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“We need a Blue Revolution in agriculture that focuses on increasing productivity per unit of water – “more crop per drop”.  These are words that might be heard within IWMI corridors from time to time, but in this case the words come from Mr. Kofi Annan, Secretary General of the United Nations, Report to the Millennium Conference, October,  2000 in reference to the need to solve the water crisis we are in.


In this presentation I will explore the nature of the world water crisis, the role of agriculture, and the potential to resolve this crisis.


What is the nature of the crisis?


We are all quite aware of issues of dried up and polluted rivers, of endangered aquatic species, of accumulation of agricultural chemicals in natural ecosystems
. 
In many areas, salinization and groundwater decline are symptoms of the crisis
.  
In the wake of economic development, some of the world’s great rivers do not reach the sea.  Cotton uses nearly the entire flow of The Amu Darya and Syr Darya  in Central Asia.  The Yellow River did not reach the sea for 7 months in 1997.   Similarly, very little Nile, Indus, or Colorado River water reaches the sea.  
In spite of development of water resources intended at food production, malnutrition persists, mostly in South Asia and Sub-Saharan Africa
.  
Much of this is in regions dubbed “economically water scarce”
, meaning that  while there is water available in nature, sometimes abundantly, it has not been developed for human use. Small farmers and the poor are  particularly disadvantaged and can face acute water scarcity. They do not have access to water to satisfy their needs for either food security or sustainable livelihoods. 
The agriculture community see continued growth of irrigation as an imperative to achieve the goals adopted by the international community to reduce hunger and poverty.  Under a base scenario that included optimistic assumptions on productivity growth and efficiency, IWMI estimated that 29% more irrigated land would be required by the year 2025, and because of gains in productivity and more efficient water use, the increase in diversions to agriculture would be 17%
.  FAO and Igor Shiklomonov of the Russian State Hydraulics Institute had similar results. 
Citing similar international commitments to maintain and improve environmental quality and biodiversity, many in the environmental community see it as imperative that water withdrawn for agriculture is reduced, not increased.  Taken from the perspective of sustainable use, a colleague Joe Alcamo of Kassel University projected an 8% decrease in the amount of water that should be diverted to irrigation.  The difference between the 17% increase and 8% decrease is on the order of 625 km3 of water – close to the 800 km3 of water that is presently used globally for urban and industrial use
. 
The crisis and conflict is not one of cities versus agriculture.  Cities withdraw only a small portion of water.  Plus the value of use in cities is so much higher that they naturally should have first priority. While there can certainly be sharp conflicts locally, and agriculture is indeed displaced by urban and industrial needs, there is no real “competition”. It is more like a lost battle: water for urban areas wins hands down over water for agriculture. On the whole, the conflict, or the need to find harmony or balance, is between uses of water in agriculture and uses of water in nature.  From this perspective, “how much irrigation do we really need” is one of the burning questions of our times.  How we resolve the world water crisis very much depends on how well water is managed in agriculture.

It is often stated that irrigation uses 70% of all water withdrawn, and in some countries this number reaches 90%
.  In fact, irrigation withdrawals are on the order of 2500 km3 , which is approximately 6% of the world’s renewable resources.  The other 94% of the renewable resources are used to are used to support crop cultivation and terrestrial, aquatic and coastal ecosystems.  Seen from another perspective, IWMI estimates that of evaporation from earth surfaces, lands supporting crop-based agriculture evaporate 20% – about 15% of which is from lands supporting rainfed agriculture and 5% by irrigated lands
.  Certainly, we think that managing water in agriculture should not exclusively focus on improving the efficiency of the 2,500 km3 diverted to irrigation, but must include improving the productivity of the 16,000 km3 used in rainfed agriculture as well.  

Productivity of Water in Agriculture
A common perception is that increasing efficiency in agriculture is the solution to the water crisis.  Technically defined, efficiency tells us how much diverted water reaches the crops, and how much is wasted “down the drain”.  Unfortunately, this is a widespread misperception as I will illustrate.  The real “wastage” comes from not being as highly productive as possible with the water that is currently consumed (not wasted down the drain) in agriculture.

The Chistian Irrigated area is located in Pakistan’s Punjab with a landscape heavily dominated by agriculture.  To get an idea of how efficiently water was used, IWMI performed a water accounting exercise
.  During the 1993/94 agricultural year, 740 million cubic meters (MCM) of water entered the area
 from irrigation deliveries, rain and groundwater.   Human use, dominated by crop agriculture, consumed 90% of the supplies, evidently quite efficient.

From this larger, basin perspective, farmers are very effective in converting water into crop production.  But, groundwater was mined during the year, and in this area very little water was available for environmental purposes such as flushing salts, or for ecosystem sustenance.  Farmers as a group are, if anything, too efficient! Certainly increasing the efficiency, and leaving even less for other uses, is not recommended.
While efficiency is very high, productivity is very low. Wheat yields are on the order of only 2 tons per hectare, while rice yields are on the order of 1.4 tons per hectare.  In terms of kilograms and dollars per cubic meter, water productivity is on the low end of the spectrum when comparing to other systems worldwide
.   For wheat, water productivity is on the order of 0.6 kg/m3 compared to a range of about 0.5 go 1.5 kg/m3.


Figure 1.  Water accounting for the Chistian sub-division, Pakistan.
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Where water is limiting, there is a clear need to shift from an exclusive focus on productivity of land resources, yield in tons per hectare, to a view that focuses on productivity of water resources, tons per cubic meter, and in a broad sense, overall benefits derived from water used. 
Productivity of Water – How will it help? 
Why is getting more crop per drop so important?  The answer is simple – growing more food with less water alleviates scarcity, contributes to achieving food security, and puts less strain on nature. 
Reducing water withdrawn by agriculture contributes by freeing up more water for nature, for drinking, and industrial uses.  Can this be done and still provide food security and improved rural livelihoods.  Here are the results of a global calculation using the IWMI’s Podium Model
.  In this scenario
, there is a moderate expansion of 3% of the harvested area, and 10% of irrigated area.  But we have actually required withdrawals by irrigation to decrease by about 10%.  The only way that enough food can be grown is by increases in water productivity on rainfed and irrigated land.  For the period of 2000 to 2025, we have estimated that an annual growth rate of about 1.8% or roughly a 60% percent increase for the period, on irrigated land, and 1.0%, or a 30% increase on rainfed land in water productivity would be required (see Table 1)
.   This marked change in water productivity from business as usual scenarios is the challenge.
Table 1.  Water productivity and yield growth rates for a scenario meeting goals of food and environmental security.
	
	Irrigated
	Rainfed

	Recent Annual Growth Rates (%) in Yield
	1.0%
	0.5%

	Business as Usual Scenarios
	
	

	-  Growth in Yield 
	1.0%   
	0.5%

	-  Growth in Water Productivity
	0.6%  
	0.5% 

	-  Growth in Water Productivity (25 years)
	20%
	15%

	Food and Environmental Security Scenario
	
	

	-  Growth in Yield
	1.3%
	1.0%

	-  Growth in Water Productivity
	1.8%  
	1.2% 

	-  Growth in Water Productivity (25 years)
	60%
	35%







The billion dollar question is, of course, whether such an increase is feasible! Increases on rainfed land can be achieved by several means:  improved varieties, better nutrient management, improved soil-water management practices, and by introducing supplemental irrigation to fill in the water gaps.  It is estimated that in arid areas, 50% of rainfall evaporates back to the atmosphere without contributing to crop productivity
.   Capturing this water before it evaporates, through improved crop properties such as fast growing roots, or improved tillage practices seems to offer potential.   Drought tolerant crops, while not necessarily lifting the yield ceiling, can improve water productivity.  And supplying a small amount of water at a time of stress can greatly contribute to productivity.
In many areas, potential productivity is not realized and this is in part due to poor irrigation management.  Considering the productivity of water in more than 40 irrigation systems worldwide, Sakthivadivel et al (1999) demonstrated a 10-fold difference in the gross value of output per unit of water consumed by evapotranspiration (Figure 2).  Some of this difference is due to the price of grain versus high valued crops, and certainly not all agriculture can be devoted to high valued crops.  But even among grain producing areas, the differences are large. 
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Figure 2.  Water Productivity values in terms of standardized gross value of output per unit of evapotranspiration (Sakthivadivel, 1999).
In many places, real water savings is an important mechanism to increase the productivity of water. In China, and many other places of the world, water is moving out of agriculture.  In China, Wuhan University, ACIAR, CSIRO, IRRI, IWMI and other Chinese partners are carefully looking at practices that improve the productivity of water in rice areas, allowing sustained production, yet freeing up water for other uses.  The Zhang He reservoir, situated in the Yangtze River basin, was constructed primarily for irrigated agriculture.  Over time reservoir water also met increasing demands from higher valued urban and industrial water uses.  Water managers – farmers, irrigation service providers, and water resource managers - were able to shift water out of agriculture to meet these other needs (Figure 3).    Production levels remained stable over the time period in spite of this massive shift of water out of agriculture (Table 2). The increase in water productivity can only partly be explained by yield growth which nearly doubled over a thirty year period.  This is compared to a near trebling of water productivity attributed to the Zhang He supply.  Growing more rice with less water – improving the productivity of water – was made possible through on-farm water saving irrigation practices, ample recycling through the melons-on-the-vine system of reservoirs, pricing water, and strong institutions to back these approaches.  (Hong et al, 2001 and IWMI annual report 2000).
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Figure 3.  Annual deliveries to irrigation and other uses at Zhang He Irrigation District, China.

Table 2. Changes in land and water productivity in Zhanghe irrigation district 1966-1998 

	Period
	Annual irrigated area

(103 ha)
	Rice crop production

(103 tons)
	Rice yield

(T/ha)
	Rice water productivity

(kg/m3 water supply)



	1966-78
	139
	561
	4.04
	0.65

	1979-88
	135
	905
	6.72
	1.17

	1989-98
	118
	920
	7.80
	2.24




Some Riders on the Challenge
Global information of course hides many of the challenges faced on the ground.  Plus, increasing water productivity, while necessary, does not guarantee improved livelihoods.   We thus need to attach some riders to this global challenge.
Rider 1:  Different Situations Different Needs







To meet human needs, river basins in the wold go through various stages of development.  A basin is endowed with “blue water” – that part of rain that contributes to river runoff, and “green water” the part that evaporates from land surfaces before reaching river systems.  Over time to meet food, drinking, bathing, and other needs, humans tap into blue water by building dams, diversion structures, and conveyance infrastructure.  We tap into green water by expanding agriculture and urban areas on the land surface.  We can continue developing land and water up to a limit, set by the quality and quantity of land and water resources.  
[image: image1.png]Renewable

5
B
=
o
E
M
Depleted
— |Available
5
B
S
g
g
S | Development Utilization Allocation
Time

- >




Figure 4.  Stages of river basin development.

Three stages can be identified.  At first there is an initial development phase where people tap into resources to meet development needs.  Much of Sub-Saharan Africa and parts of South and South East Asia are in this phase.  We develop land and water resources to overcome basic problems of meeting food needs and providing access to water.  The challenge in much of sub-Saharan Africa is to go through this development phase in a manner that meets the needs of the rural poor, and yet maintains fragile environments.

A second phase is a utilization phase.  In this period, significant amounts of infrastructure have been built, and much land is developed, and people are learning how to utilize these land and water resources.  Typical challenges include saving water, increasing productivity of water, and solving allocation and distribution problems to assure equitable access.   Many of the basins of South Asia, Latin America, and South East Asia are in this situation.
A third phase occurs when utilizable land and water resources have been developed.  Additional water cannot be sustainably tapped to meet additional needs, and competition increases.  Allocation of water and increasing productivity of water are key concerns. Problems that appear when this phase is not well managed are: increased water pollution, groundwater depletion, and loss of access to water by the poor.  This stage has been reached on the northern and southern edges of Africa, across Central Asia, Pakistan, Northwest India and the North China plain, and includes some of the world’s most important breadbaskets.  The challenge is to reduce water use to sustainable levels while continuing to support rural livelihoods.









Rider 2 on the global challenge: Poverty alleviation


A simple focus on increasing overall productivity can increase food production to assure global national or regional food security – but does not guarantee food security at the household level. That is a matter of access and distribution. Fortunately, we are learning how to target small farmers and alleviate poverty while increasing productivity. For example, more than 1.3 million treadle pumps have been sold in Bangladesh alone (Shah et al. 2000). The technology has reached a substantial number of rural poor in Bangladesh and irrigates about 600,000 ha of farmland and has raised the annual net household income by US$100 on the average. There is considerable activity in promising low cost drip irrigation technologies and water harvesting that offer hope in increasing access to water, water productivity, and income for the poor


Rider 3 on the global challenge: Managing for Multiple Uses
Especially in areas of high water stress, a water action taken in one part of a basin, may have negative impact in another part of the basin. Capturing and using “losses” in irrigation may indeed leave less water to fisheries, to people, and to wetlands.  Plus each drop of basin water can serve several purposes – for fisheries, for drinking water, and for ecosystem services.    For example, IWMI studies in Sri Lanka have indicated that lining canals in an effort to improve efficiency may cause problems for drinking water and health.  A further example is the capture fisheries in Cambodia’s Mekong that are at risk from upstream developments along the Mekong
. A shift in institutional focus is required to manage water for its multiple uses.  Understanding the tradeoffs, making sure that our actions improve overall basin water use, is an area that requires much more attention.  Integrated Natural Resource Management methods offer great potential to help.  




Conclusion

In conclusion, I have argued that how we manage water in agriculture holds the key to solving the water crisis.   In essence, the  global challenge for us is to grow more food with less water - decreasing water use in agriculture to meet environmental goals and other human needs, yet growing enough food, and improving livelihoods of the poor.  This challenge requires substantial increases in productivity of water in agriculture.  In 25 years, 60 percent increases of water productivity on irrigated lands, and 30% on rainfed lands will certainly go a long way to solving the crisis.
It is not really up to us to decide how people in various countries and river basins use their water.  People will have different ways they want to meet food and environmental security goals.  But what we can do is offer feasible, sustainable choices and solutions that do not exist today. 
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� Prepared for the CGIAR’s Mid Term Meeting in Durban, South Africa, May 24, 2001.  The authors are Senior Researcher and Director General of IWMI.


� The current situation is already one characterized by dried-up dried up and polluted rivers, lakes, and groundwater resources.  Species are disappearing.  World wide, 20% of freshwater fish are vulnerable, endangered or extinct; 20% of insects have aquatic larval stages; and 57% of freshwater dolphins are endangered.  Rapidly growing cities, burgeoning industries, and rising use of chemicals in agriculture have undermined the quality of many rivers, lakes, and aquifers.  Agricultural chemicals used to boost agricultural productivity slowly accumulate in aquifers and natural ecosystems.  Groundwater, the preferred source of drinking water, is extremely difficult to clean.


� Sandra Postel’s Pillars of Sand (1999)


� In 1997, 790 million people in developing countries remain food insecure, 60 percent of whom live in South Asia and Sub-Saharan Africa.  In Sub-Saharan Africa, the number of food insecure people has risen from 125 to 186 million people over the last from 1980 to 1997 (from Marc Cohen and Per Pinstrup Andersen prepared for the CGIAR based on FAO data).


� From IWMI Water Scarcity Studies, IWMI (2000). 





� FAO and estimated a 34% increase in irrigated area, and a 12% increase in irrigation diversions, and similarly Shiklomanov projected a 27% increase in irrigated diversions.


� To get an idea of the magnitude, Egypt’s High Aswan Dam releases about 55 km3, so the difference is equivalent to more than 10 High Aswan Dams annual supply of water.


� From 1900 to 1995, withdrawals for human use have increased from 600 km3/year to 3,800 km3/yr.   Agricultural withdrawals are on the order of 2500 km3/year – in many developing countries this is over 90% of all water withdrawn for human uses.  From another perspective, of the 100,000 km3 per year reaching the earth’s surface, only 40% or 40,000 km3 are considered renewable water resources because they contribute to river runoffs and groundwater storage.  Of this amount, some 10% or 3,800 km3 is diverted from its natural courses, of which 2,500 km3, 7% is withdrawn for irrigation (based on Shiklomonov, 1998).


� This preliminary estimate by IWMI was done by overlaying World Water and Climate Atlas grids on the USGS land cover data set.  


� Based one Molden et al (2001)


� 504 MCM from irrigation diversions, 143 MCM as rain, and 73 MCM as net groundwater abstraction.  Crop evapotranspiration was 595 MCM, while evaporation from cities was about 50 MCM.


� For wheat this converts to 0.6 kg/m3 of water.  We have found a range of water productivity of wheat from 0.6 to about 1.5 kg/m3 worldwide.  The gross value of production for the rice-wheat cropping system per cubic meter of evapotranspiration is on the order of US$0.07, at the low end of the spectrum (Sakthivadivel et al, 1999).    For 40 systems, IWMI calculated a range of water productivity calculated in this way from 0.05 to about 0.80 $US per cubic meter.





� Seckler et al, 2000, and � HYPERLINK http://www.iwmi.org ��http://www.iwmi.org�


� Population grows as per the UN Medium population growth forecast to 7.8 million, and the calorie level is assumed to increase from a present per capita value of 2700 to 3000.


� For irrigation, water productivity was calculated as kg per cubic meter of water withdrawn.  On irrigated land, we calculated the growth in terms of kg per unit of evapotranspiration.


� See Rockstrom, 1999 for a discussion.


� Capture fisheries production is important for Cambodia’s economy (valued at US$220-250 million at farmgate prices during the late 1990s) as well as for the protein intake and income generation of the country’s largely rural population.
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		270.46		656		2704600		180306.666666667		328		887108800		4920.00		12197.9594642906		1.2197959464		1976		4.92		1.22

		277.04		624		2770400		184693.333333333		312		864364800		4680.00		15626.5104675127		1.5626510468		1977		4.68		1.56

		253.85		680		2538500		169233.333333333		340		863090000		5100.00		16798.8243995484		1.67988244		1978		5.1		1.68

		227.5		767		2275000		151666.666666667		383.5		872462500		5752.50		42828.6534779834		4.2828653478		1979		5.7525		4.28

		225.65		714		2256500		150433.333333333		357		805570500		5355.00		52432.341838063		5.2432341838		1980		5.355		5.24

		227.54		790		2275400		151693.333333333		395		898783000		5925.00		12119.6752922774		1.2119675292		1981		5.925		1.21

		225.61		809		2256100		150406.666666667		404.5		912592450		6067.50		45258.5027772267		4.5258502777		1982		6.0675		4.53

		228.89		847		2288900		152593.333333333		423.5		969349150		6352.50		26366.80312262		2.6366803123		1983		6.3525		2.64

		227.95		918		2279500		151966.666666667		459		1046290500		6885.00		22972.1709919642		2.2972170992		1984		6.885		2.30

		228.35		987		2283500		152233.333333333		493.5		1126907250		7402.50		26852.8630319783		2.6852863032		1985		7.4025		2.69

		207.85		1070		2078500		138566.666666667		535		1111997500		8025.00		24355.9992114947		2.4355999211		1986		8.025		2.44

		225.2		992		2252000		150133.333333333		496		1116992000		7440.00		69520.8813095164		6.952088131		1987		7.44		6.95

		215.33		1065		2153300		143553.333333333		532.5		1146632250		7987.50		24716.6961264038		2.4716696126		1988		7.9875		2.47

		239.07		1020		2390700		159380		510		1219257000		7650.00		99150.7684801171		9.915076848		1989		7.65		9.92

		250.85		986		2508500		167233.333333333		493		1236690500		7395.00		35929.4160371877		3.5929416037		1990		7.395		3.59

		214.7		942		2147000		143133.333333333		471		1011237000		7065.00		24448.4551037184		2.4448455104		1991		7.065		2.44

		182.81		1126		1828100		121873.333333333		563		1029220300		8445.00		51404.4700829088		5.1404470083		1992		8.445		5.14

		159.74		999		1597400		106493.333333333		499.5		797901300		7492.50		51514.0615920976		5.1514061592		1993		7.4925		5.15

		151.28		1054		1512800		100853.333333333		527		797245600		7905.00		32334.7501622323		3.2334750162		1994		7.905		3.23

		179.71		938		1797100		119806.666666667		469		842839900		7035.00		42636.5793201133		4.263657932		1995		7.035		4.263657932

		153.83		1065		1538300		102553.333333333		532.5		819144750		7987.50		76821.2276094908		7.6821227609		1996		7.9875		7.6821227609

		164.58		1216		1645800		109720		608		1000646400		9120.00		46227.7741846069		4.6227774185		1997		9.12		4.6227774185

		141.31		1056		1413100		94206.6666666667		528		746116800		7920.00		69348.1550329956		6.9348155033		1998		7.92		6.9348155033

		( 1 )		PLANTED AREA TO RICE						10 x 4 mu

		( 2 )		UNIT YIELD						0.5 Kg/mu

		( 3 )		PLANTED AREA						mu

		( 4 )		PLANTED AREA						ha

		( 5 )		YIELD						kg/mu

		( 6 )		PRODUCTION						kg

		( 7 )		YIELD						Kg/ha

		( 8 )		YIELD						Kg/10x4 water

		( 9 )		YIELD						Kg/cu.m
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MILLION CUBIC MERERS

Zhanghe Irrigation System,  Hubei, China
 Annual Water Allocations for Irrigation and Other Beneficial Uses  
 1966-1998  ( Five  Year Moving Averages )

612.582

825.134

653.556

655.232

715.574

581.06

631.074

615.528

634.23

653.556

597.028

715.574

570.624

640.514

558.838

656.686

604.262

623.792

483.286

603.244

430.306

594.816

433.172

637.664

362.872

510.98

333.644

514.446

383.994

540.07

437.198

475.428

380.192

537.7784

371.998

657.5884

391.252

708.718

324.754

642.616

309.662

644.0018

301.074

594.8644

308.984

525.2206

247.18

613.8584

271.898

665.9884

242.594

716.064

181.196

689.9258

184.444

693.6072

174.984

582.8698



AG-OBU (2)

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996



DOMESTIC, INDUSTRIAL AND HYDROPOWER

IRRIGATION
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Zhanghe Irrigation System,  Hubei, China
 Annual Water Allocations for Irrigation and Other Beneficial Uses  
 1974-1998  ( Five  Year Moving Averages )
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Sheet3

																								IRRIGATION						IRRIGATION		OTHER BENEFICIAL

		YEAR		IRRIGATION		INDUSTRIAL		DOMESTIC		HYDROELECTRIC		FLOOD		EVAPORATION		OTHER		TOTAL						65441				1966		654.41		1558.67				155867

																								30198				1967		301.98		1163.67				116367				IRRIGATION		OTHER BENEFICIAL

		1961																						70916				1968		709.16		432.21				43221		1968		613		825

		1962																						79281				1969		792.81		669.14				66914		1969		654		655

		1963		55639								100228		11839				167706		155867				60455				1970		604.55		301.98				30198		1970		716		581

		1964		43955								72412		11693				128060		116367				85928				1971		859.28		709.16				70916		1971		631		616

		1965		41406								1815		12379				55600		43221				61207				1972		612.07		792.81				79281		1972		634		654

		1966		65441								1473		12448				79362		66914				28666				1973		286.66		604.55				60455		1973		597		716

		1967		30198										10991				41189		30198				80859				1974		808.59		859.28				85928		1974		571		641

		1968		70916										15444				86360		70916				41854				1975		418.54		612.07				61207		1975		559		657

		1969		79281										15907				95188		79281				72726				1976		727.26		333.86				33386		1976		604		624

		1970		60455										14401				74856		60455				55314				1977		553.14		873.67				87367		1977		483		603

		1971		85928										12391				98319		85928				51378				1978		513.78		440.08				44008		1978		430		595

		1972		61207										11195				72402		61207				20371				1979		203.71		756.54				75654		1979		433		638

		1973		28666						4720				10146				43532		33386				15364				1980		153.64		569.93				56993		1980		363		511

		1974		80859						6508				14766				102133		87367				74159				1981		741.59		548.1				54810		1981		334		514

		1975		41854		1375				779				12242				56250		44008				20164				1982		201.64		240.25				24025		1982		384		540

		1976		72726		2218				710				12796				88450		75654				36764				1983		367.64		457.41				45741		1983		437		475

		1977		55314		1559				120				10746				67739		56993				45546				1984		455.46		884.66				88466		1984		380		538

		1978		51378		1517				1915				8165				62975		54810				41966				1985		419.66		246.72				24672		1985		372		658

		1979		20371		2672				982				8704				32729		24025				45656				1986		456.56		859.852				85985.2		1986		391		709

		1980		15364		2831.7				2969		24576		14093				59834		45741				16067				1987		160.67		839.3				83930		1987		325		643

		1981		74159		2783				1250		10274.7		15791				104257		88466				46391				1988		463.91		713.058				71305.8		1988		310		644

		1982		20164		3690				818				10522				35194		24672				12297				1989		122.97		554.15				55415		1989		301		595

		1983		36764		2763				2826		43632		12016.8				98002		85985.2				34420				1990		344.2		253.649				25364.9		1990		309		525

		1984		45546		3316				7699.3		27368.2		12787				96717		83930				41362				1991		413.62		614.165				61416.5		1991		247		614

		1985		41966		4155				17457.2		7727		12058.2				83364		71305.8				20022				1992		200.22		491.081				49108.1		1992		272		666

		1986		45656		4511.1				5247.4				11117				66532		55415				15489				1993		154.89		1156.247				115624.7		1993		243		716

		1987		16067		5069.7				4227.4				10504.1				35869		25364.9				24656				1994		246.56		814.8				81480		1994		181		690

		1988		46391		4796.9		930.6		9297.7				11836.5				73253		61416.5				19768				1995		197.68		504.027				50402.7		1995		184		694

		1989		12297		4125.5		1235.5		19545.6		11904.6		9591.9				58700		49108.1				10663				1996		106.63		483.474				48347.4		1996		175		583

		1990		34420		5111.6		1290.8		23348.9		51453.1		12033.3				127658		115624.7				21646				1997		216.46		509.488				50948.8		1995

		1991		41362		5138.4		1473.6		19315		14190.8		12842				94322		81480				10759				1998		107.59		602.56				60256		1996

		1992		20022		4947.2		1279.2		19242.5		2792.8		13383.3		2119.2		63786		50402.7																129168.7		1997

		1993		15489		4552.8		1440.7		21857.1				11869.6		5007.6		60217		48347.4																80092		1998

		1994		24656		4137.4		1482.4		15838.3				12324.2		4835.2		63273		50948.8																30589

		1995		19768		4566.3		1681.2		28219.2				12621		6021.3		72877		60256

		1996		10663		5026.6		1623		25934.1		81524.8		12610.3		4397.1		141779		129168.7

		1997		21646		5556.2		1677.1		29684.5		16684.7				4844		80092		80092

		1998		10759								19830						30589		30589
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FINAL

		

				PRODUCTIVITY				TOTAL		TOTAL		IRRIIGATED AREA

				LAND		WATER		PRODUCTION		AREA

				Kg/HA		Kg/CUM		000' MT		"000'HA		"000'HA

		^ 1966-77		3.95		0.87		684		173		204

		^1978-88		6.57		1.39		988		151		155

		^1989-98		7.80		2.61		950		123		123





Sheet4

				UNITS												CUBIC METRES X 10000

		YEAR

				IRRIGATION		INDUSTRIAL		DOMESTIC		HYDROELECTRIC		FLOOD		EVAPORATION		OTHER		TOTAL		SUM		E+D+H		T-EV-F		T-SUM

		1961

		1962

		1963

		1964		55639								100228		11839				167706		167706		0		55639		0

		1965		43955								72412		11693				128060		128060		0		43955		0

		1966		41406								1815		12379				55600		55600		0		41406		0				47328		47328

		1967		65441								1473		12448				79362		79362		0		65441		0				50383		50383								47328

		1968		30198										10991				41189		41189		0		30198		0				57448		57448								50383

		1969		70916										15444				86360		86360		0		70916		0				61258		61258								57448

		1970		79281										15907				95188		95188		0		79281		0				65356		65356								61258

		1971		60455										14401				74856		74856		0		60455		0				71557		71557								65356

		1972		85928										12391				98319		98319		0		85928		0				64051		63107								71557

		1973		61207										11195				72402		72402		0		61207		0				65669		63423								63107

		1974		28666						4720				10146				43532		43532		4720		33386		0				62379		59703								63423

		1975		80859						6508				14766				102133		102133		6508		87367		0				60324		57062								59703

		1976		41854		1375				779				12242				56250		56250		2154		44008		0		3598		59482		55884								57062				DOMESTIC, INDUSTRIAL AND HYDROPOWER		IRRIGATION

		1977		72726		2218				710				12796				88450		88450		2928		75654		0		3340		63766		60426						3598		55884		1976		36		559

		1978		55314		1559				120				10746				67739		67739		1679		56993		0		2769		51098		48329						3340		60426		1977		33		604

		1979		51378		1517				1915				8165				62975		62975		3432		54810		0		3499		46529		43031						2769		48329		1978		28		483

		1980		20371		2672				982				8704				32729		32729		3654		24025		0		3720		47037		43317						3499		43031		1979		35		430

		1981		15364		2831.7				2969		24576		14093				59834		59833.7		5800.7		21165		0.3		4286		40573		36287						3720		43317		1980		37		433

		1982		74159		2783				1250		10274.7		15791				104257		104257.7		4033		78191.3		-0.7		4717		38081		33364						4286		36287		1981		43		363

		1983		20164		3690				818				10522				35194		35194		4508		24672		0		6189		44589		38399						4717		33364		1982		47		334

		1984		36764		2763				2826		43632		12016.8				98002		98001.8		5589		42353.2		0.2		9352		53071		43720						6189		38399		1983		62		384

		1985		45546		3316				7699.3		27368.2		12787				96717		96716.5		11015.3		56561.8		0.5		10497		48516		38019						9352		43720		1984		94		437

		1986		41966		4155				17457.2		7727		12058.2				83364		83363.4		21612.2		63578.8		0.6		11454		48655		37200						10497		38019		1985		105		380

		1987		45656		4511.1				5247.4				11117				66532		66531.5		9758.5		55415		0.5		13342		52467		39125						11454		37200		1986		115		372

		1988		16067		5069.7				4227.4				10504.1				35869		35868.2		9297.1		25364.9		0.8		16120		48596		32475						13342		39125		1987		133		391

		1989		46391		4796.9		930.6		9297.7				11836.5				73253		73252.7		15025.2		61416.5		0.3		17748		48714		30966						16120		32475		1988		161		325

		1990		12297		4125.5		1235.5		19545.6		11904.6		9591.9				58700		58700.1		24906.6		37203.5		-0.1		20981		51089		30107						17748		30966		1989		177		310

		1991		34420		5111.6		1290.8		23348.9		51453.1		12033.3				127658		127657.7		29751.3		64171.6		0.3		24216		55538		30898						20981		30107		1990		210		301

		1992		41362		5138.4		1473.6		19315		14190.8		12842				94322		94321.8		25927		67289.2		0.2		26781		52924		24718						24216		30898		1991		242		309

		1993		20022		4947.2		1279.2		19242.5		2792.8		13383.3		2119.2		63786		63786.2		25468.9		47609.9		-0.2		26091		55673		27190						26781		24718		1992		268		247

		1994		15489		4552.8		1440.7		21857.1				11869.6		5007.6		60217		60216.8		27850.6		48347.4		0.2		27034		54890		24259						26091		27190		1993		261		272

		1995		24656		4137.4		1482.4		15838.3				12324.2		4835.2		63273		63273.5		21458.1		50948.8		-0.5		28366		50961		18120						27034		24259		1994		270		243

		1996		19768		4566.3		1681.2		28219.2				12621		6021.3		72877		72877		34466.7		60256		0		30655		54121		18444						28366		18120		1995		284		181

		1997		10663		5026.6		1623		25934.1		81524.8		12610.3		4397.1		141779		141778.9		32583.7		47643.9		0.1												30655		18444		1996		307		184

		1998		21646		5556.2		1677.1		29684.5		16684.7				4844		80092		80092.5		36917.8		63407.3		-0.5

				10759								19830						30589





Sheet1

		

		DATA		UNITS												CUBIC METRES X 10000																								0.0666666667				2610000				0.0666666667																																		PRODUCTIVITY				TOTAL		TOTAL		IRRIIGATED AREA

																												RICE																174000																																						LAND		WATER		PRODUCTION		AREA

		YEAR		IRRIGATION		INDUSTRIAL		DOMESTIC		HYDROELECTRIC		FLOOD		EVAPORATION		OTHER		TOTAL		INFLOW		RAINFALL		IRRIGATED AREA				PLANTED AREA		YIELD																																																				Kg/HA		Kg/CUM		000' MT		"000'HA		"000'HA

																								res																																														LAND		WATER		PRODUCTION		AREA

		1961																																																																		1966		4.13		0.80		637		154		181.44		^ 1966-77		3.95		0.87		684		173		204

		1962																																																																		1967		3.68		1.32		594		161		206.95		^1978-88		6.57		1.39		988		151		155

		1963		55639								100228		11839				167706		154106		1261.9																																														1968		3.84		0.73		638		166		190.96		^1989-98		7.80		2.61		950		123		123

		1964		43955								72412		11693				128060		131760		1236.3																																														1969		3.83		0.67		631		165		201.38

		1965		41406								1815		12379				55600		65100		918.2																																		YEAR		LAND		WATER				ANNUAL		RICE A		1970		3.99		0.89		677		170		202.79

		1966		65441								1473		12448				79362		44462		771.7		181.44				231.64		550				127402								2316400		154426.666666667		275		637010000		4125		0.8032912989		0.0000803291		1966		4.13		0.80				637		154		1971		3.10		0.54		569		184		200.88																7.93		100000000		793000000

		1967		30198										10991				41189		94389		1192.4		206.95				241.93		491				118787.63								2419300		161286.666666667		245.5		593938150		3682.5		1.316936031		0.0001316936		1967		3.68		1.32				594		161		1972		2.92		0.55		491		168		197.81																4.51		100000000		451000000

		1968		70916										15444				86360		109060		1137.8		190.96				249.29		512				127636.48								2492900		166193.333333333		256		638182400		3840		0.7260323094		0.0000726032		1968		3.84		0.73				638		166		1973		3.91		1.40		706		181		202.49																8.79		100000000		879000000

		1969		79281										15907				95188		77388		1013.6		201.38				247.52		510				126235.2								2475200		165013.333333333		255		631176000		3825		0.6700382166		0.0000670038		1969		3.83		0.67				631		165		1974		3.90		0.65		719		184		210.23																9.42		100000000		942000000

		1970		60455										14401				74856		62256		949.1		202.79				254.34		532				135308.88								2543400		169560		266		676544400		3990		0.8937178336		0.0000893718		1970		3.99		0.89				677		170		1975		4.50		1.10		795		177		218.78																7.57		100000000		757000000

		1971		85928										12391				98319		91919		1064.2		200.88				275.36		413				113723.68								2753600		183573.333333333		206.5		568618400		3097.5		0.5441324402		0.0000544132		1971		3.10		0.54				569		184		1976		4.92		0.80		887		180		211.25																10.45		100000000		1045000000

		1972		61207										11195				72402		29302		645.9		197.81				252.47		389				98210.83								2524700		168313.333333333		194.5		491054150		2917.5		0.5542371896		0.0000554237		1972		2.92		0.55				491		168		1977		4.68		1.01		864		185		223.37																8.86		100000000		886000000

		1973		28666						4720				10146				43532		123632		1213.6		202.49				270.84		521				141107.64								2708400		180560		260.5		705538200		3907.5		1.4026604374		0.000140266		1973		3.91		1.40				706		181		1978		5.10		0.86		863		169		156.38																5.03		100000000		503000000

		1974		80859						6508				14766				102133		44053		819.4		210.23				276.38		520				143717.6								2763800		184253.333333333		260		718588000		3900		0.6450520646		0.0000645052		1974		3.90		0.65				719		184		1979		5.75		1.06		872		152		104.31																11.14		100000000		1114000000

		1975		41854		1375				779				12242				56250		99250		1172.5		218.78				264.91		600				158946								2649100		176606.666666667		300		794730000		4500		1.100734072		0.0001100734		1975		4.50		1.10				795		177		1980		5.36		1.67		806		150		123.15																7.22		100000000		722000000

		1976		72726		2218				710				12796				88450		31110		724.3		211.25				270.46		656				177421.76								2704600		180306.666666667		328		887108800		4920		0.8042690843		0.0000804269		1976		4.92		0.80				887		180		1981		5.93		0.72		899		152		216.62																11.03		100000000		1103000000

		1977		55314		1559				120				10746				67739		59939		865.3		223.37				277.04		624				172872.96								2770400		184693.333333333		312		864364800		4680		1.0121367681		0.0001012137		1977		4.68		1.01				864		185		1982		6.07		1.58		913		150		116.55																8.54		100000000		854000000

		1978		51378		1517				1915				8165				62975		35275		801.4		156.38				253.85		680				172618								2538500		169233.333333333		340		863090000		5100		0.8648196393		0.000086482		1978		5.10		0.86				863		169		1983		6.35		1.44		969		153		180.7																9.98		100000000		998000000

		1979		20371		2672				982				8704				32729		92729		1156.4		104.31				227.5		767				174492.5								2275000		151666.666666667		383.5		872462500		5752.5		1.0588137136		0.0001058814		1979		5.75		1.06				872		152		1984		6.89		1.12		1046		152		154.2																8.24		100000000		824000000

		1980		15364		2831.7				2969		24576		14093				59834		126234		1181.2		123.15				225.65		714				161114.1								2256500		150433.333333333		357		805570500		5355		1.6713080913		0.0001671308		1980		5.36		1.67				806		150		1985		7.40		1.45		1127		152		176.01																4.82		100000000		482000000

		1981		74159		2783				1250		10274.7		15791				104257		39577.4		740.2		216.62				227.54		790				179756.6								2275400		151693.333333333		395		898783000		5925		0.7230756235		0.0000723076		1981		5.93		0.72				899		152		1986		8.03		1.32		1112		139		179.96																12.43		100000000		1243000000

		1982		20164		3690				818				10522				35194		87674		981.7		116.55				225.61		809				182518.49								2256100		150406.666666667		404.5		912592450		6067.5		1.5788796713		0.000157888		1982		6.07		1.58				913		150		1987		7.44		2.90		1117		150		113.1																5.78		100000000		578000000

		1983		36764		2763				2826		43632		12016.8				98002		118802		1223.2		180.7				228.89		847				193869.83								2288900		152593.333333333		423.5		969349150		6352.5		1.4382034866		0.0001438203		1983		6.35		1.44				969		153		1988		7.99		1.15		1147		144		181.96																6.74		100000000		674000000

		1984		45546		3316				7699.3		27368.2		12787				96717		76517		1005		154.2				227.95		918				209258.1								2279500		151966.666666667		459		1046290500		6885		1.1190272727		0.0001119027		1984		6.89		1.12				1046		152		1989		7.65		3.25		1219		159		148.03																9.35		100000000		935000000

		1985		41966		4155				17457.2		7727		12058.2				83364		57963.6		930.6		176.01				228.35		987				225381.45								2283500		152233.333333333		493.5		1126907250		7402.5		1.4503310811		0.0001450331		1985		7.40		1.45				1127		152		1990		7.40		1.82		1237		167		157.04																7.77		100000000		777000000

		1986		45656		4511.1				5247.4				11117				66532		28932		772.2		179.96				207.85		1070				222399.5								2078500		138566.666666667		535		1111997500		8025		1.3159733728		0.0001315973		1986		8.03		1.32				1112		139		1991		7.07		1.39		1011		143		134.24																8.45		100000000		845000000

		1987		16067		5069.7				4227.4				10504.1				35869		81318.6		993.7		113.1				225.2		992				223398.4								2252000		150133.333333333		496		1116992000		7440		2.9012779221		0.0002901278		1987		7.44		2.90				1117		150		1992		8.45		2.90		1029		122		122.29																3.85		100000000		385000000

		1988		46391		4796.9		930.6		9297.7				11836.5				73253		43002.9		686.8		181.96				215.33		1065				229326.45								2153300		143553.333333333		532.5		1146632250		7987.5		1.1500824975		0.0001150082		1988		7.99		1.15				1147		144		1993		7.49		2.37		798		106		119.59																9.97		100000000		997000000

		1989		12297		4125.5		1235.5		19545.6		11904.6		9591.9				58700		121400		1239.3		148.03				239.07		1020				243851.4								2390700		159380		510		1219257000		7650		3.251352		0.0003251352		1989		7.65		3.25				1219		159		1994		7.91		1.74		797		101		119.97																3.75		100000000		375000000

		1990		34420		5111.6		1290.8		23348.9		51453.1		12033.3				127658		94557.6		1048.9		157.04				250.85		986				247338.1								2508500		167233.333333333		493		1236690500		7395		1.8213409426		0.0001821341		1990		7.40		1.82				1237		167		1995		7.04		2.08		843		120		115.91																6.79		100000000		679000000

		1991		41362		5138.4		1473.6		19315		14190.8		12842				94322		90121.6		935.9		134.24				214.7		942				202247.4								2147000		143133.333333333		471		1011237000		7065		1.3890618132		0.0001389062		1991		7.07		1.39				1011		143		1996		7.99		3.66		819		103		101.86																7.28		100000000		728000000

		1992		20022		4947.2		1279.2		19242.5		2792.8		13383.3		2119.2		63786		65286.1		878.1		122.29				182.81		1126				205844.06								1828100		121873.333333333		563		1029220300		8445		2.8992121127		0.0002899212		1992		8.45		2.90				1029		122		1997		9.12		2.90		1001		110		113.56																3.55		100000000		355000000

		1993		15489		4552.8		1440.7		21857.1				11869.6		5007.6		60217		81416.6		810.6		119.59				159.74		999				159580.26								1597400		106493.333333333		499.5		797901300		7492.5		2.3676596439		0.000236766		1993		7.49		2.37				798		106		1998		7.92		3.99		746		94		101.38																3.37		100000000		337000000

		1994		24656		4137.4		1482.4		15838.3				12324.2		4835.2		63273		48573.3		762.9		119.97				151.28		1054				159449.12								1512800		100853.333333333		527		797245600		7905		1.7369185185		0.0001736919		1994		7.91		1.74				797		101																												4.59		100000000		459000000

		1995		19768		4566.3		1681.2		28219.2				12621		6021.3		72877		74877.5		870.6		115.91				179.71		938				168567.98								1797100		119806.666666667		469		842839900		7035		2.0759603448		0.000207596		1995		7.04		2.08				843		120																												4.06		100000000		406000000

		1996		10663		5026.6		1623		25934.1		81524.8		12610.3		4397.1		141779		164171		1354		101.86				153.83		1065				163828.95								1538300		102553.333333333		532.5		819144750		7987.5		3.6568962054		0.0003656896		1996		7.99		3.66				819		103																												2.24		100000000		224000000

		1997		21646		5556.2		1677.1		29684.5		16684.7				4844		80092				782.8		113.56				164.58		1216				200129.28								1645800		109720		608		1000646400		9120		2.9004243478		0.0002900424		1997		9.12		2.90				1001		110																												3.45		100000000		345000000

		1998		10759								19830						30589						101.38				141.31		1056				149223.36								1413100		94206.6666666667		528		746116800		7920		3.9899294118		0.0003989929		1998		7.92		3.99				746		94																												1.87		100000000		187000000
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DATA

		

		DATA		UNITS		CUBIC METRES X 10000						DATA		UNITS		MILLION CUBIC METRES

		YEAR		IRRIGATION		OTHER USES		TOTAL				YEAR		IRRIGATION		OTHER USES

		1961

		1962

		1963		55639		112067		167706				1963		556		1121

		1964		43955		84105		128060				1964		440		841

		1965		41406		14194		55600				1965		414		142

		1966		65441		13921		79362				1966		654		139

		1967		30198		10991		41189				1967		302		110

		1968		70916		15444		86360				1968		709		154

		1969		79281		15907		95188				1969		793		159

		1970		60455		14401		74856				1970		605		144

		1971		85928		12391		98319				1971		859		124

		1972		61207		11195		72402				1972		612		112

		1973		28666		14866		43532				1973		287		149

		1974		80859		21274		102133				1974		809		213

		1975		41854		14396		56250				1975		419		144

		1976		72726		15724		88450				1976		727		157

		1977		55314		12425		67739				1977		553		124

		1978		51378		11597		62975				1978		514		116

		1979		20371		12358		32729				1979		204		124

		1980		15364		44470		59834				1980		154		445

		1981		74159		30098		104257				1981		742		301

		1982		20164		15030		35194				1982		202		150

		1983		36764		61238		98002				1983		368		612

		1984		45546		51171		96717				1984		455		512

		1985		41966		41398		83364				1985		420		414

		1986		45656		20876		66532				1986		457		209

		1987		16067		19802		35869				1987		161		198

		1988		46391		26862		73253				1988		464		269

		1989		12297		46403		58700				1989		123		464

		1990		34420		93238		127658				1990		344		932

		1991		41362		52960		94322				1991		414		530

		1992		20022		43764		63786				1992		200		438

		1993		15489		44728		60217				1993		155		447

		1994		24656		38617		63273				1994		247		386

		1995		19768		53109		72877				1995		198		531

		1996		10663		131116		141779				1996		107		1311

		1997		21646		58446		80092				1997		216		584

		1998		10759		19830		30589				1998		108		198

		1999

		2000

				DATA FOR THE CHART

				IRRIGATION		OTHER USES

		1965

		1966

		1967		574		141

		1968		613		141

		1969		654		138

		1970		716		139

		1971		631		138

		1972		634		148

		1973		597		148

		1974		571		155

		1975		559		157

		1976		604		151

		1977		483		133

		1978		430		193

		1979		433		222

		1980		363		227

		1981		334		326

		1982		384		404

		1983		437		398

		1984		380		379

		1985		372		389

		1986		391		320

		1987		325		311

		1988		310		414

		1989		301		479

		1990		309		526

		1991		247		562

		1992		272		547

		1993		243		466

		1994		181		623

		1995		184		652

		1996		175		602

		1997

		1998

		1999

		2000
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data

		Country		System		Year of analysis		Output / unit cropped land		Output / unit command		Output / unit irrigation supply		Output / unit water consumed

		Burkina Faso		Gorgo		1994/95		771		679		0.08		0.12

				Mogtedo		1994/95		1,403		2,384		0.11		0.15

				Savili		1994/95		2,348		2,281		0.28		0.62

		Colombia		Coella		1993		1,290		1,303		0.14		0.20

				RUT		1993		1,185		1,602		0.12		0.20

				Saldana		1993		1,125		1,811		0.12		0.17

				Samaca		1993		1,472		2,462		0.63		0.34

		Egypt		Nile Delta		1993/94		1,510		2,594		0.12		0.11

		India		Mahi-Kadana		1995/96		916		893		0.07		0.06

		Malaysia		Muda		1994/95		1,021		2,041		0.38		0.10

		Mexico		Torreon		1996		1,757		510		0.12		0.20

				Alto Rio Lerma

				Surface + Public wells		1994/95		1,464		2,227		0.18		0.24

				Private wells		1994/95		2,242		3,220		0.26		0.37

		Mexico		Cortazar Module

				Surface + Public wells		1994/95		1,827		2,615		0.22		0.25

				Private wells		1994/95		2,888		3,626		0.26		0.48

				Salvatierra Module

				Surface + Public wells		1994/95		974		2,117		0.10		0.27

				Private wells		1994/95		703		1,863		0.14		0.23

		Morocco		Triffa Scheme, Sec. 22		1994/95		1,358		1,087		0.27		0.34

		Nepal		West Gandak		1996/97		952		1,442		0.15		0.14

				Khageri		1996/97		608		1,122		0.09		0.14

				Panchakanya		1996/97		633		1,336				0.16

				Kankai		1996/97		767		1,459		0.14		0.16

				Sunsari Morang		1996/97		589		1,034		0.06		0.13

				Marchwar Lift		1996/97		693		1,340		0.42		0.14

				Bhairawa Lumbini		1995/96		1,084		2,264		0.47		0.52

		Niger		Saga		1993/94		1,389		2,592		0.12		0.13

				Kourani Baria I		1994		827		1,460		0.05		0.17

				Kourani Baria II		1994		1,107		1,879		0.06		0.11

		Pakistan		Chishtian sub-div.		1993/94		384		477		0.04		0.05

		Sri Lanka		Nachchaduwa		1994/95		826		1,544		0.04		0.08

				Uda Walawe		1996/97		1261		2001		0.08

				Rajanganaya		1994/95		967		1,934		0.06		0.11

		Turkey		Sarigol		1996		2869		2221		0.62		0.38

				Alasehir		1996		3434		2365		0.57		0.46

				Adala		1996		2927		1965		0.44		0.41

				Turgutlu		1996		3321		1646		0.3		0.46

				Manisa		1996		2190		1329		0.2		0.3

				Menemen		1996		2059		1689		0.22		0.29

				Seyhan		1996/97		2,167		2,526		0.21		0.19

		USA		Big Thompson		1996		1092		947				0.13

				Fryingpan		1996		1101		1026				0.14

				Imperial ID		1996		2887		2718		0.29		0.29

				Panoche WD		1996		2741		2686		0.37		0.38

		SGVP per unit command						per unit cropped						per unit supply						per unit ET

		Chishtian sub-div.		477				Chishtian sub-div.		384				Chishtian sub-div.		0.04				Chishtian sub-div.		0.05

		Torreon		510				Sunsari Morang		509				Nachchaduwa		0.04				Mahi-Kadana		0.06

		Gorgo		679				Khageri		555				Kourani Baria I		0.05				Nachchaduwa		0.08

		Mahi-Kadana		893				Marchwar Lift		599				Sunsari Morang		0.05				Muda		0.10

		Sunsari Morang		894				Panchakanya		612				Rajanganaya		0.06				Rajanganaya		0.11

		Big Thompson		947				Kankai		663				Kourani Baria II		0.06				Nile Delta		0.11

		Khageri		1,025				Salvatierra Module**		703				Mahi-Kadana		0.07				Kourani Baria II		0.11

		Fryingpan		1026				Gorgo		771				Gorgo		0.08				Sunsari Morang		0.11

		Panchakanya		1,075				West Gandak		797				Uda Walawe		0.08				Gorgo		0.12

		Triffa Scheme, Sec. 22		1,087				Nachchaduwa		826				Khageri		0.08				West Gandak		0.12

		Marchwar Lift		1,158				Kourani Baria I		827				Salvatierra Module*		0.10				Marchwar Lift		0.12

		West Gandak		1,207				Mahi-Kadana		916				Mogtedo		0.11				Saga		0.13

		Kankai		1,261				Bhairawa Lumbini		937				RUT		0.12				Big Thompson		0.13

		Coella		1,303				Rajanganaya		967				Saldana		0.12				Khageri		0.13

		Manisa		1329				Salvatierra Module*		974				Nile Delta		0.12				Panchakanya		0.13

		Kourani Baria I		1,460				Muda		1,021				Torreon		0.12				Fryingpan		0.14

		Nachchaduwa		1,544				Big Thompson		1092				Saga		0.12				Kankai		0.14

		RUT		1,602				Fryingpan		1101				Kankai		0.12				Mogtedo		0.15

		Turgutlu		1646				Kourani Baria II		1,107				West Gandak		0.13				Saldana		0.17

		Menemen		1689				Saldana		1,125				Coella		0.14				Kourani Baria I		0.17

		Saldana		1,811				RUT		1,185				Salvatierra Module**		0.14				Seyhan		0.19

		Salvatierra Module**		1,863				Uda Walawe		1261				Alto Rio Lerma *		0.18				Coella		0.20

		Kourani Baria II		1,879				Coella		1,290				Manisa		0.2				RUT		0.20

		Rajanganaya		1,934				Triffa Scheme, Sec. 22		1,358				Seyhan		0.21				Torreon		0.20

		Bhairawa Lumbini		1,956				Saga		1,389				Cortazar Module*		0.22				Salvatierra Module**		0.23

		Adala		1965				Mogtedo		1,403				Menemen		0.22				Alto Rio Lerma *		0.24

		Uda Walawe		2001				Alto Rio Lerma *		1,464				Alto Rio Lerma **		0.26				Cortazar Module*		0.25

		Muda		2,041				Samaca		1,472				Cortazar Module**		0.26				Salvatierra Module*		0.27

		Salvatierra Module*		2,117				Nile Delta		1,510				Triffa Scheme, Sec. 22		0.27				Menemen		0.29

		Sarigol		2221				Torreon		1,757				Savili		0.28				Imperial ID		0.29

		Alto Rio Lerma *		2,227				Cortazar Module*		1,827				Imperial ID		0.29				Manisa		0.3

		Savili		2,281				Menemen		2059				Turgutlu		0.3				Samaca		0.34

		Alasehir		2365				Seyhan		2,167				Marchwar Lift		0.36				Triffa Scheme, Sec. 22		0.34

		Mogtedo		2,384				Manisa		2190				Panoche WD		0.37				Alto Rio Lerma **		0.37

		Samaca		2,462				Alto Rio Lerma **		2,242				Muda		0.38				Sarigol		0.38

		Seyhan		2,526				Savili		2,348				Bhairawa Lumbini		0.41				Panoche WD		0.38

		Saga		2,592				Panoche WD		2741				Adala		0.44				Adala		0.41

		Nile Delta		2,594				Sarigol		2869				Alasehir		0.57				Bhairawa Lumbini		0.45

		Cortazar Module*		2,615				Imperial ID		2887				Sarigol		0.62				Alasehir		0.46

		Panoche WD		2686				Cortazar Module**		2,888				Samaca		0.63				Turgutlu		0.46

		Imperial ID		2718				Adala		2927				Panchakanya						Cortazar Module**		0.48

		Alto Rio Lerma **		3,220				Turgutlu		3321				Big Thompson						Savili		0.62

		Cortazar Module**		3,626				Alasehir		3434				Fryingpan						Uda Walawe





fig 1

		Figure 1. Standardized Gross Value of Production per unit command area.

		Figure 2. Standardized Gross Value of Production per unit cropped area.

		Figure 3. Standardized Gross Value of Production per unit irrigation supplied.

		Figure 4. Standardized Gross Value of Production per unit water consumed.
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