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Tab. 1 Scenario setting
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Fig. 1 Flow chart of water consumption balance calculation
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Fig. 2 Variation of population, irrigated area and GDP in Tarim River basin from 1949—2020
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Tab.2 Socio-economic and water-saving irrigation in Tarim River basin from 1949—2020
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2020 1200 4127.0 441 253 0.57 0.65 0.85 0.55 9 000 4980 1950 15.4 22 500
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Fig.3 Comparison of area and water consumption between artificial oasis and natural oasis
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Tab.3 Comparison of water consumption, water consumption ratio of artificial and natural oases, and water consumption rate
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PSS A51] FHAR A5 bS] FHAR A1) fem’ bS] FHAH S 451
1990 300 300 42:58 42 : 58 420 72 72
2000 347 314 47:53 42:58 420 83 75
2010 390 331 55: 45 45:55 430 91 77
2020 399 307 60 : 40 40 : 60 440 91 70

33 HREFMEKE

Xof PR A S AB1) 2% e 7 A T K R R K A T
S3HT, DLER 4. PSS R R K s B B 1 A 2 1
i, BB 3 RS B, HEMEAEK B 3 B BB,
PHUABL ST (51 E R K R T B, TR RE K B BB 1
A2 B8, B BE 3 R R, PRS0 I K K

* 838 KXKFR

FHAR S, BRI BE 1A 2 R RE K R B
R B 24 K T BAR S 51 . 25 VR TR PR /K R A
PRSI 2 K 8 3 A B BEYY R R, IS SE ) 3 4
B B 114 45 2R /K 34 R T BEAR S5, B S {3 AN EEAR
S 3 AN B BEAT B KR, AR 236 /2 m’
18642 m’, #H2Z 50 12 m’ . BHL 52 S5 (51 1 £ A8 52 451



e BT A S R A e AR T K LA R

BB 1R 2 SBA KSR, BB 3 A e K,
G350 36 42 m* #2442 m® . (EILSSLBIAT K b

BEBBE 3 58004 125 J7 hm® VEWE 160 BT I RE, HAH
SR T B RERR R AR SR T KRR B K

Fz4 AFKEEFEMTKE

Tab.4 Water consumption balance characteristics and water-saving amount Wiz fem’
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2020 397 186 219 103 177 83 118 78 36 24
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Tab. 5 Variation of water productivity
Ay 0y/(m’hm™) y/(kgehm ) W/ (kgem™)
1990 5040 780 0.15
2000 5310 1545 0.29
2010 6120 1 650 0.27
2020 4980 1950 0.39
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Abstract: Agricultural water consumption accounts for over 70% of the world's water consumption. For a long
time, promoting water-saving irrigation technology and improving agricultural water efficiency have been regarded
as effective methods to reduce agricultural water consumption and alleviate regional water scarcity. However, an
increasing number of studies have shown that with the application of water-saving technology and the improvement
of water-saving levels, the shortage of water resources worldwide has become even more severe, resulting in the
paradox of irrigation efficiency. The emergence of the paradox of irrigation efficiency results from various factors
such as hydrology, economy, society, institutions, and management, and the expansion of irrigation area is an
important reason for the paradox. Revealing the mechanism of the paradox of irrigation efficiency is the basis for
improving water and land resources management in the river basins. Tarim River basin is located in an inland arid
area with scarce water resources, and the natural ecology is very fragile. In the recent comprehensive management
of the Tarim River basin, nearly half of the investment was spent on water-saving renovation in irrigation areas.
However, the expected results were not achieved. The expansion of irrigation area resulted in the widespread
phenomenon of "reclaiming land while controlling" and "saving water while consuming water". Under the condition
of a certain amount of total water resources, there is a game competition relationship between natural and artificial
systems regarding water consumption. Therefore, it is urgent to explore the evolution of water consumption with
water use efficiency in water-saving development between natural oasis ecosystems and artificial oasis socio-
economic systems.

The Tarim River basin, the most apparent contradiction in water and land resources, was taken as an example.
The rapid development of water-saving technology from 1990 to 2020 was selected as the study time. Under the
conditions of consistent water resources, social economy, and water-saving levels in the basin, two cases was set up,
i.e., the actual case with irrigation area expansion and the ideal case with irrigated area maintenance. The basin’s
water consumption and water use efficiency varying with the development of water-saving irrigation were analyzed
and compared with the two cases.

The results show that in the past 30 years, the irrigation water use efficiency of the basin has increased from 0.28
to 0.55, the gross irrigation quota has been reduced by twice, and the water-saving level has been significantly
improved. In the actual case, 3.6 billion m’ of net water savings have been used to expand irrigation area, resulting
in more than doubling of irrigation area and water consumption. The area ratio of artificial and natural oases has
changed from 40 : 60 to 55 : 45, and the water consumption ratio has changed from 4 : 6 to 6 : 4. The proportion
of oasis water consumption to water resources has increased from 72% to 91%, resulting in a severe paradox of
irrigation efficiency. In the ideal case, the irrigation water consumption is reduced, the area and water consumption
ratio of artificial and natural oases are maintained at around 4 : 6, and the proportion of oasis water consumption to
water resources is 70%, resulting in an actual water saving of 2.4 billion m’, avoiding the occurrence of the paradox
of irrigation efficiency.

The emergence of the paradox of irrigation efficiency is the complete result of factors such as great water
conditions, water-saving development, planting structure adjustment, and irrigation area expansion. In the past 30
years, the expansion of the irrigation area has played a leading role in the emergence of the paradox of irrigation
efficiency in the Tarim River basin. In order to avoid the occurrence of the paradox of irrigation efficiency, it is
necessary to manage water resources strictly, adhere to the principle of "water settling land", and promote the

balanced development of soil and water resources in arid inland river basins.

Key words: Tarim River basin; water-saving irrigation; paradox of irrigation efficiency; irrigation area expansion;

water consumption

+ 842+ KX KK R



	1 研究区概况
	2 研究方法与数据来源
	2.1 研究方法
	2.1.1 实例设置
	2.1.2 计算方法

	2.2 数据来源

	3 结果与分析
	3.1 社会经济和节水发展
	3.2 绿洲面积和耗水量
	3.3 节水量和损失水量
	3.4 水分生产率和收益
	3.5 灌溉耗水量随用水效率变化规律

	4 讨 论
	5 结 论
	参考文献

