segments and indeed, there is enough evidence for the
same. However, there are regional differences in this
regard. Evidence from Nepal suggests that government
subsidies have played an important role in popularizing
groundwater irrigation, while evidence from Bangladesh
suggests that government subsidies had hardly any role to
play. Another important aspect explored in this survey was
the regional variations in distribution of electric and diesel
based water extraction mechanisms (WEMs). That there
exists a wise “energy divide” in South Asia was clearly
brought out. This so called energy divide is quite ironic in
nature. Thus, the poverty stricken and water abundant
areas in Eastern India, Nepal, and Bangladesh, where
groundwater can unleash unprecedented agrarian boom
are saddled with low capacity and high operating cost
diesel pumps, while regions with depleting groundwater
tables have a predominance of electric WEMs, paying
negligible power tariff. In this context, “energy irrigation
nexus” emerged as an important aspect of the
groundwater economy and perhaps the only handle that
the government has in managing this huge economy.
Water markets in South Asia has been a topic of great
interest to scholars and the views expressed as charted
seemingly two contradictory paths. On the one hand,
water markets have been hailed as important vehicle for

poverty alleviation and on the other hand, it has been
condemned as instrument for accumulation of surpluses
by rich water lords. Our survey, therefore, quite justifiably
concentrated on this aspect of the groundwater economy.
The results revealed a change in the regional spread and
intensity of the groundwater markets. Eastern India, Nepal
and Bangladesh have developed very vibrant groundwater
markets over the last decade or so, while, the much
documented water markets in the Western and Peninsular
India are on a decline. This basically reflects the amount of
groundwater availability across regions, and given the
widespread overexploitation in the hard rock regions, it is
not surprising that scale and intensity of groundwater
markets have declined. In fact, in such hard rock regions
of South Asia, groundwater has in fact contributed to
further immiserization of the rural poor. This is in sharp
contrast with the opportunities that groundwater offers in
the water abundant parts of the Ganga-MeghnaBrahmaputra basin.
Our findings underscore the need for refined and nuanced
analysis of groundwater socio-ecology in South Asia taking
into account both the spatial and temporal aspects of
change. It recommends adoption of groundwater policies
suitable to the regional realities of Asia.

III. PROTECTING FOOD AND LIVELIHOODS SECURITY THROUGH CONJUNCTIVE WATER
MANAGEMENT: THE CHALLENGE OF GROUNDWATER GOVERNANCE IN PAKISTAN
PUNJAB
Asad Sarwar Qureshi IWMI-Pakistan [a.qureshi@cgiar.org]
Increasing demand and deteriorating water quality has put
enormous pressure on the agriculture sector to use its
available water resources more efficiently and to improve
the productivity of water. These pressures are a result of
the increasing demand for food and ever declining
opportunities for the extension of irrigation to other areas
due to scarcity of land and water resources and high costs
of development. Increasing the productivity of water and
the sustainability of existing water resources is central to
fight poverty, to reduce competition for water and to
ensure that there is enough water for nature.

and predictable regime of crop production.
Studies have shown that crop yields have increased almost
by 150 to 200 percent due to the use of groundwater to
supplement rotational canal water supplies. As a result,
groundwater has become the heart of booming local
economies, and the mainstay of agriculture, food security
and rural livelihoods. But the current rates of groundwater
use in most of these regions are unsustainable. Rapidly
falling water tables and increasing salt contents in the
pumped groundwater imply that more expensive and poor
quality groundwater will have to be used for irrigation in
future. This impairs the Pakistan's capacity to feed its
growing population.

In semi-arid regions, scarcity of fresh water resources has
forced farmers to extract groundwater to supplement their
crop demands. Groundwater is now the largest source of
irrigation (50-60%) in South and Southeast Asia and North
China, and its use for cities is also rising rapidly. The extent
of groundwater development in Pakistan can be gauged by
the fact that in 1960 there were less than 1000 irrigation
pumps. Today it has over 0.5 million and groundwater
contributes upto 50% of the total water available at the
farm gate. The exploitation of useable groundwater
provided an opportunity for the farmers of these areas to
supplement their irrigation requirements and to cope with
the vagaries of the surface supplies. This has transformed
a situation of low and uncertain crop yields to more secure

Water logging and salinity in the Indus basin still remains
one of the key bottlenecks in managing land and water
productivity to the optimal levels, despite of immense
efforts. Secondary salinization associated with the shallow
groundwater tables and use of poor quality groundwater
for irrigation has further compounded the salinity
problems. Therefore, salt-affected soils have become an
important ecological entity in the Indus basin of Pakistan.
It is estimated that nearly 6 million hectares are already
afflicted with this menace, of which about half are located
in irrigated areas. About 40% of this area
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(2.7 million ha) lies in the Punjab province, which
produces more than 90% of Pakistan's total food
production. Another 1.0 million hectare is affected by
water logging. The above facts indicate that the agricultural
sector suffers deeply from both water logging and salinity.
About 75 percent of the population and about half of the
Gross National Product (GNP) are directly or indirectly
related to the agricultural sector. This shows that the
problems of water logging and salinity are not just
agricultural problems, but that they do affect the country
as a whole and ultimately the social fabric of Pakistani
society. Water logging and salinity have very adverse social
and economic effects on communities in Pakistan, causing
poor living standards in affected areas and health problems
for humans and animals. This situation has forced the local
population in many parts to migrate to other areas.

The problems of the Indus basin are complex because
good quality water resources are diminishing and the
demand for food is increasing, which means that the
productivity of water must go up. Reduced irrigation
applications can increase the risk of soil salinization due to
insufficient leaching. Drainage systems have the drawbacks
of being expensive to install and operate and to produce
highly saline effluent, which is a problem for downstream
users. Therefore the challenge is to utilize canal water and
groundwater (extracted from tubewells) optimally for crop
production while keeping groundwater table fluctuations
and salinity build up within the acceptable limits.
Over the past three decades, numerous efforts have been
made to develop guidelines for the use of different
quality waters for the irrigation and to reclaim salt8

recharge to aquifers. Technologies exist to provide almost
any degree of control required but their costs and upkeep
requirements differ widely. More importantly, combination
of institutions and management tools needed to effectively
integrate management of surface and groundwater is
lacking, particularly in developing countries. Sustainability
of irrigated agriculture through conjunctive water
management also demands the existence of effective
institutional arrangements and long-term on-farm financial
and economic benefits for the farmers to ensure that
conjunctive water management leads to increased farm
incomes and alleviate poverty. Therefore there is every
motivation to designate more capital and efforts to study
technical, institutional and management aspects of
conjunctive water management to ensure sustainability of
irrigated agriculture.

affected soils through biotic, physical and chemical
measures. In spite of huge investments, the success has
been limited because these efforts remained confined to
the farm and field level, and no serious attempt was
made to translate the implications of these findings to a
larger, system level. The research conducted to advise
farmers on the use of different quality tubewell waters
was based on field scale experiments and was not tested
for their long-term consequences on crop production
and environmental degradation. The results were
therefore regarded as local and short-term solutions and
could not get the attention of farming community.
Effective conjunctive water management requires effective
technologies for controlling surface water applications,
water logging, groundwater withdrawal, and artificial to

IV. POVERTY ALLEVIATION VERSUS MASS POISONING: THE DILEMMA OF
GROUNDWATER IRRIGATION IN BANGLADESH
M. Mainuddin IWMI-South East Asia [m.mainuddin@cgiar.org]
last 15 years (1981 to 1997). The development of
groundwater irrigation has increased livelihood of the
country. In one irrigation season, 3 laborers can get
employment for 3 months per hectare of land. According
to FAO, groundwater irrigation in Bangladesh has
increased the employment in agriculture since 1985 by 250
percent. Thus groundwater irrigation has emerged as a
formidable tool for livelihood improvement and poverty
alleviation in Bangladesh.

The growth of groundwater irrigation has been the
second most dramatic development in Asian agriculture
of the last two decades, after the spread of g reenrevolution technology. While many countries in Asia have
exploited their aquifers to supplement surface water
supplies, no country in the region is as dependent on
groundwater as Bangladesh. The total production and
average yield of rice, the predominant crop, have grown
from 9.8 million tons and 1.05 ton/ha respectively in 1972
to approximately 20 million tons and 1.97 ton/ha in 1999.
These production increases have resulted from a
substantial intensification of agriculture rather than from
increases in cultivated area. Cropping intensity has grown
substantially from 145% in 1975 to 175% in 1999. This
growth in intensity was driven by increased cultivation
during the dry season, made possible by the availability of
irrigation by groundwater through the rapid increase in
adoption of shallow tubewells. In 1999, of the 3.99
million ha of irrigated area, approximately 70% of
irrigation was dependent on groundwater. Therefore,
groundwater development coupled with the green
revolution has gradually enabled Bangladesh to emerge
from being a 'basket case' to partial self sufficiency in
staple food production and significant reductions in
poverty.

The advantages of exploiting groundwater irrigation
sources are under serious threat due to arsenic
contamination. Recent evidence has shown that
groundwater sources of 61 districts out of 64 are
contaminated with arsenic. Some researchers attribute
groundwater abstraction for irrigation as the cause of
arsenic contamination whereas others suggest that the
origin of arsenic rich groundwater is a natural
phenomenon that has no relationship with excessive
groundwater abstraction. Since the detection of arsenic in
drinking water, a great deal of effort has been diverted
towards the determination of the cause of contamination
Figure 7

To put the poverty profile in Bangladesh in brief, extreme
poverty prevails among 22.7% of r ural households and
moderate poverty among 29.2%. Besides these, another
class of the poor with vulnerability to income erosion
comprises about 21%. Another characteristic development
is the decline of malnutrition, which reached the lowest
level in 1996. Groundwater irrigation has helped mitigate
the poverty. The most recent estimate of the Human
Poverty Index (HPI) has dropped more than 20% during
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