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THE HISTORICAL TRANSITION OF FOREST STOCK
DEPLETION IN COSTA RICA

Schematic Model

The following is the model that the paper is based upon with regard to loooking at the
historical land use trends accounting for the depletion of the forest stock in Costa Rica.
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Introduction

Before humans invented agriculmure there were 6 billion hectares of forest on Earth.
MNaow there are 4 billion, only 1.5 billion of which are undisturbed primary forest. Half of
that forest loss has occurred between 1950 and 1990,

The United States (excluding Alaska) has lost one-third of its forest cover and 85% of
its pnmary forest. Burope has essentially no pnmary forest left. Its remaining forests are
managed plantations of just a few commercial tree species, China has lost three-fourths of
its forests. The remaining temperate forests are in Canada and Russia, where 1.4 hillion
hectares remain, half of them never harvested. Temperate-zone forests are now roughly
stable in area, although many of them are declining in soil nutrients, species composition,
wood quality and growth rate.

As degradation of the forests ocour worldwide, we are able to observe that the
temperate-zone history of forest use will not be repeated in the tropics, because ropical
soils, climates, and ecosystems are very different from temperate ones. Tropical forests are
much richer in species, much faster growing, but also much more vulnerable than
temperate forests (Meadows, et al,, 1992), In the mopics, extinction of forests will mean
senous wood shortages in the future while demands are increasing rapidly. For instance,
the loss of fuelwood supply sources so vital to ropical populations as the dominant source
of fuel and energy would further aggravate the world energy problem (Srivastava, et al.,
1982). There is no guarantee that the ropical forests can survive even one extensive clear-
cut without severe degradation of soil and ecosystem integnty. Because there are so many
questions conceming the ability of oopical forests to regenerate after severe degradation,
the reatment of the ropical forest is now one of a nonrenewable resource rather than that of
arencwable one.

In the tropics half of the original forest cover is gone. Half of what remains has been
logged and degraded. No one is exactly sure how fast the forest is being cleared. The first
guthoritative attempt to assess oopical deforestation rates, conducted by the FAQ in 198(),
came up with a figure of 11.4 million hectares lost per year. By the mid-1930s that rate
had climbed to over 20 million hectares per year (Meadows, et al., 1992),

The lass of forests is a problem for more reasons than just the loss of forest-based
preducts. Forests are an integral part of life support systems of the planet, performing
numerous ecological and social functions thar are essential for the continuation of life as we
know it on earth. A standing forest is a resource in itself, performing vital functions that
are beyond economic measure, Forests create soil, moderate climate, control floods, and
store water against drought. They cushion the effects of rainfall, hold soil onto slopes, and
keep rivers and seacoasts free from silt. They also harbor and support most of the earth's
species of life. The tropical forests alone, which cover only 7% of the earth's surface, are
believed to be the home of at least 50% of the earth's species. Forests also take in and held
a great stock of carbon, which helps balance the stock of carbon dioxide in the atmosphers
and thus combats the greenhouse effect

The reasons for forests cleanng vary from one tropical country to another. The cutters
include multinational imber and paper companies; governments anxious to incTease exports
and pay external debts; rich local landowners, ranchers, and farmers; and poor local people
scrambling for fireweod or a patch of land on which to grow food. In one way or another,
all of these factors (not excluding demographic wends) have created an exploding demand
for productive land, The problem is twofold, First, the velocity of exploitation and change
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has been so rapid that the ability of the forest, along with other resources, 1o recover
naturally has been sharply curtailed, In the case of ropical forests, the snil nutrients are so
poor that even with time they may never recover. Secondly, the economic returns
praduced to date from this stepped expleitation of a region's natural resources have been
almast entirely generated by an increase in the consumption or destruction of the resources
rather than an increase in the management of its systems on a sustainable basis. It is now
that one must take action to determine what the future consequences are if widespread
destruction of natural resources continues.

Overview of Deforestation in Costa Rica

Criginally only 3.5 percent of the country of Costa Rica was non-forested (S yivander,
1981). The area deforested before the arrival of the Spaniards is estimated at 2 percent
(Tosi, 1974). Defarestation rates fluctuated during the early colonial period (150-1750)
and it was not until after 1750 that a sharp increase in deforestation occurred. Before the
20th centary, the majority of Cosia Rica's deforestation was associated with agricultural
sertlement and took place in the Central Valley where homesteaders had originally settled
and where the coffee boom was centered, Much of this can be explained by population
dynamics and colonial agricultural practices that were inappropriate for the climate. Figure
21 shows the topography and some charactenistics of population settlement in Costa Rica.

Figure 2.1
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Defarestation accelerated in the 20t century when migration away from the Central
Walley began to increase markedly with the burgeoning papulation and the emergence of
other export-agricultural activities alongside subsistence production. The Atantic lowlands
became dominated by the commercial production of bananas, and the Pacific northwest
region was transformed mainly from forest to the production of subsistence crops and cattle
ranching. The construction of the Pan-Amencan Highway during World War 1T was a
further cause of deforestation , as it provided access to otherwise isolated areas of the
country, facilitating both settlement and marketing of goods. Thus, deforestation before
World War IT was a function of both population and agricultural growth.

Deforestation rates throughout history vary according 1~ sources, and perhaps
understandably so. Almost no written record exists of carly forest types and even after
1940, when ariel photographs became more available, the coverage was not complete
and/or frequent encugh for precise calculations. Sader and Joyce (1988) estimate that the
total primary forest remaining in 1940, 1950, 1961, 1977, and 1983 as 67, 56, 45, 32, and
| 7 percent respectively. Figure 2.2 below shows this trend.

Figure 2.2
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Over half of the country’s deforestation has occurred since 1950 (Steen and Tucker,
1992), Costa Rica's forest cover has been reduced from 29,650 sq. km. in 1960 10 25,670
sq. km. in 1970 to 18,300 sq. km. in 1980 (World Rainforest Movement, 1990),
Throughout most of the 19805, the average deforestatien rate for the country of Costa Rica
remained as high as 4% (World Resources Database, 1992), This prediction regarding the
rate of deforestation in Costa Rica is contradictory. An official from the Direccidn General
Forestal noted that, since most of the remaining forested land is under park, refuge, or
reserve status, and practically no deforestation is occurring in these areas, the forest
conversion rate would have to be decreasing. Data used for the World Resource Institute's
report were based on research conducted between 1977 and 1983 (Steen and Tucker,
1992). Thus, it would seem that the WRI's claim may have held true for 1985, but
perhaps not for 19940,

Figure 2.3 shows that at the onset of the forestry transition a large percentage of a
region is under forest cover. During the transition, rapid deforestation occurs and finally
forest cover stabilizes at a lower level. This level is determined primarily by the local
region’s needs, which in Costa Rica is that of fuelwood and agricultural lands for poor
peasants and farmers; 1he state of local and natio nal economies, which in Costa Rica is one
af tremendous external debts; and climate and soil charactenistics, which is quickly
becoming degraded through unsustainable land use practices in Costa Rica. In most
settings this transition will end in a steady state equilibrium balancing growth and harvest
(Drake, 1992). Figure 2.4 includes reforestation efforts in total forest cover. [t may be
that Costa Rica has completed its forestry ransition and has reached a stable equilibrium of
1640 thousand hectares of forest.

Figure 2.3 .
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Figure 2.4
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Government Policy and Land Use in Costa Rica

) Costa Rica is a country in which the government's maze of conflicting policies and
inadequate program implementation fail and the government itself becomes associated with
severe environmental destruction.

The development style that largely stuctured Costa Rican life and thought from [ 948
o 1980 iz a "growth and equity' model. Tn this model, implemented by the Partide
Liberacién Nacional (PLN), development is conceived as occurring if everyone materially
benefits and the gap between the haves and the have-nots does not widen, The PLN alsa
advocated an ‘interventionist' or ‘benefactor’ state. In order to avoid extemal de pendency,
the state intervened in the economy to promote impart substitution, some diversification o
both agriculture and industry, and regional trade (Engel and En gel, 1990,

It is arguable that the following are among the causes of the environmentally
devastating clearing and farming of Costa Rican tropical forests and steep mountain land:
an unjust land tenure system; an unjust distribution of burdens on the lowest classes duri ng
the 1980-1982 economic ersis; and government agricultural policies that favored large
farmers and ranchers, Deprived of environmentally respectful modes of access to land and
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credit, small and subsistence farmers are forced to farm in ways that contribute to Costa
Rica's environmental crisis.

Cattle Ranching

In the 1950s-1960s, the government promoted export diversification in a griculture and
import substitution in industry. The cattle industry was a major thrust of Costa Rica's
agro-export diversification beginning in the 1950s, The Costa Kican government pumped
both federal and international credits into the cattle industry in order to support this new
sector of economic development (Steen and Tucker, 1992)." In the early 1570s, about 12
of all agricultural credit was going to support the livestock industry,

In 1973, the Agriculture Census in Costa Rica found that 84 percent of the COUntTy's
farmland was used for cattle pasture. Although much of it was used in combination with
various crops, the Census still estimated that about 50 percent of the farmland was devoted
exclusively to pasture at that time. Moreover, the Census showed that of the previously
forested lands cleared for farming between 1950 and 1973, more than 70 percent had ended
up exclusively used for pasture by 1973 (Leonard, 1987).

This conversion to pasture not only increased land values, it was the best way o
secure land title because any unused land (ie. forest) is always a potential target for squarter
invasions or for expropriation under government land reform programs. Unfortunately,
ecological destruction caused by ranching programs is deemed to be long-term and
irreversible. The land is rapidly depleted of nutrients and invaded by toxic weeds and
within a few years, the land is so degraded that the operation must be abandoned {WEM,
19901,

The development of the cattle industry had a notable effect on averall forest loss, |
was responsible for much more deforestation in the pre-1980 period than all other
economic activities including commercial logging (Steen and Tucker, 1992). Cattle are the
mast land-extensive of Costa Rica's major export commodities and by 1972 more than 173
of the country’s 5,135,900 hectares was in pasture.

Large disparities exist between the different agricultural pursuits in terms of the
intensity of land use. The most striking feature is how little the beef cattle industry
contributes to the export receipts in relation to the huge amounts of land devoted to pasture
in Costa Rica,

Table 2.1
Expon Receipts Area Utilized Export Receipts per Km?
($millions) (Km2) (US$)
COFFEE 252.0 g10 3.111.11
CATTLE G5.0 430 41,72

wource: Leonard, 1987,

From the chart above one can abserve that there is a very inefficient level of
productivity In the cattle industry, whether it be measured by caitle production/acre of land
or by the real rate of return on investment. As it turns out, both are quite low, Therefore,
with the ranching of cattle there exist the dual problems of economic inefficiency and
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environmental deterioration. Absolute inefficiency cannot be determined due to lack cost of
production data with regards to both coffes and cattle.

In a comparison of Costa Rica's 1973 and 1984 Agricultural Censuses, percentage
changes in different land uses on the national level facilitates an evaluation of agriculiural

trends. Land use categones include annual and permanent crops, pastere, primary and
secondary forest, and "other” which includes portions of agricultural farms occupied by
buildings, roads, waterways, or any other land use not explained by the other land use

calegones.

Figure 2.5
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At the national level, these changes reflect minimal growth for pasture land, with a
positive 6% change during the period 1973-1984, whereas annual crops show the highest
positive change at 36%, followed by permanent crops at a positive 14% increase for the
same period. The sharpest decreases in land-use were in primary and secondary forests, al
a negative 31% and 17% respectively (Steen and Tucker, 1992). These figures seem to
indicate that the conversion to pasture has not been the driving force behind deforestation in
the 1973-1984 period, since pasture growil was minimal. However, it does seem to
indicate that the cultivation of annual crops has played an increasing role in forest
CORVEISion.
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The Agricultural Transition

Historically. the forestry transition has been largely the mirrar image of the
agricultural transition as land was cleared in arder to extend cultvation, One can ohsepyve
the mirror image of the agricultural and forestry transitions in Figure 2.6 below. But, in
the case of Costa Rica, the agriculmural lands were also used for the ranch ing of cattle which
leads 1o some discrepancy when attemnptin E to separate the two uses,

Figure 2.5

Fasture and Forested Areas
Costa Rica 1970-=1583

2.7

2.8
2.4
2.3
2.2
-AH

|

1.9
1.8
1.7 -
1.E
1.5

(Thousandx)

T

1.4
1%

=

Teer
O Forest +  Posfurn

In this graph we can observe that both the agricultural and the forest transition are
beginning to level off. Although the mirror image still exists, future increases in agriculture
coming mainly from intensification rather than the extension of cultivated land may cause
the association to become less apparent (Drake, 1992).

The Timber Industry

The tropical timber industry is particularly sensitive to accusations of causing
deforestation, arguing that it is only responsible for some 10% of forest destruction
worldwide, The timber industry is not a major force of deforestation despite very rapid
consumption of forests in recent years. This is because much of the timber cut annually is
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nol harvested for commercial purposes, Instead, large quantities of potentially commercial
timber are bumed in place or felled and not harvested.

In Costa Rica all tree cutting is supposed (o be authorized by the Forest Service, In
1980, the Direccidn General Forestal (DGF) gave permission for the cutting of 22,000
hectares, or only about 35 percent of the estimated deforestation in Costa Rica for that vesr
(Leonard, I987). These statistics are slightly misleading.  Although the timber industry
may not be a direct cause of massive deforestation. logging is often a precursor of
deforestation by opening up of previously inaccessible areas to landless peasants (WRM,
1500). DGF estimates that ar least 1/2 of this unpermitied forest cutting is attributahle 1o
squatters and colonists who fell and burn forests as the quickest means of establishing
possession claims to unoccupied lands. Throughout Central America, not enly Costa Rica,
a person can claim ownership of a parcel of land if the land is "improved” by changing the
natural habitat-including cutting down trees. From these forest openings, landless peasants
and subsistence farmers gain access to the forest for fuelwood and slash and burn
agriculiure, After two or three years of cultivation, the soil loses many of its nutrients so
cultivation iz shifted and the area is abandoned. The abandoned area is later utilized for the
ranching of catle (WEM, [990).

The Demographic Transition

As Figure 2.7 below indicates, it is apparent that Costa Rica is in the midst of its
demographic transition as birth rates are tending towards death rates,

Figure 2.7
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Although Costa Rica falls into the calegory of more moderate growth in comparizon o
ather Latin American countries because it has lowered overall fertlity rates, the crude birth
rale was 27 (per thousand) compared to a crude death rate of 4 iper thousand) in 1992,
With this discrepancy, total population will continue to increase substantially, although
there appears to be an equilibrium approaching which will allow for substantial increases in
the quality of life and shows great promise for the future.

Although population growth rates are decreasing, Costa Rica will still experience a net
growth in population. This is due primarily to pepulation momentum, the time period in
which the children born during the period of dramatic population growth go through the
child-bearing years. Costa Rica's current population is 3,187,000 and as it completes irs
demographic transition, the population is projected to increase to nearly 5,500,000 by the
year 2025 (United Natons, June 1992),

Figure 2.8
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It's an axiom of the environmental movement that population growth 15 a big obstacle
to preserving the environment: the more peaple there are, the greater demands on the
Earth's resources. But few development experts consider that when the poor landless
peasants' resources are taken away, the family is actually more likely to want more children
in order to help with the increased workload in Ninding food. fodder, and fuel with
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decreasing resources available. This ‘population trap’ will compound the destruction of the
lecal environment {Jacobson, 1992).

The LUrbanization Transition

Population growth presses on the natural environment, Traditional technalogies tha
were sustainable in the past, become destructive when used with larger and more densely
settled populations.  Rising population density in an area would inevitably lead i
innovalions that would increase the human carrying capacity of the land. Unfortunately,
many farmers in tropical countries are just too poor to afford to invest in such practices
Indeed, their poverty is so dire that it severely constrains the sustainability of much less
sophisticated practices and is just as important a cause of any Jand misuse and de gradation
as any overcrowding (Meadows, et al., 1992),

Costa Rica appears (o have a moderate population density with approximately 55
persons per square kilometer, This figure may be somewhat illusionary because Costa
Fica's population distribution is highly uneven, In 1987, two-thirds of all Costa Ricans
lived in the fifteen-by-forty-mile Central Valley (Leonard, 1987). Unfortunately, this high
urban concentration of the Central Valley is also the location of the mast fertile agricultural
lands within Costa Rica. The map on the following page illustrates (he esconomic
development in Central America, and displays the significant expanse of Costa Rica's
urban concentration,

Figure 2.9
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In Costa Rica, the migration off the land that has occurred by poor subsistence
farmers has to date been overwhelmingly in the direction of the urban areas,
Approximately 46 percent of the population of Costa Rica live in urban areas and urban
growth, particularly in the capital cities, has bean explosive since 1960, Growth in the
sccondary cities of Alajuela, Cartago, and Heredia has heen equally intense. The
percentage growth rates for urban areas in Costa Rica for 1960-1970, 1970-1980 and
[980-1985 are 52%, 43.8%, and 2099 respectively. Consequently, the government of
Costa Rica has sought to encourage more landless and near landless people to move intg
frantier areas as a sort of safety valve for relieving pressures in the heavily populated
Central Valley, Migration of small landowners and landless peasants into frontier zones
now exceed migration into urban areas (Leonard, 1987), Although this migration to newly
developed lands is helping to reduce overall urban growth rates, dense forests with very
thin or poor quality soils have been cleared for pasture and cultivation and thus has cayszed
the environmental impacts to be enormous,

Along with the urbanization transition (or as in the case of Costa Kica, what looks to
be a mode of reverse urbanization transition-the movement out of the cities into the
countryside), the distribution of land and resources js grossly inequitable. In 1987, 35
percent of all land in Costa Rica was in the farm of large farms of 500 hectares or more.
By establishing a more just system of land tenure, pricing, credit, and technical assistance
for small and poor farmers, deforestation and environmentally unsound farming practices
could be reduced, as well as become a source of basic needs satisfaction and communal
seli-determination (Engel and Engel, 1950).

The Energy Transition

Costa Rica can proudly boast, that of all of the country's electricity, 99 percent is
generated by means of hydroelectric power, And this resource is still underutilized. The
estimated potential capacity for hydroelectric power in Costa Rica is 37 898 GWH while
the 1980 generation n? hydroelectric power was 1, 780GWH, 4.7 percent of the estimated
potental (Leonard, 1987). This potential can be seen by refering back to the map in Figure
~ i1

The hydropower capacity that does exist is seriously endangered by watershed
deterioration and consequent sedimentation in reservoirs and river channels as a result of
deforestation. These effects are raising doubts about the longevity of the reservoirs and
pawer plants along with a decrease or a potential loss in revenue.

There is no need to reiterate the discussion of the effects of poor and landless farmers
on the energy transition. This discussion has been incorporated into the various other
sectors. It is apparent that a great deal of deforestation occurs through the land use
practices and through the use of the more raditional fuels (e, wood, animal and vegetative
biomass, etc.) which will further aggravate the need for altemative sources of energy in the
future,

Debt Crisis and A "Natural" Mistake
The experience of Costa Rica shows how a failure to account for natural resource
assets can lead to economic disaster. To many naturalists, the country 1s renowned as the

Westemn Hemisphere's conservation leader. It has set aside almost a fifth of its land for
national parks and is the site of pioneering ProOgrams in nature tourism and restoration
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ecology, Yet during the past 20 years, Costa Rica has suffered devastatung deterioration of
I5 natural resources,

One of the hemisphere's highest rates of deforestation had lead to the loss of 30
percent of the country's forests in the past 20 years. Furthermore, mast of the forest was
simply burned to clear land for relatively unproductive pastures and hill farms, sacrificing
both valuable timber and mynad plant, animal and insect species. Because most of the area
converted from forest was unsuitable for agriculture, its soil eroded in torrents.

Because forests, along with fishenes, farming and maming directly account for 17% of
Costa Rica's national income, 25% of its employment and 55% of its export eamings, this
destruction caused severe economic losses. The year 1989 saw the destruction of 1.2
million cubic meters of commercial timber worth more than $400 million caused by slash
and bum agriculture, This amount, 369 for each person in Costa Rica exceeded payments
an the foreign debt by 36 percent (Repetto, 1992). Losses in the areas of agriculiure,
fisheries and livestock were also observed, yet nothing in Costa Rica's natianal economic
accounts recorded these asset [osses.

YWhen Costa Rica ran into economic difficulties in the early 1980, economists
diagnosed the problem as a debt crisis. Foreign liabilities had increased, and servicing the
debt became even more problematic. The International Monetary Fund {IMF) brought in
programs in order to stabilize the monetary base, but no one spoke of stabilizing the natural
resource base even though the loss in demestc assets had been much greater than the
increase in external liabilities and had deprived the country of export income from which
debt-servicing payments could have been made. The difference is that the buildup in
foreign liabilities had been recorded and scrutinized; the depreciation in natural resource
assets had been obscured and ignored. And despite a declining rate of deforestation in
recent years, asset depreciation has increased dramatically because the hardwoods being
destroyed have become more valuable, The forestry sector generated substantially negative
levels of net national income throughout the 1980's: the value of forest capital destroyed
greatly outweighed the valee of forest products generated (Repetto, 1992),

Government Policy Revisited

The first signs of alarm at the rapidly growing conversion of tropical forests in Costa
Rica appeared in the mid-1970s. During the Oduber Administration (1974-1978) "a more
systematic and rational strategy was adopted for the country's forests” (Steen and Tucker,
1992). These initiatives included financial support and physical expansion of the Mational
Parks Service and important additions to the Forestry Law of 1973, all of which contrast
markedly with the “cattle” policy under the same administration.

Oduber also assigned 5 new arcas to the National Parks Service and incorporated 8
additional forest reserves. In addition, & existing protected zones were enlarged and the
first wildlife refupe was created. In all, the Oduber administration's contribution to the
country's protected areas totalled 42.2% of all current parks and reserves.

By the mid-1980, concerns over Costa Rica's loss of forest ecosystems, coupled
with the debt crisis, led to 2 new approaches to combat both problems: these were "debt-

for-nature” swaps and “ecotourism”,
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Debt-for-nature swaps were first proposed in 1984, In a swap, a nongovernmental
organization (NGO) purchases part of a developing country's debt from the lending bank.
The NGO would then offer to forgive the debt, or donate the "debt-instrument” to that
country’s central bank, in exchange for certain environmentally beneficial actions to be
taken in that country. Costa Rica had implemented the largest and most varied swap
program, but the more than $50 million in debt swapped still represented only 3-49 of the
country’s $1.5 billion debt in 1990 (Patterson, 1990).

Ecotourism is another new market which was given priority by the government in the
last half of the 1980s to help spark economic recovery. This specialized market has been a
means for Costa Rica to expand its tourism industry. Tourism replaced beef as the number
3 export carner as early as 1980 and has since moved to number 2 behind coffee EXPOMS.
Likewise, ecotourism is dependent upon continued efforts to protect forest ECOsystems
through such mechanisms as debt-for-nature swaps.

The case of Guanacaste National Park is perhaps the first example of pasture-to-forest
conversion, marking a reversal of the forest conversion trend. The park was established in
the 1980s on lands that were purchased from former cattle ranchers. Scientists are
altempting to restore this deforested land to its previous life zone status as dry tropical
forest (Steen and Tucker, 1992), The park has a rather symbiotic relationship with natre
swaps and ecotourism, as it will benefit from the input of nature swaps and the interest
generated by ecotourism while the swaps and ecotourism function as a result of such
innovative parks as Guanacaste.

Since 1970, Costa Rica has been one of Latin America’s most conservation-minded
countries. It has set nearly 25% of its land for parks and reserves-more than any other
nation in the opics. In 1987, President Arias signed the Forestry Emergency Decree
designed to halt the current deforestation in Costa Rica as well as establish a nadonal forest
and land vse policy (Engel and Engel, 1990).

The Costa Rican government is now boosting efforts at reforestation by means of
fiscal incentives under the Forestry Law, including tax breaks and subsidies. A total of
43,498 hectares were reforested between 1967 and 1990, of which 42,398 were reforested
in the years 1980-1990 alone (Steen and Tucker, 1992). Figure 2,10 on the following
page re-emphasizes the nearly exponential growth in reforested areas per year in the last
few years.

Although reforestation has not completely outpaced deforestation, as observed in
Figure 2.11 on the following page, it is nonetheless possible that timber is not being
supplied solely from primary forest and/or the reforestation rate may some day offset the
deforestaton rate,
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In order to observe if reforestation was having an effect on the rate of deforestation, a
graph was created that incorporated both the reforestation and deforestation data 1o show
total forest cover. This can be seen in Figure 2.12 below, This graph indeed shows that
the reforestation efforts have had a positive effect on the stabilization of total farest cover.

Figure 2.12
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Under the new Forestry Law passed in 1990, incentives for natural forest
management were provided, and should have been implemented in 1991 in order 1o

stimulate maintenance of the remaining privately owned forests. Also, under the present
Calderdn administration, the reforestation goal 15 set at between 0,000 and 100,000

hectares by the year 1995 (Steen and Tucker).

Chapter 2: 0. M. Andersaon 41



Paopulation - Environmant Dyeanmics:
Sectors 0 Transition

Recommendations and Conclusions

The first step in lending proof to the argument that expansions in agriculture, road
systems and urbanization, and commercial logging are just as pervasive as cattle ranching
in the conversion of forests would be (o generate more accurate correlations of deforested
areas to specific land vses. Also, there must be continued menitoring of forest clearing
using satellite change detection tschniques and quantitative estimates of change in order to
allow one to assert with more reliability the nature of the forest cover loss, and then more
accurately to comrelate losses to specific economic activities.

Costa Rica's continued deforestation, at whatever rate, 15 not a result of only |
specific land use, such as the often-cited conversion to pasture. There are many land use
activities, ultimately tied to socioeconomic forces and policy issues, which have a strong
bearing on conversion of forests in the last decade. Systematic investigation, including a
recognition of social needs, followed by a thorough analysis of current pelicies, would aid
Costa Rica in its task of making radonal decisions regarding economic development, which
prometes the use of resources in ways that can continue o support future as well as present
penerations, and epvironmental conservation.
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Dynamic Modeling

In deforestation, the models presently estimating the loss of forest cover are relatively
crude and are unable 1o accurately predict change, Another feature which increases this
complexity is the explicit Tecognition given to the interconnectedness BMONE sectars and
across scales (Drake, 1992,

In Figure 2.13 below, we observe the actual fo rest data fit to a negative exponential,
Figure 2.13
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As a source of comparison, the actual pasture data was also fit to an exponential. This
can be seen on the following page.
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Figure 2.14
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Meither of the fits for the forest or the pasture data was close enough o be ruled
expanential deterioration or growth which explains possible difficulties with projected data,
Since the onginal forest cover of the forestry transinion that drops w a lower level can be fit
with a negative exponential or with a logistic function, a fit was made for the actual forest
data to a logistic function. Logistic deterioration proved to be a better fit, s0 an expansion
was made to determine an appropriate limit. Two limits were used, ane which
corresponded to the total number of hectares between bath forest and pasture (Q=4000),
which seemed to be rather constant, and one which commesponded to the amount of land
currently under protection ((}=1270)). This was done for both the deforestation data and the
total forest cover which includes reforestation. These can be found on the next rwo pages.
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Figure 2.13
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Figure 2.15
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Because both the forest and pasture trends seem o be stabilizing, one would assume
that the best logistic fit would be that of the limit of Q=4000. Surprisingly, this is not the
case. The logistic with a limit of Q=1270 tock on a better fil of the actual forest data. This
sugges(s that the true limit of deforestation in Costa Rica is the amount of lands under

profective status.

There have been suggestions throughout this paper of various policy implications 1o
the issue of deforestation, particularly in Costa Rica. The mave towards an equilibeium in
national fand use morphology will not depend on land use alone. Sociveconomic factors
and government policy will also be important in determining land use patierns, Also,
because there are many interacting factors that drive the expansion of agricultural lands
ieading to deforestation, it seems that improving agricultural productivity and sustainability
should be the key ingredients of any integrated deforestation control strategy. Relying
solely on attempts to increase the conservation of forests within national parks and
impraving the protection of forests, as Costa Rica has done, is unlikely to be successful in

the long run.
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Chapter 3: Katharine A. Duderstadt

THE ENERGY SECTOR OF POPULATION-ENVIRONMENT
DYNAMICS IN CHINA

Introduction

If population and capital growth eontinue to rise as they have in recent history, the
world energy demand will increase 75% by 20201 Nonrenewable fossil fuels will persist
45 the major energy sources during this time. Thou gh the world foresees shortages of oil
and gas in the near future, sources of coal will remain relatively abundant - especially in
China, India, and the former Soviet states.

The problems arising from producing energy by burming coal include local air
particle pollution causing respiratory disease, regional sulfur dioxide pollution resulting
in acid rain, and global increases in atmospheric carbon dioxide levels relevant to the
controversial issue of global climate warming. As populations increase and economies
expand, the demand for more energy could lead to further coal use and further pellution.
However, new technologies and cconemic reforms directed toward energy efficiency
combined with implementation of alternative energy sources may allow countries to
increase their energy output while maintaining or decreasing the current level of
environmental impact.

Recent events in Eastern Europe and China have allowed Western countries a
glimpse into the successes and failures of centrally planned economies to orchestrate
industrialization and energy production while controlling environmental impact.
Although the monster factories of Eastern Europe can be awe-inspiring, their economic
and environmental consequences appear admittedly grim. One reason for this contrast
to the relatively cleaner industry of Western market economies lies in energy intensity.
Energy intensity measures the amount of energy needed to preduce a specific amount of
output - for example, the amount of Gigajoules required to burn one ton of coal.  With
all other variables equal, higher energy intensity corresponds to lower energy efficiency.
Data suggest a correlation betwesn central planning and energy intensity, The nations of
the former Soviet Union, Central Europe, and China support one third of the world's
population, consume one third of world energy, yet produce only one fifth of the world's
economic output.?

How can these countries reduce their energy intensity while still satisfying
increasing needs in production? Technology to allow higher efficiency in energy

! Donella H. Meadows, Dennis L. Meadows, and Jorgen Randers., Beyond the Limits, (Chelsea
Green Publishing Company, Post Mills, Vermont, 1992), 66

£ William U. Chandler, Alexei A, Markarov, Zhou Dadi, "Energy for the Soviet Union, Eastern
Europe and China,” Scienfific American, (Scientific American, Ing., Mew York, Sept 19%0. Vol 263
nd), 121
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production will clearly be a dominant factor. Improvements in end-use technology will
also play a major role by reducing energy consumption requirements. In this situation,
end-use refers to the products which use energy to perform services — such as ovens,
lighting, heating, etc. Price reform, dematerialization, energy alternatives, economic
reform, and government policy will mediate between the various energy sectors,

Scholars often lump China, the Soviet Union, and Central Europe together in
addressing issues of energy intensity, Central and Eastern Europe serve as ideal starting
points because of their current transition from planned to market economies and their
active efforts to address existing environmental problems resulting from inefficient use of
fossil fuels. Contrasting energy trends in socialist countries with those in capitalist
countries such as the United States and Japan allow postulations of the effect of economic
and governmental ideals, organization, and policy on energy related issues. The United
States is of further interest as it remains the largest energy user in the world, as well as
the greatest contributor of carbon dioxide to the atmosphere. Japan, on the other hand,
leads the world in energy efficiency and has surprisingly low rates of CO2 emissions,

The study of the scale of China’s energy use deserves high priority in the realm of
global climate change. A report from the National Academy of Sciences projected that if
coal use and economic output continue to increase at their current rate in China, the
country's contribution to global CO2 emissions will quadruple in under 40 years, passing
that of the United States.* Suppestions that China drastically curb its use of coal before
this time is impractical, given the amount of reserve that the country boasts and energy
pressures resulting from the country's increasing population.  Energy efficiency,
therefore, seems to be the best focus for the short term. Shifting to other energy sources
will indeed become necessary in the future -- but remains a long term goal because of the
slow implementation time of technology and policy.

The technology necessary to lower the energy intensity of China exists. However,
knowledge about the social changes necessary to procure and implement this technology
effectively remains scarce. Factors involved in such an analysis inclode studies of
centralized government environmental and economic structure, environmental policies
and the implementation of these policies, price control, cost comparnisons, the needs and
wants of communities , basic individual values concemning material and service needs,
and cultural respect for the environment.

Transition Theory

In studying the energy sector of population-environment dynamics, [ would like
to use transition theory as a framework, William Drake provides a good overview of

3 Amulya KN, Reddy and Jose Goldemberg, "Energy for the Developing World," Scientific
American, (Sdentific American, Inc. New York, Sept 1990, Vol 263 nd ), 112

4 Paul C. Stern and others, Global Environmental Change — Understanding the Hurman Dimensions,
(Mational Academy Press, Washington, TLC., 1992), 64
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Seectors in Transition

ransition theory as applied to population-environment dynamics by discussing a "family
of transitions.” * Most time-dependent sectors involved in population and environment
can be described by a transition. A wansition begins at a point of relative equilibrium
and then enters a period of dramatic change. Ewventually it either succeeds in re-
stabilizing, overshoots, or collapses. Transitions entering the scope of this paper include
the demographic transition, energy transition, urbanization transition, industrial
transition, and toxicity transition. Through describing each transition in China, graphing
with fitted curves, and providing a theoretical model relating all ransitions, I hope to
provide greater insight into the future of China's energy sector. It is particularly
important to remember that these transitions are dynamic, that is they depend on time.
The relation of how they depend on time is of great importance when relating one to
another. The starting points and rates of change determine how one transition has or will
influence the success of the others. The timing of transitions in relation to one another
can determine whether stability, overshoot, or collapse oceur.

In studying energy, the energy transition appears as the most obvious starting
point. The energy transitions in China and Eastern Europe differ from other
industrialized countries. The United States and Western European countries went
through a time where energy from fossil fuels increased alongside rapid industrialization
and consumption. Though economic growth continued after this initial leg p. productive
output became less energy intensive because of more efficient technology and a shift
from heavy industry to service sectors. Industrialization began in China and Eastern
Europe with 2 similar upswing. However, their governments continued to invest in heavy
industry and outmoded technology — to the point where production became so inefficient
that the governments had to subsidize the factories and utilities to continue to provide
necessary services. The natural progression toward efficiency and lower cost did not
occur in the centrally planned countries, perhaps because of lack of natural incentives
brought about by a market economy. Stability has not yet been reached at the end of the
energy transition in China because of the inability to modernize existing hardware and
implement government policy,

The increase in industrial production brought with it an increase in toxic by-
products -- the start of the toxicity transition. In a typical transition, toxic substances
continue to accumulate and pollute until the public demands a cleaner, healthier
environment. Eastern Europe and China have reached this stage, gaining attention not
only from their citizens but also from the world as a whole. Unfortunately both countries
stand at an economic low, increasing their vulnerability towards continuing the npward
slope of production and pollution.  Furthermore, environmental policies prove difficult
to implement and enforce.

Another type of transition is now occurring in Eastern Europe and China. The
need to improve material well-being in the socialist countries has led to a desire for a
political transition towards democracy. Such a transition is underway in Eastern Europe
and dramatic economic reforms in China suggest this country will soon follow. It is

= William D. Drake, "Towards Building Theory of Population-Environment Chymamics: A Family
of Transibons," 301-349
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interesting to note that socialism was initially seen as the inevitable outgrowth of
capitalism. Marx and Engels argued that a capitalist society gencrates problems that can
only be solved by a transition to secialism,  Evidently, many countries in Central and
Eastern Europe never succeeded in a stable transition to socialism. Instead, their
transitions resulted not in equilibrium but rather in collapse. MNow a reverse transition
toward capitalism is occurring,  In Eastern Europe these changes have grown to 2
transition from centrally planned economies to market economies. China may follow this
path as well, and it would therefore be wise to trace the current socio-economic and
environmental problem-solving techniques in Eastern Europe, as China may soon
encounter a similar necessity to address such crises.

Public Policy

The problem with uging public policy to limit pollution and energy intensity deals
with wet another transition mentioned in the chapter; the bureaucratic transition.
Common among all centrally planned economies is a bureaucratic structure that sets
environmental policies from the top down. The policies must pass through various tiers
in order to reach the local level, by which time they are often distorted and weakened.
For example, the multi-tiered system of prices in China allows mines to sell coal that
exceeds planned quotas to other enterprises that manufacture “out of plan” goods which
are then sold for the profit of employees.®  The former Soviet Union, as another
example, had one of the strictest governmental environmental policies in the world -- but
lacked the incentives and management structure to enforce it.” Western democracies, on
the other hand, rely on competition between independent enterprises to naturally curb
costly waste of environmental resources,

China has developed policies to reduce coal use, but not to improve energy
efficiency. The goal is the reduction of urban air pollution, freeing rail cars for non-coal
carge, and the reduction of sulfur oxide emissions, It is difficult to imagine Chinese
families using less energy -- and thus less coal. A Chinese household consumes 36 times
less energy than an American household.® As the economy improves, no doubt
individuals will want to use more energy. Public policy concerning energy efficiency
will prove more productive than directly limiting the quantity of coal consumption.

William Drake stresses: "Whether a society passes through the transition into a
sausfactory state is determined by many factors, largely defined, and often remediable by
human intervention. It should be the purpose of public policy to formulate, develop and
implement these positive interventions."? Indeed, the transition toward more efficient
energy use will depend greatly on public policy as well as social interventions. Mot enly

& Chandler, 123

7 Charles E. Ziegler, Environmental Pelicy in the USSR, (The University of Massachusetts Press,
Amherst, 1987}, 102

B Chandler, 121

¥ Drake, 303
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will top-down policy enforcement from the central Eovernment become necessary, but
also participatory management programs at the local level will be nesded.

Participatory management programs approach problems from within the
community as opposed to from the outside. [n participatory management, people coming
from outside the community serve as valuable resources -- experts who can answer
questions, provide examples of other successful projects, warn people of the negative side
effects of newly created policies, and facilitate projects initiated by the community,
These efforts are commonly referred o as g grass-roots projects. Although grass-roots
environmental organizations are makin £ their way into Eastern Europe, it is still dou btful
when environmentalists in China will have enough democratic POWer to organize and
have an impact on governmental policy. Environmentalists clearly need more freedom
in China 10

Limits

The idea of limits to throughput in Bevond the Limitg is particularly relevant to
energy efficiency, The limits 1o energy growth include limits from sources of fossil fuels,
limits in technology, limits in fundin B available for altemative Energy sources, and limits
to the sinks for the pollution produced by burning fossil fuels. This book addresses the
limits of coal in particular as being limits to the sinks in carbon dioxide, Optimistically,
the authors write, "Technical changes and efficiencies are possible and available, which
can help maintain production of final goods and services while reducing greatly (he
burden on the planet." 1! The problem then becomes oge of the limits to efficiency
rather than quantity,

Bevond the Limits also gives optimistic scenarios of improving energy efficiency
worldwide, rizing to the efficiency levels of Western Europe and Japan: "Efficiency of
that magnitude would make it possible to supply most or all of the world's energy from
solar-based renewahble sources--sun, wind, hydropower, and biomass such as wood, com,
or sugarcane.” 12 It is improbable that the need for world energy will decrease, especially
with an increase in population, Thus, the answer to air pollution seems to come from
cleaner energy production and more cnergy efficiency. Indeed, the book describes limits
as "speed limits, not space limits, limits 1o flow rates, not limits to the number of people
| on the amount of capital,” 13 Certainly, after the next few decades the reality of global
climate change may force the world to dramatically slash fossil fuel yse. However, at this
point Draconian reductions seem severe, and energy efficiency appears more practical
and attainable.

0 Stern, 66
1 Meadows, 8
12 hid , 75
13 Ihid., 99
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Overview of Paper

I have divided this paper into two basic sections. The first section covers
transition theory, discussing a variety of ransitions relating to energy, population, and
environment. The data used in this section come primarily from the World Resource
Database.'*  This section includes a description of the transitions in relation to China,
graphs of the data, and curve fits of various parameters with discussions of the
implications of these fits,

The second section concerns d ynamic modeling, referring to the work of Dennis
Meadows et al. in Beyond the Limits. This portion of the paper concerns the
relationships among the various transitions, 1 have chosen to use Stella software to form
2 dynamic model of energy-population-environment relations in China, 13

The Demographic Transition

The demographic transition models time changes in total population. At the
starting point of the demographic transition birth and death rates remain in relative
equilibrium. A dramatic drap in death rates initiates the ransition, Usually death rates
fall because of improving health conditions of the population, but they could also de pend
on solving political conflicts and wars or improving sanitation or agriculteral technolo EY.
When gradual decreases in death rates are accompanied by decreases in birth, the total
Population increase becomes manageable. Problems arise when the death rate plunges
rapidly without time for a comresponding decrease in birth rate, bringing about an
unmanageable population explosion.

The final stage of the demographic transition requires reductions in birth rates. In
arcas such as the United States, birth rates dropped naturally because of a need for fewer
children as infant mortality decreased and lechnology took the place of human labor.
However, nations facing this stage of the transition today do not have the time for natral
decreases in birth rates. Public policy and education have become critical 1o overcome
this lack of time. China, for example, has dramatically decreased birth rates over recent
decades because of its implementation of famil ¥ planning policies.

In assessing China's demographic transition, it appears instructive o compare it to
transitions of other highly populated and industrialized nations, 1 will take Japan, the
USSR, and the USA as countries for comparison. The People's Republic of China
contains the largest national population on earth, currently comprising one-fifth of the
total world population.  Current figures place China's population at 1.165 billion of the
world’s 5.4 billion. The Population Crisis Committee forcasts that China's population

14 World Resource Data Base (Oxford University Press, New York, 1992
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will stabilize at 1.5 billion.!¥ This figure is actually optimisitic when one compares it to
India, whose population is expected to surpass that of China by 2025 and may level off at
2 billion.’8 However, a levelling of population growth in China at 1.5 will in itself place
exireme stress upon not only the natral resources of China but the environment as well.
Until recently, the economic troubles have overshadowed environmental concemns.
However, the future fate of China may depend more on how it treats environmental

degredation than on socio-political concemns. 17
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World Resource data and predictions up to 2025 suggest a dramatic incresse in
population, primarily resulting from population increase in the developing nations of
Africa, Latin America, and Asia. Comparing graphs of China's population to those of
the USSR, the USA, and Japan, we indeed see a large discrepancy in population rates.

All four countries exhibit trends of logistic curves -- approaching a limit at infinite
time. Meadows et al, suggest that these curves could either he exponential, logarithmic
with a limit, or curves which rise and then fall 12 Japan has already exhibited a d=finite
decline in population growth rate, and World Resource predictions expect a decline in
total population around 2010, The population rends of the USSR are difficult to predict,
perhaps because of the current political and economic murmoil., World Resources assumes
close to an approximate straight line projection for population growth, The USA is alzo
approaching a limit in population, vet at a slower rate than Japan. It appears that
population will level off at 300,000,000, This will not occur, however, until well into the
next cenfury.

It is helpful to briefly summarize the recent historical demographic trends of
China. In the 1950s, sanitation and medical care improved, causing death rates 1o
decline and an ensuing period of rapid population growth, beginning the critical phase of
its demographic transition. China realized the threat of exponential growth and

1‘E']‘-.-'[l;:a-::[u-'n'..";, 123
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developed a campaign for birth control. [t made abortions more available, ordered health
agencies to assist in promoting contraception, and used officials and scholars to argue for
birth control. The Great Leap Forward in 1958 began & movement emphasizing a shift to
small "backyard" production units, using local resources and labour - a reaction ta the
1953 Five Year Plan which emphasized the development of heavy industry. By 1960,
however, it became apparent that this shift actually produced lower quality products at
higher expense, as well as took people away from agriculture. The country faced an
agnicultural crisis, famine, and a rise in death rates. The country tried to counter the crisis
by focusing resources once again on agriculture. Irritating this crisis was the concurrent
withdrawal of Soviet financial and technical assistance.

In the early 1960s, recovering from famine, the population once again grew
rapidly, jumping from a low fertility rate of 3.0 to a high of 8.0 in only a few years.1? A
second artempt for governmental population control began in 1962 through an emphasis
on late marriages and the use of contraceptives. This campaign was particularly
effective in urban areas. The effort continued until the Cultural Revolution in the late
1960s, which once again launched rapid population growth.

Since the Cultural Revolution, focus wrned to small factories and increasing the
self-sufficiency of local areas, differing from the Great Leap Forward in the attention paid
to quality and cost. Not only did the country emphasize local self-sufficiency, but also
national self-sufficiency, isolating itself from foreign markets.

A third family planning program began in 1970. This effort has proved much
more effective than the previous two, bringing the growth rate lower than in most
developing nations. The policy is summarized by "wan xi shao," -- "later, farther, fewer”
-- marry later, space the children, and have fewer of them. The policy's success showed a
drop in total fertility rate (average number of children a woman will have) from 4.8 to 2.4
between 1970 and 1980.20 National birth control policies gained strength in 1979 when
the government adopted a one child per family policy. The goal was to reach zero
pepulation growth by 2000 and stabilize the population at 1.2 billion.2! This policy was
rigorously enforced from 1979 o 1983, in spite of public disapproval because of the
natural human desire for more children and traditional pressure of a family to have at
least one son. In the cities, this policy proved quite successful, In rural areas, however,
the government met great resistance, In 1984, the government allowed modifications of
the policy to occur at local levels, allowing a second child in "difficult rural
circumstances,” 22

1¥)fei-Ling Hsu, "Population of China: Large is not Beautiful” Focus, (The American
Geographical Society, Spring 1992, vol. 42 n.1), 14

201bid., 14

2lfbid., 15

2hid,, 15
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The graph representing fertility rates follows the expectations of historical
population planning peolicies, allowing a lag time for policy implementation. The first
family planning program in the 1950s instigated a decline in fertility rate. The second
family planning program began during & rise in birth rates. Fertility rates dropped again
after this program. The third family planning program in 1970 dramatically intensified
the drop in fertility rates. The 1979 program was followed by a small increase (perhaps
because of the child-bearing age of women bom in the population boom of the 19505)
and then decrease in fertility rates. Modifications in 1984 correspond with a rise in
fertility rate, especially in rural areas. Consequently, we see a strong correlation between
policy and population control. It is interesting to note the difference between urban and
rural fertility rates. Even after the one child per family policy of 1979, rural women
continued to have more than one child, the lowest fertility rate being approximately 2.5.
Only in urban areas did the fertility rate approach one.
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The 1979 goal of a stable population of 1.2 billion by the year 20{K) appears over-
optimistic. The population in 1990 was 1.14 billion. This gives only ten years o
stabilize the population, at a time when population increases are around 1.4 percent, or
over 15 million people per year. ¥  According to World Resource predictions, even the
Population Crisis Committee's forcast of stability at 1.5 billion appears over-optimistic,
when considering a logisitic curve fit aimed to stabilize at this value.

Today, economic concerns overshadow family planning in local rural areas. Each
year there are a large number a births exceding town quotas and it is common for towns
to under-report births and falsify birth-control records. MNew efforts will be reguired to
keep China's fertility rate under control. Perhaps the most promising method would be to
provide more education and opportonities for China's women.  Female illiteracy
comprises 70 percent of all illiteracy in China. #* Increasing literacy among women
would give them more opportunities outside of family responsibility.

However, these efforts will require a substantial break from traditional custom,
Another hopeful prospect in slowing population growth suggests that as China becomes
more urban, values will change, and couples will have fewer children,?® Unfortunately,

amil, 1989, 277
2pien, 16
Lhid., 16
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China already cannot provide basic needs, employment, and a clean environment for its
current urban popuiatons.

China's family planning efforts have been simultaneously praised and critized:
praised for statistical success in lower population growth, at rates which few developing
countries can boast; criticized becanse of Draconian measures taken by the government
to achieve this drop. Indeed under the Reagan and Bush Administrations, the United
States denied family planning aid to China, accusing its population control methods of
being coercive and relying too much on abortion to regulate child-bearing. 28

Although population growth rates are lowering, China will still experience a nat
growth in population. Children born during the periods of dramatic population growth
following the Great Leap Forward and the Cultural Revolution are now at mamage and
child-bearing age . Consequently, China will probably experience a rise in birth rates
and a corresponding rise in the rate of population growth,

One of the greatest concerns in China is how to feed its continually growing
population. Feeding more than one-filth of humanity from a mere one-fifteenth of the
world's arable land is indeed a challange.?’ Furthermore, providing enough enérgy for
survival in a land where deforestation has depleted much of the source of traditional fuels
arises as yet another dilemma. China has already destroyed 75% of its foresis, 28 The
environmental degredation of China's urban and rural areas, waterways, and air will only
exacerbate efforts 1o use already limited resources to provide basic needs to the country's
people.

The Energy Transition

In the typical energy transition, a country begins to ransfer raditional fuel use
and human work for basic needs to the use of other energy sources -- primarily fossil
fuels such as coal, vil, and natural gas. The increase of energy production at first appears
free. Inm this case, energy use is blind to the notion of limited fossil fuel resources and
pollution effects.

COnce a country attaing the capability to meet the basic needs of the people, it
continues to increase energy production to meet luxury desires. This trend could
continue indefinitely if lack of resources and pollution effects did not make themselves
apparent, However, once these costs are realized, the country adopts more efficient
technology and develops alternative sustainable energy sources, Energy efficiency
requires that equivalent amounts of resources produce more energy at lower poliution
costs, Adoption of such efficient technology as well as alternative sources (e.g.
hydropower, wind generation, biomass, solar photo voltaic cells, and nuclear power)

ECrpasetie
375mil, 1989, 278
EBpfeadows, 57
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becomes a necessity. Energy consumption decreases as a result of efficiency, while the
end-products of energy use remain stable.

Comparing total energy consumption in China, the USA, the USSR and Japan,
one readily notes a great disparity not only in absolute values but also in the trends over
time. We can see the effects of energy efficiency in the plots of total and per capita
energy consumption in the United States. From 1970 to 1990, total commercial energy
consumption has remained relatively at the same level, increasing slightly overall,
demonstrating fluctuations from the Oil Crisis in the 1970's and the introduction of new
technology in the 1980,

TOTAL COMMERCIAL ENERGY CONSUMPTION
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Data taken from World Resource Institute Database — Source: United Mations
Statistcal Office

Japan serves as the world's greatest success story, Japan's energy consumption
has remained relatively stable, while the standard of living has increased dramatically.
Japan is being hailed as a model country in energy use. However, this praise deserves
more scrutiny. Why has Japan been so successful? Primarily its energy efficiency
derives from development of nuclear power in the 1980s. Japan's low pollution levels
also stem from reliance on nuclear power ,as well as dependence on imports. Studying
the energy imports as a percent of energy consumption, one plainly notices Japan's lack
of self-sufficiency concerning resources. We must therefore be careful in trying to apply
Japan's model of success to other nations.
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The USSR has followed a pattern of dramatic increase in energy consumption
until 1988, when the political and economic crisis demanded a drop in energy use. The
USSR's total and per capita energy consumption exhibited a fairly constant rise from
1970 to 1990, This country persisted in emphasizing heavy industry during this time. As
industrial growth was not balanced by increase of energy efficiency, the overall per capita
energy consumption rate continved to nse. Government subsidies of energy further
encouraged industry 1o be less efficient. Recent years, however, have shown a quick fall
in per capila energy consumption, perhaps atributable to recent economic and politcal
reforms in the USSR, As an example, over the past few years, the government has
removed subsidies and the cost of energy and transportation have increased. As
electricity becomes more expensive and electricity meters are installed, industry and
residents will be forced to account for their energy use, and per capita energy
consumption will probably decrease. Worldwide concern over environmental effects of
inefficient energy production in the USSR portends a continued drop in energy
consumption in the near future, as the country adopls more encrgy efficient practices.
The USSR is consequently in the phase of the transition where it must shift to higher
efficiancy and alternative energy SOUrCes.
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China appears to be following a rise similar to that of the USSR, However, unlike
rends in the USSR, the upward slope of energy consumption appears to be increasing
with no signs of leveling in the recent future. Increasing worldwide concern over global
pollution and dwindling resources coupled with China's recent openness to world politics
and markets will shortly place China in the same category as the [JSSR,

Public concern over the energy consumption and ensuing pollution in China is
indeed justified. However, per capita consumption is far below that of the United States,
the USSR, and Japan -- as well as most industrialized nations.
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Compared to 300 gigajoules/person used in the U3, China consumes 24
gigajoules/person, or only twelve percent of US consumption. Comparing China to
several other countries of the world provides a better scale for how little per capital

energy 15 being used in China, and how a significant percentage of this use still comes
from traditional fuels,

This fact presents another barrier to aiding China's energy development, It seems
absurd for the industnialized nations of the USA, USSR, and Europe to demand a
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reduction in resource exploitation in China, when a majority of the country lives barely
abave the subsistence level, using dramatically less energy per capita. In Many respects,
China is just beginning its energy transition,

If we fit existing data to a logistic curve, we note that the energy transition in
China has yet to cross the inflection point of the curve, that is the limits of energy use
have not seriously dampened exponential growth, If per CApila energy consumption is
set at limiting at the corrent leve] of per capita consumption in the United States (300
gigajoules), the graph of consumption over time will rise rapidly. On the other hand, if
the level were set to Japan's current energy consumption (100 gigajoules) we would see
the trend exhibited in the next graph.
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Clearly, if China's per capita energy consumption goals model those of Japan, the
country will reach this goal by the year 2100, On the other hand, if the goals follow
trends in the United States, the country will not reach this goal until well into the 2100s.

Although per capita energy consumption rates are far lower in China than in
developed countries, energy production in China combined with population increases
forecast rapid increases in the production of greenhouse gases. Therefore, China's
' contribution to global energy use will become a world concern. The goal must be to

decrease pollution and resource depletion while at the same time allowing increases in
services and basic needs.  This goal will be met only with development and
implementation of more efficient end-use technology.

Specifically end-use refers to the services derived from energy consumption --
from basic needs such as fuel for cooking and heating homes, to conveniences such as
ransportation and communications. Because of the threats of global environmental
change, China faces vastly different constraints in development than the USA, the USSE,
or Japan. China must first address basic needs before it can address issues wealthier
1 countries encountered in their own industrial and energy transitions.

When we look at per capita energy requirements, we notice that China remains
low, even compared to the world average. A reason for this level is that many people in
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China still rely on tradition fuels -- especially in rural areas. Indeed, a great number of
people do not even have the necessary ensrgy o maintain subsistence requirements.

PER CAPITA ENERGY REQUIREMENTS
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China must raise its energy per capita production, find a way to distribute this energy
throughout the population and maintain the level of minimum subsistence encrgy
requirements, turning to nenrenewable resources to expand energy production and allow
services beyond subsistence requirements.  Above all, current energy requirements in the
United States should not serve as a goal in other countries. The United States must work
te strongly decrease its own energy requircments.

Fortunately, the United States, Japan, the USSR and other industrialized countries
have developed technology to make China's transition slightly less painful. The basic
problem is how to transfer and implement this technology - physically, politically, and
socio-economically., "When Western Europe and North America were undergoing
industrialization, their energy consumption had to grow faster than their GDF's to build
infrastructures: roads, bridges, houses and heavy indostry. Because of the revolutions in
materials science that has taken place during the past half-century, however, materials can
now be produced with less energy, and smaller quantities of modern materials can replace
larger amounts of older ones. Conscquently, developing nations can achieve comparable
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levels of industralization with a lower ratio of consumed energy to GDP growth.” # The
industrial countries have a global obligation to make such technological knowledge
available to developing countries.

Amulya K.N, Reddy and Jose Goldemberg declare that the energy problems today
result from inefficient energy use.  They postulate that if today's most efficient
technologies were adopted in developing countries, then only 10% more energy than
currently in use would be enough to raise the average standard of living to the level of
Western Europe in the 1970530 Although, this concept appears optimistic, we must also
consider the effect of the demographic transition on the number of people who will
require this 10% increase, as well as the serious effects of continued environmental
degradation, including deforestation, atmospheric pollution, and destruction of waterways
and coastal zones. Also, greater flux toward vrban migration will put greater demand on
fossil fuels for services in order to support subsistence.

These authors also propose a strategy to implement efficient energy use while
increasing the standard of living. They dub this the "DEFENDUS scenario.”  This term
expands 1o "development-focused, end use-oriented, service-directed scenatios, ™! Ttis
"development-focused” in that it seeks to increase the amount of electricity and goods
available to people in a specific local. "End usc-oriented” refers to implementing end use
technology (material capital) that appeals 1o the local needs in the most energy elficient
and environmentally harmless way, “Service-directed” accounts for the needs of people
not in terms of energy, or material capital, but rather in reference to the services they
require -- primarily subsistence requirements, The authors peoint to the fact that survival
has become a problem of such urgency to poverty-stricken regions that environmental
expense loses its significance, Once people receive basic needs, they will be more open
to topics of environmental conservation. The poverty-environment relationship appears
1o be circular -- poverty feeds environmental degradation, which in turn increases
poverty, elc. -- a positive feedback situation. However, policy makers must realize that
the most environmentally conservative policies are often also the maost beneficial 1o
humanity,

It is interesting to compare China's energy incfficiency 1o that of the former USSR
and Eastern Europe. Both countries have followed a socialist government, a command
economy, top-down administration, and a focus on heavy industry, leading to massive
environmental degradation, economic collapse, and a reduced standard of living.
However, we must also keep in mind the differences in need level in both areas. A great
deal of attention has focused on, for example, the exorbitant costs of heating apartments
in Eastern Europe and the USSR due to inefficiency. We must realize that much of
China's rural population is not even to the level of heating their houses -- many even
unable to obtain enough fuel 1o cook meals. The problems facing both countries are
similar, but the scale is dramatically different.

PReddy, 112
M[hid., 111
3ikid., 113
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China is working toward economic modernization. This will require substantial
increase of energy consumption.  Vaclay Smil argues that achieving a satisfactory quality
of life will require energy consumption of at least 40 gigajoules per year — twice the
current Chinese rate of energy consumption.’ Increasing per capita energy consomption
will lead to an increase in coal combusion, in turn contributing more carbon dioxide
emissions to the atmosphere. Recent studies indicate that carbon dioxide increases are
probably affecting the global climate. If China continues to rely on coal (currently
providing 70% of China's energy consumption) as its primary energy source, without
necessary pollution controls on combustion plants, and if population continues to rise, a
national crisis will spread 1o a global crisis.

Energy Alternatives

China has the third largest reserve of coal in the world -- second only to the
former USSR and the United States. Coal supplies 70% of the indusirial energy
production of the country. Furthermore, much of the coal is of extremely high gquality
and easy to mine. Problems with ceal use however include inefficiency, lack of
transportation (mines are scattered around the country and coal must be ransported,
usually by train to areas of need), and pollution.

World data on commercial energy production places liquid fuel (oil) at the top,
solid fuel (coal) second, and natural gas third -~ with renewable resources such as
hydropower, geothermal power, and wind power as well as nuclear power relatively
insignificant. Worldwide coal use is decreasing in terms of percentage of total energy
use. In 1920 it accounted for 70% of the energy supply. Although this percentage
remains in China, the figure has dropped to 26% of worldwide energy use >

325mil, 1989, 275
33Ced R. Davis, “Energy for Planet Earth,” Scientific American, (Scientific American, Inc., New
York, Sept. 1990, Vol 263 n3), 56
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The previous section discussed the low per capita energy requirements of China,
Each person requires little energy to satisfy their needs. The question of where this
energy will come from should be addressed in conjunction with the analysis of the
divisions of energy resource use in energy production throughout recent decades. China
has relied heavily on solid fuel (coal) during this century. Liguid fuel (0il) lags in second
place. Gaseous fuel use (natural gas) 1s relatively small. Hydropower and other
renewable resources are also small,

The United States experienced a decline in liquid fuel use and gasecus fuel use,
but a corresponding rise in solid fuel use. Onee a gain, nuclear, hydroelectric, geothermal,
wind powered and solar energy sources are quite small. The USSR demonstrates a lead
in gascous fuel use, probably because of the vast natural gas reserves in the country.
Liquid fuel follows at a cloge second but is actually decreasing. Solid fuel use remains
fairly stable, Hydro-power and nuclear sources are low. In the pericdd from 1970-90
Japan experienced a dramatic decrease in solid fuel use. Nuclear enerpy leads encrgy use
in this nation by a wide margin. Hyrdo-power places second, with solid fuel third, but
still falling dramatically, Gas and liquid fuel use is relatively low and geothermal and
wind power remains at the bottom, Japan's energy efficiency success can best he
attributed 1o increasing dependence on nuclear power and hvdropower,  Whether either
of these alternatives is compatible for world proliferation is a topic of great debate

because of the problems associated with nuclear waste and the environmental threats of
building dams.

China persists in its reliance on solid fuel, and no doubt will continue 1o do so, as
reserves remain in great abundance.
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China had 2.5 x 10421 joules of coal in reserve as of 1985. This compares to 5.5x10"21
in the United States and 4.0x10°21 in the USSR 3 How long will these coal reserves
last? At present rates of consumption they could last up to 1000 years,*® However,
following recent curve trends they would last only 130 years.
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Little of this fuel is vsed for residential concerns such as heating houses. Most
rural areas continue to satisfy residential need through tradition fuels such as burning
‘biomass material -- wood, straw, cow dung, etc.  Urban coal use is higher in percentage
than rural coal use. This trend is once again due to reliance of rural areas on raditional
fuels -- crop residues and woody biomass. However, destruction of biomass resources
will necessitate increasing use of coal as an energy source in rural areas,

One problem facing China in using coal a5 a major energy source is transportation
of this coal to areas of need. Coal reserves are scattered throughout the country. The
largest coal-mining centers are located in the Northeast, Transportation of coal is
necessary from the Mortheast to the more densely-populated Southeast. Railways provide
the primary means of transportation of coal, Since 1960, coal has comprised 40% of
cargo for railroads.®? As most of the coal reserves are seattered throughout the country,
particularly concentrated in the Morth away from southern coastal urban areas, rail lines
provide the primary means of mansportation. However, the transport system remaing
inadequate to transport the great quantities of coal over such a vast country.

Population Denzily in China &
Coal-Bearing Sediments
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Qil comprises nearly half the world's annual use of industrizl energy forms,
including traditional fuels, However, if consumption of oil and gas continue to double
ever 15-20 years as following corrent trends, the stock will be 80% depleted in another 30
or 40 years, 2 China has limited amounts of oil {with lurther unquantifiable potential in
offshore drilling) and less amounts of natural gas. As a comparison, China has about 1/3
the amount of oil reserve potential and the USSR, Gas reserves are on the order of 1/100
that of the US and 1/1000 that of the USSE. Maost oil reserves are located in the northeast
-- requiring transportation to the southeast which is the area of greatest energy demand
and population concentration. Potential for natural gas exists also from offshore
possibilities as well as importing from the former Soviet states to the north. These
resources, however, remain overshadowed by the abundance of coal.  Clearly, according
to national reserves, oil and natural gas seem improbable alternatives to coal
consumption,

Perhaps the most optimistic scenario of supplying energy for subsistence needs
lics in the generation of hydropower. China is well-endowed with rivers and
mountainous regions, providing ample potential for hydropower,  Most of the
hydroelectric potential lies in the Southwest. While China has rich overal]l energy
potential, most of it remains undeveloped. Furthermore, most of this potential lies in
geographical regions distant from the need, particularly the industial need, which was
originally developed in the Mortheast due 1o rich supplies of coal and oil. Potential
hydroelectric potential also depends on s=asonal monsoons,
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As of 1985, only 7 percent of the hydroelectric potential in China had been
tapped, compared to 40% in the United States 24 Of course, barriers to hydroenergy
include current environmental concerns over building dams and diverting the natural Now
of waterways, Most of the current hydroelectric stations are in areas of moderate to high
population density. Few of them are on the coast, however, where population densities
remain the greatest. China possesses great hydorgeneration capacity, and this form of
enerpy will remain a valuable alternative to nonrenewabls fuel uge.

China's most impressive renewable resource lies in the potential for geothermal
energy. Influenced by the movements of the Pacific plate and the Indian plate, China
experiences not only devastating tectonic movements (earthquakes, for example) but alsa
the potential to harness this energy for human use. The distibution of hot springs
presents a valuable indicator of geothermal potential. The annual heat discharge of
China's hot springs amount to the thermal equivalent of 3.8 million tons of standard
coal® The heat flow harnessible for direct thermal uses, 2,613 OGW would provide four
times the total of China's primary encrzy production in the mid 1980°'5.26 Today,
geothermal encrgy is used in China primarily for heating greenhouses and fishing pools,
hot water for washing and dyeing in the textile industry, and space heating and public
bathing. Areas of highest potential in the Southwest have not yet been tapped,
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Yet another alternative renewable energy source 15 the direct conversion of solar
energy throogh solar collectors. Although solar energy has been used in China in the
sunnier North to heat water for several bathhouses, hotels, and hospitals, solar energy has
remained expensive and impractical for most homes and businesses in China. By 1983
only 5,000 small household solar energy water heating units were in use.2’ This number
is insignificant compared to the more than 200 million families in China. The reasons
for the unpopularity of solar energy is both the expense and the lack of stable sunshine
across the eountry, Smil points out that even if the total collector area increased 100 fold

over 1983 levels, nationwide fuel saving would only amount to 1% of the coal
consumption.2®

Furthermore comparing the dismibution of solar radiation to population density,
we notice 8 complete mismatch,  Areas with the greatest population density have the
lowest annual solar radiation. The densely settled farmlands and cities of the coastal and
interior South receive an amount of solar energy equivalent to the Pacific Northwest or
Maine, whereas the virtually uninhabited regions of the western plateau expenence more
solar energy than Arizona or New Mexico.?® Urban areas also block a great deal of
sunshine through air pollution and natural dust.

Population Densily in Ching &
Distribution of Average Solar Radiation
(keal fofyear)
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Similarly, wind power potential remains low. The highest potential once again
lies in the least populated areas. The most promising region is the Nei Monggol area
where wind faster than 3 meters per second occur for more than 200 days a year.™ China
is working on developing this potential. Indeed by 1985 there were 3,000 small wind-
powered generators across Nei Monggol and other regions.  However, future plans
remain oncertain, and the contribution of wind power to China's energy production will
probably remain small in the near future.

Yet another possibility arises with the construction of nuclear power plants. Until
recently China has not adopted nuclear energy for commercial use. However, three
plants are now under construction s Nuclear energy on the surface appears to be &
panacea to environmental problems - particularly the threat of global warming and local
air pollution. However, controversy remains over the danger of the operation of nuclear
power and the problems of radicactive waste disposal. Nuclear power also stands
cconomically above other means of energy production.  However, until nuclear power
can be regulated safely, and the people can be assured of its controllability, it remains for
many a dangerous option,

The Urbanization Transition

Urban migration usvally cccurs when rural communities lose their means of
sustenance either because of desertification of farmland, deforestation, or a change in
governmental policy on land use or ownership, People then move fo the urban areas
hoping to find employment in industry or services. This transition is particularly
interesting in China. In recent decades the urban population has increased exponentially,
with a dramatic increase after 1980,

Comparing the recent trends and future projections of urbanization collected and
projected in the World Resource Database for China, the USSR, the USA, and Japan, we
note frightening difference in urban population growth. Compared to world urban
population growths, China remains at one-fifth the population increase.

One explanation of the difference in urbanization rates depends on the
urbanization transition. The US, USSR and Japan are at the end of their uvrbanization
transitions, foreseeing a slowing rate of increase in urban populations. China, however,
joins other developing nations in beginning the urbanization transition.  Although China
boasts some of the most highly populated cities in the world, compared to its total
population and population density, the most dynamic part of the logistic growth curve is
yeb to come.

bid., 14
45Wolf Hafele, “Energy from Nuclear Power," Seientific Americon, (Scientific American, Inc., New

York, Sept. 1990, Vel 263 n3), 138
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Total Urban Population
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The graph of total urban population in China shows that the inflection point (change in
acceleration of population growth rate) will occur around the turn of the century. In
Japan, as a comparison, this tumning point eccurred around 1970.
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Comparing the percent of commercial energy use in China as divided amang the
sectors of industry, residential use, transport, agriculture, and commercial, we see g
puzzling shift in 1979,
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Commercial energy use drops from around 90% 1o 29, Perhaps this drop can be
explained by post Mao rural economic reforms in 1979, breaking up collectively tilled
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fields into land contracted out to private families to work.?® However, residential use.
jumps from relatively negligible 1o 20%. We can attribute this trend to the urbﬂnim_ i
of the 1980%s. Urban dwellings require more industrial energy than rural dwellings that

rely heavily on traditional fuels.

A positive result of urbanization in China might be a decline in fertility and thus a
slowing of population growth, The population control policies implemented by China in
the latter half of this century have been most successful in urban areas. '

We must also recognize that cities in China are cumenily overpoliuted and cannol
satisfy the housing and energy demands of the people currently living there. China has
concentrated investment of industry and factories and has consequently ignored urban
housing. Another problem is that China, as a non-capitalist country, kept rents low and at
times even subsidizes housing, driving construction and maintenance prices even higher
and preventing an adequate guantity of housing lo be built, Furthermore, recent
restrictions of the quality of housing (necessity for improved senitation, for example]
have discouraged further housing construction. Consequently, projections for near future
housing shortages are high, foresecing a growth in slums and homelessness for those
people migrating from rural to urban areas.

The Industrial Transition

When we look at countries such as the USA and Japan we notice a decline over
the past two decades in the percent of commercial energy use for industry relative (o
other sectors such as transportation, residential use, and agriculture, Industry sustains the
highest percentage of commercial energy in Japan, though it is decreasing below 50%, as
transportation is rising. Transportation has already passed industry in percentage of
energy use in the United States -- 35% and 30% respectively. The USSE and China
continue to place industry above 50% of energy use. The industrial transition is tightly
related to the technological transition explaining the difference in percentage rate of the
USA and Japan in industrial energy use. Improvements in industrial technigques,
transportation, and communication transfer demands from heavy industry to lighter more
specialized industry.

Comparing China's industrial transition to that of the USSR provides us with an
insight to political processes contributing to the lag of reducing the importance of
industry in commercial energy use. Indecd, China has often followed the example of
communist Soviet states and has accepted the aid of the USSR in developing their
industrial infrastructure.

Industrial output has been growing at a rate of about 10% per year, 47 China's
industrial workforce excesds that of all other developing nations combined. Most

4Ene. Brit., 53
47Enc. Brit., 55
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mdustry focuses on metallurgy and machine-building. Another popular industry is the
production of nitrogenous fertilizers. Textiles also comprise about 15% of induostrial
output -- a major commodity for export, Unfortunately, across all areas quantity has been
stressed at the expense of improvements in varicty and quality,
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Industries have also become highly energy intensive, resulting from artificially
low energy prices that do not encourage factories to adopt more advanced and
economically sound energy-conserving practices. Similar government subsidies have
been present in the USSR, Low energy costs encourage industries to waste encrgy,

Ag China is a socialist country, the government owns firms that produce mors
than 60 percent of industrial output.®® The remainder of the firms are owned collectively.
The government further controls industry by fixing prices, allocating energy resources,
setting wage levels, and controlling the financial and banking system. The 1980s,
however, witnessed a gradual loosening of government control, allowing private initiative
and market forces to increase.

The bureaucracy remains a top-down organization. It is highly complicated and
thus encounters restraints in enforcing policies. Ministries govern a vast variety of
specific areas, breaking up control of the economy and public policy, For example, the
Ministry of Coal controls the coal industry. Kenneth Licberthal and Michel Oksenberg
point o the bureauvcratic structure as fragmented ameong various ministries that are
expected to express the interest of the people. Unfortunately, this mode may lead to
misrepresentation, as is now apparent in former Soviet states.4?

Furthermore, the State Council holds tight control over resources important to the
economy. [t allocates energy resources to sectors that it believes 1o be most valuahle 1o
the economy. With the introduction of a communist government, China adopted an
economic policy in the 1950's emphasizing rapid indvstdzl development at the expense of
other sectors of the economy such as agriculture. This policy was developed under the
First Five-Year Plan (1953-57). Considering that agriculture at the time occupied more
than B0 percent of the cconomically active population, devoting investment to heavy
industry presented a drastic need for change in employment and lifestyle. China followed
Soviet practice by constructing large, sophisticated and highly capital-intensive plants.
China could not finance this move alone and turned toward Soviet technical and financial
assistance.

A Second Five-Year Plan was pushed aside by the Greal Leap Forward in 1958,
The government abolished private agricultural plots and replaced them with communes.
Large-scale industry continued but was supplemented by small-industry. However, this
plan wag much too fast for the Chinese peasant to adapt to. The Soviets withdrew their
aid, and the country faced a grave economic crisis. The response of the government was
a reactionary reversal of policy, returning land to private ownership and transferring the
unemployed from industry to the countryside. It cut industrial investment in order o
concentrate on agricuiture. This policy continued until 1963 when industry once again
gained momentum.

Industrial production suffered under the 1966 "Great Proletarian Cultural
Revolution." China took on the policy of hiring the unemployed to work in industry.

4BEnc. Brit,. 56
49 enneth Lickertha and Michel Oksenberg, Policy Making £ China, (Princeton Universily Press,
Princeton, 1984)
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Ensuring workers of a job eliminated incentives to work hard. Rural industry provided
jobs for former workers in agriculure. Between 1982 and 1987, 68 million peasants
moved out of agriculture. However, the shift in population away from land has not been
accompanied by improved agricultural practices, and agricultural output has remained
constant.*0

Since 1970, China has slowly been moving away from a Soviet-lype economic
system = participating more heavily in world markets, de-collectivizing agriculture, and
shifting toward light rather than heavy indusiry,  The state gave priority in energy
consumption to light industrial enterprises that produced high quality goods, Radical
changes in economic ideology have occurred since 1978, However, because of the
bureavcratic structure and scale of the proposed changes, actual practice has lagged far
behind. Gradual reforms brought frustration to the people, and the government reverted
in 1989 to once again emphasizing centralized planning and large state-run enterprises,

The Toxicity Transition

The United States remains far in the lead concerning industrial pollution,
particularly in the production of greenhouse gases such as carbon dioxide. However,
comparing the total industrial earbon dioxide emissions of the USA, the USSR, Japan and
China clearly shows that China, though it falls between the USSR and Japan in
emissions, exhibits the greatest change in emissions over time. This fact bodes ill for the
future, particularly when ws take into aceount China's growing population,

Global carbon dioxide emissions from industry show a current equality in
emissions resulting from solid and liquid fusl consumption.  However, the contribution
of solid fuel (coal) in China far exceeds its contribution from liquid and gas fuels, unlike
Japan and the USA where liquid fuel dominates, Emissions in the USSR are relatively
equal for solid, liquid and gas.

E'UFn:'-restien 53
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When we look at per capita carbon dioxide emissions we realize how unfair it is
1o expect China to curtail its emissions when they are per person far below those of the
USA, USSR, and Japan. However, the upward slope in total emissions sugpests that
action 18 indeed neceszary, in spite of seemingly hypocritical recommendations, As the
possibility of global warming has become a global concern it should consequently resull

in global action. “Any effort 1o limit future emissions of greenhouse gases must be global
in character if it is to be effective "
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Since 1979, China has one of the fastest economic growth rates in the world.
However, lack of government funds and poor planning and administration have limited
adequate pollution control 1o match this growth.52  China has neglected environmental
concerns because of the focus on economic growth and the political events of 1989,
"Significant achievements in [China's] environmental policy are being swamped by the
population tide and the quest for higher prosperity...the huge transfer of humanity from
fields to factories cannot be accomplished without extensive environmental
destruction.”s* In rural areas, the increase in number of small manufacturing enterprises

Mesce | Ausubel and Hedy E. Sladovich, ed., Techrology and Environment, (Mational Academy

Press, Washington, TLC., 1989) '
2F+:|:rn'.=1'-!iia-1-,E|=1I

S3Xmil, 1089 277
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has had major environmental impact in neise pollution, air pollution, and uncontrolled
disposal of waste into waterways. 5

Greenhouse gases of greatest concern are carbon dioxide, methane gas, sulfur
dioxide, and nitrous oxides. China contributes to all of these. Carbon dioxide and sulfur
dioxide is produced primarily through burning fossil fuels, particularly coal. Indeed 75 %
of global CO2 emissions caused by humanity can be attributed to fossil fuel burning.
The remainder is due to deforestation®® China is also responsible for high methane
production through coal mining, land clearing and rice paddies. Nitrous oxides come
from fuel combustion and fertilizer use.  With increased economic well-being nitrous
oxides will no doubt increase in China as well, One of the causes will be a rise in the
number of automoblies -- currently increasing by 20% per year.’8 China also has a high
level of suspended particle matter pollution, particularly in urban areas.

Much of the air pollution resulting from coal production derives from poor
combustion methods. More than half of all coal consumed is burned in either medium or
small furmaces with low smokestacks or in household stoves — the majority of which are
incfficient and outdated.3? Primary emphasis is now being placed on renovating old
industrial processes and upgrading energy efficiency in industry, Domestic
improvements have proven more difficull because they require replacing traditional fuel
with electric and gas stoves. From 1980 to 1985 the number of urban households using
gas for cooking increased from 15 to 22 percent.3® Thus, progress is being made, albeil
slowly.

Fossil fuel combustion emits 25-90% of global manmade sulfur dioxide, 5%
Global sulfur dioxide emissions are currently rising by 4% per vear%® Coal combustion
emits sulfur dioxide into the air which later rewrns to the land in the form of acid rain.
China's annual sulfur dioxide emissions averaged 14,210 thousand tons from 1979-81 and
12,920 thousand tons from 1982-84. These emissions are second only to the United
states (23,330 and 21,100 tons respeciively). Japan's emissions were 1,640 and 1,610
tons in comparison, around the same relative scale as the other countries studied 51
Recent estimates report China's sulfur dioxide level at 16 million tons each year 52

Sulfur dioxide emissions can be reduced through washing the coal before
combustion, coal pasification, selecting low-pollutant fucls, removing pollutants from
flue gases (spraying a lime slurry into the stack 1o absorh 302), and increasing overall
demand for fuel through energy efficiency.

Hibid., 280

S5Hodlren, 159

Slonathan Silvertown, "A Silent Spring in China," New Sclentist, (July 1, 1989, Val. 123
n1671), 55

“TUNEF and WHO, "An Assessment of Urban Air Quality,” Environment, (Ot 1989,
Vol.31 n8), 30
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Sulfur dioxide pollution is especially prominent in urban areas. For example,
Shenyang experiences an average of 146 days per year where the SO2 levels excesd
guidelines (150 micrograms per cubic meter of air), compared to B days in Mew York
city, and 0 in Tokyo. Mo other city in the GEMS study approached the high levels of
Shenyang. Indeed urban pollution has risen to the top of the chartz worldwide. In July
1988, Benxi vanished from satellite photographs beneath & cloud of smog!®®  Air
pollution is affecting rural areas as well.  Acid rain from sulfur dioxide iz killing forests
in southwest China,

When assessing the public health impact of local air pollution, we must keep in
mind effects of traditional fuel on human health, The outdoor pollution of the air
remains far lower than indoor pollution caused by smoke from primitive stoves.
Approximately 80% of global human exposure to particle pollution occurs not outdoors,
but indoors in developing countries, because of bumning traditional fuels for cooking and
heating, &

Carbon dioxide production appears more difficult to solve through technology
than sulfur dioxide. China currently emits more carbon from fossil fuel buming than any
other country in the developing world. Most of China’s indusuial carbon diexide
emissions result from burning solid fuels (coal). Compared to the other countries
addressed in this paper, China is unique. The USA contributes slightly more carbon
dioxide to the atmosphere from liquid fuel use than solid fuels. In the USSR solid, Tiquid,
and gas fuel carbon dioxide emissions are relatively equal.  In Japan, liquid fuels emit
much higher rates of carbon dioxide than solid fuels, while gas emissions are quite low,

Reduction in carbon dioxide emissions would require capturing the gas alter
combustion, a process which remains extremely expensive and undeveloped. An
alternative solution is 1o concentrate energy production on natural gas, which emits far
less CO2 than coal. This would provide a short term solution until technology for saler
coal combustion can be attained.

However, the known world supply of natural gas is far below that of coal reserves.
Estimates place coal consumed at the current rate as lasting for 1,500 years, in contrast to
natural gas lasting only 120 years, If natoral gas were substituted for coal, the gas
resources might last only 55 years.®

One fact to keep in mind is that the industrialized nations, which make up only
about a third of the world population, emit 80 percent of greenhouse gases, Howewver,
because of population and economic growth, CO2 emissions in developing countries
(including China) could exceed that of developed nations during the next decade. 5

6351 vertown, 55
53Hpldren, 160
83%illiam Fulker=on, Roddie R. Judkins, and Manoj K. Sanghui, “Energy from Fossil Fuels, ©
E-E-iemiiic American, (Scientific American, Inc., Mew York, Sept 1530, Vol 263 nd), 132
Ibid., 135
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Dynamic Modeling Using STELLA

Mathematical models describing the relationships of the various sectors in
population-environment dynamics usually employ non-linear differential equations.
Until the advent of advances computer technology, these equations have been difficult
and time-consuming to solve. Today, however, computers can solve these equations at
lightening speed using numerical analysis. This advance in technology has made it
possible to create dynamic system models of scientific, social, and economic relations.

One of the most powerful and accessible software tools available is STELLA,
developed by High Performance Systems in New Hampshire. This software is bazed on
the work of Jay W. Forrester on a methodology called "System Dynamics.” This
methodology is also the basis of Donella H. Meadows, Dennis L. Meadow, and Jorgen
Randers in Bevond the Limits, in which they develop a model (World3) 1o describe
population-environment dynarmics.

Simple Model

To introduce the modeling process of the energy sector in China's population-
environment dynamics, consider the simple model of populalion, births, and deaths,

Pooulation

EB Birlbs

Birlh_rate Diaatk Fale

In this model, population depends on births and deaths, which in tum depend on birth rate
and death rate.  The equation describing population is:
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n{t) = population
A" _ Births - Desths
dt :

OR
if the Birth Rate and Death Rale depend on Population

3—:' - Birth Rate x n(t) - Death Rate x n(t)

In the case of China, let's consider a birth raie of 0.065 and a death rate of 0.02.
Substituting in to the above equation gives:

an _ p.o65n(t) - 0.02n(t)

n

OR

dn - 9.045n(t)

|

The solution to this equation, separating the variables, is;

0.045
n{l) =n,e !

where n, 1s the starting population

When we run this model, setting the initial value (starting population) as 6 (China's
population in unit of 10E+8), STELLA creates the following graph:
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The graph represents unbounded exponential population growth. Obvicasly, this graph
daes not accurately describe China's population.  Instead, we are searching for a model o
describe logistic growth. Recall that the equation I fitted to the curve of Total Population
of China in thousands was:

| SE+6
{40 - 0.04541

To obtain a model simulatng this relation, we can draw on the fact that birth rates are
dropping in China, because of increases in urbanization, public policy, and other factors

influencing the demographic tranzition.  Let's assume then that the birth rate includes a
second lerm which dampens the effect of the first;

Birth Rate = 0.065n(t) - 0.03n2(t)

nermmal birth rate decline from policy, ele,

This relation gives us a logistic equation:
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ETT’ = 0.045n(t) - 0.03n%(1)

Representing this relation pictorially, we have:

Population

This model produces the following graph for population:

Population
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Comparing this graph to the curve fit is quite accurate;

Tolal Population == Chinn

1600000 — .ﬁ..-:tual Data

1400000 4 e eRasuaas STELLA
Curve Fil

1200000
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800000
E00000

Thouzand=

400000 +
200000 4

i |
0 § | ! b . |

1930 1960 1370 1980 1920 2000 2010 2020

Year

These are simple models, however.  In order to make the model more accurate for the
long term, we must include factors which deal with the death rate as well. Environmental
degradation, for example, will eventually cause the number of deaths 1o increase, This
increase in death rate will lead dampening of total population growth,

Population also contribules to energy consumption. More CNETEY consumplion
will lead to more pollution, which will in the long term cause a higher death rate,

Consider the following complex model:
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Conclusions

Complex dynamic systems modeling can provide valpable insight into the
relationships among various transitions. The demographic, energy, urbanization, and
toxicity transitions are all interrelated, The beginnings, inflection points, and limits of
one transition are affected by the others, Through using a model such as the one created
with STELLA, peolicy-makers can determine key time perinds for strict policy
implementation.

As an example, consider the demographic transition in China. The dynamic
mode] shows that population growth depends on birth and death rates, Discussion of
China's demographic transition shows that governmental policy allowed a strong control
over birth rates, beginning in the 1930z -- a key point in the transition.  Without
povernmental policy, China's population would probably follow the same trend as India’s
-- with an inflection point many years bevond that of China. The country is now able 1o
forecast the total population limit at 1.5 or 1.6 billion, as opposed to a natural limit above
2 billion.

China's family planning policies have proven highly successful in limiting
population growth, However, policy has not been able 1o stabilize the population, and
increasing numbers of people will strain available resources and environmental pollution
in next several decades.  Another concern is that China's policies have been too strict.
The West has heard rumors of forced abortions and infanticide resulting from these
policies. Future family planning policies must be able to mix past success in
implementation with policies protecting individual human rights.

The energy transition depends on the toal energy requirements of the country as
well as its remaining energy reserves. The graphs and curve [its on energy consumplion
demonstrate that China is just beginning this transition, Considering the fact that China is
presently in the middle of its demographic transition, we can add the two factors together
to study the effect of the increase of per capita energy consumplion on total energy
consumption.  The predictions of feture energy consumplion are staggering --
particularly if they continue at an exponential rate. Such leaps in energy consumption
will place great stress on available energy resources, Furthermore, if coal continues 1o
provide the dominant source of energy, air pollution levels in China will soar. Therefore,
there is a definite need for energy consumption pelicies. However, these policies should
focus not only of limiting per capita consumption, but also on shifting resource vse to
renewable energy alternatives,

Hydropower and geothermal energy appear to have the highest potential for
providing alternative energy sources for China, It would be wise for the government to
provide incentives for the development and use of this type of energy. Implementation of
alternative energy technologies will be slow, Consequently. it appears crucial that China
begin increasing the development and use of these technologies immediately -- to ensure
their dominance in the distant future,
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The current urbanization transition portends positive and negative effects on
energy consumption and pollution. Higher urban migration will place heavier demands
on non-traditional fuel sources -- particularly ceoal. However, urbanization may slow
population growth, dramatically aiding both the energy and toxicity transitions.

The toxicity transition depends on the energy pollution rate, that is the amount of
pellution resulting from each unit of energy production. The total amount of pellution in
turn depends upon the total energy consumption, the type of energy source used, and the
technology employed 1o contral pollution in energy production and end-use technology.
Policies aimed toward the toxicity transition will have to address incentives toward
improved end-use efficiency, higher efficiency in fuel combustion technologies, and stmict
controls on allowable polluting emissions in industry.

Of course, China is only one example of the many countries facing simultaneous
transitions. China has already proven the effect of policy on reducing birth rates, albeit
highly debatable in its methods of implementation. Policy on energy use and polluting
emizzions are now needed 1o ensure that ronaway growth will not turn China's pollution
concemns into global threats,

Dynamic systems modeling and transition theory can be important methods of
prioritizing areas for governmental policy. With the infinite number of variables
affecting each sector of population-environment dynamics, simple models often provide
the best means of pointint to directions for future pohcy.

Undertake difficult tasks

by approaching what is easy in them;
Do great deeds

by focusing on their minute aspects.

All difficulties under heaven anse from what 15 casy,
Al great things under heaven arize from what is minute,

For this reason,

The sage never strives to do what is great,
Therefore,

He can achieve greatness.

-~ Lao Tzu, Tas Te Ching

100 Chapter 3: K. A, Duderstads




Populalion - Envirgrament Dynamics:
Sectors in Transition
References

Ausubel, Jesse |, and Sladovich, Hedy E., ed. Technelogy and Environmernt,
MNabtonal Academy Press. Washington, D.C. 1985,

“Breathing the Air of Success." The Econamist. Feb 15, 1992, v332 n7746 p.40.

Chandler, William U., Markarov, Alexei A. and Dadi, Zhou. "Energy for the
Soviet Union, Eastern Europe and China." Scienfific American. Sept 1990, Vol 263
nd. pp.121-127.

"China" Encyclopedia Britannica. Encyclopedia Britannica, Inc. Chicago. 1992,
Vol. 4.

Crossette, Barbara. "Population FPolicy in Asia is Faulted." The New York Times
Sept. 151992,

Davis, Ged K. "Energy for Planet Earth.” ScientificAmerican. Sept 1990. Vol 263
n 3. pp.55-58.

Drake, William D, "Towards Building a Theory of Population-Environmeni
Dynamics: A Family of Transitions."

Fulkerson, William, Judkins, Roddie R., Sanghvi, Manoj K. "Energy from Fossil
Fuels." Scientific American. Sept 1990. Vol 263 n 3. pp.129-135,

Hafele, Wolf. "Energy From Nuclear Fower.” Scientific American. Sept 1990, Vol
263 1 3. pp.137-144.

Holdren, John P. "Energy in Transition.” Scientific American. Sept 1990, Vol 263
n3, pp.157-163.

Hsu Mei-Ling. "Population of China: Large is not Beautiful " Focus. American
Geographical Society. Spring 1992 pp.13-16.

Lieberthal, Kenneth and Oksenberg, Michel. Policy Making in China: Leaders,
Structures, and Processes. Princeton Univeristy Press. Princeton. 1958.

Meadows, Donella H., Meadows, Dennis L., and Randers, Jorgen. Beyond the
Limits. Chelsea Green Publishing Company. Post Mills, Vermont, 1992

Nadelson, Robert. "The Ruined Earth." Far Eastern Economic Review. Sepl 19,
1991. w153 n38 p.39.

Chapter 3: K. A Dudaerstedt 101



Popiation - Ermvironment Dynamics:
Zectars in Transition

Reddy, Amulya KN, Goldemberg, Jose. "Energy for the Developing World."
Scientific American. Sept 1990, Vol 263 n3, pp-111-118.

Ross, Marc H. and Steinmeyer, Daniel. "Energy for Industry." Scientific
American. Sept 1990. Vol 263 n3. Pp.83-95.

Silvertown, Jonathan, A Silent Spring in China." New Scientist. July 1, 1989,
Vol. 123. n1&71.

Smil, Vaclav, "China's Environmental Morass." Current History. Sepl 1989 vBA
na39 pp.277-287.

Smil, Vaclav. Energy In China’s Modernization — Advances and Limitations. M.E,
Sharpe, Inc. Armonk, New York, 1988,

STELLA software. High Perfomance Systems. Lyme, New Hampshire. 1987,

Stern, Paul C, ed., Global Environmental Change — 11, nderstanding the Human
Dimensions. MNational Academy Press. Washington, D.C, 1992,

Tzu, Lao. Tas Te Ching. Trans. Victor H. Mair. Bantam Books. MNew York. 1990,

UNEP and WHO. "An Assecsment of Urban Air Quality.” Environment.,
Oct 1989, Vol. 31 n8.

Weinberg, Carl . and Williams, Robert I1. “En ergy from the Sun" § cigntific
American. Sept 1990, Vol 263, na. Pp-147-155.

Wong, Christine P.w, “Interpreting Rural Industrial Growth in the Post-Mao
Period." Modern China. January 1988. pp. 3-29.

World Resource Data Base. Oxford University Press. New York, 1992

Ziegler, Charles E.  Environmmental Policy in the LISSR, The Universily of
Massachusetts Press. Amherst, MA. 1987,

Zinn, Frank D., Brechin, Steven R., Ness, Gayl D, "Perceivin g Population-

Environment Dynamics: Toward an Applied Local-Level, Multi-Methad
Approach.”

102 Chapter 3; K. A Duderstadt




Chapter 4: Eugene A. Fosnight

POPULATION TRANSITION AND CHANGING LAND COVER AND LAND
USE IN SENEGAL

Introduction

In Sencgal, as in all other nations, the relationships between changing land use
patierns can be directly related to population dynamics, The changes in land use among
range. forest, agriculture, and non vegetated land (including desert) are related to demands
made by shifting population patterns and climate. Historically land use and land cover
change were controlled by climate parterns. Whenever weather or climate changed, the
population would move to accommodate the change in growing conditions; however, with
increased population the capacity of the land 1o support the population is neari ng saturation.
There is no longer anywhere to go.

Population-envirenment dynamics is built upon the acknowledgment of limits.
Meadows and others (1992) discusses limits as consisting of sources and sinks. A
tendency exists to consider all land in relationship to its agricultural potential and in fact the
ability to produce food is the most obvious limit to population growth. Each of the land
use types and population have limits beyond which they cannot grow. These limits cannot
readily be defined, but their existence cannot be denied. Each limit is a function of
constraints defined by climatic, land, technological and economic/pofitical variables for any
given point in time, For the purposes of this paper the forest, desert, range, agriculture and
population variables are stocks, the quantity of which is defined by the number or area of
each that exist. A rate of change can be associated with each of thesa stocks, The
relationship between the land uses is direct in that each land use can be considerad a state
and any change in land use effects a change of state.

Population is a pressure that effects a change in state of the land use. Population is a
moveable stock. As population influences land use change, the changes in land use,
particularly as limits are reached, force a relocation of population. This paper describes the
changes in the distribution in population since 1951 by looking at differential growth rates
in several distinct administrative departments. Senegal will be treated as a closed system
even though significant out and in migration are occurring.

Transitions

The complex dynamics of population and the environment can be described as a
family of transitions according to Drake (1992). Drake has defined a transition "o
describe a specific period of time which spans the shift from slow to rapid change in the
sector and then usually a return again to relative stability.” Two subfamilies are (1) the
transitions among agriculture, forest, range, and nonvegetated land, and (2) the
demographic and urbanization transition.

The amount of available land is fixed. The division of land area into elemental range,
agriculture, forest and nonvegetated land usefland cover classes provides a simple, but not
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unrealistic, model of land cover. Other classes are sither variants or miztures of these
classes. Historical uses of the land stressed mixed and cyelic utilization of the land.
Agricultural land use was frequently intermingled with forest, wood and range land uses
and land covers, both in time and space. Mixed use of the land gave the land time 1o
recover from intensive agrcultural use and provided  ground cover for all tmes of the year
thereby reducing land degradation.

The paths among these land use types are many, For example, rangeland-to-
agriculture-w-nonvegetated, forest-to-agriculture, agriculture-io-urban are among the
possible transition paths. Soil type and climate set limits for each of these land use types
and many of the land uses compete for suitable land. At this ime the most rapid transitions
include the transitions from forested and range lands to agriculture for increased food
production and the transition from forested to non-forested land for sawwood or fuelwood.
Some of these paths have adverse outcomes, such as desertification and deforestation to the
extent that the bicdiversity or soil no longer exists to return the land (0 its orginal state.
Any rapid increase in one of these transitions must be balanced by a decrease in one or
maore of the others.  Unfortunately, if the transitions were to proceed without control the
inevitable result would be massive land degradation to desert or near desert conditions,

In Senegal, the population growth rate has been relatively stable at 2.7 percent since
1976; however, a significant difference exists between the urban and rural gErowth rates
(3.83 versus 2.02) for the years berween 1976 and 1988, The movement of the population
15 from the mon: rural east 1o the more heavily industrialized west central near Dakar. This
disparity and growth are mirrored in the increased population density (25 persons per
square kilometer in 1976 10 35 in 1988) and with six of the administrative units having over
100 persons per square kilometer (Moare and others, 1992). Since the rural agricultural
lands can only suppor a limited population, the population tends (o move toward urban
centers o find employment.

As population grows range lands are overstocked, marginal land is brought into
grazing or agriculture, forests are cut for building materdal, firewood or for increased
grazing or agriculture (Figure 4.1). These changes necessitate the consideration of land
degradation as it relates to both desentification and deforestation,  Both desertification and
deforestation are cyclic events if land degradation is not 1oo severe and population
pressures allow the land the opportunity o recover.
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Figure 4. 1. Population and land use land cover dynamics

Grainger (1982) identified "four causes of desertification, each made more acute by
increasing human populations: overcultivation; deforestation; overgrazing and unskilled
irrigation.” The agricultural lands are left fallow for shorter pericds of time in an effort to
support the increased population. Marginal lands with correspondingly low yields are
brought under agriculture during wet years and when the climatic cycle retums (o dry, the
lands are denuded and become unsuitable for agriculture or grazang. Delomestatuon causes
soil erosion, lower water, reduced shade for ground cover. Deforestation in Senegal is
occurring at a rate of 50,000 hectares per year, while reforestation is lagging behind at a
rate of 2,800 hectares per year. Fuelwood and charcoal production nearly doubled between
1970 and 1990 driven by the needs of the rapidly growing urban population (Grainger,
1982). Owergrazing is caused by increased herd size on less available grazing land and
leads to soil compaction and soil erosion, Lrrigation can provide substantial short term and
highly visible gains in agricultural production, but unless imigation projects are well
designed and well managed increased salinity quickly wms irrigation projects into deserts.
Salt flats are also created throogh the deforestation of wetlands. Grainger (1982) noted the
growth of salt flats covering a quarter of the area of one department in the region of Fatick,
and conversely Rodriguez-Bejarano (1986) described the destruction of mangrove swamps
through the use of tidal dams that prevent salt water from coming into areas under
conversion to imigated agriculwre,
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Data and methodology

The transitions were investigated at both the national and subnational scales. National
statistics deseribe the general trends within Sencgal. Subnational statistics allow the
description of more dynamic transitions and occasionally provide a better understandin gof
the national statistics. Grainger (1992) discussed the impornance of understandj ng the
interaction between static and dynamic models. Desertification, daf; orestation, and
demographic transitions are taking place at differcnt rates in different parts of Senegal. By
analyzing where these transitions are takin £ place the national trends can be berter
understood,

All of the national data is from the Waorld Resource Institute's (1992} data base and all
subnational data are from Moore and others (1992) except where otherwise noted Time
series data W study landuse and land cover change are not readily available for Sene gal.
Remotely-sensed data provide a source of inf ormation conceming land cover. Satellite
taverage appropriate for analysis ar a national Jevel has only been available since 1972,
Fopulation

Historical national data is available from the World Resource Institute data hase
describing both rural and urban population growth since 1950, and changes in cropland,
permanent pasture, and forest and woodland area since 1970, The population data has
been augmented by data between 1914 and 1958 [ rom Lombard (1963). The population
data from both sources have been fit with smooth functions hiding the actual data and
assumptions concerning the data collection and adjustment procedures. Four datg points
are known, The two most reliable are the 1976 and the 1988 national censuses which also
are a rich source of subnational data. The 1951 and 1958 censuses are less well
documented, but do provide a source of alder subnational data an intermediate resolution.

Subnational population
data from the 1976 and 1938
census is available as a hasaline
data set. Population data for the
|988 census is available at four
levels of aggregation: region,
depanement,
arrondissement/zone urhaine,
and communaute rurale (Figure
4.2). Population data for the
1976 census is available at three
levels of aggregation: region,
departement, and
arrondissement/zone urbaine,
Population and rate of
Figure 4.2. Map of administrative regions in 1988 population growth are
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reporied by rural and urban
populatons,

Earlier data is availahle at
the level of 1958 cercles for
1951 and 1958, These cercles
are approximalely equivalent to
departements (Figure 4.3),
Administratively Senegal has
split administrative units that
have large populations,
Therefore, the administrative
units in the west south and
central have been split into
smaller administrative units

. L . since the fifties. In 1958 there
Figure 4.3: Map of administrative departements from were 7 regions and 13 cercles,

1988 census coincident with 1958 cercles. while in 1988 there were 101

regions and 31 departements.
Since spatially detailed data were available for the later censuses, all of the administrative
units were aggregated back (o the cercles as they were in 1951, The reported population
data were very inconsistent between the 1951 and 1958 censuses and the relative
boundaries for all cercles could not be conclusively tracked from 1951 to the 1976 and
1988 censuses. Seven of these administrative units were conlidenty identified for 1951,
1958, 1976 and 1988 and were used for the subnational analysis (Figure 4.4). The
mapping between the 1958 cercles and departments in the 1976 and 1988 censuses are
identified in table 1,

Figure 4.4: Map of 1958 administrative cercles
coincident with 1988 administrative units.

Chapter 4: E. &, Fosnight 1049



Pogidation - Envirg wrent Dyvnamics:
Sectors in Transltion

Table 1. Linkages from 1951 & 1958 10 1976 & 1988 administrative

boundaries
Cercles Departements (D) or Regions (R) _|
(1951 & 1958) (1976 & 1988)

—Dalﬂu- Cape Ven (R)

Thies Thies (R)

Dhourbel Diourbel (R)

Kaolack Kaolack (R) and Fatick (R)

Ziguinchor Ziguinchor (R) and Kaolda (R}

Louga Louga (D) and Kebemer (D)

Linguen: Linguere (D)

Kedougouy Kedougou (D)

Eemotely-sensed darg

however, both of the data s5els provide a data hase of manageable data volumes, The 7 34
kilometer data set exisig for all of Alrica and extends back 1o 1982, This data seq 1S very
coarse and can only detect very extreme land cover changes. The prmary utility of this
data set will be for model simulations ang for broad regional studies,

and the Thematic Mapper (TM) sensor since 1978 are at much higher resolution (80 and 30
meters respectively). The high sampling rates of thesa SEns0rs quickly generage very large
data sets even for a country the size of Senegal. These data sels were used for base ling
mapping of the VeRetation cover in the mid 1980)'s,

detection of changes betwesn years (many of which wil] he climate related). Variance
cemponent models can be used 1o model growth curves for muly year data sets by
subnational re £ions and can be used 1o detect outliers or anonymous regions.
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The accurate classification of land into agriculture, range, forest and urban classes
using remotely-sensed data is difficult o aceom plish. The definition of these classes s
paricularly difficult in tropical developing countries where agriculture can he interspersed
with range and forest and occurs on plots near the resolution of the sensor, Urban
development is usually confused with range or barren lands since urban structures are of) ten
built from natural materials, Remotel ¥-sensed data provide a qualitative consistent estimate
of the land cover classes. A careful evaluation of the classification can provide a user with
knowledge of the confusion associated with each estim ate,

The Human Carrying Capacity project described by Moore and others (1992) is based
on the interpretation of Landsat T™ data produced by Stuncioff and others (1986). The
vegetation and soils maps were manually interpreted from early 1980's wet and dry season
imagery and were verified by visiting nearl ¥ 60 field observation locations. Rodriguez-
Bejarano (1986) provides an excellent description of the use of emote sensing techniques
o manitor deforestation and related agriculural and range activities, He discusses sources
of data for West Africa and Central America and appropriate scales for interpretation.

s iy d

Capacity data sets define the upper limits on transitions. Soils and climate data define
limits upon the spatial extent of each vegetation cover. The rainfall is highly variable from
yedr-ta-year and in good years some range land can be convertad 1o g griculture with the
risk of desentification once rainfall retums to nomal levels. The nutrient levels of many of
the forest and range lands are not suitable for agniculteral,

As part of the Human Carrying Capacity project four major data sets were com piled 1o
calculate the number peo ple that could be sustained by the land {Moore and others, 1992),
These four data sets are soils, precipitation, agrcultural yield, and population. The soils
and precipitation data determine the maximum extent of potential agricultueral land.
Specifically for Senegal the maximum extent of potential agricultural land was determined
to be all moderate potential soils receiving at least 400 mm of rainfall per year, This
maximum was further constrained to exclude all lands that are presently legally protected,
The Human Carrying Capacity (HCC) data autempts to define upper limits of supponable
population growth. Human Carrying Capacity is a function of the potential food crop
production and the human food requirements and provides an estimate of the maximum
number of people that can be su pported by the maximum agricultural potential of the land.

The soil and climate data also set limits on potential range and forest land
development. This information helps identify areas, that if stressed, would be in Ereatest
danger of soil degradation and conversion to non productive soils for any purpose without
Major rejuvenation costs,

Results

Land Use and Land Cover Change
Land use and land cover change was only investigated at the national level {Figure
4.2). The relationships as reported by the World Resource Institute are very simple.
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Pasture land has remained constant. Agricultural Land has increasad sharply at the expense
of forest and woodland Jand. Other land area including urban and desart land has increased
slightly. The picture may not be as simple as it seems. Even though agricultural land iz the
big gainer, some agricultural land may have been lost 1o urban development. Some of (he
forest and woodlands were probably converted to pasture and then pasture was convenied
o cropland. Some pasture was Jike] ¥ lost o desert. The paths through the land yse
transitions will be convoluted.

o T———Lorest and woodlands
pastures
m
. ________——
4 agriculieral lands
o
€2
o
8
- a other lands
=
(=] L LJ T 1
18970 1975 1980 1885 1550
Yoars

Figure 4.2. Percentage of total for each land use land cover ¢lass (Source: World
Resources Institute, 1992}

cover back as far as 1972, Of particular interest would be amounts of land converted to
agnculture and the amounts of ran ge and forest land that have hecome nonvegelated and
that have remained so through wet weather cycles,

Population growth
Logistic models ame frequently employed for population growth models. The idea of
transitions are well represented by logistic models that are typified by low and upper

bounds representing initial and final equilibriums connected by a chan Ee in state. The
upper bound can be astimated by the human carrying capacity model

The rural population growth is represented effectively with a logistic model, while the
urban population growth shows an exponential growth (Figure 4.3). Binth rates by urhan
and rural populations were not available: however, the birth rates are not likel ¥ to parallel
the population growth rates for thoge populations. The disparity between the two growth
rates is likely to be due to migration from rural to urban populations, which allows the rural
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population 1o come into equilibium. As a consequence, exponential growth in the urban
population is even more pronounced.

20000
fotal

g | 500 4
g 1000 4 urban
£
=
=1 rural
2. 500 4
=

| T T L T 1

1940 180 1580 2000 2020 2040
yaars

Figure 4.3, Towl, urban and rural population from 1950 1o 2025 for Senegal
{Source; World Resources Institute, 1992)

The wal population for Senegal was extended back in tme w 1910 using data from
{(Lombard, 1963). The curve based on 1950-present smoothly can be extended 1o
approximate the data from the earlier years (Figure 4.4), Three estimates of human
carrying capacity were supenmposed on the population data.  The first estimate the number
of people that can be fed assuming the current area planted, current crop yields and present
mixture of crops. The second estimate assumes an expanded area planted, improved crop
yields and present mixture of crops. The third estimate assumes an expanded area planted,
improved crop yields and only feod crops (no cash crops). The area planted is based on
three criteria; the half of the land must lie fallow every year, no crops ame planted in
protected areas, and 50 percent of the natural vegetation was preserved to maintain
biodiversity and local habitat
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ey Wmikn carrying capssify
mpraved yield, expanded area, and only fooxd I

World Ressimzes [nstitule

=
ﬁ 1000 -] bwmian camying capecity
E ampraved yield, expended ares
E fruman carry capacity 15RE cenau
= currend yield. currenl arca
E urrent mixtore 1376 censua
I : Lomhbard, 1941
1 T T =
1310 1950 1980 2020
YEEIE

Figure 4.4. National population and carrying capacity data (Source: Warld Resources
Institute, 1992 and Lombard, 1963)

The carrying capacity based on the first estimate was passed in the eari y 1970's, the
second estimate was passed in the early 1990's, and the third estimate is projected to be
passed in the early 2020's. Food requirements for the present population is being met
through food impornts using cash crop proceeds, and with food aid.

Subnational data was available for 14 cercle administrative units in 1951 and 1958,
Not all of the cercles covered the same spatial extent for both reporting periods. Eight of
the cercles were identified for which the boundaries were constant for all four reporting
periods (1951, 1958, 1976, and 1988). Rural vs. urban population data were not availahle
for 1051 and 1958. The curves for these eight cercles can be seen in Fi gure 4.5. The most
urban cercle is Dakar which experienced a dramatic four fold increase in population since
1951, Dakar has negligible agricultural, range or forest land in comparison to its
population, Kaolack, Thies, and Ziguinchor are all coastal cercles in the mid to sauth
westemn section of Senegal with the highest precipitation. These four cercles also had high
growth rates. The next two cercles, Diourbel and Louga, are both in the agricultural center
of the country, but with less precipitation than the previous four. The last two, Linguere
and Kedougou, are in the western section of the co untry away from the urban centers and
had lower rates of growth.
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Figure 4.5, Population data for 8 cercles (Source: Moore and others, 1992, and
Republique du Senepal, 1988)

Four of the 1951 cercles (Thies, Kaolack, Ziguinchor, and Diourbel) corresponded to
present regions. Dakar also has not changed its boundaries, but has insignificant
agriculture production. Agricultural statistics for the 1988 regions were available for
between 1960 and the present {Senegal, 1991). Six varnables were plotted for each of these
four cercles. The variables are the population as the percent of the human carrying
capacity, human camrying capacity (100 percent), percent rural population for the 1976 and
1988 censuses (rural/total population), hectares of food crops planted as percentage of total
fand with moderate potential or better, hectares of food crops planted as percentage of total
land with moderate potential that are not inside protected areas, and percentage of land with
moderate potential of total land.

The population of Thies has been beyond its CAITYINg capacity since the 1950
(Figure 4.6). The percent of moderate potential land in food crop production has varied
widely from 70 percent to 120 percent. Significant marginal lands is cultivated in Thies
during peak production years, Only 50 percent of the total land has maderate potential,
Thics is the only cercle that shares an adjacent boundary with Dakar and therefore is most
immediately impacted by Dakar's rapid population growth. The percentage of the rural
population is decreasing in all four of the cercles. In Thies the urhan growth rate between
1976 and 1988 was 4,18 percent compared to the rural growth rate of 2.13 percent
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Figure 4.6. Population and agricultural land for Thies (Source: Moore and others, 1992,
and Republique du Sencgal, 1988, USAID, 1991)

The population of Kaclack has not yet reached its carrying capacity (Figore 4.7). The
percent of moderate potential land in food crop production has steadily increased from 30
percent to 60 percent. Eighty percent of the total land area has moderate potential and a
significant amount of moderate potential land is protecied. The urban growth rate was 3, Iy
percent and the rural growth rate was 2,33 percent

2E 5
o
= hectares moderate potentialf hectares land area
52 - <
5 ’7 tal population
hectares planted/
hectares of nonprotected moderate potential
hectares planted’ hectares of moderate potential
mlhnpﬂaﬁanhurum carrying capacity
2 T ] T L
1950 1860 1970 1980 19940

years

Figure 4.7. Population and agriculture land for Kaolack (Source: Moore and others, 1992,
and Republique du Senegal, 1988, USAID, 1991)
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The populaton of Ziguinchor passed its cammying capacity about 1980 (Figure 4.3),
The percent of moderaie potential land in focd crop production has remained steady at
about 20 percent. Seventy five percent of the total land area has moderate potential and a

significant amount of moderate potential land is protected. The urban growth rate was 4.7
percent and the rural prowth rate was 1.59 percent

200

total pupulaliﬂn.-"human

CAMTYINg capacity
S e
s ///__,__@_‘ai.-'t_nmj population
,/,/’ W hectares moderate potential/
hectares land area

hectares planied/hectares of nonprotected moderate potential
hectares p!anmmﬁﬂm of moderate potential
] o T T 1

percent

1950 18480 1970 1oad 1580
yaars
Figure 4 8. Population and agricultural data for Ziguinchor (Source: Moore and
others, 1992, and Republigue du Senegal, 1988, USAID, 1991)

The population of Dicurbel passed its carmying capacity about 1970 (Figure 4.9). The
percent of moderate potential land in food crop praduction has increase with wide

fluctuations from around 50 percent oY) percent of the available moderate potental land.
The urban growth rate was 3,45 and the rural growth rate was 3.11. The percent change in
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rural population was smallest in Diourbel of the four cercles studied.

ﬁ .
total popuwlation

E 1 human carrying capacity
T |'I :
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£~ & hectares land ares

3 ‘\ ruraktolal population

ek hectares planted’heciares mederate polential

(no protected land)
ﬂ L] L L] T
1850 18545 19740 18980 1580
years

Figure 4.9. Population and agricultural data for Dicurbel (Source: Moore and others, 1992,
and Republique du Senegal, 1988, USAID, 1991) '

Discussion

The relationship and potential shortfall between population growth and agricultural
productivity has been described in terms of food security. Martin (1988) assembled a
number of definitions of food security that can be summarized simply as the ability to
provide food for human population both now and in the future. He identifies the fme
horizon and level of aggregation as two key dimensions for understand ing food security,
An inspection of the data in this paper does not provide an encouraging view of the time
horizon. The population growth shows no sign of diminishing and agricultural growth
shows every sign of having leveled off. Furthermore, an inspection of the data at the cercls
level do not show any local regions that have the potential for future support of the
population at the prasent rate of growth. Food import will continue to be required.

The definition of human carrying capacity data used in this paper is limited, A more
complete definition requires the incorporation of a individual's ability o purchase food.
For example, densily populated countries such as Japan or Taiwan may never be able to
support themselves on their own food production capability. If counties such as the
United States, Australia, and Argentina with higher agricultural potential ean continue to
produce more food than their population requires then the world as a whole could SUrVIve.
The exchange of food for service, raw material or industrial production is certainly rational
and justifiable; however, the world cannot, under any condition, support exponential
growth curves. No scenaro allows food production to grow at exponential rates.
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An apparent ironies concemning agricultural productivity in Sencgal is that the major
cash crop is peanuls and the peanuts are being grown for export (o Europe for cattle fecd.
So not only is overproduction of cattle damaging the range land in Sencgal, but the
European perceived requirement for meat reduces the agricultural land available for food
crops in Senegal. Perhaps one the major refocuesing of both the industrial and less
industrial countries is a reassessment of the imporant of meat as a food source.

To further complicate calculations of futre food availability or food security are
studies that estimate the potential effects of global warming on food production. Downing
(15%2) has estimated given a potential climate change of a 4 C increase in tlemperature and a
20 percent decline in precipitation, which represent a worst case scenario, the carrying
capacity could be reduced by between 62 and 89 percent even further intensify an already
critical situation,

This paper describes two very broad and interrelated transitions; land use and
population. The relationships between these transitions define a dynamic relationship that
se1s limits on each of the individual transitions. A certain amount of subjectivity is always
introduced when limits are defined; however the limits allow the creation of a working
maxdel within which different ideas can be explored. These "what il models are an
important part of determining the outer thresholds when trying w assess the potential of
different remedies. Both Meadows and others (1992) and Moore and others (1992) used
this approach as they tried to identify allernatives to continuing upward with exponential
growth.

Sustaimable development is not a simple ratio of agricultural development W human
population. Sustainable development must consider the continued ability of the land to
support the land use, as well as the long term and hard to quantify implications of
biodiversity, Senegal contains an interesting mix of land use and land cover types
including desert, rangeland, irrigated agriculture, rainfed agriculture, woodlands, tropical
forest and extensive wetlands spread across several climate zones from and to semiarid to
humid. Within Senegal many issues of scale and time can be effectively analyzed.

Grainger's ( 1992) deforestation model provides a useful starting point for future
research in population-environment dynamics. Grainger's model proposes a relationship
between farmland area and per capita food consumption and yield per hectare, and equates
gain in farmland area to deforested area. Remotely sensed data could be used 10 produce a
very crude estimate of land cover for range, agriculture and forest classes for the years
from 1972 to the present. A confounding problem in Senegal is the introduction of
rangeland as the primary land use being converted to agriculture, In a forested environment
the transition from forest to agriculture 1o barren/fallow can be detected: however, in a
range environment the transition is obscured through a general similanty between range and
subsistence agricullure, and by the physical transition from range to forest through a
woodland-savanna class as the crown closure becomes more complete. Significant
generalization of his model is required to the incorporate vegetation covering the forested
south, the woodland central and the rangeland north.

To hetter understand scale and the level of aggregation on transition theory analysis of
subnational data should be continved, Of particular interest would be the introduction of
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diffusion models 1o provide a mechanism for tracking potential changes in land use pattems
and in population patterns (Olsson, 1965). Diffusion models help us explain spatial
patterns that underlie national statistics. An example is the analysis of the diffusion of
population from rural areas to urban areas, the movement of a line of demarking areas of
desertification into lands that had previously been productive, or the expansion of
agricultural lands into range and forest lands. The inspection of these spatial diffusion
patterns can lead to a better understanding of the spatial and temporal relationships between
population and land vse transitions.

Knowledge of the interrelationships between population growth and land use change
must be translated into changes in government policy and personal attitudes that can help us
bring the present trends into equilibrium with reality. Why do the perceptions exist that
meal is a required food, that eight children are optimal, that living in rural areas is
undesirable, and that success must be measured in terms of quantity rather than quality,
Changes that could mediate in favor of an improved perception of rural life style would be
increased education, increased communication, and increased involvement of rural |
populations. One possible result of the computer and communication revolution now
underway in the industrialized world, would be to extend this capability to the individual
level worldwide.

A first step in such a revolution are Population-Environment Monitoring Systems as
defined by Zinn, Brechin and Ness (1992). PEMS are designed to: (1) be driven by
requirements important at the local level, (2) use appropriate technology that is available,
maintainable and understood at the local level; {3) use sim ple methodologies o analyze and
display the data; (4) be flexible and adaptable; and (5) must feed into regional and naticnal
level management requirements. PEMS are designed empower local officials. Drake has
discussed the impontance of feedback between different levels of a governmental hierarch Y.
The importance of each level in the success of the overall structure must be recognized. At
the lowest level the individual must perceive the government structure is providing a useful |
function and in wm recognizes the importance of the individual.
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THE ENERGY CRISIS IN INDIA;
OPTIONS FOR A SOUND ENVIRONMENT

Introduction

Energy is considered 1o be the fuel of economic progress, the essential indicator of
economic growth and development, A direct correlation exists between agpTegate

growth and corresponding increases in gross national Product (GNP) than countries thar
have not had such supplies available to them, The differences in the levels of Per capita
CNEIRY consumption among developing and industrialized nations are extreme. For
cxample, the developing countries of Asia, Africa, and Latin America, which contain 71%
of the world's population, consume only half as much commercial energy annually as
does the United States alone. which contains only 5.5.% of the world's population.' In
1985, per capita ENErgy consumption in India was 20| kg. of oil equivalent, as compared

b0 4958 kg. in industral countries a5 & whole, and 7278 kg. in the US. alone.*

If one examines the growrh rate of energy consumption in both developing and
industrialized countries, however, it is clear that these dramatic differences will become
less significant in the future. The growth rate of energy consumption in developing
countries during 1980-85 was 3.7%, compared to 0.1% an average in industrialized
countries.’  Given such a high growth rate, the need [0 examine current patterns of
SMETEY usage in developing countries becomes apparent. What forms of energy current ¥
dre being employed in develaping countries, and what are the rends in terms of fure
energy development and con sumption? What impact will these trends have upon existing
ENEIEY reserves and resources? Will certain developing countries face an ENETZY Crisis
in rying to meet their ever-increasin £ demands? Such questions must be answered if ane

However, another and perhaps more impartant question must be asked concerning the
impact of current and fumyre cenergy development and consumption pattems upon the
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In considering the environmental impacts of a country's energy development ani
cansumplion patlems, one must necessarily examine the role of Tossil fuels in it
country. The potentially devastating global envirommental mnpacts of Tossil Tuel emissione
are now fully recognized, but the recent behavior af developing countries has not
necessarily reflecied this awareness, Indeed, fossil Tuel consumption in develaping
countrics is expecied to double within the next 20 years, as countries altempl o expantd
their energy base and bolster their economic well-being.'  Thus, industrialized nations
currently are faced with the challenge of trying 1o reduce global reliance an fossil fiele
while developing countries are attempting 1o better domestic conditions by increasing iheir
encrgy supply. Given these seemingly conflicting goals, forecasts for reducing lossil fuel-
derived emissions theoughout the world tend o be mather dim.

The purpose of this paper is to show that such forecasts do not have 1o become sell
fulfilling prophecies. By examining the current encrgy consumption and developrimen)
trends within India, | hope to show thal developing countries, in the course af their
energy transition, can avoid the heavy reliance on fossil fuels ha developed countries
have traditionally exhibited. This paper begins by examining the prevailing forms and

sources of energy within India, as well as the varions sectors of ENEFEY consumplion

within the country.  The paper then explores the extensive relationships AMang
demaographic, ecohomic, and energy variables. Finally, it addresses alternative forms of
energy which, if employed successfully and on a large scale, could provide a salution e
India’s energy crisis while simultanecusly contributing (o a reduction of the threat to the
global environment

Forms and Sources of Energy

India’s energy resources can be broadly gronped into two cHleparies.  commercinl
energy and non-commercial or traditional energy, Commercial energy denotes energy that
is used primarily for commercial purposes, although small amounts of this Lype of encrgy
are used for noncommercial purpases, such as in households, Commercial SOETEY SOUICES
include coal, crude oil, natural gas, electricity (hydro and thenmal), and noclear enerpy
Non-commercial or tradilional energy, as its name implies, is energy that is used for non-
commercial purposes.  Non-commercial energy sources include firewond, vepelable
wastes, and animal wastes, Other energy sources available but not currently under
develapment include solar, geothermal, tidal, and wind power,
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Commercial Energy Sources

Coal
Among commercial fuels. coal is the most dominant source of energy in India, as
well as the cheapest in terms of heat content. India possesses approximately 39 billion
tons of extractable coal reserves, sufficient to last for 390 years at the current rate of
production.®

Coal provides more than two-thirds of India’s commercial energy needs,
while oil, hydro, and nuclear resources supply the remaining one-third® From 1900 to
1981), coal production increased from 6 million tons te 107 million tons (see Fipure 5.1}
A corresponding increase in coal consumption was caused by the substitution of coal for
fuel in industries, establishment of low-temperature carbonization plants, COMIMISS10NINg
of three coal-based fertilizer plants, setting-up of additional thermal power stations, and
increased steel production® The electric power, steel, ratlways, and cement industries
currently account for about 70% of the total coal consumption in the country.” Of these
industries, the power sector accounts for the greatest consumption of coal. New
developments in power-generation technology with large unit sizes of generating plants
will require enormous quantitics of coal, For example, a power plant with 1000 MW
capacity may require as much as three million tons of coal annually '

Figure 5.1 A compares two possible futures for coal consumption to actual data, The
base year for bath of these projections is 1971, and the numbers can be compared to
level of coal consumption in 1987 of just aver 35 million tons of vil equivalent (7oe)."
One possibility (the logistic curve) assumes that coal consumpbon will reach a limit of
75 toe but never exceed this level, while the other scenario (the exponential curve) allows
coal consumption 1o grow exponentially. While both curves appear to be following the
same course for the first 40 years or so (until the year 2011}, soon thereafter they pursue
dramatically different paths. The logistic curve levels off, nearing its limit of 75 million
foe by the year 2071, while the exponential curve surpasses 140 million foe.
approximately double the level of consumption projected by the logistic curve, by the year
2071, The implications of these projections are clear: if actual coal consumption indeed
15 following a path similar to that of the exponential curve shown in Figure 5.1 A, then
India’s CO; emissions can be expected to rise dramatically over the next century. The
ramifications of such increased reliance on fossil fuels and thus. increased CO, emissions,
will be discussed later.

With the increase in the coal requirements of thermal power stations, the quality of
coal has deteriorated from an average calorific value of 6000 kealkg in 1960 to 4500
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kealkg in 1985, and this downward trend is likely to continue  Thus, power-
generating facilities will require even more coal to produce less power. To make matters
worse, although India has large reserves of coal, the bulk of the resources have high ash
content, generally 25-40%." The high-ash content of the coal has lowered the capacity
factor of the coal-based plants to approximately 62%, and the new poOWer stations are
expected o receive even more inferior coal, resulting in even lower plant capacity,'

il

Oil reserves in India are estimated to be approximately 17 billion metric tons {bmt),
four bmt of which have already been established.' Between 1980-85. demand for
petraleum products increased by 58%, with total demand in 1985-86 estimated at 53
million tons of crude oil equivalent.'® Some forecasters estimate that fotal petroleum
product demand will be almost 92 million tons by the year 2000, thus implying a growth
rate for demand of over 6% annually.'” From 1970 to 1989, oil production increased
by a factor of 5, from 285.075 petajoules in 1970 to 1427.866 petajoules in 1989 (see
Figure 5.2).% However, more than 50% of India's peroleum supply is still imported,

The transport and household sectors account for 80% of the total oil consumption
i India. Within the transportation sector, oil is crucially important, as it is used both in
road transport and railways, India’s railways are still highly dependent on diesel oil.
although there has been a recent push to electrify the railways and replace the diesel
engines. Within the household sector, oil is used primarily as kerosene for lighting and
cooking. Because kerosene is a mass consumption good, the supply and price of it are
important policy variables for the Indian government, and India’s national energy policies
reflect efforts to prevent kerosene shortages and price increases. The government has
used price increases on other oil products, primarily gasoline and furnace oil (used by
ndustry) 1o control oil consumption. To meet its ever-increasing petroleum demands, the
government established direct oil deals with Iran and Irag and supported domestic oil
exploration and producton, including offshore exploration.

Natural (vas
In India, natural gas is found both alone and with crude oil. Matural gas 15 used in

the manufacture of nitrogenous fertilizers, petro-chemicals, and liquid pemoleum
production. Natural gas reserves in India currently are estimated to be around 63 billion
cubic meters, of which only 40% was used by the end of the seventies.” Recent efforts
have focused on the exploration of new natural gas sources and the development of
technology to ensure that natural gas is utilized efficiently. The result of these efforts has
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been the construction of two large fertilizer plants in gas producing areas, and the
planning of three other similar developments. Marketed production of natural gas
increased from 18.786 petajoules in 1970 to 315.819 petajoules in 1989 (see Figure
5.3)." This corresponds to a 1580% increase in only 19 years, or an average increase
of 3% per year. Such a dramatic increase in production can be attributed to the
discovery of extensive on- and offshore natural gas reserves, Natural gas thus constitutes
an important source of energy for India, all the more significant because of its role in
agricultural production.

Hydroelectric Power

India’s hydroelectric potential constitutes an important source of renewable energy
which the nation has attemmpted to utilize. The country’s major river systems originating
from the Himalayan ranges flow from considerable heights to the plains below, Because
of the hilly terrain and steep falls through which India’s major rivers and streams pass,
there are several sites where hydroelectric power can be generated. A recent estimate of
[ndia’s hydro potential is 89,530 MW, which, if wilized fully, could provide the country
with 533 wrillion watt hours (TWH)" The significance of India's hydro potential can
be seen from the fact that the nation's total power generating capacity at the end of |984-
83 was 42,440 MW, of which fully one-third, or 14466 MW, was hydroeleciric
generation capacity.® Moreover, total power generation in 1984-85 was 145 TWH, with
hydro power units contributing over one-third, or 53.81 TWH, to this toal.®® Thus,
India’s hydroelectric power represents a major source of renewable energy. Indian energy
officials are beginning to realize the potential of hydropower and increase its exploitation,
as evidenced by the 150% increase in hydropower generation over 19 vears, from 90,94/
petajoules in 1970 to two and one-half times this amount, or 229.537 petajoules, in 1989
(see Figure 5.4).*

Nuclear Energy

In the realm of nuclear energy, India possesses rather extensive uranium ore as well
as thorium ore reserves. Although nuclear energy sources do not constitute a considerable
portion of the national energy pool at present, both uranium and thorium are potentially
significant forms of commercial energy. Uranium ore reserves are estimated to be 70,000
tons, while thorium ore reserves are estimated to consist of more than 360,000 tans of
recoverable material® The energy potential of India’s uranium ore when utilized as fuel
in a thermal reactor is equivalent to 120 billion metric tons (bmt) of coal® On the
other hand. the thorium reserves, when utilized in the same capacity, would provide the

energy cquivalent of 600 bmt of coal.®’ Thus, many energy forecasters see thorium as
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“the single most important energy resource of India"™®  Figure 5.5 provides an
illustration of the growth of nuclear power production in India; in 1971, the country
produced 8.704 petajoules of nuclear power, while in 1989, India produced three times
this amount, or 26,465 petajoules.™

Chverall, then, coal represents India'’s primary energy source, followed by oil, natural
gas, hydropower, and nuclear power, Figure 5.6 compares the relative inputs to energy
production from these five sources of encrgy. As previously noted, the environmental
ramifications of such heavy reliance on fossil fuels will be addressed later in the paper.

Mon-Commercial Energy Sources

Firewood constitutes the most important source of non-commercial energy in India
today. Firewood 15 used as household energy by practically all of India’s rural population
as well as by the urban poor. Biogas, formed from processing human, animal, and
vegetable wastes, represents another important source of non-commercial energy
Firewood, dung-cakes, and agricultural wastes constitute 65%, 15%, and 207,
respectively, of the energy used by India’s rural population,” Consumption of all forms
of non-commercial energy is higher in the rural sector, primarily because these fuels are
more readily available to the rural population and usually can be obtained at zero cost
In Fact, 80% of the energy consumed by rural citizens is in the form of non-commercial
energy. as opposed to 50% for urban citizens. In general, India's heavy reliznce an non-
commercial sources of energy can be attributed to the non-availability of electric power
m most rural arcas and the inability of almost 3/4 of India’s population to purchase
electric power (if it is available) or cooking gas for domestic wse. Owerall, non
commercial energy's share of total energy consumption has decreased from 40.98% in
1970 10 24.73% mn 1989 (see Figure 5.7)."

Commercial Energy, Non-Commercial Energy, and GNP

Currently, about 50% of total energy consumption in India is derived from
commercial sources, and the remaining 50% comes from non-commercial sources.™
From 1970 to 1989, total commercial energy consumption increased by a factor of 3.36,
rising from 2237.5 petajoules to 7528.4 petajoules.” Conversely, during this same time
period, consumption of traditional fuels increased by a factor of only 1.56, rising from
1692.3 petajoules to 2644.0 petajoules.™ Figure 5.8 compares the respective increases
in commercial and traditional energy consumption from 1970 to 1989, Also during the
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same perod, GNP increased by a factor of 4.58, rising from $US 57, 306.7 million 1o $US
262,414 million.” After comparing increases in both GNP and commercial energy
consumption, it becomes apparent that these two variables are closely correlated. although
GNP tends to rise at a shightly higher rate than does commercial energy consumpton (see
Figures 5.9 and 5.10). An examination of increases in per capita GNP and per capita
commercial energy consumption reaffirms this correlation, analogously indicating that per
capita GNP rises slightly faster than does per capita commercial energy consumption (ses
Figures 5.11 and 5.12). From 1970 to 1989, per capita commercial energy consumpton
increased by a factor of 2,24, rising from 4.03 gigajoules to 9.00 gigajoules. During this
peried, per capita GNP increased by a factor of 3,18, nsing from 3US 110 1o SUS 350,

sectors of Energy Consumption

The primary sectors of energy consumption within India include agriculture, industry,
transportation, and households. The industrial sector is the largest consumer of
commercial energy, followed by the transportation sector. Together, they account for
almost 75% of the total consumption of commercial energy. In 1973-79, the industral
and transportation sectors accounted for approximately 38.5% and 33% of commercial
energy consumption, respectively.” The industrial sector alone consumed 54% of the
electricity, 60% of the coal, and 65% of the fuel oil produced during this time period.’
Most recent data indicates that the industrial sector accounts for just over 50% of total
commercial energy consumption, while the transportation sector accounts for an additional
25%." Refer 1o Figure 5.13 for a breakdown of the relative percentages of commercial
energy used by all four sectors.

Households within India use almost all types of fuel including animal dung.
agricultural wastes, firewood, kerosene, charcoal, lignite, soft-coke, gobar-gas, and
electricity, Firewood, animal dung, and agricultural wastes account for the bulk of the
energy used for domestic purposes. Consumption of commercial energy in the housshald
sector was 40.3 million tons of coal replacement (micr) in [978-79, up from (2.7 mtcr
in 1953-54." Siill, as previowsty noted, commercial energy sources account for only
20% of the energy consumed in rural arcas, and about 50% of the energy consumed in
urban areas.

India’s agricultural sector has demonstrated the largest increase in commercial

energy consumption, rising from 3% in 1953-54 to approximately 11% in 1978.79.*
The consumption of commercial energy has increased mainly due to the adoption of new
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methods of intensive and extensive farming. All of India’s five-year plans have directed
more commercial energy to the agricultural sector so that India may be become self-
sufficient in foodgrains. Despite the fact that foodgrain production has increased by
approximately 50% since 1969-70, India is still not self-sufficient in foodgrains. The
shortage of commercial energy poses a serious threat to the nation's objective af self-
sufficiency in this area.

Population Growth within India

From 1950 1o 1990, India’s population increased from approximately 358 million
people to 853 million people (see Figure 5.14).*" This corresponds to a 138% increase
in population in only 40 years. India’s current growth rate is about 2.07%:, and accoerding
to some forecasts, this growth rate is not expected 1o decrease umil at least the wrn of
the century.” According to these predictions, India’s population may climb as high as
1.2 billion.*

It is interesting to compare India to other nations that have experienced similar
population growth, especially China, Although between the [950's and the 1980's the
population of both India and China increased by approximately 90%, China's growth rate
declined substantially in the 1970°s whereas India’s did not.® While China's average
birthrate in the 1970's was approximately 23/1000, a significant reduction from the
average rate during the 1960's of 36/1000, India’s average birthrate during the 19705 was
39/1000, only insignificantly less than the average rate during the 1960's. China’s
rigoreus family planning programs account for the nation’s reduction in birth rate

India’s family planning efforts, on the other hand, were much fless successful.
Despite official suppont for such programs for 30 years, the govemment was unable to
organize an effective birth control program that regularly provided adeguate service to
citizens. In 1952, the same year the International Planned Parenthood Federation was
established, India instituted the first official family planning program in any developing
nation. For the first ten years, the effort was only marginally successful, concentrating
on surveys, pilol projects, and expenments with the thythm method. Then, in 1955, with
the nation’s food supply deteriorating, India restructured the family planning program,
with a poal of reducing the birth rate from 43/10(K) ta 25/1000 by 1975. By 1975,
though, the birth rate had decreased only to 35/1000, far short of program poals.
Meanwhile, the death rate had experienced a similar decline, thus resulting in only 2 very
slight decrease in the overall growth rate, from 2.3% 0 2%. Too little emphasis on
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needed social change and too much emphasis on the distribution of birth control
technology are often cited as reasons for the failure of this program.*

Partly due to fruswration at the ineffectiveness of previous family planning anempts,
Prime Minister Indira Gandhi instituted a draconian sterilization program under the
Emergency Act of 1975, Under this program, there were widespread charpes of
sterilization of Indian villagers against their will, Despite gpovernmental denial of such
practices. coercion was almost certainly used during this program, in part because local
afficials set quotas for the villagers, Resentment of the program contributed to Gandhi's
defeat in the 1977 elections. Thereafter, rigorous family planning disappeared from the
povernment’s agenda. In 1989, Indian scientists noted that “the entire program was
basically "on hold" because elections were coming up and family planning was considered
o controversial. "

Many analysts speculate that China's family planning programs were more successful
than those of India due to China's governmental structure: China is a dictatorship, and
its ability to impose a unified policy from the top down is relatively established. India,
on the other hand, is a democracy, and such authoritarian policies would not be accepted
by its populace. Furthermore, Chinese society is relatively homogeneous and has a
widespread common wrinten language. India, on the other hand, has dozens of languages
and hundreds of dialects, a fact which greatly hinders the dissemination of information.
The caste system in India serves to exacerbate this problem.*

Other policies in China have contributed to the success of the nation’s family
planning programs. The establishment of the ‘harefoot doctors’ basic-health-care
program, which focused extensively on maternal and child health-care; the nation's huge
and successful effort to educate all young people: and the opening of education and
employment apportunities for women have been among these policies, ™

India, in contrast, has not attached high priority to making these advances, instead
putting its limited resources into such projects as the building of steel mills, huge energy
projects, and the production of consumer goods® The following statistics testify to
India’s misallocation of resources: India’s infamt mortality rate is twice as high as
China’s (96 deaths per 1000 live births, as compared to China’s rate of 44/1000); 59%
of India's adult population was illiterate in 1982, as compared to just over a third of
China’s; and enrollment of children in schools is not a priority in India as it is in
China.*
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Population growth in India has led to increased demand for and consumption of both
commercial and non-commercial forms of energy. In the residential sector, increased
population has translated to increased use of energy for cooking, heating, and lighting.
In the agricultural sector, it has meant more energy consumed (o produce food for all the
nation's people. Similarly, in the transport sector, it has meant maore energy used 1o
deliver goods to all the people, and in the industrial sector, it has meant more energy uged
to produce non-food supplies for Indian citizens.

Urbanization within India

As population has grown, more Indians have moved into the cities to escape the
hardships of rural living, Figure 5.15 illustrates the growth of India’s urban population
from 1950 to 1989, Between 1971 and 1981, India’s urbanization rate was approximately
4%, and by 1981, there were 216 wurban centers in the country. 12 of which had
populations over one million. Calcuna (9.2 mllion), Bombay (8.2 million), Delhi (5.7
million), and Madras {4.3 million} are among the world's largest cities, and within these
cities, 30%-40% of the people live in slums. Although the majority of urban dwellers in
India lack electricity, sanitation services, or adequate shelter. the situation 15 still much
better than in the rural areas. Some sources indicate that the average urban citizen in
India manages to earn almost twice as much as his rural counterpart.”™ While this figure
probably does not account for the many homeless urban dwellers whose living conditions
are no better than those endured by rural citizens, the fact remains that on average, urban
dwellers are slightly better off than rural citizens.

India currently has the largest number of urban dwellers in the world, and apain.
analysts predict that this wend will continue. Figure 5.16 portrays predictions by the
Woarld Resources Institute comparing India’s urban and rural populations through the year
2025. Indeed, some forecasters estimate that the urban population will reach 350 million
by the year 2000.% George Bryjak of the Institute for Socioeconomic Studics in White
Plains, New York, compares the situation in China with that in India:

India’s urban problems are not unique. But nowhere in the world, with the possible
exception of China, are they of such magnitude. As severe as China’s urban
difficulties may be, however, they are mitigated by a degree of governmental control
aver people’s lives not permitted in a democratic society.”

Urhanization has increased the demand for all forms of energy, and for commercial
energy in particular, As previously noted, the urban population tends to consume
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approximately 50% of their energy in the form of commercial energy, as opposed to 20%
for the rural population. An increase in per capita consumption of commercial epergy
penerally translates to an increase in per capita consumption of all forms of energy
Population in rural areas surviving on non-commercial energy consume about 5,600 kcal
of energy per capita per day, as opposed to two times that amount, or [ 1,200 kcal, for
much of the urban population.” The work of Raikhy and Singh indicates that per capita
energy consumplion further increases as the number of years spent living in the urban

area increases.”

The Effect of Population and Urbanization on Energy Demand and Consumption

How have population growth and wrbamization affected energy demand and
consumption in India? From 1971 to 1987, the total demand for energy increased by a
factor of 2.29, from 66830 toe to 153609 thousand foe™ During this same time period.
total energy consumption increased by a factor of 2, from 48411 thousand foe o 96703
thousand e ™ This corresponds to an average growth rate for energy consumption of
about 5.35%. (Thus, India comes in just below the 5.7% average growth mate of energy
consumplion in developing countries during the years 1980-85.) Figure 5.17 depicts the
growth in both total energy requirements and total energy consumption during this time
period.

Figure 5.18 compares two possible future scenarios for energy consumption to actual
data. The base year for both of these projections is 1971, and the numbers can be
compared to a level of energy consumption in 1987 of just under 97 million foe. One
scenario (the logistic curve) assumes that tetal energy consumption will approach a limis
of one billion toe but never go beyond this limit, while the second scenarie (the
exponential curve) assumes that energy consumption will grow exponentially. While the
projections seem to agree for the first A0 years or so (until the year 2011), soon thereafter
they pursue drastically different directions. The logistic curve levels off, nearly reaching
its limit of | billion toe by 207 1, while the exponential curve soars upward, surpassing
a consumption level of 3 billion foe by the year 2071. Needless 1o say, energy
consumption cannot grow exponentially for an extended period of time: as discussed
below, supply has already limited and will continue to limit energy consumption despite
continuing increases in demand.
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India’s Energy Crisis

India has been experiencing power shortages for over two decades.  Despite
increases in coal, oil, natural gas, and hydro power production, the country has failed to
meet its ever-growing energy needs. According to R, Rama Rao, India’s energy deficit,
e, the difference between the total energy requirement and the actual power supply. has
Auctuated between 5% and 1 7% of the total energy requirement since 1974-75 (see Figure
5.19).® According to data from the International Energy Agency, the difference between
the total energy requirement and foral emergy consumption is even greater, fuctuating
between 25% and 37% of the total energy requirement since 1971 (see Figure 5.20).%
Whether one considers the deficit in terms of power supply or actual consumption, it 15
clear that India has experienced difficulty in meeting its energy necds and is facing a
crisis in terms of energy supply. Ever-increasing population and urbanization place
remendous strains on the nation's existing energy supplies and call for the expansion of
the energy base. As energy is seen as the fuel of economic progress, India’s attempts to
improve domestic conditions will place added pressure on existing energy supplies anid
further emphasize the need to increase the nation’s energy base.

India necessarily is in the midst of an energy transition. for s current energy
policies are not meeting the needs of the population and must be restructured in such a
way as to satisfy domestic demand. The question of how the Indian government plans
to fulfill these energy demands constitutes the next section of this paper. Given the rather
desperate situation, the potential exists for Indian energy policies to further emphasize
exploitation of the nation’s fossil fuel resources instead of focusing on more leng-term,
energy-efficient solutions, However, by focusing on the development of more energy-
efficient and less environmentally degrading solutions, India can, in the course of its
energy transition, avoid the heavy reliance on fossil fuels that industrialized nations have
traditionally exhibited and that has led to the globally threatening situation we are
currently experiencing. '

Option A: Increased Reliance on Fossil Fuels

Given India’s rather extensive supply of coal and, to a lesser extent, oil, increased
exploitation of these fossil fuels seems a fogical place 1o begin to confront India’s encrgy
crisis. Indeed, many policy specialists have espoused increased exploitation of fossil
fuels, including expanded mining efforts and the development of larger coal-based power
plants. M. Sengupta, Associate Professor at the University of Alaska's School of Mineral
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Engincering, conducted an extensive study of the energy and power situation in India and
i 1985 concluded:

Coal will play a vital role in meeting India’s energy needs. India’s coal resources
are large and extensive, but have not been exploited. Her coal resources,
technological capabilities in mining, benehciation and transportation, established
domestic mining machinery, and mining supply industries prove the viability of the
coal industry in the future. The coal industry’s capability to employ a large,
unskilled labor force and its location in backward regions of India indicate that the
development of the coal industry will contmbute to the economic progress of poor
people 1n India.

Thus, Sengupta not only affirms the desirability of exploiting coal resources but also
associates increased coal exploitation with the amelioration of poverty in India. The fact
thal he never mentions the environmental ramifications of increased exploitation of coal,
much less sugpests the need, at the very least, to improve the efficiency of coal-based
technologies, indicates the threatening nature of at least one corrent view r:{:-nn:e-aning WiYs
to confront India’s energy cnisis.

The environmental ramifications of increased rehance on fossil fuels are well-known
Increased exploitation of fossil fucls yields elevated carbon dioxide levels, and since CO,
molecules in the atmosphere absorb the infrared radiation from the earth, a net heating
of the earth results. Concern over the continuing increase in atmospheric CO,
concentrations stems not o much from the actual heating of the eanh’s surface, which
might only be a fraction of a degree, but from the fact that in the past, major changes in
the earth’s climate, i.e., ice ages, widespread droughts, and changes in the levels of the
poeans, were accompanied by only slight shifts in global circulation patterns and only
small changes (i.e., a fraction of a degree) in the average temperature over much of the
earth ™

Since the beginning of the industrial era, CO; concentrations in the atmosphere have
increased from 15% to 25%" Readings taken at Mauna Loa. Hawaii, and the South
Pole, Antarctica, show a 7% increase in atmospheric CO, concentrations in just the past
21 years.* Analysts predict an additional increase of 30% in atmospheric CO, by the
year 2000, as well as a doubling of CO, concentrations by the year 2050 il global fossil
fuel use grows at 2% per vear.” If this doubling in CO, concentrations occurs, average
global temperatures near the ground could be expected to rise by a few degrees celsius.™
Az a result, geographical shifts in the location of agnculturally favorable areas could
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occur and fce sheets and glaciers would likely begin to melt, causing ocean levels 1o
increase by several feet over the next century.

As shown in Figure 5.21, from [970 to 1989, India’s industrial CO, emissions
increased by a factor of 3.34, from 19514%.3 thousand tons in 1970 o 651935.5 thousand
tons in 1985, Clearly, increases in population, urbanization, and energy demand have
been maiched by corresponding increases in CO, emissions. Figure 5.22 shows the
relative proportions of OO, emissions from coal, oil, and natural gas. [t is clear that
policy-makers up to this point have relied extensively upon fossil fuels, especially coal
and oil, to meet the ever-increasing demands of the Indian populace. The question now
becomes whether government officials will continue to pursue programs which call for
increased exploitation of fossil fuels, or whether they will recognize the environmental
effects of their past energy policies and fallow a different course. As the next section of
the paper shows, alternatives do exist which would fully satisfy Tndia's energy
requirements while simultaneously avoiding the environmentally degrading effects of
extensive fossil fuel use.

Option B: Improved End-Use EMciency and Reliance on Alternative Energy Sources

As previously noted, energy often is considered to be the essential indicatar of
economic development. Thus, developing countries, in an attempt to improve domestic
living conditions and increase the economic viability of their nation as a whole, have
struggled to expand their country’s energy base, relying extensively on fossil fuels
because of the relative abundance and cost of these fuels when compared to other forms
of energy. As noted previously, fossil fuel consumption in developing countries, which
currently contributes almost 20% of all fossil fuel-derived emissions, is expected to
double within 20 years. But as some analysts are beginning to realize, "the conventional
paradigm that views energy consumption as an indicator of development cannof be
resolved without sacrifice,™” namely the sacrifice of environmentally sustainable living
conditions throughout the world.  Thus, analysts such as Amulya Reddy and José
Goldemberg call for a restruciuring of fundamental views concerning energy use. In their
words,

A new paradigm lor energy use is therefore essential. Energy must be viewed not
as an end in itself or as a commodity but as a means of providing services, For it
15 the services, and not the energy. that directly satisfy people’s need: the guality
of life in a village depends more on the amount of illumination, for example, than
on the kilowatt-hours of electricity or liters of kerosene consumed for lighting. The
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extent to which energy services are accessible is therefore the true indicator of the
level of development.™

Thus, development requires significant increases in the per capita level of energy services,
sSuch services, in turn, rely on end-use devices such as stoves, lighting fixtures, -and
motors that convert the energy for nse. As Reddy and Goldemberg note, more efficient
end-use devices can conserve energy by using less energy to provide the same services.
In terms of overall energy strategies, Reddy and Goldemberg encourage planners to adopt
what they call “development-focused, end-use oriented, service-directed (DEFENDLUS)
scenarios that incorporate conservation and renewable sources into a least-cost mix, "
Indeed, Reddy, who is Chairman of the Department of Management Stwudies at the Indian
Institute of Science in Bangalore and Vice-Chairman of the Kamataka State Council for
Science and Technology, recemly proposed a DEFENDUS scenario for the Indian state
of Kamataka. A comparison of Reddy’s DEFENDUS plan to the other program
suggested for Karnataka illustrates the radical differences, in terms of forecasted energy
requirements, energy efficiency, and environmental effects, between policies that embrace
fossil fuel exploitation and those that do not.

The Long Range Plan for Power Projects (LRPPF), proposed in 1987, covered the
vears [987-2000 and assumed an increase in power demands of 9% per year through the
vear 2000. The LRFPP embraced heavy reliance on massive coal-fired power plants that
would have produced an additional 830,000 tons of CO, each year, more than doubling
India's CO, emissions by the year 2000, The LRPPP suggested that the state of
Ramataka spend about $17.4 billion to implement the plan, a figure 25 times the
country's 1987 budget. Additionally, the plan would have required Karmataka to construct
extensive energy infrastructure and massive centralized power-generating facilities,
including a one-gigawatt coal-based thermal power station; divert 25% of the state budget
to power; raise funds from the World Bank; and appeal to private industry to build up the
country’s generating capacity. Rather than focusing on improved eificiency, the LRPPP
focused on increased fossil fuel dependence. Ironically, despite its recommendations,
LRFPPP predicted energy shortages continuing into the next century. The LRPPP was
rejected by Kamnataka officials,’

Reddy’s DEFENDUS scenario is the first analysis of its type for a developing
country, calculating energy requirements in terms of need, rather than supply. As noted,
it focuses on improving the energy efficiency of end-use devices so as to enhance the
level of services provided to citizens. Many of the more efficient end-use devices
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outlined in the plan, such as compact fluorescent lightbulbs and solar water heavers, are
already on the market. The plan calls for electnc lights an all homes in Kamataka,
electric irrigation pumps, establishment of decentralized energy centers in villages, and
promotion of industries to increase employment. The decentralized energy centers would
employ small-scale hydroelectric power and biomass, which are cheaper and quicker to
use than fossil fuels. Because it projects a greatly reduced energy requirement,
DEFENDUS aveids the need for the most environmentally devastating energy sources,
such as nuclear power plants. coal-based thermal power plants, and large hydroelectrc
dams. According to Reddy, DEFENDUS would cost one-third as much as LRPPF, while
requiring only 40% of the energy projected by LRFFP, Additionally, the DEFENDUS
plan would increase CO, emissions by only 1% of their current value. The DEFENDUS
15 currently under consideration by Karnataka officials.?

Clearly then, development of efficient end-use technologies is necessary to dimimish
or at least stabilize reliance on fossil fuels. However, above and beyond improvement
af end-use efficiencies, utilization of alternative forms of energy such as solar, wind, and
hydro power is reguired to complete the transition from fossil fuel reliance to dependence
on more sustainable and environmentally benign encrgy sources.

Research and development efforts need to be directed toward the effective utilization
of solar energy. a renswable energy source with virtally no environmentally harmful
consequences. Rama Rao, in a study conducted for the Biral Economic Research
Foundation in New Delhi, concluded that "there is immense scope for utilising solar
energy provided state apencies and entreprencurs exercise their initiative and develop
appropriate photovoltaic devices which can collect solar radiation and convert it into
electrical energy efficiently.™ According to Rama Rao,

Although our national resource endowments include oil and natural gas in modest
quantities. coal in relatively greater abundance but generally of poor guality and
radioactive metals . . ., our principal endowment is solar energy, which, because of
our vast land area over the greater part of which we receive adequate sunshine
during day-light hours practically throughout the year, can provide us with all the
energy we need.”

Similarly, resources need to be directed to developing the technologies necessary to
exploit wind power, which, like solar power, is a renewable energy source with no
environmentally degrading consequences. Regarding the exploitation of wind power,
Rama Rao asserts, "One has only to evolve inexpensive but robust designs of wind mills,
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which could provide power for the individual houscholder, the farmer. and the
entrepreneur.” As Rama Rao points out, there is considerable scope for apping wind
encrgy in India, especially in the coastal and hilly areas. Where wind conditions are
favorable, & number of wind mills could be erected in a “wind farm’ to penerate electrical
energy for a community or industry.

Small-scale hydro power projects should also be developed, as hydropower
constitutes an extensive source of renewable energy.  As noted previcusly, the hilly
terrain found throughout much of India, especially in the Himalayan ranges, increases the
desirability of and potential for hydropower generation, Because large hydroelectric
plants require the construction of huge dams which impound millions of tons of water,
submerge large arcas of land, and extensively denude tree cover, the construction of these
plants should be avoided altogether or pursued only on a very limited scale. Even in the
selection of locations for the construction of small hydroelectric plants, extreme caution
must be exercised, given the geologically unstable nature of many parts of India, as well
as the pation’s soil condition generally.™

Other renewable sources of energy. such as tidal and ocean thermal energy and
geathermal energy, should be pursued as well, Although these energy sources are not as
casily accessible or exploitable as solar, hydro, or wind power, they can be used on a
modest scale by households and small businesses. Indeed, the fact that these encray
sources are entirely renewable and effect no environmentally degrading conseguences is
reason enough to pursue their exploitation,

Finally, considering that fossil fuels likely will continue to comprise at least some
portion of the nation's energy base, natural gas should be the ‘fossil fuel of choice,” as
its COy emissions are refatively small when compared o those of coal and oil (refer back
o Figure 5.22).

The "Big" Picture

Thus, India’s current energy scenario, as discussed in this paper, is as follows:
Population growth and wrbanization are effecting increases in energy demand and
consumption. Urbanization increases energy demand directly, since urban citizens tend
to consume more of all forms of energy than their rural counterparts, and indirectly, as
it encourages citizens to use more commercial energy, which corresponds to increased
overall energy consumption. The demand for energy is further increased by domestic
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policies aimed at improving living conditions and increasing the economic viability of the
nation as a whole. Increased energy demand is causing Indian policy officials to further
exploit fossil fuels in an attempt o satisfy domestic energy demand.  In turn. increased
fossil fuel exploitation is effecting corresponding increases in CO, emissions. Figure 5.23
ilustrates these relationships pictorially; all the "+" signs indicate that those variables, ie.,
population, urbanization, transition from traditional fuels to commercial fuels, GNP, and
domestic policies, have an augmenting effect on energy demand and consumption. Note
that there are no signs indicating the effect of increased energy demand and consumption
on alternative fuels consumption and increased end-use efficiency; whether the former
will have a positive effect on the latter is yet to be determined.

Choices for the Future

Clearly, Indian policy officials first need to address population growth and
urbanization, for without the stabilization of these two parameters, energy demand will
continue to increase despite heroic efforts to improve end-use efficiency and/or establish
dependence on renewable, environmentally benign sources of energy such as solar, hydro,
and wind power. However, efforts to control population growth and urbanization st
be accompanied by the energy sirategies discussed above. The environmental
consequences of continued heavy reliance on fossil fuels are well-known and but a few
decades away unless energy policy-makers in both developing and industrialized countries
restructure their current energy policies so as to encourage reliance on alternative endrpy
sources and development of efficient end-use technologies. Will policyv-makers choose
to implement plans similar to the LRPPP, or will they cxecute the policy altematives
DEFENDLUS lays out?

In India; there are indications in both directions. On the one hand, the facr that the
Kamataka state government is even considering a plan like DEFENDUS indicates that
progress has been made, at least toward more widespread recognition of the need 1o
institute energy-efficient options. On the other hand, Kamataka has not yet implemented
the DEFENDUS plan, nor has any other Indian state government even considered a
similar plan. On the positive side of the equation, India has been attempting o electrify
the railways and replace the diesel engines that are so heavily dependent on cil. On the
negative side, India plans to build several new coal-fired power plants in the near future.
Morcover, many policy officials held views similar to those expressed by M. Sengupta.
Fossil fuels, especially coal, are seen as the most inexpensive way to expand the nation's
energy base. In a country where the average standard of living is as low as it is in India,
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it is easy to understand why policy-makers are g0 anxious to increase the level of energy
consumption throughout the country. Furthermore, it is afmoest as easy to understand the
impetus to secure this increased level of energy consumption regardless of the
environmental ramifications. When one's basic welfare is at stake, environmental
concems hold very little importance. Many Indian citizens believe they furst must escape
their own plight before they can concern themselves with how their actions will affect
future generatiens.

Thus, environmental considerations often are viewed as concerns of the industmalized
nations. which can afford to concentrate on issues other than the day-to-day welfare of
their citizens. Developing nations resent the implication that they should utihize
environmentally benign energy sources, when industrialized nations for so long have
exploited fossil fuels and degraded the environment. According to developing nations.
the fact that industrialized countries now can afford to use more energy-efficient fuels and
technologies daes not mean that the developing nations should "miss out’ on the chance
to exploit fossil fuels. Moreover, developing nations cannot afford energy-efficient,
alternative technologies. In the views of developing nations, if industrialized countries
are sp adamant about the use of alternative energy sources and energy-efficient
technology by developing countries, then the industrialized nations should pay the extra
costs associated with such use. Thus, issues concerning development assistance come into
the picture: should industrialized nations he expected (o subsidize the developing nations’
wransition to environmentally sustainable patterns of energy consumption?

Hence, the current economic situation in India, as well as in other developing
countries, will make the transition toward employing energy-efficient fuels and
technologics a difficult one. More than likely, India and other developing countries will
have to enlist the help of industrialized nations to effect this transition. Without such
assistance, most developing countries will not be able to curtail their exploitation of fossil
fuels, considering the relative costs of alternative fuels as compared to fossil fuels. Given
this premise, however, several policy options do exist which will assist in effecting this
transition,

First, developing nations must, as a group, recognize the devastating patential of
continued reliance on fossil fuels and incorporate as one of their national goals the
transition to more energy-efficient fuels and technologies. In so doing, developing nations
would demonstrate to the industrialized world their willingness to change their energy
consumption patterns. Developing nations should hold some type of internatonal, or al
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least regional, energy forum both to discuss and plan for this reonentation of national
cnergy policies, as well as to announce it to the rest of the world. Delegates from the
developing nations should then be encouraged to hold annual or biannual meetings 1o
discuss options, share ideas, and report on their progress toward developing energy-
efficient technologies as well as mechanisms to exploit alternative energy sources.

Second, the industrialized nations must become involved in the transition process,
both financially and otherwise. These "First World" nations should be encouraged 1o
provide some fraction of their GNP directly to an “international energy fund,’ created
specifically to assist developing countries in the transition to environmentally sustainable
patterns of energy consumption. This fund could be administered by some intemational
organization such as the International Energy Agency (IEA). TEA could then allocate the
funds based on a particular country's economic conditions as well as its demonstrated
willingness to promate energy efficiency within its borders.  Indications of such
willingness might include national policies, including the percentage of GNP allocated
toward promoting the energy transition, official statements of the nation’s policy-makers,
and the amount of public and private funds dedicated to researching ways to improve
energy efficiency. [In addition to direct financial assistance, industrialized countries
should provide economic incentives such as tax breaks to developing countries that
demanstrate the willingness both to curtail their use of fossil fuels and to promote the
transition to more energy-efficient fuels and technologies.  Above and bevond financial
assistance, industrialized nations should provide technical suppeort to these countries as
they attempt to implement new technologies and rely on alternative fuels. Industrialized
nations should participate in the energy forum previously mentioned, to offer ideas and
technical advice as leaders in the energy arena.  Along these same lines, a viable
technology transfer program should be commenced, so that developing countries can
benefit from, rather than duplicate, the research efforts of industrialized countries,

Third, and perhaps most important, citizens throughout the world must recognize the
urgency of the current energy crisis. Then, to the extent possible, they should modify
their own energy consumption habits and influence others to do the same. Obviously, this
advice is more applicable to citizens in industrialized nations than it s to individuals in
the developing world, who consume only a fraction of the energy that First World cinzens
consume. Above and beyond modifying their own energy consumption habits, however,
citizens in both industrialized and developing nations should be encouraged to lobby their
government officials to promaote policies which champion the use of alternative fuels and
the development of energy-cfficient technologies. Citizen advocacy can be a very
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effective means of influencing public policy, govermment officials {at least in democratic
societies) usually realize that if they do not respond to public opinion, they risk losing
public support as well as their seat in the government.

Conclusion

These are just a few of the policy options that exist to promote the transition to
environmentally sustainable patterns of energy cansumption in developing countries. As
these ideas demonstrate, increased reliance on fossil fuels, and thus increased CO,
emissions and increased environmental degradation, do not have to become self-fulfilling
prophecies. The first step toward reversing these trends invelves promoting increased
recognition throughout the world of the dire need for an energy transition of the type
discussed in this study. The next step must be a unification of industrialized and
developing countries alike to effect this transition. This is a global crisis, and a muly
global solution 15 required. Without the help of all nations, an effective solution will not
be possible, and environmental degradation will continue.  Thus, it is up to all members
of the internatonal arena -- policy-makers as well as citizens who have the power 1o
influence these policy-makers -- to secure the transition toward utilization of alternative
fuels and development of more energy-efficient technologies. Options for a sound
environment do exist, but the gquestion remains - Which option will actors thronghout
the industrialized and developing nations pursue in the coming decades!
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Chapter 6: Deepak B. Khatry Chhetri

AN ANALYSIS OF THE MAJOR SECTORAL TRANSITIONS IN NEPAL'S
MIDDLE HILLS AND THEIR RELATIONSHIP WITH FOREST
DEGRADATION

Introduction

Concern over the degradation of the world's mountain ecosystems has risen
significantly over the last two decades, especially after the publication of Eckholm's (1976]
Lasing Ground. This growing concern led to the establishment of the United Nations
University's (LUNU) project on Highland-Lowland Interactive Systems in 1977, The
Mohonk Mountain Conference was held in New York State on April 6-11, 1986, under the
Chairmanship of Maurice F, Strong to discuss the Himalaya-Ganges problem, A series of
resolutions was passed and directed to senior administrators of the United Nations System
and 1o the heads of state of the concerned governments of the region. To draw attention (o
the deteriorating condition of African mountain environments, the fisst international
workshop on African mountaing and highlands was organized in Ethiopia on October | 8-
26, 1986, This workshop was sponsered by UNU and the Commission on Mountain
Geoecology of the International Geographical Union (IGU) and attended by 53 scientists
from 10 Afnican countries and 11 countries outside Africa.

Recently, however, the validity of such concern in the Himalayan environment has
begun to be questioned by some authorities, most notably by Ives and Messerli {1989) and
Thompson and Warburton (1985). In their book The Himalayan Dilemma: Reconciling
Development and Conservation, Ives and Messerli (1989) have challenged the viewpoint
that the Himalayan region is inevitably drifling into a situation of supercrisis (their italics)
and collapse. They have named this viewpaoint “the Theory of Himalayan Environmental
Degradation.” The main argument of Ives and Messerli, Thompson and Warburton, and
others whe challenge the Theory of Himalayan Environmental Degradation is based upon
data uncertainty. Ives and Messerli {1989) arpue:

Sitmply to call for & world-level effort 10 avert a portending catastrophe in the Himala yam region
ignores the sca of uncestainty that surrounds it By this we mean that cur understanding of the
processes opesaung in the region, whether geophysical, envirenmental, social, economic, or political,
is tenuous ol best. Differentiation between cause and effect is thwarted by lack of data in all fields, by
unreliable, even manufactured, data This siation, in our estimation is further confonnded by a
pervasion of assumplions, conflicling convictions. and latter-day myths, most of which lead into the
perceived, and preconceived, downward spiral of envirsemental disasier.
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Deforestation and soil erosion are two of the most hotly-debated issues, particulary in
the case of the Nepal Himalayas, Although considerable debate surrounds the issue of
"deforestation” (whether it 15 occurving or not; and 1f 10 15 occurming, what 15 the rate) [see.
for example Thompson and Warburion (1985); Thompson, Warburton and Hatley (1986);
Ives and Messerli (1989); Gilmour and Fisher (1991)], there is wide consensus amongsl
both academicians and practitioners that "forest degradation” should be a matter of concem
in the Himalayan region. Other than the general acknowledgement that forests are being
degraded, I have not encountered any attempt to define "forest degradation” in the
Himalayan literature. For the purposes of this paper. | will present working definitions of
"deforestation” as a reduction in the total area under forest cover, and "forest degradation”
as a decline in the production and preductive capacity of a forest from what would be
expecied of a normal, relatively undisturbed representative forest type of the region.
Because forest depradation is intricately related with population growth, and the
functioning of other sectors within societies, it can be studied from the viewpoint of
Drrake's {1992) "transition theory.” As a major secior within a subsistence society, forestry
is not only impacted by transitions occurring in other sectors, but in tum also impacts other
sectors. Consequently, there are many feedback loops [as explained by Meadows ef al.
(1992)] that form a cycle of events leading to forest degradation, and negative impact on the
incal quality of life,

According to Drake (1992), one way of viewing the complex dynamics of population
and the environment is to visualize these relationships as a family of transitions. Although
he accepts that transition implies change and that change is everpresent, he clarifies his
definition of transition 2% one meant o describe a specific period of ume which spans the
shift from slow to rapid change in a sector followed by relative stahility, Drake considers
transitions to be part of a family becawse of the following reasons: (i) they exist in many
different sectors of societies and, in each case, have some common properties; (i) they
affect society in a similar way, with each transition having a cntical period when society is
especially vulnerable to damage; (iii) they interact with each other: and (iv) they not only
occur at different sectors but also at different scales, both temporal and spatial. In trying to
develop a Ytheory of transitions,” Drake acknowledges that transitions can have differences
and, in fact, argues that ¢ach local seiting may have its own unigue passage through a
transition. His examples of transitions include the following: demographic,
epidemiological, agricultural, forestry, toxicity, urbanization, fossil fuel, technological,
educational, and bureaucratic. Among the general charactensucs of transitions, be includes
the following: similarity of trajectory across sectors, applicability across scales, liming,
societal vulnerability, and societal opportunities during transitions. He believes thal
transitions have anglytic and mathematical properties and can be modelled and described
with mathematical technigues. Drake sees practical implications in the further development
and validation of his theory, particularly in recognizing periods of vulnerabilities in
societics and pnontizing social interventions,

In this paper. I will examine the changes and trends in three major sectors that are

fundamentally important in subsistence societics of the middle hills physiographic zone of
Nepal. These sectors are: human demography, agncullure, and forestry, Two other
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sectors, epidemiology and urbanization, which at the moment are less significant in the
Nepalese hills from the viewpoint of a transition theory. will be briefly summanzed

Data unavailability (particularly unavailability of lengitudinal data) is & major problem
in attempting to study the sectoral transitions in Nepal's middle hills, The problem is
further compounded by the unigueness of the conditions that characierize local subsistence
livelihood, As argued by Drake (1992), the local setting in the middle hills of Nepal
appears to have its own unique passage through sectoral transitions, Hence, it is very
difficult to make meaningful comparisons with other regions of the world. Because the
local sushistence communities in Nepal's middle hills are relatively self-contained social
units that are minimally influenced by global changes and trends, T will attempt 1o make
comparisons with enly other physiographic zones within Nepal (Figure 6-1), where
interactions are most likely to oceur,

The data analyzed in this paper have been obtained from an extensive review of
published literature and government documents. My efforts to callect reliable and valid
data lend support to the arguments of Ives and Messerli and Thompson and Warburton. |
encountered considerable uncertainty in establishing sectoral relationships and predicting
outcomes due o lack of data as well a3 inconsistencies and variations in reported data.
However, some general trends can be observed in the data. Even though a high degree of
precision and accuracy of the data can be questioned, tentative conclusions may be drawn
by examining broad trends.

The nature of subsistence in the Nepalese middle hills

Nepal is a small, land-locked Himalayan country approximately 500 miles long (west
to east) and 100 miles wide (north to south), bordering China on the north and Tndia on the
east, west , and south, Ecologically, Nepal can be divided into three physiographic zones
running east to west: the high mountains, the middie hills, and the terai, [The Forestry
Sector Master Plan of Nepal (MPFS 1988) recognizes five physiographic zones: high himal
{equivalent to high mountains); high mountains, middle mountains, and siwaliks (which
combinedly form the middle hills); and the terai.] The high mountains zone varies in
altitude from 12000 fi. above mean sea level to the top of Mt Everest at over 29044 ft.
This zone is sparsely populated because of the high altiude and the cold, The middie hills
zone lies between the altitudes of 2000 ft. to 12000 ft. and supported 47.7% of the total
population in 1981 (CBS 1991). The terai zone lies between 150 fi. above mean sea level
to 2000 ft. and supported 43.6% of the total population in 1981 (CBS 1991).

Mare than 90% of Nepal's population lives in rural societies with agriculture as its
primary mode of subsistence (CBS 1991). Forests play an indispensable role in the lives
of the rural farmers providing them with all the energy and biomass necessary for survival.
The primary forest resources associated with the subsistence lifestyle are fuelwood, tree
fadder, leaf litter, and timber and poles. Forests supply 90% of the total fuel supply in the
eountry and more than 509 of livestock fodder (CBS [991), There is a one-way flow ol
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products from the forest to the farm, and the extentof this Now and the ability of the forests
to sustain themselves in the long term is a subject of considerable concemn (Applegate and
Gilmour 1987}

The pressure upon the forest resources is particularly intense in the middle hills
physiographic zone of the country where nearly 50% of the country's population subsists,
Recognition of the critical importance of deforestation (in my opinion, used synonymously
as forest degradation) in the deterioration of the hill farming ecosystem can be dated 10 the
early 19705 and concem since then has increased dramatically (Seddon 1987). The middle
hills are characterized by steep lerrain, evergreen and deciduous forests, and intensive
terrace cultivation.
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Figure 6-2 shows the linkages between subsistence livelihood and forests in Nepal's
middle hills. As the subsistence population increases, there is an increased demand for
food production as well as for fuelwood, timber and poles. The demands for fuelwood,
timber and poles directly affect lorest degradation. The demand for increased [ood
production may lead to deforestation by converting forested land to expand agricultural
land. It may directly affect forest degradation by an increased demand for leal liver, which
15 used as animal bedding initally and later composted with ammal manure to fertilize crops
in order to intensify agriculture. The demand for increased food production may indirectly
contribute to forest degradation by increasing the demand for hvestock (for animal power,
manure, and edible animal products like milk and meat), and whose feed pimanly consists
of tree fodder obtained from forests. Forest degradalion contributes 1o sail erasion, which
in turn reduces productivity of agricultural lands and contributes to forest degradation,
Thus, as depicted in Figure 6-2, a negative feed-back cycle is triggered by population
growth, and begins to operate in the need 1o produce more food through agricultural
intensification, leading to forest degradation and soil erosion, and the need for further
agricultural inmensification, I will discuss this relationship in more detail later in this paper
after 1 have introduced the major sectoral transitions occurring in Nepal, Particular
emphasis will be placed on the middle hills physiographic zone where data will permit such
differentiation.

The major sectoral transitions occurring in Nepal's middle hills
Demographic transition

The population of the country, which was 5.6 million in 1911 {Seddon 1987) is
currently at 19.4 million (CBS [991), with an annual growth rate of 2.4% (Greenhalgh et
al. 1992) and is projected o reach 23,4 million by the year 2000 (MPFS 1988). Another
source places the projected annual growth rate for Nepal for the period 1985-2000 a1
2.97%, with an annual growth rate of 2.78% for the middle hills (Hrabovszky and Miyan
i987), There is significant variation in the reported populaton figures for Nepal,
depending upon sources. Population projections can vary significantly depending upon the
assumptions made, and the types of equations used o project population growth. The
figures (6-3a,b.c,d and 6-4a.b.c) in the following pages illustrate this point, Figures 6-3a,
6-3b, 6-3¢, and 6-3d show population projections using different equations, and bhased
upon published data for Nepal for the peried 1910-1990, The results obtained by using the
simple linear regression equation and the logarithmie equation are close and project the
population of Nepal o be approximately 25 million in the year 2050. However, the
exponential fit projects the 2050 population at 42.23 million. The vahdity of the
projections can be questioned on grounds of the reliability and validity of the data vsed w
make the projections. For example, it is widely accepted that the population data for Nepal
prior to 1960 is highly questionable, and it has not been validated. It was only in 1961 that
a nationwide population census was taken in Nepal (Shrestha 1967). Figures 6-4a, 6-4b
and 6-4c show population projections with post- 1960 data, and using different equations o
project into the fulure.
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The 2050 projected population of Nepal using only the posi- 960 data increases (o
approximately 37 million using the simple linear regression and loganthmic equations (a
50% increase over the projected increase with the same equations, but using the published
data for the period 1910-1%90); and to 73.4 million using the exponential equation (a 75%
increase over the projected increase of the 1910-1990 data), In addition, the projections
cannot be taken at face value without assessing the rationality of the assumptions behind the
equations. For example, Figure 6-3d shows a second order polynomial regression
equation fitted to the population data. As indicated by the coefficient of determinaton (R2),
this is a better fil than the three carlier equations, The R2 value gets better as we use 2
higher order polynomial regression equation. However, we need (o be extremely cautious
in using equations to project future changes just hecause they fit the data at hand. Neter,
Wasserman and Kutner (1990} warn against the use of polynomial regression fits when the
true response function is unknown (or complex, as in this particular case). They argue that
this type of use is very common, but it entails a special danger, that of extrapolation.
Polynomial regressions of all types, especially those of higher order, share this danger of
extrapolation. They may provide good fit for the data at hand, but may wrn in unexpected
directions when extrapolated beyond the range of the data. Logistic equation, which is
commonly used to denote population growth may be the way to go if we can agree upon
some fgure for carrying capacity, This can be problematic, especially if one argues that
subsistence lifestyles may change in the future as other opponiunities for livelihoods may
arise leading to an increase in the land's carrying capacity. Logistic equations also nead an
intrinsic rate of growth, and the projections can vary depending upon the rate of growth
selected for the projection,
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Total fenility rates (TFR) have remained virtually unchanged in Nepal during the las|
35 years at about 6.3 live births per woman (Greenhalgh et al, [992) Although
Greenhalgh et al. (1992) report that contraceptive prevalence rates among married woman
15-49 years of age increased from 2% in 1976 o 15% in 1986, the rates for the hills ans.
much lower at about 3%, According to the Nepal Fertility Survey, infant martality rale
(IMR} for Nepal declined from 140 deaths per 1000 live births in 197176 10 136 in 1976
81. For the same time period, the IMR for the hills declined from 134 to 110 (Gubhajuel
al. 1987). Greenhalgh et al. (1992) place the current IMR at 140}, a slightly higher Fgure,
but definitely showing a decline from the IMR of 2000 in 1950, According to various
sources, mortality estimates for Mepal declined from 37 crude deaih rates per | 0K in 1952-
34 1o 21 in 1974-76 (Banister and Thapa 19817, Mortality, particularly infant and ehild
mortality, is expecied o decline in the years to come, thus leading to even higher rates of
population growth unless fertility declines (Tuladhar I989). These figures indicate that
MNepal is at the start of a demographic transition hecause mortality, although guite high even
by Least Developed Countries (LDC) standard. has declined; and there is every indication
that fertility is quite high.

Agricultural transition

Tables 6-1 to 6-4 and Figures 6-5 to 6-8 show some of the trends occurring and
projected within the agricultral sector in Nepal. As population has increased in the midils
hills, agricultural production has not only not kept pace but actually declined in the case of
some crops, for example, maize, According to Seddon {1987). between 1964 and 1972
maize production registered an 1% decrease in MNepal. There was @ 70, 697 metric ton
food deficitin the middle hills in 1971, which increased 1o 123, 755 tons in 1981 (Seddon,
1987). Population growth has foreed people 1o farm marginal lands on steep lerraces
Since land for expanding the cultivated area is in shorl supply, farmers have hean forced 1o
intensify their cropping.

Table 6-1. Expansion of cultivated &nd cropped Iand (i 1000 ha)

Years Cultivated land Cropped aren Cropping intensipy*
196566 1.340 15495 108

19T 2,030 2:231 LI

197576 2,161 2410 12

1980131 2372 2,450 108

198586 2410 4,002 [

*DHought year

**{Cropping intensity = annually cropped area/cultivated area X L0
{Source: Hrabovszky and Mivan, 1987
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Table 6-2. Changes in land-use intensity and in yields per hactare of cropped area

1985 20605
Tiekl Yiekl

Cropping (rmtha of Cropping (muha of

intensily cropaed ey e

] A=) (%) firet)
Mlouniain 135 1 140 | a2
Hills 10 Iz 1715 233
Temi I63 2.00 1540 3.02
Mepal iodal 53 1.62 152 2,86

Mote: Yields represent weighted average of main cereals (paddy, matze, wheat, miller, basley)
and potato, Yield of potto has been adjusted 1o cereal equivalent
{Source: Habovszky and Miyan, 1987)

Table 6-3. Changes in per caplia availability of cultivated and copped area 1985-2008 by ecological zones

1985 2005
Particulars Mountain ~ Hills Terai Mepal Mouontain  Hills Tersi Mepal
Population {millions} 1.4 e e o T P 24 (3.5 140 30.0
Cultivatéd area (milliongha) 0,21 080 1.3 241 0.19 082 161 262
Cropped area {millionsha) 0,28 1.53 2,12 393 0.27 144 106 4.77
Cultivated area (hafcap) 015 0.2 0,17 0.14 0.08 006 011 009
Cropped area (ha/cap) 0.25 0.20 0.28 0.24 0.11 0,11 022 0:16

i Source; Hrabovszky and Miyan, 19873

Table 6-4. Livestock population projections for Mepal (000 L11)*

Yewr 1985-86 199091 199556 200001 200506 2010.11
Physiographic Zone 3

High Himal 35 61 0 &2 a6 1s
High Mountains 1048 1031 1037 1065 1119 1200
Middle Mountains 45340} 53183 5900 6537 TERD #inA
Siwaliks 770 318 917 1010 1119 1246
Teri 2408 2542 2705 2901 3135 3411
Mepal Total 9711 9855 0633 11595 12750 14135

*An adull female buffale is counted as | LU (Livessock Unit), sn sduls mele buffalo e 0.75, 0 yoong buffale a3
(had, & cow s 069, an ox es 089, o young cattle s (37, an sduli male sheep or poat as 023, an aduli female
sheep or goat as (L300, and & young shesp or goat a3 0,11

{Source: Master Plan for the Forestry Sector MNepal, [98E)

Chapter 6 Deepak Knatry 178




Bpnwlation - Emviranrment Dynamics:
Sactors i Transifion

z

=

B 70000 -

E 1

: EO000

2 1

S 50000 -

E |

- |

g 40000

=]

g )

& 30000 +

N 1

T 20000 -

L=

- y = 3.6003e-06 * 10%(5.04148-2x) RA"Z = D.0EJ
= W0 +——Frr T T T T T T}
= 1970 1875 1980 1985 1990
E Year

5 ¥ = - 7.68240+6 + 3800.0x A2 = 0.958

y = - 58551047 + 1.77680+7'LOG(x) R"Z = 0.058

Figure &5 Total chemical (N.P.K) lertilizer consum plicn data for Mepal.

An exponential funclion appears fo give the hest it

Equaticns for simple linear and logarithmic regression curves are also presenied,
(Daia Sowrce: CBS 1987, 1991)
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Figure 6-8, Trends in livestock mising and cereal production in Nepal.
(Diata Sowrce: LN Stanstical Yearbook 19E5/E86-1970)

As indicated in Table 6-1, between 1965 and 1985, culuvated land in Nepal increased
by 30%, whereas cropping intensity increased by 54% due 1o the doubling of the cropped
area. As indicated in Table 6-2, cropping intensity is the highest in the middle hills, and is
projected to remain so by the year 2005, However, the yield is less than that of the erai
In spite of the highest cropping intensity in the hills as compared with ather physiographic
zones in Nepal, the per capita cultivated area and the per capita cropped arca were the
lowest for the hills in 1985, and the gap is projected to widen by the year 2005 (Table 6-3)
Hrabovszky and Miyan (1987) report that there was a 269,(XX) metric lons food deficil in
the middle hills (35 kg per capita deficit) in 1985, which they project 1o a deficit of 1,051,
000 tons (B0 kg per capita deficit) in 2005. The livestack population of the hills. which
already is twice that of the terai (the zone with the nex1 largest livestock population), 15
expected to double by the year 2010 (Table 6-4). According to a livestock survey
conducted by Nepal's Department of Food and Agrniculture Marketing Services, the
4,940,000 livesiock unit in the middle hills in 1985 is projected to increase to 8,163,000
livestock units in 2010 (MPFS 1988). Between 1975 and 1990, total chemical fertilizer
consumption has increased at an exponential rate in Nepal (Figure 6-5a), and if the demand
for chemical fertilizers continues to grow at the 1975-19%0 growth rate, whether projected
by the linear (Figure 6-5b) or exponential (Figure 6-3¢) growth rates, the country would
have to invest tremendous amounts of foreign currency in importing chemical fertilizers. IE
the data on chemical fertilizer consumption is (o be relied upon, it can be argued that the
growth in consumption has been to support agricultural intensification o meet the demand
of higher foed production. The rapid increase in consumption of chemical fertilizer has
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occurred while the cost per unit of chemical fertilizer has bean increasing lincarly during the
same time period (Figures 6-6a and 6-6b). This raises an important question. Whio is
buying the chemical fertilizers? Mast hill subsistence farmers do not have cash on hand to
buy commodities and operate within a non-market economy, Expenditure of even the
pitifully low annual per capita GNP of US $179 (Sharma 1992} has 1o be inlerpreted with
caution because of the highly skewed income distribution within the country,
Consumption of improved varieties of seed (Figure 6-7) does not indicate any growth, as
would normally be expected in a modernized agricultural intensification, Although the
irends in livestock population projected by the Forestry Sector Master Plan {Table 6-4)
show a significant increase by the year 2010, the current data {Figure 6-8) do not show any
such trend. In fact, the cattle papulation appears to have started to decline after 987 The
implications of this and other trends will be discussed later,

Forestry Lransition

There is an angoing debate on the rate of deforestation in Nepal (Ives and Messerl|
1989), and there is a dearth of detailed studies that permil a reliable evalvation of the rate of
deforestation in particular localitics (Seddon 1987), but most a gree that forest degradation
nas been increasing rapidly. According to Nepal's foresiry sector master plan {MPFS
1988), 41% of the total land area is covered with forests (37% forested lands and
plantations and 5% shrublands and degraded forests), and the annual rate of deforestation
15 0.4% . The latest estimates of the World Bank indicate a much lower figure for fomest
cover (18%) and a 4% annual rate of deforestation (Sharma 1992}, Figures 6-9 a-¢ show
some projections for forest area based upon the different reporled annual deforestaiion
rates. If there is no reforestation or afforestation, Nepal is expected to be devord of any
forests by the year 2017 according to the projections of the World Bank and others (Figure
6-9b). This projection is based upon the Nepal government's figure for 1988 forest cover |
(37% of total land area). The World Bank contends that the 1988 forest cover in Nepal is '
only 18% of the total land area. If the annual deforestation rate of 1).4% {25 given by the
Nepalese government) is assumed 1o be correct, the projected forest cover in the vear 2050
will be 4.2 million hectares, or 28.5% of the total land area. Clearly, the magnitude of the
problem portrayed by these two reported figures is very different. Tables 65 ta 6 1(1 show
the Nepalese government's statistics and projections for the different physiographic zones
for population, land use, changes in natural forest area, and projected balance [or biomass
fuel, fodder, and timber, MPES (1988) estimates that there was & |0000 ha decrease in
area of natural and enriched forests between 1978/79 to 1985/86. The repor identifies the
main causes of forest degradation in the hills to be averc utting of wood for fuel and heavy
lopping of trees for fodder. According to the current trend, the MPFES 1988} report
projects the biomass fuel balance for the middle mountains to increase from a 343,(KX)
metnc tons deficit in 1985 to 1,530,000 tons in 2000. In the same period, the repori
projects a timber deficit for the middle mountains to increase from 8000 cu m to 479,000
cum, The fodder deficit is projected 1w increase from 163,000 tons in 1985 to 586 (0K
tons in 206K), and then nearly double to a deficit of 1,067,000 wns in 2010, These trends
paint an alarming picture of forest resources crisis in the middie hills. where the entire
subsistence population is dependent upon forest resources for survival
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Tahle 6-5, Medium-variant pogulation projections for Nepal (000 )

Year TI0R5.86 199051 1905.66  2000-01 200506 2010-11
Physingraphic zoue

High Himal 30 30 10 30 23 25
H':gh Mountains 127% L7 130a 1260 118E 058
BAiddle Mouniaing 17440 BE57Y 03655 LOOET 1000 L1 ES0y
Simvaliks 1374 1594 1822 052 2376 1434
Terai 645 7508 #7158 0048 11119 12224
Nupﬂ] Total 16505 L IR 1285 233HE 25300 24951

{Source: Master Plan for the Forestry Sector Mepal, MPFS 1988)
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Table 66 Land use im Nepal (000 ha)

Culdvated  Mosi-calivaeesd  Grasstamls Foresied Shrueh Chlier Tetal
Eands inclusions lands/forest landaidegraded  lands
planiations fomeses
Physiographic zone
High Himal 8 | 885 155 &7 2234 3350
High Mountains 244 148 508 1634 174 245 el
Mid. Mountains 1223 T 278 1311 40kl 50 44472
Siwaliks 269 59 16 1438 29 75 18E6
Terai 1308 123 54 475 30 L6 2110
Mepal Total 3052 0 1745 5518 T 2729 14748
% bl | T 12 w 5 I8 100

(Source: Master Plan for the Foresiry Sector Mepal, MPES 1988)

Tahle 6-7. Changes in area of natural and enriched forests in Mepal, 1978-79 (o 198586 ('000 ha).

1978.79 198586  [Alference % Change
I975-B% Annual

Physiographs zone

High Himal 154 155 o | 0.4 a
High Mounizins 1628 1534 4 0.4 0
Midldle Mountains 171 1741 - 10 = 00 0.0
siwaliks 1445 1434 - 11 - 0.8 -0
Terai S87 445 - 142 =241 -39
Mepal Total 5605 549 - 156 - 2.8 - 0.4

(Source: Master Plan for the Forestry Secior Mepal, MITS 1988)

Table 6-8. Projected biomass fuel balance for Mepal, current trend assumptions {000 1)

e 1983-86 199091 Z000-001  Z2000-11
Physiographic zone

High Himal 3 3 -] 15
High Mountains 152 387 ik BTE
Middle Mountains - 343 =937 = 1530 - 1336
Shwaliks 108 i} =T 181
Termi - 234 - 2423 - 2008 - 1166
Mepal Total 2104 - 2504 = 3051 - 1428

(Source: Master Plan for the Forestry Sector Nepal, MPFS 1988)
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Tabie 6-9, Projected fodder balance for Mepal, currenl trend assumplions (00N 1)

ear 198586 199091 M00-01 Z010-11

Phyvsiographic zong

High Himal ih 37 n 33
High Mountains 02 551 623 (i)
paddie Mountaing - 163 -6 - SR4 - 107
Siwaliks 203 175 |55 247
Terd - 81 - 56 =23 - 07
Mepal Toal 4497 361 205 =ME

{Source: Master Plan for the Forestsy Sector Mepal, MPFS 1938)

Table 610, Projected timber balance for Nepal, current trend assumplions {000 m*)

e [DE5-86 [ 5r-4] 2060301 20090-11

Physiograpine zone

High Himal 1 i L |
High Mountains 45 L) 24 %8
Middle Mountaing -8 - 1080 - 479 . 450
Siwaliks n 23] - i 41
Terai 3325 - 457 S| - GEL
Mepal Toeal < 248 - 4t . 1151 - 1038

(Source: Master Plan for the Forestry Sector Mepal, MPFS 1988}

Epidemiologic transition

According to Greenhalgh et al, {1992), life expectancies since the 19505 have
improved some, bul are still relatively low. Although infant mortality rate (IMR} has
declined from about 200 in 1950 10 about 140, 1t is s1ill relatively high, Patierns of
diseases are still heavily weighted toowards infan tchild deaths--especially caused by acute
infectious diseases (e.g. diarrhoea and acute respiratory infections (ARTY, which account
for a vast majority of deaths} along with immunizable diseases like measles and other
leading causes of childhood martality in LDCs (Wright 1986). Overall mortality by cause
does not show a shift from infectious disease causes toward chronic discases as Abdel
Omran's classic theory of epidemiologic transition (Omran 1982) predicts. As far as [ am
aware, there is no national level data on causes of death because of lack of a vital events
monitodng system: however, | wanld think it s safe (o say that the overwhelming cause of

death 15 infectious diszase.
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Urhanization transition

Although urbanization in the middle hills {excluding Kathmandu valley) is low
compared (o the terzi region, nevertheless, some hill urban areas have grown significantly.
Kathmandu valley, which lies in the middle hills, has the highest urbanization level in the
country. There is a dearth of studies looking at urbanization in Nepal, The most
authoritative study has been carried out by Sharma (1989}, and my figures below have
been obtained from that study, The average annual growth rates (in %) during the period
1952/54 1o 1981 for the major hill towns were 9.71 for Pokhara, 3.87 for Tansen, 6.72 for
Dhankuta, and 8.49 for llam. The growth rates during the same period for Bhakiapur,
Kathmandu, and Lalitpur (the three urban areas in Kathmandu valley) were 1.51, 2.97, and
2.39 respectively. The growth of the hill towns can be attributed largely o their
administrative and govemnmental investment functions. Those that have had the benefit of
permanent road links have evidenced rapid growth, For example, Pokhara, which had a
population of 5413 in 1961, grew to 20,611 in 1971 and 46,642 in 1981, Dhankuta’s
population grew from 4,137 in 1971 o 13,836 in 1981, OFf the 7 hill districts with
significant urban population (including the Kalhmandu valley urban area), all except
Bhaktapur {which showed a slight decline) showed significant increases in the percentage
of urban population during the decade of 1971-81. However, although there has been
large growth around a few key urban areas, limited infrastructure and the limited
production potential of the immediate hinterland have largely inhibited the growth of urban
areas in the hills in general,

Discussion

Any conclusions drawn from the data in this paper have (o be only tentative ones.
The published data on Nepal lend themselves to considerable uncertainty. An excellent
example of the unreliability of the published data on Nepal is illustrated by two recent
papers published in different journals by the same authors using the same data source
(Table 6-11).

Table 6-11. Overall food, feed, and lpelwood sufficiency staws in Mepal - 1981 and 2000, a& puhlished in
iy jounals by the same authors,

Jourmal 1# Jouymal ==
1981 LY 158 206K
Fosexd deficdi 11% 44 % [ 6%
Fead deficil T4% BA% 3T% T4%
Fuslwood defidt 20, A5 10 21%

e

*Mouncain’ Research and Development, Vol. 10, Mo, 2, 1990, pp. 155
**Environmental Management Vol. 15, Mo, &, 1991, pp. 819
(Source: Schreier, Shab and Kennedy 1990 and Schreier, Drown, Kennedy and Shah 1991}
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The figures in Table 6-11 were reponedly obtained by the authors from the 1986 Land
Resources Mapping Project data (supposedly the most reliable data on land use in Nepal),
which they digitized by districts, and used a Gil5-based land evaluation model 10 determing
the food, feed, and fuelwood sufficiency of all districts in MNepal, In neither of their
published papers do they explain why their figures and projections differ in the rwo
published papers. However, even though the data and projections in the two journals
differ a great deal, the broad trend and overal] pattern are similar. Hence, as argued earlier,
Some tentative conclusions may be drawn, and we ean say that although food, feed and
fuelwood deficit in Nepal is expected to widen by 2000, the feed situation appears to be the
maost critical.

1800500
Districts B 1952 population o
TBO0OI0 | = Sirha B 1972 population e
= o
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Figure 6 10. Changes in population and forest ares in some Terai districes of eastemn Nepal between 1957, 1972
(Data Source: Seddon, 1987)
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Although the terai region was a safety valve for accomodating the growing population
il the hills in the past, it can be argued that the safety valve has now been closed. After the
eradication of malaria in the tropical forests of the terai in the late 19505 and early | 9605
and as a result of the active policy of the government o export timber from the zone and
seitle the hill migrants in the newly-cleared land, the tera was heavily deforesied. Figure
610 shows the rise in the population of some terai districts and the corresponding decline
in forest cover during 1952-1972, The forests in the lerai now have disappeared altogether
except within the protected areas of national parks.

The current demographic transition relates directly to forest degradation in the hills.
Even in the past when the terai was being deforested, deforestation was never a major
occurrence in the hill zone. As the hill population continues to grow, the demand for forest
resources will increase, and 50 it seems will forest degradation. Due to the built-in
momentum in population growth because the population age structure is heavily weighted
toward children, even if fertility could be reduced (o zero today, the younger birth cohorls
would mave into reproductive age within the next 20 years, guaranteeing population
growth into the future, The population projection of 25 million by the year 2010, used by
the Forestry Master Plan, 15 &8 medium-variant projection made by the government’s Central
Bureau of Statistics (Table 6-5), It appears this projection was made using a simple linear
regression fil to the post-1960 population data (Figure 6-4a), The population projection of
Hrabovszky and Mivan (1987), is slightly higher at 30 million in the vear 2005 (Tahle f-
3). It is not apparent how they projected the data. Depending vpon whether we use a linear
projection or an exponential projection, the projected population at some time in the Muture
can be quite different. It also depends a great deal vpon what datx we use 1o make
projections. A linear population projection using the published data between 1911 and
1991 would estiimate the population in the year 2050 to be 25 million. whereas an
exponential projection estimates it (o be 42 million, Using only the more reliable, posi-
1960 data, a linear projection estimates the population at 2050 to be 37 million, whereas an
expoenential projection estimates it to be 73 million. If we can come up with & figure (or a
population carrying capacity limit, a logistic equation would be the preferred projection
mechanism. However, estimating the carrying capacity would be highly subjective, and
many highly debateable assumptions would have 1o be made.

The epidemiologic transition can indirectly affect forest degradation by affecting the
demographic transition. Reduction in mortality through disease control, albeit small, while
fertility remains high and life expectancy has increased, will accelerate the demographic

transition,

The wrbamization transition, although not significant al the entire hills region, is
nevertheless important at some localized arcas in contributing to forest degradation. An
example is Dhankuta, whers urban population grew thresfold in 1971-81. Seddon (1987}
writes, “Thus, in Dhankuta area, the disappearance of forest is now almost total: forest
covers only (L2% of the total land area, with 42.3% poor marginal land under cultivation,”

Chapter 8§ Deapak Khatey 181




Fopwladion - Environrment Dynamics:
Secrorg i Tramsfion

The agricultural transition, which exhibits cropping intensification, affects fores)
degradation by increasing the demand for fodder to feed the livesiock provaeth, and leaf Totter
for composting.  As forests get more degraded, farmers will be unable to maintain their
livestock herds due to difficulty in obtaining tree fodder. Hill subsistent farming is
dependent upon livestock for both draft power and manure, which s also supplemented by
composting litter to fertilize fields. Although the consumption of chemical fertilizer, an
indicant of agricultural intensification, has increased sharply in recent years, it can he
argued that its use has primarily been in the terai and not in the hills. First of all. hill
farmers do not have the money to buy chemical fenilizers. Secondly, the terai seems 1o be
the most likely zone for the consumption of chemical fertilizers not only because of the
purchasing power of the higger landowners in the terai (some of who even practice
mechanized agriculture), but alse because of the immigational facility there. Hill agriculmre
is mostly dependent upon rain, and thus not conducive to chemical fertilization, The higher
yield m the terai (Table 6-2), despite the lower intensification than in the hills, supports this 1
argument.

Thus, hill farmers will continue to rely upon traditional farming practices that employ
livestock and forest biomass to meet the food demand of the growling population. This will
create tremendous pressure upon the existing forests.  The relationship between the
agricultural transition and forestry transition appears to be circular. As forest degradation
increases, it will be more difficult to get fodder for livestock. Deforestation also increases
lapscil erosion, especially on sieep slopes, affecting agricultural production. As fuelwood
hecomes more scare, farmers may resort to buming dung cakes [as currently practised in
the terai), which would deprive crop fertilization, and again affect agriculture, Reduced
agncultural production will require further agricultural intensification, which will lead to
further pressure on existing forests.

The policymakers and administrators need 1o be aware of this vicious cycle tightening
in the hills of Nepal. The problem of forest degradation and negative balance of forest
resources can be viewed from two policy perspectives: the demand side, and the supply
side. The demand side policy aptions will be to reduce the overall consumption of forest
resources either by reducing the number of people using those resources, or by reducing
the per capita consumption of these resources. It can be argued that the per capita
consumption of forest resources in Nepal cannot be reduced significantly, Recent data
from the World Bank shows that the Nepalese people are already living on the edge, when
it comes to energy consumption. The annual per capita energy consumption in Nepal
{where biomass fuels are predominant. especially in the rural areas) was reported to be 23
kg of oil equivalent, the lowest in Asia after Bangladesh (46 kg of oil equivalent), and
lower in the warld than only four African countries -- Chad, Burundi. Burkina Faso, and
Ethiopia (World Bank estimates, cited in Sharma 1992). One way to reduce the overall
consumption of forest resources will be to reduce the number of people depending upon it
This avenue needs (o be seriously pursued by launching vigorous family planning
programs.  Although the Nepalese government has been promoting family planning
programs, the resulis have not heen sipnificant, Total fertility rate stll remains high at 6.3,
and the contraceptive prevalence rate is extremely low at about 3% in the hills. The family
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planning program, hence, needs to be greatly expanded in both iniensity as well as
COVErage.

The supply side policy options should aim at [inding substitutes for biomass encegy
and increasing biomass production. Active research, demonstration, and promotion of
alternative sources of energy such as solar and hydro-power, which both appear Lo be
feasible in Nepal, need to be pursued. Biomass production can be increased by bringing
new land into afforestation as well as reforesting degraded forests, The local communities
should be brought inte this process, as success of any plantation will depend upon
protection and management by the local people. Allan (1991}, Exo (19901, Metz (1990),
and Zurick {1990} have documented success stories where local communities have taken
active part in forest resource protection and management. An active policy to promote
hiomass sell-sufficiency should be pursued by encouraging and assisting [armers Lo grow
more trees on their land and thereby reducing pressure on natural forests. Carter and
Gilmour {1989), Gilmour and Nurse {1991}, and Carter (1992) have reported that as forest
resources: pet more difficult to obtain, farmers in the hills of Nepal have resorted to
growing more private trees. This indicates that the practice and knowledge of growing
private trees already seems to be in place in the hills. The government needs to actively
encourage farmers and support them in growing a large number of private trees hefore the
remaining forests get too degraded, and not afler extensive damage has already been done.

Although most data on Nepal are argeably questionable, the data do exhibi broad
trends. Even these broad wrends paint a scary picture. The decision-makers must not wait
for reliable data o appear before they begin (o formulate plans. Programs to reduce the
population, maintain existing forests, and promote afforestauon, reforestation, and private
biomass production are urgently necded. It is also imperative that data collection systems
be established urgenty to document relighle inventories of present conditions and
manitor program impagcts as well as [uture sectoral changes and trends.
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Chapter 7: Catherine MacFarlane

THE INTERRELATIONSHIP BETWEEN THE FORESTRY
SECTOR AND POPULATION/ENVIRONMENT DYNAMICS IN
HAITI

Brief Historical Background

In just over a decade, the Republic of Haitd will celebrate s 200th anniversary of
independence, After nearly |3 years of slave uprisings and revolt, in 1304, Haiti became
the second oldest independent state in the western world (after the United States,) the first
free black republic in the world, and the only country to stage a successtul slave rebellion
in world history.

Although the French rulers left two centuries ago, French colonialism has directed
the path that Haitian society and government has taken since independence: an elite, lighe-
skinned, rich. and repressive minority ruling vielently and coercively over an oppressed
and impoverished black peasant majority, Perhaps as a result of the French influence and
the legacy of slavery, Haiti has not experienced any pericds of time without violence,
economic hardship, racial injustce, and repression in its enare 200 year history as a nagon,

An Introduction to the Problems and Issues Facing Haiti Today

The unrest Haiti has experienced has caused a lack of development and an
underdevelopment of basic human services (child and matermal health care, general health
care, education, wansportation, and communications to name a few) in comparison to
Haiti's island neighbar, the Dominican Republic, and other Canbbean and Central
American countries. In some cases, the unrest has caused a worsening of the services, or a
lessening in the availability of those services.

The following statistics, reported in World Resources, A Guide to the Global
Environment 1992-1993 will illuserate Haio's comparative lack of development. (Unless
otherwise indicated, statistics pertain to countries in Sourh, Central, and North America and
the Caribbean.)

Hait

. has the 2nd lowest per capita GNP behind Guyana.

. has the lowest per capita GNP in North and Central America and the
Caribbean,

. has the 2nd lowest life expectancy behind Bolivia.

. is ded with Bolivia for the highest death rare.

. has the 2nd highest highest infant birth rate behind Bolivia.

. has the highest child death rate.

. has the 3rd highest maternal death rate behind Bolivia and Paraguay.

. has the highest rate of wasting in children.
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. is ted with Belivia for having the 2nd highest rate of stunting of children
(behind Guatermnala )

. has the 2nd lowest per capita calones available behind Baolivia.

. has the 2nd lowest per capita protein consumption behind the Dominican
Republic.

. has the lowest access to safe water in urban areas.

. i5 tied with Guatemala for the lowest female literacy rate.

. has the lowest male literacy rate.

. has the lowest usage of birth control,

. has the 3rd highest population density behind El Salvador and
TrnidadTobago.

. has the 2nd highest deforestation rate within the past 10 years behind El
Salvador.

. has the highest percentage of households without elecmicity.

This is just a sampling of the hardships with which the people of Haiti, mainly the
peasants, live on a day-to-day basis.

Haifi's population was measured in 1990 at 6.51 million with an anticipated growth
rate of 2.07% from 1990-1995.1 Although Haiti has a fairly low percentage of urban
dwellers (28% ) the population growth rate in Port-au-Prince was 3.5% between 1971 and
1982 - far higher than the 1.4% national population growth rate for those same years. It1s
safe to assume that the growth rate in Port-au-Prince has stayed as high as 3.5%, or has
increased since 1982, [n additon, the total ferdlity rate in Haio 15 currently 4.8 children
per adult female, an exceptionally high number among the Caribbean nations, and the
conmaceptive prevalence rate is an exceptionally low 1053

Haziri's estimated populaton doubling time, based on the 1990 population of 6.51
million is 34 years.* This is not an unusually shornt doubling time compared, for instance,
ta countries on the African cononent where every country has a shorter doubling time
(except Tunisia which is tied with Hait.) Seme examples of doubling times in African
nations include: Egypt, 32 vears; Zimbabwe, 23 years; Nigeria, 12 years; Kenya, 19 years;
and Cote d'Tvoire, 18 vears? Similar to many African nations, Haiti's infrasmrucrure.
welfare system, and human services are having a difficult ome serving the needs of the
current populations. What havoc and poverty will a doubled population cause in the year
20267

Lalten L. Harmmond, Ed. et al, World Resourmes
(New York: Oxfoed University Press), 1992, p 2446,
IRichard A Haggerty, Ed.. Dominican Republic and Haid Countrv Sudies, (Washington DC:US
Government Printing Office), 1991, p 245,
I Andrew Steer, Ed.. et al, World Development Report, 1992: Development and the Environment, (New
York: Oxferd University Press), 1992, p 270
4rpppulation and the Environment: The Challenges Ahead.” UNFPA, 1992,
*1bid.
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To some degree, citizens of all countries depend on government-organized health
care e keep them healthy and government-organized education to make them literate.
These are man-made institutions. The natural resources of a country like Haiti need to be
taken into consideration in a population study as well, [t is estimated, for example, that
less than 2% of Haiti's original forest cover is left today.? Mounuinsides have been
deforested completely to make way for cultivation 1o grow foed, to sell s firewood, and Lo
make charcoal. Haiti was once considered one of the most fertile countries in the New
World; now only 11.3% of its land is suitable for agriculture use.” The lush, tropical
countryside has evelved into and, barren, inhospitable land.

Problems beyond an increase in population are causing the deforestation: the LS
fecent embarge on importing most geods to Hait has halted the delivery of propane gas,
the most commonly used cooking fuel. This has caused an increased demand for charcaal
and in arder to meet this demand and to make much needed money, farmers are § elling live
fruit wees. Chopping the trees not only further degrades the poor top soil, it takes away
vitally necessary food for Haiti's population

Overview

Comprehensive data on the various sectors in Haiti are difficult to locate. Much
longitudinal data exists on the demographic transidon in Haiti from 1950 to the present, but
data in most other sectors is limited to one year's findings. For that reason, T will
concentrate an the demographic transition and discuss how Haiti's projected exponential
pepulation growth rate has affected and will continue to affect the foresoy sector, For the
purpose of companson, | will include data on Haiti's neighbor on the island of Hispaniola,
the Dominican Republic,

Much of the data and the graphs presented originate from the World Resources Data
Base. In this data base, World Resources Institute has compiled data from many SOurces.
To give credit to the institutions, [ have indicated on each graph from which of the many
sources the data arose. Other data comes from a number of other books, journals, World
Bank documents, and reports.

One final note: Haiti's recent history has been one of extreme despair: the tenuous
and violent political situation has forced many citizens to seek asylum in the United States
(only 5% are allowed to stay,) and the AIDs epidemic has placed severe strains on the
health care system. Because I am concentrating on the population transition in this paper
and not the recent and bleak history, [ have not specifically analyzed the effects of the
political violence and reprisals and the AIDs epidemic.

f—

SCharies E. Cobb, Jr.. "Haid: Against All Odds,” Marional Geographic, Vol 172, Mo 5, Movember, 1987,
18,

I;Hagg-:n:.r, 1991, p 293,

fLee Hockstader, "E mbarge Translaes into Ecological Disaster for Haiti,” Washington Post May 31,

1932,
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The Demographic Transition

The demographic wansiton analyzes changes in population over ime. The
ransinen begins with relatvely high birth and death rates that are in fairly close eguilibrium
with each other, The birth rate tends 1o be slightly hagher than the death rate which results
in a slow, steady increase in population. During the transition. the death rate takes 3
sudden downward turn, usually because of improved health standards, but also because of
a vanety of other ife-improving sitvations. If the birth rate follows the death rate in its
downward turn and remains in equilibnium with the death rate, the populaton continues to
increase steadily. If, however, the birth rate remains high while the death rate drops, a
population explosion will o¢ur,

The end of the demographic transidon is the downturm of the birth rate until
equilibrium with the death rate has been established again. While many, if not most, of the
industrialized nations have reached this end point of the demographic transition, the
majority of developing nations have not

If the population projections cited by World Resources Instmee (and other sources 1
located) are to be believed, both Hain and the Dominican Republic appear to be in the
midsection of the mansition, although at slightly different points, and both countries are
feeling the pressures curmently of rapid population growth. To give the reader an
understanding of how world population growth and the growth in Central and North
America and the Caribbean compares with Hain's and the Dominican Republic's growth, |
have included the data for all these areas in some of the graphs.

In 1950, Haiti's population of 3.25 million exceeded Dominican Republic's
population by nearly [ mullion, By 1970, only twenty years later, the Dominican Republic
{4.4 million) had almost caught up with Haiti (4.5 mellion) and in only five more years, the
Dominican Republic's population exceeded Haiti's. Currently, the Dominican Republic's
population is about .6 million higher than Hair's®, but the following graph seems to
indicate that Hait will surpass the Dominican Republic by 2015 and continue growing
exponentially, while it appears that the Dominican Republic population will level off and
grow linearly (please see Figure 7.1 on next page):

“Adlen L, Hammond, et al, Werld Resources - A guide 1o the Global Envimnment 1992-1993, (New York:
Crnford University Press, 19920, p 246,
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Total Population: Dominican Republic and Haiti
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Figure 7.1

It 15 extremely important to differentiate berwesn actual data and projected data. The
data from UN's Population Division (the source of most of the population graphs in this
paper) are actual data untl 1990; to assist the reader in differentiating between actual and
projected data, | have demarcated the actual/projection cut-off points with vertical lines.
UN's Population Division, in extrapolating projected future population data, has chosen
specific curve fits for specific data. The reader must be aware that different informarion
sources may choose different curve fits - this could lead to widely varying projected data,
The first example of biased curve fitting is evident in the above graph, Figure 7.1: the
Population Division at UN chose to have the Dominican Republic’s population level off
into a linear curve and Haiti's population to continue to grow exponentially.

From the UN Population Division data, I have extrapolated the data in Lotus 1-2-3
to create a curve fit for Haiti's population growth, Like the UN Population Division's
projected data on Haiti's population, I also chose to create an exponential curve fit for the
population growth in Haiti, but T used the data to extrapolate potential population figures
for the next 250 years (please see Figure 7.2 on next page). My choice of an exponential
curve is another example of biased curve firting - had 1 chosen a linear curve, the future
would not look so bleak for Hait. [ chose the exponential curve because my analysis of all
the linking problems in Haiti coupled with the lowering death rates leads me to believe that
unless drastic measures are taken soon, there will be a population explosion in Haiti.
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Figure 7.2 N
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The following graphs (Figure 7.3 on this page and 7.4 an the next page) show total
population in the world and in the Americas and are included mainly o show the
similarities and differences in curve shapes between these graphs and the previcus graph:
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In examining the birth rate graph, the drops in birth rates are fairly slow, with the
Dominican Eepublic showing a steeper drop than Haiu. This graph shows a far [ower
projected birth rate in 2025 in the Dominican Republic (16.8) than in Hain (28.2),
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The death rates drop far more precipitously, at least until about the year 1990 for the
Dominican Republic and the year 2010 or 2015 for Hairi:

Crude Death Rate per 1) Population
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Figure 7.6

By examining the birth and death rates together on the same graph, one can more
easily see the differences berween births and deaths, The first graph (Figure 7.7) shows
the Dominican Republic's binh and death rates. The acrual data from 1955 shows & very
nigh difference berween binhs and deaths and as the years pass, the birth and death rates
draw closer and closer to each other:

Lrude Birth and Death Rates: Dominican Republic
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Compare data from the Dominican Eepublic with data from Hain:

Crude Birth and Death Rates: Haiti
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While not as dramatically far apart as the Domunican Republic's birth and death
rates from 1955-1970, Haiti's rates grow further apart over ime. If the projected data from
LIN's Population Division turms oot to be correct, this wide separanon berween birth and
death rates ¢an enly signal one thing: comparatively higher population growth rates for
Haig than for the Dominican Republic:
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Besides the large gaps berween birth and death rates, fertility rates also play a role
in population growth, In 1953, the Dominican Republic’s fertiliry rate taverage number of
children per mature female) was a very high 7.4, while Haiti's rate was £.3. Haiti's
ferulity rate in the 19505 and early 1960s was low compared to ather Caribbean nations,
not because of government policy, but because of unhealthy living conditions, spontanesus
aboruons, delayed cohabitation, prolonged lactation, and conjugal instability, !0 By 2025,
however, it 1s estimated that the Dominican Republic's rate will have dropped o 2 whils
Haiti's will have dropped only to 4 children per female:
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Figure 710

As in other countries around the world, there seems to be a somong correlaton
between fertility rates, urban residency, and literacy. The 1977 "Haitian Fertility Study”
found that between the years 1962 and 1977, the fertility rate of literate urban women
declined by 33%. In contrast, the rate for illiterate rural women declined by only 7 %
dunng the same tme peniod. In addinon, the fertility rate of literate rural women declined
by 27%, while that of illiterate urban women declined by 15%.!1 Nevertheless,
childlessness is said to be universally feared among the peasants!? (the largest group of
Haitian cidzens) and with the large number of spontaneous aborions and high infant and
ihild death rates, women must continue to have babies to ensure that they do not become
childless.

Analysis of the pepulation data indicates that the Dominican Republic began its
demographic ransition earlier than Haiti and is further along on the transiton omeline. The
data on the Dominican Republic from the 1950z and 1960s, however, is quite alarming:

10 ober 1. Rotherg, Haid, The Polifics of Squalor, (Boston: Houghton Mifflin Company, 1571), p 264.
W Haggery i 1991.) p 248,
' 2%aes Lundahl, The Haitian Economy, (London: Croom Helm Lid., 1983}, p 241,
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nigh fernlity rates, high birth rates, high population growth rates and relatively low death
rates. Beginning in the 19605 and 1970s, the government began supporting family
planming and the use of contraceptives and although family planning took a while to
become widely available, officially, about 50% of all couples currently use some form of
conmracepton (compared to Haiti's official esamate of 10%).13

In 1955, the Dominican Republic's death rate was already dropping quickly, but its
birth rate was dropping only gradually. This accounted for large increases in populatian.
Although sall very high at 3.3%, the population growth rate stopped increasing by 1960
and began decreasing. With more couples using some form of birth control, the birth rate
continues to become more stabilized with the death rate, however there is at least a 20-30
year time lag between the beginming of a population contrel program and the beginning of a
stabilization of population. This means that the population has had an inordinately large
percentage of children under the age of 15. The percentage of Dominicans under the age of
15 is dropping rapidly (45% in 1973, projected 36% in 1995)%, another indication that the
population growth rate is diminishing. Please noie that the ages on the following pyramud
graph (Figure 7.11) are broken down in 10-year increments: these percentages will be
somewhat different than data included in this paper from World Resources Instirute whose
increments are spaced differently:

Dominlican Republic Age Distribution

% of HMale Female % of
Age | BFop'n Pop'n Age
0= 1.1% 1.1%[70+
Ed=-69 1.5% 1.3%|60-64
50-549 2.3% 2.0%|50-59
40=-49 3.8% 3.5%|40=-45
a0=3% 5.2% 5.3%|30-33
20-29 6.8% : 3 T.5%{20-29
10-19] 12.4% 12, 9%|10-19
1,400 700 0 700 1,400
{in thousands]

« Total Population. 7,108,000 « Life Bxpectancy (Male): &0 years
 Total Male Pop'ra. 3,546,000 + Life Bpectancy [(Female): 64 wears

« Total Female Fop'nm: 23,560,000

Figure 7,11
Source: PC Globe, MacGlobe, Tempe, Arizona, 1991,

L3 80mer, (1992), p 270,
MHammond. (1992), p 248,
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Large numbers of children having been bom in the past three o six decades means
that the number of senior cinzens will grow rapidly in the 21st century putting pressure on
social services and health services in the Dominican Republic to care for these citizens.
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Caorrespondingly, death rates in the 2135t century will also grow. (Please tumn back
to Figure 7.6, the Crude Death Rate graph, 1o see the slight projected increase in death rates
after 2015 in the Dominican Republic.)

In studying the population tends in Haio, one must go back to the early 19th
century (after independence in 1804) 1o understand Hain's need to increase its populaton.
In order to survive, the peasant class of Hain (the majonity class) depended heavily on
agriculrural productivity. To increase their productvity, the peasants relied on two
methods, one short-range and the other long-range. The first was to create cooperative
labor practices where peasants who lived in the same community banded together to help
each other perform the labor-intensive tasks involved in farming. The other, longer-ranges
method was to increase the size of the family unit and the community through procreanon.
There was a dramatic population increase during the 159th century into the early 20th
century: from approximately 500,000 in 1812 to | million in 1360, to about 2 million in
192215

The population data on Hait since 1955 appears deceptively steady: a low fertility
rate, compared to other Caribbean nations, and a slower rate of total population increase
than the Dominican Republic (see Figure 7.1). Haiti's death rate appears to drop very

LSalex Dupuy, H ), (Boulder:

Westview Press, 1989), p 10K,
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steeply after 1955 signaling the beginning stages of the demographic transition. At the
same time, however, the graphs seem to indicate that Haid lags behind the Dominican
Republic in the transition by at least 30-4() years and the severe population problem arises
in Haiti because the birth rate drops far more slowly than the death rate. Another indicaton
that Haiti lags behind the Dominican Republic in the wansition is the difference in age
dismribution as indicated by Haid's pyramid:!®

— R
Haitl Age Distribution
% of Male Famale % of

Age | Pop'n Fop'n | Age
IHT 1.7% 2.2%|70+
0-89] 1.8% 2.1%|60-569
s0-59| Z2.8% 2.8%|50-59
Iqu--w 4.2% 4.5%[40-49
Ia-:u-:m 5.0% 5, 9%(30-39
20-29] 7.8% = 9.2%|20-28
10-19] 10.9% 10.8%(10-19
0-9 14.2% 14.1%|0-9

920 460 0 460 920
(in thousands)

» Total Population.. 6,322,000 « Life Expectancy (Male)}: 55 years

s Total Male Pop'n.. 3, 060,000 «» Life Expectancy (Female): 56 years

» Total Female Pop'm: 3,262,000

Figure 7.13
Source: PC Globe, MacGlobe, Tempe., Arizona, 1991,

The percentage of children under the age of 19 in Haiti is about 25%; in the
Dominican Republic, that percentage is higher at 29.5% (see Dominican Republic's age
pyramid, Figure 7.11). [ would estimate that in the near future, because Haiti's women
continue to have high fertility rates and the infant and child mortality rates are decreasing,
Haiti's child population percentage will increase rapidly. I would also estimate that the
Dominican Republic’s child population percentage will slowly decrease due to the slowly
decreasing fertility rates and the increased use of contraceptives in the Dominican Republic.

In the past, poor medical care and the consequently high child and infant mortality
rates in Haiti have kept the population increase somewhat steady. [mproved primary health
care delivery beginning in the 1960s has led to rapid decreases in infant mortality (please
see Figure 7.14 on the following page):

L6pC Globe, 1991,
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Currently, Haiti has rapidly decreasing overall and infant death rates, a slowly
decreasing birth rate, a relatively high fertility rate, and steadily improving health care
delivery, In addition, the distribution of modern metheds of contraception has not
expanded rapidly enough to meet potential demand, especially in the rural areas. While
there is widespread knowledge of modern contraceptive usage and while official dara
suggests that 10% of the population uses some form of contraception, a 1986 survey
conducted by Haiti's Ministry of Public Health and Population found that less than 5% of
married women use contraceptives.!” Due to the indicators listed above, Haid's population
seems destined to grow rapidly, unlike the Dominican Republic whose population may
level off in 50- 10 vears.

An outline of a population policy, the Ministry of Public Health and Populanon's
"MNew Orientation,” was drawn up in 1982, This plan set as goals for the year 2000 a
crude birth rate of 20 per 1,000; a fertility rate of 3 children per woman: a crude death rate
of & per 1,000; an infant mortality rate of 50 per 1,000; and a life expectancy of 65 years, 1#
UN's Population Division estimates for the year 2060 a crude birth rate of 34, 1. a ferrility
rate of 4.6, a crude death rate of 10.8, an infant mortality rate of 77, and a life expectancy
of 58.5. While the Ministry's plans may seem ambitious, they will come fairly close to the
UN's estimates in one area: in the crude death rate figure. Unfortunately, a lower death
rate without a comesponding lower birth rate means more people and higher populadon,

1T, David Knox, et al, Haug, Public Expendinue Review, (Washington DC: The World Bank, 1987, p

104,
L8 hid,
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The Forestry Transition in Haiti

Haiti's land area of 28,000 square kilometers is defined by five mountain ranges
which divide the country into three regions: Northem, Central, and Southern. The highest
peak, Morne de la Selle, located in the Scuthern Region, reaches an altitude of 2,715
meters.!® Because of the mountainous topography, the rainfall patterns tend to be
irregular, but the wet season generally lasis from February through May and the dry season
from MNovember 1o January,

One of the maost stnking physical features of Haiti 15 its mountainous topography.
Less than 20% of Hait's total land area consists of land with a slope not excesding 10%.2°
The rest is ragged mountaing, which makes life difficult for peasants in several ways:
transportation is more time-consuming and more arduous; communication problems are
intensified. and tmproved agncultural technigques are more difficult or impossible o use.

A direct result of population growth in Haiti has been soil ¢rosion caused by
deforestation of the hillsides. The mechanisms which have led to the denuding of the
hillsides are connected to economic factors. Throughout Haid's history, there have been
few economic alternatives to an agricultural, agrarian way of life for the majority of the
peasant population, With an increase in population, there is an increase in the labor-force.
With an increase in the labor-force, more land must be cultivated.?! The farmers, by
necessity, must move anto steeper and steeper slopes. The slopes are cleared for
cultivation which leads to more erosion. With the erosion and the depletion of fertile
topseil, the land's productivity lessens, forcing the farmers to search for new land, More
and more fragile land is damaged, perhaps beyond reclamation. This problem of
deforestadon and damage to the land 15 not a new phenomenon: as early as 1938, a Haidan
agronomist estimated that 210,000 hectares, or 7.2% of the total land area, that was once
cultivated had been abandoned due to loss of productvity. 2

Haiti's population density i3 exceptionally high at 2,500 people per 1,000 hectares
{the Dominican Republic's population density is 1,500 people per 1,000 hecrares).23
According to estimates from international agencies, only about 29% of the land is suitable
for planong. Because of increasing population and increasing demand for land, 43% of the
land is cultivated.?® (This data was collected in 1982; the percentage of cultivated land has
most certainly increased in the past decade.) This means that farmers are being forced to
cultivate the steeper hillsides. As a result of the severe deforestation, only 1/70, or less
than 2%, of the land remains forested. (Please see Figure 7.15 on the next page):

|9 Haggerty, (1991), p 196,

0 undahl, The Hajian Economy, (1983), p 240,

1Charkes R. Foster and Albert Valdman, eds., Haitl; Today and Tomoros, (Lanham, MD; University
Press of America, [984), p 183,

“iRotherg, (1971), p 292,

2 Hammond, (1992), p 264.

24pod Prince, Haiti Familv Business. (London: Latin America Bureau, 1985), p a5,
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Forest and Woodland Area: Dominican Republic and Haiti
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As a comparison, please see the graph on the following page depicting forest and
woodland cover of the Americas, This graph proves that in some parts of the Americas,
reforestation is ocowrring at a rate higher than deforestation, The graph above proves that
this 15 not the case on the island of Hispaniola.
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The deforestation of Haiti is caused not only by increasing numbers of farmers
needing land; it is also caused by an increased population’s need for raw materials 1o
consmuct dwellings, to produce wood for exportation, and to produce charcoal for energy,
Haiti has no petroleumn resources and linde hydroelectricity potential: wood accounts for
75% of the nation's energy consumption (petroleum accounts for 15%, bagasse -
sugarcane residue - for 5%, and hydroelectric power for 5%.)%° With only 4% of the
population having access to electricity?®, Haiti's peasants must rely on felling trees for the
production of charceal to use as their primary energy source, The following graph shows
the high level of charcoal production in Haiti compared to the Dominican Republic:

Fuelwood and Charcoal Production: Dominican Republic and Haiti
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The graph on the following page (Figure 7.18) shows the large increase in
production of charcoal in the Americas in the twenty-year period between 1570 and 1990.

L Haggerty, {1991}, p 204
28Hammond, (1992), p 264.
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Despite the seriousness of Haiu's deforestation and resultant erosion problems, the-
Mimstry of Agnculture, Narural Resources and Rural Development has not developed 2
replicable or cost-effective mechanism for implementing soil conservation projecis.
Promising pilot programs are being tried in various localities. but few, if any, are atmactive
to farmers unless the farmers are subsidized or paid directly to camy out soil conservation
works, A replicable strategy integrating soil conservation and reforestatian into hillside
farming 15 ergently needed. Such a soaregy must prm ide direct economic benefit to
farmers and it must be linked to watershed management.~'

The main impetus to initiate reforesiation projects has come from outside donars
such as US AID. n the 19805, AID'S Agroforestry Outreach Program was the country's
major reforestanon etfort. Peasants planted more than 25 mullion trees during the program,
but as many 45 seven trées were cut for every new wee planted.* Data from 1985 indicates
that Huiti's deforestation rate was 3.7% while its reforestation rate was 2%, Compare this
with the Dominican Republic's deforestation rate of 645 and its reforestation rate of
8%.*% Figures like this make it apparent why looking at photographs of the frontier
berween Haiti and the Dominican Republic (such as the one included in a March, 1987
National Geographic story) show lush green on one side and harsh brown an the other,
Indeed. it makes one realize that when the original inhabitants gave their country the ndme
Haiti. which means "green island” in the natuve patois®?, they had no idea of the
unfartunate fate that would befall Haiti's lush forests.

£7The World Bank. Haiil; Public Expenditure Beview, {19871 p 34,
TEHaggerty. (1991, p M1,
“MHammand, (1992, p 286,

30 jve Ponting, A Green History of the Wogld, { New York: St. Marmn's Press, 1991), p 255,
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Conclusions, Implications, and Suggestions for Haiti's Future

The main factor in Haiti's inability to improve conditions for its citizens is the
continuing unstable polidcal climate. Moreover, it is possible that one of the reasons for the
political instability could be the environmental degradation. It seems to be a caich.22
situation: until a ruler who is popular with the peasant class as well as the elite class is
chosen, the misery could continue and escalate, but unless Haiti is reforested, Hairi may
never be politically stable. While many of the Haitian people who fled 1o the United States
left because of the brutality of the Duvalier regimes, it is probable that many Haitians have
been forced to leave by the impossible task of farming on degraded, nutrient-poor
mountainsides, Not only should the Haitians be considered political refu gees, they should
also be thought of as environmental refugees 3!

With or without a stable leader, it is vital to the health, the lives, and the well-being
of the Haitian people that community development programs be instituted immediately.
Among others, the programs | consider perhaps the most important to the future of the
Haitan nation are: improved education for women, increased business opportunities for
women, birth contmol education, reforestation efforts, and bi- and multi-lateral agreements
with neighboring nations to assist Haiti in its efforts to return 1o a healthy and productive
existence. Shor descriptions of my vision of these programs are as follows:

L. Improved education for women, particularly literacy education:

As stated earlier in this paper, there is a direct correlation between literacy levels,
urban living situations, and lower fertility rates. While 1 would not advocate an exodus
from the countryside to the cities of Haiti due to the rampant and extreme poverty found in
the cities, I would advocate a strong literacy program for women all over the country, in
urban and rural settings. Skills in reading would enable women to sesk job opportunities
outside the home thereby lessening the “need” 1o have as many children, and it would
greatly improve the self-confidence and self-worth of an oppressed group of Haitian
citizens - the women.

2. Increased business opportunities for women:

Another avenue to increase women's self-confidence, to improve their living
conditions by raising their incomes, and potentially o lower the fertility rates is to provide
women with training in 8 money-making skill. In the Dominican Republic, small business
enlerprises, women's cooperatives, are being developed in urban areas with the help of
Peace Corps Volunteers. These women, the majority of whom were illiterate and had
never worked for wages before in their lives, have learned a skill that has earned them
much needed money. In one project on the north coast of the Dominican Republic near the
tourist resorts, women have learned to make papier mache tropical fish mobiles to sell o
the tourists. While the mobiles are labor-intensive to create, the start-up costs were
minimal and the women showed a talent in painting that nobody had anticipated. This
revelation of the women's artistic talents has led to additional money-making opportunities,

Jjessica Tuchman Mathews, "Redefining Security,” Foreign Affairs, Vol 68, No 2, Spring, 1989,
p 164,

Chapier 7: C. MacFarang 219



Poowlation - Emvironment Dypamics:
Sectors in Transilion

Through this project, the women have been given the skills to earn money, the swlf-
confidence that comes from eaming vour own wages, and the comraderie of other women
in similar circumstances. Projects such as this should be undertaken in Haitl after
appropriate money-making ventures have been located. (For the time being, becauss
tourism is not a big business in Haiti due to polincal upheavals, a project similar to the one
in the Dominican Republic would not be successful, but other opportunities must exist,)

3. Birth Control Education:

As part of the literacy and small business emerprise projecis described above,
women should be given the opportunity to learn about methods of birth control, While the
main target of these programs is women, the husbands should be invited for the birth
contral as well for some of the sessions, Men's cooperation will be vital in the effort to
lower birth rates. The birth control education program should train local women as
practitioners in the use of the different methods so that they can visit women &nd families i
their homes and advise them on contraceptives in private. A large scale advernising effor
using pictures and billboards of happy-looking smaller families and using radio programs
should be launched to get the message out to the general public that having smaller families
15 better and will lead to better living conditions. There must be a monitoring capacity built
into the program to determine its effectiveness, If, after 10 years or so, it does not appear
to be working (that is, fertility rates are not lowering,) 4 more drastic form of fertility
control must be enforced in order to Keep a population explosion from dessimating Hain.

4. Reforestation Effors:

As described in this paper, previous reforestation efforts in Haiti have failed. Any
future effarts should include the maining of men, women, and children on agroforesory
technigues and the massive planting of nitrogen fixing, fast-growing mees, such as the
neem tree. Because of the destruction of the soil, it will be impossible to grow the ornginal
species of trees on Haiti. In the place of those species, besides the neem mee, other hardy
tree and shrub species should be planted and a drought resistance ground cover should be
inroduced to keep the hillsides from eroding further. The fertle topsoil in Haiti has eroded
away leaving nutrient-poor soil i which to grow trees and crops. The neem tree, whose
roots slough off nodules of nitrogen into the soil under the surface, will start to fertilize the
soil naturally. The fast-growing properties of the neem tree will enable peasants 1o cut the
tree after just two to three years of growth. In the time that it will take to grow the rees and
for a period of time after the beginning of harvesting. peasants will need to be subsidized
with an alternative source of energy besides charcoal,

A% with the birth control efforts, 8 wide-reaching campaign to educate the general
public on the hazards of deforestation should be faunched, School children should be
taught about the worth of trees and forests in school and efforts to reach school-leavers and
the community in general should be made. Until wide-scale education and reforestation
efforts are bepun and until a donor agency has the perseverance and monetary means (o
continue this project (which will most likely take many years of hard work), the devastanng
deforestation situation in Haiti will continue.
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i, Kole of the United States and other Nanons:

First and foremost, the US must immediately cease any embargo on goods to Hain
While the embargao described in this paper was meant to show Haiti that the LIS will not
tolerate political atrocities, it only served to make life mare difficult for the peasants in
Haiti, Secondly, where possible, the US and other nations should initiate bi- and mului-
lateral agreements promusing funding and trained personnel to work with the Haitian people
te make thetr living situations better. [t 15 important that any workers going to Haiti must
learn the cultural norms and the language and they must have some altraistic sentiments. in
past efforts to help Haiti and other needy nations, the US {mainly government agencies)
has often sent culturally insensitive people who went to these countries more to make
money than to help the people. Mot only have projects in the past introduced rechnology
that 1s inapprapriate to the locale, they have also gone about completing the projects in such
u way that the local people feel no ownership and no reason o continue the project after the
donor agency has gone. The Haitian people must be a part of the planning process of the
projects | have suggested above and they must be major players throughout the 1ife of the
projects if the projects are 1o be successful,

FEEEARPARRER RN R R RNt

All [nrrners krow that to grow crops wou have w have rees, The roots of trees retain
topsoil. the nutrent-filled layer of din that nounshes whatever you plant i Trees
kieep that good earth in place, Amd trees keep the cycle of minfall going. They absorh
the ran from the skies, and then the sun heats it back oul of them, creating the
humidity that again forms the clouds that will bring the fin once more, and water tor
the seed, Haitan pensanis know this, wo, S0 gen wiln Sous £ ap ba-w dio, ow po
Eppe pryetwe kove-U 1T vou have o stream that gives you water, the prover savs, you
don't cut the trees around it. Peasants use this proverh all the ame; it means “Don’l
bite the hand that feeds you," 32

Were it nat for a possible exponential increase in population and a tentative and precanous
political system. | believe the majority of farmers in Haiti would wy o adhere to the
praverb written above. If the political situation does not improve and sugpestions similar
to the ones described on the previous pages are not undertaken soon, | feel that Haiti will
slip further and further into the abyss of severe poverty and misery and improved standands
of living will be impossible to attan,

32 amy Wilenz. The Runy Season. (Mew York: Simon and Schuster, 1989), p 244,
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Chapter 8: Gary Stahl

TRANSITION TO PEACE: ENVIRONMENTAL IMPACT OF DOWNSIZING
THE UNITED STATES NUCLEAR WEAPONS COMPLEX

I, Transitions in the U.S. Nuclear Weapons Complex

The United States has been manufactuding nuclear weapons since 1945, Since the
carly years of the World War 11 Manhattan Project, nearly 30,000 warheads have been
produced.! There are fourteen primary plants and processing facilities that have developed
aver the years to produce the materials and components required for constructing nuclear
weapons. Much of this activity was cartied out under extreme secrecy and with scant
regard for the environmental impacts.

The environmental impacts have been severe. Nearly all the facilities have
documented some degree of soil and ground water contamination, Except for the sites in
arid locations all have contaminated surface water. Most sites have large accumulations of .
hazardous or radioactive wastes stored in various types of containers.

The agencies that oversaw the production activities were completely “self-policing™.
Thers was always the imperative of “national security” and very little environmental
concern. In the words of former department of Energy (DoE) Secretary James Watkins:
... the waste management and environmental problems have resulted from a 40 year
culture, cloaked in secrecy and imbued with a dedication to the production of nuclear
weapons without a real sensitivity for protecting the environment"2

The transition to peace has brought & chan ge in pressure for remediation of the
environmental impacts of nuclear arms production. During most of the cold war, national
security concerns outweighed concerns for environmental concems and even public health.
Public awareness of the extent of the snvironmental impacts was limited by the high level of
secrecy that was assigned to nuclear weapons production. These forces combined 1o keep
remedianon pressores low, Now, with the end of the cold war and the evaporation of the
Soviet threat, the national security concerns and secrecy have been reduced.

People have long feared the use of nuclear weapons. There is now a desire 1o reduce

nuclear weapons stockpiles and ban future testing. 'With reduced secrecy, public awareness
nas grown, and with it & growing concern over the environmental impacts of nuclear
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weapons production and the public health implications. Because of this, the remediation
pressures are much greater. Figure 8-1 depicts this ransition.

REMEIHA TN
FRESSLRE

REMENLATION
PFRESSLRE

Cold War Balance of Priorities

Post-Cold War Balance of Priorities

Figure 8-1; Changing Pressures on the Nuclear Weapons Complex

The Nuclear Weapons Chain

The key ingredient to any nuclear weapon is a fissionable material. Fission ocours
when radioactive material is brought together in & high enough concentration and in
sufficient mass 1o produce a nuclear chain reaction. The path for obtaining this material is
essentially the same for nuclear weapons or for nuclear power generation. The “Nuclear

Weapons Chain® is outlined in figure 2-2.
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Uranium Mining
4' MNatural Uranium ore is
exlmscted from the camh.

Uranium Milling Uranium is separated from

* the ore inlo “Yelloweake™

Oxide Conversion
Uranium oxde is
¢ converted 10 UINIFg gas.

[sotope Enrichment
+ Uranium isctope U235 is seperated
from the more common Ugsg.

Metal Fabrication
+ Uranivm isciopes U35 and Ussg are
converted to oxide metal rod for reactors
Plutonium & Tritium | or as target rods.
Production
* Plutonium Pu 230 is produced from Uzag
and Tritium from Lithium-6

Weapons Maufaciure

Figure 8-2: Nuclear Weapons Chain

Wastes Along the Way

Each stage of the nuclear weapons chain produces wastes. The specific types of
wastes produced at each stage will be discussed in greater detail later, There currently are
five classifications of wastes produced at by the nuclear weapons complex:2

. High Level Wastes (HLW) The highly radioactive waste material that
results from the reprocessing of spent nuclear fuel, includin £ liquid waste produce:
directly in reprocessing and any solid waste derived from the liquid that contains a
combination of transuranic waste and fission waste products in concentrations
mequiring permanent isolation.

Z. Transuranic (TRU) Waste: Waste, without regand to source or form, thar js
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contaminated with alpha-emitting "transuranic” nuclides (from the Uranium decay
series) with half lives longer than 20 years and in concentrations greater than 100
nanocunies per gram at the time of assay.

3. Low Level Wastes (LLW): Waste that contains radioactivity and is not
classified as high-level waste, transuranic waste, spent nuclear fuel, or a byproduct
material. Test specimens of fissionable matenal uradiated for research and
development only and not for the production of power or plutonivm may be
classified as low level waste, provided the concentration of transuranic is less than
LX) panocuries per gram.

4, Hazardous Waste: Waste that is designated hazardous under the Resource
Conservation and Recovery Act or EPA regulations (such as paints, solvents and
acids).

5. Mixed Waste: Waste containing both radicacuve and harardous components as
defined by the Atomic Energy Act and the Resource Conservation and Recovery
Act

Wastes in the End

Plutonium {(Pu239) was once a primary product of the nuclear weapons complex.
Plutonium does not occur in nature. It may be produced by bombarding U238 with
neutrons or as & byproduct of fission reactions by U235, In the early years of nuclear
weapons production remendous effort was expended to produce plutonium. Commercial
nuclear power plants, vsing U235 fission began to proliferate. The U.5. Navy also began
o employ nuclear power plants in submarines and warships. All of these reactors produce
plutonium as a by product. While there are possible applications for plutonium in electnc
power generation, no such reactors have ever been put to commercial or military use. The
plutonium is essentially a highly radicactive, extremely toxic, and long lived waste product
(its half life is 24,400 years) S

The DoE recognized that there was no longer any need to make any special effont w
produce plutonium but did not officially cease production until 1988 (and then only because
of safety consideration at the producton plants), In 198% the Soviet Union announced that
it would cease Plutonium production by 1991.%  In January 1992 the Bush admimstranon
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annpunced that the United States would not resume production of plutonium.” DoE
Secretary Harrington testified on the stockpile before a congressional subcommittes in 1988
saying; “we are awash in plutonium,”®  The overshoot was predictable even before the
end of the Cold War and arms reduction meaties curtailed nuclear weapons production.
More plutenium was available than could ever be used in weapons production,  When
looking for reasons why it took so long to cut back on plutonium production it is impartant
torealize that over 100,000 people are employed by the various plants in the nuclear
weapons complex.®  Scattered over numerous states and congressiona districts, these
[lants enjoved strong political, (and financial), support within the federal government.

II. Mining and Milling (Sectors in Collapse)

The earliest nuclear weapons were fission weapons, called "atomic bombs”. Fission
bombs produced blasts measured in tens of kilotons fequivalent 1o 1000 tons of TNT),
They produced fission by suddenly bringing together a “critical mass” of fissionable
radioactive material such as U235 or Pu23%. This may be accomplished by bringing
igether to sub-critical masses or by compressing a sufficient mass into a critical density,
Later, fusion weapons were developed which yielded blasts measured in hundreds of
“megatons™ (1,000,000 tons of TNT). These used the heat of a fission weapon as a
migger 1o fuse Tritium and Deuterium (rare and “heavy" isotopes of hydrogen). These
were called “thermonuclear bombs", hydrogen bombs, or simply "H-Bombs.™10

The key raw material to both types of weapon was Uranium. The nuclear weapons
chain beging with Uranium ore.  Figure 8-3 illustrates the mining and milling process.

LUrsniimn Mining Uirsaium Milling Redum Conmnssd %ear
Ove Ursnfues Onide Tuilngs Esprnental [eca
Ore purchaes siopped in 1960 Radrum Half Life 1 522 years

“Yelloweske™ Urenium Cide B5-95 %
LL5. Prsrhages Stopped m 1971
LIS poetent 0.7 %

Tz Frotope
Ennchment
Figure 8-3: Mining and Milling
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Mining

In 1948 the Atomic Energy Commission initiated a program of incentives w spur
exploration and mining of Uranium. The incentives included prce guaranees and bonuses.
The program was very successful. By 1962 the U.S. government had sufficient Uranium
stockpiles on hand and stopped all purchase of Uranium ore ! Since the ore occurs
naturally, it is not classified as a hazardous material. Uranium ore typically contains 1-2 %
Uranium. Even at such low concentrations, it is radioactive. The natural Uranium is
separated from the ore in a process called “milling,

Milling

Milling s a mechanical and chemical process. The ore is crushed, ground into
powder and then leached to dissolve the wranium which is then precipitated out of
solution.!?2  Milling produces a material called “Yellow Cake” that contains 85-95%
Uranium Oxide. 1t also produces milling wastes called "ailings™, The tailings contain
Racivm which is radioactive,

The United States povernment stopped purchasing yellowcake in 19711 Uranium
mill tailings have continued to accumulate at a very slow rate. Uranium mining in the
United States has virtally ceased. Milling is also declining rapidly as the few remaining
mills work off the back log of Uraniem ore. A graph of annual Uranivm mill tailings since
1977 clearly shows an industry in collapse, !4

United Smres Annual Increwse of Uranium Mill Tallings, Millions of Cubic kMeters
161000
T.80
5,00
2.50
.00 t # 1 t t f f T ¥ ¥ ¥
19T 1939 1930 19851 19E2 I9R3 19R4 |PES IQB6 L9BRT I9EE  19E9 1590

Graph 8-1: Uranium Mill Tailings 1977 to 1990
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‘The total radioactivity from the accumulated tailings is on the order of 450 curies.

onsidering the fact that the tailings are largely confined to the mill sites they are not a great

1o the environment. Radium decays into Radon gas which dissapates quickly.

fﬂrlph 8-2 shows the accumulating radicactivity (derived from the cumulative data used 1o
mduce chart | multiplied by of 4.165x10°0 curries per cubic meter. !5

Totl Uraniurm Ml Telling in Curries

200

400

00

200

R

1977 1978 BBl (1983 1sEs 15T 19E%

Graph 8-2: Radivacnvity of Uranium Mill Tailings

Once milled, yellowcake moves on to the next stage in the nuclear weapons chain,
“Feed Matenials Production™.

1. Feed Materials Production (Sectors in Decline)

Yellowcake contains 85-95% Uranium oxide. About 9939 is U238 which cannot
sustain a fission reaction. Only about 0.7% is the desired U235 isotope. Specialized
processes have been developed over the years wo separate the two isotopes and concentrate
the U235. These processes are called “Isotope Enrichment™. ' There have been two
plants primarily dedicated to isotope enrichment; The Oak Ridge and Paducah plants.
Figure 8-4 shows the Feed Materials section of the nuclear weapons chain.
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Figure §-4: Feed Materials Chain

The Oak Ridge Plant, Oak Ridge Reservation, TN
The Oak Ridge Gaseous Diffusion plant produced the Uranium U235 for the first
atomic homb. [t began operations in 1945 and was shut down in 1985, It pow serves as a
waste dump for the Y-12 plant, also located on the Oak Ridge Reservation, !’
Wastes on site:
« 2.7 million cubic feet of LW buried
« 36,000 Ibs of Uranium U238 released into local waler lable.
« 23,000 Ibs of Uranium U238 released into the air.
+ 124,000 1bs of Uranium in holding ponds.1#

The Paducah Plant, Paducah, KY

The Paducah Gaseous Diffusion Plant hegan operations in 1952 and is sill in
operation, although at reduced capacity. The plant converts Uranium Oxide into Uranium
Hexaflouride and then separates the U235 isolope to a concentmation of 2%.1%

Wastes on site:
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= 270,000 cubic feet of LLW buried

7 million Ibs of Uranium U23E buried on site.
130,000 Ibs of Uranium U238 released into the air,
60,0000 1bs of Uranium into local creeks, 20

Portsmouth Plant, Piketon, OH
The Portsmouth Gaseous Diffusion Plant, in operation since 1954, accepted
Uranium Hexaflouride from the Paducah Plant and further enriched it to concentrations of 4
to 20% U235 for research and development reactors and up to 97% for Navy nuclear
reactors, 2!
Waztes on site:
« 11,000 Ihs Uraniom bured on site
« 17,000 Ibs of Uranivm dumped into local streams
« 23,000 Ibs of Uranium released into atmosphens
« 350,000 cubic feet of LLW buried on site

Metal Fabrication
The enriched Uraniom U235 Hexalouride is funher concentrated o between 20 and

47.3% and converted into metal pellets for use in reactors, These processes are carried out
at the ¥-12 plant. Uranium U238 is collected and tumed into metal target rods which can
tater be converted into plutonium by bombarding them with neutrons.

The Oak Ridge Y-12 Plant, Oak Ridge, TN
The Oak Ridge Y-12 Plant produces uranium metal for use in Navy Nuclear reactors
and in the Hanford plutonium production reactor. The '-12 also has a chemical processing
plant for recovering Uranium from expended [uel assemblies.
Wastes on site:
» 50 million Ibs of Uranium within 3.9 cubic feet of LLW.
* Local crecks contaminated with Uranium. =

Fernald Plant, Fernald, OH
The Fernald Plant processed uranium into metal from 1951 10 19852 Using U228

from the Portsmouth Plant, it produced U238 target rods for use in the Savannah River
Plant.* The plant is now inactive due 1o lack of demand for its materials.

Wastes on site:
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50 rillion 1bs on Uranium within 3.9 cubic feet of LLW.
520,006 |bs of Uranium released into the air.

12.7 million Ihs of Uranium in settling ponds

167,000 Ibs of Uranium released in Miami River.*®
Local creeks contaminated with Uranium.

The feed materials are passed along the nuclear weapons chain o the plants which
produce “weapons grade” materials, the Hanford and Savannah River plants.

1V. Weapons Material Manufacture and Recycling

The principle nuclear weapons materials are Plutonium and Tritium. As with feed
materials these materizls are no longer in productuon. Figore 8-5 illustrates the weapons

material manufacture and recycling section of the nuclear weapons chain.

Lawreran Livermes Minoal |
Liw Almrws His paad |aka

Producs:
i
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Brawch & Test LI Tl Resle

[iralE-pe LS

Figure 8-5: Weapons Material Production

Hanford Plant, Richland, WA
The Hanford Plant has been in operation since 1943, Tts primary function was

Plutonium and Uranium Exmaction. Plutonium was produced in a reactor. Plutonium andd
Uranium were extracted in a chemical plant known by the acronym "FUREX™. Its product
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was weapons grade plutonium and an enormous amount of HLW, TRU and mixed
wastes.?’ The Plutonium production reactor was shut down in 1987 and the PUREX plant
in 1989.2%

The original Plutonium production reactors at Hanford had no secondary cooling
systems. The first began operations in 1944, By 1954 there were nine reactors. Thev were
cooled with water drawn directly from the Columbus River and returned directly 1o it. This
resulted in a discharge of approximately 1000 curies of radicactive cooling water per day
from 1954 1o 1964, direcdly into the river. &

Wastes on site:

« 210 billion gallons of LLW

* B million cubic feet of HLW slurry is underground tanks (5000,000
pallons have leaked)

* 18 million cubic feet of solid LLW buried

* 3.9 million cubic feet of Plutonium contaminated soil buried

» ground water contaminated with Tritivem and Strontium plume in
contact with Columbia River®?

sSavannah River Plant, Aiken, SC
The Savannah River Plant began operations in 1952 producing Plutonium and
Trtum. Tritium is a heavy isotope of Hydrogen which is fused in a thermonuclear
warhead detonation.  Plutonium was produced by bombarding U238 with neutrons,
Likewise Trtium was produced by bombarding Lithium-6 with neutrons. 3! Savannah
River contains three reactors and two chemical processing plants. All have been shut down
since 198832
Wastes on site:
+ 18 million cubic feet of LLW
« 4.5 million cubic feet of HLW in 51 underground storage tanks
= 190,000 of Plutonium contaminated wastes
+ 30 million gallon of LLW effluent in seepage basins

= Severe ground water contamination,
R&D and Naval Reactors and Materials Recycling

DoE and the military operate reactors for research and development, for training and
a3 naval power plants, Nuclear materials are recycled from operational reactors.
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Lawrence Livermore National Laboratories (LLNL), Livermore, CA
The LLNL operates a research and development reactor, Activites at LLNL include
design and development of nuclear weapons and directed energy weapons.
Wastes on site:
« 320,000 cubic feet of LLW
+ 81,000 Ibs of Uranium buried on site

* Tritium leaking into ground water??

Los Alamos National Laboratories (LANL), Albuguerque, NM
Like the LLNL, LANL is a design center for nuclear weapons and directed energy
research.
Wastes on site:
* 6.7 million cubic feet of LLW buried on site
= 5000000 cubic feet of plutonivm contaminated waste is buried on site

Maval Reactors

The U.5. Navy operates nearly 200 nuclear power plants. Most of them serve as
propulsion plants for submarines and surface ships. Each power plant produces plutonium
as & byproduct.  Plutonivm and Uranium from naval reaciors are recycled though the

chemical processing plant at ldaho Falls,

Idaho National Engineering Lab, Idaho Falls,ID

The Idaho National Engineering Lab (INEL) reprocesses depleted fuel rods from
naval nuclear reactors, when they are refueled, recovering U235 for reuse. The INEL also
recycles material from retired reactors, ™

On site wastes:

* 16 billion gallons of LLW released into ground water. (70,000 curies)

350,000 cubic feet of HLW ({61 million curies)
A mullion cubic feet of LLW
= 2 million cubic feet of plutonium contaminated soil {TRLT)
» 1.2 million cubic feet of plutonivm contaminated soil (TRU) from Rocky

Flats?*
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V. Weapons Manufacture & Test

Weapons materials from the Hanford and Savannah River plants and other
components from at least four other plants are brought together for assembly into complete
nuclear weapons. MNuclear wedpons materials from disassembled weapons are recycled

tmi: nto the weapons material stockpile Figure 8-6 illustrates the weapons assembly
section of the nuclear weapons chain.

Weapons
W 7 Netlex

Werhead K ausas Ciry Plani

Componenl
Fabnicanm

Timers & Dewmanors

Nevads Tent St

(-
T —— Wichend

Tes

Figure B-6: Weapons Assembly

Rocky Flats Plant, Golden, CO

Rock Flats produces Plutonium iriggers for thermonuclear warheads using
plutonium from either Hanford or Savannah River or recycled from old warheads, It has
been operating since 1952, There was a fire at the plant in 1988 which resulted in a release
of 4 sizable amount of Plutonium and Beryllium into the local air, soil and ground water,
Most other on site wastes are classified as hazardous wastes, 3

Mound Plant, Miamisburg, OH
The Mound Plant has been in operation since 1932 producing detonators for nuclear
weapons, recovering Tritium from old weapons and constructing plutonium heat genarators
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for satellites.  Although there is no on site storage, there has been some Trotium and
Plutonium contamination to focal soil and water '

Non-nuclear Components
Muclear weapons also reguire some non-nuclear components. Among these are
extremely accurate iming devices and neutron reflectors.

Pinellas Plant, St. Petersburg, FL

The Pinellas Plant primarily produces the high precision timers and switches required
for for initiating nuclear explosions.®®  The only radioactive materials involved in the
manufaciure of these components are small amounts of Tritium. The main wastes produced
are the hazardous tvpe wastes typical of electronics manufacturing.*

Kansas City Plant, Kansas City, MO

The Kansas City Plant primarily produces reflectors and neutron sources *"  Small
amounts of Uranium are used in manufacture of the neutron sources. The main wastes
produced are the hazardous type wastes typically of electronics manufactuning (acids,
solvents and heavy metals), 41

Pantex Plant, Amarillo, TX

The Pantex Plant was originally built in 1942 for production of conventional
explosive. Tt began producing nuclear weapons in 1952.42  Nuclear warheads are
assembled at Pantex from components produced ar the Rocky Flats, Mound, Pinellas and
Kansas City Plants,

Nevada Test Site
The Nevada Test 5ite covers over 1,350 square miles of desert. Weapons are
assembled and tested on site. Since testing began here in 1951 there have been 1K)
atmospheric tests and more than 60K underground tests. The last test was conducted in
1988. The tests have released huge quantities of radioactivity into the the soil and ground
water. Wastes from other sites have also been stored here,
Wastes on site:
= B million cubic feet of LW
« 3.8 million Ibs of buried Uranium 43
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‘.-'l Arms Reduction Impacts

With the decreasing tensions between the United States and the Soviet Union that

pccurred in the mid 1o late 1980's came a series of ams reduction agreements. The first of
lhese was the Intermediate Muclear Force (INF) Treaty, The INF Treaty resulted in the
removal and destruction of & whole class of nuclear weapons, [ntermediale Range Ballistic
Missiles (IRBMs). The INF Treaty was signed in 1987 and the dismantling of the missiles
and warheads was completed in 1989, The effect of the treaty was to eliminate over ane
thousand missiles, and nearly 3,008} warheads, from the U.5. inventory and a comparable
aember from the Sovier's, 4

Subsequent to the INF Treaty, the U.5. and USSR be Ean negotiations on a Stratepic
Arms Reduction Treaty (START-I1) that would reduce the numbers of Intercontinental
Ballistic Missiles (ICBMs). The START Treaty was completed July 1991, and signed by
President’s Bush and Yeltsin in June. It calls for drastic reductions in both countries’
weapons stockpile over a seven year period from the date of ratification 45 Although the
Treaty has not yet been ratified, both parties are already beginning to build down 1o the
specified levels. If the treaty is implemented with a starting date in 1993 the build down
should be complete by the year 2000,

Retiring Warheads

The arms reduction treaties will result in a rapid decline in nuclear weapons
inventories. Graph 8-3 shows the declining warhead inventories of the USA and the
USSR, (and now the CIS). The nuclear WEADONS INVeniones represent a considerahle
stockpile of weapons grade Plutonium, Each warhead containg a critical mass of between
13.2 and 11 kg of Plutonium 46

The material from the dismantled warheads will pose a significant radiological
storage problem. If the peak number of warheads is used to estimate the peak amount of
Plutonium contained in the weapons stockpile the amount of excess Plutonium, {which will
have to be stored) can be estimated by multiplying the number of retired warheads {from
graph 8-3) by the critical mass. The results are shown in graph 8-4.
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Nuckear Warheads
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Graph 8-3: USA and USSR Muclear Weapons Stockpiles
Derived from: 1.5, , Soviet Muclear Weapons Stockpile: 1945-1989, (Bulletin of the Alomic Sgoentisls.
Movember 1989 p, $3, Post 1989 estimates based on; “USA and Soviels Agree to START Cuts™, Jane's
Delense Weekly, 27 JTuly 1991, p. 131
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Graph §-4: Excess Plutonium USA and USSR
Based on Graph 8-3, Warhead decline (rom peak stockpile times 13.2 kg per warhead.

Retiring Naval Nuclear Reactors
Another result of the post Cold War arms reductions is a decline in the fleets of both
the USA and the former Soviet Union.  Both countries possess a large number of nuclear
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- powered submarines and surface ships. The United States first began operating nuclear
powered submarines in 1954 with the USS Nautilus. The Nautilus was retired in 1979
Mafter 25 years of service)? Since then a number of the early nuclear submarines that
followed the Nautilus have also been retired.

Graph 8-5 shows the number of U.5. Naval nuclear submarines or surface ships
commissioned and decommissioned each year since 1954, The numbers are hased on
nuclear powered submarine and ship commissioning dates and number of Teactors aboard
gach type.® Tt also shows estimates of the numbers retired naval reactors based on
decommissionings through 1992 and a Navy goal of a 100 submarine force by the year
2000 and an expected force of 60 by 2020.49

The spikes in submarine production rates represent the peak production of specific
classes of submarines. The first five to ten submarines were basically prototypes. Mawy
designers tried out a number of ideas, built submarines with the various features then
selected the beat features for inclusion in submarines for series production. The first spike
represents the series of "Polards” submarines (which deployed long range nuclear missiles
b sea). The second spike represents the “Sturgeon” class of hunter killer submarines
(which were intended 10 hunt Russian subs). The the smaller humps represent later classes
of submarines and surface ships.
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Graph 8-5: U.S. Nuclear Powered Ships and Submarines by Year
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The later submarines have longer service lives. While the Nautilus and her
immediate successors only served for 25 vears or so, the later, improved versions, have
service lives of 30 to 35 vears. In demographic terms they can be thought of as cohorts.
The Navy even refers to the groups as first, second and third "generation” submarines.

Despite their greater longevity the second generation and even some of the third
generation are neanng the end of their operational lives. Large numbers are growing old at
the same time (a problem the Navy calls "block obsolescence™). The Navy also has buils
five nuclear powered aircraft carriers (with plans for two more) and a nine of cruisers.
Building rates for submarines have declined 10 one every two years, just enough to keep the
shipyards in husiness.

‘The nuclear fleet is undergoing a wansition much like the demographic ransion of
an aging population. Commussioning rates are declining {due to a changing political and
economic environment). Decommissioning rates are increasing due 10 age and a lack of
financial support for a large fleer. The net result is a rapidly declining population. This is

shown in graph 8-6.
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Ciraph B-6: Number of Naval Reactors In Service
{Derived from: Jane's Fighting Ships, 1971-72;1985-90, 1991-92)

The cost of decommissioning these forces and retinng these reactors will be in on

the order of 340 million per unit. With a total of 94 o be decommissioned by the year 200X
units the effort comes o $3.76 Billion® The environmental impact of decommissioning
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these Teactors will be great. Each reactor represents a radioactive waste disposal problem of
about 33,000 curies. 3! Graph 8-7 shows the growth rate of waste from retiring naval
reactors through the year 2020,
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Graph 3-7: Cumulative Radioacovity from Retired Naval Reactors
Derived from Graph 8-5 & 8-6. Cumulative Mumber of Retired Naval Reactors times 33,000 curnes per
reactor.

Figure 8-7 shows the complete nuclear weapons chain for the United States nuclear
weapons complex. Itincludes several key elements that have been introduced by the end of
the cold war. Among these are reduced weapons stockpiles which will tend 10 increase the
plutonium stockpile, and reduced numbers of naval nuclear reactors which will result in
greater nuclear wastes in the short term due to retirement of nuclear reactors, but may
reduce wastes later by reducing the number of units being recored.

Along with weapons reductions is the reduced need for nuclear weapons testing
The last test at NTS was conducted in 1988, There is considerable political pressure 1o halt
all future tests, Since each test results in large increases in on site $oif water and air
contamination, forgoing future nuclear represents a considerable benefit 1o the environment
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Figure 8-7: Nuclear Weapons Chain in the United States

MNote the effects of arms reduction and test ban. Retiring Naval reactors will increase
flow through Idaho Falls in the near term. Fewer reactors operating in the future will
reduce the amount of spent fuel to be recycled. Total wastes are represented by a single
circle even though, as detailed earlier, the wastes are actually located at numerous sites.
Table B-1 summanzes the total wastes at all Dok sites for 1288,
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1982 HLW {oubic meters) Thouwsands of Curied 1988 FILW (eubic meters)
Savannah River | 15000 A28 | Savannah River 128000
Haho Falls 11500 72| Tdsha Falls 11008

Hanford 153000 487| Hanford | 244000
TRU (cubic meters)  Thowsands of C‘uri_e
DoE Towal Buried 258000 .06
DE Totsl Stored 72000 2.04
LLW (cubie meters) 'I‘hnl.ts_tnds of Curied |

p. Table 8-1: DOE Wastes 1982 & 1988
- Darmay Amsen, 5] i {Gale Press: Detroil, ML1992) p. 97 and National
 Advisory Commiitiee on Oceans and Atmosphere Nuclear Wasie Manapement and the Use of the Sea, (115,
Govermment Printing Office:Wash D.C.) April 1984, poi7

Graph 8-8 shows the projected wastes levels based on a linear fit of the da points
from Table 8-1, and curves estimated in 1982 for all nuclear wastes {(commercial and
military}, apportioned to the DoE figures,

Accumulated Wastes al [oE Siies (Estimoles)

RO

Tde+6

&,008+6

S0 - LLw
ok BN TRU
3. 00e+5 E HLw
200846

100w

’ - o
T bt
1920 [9B4 1988 1992 996 2000 2004 2008 3012 0016 2020

Grraph 8-8: Accumulating Wastes at DoE Sites {'Euhic Meters)
Darnay, Amsen. Statistical Record of the Environmenl, (Gale Press: Detroil, M2y p. 27 and Mational

Advizory Commiites on Oceans and Almosphere Nuclear Waste Management and the Use of the Sea, (US.
Covernment Printing Office: Wash DoCl) April 1984, po 17

VIL. Summary and Conclusions

The production of nuclear weapons and propulsion systems has resulted in
substantial environmental damage, not just in the 1.5_ but in other nations as well The cost
of cleanup and the cost to public health are only now being calculated.
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Cleanup Costs

The Dok has begun to assess the costs of environmental cleanup. A five year plan
wag published in 19989 for FY 1992-1996. Cleanup costs have been projected through
1995, Most of these costs estimates are for exploratory research, A large part of the
problem is simply establishing how large the problem is, The estimates complied by region
are tabulated in table 8-2,

\DOE Reglonal Field Offices 1990 1991 1992 1993 1984 1995
Albuguergue 255 $350  $807 5802 5751 %661 |
icago L3R [7%) £73 561 €73 568 |
Heaclquarme:rs 74 1143 370 5529 £526 5394
fefaho £300 5369 STI8 8557 £501 €520
Mevada b3 1] 524 567 LRE i %122
Dk Ridge £417 5567 S1.214  S1408  $1.637 S1.614
Richland $230 5627 £1,302 51385 51414 Si450
Rocky Flats $136 $80 187 £193 $196  S1R0 |
San Francisco 543 $51 3138 $161 5137 s |
Savannah River 2474 £5BS  $422 $777 $98%  SETI

Teehnology Deve et L L1065 L3280 5353 5i50 %3159
otal 51383 53,083 L5067 6414 E6 B0 55373

Table 8-2: DoE Cleanup Costs & Estimates (millions of dollars)®?

A sizable amount has been allocated to research and development of remediation
technologies. It had long been assumed that by the time it became necessary to deal with
nuclear wastes that we would have developed the rechnology to deal with it. The time is
near and the answers have not yet been found.”? Some of the technologies being
investigated are quite promising, some are likely (0 inspire derision

Some of the more conventional technologies include the installation of new storage
tanks at Savannah River and Hanford to take up wastes from tanks that are leaking,
Vitrification plants are under construction at Hanford and Savannah River. The Savannah
River Defense Waste Processing Facility (DWPF) is planned to start operations in 1992
1993, It will convert HLW into glass logs. The glass wastes will be stored at the Waste
Isolation Pilot Plant, now under construction near Carlsbad, MM, The Hanford Wasie
Vitrification plant has not yet begun construction and is not expected to be operational until
196554
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DoE is exploring more exotic technologies. One of these is g ransmutation study
which is exploring the possibility of “transmuting” radicactive wastes into more henign
mitenals. The project call far converting matter by means of 3 particle accelerator.
Although the idea sounds like alchemy.  While it may be possible given woday’s
technology, it hardly seems feasible. The process is sure to require large amounts of
encrgy {probably far too much to be practical). 5

The dilemma facing DoE is the tradenft to be made between remediation now, ar a
high, but known cost versus remediation later using vet unknown technologies ar a
potentially [ower cost. The third factor 15 the cost of delaying cleanup. The longer wasies
sitin holding tanks or settling ponds the greater the potential spread through the water ahle.
Delay has a cost. Fundin E strategies will be determined by these prionities. The pie charts
in chart 8-1 indicate DoEs current and planned funding priorities,

Dol Con Catzgories & Priorities

- Waste Management

. Environmental Resterarion

B Technolgy Development

D Comective Activities

Y90 Fi-2| Through -FY-96

Chart 8-1: DoE Cleanup Cost Allocations®

The charts show DoE's near term priorities as waste management and environmental
restoration but with a considerable porton also devoted 1o Technology development. Later.
proporuonally less money will be devoted 1o technology development and even more into

wasle management,
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The nuclear weapons complex is being opened up to greater public scrutiny and
regulatory oversight. The EPA has finally gained access and regulatory jurisdiction over
the plants. None of the plants are in compliance with EPA regulations. All have significant
soil, ground water and surface water contamination. Plans are just now being made 10 bring
the plants into compliance, Long range plans call for complete cleanup in 30 years. 57
Given the level of contamination, that may be an optimistic goal.

Public Health Impacts

Thousands of children have received significant doses of radiation as a result of
Hanford operations. Many of the contaminants released into the environment are well
known as threats to public health. Among the materials are cesium-134 and 137,
strontium-90, americium-241, plutonium-238 and 239, uranium 234 and 238, All of these
radionuclides are human carcinogens. In addition there are substantial amounts of heavy
metdls like lead and mercury (a newrotoxing), and chromivm, (a carcinogen), Benzene,
toluene, and trichloroethylene, are all common solvents found &t many of the plants, 58
Other industrial hazardous wastes are also found at most of the sites.

Fortunately, the extensive security at the nuclear weapons plants limited human
exposurc. The best protective measures may be to continue to restrict public access 1o the
sites.5? A serious problem is the migration of contamination beyond site boundaries
through ground water. For the foreseeable future the best policy for protecting public
health may be to simply continue to restrict public access and try to curb the spread of
ground waier contamination by a pump and filter program.

Very few definitive studies have been completed. At the Hanford plant radiation
levels in drinking wells are 250 times EPA standard; Swdies have shown public health
impacts including an estimated 187 additional cancers to local residents due 1o airborne
Uranium %0

Policy Implications
A key to any remediation program will be new policies to facilitate greater public
awareness and better oversight of the cleanup process. The Office of Technology

Assessment has recommended four policy initianves toward that end:®!

1. Greater Congressional oversight over the federal agencies involved in the
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environmental restoration and wasle management activities (DoE. EPA,
DoD HHS, Interior, ete.), Safe wasle storage standards are needed. sile
moenitoring plans and Programs must be established.

2. Enhance the structure and process for assessing the public health impacts of
the contamination and waste left by the nuclear weapons complex, An office
under the Surgeon General could be established, or a separate health assessment
office. Independent non-govemmental organizations should be included

3. Develop a structure and process for public participation in key cleanup paolicy
and technical decisions, (advisory boards at each site headed by a national
board).

4. Establish a radioactive Waste management mechanism independent of the
DoE, (The Nuclear Regulatory Commission, the EFA or a new national body ).

State and local government agencies must be included in a participatory manner 1o
avoid them becoming invalved in an adversarial way. This is already becoming an issye.
Idaho Governor, Ceeil Andrus is threatening o close the states borders to naval nuclear
wastes becavse of what he considers 1o be the lack of cooperation on the part of the Navy in
providing information ahout spent fuel shipments 1o the INEL. I 1988 he closed the
state’s borders to waste shipments from Rocky Flats for similar reasons 62 The cleanup
will be expensive cnough as it is, just because of (he technical difficulty of the sk [y
would be foolish to risk adding legal fees on top of the remediation costs 1n litigate
problems that could be avoided by allowing early participation by local govemments,

Participation by non-government organizations could also add a great deal of
credibility to the cleanup process and potentially reduce legal costs, Allowing local and
national environmental Eroups a voice and a participatory role in decision making, might
nat only lead to less litigation, but betier decisions as well, Opening the process up to the
larger scientific, environmental and medical communities may help speed the soly tomn,

Conclusion

The end of the cold war has brought with it the revelation of major ecological and
public health consequences of 40 years worth of unsupervised environmental contamination
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at nuclear weapons production facilities. The immediate effect of arms reduction treaties
and force reductions will actually exacerbate the problem in the short run. Remediation
efforts are just beginning and will most likely continue well into the yvear 2020,
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Appendix A: The Problem in the Former Soviet Union

The problems outlined 5o far are, of course, not Limited o the United States. Bricain,
and France will also face cleanup problems. By far the most serious 1ask may face the
states of the former Soviet Union. They must find ways of storing the radioactive wastes
from their nuclear weapons stockpile and naval reactors. In many ways their problems will

be worse,

The Soviet bomb developers labored under an even greater level of secrecy than did
those in the United States and with even less regard for environmental impact or public
safety. The first Soviet bomb was developed in a rush 10 meet the arbirary deadline of
conducting a test prior to Stalin's birthday.®3  Chelyabinsk, the Russian counterpart 1o
Savannah River, is thought 1o have released 1.2 Billion curies of radiation into the
environment.*! Hanford by companson 1s thought to have released something on the order

of 3.6 1o 4 million curmies. 55

The breakup of the Soviet Union has disrupted continuity of many of the controls
and administrative structures of the nuclear weapons complex in the CIS. This disruprion
and the extreme secrecy with which the work was carried oot may make it difficult to trace
all the facilities and waste gite. The weak economies of the states of the former Soviet

Union leave them ill prepared to deal with the cleanup costs.

The nuclear weapons complex of the Soviet Union similar to that of the United
Staes, but somewhat mome centralized, Table 8-A-1 lis1s the site in both countries,
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Location Slale Pli.nl Mame

ﬂ"j‘ Lllllude Longlliude Frimary Function
Sarava BUS Arrames-186 CI5 5. 20M 43 52 E Tamb Desipn
Ozhatsk RUS Chelyabinsk-40 15 55.10M 61.25 E Tritivm Preduction
Synezhingk EUS Chelyahinsk-65 15 510N G1.25 E Homh Design
Fhelenoporsk BUS Krasnoyarsk-26  CT5 56,13 9225 E Pluioniam Prodoetion
Lhelenogoersk RUS Krasnovarsk.dd I8 5613 M 92.35 E Uraniom Enrichment
Larechniy EUS Panre-12 15 5. l0M 4500 E Ramb Produecton
Mowp-uralsk RUS Sverdlosk-d4 Cl5 56.51M 60 .26 E Bomb Produclion
|Eusnoy RUS Rverdlosk-45 1S 5651 H 436 E Uraniom Enrlehment
Seversk RS Tomsk-7 s S6.29H £4 57 E Vranium Ensichment
Terifurny RELME Zlarousi-34 15 551K 59.19 E Precessing
Clhkalavsk TIE Vasakremer PO C15 56 4EM 43.00 E Processing
Kurckrtpy RLUS Sempalatinsk 15 E0IEM BlI9 E Testing
Arctic Ocenn RIS H{wnﬂ E,n::ml.‘:,la 15 T200M 54 .46 E Testing
'Alhuqummm Md SANIDLA SMNLL LISA 15050 106,40 WER & D Weapons Design
Lea Alamos MM LANL LIS, 3553 105,20 WE & D Weapons Desipn
Idahio Falis M IMEL LI5A 43,300 112,00 W Feod Materials Production
Cak Ridge B | B T ) LIS AEDEN B4 15 W Feod Materials Production
Richland W Hanfomd LISA 46, 1TH L1918 W Plusnivin Predection
Eocky Flaws 0 Golden L84 g dd M 105.15% W Plutemium Trigger Producton
| Livermuore CA LINL 184 ITALM 11144 WE & D Weapons Design
Savannnh River SC  Aiken L15A 11 31M 51.42 W Plotomium & Tritiem Preduction
Famald CH  Fernald LISA 19 2EM EL B9 W Feed Materizls Production
Aslabula OH - Ashuabila LR 4155 1,42 W Feed Muatenals Profuctien
Paduchn KEY Pxdochs GDP 1154 1705 M 25,36 W Feed Materials Produstion
Plisigwn OH  Porsmouwih GDPF LSA 1903 E5.00 W Feed Mntzrials Prodductisn
Miamizburg CH Mound Feeility  LISA 19 40K 2420 W Warhesd Components Prodoetion
5L Pelershurg FI.  Pinellas Plan LI5A I7.4TH 2235 W Warksad Companents Prodacton
Knanasazs Ciry K5 Alled HLT. 19.05M 9425 W Werheed Components Production
Al T Panlex LISA, 15, 14M 101 .4% W Werhesd Assembly & Disassembly
Meveda Test Sie MA NTS L5 A740M  1116.50 W Undergroond Tesiz
Tonope Test Ra ngi A TTR 1154 A5 DEM 1715 W Underground Tests

Table B-A-1: Locations of ULS. and Russian Muclear Weapons Sites
Cavtion Geographic Iecations are not expsl LES, Sie are based on nearest wown. Locations in the LUJ53ER
are based on cily locations in Goode’s World Atlas. bul becavse code names were psed the actual locations
are not listed in standard atlases. The CIS sites are from Steven Zaloga, "The CI8 Muclear Weapons

Industry”, Jane's [ntellipence Monthly, Sept. 1992 p. 32-33

The Sovict nuclear warhead stockpile and excess plutonium are shown in graphs 8-4
and 8-5. The Soviet stockpile was approximately 405 larger than the U.S. stockpile and
was still increasing until 1988 (see graph 8-4), The Sowviet navy also contained a [arge
number of nuclear powered submarines and a few surface ships. Russia has approached
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the U.S. Navy requesting assistance in decommissioning between 80 and 150 nuclear
submarines over the next seven to years.® There have heen reports that the soviets
- disposed of a number of nuclear submarine reactars by dumping them in the arctic ocean
nﬂ‘ the coast of Novaya Zemlya.6” Plans currently call for burying the reactors near
Krasnoyarsk.®®  Russian president Yelsin announced in November 1992 that Russia
~would cease producing nuclear submarines by 1995 89

Soviet nuclear testing was not limited to Semipalitinsk and Novaya Zemlva,
Underground nuclear explosions were reporiedly used in oil exploration and oil fisld
pressure enhancement experiments, Muclear explosions were also employed simply to
maove carth in several large scalé construction projects. The resulting soil and warer
confamination, environmental damage and public health impacts of these activities is not vel
known, 70

It may be possible to estimate the scale of the cleanup problem in the states of the
former Soviet Union based upon the situation in the United States. If one assumes that the
level of environmental damage is proportional to the smount of material produced it is
reasonable to conclude that the level of wastes produced in the USSR is at least 40% greater
than that in the United States (based on the USSR's AD%s larger peak weapons stockpile),
The distribution of wastes in the CI5 could be estimated by extrapolating the known level
of wastes at sites in the U.S. 1o sites in the CIS that performed the same function.

Chapter 8; Gary Stahl 288



Pomulasion - Eaviranment Dynamiss:
Sectars in Transifion

Appendix B: Map of Nuclear Weapons Production Sites.
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Title: POPULATION AND FORESTRY DYNAMICS: AT THE
CROSSROADS IN NIGERIA.

INTRODUCTION

A recent census conducted in Nigena in 1991 revealed a population of 88,3
million. This figure has been a significant reason for concern to many Nigerian
policymakers, demographers and environmentalists who had long been apprehensive
that the population growth was excecding the carrying capacity of the land and
represented a "detrimental force” (o the environment. With a population growth of
2.9% (Papulation Reference Bureau, 1990} and a predominantly rural population
(more than 70%), which thrives on a subsistence agrarian and pastoral economy, the
environmental implications are obvious. A web of complex causative factors have
been implicated in environmental degradation. Most of these are attributed to human
activities on the environment, but these pressures may be seen to be directly linked to
the underlying cause: rapid population growth,

Correspondingly, Migeria's natural forests have progressively disappeared as a
consequence of rapid population and pressure to expand agriculiural land culminatng
in over-cultivation, overgrazing and deforestation. In 1897 when the first foresoy
department was established, Nigeria's tropical forests covered 60 million of its 93
million hectares of land. Today, they cover less than 9.8 million hectares. {American
Embassy, Lagos, 1986; Oguntala, 1986) Nigena loses 2.7% of its available forests
annually and it is speculated that serious deforestation may affect 10% of the
available land in the north where the sparse remaining shrub cover is significant a
shelter barrier o desenification (American Embassy, 1991).
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Rangelands become less productive as vegetation is overgrazed and water and soil
systems become more vilperable to forces of desentification.. Farmlands grow
smaller and scarcer due to the large number of landholdings, increasingly subdivided
with each successive generation. Driven by poverty and a struggle for survival, more
rural families clear marginal lands for agriculwral purposes and in desperation. facing
drought, continue to graze animals on severely degraded lands, exacerbating
vegetation foss, These did not go without cost to Nigeria. Such costs include
enviranmental problems like desertification, soil erosion, changes in climate and
riinfall, siltation of water systems, declines in agricultoral productivity and
threatened loss of biodiversity, (Brown and Wolf, 1985; Anderson, 1987 and NEST,
Lol

Pastoralism is the dominant occupation of the northern regions of Nigeria which
are characterized by a grassy, Savannah of an arid and semi-arid feature, It takes the
tornm of traditionz] nomadic or transhumant systems based on common rangelands.
Adejuwon (1976} established that belors human beings came with their growing
numbers, economics and cultures to dominate the environments, Nigeria was covered
by three major types of vegetation among which grass was not an important feature,
Today, grass, shrubs and cacti daminate the northern vegetation. These are AMONE |
other signs of desertification processes in the northern fringes of Nigeria bordering |
the Sahelian regions.

The memaries of the tragedies of the ecological disasters of 1968 1973 and 19%1-
1986 which ravaged the Sudano-Sahelian regions including their contiguous
proximities, are still fresh in the memories of most Nigerians, "Certainly, no attention
was given by the international media to the millions of drought-affected Nigerians
wha, in the 19705, cut-numbered those of Senegal, Mauritania, Mali and Niger
combined.” (Mortimore, [989) The reason was that Nigeria had oil wealth then, and
was expected to cope with its problems. This did not help the country because it did
not raise the public or government awareness of the causes or long range
CONSCOUCNCES of desertification threats in Nigeria.(see Fig. 1) It s estimated that
Migeria lost about one million cattle, goats and sheep in the catastrophe (Van
Apeldoorn, 1978a, 1981; Morgmore, 1989 and NEST, 1991}, confirming that the
“drowght occurred in Migeria on a scale and at an intensity comparable with other
areas in Africa.” In addition, displaced ecological refugees from Niger and Chad
Republics migrated southwards into Nigerian northern territories with their surviving
herds, thereby exacerbating the Nigerian situation,

Population and forestry concerns and policies have been rhetonically stressed by
different povernments in Migeria, While a population policy has since been designed
for the country, several forestry programs have been engaged, particularly
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reforestation. social foresmy, afforestation and agroforestry projects. How many of
these rhetorics have been manslated into practical demonstrations? What is the current
trend in the dynamics of these two variables and how do they compare with those of
the past?

Martimore (1989) has noted that. "in the outburst of concern over the African
crisis, and in particular, the linked phenamena of drought, famine, desertification and
impoverishment, too little attention has heen given o empirical investigation. Worse,
relationships have been postulated without the intervening variahles even being
identified or the nature of the linkages supposed.” He concludes that practical
solutions are elusive as governments tend to intervene late, in adecuately or
ineffectively. How could these be avoided? What are those intervening variables?
How could knowledge of these help policymakers in designing practical and effective
policies and projects?

While this study will try o articulate how many of these questions have heen
answered, it will establish a sequence of relations and trends n these evens

Figure |. Map of Nigeria showing its national boundaries.
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POPULATION TRENDS IN NIGERIA

There is a lack of any acceptable, sccurate nationwide census and there is no
nationwide vital registration system in Migeria, (LN, 19803 This constitutes the most
basic problem for research, projection of trends. precise assessment of MNigeria's
actual situation, and for design of policy to alleviate present stresses or prevent future
crises.  No one "knows with certainty how many people live in Nigeria, how many
children are born and how many people die.” With the rejection of the 1973 census
for political and methodological reasons, the 1963 census still temains the base from
which all pational and regional pepulation estimates are made, Occasional sample
surveys, however, provide vital statistics for the country. “No African zovernment
and development agency knows, within any acceptable margin of error, either the
birth rate, the mortality rate or the food production of any African state. These
statistics are normally accepted with an error of 30% or more.” (Walker, 19861 This
statement is guite true of Nigera, It is this paucity of information and data that has
weakened the ability of the nation 1o design accurate plans that best reflects the
population and environmental needs of the country.

a. Censal History: Nigeria has been conducting censuses regularly at ten year
intervals since 1911, with the exception of [941 when Waorld War II interrupted the
process, Those pre-World War [1 counts were, however, only estimates based on tax
collection data as well as on individual cnumerations in some metropelitan areas.
The first comprehensive census was conducted between 1952 and 1953 at different
times and in different parts of the country (Gyepi-Garbrah. 1985). This recorded a
total population of 30.4 million. The accuracy of such a count can be dismissed since
it was haphazardly done and prone to manipulation. The [bos have a saying that it is
“only the fool who counts one's children before they are grown up.” This statement
reflects the high infant mortality which was prevalent then and the cultural basis for
doubts as to whether infants and children were included by their parents in the connts.
It is certain that pre-World War 1l censuses were similarly based on headvounts of
taxable males, as is recalled by clder citizens who lived during the early decades of
the century.(personal communication)

The November 1963 census followed the May 1962 census which was nullified
because of allegations of improper field enumeration procedures. It recorded a total
population of 35,670,055 and Nigeria's demographic projections are still being made
from this |963 figure. A recently concluded census in 1992 however showed o
population of 88.5 million people. Despite this, this paper will be based on the Warld
resources data 1992-93 from which projections are available,
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b, Demographic Changes: 1t could be said thar Nigeria 15 avits early phase of the
demographic transition, According to a United Nation's estimate, the cride bisth Filte
{CBR) has remained virtually unchanged around 300 births per 100D population since
the early 1950s (Gyepi-Garbrah, 19%5), while the levels of martality in Nigeria have
fallen considerably. The crude death rate (CDR) was 27, for instance, in the [950-
1955 period, but went down to 17 in the early 148()'s, a decline of 37%. A UN estimate
m 1991 puts it at 14,0, (see Figures 2a.b.&.c. showing total population, CBR and
CDR) These estimates indicate that Nigeria does not deviate from the general pattern
that typifies Africa’s demographic dynamics. namely, a high rate of population
growth as a result of high but declining mertality and high, and almost constant
fertility. (Nigerian Population Commission, 1983) This improvement in maortality
figures resulted from advances made in public health vare, especially in sanitation
and nutrition, increased maternal education and increased health services coverage,
The consequence of this change was a surge in population which has had 3 serious
cost fo the Nigerian environment and economy. There has heen an exponential
growth in the population and with a rate of 3.3%. the current size of 108 5 millian
will double in about 21 vears. If this reality is not adequately addressed. it could
present 2 serious future for a nation whose economy is currently in shambles Of
equal importance is the high percentage of the cconomically, non-contributing ape
specific population. Nigera compares poarly with most countries of the world and
this has its cconomic implications. (see Tahle 1) There is a high percentage of the
13-65 age group in all the developed countries. indicating a higher productive forve
rather than the consuming and dependent age groups of under 15 years,

Figure Za, Total population trend from 1950-20125.
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Figure 2b, Crude Birth Rate in Nigeria from 19502025,

m.._

Mumbar par fhousand
= B -

-y
Lo
1

=

aa -
w261 Fa
& .
Em-_
&
25‘
O bt B ——
52888885 5688888¢

2868 Chapter 3 Staven Uche




Fonudaiion - Envirorment Dynanics:
Hectars in Transifion

Table 1. Percentage of population in age-specific groups in selected countsies, Data
from World Resources Institute, [992-1993,

1975 1995
Location

<15 1545 265  <Is 15-65 =65

]
World : 3a.ali 5?.55 5.7 R %.5)
I I I
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¢. Cultural Perspective: The cause of the contnuing high level of ferility is the
nigh premium that all the Nigerian cultural groups place on procreation. Writing on
the position of a child in a marriage, Bishop Arinze. (IY86) espoused that, “in 2
childless marriage. both the hushand and the wife suffer. The husband is martified
that his family lineage is not continuing while the wife is sad that she has not fulfilled
the main purpose of her marriage and that she will be insulted by some people in
soclety.” Annze's statement that a marriage without children is regarded oy
unsuccessful 15 echoed by people in all parts of the country. in all religious
denominations and at all socio-economic levels. In addition to the mgrained belief
that one’s lineage must continue, there is the expectation that ene will derive support
in old age from one's children. Retirement pensions and medical inserance are the
luxury for a small segment of the population which has employment in certain
sectors, especially the urban-based. The vast majority of the population in the rural
arcas depend on their children in their old age for some economic and social security,
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In the rural areas cspecially, large families are the norm: because subsislence
agriculture 15 labor-infensive. A high Fertility is regarded as a blessing. In adidin
families could anticipate that sorne children would not survive, High infant mort
rates are  an encouragement to have more children to replace the deceased on
Currently, the IMR is 95 per | (0¥ live births, (WEI, 1992}

The complex belief systems supporting large famibies have been so desply :I;Lhﬁ
into the emations and culture of Migerians that any mention of reducing family size
for any reason is met with resistance and the power of tradition. The averages citizen

continues to aim for a large family because it is sull the norm. The total fenifity rate
(TFR) is as high as 6.6 despite the worsening economic situation and government
efforts to stabilize the population growth. The leap in conscious understanding has
not been made to link one's family size and the desired number of children, with the
shrinking of a family's landholdings, poverty, inability to feed one's children ar
visible signs of environmental crisis.

I the linkage has not been magle at the individual level when planning one's own
Family, there is this same consciousness in national planners who generally have only
begun to articulate the relationships between population increase and the nation's
inability to solve social and environmental problems. Culture and tradition have o
dominant influence to play in the reality of family planning, both within the family
and at the national level. Tt has only been m recent years that the educated elite and
policy makers have accepied innovative shifts in consciousness concerning the vilue
of smaller families to reduce strain on resources at family and national levels,

d. Political Perspective: Population issues have political dimensions in any nation
which has ethnic and religious diversities. In Nigena, there is always the fear and
consciousness among different ethnic groups of being dominated by others.  The
politicians have always played this issue 1o their advantage whenever they wanted the
votes and support of a given ethnic group.  They  have had to be cautious i
verbalizing the topic becauss in the past, the population issue had been am
untouchable controversy which no politician dared approach. Mess (1990) observed
that wherever a state’s population is ethnically divided, population policies will be
faced with deep, primordial fears of population decline, and with changing relative
numbers of different ethnic groups. He surmised that while many other environmental
policies may be subject to at least some economically rational argument. population
policies cantinue to raise deep primordial reactions.

This 15 not to say that governments, people and the environment had not all along
felt the pressure of the rapidly growing population. [t was not until 1985 that the
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present military government called for the design of a comprehensive population
policy which states that “national development policies, plans, and programmes shall
be based on an integrated approach that takes into account the infer-relationships
among population factors, resources and environment.” How much has been done and
achieved in this regard remains to be seen,

e. Fopulation distribution: The population lives predominantly in rural areas wheye
subsistence agriculture is still the primary occupation. The high rate of urbanization
15 similar to  the rapid urbanization rend which is not only common in Subsaharan
Africa, but also across the developing countries. Projections show that by the year
200, 65.4 % of the Subsaharan African population will be rural and by 2025, i1 will
be 54%. (The World Bank, [Y%6) The Migerian urban population, according 1o LN,
estimates. has been growing at an annual rate of 5% since the early 1960Fs and this
trend has accelerated in the last few years (see Figures 3 a & b) The implications of
such a surge are chvious as transportation. housing, food scarcity, high energy and
water use, and other infrasouctures would present with their problems, leading 1o
public health inadequacies.

Figure 3 a. Total urban population growth in MNigeria, 1950-2025. Daa from WRI.
1992-93.
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Figure 3b. Total rural population growth in Nigeria, 1950-2025 Data it
1992.93.
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There have been significant changes in the features of Nigeria's urban structure
terms of large localities with populations of half a million and more. This has been
stimulated by rapid economic, social and political changes, From only two ;u&hlﬁ
cities, Lagos and Ibadan, the numbers of such urban areas increassd to 19 between
1965 and 980, (Gyepi-Garbrah, 1985} There are also marked differences in the
spatial distribution of urban and rural populations, as well as their densities. The
southern states. for instance. are more urbanized than the northern states. Available

land per head varies as little as 07 hectares in the south. 1o 3.2 hectares in the north.
(FORMECLL [948Y) See Table 2 and Fig4.

Table 2. Migeria: population-land ratio, 1921-20073,

YEAR pers. /s Km Hectares/pemson
w2l 207 4.8
1931 248 4
1950 - 53 8.5 246
1943 49 .8 2
1971 &68.3 15
1983 8.3 !
1983 144.3 Q0.7
2003 2208 0.5

source: Bosed on population dofa os reconstiucied and projected

by P.O. Clusanya and J. A Ebigtxoio {1991}, Nigena's Pooulation Crmamics:
Problems and parspectives. lle-fe. Rewoju House Prass.
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Table 3. Forest Dereservation in Southern Nigeria.

State Forest Ressrve Gozetied DerESErvE1 Altemative Land Uss
anea (hal|area tha)
Craormod 12058 1500 Food cropping
Anambra| Akpoka 450 100jFood cropping
Anamioro 4575 S| Feed cropping
Cikormu | 23800 15000 Fad. ail palm project
Bendel |[Crla River 205G o &0 Petrolaum pipelines
b 19146 [Food cropoing
Iguobazuwa 26934 1810| Cocoa Baard Projact
Ologheoio-Emu Urla 14954 145|Cattie Ranch
Ivi-Ada-Cibi 180052 SR0(Cottle Ronch
Ogba a517a. 720 [Urban Develcoment
b. 1010 |Food cropping
Ao
I Stubbs Creek 31080 1|Foed cropping
Ekinta 0878 10878 |Food cropping
I Lbibio 755 104 Food eropping
Achar-lhe 794 30010 Palm Project
Rivers Upper Ima River PHRE 10|Focd cropping

source: 3, J. Osemeota, 1988 The numan couses of Forest Depletion in
Migana®. Environmental Carsensation, 15013 18-28,

In the past, migration among countries helped correct for resource seurcity and
population growth among countries. In an effort to explain this phenomenon it has
been observed that:

U One of the main features of African history has been the almost continuois
migraons of peaple across space and time in response ta the changing conditions on
the continent.  Wars. slavery, local politeal upheavals, wefavorable limatic
canditions awd the generally harsh environmental and economic conditions huve
precipitaied movements and more ov less forced the dispersion af population over
wide peagraphical areas in the continent for a long period hefore the era af
colonialism,” (Nelson, 1982),
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During the advent of the colanial powers, with the subsequent scramble for Africa,
geographic horders were created,  This factor severely limited intra-territorial
migrations in the continent. This dictated that the absorption of Africa’s natural
population increase would be increasingly confined within these artificially created
national boundaries.  This situation continued  after countries gained their
independence.  1llegal inter-country migration was very common however, and
continues to this day. It is common to see environmentally displaced refugees of
neighboring Miger, Mali and Chad Republics in the big cities of Nigeria today,
During the oil boom of Nigeria, nationals of other African countries legally and
illegally migrated to many Nigerian vities with little inhibition. The civilian
government of Nigeria (1979-1983) was provoked to wack down and expel many of
such illegal aliens from the country as they began fo engage in many anti-social
activities. '

f. Summary: A LN, medium variant projection has postulated that MNipena will
continue to experience annual population growth rates for some tme with a peak of
3.6% during the 1995 1o 2000 period. A gradual decline will fallow this peak through
the 2020 ta 2025 period which will record an annual growth rate of 2.3%.  (Gyepi-
Garbrah, [985) Other U.N. estimates have also shown the Nigerian annual growth
rate o be continually exceeding the average for Africa and its neighboring West
African countries. These demographic features have implications for Nigeria's efforts
to improve her standard of living, advance In science and technolopy, maintain o
stable economy, and preserve her environment for future generations.

The current economic changes in Nigeria have inevitably affected its population
dynamics. The ongoing Structural Adjustment Program (3.AF.) had called for beli-
tightening, dictating a high unemployment rate. withdrawal of many souial servives,
scarcity of basic needs, inflation, devaluation of the currency and generil economic
hardships. The effects of these economic policies are very visible among the middle
and lower classes of the population. Many children are sickly with malputeition and
have lowered resistance to disease. while others are out of school becavse of the
inability of parents to pay school fees and afford the cost of school uniforms and
materials. Many children are dying unnecessarily due to poor harvests from
diminishing lands held by each family which are now inadeguate to support
increasing numbers, The Nigerian government and people must embrace the natianal
population program as one way of averting more serious tragedies. Given the slow
growth of the economic sector, a slow population growth becomes a prereguisite for a
sustainable development in the country.
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THE ENVIRONMENTAL TRENDS - FORESTS, WATER AND SOIL

Migeria is divided into three principal ecological zones: the coastal humid forest
zone with 1,600 mm of annual rainfall, a central humid forest zone with 1.150-1500
mm of annual rainfall and the northern savannah arca which receives annual ramfall
of 250-1.000 mm. (Iyegha, 1988) These ecological variations dictate the type of
agricultural activity practiced in each region, Nigeria has an estimated 98,3 million
hectares of land area of which 40 million hectares are available for grazing animals,

(Nuru, 1986) Pamerns in environmental changes are discemnibly visible in the
following areas:

a. Subsaharan African Environmental Changes:  There have been recent trends
of climatic changes in Subsaharan Africa. Since the late sixties much of Africs has
suffered from below average rainfall but this problem became acute In the Sahelian
region, which includes the northern border states of Nigeria, during the late sixties
and early seventies. There has been a progressive desentification process traceable 1o
the averall breakdown of delicate environmental balance. The decline in rainfall may
have been caused by vast land wse changes such as deforestation which increases

water run-off, reduces evapotranspiration and increases reflectivity, (Mortimore,
1UHY)

The climatically critical rainforests of West Africa are disappearing at the rate of
5% annually. (Shunkla and Mintz, [982) It is now being surmised that the rainforest
zones are not only important in themselves, but  also act as moisture-filled buffer
zones which significantly influence the environmental balance in the savannah areas
and help ward off desertification in the northern arid zones.  With the near
disappearance of the forests throughout West Africa, there are residual side-effects as
overall patterns of flow of moisture are destabilized. With the diminution of trees, the
critical watershed areas supporting the continent's systems of springs, streams and
rivers arc threatened,

Fragile wropical topsoils are lost in the flood of heavy rainfalls which break soil
particles loose, carrying them as silt into water systems which dam up, and even
disappear. Thus one can see that changes in rainfall are only one aspect of climasiv
changes in moisture patterns. Drying of flowing water systems meant that the entire
cycle of rainfall, evapotranspiration and intra-soil absorption is altered. Soil erosion
causes the land to loose its permeability, particularly when layers of vegetation which
had previously decayed and replenished the soil in forested areas no longer protect
the surface.  In turn, increasing lack of permeability means that rainfalls become
more  destructive, Water that is not absorbed and utilized by vegetation becomes o
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hazard as flooding over the surface further erodes the land, carving out gullies which
mcrease in size with every rainfall and with each passing year, further deprading the
land and ecosystem. Deforestation across Africa had these chains of CONSEYUENLES
and Nigeria is but one country suffering from the pattern,

b. Nigerian Furestry: Nigeria's forests are rapidly disappearing and it is speculated
thai the rate of deforestation is 2.7%. (FORMECLI, |Y89)  Perhaps a vegelation
untouched by a human activity no longer exists in Migeria. Todav, what used to be
natural forests have been reduced to a parchwork of farmiands. plantations, and
secondary vegetation al various stages of regrowth and matunty. (NEST, 199}
Although the first conservator of forests was appointed for the whale country in 1902,
it was obvious that conservation was not the primary function of forestry officials
during calonial times since much of Migeria's forests were exploited far export and in
those days were just one of the many resources which had interested the British in the
first place.

[n an attemnpt to protect the dwindling forests from total destruction, legislation had
been launched since then to create the numerous forest reserves in the country, 1t has
been substantiated that the colonial forest policy had succeeded in demarcating 8.6
million hectares of forests as forest reserves, scattered all over the country and that
anly an additional one million hectares of new reserves have been added since
Migerian independence, The total area of forest reserves in Nigeria taday is about
L5 of the total land area of the country, The yuestion then arises, whart impacts are
ncreasing  population.  changing  agricultural  patterns, urbanization, modern
development and industrialization having on the remaining forests?

c. Deforestation: Large scale exploitution of timber from Nigerian forests started
during the colonial period and timber exportation was intensificd after the second
World War. The Nigerian gavernment prohibited the exportation of timber, and
strictly regulated the exploitation of forest products in the 1970, Unfortunately most
af the trees had already been felled and exported. There have been other forms of
large-scale deforestation that have oveurred for reasons other than exploitation and
exportation. The need for expansion of farm lands to meet the agriculwral demands
of the increasing population in rural areas, and the need for food for urban dwellers
have been a major cause of deforestation.  The fallow system of allowing fields to
regenerate in wild vepetation for many years has been shortened and almost
abandoned as farm land becomes scarce. (sec fig. 5) There has been rapid
ietenioration of forest cover in Nigeria since the mid 1960z to the present,
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Figure 5. Forest area trend in Nigeria. Data from WRI, 99293,
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Overgrazing of the arid lands in the Nerth has exacerbated the trend of
desertification. which expands southwards into the savannah regions with each
passing year. In a zone where rain, streams and vegetation are already scarce, it'is all
the more important 1o protect whatever plant life already exists to act as o stabthzing
influence on soil and moisture patterns.  The root systems and leaf caver of any
vegetation, protect the particles of sandy soil from erosion caused by wind or rain,
Overgrazing has wagic consequences when herds of domestic animals are allowed o
multiply, beyond the carrying capacity of the land. Figure & shows the trend of cattle
raised in Migeria. It is interesting to note the high volatility in number reflecting the
climatic changes in the sahelian region. Here again, increases in population lead 1o
another form of land pressure, encroachment on the equally delicate ecosystem af an

arid land that cannot be denuded of vegetation without becoming wirtually
uninhabitable. I

Some observers have stressed caution in overblaming nomads for overgrazing, a
view that was predominant in the [Y7('s. More recent analysis has shown that
overgrazing s only part of the problem, and that attempts o settle nomads
permanently, with ranching or agriculture, or 1o otherwise interfere with therr
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maditional living patterns, worsens environmental degradation and destabilizes their
lives, (Timberlake, [986)

Figure & Total cattle population in Migeriz, 1967- 1990, Data from WRI, [492-43,
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Industrialization has contributed to deforestation. Wood is the most important
commercial preduct obained from the forest.  In 1985, the world’s total wood
removals were 3.2 billion cubic meters of which 1.5 billion were harvested for
industrial purposes. A slightly larger valume (1.7 billion cubic meters) was burned
for fuel. (The World Resources Institute and the International Institute for
Environment and Development. in collaboration  with  the United Nations
Environment Programme. 1485} The Nigerian total industrial consumption of forest
wood s estimated by the Federal Department of Forestry to be approximately 5
million metric tons per year. This wood supplies the nation’s needs for paper and
building materials required for the rapid growth in cconomic  development, and
urbamization in general. Two large paper mills, commissioned by the federal

government. 25 large private saw mills and an additional 1.000 smaller mills process
the wood materials.

In Africa. about Y% of the population relies on fuelwood for their cooking neecs
(Amencan Embassy Report, I986), [t has been estimated that this figure is slightly
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lower in Migeria today because the domestc oil industry and the development of
domesoc refining capacity have allowed consumers to substitute cooking fuel for
wood, especially in urban areas. In spite of its availability, 1t is sull not economically
feasible for the rural majority to afford this luxury, It is far mere economical for a
farming family to cut a trés or search for fallen branches than o purchase fuel at any
price. As the rural population increases, more  demands are placed on remaining
wooded areas near villages when fallen dead wood becomes insufficient for

everyone's needs, (see fig.7)

Figure 7. A firewood market near a village. Photographs from NEST, 19491,

Bush fires also are very damaging to the remaining forests dand these are penadic,
recurning, "natural” phenomena. especially in the dry season. [tis siud that over 7O
of MNigerian land covered by savannah is burned annuailly  (Amencan Embassy
Report, 1984}, These fires are natural when they are set by lightening or storms bun
in most cases are deliberately set by farmers or hunters for their own selfish ends.
with disastrous vonsequences o the environment, There have been luws prohibiting
bush buming but lack of enforcement and the education to enlighten the rural
population has militated against such sanctions.
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d. Reforestation: This is a major means of countering deforestation and reduction in
vegetative cover. Nwoboshi (1986) shows that 4 total of 30,000 hectares or abau
10% of the annual deforestation rate has been reforested. The large pap between
deforestation and reforestation stems from “lack of funding. lack of cooperation from
the land wsers, and lack of appreciation by the public .. as well a5 (he NArTow
perception of forestry practice by foresters,” Currently federal and state governments
are embarking on various forestry projects in their efforts ta tackle the problems of
deforestation.

THE IMPACTS OF DEFORESTATI N IN NIGERIA

A sustainable develapment is a path of human progress that meets the needs and
aspirations of the present generation withaut compromising the ability or chances of
future generations to meet their needs (Brown, [990; World Commission  on
Environment and Development, 1987} The forest has been unsustainably used in
Migeria for many years. This has resulted in the enormous environmental crisie
situation which Nigeria faces today. The land degradation problems arose from i
combination of physical facters, and intensive and catile pressures on land. (Forestry
Management, Evaluation and Coordinating Unit, 1989 Although "natural disaser”
has been applied to the many forms which the crisie takes, a closer look will show
that these disasters have human activities as their main cause, Deforestation and
unsustainable land use patterns have had the tollowing consequences:

A. Soil: The fragile nature of tropical soils, easily prone 1o erosion and depletion of
nutrients if not carefully protected, makes them particularly vulnerable when
Population pressures cause deforestation and a shortening of the fallow period.  Soil
erosion is a quiel crisis, Iis impact is gradual but over time results in the SINE ragic
tonsequences that are reminiscent of those of drought and famine. Two Imajor types
of soil erosions in Nigeria are wind and Fuvial erosions.  Wind erosion is more
pronounced in the northern savannah while fluvial ETOSION, consisting of sheet, rill
and gully erosions. is more common in the rainf orest zones in the south,

Migeria has, in recent times, expended huge sums of its limited resources 1o combat
the effects of erosion. Contracts for millions of Naira are awarded to build retaining
walls of concrete once a gully has reached many miles in length and breadth, having
engulfed entire villages and countless fannlands which plunged into its cavernous
depths - an exercise in funlity. The government has not designed a system of
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enforceable laws and Euidelines strictly governing Lonstruction activities for roas
and buildings, PrOtECting vepetition from: hushfire, OVETErazing and deforestation,
and protecting critica| dreas. particularly i he watersheds, which are KNOWN erogion
points. Education of the public (o help the AVErage citizen understand the causes,
LOnsequences and Prevention of erpsion would be the mpg effective channel far
Eovernment interventipn, Wailing 1o POur money into a s troston disaster sige.
With soils that are vollapsing in 4 momentum that canpot e reversed once it gy
Eamed such strength, is pagr FESOUICE management ang Planning, Unﬁ::rnm:itc]}'.
such gullies gre highly visible. whereas the gradiy| Ero%ion by wind and rain in the
northern regions and sheet erosion which removes topsail from farmlands in southern
FEERONS, attract Jie allention,

It has been estimatesd thatr soil EFO%ION Causes a foss of 30 million tong of =oij|
annuilly within (he Castem states of Migeria, wcounting for half of the tatal annyg|
loss in the olintry. (Kio and Okoric, WRG) The arig ZONES In northern Migeria are
also vulnerable, althay, Bh little exact information i« vailable on the Jogs.

Sail  erosion. witich iy perhaps the minyy drcimmatic TYHIOm of ERVIFGnmental
Malaise, threatens forve millions mare Afeiean fitrmmery e fandiee destitution,
BY the vear 2000, curren rates of erosion, if unchecked, qre Projected to reduee the
Population ERFTying capacity of much of semi-arid Africa by g srinning 30 1o 50
Percent.” (Lemm, 1 G8& Huarvisnn, 057 1

Northern Migeria g included in this region and i Lin be expegted that
desfniﬁl.:alh:m. further loss of YEECLION cover and arible laned wij resull g5 soj)
ETOSIOn continues, Sheet eroginn in southern regians wij] equally account for
significant loss of drable |and, precisely at a time when population PrESSUres require
more land of sufficiently protecred fertility and wability 1o sysgin increasing
numbers of people.

b. Rivers ang ¢ Mher Water Sources: Forests Protect rivers and other Wiler systems
from siltation by eroding sails, This load of soil ig depasited in (he SEAms, rivers
and, eventualiy g the sea. | effect, the most Precious topsoil, Lontaining the
nutrients which have Accumnulated over centuries of decay, and which sustain the
health of crops and the people who cat them, is lost 1o the floors of valleys, tiver and
the ocean. Nop only is the soil [nst from the land, byt e entire ecosystems around
Water systems are altered, with devastarin B vonsequences.
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Addrightening evidence of deforestation, erosion and siltation is the disappearance
of the main water sources which people depend on in thousands of villages avrnss
Nigeria. (personal communication) This has oceurred primarily because of changes
in land use patterns, reduction in the fallow period and encroachment of farming into
areds of watershed critical o the protection of streams. Farming now sveurs even on
steep hillsides leading down to streams and in most areas, no provisien has been
made for terracing and ridging to prevent topsoils from Howing directly into water
systems,

The best forms of protection of water systems, thraugh prevention of further soil
erosion and siltation, would be community-wide education campaigns and campaigns
to stop deforestation and farming in watershed zones, particularly on slopes above
villeys with water systems.  Apeldoorn (1981}, after a thorough  analysis of
agricultural crises and famines in Nigeria, recommended that planning to prevent
future disasters should be dane with the people. "The community has 1o be involved
and proposed changes must act on the ecological system as a whole, not on isolated
parts of it. Strategies must be based on the total local environment.”

This should include community-wide participation of citizens in replanting those
same areas with trees and vegeration. An informed and committed local leadership
and the inclusion of women's assoviations. all local farmers and schoolehildren wionld
ensure that the lessons in soil and water conservation are internalized in the
population which dircctly influences the land. and applied directly in a change of
daily land use practices at the village level

Reaching the people with such education and demonstration projects  will
necessitate a serious commitment by government to establish linkages from research
and educational institutions in forestry and agriculture directly to the rural citizenry
who are to leamn, embrace and practice conservation. Policies must adexuately
address the various forces which militate against pctive peoples’ participation: and
involvement in conservation efforts. Not only must the educational institutions and
research stations be better supported with sufficient funding, but the extensions
warkers, must be trained in vast numbers and supported. This will necessitate o
significant redirecting of funds towards prevention of erosion, siltation and lass of
water systems by an enlightened leadership which has the vision to recognize the
present and impending crisis,

Timberlake {(IY86) has cautionsd that extension service in African nations in
general has "two contradictory failings: 1t is often wrong and it 15 often unavailable
African governments spend too little an it." He paints out that they often lock the
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practical knowledge that will really help fanmers, a prerequisite i working
relationships of mutual respect are to be established, Often the advice brought by
extension workers is from foreign experts or research oriented personnel from
mnstitutes and research facilities It can be incorrect, maladapted to idiosyncrasies of
local regions and even damaging to the environment, Many extension service
projects, funded lavishly by government, and international agencies, were based on
l-conceived notions for impraving crop yields, and did not succeed because they
were inappropriate and maladapted to local conditions. International and  MNigenan
research institutions are certainly making valuable contributions, but care needs to be
taken in selecting the areas of knowledge of sustainable sgricullure and forestry to be
stressed in the future by extension workers who actuall ¥ teach the people,

c. Agriculture: In the agricultural sector. the population had, in the face of economic
strangulation, exhausted the land frontier in most parts of the country.  Peaple had
continued to engage in traditional agriculture, but abandoned the raditional practives
of conservation that had protected the environment in past generations.  The rapicl
population growth had necessitated the diminution of the available arable fands and
their overuse. With the land frantier gane, families now share inherited land of ever
smaller portions,

In Nigeria land is inherited by offspring who must equitably distribute portions ot
land, leading to fragmentation of farms into many small landholdings which are being
divided and redivided with each succeeding generation.(see Fig. #) People used
many devices to cope with this reduction in per capita land availability, including
expansion in the area under cultivation, reduction of fallow periods, cultivation of
virgin land or inensive cultivation of permanent fields. characterized by land
investments for terracing, drainage, irmgation and intensive MANUrNg systems, as
well as  mechanization.  Agricultural technologies and methods, imparted from
adaptations from abroad, or from international and national research stations have not
eenerally reached the average small farmer who still continues  with the traditional
subsistence farming methods.
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Figure 8. Land inheritance and progressive reduction in land available per heir. Based
on 1. M. lgbozuruike, “Land inheritance and land alienation in pants of [mo State.
Nigeria." School of Environmental Studies, Ima State University, Okigwe. 1957,

I First ganercabion
(Father has fwo sons, & & B)

I Second genetation

Al

I Therd generati
A2 41 Al = g ration

It may be expected that permanent cultivation, characterized by imensive
agriculture and mechanization, will continue to elude the country, knowing the
traditions and culture of the peaple unless a committed government adopts and
supports appropriate adaptations of innovative ideas and technologies. Expens are
now recommending that mechanized agriculture be promoted with extreme caution.
however, and only if such inroduction of harsh, destabilizing forces o delicate lands
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be accompanied by prevention of soil erosion which occurs when large traces of land
are cleared for agribusiness and mechanization.

For some years after Nigeria had gained independence. there had been a mad rush
for imported agricultural technology and methads, stressing plantation farming and
manoculture for crops for export, with the hope that this could increase yields and
therefore profits for the wealthy few who had investment capitals in this sector. The
vast rural majority of the population, used to subsistence farming, remained
untouched. Lambert points out the protective values of traditional African farming
methods in protection of soils and environment. “Multiple cropping (inchuding
intercropping, relay cropping and sequential cropping) systems are essentially o
simplificd recreation of the diversity of natural systems.”{Lambert, Y88} The author
argues that these make better use of the land, minimize campetition for nutrients and
soil moisture, and return nourishment to the soil with decay. There is greater
protection for the soil from sun, rain and wind. Monocropping, by contrast, can result
in rapid declining soil fertility and struciure, The example of Northem Nigeria is
vited, where cotton crops, intercrapped with maize and millet resulted in combined
higher vields.

Maintaining a simplified monoculmre agricultural system, against the natural
tendency towards diversity and stability requires excessive enmergy and resource
inputs. _ Loss of soil fertility, depletion of nutrients and alteration of soil structure
require increasing inputs of fertilizer and conditioners. Modern Western farming has
become a highly complex operation, depending on high inputs of energy and
resources, This approach has operated in the export-crop sector of tropical
agriculture, 1t is probably a blessing in disguise that it has not been actively pursued
in the food-producing sectors, (Lambery, 195%)

Subsistence agriculture can only support a slow, steadily growing population, hut |

not an explading papulation that reaches beyond the carrying capacity of land in rusal
areas, and creates a rising demand for food amone urban dwellers. Druke (1992
surmises that for each of the sectors in the family of transitions, there is "a critical
period when society is especially vulnerable and during that period, rates of change
are high, societal adaptive capacity is limited, in part, due to this rapud change.” In
such a period, it is possible that the "key relationships in the dynamic become
severely imbalanced.” In Nigeria both rural and urban populations combined have
more needs for food today, necessitating the importation of much of her food.

To worsen this situation, many arable lands are being converted for other pUrpHrses,
with the advent of urbanization, industrialization and madern development.
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Buildings, markets, schools, reads and factories are but a few examples of
encroachment on previously arable land which further reduces the ol available area
for cultivation. It is population pressure, combined with changing standards of living
accompanying development, which has vaused these forms of land diminution and
cubminated in the intensive and non-sustainable use of farmlands. Deforestation, soil
eroston. lack of rain and decreasing permeability of soils, along with other climatic
vhanges, have grossly affected apricultural produectivity and the entire economic base
in this sector. Humans, by their own activities, have cavsed losses in soil fertility and
depreciations in agricultural productivity, resulting in poverty, migration 1o vities,
food insecurity and scarcity, malnutrition and dependence on imported food. This, in
turn, exhausts foreign exchange which could have been used in other developmental
programs. [ronically, the more land is degraded. and the more foreign exchange is
used to supplement Migeria's own yields, the less resources are likely to be made
available for investments and other social causes like, programs in family planning,
education, environmental protection, and sustainable agriculture. Tt will be necessary
to suppart these areas if the cyele is to be broken and reversed.

Efforts must be geared towards the root cause of this massive pressure on the land
and water systems -- rapid population growth, The chain of consequences noted here
clearly results from the expansion of human activities, under pressure to feed and
house the rising population.  What s alarming is recognition that the land was
sufficient to sustain the population until the very recent past and that only a few
variables were needed to so seriously destabilize an entire ccosystem that took eons
of planetary history to create. [t takes little imagination to project how much further
depradation of the environment will occur in the next few penerations of ever
increasing numbers, if agricultural demands on land further straim its ever diminishing
capacities.

d. Biodiversity: The forests are the abodes of all varieties of life. which coexist
prudently to maintain a natural equilibrium. Any form of deforestation dislodges this
balance and jeopardizes the survival of species of amimals and plants. Humans, by
their activitics in Migeria perhaps have cavsed a rapid rate of extinction. As such vast
portions of the original rainforests have disappeared, so have the flora and fauna
which they harbored been equally threatened.

Although Nigenia has created some protected forest reserves (10% of the original
total forested area), efforts must be made to educate her public on the need for
preservation and conservation of what is remaining. There has been little research 1o
docuiment how much of Nigeria's biodiversity has gone into extinction or 15 in danger
of disappearing. There is no doubt that much damage has already been done,
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INTERRELATIONSHIPS @ schematic representations,

The identification of the causes and mechanics of environmental bankruptey 15 4
prerequisite to the formulation of preventive measures and remedies. Ecological
events unfold quietly, and almost imperceptibly, presenting an enigima to fhe
untrained eye.  Understanding the interaction between human activities and the
natural environment requires an analytic approach and multidisciplinary inguiry,
What happened and continues happening to Nigera's environment is the result of g
complex web of interactions which this paper could only explore in a superficial way,
The more research and analysis can utilize holistic approaches, considering the grand
harmony in nature's original design of ecosystems, the greater the chance of
discovering explanations and answers lor environmental prablems. Discerning the
relationships and interconnections is a fundamental step towards striking a halanee
between human plans and environmental capacities.

The Club of Rome's Report, Bevond Famine, stresses such a holistic approach for
the pathering and sharing of rescarch among scientists and policy-makers in different
arcas of discipline who share the common goal of protecting the environment and
population of Africa from further crises (Lemma. 19881 The long wrm goal of
preserving Nigeria's environment so that the needs of future generations are nol
compromised, will necessitate the adaptation by its leaders and research scientists, of
methods of communication and  information  sharing  which the international
community of scientists and policy-makers are now developing. Effective policy
must be based on a larger comprehension of inlerconnectedness of all life forms,;
reduced to understandable terms where the most important variahles responsible for
environmental destruction can be addressed as priorities.

Expanding population. deforestation and pressures of development  without
accompanying measures o protect the environment from the impact of modern
technology, are such key variables which have been identified as primary apents of
environmental degradation.  Correcting the situation will necessitate o focus of
attention and resources in these arcas which so dramatically influence the web of
interconnected life in Nigeria's ecosystem.(see Fig. 4)
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CONUCLUSION AND POLICY IMPLICATIONS

The fate of Nigeria's eavironment hangs in the balance. Ethiopia and Somalia,
which are today plagued with droughts and famines, were as recent as the 19300,
known for the richness of their genetic diversity. Drought-stricken Mali was onee
known as the breadbasket of Africa. Niger, Chad and Sudan to the north and eas nf'
Migeria, are suffering from environmental crises which were non- existent in the past
few decades.

Has Nigeria learned any lessons from these victims? A positive affirmation can be
substantiated in the way and manner Nigeria is tackling the root cause of this problem
which has the potential to lead to a common tragedy. The arrest of population growth
will be the most cost-effective solution 1w the impending crisis. No amount of encrgy
and resources will reverse the environmental damages and  prevent further
deterioration of the land if the increases in population pressure are not controlled. The
need for population control arises from two reasons. First, rapid population grawth is
one of the major causes of most environmental problems. Secondly, rapid population
growth and stagnation of socio-economic development reinforces each other and
“ereates a vicious cycle.” These understandings are made clearer as the links hetween
population, develepment and environment are better articulated.

The lands. forests and waters must be relieved from the onslavght of human
activity, The relationship between human actions and the eanth's natural resources is
at a tuming point. Nature cannot indefiniely sustain ever growing demands beyend
its capacity to heal itself, regenerate and constantly return 1o a state of balance
Nigeriu has been witnessing a pace of destruction of her forests, denuding of the sail,
siltation of nvers and desertification of the northern border, These have resubted 1
much irreversible damages. The warning is that erosion and desertification can reach
points where the earth becomes so hardened, dry and parched that replanting with
human efforts will be impossible. The region will have to wait eens for nature's own
healing process (o regenerare what ook Earth's history to design. That region would
be virtually uninhabitable if it looses the capacity to nurture and sustain vegetation.

There seem to be great odds against 4 vision of a re-balanced ecology, cConamy
and agriculture in Nigena.  Fortunately there are many optimistic signs that
recognition of the cnsis proportions of the problem is helping leaders and citizens,
educated and uneducated, to embrace solutions. The search for ecologivally sound
answers has yielded numerous local success stories. Community and agro-forestry
projects. reforestation campaigns, media attention to the problems of overpopulation,
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deforestation and soil erosion, and recent policies by the Nigenan government 1o
stress family planning and reforestation are hut a few examples of optimistic signs.

Despate  these efforts, | speculatively recommend the following far  paolicy
considerations in an attempt to harmonize the dyramic population and environment
transitions in Migeria. These ideas are not the only truth and could be modified Tor
easier applicability.

i. The population policy should be revisited and redesigned 1o reflect the seriousness
of the population burden, A doubling time of 21 years and a growth rate of 3.3 %
depict a bleak future for a country whose economy is in shambles.

2. Mational efforts should be made 10 aggressively lower the population growth 1o 2.5
in the next decade through a massive media campaign, aggressive Tamily plannings
and public education. Funding must be provided for this purpose,

3. Formal education. especially at the pnmary and secondary levels, shoulkl be made o
right of every citizen. Specifically, female education should be encouvraged. and
women should be provided with opportunities equal to those of men in all spheres of
life.

4. Admittedly, Nigeria has many conservation organizations and laws. Unfortunately
many of such laws are not given a deserving publicity neither are they given effective
enforcement, For instance, there is no effort to enforce the law against bush burning,
although this law has existed for some decades now. An intensive and contingous
publicity should be given to all the existing conservation laws while more stringent
ones are formulated. Mass media, TV, schools, churches and mosques should be psed
as avenues for propagating and disseminating such information. An effective
enforcement effort must be planned and executed.

5. State and national povernments should not only be concemed with the
improvement of qualites of life in the urban cities but also those of the loval and rural
populations. Rural infrastructures like feeder roads, water, clinics, schools, and
electricity should be created to improve the rural standard of living. This will not dnly
enhance their quality of life but alse discourage the urban migration of the vouths,
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f. No amount of forest dereservation will solve the prablem of land hunger and meet
the needs of a massive subsistence farming method Low credits and fertilizers could
be provided 1o enable the farmers use their available land intensively.,

1. More forestry programs like agroterestry, social forestry, afforestation and
reforestation, should be engaged at all the levels of government - local, state and
federal. As in family planning, such forestry needs. practices and benefits should be
included in the educational curricula and taught in all formal and  informal
educational systems in the country

fi. Forestry programs should be specifically designed 1o include women in all facets.
The colonial forestry legacy of "only men for forestry” should be discarded.

9. Attempts should be made to educate the nomads on the need for a sustainable wse
of the land. The herd population and the migratory movements of the nomads sheuld
be monitored and regulated,

[0, Environmental education and consciousness should be instituted among all
classes, ages and peoples of Nigeria.

|1, The operations of environmental non-governmental organizations should be
encouraged and monvated,

Inclividuals, organizations and nations. as well as international efforts in cooperation
among nations are demonstrating the concern, will and dedication to take similar
steps to nght the environmental wrongs and ensure a sostainable development. The
recently concluded UNCED in Rio, Brazil, is a pointer to the seriousness of glohal
and national environmental deterioration and the urgency for its remediation,

Keeping a unified vision of the contribution of each effort in the scheme of
rebalancing the Nigerian environment is essential.  Discerning and working on the
primary causes of environmental deterioration will yield the greatest returns and help
avoid cosmetic or superficial action-plans, or wasting of valuable resources that
should be directed at the underlying causes of the problem, Causes rather than
symptoms should be cured. There iz now hope that the full dimensions of the crisis, ]
and the potential, irreversible nature of the damages are being fully articulated, More
than ever, there is the need to focus research. policy, and all action plans on the long-
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range solutions, keeping national commitment and priofities on the responsibility to
pratect Niperia's environment for future gpenerations.
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CHAPTER i HURNG-JYLUHN WAN(x

THE CULTIVATED LAND-RURAL INDUSTRIALIZATION-
URBANIZATION-POPULATION DYNAMICS IN TAIWAN

10-1. Indrodiciion

For decades, Taiwan has been successful in economical development. The suocess
has been atiributed to it hardworking and educated population. A series of palicics
beginning with Land Reform and encouraging the wealthy to invest in indusiries alsg
deserve atlention. Cirowih of high-tech industries and production of qualily goods are
considerad essential for continuing an economic growih in Taiwan (Galenson, 1992).
However, the country Faces some challenges after decades of rapid industrialization.
Because of the country’s scarcity in nalural resources and the degradation of ils
environments, there is concern about long term sustanability,

For Taiwan those challenges are even more immediate and acute because of high
population density. Owver X) million people who musi live, work, and go about life on a
small island of 36,000 syuare kilometers an area smaller than the Netherlands, Docs the
govermment have population policy to deal with populaton growth? What is her
demographic trangition paitern? How many people are able 1o live on this island with
sufficient life-supporting food, goods, and health environmenis?

If population growth is not managed, the limited cultivated land has to supply at
least part of the life-supporting food, while active industrial sectors expand everywhere,
The mofe intense and broad rural industrizlization is, the more there is degradavion of
living environments. Moreover, the indusirialization produces ils by-producr, pollution,
affecting urban as well as mural areas,

In summary, the dynamic of cultivaled land tranzition involves many sectors. In
Taiwan, rural industrialization and urbanization are driving forces.  Apricultural
transition approaches its maximum production per hectare. Rural labor foree induces the
bases of rural industmalization and rural 1o wrban migration.
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10-2 The Demographic Transition
1Q2-2-1 Introduction:

Demagraphers have postulated from population transitin patterns a theory called the
demographic transition.  According 10 this theory, at low levels of industrialization
countries both fertility and morality are high, and population prowth is slow. As
nutrition and health services improve, Ihe death rate falls. Birth rates lag behind by a
peneration or twao, apening a gap between fenility and mortality thal produces rapid
population growth, At the last stage, as people’s lives and lifestyles cvolve into a fully
industrial mode (or well educated), birth raies fall too, and the population growth rate
slows again (Meadows et al., 1992). In viewing Taiwan statistical data, her demographic
transition has showed a very small gap betwesn death and birth raie in the 19905, Births
per thousand are 16.6, deaths per thousand are 5.2, Population grows at a rate of 1.13%.
Iz Taiwan's population going to a steady stale? What iz her demographic transition
pattern? Those are interesting questions 1o begin with,

10-2-2 Demographic Transition in Taiwan

Demographic ransition is the paitern of birth rate and death rate. In order to berter
understand Taiwan's Demographic ansition, | take Japan's demographic transition for
comparison.  The choice of Japan is based on several reasons. Taiwan and Japan have
similar cultural background, the same experience on the sconomic growth beginning at
different years, and the same topography consisting of mountainz over half of (heir total
areas, Fig 10-1 shows that two countries have similar patterns of birth and death rales.
However, the demographic tansition pattern in Taiwan is unigue. Fig 10-2 shows that
her birth rate and death rate converge within a very short lime period as compared 10
some developed couniries,
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1 pick 35 years data and divide the transition inte three stages. Fig 3 presents this
three-stages mansition. Phase | (1955-1965) has a high barth rate and high death race.
During this period, the postwar baby boom! increases the birth rale to about 40 per
thousand per year. While the high death vate of about 9 per thousand per year average
has partly offset the birth raie, the population keeps the growth rawe in a range around
3%-4% per year.

Phasc [1 {1965- 1980} presents a transition of moderate birth raic and a low death
rate. [n the later 19605 and 1970z, the birth rale declines to 25-30 per thousand per year,
The dezth vate reaches a plateau of arcund § per thousand per year. The population
growth rate declines into a range of around 2%-3% per year,

Phase H {1981- 1990} reaches a stable low birth rate and low death rate, Enlering
1980z, the birth rate continuous to decling in the carly 1980s, reaching to the historical
lowest point of 15 per thousand per year at 1986, The long-steady death rate since 1970
starts a slow increase from 4.9 to 5.2 per thousand per year in the 19872, The popialation
growth rate in this period ranges from | %.-2% per year.

"i’ﬂma age group (age under 15) counts 43.4% of toral population in year 1955 and has slight
growth during this period,

2This is constdered the aging populaicn (age over §5),  During this perod, aged population
perceniage rises to 6.2% comparing 0. 1% aped populaion perceniage in the period 1955|965,
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Fig 10-1 Popudatkon Transition and Growih Kete in Taivan 1955 1900
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YBeginning in 1969 the figures include armed forces living on military bases md inmates of
inslitutions which were omitted previously, This accounts for the exceptionally high growth rate
for that year.
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William Drake states in his paper "In North America, where death rate reductions
were more gradual, birth raies decreased without much influence by public policy”
(Drake, 1992). However, the family program effectively starting in the 1940s is the key
to teducing the birth rate in Taiwan (Freedman 2t al, 1974, Davis, 1967). Education of
childbearing ape women is considered as another Factor contributing to the continuous
decline in the birth rate. Fig 10-4 portarys the illiteracy rate of female and female
population above free school age from 1961-1990,

Fig i0-4 Fomale [literade Population Above Free School Age o Toiwm
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Because the family program is the key o the demaographic ansition in Taiwan, it is
important to review Taiwan's population policy in the past few decades. Ax 1 mentioned
earlier, the family planning program and percentage of women above the level.of
illierate, arc two important factors that cause the birth rale 1o decling substantally.
However, when the family platning program expanded in the early 1960s, it encountered
wemendous obstacles. | summarize Li's (1958} findings. These are {11 An =ffort 10
contrel population growth has besn hindered by Chinese ¢thics, culture. (2} Many
people believed, in the 19603, that if the food supply is adequarwe, population conrol and
family planning are not necessary. (3} A population decline is the same 25 1o weaken the
country's military strength. In other words, to allege binth control is not adapiable (Li,
198R). Because of those obsiacles the govemment's attitude was neumral in the mid
19505, The government would not openly advocate a family program or adopt a
pepulation control policy, but it would not inlerfers with those people who practiced
birth coniral,

4Beginning in 1967 the total years of the compulsory education were raised from & years to 9
years, Therefore. the (oial female population above fres school age decreages, As 3 sequency,
the rale of illkierate famale increasss,
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The first official step for a family planning program came in 1954 with 1he
establishment of the China Family Planning Association whose aim was Ie introduce
wives of military dependents to the idea that family planning had benefits to aveid illegal
abortion as well as family burden. In 1959, the governor of Taiwan province agreed to
set up Pregnancy Health Services (PHS) at local public health siations, which then took
over the main task of promoting family planning programs. I was not officially
endorsed by the central government, although the PHS program was operated under local
publi: health station.

Also, in the same year (1959 the Joint Commission on Rural Reconstruclion
(founded by American Aids) and the provincial health department founded a family
planning program in Nanlew, an agriculiural area in central Taiwan, under Pregnancy
Health Service, By 1963 this health service had expanded as part of the maternal znd
chiid health program. PPH workers would educalc women on contreplive methods
during visits io their homes. Throughout the 19505 and 1960s, the Pregnancy Health
Service played 3 key role in promoting family planning.

The major successful step was in 1964, the provincial government reached an
agreement with Council for International Economic Cooperation and Development o
support and fund a five-year program 1o carry out an island-wide family planning
progpram cmphasizing the usz of the Lippes Loop (an JUD). During the 1964-1972
period, over 45 percent of marricd women were provided with IUD, while ancther 3
percent unable 1o usc them were given oral contraceptive (Li, 1988). They set a goal that
¢ach five [UDs insertions would reduce the number of birth by one per year. In 1964 this
gozl was not met, according to analysis of the data later. However, the population
grovwth raie below 2 percent per year was achieved in 1973, which was two years sarlier
than expected.

Finally, in 1968, the executive yuan proemulgated the regolations governing the
implementation of family planning in Taiwan, officially adopting what had been an
unofficial program. There were five major propasals in the anouncement.

(1) The objectives of family planning were to improve health, raise the level of
family life, and achieve a reasonsble popuiation growth,

(1) Public health agetwics would provide married women with free or low cost
pregnant examinations, maternal and child health puidance, and information on
contaceptives.

{(3) A mamied woman with three or more chilkdren could 2sk a public health agency
for contraceptive services.

(4) Te implement family planning, health organizations could employ additional

persannel, incloding a full dme doctor or midwife and home visitor a1 each healih
station.
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(3) Mouvational and educational activities and short-term raining courses and
seminars were planped.

In 1984, the Eugenic Protection Law was enacted, Coordinated measures were
taken by agencies concermed o discourage more than two births per family. The direct
effect was the people who worked for government would only receive up to two child
subzides thereafrer.

Education is another imporiant factor affecting birth rate decline in Tajwan.
However, the Chinese traditional family value, with strong emphasis on having (hre= or
four children and at least one or wo sons. still needs massive educational reform, |
would say, a5 results of those efforts both on comprehensive family program and the
continuation of broad education in famiy health, living standard, and child spacing, that
the demographic ransition in Taiwan will reach its final stage in the near fyuture.

As the demographic mansition is approaching the final stage, the aging population

and the family program of the control on fertility rate are the main tasks to cope with in
the 1990s. Fig 10-5 pormays the casual relationshi ps of population sector in Taiwan,
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Fig -5 Casual Relationships of Population Sector in Taiwan
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10-2-3 Corve Filting - Logistic Funclion

The logistic function will be employed as 2 curve fiting technigue for Taiwan
population growth, The lagistic population cquation of P.F. Verhulst is often writlen a5

d
at = - bp?

The term ap in this equation represents the tendency of population 10 grow at z rate
proportionzl to the size of the papulaton, the standard assumption of exponential groweh.
Verhulst intended the term involving the square of population to represent conflict and
siress arising contacts between people, which he assumed would be toughly proportional
to p square. The result is the familiar nonlinear logistic eguation {Richardson. 19913,
implementation of this equation needs two explicit parameters, 2 and b. The 2 would be
4 popuiation natural growth rate per thousand, i.e., Birth rate per thoosand minus desih
tate per thousand. The b would be a parameier representing a mixed effect of
envirormental stress and government intervention.
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An equivalent form of the logistiv equation is.

Tt=J'EI+“

In it, 1 make an assumption of q = 25,000 thousand people thal serves as logistc
function upbound. 1 aleo choose population in 1955 (Yi = 9078, ¢ m ) and 1990 (Y1 =
20,359, 1 = 35) o solve the other two parameters & and b, The logistic function hence
equals 1o

g - 25000
= 141,754 0051

where t=0, 1, 2...

According o elementary mathematcal manipulations  (Arlinghaus, 1991), the
coordinates of the inflection point of this particulate logistic funclion are 9.4 years and
12,500 thousand people. This is where the population growth rate reaches its maximum
population 12,500 thousand at year 1965 and starts a décreasing growth rate from there
forward {in time). Fig 10-6 shows a logistic carve fiding for Taiwan population. At the
end of |980s5, the logistic furction portarys a slightly higher population than that
obsetrved.

Fig 10-6 Logmc Curve Fiung for Talvan Populaion

Emm

20K}

FE[QII}

_EII!IIH]I

Eﬂm
0
FE8E8E8E8EEEEEEERER B

Year

—— Totsl Popultion —9— Logk: Fitting

Chapter 100 Humg{yuhn Wang 307



”

)
Tranrgition

-1

10-3 The Urbanization Transitign
10-3-1 [ntroduction:

The desire to move from rural to urban areas is the result of many forces. The first
set of forces are "pull™ conditions such as availability of jobs in the urban arca and the
perception of better educational and health opportunities, especially for children, The
secomd set of forces are “push™ conditions such as living difficulty in rural area, lack of
rural infrastructures needed for implementing improvernents and insufficient land
ioldings to support an expanding family (Drake, 1992}, According to Spcare’s research
the factors resulting in the immigration to urban areas in Taiwan are (1} Unemployment,
which is very low in urban area. This implies that only few migrants in urban ares ars
having difficulties in finding adequate employment.  While in the rural area the labor
forces are in surplus, (2} Many patential migrants expect that moving o urban areas will
resull in an increase in income (Speare, 1985},

10-3-2 Urbanization Transition in Taijwan

Taiwan, an area of 36,000 square kilometers, is divided administratively into two
cenral municipalies, five provincial cities, and sixteen prefectures.  Each central
municipality and provincial city is subdivided into districts, and each prefecture s
subdivided into a prefecture city, Chen, and Hsiang. I[n 1983 there were twemy
prefectures cities and 289 Chen and Hsiang. The central municipalities, provincial cities,
and prefecture cities are essentially urbanized areas. Whersas Chen and Hsiang consist
of semi-urbanized townships and rural area,

Druring the thres decades of 1953-1983, Taiwan's urban pepulalion, loosely defined
as the population living in cities, Chen, and Hsiang with more than S0.000 residents
grows form 2.4 million 10 13 million. During this time period, the total population Erew
from 8.4 million 10 18.7 million. As 3 result, 70% of people live in urban area ar the end
of 1983. Fig 10-7 presents total and urban population in Taiwan during 1953-19%3
period. -
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Juppose we define urban area as more than 1{X)L,00} residents and semd-urban area
as 20,000-100.000 residents. The urban area aggregates 55.4% population and the semi-
urban area accumulales 38.7% populstion at year 1990,  Fig !0-% presems the
urbanization tansition during 196.2. 1990 period.

Fig 1(-B Total Urban and Semi-Urban Popodation Pereeniage in Taiwan 1962-

1990
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Sowrce: Statistical Yexrbook 1991 R.C.C.. Table 6

Japan is in the end of her urbanization wansition. Fig 10-9 shows that the
population living in urban areas is increasing slowly.
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10-4 The Rural Industrializalion Transition in Talwan

Taiwan's urbanization would have been moch more rapid had it not been for the
spread of industrialization Into rural areas. Rural industrialization is also a key factor to
affect the stock of cultivated land.

The origins of rural industry can be baced 10 the develapment of agromdustnes
during the 1930s under the Japanese. One of the first major rural industries was sugar
refining which was followed by the industries of canning of fruils and vegetables. The
developrient of these rural industries were promoeted by investment in infrastructure in
the rural area. During the 19305, the Japanese built schools in rural arcas and attempled
to make primary school education wniversal. They also began the process of rural
elecirification, which by 1960, inclpded 70% of rural households. In addition, the
Japanese began the development of an extensive system of rural roads. By 1970, Taiwan
had about 215 kilomelers of paved roads per 100 square kilomewrs (Ho, 1979).

Land Reform in the 19505 undoubtzdly played an imporiant rele in facilitating rural
indusirialization in Taiwan, By granting ownership to the tenants of small plots where
they were lilling, land reform grealy increased the number of households which had 2
stake in remaining in roral arsas. Because their plots were typically oo small wo provide
full employment for all children, rural households had exoa labor as their children
reached to normal age for labor foroe entry. This implies that there was a labor surplus
in rural areas which had an artachment to these areas and thus was mare willing to work
in or near the town than to the city,

Rural indusrialization was also encouraged by govetnment’s policies. when
entering the 19705 and 1980s. Between 1968 and 1981, the government established B2
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new indusicial zones in Taiwan. Only LU of these were in the 5 large cites, 27 were in

the four metropolitan counties, @nd M) were in the maining more rural counties (Txai,
1982},

Another facior promoting rural indusirialization was agriculiural development
which increased farm output through the use of improved seeds, fertilizer, irrigation, and
so forth. This increased productivity resulled in growing farm incomes and a growing
demand for nonfood consinngiion (Ho, 1979). For example, there was an increased
demand for building materials such as bricks and roof tiles which could easily be
produced by small factories in rural area. In addition, there was a growing demand For
clothing which was met, in part, by an expansion of textiles and apparel manufacturing in
rural areas.

Selya (1974) describes the cutward expansion of induswial zites 25 a "leap frog"
pattern. "Plants are soung out wilh major interruplions in the pattern by paddy (rice
ficld) or marginal land. This interrupted spaces may be filled in later if and when the
farmer owning the land decides to scll. The landscape then assurmes a mixed appearance,
even within the industrial sectors: old and new often stand sids by side” (Selya. 1974).

The growih of manufaciuring in rural areas is reflected in the official figures for the
number of factories by county, In 1979, 20,996 om of 58,4635 factories or 6% were
located in one of the |12 more rural counties (Tsal. 1982). The rural areas tended to
altract the more labor-intensive industies. Raniz poinis ouwl that the indusires
specializing in producing poods were much more likaly to be atlocated in one of the five
large cities than industries specializing in consumer goods (REanis, 19793, 1 addition 1o
food processing and lumber where the altraction of rurat areas is obvious. The textiles,
chemicals, and melal manufacturing were also located in the rural areas (Tsai. 19832},
This relationship between capital intensity and level of urbanization of manufaciuring
lacations was further strengthenad by the naticnal development plan in 1979 which stated
Lhat labor-inkcnsive industries should go to small towns and rural areas (Tsai, 19825

Taiwzn government might make such a plan that industrics should keep growth as
high a5 possible. Ad a result, the rate of rural industrialization will increase as well, The
cultivaled land will decrease not only by the effect of industrial extension but the
uncontrotled pollutants in the rural arcs,

10-5 The Agricultural Transition
10-5-1 [nooduction

Agricultural transition describes that the agriculiural production increase shifis from
extension of cultivated land to improvement of cultivaled land productivity, The final
stage of agricultural transition would be an experence of diminishing returns in yield per
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hectare (Drake, 19923, Some critiques aboul agriculural transitions are summarized
belows:

(1} Yicld per hectare iz a measurement of the siage of agriculture ransition, given
the increasing application of fertilizers and pesticides. [n general, North America may be
approcaching the point of disminishing rcrums.  Asian countries are berween the
increasing-to-retumnsd to constant-10-returns, while African countries are in the stage of
increasing-to-returns.

{2} Rural 1o urban migration must occur because the landholders are unable o
increase land productivity. As a result, the surplus of labor forces in rural area when the
yicld reaches disminishing relums move 1o urban areas,

(3) Heavy pesticide, fertilizer usage in agrivultural would bode well for toxicity
Iransition.

1{+5-2 Agriculwral Trensition in Taiwan

in order w0 Analyzc the agricultural wansition in Taiwan, an overview of area of
cultivated land, yicld per hectare fertilizer used, and farm population with time dimention
SSCMS Appropriate.

Fig 10-10 presents area of cultivated land Wransition in Taiwan, Cultivated land
refers 10 langd now being wilized for actual cultivaton; it excludes: (1) Land which has
been devasizted and tumed into waste disposal. {2) Land buried with sand and not
cultivable. (3) Land duly registered but converted to 2 building site, a highway, or used
for some purposes other than agricultural cultivation. (4) Land burned down for farming
but then allowed 10 lie idle.

Taiwan, an area of 36,000 square kilometers, has a total population of 20,36 miltion
and population dengity 565 persons per square kilomeier. Two thirds of its area are hills
and mountains ranges greater than 100 meters above sea level These are very difficult to
utillze. Poresi area covers 51% area of this island. The emaining 48% includes rural
aren, urban area, and semi-urban area,

The land available 10 human activities is extrernely limited. Fig 10-10 shows that
total cuitivated land in Taiwan reaches its highest in 1975 with 7.1 thousand hectares.
After 1975, the total in paddy fields conlinues 10 decrease 10 476.9 thousand hectare in
1990 (total paddy field reaches its highest in 1965).

JIncrease-lo-retums menns (hai if you double any one itp amoundt. the cthers are no change,
you will have twice as many as the yields per heclare that you had before.
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As mentioned in the rural industrialization section, the decrease in area of paddy
ficld 15 duc to the rural indusiries axpansion. Selya (1974) in his paper described this
mixed paddy field and industrial plants in Taiwan rural arca as "leap frop”, referring the
pattern of land vse of rural industrialization.

However, the dry land has been relatively stable in the past decades. This is
becaugs ihe dry lamd is less compelitive for human use. Most of the dry lands are remote
and devastated. Considering the future cultivated Tand stock. it is appropriate 1o make an
assumption that 90( thousand hectares is 2 sicady stale i the extension of rural
indusirialization and land pollution are under control.

Agricultural transition in Taiwan iz approaching diminishing relurns. Given the
increasing usage of fertilizers on fig 10-12, the yields per hectare for major crops, rice
anc sweet potators, are appreaching their maximum production, 4000 kgha for rice,
17,000 kgfha for sweest polatoes. fig 10-11,
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Fig 10-11 Yheid per Hecrage for Twn Craps in Taiwan 1955 1990
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Fig 1013 Ferilizers Use in Taiwan 1941-1990
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The interesting finding is that both the number of farm families and the farm
population are in steady decline in the past decades. alihough population keeps a 2%
average growlh rate per year during the past decades (fig 1M-13). The reason for the
continuous decline of farm population is the rural to urban migration, Farmers face a
fixed cultivated land holding, & maximum land production, and high income with low
unemployment rate in the urban area.
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Fig 10-13 Fam Families and Farm Populatn in Takbwan 196] 1990
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10-6 System Dynamics of Cultivated Land - Rural Indusirialization . Urbanization
in Taiwan

The cullivated land of Taiwan is approaching Ihe sieady total area and might be 3
slight decline due to the development of rural indusirialization. Fig 14 presents the
casual relationships of cultivated land sector, where the rural indusoializaton and
urbanization are two driving Forces causing the mansition of cultivated land, A positive
feedback loop exisis in rural industrialization.
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10-7 Possible Policy Implicaiions

The developed couniries historic records are often viewed as a protolype for
developing countries. The characters of iransitions in developed countries thercfore may
be ransferred to other countries with similar culture and developiment background. For
exampk:, Taiwan demographic ransition beginsd 2 secular decline in birth rates since
19505, the process appears to follow a regular monotonic form until a low levef birth rate
has been reached, which are experienced by the most developed countnigs.  As mentioned
in the section of demggraphic tranzition, Taiwan and Japan have similar culture
backgrovnd. The demographic trend of Taiwan is more or less retracing the Japan's
pattern but al an acceleraled pace. Entering 1990%, aging populalion issuss and
camprehensive family planning programs are expected to be the main tasks 1o cope with,
As a result, Taiwan government may adapt some transition characiers from Japan or
other developed countries when makes a comprehensive population policy.

Because Taiwan 15 poor in nature resources and the population density is high, the
development of agricelture and indusiry i very important to keep check in bis balance.
The dilemma between susiainability of domestic agricultural prodouctions amd industrial
developmients of continuous economic growth needs o solve. How many hectares of
cultivated land needs (o protect in order w produce sufficient food,. How much subside
needds 1o disribute o agriculture sector under the scenario of a subsisience agricullure,
How can the government develop the industries and keep the health environments al the
same time? Thoze are the issues of interfering with each others when the Taiwan
government and policy maker make any individual policy. As a resull, the application of
transition theory by viewing the complex dynamics of population and the environment as
a family of transition is explicit.

Finally, the gansition analyses can facilitate for modeling and simulation analyses

by means of determination of system cavsal relationships within sectors, alihough the
real world is far more complex than the assumed modeling world.
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