars is often prohibitive.
Even thongl these ¢an be recharged
daily from conwvemntional electricity out-
leis. they wear out watltin a vear or two.
Nevertheless, the t=chnology does seem
well suited to countries *hat have an
ahundance of ckeap hydroelearicny.

The most  successtul  hiologically
based swmthetic fuel venture o date is
the development of sugarcane-derived
alvohol fuels in Brasil. Atastage of rapnd
mdustralization and dependent on -
ports for 85 pereent of its oil, Brazil has
felt vulnerable 1o soaring ol prices and
to supply disruptions. It has auempted
to compensate for this by developing in-
digenous hquid fuel sources. With a
poor endowment of fossil fuels but a rel-
atve abundance of land. the govern-
ment decided in 1975 10 launch a mas-
sive alcohsl fuels projeat imtended to
achieve liquid-fue! self-sufficiency by the
end of the century, if not before.

By 1983, Brazil was producing 4.5 bil-
lion liters (rearly 1.2 hilion gallons) of
alcohol motor fucl in some 280 disuller-
ies that doi the counteysicd.-. {See Tahle
9-6.) Supplyving close to on¢-quarter of
t » automotive fuel consumed. these
asulleries are supplanting the oil refin-
eries on which Brazilians traditionally
depended.?® Cays run on alcohol both in
co.nbination with gasoline and by itself.
Initially Brazl exploited the ability of
conventional engines to burn a gasolmie-
. alcohol inix containing up to 20 percent
alcohol without adjustment. At the same
time the government require d automak-
ers to begin |.roducing automobiles with
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Table 9-6. Brazil- Estimated Produ~ ion of
Alcohol Fuel From Sugarcane, 197083,
With Projections 1o 19851

Alcoho! Cropland

Year Fuel Required?

iimllion Ghousand

hters) hectares)
1970 175 47
1971 238 64
1972 413 12
1973 286 77
1974 175 47
1975 17% 47
1976 175 47
1977 636 172
1978 1,510 408
1970 2,210 597
1980 2.591 700
1981 3.036 820
1982 4.165 1.126
1983 4.546 1,229
1985 9.173 2479

Iwarldwatch Instnute eshimates derned from
published figures and offial projetnon. ¥ rop-
lasud area based on 1980 cane welds and an alcohol
womversion race of 3,700 luers per heqiare
=utR.Fy World Energy Indusit v, The Energy Decade
1970-8¢ (Cambndge, Mass . Ballinger Publishing
Co . 1982), feumal of Commerce. April 5, 1983
Worldwalch Instinute esitmales.

engines designed specifically to rur on
alcohol. By early 1983, a majority of new
cars purchased in Brazil had alcohol fuel
engines and well over a million hectares
{1 hectarc equals 247 acres) were
planted to sugarcane for the production
of alcohol.

The United States is the second larg-
est alcohol-fuel producer. Although the
U.S. Government has abandeoned the
1985 production goal of 2 billion gallons
that was established in 1979, some 375
million gallons of alcohwl fucl were pro-
duced in {9%3, accounting for 0.5 per-
cent of national auto fuel consumption.
Most of this came from corn and is used
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as ant octane enhancer, imxed in small
quantities with conventional gasoline. In
agncultural tenns, 1his required 135 mil-
lion hushels of corn (nearly 2 percent of
a typical U.S. harvest) and 1.3 million
acres. which is 0.4 percent of U.S. crop-
land. (See Table 9-7.) The Unived Staies
roduced abom oue-fifth as much alco-
ol fuel as Brazil 30

In China, which has only one-tenth
of a hectare of cropland per per-
son, there simply is no room for
cars.

Faentually the relatve conarihutions
of mereased fuel efficiency and alierna-
e fuels will graduaally shift toward 1he
latter as 1he potemial efficicucy gas are
wrung out of the automotive svstem.
Thus far, however, the adjustment be-
tween the potennal excess of werldwide
demand for antomotive fuel over the
availahle  supply has been achieved
largely through reducing demand rather
than whrough producing new fuels. And
for some uine 10 come fuel efficiency
gains will remaini far cheaper than devel-
oping alternaiyve fuels. Indeed. with the
gains in efficiency that have yet to be
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realized, this approach is likely to con-
tinue (¢ dwarf the contribution of alter.
native fuels hetween now and the end of
the century.

A TIME oF REASSESSMENT

As indicmed, mos1 projections of the
world amonobile fleet have assumed
there would be dramatic growth over the
remainder of this cemury. Typical of
these is an Organisation for Economic
Co-operation and Development study
completed in 1979 that projected world
automobile ownership would expand at
a sieady 3 percent per vear during the
cighties and nineties, nearly doubling
fleer size by the end of the century. David
Bayliss, tfansport planner for the
Greater London Council, has comptled
the resnlts of 18 studies, all but three of
them done in the eighties, that project
annual automobile sales «w the year
2000. The highest projected for tha
year i5 72 million, in a study completed
in 1978, ‘This would be more than dou-
ble the peak figure of just under 32 mil-
tion in 1978 and close to triple the 27
million sold in 1983. At the low end of
the spectrnm is a 1983 study that pro-

Table 9-7. United States: Production of Fuel Aleohol From Corn, 1980-84

Com Used Area in Fuel

for Fuel Corn for Alcohol

Year! Alcohol Fuel Alcehol? Produciion®

R J;;,f .;-“'. (mlhon {mithon {(mifljon

i ,‘:" hushels) acres) gatlans)
1980 | Ere 15 014 ¢ 58
1981 f ” 35 0.33 L83
s 80 076 £ o0
1983¢ 195 .28 L
184y 160 1.52 S ¢

SEncal vear encing Octaber 1 of vear shown.  TAssumes vield of 105 hushels per acre,  *All lucl

alcolol §~ marketed av gasohol

Prehmmars estimiate

"Projection

sougeks Fupubhished dag from USDA Er nomic Research Service, Wotldwatch Tusntute.
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jected 46 milhon cars would be sold at
the end of the century, an increase of 70
percent over 1983 sales.?!

Even studies done afier the 1979 ol
price snerease show conunuing substan.-
tial growthin the world ainomobile fleet.
The average of the set of projections
summarized by Bavliss anticipates 550
million cars hy the end of the century, an
increase of nearly four-fifths over 1980,
Associated with this would he growth in
annual sales froin ahout 30 million in
1980 10 42 million n 1990 and 56 unl-
lion in the year 200032

Unfortnately, most projections are

hased on 4 narrow set of com entional
assrmptions that exclirde the inany new
factors shaping the automnobile’s future.
Few, for example, appear o have ac-
counted fully for the cost of developing
alierpative fuels. Nor have iy gnen se-
rious consideratian o the equity ivsnes
arising as the changmg economnic out-
look permanently limits  automobile
ownership to a small elite in most coun-
tries in Eastern Enrope and the Third
World,

Although initislly questions ahour the
futonre of the autonohile arose from the
sharp increase m fuel costs in 1973, dur-
ing the following decade numerous
other factors led governments and in-
dividuals to reexamine the role of the
automobile. These other influences on
the anto’s futnre mclnde land availabil-
ity. the cost of vehicle ownership and
maintenance. the saturation of some
markets, the slowdown in economic
growth bosh globally and in particular
nations that v ould otherwise develop an
anto manufacturing sector. the extent of
mternational indebtedness, urban traffic
congestion and air pellution, aud a de-
ciine in he statuy tradiconally accorded
auto ownership.

Fuel costs jnfluene” the way nanonsl
policymakers as well as potential owniers
think about the automobile. At the na-
tional lesel gorernments are concerned

Q
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with how fuel costs boost foreigir ex-
change outlays if the caunry is ainong
the overwhelming majority that inport
oil. Al the individual level, fuel costs are
4n important cxpense and when they
rise faster than real income they discour-
age anto yse and ownership, And dat’s
just what they are expecied 1o do. The
cost m real terms has risen markedly
over the past decade and it is projected
0 continue to nse throughout the rest of
this cenwry. Although there may he
short-tenm declines in world oil prices,
as in 1983, the long-terntn rend is clearly
npward.

An automwohile-centered transporta-
tion system is land-intensive, Parking a
subcompact requires a 10-by.20-foot
plot of land, so a parking lot to accom-
modate 200 vehicles requires an acre. In
addition to needing several parking
spots per automobile, land is required
for streets, roads, and highways. In some
densely populated counwries there g
sumply not enough land to support a
flcet of mtomohrles. In China, for exam-
ple. which has only one-temh of a hect-
are of cropland per person, there simply
is no room for cars. This is one Teason
why China, which exports a million bar-
rels of oil a day, has virtually no private
automobiles.3? Other areas unable to de-
velop a full-fledged auto-centered trans-
portaton system because of land short-
ages include Banglidesh, Egypt, and (he
island of Java, where most Indonesians
live.

Only relavvely afluem individuals can
afford to purchase and operate an auto-
mobile. Without ansincome well ahove
the world average, such a costly trans-
portation vehicle is jost far beyond the
range of consumers, Until recenily, it
was widely assnmed that income levels”
thronghout the world wounld contmne to
rise rapidly for the indefinite futnre, thus
bringing cars within the range of more
and more people. With the slowdown in
glohal economic growth, however, par-
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vcularly since 1979, gawrs in per capna
income have been modest. creaung few
new auiomebile owners.

At the affluent end of the economic
spectrum, some national markets are
beconng saturated with automobules.
The United Suates. for example, is ap-
proaching market sawration, with more
than half as many cars as people, So. o,
are other affluem indusirial societies,
such as West Germany. France. and
haly, with an average of one car for every
three people. (See Table 9-8) The
United Kingdom and japan are also
probably nearing the sawuration point,
vartly for space reasons. Most Third
World countries. on the other hand. are
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far from saturation. Mexico. an ail ex-
porter. has one car for every 2] people
while Brazil, an oil importer, has cne for
every 16. For the world as a whole the
average is 14 people per car. a figure that
is a far cry from either 2 people per car
in the United Siates or 18,000 per car in
China. .

As economic growth slows, so does
the growth in public revenues—the very
menies needed 1o create the infrastruc-
ture of sireets, roads., highways, and
bridges needed to support automaobiles.
With national budgetary deficiis on the
rise almost everywhere, public culays
for such things will be harder 10 come
by. Likewise, slower growth will make it

Table 9-8. Prevalence of Passenger Cars in the Twenty Most Populous Countries, 1981

v Passenger Car People
Counrn Population Registrations Per Car
{million) (thousand) {number)
Umited States 232 121,724 2
West Germany 62 23,236 3
Fiance 54 19,150 3
Ialy 5% 17,696 3
~nited Kingdom 56 15.438 4
Japan 119 23660 5
Brazl 128 8.213 16
Mexico 71 3,360 21
Soviet Unwon 270 8.255 33
Iran 39 1.028 38
Turker 48 711 68
Philippmes 52 550 95
Egypt 45 428 105
Thailand 50 435 115
Nigern 82 500 164
+
Indonesia 1 5‘:;( 637 239
Pakistan a8 264 352
india T4 930 768
Bangtadish a3 22 4,227
Clina 997 55 18,.37
World 1,585 320,513 14

sl rces Motor Vehicle Mangfactiress Associhon. ord Motor Tehuwle Data Book, 1982 Edinon (De-
1ran, Mich . 198, Population Reference Bureau,}.%’} ‘H»iorM Populution Data Sheet (Washangton DC,
o

198%)
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.
more didheult for the privitte seao o
antass capital for mvestment in new
matfacturing capacity, especially on
the scale needed if sples are to double by
2000. In countries where fleet expansion
1 projected, additional capital will he re-
quired for investment i dealerships.
service stations, and repar garages.

The growth in international indebwed-
nesy during the late sevemies and the
carly eighties, which reached an astro-
nomical $750 billion during 1983, 1s
concentrated in Kastern Europe and the
Third World. in precisely those coun-
tries where the growth in antos is pro-
jected 1o be gremest.? Heavily bur-
dened wath debt. nany of these nations
can no longer gflord 1o impon oil for an
cver-expanding  automobile fleer. In.
deed. among the conditions ofien im-
posed by the Iternational Monetary
Fund 1o assist governmerus with foreign
exchange deficits iy a higher price or tax
on gasoline. In short. for many countnies
the existing imernational 4ebt suuation,
which is likely to dominate national eco-
nomic policies and prioritics well into
the nineties, 1s not conducive 1o the con-
tnung evolution of an atomohile-cen-
tered transportation system.

Countries that export petroleurn as
well as those that iImpon it are reassess-
ing the automobile’s fiture. Under
prodding from the International Mone-
try Fund to boost federal revenues and
reduce domestic oil use, the Mexican
Government  raised gasoline  prices
sharply in 1983. Although the new price
of 70¢ per gallon for regular gasoline (at
the official exchange rate) was soll low
by intengnional standards. it repie-
sented # sixfold increase in peso terms
from thé price at the beglnnmg of 1983.
I’olmcdll; unpopurlar though it was, this
raising of gasoline prices (F)wr o world
levels helped reverse the trend in oil
consumption, which had grown so:ne 10
percent per vear from 1976 through
1981. Brazil was also forced to raise the
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prrce of garoline in mid- 1983, by 40 per-
cent. before the Fund would agree 1o
provide assistance.3®

Heavily burdened with debt, many
nations can no longer afford to im-
port oil for an ever-expanding au-
tomobile fleet.

In an effort 1o reduce ol impons and
maintain 1s intenuational credit-worthy-
ness. Yugoslavia adopted a rationing
svstem in 1982 that fimited motorists 10
I3 gallons per month. Poland. which is
N arrears in mterest pavinents ou its in-
ternational debt and which imports oil,
has adopted stringent controls on gaso:
lineuse. In Late 1983, gasoline purchases
were rationed 1o 9 gallons per inonth,
not nearly enough to permit regular
use, 36

Questions of equity also arise in con-
sidering the futme of the automohile.
Although owning a car is ¢ssennial o the
existing life-styles of ruling clives in the
Third World, 1t will hecome more and
more ditficult to justify the use of a large
share of a coumiry’s foreign exchange 10
import fuel, parts. or even new vehicles
themselves. Earlier, when it could be as-
sumed that rapid cconomie growth
would contmue exponemtially, it was
reasonahle to think thaw smest people
who wanted a car would evenally own
one. regardless of where they lived. Asit
becomes clear that this is not a reason-
able prospect. then the use of the tech:
nology itself. which is elitist in natdee,
will be increasingly questioned. * i

Yet another constraint on awb$ is
growing urban traffhic congestion, Longa
problem in the countries 1hat first tarred
10 the automobile. it is now a cause for
concern in many Third World cities as
well. Monumental traffic jams that can
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last tor hours ocom regularly i Mexico
City. Lagos, and Bangkok. Air pollution.
100. i5 a senous problem. particularly in
the Third World. Seoul and Mexico City
now reportedly hiave some of the worst
air pollution fowwd anvwhere, largely be-
cause of aulo emissions. The combina-
tion of trathc congestion, trailic notse,
and air pollution has led many cities 1o
imposc restricions ot the use of au-
tomobtles. These range from increased
bridge olls, as in Manhatan, 1o restric-
tions on cars carrying onh one person.
as m Singapore,

Even some industrial soaciies, partic-
ularly those that import »il, are begin-
ning to has ¢ second thouglus about the
tature of the automobile. Prominem
among the affluent societies that are
reexaminiug their attitudes are Denmark
and Sweden. For Danes, whio pay for
their imported oil largely with farm pro-
ducts, the shift in the 1erms of trade be-
tween ol and agriculiural covnmodities,
described in Chapter E. has been
economically devastating. If the Danish
auto fieet continues to grow, further in-
creasing the dewnand for imperted oil, it
could so weaken the economy that a de-
clne in living standards might be inevi-
Lable. ‘To avoid this unhappy possibility,
Denmark has adepted a number of poli-
cies to discourage private automobile
ownership, including a lugh 1ax on gaso-
line and s:5T parking fees for motonsts.
Inaddinon. the Danish Government has
launched a campaign (o educate people
on the national economic dangers of
continuing 1c rely heavily on private
cars. As public und>rstanding rises. auto
ownership has beconte socially less de-
sirable, Icading 1o a decline in the auto-
mobite ficet, the first national decline on
recoril. Since 1979, when the Danish au-
tomobile fleet 1otaled 1.42 nullion au-
tomobiles. it has fallen 1 1.36 million. a
drop of some 3 percent.’? (Sec Figure
9-6.}

1
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Source: Motor Veluele
Manufacturers Assn.

965 1970 1975 1980 1985
Figure 9-6. Automoblie Registrations, Sweden
and Denmark, 196582

At the same time that it is discourag-
ing automobile ownership, the Danish
Government has stepped up investment
in public transport. with bus regisira-
tions increasing by over one-third be-
tween 1973 and 1981.%8 The goal has
been to provide speedy, convenient
transpertation that is cheaper than that
provided by autemobiles, thus reducing
new car purchases below the number of
old cars retired.

Sweden has also acted vigorously 1o
discourage the growth in automobile
ownership. After increasing steadily
from mid-century until 1976, growth in
the Swedish autc fleet has stopped, re-
maining essentially stauc  through
1981.%2 It seems likely that over time the
forces that halied the growth of the auio-
mobile Heet will intensify and iead to a
gradual decline.

At the other end of the income spec-
trum, Peru demonstrates rather graph-
ically the changes that can occur in the
cutlook for the automobile in the Third
World. Over a decade ago, Peru signed
a pact with other Andean countries 1o
produce automobiles, with each country
producing certasn of the basic compo-
nents and with final assembly being
done domestically. In Peru, which had
been manufacturing an average of 17.-
000 cars per year in the late sixties, this
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led 10 an ncrease 6o over 3,000 1y
1976.40 (See Figure 9-7)

At this point, several economic prob-
lems bronght the growth in production
to « halt. Among other things. the col-
lapse of the country’s anchovy fishen
sharply reduced the foreign exchange
available 10 import oil. Shontly theres
after the Internavonal Monetars Fund
required a sesvere restriction n con-
suiner credit as a condition for addi-
tional loans. In 1979 the gasoline price
was doubled. Real incomes m Peru were
not increasing dunng this period. In-
deed, in some years economc growth
was Enling 16 keep pace with population
growth. Between 1976 and 1978, auto-
mobite producuion fell to just over 11..
000 vehicles. By 1981 1 had recovered
somewhat, 1o over 20,600 vehicles, but
the {uture of the industzy 15 nonetheless
in question. s

There are many reasons o queshon
whetlier automobhile production m Peru
will ever be sigmbicant. Indeed. does it
make sense for Pere to continue to de-
velop an automohile industry ? 1t might
fare bewer if it abandoned the automo-
bile-centered  industnal  deselopment
model and shnfted its resourcesinto such

I housamd
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Figure 9-7. Motor Vehicle Production
in Peru. 1965-81
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wectors as agnculinre, renewable energy
industrics, and  education—aclivities
that would ber s more of the popula-
tion.

It is quete possible that at the end of
the century a number of countries will
have even fewer automobiles than they
vo today. Others may join China and
ban the private automobile except in
special situations. Although some coun-
tries, principally oil exporters, may seek
o expand their fleets rapidly, others may
have second thonghis about investing
heavily in a technology that depends on
a nonrenewable resonree. Accordingly,
they may shift their emphasis toward the
development of rail- and bus-centered
transportation systems. Such a move
would also facilitate inore-efficient land
use, itself an issue of wideming concern.

Already, many forward-looking na-
tional govermments are following the
lead of Denmark and Sweden in devising
policies 10 discourage autoscentered
transport sysiems. Some are using a gas-
oline tax very effectively for this pur-
pose:. in several European countries, the
tax on gasoline exceeds the vahte of the
fuel itself. In cther countries, where the
price of gasoline is sel by government
either because of a state oil monopoly or
public sector dominance (such as Mex-
ico or the Soviet Union), the price of
gasoline has been raised to discourage
car purchases. A nmnber of Third World
countries that import automobiles, such
as Kenva, are resorting to a suff import
duly, one that sometimes exceeds the
market value of the vehicle. The Interna-
tional Monetary Fund, in its attempt 10
promote international monetary stabil-
ity, is also urging higher ta‘es on gaso-
line as a way to supplement market
forces that promote reduced depen-
dence on imported oil. 12

Fach country must decide what place
the awtomobile will occupy in its rans-
portation system n the post-petroleum

ERIC

Aruitoxt provided by Eic:

189




(174) State of the World—1984

age. since Lo two face exactly the same  others may abandon private motor vehi-
set of constraints. In some, the afluence  cles for reasons of equity. Collectively,
needed to become a nation of auto own-  these pressures suggest the time has
ers may never materialize. Qthers may  come for governments everywhere to
lack the foreign exchange camings to  reassess the future of the automabile.
import oil to fuel a Beet of cars. Stil}
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Securing Food Supplies

Lester R. Brown

Measured just it terms of output, the
past generation has been one of un-
precedeted progress in world agiicul-
wre, {n 1950 the would's Larmers pro-
duced 623 million tons of grain, In 1983
they produced nearly 1.5 hillion 1ons,
This increase of nealy 9600 nullion (ons
was all the more remarkable because it
occurred whien there was hittle new crop-
land to bring ancler the plow.!

On closer exanunation this 33-vear
span breaks nio wwo distunct eras—be-
tore and afier the 1973 vil price increase.
Modern agriculture thrives on cheap en-
ergy, and the age of cheap energy came
to i end in 1973, For 23 cears world
food output expunded at over 3 percem
per vear and, although there was con-
cernn abont rapid population growth,
there was a comfortable margm in the
growth of foad production over that of
population, Since 1973, however, an-
nual growth has been less than 2 percent

- atid the world's farmiers bave been strug-

gling 1o keep pace with population,
The global merease in world foad out-
put also obscures wide vanations i indi-
vidual geogruphic regiohs, In North
America, produciion has steadily out-
stripped  demand,  generating  ever-
larger expart surpluses. In the Soviet
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Union, output has fallen behind demand
over the past decade, making the coun-
try the largest grain importer in history.
And in Afvica, whiclt has a population of
512 million and which has 10 feed 14
milhon additional people each year,
food production per person has fallen
steadily since 1970, Despite a tripling of
grain imports since then, hunger has be-
come chronic, an enduring pare of the
African landscape.

The 1983 drouglu iz North America
and Africa must be considered against
this backdrop. The principal effect of the
precipitous decline in the North Ameri-
can harvest was a reductien in stocks and
a rise in food and feedswuff prices. In
Alrica, where national food reserves are
virtually nonexistent, the drought irans-
lated ito widespread hunger and, in a
scare of countrics. the threat of famine.?

THE GLOBAL LOSS OF
MOMENTUM

As the world recovered from World War
I1, hopes for improvement in world agri-
culture were high., An accumulating
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backlog of agricuitural techuologies
such as hybrid corn and chemical Jertiliz-
ers were waiting 1o be a&)plied on a mas-
sive scale, Between 1950 and 1973 world
grawn production inore than doubled, 1o
nearly 1.3 billiou tous. Although output
expanded more rapddly inn some regions
than in others, all regions shared in the
growth. This rising ade of food produc-
tion impreyved nutrition throughout the
world, helping to boost life expectancy
in the Third World from less than 43
years mn the carly fifties to over 53 years
in the carly seventies.’

This period of broad-based gains in
nutntonal improvement canie 1o an end
m 1973, After the oil price hike that year
the growth in world grain output slowed.
Suwe 1973 world grain production has
cxpanded at less than 2 percent vearly,
barely keepuig pace with population.
(Sec ‘Table 10-1.) Although the period
since the 1979 oil price hike 15 too short
10 establish a trend, $30-a-barrel oil inay
well slow growth further.

In per capua terms world grain output
i Yed from 248 kilograms in 1950 to
326 kilogranis wn 1973, an impressive
gan of 31 percent. (See Table 10.2.}
Siuce then. however. annual grain out-
put per person has remnained around 325
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kilogranis. A global average, this figure
embraces countries where y=arly grain
availability per person averages only 150
kilograms, requiring that it all be con-
sumed directly, as well as counuies
where it exceeds 700 kilograms and is
largely converted into meat, milk, and
eggs.t

Since 1973 aitention has focused on
the impact of petroleum prices on food
supply. but demand has also been
affected. On the supply side, rising oil
prices have increasead the coscs of basic
agricultural  inputs—fertilizer, pesti-
cides. and fuel for tillage and irrigation
—thus acting as a drag on output. On
the demand side of the equation. escalat-
ing oil prices combined with ill-con-
ceived national economic policies have
contributed to a global economic slow-
down so severe since 1979 that it has
brought world growth in per capita in-
come 1o a virtual halt. Had incomes con-
tinued 1O rise at the same rate after 1973
as they did before, prices of food com-
modities would have been stronger, thus
supporung a more vigorous growth in
farm investment and output, Agricul-
tural underinvestment in Third World
countries has also contributed 1 , the loss
of momentum, but the central point is

Table 10-1. World Oit Price and Grain Production Trends, Total and Per Capita,

1950-83
Annual Growth

Graiu
Ol Price Grant Production
"ertod Per Barrel Production Population Per Person

(dollars) {percent)

1950-73 2 3 1.9 1.2

1973-79 12 1.9 1.8 0.1

1979-83 31 1.0 1.7 -0.7
1Severe dionghy i the Unied States and Africa and record wlling of cropland under 118, farm

programs reduced the 183 wortd banvest well below uend. thus the slowdown i ghan production
"1s overstared

i RGES, Internanonal Monciary Fund. Monthh Fimanaal Statstics. sarious issaes. U S, Depahmend of
Agriculture, World Indicrs of Agruuldtural and Food Production. 1950-83 (unpubbisted primtoud {Washung-
ton. D C 1983, Unncd Novons, Vorthdy Bufltin of Statestcs. vistous 1sshes
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Table 10-2. World Grain Production,
Total and Per Capita, 1950-83

Grain
Popu- Grain Production
Year Jation  Production Per Person
(billion) (million  (kilograms)
meltric tons)
1950  2.51 623 248
1955  2.74 751 274
1960 3.03 Bd5 279
1965 334 920 275
1970 3.68 1,101 299
1971 3.75 1.194 8
1972 3.82 1.161 304
1973 3.88 1.268 326
1974 3.96 1222 309
1975  4.03 1.248 310
1976  4.11 1.360 LET
1977 4.18 1,334 319
1978 1,26 1.461 343
1979  4.34 1.419 397
1980 4.42 1440 326
1981 4.50 1.491 33
1982  4.58 1.540 336
1983 1,66 1447 310

sovices: U.S. Department of Agriculture. Horld
Indices of Agrcultural and Food Produttion, [950-82
{unpublished printour) {(Washingion. D.C. 1983).
United Nations. Monthly Bulletin of Stahstics, New
York. various issues.

that the rise in oil prices, alfecting both
food supply and demand, has brought
the era of robust growth in world food
output *o an end.

Oil is not the only resource whose
questionable supply is checking the
growth in food output. As discussed in
Chapter 4, the loss of topsoil through
erosion js now acting as a drag on ¢fforts
to produce more food. And the scarcity
of water is also beginning to affect food
production prospects. Since World War
II, the world irrigated area has more
than doubled, buy the flurry of dam
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building of the past generation has now
subsided. With occasional exceptions,
most of the remaining Potential projects
arc more difficult, costly, and capital-
intensive.$

In some situations, irrigated agricul-
ture is threatered by falling water tables.
The southern Great Plains, where much
of the U.S. growth in in.yated area over
the last two decades has occurred, pro-
vides a disturbing example. Irrigation
there depends almost entirely on water
from the Ogallala Aquifer, an essentially
nonreplenishable fossil water reserve.
As the water table in this vast agricul-
tural area begins to fall with the deple-
tion of the aquifer, the cost of irrigation
rises. Already some farmers in eastern
Colorado and northern Texas are con-
verting to dryland farming. For the 32
counties in the Texas Panhandle. the
U.S. Department of Agriculture projects
that irrigation will be largely phased out
by 19955

A somewhat analogous situation exists
in the Soviet southwest, where the exces-
sive diversion of river water for irriga-
tion is reducing the water level of the
Aral and Caspian seas. This has many
long-term negative consequences, in-
cluding a diminished fish catch and the
gradual retreat of the water line from
coastal cities that depend on it fortrans-
portation.” Given the strong internal
pressures within the Soviet Union to
produce more food, however, the diver-
ston is continuing.

A second major threat to irrigated ag-
ricuiture is the often intense competition
for water between farming, industry, and
cities, In the U.S. Southwest, the irri-
gated area is actually declining in states
such as Arizona, where Sunbelt migra-
tion is swelling cities that are bidding
water away from farmers. In agricultur-
ally important Maricopa County, which
had some 550,000 acres under irrigation
in the fifties, the irrigated area has
shrunk by more than one-fifth.2 Nation~
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ally the net arca under irrigation js pro-
jected 10 continue growing over the rest
of the century, but at a more modest
rate.

New research indicates water scarcit-
ies are also emerping in Africa. South
Africa, adding 720,000 people each year,
is fast running out of new irrigation sites.
A 1983 report of the President’s Council
in South Africa identified the scarcity of
fresh water as a constraint on that coun-
ury’s demographic carrying capacity.?

The worldwide loss of momentum
outlined above will not be casily re-
stored. Although agricultural misman-
agement abounds, particularly in the
Third World and Eastern Europe, it has
not worsened appreciably over the
ycars. Nor can the situation be explained
by any farmers’ loss oi <kills. The expla-
nation lies in the more difficult circum-
stances facing farmers everywherc. In
the mid-eighties it is far more difficult to
raise world food output at a consistent 3
percent per year than it was during the
fifties or sixties. The cheap energy that
permisted farmers to override easily the
constraints imposed by the scarcity of
land, sojl nutricnts, or water is simply no
longer available.

THE PoPULATION/LAND/
FERTILIZER LINK

The changing relationship beiween
world population size, cropland arca,
and cnergy supplies bears heavily on the
human prospect over the remainder of
this century and beyond. Increasingly,
the energy used in agriculture will be in
the form of chemical fertlizer. As popu-
lation grows, cropland per person
shrinks and fertilizer requiremeits
climb. And erosion that has robbed soils
of nutrients js forcing farmers to use

L
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Source: U.S. Depi. of Agriculture
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Figure 10-1, World Fertilizer Use and Grain
Arca Per Person, 1950-83

more fertilizers. Even urbanization is
raising demand. since as people move to
cities it is harder to recycle the nutrients
in human and household waste. Yet the
combination of rising energy costs and
diminishing returns on the use of addi-
tional fertilizer raises doubts that ade-
quate food supplies can be produced in
the future at prices the world’s poor can
afford.

The central importance of the popula-
tion/land/fertilizer relationship is a re-
cent phenomenon. Before 1950 in-
creases in food output came largely from
expanding the cultivated area, but with
the scarcity of fertile new land and the
advent of cheap chemical fertilizer this
changed. Letween 1950 and 1983 world .
fertilizer use climbed from 15 million to
114 million tons, nearly an eightfold in-
crease within a generation.!® In effect, as
fertile land became harder to find, farm-
ers learned to substitute energy in the
form of chemical fertilizer for land. Fer-
tilizer factories replaced new land as the
principal source of growth in food pro-
duction.

This substitution of energy for land is
graphically evident: In 1950, when world
population totaled 2.51 billion, the har-
vested area of cereals per person was
0.24 hectares. (See Figure 10-1.) As

.
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growth in population  grealy out-
stripped that of cultivated arca, the area
per person fell steadily: declining 10 0.15
hectares by 1983. While the amount of
cropland per person declined by one-
third. the fertilizer consumption per per-
son quintupled, climbing frown just over
5 kilograms in 1950 to 25 kilograwns in
1983.

While the amount of cropland per
person declined by one-third, the
fertilizer consumption per person
quintupled.

The hybridization of corn and the
dwarfing of the wheat and rice varieties
that have been at the heart of Third
World agricultural advances over the
last two decades figured prominently, of
course, in the growth in world food out-
put. So, too, did the doubling of irri-
gated arca. But the effectiveness of all
these practices depends heavily on the
nse of chemical fertilizer. Without an ad-
equate supply of plant nutrients, high-
vielding cereal varieties hold liule ad-
vantage over traditional ones. Likewise,
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an increase in irrigation is of little conse-
quence if the nutrients to support the
higher yields are lacking.

The response of crops to the use of
additional fertilizer is now diminishing,
particularly in agriculturally advanced
countrics. During the fifties, the applica-
tion of another ton of fertilizer on aver-
age yielded 1.5 more tons of grain. (See
Table 10-3.) During the sixties, the fer-
tilizer/grain response ratio was 8.3 to 1.
By the seventies it had fallen to 5.8,
Some countries, such as Argentina and
India, stll apply relatively little fertilizer
and so have quite high response ratios.
But worldwide the return on the use of
additional fertilizer is on the way down.
Although the biological constraints on
fertilizer responsiveness can be pushed
back with continued plant breeding fur-
ther decfines seem inevitable.

Fertilizer manufacturing is one of the
world’s major industries. In an advanced
agricultural country such as the United
States, expenditures on fenilizer total
some $10 billion per year.!! Three basic
nutrients—nitrogen, which is obtained
from the air, and phosphate and potash,
both mined from underground deposits
—account for the great bulk of world
chemical fertilizer production. The in-

Table 10-3. World Grain Production and Fertilizer Use, 193433 to 1979-81

World World Incremental

Grain Fertilizer Grain/Fertilizer
Period Production'  Incremem Use! Increment  Response Ratio

' (million merric rons) {ratio)

1984-38 651 10
1948-52 710 59 14 4 14.8
1959-61 848 138 26 12 11.5
1969-71 1,165 317 64 38 8.3
£970-81 1451 286 Lis 49 5.8

tAnnual average for period,

sources: 1934-38 data from United Nations Food and Agriculwre Organization (FAQ). Production

Yearbook (Rome: various
and Food Produchom, 195

ars). U.S, Depanment of Agriculture (USDAY, World fndires of Agricuftural
2 (unpublished printoul} (Washingion, D.C.: 1983): FAQ, 10 1977

Annual Fertihier Renew (Rome: 1978): 1979-81 dala from Paul Andrilenas, USDA. private communica,

iion. December 1982,
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dustrial fixing of atmosphenc nitrogen
itt the form of ammonium nitrate, am-
monium sulphate, urea, or other forms
of nitrogen fertilizer js an energy-inten-
sive process. Although natural gas is the
preferred fuel and feedstock in the nitro-
gen fertilizer industry, oil figures promi-
nently in the mining, processing, and
transponation of phosphate and potash.

High energy prices have begun to shift
nitrogen fertilizer production from the
traditional industrial country producers,
such as the United States and some in
Western Europe, to countries with en-
ergy surpluses. Investment in this indus-
try has been particularly attractive to oil-
exporting countries that are flaring
excess gas produced in conjunction with
oil. To the extent that fertilizers are
manufactured in countries such as
Saudia Arabia, Iran, or Kuwait with gas
that would otherwise be wasted, future
price increases may be curbed. The So-
viet Union, in a situation similar to the
gas-surplus countries in the Middle East,
1s also investing heavily in nitrogen ferti-
lizer production capacity.!?

The distribution of phosphate rock,
the principal source of phosphate fertili-
zer. poses a particular problem since re-
serves arc concentrated in Florida and
Morocco. With production concentrated
around the Atlantic but with the world'’s
population and future nceds for phos-
phate mainly in Asia, higzh transporta-
tion costs—and thus high fertilizer
prices in Asian villages—are inevitable.

With population growth projected to
continue, the cropland avaitable per per-
son will continue to decline and the ferv-
lizer needed to maintain consumption
will continue (o rise. At some point, bio-
logical constraints on crop yields will
make the substitution of fertilizer for
cropland increasingly difficult  and
costly. When this is combined with the
projected lohg-term rise in real cost of
the oil and natural gas used to manufac-
ture, distribute, and apply chemical fe1ti-
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lizer, lhed;ﬂ"cull}' in restoring the steady
upward trend in per capita grain produc-
tion of 1950-73 becomes clear.

REAL PRODUCTION TRENDS

When measuring growth, economists
adjust current prices for the rate of infla-
tion in order to distill out the real gains
in production. Something similar is
needed in agriculture, where growth in
output is inflated by agricultural prac-
tices that are not sustainable. Such an
adjustment would shed light on the
longer-term ocutlook by distinguishing
between gains that are real and those
that are made at the expense of future
cutput, For example, as farm commodity
prices climbed in the mid-seventies U.S.
farmers brought land under the plow
that was not suited  cultivation. By
1977 the Soil Conservation Service had
identified 17 million acres of land in
crops that were losing topsoil so rapidly
they would eventually be stripped of all
productive value, The agency recom-
mended that farmers convert this land to
grass or forests to preserve its produc-
tion capacmes I3 To reach a figure of
real, not just current, U.S. agricultural
output, the yield from these. 17 miltion
acres, roughly 4 percent of the U.S.
cropland total, should be subtracted
from overall output.

Similarly, adjustments should be
made for the output from sloping land
that was once in ecologically stable,
long-term rotations of row crops with
grass and hay but that is now in row
crops continuously, for topsoil loss in
these situations has become excessive. If
American farmers were to take the steps
needed to protect their topscil, U.S.
farm output and exports would be sub-
stantially less in the shon run, but they

" would be sustainable over the long term.
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Elimination of this agrouowic deficit
through a national soil conservation pro-
gram that reintroduced the raditional
practices cited above might also elimi-
nate the troublesome short-term com-
modity surpluses that dcpress farm
prices and income.

In addition to agronomic deficits,
many of the world’s farmers are also in-
curring economic deficits. Nowhere is
this more evident than in the United
Siates, where net farm income has zar-
rowed almost 1o the vanishing point. Be-
iween 1973, when the world oil price
began its astronomical climb, and 1982,
farmers were caught in a squeeze be-
tween depressed commodity prices and
the soaring costs for fuel, fertilizer, and
equipment combined with high interest
rates.

In 1982, many Amcrican farmers sold
their products for less than they cost 1o
produce. The U.S. Depariment of Agri-
culture reported that the average price
received by farmers for broilers in that
ycar was below the cost of production.
Many farmers also sold wheat and corn
for less than the production cost. For
many, profit margins had virtually disap-
pearcd by 1982. (See Figure 10-2.) Be-
tween 1950 and 1982, U.S. farm output
more than doubled, but net farm income
in real terms (1967 dollars) fell from $19
billion in 1950 to scarcely $6 billion in
1982.14 This precipitous decline oc-
curred while the incomes of other
Americans were rising steadily.

Farmers were able to sustain the heavy
losses of the latc seventies and early
cighties only by going decply inio deby,
borrowing against soaring land values.
But the boom in land speculasion came
to an end in 1981 and land prices fell the
following two vears. As a result, many
farmers suddenly lost tlicir cquity and
faced bankrupicy.

Economic conditions fostering specu-
lation in land have driven land value: to
a lofiy level that bears little relationship
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Figure 10-2. 11.S. Farm Income, Gross and Net,
1950-83

to the land’s productive capacity. Given
the economics of the early eighues, buy-
ing US. farmland now with the hope of
paying for it from the produce would be
wishful thinking. Say, for example,
someone had invested in prime mid-
western farmland at $2,000 an acre in
1981 and planted it in corn that yielded
110 bushels per acre. With a morngage at
15 percent, the annual interest payment
would be $300 an acre. Ycu at the 1981
price of $2.40 a bushel, the total income
from cach acre would have been $264,
not enough to pay the interest, much
less the principal or any of the produc.
tion costs.

Nevertheless, it was these spiraling
land values that until 1981 enabled many
farmers to borrow and to stay in busi-
ness. While net farm income has de-
clined markedly, farm debt has soared.
As recently as 1973, net farm income ex-
ceeded $30 billion compared witha farm
debt of $65 billion. a ratio of roughly
one to two. (See Figure 10-3.) By 1983,
net farm income totaled $22 billion
while the farm debt had climbed to $215
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Figure 10-3. U.5. Farm Debt and Net
Farm Income, 1950-83

billion—close to ten times income, 13

As farmers have borrowed against the
soaring prices of their land and other
assets, not only have they supported
themselves and their {amilies, they have
also suhsidized food consumers every-
where. Borrowing againsi the inflated
paper value of faimland has led (o anifi-
cally low food prices in recent years. And
Jjnsi as productivity increases cannol go
on forever when topsoil is being eroded.
borrowing that is unrelared 10 the real
value of the land cannor continue indef-
nitelv—a lesson many rural banks and
fariners are unfortunately learning. If
fariners are to continue to produce,
~rices of farm products will need to rise.
Withowt suct. an ncrease, the more vul-
nerahle farmers and those who have at-
tractive exnployment options or who are
approaching retirement will stop pro-
ducing, eventually reducing output and
oving prices upward to a more realistic
level.

Although U.S. data might allow the
conversion of current farm output to
real output by adjusting for soil erosion,
similar informalion does not exist for

mpst countries. And it is difficult to mea-
sute the extent to whicli farm output has
begn inflated in recent years by the
gréwing indebtedness of farmers. If
these adjustments could be made, how-
ever, it seems clear that the real world
food output would be far below current
consumption.

DEPENDENCE ON NORTH
AMERICA

With grain. as with oil or any other basic
resource, excessive world dependence
on one geographic region for supplies is
risky. As the North American share of
world grain exports has increased it has
surpassed the Middle Eastern share of
oil exports and made the world more
dependent on one region for its food
than ever before.

This extraordinary dependence on
one geographic region for grain supplies
is a historically recent phenomenen and
gives North America a politically and
ecotiomicatly strategic role in the world
food economy. Many of the world’s cit-
ies, particularly those in the Third
World, are fed largely with U.S. and Ca-
nadian wheat. Much of the world’s milk,
meat. and eggs are produced with U.S.
feedgrains and soybeans.

As recently as the late thirties, West-
ern Europe was the only grain-deficit re-
gion and Latin Amurica was the world's
leading grain supplier, exporting some
nine million tons per year. North Amer-
ica and Eastern Europe (including the
Soviet Union) each exported five million
tons of grain annually. Even Asia and
Africa had modes1 exportable sur-
Pluses.i6

By 1950, the shifi from regional grain
surpluses 10 deficiis was well under way
and the outlines of a new world grain

188




Securtng Food Supplies (183}

trade patiern were beginming to emerge.
Today, with Noerth America’s unchal-
lenged dominance as a grain supplier,
international grain trade bears little re-
sesnhlance 1o that of the thirties. (See
‘Fable 10-4.)

As North Amencan agriculwral
growth gained womentum after World
War II, U.S. and Canadian exports of
grain climbed from 23 million tons in
1950 10 138 million tons in 1982, though
they dropped back to 122 million tons in
1983 as a swrong dollar and lethargic
world economy weakened the buying
powers of other countries, Feedgrains—
principally corn, sorgl*im, and barley—
Iave made ap an ever Lrger share of the
total. Today, North America is not only
the world's breadbasket, but its feed bag
as well.

While the United Siates was expand-
ing s feedgrain exports, the shipments
of soybeans grew even more rapidly. Al-
though soybeans originated in China
they have thrived in the United Siates,
doing far beuer than in their country of
origin. They have also found an cco-
nomic niche in the world livestock ecou-
onty, with soybean meal becoming the
principal protein supplement in live-
stock and pouliry feed. Today the
United Siates produces over 60 percent
of the world’s soybean crop and ac-
counts for wo-thirds of sovhean ex-

ports. (Sve Table 19-5)

‘The reasons for North America’s
emergence as the world’s dominant sup-
plier of feedgrains and feedstuffs are
many, On the supply side, the United
States inherited a prime picce of agricul-
tural real estate. In contrast 1o Latin
America, where agriculwral lands are
conucenirated in the hands of large haci-
enda owners, or Eastern Europe, where
state farms and collectives dominate,
U.S. and Canadian agriculture are cen-
tered on the family farm, Although large
by international standards, they are
noncthetess family farns and have all
the attendant advaniages of a stirong link
between effort cxpended by those work-
ing the land and the rewards of doing so.

North America is not only the
world’s breadbasket, but its feed
bag as well,

The restructuring of world grain trade
over the last generation has resulied in
part from the soil erosion problems dis-
cussed earlier and in part from differen-
tial population growth rates, as a com-
parison of North America and Latin
America shows, During the late thirues,
Latin America had a larger grain export

Table 104, The Changing Pattern of World Grain Trade, 1950-83°

Region 19502 1960 1970 1980 19832
(million meiric 10ns)
Notth America +23 + 39 + 56 + 131 + 122
Latin America + | 0 + 4 - 10 - 3
Wesiern Europe -8 -25 -30 - 16 + 2
E. FEurope and Soviet Union 0 0 0 - 46 - 39
Aftica 0 -2 -5 - 15 - 20
Asia -6 -7 -37 - 63 - 71
Austraha and New Zeal. + 3 + 6 +12 + 19 + 9

'Plus sign indicates nel exporls; minus sign, nel imports.  Average for 1948-52. Preliminary.
sources; Unied Nauons Food and Agticulture Organization, Production Vearbook (Rome: vatious
years); U8, Department of Agriculre, Foregn Agrcuiture Crrenlar, August 1983; author's estimates.
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Table 10-5. Soybean Exports; Major
Exporting Countries, 1960-831

Untted
Year Siales Brazil Argentina
(million meinc tons)

1960 4,6 .

1965 8.1 0.2 -
1970 16.4 1.1

1971 17.0 16 -
1972 15.7 31 -
1973 £8.5 36 -
1974 21.1 6.0 -
1975 16.4 8.0 0.2
1976 21.0 8.6 0.4
1977 20.5 9.4 t.0
1978 26.1 7.6 2.3
1979 27.7 7.1 32
1980 32.8 8.4 29
1981 27.% 13.¢ 32
1982 332 11.3 3.0
1983 32.5 11.5 2.8

1Beans plus bean equivalent of meal,
source: U.S. Department of Agriculwre, Foragn
Agnculture Circulans, June 1981, August 1982, and
August 1983,

surplus than North America. but the re-
gion’s more rapid rate of population
growth soon changed this. Indeed, if the
regions had grown at the satne rate since
1950, North America’'s population in
1983 would be so large that it would
consume the entire grain harvest, leav-
ing little or none for export. And North
America: too, would now be struggling
to maintain food self-sufficiency.
Today the countries with significant
exportable surpluses of grain can be
counted on the fingers of one hand—the
United States. Canada. Australia. Argen-
tina, and France. Of these, the United
States accounts for over half and with
Canada covers close to 70 percent of the
to‘al. The rest of the world's depen-
dence on these supplies varies widely. A
few countries, both industrial and devel-
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oping, import more food than they pro-
duce; among these are Algeria, Belgium,
Costa Rica, Japan, Lebanon, Libya, Por-
iugal, Saudi Arabia, Switzerland, and
Venezuela. Others that may shortly
move into this category include Egypt,
Senegatl. and South Korea.'?

This overwhelming dependence on
one region, and on one country in par-
ticular, brings with it an assortment of
risks. To begin with, both the United
States and Canada arc affected by the
same climatic cycles. A poor harvest in
one is often associated with a poor har-
vest in the other. When reserves are low.
even a modest fluctuation in the region’s
exportable grain surplus can send price
tremors through the world food econ-
omy.

An inadvertent agricultural policy
miscalculation can alse be costly. This
was amply demonstrated in 1983 when
miscalculations in the U.S. Department
of Agriculture led to the idling of more
cropland than had been projected.
which was followed by a severe drought
that further reduced harvests. Within a
matter of weeks, concerned countries
watched the world grain surplus change
toa potential grain deficit. The U.S. com
crop was cut in half, effectively eliminat-
ing the world feedgrain surplus. A simi-
lar miscalculation in 1972, when record
acreage of U.S. cropland was idled, con-
tributed to the food shortages of the
197274 period.!®

When food supplies are tight a Nerth
American grain export embargo,
whether economically or politically in-
spired. can drive fooc prices upward
everywhere outside the region. In 1973,
for example, President Nixon embar-
goed soybean exports because of short-
ages at home. Although this helped curb
food price rises within the United States,
it worsened inflationary pressures else-
where. During the same period, Ameri-
can millers and bakers were pressing for
restrictions on grain exports, holding
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out the prospect of searmg bread prices
if wheat exports were not restricted. Un-
fortunately, the world market conditions
that would lead a principal exporter to
restrict outgoing supplies are precisely
the conditions thar are most damaging
10 importing countries.

Some contend that the current gen-
eration of farmers has no right to
engage in the agronomic equiva-
lent of deficit financing.

In mid-July of 1975, the Canadian
Wheat Board banned further exports of
wheat until the size of the harvest could
be ascertained. Similarly, the United
States, yielding to political pressures
generated by rising domesuc food
prices, limited grain exports to the So-
viet Union and Poland in the late sum-
mer and early fall of 1975. Levied in
1972, in 1974. and again in 1975, such
restrictions on expbris became common
when global grain supplies were tight.
Perhaps more unsettling, these export
controls were adopted destite the re-
turn to production ot e previously
idled U.S. cropland.

As with oil, exports of grain have been
restricted for political purposes. In
1973. the Department of State compiled
a “hit list” of ‘Third World countrics
whose U.N. voting records were not
compatible with U.S. interests so that
they could be denied food assistance.
More recently. President Carter ini-
posed a partial embargo on exports of
grain to the Soviet Union following its
invasion of Afghanistan, and President
Reagan delayed negutiaung a new five-
vear grain agreement with the Soviet

" Union after the imposition of martial law

in Poland.®
Countries that rely on North Ameri-

can food should take heed of the philo-
s0_hical dcbate emerging within the
United States about the wisdom of min-
ing the nation’s soils to mcet the ever-
growing world demand. Both agricul-
wiral analysts and cnvironmentalists
argue that the country should make
whatever adjustments in its agricuitural
practices are needed to protect the re-
source base, even though this would re-
duce the exportable surplus. Some
argue that it makes linde sense 10 sac-
rifice a resource that has been a source of
economic strength since colonial days
merely to buy a few billion barrels of oil.
And some contend that the current gen-
eration of farmers has no right to engage
in the agronomic equivalent of deficit
financing, mortgaging the future of gen-
erations to come. The curremt trend is
fraught with risks, both for those whose
livelihoods depend on sustained land
productivity aind for those in countries
dependent on food imports that eventu-
ally will dry up if the mining of soil con-
tinues. Even for the importers, reduced
supplies in the short term and less rrcs-
sure on North American soils would be
better than losing the region’s export ca-
pacity over the long term.

Foon SECURITY INDICATORS

Onc of the most useful indicators of the
world food situation is the food security
index, which incorporates both grain
carry-over stocks and the grain equiva-
lent of idled cropland. This combines
the world’s two basic reserves of food
and expresses them as days of consump-
tion, a concept readily understood by
policymakers everywhere. The two com-
ponents of the index differ in important
ways. Carry-over stocks, the grain in
storage when the new crop begins to
come in, are readily accessible and re-
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quire only tme for shipping arrange-
ments to be made and for transport.
Idled cropland, on the other hand, can
take a year or more to be converied into
food by farmers.

Carry-over stocks are held for the
most part by exporting countries—the
United States, Canada, Ausiralia, Argen-
tina, and France—largely as a service 10
importers. Other countries, particularly
large ones such as India, mainiain grain
stocks as well, but these are usvally de-
signed specifically for their own use,
India’s grain stocks, typically ranging
from 11-15 million 1ons, were drawn

Table 10-6. India: Grain Stocks, 1963-83

Beginning
Year! Stocks
{niillion wetric 1ons)
1963 1.7
1964 12.2
1965 13.0
1966 14.3
1967 129
1968 14.7
1969 k5.5
1970 10.5
1971 12.5
1972 13.9
1973 10.4
1974 9.2
1975 5.3
1976 17.3
1977 2.2
1978 21.7
1979 21.3
1980 15.2
1981 12.2
1982 12.7
10832 12.4

'Beginning April 1 of year shown. *Prelimi-

nary.

souryucr.s: U.S. Department of Agriculure (LISDA),
Foreym Agriculture Crreulars. May 1976, July 1982,
and June 1983: David Salmon and Tom Slayton,
USDA, private communications, August 1983,
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down 1o scarcely 5 million tons during
1973-75, a time of poor harvests. (See
Table 10-6.} Afier this harrowing experi-
ence India adopted a targer stock level of
21-24 million tons as part of a beefed-up
food security system. Bumper harvests
in the late seventies helped the govern-
ment achieve its target. bur after stocks
were drawn down to 12-15 million tons
during the 1979-80 drought, New Delhi
has apparently decided for reasons of
cost 10 maintain a more modest level of
grain reserves.

Maintaining adequate grain stocks is
expensive not only because of the cost of
grain elevators but also because stored
grain represents an investment. So when
interest rates are high, the cost of carry-
ing grain is also high. And even with the
best of storage facilities there is always
some loss involved, thus adding to the
cost of maintaining the reserves.

Qver time, for a reserve of grain to be
adequate it should expand in randem
with world consumption. In 1960, for
example, world reserves of 200 million
tons were more than ample, represent-
ing nearly one-fourth of world consump-
tion. In 1983, however, the same stocks
would represent only one-eighth of
world grain consumption. A level of
grain reserves that was adequate in 1960
would be grossly inadequate in 1983.

The idled cropland component of the
food security index consists of cropland
set aside under farm programs just in the
United States. Only occasionally have
other countries intentionally idled crop-
land and the acreages have usually been
negligible. During the sixties and early
seventies U.S. idled cropland averaged
close 1o 50 million acres, enough to pro-
duce an estimaied 60 million tons of
grain. (See Table 10-7.) As growth in
world food output slowed after 1973, the
United States returned cropland to pro-
duction from 1974 through 1977 in an
attempt to rebuild stocks. Then when
grain reserves began 1o recover in the
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Table 1¢-7. kndex of World Food Security, 1960-83

Reserves
World Grain
Carry.Over Equiv. of
Srocks of Idled U.S. World
Year Grain Cropland Taoral Consumption
{(million metric tons) (days)
1960 200 36 236 104
1965 142 70 212 81
1970 164 71 235 75
1971 183 46 229 71
1972 143 78 221 67
1973 148 25 173 50
1974 183 4 137 41
1975 141 3 144 43
1976 196 3 199 56
1977 194 l 195 53
1978 221 22 243 62
1979 197 16 213 54
1980 183 0 183 46
1981 221 S | 21 56
1982 260 13 273 66
19832 191 92 283 68

IPreliminary. !Projection.

sotyRCES: Reserve slocks from US. Depariment of Agncullure (USDA), Foragn dgricufture Cureular,
October 1983; cropland idled in 1he United Siates data from Randv Weber. USDA, private communi-

catisn, August 1983,

late seventies, some land was taken out
of production in both 1978 and 1979,
With reserves beginning 1o drop again in
1979, all land was released for produc-
tion in 1980,

The Reagan administration, wishing
to reduce government intervention in
the marketplace, declined to idle any
cropland in 1981 and only a mode:’
acreage in 1982, even though world re-
serves had been rebuilt following two
consecutive bumper harvests in the
Unired States and a worldwide economic
recession that dampened the growh in
demand. In 1983, faced with the most
severe rural depression since the thir-
ties, the admimstration overreacted by
devising two programs to encourage

IToxt Provided by ERI
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farmers to divert land to nonproduciive
uses. The result was the largest diver-
sion of acreage in U.8. history—over 70
million acres. Combined with a severe
drought in the principal U.S. feedgrain
and soybean producing areas, this led to
a precipitous decline in the feedgrain
harvest of over 40 percent. This in turn
reduced the prospeciive carry-over
stocks to one of the fowest levels in some
yeats,70

Whenever gra:.n stocks and the grain
equivalent of idled U.S. cropland drop
below 50 days of world consumption,
grain prices customarily rise and become
highly unstable. In 1973 and 1974, when
the index dropped to 50 and 41 days,
grain prices were nearly double tradi-
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tional levels. The index again fell below
50 days of consumption in 1980, partly
as a result of drought in the United
States. This time, however, prices were
not nearly as volatile as before, perhaps
in pan because interest rates were at re-
cord highs, making iuvesiors less in-
clined 1o speculate in commodities. By
late 1983, prices, particularly of feed-
grains, began 1o rise, largely because of
the unprecedented reduction in the U.S.
grain harvest—the product of govern-
ment miscalculation and droughut.

The food security index measures the
adequacy of food supplies at the global
level and thus -the broad potential for
responding to naticnal shortages, but it
says nothing about conditions within in-
dividual countries. Here the best indica-
tor, of course, 1s the nutritional state of
a country’s population. At issue is
whether a growing child gets encugh
food Lo develop his or her full physical
and mental potential or whether a
worker gets enough food to be fully pro-
ductive. Per capita food avaitability for a
country indicates what the national aver-
age is, but not whether an individual is
adequately nourished. Assessing nutri-
tional adequacy requires some knowl-
cdge of how the naucnal food supply is
distributed. But a lack of data on distri-
bution makes it very difficult 1c estimate
the extent of malnutrition, thus leaving
the subject open 10 continuing debate,

The only time a decline in nutrition
shows up officially is when it is severe
encugh 1o affect mortality. When this
happens a counury is facing famine, the
niost cbvicus and severe manifestation
of food insecurity. Using this criterion,
inadequate though 3 is, developments
over the past decade have noi been en-
couraging. From the postwar recovery
vears until the early seventies, famine
virtually disappeared from the world.
Except in China, which now admits to a
massive famine in 1960-61. when it was
largely isolated, the world enjoved a pe-

Stat of the World— 1984

markable respite from famine for a quar-
ter of a century. Whenever famine did
threaten, the Uniited Siates intervened
with food aid, even when it required
neardy one-fifth of the U.S. wheat crop
two vears in a row. as it did following
monsoon failures in India in 1964 and
1965.2¢

By the early seventies, however, food
deficits were widening and famine was
unfolding in several African couniries
and in the Indian subcontinent. (See
Table 10-8.) Several famines claimed
hundreds of thousands of lives, provid-
ing a grim reminder of the fragility of
food security even in an age of advanced
technology. Most were the product of
drought and a failure of international
feod relief mechanisms.

During the late seventies world re-
serves were rebuilt and. except for sirife-
tcrn Kampuchea, famines subsided—
only to return in 1983, a vear of wide-
spread climatic anomalies. The capacity
of poor countries with falling per capita
food production and deteriorating soils
to withstand drought and floods has
lesserted. As a r.sult, more couniries
than ever before face the possibility of
famine in carly 1984. Among the threar-
ened countries are Bolivia and Peru in

Table 10.8. Countries Experiencing
Famine Since 1950

Estimated
Year Location Deaths
1960-61  China 8,980.000
1968-69 Nigeria {(Biafra) 1,000,000
1971-72  Bangladesh 430,000
1972 India 830.000
1973 Sahelian Countries 100,000
1972-74  Ethiopia 200,000
1974 Bangladesh 330.000
1979 Kampuchea 450,000
1983 Ethiopia 30.000

SOURCE: Worldwatch Institwic estimates derived
from various official and urHificial Lourcees.
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Latin America, and over a score of coun-
tries in Africa. An FAQ team of agrono-
mists assessing the food situation in
Alrica in late 1983 identified 22 coun-
trics where erisis seemed imminent—
Angola, Benin, Botswana, Cape Verde,
Cennal African Republic, Chad, Fihi-
opia, Gambia. Ghana, Guinea. Lesotho,
Mali. Manritania, Mozumhique, Sao
Tome and Principe, Senegal. Somalia,
Swazland. Tanzania, ‘Fogo, Zambhia, and
Zimbabwe. The team of experts con-
cluded that four million tons of emer-
gency grain supplies would be needed w
avoid starvation amaong the 145 million
prople living in these countries.??

Since all governments gacher mortal-
ity data. though not equally well, it is
possible to doctimem these severe food
shortages. But equally ronbling is the
mnnber  of people suffeiing  from
chronic malmuotriion—that vast middle
ground between those who are well
nourished and those who are sarving.
Their numbers are difficult 1o measure
and therefor¢ easy 1o ignore. Indian
cconomiss Amartva Sen observes thar
his government "has been able 1o ignore
this endeinic hunger because that hun-
ger has neither led 1o a run on the mar-
ket. and chaos, nor grown inte an acure
famine with people dying of starvatien.
Persistent, orderly hnnger does not
upset the system, 33

A Crisis or MaNy
DIMENSIi)NS

‘There 1s no simple explanation of why
eltorts 1o eradicate hunger have lost mo-
mentum or why food supplics for some
seginents of humamiy are less secure
than they were, say, |5 years ago. De-
clines in food security involve the con-
tinuous interaction of environmental,
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cconome, demographic, and political
vanabics. Some analysts sce the (cod
problem almost exclusively as a popula-
tion 15st v, noting that wherever popula-
tion growth rates are low. food supplies
are generally adequate. Qthers view it as
a problem ef vesources—soil, water, and
energy, Many economists see it almost
exclusively as a result of underinvest-
ment, while agronomists see it more as a
failure 1o bring forth new technologies
on the necded scale. Still others see it as
a distrihution problem. To some degree
it is all of these.

More countries than ever before
face the possibility of famine in
early 1984.

In an important sense. the food prob-
lem of the mid-eighties is the result of
resource depletion, ‘The depletion of oil
Teserves. the loss of topsocil through ero-
sion, and the growing competition for
fresh waver are central 1¢ understanding
rends in the world food economy. As
world population expands, the shrinking
cropland area per person and the reduc-
tien in average soil depth by erosion
combine 10 steadily reduce the per
capita availability of 1opsail for food pro-
duction.  between 1980 and 2000 there
is a 6 percent net increase in cultivated
land area and a conunuatien of recent
soil erosion rates, the amount of tepsoit
per person will fall from 792 tons 1o 489
tons by the end of the century, a decline
of 38 percent. (See Table 10-9.) Because
the encrgy that farmers substitute for
soil lost 1o erosion is becoming increas-
ingly costly. production cosis every-
wheve are on the rise.

In a basic arithmetical sense the food
problem is a population problem. If
world population were now growing av 1
percent instead of nearly 2 percent there
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Table 10.9. World Soil Resources and Excessive Soil Loss, 1980, With Projections

to 2000
Excessive Remaining Topsoil

Year Population Cropland Soil Loss Topsoil Per Person

(billion} {billion acres} (billion tons) (tons)
1980 4.42 3.12 22.6 3,500 792
1985 1.85 3.17 23.1 3,385 701
1990 5.28 3.22 23.5 3,270 619
1995 573 3.27 239 3,150 550
2000 6.20 3.32 24.2 3,050 489

JAssuines a net growth in world cropland area of § percent between 1980 and 2000. and an average
dupth of topsoil of 7 inches {or 1,120 tons per acre) in 1980.

souRcE: Worldwatch Institute estimates.

would stifl be an ample margin for im.
proving diets, as there was from 1950 to
1973. As noted, however, the annual
growth in food production has unfortu-
nately fallen from the rather comfortable
3 percent of that period 10 a rate that
barely matches that of population.

Those who see the food problem pri-
marily as a distribution problem argue
that ifall the world’s food were equitably
distributed among its people there
would be no hunger and malnutrition.
This argument is technically sound but it
represents a degree of global abstraction
that is not very helpful in formulating
policies. It would mean, for example,
that much of the world would be even
more dependent on U.S. farmers than
they are today, failing to realize that the
only long-term solution to hunger in
most Third World countries is more in-
ternal production. And improving distri-
bution is not just a matter of a better
transport system or subsidized food dis-
tribution programs. It requires dealing
with fundamental sources of political
conflict such as land reform and with
economic policies that encourage em-
ployment.

Achieving a more satisfactory balance
between the world demand and supply
of food requires attv.tion 1o both sides
of the equation. On 1he demand side, the
success of efforts 10 upgrade diers may

depend on an emergency program to
slow world population growth. Cur-
rently farmers must produce enough ad-
ditional food each year to feed an annual
increment of 79 million people-~people
who must be provided for in years of
good weather or bad.

Meaningful improvements in diet over
the rest of the century will depend, too,
on gains in per capita income, particu-
larly in the Third World. Unfortunately
those gains are narrowing or disappear-
ing. During the seventies, 18 countries
in Africa experienced a decline in per
capita income. In most instances these
national declines appear to be continu-
ing in this decade. Unfortunately, the list
of countries where incomes have fallen
thus far during the eighties is far longer
than it was in the seventies.

Farmers must produce enough ad-
ditional food each year to feed an
annual increment of 79 million
people.

Also on the demand side is the ques-
tion of how available food supplies are
distributed. The most vulnerable seg-
ments of society in times of food scarciry
are the rural landless in Third World
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countries. Data collected on famine
deaths in Bangladesh in 1975, for exam-
ple. show death rates among the landless
of 36 per thousand, three times that of
their neighbors who owned three or
more acres of land.** Reducing the size
of this extremely wulnerable, rapidly
growing landless popul-‘ion will require
far more vigorous fam.{; planning and
land reform programs than most coun-
tries have so far been able to mount.

On the supply side. the scarcity of new
cropland, the continuing loss of topsoil,
the scarcity of fresh water, the end of
cheap energy, and diminishing returns
on chemical fertilizer combine to make
expanding food production progres-
sively more difficult. In addition, feod-
deficit Third World countries are now
struggling with a heavy external debt
load that is continuing 1o mount. For-
eign exchange scarcities are reducing

imports both of agricultural-inptts-and

of food. In 1983, for vxample, Brazil,
staggering under the world’s heavies:
debt load, reduced its imports of fertili-
zer and other key farm inputs. Scores of
other countries are similarly affected.?s

At a time when concessional food aid
isneeded ore than ever, U.S. programs
are at the lowest level of nearly a genera-
tion. From their launch in 1954 through
the late sixties, U.S. food programs ex-
panded, reaching a high of 15.3 million
tons of grain in 1966, Enough to feed 90
million people in its peak years, this aid
was an important defense against hun-
ger in many countries. (See Table 10-
10.} Prehiminary estimates for 1983,
however. indicate food aid shipments
had dwindled to some 4 million tons of
grain. Other assistance programs, such
as the World Food Programme, have
been developed and expanded. but they
are small by comparison and cannoi
begin to offset the U.S. decline. In a
modest effort to enhance food security
in low-income countries, the Interna-
tional Monetary Fund launched 2 new
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Table 10-10. United States; Concessional
Grain Exports Under Public Law 480,

1955-82
Year Quantity
{millien tons})
1955 54
1960 12,5
1965 15.0
1970 78
1971 7.3
1972 78
1973 55
1974 2.7
1975 8.7
1976 4.0
1977 7.2
1978 59
1979 59
1980 4.5
1981 4.1
1982 88

source: Dewain Rahe. U.S. Department of Agri.
culture, private communication. August 1983,

facility in 1981 that would provide short-
term supplementary financing to food-
deficit Third World countries suffering
from temporary rises in food import
bitls. 6

In addition to the traditional prob-
lems, political conflicts are creating an
instability in the Middle East, Africa, and
Laiin America that makes agricultural
progress difficult. This new hindrance to
progress is reflected in the World Food
Programme’s emergency relief efforts.
The share of emergency food relief
going to victims of human-caused disas-
ters (refugees and displaced persons)
has come to dominate the Programme in
recent years, after starting at a relatively
modest level. By 1982, less than one-
third of the Programme’s resources were
devoted to helping the groups who were
the principal recipients in the early
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years, those affected by drought or
caught in sudden natural disasters. such
as floods or earthquakes. (Sec Table 10-
I}

Other disruptions borme of despera-
tion are cropping up in fgod-deficit
areas, In late 1983, reports from north-
eastern Brazil described hordes of hun-
gry rural people pouring into the towns
demanding food, water, and jobs. Afier
the 1own of Crato was invaded on three
diferent occasions, merchants began
voluntarily distributing rations of beans,
sugar. and Hour 1o forestall sacking and
looting. Merchanis in another town re-
portedly lost some 60 (ons of food to
looters.??

Although drought and recession-
induced unemployment are leading to
hunger, thelong-term forces converging
10 create these conditions in the Brazil-
ian northeast are essentially the same as
those that have led 1o the food crises in

Table 10-11. Allocation of Waorld Food
Programme Emergency Relief, 1963-82

Sudden  Human-

Naweal  Caused
Year Drought  Disaster’  Disasier?
(percem)
1963-72 44 33 23
1073 83 17 0
1974 54 36 10
1975 21 44 35
1976 30 18 52
1977 50 3 19
1978 25 4] 34
1979 33 19 57
1980 As 5 62
1981 22 4 74
1982 20 11 69

NMacludes cartheuakes. lloods. erc,

Nncludes refugees, displaced persons, apd oth-
ers affecied by ewil distwrbances.
source: \World Food Programme, Annya! Report of
the Execulive Director on the Development of the Fro-
gramme 1982 (Rome: 1983).
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Africa, 1950.83

so many African countries: record popu-
lation growth, underinvestment in agri-
culture, and physical deterioration in the
countryside. Ecologists have for years
warned that mounting poprlation pres-
sures in northeastern Brazil leading 1o
deforestation and unsustainable agricul-
tural practices would turn the area into
a desert. That grim scenario is now un-
folding.

Trends in Africa since 1970 are a har-
binger of things 1o come elsewhere in
the absence of some major changes in
population policies and economic priori-
ties. After rising from 1950 10 1970, per
capita grain production in Africa has de-
clined rather sieadily.?® (See Figure 10-
4.) The forces that have led 10 this de-
¢line in Africa are also gaining strength
in the Andean countries of Latin Amer-
ica, in Central America, and in the In-
dian subcontinent. Whether the declin-
ing food production now so painfully
evident in Africa can be avoided else-
where will be determined jn the next few
years.

Theissueis not whether the world can
produce more food. Indeed, it would be
difftculi to put any foreseeable limits on
the amount the world’s farmers can pro-
duce, The question is at what price they
will be able (o produce it and how this
relates to the purchasing power of the
poorer segmets of humantty. The envi-
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ronmemtal, demographic, and economic
trends of the seventies and eatly eightics
indicate that widespread improvements
in human nutrition will require major
course corrections. Nothing less than a
wholesale reexamination and reordering
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of social and economic priorities—giv-
ing agriculture and family planning the
emphasis they deserve—will get the
world back on an economic and demo-
graphic path that will reduce hunger
rather than increase it.




Reshaping

Economic Policies
Lester R. Brown

One need not be an economist to sensc
that we are living in dificult economic
times. Economic growth over the last
four years has been less than in any com-
parable period since the thirties and
there have been no gains in per capita
income for the world as a whole since
1979, In countries such as Argentina,
Brazil, Mexico, and Poland, massive ex-
ternal debt js strangling economic prog-
ress.

A projection of Brazil’s economic fu-
ture by Data Resources indicates that the
country should be able to pay off its
debt, but that doing so means jis de-
pressed industrial output will not regain
its 1980 level until 1990. By thys time 37
million Brazilians will have been added
to the 1980 population of 119 million,
greatly reduang output per capita.! Un-
fortunately, this projected interaction
between external debt, economic out-
put, and population growth s not atypt-
cal. It confronts dozens of developing
countries, large and small.

The budgetary deficits and external
debts that confound policymakers today

derive from more-fundamental short-
comings—outdated population policies,
inappropriate economic policies, and
misplaced priorities. In all-too-many
countries, population policies belong to
another age, a ume when rapid popula-
tion growth slowed but did not prevent
improvements in living conditions. Eco-
nomic policies. too, are a carry-over
from a past when energy was cheap and
resources were abundant. Existing pri-
orities in the use of public resources
were fashioned in an age when incomes
were everywhere on the rise, when more
guns did not preclude more butter.
The preceding chapters make clear
the extent of resource deterioration, a
deterioration that now undermines eco-
nomic performance in many countries.
Policymakers often lose sight of the rela-
tionship between the economic system,
whose performance js monitored in
great detail, and the resource base on
which it depends. Glowing economic re-
ports—with key indicators such as out-
put. productivity, and exports continu-
ally seuing new records in the short run
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—are possible even as the cconomic
policies that generate them are destroy-
ing the resource basc. Indeed, one rea-
son for the bullish indicators might be
the consumption of the resource base
itself, as the discussion of “Living Be-
yond OQur Means” in Chapter t indi-
cates.

‘The need for a 1ew accounting system
is now evident. Existing economic in-
dicatgrs need 1o be supplemented by
others that distinguish between self-
defeating and sustainable growth. Most
fundamemally. the world needs a system
of economic accounting that reflects
more completely the effects of economic
policies on the rescurce base and. con-
versely, the effect of changes in the re.
source base on the economy. This sys-
tem must account for more than the
short-run “bouom line™; it must incor-
porate values that maintain economic
life.

A REVISED ACCOUNTING
SYSTEM

The lack of a more complete economic
accounting system has led many govern-
ments to adopt ill-conceived policies in
the management and use of resources. It
has permitted governments to focus on
production, while largely ignering the
effects on the natural capial that makes
preduction possible. In some instances
the accounting gap has led to a more or
less permanent loss of productive capac-
ity. As this report documents, govern-
ments’ shorisighted approach can be
scen in one case after another: topsoil,
water supplies, grasslands, forests.

Few annuat accountings of soil forma-
tion and soil loss have been attempied,
so naticnal political leaders ofien do not
know whether soils are being farmed or

Q

mined. Lacking data on soil erosion,
goverunwents cannot compute cither the
on-farm cost of soil loss or the off-farm
costs of, for cxamplc. hydroeleciric res-
ervoir sedimentation. This in trn pre-
cludes complete cost/benefit analyses of
soil conservation programs.

Glowing economic reports are pos-
sible even as the economic policies
that generate them are destroying
the resource base.

Resource accounting cunld help man-
age other resources intelligently as well,
Water demands ofien exceed renewable
supplies, leading to falling water tables,
dwindling river flows, and shrinking
lakes. Grasslands are being converted to
desert in many areas of the world, bt
there is no effort 1o relaie desertification
1o excessive livestock numbers and the
loss of grazing capacity through over-
grazing. And little accurate annual data
on changes in forested areas exist, so in
many stiations trees are being felled
faster than they are regenerating. Many
countries simply do not know when they
begin consuming the rescurce base it-
self. By the time it becomes physically
obvious that they are wing so, it can be
too late 1o act.

Changes in a few resource stocks are
carefully monitored at the global level.
For example, governments annually re-
cord the amoumt of cil produced and
newly discovered, making it easy 1o de.
termine changes in reserves. This infor-
mation helps policymakers decide how
rapidly the remaining oil reserves should
be exploited. When aggregated at the
global level, the sum of these naticnal
data provides information of great value
to decision-makers everywhere, from in-
dwidual consumers to political leaders.
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At the national level, only Norway ap-
pears to have adopted a comprehensive
resource accounting system. In 1974 the
Norwegian Stortinget (Parliament) in-
structed the Ministry of Enviionment to
prepare an annual review of natural re-
source stocks, their annual consump-
tion, and any proposals for their future
use. Work on the methodology for this
assessment began in 1975 and a prelimi-
nary study was presented to the Stortin-
get in 1977, It included an accounting
both of material resources and of basic
biological life-support systems. Qther
countries, including Canada, France,
Japan, and the Netherlands, have experi-
mented with alternative accounting sys-
tems but none has progressed as far as
Norway in developing a comprehensive
acconnting.?

Norway's goal in resource accounting
is to maximize the “social profit” of re-
sources and to prevent depletion or deg-
radation wherever possible. In a United
Nations Environment Programme re-
view of the status of environmentat ac-
comiting. Edward Weiller observes that
"the concept of *natural capital’ is at the
heart of the Norwegian resource ac-
counting system.” s early achitects de-
cided, probably wisely, not to attempt to
integrate it with tle national economic
accounts. In part this was because the
latter are keptin monetary units, whereas
resources are measured in physical units.

The Norwegiin experience illustrates
the value of a modest but realistic ap-
proach to accounting. It also demon-
strates that each country needs to design
its own system, one that is sujted to its
particular circumstances and needs.
Japan, for example, a heavily industrial-
1zed and densely populated country, has
focused on the costs of mitigating envi-
ronmental damage, n particular the
effects of air and water pollution on
human health. South Korea: in a some-
what similar situation, has patterned its
approach after that of Japan.4
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In the Third World the primary need
is to identify and measure the resource-
degrading consequences of economic
activity. Governments in these coun-
tries, where *'natural capital” js so over-
whelmingly imporiant, need to know
what is happening to soils, forests, grass-
lands. and water resources. If a desert is
expanding. for example, policymakers in
the area want to know how fast it is
spreading and what can be done to re-
verse the process.

Occasionally a country will institute a
detailed accounting system when a re-
source is of particular value or when its
stock is known to be diminishing, which
would have potentially serious long-
term ecoriomic consequences. It was
precisely these concerns tiat led the
U.S. Congress to pass the Resource
Conservation Act in 1977, which re-
quired the Department of Agriculture to
conduct a national soils inventory. focus-
ing particularly on the relationship be-
tween soil erosion and new soil forma-
tion. The first assessment, in 1977, drew
upon some 200,000 samples fiom crop-
lands across the country and provided
the most detailed information ever on
U.S. soils. The survey was repeated
again in 1982, but with even greater de-
tail. Relying on close to a million individ-
ual samples. it represented the most ex-
haustive inventory of soils ever
undertaken by any country. The comple-
tion of the 1982 assessment provided
U.S. soil scientists with two data points
that can be compared to establish long-
term trends.S

A resource accounting system pro-
vides a means of incorporating the costs
of “externalities” such as acid rain or
soil erosion into decision-making. The
goal is more intelligent policymakin
and a more enlightened public and pri-
vate management of resources. Much
more than a resource accounting system
is needed. of course. for intelligent envi-
ronmental and resource management,
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but this is a necessary yardstick for mea-
suring a system’s effectiveness,

NEw EconoMic INDICATORS

As the emphasis in economic policymak-
ing and planning shifts toward sustaina-
bility, the inadequacy of many widely
used economic indicators becomes obvi-
ous. As the goal of economic policy is
redefined, new indicators are needed to
measure progress. Central to this new
definition is Kenneth Boulding’s obser-
vation that it is stocks of goods that
coturibute to human well-being while
flows contribute to gross national prod-
uct.”® Under the cxisting national ac-
counting system. the production of
shoddy goods that have to be replaced

.ot repaired frequently raises the GNP,

whereas a modest additional investment
in high-quality engineering that greatly
exsends the lifetime of products lowers
the GNP,

A set of economic indicators designed
10 measure progress toward a sustain-

able society should include data, for ex-

ample, on the recycling of major re-
sources such as steel, aluminum. glass,
and paper. The throwaway society
evolved when encrgy was cheap. raw
materials were abundant, and there were
far fewer people competing for re-
sources than there are today. Socicties
failing to realize that these days are over
are likely to pay with a falling standard of
living. The release of monthly data on
materials recycling would help highlight
the importance of this process for both
the general public and key decision-mak-
ers. Such indicators are not particularly
difficult to develop: recycled scrap steel,
for instance, is processed through mills
just as iron ore i and thus can readily be
measured.

Changes in the relative values of the
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various factors of production also call
for new economic indicators. From the
beginning of this century until 1973, en-
ergy became progressively cheaper
while labor became more expensive.
That trend has since been reversed, wiw
energy costs rising much more rapidly
than those of labor. With extensive and
growing unemployment in industrial as
well as developing countries, these new
relationships suggest a need to focus
more on energy productivity, specifically
on that of oil. the scarcest fossil fuel. The
barrels of oil needed to produce $1,000
worth of GNP, a measure discussed in
Chapter 3, is a useful way of determining
how well a society is doing in weaning
itself from this versatile but dwindling
energy source. Similarly, since cropland
area)s essenually fixed. the value ofland
is increasing relative 1o that of labor
making land productivity relatively more
important. This is not to imply that labor
productivity is unimportant; rather it
recognizes that raising the productivity
of energy and of land increasingly holds
the key to raising labor productivity.

In a world where the rate of popula-
tion growth is ofien the principal deter-
minant of efforts to improve living con-
ditons. data on, population growth
become an important measure of prog-
ress, The need here is not for a new tndi-
cator but forthe more systematic gather-
ing and dissemination of data on birth
rates. Reporting this data monthly, just
as governments already do for employ-
ment and inftation, would remind peo-
ple how much remains to be done in
order 0 achieve population stability.

As pressures on the global resource
base intensify, spurring the shift to de-
velopment strategies focused on basic
needs. indicators other than income may
prove more usefu! in measuring living
standards. Given the basic need for
food. particularly in low-income coun-
tries, per capita grain consumption or
caloric intake may be more tetling mea-
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sures of well-being. Indeed, Bangladesh
has begun 1o define poverty not in terms
of per capita income but in terms of ca-
loric imake. In 1980 the government re-
ported that 85 percent of the people
were living below the poverty line,
defined as 2,122 calories a day, and 54
percent below the exireme poverty level
of 1,885 calories.”

A new set of economic indicators
keyed directly to basic social needs
could help guide the effort (o create
a sustainable society.

In a world where resource scarcities
make rapid economic growth more diffi-
cult or less desirable. designing develop-
ment siralegies thair focus more specifis
cally on basic secial indicators such as
life expectancy or infant moriality may
be useful. The Overscas Developmem
Council has devised a Physical Quality of
Life Index {PQLI) based on three social
indicators—life expectancy, infant mor-
1ality, and literacy—as an alternative to
per capita income. The profiles devel-
oped with this new index suggest that
rather high levels of social well-being
can be anained at rather modest levels of
resource consumption, providing an ap-
propriate development strategy is fol-
lowed.®

Progress 1owards a sustainable society
requires changes thar will reduce the
value of GNP as an indicaior—under-
scoring the need for new economic in-
dicators. For example, if the consiruc-
tion industry begins to incorporate the
basic principles of climate-sensitive ar-
chitecture, new buildings will require far
less energy than existing structures. In
effect, architectural design and engi-
neering know-how will be substituted for
energy, leading 10 much lower energy
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use and a decline in gross national prod-
uct, but also 10 an improvement in the
standard of living.

Similarly, as planned obsolescence is
abandoned in favor of high-quality
goods emphasizing durability, this 0o
could lead 10 a decline in apparent eco-
nomic output. Stated otherwise, many of
the practices that have led 10 such enor-
mMOous increases in gross nationa} product
do not necessarily coi-elate with im-
provements in quality of life. In moving
toward a sustainable society i is quite
possible 1o have a shori-term decline in
GNP while living condhtions are improv-
ing. A new set of economic indicators
keyed directly 1o basic social needs could
help guide the effort 10 create a sustain-
able society.

EconoMmic POLICIES FOR
FuLL EMPLOYMENT

Economic analysts now put rising unem-
ployment and international indebied-
ness at the top of the list of the world
economic problems, both having at least
1emporarily superseded inflation as an
issue of concern. Unemployment and
underemployment have been growing
steadily for more than a decade in the
Third World as more and more young
people reach working age. In some de-
veloping countries the unemployed and
underemployed combined may consti-
tute a third or more of the toial labor
force.

Even Western indusirial societies are
plagued with rising unemployment. In
the United States, the United Kingdom,
and several countries in Western
Europe, unemployment reached double-
digit levels in the early eighties. A
ratchet effect can now be seen in the
growth of unemployment in these soci-
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eites. During recessions unemployment
increases, while during economic recox-
ery the number of unempleved stabilizes
or declines only modesily, leaving the
total number of job:seekers little
changed. Thus with each economic cycle
unemployment moves higher.

Theoretically the factors of produc-
ticn—Iland. labor, and capital, which in-
cludes energy—should combine in the
marketplace in optimum combinations.
If a given Factor is not fully used. us price
should drop. But inarket rigidities stich
as minimum wages and fixed salaries for
many categories of workers have over-
priced labor relative 1o other prodiciive
factors. leaving many people without
jobs. The result is a waste of labor and
a less-than-optimum combination of the
basic Factors of production.

Netther national governinents nor in-
ternational development agencies have
proved very proficient in devising eco-
nomic pelicies that will take full advan-
tage of a country's laber force. No gov-
ernment would conscicusly idle part of
its energy flow or waj.ital assets. Putting
money in a.naitress would be unthink-
able because it would not contribute 1o
productive capacity or earn interest. And
yet labor is used as unproductively as
money in a maitress as a result of poorly
concejved economic policies. Govern-
ments can avoid this by systematically
secking opportunities 10 use unem-
ployed labor to increase a country's en-
ergy oulput, lo conserve cnergy. or o
increase food production.

One of the more imaginative efforts of
this kind is South Korea's reforestation
campaign, which is described in some
derail in Chapter 5. In the early seventies
the government launched a natcnal
effort to replant the denuded hillsides of
the country, land that was otherwise use-
less. By the end of the decade, seasonally
unemployed villagers had planted an
area in forest that was iwo-thirds as large
as that in rice. This "greening of the
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countryside” was achieved by combining
fast-growing pine seedlings from gov-
ernment-rur nurseries, the organiza-
tional capacity represented by village-
level cocperatives, and seasonally
unemployed labor.

In effect South Korea has created a
major energy resource, ene that will pro-
vide fuelwood in perpetwity with a mini-
mal expenditure of funds. Reforestation
in this selting amounts to ecologic
rchabilitation. By reducing runoff. for-
ested lands reduce soil erosion and help
recharge underground aquifers. South
Korea's effonts, which have added 1o the
country'’s rescurce stock and reduced its
unemployment. are a model for other
countnes. Maintaining. culling, and har-
vesting the planted irees will provide
employment to thousangs of villagers
for the indefinite future.

Another activity particularly impor-
tant in rural areas is the constiruction of
small dams that can be used for elecirical
generation and for water storage and ir-
rigation. Small dams, which can be built
almost exclusively with hand tools, can
also reduce runoff and potential damage
from Rooding. China, which has some
89.000 small. locally consiructed dams
with a combined electrical generating
capacity of nearly 3,000 megawats. is
the unquestioned leader in this re-
sourceful use of fabor.?

A closely related effort that can capi-
talize on rural seasonal empleyment is
the construction of terraces on hillside
cropland. As noted in Chapter 4, where
population growth is rapid. farmers have
moved up the hillsides so fast that time
has not permitted construction of the
terraces needed to stabilize and preserve
agricullure on these sloping lands.
Mobilizing  seasonally unemployed
workers for this task could ensure both
that soil on this land is retained and that
rainfall is captured and used to good
effect.

In a world where water is becoming
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increasingly scarce and a constraint on
food production, reducing water loss
from canals can yield a robust return.
Even in advanced industrial societies
such as the United States or the Soviet
Union, irrigation canals are often dug in
the bare earth without the beneht of any
lining. Using stone, brick, or even a layer
of plastic can sometimes virtually elimi-
nate seepage, which can siphon offup to
40 percent of irrigation waier supplies.
In addition to reducing waterlogging.
often a problem in irrigated areas with
canal seepage, the investment of unem-
ployed labor in this water conservation
effort would also expand the irrigated
area.'?

One of the most promising areas
for employment expansion is
materials recycling.

The broad-based effort to develop re-
newable energy substitutes provides an
abundance of job opportunities. The
shift from gasoline to alcohol as an auto-
motive fuel in Brazil illustrates this po-
tential. The increase in cropped acreage
needed to produce sugarcane for the
distilleries is a source of direct employ-
ment in agriculture. At the same time the
construction of alcohol distilleries in the
countryside near the cane fields provides
a form of industrial employment in the
countryside. Although petroleum refin-
eries need only a handful of workers, ai-
cohol distilleries employ many.!!

A similar advantage exists in the de-
velopment of wind power, an energy re-
source that is widely available compared
with coal or uranium. Turning to the
wind rather than nuclear power in the
Third World also creates manufacturing
jobs locally since virtually all developing
countries have the industrial capacity to
produce wind-electric generators, while
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they would have to import reactors.
Another energy source that can be ex-
Eloited largely by indigenous labor is

iomass, which can be converted into
methane by using locally built methane
generators. Every village in the Third
World has a certain amoumnt of organic
material—human and animal wastes,
household wastes, and crop residues—
that can be converted into methane by
an anaerobic digester. These methane
generators extract the methane from or-
ganic material while leaving a nutrient-
rich sludge that can be used as fertilizer.
In effect, methane generators combine
the production of energy and the recy-
cling of nutrients, which is certain to be-
come an appealing combination as fertj-
lizer prices continue to rise.12

As electricity rates and oil and natural
gas prices rise, a prime opportunity ex-
1sts to substitute solar collectors for
these conventional sources. A concerted
worldwide efforn to shift to this methed
of water heating, a move that makes
more and more economic sense, would
create millions of jobs in the fabrication,
marketing, distribution, and installation
of solar panels.

The manufacture and marketing of
more-efficient stoves for cooking in the
Third World is another industry ripe for
development. Food cooked on an open
fire uses several times as much firewood,
cow dung, or crop residue as that cooked
on more~efficiently designed closed
stoves. One advantage of several new
varieties of stoves is that they can be
made entirely from local materials and
produced by village-level industries.
The social contribution, of the reduced
pressures on forests and of additional
employment would be substantial.!$

Within the United States, one of the
most promising areas for employment
expansion is materials recycling, which
has the advantage of reducing energy re-
quirements, consumer costs, pollution,
and materials use. The use of - irgin ores
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for the production of throwaway con-
tainers and other materials is capital-
and energy-intensive but uses relatively
little labor. Recycling, by contrast, is a
lahor-intensive activity that requires far
less capital and encrgy.

One sector in which all sooeties can
increase emplovment while reducing en-
ergy use is transportation. One of the
attractions of the 55-mile-an-hour speed
bimit in the United States, in addition to
the energy and lives it saves, is that it
increases employment in both freight
and passenger transportation. Another
variation on this basic theme of exchang-
ing cnergy for employment lies in the
design of public passenger transport sys-
tems. In some developing countries,
such as Indonesia, the Philippines, and
Turkey. small vans that carry six to ten
passengers are driven on established
transporiation routes, providing passen-
ger transport that is easily competitive
with buses in terms of cost but that uses
less energy and more drivers.!4

I some cases a combination of the
initiats* es cited above mulhtiplies job op-
portunit’es. For example. the construc-
tion of a local water storage pond or res-
ervoir in a rural community can permit
double cropping. In many Third World
countries an increase in water supplies
during the dry season will make year-
round cropping possible. In the Philip-
pines, for example, a new rice-produc-
ton systemn has developed in areas with
continuous water supplies. A farmer
with, say. four acres of land divides it
into small plots that are in rice continu-
ously except during the few days be-
tween harvest and replanting. Each week
another plot is harvested and replanted.
With such intensive rotation, the work
load is distributed evenly throughout the
year. Labor is used with maximum cfh-
ciency and the land Yields three or four
crops of rice annually.}*

Mounting unemployment is not inevi-
table in cither industrial or developing
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countries provided national leaders un-
derstand what needs to be done and
have the political will to carry it owt. In
most siuations the limiting facter is
imagination and the capacity to orgauize
peopie at the local level to achieve com-
o1t social goals, whether the objective
is planting and maintaining a village firve-
wood plantation or building a small dam
to store water and generate electricity.

EQuiTy AND STABILITY

As long as the world economy was ex-
panding a1 4-5 percent per year the
question of how equitably wealth was
distributed was largely defused. It was
assumed that the rising economic tide
would raise living standards everywhere,
and in most countries it did. But now
that economic growth has slowed it
becotmes more difficult to dodge the dis-
tribution issue.

As economic growth lost momentum
during the early eighties it fell behind
population growth in many countries.
For hundreds of millions of people in-
come levels in 1983 were less than in
1980. For this segment of global society
the exhortations to be patient, that their
lot would improve, are becoming less ac-
ceptable, As world population moved
from 3 billion in 1960 to 4.6 billion in
1983 it owstripped the growth in many
basic commodities on which humanity
depends. When the per capita supply of
a commodity is stagnant or falling for
the world as a whole, if some people con-
sume more, then others must consume
less. Patterns of income distribution
within and among societies must be con-
sidered against this shifting glooal eco-
nomic and resource backdrop.

One common measure of the eGuity of
income distribution within a society is
the ratio of the income received by the
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wealthiest one-fifth of popu'tion to that
of the poorest one-fifth. This provides a
means for comparing income distribu-
tion regardless of the level of develop-
ment. In the more socially progressive
countries, such as those in Western
Europe. the income ratic of the top one-
fifth to the bottom one-hfth ranges from
410 1106 1tc 1. (See Table 11-1.) Two
other major industrial societies, Japan
and Australia, are also within this in-

Table 11-1. Income

Distribution, Selected Countries?
Relationship
of Income
of Top One.Fifth
Conniry ¢ Bottom One-fifth
(ratio}
Finland 4/1
bBenmark 5/1
Japan 5/1
Netherlands 51
Sweden 5/4
United Kingdon 5.1
Bangladesh 6/1
West Germany 6/1
Norway 671
Sri Lanka 6/1
Yugoslavia 6/1
India 7/1
Indonesia 7/1
Spain 71
South Korea 8/1
Tanzania 8/1
France 9/1
United Siates 1044
Malaysia 16/1
Turkey 16/1
Venezuela 18/1
Mexico 20/1
Peru /1
Beazil 31

'Dala are for latest year available
souvrce: World Bank. World Development Report
1983 (New York: Oxford Universily Press, 1983).
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come distribution bracket. Within 1he
Third World, India, Bangladesh, and ;ri
Lanka stand out, with income distrit.u-
tion ratios of 6 or 7. Other major indus-
trial countries with somewhat less equi-
table income distnbution patterns
include France (910 1), the United Stares
{10 10 1}, and Canada (11 o 1}.

At the cther end of the spectrum are
countries in Latin America nnd the Mid-
dle East. Brazil. which has by far the
greatest concentration of wealth of any
major country, is at the bottom of the
scale, with a ratio of 33 o 1. This ex-
plains why Brazil is sometime s described
as "‘a Belgium and an India” within the
same boundaries. For the upper 10 per-
cent, or roughly 13 million people, in-
comes are comparable to those in north-
western Europe: for many remaining
Brazilians, incomes and living condi-
tions are much closer to those in India.
Mexico, the second largest counuy in
Latin America, also has a highly skewed
income distribution pattern. The weal-
thiest one-fifih of its population has an
income 20 times as great as the poorest
one-fifth. In Mexico, as in Brazil, this
puts the poorest segments of society at a
meager subsistence level of existence.

For governments wishing to aciueve a
more equitable distribution of income
there are numerous public policy instru-
ments that can be used. One of the most
commoen, of course, is a progressive in-
come tax, a principle of taxation that has
been widely adopted throughout the
world. Education, or more precisely ac-
cess to education, can also play an essen-
tial role. To be an effecuve equalizer, the
educational system must be accessible to
all people regardiess of their economic
or social standing.

When policies to redistribute income
do not adequately reduce inequalities,
governments can turn 1o the redistribu-
tion of productive assets, relying on land
redistribution or employee stock oplion
plans. In largely agrarian societies, land
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redistribution s often the key to redis-
trihuting wealth. Prontinent among
those uising this device are Japan, South
Korea. and Taiwan. couniries that im-
plemented thorough land reform pro-
grams as part of the reconstriction fol-
lowing World War 1ll. Other countries.
such as the United Staues, have brought
about land redistribwiion indirectly
through itntiatives such as the Home-
stead Act. Although land reform is ofien
the key to both wealth redistribnizon and
successful rural development. it is alse a
politically formidable undertaking.

Itis a mistake to invest heavily in an
extensive automobile infrastruc-
ture that will ben.fit only a small
fraction of a country’s population,

The selection of technologies ofien
has an indirect impact on the distribu-
tion of wealth. For example, when Pakis-
tan was granted a large loan by the
World Bank to purchase four-wheel irac-
tors of the sort used in Europe and the
United States, the larger farmers, who
were able 10 afford this equipment, ac-
quired an advantage. With this tillage ca-
pahility many began looking for addi-
tional land v add 1o their holdings,
often absorbing smaller farms, whose
owners lacked mechanical power. The
net effect was a further concentration of
land in the hands of wealthier landown-
ers, A more equitable alternative would
have been to use the resou . es 1o import
or domesucally manufacture smaller
two-wheel power tillers of the Japanese
variety, an approach that would have
helped smaller farmers remain competi-
tive,16

A similar sitvation exists with trans-
portation planning. Given that there is
not enough oil or other fuel 10 permit
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automobile fleets jn the Third World 1o
achieve the near-sawtration levels of the
United Siates or Western Europe, it isa
mistake to invest heavily in an extensive
antomobile infrastructure that will be-
nefit only a small fraction of a counwry’s
populaton. Social equity is better served
hy investing these same resources in an
extensive public transporiation systetn
augmented by bicycles, mopeds, and
motor scooters. Motorized three-wheel
rickshas of the sort pioneered in India
counld be used as 1axis.

Similarly. the selection of medical
technologies influences the distribution
of health care services. If a counury in-
vests in a large modern hospital in its
capital city it will be able 10 serve a small
el‘te rather well but will lack the re-
sources 10 provide any medical services
at all to the bulk of the population. In the
Philippines, for example, a $50-million
heart-surgery center has been con-
structed at a time when many Filipinos
lack access 10 even rudimeniary health
care. The waste is even greater because
those Filipinos who can afford open-
heart surgery prefer to fly 1o the United
States for the operation rather than en-
trust themselves 1o local surgeons.!? In-
vesting $50 million in village clinics and
the training of paramedics could mea-
surably reduce infart mortality and raise
life expectancy in the Philippines.

In many Third World countries there
is a parucularly sirong bias against rural
areas that must be addressed. Urban
areas invariably manage to command the
lion's share of investment in public ser-
vices. Development economist Michael
Lipton points out that in India, for ex-
ample, a youngster born in an urban set-
ting is eight times more likely 1o gain
aumission to college than one born in a
village.*® Similar contrasts can be found
throughout the world in investment in
basic social services such as educauon
and health care.

As it becomes clearer that the worid
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economy 33 not likely 10 resume the
rapid growth of the last few decades, the
emphasis in economic policymaking and
development planning needs to shitt to-
ward efforts to satisfy basic needs if hv-
ing conditions are to improve. The
“basic needs” development sirategy
concentrates on nutrition, literacy, and
health care. Social planners will need 10
acknowledge that for a person with a yoaf
of bread an additional crust is of little
value, but for someone who has only a
single crust of bread. a second crost can
greatly improve the quality of life.

Countries with severely skewed n-
come distribution patterns often lack so-
aal cohesiveness, making it difficul to
obilize for the achievement of specific
goals. South Africa is facing this di-
lemma as it confronts a threatening pop-
ulation cxplosion. When commenting
on a recent governmental commission
report on projected population growth
in South Africa, Professor David Welsh
of the University of Capetown observed:
“Reading the somber unemotive facts
piled up by the science committee, one
is made aware that we have a time bomb
ticking away in our midst. If future popu-
lations are to control population growth
the old order of racial supremacy and
discrimination, of forced migrancy and
poverty., of inadequate housing, and
unequal education will all have 1o go.”
Without these social adjustments, the re-
port concluded. it would be virtually im-
possible to bring fertility down fast
enough to avoid a Malthusian catastro-
phe.1?

Given the grossly inequitable jncome
distribution patterns in many Third
World countries, the potential for social
unrest and political unstability is high.
This is painfully evident in Africa, where
incomes are now falling in so many
countries, and in Latin American coun-
tries with large external debts, where se-
vere belt tightening measures are re-
quired to maintain credit-worthiness, At
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issue. as forneer U5 Assistant Secretary
of State C. William Maynes observes, is
whether “the economic strains  that
Third World goveruments are ex-
periencing ar~ proving too great for ex-
isting pulitical strucruies to sustain.'??
In a world experiencing economic
stresses 1%0r€ sCVELE 1ran any since the
thirties, political stabitiry may depend on
reducing inco.ae disparity to a range
that is morally acceptable and politically
tenable.

Now GUNS OR BUTTER

The past generation has witnessed an
unprecedented  militanization of the
world economy. Prior to World War II,
military expenditures claimed less than 1
percent of gross world output. In 1243
they consumed 6 percent. In peal terms,
military expenditures increased some
twentyfold between the early thirties and
carly eighties.

The milaarization of the world econ-
omy. initially spurred by U.5.-Soviet -
valry, has spread to the developing
world as well. Increasingly, countries are
seeking security in military power. In
1983, this translated jnto global military
expenditures of $663 billion, a sum that
exceeds the combined income of the
poorest half of mankind. (See Table 1.
2.} This trend threatens society in two
ways. As militarization and moderniza-
tion have proceeded apace over the past
generalion. new weapons have evolved
that possess an unprecedented destruc-
tive capacity. Much of this destructive
potenial is vested in some 50,000 nu-
clear weapons, 98 percent of themiin the
hands of the two superpowers.?}

The second threat to society from
milharization is less direct. stemming
from the diversion of resources away
from pressing social needs. Swedish Un-
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Table 11-2. World Military Expendiures,
1973-83 (in 1980 dollars)

Annual

Year Expenditures Increase

(billion dollars) {percent)
1973 474 —
1974 488 3.0
1975 503 3.0
1976 500 1.2
1977 519 2.0
1978 532 2.5
1979 554 4.1
1980 561 1.2
1981 579 3.2
1982 619 6.9
19831 663 7.1

'Prehminaty estimate by Worldwatch Institute.
source: Stockholm Imernatonal Peace Rescarch
Institute, World Armaments and Drsarmament, SIPRI
i‘gnbool 1983 (New York: ‘Taylor & Francis. Inc..

83},

der-Secrerary of Staie Inga Thorsson,
who chaired a U.N. group swudying the
relationship between disarmament and
development, reports that the study
“presents overwhelming evidence that
contemporary military establishments
significantly distort and undermine the
very basis of sustained economic and so-
cial development in all countries.’??
Every dollar spent for military purposes
reduces the public resources available
for other purposes. The implications of
this are most evident at the national
level. Althcugh the United States leads
the world in miliary expenditures the
military share of the Soviet economy is
substantially larger, an estimated 9-10
percent compared with 6 percent for the
United Siates. This drain of resources
from agriculture and the consumer-
goods sector of the Soviet economy is
leading 1o a markedly slower rate of
progress than was achieved as recently
as a decade ago.®

Conditions within the Soviet Union
suggest tk * its leaders will respond to a
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U.S. initiative that would lessen interna-
ticrial wnsions and permit the Soviets to
focus on their internal economic prob-
lems. In his missile-freeze speech in
early 1982, President Brezhnev said,
*“We have not spent. nor will we spend a
single ruble more for these purposes
than is absolutely necessary.” As Soviet
analyst Marshall Goldman notes, this de-
parts from past statements since Soviet
leaders normally omit cest considera-
tions when discussing military matters,
and it may well reflect a Soviet interest in
reordering priorities.?4

Although Brezhnev's successor, Yuri
Andropov, has not publicly addressed
this point, the Soviet economy is clearly
suffering from the heavy diversion of in-
vestment capital 10 the miliwary sector.
One consequence of the heavy Soviet
emphasis on military production is that
the Soviet Union is militarily strong and
agriculwrally weak Now the world’s
largest food importer, it depends heavily
on grain imports from the United States,
the very counury its military buildup is
aimed at.¥

For the United States, the diversion of
investment capital to the arms-produc-
ing sector is depriving the remainder of
rhe economy of investment capital. One
consequence is that old plam and equip-
ment is not being replaced, leading to a
decline in the U.S. competitive position
in the world economy. The competitive
advamage in basic industries such as
steel and automobiles is shifting toward
countries with more modern, more ener-
gy-eflicient plants and equipment, Econ-
omist Robert Lekachman observes that
“the huge deficii engendered by impru-
dent tax cuts and even more misguided
enlargement of the Pentagon rakeoff
froin the economy have turned the Trea-
sury intc a petential competitor for rela-
tively scarce investment resources and
contributed heavily to the skittishness of
the finanaal markets."?6

At the global level, research expendis
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tures devoted o the development of new
weapon systems overshadow the sirictly
military share ol the world economy. An
estimated 23 percent of all investment
in science aud technology is designed to
either improve existing weapon  sys-
tems or develop new ones. (Sec Table
11-3)

Some 500,000 of the world’s finest
scientists and engineers work in military
research.2? Given the skill levels re-
quired in developing new weapon sys-
tems, it is likely that the share of top
talent cngaged in this destructive field of
endeavor is well above the 22 percent of
scientists involved overall. Not only do
militiatcy expendintre Jdominaie the glob-
al rescarch and development budget,
but they far exceed the combined re-
scarch lunds 1o develop renewable en-
ergy technologies, cxpand food output,
and improve contraceptives.

Cosily though these diversions of
financial and scientific resources are,
they may be matched by the claims that
militarizaven makes on the time of
political leaders. More and more of the
working day of these individuals ap-
pears 1o be absorbed in attempis to re-
solve jntesnational conflict in orte part
of the world or another. Not only does
conflict divert the energies of political
leaders [rom other tasks, but the con-
frontational climate that exists, particu-
larly between the two superpowers, is
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not conducive to the cooperative ad-
dress of problems.

The progressive militarization of the
world cconomy is also beginning to
affect the stability and integrity of the
international economic system. Weap-
ons purchases have contributed to the
burdensome debt with which many
Third World countries are now saddled.
Within the United States, growth in mili-
tary expenditures during the early eight-
ies has contributed heavily to the record
fscal deficits. It is certain to keep inter-
est rates high i world financial markets
for years 10 come, pushing debt-bus-
dened Third World countries toward -
fault, As of the mid-eighties the greatest
single threat to world inancial security
may be the enormous U.S. fiscal deficit,
part of it incurred in the name of na-
tional security.

The economic backdrop 1o militariza-
tion is changing. During the third quar-
ter of this century, the world was able to
have both more guns and more buuter.
Since 1978, however, world military ex-
penditures have expanded at more than
4 percent per year in real terms, com-
pared with 1.7 percent for the world
cconomy.2® With per capita income for
the world as a whole stagnating since
1979, increasing the military share of the
gross world product has been possible
only by reducing civilian consumption.
It is this fundamental change in tle eco-

Table 11-3. Estimated Diversion of World Resources to Military Use, 1980

Resource

Diverston 1o Military Use

Military expeoditure

Labor force

Land

Expendiure on mildary science and
technology

Scientists and research workers engaged
in military research

$561 billion

6 percent of gross world product

50 million workers

1 percent of earth’s jand surface

23 percent of total expenditure on science
and technology

22 percent of world total

source: Waorldwatch Institlite estimates based on data in Inga Thorsson, ""Guns and butter: Can the
world have both?.” International Labour Rening. July/August 1983,
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nomic backdrop against which resowices
are allocated between military and non-
inilitary sectors that may force political
leaders back to the drawing board in al-
locating priorities.

That military expendimres could ex-
pand when the economy is stagnating is
an indication that the roots of militariza-
tion are deep in the body politic. Ruth
Leger Sivard, compiler of the annual
World Military and Socia! Expenditures,
notes that “even long established de-
mocracies, where civilian control of the
military is a firm wadition, are not im-
mune to the effects of the military power
they have created in the name of de-
fensc.”'?® Within national governments,
departments or ministries of defen-c
typically dominate the budgetary pio-
cess.

Sivard notes that the arms-producing
industry is “'one of the most prosperous
and powerful industries in the world
today with unparalleled resources to in-
fluence political decisions. As sales
agent for a burgeoning government
sponsored trade in arms. it takes on im-
portant policy making functions which
determine priorities both at home and in
foreign countries.""?® Countering the
military-industrial complex that Presi-
dent Eisenhower warned about as he was
leaving office wil] not be easy. Only when
E:0ple become aroused in large num-

rs is the miltarization of the world
economy likely to be reversed. Rising
public awareness of where current world
military expenditures and policies could
lead has translated into some of the larg-
est political demonstrations and mass
rallies ever held in Western Europe or
the United States. New organizations are
springing up on both sides of the Atlan-
tic to counter what is perceived to be a
dangerous drift of events.

Another possible hope for reversing
the trend toward militarization lies with
the International Monetary Fund (IMF)
and the World Bank. The IMF in particu-

{z07)

lar is gaining leverage in many Third
World countries as they are forced to
turn to it for investment capital. If their
economic viability and capacity to ser-
vice debt hinges on reducing military ex-
penditures and foreign exchange outlays
for arms imports, the IMF may be able 1o
rn national policies in a more rational
direction.

Weapons purchases have con-
tributed to the burdensome debt
with which many Third World
countries are now saddled.

Yet another possibility is the emer-
gence of a strong national political
leader or international figure who has
the stature to turn the world away from
militanization. An example of this pro-
cess on 3 smaller scale is the way coun-
ries in Western Europe have success-
fully ended generations of enmity and
conflict. In part this is due to postwar
visionaries such as Jean Monnet who saw
a European community as a solution.?!
Exactly how the current worldwide con-
flict between the military goals of gov-
ernments and people's aspirations for a
betrer life will be resolved remains to be
seen. But it seems clear that if militariza~
tion of the world economy continues,
the social costs will be high.

One glimmer of hope in this field re-
sides in Argentina. where the newly
elected government, the first nonmili-
tary government in almost eight years, is
planning to reduce military expendi-
tures sharply Shortly after his election
on October 30, 1983, President-elect
Radl Alfonsin announced plans to boost
spending on education and welfare by
cutting military spending. Should he
succeed. he might be followed by other
governments in similarly dire economic
straits.%?
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PRIORITIES: BACK TO THE
DRAWING BOARD

The mounting economic stresses of re-
cent years make it clear that existing
policies and prioritics are not working
well. In the absence of a massive reord-
ering of priorities—one that shifis natu-
ral resources and political energies from
the arms race to efforts to brake world
population growth. to protect the agro-
nomic and biclogical resource systems,
and to spur the energy transition—-eco-
nomic conditions will almost certainly
continue to deteriorate.

In many ways the human prospect is
tied to two transittons—{rom primary
dependence on fossil fuels to a reliance
on renewable energy resources, and
from an equilibrium of high birth and
death rates to one of low birih and death
rates. Completion of the former involves
a restructuring of the global economy;
the latter depends on basic changes in
reproductive behavior.

As things are now going. the human
prospect is being shaped by population
growth, by the depletion of both renew-
able and nonrenewable resources, and
by the arms race. Advances such as bio-
technology, microcomputers, and the
associated electronics revolution are
sure to help shape the future, but the
dominant influence will be the basic pro-
cesses used to produce cnergy and food.
German novelist Giinter Grass elo-
quently made this point in a lecture: “To
be sure, we can make great new discov-
eries with our technological skill and
scientific ability—we can split the atoms,
see to the end of the universe, and reach
the moon. But these milestones of
human progress gccur in the midst of a
socicty sunk in a statistically proven bar-
barism. All those atom-splitters, those
canquercrs of space, those who punctu-
ally feed their computers and gather,
store and evaluate all their data; none is
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in a position to provide sufficient food
for the children of this world.”3

Faltering development strategies in
the Third World can succeed only if they
are reoriented. Auto-centered develop-
ment models borrowed from the indus-
trial countries and left over from the age
of oil serve the needs of a small minority,
an affluent eljte. As Soedjatmoko, an In-
donesian and rector of the United Na-
tions University in Tokyo, has observed,
industrial growth needs to be redirected
toward meeting the needs of the major-
ity.3¢ Such an industrial strategy would
focus less on large tractors and more on
two-wheel power tillers, less on automeo-
biles and more on moter scooters and
bicycles. less on nuclear power plants
and more on simple solar water heaters.
To be successful, each country needs to
forge jts own industrial development
strategy. one responsive to jts particular
needs and circumstances.

A successful (ransition from fossil
fuels to renewable energy will require a
far more energy-efficient economy than
now exists. In the past, developing coun-
tries everywhere could simply emulate
the ocil-centered energy economies of
the industrial countries. Now as they
begin 1o move away from petroleum to-
ward renewables, each country must tai-
lor its energy plan 1o its indigencus en-
dowment of replenishable energy
resources. The transition to renewables
can e¢ndow an economy with a perma-
nence that oil-based societies lack. It
could also lead the world away from the
existing inequitable, inherently unstable
international oil regime because renew-
able energy sources are locally avajlable
in all countries.

Completing the demographic transi-
tion=—to low birth and death rates—is
clearly possible. as a dozen countries
have demonstrated. These societies
have eliminated population growth as a
source of ecological stress and rescurce
scarcity. Not surprisingly, these 12 coun-
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tries with zero population growth have
highly equitable income distributions.
all ranking near the top internationally.
Their improvement in economic and so-
c¢ial conditions has been so pervasive
that o special effort was needed to
bring population grewth te a halt. Gther
major industrial countries outside
Europe. such as the United States and
the Soviet Union. however, have not
reached zero population growth and do
not yet have apolicy for doiug se. Within
the Third Werld some coutttries are
making steady progress in bringing
down birth rates, but cnly a few have
adequate programs. If these countries
are to stop pepuiation growth within an
acceptable time frante, vigorous national
leadership and strong incentives for
smaller families will be required. Gov-
ernments that fail are likely to see their
efforts to improve living conditions
overrun by the growth in human num-
bers.

Given the cbvicus impact of rapid
population growth on human welfare, jt
is iuexcusable that an estimated twe-
thirds of all couples jn the Third World,
excluding China, still lack ready access
to family planning services. An es-
timated fourfold increase jn family plan-
ning expenditures—from $920 million
te $3,700 millicon—is needed tc make
population stabilization a realistic goal.
This increase of $2,800 million repre-
sents less than ywo days’ worth of global
military expenditures at the 1983 rate.’5
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In the simplest terms, we are jn arace
1o see if we can slow, and eventually hakt,
population growth before local life-sup-
port systems collapse. And we are jn a
race 1o reverse the nuclear arms buildup
before we self-destruct. For many, the
threatened decline in living standards
has become a reality. Some countries
have tried to postpone such declines by
going heavily inte debt. But over the
leng term, only a basic reformujation of
development strategies, including popu-
lation policies, will save us, It is no
lenger a matter of tinkering with prieri-
ties. Only athorough reordering will do.

The future is beth discouraging and
hopeful. With whele continents ex-
periencing a decline in living standards
there is ample ground for pessimism.
The worldwide foss of momentum jn
improving living conditions is not en-
coura‘ging. Yet the problems we face
are of our own making, and thus within
our control. On the optimistic side,
every threat to sustainability has been
successfully addressed by at least a few
countries. Even without any further ad-
vances in technelogy every major prob-
lem can be scolved, every major human
need sausfied. The jssue 15 not technol-
ogy or resources, but awareness and
political will. Whether the fuwre is
bright and promising or dark and bleak
hinges on how quickly we can mobilize
pelitically to bring abou the changes in
policies and prioritics that circum-
stances call for.
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