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WATER MANAGEMENT OPTIONS TO SECURE FOOD 
SECURITY AT THE COUNTRY LEVEL  

– A CASE STUDY FROM CHINA  
 

Jianxin Mu1,2, Shahbaz Khan2, Hao Wang3

ABSTRACT 

 

As one of the most populated and economically rapidly growing countries of 
the world, China is increasingly facing water shortage and food security challenges. 
China’s population will increase from 1282 million in the year 2000 to 1470 million in 
2030 and 1420 million in 2050. Undoubtedly the huge population base and rapidly 
improving living standard will require an acute increase in food demand. About 75% 
of grain and over 90% of cash crops in China are produced from irrigation area; 
therefore irrigation plays an important role in guaranteeing China’s agricultural 
production, food security and economic and social stability. In this paper, Policy 
Dialogue Model (PODIUM) developed by the International Water Management 
Institute (IWMI) were used for China for current and future water and food supply and 
demand by years 2030 and 2050 under different virtual water trading scenarios. Once 
the goals, such as food production for an adequate per capita consumption have 
been set, the ways of reaching that goal through expanding irrigated area or rainfed 
area, increasing cropping intensity or importing more food can be explored. Likely 
scenarios can also be developed with respect to growth in population, changes in 
diets and developments in agriculture and water resources to ensure food security 
and sustainable water use. 

 
SUMMARY AND CONCLUSIONS 

 
Using a food security approach the PODIUMSim model indicated total grain 

demand for China should be increased from 427.3million tons from 2000 to 608.9 
million tons by 2030 and 714.3 million tons by 2050. The food production in 2030 and 
2050 for all the crops will be US$600.2 and US$816.2 billion, US$111.0 and 
US$327.0 billion higher than the food production in 2000 even though the arable land 
area decreased from 128.3 Mha in 2000 to 122.0 Mha in 2030 and 117.8 Mha in 2050, 
due to the adjustment of cropping pattern and implementation of the policy of 
returning cultivated land to forest and pasture. There would be US$10.8 billion and 
US$3.2 billion of grain deficits in the year 2030 and 2050 at the medium population 
growth and medium irrigation area development scenarios. Therefore, to meet the 
total food demand in the year 2030 and 2050, 137.86 and 109.07 million ha of gross 
irrigated area need to be reached respectively, which required 69% and 85% of 
surface water and groundwater irrigation efficiencies in the year 2030 and 63% and 
83% of surface water and groundwater irrigation efficiencies in the year 2050 
provided the total irrigation diversion is 420 and 400 billion cubic meters respectively. 
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In the meantime, the total potentially utilizable water resources in China is 
1029.09 billion m3, including 813.45 billion m3 of surface water resources and 248.64 
billion m3 of groundwater resources. The total surface water availability, which takes 
the return flow into account, is 902.56billion m3 in year 2000, 953.75 billion m3 in year 
2030 and 933.20 billion m3 in year 2050. The total groundwater availability is 434.27 
billion m3 in year 2000, 399.59 billion m3 in year 2030 and 374.10 billion m3 in year 
2050. The degree of development will increase from 40% in year 2000 to 54% in year 
2030 and to 60% in year 2050, which leaves much less potentials for future further 
development. The percentage of groundwater abstraction to total normal recharge will 
increase from 42% in year 2000, to 63% in year 2030 and to 73% in year 2050. And 
the percentage of groundwater abstraction to total groundwater availability will 
increase from 24% in year 2000, to 39% in year 2030 and to 49% in year 2050. This 
means that on the whole the groundwater in China will be over-extracted and there 
will be more and bigger depression cones in the future, therefore more attention 
should be paid to groundwater withdrawal. 
 

PODIUMSim is strong on food security but does not address the water 
management problem and it is best applicable for a country. It can not deal with the 
externalities such as virtual water trading within and outside the country to evaluate 
production and environmental tradeoffs. The authors propose a global food security, 
virtual water trade, and environmental stress analysis using an integrated food 
security and economic approach. 

 
 

1. INTRODUCTION 

Hunger, food insecurity and malnutrition had been unanimously adopted as 
the priority problem to be addressed in this century in the Millennium Development 
Goals (MDGs) by the United Nations. As of 2008 (2004 statistics), the World Bank 
has estimated that there were an estimated 982 million poor people in developing 
countries who live on $1 a day or less (Chen and Ravallion, 2004). This compares to 
the FAO estimate of 850 million undernourished people due to the lack of enough 
protein (from meat and other sources) and food that provides energy (measured in 
calories). Since water is increasingly seen as a key constraint on food production, on 
a par with, if not more crucial than, land scarcity, so it is very important in the context 
of improving food security through enhanced agricultural production by saving water 
losses. However, expansion of irrigated area to produce more food for the demand of 
the increasing population has become more and more difficult in the future as the 
water available for agricultural production is decreasing due to the competition for 
water from other sectors, i.e. domestic and industrial uses resulting from the 
improvement of living standard and economic growth. 

 
As one of the most populated and economically rapidly growing countries of 

the world, China’s food security is of significant importance to not only guaranteeing 
its own sustainable national economic development and social stability, but also to 
guaranteeing the world’s food security and stabilizing the world’s grain market. As 
might be expected, the challenges related to water in China was the problem of 
growing water shortages under increasing population pressure, exacerbated by 
advancing urbanization and increasing industrialization. Consequently, competition 
among different water uses has increased, resulting in the degradation of water 
quality and unabated environmental damage in catchment areas (Bandaragoda, 
2006). So with the shift of water and land resources to other non-agriculture sectors in 
recent years, whether China’s water and land resources can sustain the national food 
security while keeping its rapid national economic development has become one of 
the key concerns worldwide. In addition, it has been widely recognized that climate 
change and international virtual water trade (water needed to produce a given traded 
agricultural commodity) will exert sizeable impact on agricultural water use and 
consequently on food production in China. So how and if China could become self-



sufficient in food supply and how much it will influence the global food market in the 
future has become a big challenge confronted by the Chinese government.  

 
By the early 1990s, the concept of Integrated Water Resources Management 

(IWRM) along with the idea that the river basin should be the basis of its 
implementation had been widely disseminated and popularly known by the water 
professionals. It embraced two broad conceptual bases of improved water resources 
management, namely, “integration” and “sustainability”. Accordingly, IWRM is defined 
as “a process, which promotes the coordinated development and management of 
water, land and related resources, in order to maximize the resultant economic and 
social welfare in an equitable manner without compromising the sustainability of vital 
ecosystems” (GWP, 2000).  

 
 

2. WATER SCARCITY AND FOOD SECURITY CHALLENGES 
IN CHINA 

 
2.1 Population growth and food demand 

The population in China increased from 673 million in year 1961 to 1282 
million in year 2000, nearly doubled within 40 years. China’s population would reach 
1.47 billion by year 2030 and 1.42 billion by year 2050 at the medium variant scenario 
(FAOSTAT, 2007). At 400 to 450 kg of annual grain consumption per capita, the total 
grain demand will reach 588 to 660 million tons by year 2030. However, the current 
total grain production is only about 400 million tons. Grain production must grow 50-
65% to meet this additional demand. So thhe future food supply and demand will be 
unbalanced if no effective measures are adopted; China will face enormous food 
security challenges. 
 
2.2 Land resources and land use  

As of 2000, the total land area of China is 959.8 million ha, including 137.1 
million ha of arable land and 177.0 million ha of forest area. It is projected that the 
arable land area in China is going to drop to 0.073 ha per capita by year 2020 and to 
less than 0.067 ha per capita by year 2030, due to the rapid expansion of 
urbanization and industrialization. By the end of 2003, irrigation area in China was 
55.90 ha, 3.5 times the size of that in 1949 and the irrigation area per capita was 0.65 
ha, over 2 times the size of that in 1949. About 75% of grain and over 90% of cash 
crops in China are produced from irrigated area. Therefore, irrigation plays an 
important role in guaranteeing China’s agricultural production, food security as well as 
economic and social stability, and in enabling China to support its 21% of the world 
population with its 6% of the world renewable water resources and 9% of the world 
arable land. 
 
2.3 Water resources and water use 

China’s mean annual precipitation is 648 mm and the average annual 
evaporation from water surface varies greatly over regions, with the lowest value 
being only 400 mm, and the highest up to 2600 mm. The mean annual water 
resources are 2812.4 billion m3, including an estimated 2711.5 billion m3 of surface 
water and 828.8 billion m3 of groundwater (accounting for 727.9 billion m3 of 
duplication between surface water and groundwater). However, the annual water 
resources per capita in China are only 2200 m3, approximately one-fourth of the world 
average, making China one of the water short countries of the world. The total water 
availability in China is around 1125 billion m3, i.e. 878 m3 per capita.  

 



The total water exploitation in China has increased from 100 billion m3 per 
year to 560 billion m3 per year and the per capita water use has increased from 187 
m3 to 428 m3 since the year 1949. In the last two decades, the groundwater extraction 
has increased by about 2.5 billion m3 per year, from 57.2 billion m3 in 1970’s, to 74.8 
billion m3 in the 1980’s and to 106.7 billion m3 in the year 2000.  The proportion of 
groundwater supply to total water supply has increased from 14% in year 1980 to 
19.8% in year 2000. The total water use in China in the year 2000 was 549.8 billion 
m3, 375.5 billion m3 of which was used for agriculture. Table 1 shows the nation-wide 
water use in China in the year 2000.  

 
Table 1 Nation-wide water use in the year 2000 

Water use items Water use  (billion 
m3) 

Percentage to the 
national total 

 (%) 
Total national water use 549.8 100 

Domestic use (urban) 28.6 5.2 
Industrial use 113.8 20.7 

Agricultural use 
Total 375.5 68.3 

Irrigation 346.4 63.0 
Rural domestic 29.1 5.3 

Forest irrigation and  wetlands 31.9 5.8 
Source: MWR (Ministry of Water Resources), 2000.  

  
2.4 Climate change 
 

Even though there are many uncertainties in the prediction of future climate 
change, global climate change is widely accepted. Global warming could accelerate 
the global hydrological cycle, and therefore change the frequency of drought and 
flood disasters. Climate change will pose potential threat to the sustainable use of 
water resources in the north of China in the future. It is predicted that the temperature 
in the north of China will increase by around one centigrade by year 2030 and by 1.3 
to 1.4 centigrade by year 2050. Global warming will have adverse impacts to the 
water resources in the north of China. The total water availability in Haihe and Luanhe 
river basins will be reduced by 4.7% and 4-6% in the whole area of North China. The 
runoff in Haihe and Luanhe river basins will be reduced by 12% in the coming 30 
years due to climate change (Zhang, 2002). Therefore, global climate warming will 
inevitably exert adverse impacts to the precipitation, water resources and its regional 
allocation, as well as water availability, particularly in the north of China. Food 
production will be particularly sensitive to climate change, because crop yields 
depend in large part on prevailing climate conditions (temperature and rainfall 
patterns). In the meantime, climate change will impact the production and yield of 
crops from arable land. The impact to yield will be mainly resulted from the change of 
the frequency of extreme climate events, rather than the change of average climate 
conditions. Secondly, temperature directly influence photosynthesis and breath 
velocity these two crucial processes to growth, while crop productivity depend on the 
combination of these two processes.  

 
 

3. METHODOLOGY 
 

In this paper at country level, Policy Dialogue Model (PODIUMSim) 
developed by the International Water Management Institute (IWMI) will be used for 
China for current and future water and food supply and demand by years 2030 and 
2050 under different population growth and irrigation area development scenarios. 
With an interface in Microsoft Excel, it can generate future scenarios at sub-national 
level, such as river-basins or at administrative boundaries (IWMI, 2003). PODIUMSim 
consists of four major components: Crop consumption, Crop production; Water 



Demand; and Water supply. The food demand scenarios are simulated in the model 
on the basis of population and per capita dietary consumption for the basin or country. 
Similarly, the scenarios for food production are simulated on the basis of rainfed and 
irrigated area and yield in the basin or the country.  

 
This model enables for users to set goals, such as food production for an 

adequate per capita consumption, and explore ways of reaching that goal. Likely 
scenarios can also be developed with respect to growth in population, changes in 
diets and developments in agriculture and water resources to ensure food security 
and sustainable water use. Once the goals, such as food production for an adequate 
per capita consumption have been set, the ways of reaching that goal through 
improving the water use efficiency of the cultivated area, expanding irrigated area or 
rainfed area, increasing cropping intensity or importing more food can be explored. 
Therefore, to derive responses corresponding to future food supply and food demand, 
this paper attempted to answer the following questions: 
• How much food should be produced under various population growth scenarios? 
• To produce that amount of food, at what scale should the irrigated area expand? 
• To realize the development of that irrigated area, how much improvement in 

irrigation efficiency would be needed with the total irrigation water use within the 
range of the goals set up by the Chinese government? 

• What kind of water management options should be adopted to meet that irrigation 
efficiency gains? 

• How much food would a country have to import to feed its population, if there are 
no new investments in developing additional water resources? 

 
 

4. SCENARIOS DEVELOPMENT 
  

There are many factors that affect the total food demand and food supply in 
China. Population and urbanization are the two major factors, which determine the 
per capita food consumption. While the food supply capacity lie mainly on arable land 
area, cropping pattern, cropping density, irrigation water availability, as well as 
irrigation efficiency factors. Future food supply and food demand scenarios are 
developed on the basis of the base year 2000.  

 
China’s population is projected to peak in year 2030, to 1450.5 million (UNPD, 

2004). In this paper three scenarios at low, medium and high growths were developed 
based on the projections from the United Nations Population Division (2007) and the 
Food and Agriculture Organization (FAOSTAT, 2007) (Table 2 and Figure 1).  

 
Table 2  Scenarios for population growth (million) 

Scenarios 1980 2000 2010 2020 2030 2040 2050 
Low variant 

999 1282 
1349 1376 1370 1312 1211 

Medium variant 1362 1432 1470 1460 1420 
High variant 1374 1489 1576 1620 1660 

Source: Past and current population are derived from FAOSTAT (2007) and projections for future 
population are after the United Nations Population Division (2007) and FAOSTAT (2007). 
 

The arable land area in China in the year 2000 was 128.3 million ha and is 
going to drop to 122.00 and 117.80 million ha by the year 2030 and 2050 due to the 
rapid urbanization and industrialization (CAE, 2000). However future irrigation area 
will increase owning to the expansion and improvement of irrigation infrastructure and 
adoption of various water-saving technologies. Future arable land area and scenarios 
for the development of irrigation areas at various levels in the coming years 2010, 
2030 and 2050 are shown in Table 3. Water uses by various sectors in the year 2000 
are shown in Figure 2. These are used for estimating the total food supply. 
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Figure 1  Population of China, 1950-2050, by projection variants 
 

Table 3 Arable land and irrigation area development (million ha) 
Year 1980 2000 2010 2030 2050 

Arable land area 99.70 128.30 126.12 122.00 117.80 

Irrigation 
Area 

High development scenario 

48.89 55.37 

56.67 59.67 60.93 

Medium development 
scenario 56.14 58.33 58.94 

Low development scenario 55.40 57.13 57.61 

Source: 1. The annual decrease rate for arable land area is derived from CAE (2000; P. 167); 
2. Scenarios for the development of irrigation area are derived from CAE (2001). 
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Figure 2 Percentage of various water uses in the year 2000 
 
 

5. RESULTS AND DISCUSSION 
 

5.1 Food consumption 
 

Food consumption is made up of food grain, feed grain, and 
seeds/waste/other uses. The food grain consists of paddy rice, wheat, maize, pulses 



and other cereals. The daily calorie supply per capita in the base year 2000 was 2974 
kCal, 57.2% and 54.0% from grain products in urban and rural areas respectively and 
19.5% from animal products. It is going to reach to 3383 kCal, 46.4% and 43.7% from 
grain products in urban and rural areas respectively and 29.0% from animal products, 
by the year 2030; and 3686 kCal, 40.3% and 30.8% from grain products in urban and 
rural areas respectively and 37.8.0% are from animal products, by the year 2050 at 
an increase rate of 0.43% at a medium population variant scenario. The total food 
grain consumption in the base year 2000 was 291.2 million tons, 44% from rice, 25% 
from wheat and 27% from maize. However, with the change of people’s dietary 
structure, more meat will be consumed in the future, which would increase the 
consumption of maize, one of the major sources of feed, and reduce the consumption 
of starchy food, like rice and wheat correspondingly. Trends for the change of food 
consumption at medium population growth scenario are shown in Figure 3. Compared 
with the total food consumption, there will be an acute increase of the total feed 
consumption due to more demand for meat in the coming decades (Figure 4), which 
would reach 202 and 300 million tons respectively in the years 2030 and 2050.  
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Figure 3   Distribution of food consumption in the future at medium  
population growth scenario 
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Figure 4 Total grain consumptions in the future at medium 
population growth scenario 



5.2 Food production 
 

The total paddy rice production will increase from 201.0 million tons in the 
year 2000 to 248.8 million tons in the year 2030 and 286.8 million tons in the year 
2050 at medium irrigation area development scenario, due to the improved agronomic 
skills which result in the increase of yield, even though the harvested area decreasing 
slightly year by year. However, the total production of wheat, maize, other cereals and 
pulses at the same scenario will increase from 74.7, 107.9, 12.3 and 4.5 million tons 
in the year 2000 to 104.8, 146.8, 15.6 and 5.4 million tons in the year 2030 and to 
132.8, 184.9, 18.4 and 6.4 million tons in the year 2050 respectively due to the 
increase of both harvested area and yield. In particular, the total production of 
vegetables, roots and tubers, fruit and cotton will increase tremendously due to 
change in people’s dietary preferences, from 275.7, 45.3, 62.0 and 4.0 million tons in 
the year 2000 to 468.8, 66.1, 84.2 and 6.4 million tons in the year 2030, and to 672.8, 
88.4, 105.3 and 8.9 million tons in the year 2050 respectively. Details for crop 
production in the year 2000, 2030 and 2050 at the medium irrigation area 
development scenario are shown in Figure 5. 
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Figure 5    Crop productions in the year 2000, 2030 and 2050  
at medium irrigation area development scenario 

 
5.3 Food surplus or deficit 
 

Since it is difficult to compare the total food surplus or deficit in terms of 
production (Million tons) of individual crops, the food deficit and surplus are converted 
to equivalent financial values (US$ billion) using the base year export prices (FOB) of 
different crops (US$/ton). There was US$3.1 billion of grain deficit in the year 2000 
and there will be US$10.8 billion and US$3.2 billion of grain deficits in the year 2030 
and 2050. In addition, there will be more deficits in the other crops, including 
vegetables, roots and tubers, sugarcane, fruit and cotton in the year 2030, which will 
increase from US$48.1 billion in the year 2000 to US$59.0 billion in the year 2030. 
However, there will be US$26.1 billion of surplus of these crops in the year 2050 due 
to the adjustment of cropping pattern. Details of crop production, consumption, and 
surplus or deficit at this scenario in the year 2000, 2030 and 2050 are shown in 
Figure 6. Model results predict that there will be huge food deficit in the year 2030 
and 2050 with the integrated scenarios of high population growth and low irrigation 
area development. The total grain deficit will reach US$21.0 and US$29.8 billions 
respectively and the total crop’s deficit will reach US$128.0 and US$136.3 billions 
respectively in the year 2030 and 2050 (Figure 7). Therefore, tangible and feasible 
measures should be adopted to meet the food demand in the future.  
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Figure 6 Crop production, consumption and surplus or deficit in the year 2000,  

2030 and 2050 at medium population growth and irrigation 
area development scenarios 

 
 

-200

0

200

400

600

800

1000

20
00

20
30

20
50

20
00

20
30

20
50

20
00

20
30

20
50

Eq
ui

va
le

nt
 fi

na
nc

ia
l v

al
ue

 (B
ill

io
n 

U
S$

)

Consumption Production Surplus/Deficit

Grain Crops Other crops All crops

 
Figure 7 Crop production, consumption and surplus or deficit in the year 2000, 

2030 and 2050 at high population growth and low irrigation 
area development scenarios 

 
5.4 Water demand  
 

The total net irrigated area of China in the year 2000 was 55.37 million ha, 
including 30.36 million ha of paddy rice and 25.1 million ha of other crops. The 
irrigation efficiency was 43% for surface water and 70% for groundwater, and the 
percolation requirement for paddy was 180 mm. Thus the total irrigation requirement 
is calculated with the irrigated area of different crops and the water use efficiency, 
which was 380.8 billion cubic meters, 34.4 billion cubic meters more than the actual 
irrigation water diversion in this year, which means 34.4 billion cubic meters of water 
deficit in irrigated agriculture. However, there will be more water required from 
irrigated agriculture even with the increase of irrigation efficiency from both surface 
water and groundwater in the future due to the adjustment of cropping pattern (more 
irrigated areas for vegetable, fruit, and roots and tubers) and expansion of irrigated 
area, which will reach 432.5 billion cubic meters in the year 2030 calculated with 54% 
and 78% of irrigation efficiency from surface water and groundwater respectively.  As 
there will be slight increase in the irrigation area in all the scenarios (from 58.33 
million ha in the year 2030 to 58.94 million ha the year 2050 at the medium irrigation 
area development scenario) and relatively big increase in the irrigation efficiency 
(62% irrigation efficiency for surface water and 83% for groundwater), the total 
irrigation requirement in the year 2050 must decrease compared with the year 2030, 
which will be around 378.5 billion cubic meters.  



The total domestic water demand would increase from 57.68 billion m3 in the 
year 2000 to 109.22 billion m3 calculated with 885 million of urban population (100% 
with water supply) and 584 million of rural population (87% with water supply) in year 
2030, and to 136.41 billion m3 calculated with 1012 million of urban population (100% 
with water supply) and 406 million of rural population (93% with water supply) in year 
2050. The total industrial water demand would increase from 113.81 billion m3 in the 
year 2000 to 271.69 billion m3 in year 2030 and to 312.84 billion m3 in year 2050. The 
total water demand would reach 759.24 billion m3 and 814.74 billion m3 in year 2030 
and 2050, 143.28 billion m3 and 198.78 billion m3 more than that of the year 2000 
respectively.  
 
5.5 Water accounting 
 

The total potentially utilizable water resources in China is 1029.09 billion m3, 
including 813.45 billion m3 of surface water resources and 248.64 billion m3 of 
groundwater resources. The total surface water availability, which takes the return 
flow into account, is 902.56billion m3 in year 2000, 953.75 billion m3 in year 2030 and 
933.20 billion m3 in year 2050. The total groundwater availability is 434.27 billion m3 
in year 2000, 399.59 billion m3 in year 2030 and 374.10 billion m3 in year 2050. The 
degree of development, which is the ratio of primary water supply to total potentially 
utilizable water resources, is 40% in year 2000, 54% in year 2030 and 60% in year 
2050. The percentage of groundwater abstraction to total normal recharge (total 
potentially utilizable groundwater resources) is 42% in year 2000, 63% in year 2030 
and 73% in year 2050. And the percentage of groundwater abstraction to total 
groundwater availability is 24% in year 2000, 39% in year 2030 and 49% in year 2050. 
Details on water accounting in year 2000, 2030 and 2050 are shown in Table 4 and 
the water use balance in year 2000, 2030  and 2050 are shown in Figure 8, Figure 9, 
and Figure 10. 

 
5.6 Water management options to meet the future food security 
 

The food security situation will be getting to the worst around the year 2030 
due to population growth, land and water availability pressures. There are two options 
to meet the total food demand: increasing per hectare yield or increasing the 
harvested area. Since yield is higher in irrigated agriculture, expanding the irrigation 
area will inevitably be a better way. However, the total water available for irrigation is 
limited due to the water competition from domestic and industrial sectors, so 
improving the water use efficiency and keeping the irrigation water use within the 
development goal set up by the Chinese government should be the promising options. 
If the total irrigation water diversion is 420 billion cubic meters in the year 2030 and 
400 billion cubic meters in the year 2050 and the irrigated yields are kept the same, 
the gross irrigated area have to reach 137.86 and 109.07 million ha respectively to 
meet the total food demand; irrigation efficiency needs to increase to 69% for surface 
water and 85% for groundwater in year 2030 and 63% for surface water and 83% for 
groundwater in year 2050; This is a big challenge for the irrigated agriculture in China, 
particularly in the year 2030. As a result, various management options, like converting 
some of the flood irrigation area to sprinkling or micro irrigation areas, increasing the 
use of return flows, should be adopted in the future. 
    

 
 



Table 4   Water accounting for year 2000, 2030 and 2050 
  2000 2030 2050 

Factors Irrigation Domestic Industrial Envir Total Irrigation Domestic Industrial Envir Total Irrigation Domestic Industrial Envir Total 
Total SW resources     813.45     813.45     813.45 
Total GW resources     248.64     248.64     248.64 
Total net water 
resources     1029.09     1012.09     982.09 

Surface Diversions 362.59 6.91 108.12 33.00 510.62 280.69 13.09 258.11 50.00 601.89 238.28 16.35 269.43 80.00 604.06 
Groundwater 
withdrawals 48.89 50.76 5.69  105.34 47.64 96.13 13.58  157.35 47.21 120.05 14.18  181.44 

Total diversions 411.48 57.67 113.81 33.00 615.97 328.33 109.22 271.69 50.00 759.24 285.49 136.41 283.61 80.00 785.5 
Beneficial Evaporation 135.49 40.93 30.73  207.15 141.18 77.51 107.06  325.75 145.90 96.80 143.80  386.5 
Return flow to surface 27.60 3.35 58.16  89.11 18.71 6.34 115.24  140.30 13.96 7.92 97.87  119.75 
Recharge to ground 
water 165.60 11.72 8.31  185.63 112.29 22.20 16.46  150.95 83.75 27.73 13.98  125.46 

Flows to swamps 69.00    69.00 46.79    46.79 34.90    34.90 
Flows to sea 13.80 1.67 16.62  32.09 9.36 3.17 32.93  45.45 6.98 3.96 27.96  38.90 
Reservoir Evaporation     30.75     60.00     75.00 
Depletion     338.99     477.99     535.30 
Unutilized Return flow - 
SW     22.28     31.44     24.44 

Unutilized Return flow - 
GW     46.41     33.83     25.61 

Primary water supply     407.67     543.27     585.35 
Total Evaporation     306.90     432.54     496.40 
Total surface water 
availability     902.56     953.75     933.20 

Total groundwater 
availability     434.27     399.59     374.10 

Degree of Development     40%     54%     60% 
Depletion fraction     83%     88%     91% 
Beneficial Evaporation     67%     75%     78% 
GW abstraction - % of 
normal recharge     42%     63%     73% 

GW abstraction - % of 
GW availability     24%     39%     49% 
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Figure 8     Water use balance in year 2000 
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Figure 9    Water use balance in year 2030 
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Figure 10    Water use balance in year 2050 
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