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Foreword 

The Lyndon B. Johnson School of Public Affairs has established interdisciplinary research 
on policy problems as the core of its educational program. A major part of this program is the 
nine-month policy research project, in the course of which two or three faculty members from 
different disciplines direct the research of ten to twenty graduate students of diverse 
backgrounds on a policy issue of concern to a government agency. This "client orientation" 
brings the students face to face with administrators, legislators, and other officials active in the 
policy process, and demonstrates that reserach in a policy environment demands special talents. 
It also illuminates the occasional difficulties of relating research findings to the world of political 
realities. 

This report on water resource management challenges in the Ganges-Brahmaputra River 
Basin is the result of a policy research project conducted in 1989-90 supported in part by a grant 
from the Ford Foundation. This research was also supported in part by the Lyndon B. Johnson 
Foundation. The policy research project was designed to explore issues developed through a 
conference on water resource cooperation between Nepal, India, and Bangladesh. This report 
supplements the conference volume by describing the general background of the basin and 
examining two selected issues in detail: hydroelectric development and deforestation. A final 
chapter examines the legal issues involved in bilateral and multilateral cooperation and presents 
two draft treaties that could serve as a framework for international cooperation. 

The curriculum of the LBJ School is intended not only to develop effective public servants 
but also to produce research that will enlighten and inform those already engaged in the policy 
process. The project that resulted in this report has helped to accomplish the first task; it is our 
hope and expectation that the report itself will contribute to the second. 

Finally, it should be noted that neither the LBJ School nor The University of Texas at 
Austin necessarily endorses the views or findings of this study. 

Max Sherman 

Dean 
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Chapter 1. 
An Overview of the Basin's Water, Land, and People 

The South Himalayan watershed is defined hydrologically by the Ganges-Brahmaputra
Meghna Basin, and makes up most of the northern half of the Indian subcontinent. The 
headwaters of the Ganges and the Brahmaputra rise close to each other near Mt. Kailash in the 
Tibetan Himalaya. The tectonic plate which forms the Indian subcontinent drifted northward at a 
rate of about 15 to 20 centimeters per year up until about 60 million years ago, when it began to 
collide with the main Eurasian plate (the southern edge of which is the modem-day Tibet). This 
collision elevated the Tibetan plateau to form the Great Himalaya Range. The movement of the 
Indian plane since then has slowed to about five centimeters per year, and, as the Indian plate 
continues to move under the Tibetan plateau, the central mountains rise about one centimeter per 
year. This process generates a moderate earthquake roughly once a year, as well as "rare, but all 
too frequent great earthquakes." 1 In fact, a tremendous earthquake is believed to have caused 
the Ganges to change course in the 19th century. 

The severity of the Himalayan slopes is unmatched anywhere in the world . From sea 
level at the Bay of Bengal to the Terai of southern Nepal, the Gangetic Plain rises little more than 
90 meters. Yet just 120 kilometers from the northern edge of the Terai are four of the five highest 
peaks in the world: Mt. Everest, Kanchenjunga, Makalu, and Lhotse. The foothills on the southern 
slopes are verdant with rhododendrons, fems, and other vegetation after the monsoon, and 
wherever possible farmers have cut terraces for wheat and com. North of the Himalayan massif 
is the dry and desolate Tibetan plateau through which runs the Zangpo River (the name of the 
Brahmaputra before it turns south through the Himalaya into Arunachal Pradesh). 

The Ganges-Brahmaputra system covers 1.8 million square kilometers of northern and 
northeastern India, Nepal, Bhutan, Bangladesh, and Tibet. Although slightly less than half the 
area of the Mississippi basin of the United States, it receives four times the annual rainfall. On 
average, the Ganges basin receives 120 centimeters of precipitation per year, and the 
Brahmaputra basin 212 centimeters. These figures belie the essential problem of water 
management, however, since 85 percent of this rainfall occurs from June to October during the 
monsoon season. 2 Ironically, an area deluged by rain four months of the year suffers from a 
water shortage during the remaining eight. 

The rivers form an integrated system governed by the hydrological cycle: evaporation by 
solar heat of water from the sea and return of water in the form of rain. In the Ganges
Brahmaputra basin, this cycle is extremely dynamic. At summer's peak, warm southwesterly 
winds blow across the Tropic of Cancer past the southernmost point of India, and then veer north 
across the Indian Ocean to the Bay of Bengal. A large, hot low-pressure cell over Rajasthan draws 
the surface winds northwestward across West Bengal, Bihar, and Uttar Pradesh toward the high 
Himalaya. The mountains force the warm moisture-laden air to climb from a few hundred meters 
above sea level (where surface temperatures are between 43° and 46° C from April to June) to 
more than 8,500 meters, where glaciers and the cold countervailing upper air ridge form the 
moisture into thick monsoon clouds. 3 

The first rains generally fall in the western part of the basin, but the quantity is greatest in 
the east near Bangladesh and West Bengal. The heavy rainfall and the instability of the 
geologically young Himalayan foothills result in a high level of erosion and frequent landslides in 
Nepal and northern India. Thus the robust rainfall that makes the Himalaya such a rich source of 
hydroelectric energy at the same time causes one of a dam's worst technical problems: 
sedimentation. The rivers carry huge amounts of sediment from the mountains toward the sea 
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causing major siltation, salination, and sedimentation problems at the Port of Calcutta and in 
Bangladesh. 

Erosion is affected by rainfall quantity and intensity, soil gradient and type, plant 
coverage, livestock and agricultural practices, and resource extraction policies. There is increasing 
uncertainty, however, about how human activities affect erosion in the Himalaya. It seems 
intuitive that human activities, especially deforestation and agricultural practices, would greatly 
increase the amounts of soil flowing downstream. Researchers such as Jack Ives and Bruno 
Messerli, however, contest the hypothesis that farming, foraging for fodder, and cutting trees for 
lumber have exacerbated the degradation of the Himalayan environment. The Himalaya are 
unstable because of their youth and geological structure, and Ives and Messerli contend that for 
these reasons a high degree of erosion would happen with or without human disturbance. Their 
research points to the conclusion that present development policies aiming to reduce soil loss 
through massive reforestation efforts may have less impact on downstream levels of flooding and 
siltation than previously estimated. 4 

The People of Bangladesh, India, and Nepal 

Of the entire Ganges-Brahmaputra-Meghna basin, 62 percent lies within India, 18 percent 
in Tibet, 8 percent in Bangladesh, 8 percent in Nepal, and 4 percent in Bhutan. Because of the 
sparse population in Tibet and the fact that the area receives few monsoon rains, Nepal, India, 
and Bangladesh are considered the major basin countries. Nepal is exclusively an upper riparian 
state, since all its rivers arise within its own borders and pass into India. Bangladesh, located on 
the expansive Gangetic Delta, where the basin empties into the Bay of Bengal, is exclusively a 
lower riparian. It receives the worst of the flooding during the monsoon season and suffers severe 
water shortages during the rest of the year. 

India is at once an upper, middle, and lower riparian. The Himalaya within its borders 
give rise to several major tributaries of the Ganges. At the same time, its eastern states receive the 
runoff of the Brahmaputra from Tibet, while Uttar Pradesh and Bihar receive from Nepal the 
runoff of several Gangetic tributaries. At Calcutta, where a large portion of the Ganges' runoff 
passes into the bay, India is a lower riparian. 

The region's large and growing population makes the efficient use of the basin's water 
resources particularly imperative. By the year 2020, the population of the basin may reach one 
billion. Population density varies widely over the area of the basin from a high of 717 per square 
kilometer in Bangladesh to a low of 121 per square kilometer in Nepal. India falls between the 
two with a density of 238 per square kilometer. 5 

An important question, given the dense population, is whether the land and the water 
will be enough to feed the growing population. Rice is the major food grain in all the basin 
countries. Almost 40 years ago, Bengal and other eastern states had the highest food grain yields 
of anywhere in India; by the beginning of the 1990s, it had the lowest except for the arid western 
region. Most of this decline has been attributed to the failure to adopt modem agricultural 
practices, including modem financing and management practices. 6 In Bangladesh, 84 percent of 
the total irrigated area in Bangladesh was rice paddies. Bangladeshis usually supplement their 
diets with fish, which provides between 70 and 80 percent of their animal protein consumption. 

Using the quality-of-life criteria listed in table 1 (GNP per capita, GNP growth, life 
expectancy, and infant mortality), India is more developed than either Bangladesh or Nepal. The 
countries of the Ganges basin have maintained mixed economic growth in recent years. For the 
decade ending in 1985, gross domestic product more than doubled in Nepal, increased 53 percent 
in India, and increased 44 percent in Bangladesh. Yet when their burgeoning populations are 
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Table 1. 
Socioeconomic Comparison of India, Nepal, and Bangladesh 

Bangladesh India Nepal All LDcs• U.S. 

GNP 
per capita, 1988 (U5$) 
annual growth, 1965-88 (%) 

170 
0.4 

340 
1.8 

180 
0.1 

280 
1.5 

19,840 
1.6 

Life expectancy at birth 51 58 51 54 76 

Infant mortality (per 1,000 live bi
1965 
1985 

rths) 
153 
121 

151 
86 

184 
130 

150 
112 

25 
10 

Source: World Bank, Warld Development Report 1990(Washington, 1990). 

•Less-developed countries; figures exclude India and China and are weighted by population. 

taken into account, the annual growth is more modest; over the past two decades, per capita GNP 
grew by only 0.4 percent in Bangladesh, 1.8 percent in India and 0.1 percent in Nepal (see table 1). 
Agriculture accounts for almost half of Bangladesh's GNP and 58 percent of Nepal's. India has 
continually tried to expand its industrial base by various government interventions including stiff 
restrictions on the import of consumer and capital goods, with the result that agriculture has 
declined to only 32 percent of gross domestic product. 7 

India, Nepal, and Bangladesh each has its own different political history. All, however, 
went through political crises in the early 1990s that left their systems fundamentally changed. 
India has a constitutional democracy, although the government has been in the hands of the 
Indian Congress Party for nearly the entire time since independence. The assassination of former 
Prime Minister Rajiv Gandhi led to reforms inside the Congress Party and a close electoral 
mandate by which the party has managed to maintain power. Nepal currently has a 
constitutional monarchy; King Birendra, the current monarch, has ruled since 1972. But a pro
democracy movement in 1989 led to a reduced role for the king, the legalization of political 
parties, and a democratically elected parliament. Bangladesh was a nominal democracy led by a 
former army commander, President H.M. Ershad. However, Ershad was deposed by a pro
democracy movement in Bangladesh, and the country is now trying to evolve its own democratic 
systems. All seven countries of South Asia (India, Bangladesh, Nepal, and Bhutan as well as 
Pakistan, Sri Lanka, and the Maldives) are members of the South Asian Association for Regional 
Cooperation, a relatively new organization intended as a forum for regional issues of mutual 
concern. 

Relations between India and Nepal had become strained in March 1989 when then-Prime 
Minister Gandhi allowed the existing treaty on trade and transit to lapse. Initial negotiations to 
renew the treaty failed; Nepal wanted separate treaties for trade and transit, while India insisted 
on a single treaty to address both issues. The flow of goods across the border came to a halt when 
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the treaties lapsed, and the Nepalese economy suffered severe shortages of kerosene, diesel, 
consumer goods, and certain foodstuffs. In the wake of the recent political changes, however, all 
three countries have reaffirmed their desire to work for better relations. In June 1990 the two 
countries reached an accord on trade and transit. 8 

Problem Areas in Water Resource Management 

Most of the water resource problems in the basin can be categorized either as related to 
environmental degradation (such as erosion, salinity intrusion, and floods) or the use of scarce 
resources. Both problems are exacerbated by the area's extreme swings in rainfall. From 
monsoon-borne flooding to desertification in the dry season, the basin is caught in a cycle of 
overabundance and scarcity of water. 

The yearly average of 1.5 meters precipitation in the watershed produces more water 
than the basin states can harness. 9 Yet the basin is hostage to an intemperate climate. As much as 
75 percent of its precipitation comes during the months of June, July, and August, putting the 
basin at the mercy of the monsoon. 10 The success of agriculture in a given year is determined by 
the intensity of the monsoon and when it begins. 

The basin has a monthly surface runoff of approximately 10 billion cubic meters for about 
eight months of the year. During the four months of monsoon, average monthly runoff is 110 
billion cubic meters.I I This tremendous disparity in seasonal extremes, coupled with burgeoning 
needs for irrigation and development, has made apportionment of lean-season flows one of the 
most contentious issues in the basin. 

Large scale development of modem irrigation projects in the Ganges-Brahmaputra Basin 
started in the last century. However, agricultural yields remain poor and the basin is barely able 
to meet its people's minimum food requirements, much less to produce any surplus. Dry winters 
and unreliable rains (even during the monsoons) make irrigation essential for modem 
agricultural development and for averting famine. 

Various kinds of irrigation methods are used throughout the basin: low lift pumps, 
shallow tubewells, deep tubewells, and traditional methods such as hand-operated swing 
buckets. All three countries in the basin are investigating ways to augment water availability for 
irrigation purposes. Bangladesh and Nepal are concentrating on the development of ground 
water resources, while India is encouraging rapid and major developments in surface water 
irrigation projects. 12 

Floods on the Ganges and Brahmaputra take on colossal proportions in both India and 
Bangladesh. In India, records show that annual flood damage in terms of monetary value is quite 
extensive - by some estimates, as much as $1 billion in India and Bangladesh. The total area 
vulnerable to frequent flooding covers 23 million hectares, 3.6 million hectares of which are in 
Bangladesh. In exceptionally severe years, half the country of Bangladesh is inundated. Annual 
average flood damage to Bangladesh is estimated at $945 million, but in an impoverished country 
even a figure that large understates the hardship. Loss of life, disruption of communication, and 
other social consequences often cannot be measured in terms of money. 13 

Saline water intrusion from the Bay of Bengal leaves arable soil unfit for cultivation. As 
the combined flows of the Ganges, Brahmaputra, and Meghna check the inland advance of saline 
water, any reduction in dry-season flow allows salt water to intrude farther inland. Salt water 
will certainly creep further inland if the combined dry-season river flow continues to decrease. 
Experts say the only remedy to this problem is to augment the dry-season river flow.14 
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Because of the fragility of the mountains and the severity of the monsoons, the Ganges
Brahmaputra washes huge amounts of sediment into the river each rainy season. Ocean 
seismological expeditions have found that the layers of silt deposits fanning outward into the Bay 
of Bengal is 1,000 kilometers wide, 3,000 kilometers long, and 12 kilometers deep. The high level 
of sediment in the water affects both the basin's agriculture and its industry. When silt-laden 
river water is used for irrigation, the residual deposits reduce the quality of soil and thus over 
time reduce the yield. Far downstream at the Port of Calcutta, the commercial center of the 
region, the buildup of silt deposits can make it impossible for low- and medium-draft freighters 
to dock. India's Farakka Barrage, which diverts water from the Ganges away from Bangladesh 
and toward Calcutta, was built to increase the flow of the river during the dry season so that the 
force of the river would flush the sediment out of the port and into the Bay of Bengal. 15 

Water Resource Development Issues 

The various technical issues of water resource management involve augmenting the 
availability of irrigation water during the dry season, flood control, and hydroelectric 
development. These water management issues are interrelated, so it is likely that a 
comprehensive plan addressing all these issues would be more effective and less costly than 
plans dealing with each development separately. 

Augmenting Dry-Season Shortages 

India's proposal for augmenting dry-season water shortages is to build a barrage across 
the Brahmaputra at Joighopa in Assam and a 200-mile canal to link this with the Ganges just 
above the Farakka barrage. In addition, Indian engineers want to build three large dams in the 
Assam foothills of the Himalayas to increase the dry-season flow of the Brahmaputra and to 
generate power. The Indian position is that the Ganges Basin is short of water whereas the basins 
of the Brahmaputra and Meghna have a surplus. Thus, the idea is to hold water behind the dams 
on the Brahmaputra during the monsoon and then to gradually release it during the dry season 
with a large portion of the water being diverted via the link canal to the Ganges. 

Bangladesh is extremely wary of this proposal for several reasons. Bangladesh does not 
want to allow its second major river to fall under the control of India and also fears forfeiting 
what little control it still has over the Ganges. If India is "topping up" the Ganges flow with 
Brahmaputra waters, it could potentially give India full license to divert the entire Ganges flow 
upstream of Bangladesh. The current proposal places twcHhirds of the canal in Indian territory, 
although it could easily be redrawn to begin and end in Bangladesh. 

Bangladesh also does not want to risk the additional economic and ecological disruption 
of significantly reducing the Brahmaputra's dry-season flow. Moreover, Bangladesh leaders 
worry that the canal would displace too many of its people. It would occupy valuable land in a 
country already overpopulated. Bangladesh also contends that the canal would prove a poor 
flood-control measure since it can only drain off a modest portion of peak-season waters. In a 
flood like that of 1988 when the two rivers peaked within days of each other (rather than weeks 
as they usually do), the canal would have been useless.16 

Another technical alternative favored by the World Bank and many outside lenders is to 
tap deep underground aquifers as a source of water for irrigation and drinking. Currently, 
groundwater is being developed primarily to supplement canal water for irrigation. 
Groundwater withdrawal has to be planned, as over-exploitation may lower the water table and 
cause irreversible environmental damage. Recent development efforts have concentrated on 
keeping groundwater reserves at acceptable levels. 
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One option currently under scrutiny is the method of induced groundwater recharge. 
This involves intensive pumping of water from the groundwater reserves using tube wells. 
During the dry season, fields would be irrigated by pumping from the underground aquifers. 
The depleted water table would then be replenished naturally by monsoon runoff. Feasibility 
studies have led experts to believe that this kind of groundwater recharge is viable. 17 

A second option for groundwater development is forced recharge by collecting excess 
monsoon rainfall (which would normally become surface runoff) on those fields that will need 
water later during the dry season. The water would be pumped down into the ground to 
recharge the aquifers and then withdrawn during the dry months as needed. Preliminary studies 
have indicated that such a project would be feasible using low-capacity reversible tube wells. 

The technical approach favored by Bangladesh is to build seven catchment reservoirs on 
the Ganges tributaries in eastern Nepal. Dams would also be located in the Indian states of 
Assam, Mizoram, and Arunachal Pradesh. The dams would then be connected with Bangladesh 
by a link canal across the neck of West Bengal. These dams could retain some of the excess 
Ganges flow that occurs during the monsoon season and store it so that it might be released as 
needed during the dry season. 

Bangladesh has calculated that the reservoirs would generate 8,000 megawatts of power, 
provide twice the water surplus needed for cultivation, and lower the peak flood level in 
Bangladesh by two meters. Engineers and officials in Bangladesh contend that there is just 
enough water in the Ganges basin to meet the demands of all three countries if the catchment 
reservoirs are built. A total of 51 potential reservoir sites have been identified in India, with 
another 31 in Nepal. 18 

Flood Control 

Flood control is another problem which poses tremendous technical challenges. Flood 
control measures in the Ganges basin include raising the level of 4,511 villages and constructing 
2,847 kilometers of embankments, 3,460 kilometers of drainable channels, and 78 town protection 
works. These measures have provided a reasonable degree of protection for 2.7 million hectares 
of land. In the Brahmaputra basin, flood control measures include 777 kilometers of 
embankments along the main river, 235 kilometers of embankments along the tributaries, 463 
kilometers of drainage channels, and 368 sluices to control flood water flow. Flood control works 
in the Meghna basin comprise 610 kilometers of embankments and 254 kilometers of drainage 
channels. In addition, five major towns and 26 smaller towns have flood protection. These flood 
control works provide some protection for about 25 million hectares. 

However, as a result of the 1987 and 1988 floods, when existing embankments did not 
contain the flood waters, it became clear that flood protection on the Brahmaputra was 
inadequate. Efforts are currently underway to improve flood control in the area. Under 
consideration are measures such as upstream storage in the mountain zones, drainage 
improvements, and underground storage. 19 

Hydroelectric Power 

The Ganges-Brahmaputra basin contains the world's largest potential for hydroelectric 
power, four times that of the Columbia River in the western United States and Canada. The dams 
now being discussed would be among the most technically challenging in the world. A number 
of smaller hydroelectric projects are already providing power for the basin, but these are mostly 
limited to local use. Because of the sedimentation problems during the monsoon season, most are 
run-of-the-river schemes that allow water to pass without being stored in a reservoir. 

6 



The six largest dams proposed by India would have a total generating capacity of 35,000 
megawatts. Yet four of them (including the 20,000-megawatt Dihang project, the largest) are at a 
standstill because the riparian partners have yet to agree on key issues. Outside lenders have 
refused to finance the projects in the absence of any durable agreement between the countries. 
Moreover, one of the dams is located in a geologically unstable area, and lawsuits by concerned 
Indian citizens have halted progress on the project. 20 
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Chapter 2. 
Case Study: The Impasse over Hydroelectric Development 

Energy is an intrinsic part of a country's development strategy, regardless of whether the 
aim is rapid industrializ.ation or the support of indigenous cottage industries. Conventional 
wisdom says that if a country starts out with abundant energy resources of its own-including 
the potential for hydroelectric generation-then its prospects for economic viability should be 
quite rosy. Seldom do benefits come without planning, however, and in South Asia good 
planning has been rare. 

The severe slopes of the Himalayan foothills hold an estimated 113,000 megawatts of 
hydroelectric potential, about 3 percent of the world total. Most of the potential lies untapped; a 
number of small- and medium-scale hydroelectric stations already have been built in India, 
Nepal, and Bhutan to meet local demand, but together they make up less than 3 percent of what 
is possible.1 Despite these modest beginnings, some of the projects in the planning stages as of 
the early 1990s would dwarf existing hydropower anywhere in the world in terms of total 
generating capacity (see table 2.) For example, the 20,000-megawatt Dihang Dam in far 
northeastern India would have almost twice the generating capacity of Brazil's ltapu Dam, now 
the largest hydroelectric project in the world. Dihang and the other five largest projects could 
bring South Asia nearly 36,000 megawatts of electricity, equal to about one-fourth of the total 
hydroelectric generating capacity in the United States in 1988. 2 

With India's industrial sector constrained by obsolescence and with impoverished Nepal 
and Bangladesh far behind in the development of a viable infrastructure to support economic and 
social improvements, the combined need for the mountains' hydroelectric wealth is indisputable. 
Yet so far, the mutual need has languished in the absence of mutual effort. Like many other 
bilateral and multilateral issues in the basin the past three decades, diplomatic differences have 
overridden the technical feasibility and economic necessity of cooperative hydroelectric 
development. The Karnali Project in Nepal, for example, has been discussed numerous times 
since 1962, but to date there isn't even a road to the proposed site because India and Nepal have 
yet to agree on the price for the electricity. India's mammoth Dihang and Subansiri projects 
would reduce (at least temporarily) water flowing down the Brahmaputra to Bangladesh, which 
is already angry over India's unilateral diversion of the Ganges to flush the silt out of the Port of 
Calcutta. Bangladesh's objections have made international lenders reluctant to finance either of 
the two projects in Arunachal Pradesh. 

Whether overall confrontation turns to cooperation is in the hands of diplomats and time. 
The discussion here will focus instead on what could be gained by a comprehensive hydroelectric 
development plan (or implicitly, what is lost without one). The issues between the two major 
riparian players (India and Nepal) will be examined in particular, with a detailed look at the 
issues important to each. How can underindustrialized Nepal reap the maximum benefits from 
electrification, and what can it reasonably expect to get for selling its excess power to India? How 
badly does India need the additional electricity, and what can it reasonably be expected to pay? 
What alternatives does it have if Nepal's price is too high? 

Benefits Lost: The Consequences of Delay 

When considered as an integrated economic entity, South Asia is at best limping towards 
sustainable viability. India, the industrial powerhouse of the region, is constrained by 
obsolescence and poor productivity from joining Taiwan, South Korea, and more recently 
Thailand and as the newest of the Asian economic powers. Gumaste laments that the 
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Table 2. 
Major Hydroelectric Projects Planned for the Himalaya 

Project Location Generating Capacity 

Dihang Arunachal, India 20,000 
Subansiri Arunachal, India 5,000 
Kamali Nepal 3,600 
Tehri Uttar Pradesh, India 3,000 
Mahakali Nepal 2,000 
Lakhwar Uttar Pradesh, India 2,000 

Source: World Bank, "New Indian Electric Plan Meets with Skepticism," World Bank 
Watch, Nov. 13, 1989, p. 6. 

(Dechnological dynamism which will enable the country to push forward the 
technology frontier does not appear to have been achieved. A few factors could 
be identified as the causes for this state of affairs. The pace with which 
technology frontier moves forward abroad is too rapid to enable the Indian 
industry to run as fast, let alone overtake. The other is that India simply does not 
have the resources to do it. 3 

Although Gurnaste was primarily addressing the broader issue of investment in 
technological research and development, his argument applies equally to electricity in particular. 
South Asia will never be able to progress without adequate inputs efficiently used, and adequate 
power is one of those resources "India simply does not have." Yet the region would indeed have 
all the electricity it needed if India, Nepal, and Bangladesh could agree on a way of sharing its 
costs, risks, and benefits. Four of the five largest hydroelectric projects now under discussion are 
at a standstill because the riparian partners have not agreed on a development plan. These 
projects represent 30,000 megawatts of power and would more than double the basin's total 
existing generating capacity. 

For India, 30,000 megawatts of hydroelectric power would enable it to continue its 
program of rural electrification without reducing service to urban areas. Aggressive government 
policy over the past decade has doubled the number of villages served with electricity. Nearly 
three-quarters of India's rural areas are now electrified, and the 704,000 electric pumpsets now in 
use have increased India's irrigation and agricultural productivity. Since power resources are 
limited, however, increasing service to rural areas has reduced the electricity available to urban 
areas. Chronic power shortages have constrained productivity and consumption in the cities and 
have made it less attractive for industrial users to upgrade technologies. The addition of new 
hydroelectric capacity could enable state electricity boards to reduce if not eliminate the shortfall 
to their urban customers. 4 

Not only would the availability of more hydroelectric power enable India to meet its 
growing demand, it would also reduce the country's need for thermal generation. Coal-fired 
generators release particulates, carbon dioxide, and sulfur oxides into the air around the plant 
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site, while coal extraction disturbs the land at the mine site. Moreover, older plant technologies 
such as those used many places in India tend to depreciate rapidly and require replacement or 
renovation, much more than does a hydroelectric dam. 5 

Besides the environmental degradation associated with mining and burning coal, thermal 
generators lose efficiency as the level of electrical consumption fluctuates throughout the day. 
Coal-fired generators can't be adjusted simply with the flick of a switch; it takes time to change 
the temperature and coal volume so that more or less power is produced. If a coal-fired plant 
generates peak-load demand, it has to continue generating unconsumed electricity when demand 
drops late in the evening. Conversely, the unused potential energy of hydropower is retained by 
keeping water in the reservoir. An ideal balance would be reliance on thermal generators for 
constant base-load demand, with hydroelectric generators contributing extra power when 
demand climbs during the peak hours. 

For Nepal, one of the poorest countries in the world, the benefits of electrification would 
be modest but nevertheless would make possible a quantum leap in productivity and in the 
overall quality of life. Nepal's current development strategy is to combat its deep poverty by 
strengthening five areas of basic need: agriculture, shelter, clothing, education, and health. 6 The 
challenges of each area are many and complex, and access to electricity could contribute to 
success. Nepal stands to benefit in six ways: 

Irrigation for presently unarable fields . Nearly all of Nepal's irrigating capacity is from 
gravity-fed systems - either river diversions or from storage tanks high in the hills. Much of the 
country's land cannot be farmed because it is far from existing surface water sources. Tube wells 
with electric pumps could give farmers a more consistent and reliable source of irrigation from 
vast groundwater aquifers that would permit more cultivation and a wider variety of crops. 

Increased technological efficiency. Electricity would spur industrial development, from the 
capital-intensive (such as modern steel foundries) to the simple (such as a cooperative refrigerator 
in a village to store fresh vegetables). Widespread electrification could increase productivity in 
textiles as workers switched to electric looms. Carpenters could spend minutes sawing planks 
from logs with an electric band saw, rather than spending days sawing them by hand. Since 
much of the country's industrial sector is made of small cottage industries, the switch to electrical 
technologies could help Nepal produce apparel goods and housing of better quality and less cost. 

Better communication. Since most of the Himalayan foothills are too steep and unstable 
even for rudimentary motor roads, most of Nepal is inaccessible except by foot. Air service is 
limited to the non-monsoon months, and affordable only to the wealthy or those in government 
service. Telephones and wireless radios would improve local governments and allow 
entrepreneurs to make the most coordinated use of the limited transportation available when 
shipping goods to remote areas. 

Better education. Electricity would enable teachers to use a wider variety of educational 
resources - including, in many cases, the blackboard. Since most schools in Nepal have no 
electric lighting, it is not uncommon for class to be conducted in dimly lit rooms in which 
students cannot see well. Especially in rural areas where most children simply can't afford to 
attend school during the day because their work in the fields is irreplaceable, electric lights would 
make it possible for students to attend class at night. 

Better health care. Nearly everywhere outside the capital and the handful of major towns, 
minor operations such as delivering babies and stitching up lacerations are done by flashlight or 
kerosene lantern. The simple electric-powered equipment taken for granted in a western clinic 
(sterilizers, examination lights, centrifuges, coolers for perishable drugs, just to name a few) 
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would enable physicians to deliver health care more efficiently and reliably. Better health care 
could reduce infant mortality, increase life expectancy, and lead to better preventive health 
programs. 

Less reliance on wood as asource of domestic fuel. People must eat, and cooking food 
requires fuel. Nepal's burgeoning population is cutting away more forest every year, but the 
truth is that their only current alternative is to not eat. There is no other fuel available in the hills; 
Nepal has no coal to speak of, and kerosene is too expensive and is impractical to carry to a 
village more than a day off the road. Electricity, although inefficient for home heat, at least does 
not consume irreplaceable resources when the generation is from hydropower. 

Since Nepal has more hydroelectric potential than it could use in the foreseeable future, 
exporting power to Uttar Pradesh, Bihar, and West Bengal would give Nepal a steady stream of 
foreign exchange with the trading partner with whom it has the largest current accounts deficit. 
The World Bank estimates that sales from a smaller hydroelectric project already under 
construction could give Nepal about $60 million in foreign exchange revenues per year, 
equivalent to about 19 percent of Nepal's overall trade deficit and equal to half its deficit with 
India alone. 

A comprehensive plan could also alleviate Bangladesh's problem of dry-season water 
shortages in the Ganges River, with a possible residual benefit of allowing more options for flood 
control during the monsoon months. India's unilateral diversion of the Ganges at Farakka 
Barrage has been a point of acrimony in relations between the two countries. Yet Bangladesh sits 
atop deep aquifers that it could tap year-round as a source of clean water for irrigation and 
human consumption if it had the pumps, the electricity, and the storage tan.ks. If Bangladesh 
could get a portion of the electricity from the massive Himachal projects to develop its 
groundwater resources enough to replace the water it says it needs from the Ganges, then India 
could alleviate Bangladesh's dry-season water shortages and possibly mend diplomatic relations. 
With more reliance on groundwater and less need to divert water from the Ganges, Bangladesh 
then could afford to shore up the banks of the great river to allow the monsoon runoff a more 
uninhibited flow to the Bay of Bengal. 7 

A number of lenders and foreign aid donors recommended at a meeting in France that 
the Ganges-Brahmaputra be treated as a single entity for the purpose of basinwide planning. 8 On 
the supply side of the equation, the major riparian players are India and Nepal. Two projects are 
now under discussion: the 3,600-megawatt Kamali project in western Nepal, and the smaller 201
megawatt Arun Ill project in eastern Nepal (see table 3). Arun III was originally intended for 
Nepal's own power needs. When completed sometime between 1995 and 2003, it will have 
enough capacity to meet anticipated domestic demand in full throughout 2010. No electricity 
exports were anticipated when plans were set, therefore no agreement with India was necessary 
prior to beginning the work. 

The World Bank has already committed to financing Arun III at its 201-megawatt 
capacity, but it and other lenders are now encouraging Nepal to double the capacity of the project 
if it can reach an agreement with India on bulk export of excess power. Since expanding Arun III 
from 201 megawatts to 402 megawatts would be far less costly than installing 200 megawatts (or 
more) of capacity somewhere else, this strategy entails relatively little additional risk for Nepal. 
More importantly, a successful agreement on Arun III would be a realistic foundation for 
negotiations on the Kamali dam - something lenders want to see before committing the $2 
billion it will take to finance the larger project. 9 
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Table 3. 
Comparison of Nepal's Planned Hydroelectric Projects 

Karnali Arunm 

Primary use power exports to India domestic demand 
Planned capacity 3,600MW 201 MW 
Maximum capacity 11,000MW 402MW 
Projected cost $2 billion $600 million.. 
Status in negotiation under construction 
Anticipated completion date uncertain 1995-2003 

Source: World Bank, ''New Indian Electric Plan Meets with Skepticism," World Bank 
Watch, Nov. 13, 1989, p. 6 . 

..At 402 MW capacity to accommodate power exports to India. 

Electrification and Nepal's Domestic Economy 

Nepal faces two broad issues with respect to hydroelectric development: the revenues 
gained off electricity exports to India and the impact of large-scale electrification on domestic 
economic growth. Most discussion about the Kamali Project has centered on revenues, but from 
Nepal's perspective domestic electrification would provide greater long-term benefits. The 
experience of other countries has shown that the sudden abundance of cheap hydroelectric power 
can result in significant structural changes in the economy - changes that probably wouldn't 
have happened had the electrification been more gradual. 

Yet the enormous capital costs associated with projects the size of Kamali make them 
very risky. If a poor country borrows billions to build a hydroelectric dam that fails to improve 
the country's overall prosperity, the additional debt burden will severely drain the country's 
foreign exchange reserves. In Nepal, for example, the estimated cost of the Kamali project is 
around $2 billion -equivalent to the country's entire GDP in 1984. With the stakes so high and 
with so little room for error, the costs and the benefits of a project must be weighed very carefully 
before money is invested and concrete is poured. 

The Arun Ill project will happen regardless of the fate of Karnali. Even if exports aren't a 
crucial issue for the smaller project, the domestic economic impact will be substantial. Even at 
201 megawatts, Arun III will constitute almost half of Nepal's generating capacity and meet most 
of its power demand; in few places does a single project hold the promise of having such great 
impact on a country's economy. So whether Nepal can reap the maximum benefit from large
scale electrification need not - indeed, should not - be put off until the larger Kamali project is 
decided. 

In Egypt, the commissioning of the Aswan High Dam in 1967 marked the beginning of 
robust GDP growth despite the economic drain of two major wars with Israel (1967 and 1973). By 
contrast, Ghanas inauguration of the Akosombo Dam in 1964 coincided with a long period of 
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Table 4. 
Immediate Influences on GDP Growth in Countries with Hydropower 

Regression results on data for Egypt, Ghana, Malawi, Sri Lanka, and Zambia 
<Dependent variable: annual change in GDP) 

Statistically Marginal• 
Independent variable Significant Impact 

Previous year's change in electrical production no 0.24 
Presence of one large hydroelectric project 

(50% or more of national capacity) no 1.02 
Current year's rate of capital formation no -0.33 
Previous year's rate of capital formation yes 0.59 
Current year's foreign aid relative to GDJ,,.• no -1.0 
Previous year's foreign aid relative to GD~· no 0.79 
Oil shock of 1973-74 no 0.29 

Source: Results of econometric model in appendix A. 

• Confidence level of 95 percent or more. 
••Corrected for the unique statistical influence of Saudi Arabia's large grants to Egypt in 1975. 

stagnation. Each dam supplied more than half its country's domestic power almost as soon as it 
came on line. Even though one might expect them to be a boon to their respective economies, 
historical data show vastly different results. Was it a difference in policy, or a difference in 
circumstance? Does large-scale electrification in fact make any difference at all? Arun ill will be 
comparable in size to Akosombo, so it is reasonable to ask whether the experiences in these other 
countries offer insights that might be applicable to Nepal. 

To find out, this study used an econometric regression analysis to test the empirical 
relationship between electrification and overall economic growth. It took data from Egypt, 
Ghana, Malawi, Sri Lanka, and Zambia - five developing countries which rely on 
hydroelectricity for at least half of their domestic power supply. The immediate effects of large 
projects such as the Aswan High Dam were measured by regressing changes in GDP on changes 
in electrical generation. Lagging the data for electrical generation by one year allowed time for 
the incorporation of new production technologies in the economy and eliminated the statistical 
problem of autocorrelation that may have resulted with same-year comparisons. The model is 
fully described in appendix A. 

Aggregating the data for all five countries, the regression showed no significant first
order relationship between electrification and economic growth. Nor did the presence of Aswan, 
Akisombo, or Zambia's Kariba Dam make any significant statistical difference. However, there 
was a significant correlation between previous gross capital formation and current economic 
growth (see table 4.) Across the board, when an economy saved more and invested more, it grew 
more the next year. 
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Table 5. 
Long-Term Influences of Large Hydroelectric Projects on GDP Growth 

Egypt, Ghana, Malawi, Sri Lanka, Zambia 

Annual growth in real GDP(%) 
(standard deviation) 

Yearly increase in generation(%) 
(standard deviation) 

Rate of capital formation (%) 
(standard deviation) 

With Major 
Hydro Station 

5.6 
(5.7) 

21.8 
(29.1) 

16.9 
(9.6) 

Before Major 
Hydro Station 

5.1 
(4.9) 

10.3 
(7.1) 

18.3 
(4.8) 

All Years 

5.3 
(6.3) 

14.6 
(28.2) 

17.8 
(6.3) 

Source: Results of econometric model in appendix A 

Disaggregating the data by country filled in more of the picture. Egypt had a higher and 
more stable rate of capital formation than did Ghana; Egypt also showed a strong statistical 
correlation between power generation at Aswan and the next year's economic performance. The 
inference is that benefits from electrification accrue from aggressive investment in new capital 
equipment soon after the new facility is operational. 

The regression model was structured so that it described only short-term influences. 
Long-term effects were gauged by comparing mean annual growth rates. This analysis shows 
that when a country was served by a major hydroelectric dam, annual GDP growth increased by 
about half a percentage point (see table 5). This growth pattern was better than the overall 
performance of Third World countries over the same period. Growth was more erratic among all 
developing countries, with a mean growth rate of only 4.1 percent during the seven years prior to 
the 1973-74 oil shock. It may be inferred, then, that structural changes took place in the economies 
of Egypt, Ghana, Malawi, and Zambia after their large hydroelectric dams were finished and that 
these changes coincided with better-than-average growth as compared with their own past 
performance and with other developing countries. 

Can one infer, then, that large-scale electrification has a positive effect on a country's 
overall economic growth? The answer this study found was a qualified "yes." Under the right 
circumstances, electrification can bring about macroeconomic growth as measured by GDP. This 
relationship is far from guaranteed, however, and is extremely fragile. Even if electric generation 
is increasing, poor policies in other areas can still dampen national savings and inhibit 
investment. Misdirected policies will tend to offset any advantage from cheap, abundant power. 
Electrification represents a quantum leap in productive technology, but the ability to take 
advantage of it depends on a nation's aggregate capital investment. Whether investment 
happens will depend to a large part on the availability of domestic capital rather than foreign aid. 
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Its important to note that this study measured those macroeconomic benefits reflected by 
GDP only. In many Third World countries, much of their agriculturally based barter economies 
falls outside the scope of their national accounting systems. Moreover, many indirect economic 
benefits - improvements in education and medical care, for example - may not show up at all 
in the statistics for economic output. Thus by considering only changes in GDP, the econometric 
analysis used here quantifies some but not all benefits. 

In Nepal's case, rural electrification is a strategic linchpin program to improve the lives of 
Nepalis from investment in the Arnn III project. Agriculture accounts for 55 percent of Nepal's 
national product and provides about 93 percent of all jobs. The World Bank estimates that Nepal 
can achieve a healthy average GDP growth rate of 4 to 5 percent annually throughout the 1990s as 
long as agricultural productivity increases 3 to 4 percent annually. 10 Yet agriculture faces tough 
problems: erosion and siltation are gradually reducing the number of hectares available for 
cultivation, while a feudal-like land tenure system reduces the incentive (and often the ability) to 
use more productive farming techniques. Moreover, Nepal's limited experience with rural 
electrification has not lived up to expectations. The World Bank notes that: 

Electricity has yet to make a significant economic contribution in rural areas; only 
1 percent of all shallow tube wells are operated by electricity and few other uses 
in the agricultural sector offer the scope for energy substitution from traditional 
fuels to electricity. The main need, apart from lighting, is for motive power for 
running motors for grinding, milling, and, to some extent, cooling. However, 
because of problems with raw materials availability, transportation and other 
problems related to market access, industrial uses of electricity in the remote 
areas have been poorly developed even where electricity has been supplied. 
Poor reliability of electricity supply, however, was also found to be an important 
factor explaining apparent reluctance to electrify. 11 

Structural constraints dilute the marginal impact of rural electrification. Poor irrigation is 
a technical obstacle to higher agricultural productivity that can be alleviated by tube wells, 
electric pumps, and storage tanks. Nepal's Terai (the lowland areas near the Indian border) is 
already a net exporter of food despite inadequate and irregular irrigation, and many farmers 
there have begun to grow cash crops for export to markets in Kathmandu and India. Yet a lack of 
roads restricts hill farmers' access to outside markets, so they often have little reason to produce 
more than what is needed for themselves and their immediate neighbors. 

If Arun III is to result in overall economic growth, it will have to begin with agriculture. 
Farmers will have to invest in more efficient electric technologies: grinders, cotton gins, mills, and 
irrigation pumps. For that to happen, it must be profitable for them to do so. Farmers in the Terai 
need reliable power, and farmers in the hills need access to markets and credit. These depend on 
the development of roads, communications, and storage systems so that commodities can be 
moved from where they're grown to where they're consumed. 

For the nonagriculture industrial sectors, the problem is one of access to raw materials. 
Carpets and ready-made garments make up much of Nepal's nonagricultural industry and more 
than 41 percent of its total exports, but most of the country's raw textiles come from India. More 
and cheaper electricity may facilitate the development of an indigenous textile industry, but 
again there are structural constraints. Nepal's strategy for obtaining cheap cloth from India has 
been to offer tax concessions and to liberalize license requirements. The aim was to provide 
inexpensive clothing for Nepal's own population, but the policy also makes it profitable to re
export the finished garments back to more lucrative markets in India. 12cn the other hand, 
restricting the import of cloth to support Nepal's own textile industry could backfire by making 
finished garments more expensive for the country's own people, which runs counter to Nepal's 
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overall development goals. Yet Nepal stands to gain in the long run by encouraging domestic raw 
textile manufacture, the benefits of which could outweigh short-term higher consumer prices on 
finished garments. 

The Indo-Nepalese trade crisis of 1989-90 was an exception to the normal patterns of 
import and export. Historically, the two countries have enjoyed relatively free access to each 
other's markets, but Nepal's diplomatic overtures towards China prompted India to refuse to 
extend the trade and transit agreements with Nepal in 1989. The ensuing de facto embargo 
brought the Nepalese economy to a virtual halt. As of summer 1990, both Nepal and India had 
new prime ministers, and both stated that re-establishing good bilateral relations was a top 
priority for their governments. 

Increased electrification may make heavy industries such as steel foundries 
technologically feasible, but it is questionable whether they would be appropriate for the small, 
landlocked Nepalese economy. 13 The domestic consumer market is too small to take advantage 
of the economies of scale necessary to make heavy industry competitive with India, so Nepal 
arguably would be better off buying steel from India. Assembly of light electronic consumer 
goods, a high value-added industry, is a possibility. Yet in a country with an overall adult 
literacy rate of only 30 percent, finding skilled labor could be a problem. 

The macroeconomic benefits of Arun III (and later, Karnali) therefore will most likely 
accrue in the context of a comprehensive development strategy incorporating structural 
improvements in agriculture and textiles. Farmers would be able to move commodities to market 
and rural electrification would permit reliable groundwater irrigation. Entrepreneurs would have 
the incentive and energy base to invest in Nepal's fledgling raw textile industry. 

India's Pressing Demand for Power 

In the race towards economic viability, India has watched 'Thailand, Singapore, Taiwan, 
and South Korea pull far ahead. Indeed, India's relatively poor performance has been a source of 
puzzlement - if not embarrassment - for many of its own leaders and experts. 14 Although 
politically a democracy, certain important sectors of India's economy are as centrally (or 
regionally) planned as any socialist economy. The import of many consumer goods for the 
nation's 844 million people is severely limited; neither Japanese cars nor American soft drinks can 
be found in India's open market. Similar restrictions have applied to the import of capital goods 
(especially those involving advanced research and development), although recently these policies 
have been liberalized. The result has been a relatively advanced degree of scientific achievement 
but inadequate application of those technologies to the production of consumer goods, with little 
opportunity to take advantage of compatible foreign technologies. 15 

Energy is one sector largely controlled by the state. Consumer demand is regulated by 
subsidized tariffs which reflect a number of the government's social objectives, with agriculture 
receiving the largest subsidies. In Bihar, for example, small agricultural users paid 36 paisa (about 
3 cents) per kilowatt-hour in 1986, while medium industry paid 99 paisa and and heavy industry 
paid 86 paisa. Commercial users paid 83 paisa per kilowatt-hour. 16 Consequently, from 1976 to 
1986 overall power consumption tripled in rural areas, and the use of electric irrigation pumps 
doubled. This contributed to a 10 percent increase in net irrigated land between 1978 and 1984 (to 
42 million hectares) with 70 percent of that increase due to the expanded use of tube well 
irrigation. 17 

Compared with the agricultural sector, industrial consumption has increased at a slower 
rate- only 6 percent annually for the 10-year period up to 1986. Thus the pattern of demand has 
changed gradually throughout the past decade as rural electrification has spread and as industry 
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has struggled with inefficiency. By 1987 industry accounted for 53 percent of all power 
consumption in India, down from 59 percent in 1980. Agriculture used 21 percent of all generated 
electricity in 1987, up from a share of 17 percent in 1980. Residential use increased from 11 
percent to 14 percent over that same period, while commercial and other electricity uses 
remained at around 10 percent. 18 

On the supply side, most of the generating stations are built and owned by state 
electricity boards, although the central government recently has begun to encourage the 
evolution of privately owned utility franchises and has encouraged industrial users to install their 
own "captive" generating facilities. 19 Plans for meeting India's growing demand for electricity 
have been plagued by longer-than-expected contruction periods for new plants and less-than
expected efficiency of utilization. As a result, completed generating capacity has grown by only 
10 percent annually, which has not been enough to meet the demand. Power shortfalls have 
ranged from 6 percent to 16 percent annually since 1975. 20 

In 1985, India's minister of power reported to the assembly of state representatives about 
the regular power shortages in virtually every region. Part of the problem was unanticipated 
demand, but he also cited problems with "performance of thermal stations below the expected 
norms." 21 In the northern region, which borders the western half of Nepal and includes New 
Delhi, Benares, and Jaipur, about 65 percent of all electrical generation comes from thermal 
stations. In the western region, which borders Nepal's eastern half and includes Calcutta, the 
share of power produced by thermal means is much greater: 87 percent. Yet the average capacity 
utilization rates in these two regions in 1987 were only 53 percent and 40 percent respectively. 
Since thermal generation has made up an increasing share of India's total power generation since 
1969, suboptimal performance of those facilities has contributed more to the country's electricity 
shortage each year (see table 6). 

The linkages between productivity losses in heavy industry and the irregular supply of 
power are also difficult to dissect. Public utility unreliability and the need to reduce downtime 
due to power shortages is the reason so many industries install captive generating facilities. This 
often makes good business sense; tariffs charged to industrial users are not subsidized to the 
extent they are for agricultural users, and in most states the industrial tariffs are close to (if not 
greater than) the cost of supply. Yet one must be careful not to overestimate the possible gains 
that could result simply from expanding the nation's public power supply. As with Nepal, other 
productivity factors are at play which, if not addressed, may dilute the benefits. 

Productivity is a chronic problem in many Indian firms, and in electricity-intensive 
industries, power is one input that generally is not used efficiently. India's aluminum producers 
use, on average, 362 kilowatt-hours per ton of aluminum produced; facilities in Australia, 
Guinea, Jamaica, and Surinam use only 240 kilowatt-hours. In cement production, India's wet
process manufacturers need 114 kilowatt-hours to make a ton of cement, more than the world 
average of 87 kilowatt-hours. Dry process cement producers use 155 kilowatt-hours per ton, 
compared with the world average of 111 kilowatt-hours. 22 All other factors being equal, an extra 
kilowatt in India does not do as much as an extra kilowatt in most other countries. This 
inadequacy in applied industrial technology - which contrasts with India's success in more 
advanced research technologies - is one reason for the country's poor economic performance. 
According to Gumaste: 

(Tihere is reason to argue that India could have done better than she has on the 
technology frontier. The levels of technological capability achieved by countries 
such as Korea and Brazil leave us compulsively thinking whether India could not 
have done at least what these countries have done if not more. The technology of 
our machine tools and a number of other engineering goods is way behind the 
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Table 6. 
Power Demand and Supply in India's Gangetic Basin States (GWh) 

1984-85 1985-86 1986-87 1987-88 

Northern region (includes UP, New Delhi) 
Requirement 44,722 48,504 55,006 52,661 
Availability 38,471 43,303 49,807 46,625 
(shortfall) (6,251) (5,201) (5,199) (6,036) 

Eastern region (includes Bihar, W. Bengal) 
Requirement 22,957 23,643 26,549 23,040 
Availability 18,982 20,376 21,860 20,159 
(shortfall) (3,975) (3,276) (4,689) (2,881) 

Source: Tata Energy Research Institute, TERI Energy Data Directory and Yearbook (New 
Delhi, 1988) 

technology in these areas embodied in goods coming from countries sich as 
Korea, Brazil, Taiwan, etc. 23 

Official estimates forecast a growth in electrical demand of 13 percent annually, but over 
the past decade India has only succeeded in expanding its total generating capacity by 10 percent 
annually. 24 The problem is exacerbated by the fact that a growing share of the nation's 
generated power is being consumed by the agricultural sector, which pays the least for it. Since 
rural electrification to some extent has succeeded in meeting an important social objective (more 
hectares are under irrigated cultivation), it is unlikely that the government will want to slow 
power demand in that sector significantly. Moreover, although efficiency gains in industry might 
add something in the way of energy conservation, the factors that have inhibited modernization 
and new investment thus far probably will continue to do so in the future. 

The momentum of growth is such that failure to meet the demand for power will sacrifice 
much in terms of foregone benefits. India's planners are stuck with the problem of how to get 
enough electricity and how to get it cheaply. So far, they have not been able to solve the dilemma 
within their own borders and with their own resources. 

Constraints to Agreement 

Aside from the vagaries of diplomatic relations, the immediate issue in bilateral 
negotiations over joint hydroelectric development is pricing. The most fundamental laws of 
economics are at work: India doesn't want to pay more than the cost of its own alternatives, and 
Nepal doesn't want to accept less than the cost of construction, operation, and financing. In a 
normal microeconomic scenario there would be some overlap between the two limits, and in 
between them there would be room for a deal. 

The problem is that there is no overlap and therefore no economic room for a deal. In the 
states adjacent to or nearest Nepal, India is already pricing its electricity to consumers at well 
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Table 7. 
Overall Electricity Supply Costs and Tariffs in States Oosest to Nepal 

Consumption Avg. Supply Cost Avg. Tariff Operating 
(kwh /capita) (paisa/kwh) (paisalkwh) Loss(%) 

1984 1987 1987 1987 

Northern region 
Uttar Pradesh 103.07 87.25 66.83 23.4 
Himachal Pradesh 88.93 85 .49 49.00 42.7 
Haryana 245.45 73 .71 42.70 42.0 

Eastern region 
West Bengal 123.02 98.% 7953 19.6 
Bihar 9051 132.79 78.98 40.5 

Sources: Lok Sabha Secretariat, National Energy Policy (New Delhi: Government of India, 
1986); Tata Energy Research Institute, TERI Energy Data Directory and Yearbook 
(New Delhi, 1988). 

below the cost of generation and delivery - at operating losses of between 20 and 40 percent (see 
table 7) . In fact, only in the state of Orissa does the electricity board charge an average tariff that 
is greater than its total average cost; all other states operate at a loss. 25 

India's objective has been to expand rural electrification, thereby improving agricultural 
productivity and income distribution. Targeted subsidies on electricity tariffs have been the 
policy instruments of choice, but the dilemma is that the larger the subsidies, the worse becomes 
the financial positions of the states' electricity boards. The policy guarantees that the marginal 
revenue associated with the additional production of power will be far below its marginal cost. 
One study concluded that these short-term losses may be acceptible as long as they result in 
future growth and less purchase of foreign oil. Yet operating losses have been the rule in India 
since at least 1970, and the same study warned that increasing electricity prices now most likely 
would lead to higher inflation and lower domestic output in the long run. Both consequences 
would weigh most heavily on the same rural consumers the government has been attempting to 
support. 26 

Feasibility studies on Nepal's Kamali project have assumed that nearly all of the dam's 
estimated 3,600 megawatts of generating potential would be used to meet India's peak-load 
demand. Broadly generalized, the options are for India to build, own, and operate Karnali itself 
and pay Nepal a royalty on whatever was generated, or for Nepal to build the dam and sell the 
electricity to India as a regular export commodity. Either way, the project would be a net 
economic drain on India even if the government shouldered the entire cost of the dam itself and 
paid Nepal no royalties at all . Most likely, Nepal would have to bear most if not all the incidental 
costs of the project such as environmental damage, road maintenance, and other infrastructure 
support. Nepal is unlikely to agree to such risk if it were to get only minimal benefits from a dam 
built on its own river. 
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Table 8. 
Effect of Inefficiency Losses in Power Transmission and Distribution 

Power Supply Deficit(%) Transmission Loss(%) 
1985-86 1986-87 1985-86 1986-87 

Northern region 
New Delhi 
Uttar Pradesh 
Hirnachal Pradesh 
Haryana 

9.5 10.7 
18.9 
20.0 
21.0 
19.8 

n/a 
20.5 
20.2 
20.6 

Eastern region 
West Bengal 
Bihar 

17.7 13.8 
23.2 
22.1 

23.1 
23.1 

Source: Tata Energy Research Institute, TERI Energy Data Directory and Yearbook (New 
Delhi, 1988) 

Ironically, doing nothing remains the optimal short-term course for both India and 
Nepal; any plan is bound to make at least one country economically worse off. India is not 
without short-term alternatives that would be far less costly than buying electricity from Nepal. 
Setting aside any long-term energy strategy, India could reduce a large portion of its immediate 
power shortfall by improving the efficiency of its electricity-intensive technologies and by 
continuing to shift part of the burden to heavy industrial users who can afford to build their own 
captive generation facilities. 

Improved energy efficiency is important to India, since transmission and distribution 
losses claim a large portion of India's electrical generation (see table 8). In 1986 nearly 22 percent 
of India's power supply was lost somewhere between the generating plant and the paying 
consumer. These losses compare to transmission and distribution losses in the United States, 
Japan, and West Germany of between 4 and 7 percent. The Tata Energy Research Institute 
estimates that every percentage point of efficiency gained in transmission and delivery would 
add the equivalent of 380 megawatts of generating capacity to the national power supply 
about 11 percent of the expected capacity of the Kamali project. In fact, most of the immediate 
power shortfall in India's northern region could be eliminated altogether if transmission and 
distribution inefficiencies were halved. Despite significant efficiency losses, spending on 
improved efficiency systems was cut from a recommended Rs. 220,000 to only Rs. 90,000 for the 
five-year plan ending 1990, resulting in the cancellation of many planned improvements. 27 

Another efficiency issue is utilization of existing generating facilities. India presently 
uses less than 32 percent of its hydroelectric capacity. Sri Lanka and the countries of South 
America get 7.5 percent more generating efficiency from their hydroelectric dams than India 
does, but they also rely on them more. Hydroelectricity accounts for 66 percent of Sri Lanka's 
power and 71 percent of South America's. In India, it accounts for only 38 percent. 28 
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Thermal generation in India is also inefficient, but some of this is due to the fact that 
many new plants have only recently come on line. It takes about four years for a new thennal 
plant to reach its operating norm of 5,200 kilowatt-hours per kilowatt of capacity, about double 
its norm during the first year of operation.29 Still, the government has recognized that 
significant inefficiencies exist in the present thermal plants beyond those normally associated 
with new start-ups. 

Although India does have options for electricity that are less costly than dealing with 
Nepal, megaprojects like Kamali can't be evaluated on the basis of short-term benefits. The 
average gestation period in India for its own hydroelectric projects is 10 years, a pace unlikely to 
be any quicker for a project built in Nepal. Given the rate at which demand is growing, even the 
best short-term efforts at improving efficiency and capacity utilization will fall far short of 
meeting India's long-term power needs. 

India's demand for electricity will have doubled between the time construction on 
Kamali begins and the time the dam generates its first kilowatt of power, if consumption trends 
remain the same. Faced with this kind of long-term demand, India will not only need new 
generating capacity, it will need the cheapest available. The targeted subsidies incorporated into 
consumer electricity tariffs meet social objectives the government so far has shown no inclination 
to change. Indeed, abandoning the current tariff structure in favor of market-determined rates 
could bring about slower economic growth and higher prices on consumer goods. Thus the 
nation's electricity boards most likely will continue operating at a loss regardless of what kind of 
new capacity they install. 

Current government policy, however, is to increase the share of power generated by 
hydroelectric dams. 30 Experience in India has shown that the generating cost of hydroelectric 
power is typically 20 percent to 25 percent that of thermal plants. Since the coal currently being 
mined has an increasing ash content and therefore burns with less heat per ton, the cost per 
kilowatt of thermal generation is bound to increase over the long run. Indeed, the operating 
losses that make dealing with Nepal a losing proposition in the short run make it quite 
reasonable in the long run when considered against the alternative of using thermal generation to 
meet future demand. 

Conclusions and Recommendations 

The poor economic performance of India and the severe poverty of Nepal and 
Bangladesh point to the need to increase the supply of electricity available in the Ganges
Brahmaputra Basin. The largest consumer of power, India, has consistently fallen short of 
meeting its domestic demand in the past, and the pace at which new generating capacity is being 
added will not keep pace with government estimates of future growth in expected demand. In 
Nepal, a lack of reliable electricity has inhibited the delivery of the government's basic 
development goals of housing, clothing, education, health care, and shelter. Bangladesh's most 
serious resource problem - lack of water during the dry season - can be alleviated by 
developing groundwater irrigation with electric pumps and storage tanks. 

Yet for each country, increasing the generating capacity and output without 
improvements in capital formation and technological efficiency is bound to squander benefits. 
India's existing industrial base is plagued by inefficiency, while a comparison with other 
developing countries indicates that electrification may not enhance Nepal's economic viability 
unless the government acts to increase domestic savings and investment. 

Hydroelectric power offers the cheapest and most flexible means of providing for the 
long-term energy needs for each country in the basin. Yet only a small fraction of the basin's 
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hydroelectric potential has been developed to date. Further, since the generating cost of 
hydroelectric power is about 20 to 25 percent of thermal generation costs, India's diminishing 
utilization of hydroelectric power is exacerbating the operating losses in each state electricity 
board. 

Treating the nations of the Ganges-Brahmaputra Basin as an integrated economic unit 
with a single electrification program can reduce inefficiency and increase the benefits to each 
nation. Indeed, the current absence even of any significant discussion, let alone any agreement, 
has made a large portion of the region's tremendous hydroelectric potential unavailable to 
anyone. Progress on four of the six major dams under discussion is at a standstill because of 
tense diplomatic relations between the riparian neighbors. Until progress is made, international 
lenders will be unwilling to finance projects which they consider high-risk in the absense of 
regional agreement. 

India is already pricing electricity to its own consumers at levels below the cost of 
generation. This means that for India to pay for bulk power from Nepal (even at the cost of 
production) would drain India's electricity boards. On the other hand, selling bulk power to 
India at less than cost would be a drain on Nepals foreign currency reserves and would make its 
trade deficit with India even worse. Yet considering that its growing demand for electricity will 
have to be met somehow regardless of the cost, India will have to find the cheapest alternatives to 
expanding its capacity. Even if it results in a short-term loss, buying hydroelectric power from 
Nepal at cost will still be cheaper in the long run than building more coal-fired thennal plants. 

Tension in Indo-Nepalese and Indo-Bangladeshi diplomatic relations prevent any 
immediate progress on a long-term strategy for developing the basin's hydroelectric potential. A 
more realistic effort would be to reach an agreement on one particular issue and to use that as a 
basis for a more comprehensive program. Doubling the capacity of Nepal's Arun Ill project is 
technically feasible and entails relatively little additional risk for Nepal, making this project an 
ideal starting point for negotiations between Nepal and India. 

India should be prepared to accept a price for bulk electricity equal to or slightly more 
than Nepal's cost of generation, otherwise hydroelectric generation would not be economically 
viable for Nepal. Even if the price were slightly more than cost, it still would be less than the cost 
of adding new thennal generating capacity. 

Nepal should be prepared to negotiate the price of bulk electricity along with other trade 
issues. In particular, it should be willing to reduce its trade with China in exchange for a feasible 
price - a concession that would give India, with a demonstrated desire for less Chinese influence 
south of the Himalaya, incentive to deal. Since a disproportionate share of its balance of 
payments deficit is attributable to its one-sided trade with China, Nepal would stand to gain 
residual benefits by agreeing to this linkage. 

India should agree to a limited period of restricted trade in raw textiles. This would give 
Nepal a chance to develop its own textile industry, after which time the protection would be 
lifted and all producers would be allowed to compete freely in both markets. In exchange, Nepal 
should agree to purchase from India the necessary capital equipment. 

Both India and Nepal should agree in principle to the development of a basinwide power 
grid that would link northern and eastern India, Nepal, and Bangladesh. Negotiations should 
proceed under the auspices of the South Asian Association for Regional Cooperation (SAARC). 

This limited framework allows both Iridia and Nepal room to deal. The pricing structure 
could then be used as a basis for pricing electricity from the Kamali Project. Crucial to the long
term benefits, however, would be a basinwide power authority that would involve Bangladesh. 
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As part of SAARC, the scope of the negotiations could be narrowly defined to include only the 
question of power demand and power supply and to exclude thornier issues such as Farakka. 
Although important in their own right, issues such as Farakka need not jeopardize efforts in 
hydroelectric development, especially when the benefits of cooperation are so extensive and can 
be distributed to all the riparian partners. 
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Chapter 3. 
Case Study: Deforestation in the Himalaya 

Increasing human pressures continue to encroach upon dwindling tracts of forests, causing the 
health of forest ecosystems around the world to deteriorate rapidly. This is especially true in developing 
countries such as Nepal and India, where the best land already is under cultivation and each year ever more 
marginal land is cleared of trees and put to plow. The altered runoff patterns disrupt the forest ecosystem, 
and some experts say this changes the soil structure and increases downstream flooding. Remaining soil 
becomes impoverished, agricultural productivity diminishes, and highly visible exhaustion of forest 
resources changes the way people have lived for decades. 

The Ganges-Brahmaputra Basin is one of the most heavily populated ecosystems in the world. 
Although it is difficult to get a precise picture of how fast forests in this region are lost, surveys done over 
the past 50 years in selected regions do indicate an extensive decrease of the forest cover in some regions. 
Yet the problems of the Himalayan forests differ from those of most other areas. Temperate or tropical 
forests seldom have some of the complex geophysical features found in the forests of the Himalaya, where 
the severe terrain and monsoon precipitation give rise to the world's most regularly devastating floods. 1 

The succession of different belts of vegetation is where the mountain ecosystem is vulnerable to 
damage resulting from human activity. The nature of the vegetation cover changes with altitude, and 
harvesting timber or fodder in one belt will affect the flora of adjacent belts immediately uphill and 
downhill. Thus it may be more appropriate to define mountains regardless of absolute altitude as all areas 
of sufficient local relief to reflect significant ecological differences. 2 Continuing with Messerli's 
definition, a system is vulnerable when stability can be maintained only by careful management and by a 
high input of energy. Instability is "where damage, or change, is occurring not only in terms of the 
resource and land use of each ecological belt, but also through the interaction between belts, or between 
highland and lowland systems."3 

The structure of soil in the local ecosystem is the largest determinant of what vegetation will grow 
and what the forest cover will be. The soil of the Himalayan foothills is fairly deep and alluvial, like most 
of the plain through which the Ganges and Brahmaputra rivers flow. Soil in the higher mountains is much 
shallower, yet higher in organic matter and nitrogen content than at lower elevations. Soil texture ranges 
from loamy sand in the foothills to sandy loam in the higher forests. 4 The alluvial sediments consist mostly 
of clay layered with deposits of sand and gravel. 

A crucial aspect of the Himalayas morphology is that less than I percent of the water actually 
flows over the surface. Most of the runoff reaches the main streams and rivers through lateral subsurface 
channels. With shallow soils, these systems saturate quickly and are susceptible to landslides. 

Data on the forest coverage in the central Himalayas shows that, at most, 16.2 percent of the land 
is under what could be called a great variety of forest Some researchers, using Landsat images, have 
determined that 28. 7 percent of the central Himalayas is under some type of forest cover. The distribution 
of this coverage varies with slope angle, with slopes of 50 percent having a coverage of 35.4 percent, 
falling to a low of 0.9 percent on slopes of between IO and 30 percent.5 Estimates for forest coverage also 
show variation by altitude, although it is generally less at elevations below 900 meters. 

Various factors are at work in changing the forest ecosystem, most resulting from human 
activities. Cutting trees is not the only cause; debarking, removal of litter, heavy grazing, and agricultural 
practices also exacerbate the deterioration. In general, deforestation results from the activities of corrupt or 
poorly trained foresters, careless local inhabitants, illegal felling of trees, and the construction of roads or 
dams, and commercial mining. Tourism is a recent addition to the list of forces causing deforestation in 
Nepal; popular routes in the Mt Everest region show evidence of increased erosion as a significant amount 
of wood is cut for the tourists' food and hot baths. 6 
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Most crops in Nepal are grown on terraced slopes, and their role in causing erosion is not cenain. 
Traditional terraces, when well maintained, do not necessarily contribute to erosion and may even help 
arrest some forms of it Nepalese farmers tend to exercise care in building and shoring up their paddies. 
Many traditional terraces are built where slides are not likely to occur, and crops that do well in paddies are 
planted where the outer edge of the terrace is built up. However, as newer terraces are cropped with plants 
that need well-drained soils (maise, for example), the terraces are built with a downward slope to facilitate 
drainage. This provides much greater opportunity for erosion. 7 

As the tree cover is removed by all of these activities, soil is vulnerable to erosion. Not only is old 
soil washed away, less new soil is created because of the diminished amount of decaying organic litter. As 
population and agricultural pressures increase, less water is trapped by the soil before it flows away, and 
thus less water enters the local water table. There are repons of previously perennial springs having run dry 
in many parts of the Himalaya where deforestation has berome severe. Although the effect of cultivation 
on the water holding capacity of soils in this region needs more research, some measurements show that 
shifting agriculture leaves much less organic matter in the soil , which would decrease further the capacity 
of these soils to hold water. 8 

Decreased forest coverage also affects the flow of runoff. In areas where coverage has been 
totally cleared, researchers have noted an increase of 28 percent in total runoff and a 73 percent increase in 
peak flow. Even worse, a slope that has been overgrazed will shed three to four times as much water and 

9lose several hundred times as much sediment as a slope with adequate coverage, even if it is just grass. 

Social and Environmental Effects of Dams 

The drive for development has created a powerful economic demand to develop the vast 
hydroelectric potential of the Himalaya. Yet darns and reservoirs of the size proposed for India and Nepal 
could traumatize the mountain ecosystem, so the environmental consequences need careful consideration. 
Two main benefits of building a darn - electricity and irrigation - both accrue largely to urban and 
downstream users; people who live near the reservoir where the greatest environmental impact occurs may 
not gain its benefits. As India has built darns in the lower parts of the Himalaya. these projects offer clues 
into the environmental effects of hydroelectric development on the mountain ecosystem. What benefits did 
accrue, and who gained or lost? What were the ecological costs? 

According to the Sixth Five Year Plan, 1980-85, the 75 billion rupees spent by the Indian 
government on surface irrigation from the 1950s through the 1970s should have resulted in an additional 
irrigation potential of 17 million hectares of land. Yet India's Planning Commission admits that the huge 
investments in irrigation did not achieve the overall target The grain production average in these targeted 
areas has been around 1.7 tons per hectare annually, much below the projected four to five tons. 
Furthermore, the direct costs for providing this surface water through major and medium irrigation projects 
has been over 2,800 rupees per hectare, compared to only 840 rupees for a typical groundwater irrigation 
system.10 This high cost reflects the capital intensity of surface water conveyance systems, especially when 
those farmers could achieve the same results at much lower cost with groundwater lying right under their 
fields, as is the case in many areas. 

Besides the unrealized expected benefits, surface water irrigation also has hidden costs. Because 
many canals are not lined, water-logged soils may develop within a few years of the introduction of 
irrigation. As canals often flow through land that is not properly drained, salinity levels can rise. Crops 
can be damaged both by this increasingly poor drainage and the increased levels of salt. Rough estimates 
indicate that nearly half of the land served by surface irrigation in India is subject to waterlogging and high 
salinity levels, a major reason for the declining productivity in many areas where surface irrigation projects 
have been introduced.11 

Despite arguments that decreasing construction delays and improving management would improve 
the benefits of these projects, there is little hope that either will happen in India The magnitude of the 
largest hydroelectric projects India wants to build in Nepal and Assam would entail significant 
environmental risks for the lenders from whom India seeks to obtain financing. Moreover, as indicated in 
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the previous chapter, not only is India's existing hydroelectric capacity underutilized, the country loses 
large amounts of power because of inefficient thennal generators and poor transmission facilities. 

No matter whether a dam is built for irrigation or power, it also serves to control a river. In areas 
such as South Asia where rain is seasonal, this function can become important Dams can act as buffers 
against potential downstream flooding, retaining large runoffs during the rainy season and later releasing 
the stored water in a controlled manner during the dry season. Embankments, drainage channels, and 
protective walls around towns and villages are essential if a system is to work properly. Prior to 1979 
India's National Flood Control Program had spent over 975 million rupees on such measures, yet floods 
and flood damage both increased over the past three decades despite these expenditures. 

Much of this damage has been due to incorrect assumptions about siltation rates behind the dam. 
Heavy siltation has reduced both the capacity and life of many dams in India. Too much silt behind a dam 
renders it a poor flood buffer, since it cannot absorb enough runoff to avoid downstream flooding. As a 
consequence, water often must be released when the downstream water load is still high. Much of this 
siltation is the result of deforestation upstream in Nepal. 

The dams themselves have also caused much environmental damage, especially in India where 
engineers have focused more on downstream benefits and less on upstream costs to the ecosystem and its 
people. Invariably people must be resettled when a reservoir is built, and frequently this is done in rather 
peremptory ways. Vacating the reservoir area is always the dominant objective; preserving the dislocated 
habitants traditional village lifestyle is less important, and frequently the people are moved to locales 
dominated by other ethnic groups. Even when the village is not moved far and local people are employed 
to build the dam, anxiety over the possible disruption of tradition can affect the social and religious fabric 
of the village. 

Furthermore, in some areas residents depend upon their local forests for supplementing their diets 
and for obtaining medicines. As these forests are submerged or cleared during construction, the search for 
alternatives can disrupt the residents natural diet and health practices. Moreover, the presence of a dam can 
increase the amount of standing water, thus increasing the risk of such diseases as malaria, filariasis, and 
Japanese encephalitis. Moreover, the construction of a large reservoir often will cause the water table to 
rise, which can be detrimental to local inhabitants if the rising waters leach minerals from lower strata and 
cause an increase in fluorosis. 12 

India's building a dam means destroying the surrounding forests. Timber is used to help build the 
darn itself and to supply workers with housing and firewood. When the dam is completed, water inundates 
any remaining forest area. This accelerated deforestation can lead to increased soil erosion and landslides 
in the already fragile mountains surrounding the reservoir, causing even more sediment to build up behind 
the dam. One analysis of the Tehri Dam in northern India indicates that the useful life of the dam may be 
less than half of its projected life of 100 years because of the already highly active erosion on the southern 
slopes of the central Himalayas. Rivers draining this region carry large amounts of silt eight months out of 
the year, and many of the hillsides have already been stripped of vegetation. 13 

Darns built in seismically active areas such as the Himalayas are subject to earthquakes. Even if 
the darns are engineered to sustain such stresses, the massive weight of the water held behind the dam may 
influence the likelihood of earthquakes. Temblors have caused dams in various parts of India to collapse, 
resulting in casualties, loss of property, and downstream destruction of forests and agricultural land. Fear 
of an earthquake disaster is one reason some Indian citizens have sued to stop construction on the Tehri 
dam. 14 They contend that even though dams can be designed to resist collapsing during an earthquake, it 
makes more sense simply to avoid building large dams where the region is known to be unstable. 

Social Forestry and People's Rights 

Not only are more people encroaching on the Himalayan forests, the changing nature of human 
use has become more costly to the ecosystem. Increasingly, the forest is regarded as a source of 
commodities to be exploited and sold to the highest bidder. This view is rooted in colonial history, when 
the British started restricting access to the forests. Forest product industries were set up to extract 
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hardwoods, and pennits were required in order to collect certain kinds of edible products. Local interests 
were subordinated to colonial interests, and this precedent has endured. Some Indians argue that during the 
1950s the Forest Department viewed revenue extraction as in the national interest, to the exclusion of local 
and ecological considerations. 

While emphasizing the national interest over local, the government has often relegated local 
inhabitants to being tenants or hired short-tenn menial labor. Few attempts have been made to involve 
villagers in decisions about their environment. The chipko movement in Uttarkhand region of the 
Himalayas is one of the few examples of people (in this case local village women) asserting their desire to 
preserve the forests . 15 

Social forestry is one proposal intended to increase local participation and reduce deforestation. 
The aim of social forestry is to empower local people by getting them to view the forests as their own 
again. Sustainable forest use is fostered through local involvement in planning, using, and renewing forest 
resources. Economic incentives and links to the local and national markets are essential to the prosperity of 
a rural-based economy; consequently, prudent forest management is vital to a rural area's long-tenn 
economic well-being. As in other developing nations where changing income patterns force many villagers 
to seek employment in the cities, retaining people on the land is essential to maintaining substantial growth. 

One primary social forestry goal is to meet the local needs for firewood, which in most villages is 
the primary fuel for cooking. Increased food production is no longer urgent, especially since the Green 
Revolution swept India during the 1960s. Rather, it is the need for firewood which today can place a great 
burden on local forests. Where firewood is scarce, people often have to bum animal dung, which takes 
away one path by which nutrients return to the soil and sustain agriculture. Moreover, as forests dwindle, 
people are forced to walk farther to gather enough firewood to meet their daily needs. Decreasing a 
villager's labor time spent gathering firewood would allow for more agriculture work. 

Another aim of social forestry is to increase fodder for domestic animals. Cattle can subsist on 
grass in or outside of a forest. Reducing grazing on cleared land and making available more fodder will 
reduce overgrazing and thus diminish deforestation pressures. With more fodder, the health of both draft 
and milk-producing animals increases, allowing more work and a better diet 

The third major goal is to ensure a supply of house-building materials. Wood remains an easily 
worked and available material for the rural poor to build dwellings. Despite attempts to introduce 
alternative cheap materials, wood will remain one of the main building materials for years to come. 16 

Maximizing all these benefits depends on reforesting the land. By planting trees in areas presently 
devoid of cover, social forestry helps to prevent soil erosion and the silting up of reservoirs. It also slows 
run-off, helping to recharge wells, springs, and aquifers. In extreme cases of erosion, planting trees can 
help reverse desertification. 

But for this to work, local involvement and knowledge is of utmost importance. Erik Eckholm 
stated that 

When local people are not active participants and supporters of a project, saplings have a 
way of disappearing overnight. With fodder usually as scarce as firewood, uncontrolled 
goats or cattle can quickly ruin a new plantation even when disgruntled peasants facing 
the alternative of a lengthy hike to collect fuel do not covertly cut the saplings 
themselves. 17 

During the early 1980s at least 14 social forestry programs were in various stages of planning or 
implementation, frequently with funding from the World Bank, United Nations agencies, or official direct 
aid. In the Sixth Plan Period of 1980-85, the Indian government planned for 100 districts to implement 
social forestry projects, with the aim of producing 260,000 hectares of fuel wood plantations. Yet many of 
these projects were implemented in ways that did not promote sustainable and varied forest lots. In many 
enthusiastically implemented projects, planting was encouraged on private lots. Frequently only one 
specific species was planted, such as eucalyptus. Eucalyptus was often chosen because it is a tree that will 
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grow in the marginal soils found in zones threatened by desertification. However, it does not produce much 
leaf litter, nor do animals like to eat its leaves. As firewood it is not highly esteemed, and there are 
questions about its effects on local water tables. 

As long as eucalyptus is only used as a tree of last resort, most of these disadvantages do not 
matter. In projects in which the government encourages planting through incentives, it has been found that 
previously farmed land has been turned over to eucalyptus plantations. This makes sense only in those 
areas where the land was already marginal. In one district in Gujarat, where the World Bank intended only 
to reforest 1,000 hectares of private land, l 0,000 farmers responded by planting trees instead of food crops. 

In Gujarat there was apparently little local discussion of how to reforest for the multiple needs of 
firewood, animal fodder, and lumber. Often, lack of prior discussion can also result in not using local trees 
in the new plantations despite local knowledge of their many useful properties. 

Conclusions and Recommendations 

The issue of deforestation in the Ganges-Brahmaputra Basin represents a complex intertwining of 
human and natural factors. The notion that forests are destroyed by reckless individuals seeking the highest 
benefit regardless of costs ignores the role of social norms and discounts the possibility that villagers can 
live on the land without destroying it. Still, population increases do indeed place growing pressure on all 
resources, including forests. Social and economic changes brought about by these population increases 
including the rise of industrialization and market economies - have altered how people relate to their land. 
Villagers once tied to their land as responsible stewards may now be mere tenants. 

Population control is only one part of the answer. Effective reforestation efforts should begin with 
better social forestry programs, involving the villagers in recreating a forest that can be utilized in a 
sustainable fashion. Trees would be selected and planted for their multiple uses, with close attention to the 
traditional use of local trees. 

With hydroelectric development, any darn will inundate some forest In India. the needs of the 
urban and industrial sectors must not be an absolute imperative that always supercedes the needs of the 
local communities. Although hydropower theoretically is cheaper than thermal or nuclear power, most of 
the projects in India have ended up costing more than coal-fired thermal plants. These increases are mostly 
due to overly long construction times and fund mismanagement Such increased costs make the effects of 
forest destruction caused by darn building even more expensive. Because of India's energy needs, pressure 
will grow to build more darns. Yet their project management techniques should be brought in line with 
those of Europe and the United States. 

One has only to look at the stable communities in the Alps (where many forests no longer exist) to 
see that the removal of trees is not always bad. Rather, it is the erosion of soil which impoverishes a 
community dependent upon agriculture. Many techniques exist for soil stabilization and regeneration, but 
the successful implementation of these will require the close cooperation of the local people. 
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Chapter 4. 
A Proposed Institutional Framework 

for Conflict Resolution and Cooperative Development 

Conflict among the coriparians of the Ganges-Brahmaputra River Basin inhibits the development 
of one of the greatest water resources in the world. Since both the Ganges and Brahmaputra are successive 
rivers rather than boundary rivers, water utilization rights are extremely complex. As lower riparians, India 
and Bangladesh dispute the right of upstream Nepal to affect the flow of Ganges tributaries. Similarly, 
Bangladesh disputes the right of India - an upper riparian to Bangladesh - to impede the flow of waters 
through its territory. 

When faced with unilateral actions on the part of an upstream neighbor, a lower riparian state may 
respond in a variety of ways: open war, judicial arbitration, third-party mediation, or simple tacit 
acceptance, to name a few. India's unilateral actions with regard to the Ganges, particularly at Farakka, 
have constrained cooperative development programs with Bangladesh ever since Bangladesh attained 
independence from Pakistan in 1972. Separately, disagreement over the navigational use of the Ganges has 
constrained cooperation between Nepal and India. The complexity of diplomatic relations in the region has 
so far precluded cooperative development of the Ganges-Brahmaputra, and the opportunity costs of 
noncooperation continue to mount for all parties. I 

There is currently no appropriate institutional framework for resolving conflict among the Ganges
Brahmaputra coriparians. Yet as harnessing the region's water resources becomes increasingly vital and as 
it becomes increasingly apparent that cooperation is the only way to do it, creating and empowering such 
institutions become imperative. This chapter proposes the adoption of two treaties that would establish 
mirror instiwtions (one comprising India and Nepal, the other comprising India and Bangladesh) to manage 
development of the basin's water resources. After an exposition of some basic principles of international 
riparian law, each proposed treaty will be examined in detail. For each proposed institution, the discussion 
will begin with a brief overview of the diplomatic history between the affected countries, followed by the 
text of the proposed treaty with supporting commentary. 

International Riparian Law 

Although there is wide-ranging agreement on the applicability of certain principles of international 
law, there is far less agreement as to whether they are transferable to issues involving international rivers 
and drainage basins. "Traditional notions of national sovereignty as embracing every aspect of a nation's 
physical territory" is one reason some states are reluctant either to subscribe to international law or to 
relinquish decisions to an international tribunal when the use of international river waters is in dispute.2 

Garretson articulates four theories regarding the rights of coriparians to utilize the waters of an 
international basin. 

Territorial integrity. The lower riparian may demand the continuous natural flow of water 
corning from upstream but cannot restrict the flow to a still lower riparian. 

Absolute territorial sovereignty. A riparian state can freely dispose of the waters of the 
drainage basin flowing through its territory but has no right to demand the continued flow 
from other states. 

Community in the waters. The basin is regarded as an economic unit irrespective of state 
boundaries, and the waters either are vested in the community or are divided among the 
coriparians by agreement. 
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Limited territorial sovereignty. Restricts the principle of absolute sovereignty to the 
extent necessary to insure each riparian a reasonable use of the waters. 

The theory of territorial integrity is similar to the English common law doctrine of private water 
rights. Egypt assened it during the Nile Commission hearings in 1925 concerning its dispute with Sudan, 
but territorial integrity has neither been applied by any tribunal nor accepted by a state as justification for a 
diplomatic settlement. Within the United States, various state governments have cited territorial integrity 
in al least four disputes, but the U.S. Supreme Coun has indicated consistently that the common law 
doctrine among private individuals is inapplicable between states.3 Almost without exception, no modem 
authority subscribes to territorial integrity as a rule of international law. 

Under absolute territorial sovereignty, a riparian state can freely dispose of the waters of the 
drainage basin flowing through its territory but has no right to demand the continued flow from other states. 
The theory of absolute sovereignty, often referred to as the Harmon Doctrine from its articulation by U.S. 
Attorney General Judson Harmon, is the most controversial of the four theories. In the opinion he issued 
in 1895, when Mexico complained about U.S. use of the Rio Grande, Harmon assened that "the rules, 
principles, and precedents of international law impose no liability or obligation upon the United States." 
Only one judicial precedent (that of an Austrian tribunal) supponed his application of absolute sovereignty 
to a case of waters of an international basin.4 Still, the United States has reassened the Harmon Doctrine 
from time to time in disputes with Canada and Mexico, and India "apparently embraced it in its dispute with 
Pakistan over the Indus." 5 

The Harmon Doctrine is not an expression of international law, but rather an assertion that states 
are free to do as they wish in the absence of law which governs. So even though the Harmon Doctrine 
enjoyed a "degree of permissive application" before the development of applicable rules of international law, 
it has since "lost any degree of status that it may have had in an earlier era."6 

The third theory is characterized by "a community of coriparian states in the waters of an 
international river," or simply "a community in the waters."7 Under this theory, "the basin is regarded as 
an economic unit, irrespective of state boundaries, and the waters are either vested in the community or 
divided among the coriparians by agreement"8 Of the four theories, this is the most conducive to 
cooperative development in a disputed basin. The "community" approach to international waters is based 
on the practical realiz.ation that "the geography of a river often has little if any relationship to the political 
frontiers which divide it, and in order to make optimum use of its waters it is often necessary to develop an 
integrated program for the entire drainage basin."9 Adoption of such a far-sighted perspective offers an 
opponunity for the most beneficial use of water resources. 

Limited territorial sovereignty does not extend as far as the principle of a community in the waters, 
but it "restricts the principle of absolute sovereignty to the extent necessary to insure each riparian a 
reasonable use of the waters." 10 The theory of limited territorial sovereignty, which gives all riparian 
states equal right to make reasonable use of a river's waters, is accepted as a rule of intemational law.11 
All of the numerous treaties dealing with successive rivers recognize the signarory nations' shared rights to 
the waters flowing across shared borders.12 

Some general guidelines for determination of what constitutes equitable utiliz.ation have been 
ccxlified by the International Law Association in what have come to be known as the Helsinki Rules. 
These state that 

The weight to be given to each factor is to be determined by its irnponance in comparison 
with that of other relevant factors. In determining what is a reasonable and equitable 
share, all relevant factors are to be considered together and a conclusion reached on the 
basis of the whole.13 

These factors include the region's physiography, socioeconomic dynamics, past water use, and 
many others. In practice, disputants tend to accept the factors which substantiate their own claims; few 
disputes are examined in the context of a "community in the waters," which would be more likely to 
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consider all of the factors enumerated by the International Law Association. According to the Helsinki 
Rules, the relevant factors that determine equitable water use include but are not limited to: 

• the geography of the basin, including in particular the extent of the drainage area in the 
territory of each basin State; 

• the hydrology of the basin, including in particular the contribution of water by each 
basin State; 

• the climate affecting the basin; 

• the past utilization of the waters of the basin, including in particular existing 
utilization; 

• the economic and social needs of each basin State; 

• the population dependent on the waters of the basin in each basin State; 

• the comparative costs of alternative means of satisfying the economic and social needs 
of each basin State; 

• the availability of other resources; 

• the avoidance of unnecessary waste in the utilization of waters of the basin; 

• the practicability of compensation to one or more of the co-basin States as a means of 
adjusting conflicts among uses; and 

• the degree to which the needs of a basin State may be satisfied, without causing 
substantial injury to a co-basin State.14 

The success of the Helsinki framework assumes that the parties submit their disputes to a tribunal 
for adjudication. That a tribunal is in a position to adjudicate implies a higher authority than the sovereign 
states who are the disputants-an untenable scenario if sovereign states cannot be forced to submit to a 
higher authority. Although a country that does not accept an unpalatable ruling may face intangible 
penalties such as international approbation, in practical terms there is no tangible mechanism to force 
compliance. Rather than risk the consequences of an unfavorable ruling, nations are sometimes likely to 
refuse to submit to adjudication, in which case, other methods of conflict resolution may be appropriate. 

Three procedures are generally recogniz.ed as means for peaceful dispute resolution: negotiation, 
mediation, and arbitration. In addition, Alheritiere identifies good offices, enquiry and conciliation, 
consultation, and judicial settlement as effective in settling disputes over resources. The distinctions may 
be subtle: 

The basic difference between good offices and mediation relates to the fact that, in good 
offices, the third party only provides the conditions for the resumption or continuation of 
negotiation; while in mediation, the mediator actually participates in the negotiation. 
Good offices may be converted into mediation at any time, upon the request of the parties. 
The purpose of both good offices and mediation is to stimulate, rather than replace, direct 
negotiations.... [G]ood offices and mediation produce only advisory effects which have 
no binding character, and could, therefore, be considered as ancillary to direct 
negotiation.15 

The World Bank's role in the negotiation of the Indus River Treaty is often cited as a textbook 
example of the role of an arbitrator in the resolution of international river basin conflict Goldie explains 
that the bank, "through its powerful negotiating position, was able to insist on what was, in effect, a 
supernational administrative organ making transnational allocations in terms of the equities for which it 
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was able to obtain agreement."16 Similarly, J.S. Mehta, a participant in the negotiations, describes the 
role of the World Bank: 

... the World Bank was able to bring to bear its own independent expertise and enormous financial 
resources. Further, the Bank was able to supplement this financial inducement by pledges of 
substantial support as grants and loans from other Western nations. The World Bank became, in 
effect, an independent arbitrator .17 

Mehta, however, points out that a unique convergence of circumstances gave the World Bank 
leverage in this particular dispute. He emphasizes the limited applicability of the Indus dispute as a case 
study: 

Except in select countries, aid availability, especially after adjusting for inflation, is much smaller 
both from the multinational sources and from bilateral sources. In other words, it is difficult today 
to foresee that World Bank or any outside power commanding the same position of inducement or 
of leverage in mediating a major international riparian conflict as was the case in the Indus Water 
Treaty negotiations.18 

Ambassador Samuel Lewis has articulated five criteria for effective mediation. 19 First, both sides 
must think that any agreement is better than no agreement This idea is akin to Mehta's notion of the 
unacceptably high opportunity costs of delay. Second, both sides must have political leaders who can 
"deliver." For example, near the end of 1989, trade talks between India and Nepal were hampered by 
uncertainty over the eventual victor of the Indian election, and a few months later the pro-democracy 
movement in Nepal introduced yet another element of uncertainty into negotiations between the two 
neighbors. In the absence of strong internal leadership, effective international negotiation is difficult if not 
impossible. Lewis's third criterion is "some vague general sense of agreement before the actual 
negotiation." The fourth factor is a supportive international environment The final criterion is successful 
attention to the details of diplomacy. When the first four factors are present, Lewis says, the last will 
follow readily. As an example of attention to detail, Mehta notes that most of the Indus River negotiations 
took place in Washington, London, and Rome. 

There are obvious advantages to negotiating on neutral ground. As nations become more self
conscious, it may be propitious to choose a small country capital in negotiations. Alternatively, 
perhaps in preference, the negotiations might be rotated between the capitals of the riparian 
partners20. 

The procedure for dispute resolution most likely to transpire in the Ganges-Brahmaputra Basin is 
negotiation. Indeed, Alheritiere comments the ultimate purpose of other dispute resolution processes such 
as mediation and good offices is to bring the principals to the point that negotiation is feasible. 
Negotiations may be either bilateral (with countries concluding a patchwork of agreements through separate 
negotiations) or multilateral, with all three of the major coriparians involved in drafting a comprehensive 
approach to the issue at hand. Multilateral negotiations would be consistent with the "community in the 
waters" approach to managing river basin disputes, and thus are the most likely to result in cooperative 
utilization of available water resources in the area. Yet the government of India has preferred bilateral talks; 
given India's geographic size and economic power, this is therefore the likely structure within which 
conflict resolution will take place. 

Considering the complexity of coriparian relations and the long-term nature of most development 
plans, the present propagation of "agreements to agree" is an appropriate first step toward conflict resolution 
in the Ganges-Brahmaputra Basin. Richard B. Bilder notes that 

a nation can avoid incurring any immediate risk in a proposed cooperative arrangement by entering 
only into some preliminary type of general understanding which, while legally binding, is in 
practical effect devoid of specific substantive commitments.21 

Far from being ineffective, however, Bilder insists, "An agreement to agree can serve a very useful 
function." Not only does such an agreement obligate the parties to "engage in good faith attempts to work 
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out some type of substantive cooperation in the future," but "it can provide an institutional framework for 
and facilitate such future cooperation, while permitting the parties to work out the specific details of their 
cooperation over time or in the light of developing conditions. "22 

It is this lack of an appropriate institutional framework for discussion that has been a major 
stumbling block on the road toward cooperative development in the Ganges-Brahmaputra basin. 

India and Nepal 

Although the sovereign interests of two countries never coincide entirely, the governments of India 
and Nepal repeatedly have emphasized their peoples' close historic, social, economic, linguistic, and 
religious ties. During an official visit to Nepal in 1977, for example, Indian Foreign Minister Atal Bahari 
Vajpayee stated to Nepalese Foreign Minister K.R. Aryal that "there is no other country in the entire gamut 
of our international relationships with whom India has such ancient and deeply intertwined relations as with 
Nepal. Indeed, there are probably no two countries in the world whose destinies are so interlinked as 
ours."23 

Although the desire for cooperation has been articulated, affirmed, and reaffirmed on both sides, 
actions and rhetoric often diverge. In the case of Nepal and India, bilateral negotiation is complicated by 
extreme imbalances. Compared to Nepal, India has 23 times the land area, 46 times as many people, and 
generates 76 times more economic output each year. Thus there is the possibility of situations arising in 
which the less powerful Nepal feels pressured towards agreements that are not in its best interest. Even the 
fear of such pressure may induce Nepal to refuse to take part in negotiations. 

Indian Prime Minister Indira Gandhi addressed this issue in a speech given at a banquet in honor of 
Nepalese Prime Minister Shri Kirti Nidhi Bista and Shrimati Bodh Kumari Bista in 1972: 

Countries should regard one another as equal, irrespective of size, stage of economic development, 
or extent of military power. No small or weak nation should feel threatened, and no large nation 
should imagine in arrogance that it has the right to dictate to others .... The best way of 
withstanding pressures is by developing internal strength. Economic cooperation on the basis of 
equality and mutual benefit helps the process of developing inner strength.24 

Recent Indo-Nepalese relations were soured when former Indian Prime Minister Rajiv Gandhi 
imposed severe trade sanctions.25 The sanctions began when the 1978 Treaty of Trade and Transit expired 
in March 1988. Nepal claimed that transit is a matter of right of a land-locked country, while trade is a 
matter to be negotiated periodically, and expressed its desire for separate treaties relating to these issues. 
India, however, insisted upon one treaty for both trade and transit 

With Rajiv Gandhi's defeat at the polls in November 1989, diplomatic tensions eased as newly 
elected Prime Minister V.P. Singh placed improving relations with Nepal at the top of his political 
agenda.26 Then in the spring of 1990, a pro-democracy movement in Nepal catapulted the erstwhile illegal 
Nepal Congress Party to power. Krishna Prasad Bhattarai, the second-ranking Nepal Congress official, was 
released from jail and named the new prime minister by King Birendra, and he virtually echoed Singh' s 
promise as soon as he took office. The new Indian government acceded to having two separate treaties for 
trade and transit, and by the summer of 1990 the two new governments had concluded an agreement and had 
restored nonnal trade relations. 

Indo-Nepalese relations have been shaped by the geographical relationship of the two countries. In 
fact, some Nepalis have remarked that their country is "India-locked." Because of India's geographical 
dominance of the subcontinent and because of the virtually nonexistent transportation infrastructure in 
Nepal prior to 1950, India was Nepal's only major trading partner up until the second half of this century. 
Although in recent years India's share in Nepal's total foreign trade decreased from 47.2 percent in 1986/87 
to 43.9 percent in 1987/88, India still represents Nepal's largest single market, and the Nepalese economy 
was severely harmed by trade sanctions imposed by India in March 1989.27 
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The legal history oflndo-Nepalese trade relations dates back to the early 1950's when the two 
countries signed a treaty of trade and commerce on July 31, 1950. According to the treaty, "The 
Government of India recognizes in favour of the government of Nepal full and unrestricted right of 
commercial transit of all goods and manufactures through the territory and ports of India ... ," with three 
articles specifying the provisions of that right. Ostensibly liberal in its wording, the treaty in fact placed 
restrictions on Nepalese trade that have inclined some Nepalis to label it "colonial. "28 Significantly, 
recognition of the right of transit is limited to the right of commercial transit and does not cover persons or 
baggage. The phrasing of articles 2 and 4 provided additional restrictions. Article 5, however, was 
particularly damaging to the Nepalese economy: 

The Government of Nepal agrees to levy at rates not lower than those leviable, for the time being, 
in India customs duties on imports from and exports to countries outside India The Government 
of Nepal also agrees to levy on goods produced and manufactured in Nepal, which are exported to 
India, export duty at rates sufficient to prevent their sale in India at prices more favourable than 
those of goods produced or manufactured in India which are subject to central excise duty. 

The effect of this provision was to prohibit Nepal from competing effectively with Indian goods, 
either within India or Nepal, or in foreign markets.29 A protocol and memorandum, supplemental to the 
treaty, detailed the procedures for the movement of Nepalese goods through India The treaty was to remain 
in force for a period of ten years, at which time it might continue in force for a further period of ten years, 
unless terminated by written notice of either party of not less than one year (article 9). 

Both countries recognized the need for a new treaty in 1960. Negotiations resulted in the signing 
of a treaty of trade and transit on September 11, 1960. The accord was to remain in force for a period of 
five years, and in 1965 it was renewed for another five years. As stated in the preamble, the treaty was 
concluded with both countries convinced of the benefits likely to accrue from the development of their 
common market Improvements in the 1960 treaty over the 1950 treaty included provision of a special 
shed in Calcutta for the temporary storage of Nepalese goods in transit and the stationing of Nepalese 
Customs Liaison Officers in Calcutta and Barauni.30 

Although the preamble of the 1960 treaty affmned the benefits of a common market, it did not 
mention transit specifically. In fact, only four of the treaty 's 14 articles dealt with transit between Nepal 
and third-party countries through India The treaty provided for limited freedom of transit through each 
country's territory, defined "traffic in transit" so that it was limited to goods, and exempted traffic in transit 
from customs duties.31 In addition, the treaty provided in article X that "except in case of failure to comply 
with the procedure prescribed, such traffic in transit shall not be subjected to unnecessary delays or 
restrictions." A protocol to the treaty prescribes the procedure for handling exports and imports in transit 
That provision required importers and exporters to post a "bond with suitable guarantee" that the goods 
would not be diverted in route. In practice this became a device to prevent Nepalese imports and exports 
from reaching the Indian market. In effect, the provision required buyers or sellers to guarantee delivery of 
goods over which they had no control while in transit, even though the goods were shipped via Indian 
Railways. At times, the bond was set as high as 600 percent of the value of the goods.32 Nepal won 
abolition of this bonding system after three years of intensive negotiations. 

On August 15, 1971, India and Nepal again signed a new treaty of trade and transit. ''New 
technologies, acceleration of Nepal's economic development, changing India-Nepal-China relationships, and 
Nepal's continuing dependence on India" have been cited as factors contributing to the protracted 
negotiations which preceded the signing of the treaty .33 The 1960 treaty was allowed to lapse in October 
1970. Reflecting the growing complexity oflndo-Nepalese trade relations, the new treaty was 
supplemented with an elaborate protocol and memorandum. Most of the treaty was devoted to trade issues 
with only passing mention of transit Although article VIII stated that "Each Contracting Party shall accord 
to 'traffic in transit' freedom of transit across their respective territories through routes mutually agreed 
upon," the protocol restricted Nepalese trade so that all traffic in transit must pass through Calcutta and can 
enter or exit only at 11 towns near the Nepalese border. 

In 1978, the two countries took a different approach to trade and transit negotiations, resulting in 
the Indo-Nepal Treaties of Trade, Transit and Agreement for Cooperation to Control Unauthorised Trade. 
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Both the Treaty of Trade and the Treaty of Transit came into force on March 25, 1978, for a period of five 
years and were renewed for a further period of five years until expiration in March 1988. In 1989 
renegotiating these treaties strained Indo-Nepalese relations. Nepal wanted separate treaties for trade and 
transit, arguing that transit is a right of land-locked countries and therefore should not be subject to 
negotiation. India, however, prefered a single treaty as had been in effect before 1978. When negotiations 
broke down, India closed all but two border crossing points between the two countries and stopped the 
shipment of petroleum products from Indian refineries, resulting in severe shortages, particular! y in rural 
Nepal. 

The institutional framework envisioned by the proposed treaty is two-tiered, comprising a 
ministerial council with a broad mandate and a commission charged with carrying out the general directives 
of the council. The draft treaty, presented below, is followed by commentary. The top tier is patterned after 
the Murray-Darling Basin Ministerial Council , an institution that has been so successful in resolving 
conflict amon\ithree Australian territories that "co-Operation has become more or less habitual" for more 
than 70 years. For India and Nepal, the ministerial council established by the proposed treaty comprises 
three ministers from each government representing water, land, and environment and is charged with general 
oversight and control over major policy questions of common interest.35 It is important that membership 
of the council, as the policymaking body, include individuals of the rank of minister to establish the 
legitimacy and immediacy of its task. 

Although the Murray-Darling framework is also two-tiered, the second level of the proposed treaty 
between India and Nepal is patterned after the U.S.-Mexican International Boundary and Water Commission. 
Its function shall be to provide the decisionmakers on the ministerial council with the essential expertise 
and to manage the day-to-day operations according to the council's mandates. 

Proposed Treaty between India and Nepal 

The Government ofIndia and His Majesty's Government ofNepal (hereinafter refe"ed to as the 
Contracting Parties) , 

Being conscious ofthe need for cooperative development ofthe shared water resources ofthe 
Ganges River Basin, on the basis ofequality and mutual benefit, 

Being animated by the desire to strengthen traditional bonds ofcooperation between the two 
countries, 

Impelled by the urge to develop their economies for their several and mutual benefit, 

Have resolved to conclude an Agreement to govern uses of the Ganges waters. 

Have resolved for this purpose appointed as their Plenipotentiaries the following persons, namely 
[Minister for the Government of India) and [Minister for His Majesty's Government of Nepal) who, having 
exchanged their full powers and found them good and in due form, have agreed as follows: 

Article I 

The Government ofIndia recognizes in favour of the Government ofNepal full and unrestricted 
righl ofcommercial transit ofall goods and manufactures through the territory and ports ofIndia subject to 
such arrangements as may be agreed upon between the Contracting Parties. 

Article II 

Goods intended for import into or export from the te"itories ofeither Contracting Party from or to 
a third country shall be accorded freedom of transit through the te"itories of the other party. No distinction 
shall be made which is based on the flag of the vessels, the place oforigin, departure, entry, exit, 
destination or ownership ofgoods. 
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Article III 

The term "traffic in transit" means the passage ofgoods including unaccompanied baggage across 
the territory of a Comracting Party when the passage is a portion of a complete journey which begins or 
terminates within the territory of the other Contracting Party. The transshipment. warehousing, breaking 
bulk and change in the mode of transport of such goods as well as the assembly, disassembly or re
assembly of machinery and bulky goods shall not render the passage of goods outside of the definition of 
"traffic in transit" provided any such operation is undertaken solely for the convenience of transportation . 

Article IV 

In order to enjoy the freedom of the high seas , merchant ships sailing under the flag ofNepal shall 
be accorded, subject to Indian laws and regulations, treatment no less favorable than that accorded to ships of 
any other foreign country in respect of matters rela1ing to navigation , entry into and departure from the 
ports, use ofports and harbor facilities, as well as loading and unloading dues , taxes and other levies. 

Article V 

Notwithstanding the foregoing provisions, either Contracting Parry may maintain or introduce 
such measures or restrictions as are necessary for the purpose of: 

a) Protecting public morals; 

b) Protecting human, animal and plant life; 

c) Safeguarding national treasures; 

d) Safeguarding such other treasures as may be agreed upon. 

Article VI 

Nothing in this Treaty shall prevent either Contracting Parry from taking any measures which may 
be necessary in pursuance ofgeneral inlernalional convenlions, whether already in existence or concluded 
hereafter, to which it is a party relating to transit, export or import ofparticular articles such as opium or 
other dangerous drugs or in pursuance ofgeneral conventions inlended to prevenl infringement of indi.Lstrial 
or artistic property or relating to false marks.false indicalions of origin or other methods of unfair 
competition. 

Article VII 

In order to facilitale and assure cooperative development of the Ganges River Basin, the 
Contracting Parties agree to the formation of the lndo-Nepali Ministerial Council comprising all Ministers 
of the respective governments of the Contracting Parties with relevant portfolios. including but not limited 
to three ministers from each Governmenl representing water, land and environmenl respectively . 

Article VIII 

The Council's goals shall be to promote effective planning and managemen1for the equitable, 
efficient and sustainable use of land, waler and environmental resources in the Ganges River Basin . The 
Council shall be charged with general oversight and control over major policy questions of common 
interest. 

Article IX 

The application of the present Treaty , the regula1ion and eurcise of the rights and obligations 
which the two governmenls assume thereunder , and the settlement of disputes to which its observance and 

42 



execution may give rise are hereby entrusted to the lndo-Nepali Ministerial Council , which shall function in 
conformity with the powers and limitations set forth in this Treaty. 

Article X 

The Contracting Parties agree to the creation of the lndo-Nepali Joint Water Commission. The 
Commission shall consist of an Indian Section and a Nepali Section . The head of each Section shall be an 
Engineer Commissioner. The Commission and either of its two Sections may employ such assistants and 
engineering and legal advisers as it may deem necessary. 

Article XI 

Both the Council and the Commission shall in all respects have the status ofan international 
body. Each government shall accord diplomatic status to the Commissioner designated by the other 
government. As ministers, the members of the Council shall also have diplomatic status. The 
Commissioner, two principal engineers, a legal adviser, and a secretary, designated by each government as 
members of its Section of the Commission , shall be entitled in the territory of the other country to the 
privileges and immunities appertaining to diplomatic officers. The Commission and its personnel may 
freely carry out their observations, studies andfield work in the te"itory ofeither country. 

Article XII 

Neither Section shall assume jurisdiction or control over works located within the limits of the 
country of the other without the express consent of the Government of the latter. The works constructed, 
acquired or used in fulfillment of this Treaty and located wholly within the territorial limits ofeither 
country, although these works may be international in character, shall remain, except as herein otherwise 
specifically provided, under the exclusive jurisdiction and control of the Section of the Commission in 
whose country the work may be situated. 

Article XIII 

Each Government shall bear the expenses inc""ed in the maintenance of its Section of the 
Commission. The joint expenses, which may be incurred as agreed upon by the Council, shall be borne 
equally by the two governments. 

Article XIV 

The Commission shall study, investigate and prepare plans for plants for generating hydroelectric 
energy which it may be feasible to construct on the Ganges. The Commission shall report to the Council 
in a Minute the works which should be built, the estimated cost thereof, and the part of the works to be 
constructed by each government. Each government agrees to construct, through its Section of the 
Commission, such works as may be recommended try the Commission and approved by the Council and by 
the two governments. Both governments, through their respective Sections of the Commission, shall 
operate and maintain jointly such hydroelectric plants. Each government agrees to pay a proportion of the 
cost ofthe construction, operation, and maintenance of such plants, and the energy generated shall be 
assigned to each country in like proportion. 

Article XV 

The Contracting Parties recognize that they have a common interest in the optimum development 
of the River, and to that end, they declare their intention to cooperate, by mutual agreement, to the fullest 
extent possible. 

In order to facilitate the implementation of this Agreement the two governments shall consult each 
other as and when necessary and also review the worldng ofthe Agreement at least once a year. 
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This agreement shall come into force from the date ofits signature and shall remain valid for a 
period of ten years. The Agreement will be automatically extended for a further period offive years wiless 
either government gives lo the other notice for its termination one year before the expiry of the said period 
of ten years or the ex/ended period. 

Done at ... this .. . day of ... one thousand ... , in triplicate in the Nepali , Hindi, and English 
languages, all texts being equally authentic. In case of any difference in interpretation, the English text 
shall prevail. 

Commentary 

Preamble. In view of the traditional relationship between the two countries , the proposed wording 
for the preamble of the treaty seems appropriate. The preamble to the 1971 Treaty of Trade and Transit 
between the Government of India and His Majesty ' s Government of Nepal contains the phrase "Impelled by 
the urge to develop their economies for their several and mutual benefit," thereby establishing precedent for 
the its inclusion. The phrase "on the basis of equality and mutual benefit" appears in the Trade and 
Payments Agreement between Nepal and Bangladesh in the context of strengthening trade and economic 
cooperation.36 In view of the language of both parties cited previously, this preamble establishes an 
appropriate spirit for a successful agreement between the Parties. 

Article I. For purposes of a new treaty, article I is adopted from the 1950 treaty without the 
subsequent restrictions of the protocol to the 1950 treaty . 

Article II. This article is drawn from the 1960 treaty. The latter sentence, beginning "No 
distinction ..." was included in the 1978 treaty, indicating its continued acceptability to both parties. 

Article Ill. The text of this article of the proposed treaty is essentially definitional and not 
particularly relevant to the broader issue of conflict resolution in the basin. Its text imitates a provision of 
the 1978 Treaty ofTransiL 

Article N . This imitates wording in the 1960 treaty and the 1978 treaty, the only difference being 
the substitution of the word "coastal" for the previous "coasting." This provision accords with principle ll 
of UNCTAD's New York Convention that reads: "In territorial and on internal waters, vessels flying the 
flag of land-locked countries should have identical rights, and enjoy treatment identical to that enjoyed by 
vessels flying the flag of coastal States other than the territorial States." 

Articles V and VI. These portions of the proposed treaty are noncontroversial; the text of article V 
appears both in the 1971 Treaty of Trade and Transit and the 1978 Treaty ofTransiL The 1978 Treaty of 
Trade and Transit is the precedent for article VI. 

Article VII. This establishes an institution patterned after the arrangement of the Murray Darling 
Ministerial Council. The council shall serve as the policy-making body to govern cooperative 
developmenL 

Article VIII. Patterned after the arrangement of the Murray Darling Ministerial Council, this 
article expresses the responsibility of the council. 

Article IX. This section expresses the mandate for the council and is also patterned after the Murray 
Darling arrangement. 

Article X. This section is based on similar wording in the 1944 treaty that established the 
International Boundary Water Commission between Mexico and the United States. This tier is intended to 
provide the necessary administrative framework that will guide decisionmakers by providing technical 
expertise. 

Article XI. This section gives legitimacy to the actions of both the council and the commission. 

44 



Article Xll. This is intended to assure the parties that the sovereignty of their respective territories 
will not be affected by the international nature of any water development project located within its borders. 

Article XIII. To reenforce the notion that the parties are equal in the context of the treaty and that 
they will benefit mutually from its propagation, article XIII provides for joint funding of the new 
institutional framework. 

Article XIV. This section provides for the possible generation of hydroelectric energy, a proposal 
from which both India and Nepal stand to gain a great deal. The proposed provision is patterned after an 
agreement between the United States and Mexico. The same rationale for joint funding of institutional 
expenses is applicable to the funding of hydroelectric plants: such an arrangement confirms the equal status 
of the parties. Nepal's demand for electricity being smaller than India's, the Nepalese surplus may be sold 
to India to generate much-needed revenue for the Nepalese economy. To provide for its contribution to the 
building of power projects despite its few financial resources, the Nepalese government could seek a loan in 
anticipation of the profits or negotiate with India for future electricity. 

Article XV. The final article of the treaty is most important because the treaty might fail without 
the realization that cooperation is in the best interest of all parties and the concomitant commitment to 
work together for optimal utilization. This provision is similar to one in the Indus Water Treaty between 
India and Pakistan. In essence, this statement amounts to a codification of J agat Mehta' s principle of the 
opportunity cost of delay in cooperation. This simple declaration commits the parties to future negotiation 
and indicates that they have both arrived at the conclusion that cooperation is in each party's best interest 

India and Bangladesh 

Partition of the newly independent subcontinent in 1948 along lines dividing Hindu and Muslim 
majorities left a legacy of bitterness that has perpetuated conflict among the countries of South Asia. In 
Bangladesh, which was initially created as a discontiguous province of Pakistan, remnants of Muslim 
animosity toward India linger. Even today disagreements over secular matters often are inflamed by 
religious fanaticism. 

Relations between Bangladesh and India have not always been strained, however. India supported 
Bangladesh's independence from Pakistan, which led to an initial feeling of goodwill between the countries. 
It was only later that relations were soured by India's unilateral diversion of Ganges waters at Farakka, a 
dispute over the ownership of a small tract of land on the India-Bangladesh border, illegal immigration of 
separatist Chakma refugees into India, and the independence movement in Kashmir.37 Recently, the 
goodwill that the new Indian prime minister has expressed toward Nepal has also been directed toward 
Bangladesh, and in February 1990 the foreign ministers of the two countries met to review the "entire 
gamut of bilateral relations" between their respective governments. 

Although no progress was made toward the resolution of the Farakka dispute, the legacy of 
Farakka must be overcome before cooperation between the two countries can occur. Regarding the disputed 
Teen Bigha area, the Indian Supreme Court in early 1990 heard an appeal from the Indian government 
against the West Bengal High Court order for transfer of the land to Bangladesh, and Bangladesh Foreign 
Minister Anisul Islam Mahmud has indicated that Teen Bigha is no longer an issue between the 
countries.38 The resolution of this issue through legal means bodes well for future conflict resolution 
through judicial settlement. And as to Bangladesh's concern about the illegal flow of Chakma refugees, 
India's representative assured Bangladesh in recent talks that it considered its borders sacrosanct and did not 
support any movement detrimental to Bangladeshi interests.39 

Despite these improvements, continuing hostilities in Kashmir threaten to inflame the long
standing animosity between India and Pakistan, which could affect relations between India and Bangladesh. 
At the time of the subcontinent's partition, Muslim Kashmir became a part of predominantly Hindu India 
under the understanding that it would retain a high degree of autonomy. In late 1989 and early 1990, 
however, a renewed independence movement in Kashmir provoked repressive responses by the official 
Kashmiri government The Indian government charged that the movement was supported by Pakistan, 
while Pakistan Prime Minister Benazir Bhutto told her people that they should be prepared for yet a fourth 
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war with India.4 °Considering ties between Bangladesh and Pakistan, both with predominantly Muslim 
populations, the Kashmir issue could hamper relations between India and Bangladesh despite the statement 
of Bangladeshi Foreign Minister Anisul Islam Mahmud that Bangladesh desires a peaceful solution of the 
Kashmir issue in the interest of stability in South Asia.41 

Despite the ebb and flow of current events, an institutional framework would provide the 
mechanism for long-term cooperation and development that would benefit both India and Bangladesh. A 
proposed treaty is presented below, followed with an article-by-article commentary. The treaty proposed 
here calls for the establishment of an Incio-Bangladeshi instiuition which mirrors the one for India and 
Nepal. 

Proposed Treaty between India and Bangladesh 

The Government of the Republic of India and The Government of the People's Republic of 
Bangladesh (hereinafter referred to as the Contracting Parties), 

Being conscious of the need for cooperative development of the shared water resources of the 
Ganges system of waters, on the basis ofequality and mutual benefit, 

Being desirous of sharing by mwual agreement the waters of the international rivers flowing 
through the territories of the two countries and of making the optimum utilization of the water resources of 
their region by joint efforts, 

Being animated by the desire to promote and strengthen their relcuions offriendship and good 
neighborliness, 

Impelled by the urge to develop their economies for their several and mutual benefit, 

Have resolved to conclude an Agreement to govern uses of the Ganges wcuers. 

Have resolved for this purpose appointed as their Plenipotentiaries the following persons, namely 
[Minister for the Government of India] and [Minister for the Government of Bangladesh] who, having 
exchanged their full powers andfound them good and in d.J.ieform, have agreed as follows : 

Article I 

In order to facilitcue and assure cooperative development of the Ganges River Basin, the 
Contracting Parties agree to the formation of the I ndo-Bangladeshi Ministerial Council comprising all 
Ministers of the respective governments of the Contracting Parties with relevant portfolios, including but 
not limited to three ministers from each Government representing water, land, and environment 
respectively. 

Article II 

The Council's goals shall be to promote effective planning and man.agementfor the equitable, 
efficient , and sustainable use ofland, wcuer and environmental resources shared by the Contracting Parties. 
The Council shall be charged with general oversiglu and control over major policy questions of common 
interest. 

Article III 

The application of the present Treaty, the regulcuion and exercise of the riglus and obligcuions 
which the two governments assume thereunder, and the settlement ofdisputes to which its observance and 
execution may give rise are hereby entrusted to the Indo-Bangladeshi Ministerial Council, which shall 
function in conformity with the powers and limitations set forth in this Treaty. 

46 



Article IV 

The Contracting Parties agree to the creation of the Indo-Bangladeshi River Commission. The 
Commission shall consist ofan Indian Section and a Bangladeshi Section. The head ofeach Section shall 
be an Engineer Commissioner. The Commission and either of its two Sections may employ such 
assistants and engineering and legal advisers as it may deem necessary. 

Article V 

Both the Council and the Commission shall in all respects have the status of an international 
body. Each government shall accord diplomatic status to the Commissioner designated by the other 
government. As ministers, the members of the Council shall also have diplomatic status. The 
Commissioner, two principal engineers, a legal adviser, and a secretary, designated by each government as 
members of its Section of the Commission . shall be entitled in the territory of the other country to the 
privileges and immunities appertaining to diplomatic officers. The Commission and its personnel may 
freely carry out their observations, studies and field work in the territory ofeither country . 

Article VI 

Neither Section shall assume jurisdiction or control over works localed within the limits of the 
country of the other without the express consent of the Government of the latter. The works constructed, 
acquired or used in fulfillment of this Treaty and located wholly within the territorial limits ofeither 
country, although these works may be international in character, shall remain , except as herein otherwise 
specifically provided, under the exclusive jurisdiction and control of the Section of the Commission in 
whose country the work may be situated. 

Article VII 

Each Government shall bear the expenses incurred in the maintenance of its Section of the 
Commission. The joint expenses, which may be incurred as agreed upon by the Council, shall be borne 
equally by the two governments. 

Article VIII 

The Contracting Parties recognize that they have a common interest in the optimum development 
of the River, and to that end, they declare their intention to cooperate, by mutual agreement, to the fullest 
extent possible. 

In order to facilitate the implementation of this Agreement the two governments shall consult each 
other as and when necessary and also review the working of the Agreement at least once a yeaT. 

This agreement shall come into force from the date of its signature and shall remain valid for a 
period of ten years. The Agreement will be automatically extended for a further period offive yeaTs unless 
either government gives to the other notice for its termination one year before the expiry of the said period 
offive yeaTs or the extended period. 

Done at .. . this ... day of ... one thousand ...• in triplicate in the Bengali, Hindi , and English 
languages, all texts being equally authentic. In case ofany difference in interpretation, the English text 
shall prevail. 

Commentary 

Preamble. Although similar in some respects to the proposed treaty between India and Bangladesh, 
this preamble is significantly different. The repeated use of the word "mutual" emphasizes the spirit of a 
successful agreement The phrase "on the basis of equality and mutual benefit" is included in an agreement 
between Bangladesh and Nepal. The clause beginning "Being desirous of sharing by mutual agreement the 
waters ... " is similar to wording in the Interim Agreement on the Sharing of the Waters of the Ganges. 
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Although this agreement was not successful, this wording as an expression of intent may be incorporated 
into a more effective treaty. 

The establishment of an institution to mirror relations between India and Nepal is proposed for 
India and Bangladesh. Despite its promising name, the Indo-Bangladeshi Joint Rivers Commission, was 
formed with jurisdiction over Farakka only and has been ineffectual in facilitating cooperative water 
development between India and Bangladesh. The duties of the Joint Rivers Commission, therefore, should 
be subsumed under the proposed framework. 

Articles I and II. These establish the Indo-Bangladeshi Ministerial Council as a mirror institution 
to the Indo-Nepalese Ministerial Council. Article II establishes the new council's responsibilities. 

Article III. Identical to article IX of the proposed treaty between India and Nepal, this section 
specifies the mandate for the ministerial council. 

Article IV. Again, a two-tiered institutional framework is created with the intent that the second 
tier provide technical expertise and day-to-day operation. 

Article V. This section provides legitimacy to the new institution. 

Article VI. The inclusion of article VI provides assurance that the sovereignty of the contracting 
parties is not threatened by entering into the agreement. 

Article VII. This is included under the same rationale for identical wording in the lndo-Nepalese 
treaty: equal funding indicates equal status as a signatory. 

Article VIII. Once again, the final article is important because its inclusion represents the 
recognition by both parties that cooperation is in the interest of both parties. 

The remaining text of the treaty is standard. The treaty should last for at least ten years to give it 
some measure of insulation from current events. 

Summary 

The purpose of establishing a bureaucratic framework is to institutionalize cooperation among the 
coriparians. Development is certainly a long-term goal and requires a lasting institutional framework. 
This particular framework was selected because it combines elements of two successful institutions. 

One reason cited for the success of the Murray-Darling Commission is that no state had to give up 
an undue amount of authority or power.42 Sovereignty is particularly important to the states of the 
Ganges-Brahmaputra basin. Because it would affect sovereign states rather than territories of one nation, an 
efficacious framework must allow the contracting parties not to sacrifice (or at least do not perceive they 
sacrifice) any part of their rights as self-governing nations. The details of the proposed treaties provide the 
essential framework for predictable interaction between the riparian partners. Confirming the adage 
"nothing succeeds like success," institutions can learn from what has already worked successfully.43 

Fulfilling another characteristic of successful cooperative development and following the Mexican
American model, the two-tiered structure separates technical and political discussions while providing the 
necessary technical advice to each party through its respective commissioner.44 

Despite the advantages that the proposed framework will provide to facilitate conflict resolution 
and cooperative development in the Ganges-Brahmaputra Basin, the existence of the institution alone will 
not meet this objective. The most important element in negotiation is recognition of shared interests and 
lost opportunity, and adoption of these or other joint institutions would move the coriparians from words to 
action. 
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Appendix A. 
An Econometric Model Examining the Relationship 

between Electrification and Growth in Real GDP 

Nepal and India have projects on the boards that would be among the five largest in the world. 
Comparable projects in other countries have been in existence for a nwnber of years: the Aswan High Darn 
in Egypt, the Akosombo Darn in Ghana, the Kariba Darn between Zambia and Zimbabwe. This study 
looked at the historical data for these projects to see whether there was any statistical relationship between 
large-scale hydroelectric power and economic growth. For perspective, other factors were considered 
besides electrification: capital formation, foreign aid, and the effect of the 1973 oil shock. The aim was to 
abstract a lucid picture of past experience that could support policy-making in similar countries with 
projects still on the boards. 

It was hypothesized at the outset of this study that the relationship between electrification and 
economic growth would be both positive and significant, although the degree of confidence was not high. 
Nor was there a great deal of conviction about the influence of capital formation on gross domestic product 
(GDP) growth. Because gross capital formation is in fact a component of GDP, one would expect this 
relationship to be fraught with multicollinearity. So instead, the focus was on changes in the rate of gross 
capital formation divided by nominal GDP. By definition, then, changes in the rate of capital formation 
would always tend to be offset by countervailing changes in national consumption. Thus the question here 
is whether high spending or high savings brings about more growth in a poverty-ridden economy. Keynes 
very clearly favored the latter hypothesis, but for the purposes of this study there was little confidence 
Keynesian theory would easily translate to the volatile dynamics of Third World economies. 1 

Hydroelectric generation differs tremendously from thermal in many economically important 
ways: no air pollution, higher capital requirements, lower operating costs, and greater peak-load flexibility, 
just to cite a few. Therefore the soundest theoretical approach seemed to be an exclusive examination of 
only those developing countries which rely on hydroelectric sources for more than half of their power 
needs. The conclusions thus would be more pertinent to countries of similar circwnstances. 

Five countries were examined: Egypt, Ghana, Malawi, Zambia and Sri Lanka. All were less
developed countries during the 1960s, and each of the first four gets most of it electricity from a single 
hydroelectric plant that came on line during the period covered by the regression. The time series for each 
country covered from 20 to 30 years. (Although Zimbabwe shares Lake Kariba with Zambia, data on 
Zimbabwe were too sparse and fragmented to be of use.) The data sets included real GDP, nominal GDP, 
nominal Gross Capital Formation, foreign aid and production of electricity. In addition, two "dummy" 
variables were included to distinguish the years during which a colllltry was served by its major 
hydroelectric station, and the years following the worldwide oil shock of 1973. 

Ideally, the observations for each country would have covered two or three decades both prior to 
and following the inauguration of a major hydroelectric station. In settling for only the most reliable data, 
however, such a long data history was not obtainable. Data were taken from the U.N.'s World Energy 
Supplies and from the International Monetary Fund's International Financial Statistics. The time horizon 
for the data was limited because developing countries simply haven't been keeping track of national 
accounts very long and also because the available UN publications went only through 1979. For example, 
real GDP figures prior to 1972 were unavailable for Zimbabwe, leaving that country with a paucity of full
data observations. 

The dependent variable was the percentage of change in real GDP in any given year for each 
country. The explanatory variables included: 

ELECTRIC, the logarithmic value of the percentage of change in electrical generation (in 
kilowatt-hours) the previous year; 
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BIGVOLT, a dummy variable to indicate the years a country was served by a major hydroelectric 
generating station (one that could or did provide more than half the nation's electricity); 

CAPFORM, the current year's gross capital fonnation as a share of nominal GDP; 

PREVCAP, the previous year's gross capital fonnation as a share of nominal GDP; 

AlDSHARE, the amount of foreign aid received in relation to current nominal GDP; 

PREV AID, the previous year's foreign aid in relation to nominal GDP; 

OILSHOCK, a dummy variable indicating the years following 1973; 

EGYPT, a dummy variable indicating data for Egypt; 

GHANA, a dummy variable indicating data for Ghana; 

MALAWI, a dummy variable indicating data for Malawi; and 

ZAMBIA, a dummy variable indicating data for Zambia. 

For the variable ELECTRIC, data for power generation were lagged one year behind current GDP 
to account for the time necessary to replace nonelectric technologies with electric ones. It was also 
transfonned to its logarithmic value in order to reduce the influence of those observations for which this 
value was unusually high. (Negative values were transfonned by taking the negative of the log of the 
absolute value. Plotting each estimated value of CH GDP against its associated residual showed the 
accuracy of the model was not harmed by these transformations.) Thus the variable ELECIRIC is an 
approximation of the input elasticity associated with changes in the availability of electricity. Defining the 
variable in this way takes account of the fact that in underindustrialized countries such as the five 
examined, a 170 percent jump in available electricity (the maximum in the data set) may be no more 
productive than an increase half that size; the existing infrastructure simply may not be able to absorb that 
much. 

The main regression aggregated all data for each of the five countries. This provided enough data 
points to allow for a valid statistical inquiry; the variables showed no indication of multicollinearity or 
autocorrelation when tested. The results were taken as a picture of the short-tenn effects of large-scale 
electrification. Conclusions about the long-term effects could be derived by comparing mean values for 
distinct periods. The sample was split into two subsets distinguishing between the years a country was 
served by a major hydroelectric station and the time prior to it A second split-sample analysis contrasted 
the times before and after the oil shock of 1973. 

Despite the inclusion of dummy variables to account for possible differences between countries, 
there was a danger that important differences could be swept under the statistical rug by examining all the 
data at once. Wholesale differences in long-term industrial policies could conceivably make simple 
aggregation inappropriate, so separate country-by-country regressions were also done to complement the 
comprehensive one. The regressions by country reduced the time series to an uncomfortably brief period 
for some countries, however, so the comparison could at best be a formal one. Separate analyses were done 
only for Egypt (18 observations), Ghana (22 observations) and Sri Lanka (22 observations). There were 
too few observations for Malawi and Zambia to justify separate regressions. 

The Combined Analysis 

The aggregate regression showed that changes in electrical generation were statistically irrelevant 
to any change in the following year's real GDP for the five countries examined (see table 9.) Even less 
significant was the distinction between periods before and after the start-up of a major hydroelectric station. 
This lack of significant effect was seen graphically when changes in real GDP were plotted against the 
adjusted changes in electrical generation from the previous year. The scattergram showed no discemable 
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Table 9. 
Aggregate Regression Models for Factors Influencing Real GDP Growth 

All Observations Without Influential Observations 
F value: 2.214 2.713 
R2: 0.2554 0.3020 
adjusted R2: 0.1400 0.1907 
N: 83 81 

Variable Estimate T-Statistic Estimate T-Statistic 

ELECTRIC -0.145 -0.254 0.243 0.464 
BIGVOLT -0.057 -0.026 1.019 0.517 
CAPFORM -0.620 -2.993** -0.332 -1.628 
PREVCAP 0.830 3.788*** 0.587 2.845*** 
AID SHARE 1.845 1.808* -1.017 -0.644 
PREVAID -0.979 -1.048 0.788 0.677 
OILS HOCK 0.250 0.146 0.293 0.189 
EGYPT -0.236 -0.091 -1.443 -0.617 
GHANA -2.157 -0.999 -2.576 -1.329 
MALAWI -1.760 -0.619 -0.977 -0.366 
ZAMBIA 1.072 0.283 1.943 0.571 

• Significance level of 90 percent 
•• Significance level of 95 percent 
••• Significance level of 99 percent 

pattern, with nearly all the data clouded between GDP changes of -5 percent to 15 percent and between 
electricity production increases of 0 to 25 percent. 

By far the strongest influence was the rate of capital fonnation. The implication is that the more a 
developing economy invests in it.self, the more it will grow. Specifically, starting from about 10 percent, 
each percentage point increase in the rate of capital fonnation will increase the following year's GDP by an 
increment of 0.83 percentage points, with everything else held constant The time lag between the 
explanatory variable PREVCAP and the dependent variable CHGDP establishes clearly that savings 
influences GDP, not the other way around. Moreover, since gross capital formation is a component of a 
different year's GDP altogether, the relationship cannot be tautological. 

The rate of capital formation for the current year was also significant and negative, suggesting 
that less consumption drags down the current year's GDP (although the next year's growth more than 
compensates for the loss). But the statistical results may overstate the actual trend. In 1975, Zambia's gross 
capital formation jumped to 38 percent of nominal GDP (from 26 percent in 1974) while its real GDP fell 
2.4 percent This influential data point gave statistical significance to an explanatory variable whose effect 
otherwise would have been negligible, as was shown when this observation was dropped from the second 
regression. Although there was no compelling justification for actually dropping this observation, its 
influence suggests the fragility of any conclusion drawn from this model about the effect of the current 
year's rate of capital formation. However, it is important to note that even without this observation, the 
previous year's rate of capital formation was still significant at the 99 percent level. 

Foreign aid also appeared to be a significant factor in economic growth, but again the outcome 
was affected by an influential data point: 1975, when Saudi Arabia and Kuwait gave Egypt massive 
economic aid to support reparations after the debilitating Yorn Kippur War against Israel. 2 Excluding 
military assistance, reported and confirmed grants came to about $500 million for that year alone, and a 
number of additional economic agreements between King Faisal and President Anwar Sadat were never 
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Table 10. 
How Major Hydroelectric Projects Affected Mean Values 

(All countries) 

During Years During Years 
Served by Major Prior to Major 

Hydro Station Hydro Station AU Years 

Annual growth in real GDP(%) 5.55 5.12 5.28 
(standard deviation) (5.68) (4.88) (6.31) 

Yearly increase in generation(%) 21.8 10.27 14.57 
(standard deviation) (29.1) (7.08) (28.22) 

Rate of capital fonnation (%) 16.9 18.3 17.8 
(standard deviation) (9.6) (4.8) (6.3) 

made public. GDP that same year jumped 14.3 percent. Given this irrefutably unique magnitude and the 
fact that the parameter for foreign aid lost most of its significance without this observation, there was little 
reservation about dropping this observation from the regression. 

An unexpected finding was the apparent insignificance of the post-1973 oil shock, an event that 
was clearly a major change in the world economy which (at least according to conventional wisdom) 
affected non-OPEC countries of the Third World more severely than the industrialized countries. Yet for 
the five countries examined, distinguishing the post-oil shock years made no difference in the descriptive 
accuracy of the model. No influential data points were detected, so it may be reasonable to conclude that 
the oil shock in fact had little overall economic effect on these five countries. 

The design of the global model was such that it gave a picture of the short-tenn effect of each of 
the descriptive variables. In this broad context the immediate economic consequences of electrification 
were negligible. But what about the long-tenn structural impact? Sample means were used to examine this 
question, with the assumption that a large-scale hydroelectric dam (BIG VOLT) theoretically represented a 
structural change of such magnitude that it warranted a "before-and-after" examination. The results are 
shown on table 10. 

Slightly faster long-tenn growth was associated with years and countries served by major 
hydroelectric stations, although the differences weren't striking enough to support a sound statistical 
inference. Moreover, the standard deviations suggest that neither of these two means tells a consistent story. 
GDP change varied from a 16 percent decline to a 20 percent increase for the BIGVOLT years, and from a 
7 percent decline to a 24 percent increase for the prior years. Yet even though these means by themselves 
point to no strong pattern, they clearly run counter to what happened in the rest of the world. Real GDP 
growth for all non-OPEC developing countries declined throughout the 1960s and 1970s, with average 
annual growth of 4.1 percent for the seven years prior to the oil shock and only 3.4 percent for the six years 
following. Thus the countries with major hydroelectric stations, while perhaps not realizing any notable 
acceleration in economic growth because of their big capital investment, at least avoided the slowdown that 
beset everyone else. 

The Country-Specific Regressions 

Sovereign states vary in the natural resources available to them and in their chosen industrial 
policies. Thus completely different forces could have shaped the estimates for each of the five coWltries 
examined - forces so distinct as to warrant independent regression models for each. Both experience and 
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Table 11. 
Short-Term Influences on Economic Growth in Egypt 

1963-1979 1963-1973 
F value 5.557 4.491 
R2 0.5619 0.3329 
adjusted R2 0.4608 0.2588 
N 17 11 

Variable Estimate T-Statistic Estimate T-Statistic 

ELECTRIC 1.5781 2.366** 1.5781 2.119* 
PREVCAP -12.7294 -0.605 not included 
OILSHOCK 5.3881 2.719** not included 

• Significance level of 90 percent 
•• Significance level of 95 percent 

Table 12. 
Long-Term Effects of Aswan High Dam on Egypt's Economic Growth 

All Years 
(N=l8) 

Aswan High Dam 
During Before 
(N=l2) (N=6) 

Oil shock 
During Before 
(N=6) (N=l2) 

Growth in GDP (%) 
(standard deviation) 

5.36 
(4.12) 

5.60 
(4.48) 

4.88 
(3.62) 

8.89 
(3.13) 

3.60 
(3.41) 

Growth in generation(%) 
(standard deviation) 

7.38 
(6.66) 

6.82 
(6.46) 

8.52 
(7.54) 

8.45 
(8.16) 

6.85 
(6.12) 

Rate of capital formation(%) 
(standard deviation) 

16.6 
(4.8) 

16.4 
(5.9) 

16.9 
(1.6) 

20.7 
(5.6) 

14.6 
(2.3) 

theory thus raise an important question: how would results for the individual countries vary from the results 
of the aggregate model? 

Unfortunately, to answer this question demanded a serious statistical ttadeoff. For any given 
country, even a consistent industrial policy would at most cover only four decades, post-World War II up 
through the 1980s. The scarcity of reliable data cut this down to 22 years even in the best case. This 
comparison of individual nations to the aggregate model could only be informal and not statistical. 

The first analysis was for Egypt In the initial exploratory data analysis, the raw data points 
measuring GDP changes to previous years' electric generation were plotted on a scattergram with each data 
point marked by its corresponding year. Two visual patterns emerged, and the transition point was 1973-74 
the year of the oil shock, and particularly relevant to Egypt, the year of the Yorn Kippur War against Israel. 
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On this basis, two separate regressions were run (see tables 11 and 12.) The first model included a 
dummy variable to account for the time following the oil shocks and the war; it measured the apparent 
relationship between GDP growth, electricity, and capital formation. The second dropped altogether the 
years following 1973, and looked only at GDP and electrification. It was expected that if the first model 
were reasonably valid, then the parameter estimate and t-statistic for the second would not vary 
significantly from the first. As table 11 shows, there was in fact no significant difference. 

In contrast to the broad analysis, the results for Egypt showed a positive and significant correlation 
between electrification and the following year's economic growth. The implication was that a 5 percentage 
point increase in electrical production was associated with a 2.54 percentage point growth in real GDP the 
following year. (Recall that the variable ELECTRIC is the logarithmic value of the percentage change in 
electricity production. Thus, the marginal impact of 1.578 would be multiplied by the natural log of the 
electrification increase.) Also in contrast to the aggregate model, the rate of gross capital formation had 
little statistical effect on Egypt's rate of economic growth. 

The long-term picn.rre was less clear. Mean annual growth of real GDP was 0.8 percentage points 
greater during the years following the start-up of the Aswan High Dam's generators, but there was evidence 
of significant inconsistency. The standard deviations were almost as large as the means themselves, and the 
minimum and maximum values showed wide fluctuations (ranging from 1.7 percent to 11.8 percent growth 
before Aswan, and from -1.3 percent to 14.3 percent once Aswan began generating electricity). One 
explanation that may reconcile the two pictures is that Aswan stimulated strucn.rral changes in the Egyptian 
economy, and the immediate activities associated with the transition accounted for the short-term 
correlation between electrification and GDP. The newly structured economy thus realized a slightly higher 
general pattern of long-term economic growth (as shown by the mean values), but one that was no less 
erratic since it faced the same volatile exogenous forces: war, political unrest, changes in world trade 
patterns. 

Another point relevant to Egypt is that it already had excess industrial capacity when Aswan first 
began generating electricity in 1967. In fact, the economic crisis which beset the end of Gamel Nasser's rule 
was led by a crisis of underutilization, declining productivity, and a severe trade imbalance. So whether 
Egypt's relative success in the latter half of the decade was due to good policy, the easy absorption of 
excess capacity, or the overall impact of the Aswan High Dam is difficult to determine statistically. 

The regressions for Ghana also seemed to tell their own story. There was a hint of correlation 
between electrification and economic growth, although somewhat less than with Egypt (see tables 13 and 
14). However, the significance level for ELECTRIC in this model was less than compelling, and not quite 
enough for a statistical inference. Also interesting (but again less than significant) were the results for the 
dummy variable BIG VOLT, which suggested that the economy actually did worse after the Volta River 
Project (the Akosombo Dam) began generating more than half the country's electricity. Here, history lends 
insight The same year the switch was opened on the Volta River Project, a military coup d'etat ousted the 
Marxist prime minister Nkrumah, who had held power ever since Ghana's independence in the mid-l 950s. 
Both prior to the coup and in the years immediately afterwards, the country's economic and industrial 
policies were visibly faltering, as substantiated in this study by the negative correlation between Ghana's 
capital formation and economic growth. 3 

As table 13 shows, taking oil shocks into account significantly reinforced the statistically negative 
relationship between the rate of capital formation and economic growth. Surprisingly, however, it also 
showed electrification as having minimal and very uncertain effect on GDP growth, which would 
substantiate the fragility of the relationship. As expected, the results for OILSHOCKS indicated Ghana's 
economy performed worse after 1973-74 than before. 

Of the five countries examined, only Sri Lanka had no single major source of hydroelectric power. 
(1t was included in this study because nearly all of its power comes from a number of medium-scale 
hydroelectric plants.) It was unique in that the growth of its electricity production was more regular than 
that of the other four countries. Despite this, the separate regression for Sri Lanka showed virtually no 
relation between changes in generation and economic growth. Yet it did show a strong one-to-one 
correlation between the rate of capital formation and real GDP growth the following year: each percentage 
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Table 13 
Short-Term Influences on Economic Growth in Ghana (1959-78) 

Model 1 Model 2 
F value 2.040 2.573 
R2 0.2537 0.3771 
adjusted R2 0.1293 0.2306 
N 20 20 

Variable Estimate T-Statistic Estimate T-Statistic 

ELECTRIC 1.1318 1.557 0.6514 0.744 
PREVCAP -99.867 -1.641 -131.991 -2.206** 
BIGVOLT -9.2272 -1.701 -9.3532 -1.834* 
OILSHOCK not included -5.9603 -1 .835* 

* Significance level of 90 percent
•• Significance level of 95 percent 

Table 14 
Long-Term Effect of Akosombo Dam on Economic Growth in Ghana 

Akosombo Dam Oil Shock 
All Years During Before During Before 
(N=22) (N=12) (N=lO) (N=S) (N=17) 

Growth in GDP(%) 3.19 2.68 3.81 -0.45 4.26 
(standard deviation) (5.61) (7.27) (2.85) (8.15) (3.41) 

Growth in generation(%) 17.63 24.30 9.63 2.03 22.22 
(standard deviation) (37.03) (49.91) (4.98) (3.69) (41.20) 

Rate of capital formation(%) 14.l 10.2 18.3 9.8 15.3 
(standard deviation) (4.7) (1.9) (2.8) (2.2) (4.6) 

increase in the national savings rate was related to a similar increase in GDP the following year (see tables 
15 and 16.) 

Taking the three country pictures together, the story told by the mean values for capital formation 
complemented the results of the global regression. Egypt's rate of capital formation remained remarkably 
steady throughout most of the time examined. This was also the case for Sri Lanka (see table 16). Yet this 
pattern was conspicuously absent for Ghana, which alone showed a significantly negative correlation 
between GDP growth and the rate of capital formation. The mean values show that Ghana exhibited less
than-average GDP growth across the board, in contrast to Egypt and Sri Lanka which both were near the 
norm for most periods. The empirical conclusion that an unstable pattern of capital formation inhibits 
economic growth fits both theory and history. Some economists say the failure of Nkrumah's economic 
policies led to a crisis of investment in Ghana in the mid-1960s, and the political instability following the 
coup that outsted him in 1967 constrained any recovery. 
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Table 15. 
Short-Term Influences on Economic Growth in Sri Lanka (1959-1978) 

F value: 1.330 
r2: 0.1814 

adjusted r2: 0.0450 
N: 20 

Variable Parameter Estimate T-Statistic 

ELECTRIC -0.0945 -0.122 
PREVCAP 100.6961 1.975* 
OILSHOCK 0.9073 0.501 

*Significance level of 10 percent 

Table 16 
Long-Term Growth Trends in Sri Lanka 

Oil Shock 
Annual Percentage AU Years During Before 
(standard deviation) (N=22) (N=S) (N=17) 

Growth in GDP 5.18 4.86 5.27 
(3.14) (1.47) (3.51) 

Growth in generation 9.27 5.71 10.32 
(5.46) (6.74) (4.75) 

Rate of capital formation 15.1 15.1 15.1 
(1.8) (2.9) (1.4) 

Conclusions 

Abundant electricity by itself is no guarantee of economic vigor. Coupled with a sound economic 
policy, however, it can prove an indispensible element for a developing country's growth. Electrification 
represents a quantum leap in productive technology, but the ability to take advantage of it depends on a 
nation's aggregate capital investment, which depends to a large part on the availability of capital. 

Results of the aggregate model suggest one of three possibilities about the relationship between 
electrification and economic growth. One is that no relationship exists between electrification and 
economic growth. Alternatively, the effect may be exclusively long-term with no significant effect on 
short-term growth. A third possibility is that the slight influence electrification may have exerted on 
economic growth in these five countries was overwhelmed by other stronger factors such as national 
savings or foreign aid. An examination of patterns of mean values tends to support a combination of the 
latter two possibilities. 

What kind of development policy does all this suggest for a poor country rich in hydroelectric 
potential? The tremendous capital costs of hydroelectric projects can be offset by overall economic growth 
if: 

•economic policies stimulate savings and domestic capital formation; 
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•entrepreneurs (small-scale as well as large) convert to more productive electric technologies; 

•education and training enable the labor force to adapt to the new technologies; 

•the new technologies result in a higher value-added component to domestic output; and 

•the new industries reduce the country's reliance on imported goods. 

These results support the first two policy recommendations strongly; the others, while implied by 
the results, still need more research. If this study were replicated, more recent data should be obtained both 
from the UN and the IMF to expand the data series to allow the inclusion of Zimbabwe. The model's 
descriptive power would be strengthened by including variables for the country's balance of payments, 
share of GDP attributed to agriculture, and worker productivity (although lack of data might make the latter 
unfeasible). The variable for the current rate of capital formation should be dropped. 

Policies related to the five objectives listed above can enable a developing country to recover 
much of the cost of hydroelectric power through accelerated economic activity. If successful, these 
straightforward economic benefits would add to the basic benefits of better health care (for physicians, 
working by electric light is more sanitary than by kerosene lantern), better education (for teachers, class is 
more productive if their students can see the blackboard), and better social opportunities. But without the 
coordination of government policy that encourages the population to work hard and save, electrification 
alone will fail to stimulate growth. 
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Notes 

1John Maynard Keynes, The General Theory ofEmployment, Interest and Money (New York: 
Harcourt, Brace, Jovanovich, 1936), see esp. ch. 3. 

2 Yusuf J. Ahmad, The Absorptive Capacity ofthe Egyptian Economy (Paris, Organization of 
Economic Development and Cooperation, 1971). 

3 Tony Killick, Development Economics in Action: A Study ofEconomi.c Policies in Ghana 
(London: Heinemann, 1978). 
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