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DEVELOPMENT AND MANAGEMENT ISSUES 

 
AN OVERVIEW OF WATER RESOURCES IN THE YELLOW RIVER BASIN1 

 
 

Zangxue Xu,2 Kuniyoshi Takeuchi,3 Hiroshi Ishidaira4 and Changming Liu5 
 
 

Abstract 
 

The Yellow River basin, an important agricultural and industrial region and the 
“Cradle of Chinese Civilization,” is facing serious water shortage. The particular 
climatological and hydrologic conditions together with the disproportional development 
of economics are currently making sustainable water supply a rather complex and 
difficult task. Even so, the population still continues to increase, which poses 
considerable pressure on the already overburdened water resources in the study area. 
Traditional supply-oriented water resources management has proven to be insufficient to 
efficiently integrate the socio-economic development, environmental ecosystem, and 
limited renewable water resources. The Yellow River should be envisioned from broader 
perspectives, not only to recognize the symbolic dimension of the water resources 
management from a source of public goods or commodity water, but also to regard the 
river basin as an ecosystem worthy of preservation and protection for future generations. 
An overview on the availability and demand aspects of the water resources in the Yellow 
River basin is presented, and the present and future situations of the water shortage are 
evaluated. In addition, perspectives on a new demand-oriented water resources 
management plan, in an effort to shift water resources management towards sustainability 
in the Yellow River basin, are proposed.     
 
Keywords: Yellow River, water resources, sustainable development, China 
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1.  Introduction 

 
One of the greatest challenges facing humankind is the concept of sustainable 

development, which is related to economic development, water scarcity, and 
environmental degradation. This concept, proposed a decade ago, offers a scientific 
framework to keep economic development sustainable without jeopardizing the 
ecosystem. Recently, the issue concerning sustainable water resources management has 
arisen. Sustainable water resources management includes supply and demand aspects, 
policy implementation, and participatory planning and envisioning (Mylopoulos et al., 
2003). In this new vision, the major issue is to integrate demand management into water 
supply planning to achieve rational balance between supply and demand of water 
resources (Döll and Hauschild, 2002; Hudson-Rodd and Shaw, 2002). Traditional, 
supply-oriented management has led to the overexploitation and depletion of freshwater 
resources. Therefore, new sustainable schemes with a good balance between water 
conservation, demand management, and the development of new supplies should be 
formulated. Actually, the scarcity of water resources has already led many countries to 
introduce the demand-oriented water management in the agricultural section in place of 
the existing supply-oriented water management during the past several years (Kijne, 
2001).  

 
In China, four major issues – water shortage, flood, water pollution, and 

groundwater overexploitation – have posed a great challenge for the water authorities. Of 
500 large cities, more than 300 cities have been in shortage of water (Zhang and Zhang, 
1995). China was and will continue to be confronted with serious water scarcity. Besides 
the insufficiency of available water resources, the distribution of water resources within 
the country is very imbalanced. The northern part of China, including the Yellow River 
basin, is particularly water scarce. The increased periods and lengths of the drying-up of 
the lower Yellow River, disappearance of natural lakes, and sustained declining of the 
groundwater levels all sounded the alarm for the water authorities in China. The Yellow 
River, known as the “River of Mother” for the Chinese, is the second longest river in 
China. It sustains more than 100 million people who depend upon the river and its 
tributaries for their daily life (Chang et al., 1998). Due to the devastating floods and high 
sediment loads, the Yellow River basin has been the focus of the water management in 
China during the past two millennia. Flood has been traditionally a major problem in the 
Yellow River basin and has caused millions of deaths over the millennia. For example, a 
flood in 1117 killed more than one million persons; 340,000 were killed in 1642; and 
18,000 in 1933 (Ongley, 2000). Recently, with the rapid development of economics, 
water shortage issues in the Yellow River basin have become increasingly more serious. 
The basin has experienced persistent water shortages during the last several decades. 

 
The Yellow River basin is ecologically fragile and has been seriously endangered by 

prevailing social and economic development during the past several decades. It is one of 
the basins suffering from water scarcity, and the limited water resources have been 
extensively overexploited to cover the increased demand (Xi, 1996; Chang et al., 1998; 
Xu et al., 2002). The Ministry of Water Resources (MWR, 1999) estimated that the 
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annual renewable water resources per capita was only 749 m3, which is less than one-
third of the average in China, making the basin one of the driest area in the country. The 
average annual precipitation ranges from 100 to 800 mm, and evapotranspiration far 
exceeds annual precipitation over a large portion of the basin. Only the headwater areas 
experience a positive water balance, providing 56 percent of the water resources for the 
whole basin. The growing population, the increasing competed usage of water, and the 
degradation of ecosystem pose a serious threat to the sustainable water resources 
management in the Yellow River basin. The allocation of the limited water resources in 
the basin is one of the critical issues (Jha and Gupta, 2003). With the high rates of 
withdrawal due to the high population densities and other intensive water uses in the 
upper and middle reaches and tributaries, water shortage is becoming very serious in the 
downstream of the Yellow River basin. Large amounts of water are diverted from the 
upstream to irrigate cultivated land in Ningxia, Gansu, and Inner Mongolia, and it has 
considerably reduced the discharge in the downstream. The combination of less 
precipitation and high rates of water withdrawal resulted in the streamflow in the Yellow 
River to decline year by year. In 1972, the Yellow River dried up for the first time in the 
history of China, and no water flowed into the Bohai Sea over 15 days. From 1985 to 
1997, the river dried up nearly every year with the dry period becoming progressively 
longer. In 1996, the channel in the downstream was dry for 133 days, and it reached 226 
days in 1997. 

 
In this paper, an overview on the availability and demand of water resources in the 

Yellow River basin is presented. The objective of this investigation is to review the 
current situation of water resources system and to envision the perspectives of sustainable 
water resources management mainly on the basis of Chang et al. (1998), Zhu and Zhang 
(1999), MWR (1999), and other related studies. As for the methodology for estimating 
and assessing water resources in China, refer to Zhu et al. (2004) or related materials. The 
paper begins with an introduction of the geographical and hydrologic conditions in the 
Yellow River basin and is followed by a presentation of the available water resources and 
major water demand. Thereafter, the projected water demand in 2010 and the assessment 
on the security of the water supply in the study area are presented. This investigation is 
mainly based on a review of a number of scientific articles and books related with 
different aspects of the concerned topic. Despite the fact that much research has been 
done and numerous reports have been written on issues related to the water resources 
issue in the Yellow River basin, few attempts have been made to synthesize the different 
results in a systematic and analytical manner. This investigation is an attempt to create an 
integrated picture of the various issues related to water resources in the Yellow River 
basin. 

 
2.  Study Area Description 
 

The Yellow River, the second longest river in China, originates in the Tibetan 
Plateau and empties into the Bohai Sea. The basin lies within 32°N to 42°N and 96°E-
119°E. The length of the river is 5,464 km, and the catchment area is 752,000 km2. For 
the purpose to estimating the water availability and demand, the study area is 
physiographically divided into eight regions: river source-Longyangxia (UpLon), 
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Longyangxia-Lanzhou (LonLan), Lanzhou-Toudaoguai (LanTou), Toudaoguai-Longmen 
(TouLon), Longmen-Sanmenxia (LonSan), Sanmenxia-Huayuankou (SanHua), 
Huayuankou-river mouth (HuaMou), and Inland River basin, as shown in Figure 1. 
About 13.6 percent of the basin area is covered by forest, 15.9 percent is utilized for 
agricultural purposes, 37.1 percent is covered by grassland, and the rest (33.4 percent) is 
covered by water, dwellings, and other land uses. The total irrigated area in the basin is 
approximately 4.38 million ha, and irrigation is the major water user in the basin. There 
are several large irrigation schemes; most are associated with reservoirs and large water 
diversion schemes, and most of the irrigation water used in the basin is from the surface 
storage reservoirs. The amount of surface water withdrawn in 2001 was 33.7 km3, and the 
amount of groundwater withdrawn in the same year was about 13.8 km3. Both take 70.8 
percent and 29.2 percent of the total amount of water withdrawn in 2001, respectively.  
 

 
Figure 1.  Map of the study area and its location in China 

 
 

The Yellow River basin is characterized by complex climatic variability. In winter, 
northerly winds from high latitude areas bring dry and cold atmosphere into the basin, 
while the summer climate is dominated by warm and wet air masses. The headwater and 
southern side of the basin receive relative heavy precipitation, while the Loess Plateau in 
the middle stream of the basin is hot and dry in summer and receives little precipitation. 
The average annual precipitation in the Yellow River basin from 1950 to 1997 is 449.9 
mm (Zhu and Zhang, 1999). The average annual precipitation over a period of 48 years 
from 1950 to 1997 are found to be 426.4, 289.8, 439.3, 561.2, and 674.2 mm over the 
major river sections from the river source to Huayuankou, respectively. The greatest 
precipitation occurs on the eastern side of the basin (Sanmenxia-Huayuankou) and the 

The boundaries and names shown and the 
designations used in this map do not imply official 
endorsement or acceptance by the United Nations 
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smallest occurs in the upstream from Lanzhou to Toudaoguai, as shown in Figure 2. 
Similar characteristic was also shown by stream flow. It should be noted that there is 
essentially no rainfall in the low reach because of the “suspended” channel (Zhu et al., 
2004). Approximately 80 percent of annual precipitation occurs between May and 
October. Figure 3 shows the seasonal variation of the precipitation. These characteristics 
pose a great challenge for the efficient use of surface water resources in the Yellow River 
basin. 
 
 

 
Figure 2.  Average annual precipitation and runoff depth in the Yellow River basin 

 
 

Figure 3.  Monthly precipitation in the Yellow River basin 
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2.1  The Geography of the Yellow River Basin 
 

Over the area of 752,000 km2, the Yellow River flows through seven provinces 
including Qinghai, Gansu, Sichuan, Shaanxi, Shanxi, Henan, and Shandong provinces, 
and two autonomous regions including Ningxia and Inner Mongolia. As shown in Figure 
4, the headwater starts on the Bayankela Mountain and flows eastwards making a turn to 
the northeast near Lanzhou. The river runs northward for approximately 1,000 km and 
then turns eastward in the Inner Mongolia Autonomous Region. After passing Baotou 
City the main stem bends southward and flows again for another approximately 1,000 km 
along the boundary between Shanxi and Shaanxi provinces. At the confluence with the 
Wei River, it turns sharply to the east near Tongguan in Henan Province. After flowing 
eastern for approximately 400 km, the river turns northeast near Kaifeng City in Henan 
Province and flows through the Shandong Province into the Bohai Sea. The Yellow River 
basin is divided into three reaches: the upstream, middle stream, and downstream 
reaches. The upstream reach is situated on the Tibetan Plateau at an altitude of more than 
3,000 m above sea level. It covers an area from the river source in the Bayankela 
Mountain to Hekouzhen in Inner Mongolia Autonomous Region with a length of 3,472 
km. The middle stream is mainly situated on the Loess Plateau at an altitude of 1,000 to 
2,000 m above sea level. It stretches from Hekouzhen in Inner Mongolia, running along 
the boundary between Shaanxi and Shanxi provinces to Huayuankou in Henan Province 
with a distance of 1,206 km. The downstream is situated on the alluvial plains in Henan 
and Shandong provinces, and stretches over 786 km from Huayuankou to the river mouth 
at the Bohai Sea. 
 
 

 
Figure 4.  Main stem and the major tributaries in the Yellow River basin 
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The topography in the Yellow River basin varies markedly from the source to the 
river mouth. The upstream is composed of mountainous terrain, rangeland, farmland and 
grassland. Only 9 percent of the area is cultivable with several well-irrigated sites in 
Ningxia Province and Inner Mongolia Autonomous Region. The middle stream has a 
diverse landscape on thick layers of deposited aeolian loess. The downstream reach is 
relatively homogenous and made up of the alluvial floodplain of deposited sediment. 
When the Yellow River runs through the Loess Plateau, the intensive soil erosion results 
in losses of a vast volume of silt that will be discharged into the river channels. On an 
average, the river carries 35 kg of suspended sediment per cubic meter of water. The 
maximum sediment concentration occurred in the main stem near Longmen on July 18, 
1966 was 933 kg/m3. A total of 1,000 to 1,500 kg/m3 were recorded for several times in 
tributaries including Huangpu, Wuding, and Kuye rivers, and 1,700 kg/m3 was also 
recorded in Kuye River (Chen, 1996). An average of 1.6 billion tons of sediment enters 
the main stem channel at Huayuankou annually, of which about 1.2 billion tons are 
finally carried into the Bohai Sea. 

 
2.2  Hydrologic Conditions in the Yellow River Basin 
 

Floods, sedimentation, and water shortage have been the dominant issues for the 
management of water resources in the Yellow River basin for thousands of years. With 
the development of economics in the basin during the past several decades, water 
resources and water pollution have becoming a barrier to the sustainable development in 
the study area. The water resources in the Yellow River are scarce, and the distribution of 
water resources is very uneven in time and space. In an average year, the basin drains out 
approximately 58 km3, which is equivalent to an annual runoff of 80 mm. Roughly 56 
percent of the runoff comes from the headwater from the source to Lanzhou, where an 
average runoff of 145 mm is generated annually. However, the densely populated middle 
reach of the basin only generates an annual runoff of less than 70 mm, and hardly any 
streamflow is generated from Lanzhou to Hekouzhen. During the past several decades, 
both surface and groundwater resources have been over-extracted to a degree leading to 
drying-up of the main stem and several meters of the land subsidence in some places. 
River desiccation has a serious influence not only on water supply but also on dilution of 
effluents and on the aquatic and wetlands environment in the study area. For the water 
resources management in the Yellow River basin, the major challenges will be to: (1) 
mitigate desiccation by upstream discharge regulation; (2) manage conflict within and 
among upstream, middle stream, and downstream users; and (3) deal with the issue of 
water and soil conservation within the whole watershed, especially in the middle reach. 

 
The Yellow River basin is characterized by a continental temperate climate with two 

distinct seasons: a warm wet summer with high precipitation and evaporation from June 
to October, and a dry cold season with low evaporation and precipitation from January to 
April. The rainy season usually contributes to about 50 to 80 percent of the annual 
precipitation, partly due to intensive rainstorms (Zhu and Zhang, 1999). Annual 
precipitation is only around 449.9 mm, but the annual potential evaporation rate may be 
three to four times higher than the annual precipitation. The variability in annual 
precipitation is also remarkable. In a wet year precipitation may be as high as 700 mm, 
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while in a dry year, only 200 mm. Due to the significant differences in the temporal and 
spatial distribution of precipitation, the amount of runoff also varies markedly from 
month to month, year to year, and between different regions. Figure 5 depicts the spatial 
and temporal distributions of average annual precipitation over the basin (Zhu and Zhang, 
1999). The areas of the greatest precipitation are located in the southern and southeastern 
part of the basin, mainly on Qinling Mountain. The smallest precipitation occurs in the 
area from Lanzhou to Toudaoguai. 
 
 
 

 

Figure 5.  Average annual precipitation distribution along the Yellow River 
 
 
3.  Available Water Resources in the Yellow River Basin 
 

The limited water resources in the Yellow River basin cannot meet both current and 
future demands in the study area. With only 2.6 percent of the nation’s water resources, 
the basin has to meet the needs of 9 percent of the total cultivated area and 12 percent of 
the total population in China. The precipitation and streamflow are not only insufficient 
in absolute terms, but also very much unevenly distributed temporally and spatially. Of 
the annual precipitation of 400-600 mm, about 70 percent fall in the rainy season from 
June to September, and the precipitation between July and August accounts for nearly 50 
percent of the annual precipitation. It was and will continue to be a great challenge for the 
rational water supply in the Yellow River basin. 
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3.1  Surface Water Resources 
 

The available surface water resource is estimated by the naturalized streamflow 
sequences, which represents the natural flows that would have occurred in the absence of 
water uses and water management facilities (Muttiah and Wurbs, 2002). It is usually 
obtained by adjusting the measured flows recorded at gauging stations and removing the 
impacts from the filling/releasing of upstream reservoirs, water diversions, and return 
flows from both surface and groundwater sources. For sites with relatively undeveloped 
basins, small adjustments may result in good estimations. In extensively developed river 
basins such as the Yellow River basin, however, quantifying and removing all effects of 
human activities is by no means an easy task. Figure 6 gives the amount of water 
resources affected by human activities in different river segments from the river source to 
Huayuankou over various periods (Zhu and Zhang, 1999). It is obvious that a major 
effect occurred in the area from Lanzhou to Toudaoguai, and the amount increased year 
by year with the largest value in the 1990s at 11.1 km3. This amount of water was mainly 
diverted for irrigation. Relatively, the amount on water resources affected by human 
activities from Toudaoguai to Longmen is the smallest one with the average of 0.33 km3. 
Figure 7 further shows the long-term changes of the water resources affected by human 
activities from the river source to Huayuankou. From the 1950s to the 1990s, it increased 
gradually. The change between the 1980s and the 1990s, however, was very small. This 
may result from the serious drought that occurred in the study area during the 1990s and 
the corresponding water-saving policy initiated by central and local water authorities.     

 
 

Figure 6.  The runoff affected by humankind activities in different area 
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Figure 7.  The runoff affected by humankind activities at the upstream of the Huyuankou 
 

Based on the amount of water resources affected by human activities, the measured 
streamflow sequences can be adjusted to the naturalized streamflow time series. Figure 8 
gives the naturalized streamflow sequences estimated by the Yellow River Conservancy 
Commission for Lanzhou and Huayuankou stations (Zhu and Zhang, 1999). The average 
annual runoffs at two gauging stations are 32.8 km3 and 55.9 km3, respectively. Adding 
the runoff from the tributaries from Huayuankou to the river mouth, it is estimated that 
the annual runoff in the Yellow River basin is 58 km3. However, it should be pointed out 
that the average runoff after the 1950s is marginally below this value, and the figure from 
the 1990s only averaged 43 km3 annually, being 25 percent lower (Zhu et al., 2004). 
Figure 9 gives the comparison between the measured and naturalized runoff in two areas: 
the river source to Lanzhou and Sanmenxia to Huayuankou. As expected, the effect in 
upstream was small, as shown in Figure 9a. On the contrary, the effect of human 
activities on streamflow in the middle or downstream reaches of the river would be 
significant, as shown in Figure 9b.  

Figure 8.  Annual naturalized runoff at Lanzhou and Huayuankou (1920-1997) 
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Figure 9a.  Comparison of the observed and naturalized runoff at Lanzhou station 
 
 

Figure 9b.  Comparison of the observed and naturalized runoff from Sanmenxia to 
Huayuankou 
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generated from Lanzhou to Toudaoguai, while a large amount of surface water is 
withdrawn for irrigation there annually. The seasonal distribution of the annual runoff 
from the river source to Huayuankou is given Figure 11. The temporal unevenness of the 
surface water resources is easily understood. More than 30 percent of the runoff occurred 
in only two months, August and September, and the runoff generated over four months 
from July through October accounts for nearly 60 percent of the total annual runoff (Zhu 
and Zhang, 1999). 
 

 

Figure 10.  Naturalized runoff distribution over different periods 
 

 

Figure 11.  Temporal distribution of annual natural runoff from the river source to 
Huayuankou 
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3.2  Groundwater Resources 
 

In some studies, groundwater is neglected in the estimation of the available water 
resources. At global scale this is acceptable, because renewable groundwater resources 
usually represent only a small proportion of the total river runoff, e.g., 5% for Africa 
(Shiklomanov, 2000). However, for basins located in arid regions such as the Yellow 
River basin, renewable groundwater can represent a significant part of the total volume of 
renewable water resources. In the study area, the mean value of the available 
groundwater resources is estimated at nearly 40 km3 annually, and it varies greatly in 
space. In terms of absolute value, the largest groundwater resources are located in the 
area from the river source to Lanzhou at 15.2 km3 per year. The smallest value is found in 
the area from Huayuankou to the river mouth at 2.5 km3 annually. The spatial distribution 
of the groundwater resources has quite similar characteristics with that of surface water 
resources, as shown in Figure 12.  
 

 

Figure 12.  Spatial distribution of available surface and groundwater resources 
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In contrast, only 5 percent and 5.4 percent of the available water resources are generated 
from two areas: Lanzhou to Toudaoguai and Huayuankou to the river mouth. 
 
 

 
Figure 13.  Spatial distribution of available water resources in the Yellow River basin 

 
 

Figure 14 shows the amount of water resources withdrawn for different regions in 
2001 (YRCC, 2003). As expected, the region from Lanzhou to Toudaogui diverted the 
largest amount of surface water (15.8 km3), accounting for 47.1 percent of the total 
amount of surface water withdrawn in the same year. The region from Huayuankou to the 
river mouth has the second largest share at 25.5 percent of the total withdrawal for 
surface water. In contrast, the region from Longmen to Sanmenxia has the largest share 
of groundwater withdrawal (5.5 km3), accounting for 40.7 percent of the total 
groundwater withdrawn in 2001. Figure 15 further shows the ratio of surface water 
withdrawal to groundwater withdrawal in different regions. The headwater has the largest 
shares of surface water withdrawal: 85.1 percent and 85.8 percent of the water resources 
in river source to Lanzhou and Lanzhou to Toudaoguai were provided by surface water. 
The water resources downstream of Huayuankou to the river mouth were also mainly 
supplied by surface water with 71.2 percent of the share. It should be noted that the above 
assessment on available water resources are based on a stable climatic condition and does 
not take into account the possible global climate change caused by the increasing of 
greenhouse gases in the atmosphere. Integration of the global warming processes into the 
water resources management is especially important in arid/semi-arid regions such as the 
Yellow River basin, where the hydrologic characteristics are usually very sensitive to 
seemingly insignificant climate changes. This will be further investigated in the ongoing 
studies. 
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Figure 14.  Water withdrawal in different regions in 2001 
 
 
 

Figure 15.  The ratio of surface/groundwater withdrawal in 2001 
 

 
3.3  Reservoir Development 
 

Development of reservoirs may lead to transformation of streamflow and change 
the spatial and temporal distribution of the runoff and, thereby, increase the available 
water resource during low-flow seasons and dry periods. Reservoirs began to be 
constructed several thousands years ago. However, as an objective on a global scale, most 
of the reservoirs were developed in the 20th century, and nearly all the large dams with 
the capacity of more than 50 km3 have been constructed during the past 50 years 
(Shiklomanov, 2000). Reservoirs are the basis for large-scale water resource systems 
regulating the extent and duration of streamflow as well as protecting populated areas 
from floods and inundations. Due to the requirements on water supply from agricultural, 
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industrial, and domestic uses as well as the need from flood control and hydropower 
generation, nearly 3,000 reservoirs have been developed in the Yellow River basin during 
the past 50 years (Chen, 1996). Table 1 lists the large dams built along the main stem of 
the Yellow River, and their locations are shown in Figure 4. Presently, the total capacity 
of the reservoirs in the Yellow River basin is more than 70 km3, far exceeding the annual 
streamflow runoff (58 km3) in the basin. In other words, the efficiency of water resources 
development in the study area far exceeds the safety critical value. Once a serious 
drought that lasted for a long period (e.g. the drought in the 1930s) occurred, water 
supply in the Yellow River basin will be a great challenge for water authorities and 
government. 

 
Table 1.  Reservoirs on the Main stem of the Yellow River 
 

Basin 
area 

Dam 
height 

Water 
level 

Total 
capacity 

Effective 
capacity 

 
Name 

(104 km2) (m) (m) (km3) (km3) 
Longyangxia (D1) 13.1 178 2,600 24.70 19.35 
Lijiaxia (D2) 13.7 165 2,180 1.65 0.06 
Liujiaxia (D3) 18.2 147 1,735 5.70 4.15 
Yanguoxia (D4) 18.3 55 1,619 0.22 0.01 
Bapanxia (D5) 21.6 33 1,578 0.05 0.01 
Daxia (D6) 22.8 71 1,480 0.09 0.06 
Qingtongxia (D7) 27.5 42.7 1,156 0.57 0.32 
Sanshenggong (D8) 31.4 9 1,055 0.08 0.02 
Wanjiazhai (D9) 39.5 90 980 0.90 0.45 
Tianqiao (D10) 40.4 47 834 0.07 0.04 
Sanmenxia (D11) 68.8 106 335 9.64 6.04 
Xiaolangdi (D12) 69.4 173 275 12.65 5.05 

 
 
4.  Water Uses in the Yellow River Basin 
 

Before 1950, only a very small amount of water was withdrawn and used in the 
Yellow River basin. With the rapid development of economics since the 1950s, 
particularly after the 1980s, the rapid increased demand on water has put  great pressure 
on the limited water resources in the study area. Due to the progressive population 
growth and socioeconomic development, the demand on freshwater resources in the 
Yellow River basin will continue to grow in the future. The rate of water utilization in the 
Yellow River basin ranks the second highest after the Hai River basin among major river 
basins in China. Almost half of the total annual runoff has been used for agriculture, 
industry, and domestic purposes, of which agriculture has the highest share of water 
withdrawal. The amount of water use is generally influenced by a variety of factors such 
as population, level and type of economic activities, and weather conditions. The level of 
water use may differ across various sectors. For example, the industrial sector use water 
mainly as production input; instead the domestic sector uses water mainly as a direct 
consumption (Hussain et al., 2002). In this study, the water uses are aggregated into four 
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sectors: domestic use including livestock uses in rural areas, agricultural, industrial, and 
environmental and in-stream flow requirements. 

 
4.1  Domestic Water Use 
 

Domestic water use includes residential uses as well as the water use by commerce 
and public institutions such as schools and government offices. It is usually estimated as 
the product of the water use per capita and the total population. The Yellow River basin 
is responsible for the domestic water supply for more than 100 million people. However, 
the population is not evenly distributed in the basin. As shown in Figure 16, the highest 
population number is found in the area from Longmen to Sanmenxia (45.1 percent), 
mainly centered in the Wei River basin, which has been one of the economic, cultural, 
and political centers for thousand years. The second highest area is from Huayuankou to 
the river mouth in Henan and Shandong provinces (13.2 percent). These are also two of 
the most densely populated areas in China. The headwater from the river source to 
Longyangxia has the lowest population at only 0.4 percent. 
 

 
Figure 16.  Spatial distribution of the population in the study area 

 
 

During the past several decades, urban growth has far outpaced the general growth 
of population in all countries, both developed and developing (Helweg, 2000). China is 
also not an exception. With the growth of population and the development of economics, 
more and more people have and will continue to move into urban areas. The rapid 
urbanization has greatly boosted the domestic water uses. In rural areas, the rising income 
levels have enabled more rural households to turn to piped systems, and the amount of 
domestic water uses in rural areas has also increased significantly. According to Jin and 
Young (2001), the total annual domestic water use in China was only 1 km3 in 1949. It 
then increased from 2 km3 in 1965 to 20 km3 in 1993. This amount further increased to 
54 km3 in 1998. In the Yellow River basin, the amounts of domestic water uses are 1.14 
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and 1.35 km3 in urban and rural areas (including livestock uses) in 1990, respectively. 
These values have increased to 1.84 and 1.52 km3 in 1993, and further reached 2.27 and 
1.6 km3 in 2001, as shown in Figure 17. Of the 3.87 km3 of the domestic water uses 
withdrawn in 2001, surface water accounts for 37.8 percent and groundwater 62.2 percent 
(YRCC, 2003). In other words, nearly two-thirds of the domestic water resources were 
supplied by groundwater. As expected, the region from Longmen to Sanmenxia withdrew 
the highest share of domestic water for both urban and rural areas at 0.8 and 0.6 km3, and 
accounts for 36.4 percent and 39.2 percent, respectively. The region from Huayuankou to 
the river mouth is the second one after Longmen to Sanmenxia. The area from Lanzhou 
to Hekouzhen also withdrew much water for urban domestic uses (0.4 km3 per year). 
 

 

Figure 17.  Domestic water uses in different regions in 2001 
 
 
4.2  Industrial Water Use 
 

Industrial water use is usually estimated as a function of the industrial gross 
domestic products (GDP) and the specific industrial water use per GDP. The industry in 
the Yellow River basin has been developed rapidly over the last decades, and the amount 
of industrial water use has also experienced a drastic increase. Between 1980 and 1993, 
the industrial water use increased from 2.79 to 5.45 km3 in the Yellow River basin, and 
this value further reached 6.19 km3 in 2001. In the industrial water uses in 2001, surface 
water accounts for 45.1 percent and groundwater accounts for 54.9 percent of the total 
amount (YRCC, 2003). Although the rate of groundwater is not as high as that for 
domestic water uses (54.9 percent versus 62.2 percent), it also plays a major role for the 
industrial water supply in the Yellow River basin.  

 
The spatial distribution of the industrial water uses in 2001 is given in Figure 18. 

Similar to the domestic water uses, the region from Longmen to Sanmenxia has the 
highest share of industrial water uses (30.4 percent); the region from Lanzhou to 
Toudaoguai has the second highest share (20 percent). The area from Toudaoguai to 
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Longmen has the smallest share (2.7 percent). The shift of the economic development 
from eastern to middle and western China implies that the Yellow River basin would 
become more critical as a source of water for the growing industries in the future.  

 
 

 

Figure 18.  Spatial distribution of the industrial water uses in 2001 
 

 
4.3  Agricultural Water Use 
 

The amount of irrigation water use is a function of irrigated area, type of irrigated 
crop, and climatic conditions. According to Goklany (2002), agriculture accounts for 38 
percent of the land use, 66 percent of the freshwater withdrawals, and 85 percent of the 
freshwater consumption worldwide. In the United States, it accounts for one-third of 
surface water withdrawals and two-thirds of groundwater withdrawals and is responsible 
for 85 percent of water consumption. The Yellow River basin is considered to be a 
typical agriculture area with approximately 85 percent of water being used by the 
agricultural sector presently. In the study area, there are a number of large irrigation 
districts, particularly in three regions – Lanzhou-Hekouzhen, Longmen-Sanmenxia, and 
Huayuankou-river mouth – where approximately 35.98 km3 of water is used to irrigate 
about 5.28 million ha of land annually, which accounts for 88.3 percent of the total 
irrigated area and 88.4 percent of the total amount of irrigation water in the Yellow River 
basin, as shown in Figure 19 (Chang et al., 1998). Most of these irrigation districts have 
limited reservoir storage and depend largely on the daily streamflow in the river.  
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Figure 19.  Spatial distribution of irrigated area in the study area 

 
 

The irrigated area in the Yellow River basin was 3.78 million ha in 1980, and it 
increased to 4.1 million ha in 1993. But the water use for irrigation in the study area 
decreased slightly from 30.6 in 1980 to 29.9 km3 in 1993. In 2001, the Yellow River 
provides 37.1 km3 of irrigation water for the cultivated land inside and outside of the 
basin, in which 29.8 km3 of water resources were consumed (YRCC, 2003). Figure 20 
shows the amount of agricultural water use in different regions, and shows that the region 
from Lanzhou to Toudaoguai consumed the most water for agriculture with the share of 
44.6 percent. The region from Huayuankou to the river mouth has the second highest 
share at 16.2 percent. However, the region from Toudaogui to Longmen withdrew quite 
little water for agriculture and only accounts for 2.4 percent of the total amount of 
agricultural water in 2001. As in the other basin of China, surface water is the major 
sources for agriculture, and groundwater accounted for only about 20.9 percent of the 
total agricultural water in 2001.  

 
Competition between agricultural and other sectors over the limited water resources 

in the Yellow River basin is likely to intensify in the future. The water use for irrigation 
in the study area will be expected to remain more than 50 percent of the total water use. 
Increasing the efficiency of agricultural water use, therefore, has the highest priority as it 
has a great potential in contributing to solve the water scarcity in the Yellow River basin. 
Improving the water use efficiency by cutting down losses of conveyance, evaporation 
and over-exploitation, on the one hand, and improving the agricultural yield per unit flow 
of water and unit area of land, on the other hand, will be a major challenge in the 
agricultural water resources management in the Yellow River basin. 
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Figure 20.  Agricultural water uses in different regions in 2001 
 

 
In many parts of the world, the constraint on agricultural development is limited to 

the availability of irrigation water. This problem is particularly aggravated in arid and 
semiarid regions due to the fact that quantity and quality of the irrigation water supply are 
strongly associated with the variability of surface water resources (Mohan and 
Jothiprakash, 2003). The Yellow River basin where nearly 21 percent of the irrigation 
water is supplied by groundwater aquifer, without doubt, will also face the same problem 
in the future. Figure 21 shows the amount of water withdrawal (including surface water 
and groundwater) for different sectors in 2001 (YRCC, 2003). It can be seen that all 
regions have the largest shares for agricultural water uses. The largest one was found in 
the region from Lanzhou to Toudaoguai with 89.8 percent of the water was used by 
agricultural sector. The second highest share was found in the region from Huayuankou 
to the river mouth at 83 percent. Even the smallest one, found in the region from 
Sanmenxia to Huayuankou, reached 60.7 percent. The largest share of industrial water 
use among four sectors in six regions was found from the river source to Lanzhou at 25.6 
percent, and the second largest one was in the region from Sanmenxia to Huayuankou at 
25 percent, as given in Figure 22. The largest share of domestic water withdrawal for 
municipal and rural uses was found in the region from Longmen to Sanmenxia with the 
share of 15.6 percent, and the second largest share was found in the region from 
Sanmenxia to Huayuankou at 14.4 percent.  
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Figure 21.  Amounts of water withdrawn by different sectors in 2001 
 

 
 

Figure 22.  Ratio of water withdrawn by different sectors in 2001 
 
 
4.4  In-stream Ecosystem Demand 
 

Traditionally, the ecosystem itself is rarely considered as a water user, although the 
healthy existence of the ecosystem clearly depends on adequate fresh water (Postel et al., 
1998). Correcting this oversight is particularly important in the Yellow River basin, 
because the surface streamflow was over-allocated and there was little surplus left to 
sustain ecological functions. The reservoir operation has also been detrimental to aquatic 
ecosystems somewhere in the basin. Allocating water to the river system itself will be 
beneficial for the restoration of the ecosystem in the study area. The Yellow River is also 
unique in the world in that a significant amount of the discharge has to be allocated for 
sediment flushing. Some aspects of these issues have been partly neglected in the past 
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practices of water resources management and the ecological water requirements are not 
explicitly included in the previous sectoral water allocation in the Yellow River basin. It 
is estimated that a 15 km3 of water is needed for sediment flushing, and 5 km3 of water 
need to be maintained for biodiversity protection and sustenance of grasslands, wetlands, 
and fisheries at the mouth of the river. The ecological water requirement for the study 
area is then estimated to be over 20 km3 annually (Zhu et al., 2004). This figure is about 
one-third of the historical runoff and nearly half of the average annual runoff over the dry 
decade of the 1990s.  
 
 
5.  Projected Water Demand and Water Resources System Assessment 
 

In most regions of the middle stream and downstream reaches of the Yellow River 
basin, the groundwater resources are gradually being depleted, and the ability to 
successfully meet the demands of water for increased population without jeopardizing the 
ecoenvironmental systems will become increasingly difficult in the future. Several 
projects to divert water to the areas outside of the Yellow River basin are being 
implemented or are in planning. These projects have or will have a substantial impact on 
the streamflow regime of the Yellow River. Rapid urbanization in these areas will need to 
increase water supplies by transferring water from agricultural sector and by importing 
water into the area. Once surface water rights were completely appropriated, the transfer 
of water rights from agriculture to municipal and industrial uses will become one of the 
important selections to satisfy new demand on water (Crifasi, 2002). For the planning 
horizons in 2010, the future water demand is identified for domestic, irrigation, and 
industrial sectors. In order to estimate the domestic demand, population projections were 
used for low, medium, and high population growth rates and three different per capita 
demands were proposed (MWR, 1999).  

 
Due to the space limitation, only the medium scenario is presented in this paper. 

Figure 23 shows the shares of the water demand for different sectors in various regions 
(Chang et al., 1998). Although the percentage of irrigation water has to be decreased in 
the future, several regions such as these from Lanzhou to Hekouzhen and from 
Huayuankou to the river mouth will still need much water for agricultural sector, both 
accounts for 88.4 percent and 84 percent. The smallest share is found in the headwater 
area from the river source to Longyangxia at 34.7 percent. Figure 24 further shows the 
shares of different sectors at the basin scale. The agriculture has the greatest share at 68.4 
percent. The industry has the second greatest share at 17.2 percent, and the domestic 
sector will need 7.3 percent of the total water withdrawal, and another 7.1 percent of the 
water will be used by in-stream ecosystem and diverted to the regions outside of the 
Yellow River basin. 
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Figure 23.  Shares of water demand over various regions for different sectors in 2010 
 

 
 

 

Figure 24.  Share of water demand for different sectors projected for 2010 
 

 
When water shortage is assessed, available water resources must be estimated 

firstly. Depending on the occurrence probability, dry year (p=95%), medium dry year 
(p=75%), and average year (p=50%) are usually used to estimate the amount of water 
resources. Due to the space limitation, only the result for an average year will be given in 
this paper. Figure 25 gives a clear picture of the “low-scenario” water demand for an 
average year in the Yellow River basin in 2010 (Chang et al., 1998). The highest water 
demand is found in the region from Huayuankou to the river mouth, and the lowest water 
demand is at the headwater from river source to Longyangxia. There is a great difference 
between the water availability and water demand (Figure 13). The comparison of demand 
and availability shows a significant imbalance and indicates that demand should not be 
increased somewhere unless more water is made available through improved 
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management options. Figure 26 shows the amount of water shortage in different regions 
in the Yellow River basin.  

 
The discrepancy between availability and demand of water will result in a 2.0 to 5.0 

km3 water shortage by the year 2010 (Chang et al., 1998; MWR, 1999). The major region 
in water deficiency will be from Longmen to Sanmenxia including the Fen River and Wei 
River basins, the center of economics in Shanxi and Shaanxi provinces. The region from 
river source to Lanzhou has enormous water availability with very low water demand. 
The unstable river-dependent water supply against demand from Lanzhou to Hekouzhen 
and from Huayuankou to the river mouth creates a need for storage space to trap the 
water, and new storage schemes need to be considered for this part of basin. These 
regions provide less than the amount of needed water, thus discouraging the increase of 
demand for water. A relatively larger volume of water availability from Sanmenxia to 
Huayuankou can accommodate increase in water demand in the near future, but attention 
is strongly required to manage the water demands in dry years/seasons. 
 
 
 

 
Figure 25.  Spatial distribution of the water demand in the study area in 2010 
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Figure 26.  Spatial distribution of the water shortage in the study area in 2010 

 
 
6.  Discussion and Recommendation 
 

A major challenge for water resources management in this century is to satisfy the 
growing demands for water while protecting the aquatic ecosystems upon which the 
humankind and economic development depend. The shortage of water in the Yellow 
River basin together with the Hai River and Huai River basins has posed a great 
challenge for the water authorities on both local and national levels in China. In the arid 
Yellow River basin with rapidly growing populations and economics, the challenge 
appears daunting. Water shortage in the study area has occurred for many years. Water 
diversion from outside the basin, like the South-North Water Transfer project, is quite 
necessary. Although the water shortage in the Yellow River basin will only be resolved 
from the construction of the West Route in the near future, both East and Middle Route 
will definitely decrease the burden of the Yellow River for transferring water to North 
China.  

 
In addition, more effective and integrated water resources management considering 

both floods and droughts is urgently needed. In order to reduce the threat from the 
shortage of water resources in the Yellow River basin, conventional supply-oriented 
water resources management practices should be replaced with more effective demand-
oriented management, particularly within the agricultural and industrial sectors. The 
additional water demand from the expanded population cannot be avoided but need to be 
minimized to an extent by adopting measures for a more effective and rational use and 
allocation of the limited water resources. The vision for water resources planning, 
development, operation, and management should be the development of policies and 
strategies that promote water conservation practice in the future. Adaptation strategies 
should be paid close attention in order to develop robust water resource systems and 
techniques, e.g., supply adaptation such as installing canal linings, changing location of 
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water intakes, using closed conduits instead of open channels, integrating separate 
reservoirs into a single system, using artificial recharge to reduce evaporation, and 
alternative management of existing water supply systems such as changing operation 
rules, using conjunctive surface/groundwater supply, changing priority of releases, and 
physically integrating reservoir operation systems.  

 
The escalating water demands have been mainly satisfied by the construction of new 

reservoirs to date. Many dams have been built and more are being planned in the middle 
stream of the Yellow River. The rate of reservoir development in the Yellow River basin 
is higher than most of the major rivers in China, and the rate of water utilization is 
already very high. Most of the suitable sites for dams have already been used. At the 
same time, water demands continue to increase with ongoing growth of population, 
urbanization, and modernization processes. The study area is a typical basin where the 
increased demands for limited water resources are complicated by difficulties to manage 
a vulnerable ecosystem. The major challenges also include the high erosion rate of the 
Loess Plateau, the high sedimentation loads in the middle stream and downstream, the 
high flood risk in the downstream plains, and the increasing water pollution. Since the 
1970s, less precipitation, soil conservation practices, and sediment trapping reservoirs 
have decreased the sediment loads. Recently, water shortage and water pollution have 
received more attention in the Yellow River basin.  

 
The increased water needs throughout the basin are difficult to satisfy due to the 

high variability of precipitation in both spatial and temporal scales. Serious water scarcity 
frequently occurred. How to efficiently allocate the limited freshwater resources within 
the competitive sectors is a major challenge that is likely to receive increased attention in 
China in the future. Improvements in water allocation would enhance the aggregate 
benefits with the limited water supply. Water policies such as water pricing and 
allocation programs should encourage improvements in water resources management to 
reflect the water scarcity conditions. Meeting the needs of the present without 
compromising the needs of future generations will require a major economic, social, 
administrative, scientific, and political shift in the direction of sustainable development.  

 
Opportunities still exist in the Yellow River basin to increase the efficiency of water 

use and allocation in ways that boost water productivity, output per unit of water, while at 
the same time providing sufficient freshwater for environmental restoration. 
Conservation, increased efficiency, recycling, and reuse are among the most cost-
effective ways of meeting new water needs including ecosystem requirements (Postel et 
al., 1998; Al-Salihi and Himmo, 2003). For example, the potential for increasing the 
efficiency of water use in just one sector of the basin, the irrigation districts from 
Lanzhou to Hekouzhen, seems substantial. Most of the cultivated lands in this region are 
irrigated by flooding method, which are prone to substantial evaporation losses in arid 
climates. Only a few of the irrigated districts are watered by drip irrigation. With proper 
incentives such as taxes on freshwater over-depletion, improved irrigation efficiency 
would result in significant water savings. Pricing and policy reforms that promote 
investments in efficiency, conservation, reuse, and recycling are critical to moving toward 
sustainable water management, as well as to providing freshwater for rehabilitation and 
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protection of the fragile ecosystem. The demand-oriented water resources management, 
including different measures to improve water use efficiency on the distributive and 
consumptive level, such as changing the cropping pattern less consumable and more 
profitable crops as well as increasing the efficiency of the irrigation system within the 
agricultural sector, will make great contribution for the sustainable water resources 
development and management in the Yellow River basin.  

 
 

7.  Conclusion 
 

One important aspect to increase the water supply reliability in the Yellow River 
basin is the conjunctive use of surface water and groundwater resources. Integration of 
recharge and extraction of groundwater with surface water storage and utilization in a 
coordinated manner can substantially increase basin-wide water-use efficiency and 
reliability. Rational utilization of the surface water resources should be given priority. 
New water supply schemes should be investigated to store the excess water in wet 
seasons to increase the reliability of water supply in dry seasons. Promoting the 
conciliation of water rights during droughts on the basis of mutual concession will be 
another possibility to solve water scarcity. Because agriculture is a major water user in 
the Yellow River basin and the water use for irrigation is mostly consumptive, reducing 
the sensitivity of the agriculture to droughts, improving dry land management, 
diversifying agriculture crops, and selecting crop cultivation with strong tolerance to 
drought should be encouraged. In order to cope with drought effectively, the Yellow 
River basin should establish a system such as water bank so that the temporary water 
transfer between users can be made effectively during droughts.  

 
Integrated water resources management is a complex and difficult task in the Yellow 

River basin, which is unique for its sediment issue.  Keeping a good balance between the 
freshwater needed to flush sediment, the water resources required to augment the water 
supply within and outside the basin, and that needed to conserve the threatened 
ecosystems downstream presents a major challenge, which should be ranked as the 
number one basin-wide water resources management problem in the world. 
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Abstract 
 

Community water supply programmes are seen as instrumental for achieving the 
goal of ‘safe’ water for all. Women, a principal target group of these programmes, are to 
be benefited with greater convenience, enhanced socio-cultural opportunities and better 
health for themselves and their families, provided through improved water facilities. 
Water supply programmes largely consist of three essential components, namely: 
technology, people and institutions. Although such programmes are intended to benefit 
women members of local communities, scant attention is paid to the impacts of the socio-
cultural context of the community on these programmes. This article explores the 
influence of social and cultural intricacies on the implementation of community water 
supply programmes, and assesses their effectiveness. The article offers important lessons 
for the design and implementation of this type of programmes. It concludes that the local 
socio-cultural context sets the stage for programme implementation, being a dynamic 
factor that determines actual access to water sources, more so than mere physical 
availability, which is often used as a criterion for programme performance. The article 
stresses the urgent need to integrate socio-cultural factors as a fourth dimension in 
designing community water supply programmes, and suggests practical measures for 
enhancing the effectiveness of such programmes. 
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1.  Introduction 
 
1.1  Background 
 

Community water supply programmes are perceived to be instrumental in 
extending access to improved water supply for all. Women have been identified as a 
major group of beneficiaries, being primary users of domestic water, the objective being 
to bring greater convenience and enhanced socio-economic opportunities to women, and 
thus ensure better health for women users and their families. The concern with women’s 
water needs arises from the global recognition of the centrality of women’s role as water 
providers and managers, which began at the 1977 United Nations Water Conference in 
Mar del Plata, Argentina (UNESCO, 2003), recognized and reiterated thereafter at 
several global forums.10  

 
At the global level, it is recognized that women’s basic need is having access to 

an improved, convenient, reliable and safe source of water close to their home. With a 
focus on this aspect, community water supply programmes (CWSP) have been initiated 
throughout the developing world, aiming at providing women with improved water 
supply technologies. Action under this concern was intensified during the International 
Drinking Water Supply and Sanitation Decade 1981-1990 (IDWSSD) (Elmendorf and 
Isely, 1983; Deshingkar, 1995; Kalbermatten, 1991). In India, too, the IDWSSD and even 
the era preceding it, have seen tremendous emphasis on installing improved water supply 
technologies all over the country. Community water supply programmes were designed 
and implemented by different agencies -- State, non-governmental or private -- either 
independently or in partnership. In India, the State has largely shouldered the 
responsibility for rural water supply, attempting to reach out to every rural pocket across 
the length and breadth of the country through nationwide programmes. Over the last 
decade, the panchayat raj -- local government -- has been made a partner in this 
endeavour. In comparison, NGO-based initiatives have been sporadic as well as limited 
in coverage.11 More recently, private sector participation has also been sought in a new 
initiative to implement water supply projects, though mainly in urban areas.  

 
Irrespective of the agency responsible for design and implementation, these 

programmes are essentially built upon three basic components: 
• Technology 
• Institutional framework, and  
• The community. 
Among these, the first two are regarded as the ‘hardware’ and ‘software’ respectively, 

the right matching of which is believed to result in successful programmes. This match-
up should also be such that the community recognizes the benefits of the improved 

                                                 
10 Such a concern is reflected in the New Delhi Statement  (UNDP, 1990); Dublin Statement (1992) and 
Ministerial Declaration and Bonn Recommendations for Action (2001) (Appleton and Smout, 2003), to 
name a few.  
11 Well-known initiatives in this sector  include those of  SEWA in Gujarat (Maharaj, 1999) and Water Aid 
in the states of Maharashtra, Karnataka, Andhra Pradesh and Tamil Nadu (Water Aid, 2003). 
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supply, can afford at least the cost of operating and maintaining it, and has the skills, 
materials and tools available to sustain it (UNDP and World Bank, 1987). 
 
1.2  Problems 
 

In the initial phase, technology was thought to be at the root of the problems 
experienced with community water supply programmes using handpumps. Consequently, 
this aspect has been continuously upgraded, while the concept of village level operation 
and maintenance (VLOM) sought to overcome inadequacies in maintenance in order to 
secure long-term reliability and sustainability (UNDP and World Bank, 1987).  

 
Some may argue that the performance, reliability and sustainability of the 

technology enable us to judge the efficiency of a programme. However, technological 
concerns alone do not provide a sound enough basis for evaluating the programme in 
terms of equitable access by the targeted group – in this case women. Nevertheless, 
equitable access to water supply by women is necessary for the ultimate goals of the 
programme to be achieved, namely: greater comfort, better health and increased socio-
economic opportunities. Unfortunately, the effectiveness of the programmes from this 
perspective has seldom been evaluated. Perhaps it is assumed that once the water supply 
is installed and sustained, all targeted women will equitably access it, as communities are 
essentially homogenous. 
 

Actually, the problem arises from the fact that, despite assertions about its active 
role in operation and maintenance, the community has been conceptualized as a rather 
passive actor.12 What has been entirely overlooked is that communities are not mere 
‘empty vessels’ to be endowed with capacities for handling technology (van Wijk-
Sijbesma, 1985). Target communities provide the socio-cultural context within which the 
process of programme implementation unfolds and within which the intended 
beneficiaries, in this case primarily women, live as members. 

 
In view of the importance of the socio-cultural context of the community, this article 

raises some fundamental questions regarding the achievements of the community water 
supply programmes over recent decades. How effective are these programmes, 
particularly with regard to the immediate goal of providing women with access to 
improved, convenient, reliable and safe domestic water close to their home? How do the 
socio-cultural intricacies of local communities influence the real-life implementation of 
these programmes? What lessons can be learnt to improve performance?  

 
This article seeks to answer these questions through a micro-level analysis of the 

outputs of a State-run rural community water supply programme in India, and attempts to 
understand how socio-cultural factors interact in the process, and may thwart the 
performance with respect to women’s needs. The findings imply that the community’s 

                                                 
12 The need for and benefits of enhanced community participation – especially the women - in community 
water supply programmes has been increasingly highlighted in recent years and strategies have been 
defined for an effective approach to this issue (Fong et al., 1996; van Wijk-Sijbesma, 1995; Lidonde and 
Derbyshire, 2003; Maharaj, 2003; Appleton and Smout, 2003). 



 34

socio-cultural context plays an important role in the implementation of these 
programmes; practical means for enhancing the effectiveness of these programmes are 
suggested.  
 
1.3  The socio-cultural factors in community water supply  programmes 
 

Community water supply programmes in India are implemented in local 
communities, and the intended beneficiaries, in this case primarily the women, are 
members of the same communities. Social interaction among community members, and 
their rights, powers and opportunities are patterned according to the social organizational 
principles of the community in question. These social principles may also considerably 
influence issues such as access to and control over water sources, their distribution and 
utilization, decision-making regarding allocation, etc.  

 
Project donors often assume that everyone in a community equally benefits from the 

arrival of an improved water supply system, that everyone agrees, and that everyone 
participates in managing it, and, most importantly, that no one is excluded from its use. 
However, such social cohesion is a myth. In reality, communities are dominated by 
heterogeneity based on socio-cultural status (Schouten and Moriarty, 2003). Thus, 
everyone may not benefit from the water supply in the same degree: some may be 
favoured while others are excluded. For instance, women from minority groups have 
been observed to be denied access to communal water facilities; and in cultures imposing 
seclusion on women, it may not be possible for women to approach and use water 
facilities in public locations. It has also been reported that powerful people in a 
community influence the location of public handpumps (van Wijk-Sijbesma, 1985). 

 
As the data underpinning this article derive from a study of community water supply 

programmes in India, a discussion of the social organizational principles of local 
communities is relevant. Of paramount importance among these principles are caste and 
gender, coupled with other aspects of social heterogeneity, such as religion. 

 
Castes in the Indian social system are ranked, endogamous (in-marrying) groups, in 

which membership is determined by birth. Each caste is part of a local system of 
interdependent groups, linked through economic, ritual and social relationships (Beteille, 
1996). The Indian caste system may be seen as resting upon the basic principles of 
hierarchy and difference, and defined in terms of the opposition of the pure versus the 
impure (Dumont, 1988). The notions of purity and impurity are central to the principle of 
caste, and determine the respective civil and religious privileges or disabilities of the 
different groups (Ghurye, 1969). Social dynamics among the castes within a community 
are governed by the principle of dominance, i.e. a dominant caste is one that 
preponderates numerically over the other castes, and may also wield greater economic 
and political power. Higher position in the local caste hierarchy, access to western 
education and external occupations are also factors that enhance social dominance 
(Srinivas, 1959). A dominant caste will exercise control over the use and management of 
space and resources in its village and influence decisions affecting the lives of all 
community members. It has been observed that dominant castes in Indian villages 
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generally belong to the upper and sometimes middle categories of castes (Singh, 1988). 
 
The principle of caste is sometimes expanded to include other forms of social 

differentiation found in Indian villages, primarily ethnicity. Thus, groups such as tribals, 
or religious groups such as Muslims and Christians are perceived as distinct social 
entities. Patterns of social interaction based on the principle of dominance have an 
important bearing on inter-ethnic relations in mixed villages regarding access to and 
management of spaces and resources in the village. Even within a single ethnic group, 
perceptions of social hierarchy may cause differential behaviour based upon social status, 
economic position, etc.13 

 
Caste and ethnic groups residing in local communities are essentially ‘gendered’, 

meaning that men and women assume different behaviour, attitudes, roles and 
responsibilities (Seymour-Smith, 1986). Men and women may also differ in their social, 
cultural, economic and political attributes and opportunities (Woroniuk et al., 1997). 
Within anthropological theory on gender, these differences are thought to reflect a natural 
division between the domestic and public domains. However these domains are not 
exclusively linked to male or female but both women and men have culturally 
appropriate parts to play in both domains (Lamphere, 1974; Strathern, 1980; Pina-Cabral, 
1986; Harris, 1980). It is also argued that while women appear to be denied formal power 
and authority in the public sphere, they are not without individual power in the domestic 
sphere, which may even determine male activity in the public sphere (Friedl, 1987; 
Lamphere, 1974). Within this theory, gender is seen as a symbolic system, not fixed in a 
simple dichotomy but representing symbolic metaphors for types of action that may be 
ascribed varying social values and relate to other socio-cultural symbols and forms of 
experience. Gender is further seen as part of a complex system of thought that may relate 
to aspects such as age, generation, social status, etc. (MacCormack and Strathern, 1980; 
Harris, 1980; Pina-Cabral, 1986; Llewelyn Davies, 1981). In the Indian context, gender 
can be intricately related to the principle of social differentiation, leading to several 
complexities within the socio-cultural context of the communities where water supply 
programmes are implemented. 

 
1.4  Methodology  
 

The findings of this article result from preliminary observations in rural pockets 
of India, as well as in-depth field research. First-hand data was collected through 
ethnographic fieldwork in 15 villages in the states of Bihar, Jharkhand and Madhya 
Pradesh. The villages were selected on the basis of criteria such as multi-caste 
composition of the community; availability of traditional water supply sources; 
installation of new technology (handpumps) under State initiative. Fieldwork techniques, 

                                                 
13 For instance, a clear instance of social hierarchy was observed in the Munda tribe between the followers 
of the indigenous Sarna religion and the Christian converts. The former regard themselves as superior and 
tend to exercise control over village resources (Singh, 2000). Elsewhere it has been noted that conversion 
of ex-untouchables (the scheduled castes) to another faith has not made much difference to inter-group 
relations or to the social structure of the village (Jodhka, 2002); it has also been observed that caste exists 
among non-Hindus as well (Singh, 1977). 
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such as: participant observation; unstructured and structured interviews with key 
informants using open-ended questions; focus group discussions; and case studies were 
used.  

 

The sample of informants selected within the villages numbered 265 men and 230 
women, and were drawn from the different caste groups in the villages. A total of 11 
focus group discussions were held in the selected villages, of which five specifically for 
women. Case study data was also collected from three villages to obtain evidence of the 
interplay between caste and gender in the implementation process of any programme. 

 

The article is divided into five sections. The second section presents an overview 
of community water supply programmes implemented in India. The third section makes a 
micro-level assessment of the outputs of this programme while the fourth section presents 
a socio-cultural analysis of the problems that challenge achievement of programme 
objectives. The final section presents a conclusion to the discussion, highlights 
implications of the present study, and outlines suggestions for a more realistic approach 
to designing community water supply programmes. 

 

2.  Community water supply programmes in India: An overview 
 

State-initiated community water supply programmes in India have been 
implemented within national and international policy frameworks. The National Water 
Policy (1987 and 2002) recognizes the provision of adequate and safe drinking water 
facilities in rural regions as one of the priority areas for action. Similarly, the National 
Policy on Empowerment of Women (DWCD, 2001) emphasizes special attention to the 
needs of women in the provision of safe drinking water within easy reach of household, 
especially in rural areas. 

 
While rural water supply has been provided through the launch of a number of 

national level programmes, the oldest and most widespread has been the Accelerated 
Rural Water Supply Programme (ARWSP), initiated, in its present form, in 1972-1973. 
The programme aims to assist states in implementing schemes for supplying safe 
drinking water to villages, as rural water supply constitutionally is a state responsibility. 
Handpumps and piped water schemes were widely installed under the programme. This 
programme is still ongoing with the basic objective of ensuring coverage of all rural 
habitations, and especially to reach the ‘unreached’ with access to safe drinking water 
(Ministry of Rural Development, 2002). Women have been identified as the principal 
beneficiaries of ARWSP, based on the assumption that the availability of safe water 
sources close to their home will unburden women of the task of fetching water from 
faraway sources, thereby having a positive impact on health as well as offering  a variety 
of socio-economic opportunities. 

 
The programme guidelines define ‘access’ in the following terms: provision of 40 

liters per capita per day (lpcd) of drinking water for human beings; with one handpump 
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or stand post for every 250 persons; and the availability of a water source (either private 
or public) in the habitation or within 1.6 km in the plains and within 100 m elevation in 
hilly areas. For areas inhabited exclusively by scheduled castes or scheduled tribes14 or 
having a larger scheduled caste/scheduled tribe, a population smaller than 100 persons 
per water source is permissible. 

 
Potable water for humans is meant for meeting the following daily requirements: 

drinking, cooking, bathing, washing and ablution. 
 

A habitation that does not fulfil the above criteria is recognized as ‘not covered’ while 
one where capacity of the water supply system ranges between 10 lpcd to 40 lpcd is 
categorized as ‘partially covered’. Habitations that have a water source but are affected 
with quality problems are considered ‘no safe source’ habitations, at least for purposes of 
drinking and cooking. Areas classified as ‘not covered’ or having ‘no safe source’ are 
both prioritized for the provision of safe water, and if inhabited exclusively by scheduled 
castes and scheduled tribes, or having a larger scheduled caste/scheduled tribe population 
are also prioritized, even if the population covered by a single water source is less than 
100. In order to address water quality problems, assistance is provided to states within the 
ARWS programme for purposes such as: installation of treatment plants for 
defluoridation; removal of arsenic and iron contamination; establishment of water testing 
laboratories; organization of awareness, etc. Habitations classified as ‘not covered’ and 
‘partially covered’ habitations that are also affected by quality problems are prioritised.  
 
3.  Programme outputs: A micro-level assessment 
 

While the rural water supply programme in India exhibits a general focus on 
women as beneficiaries, there is particular concern for women from the ‘weaker’ sections 
of the population, namely the scheduled castes and scheduled tribes, who are identified as 
the most needy in terms of lack of access to safe drinking water. This section seeks to 
assess the achievements of the ARWS programme. 
 
3.1  Distribution of benefits of ARSWP 
 

Government of India statistics show that, out of a total number of 1,422,664 rural 
habitations in the country, 1,256,956 (88.4%) are fully covered with drinking water 
facilities, while 147,791 (10.4%) are partially covered (Ministry of Rural Development, 
2002). It is estimated that more than 3.5 million public handpumps and over 100,000 
piped water schemes have been installed in these habitations under the government 
programme (Planning Commission, 2002; Chakraborty, 2003). In the light of these vital 
and rather positive statistics, the critical question that arises is: has the coverage of rural 
habitations with handpumps ensured effective access to targeted users - the women of the 

                                                 
14 The terms scheduled castes (SC) and scheduled tribes (ST) refer to categories mentioned in the Indian 
Constitution. These categories are considered to be weaker sections of society whose interests need to be 
safeguarded and promoted. Socially, these groups are seen as occupying the lower rungs of local 
hierarchies. 
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community? Effective access here means that the targeted women are actually using the 
water source for the intended domestic purposes.  

 
In most cases, the public handpumps are installed at public locations - such as 

along main roads, near schools, health centers, community halls, etc. – on lands owned by 
the State or the local government. Ease of access for technical teams is often cited as one 
of the reasons determining the location (van Wijk-Sijbesma, 1985). A certain functional 
relevance can also be attributed to the pattern of siting, since a water source installed at a 
public location – compared to one on private land -- is expected to be more available for 
public access and use, thus being more suitable for achieving the objectives of the 
programme.  

 
The reality of user availability as observed in the field is, however, to the contrary. 

An early study of the effectiveness of the ARWS programme conducted by the Planning 
Commission of India showed that, in a sample of 99 villages across the country, while 
80% of the water points were installed in public locations, only 16% were actually in poor 
areas, although such areas made up one third of the total village area (Planning 
Commission, 1980).  

 
The present study confirms the continued existence of this imbalance in the study 

area. Out of 44 public handpumps installed in the villages studied, only 9 were found to 
be in the neighbourhoods of the scheduled castes or scheduled tribes or in other poorer 
sections. Three case studies illustrate the extent of manipulation of the programme 
criteria, with negative impacts on the achievement of  the objectives.  
 
3.1.1 Case study of Lamkana Village 
 

In Lamkana Village, Shivpuri District, Madhya Pradesh, the only handpump was 
intended to benefit women of the scheduled castes. The pump was installed along the 
village main road next to the Brahmin neighbourhood. Although this is a public location, 
due to the social pressures imposed by the caste system, the location of the pump has 
implications for its effective availability to the intended beneficiaries. The Brahmins are 
an upper caste, and are also dominant in this village. Due to the expected social norm for  
the scheduled castes to keep out of the Brahmin neighbourhood, their women are 
excluded from accessing the pump. In addition, most of the Brahmin households are well 
off and own private wells, and the public handpump represents only an additional water 
source to them. For the scheduled caste women, on the contrary, the public handpump 
represents the only source of clean, safe water within a reasonable distance. Thus, despite 
the ARWS installing a working handpump, in reality, the scheduled caste women, who 
were the originally intended beneficiaries, continue to draw water from their traditional 
source – a distant well. Depending on this well as a sole water source poses additional 
hardships during the summer months, when it generally dries up.  
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3.1.2  Case study of Saprar Village 
 

In another village, Saprar, in the same district, the handpump meant for the Jatav, 
a peripherally located scheduled caste group, was installed in a public location towards 
the middle of the settlement, between the Brahmin and Yadav areas. These two castes 
belong to the upper and middle level orders respectively within the local caste hierarchy 
and are together socially dominant in the village, owning a number of private handpumps 
that are shared with their same caste neighbours. The Jatav, however, lack access to any 
source of safe water of their own. Again, due to social norms with regard to the 
separation of castes, they are denied access to the public handpump installed by the 
ARWSP, and continue to depend on a distant well for their domestic water needs.  
 
3.1.3  Case study of Masarh Village 
 

In Masarh Village, Bhojpur District, in the state of Bihar, a public handpump that 
was supposed to be located along the main village road near the areas occupied by the 
Kumhar and Koiri. However, the pump was in actuality installed in front of a Rajput 
household. This group has virtually monopolized its use and maintenance, although they 
share the pump with neighbouring Rajput households. The intended beneficiaries, 
meanwhile, as they are placed lower in the caste hierarchy, and also enjoy limited 
economic resources, continue to depend upon their old well. 
 

The case studies discussed above illustrate the fact that dominant castes in Indian 
villages have succeeded in interfering with the ARWS programme criteria – which are to 
provide one handpump for a population of 250, preferably located at a public site, and to 
give priority to women and members of scheduled castes and scheduled tribes. The result 
is that, although underprivileged community populations merit coverage under the 
programme, and are intended by the law to be served by these handpumps, members of 
these groups do not in reality enjoy access to improved water sources. The study also 
found that other underprivileged groups were similarly barred from public water sources 
by dominant upper-caste groups, who control access to the pumps. The socio-cultural 
reasons for such situations are analyzed in Section 4.  
 
3.2  Control of fluorosis 
 

The Government’s effort to provide access to safe drinking water also merits 
assessment from the point of view of water quality. Though the programme aims at 
supplying safe drinking water to all rural habitations, national statistics indicate that 
groundwater supplied by the handpumps installed under the ARWS programme, in many 
locations is actually unfit for drinking. The Government status report acknowledges that 
groundwater in 36,988 habitations is affected by high concentrations of fluoride (Ministry 
of Rural Development, 2002). As many as 196 districts in 19 states report incidences of 
fluorosis in their populations, a clinical condition resulting from drinking water 
contaminated with fluoride (Susheela, 2001). 
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To combat this problem, the Government has introduced a special project within 
the ARWSP. This project among other approaches, supports states in providing 
community treatment plants to reduce fluoride contamination, and also assists with raising 
public awareness and extending education on health issues related to fluoride in the 
drinking water. DANIDA and UNICEF have also provided substantial assistance to 
combat the problem of high fluoride concentrations.  

 
In the state of Madhya Pradesh, fluorosis is known to be endemic in 14 districts, 

and 24 villages in Shivpuri District have been identified as being at risk. Villagers have 
been exhibiting the symptoms of fluorosis for more than two decades, with women and 
children being most affected, especially children, many of whom suffer from not only 
dental fluorosis but also the crippling skeletal fluorosis. Many of the handpumps installed 
in the villages under the ARWSP yield contaminated water. In a number of villages, 
however, alternatives have been installed in the form of water treatment plants – either 
mini-plants attached to pumps or major plants treating groundwater and channeling the 
water through pipes which allows fluorosis to be checked. Here again, the benefits are not 
distributed equitably, as illustrated by the following case studies. Thus, the effectiveness 
of the government programme to control fluorosis need to be assessed. 
 
3.2.1  Contaminated water in Hathoda Village 
 

In Hathoda Village, the public handpump with its attached mini-plant for fluoride 
decontamination was intended to provide safe water at least for drinking and cooking 
needs to a section of the village population, including lower caste community members. 
To serve this end, the pump was installed at a public location. However, the chosen 
location is actually situated within an upper caste area to which lower caste women are 
being denied access. They therefore continue to depend on their traditional well for all 
domestic purposes -- although the water from this well is contaminated.  
 
3.2.2  Phoolpur piped water scheme 
 

In the neighbouring village of Phoolpur, the main water pump and defluoridation 
plant with attached pipes is located inside the village on public land. However, the 
surrounding area is inhabited by upper castes that dominate the village while the lower 
caste people reside on the outskirts of the village. Due to the existing social norms 
defining spatial mobility and access to resources, the latter are denied access to the pump 
and the plant. 

 
The scenario described in the above case studies casts serious doubts on the 

effectiveness of the ARWS programme in providing any real assistance to its basic focus 
group, namely women. Clearly, the above data shows that the programme has not reached 
all women in Indian villages. Reports from the field show that while some (upper caste) 
women enjoy a privileged position with respect to the accessibility of improved water 
supply, others (lower caste women) continue to be denied access even in those villages 
that the programme claims to have ‘covered’. 
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Also, it needs to be explored how much the women privileged with access to 
State-provided handpumps in their villages actually use them. While ostensibly intended 
to facilitate and unburden women, public handpumps are commonly seen being used by 
men rather than women, and the water used for washing, bathing and watering their 
animals. The sight of young children – both boys and girls – collecting or using water is 
also comparatively common. The least common is to see married women fetching and 
using water at public handpumps. 

 
Ironically, it is precisely married women who are believed to be actually 

responsible for domestic water management, and yet their appearance at public 
handpumps shows much variation geographically as well as socially. Scheduled caste 
women in Madhya Pradesh or parts of Bihar, regardless of age and marital status, may be 
seen at public handpumps collecting and using water. The same holds partially true for the 
tribal belt of Jharkhand, although young married women may be less frequent visitors. 
However, married women from the upper castes are actually conspicuous by their absence 
at handpumps in the area of study. Such a situation is a manifestation of the gender-based 
conceptions regarding domestic and public spaces and their usage. These are discussed at 
length in the next section. In this situation, can the claim of the ARSWP be trusted that it 
has achieved universal outreach to women as primary beneficiaries? 
 
4.  Problems in reaching the unreached. A socio-cultural analysis 
 

The micro-level assessment of AWRSP indicates that even after decades of 
implementation efforts, the unreached continue to remain so. These unreached are 
essentially women, and they lack real access to safe water sources, either by outright 
denial of their rights of access or due to prevailing patterns of distribution of roles within 
families. Almost universally, a substantial number of these women belong to the lower 
classes or underprivileged segments of society. While the Planning Commission of India 
envisages that the scheduled caste/scheduled tribe population and other weaker sections 
should be fully covered on a priority basis (Planning Commission, 2002), yet at the micro-
level, the same women form the majority of those who continue to lack access. We now 
turn to  analysing the underlying reasons. 
 

In rural India, particularly in Hindu villages, the principles of caste and social 
dominance define the rules of access to public resources. Socially acceptable access thus 
stands in contrast to physical access as envisaged in the AWRS programme framework. 
While its theory postulates that the siting of handpumps in public spaces would ensure 
access for all in the community, socio-cultural principles stipulate that public spaces in the 
village are accessible to and usable by only those castes that reside in the immediate 
vicinity; decision-making regarding such access and use rests with the dominant caste. 
These notions of privilege derive from the historical context that the currently dominant 
caste is generally the social group that founded the village, and subsequently invited other 
castes and ethnic groups to settle. Thus, de facto social ownership of the entire village and 
its resources is conferred on the descendents of the original founders. Consequently, while 
theoretically speaking, public spaces in the village and the resources located there should 
be accessible to all, in practice, it is in most cases only the dominant caste and other upper 
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castes that are actually socially privileged to enjoy them. Access of lower castes to public 
spaces and facilities is generally restricted to those within their own areas, as the 
traditional social mapping in Indian villages is based largely on the principle of single-
caste neighbourhoods. The principle of caste-based spatial segregation, discussed above, 
is extended to generating rules about sharing of water and water sources. Parallels of the 
above arrangement can be observed in tribal villages in Jharkhand (Singh, 2000a). 

 
These social realities have interfered  with the process of implementation of 

ARWSP, and created a problem of denial of access to water to the needy. When a new 
handpump is to be allocated in a village, the question of its siting is generally settled by 
the locally dominant caste. Project staff generally consult community leaders, usually 
belonging to the same dominant caste. Even where members of the local government 
(panchayat) are consulted, these too either belong to the dominant group -- the real 
decision-makers in the village -- or convey its preferences. Since the programme 
guidelines are not explicit as to precise social considerations regarding the actual 
installation site, villagers with political clout are able to influence project staff to select a 
pump location that suits their interests. Even so-called public facilities, such as schools, 
health centres, community halls, etc. may be locally identified as belonging to and 
controlled by the dominant group residing around them. Since lower castes and other 
underprivileged groups, are possibly already excluded from access to such a spot, their 
interests come to be entirely overlooked, despite the fact that they are generally the real 
intended beneficiaries of the programme. This happens because project staff are often 
unaware of the social intricacies of each locality, and fail to consult all resident groups 
separately. It may also be true that even when consulted, lower caste villagers feel socially 
obligated to follow the wishes of the dominant group. As a result, most handpumps get 
installed at sites where universal access is a myth, as borne out by the above case studies. 
Consequently, the neediest remain deprived of safe drinking water.  
 

Similar social processes have been at work in the case of the programme to 
control fluorosis and stymied efforts to provide universal access to fluoride-free water 
under the ARWSP (see sections 3.2.1 and 3.2.2 above). Second, this study reveals that 
within the same caste, the notion of gender influences the patterns of actual access to and 
use of domestic -- and what can be called ‘extra-domestic’ -- spaces with respect to water 
sources intended to be publicly available. The focus on women in the ARWS programme 
paints a picture of women as universally responsible for fetching water for their families 
as well as for themselves -- hence the concern with easing their burden. In rural India, 
however, the correlation is not that simple. The gender-based behavioural norms that 
govern the task of water collection and use are founded on the association of women with 
the domestic sphere of work, but have become extended to associate women with the 
domestic space as such. In the broadest sense, the notion of domestic space implies the 
working area of women. Beyond the confines of the home, women’s involvement ends 
and that of men begins, the latter’s working area being identified with the extra-domestic 
space. 

 
These concepts of male versus female working spaces are further correlated with 

notions related to caste, where substantial variations are found between different castes. 
The higher the position in the social hierarchy, the more closely are women associated 
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with their domestic space. Within upper/dominant castes, women are identified with the 
domestic space to the extent that they avoid moving around in extra-domestic areas. 
Violation of this norm is perceived to disturb the gender-based social harmony and 
balance, and therefore invites public criticism. As one moves down the social hierarchy, 
the rigidity of these norms decreases and women may show greater mobility. However, in 
the case of lower castes, women may sometimes tend to restrict their movements to their 
domestic space in what has been called the process of ‘sanskritisation’ that may be 
adopted by a particular group for upward mobility in the local caste hierarchy (see 
Srinivas, 2002).  

 
The dichotomy that exists between domestic and extra-domestic spaces is 

paralleled in the notion of ‘private’ vs. ‘public’ spaces. In this sense, as can sometimes be 
observed within the upper castes, women actually enjoy mobility outside and between 
households; but while they cross domestic boundaries, such movements are governed by 
the concept of private space. A private space is considered part of the extra-domestic 
space, but is available to women for mobility. Examples are side doors and side passages 
to the main house and main entrance. Otherwise, all extra-domestic spaces are classified 
as public in nature. However, even within the domestic space, certain spaces are further 
secluded as private, and are segregated from men of the household and from other women 
visiting from other households, even if they are of the same caste. The confrontation of 
married women with men from the household or outside belonging to a senior generation 
or  relatives, and even with women of any age or generation, including relatives belonging 
to other households, is not desirable. Men of the household and outside women are also 
expected to reciprocate the behaviour by avoiding the possibility of such confrontations. 
These norms also extend to public spaces where face-to-face encounters are avoided 
through segregation of resources, or through the observance of time cycles.  

 
These principles and their associated behavioural norms have significant 

implications for women’s involvement in domestic water management. Higher caste 
women often have their own private sources -- generally wells -- within their domestic 
space, and can therefore be fully responsible for domestic water management. However, 
the quality of the water supplied by such sources may be of concern especially in areas 
where groundwater is known to be contaminated. In families that depend upon public 
sources, domestic water management becomes an explicitly cooperative venture between 
men and women, with men taking up the task of fetching water while women make 
decisions as to quantity, quality, appropriateness of source, purpose of use, and 
management in the home. In this case, then, the problem of accessibility and of time and 
energy investment is actually seen as more of the men’s concern. It is only occasionally 
that young children and older women share the task, particularly in the absence of men. 
This also explains why many of the public handpumps installed under the ARWSP are 
being used more by men and children than by women -- for whose primary benefit they 
were installed. This type of situation is especially common within dominant sections in 
villages. 

 
Where public handpumps have been installed in the localities of lower castes 

(including scheduled castes) and in tribal villages where effective access is available to 
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these groups, the scenario is different with regard to gender-based use-patterns. Here, 
women make more frequent use of the handpumps in public spaces. Within these groups, 
the norm of face-to-face avoidance between men and women or between women and 
women outside the family is less rigid, and to the extent that it is adhered to, it is 
implemented through alternate mechanisms such as time-based daily routines for the use 
of a single common source, or gender-based segregation of the sources. In sum, within 
these neighbourhoods, women can move around and work in public spaces for household 
or economic purposes. 

 
In fact, the caste-related arguments and analysis presented here can be seen as 

extending to multi-ethnic situations as well, where Hindus and non-Hindus reside in the 
same village. Such non-Hindu groups may be from tribal or other religious backgrounds. 
Spatial segregation of these groups and denial to them of access to water sources used by 
Hindu castes is commonly observed. With regard to Muslims living in the villages under 
study, it was similarly observed that they routinely have to fetch water from distant 
sources in the fields. Here, parallels may be drawn to upper Hindu sections with regard to 
the role of women and their sphere of activity: Muslim women, especially young married 
women, take responsibility for water management within their household, while fetching 
water from public sources is done by the menfolk. Similarly, avoidance of confrontation 
with men guides the extra-domestic movements of young married women among the 
Munda, which may actually restrict them from fetching water at public sources. 

 
The water fetching behaviour of a household is also influenced by factors other 

than social differentiation/dominance and segregation/avoidance, such as e.g., the socio-
economic condition of the family. Even within the same ethnic or caste group, among 
those who allow women a certain degree of movement in public spaces, differences can 
be observed between wealthier and poorer households. Wealthier households may employ 
a servant to fetch water or have a private water source installed, which will cause the 
family not to participate in fetching water from public sources. Thus, in upper or 
dominant castes, even men are relieved of this responsibility. 
 

The two sets of social principles identified in this study, namely, caste/social 
differentiation and dominance and segregation/avoidance, derive from the social 
organizational principles in Indian villages. An analysis of the operation of these 
principles can help define the position of women in the context of their being the intended 
principal beneficiaries of ARWSP, and throw light on their real-life ability to access and 
benefit from public water sources.  A complex heterogeneity among women beneficiaries 
needs to be acknowledged. Where a social group as such lacks effective access to public 
handpumps due to its location in an inaccessible zone, its women are automatically denied 
the opportunity of fetching water from such pumps. Where the group enjoys the privilege 
of accessing and using the public source, the women themselves may not be involved in 
the process of fetching water. An additional dimension is added where water 
contamination problems exist and women from lower social strata lack access to safe 
water directly due to social reasons. Even women from higher social strata may not 
necessarily be ensured access to safe water on at least two grounds. These are, first, lack 
of information as to the actual source from which drinking water for the family is being 
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fetched and second, the water from private sources in use by such women may not be of 
potable quality. 
 
5. Discussion and recommendations 
 

The findings of the article offer important lessons towards improving the design 
and implementation of community water supply programmes. According to recent 
estimates, 1.1 billion people worldwide lack access to improved water supply (UNDP, 
2003). A challenge currently confronting the water supply sector, and one of the 
Millennium Development Goals, is to halve the proportion of people without access to 
safe drinking water by the year 2015 (UN, 2000; Lenton, 2002). In an attempt to address 
the global challenge of universal access to water, India has set a national target of 
providing safe drinking water to all rural habitations by the year 2004 (Ministry of Rural 
Development, 2002). The current study points out the inadequacies inherent in 
formulations based on physical targets alone. 

 
The case studies presented in this article demonstrate that the ARWS programme 

has not succeeded in achieving universal coverage. Nor has it succeeded in reaching its 
priority group of beneficiaries, namely poor and/or low caste women. The present study 
has also shown that this dual shortcoming has its roots in a failure to recognize the pivotal 
significance of patterns of social interaction and gender roles within Indian village 
communities, which impose severe limitations on access to the public handpumps 
installed by the AWRSP, especially for low caste groups. While state agencies have 
identified a number of factors thwarting the achievement of  full coverage by the ARWS 
programme (Ministry of Rural Development, 2002), the report, unfortunately, mentions 
neither caste nor gender issues.  
 

The case studies analysed also suggest that there is a need to define ARWSP 
targets from a social perspective rather than merely in quantitative terms (such as e.g., 
that at least one handpump is provided for every 250 people). While the indicators 
specify ‘how many’, the objectives are defined by questions such as,  ‘whom’, ‘what’ and 
‘where’.  
 

From the present study it also emerges that in order to enhance the effectiveness 
of community water supply projects, merely identifying women as a priority beneficiary 
group will not suffice. There is a need to take cognisance of the various socio-cultural 
dynamics revolving around women, depending on their specific social niche and 
economic circumstances. Perhaps there is also a need to incorporate details concerning 
aspects such as which women are intended (e.g. women belonging to which caste or other 
social group), how they may be approached, what kind of benefits they need and how 
these can be effectively delivered to them.  
 

With respect to the women who do not engage in fetching water, there has to be a 
thrust on modifying their decision-making practices informed by effective delivery of 
new knowledge that can in turn lead to changes in the quality and quantity of water 
available to the household. This new knowledge may, for instance, seek to bridge gaps 
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between shortcomings in the water quality standards defined in the cultural context and 
the emerging water quality problems and their adverse health implications, along with 
possibilities of avoiding the consequences by adopting the new water sources for the 
desired purposes. In this exercise, men should not be excluded. Simultaneously, 
alternative avenues for enhancing socio-economic opportunities for women must be 
explored, although some may actually have less to do with women’s water management 
roles.  

To address the needs of those women who have been barred from utilizing the 
newly installed water supply due to its being located in an area inaccessible to them, 
often for caste-related reasons, detailed guidelines need to be set for the identification of 
acceptable pump sites. Such guidelines must be in tune with the internal social dynamics 
of the village community in question. For this, an in-depth understanding of the social 
structure of the specific village is required, along with a knowledge of the spatial layout 
of  the village and its resources. Participatory exercises, such as social mapping, coupled 
with setting of quantitative criteria that consider the existing distribution of private (safe) 
water sources in the village, can be incorporated in the programme design. However, 
considering the realities of resource limitation, coupled with the fact that most rural 
communities have already been ‘covered’ under the AWRS programme, there is an 
overarching need to incorporate a persuasive educational component, aiming at inducing 
suitable behavioural change with regard to sharing of resources among different social 
groups within the village community. While general health and social welfarist messages 
may have some impact, special measures need to be adopted in this situation, as it 
requires a major reorientation of social attitudes. It is suggested that substantial attitudinal 
change with respect to notions related to social exchange can be achieved through 
spiritual education based on universal human values and needs imparted by local spiritual 
gurus.15  

 
The implications of this article may be contested on the grounds that the 

limitations highlighted here might be actually more inevitable in State-run schemes 
where the emphasis on hardware tends to outweigh the software components. But it must 
be clarified here that non-recognition of the context of implementation as a critical factor 
in the programme cycle is an ailment common to community water supply programmes 
(Smet and van Wijk, 2002). Agencies designing such programmes have applied a so-
called blanket approach using the same technology and service level, and the same 
maintenance, management and financing systems in every community. Implementation 
has tended to follow the same national design criteria and the same technical, social and 
management processes everywhere, irrespective of local social conditions.16  
Unfortunately, the significance of the socio-cultural context of the recipient community 

                                                 
15 Social integration of the outcast Sansi (a scheduled caste) was achieved in a number of villages in 
Madhya Pradesh through spiritual sessions held in the area under guidance of spiritual leaders where the 
concept of ‘common spiritual brotherhood’ cutting across different castes was inculcated based on 
humanitarian values (Singh, 2000b). 
16 An example was found in the activities of an international NGO in India that plans to replicate the CWSP 
model, earlier executed in the south, to India’s northern states. Differences in the socio-cultural contexts of 
the two parts of the country need no elaboration but ironically these do not appear to form a part of the 
agency’s considerations (information collected through personal communication with programme staff). 
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has been overlooked in designing water supply programmes, but its role in the 
implementation process is of paramount importance, and it impacts directly on the 
achievement of programme objectives. Inequities in access and utilization may continue 
to thwart the quality and outreach of service delivery even under participatory 
programmes based on demand-responsive principles, as long as lack of recognition of 
social heterogeneities within communities continues to mar proper identification of 
problems and concerns of the truly needy members. 

 
Taken all together, the findings of the article suggest that community water 

supply programmes need to be reconceptualised beyond the current construct of mere 
technology, numbers and localities. If real benefits are to be delivered to those in need, it 
will be necessary to integrate the socio-cultural context into which water supply 
installations are to be delivered as a fourth aspect of programme design. This could be 
identified as a dynamic variable, interacting with all other aspects. Integration of this 
aspect will imply changes in programme contents as well as strategies towards a more 
pragmatic, acceptable, workable and effective approach. 
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WATER SUPPLY AND PUBLIC-PRIVATE PARTNERSHIPS 

 
BANGALORE - WILL ITS BOOM CAUSE A WATERLESS DOOM?17 

 
 

Sarita Seshagiri18 
 

Bangalore, the capital of Karnataka state was known as the Garden City of India 
long before it became famous as the information technology hub of the country. The city, 
at an elevation of 900m above sea level with its cool, invigorating climate acted like a 
magnet for people from other parts of the country, especially skilled professionals and 
technical people. Before long, high water demand coupled with depleting water sources 
added to the power and transportation woes of the residents who roughly number about 6 
million today. 
 
1.  Rising Water Woes 
 

The nearest water supply sources are 18km and 28km away at Hesaraghatta and 
Thippagondanahalli respectively. Water here is drawn from the River Arkavathi. 
Hesaraghatta has a supply potential of 22.5 million litres per day (MLD), while 
Thippagondanahalli’s potential is 143MLD. Yet another source is the River Cauvery, 
which is 100km away.  
 

The water pie is shared among hundred of thousands of households, industries 
and commercial enterprises. Since domestic and household consumers are the city water 
board’s (Bangalore Water Supply and Sewage Board - BWSSB) target group, maximum 
water is released for them. Out of 329,179 water connections in Bangalore, domestic 
connections alone constitute nearly 95% and they receive 50.4 % of the total water. Only 
a marginal share of 5.2% connections is for non-domestic use, including commercial and 
industrial use. Apart from this, there are nearly 30,000 unauthorised service connections 
and 8,000 unauthorised public fountains with piped water supply system. With such a 
high demand, it was estimated that at least 150lpcd (litres per capita per day) of water 
should be released. However, 115lpcd is supplied to the city. But, with water loss through 
Unaccounted-For-Water (UFW), only 75lpcd reaches people. 
 

Even more disturbing is what BWSSB spends for water treatment, supply and 
distribution. It has spent Rs 5,722 million to treat and distribute 247,382 million litres of 
treated water in 2001. The capital (47.5%) and supply costs (52.5%) have an almost equal 
share in the total cost of production and supply of water. During 1991-2001, the capital 

                                                 
17 Reprinted with permission from the journal Asian Water, Volume 21, Number 6, July/August 2005 issue 
(www.shpmedia.com). 
18 Dr Sarita Seshagiri. is a researcher based in Bangalore. She has been a consultant for National Institute of 
Advanced Studies (NIAS) and is presently working at the Institute of Chartered Financial Analysts of India 
(ICFAI). E-mail: saritasworld@gmail.com.  
The views expressed herein are those of the author and do not necessarily reflect those of the United 
Nations. 
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cost recorded a 74% increase per year, than the 50% revenue cost. Total cost increased by 
60% during the same time period. The reason lies in the huge expenditure on power. This 
is because water from Cauvery travels 100km to reach Bangalore and is then pumped 
higher up, due to the city’s high altitude.  
 
2.  The Cauvery project – funding problems and disputes 
 

The Cauvery project has proved expensive for BWSSB. While Rs 1.15 billion 
(US$26.4 million) was spent on the project’s I and II stage, nearly Rs. 2.4 billion is the 
estimated cost of stage III. The total cost for both phases of stage IV is estimated as Rs 
34.72 billion. Funding the project has become the Water Board’s most pressing problem. 
 

Initially, BWSSB considered international assistance, which did not work out. As 
Guruprasad Baily, Chief Engineer - Maintenance, BWSSB, mentions, “World Bank 
assistance didn’t materialise and the state government took up this project by obtaining 
loans from LIC and other beneficiaries.” Thus was the first stage of Cauvery project 
implemented in 1974 with 135MLD of additional water. Today, in the 4th phase of this 
project, BWSSB plans to draw 500 MLD at Rs 10.38 billion with another international 
player – Japan Bank for International Cooperation (JBIC). 
 

So, is this sustainable? Drawing from the Cauvery to increase water potential 
appears to be far from sustainable. Besides, Karnataka has been allowed to share this 
river with its neighbouring state Tamil Nadu for a limited period. This has made Cauvery 
the subject of heated debates and controversies between the two states. G.S. Sastry 
(professor at the Ecological Economics Unit, Institute for Social and Economic Change) 
warns, “Even from Cauvery, only a fixed quota is available for Bangalore. Out of this, 
almost 80% is over for the fixed period of time. If they exhaust that then there is another 
big problem. Unless the tribunal (the Cauvery tribunal established by the government of 
India) revises that, they (BWSSB) can’t draw more than what is fixed at 19TMC for 
water. Especially for Bangalore.” It is worth noting that 12TMC has already been used so 
far. 
 
3.  Water is not accounted for 
 

Accentuating water deficit is the serious problem of water loss and UFW. 
Although it might appear that Bangalore’s water shortage has decreased by augmenting 
water supply, UFW has only grown. 15% has been set as the maximum limit for UFW. In 
the case of Bangalore, 16.65% UFW in 1991 was almost close to this limit. It increased 
to 35.08% in 2002. However, the amount recorded recently (after the latest stage of 
Cauvery project) through bulk meters is as high as 44%. This, as Dr Sastry emphasises, 
shows that there is much to be desired in the city’s institutional structure and 
infrastructure. He further adds that there is a total wastage of 305 million litres per day, 
which “is actually enough to meet the unmet water demands of the city.” 
 

Following the rise in UFW, BWSSB undertook the unpopular step of supplying 
water to consumers only on alternate days. As expected, Bangaloreans protested 
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vigorously. This has only led to further accentuation of UFW problems. As a first 
reaction, one might blame the urban poor for their prolific use of illegal connections. But, 
as Genevieve Connors, Ph.D. candidate at MIT, who was also involved in AUSAID’s 
research on Bangalore’s water supply, stresses, “only a very small share is consumed by 
slums. It is a much bigger share in middle class settlements.” This is true considering that 
most upper, middle and high income households have undertaken indiscriminate digging 
of borewells in their homes, without considering inter borewell distance, quantity of 
water that can be extracted and most importantly the impact on groundwater table. 
According to Dr Sastry, there are approximately 100,000 borewells in Bangalore, which 
are increasing at the rate of 1,000 borewells per year.  
 

Apparently BWSSB has tried to control this loss of water and revenue. It has 
undertaken a pilot study and availed Rs.500 million worth of loans from JBIC. Under 
this, five service stations were studied to reduce water leakage and to measure UFW. 
Thames Water in consortium with Larsen and Toubro have been awarded this project. So 
far, studies have been completed in five areas, where meters have been installed to 
measure water inflow, whilst replacing corroded and leaky pipes.  
 

Dr Sastry believes that external agencies can cause leaks, since they too undertake 
laying of wires and cables, like telephone and internet. But, the most common cause for 
leaks and corrosion is the material (CI or concrete) that is used. Many connections were 
also through GI pipes, which according to Nagendra, Chief Engineer – Operations, 
BWSSB get easily corroded. Following the study, domestic connections made of medium 
density pipes were replaced. BWSSB is also said to have replaced old and non-functional 
meters for measuring water consumption and monitoring minimum night-flow (MNF) 
records. “Through MNF it is possible to know the existing leakage level and also the 
reduction of leakage after changes,” Mr Baily explained. This eighteen-month study then 
handed over its activities to BWSSB, due to which water loss was reduced from 50% to 
18%, according to Thippeswamy, erstwhile Chief Engineer, BWSSB. 
 

Still, there appears to be little incentive to fix leaks in general. As Ms Connors 
explains, “If you are a service station engineer, no one holds you responsible for water 
that goes in accounted, versus water that is actually going.” Monthly demands for water 
are recorded in terms of connections that people have. “If your collection matches with 
that, then there is 100% accounted water, otherwise it is 50%,” she points out. This 
implies that nothing much is known about the exact leakage in individual service stations. 
She therefore suggests that the Board should meter water at the maintenance level to 
asses the amount of water that is collected, as against the amount that is going in and 
which is not the amount actually demanded. 
 
4.  Tariffs do not cover costs 
 

Water tariffs in Bangalore are the highest within India. Domestic consumers pay 
between Rs 6 to Rs 36 per kilolitre of water consumption. Non-domestic consumers pay 
between Rs 36 to Rs 60 per kilolitre while; industries pay a flat tariff of Rs 60 per 
kilolitre of water. Such a differential tariff structure by BWSSB enables the first two 
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consumption slabs to be cross subsidised at 50% and 30% respectively by the higher 
consumption users. The latter are charged the actual production cost, or as Mr Baily 
points out “non-domestic and commercial users are heavily taxed.”  
 

Nevertheless, this does not cover the actual production and supply cost of water, 
because only a small percentage of consumers belong to this high slab, whereas most 
consumers (domestic users) pay subsidised rates. Dr Sastry therefore enjoins that 
BWSSB should take note of AUSAID’s latest reports, which posit that Bangalorians are 
not against paying water rates. Even the urban poor are willing to pay if they can be 
assured of constant and safe drinking water.  
 

BWSSB’s high water cost is also attributed to high power consumption. Water is 
pumped from Cauvery across 100km and then pulled upwards to reach Bangalore. Since 
1991, power charges have increased and will surely continue to rise as successive stages 
of Cauvery project are launched for augmenting Bangalore’s water supply.  
 

Dr Sastry believes that BWSSB could follow Kolkata’s example and borrow 
Japan’s technology. “When Kolkata wanted to extend its metro (tube rail), they 
(Japanese) offered help. They said they wouldn’t disturb the Hooghly River, or stop the 
water to prepare the tunnel. May be something similar is needed (for Bangalore).” Yet, 
this does not resolve the basic problem – high power consumption and high water costs 
for BWSSB. But Dr Sastry insists, “At least some ideas have to be mooted, isn’t it? 
Research has to be done.” 
 
5.  Public Private Partnership 
 

Can public private partnership (PPP) resolve BWSSB’s financial problems? 
Although BWSSB has undertaken private partnerships in laying of pipelines and 
maintenance, it has not been popular. Baily implied that privatisation was financially 
unviable and was actually an expensive proposition for them. There was also much 
scepticism that the government might forfeit revenues by accepting privatisation. More 
significantly, unions might have had some problems with private actors stepping in.  Mr 
Nagendra recalled that privatisation was attempted in 2000, during Cauvery phase II. 
“Everything was finalised. But, during the final stage, when it was about to be cleared, 
due to a lack of political will and change in government it did not come through.”  
 

Ms Connors says that the private sector wanted to get involved in the water sector, 
especially Veolia and Suez. However, “BWSSB got cold feet and pulled out. It was for 
operations and maintenance for two pilot studies. After two years of preparation it fell 
apart, because BWSSB pulled out.” She acknowledges that opinions are divided even in 
BWSSB, since the Utilities Department was apparently interested in ushering water 
reforms through privatisation, whilst other departments like Maintenance thought 
otherwise. 
 



 54

Nevertheless, some activities of BWWSB have been outsourced as pointed out by 
Mr Baily. Most of BWSSB’s water and sewage treatment plants and maintenance of 
reservoirs is through management contracts to private contractors.  
 

For PPPs to be successful, proper regulation is of utmost importance. Echoing this 
truism, Dr Sastry says, “I myself endorse private participation, but that should be with 
regulation from a public authority.” 
 

Mr Thippeswamy advocates reverse Build-Operate-Transfer (BOT) for the 
institutional public sectors. With this, BWSSB can be funded by multi lateral agencies at a 
cheaper rate and can then hand it to private operator, who will pay the financial institution 
after being paid by BWSSB. He calls this viable, which unfortunately “many people are 
not aware of.” But, for any PPP model to work, it is necessary to have vigilant consumers, 
which Ramesh Ramanathan (founder and chairman of a people’s action group called 
Janagraha) calls giving “more teeth to consumers to keep the regulators on their toes.” 
 
6.  Autonomy for the Board 
 

Before considering PPP, does BWSSB possess enough autonomy in the first place? 
Apparently not. Its Chairman reports to the state government and is also accountable to it. 
So if BWSSB changes its policy, approval from the cabinet and legislature is required 
before it can go back to the Urban Development Board. This leaves the common man 
frustrated, because as Ms Connors explains “people’s needs are not really thought of in 
terms of decentralisation. You go to your politician and then the bureaucracy and then 
BWSSB.” Something must therefore be done to transcend this long route of accountability. 
 

Mr Nagendra disagrees that BWSSB lacks autonomy. He believes its takes 
independent decisions on most issues, including finalisation of tenders. Yet, he concedes 
that in the case of tariffs and projects, “we need government’s clearance.” But Mr 
Thippeswamy suggests that the government has granted autonomy to BWSSB on matters 
regarding a hike in power to the extent of incremental cost of power. An increase in tariff, 
then, does not require governmental ratification. Yet, a hike for improvement in operation 
and maintenance has to get governmental clearance. He feels it would be ideal, “if 
government can give autonomy (to BWSSB) for revision of tariff.”  
 
7.  Pioneers in e-governance 
 

Notwithstanding its many shortcomings, the BWSSB has still managed to meet 
Bangalore’s water demands to the best of its abilities. It has even received quite a few 
accolades to its credit as an effective performer. One of these was the Golden Peacock 
Award for promptly repaying loans that had been borrowed from the Housing and Urban 
Development Corporation. Besides repaying loans, it has also set up Electronic Clearance 
System (ECS) kiosks and Geographic Information System (GIS) enabled services. “We 
were viewed as pioneers in e-governance,” declares Mr Baily. Bangalore seems to have 
advantageously used its position as the IT hub to bring in technology for infrastructural 
support.  
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Bangalore’s ECS enables computer generated bills to be given to customers and 

allows 24-hour collection of water tariffs. It also allows consumers to pay water taxes in 
cheque, demand drafts and cash. “This is the first city to adopt this. It is not there in Delhi 
or Hyderabad,” declares Mr Baily.  
 

But, ECS does not solve the fundamental problem of poor cost recovery. As Ms 
Connors points out, “just the mode of payment has changed. It doesn’t improve 
connection and timely payment.” Besides, there is a growing concern among people that 
ECS frequently generates incorrect and inflated bills.  
 

Another innovative use in the city is that of Geographic Information Systems. The 
GIS centre here, monitors connection, water supply and sewage network details for 
individual houses. It has been given to a private agency “for better service” as Mr 
Nagendra explained. The BWSSB uses this facility to not just track bill payment from 
individual households, but also to follow up on daily leakages, position of valves, 
manholes and newly laid pipelines. Mr Baily claims that its success has turned Bangalore 
into a model for other Indian cities like Chennai and Hyderabad, which are also planning 
to adopt GIS. Bangalore also possesses a 24-hour Voice Recording System facility to 
receive complaints from consumers. Mr Baily explains, “It takes complaints and sends it 
to the concerned person within 24 hours. Then feedback is taken.” 
 
8.  Reusing wastewater 
 

Apart from the Golden Peacock, BWSSB recently won the Rajiv Gandhi State 
Award. This was for effective tertiary treatment of sewage water. In fact, Bangalore 
claims to be the first in Asia to achieve this. Through such an expensive treatment 
process, worth Rs 1.65 billion, “all traces of water as sewage are gone and it is almost as 
good as drinking water,” explains Mr Baily. But the treated water is not being used for 
potable purposes due to lack of public acceptability. Therefore, BWSSB has decided to 
sell this water at subsidised rates for commercial and agricultural purposes. “We are 
saving precious water for industrial use,” says Mr Baily. 
 

Some private partners are sceptical about this claim to tertiary treatment. Mr 
Ramanathan says, “It’s an exaggeration. You need to have data that is independently 
available and it should be consistent.” Nevertheless, if these claims are partially true, 
such use for wastewater, as Thippeswamy points out can go a long way in resolving 
UFW. This is especially significant, when the city’s wastewater production is considered.  
 

Bangalore generates wastewater of 570MLD, which is about 80% of its daily 
water consumption. This wastewater is carried to three sewage treatment plants in the 
outskirts of the city with a combined treatment capacity of only 403MLD. To prevent the 
remaining wastewater from causing health and environmental hazards, Dr Sastry suggests 
that wastewater treatment infrastructure should be improved and capacity of treatment 
plants should be optimally used. “This way treated water can be used to meet the non-
potable needs of industries, agriculture and other non-agricultural needs,” he adds.  
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9.  Recent efforts 
 

The pressure to augment the city’s water supply has recently led to the proposal 
for Greater Bangalore Water Supply Project (GBWSP). It is a two-year project with two 
components - sewage treatment and water supply. Funds for this project have been 
through governmental loans, apart from JBIC’s offer of Rs 3.5 billion to help in water 
distribution and network. For the sewage component, BWSSB intends to avail World 
Bank loans, worth Rs 4 billion. Mr Baily says that “tenders have been floated and 
finalised. Water component is finalised. Now, the sewerage component has to be 
discussed.” A total of eight city municipal councils (CMCs) are scheduled to be supplied 
water by this project. The project has been plagued by considerable delays due to funding 
problems. 
 

There is reason to be cautious about GBWSP. How sustainable is it if endangers 
further water potential? Mr Thippeswamy candidly states that there is no surplus water 
with BWSSB, since everything has been already supplied to the city. “How will they 
supply water to these eight municipalities? They have to cut supply to existing areas and 
divert towards this.” Dr Sastry also considers this project to be unviable and suggests an 
integrated management of water by all municipalities.  (See World News for the latest 
information regarding the project) 
 
10.  Prospects and solutions 
 

As a first step, human resource development has to be improved along with the 
broader institutional arrangement. In this context, Mr Thippeswamy says that the urban 
poor’s limited access to water and consequent UFWs should be resolved. “There are 
7,000 public taps to be replaced by individual connections to urban poor. This water is 
not measured and charged. They are not paying. This is one more area we are looking at 
seriously.” In fact, BWSSB’s greatest concern is to reduce UFW and sewage flowing into 
drains (due to inadequate carrying capacity of sewers). Secondly, asset management has 
to be improved. As Mr Thippeswamy explains, “Assets are old…. Water supply and 
sewage pipes need replacement…..We don’t have capital funds to replace that. We don’t 
have a sinking fund, so asset management is not happening.” His solution is to install an 
environmental management cell within the Board. 
 

Also required are greater transparency and accountability from the state. This 
needs to be balanced by an active civil society with proactive and well-informed citizens, 
who consider themselves to be partners and co-owners in the development process. There 
should be creation of regulators and establishment of outcome norms, along with healthy, 
public debates. As Mr Ramanathan succinctly says, “The state is only the custodian. A 
healthy balance is needed between being critical of the government and engaging the 
government. There are players within the institution, who do their best for bringing 
changes against odds. There are good, healthy debates, but it is within closed rooms. 
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Bring it out to the citizens. There are no simple answers. But whatever the complex 
issues, there should be public scrutiny and public debates from which can arise 
solutions.”  
 

Just last month, the Karnataka government and Janagraha signed a memorandum 
of understanding on a citizens’ forum called Jalamitra. This is planned to encourage 
participation of the residents in Bangalore’s CMCs, through their supervision of water 
supply and sanitation projects in their areas.  But, is Bangalore - one of the important 
metros of the largest democracy in the world - ready to sustain this meaningful 
democratic process towards saving life’s most precious asset? Time alone will tell. 
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NATURAL DISASTERS 

 
OVERVIEW OF RECENT TRENDS IN NATURAL DISASTERS IN ASIA AND 

THE PACIFIC 
 
 

Ti Le-Huu19 
 
Introduction  
 

Natural disasters have profound impact on the quality of life through their 
destruction of food crops and livestock, shelter and other aspects of the built 
environment, and forced dislocation of households and communities.  But their toll on 
lives and the instant poverty that constitutes their most devastating impacts (ESCAP 
1995).20  The effect of natural hazards on the loss of human lives is directly related to the 
poverty levels in a given country. National and regional efforts for natural disaster 
reduction should therefore be closely linked with poverty alleviation and economic and 
social development activities. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 1.  Damage in US$ by continent (1990-2005) 

 
In terms of number of deaths by natural disasters over the last century, Asia and the 

Pacific accounted for about 91 per cent of the total deaths by natural disasters in the 
world.  In terms of economic damage, Asia and the Pacific accounted for about 49 per 
cent of the total economic damage by natural disasters of the world from 1900 to 2005. 

 

                                                 
19 Economic Affairs Officer, Water Resources Section, Environment and Sustainable Development 
Division, ESCAP 
The views expressed herein are those of the author and do not necessarily reflect those of the United 
Nations. 
20 A Mid-Decade Report on Natural Disasters in Asia, presented at the Yokohama World Conference, 
ESCAP, 1995 
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Figure 2.  Number of deaths by natural disasters by continent (1990-2005) 
 

In the Asian and Pacific region, losses caused by natural disaster events are 
particularly damaging, depriving countries of resources which could otherwise be used 
for economic and social development.  The toll from such disasters is most severe and 
tragic in the least developed and developing countries of the region, which have 
sometimes had their development goals, set back years and even decades as a 
consequence of major disaster impacts.   
 
1.  Causes of natural disasters 
 

The recent regional surveys conducted by ESCAP showed that the Asian and 
Pacific region is one of the most vulnerable regions of the world to disasters, and 
experiences a wide variety of natural hazards including floods, cyclones, earthquakes, 
droughts, tornadoes, debris flows, hailstorms, storm surges, tsunamis and haze.  Table 1 
presents the relative intensity of most important natural hazards faced by some vulnerable 
countries in Asia. Tropical cyclones occur more frequently in the Asian and Pacific region 
than in any other part of the world, and are usually accompanied by severe flooding.  While 
riverine flooding in the region continues to be a common occurrence causing substantial 
annual damage, the impact of flash floods is also becoming increasingly important.  Urban 
flooding has become a major potential hazard in terms of its economic and social impact, 
as a result of the rapid urbanization process and uncoordinated infrastructure development.  
With respect to coastal flooding, storm surges have the potential to cause substantial loss of 
life and property damage in large and heavily populated deltaic areas, such as those of 
Bangladesh and Viet Nam, and tsunamis generated by submarine earthquakes can also 
become very destructive as experienced in December 2004 in the Indian Ocean and South-
East Asia. 
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Table 1.  Relative Intensity of Natural Hazards faced by Selected Countries in Asia 
COUNTRY Cyclone Flood Drought Landslide Tsunami Earthquakes Volcanoes Fire 
Australia S S    L  S 
Bangladesh S S S L L L  L 
China M S S L L S  M 
Cook Islands M L S L M L   
Fiji S S M S S M   
Hong Kong, China M L  M    M 
India M S S L  M  M 
Indonesia L M M L L S M M 

Kiribati L S S L S L   

Iran (Islamic Republic 
of) 

 M S   S   

Lao People’s 
Democratic Republic 

 M L      

Malaysia M M S L M   L 
Marshall  Islands M S* S L M L   
Micronesia (Federated 
States of) 

M S* S L S L   

Myanmar M M M M  S  S 
Nepal M L* M L  M  M 
Niue M L* M L  L  M 
Pakistan M M* M L M S  L 
Philippines S S L S S S M M 
Papua New Guinea L S M S S S S L 
Palau M M* M L M L   
Solomon Island S S L S S S S L 
Samoa M S L S S M L L 
Sri Lanka M S S L    L 
Thailand M S* S L  L  L 
Tokelau M S* S L S L   
Tonga S M M L S S S  
Tuvalu L S* M L S L   
Vanuatu S S L S S S S L 
Viet Nam  M S L S S L  L 
Note:  S: severe  M: medium  L: light 
 

Cyclone-related disasters identified by the responses included floods, strong 
winds, landslides including mudflows, storm surges and tornadoes.  Floods were the most 
common disaster experienced practically in almost all countries in the region and rated to 
be the most severe by many responses. On an averaged term of severity, the cyclone-
related hazards can be classified in the following order: (1) flood, (2) strong winds, (3) 
landslides, and (4) storm surges. Geology-related disasters are generally one of the most 
destructive in terms of human lives lost.  In a compilation of major disasters in Asia and the 
Pacific during the period 1900-2005, based on the OFDA/CRED international disaster 
database, earthquakes had resulted in a total loss of nearly 530,000 people and nearly 
US$200 billion.   

 
Because of the continuing rapid population growth in the countries of Asia and 

the Pacific, people, mostly the poor, are being forced to settle at squatter areas in large 
cities, usually inhabiting low-lying flood-prone areas, unstable hillsides or other disaster- 
prone marginal areas owing to the high cost of suitable alternative locations and the 
extremely high cost of new infrastructure and services. For example, in Bangladesh over 
a million people are living on islands formed by silt deposits and along the vulnerable 
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flood plains and coastal areas. Over 85 per cent of the population of China lives on 
alluvial plains or along river basins concentrated in one third of the total area of the 
country.  The situation is quite similar in Viet Nam, where the dykes along rivers 
providing protection are sometimes breached by flood waters causing extensive 
inundation.  In consequence, the number of persons vulnerable to natural hazards is 
increasing rapidly. 
 

Another factor that exacerbates the effects of natural hazards is the environmental 
degradation taking place in many countries of the region.  The damage caused by natural 
hazards is higher in countries where environmental degradation is rampant.  
Deforestation, erosion, overgrazing, overcultivation and incorrect agricultural practices 
and the degradation of natural buffers amplify the effects of natural hazards.  Land 
degradation and desertification pose a serious threat in the region in the wake of growing 
populations and enhanced food demand.  A comparison of desertification among the 
continents indicates that the Asian and Pacific region is most severely affected in terms of 
loss of land productivity and agricultural output, whereas Africa has the highest percentage 
of desertified dry land. 
 
2.  Brief description of the natural disaster patterns 
 

According to various ESCAP surveys, impacts of natural disasters were felt most 
severely at the local level, followed by the regional level and also at the national level.  
Impacts of floods are particularly important at the regional and national levels.  These 
surveys confirmed the results of analysis of impacts of natural disasters during the period 
from 1950 to 2005 in the region, based on the OFDA/CRED International Disaster 
Database, that the loss in human lives and economic values from cyclone-related 
disasters (wind-storm and floods) accounted for more half of the total losses (54 per cent 
in number of deaths and 57 per cent in economic damage).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3a. Number of deaths by disaster in Asia and the Pacific (1950-2005) 
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Figure 3b.  Damage in US$ by disaster in Asia and the Pacific (1950-2005) 
 

In the survey conducted by UNESCAP in 2000 for the Typhoon Committee Area, 
it was reported that several members of the Typhoon Committee had tried to quantify the 
annual economic losses caused by cyclone-related disasters in monetary terms, which 
varied from US$5.5 million in Hong Kong, China, to as high as US$1,960 million in 
Japan per year.  Attempts were also made in several countries to rank the severity of 
these cyclone-related hazards according to the magnitude of impacts, such as provided in 
Malaysia and the Philippines: 

Economic loss (US$) Flood Strong winds      Land slides    Storm surges 
Malaysia21 50 million 2 million 3 million 1 million 
Philippines 1,829 million 1,691 billion 1,290 million no data 

 
In general, impacts of river floods were listed to be high in many countries and 

the impacts of urban floods were estimated to be high in several countries, such as Japan 
and Malaysia.  Flash floods were found to be frequent in many countries while data on 
coastal floods, particularly storm surges, were not readily available in most responses. 
 

The UNESCAP region extends over a total area of about 35 million km2, or 26 
per cent of the world's land area.  With nearly 60 per cent of the world's population and 
over 60 per cent of the total irrigated land, the region is more densely populated and more 
intensely cultivated than elsewhere.  All in all, therefore, the potential for the occurrence 
of devastating natural disasters is much greater in the countries of Asia and requires 
particular attention if the severe toll of these events on life and property is to be 
significantly reduced.   

 
 

                                                 
21 Indication of the order of magnitude only, 
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Figure 4.  World’s trends of economic losses from natural disasters (Source: 
Munich Re, 2005) 

 
3.  Damage trends in selected countries 
 
 According to the recent statistics of Munich Re, the value of annual economic 
losses caused by natural disasters continued to sharply increase in the past three decades.  
Out of the total damage by the 10 top disasters in the world causing the total damage 
estimated at in 2004, five major disasters occurred in Asia and the Pacific, accounted for 
nearly US$ 55 billion of out the total damage of about US$ 80 billion in 2004, or about 
70 per cent of the total loss. 
 
(i) India 

 
India is one of the Asian countries which have well developed statistical survey and 

compilation system.  Indices show that damage caused by wind and water has been on the 
decreasing trend since 1982.  However, overall, trends point towards an increase.  
Whether the decrease in recent years is a trend or statistical fluctuation is not known. 
 
(ii) Philippines 

 
In the Philippines, damage to houses, deaths and missing persons are on the increase.  

Damage to houses is relatively high because the Philippines lies in the path of cyclones 
and buildings are not strong enough to withstand them as well. 
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Figure 5.  Trends of socio-economic impacts of natural disasters in India 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 6. Trends of socio-economic impacts of natural disasters in the Philippines 
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(iii) Thailand 
 

Thailand has relatively few disasters, but recently the urban type flooding of the 
Bangkok metropolis is becoming a big problem.  This type of flood results in few human 
losses and buildings are not apparently damaged, however, its effect on the economy is 
immeasurable. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Trends of socio-economic impacts of natural disasters in Thailand 
 

 
4.  Importance of investment in infrastructure for disaster mitigation and 
prevention in the region 

 
In this section, experiences of The Republic of Korea and Japan are highlighted to 

demonstrate the importance of investment in infrastructure development for disaster 
mitigation.  The Republic of Korea is next to Japan in achieving rapid economic 
development.  The fact that damage to agricultural land shows no statistical trend may be 
a statistical matter.  A decrease in housing and human losses may be attributed to efforts 
at disaster prevention. 
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Figure 8.  Trends of socio-economic impacts of  

natural disasters in the Republic of Korea 
 
 
 

Japan stands in contrast to these countries.  The index of damage has decreased 
one order since 1961.  The cost of damage has not decreased in Japan, but the impact to 
the national economy in terms of ratio to national income has decreased surely. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 9. Trends of socio-economic impacts of natural disasters in Japan 
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 Behind these figures, there was a fact that Japan has spent around 1% of income 
on its disaster countermeasure since the 1950s.  Even with disasters caused by natural 
phenomenon, continued effort can greatly reduce damages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.  Investment and damage in comparison to national income in Japan 
 

 
5.  Subregional features of natural disaster impacts 
 
 On the basis of the analysis of the impacts of major natural disasters of the EM-
DAT International Disaster Database of the Center for Research on the Epidemiology of 
Disasters of the Université Catholique de Louvain, during the period from 1950 to 2005, 
the most persisting socio-economic impacts of natural disasters in the region were caused 
by cyclones, floods, earthquakes and drought.  However, these impacts appear to have 
changed among the subregions as discussed below. 
 
5.1  North-East Asia 
 
 In North-East Asia, typhoons and floods were found to have caused most 
important socio-economic impacts, accounting for about 81 per cent of the number of 
deaths and 60 per cent of the total damage during the period from 1950 to 2005.  On the 
other hand, disasters caused by earthquakes had resulted in a total of 11 per cent of the 
total number of deaths (or nearly 300,000 people) and 39 per cent of economic damage 
(or about US$150 billion) during the period from 1950 to 2005.  Development of 
infrastructure for disaster management in the subregion would need to address these types 
of natural hazards.  
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Damage in US$ in North-East Asia 
(excluding the Russian Federation), 
1950-2005 (Total=US$386,608,653,000)
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Figure 11a.  Number of deaths by disasters in North-East Asia  
(excluding the Russian Federation) (1950-2005) 
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Figure 11b.  Damage in US$ in North-East Asia (excluding the Russian Federation) 
(1950-2005) 
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5.2  Central Asia 
  

In Central Asia, the impacts of earthquakes were most prominent as these 
disasters resulted in nearly 73 per cent of the loss of lives and 51 per cent of the economic 
damage.  Wind storms and floods appeared to have economic impacts comparable to 
those of earthquakes, but have resulted in much fewer deaths than earthquakes. 
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Figure 12a.  Number of deaths by disasters in Central Asia + the Russian Federation 
(1950-2005) 
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Figure 12b.  Damage in US$ in Central Asia + the Russian Federation (1950-2005) 
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5.3  South Asia 
 
 In contrast to the other subregions, the highest number of deaths during the past 
55 years was caused by drought (59 per cent) and followed by cyclones and floods (29 
per cent).  Earthquakes also resulted in considerable number of deaths (7 per cent or over 
50,000 people).  The highest economic damage was caused by cyclones and floods (63 
per cent), followed by earthquakes (19 per cent) and droughts (15 per cent).  
Development of infrastructure for disaster management in this subregion would need to 
address these hazards types of different characteristics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 13a.  Number of deaths by disaster in South Asia (1950-2005) 
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Figure 13b.  Damage in US$ in South Asia (1950-2005) 
 

5.4  South-East Asia 
 
 The December 2004 tsunami disaster appears to have changed completely the 
pattern of deaths by natural disasters.  The number of death caused by waves and surges 
now accounts for 61 per cent of the total number of deaths, followed by wind storm and 
floods.  Economic impacts are most severe with the impacts of wild fires (42 per cent), 
followed by wind storms and floods (38 per cent) and waves and surges, including 
tsunami (12 per cent).  This has obviously warranted enhanced cooperation in tsunami 
early warning in the region. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 14a.  Number of deaths by disaster in South-East Asia (1950-2005) 
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Figure 14b.  Damage in US$ in South-East Asia (1950-2005) 
 

 
5.5  Pacific subregion 
 
 The pattern of impacts of natural disasters in the Pacific appears to be quite 
different from the other subregions. Drought, wave/surges and wind storm/floods 
appeared to have almost similar impacts on the loss of lives, accounting for 34, 25 and 21 
per cent respectively.  Wind storms/floods and drought however have much more severe 
economic impacts than the other natural hazards (44 and 41 per cent respectively.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15a.  Number of deaths by disaster in the Pacific (1950-2005) 
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Figure 15b.  Damage in US$ in the Pacific (1950-2005) 
 

 
6.  Priority areas for enhanced regional cooperation in infrastructure development 
 

Regional cooperation on disaster risk management in the twenty-first century is 
expected to respond to the increasing dynamic, comprehensive and yet intensive aspects 
of the development process in a much more flexible manner. For such a concept of 
regional cooperation, the perception of a strengthened framework is expected to be 
different from that experienced in the past. The results of the recent regional survey and 
previous assessments by ESCAP indicated the following expectations that could result 
from the strengthening of the regional cooperation framework. 
 

First of all, regional cooperation is expected to be implemented as a process 
within which cooperation activities in disaster risk management will either focus on 
emerging natural hazards of increasing intensity or be conceived as part of the disaster 
risk management process of the development programmes of the region, subregions or 
countries.  In support of such a process, development of infrastructures for better capacity 
in disaster risk management will need to be appropriate to the level of development of the 
countries or subregions, timely in accordance with the urgent needs and sustained into the 
future. The great diversity in the level of development in the region also calls for the 
provision of state-of-the-art information and technologies and the establishment of 
appropriate systems of regional priorities. Such a system of priorities would enable the 
strengthened framework of cooperation to respond better to the diversified needs of the 
subregions. In particular, it would be able to reinforce the emerging trends of increasing 
risk from natural hazards in each of the subregions. 
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 On the basis of the above information, which clearly indicated that Asia and the 
Pacific is the most severely affected region of the world in terms of number of deaths as 
well as economic losses, regional cooperation on infrastructure development would need 
to focus on the reduction of number of deaths and economic damages.  Such regional 
infrastructure would aim to facilitate exchange of information on best practices on 
disaster risk management at different levels, including community level, as well as hazard 
monitoring technology.   
 

On the other hand, impacts of different kinds of natural hazards vary from one 
subregion to another.  However, in terms of early warning, it is important to develop 
multi-hazard early warning systems to ensure efficiency and sustainability.  In this 
context, main focus may vary among the subregions so as to maximize the benefits of 
synergy.  It is also important to develop special subregional theme to highlight priority of 
each subregion.   

 
The following priority areas are therefore recommended to enhance regional 

cooperation on disaster infrastructure development: 
 
 

Scale Type of 
infrastructure 

Scope Goals 

Regional Information 
sharing on 
best practices 

Disaster risk 
management 

• Monitoring of hazards 
• Community-based disaster risk 

management 
• Building resilience to communities 

and nations to natural disasters 
 

Subregional Multi-hazard 
early warning 
system 

Tsunami and 
tropical 
cyclones 

• Reduce number of deaths 
• Minimize socio-economic impacts 
• Provide framework for economic 

development: tourism development 
South-East 
Asia 

Regional haze  Forest fires  • Monitoring, prevention and early 
warning 

• Resource utilization  
• Emergency response 

South Asia Earthquake Information 
sharing 

• Monitoring of hazards 
• Best practices in community-based 

disaster risk management 
 

Pacific Subregional 
centre  

Resource 
sharing 

• Economies of scale 
• Support economic development 

North-East 
Asia 

Research 
centre 

Emerging 
trends of 
natural 
hazards 

• Impacts of global climate change 
• Sand-storm  
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