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Options of water-ecology-economy balanced development and water usage

analysis in the Heihe Watershed

FANG Chuang-Lin, BU Wei-Na, BAO Chao  (Institute of Geographical Sciences and Natural Resource Research, Chinese
Academy of Sciences. Beijing 100101 .China). Acta Ecologica Sinica.2004.24(8):1700~1707.

Abstract: The Heihe Watershed is located in the northwest arid region of China. A balanced development option among water ,
ecology and economy is required for the sustainable development of such watershed. This study employs the system dynamic
model, intends to create such an option. Three options were chosen for the model test, i.e. . the water-ecology protection
option (WEP), the water-rapid economic growth option (WEH), and the water-ecology-economy balanced development option
(WEE). After running the system dynamic model, the study contends that the WEP option requires less water input but the
watershed may suffer from low economic growth. The WEH option, on the other hand, while enables the watershed grows
rapidly, may suffer from long-term loss due to high demand of water input. The water demand of the WEE option, however,
is between the WEP and WEH options. And it takes both economic development and ecological protection into account.
Although it is not the best option for either for ecological protection or economic development, it turns out to be the optimal
choice for long-term sustainable development in the Heihe Watershed. In order to ensure such an option, the study argues for

allocating reasonable water quotas among the upper, middle and lower reaches, for expanding the “green” and “red” water-
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saving industries, for establishing water-saving economic structure, for introducing water-saving irrigation systems, for
proposing water-saving education, and for accommodating water-ticket system and the user-participation management system.

Key words : Heihe Watershed; water-ecology-economy balanceded development; comparison and selection; water usage analysis
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Table 1 Comparison of the structure of water usage corresponding to WEP, WEE and WEH in the Heihe Watershed
2000~2030 %)
Project code Structure of water usage 2001 2005 2010 2015 2020 2025 2030 Increase rate from
2000 to 2030
WEP water demand of production  73.38 72.79 71.82 71.92 71.21 70.22  69.85 —0.16
water demand of living 1. 90 1. 90 1.93 2.01 2.01 2.02 2.02 0.22
water demand of ecology 24.72  25.31  26.25 26.07 26.78 27.76  28.13 0. 43
WEE water demand of production 75.17 74.88  74.22 74.72 73.81 73.12 72.67 —0.11
water demand of living 1. 80 1. 81 1. 84 1.92 1. 96 1.98 1.98 0. 32
Ecological using of water 23.03 23.31 23.94 23.36 24.23 24.90  25.35 0. 32
WEH water demand of production  76. 91 77.05  76.93 77.84 77.82 77.76  78.86 0. 08
water demand of living 1.73 1.72 1.74 1.77 1.77 1.77 1.74 0.03
water demand of ecology 21.36  21.23 21.33 20.39 20.41  20.47  19.40 —0.32
2.2
,2WEP . WEE WEH 1.1~1.4 m* s
1.8%~2.6% ; 35X 10%~45x10°m?* s 78%~84% ;
7.5X10°~8.1X10°m’ ; 14%6~19% , 2 . s WEE

=2.52:80.09 : 17. 40,

9.5X10°m*
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Table 2 Comparison of the spatial structure of water distribution corresponding to WEP, WEE and WEH in the Heihe Watershed (%)

2030 Gross water demand in
Watershed section Project code 2001 2005 2010 2015 2020 2025 2030 2030(1X10'm?*)
Upper reaches WEP .95  1.94  1.98  2.07  2.12  2.24  2.38 10510. 78
WEE .89 1.88  1.92  2.01  2.12  2.29  2.52 11726. 25
WEH 1.89  1.86  1.87  1.93  2.04  2.26  2.59 13880. 72
Middle reaches WEP 78.98  79.07  78.89 79.19 79.18 79.13  79.30 350636. 10
WEE 80.01 80.16 80.02 80.45 80.05 79.91  80.09 373093. 90
WEH 81.08 81.49 81. 65 82.20 82. 30 82. 41 83. 35 447383. 70
Lower reaches WEP 19. 06 18.99 19. 14 18.74 1:8% 70 18. 63 18.33 81038. 91
WEE 18.10  17.96 18.06 17.55 17.83 17.80 17.40 81038. 91
WEH 17.03  16.65 16.48 15.87 15.66 15.33  14.06 75493. 59
2.3
. 2030 . WEP.WEE  WEH3 GDP 1.97x10"  (4.27X 10"
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Fig. 2 Comparison of the economic gross corresponding to WEP,WEE and WEH in the Heihe Watershed (%)
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Table 3 Comparison of the food-economic crop-grass structure corresponding to WEP, WEE and WEH in the Heihe Watershed (%))

2030 2001~2030
Type of crop Project code 2001 2005 2010 2015 2020 2025 2030 planting area in ?030 (% )increase rate
year(1X10'hm?) from 2001 to 2030
WEP 54.69  53.62 50.48  48.83  46.85 45.34  42.85 11.98 —0.81
Crop of foodstuff WEE 55.27 51.94  49.66 47.62  46.31 43.70 41.74 11. 46 —0.93
WEH 56.91 53.53 51.20 48.86  47.55 44.91 42.94 11.12 —0.93
WEP 25.78 25.53 26.99 28. 26 29. 29 30. 76 31.90 8.92 0.71
Crop of economy WEE 26.05 27.64 28.68 29.67 31.39 32.62 33.63 9.24 0. 86
WEH 26.82  28.48  29.57  30.45 32.22 33.47  34.46 8.99 0. 84
WEP 19.53 20.85 22.53 22.91 23.86 23.90 25.25 7.06 0. 86
Crop of fodder WEE 18.68  20.42  21.66 22.70 22.30 23.68  24.62 6.76 0.92
WEH 16. 27 17.99 19. 23 20. 69 20.23 21.62 22.60 5.89 1.10
s 30a WEP.WEE WEH
1%~3%.1%~5% s 2001 77%.2.5% 2030 43%
~57%.1%~2%, 1%~3% , 20% 35%~50%,
WEE . 1.88% » 2001 76.83% 2030
43.44%, 3.2% s, 2001 20.32% 2030 51.14%,
2.4
s - - s
) ) ’ . D.S]c
WEP,WEE WEH 3 ,WEP - s s 44.22X
10°m?, WEE WEH 2.35X10%m’ 9. 46X 10°m?, 1.10X10"hm?, WEE WEH



8 - - 1705
13. 15X 10'hm? 36.73 X 10*hm?, 7.06 X 10*hm?, WEE WEH 0.29 X 10"hm? 1.2X
10*hm?, , 5.49 X 10%, WEE WEH 5.38X
10%t 15. 49X 10%, s ,WEP
2.5
WEP.WEE WEH 3 s
8.93%.11.80% 12.63%, 2001 3.41 /m®.3.23 /m'.3.10 /m’ 2030 44. 34
/m*.91.74 / m®.110.01 / m’, 3 ,WEE WEP 47.4  / m?®, WEH
18.27 /m?,
NN »3 < N > . > s
< Y > Y > o ’ b
2-6 136
120}
WEP.WEE WEH 3 16k
WEP , - &850
EER
’ z g w0+
JWEH . . E-g o
. .WEE Eé ot
WEP  WEH , 1 . e
L T
’ ¢ 2000 25 2010 2015 2020 2025 2030
s R 4 Year
—o— WEP E#f Upper reaches —0— WEP #i#if Middle reaches
s —&— WEP Fi#f Lower reaches —0— WEP Al Watershed
—#— WEE _E#f Upper reaches —0— WEE it Middle reaches
R —a— WHE T # Lower reaches —A— WEE Wi, Watershed
—=— WEH Lj#f Upper reaches —=— WEH it Middle reaches
3 —w— WEH T# Lower reaches —%*— WEH # il Watershed
N 3 WEP,.WEE WEH
] 80”[) 85%
’ Fig. 3 Comparison of the production value corresponding to WEP,
s o WEE and WEH in the Heihe Watershed
3.1 NN
s s s s [8,9]
o,
3.2 s
s , s ( 2100
~2400 / hm?, 900~1500 / hm?*») , o
666. 7m?* 300 m* 1500~2250 m®/hm?, . ,666. 7m* 3
300 m® ) 33% .




1706 24

3.3

3.4

9% 10't, 120t/ hm?, 220 /t, . 25500 / hm?, 12
R s 0. 85~0. 90t R 500~700 , 666. 7m’
3400~4700 . 28000~39770 N , .
’ b b 71(” ’
[11] s s
40%.50% 37% el
o b o ., b o
9 .’ 9 .’
hﬂ’ s
4.50X10°m?, 105 / hm?, 32%. .

References :

(1]

[2]

[3]

[5]

[6]

Gao Q Z, Li F X. Rational Development and Utilization of Water Resources in Heihe River Basin. lLanzhou: Gansu Science and
Technology Press, 1990. 21~26.

Daniel P. loucks, John S. Glandwell, transtaled by Wang Jianlong. Standard of sustainability for Water Resources System. Beijing:
Tsinghua University Press, 2003. 66~68.

Xu Z M, Zhang Z Q. Cheng G D, etc. Measuring the Total Economic Value of Restoring Ejina Banner’s Ecosystem Services. Acta
Geographica Sinica» 2002,57(1); 107~116.

Chen L H, Qu Y G. Rational Development and Utilization of water and land resources in Hexi Corridor. Acta Geographica Sinica, 1988,
43(1): 11~18.

Cheng G D, Zhang Z Q. Li Y. et al. On Some Issues of the Ecological Construction of West China and Proposals for Policy. Scientia
Geographica Sinica, 2000, 20(6): 503~510.

Fang C L,Yehua Dennis Wei. Evaluation on the Sustainable Development Capacity and Regularity of Its Regional Differentiation in Hexi

Region . Acta Geographica Sinica, 2001, 56(5): 86~94.

[ 7] Fang C L. Discrepancy Laws of the Eco-economic Zone in Heihe River Basin and Its Coupling Development Pattern. Acta Ecologica




_ - 1707

L8]

[9]

(10]

[11]

[12]

[13]

(1]
[2]
[3]
[4]
[5]
L6]
(7]
[8]
[9]
[10]
[11]
[12]
[13]

Sinica, 2002,22(5): 196~202.

Li B C. An Investigation and Study on the Desertification of the Ancient Oases from Han to Tang Dynasties in Hexi Corridor. Acta
Geographica Sinica, 1998, 53(2): 106~115.

Li F X, Yao J H. Comprehensive Study on Economic Development and Environmental Recondition in Hexi Corridor. Beijing: China
Environmental Sciences Press. 1998. 33~38.

Fan SY. Yuan Z K. Xiao H L. Study on the Harmonious Development of Economy and Environment in Hexi Corridor. Beijing: China
Environmental Sciences Press, 1999.109~123.

Wang J, Wei W F. Study on the Comprehensive Development of Economy in Hexi Corridor. Lanzhou: Gansu People’s Press, 1992. 26~
217.

Fan S Y, Cheng H F. Development Countermeasures and Key Technology of Sand Industry in Zhangye District. Beijing: China
Environmental Sciences Press., 1998. 33~ 34.

Fang C L. The adjust advice of using-water system and special structure of the oasis in the middle reaches of Heihe river. Aridity Regional

Research, 1990,3:23~25.

, . . 51990, 18~21.
Daniel P. loucks,John S. Glandwell, . . : ,2003.47~52.
. s . . , 2002,57(1): 107~116.
, . . ,1988,43(1): 11~18.
, . . ,2001,21(6):12~16.
» Yehua Dennis Wei. . s 2001, 56(5): 86~94.

,2002,22(5):196~202.
,1998,53(2):106~115.
, . . : ,1998. 25~33.
s s . . : ,1999. 56~76.
s . . : ,1992. 45~48.
,1998. 33~34.
,1990,3:23~25.



