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Water demand evaluation of riverside ecosystem in arid inland river basin:the

case of Heihe River Basin
WANG Gen-Xu'?, ZHANG Yu"?, LIU Gui-Min', CHENG Yu-Fei’, HU Hong-Chang®  (1.Cold and Arid

Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000 Chinas; 2.College of Resources &.
Environment , Lanzhou University, Lanzhou 730000 China). Acta Ecologica Sinica,2005,25(10) :2467~2476.

Abstract : Rational evaluation of water demand of the riverside ecosystem is a key scientific problem in the reasonable allocation
and management and the eco-environmental protection in arid regions of northwest China. Based on the evaluation model of
evapotranspiration potentials of different vegetation types and the water demand laws of different and similar ecosystems in
different climatic and geographic zones, a method used for modeling and evaluation of water demands of different ecosystems
was put forward. The results showed that this method not only reveal the interannual variations of water demands of different
ecosystems but also reflect the variation processes of their water demands at different time intervals (month and season or
day). The optimal ecological water demand of an ecosystem in different periods in the arid region varied in a certain range.
With the mid and downstream reaches of the Heihe River as the study area, it has been obtained the analytical results of
ecological water demand as follows: mean annual ecological water demand in the midstream region of the Heihe River is
911.16+2.67) X10°m*; ecological water demand of oases ecosystem is (9.1342.29) X 10°m”; ecological water demand in the
downstream region is (16.16=+4.04) X 10°m’; but the water demand of oasis ecosystem at present time is (11. 064 2.77) X

10*m”. In addition, the ecological water demand and their variation processes in different months in different typical years are
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Table 1

1

The classification of ecological water requirement in the Heihe River basin

Type of ecological water demand

Main composition

Calculation

classification of ecological water

demand
Syst f
e . y.s me . Artificial forest land
Artificial ecological water demand in man-made Farmland protective forest network
ecosystem oases
Grassland
Sand-binding shrub-grass belt rasstan
Artificial forest land
Fenced sand-binding tree-shrub patch rithenat forest an
N Artificial forest land
Fruit garden and other forest land rutieial forest fan
Water supply system of R R Canal, reservoir, . .
. Canal water consumption
oases canal protective forest
Garden and green land in N . Public Greenland, Industrial and
cities garden, scenic spots domestic water
System of Desert riparian forest Desert
Natural ecology water demand in natural Flooded land, Grassland
ecosystem oases lake beach shrub low-lying wet meadow
N Salinized shrub and weeds Desert
Aquati
River and lake ecosystem . quatie
ecosystem and environment water
System of ecological N Desert grassland,
. - Desert
water demand in desert steppified desert
2.2
2.2.1 50a s
s 50% V959 20% o s
50% \35% 90% 3 , :114. 9mm, 126. 2mm
87.7mm;3a . , 25% J70% 90%
3 s :65. 6mm,26. 9mm 18. 7mm, 3a N
2.2.2 Pe, K.
(@] Pe,; 20 30 s
, s (USDA,SCS)
22 50a L16] ) )
FAO CROPWAT D7, s
19200 USDA s
o 2 s o
(DK, ) s 0.0. 0. (8)
o b b
[21]
b b b
[20,21,23] 2
2 Ko

Table 2 Effective precipitation and K. values of different ecosystems in arid region

Natural oasis Man-made oasis

. Plain river and
Ecosystem type Desert ecosystem Mountain ecosystem

ecosystem ecosystem lake ecosystem
(mm/ H® =0.5 =1.5 =3.0 =3.0 =0.1
K. K. Values 0.17~0.58 0.24~0. 66 0.55~0. 84 0.73~0.97

(D Effective precipitation(mm/time)



10 — 2471
2.2.3 s s
HEIFEI 22l N N
N 2000 Landsat TM/ETM ARC/INFO,.ARCVIEW s
s 1, s N \ 3 o
3
3.1
3.1. 1 N
o s 30m,
. l N b .’
b 10
B EK4E Normal year [ #5K%E Dry year B {RF4E Slightly wet year B 3% Mean
300 60
a
250 n 50 - -
A HMH
. 200 “ELE _ 40
g Al il
g 150 il | E 30
& 9l B D Q
= 100 L 20
H LA IR H :
50 e A E 0. 10
o HARHANCAN AR HAR HAR B K.HARHA N EA HARLH 0 l )
1 2 3 45 6 7 8 9 101112 9 10 11 12
A4 Month
350 50
L b i
300 Al 40 -
250
g 20 g
E 150 gé E 20 |-
100 EE
10
50 15
0 H HA §: H H d i H H Ak 1 I i H
1 2 3 4 5 6 7 8 9 10 1112 1 2 3 4 5 6 7 8 9 10 11 12
/A # Month A4 Month
1 (ET) (Pe) (mm)
Fig. 1 Evapotranspiration (ET) and effective precipitation (Pe) of grassland ecosystem in the midstream region(mm)
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706. 46 km®, 180. 5 km®, 741. 6km’,
3. 4 5. . 14.87 m’,
58.4%, , 21.0%, 20.6%
. 5~8 56% 55.7%, 57.5%,
s °
3 (10" m®)
Table 3 Water demands of different ecosystems in the midstream region in dry year(10* m?)
Month ( m®
Ecosystem Area(km?) 4 5 6 7 8 9 10 11 Total year(10°m?)
Grassland 706. 46 10897.8  12851.5  16349.7  14357.8 12674.4 10585.5  5753.9 3500. 4 8.69
Forest 180. 5 2689.0 3942.5 4899. 0 4697.0 4224.3 3481. 6 1813.2 1039. 4 3.07
Desert 741.6 2745. 6 3091.0 5362. 8 5139.9 4986. 5 3616.9 1933. 3 881.9 3.11
. s 13.2  m?, 4.2%
C D, 8.4 m’, 63.6% 21.1%, 15.3%,
3 »4~38 , 57.5%, 58.1%,
56.8%.
4 (10* m*)
Table 4 Water demand of different ecosystems in the midstream region in moderately wet year(10* m?)
Month ¢ m)
Ecosystem Area(km?) 4 5 6 7 3 9 10 11 Total year(10°m?)
Grassland 706. 46 9914. 6 15508.8  11246.9  16945.5 12782.7  8982.3 5551. 4 3101.5 8.4
Forest 180. 5 2650. 2 4037. 2 3405.0 4571.3 3816. 4 2756. 1 1682.0 972.7 2.78
Desert 741. 6 2280. 7 3044. 2 1410. 5 4861.0 3032. 4 2362. 6 1057.5 722.1 2.02
s 13. 77 m’C 5, 2.54%, P
61.7%, 17.8%  20.5%; 4~8 61.8%,
64.05% . 59.4%, , o
13.95 m’, 8.53 m®, 2.52 m’, 2. 89 m’, s
11.42 m’,
5 (10*m?*)
Table 5 Water demands of different ecosystems in the midstream region in normal year (10 m®)
Month C m®
Ecosystem Area(km?) 4 5 6 7 3 9 10 11 Total year(10°m?)
Grassland 706. 46 15001. 8 24307.5 27965. 0 25163.9 21318.7 9388. 4 8236.0 5078. 3 8.5
Forest 180.5 2541.7 3997.9 4535.0 4444. 7 3831. 3 2206. 6 1694. 2 1053. 1 2.83
Desert 741. 6 2225.3 3278.3 5764. 2 4064. 4 3436. 3 350.7 685.0 678. 6 2. 44
3.2
3.2.1 N
40% ( ) s
. , 40% N N ,
20% ~40% s ,
s 20% s s
, ( ) s 3 .
1999~2000 s 2 s
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Fig. 2 Evapotranspiration and effective precipitation of grassland and forest ecosystem in the downstream region
899. 8mm 63.14% 5~8 s s 7
s 7 5~8 s s 11~ 2
7.9%, . 64. 6mm, 18. 3mm, 1812. 56mm,
60. 4% 5~8 C  2b), 5~8 6~8 s
1999~2001 o 54. 4mm s 11. 2mm(C  2b).
3.2.2 2000 ™ s ( )
765.79 km?, 397. 04 km?, ( 20%
) 1635. 7km?, s o
6. 7 8.
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Table 6 Water demands of different ecosystems in the downstream region in dry year( 10'm?®)
Month ( m®
Ecosystem Area(km?) 3 4 5 6 7 8 9 10 Total year(10%m?)
Grassland 765.79 3194. 0 4860. 5 10990. 0 12558. 1 13482. 2 10439. 1 7296. 6 2375.6 6. 98
Forest 397.04 3469. 2 5279.8 9982. 5 11748. 8 12345.9 11285.6 8036. 4 4583.5 7.29
Desert 1635.7 3183. 8 4844. 8 10954. 6 12386. 8 13273.0 10274. 6 6642.9 1661. 4 6.74
s 21.01 m*C 6), 6.74 m®, 32.08%;
6.98 m’, 33.22%; 7.29  m’, 34.7%., .
64.36% 5~8 J11~ 2 4 7.8%;
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62.46% 5~8 s 11~ 2 7.7%; 5~8 61.34%,
11~ 2 8.42%.,
7 (10'm®)
Table 7 Water demands of different ecosystems in the downstream region in moderately dry year(10'm?)
Month ¢ m)
Ecosystem Area(km?) 3 4 5 6 7 8 9 10 Total year(10°m?)
Grassland 765.79 3287.7 4310.0 11514.2  11027.5 13211.7 10053.8  7654.9 2874.0 6. 84
Forest 397. 04 3515.7 5107.5 9310. 1 10927.2  12271.4  11080.1  8233.4 4469. 1 7.09
Desert 1635.7 3277.1 3764.0 11477.2  10076.1  12930.4  9351.9 7630. 3 2864. 8 6.57
8 (10'm*)
Table 8 Water demands of different ecosystems in the downstream region in wet year(10'm?)
Month ¢ md)
Ecosystem Area(km?) 3 4 5 6 7 8 9 10 Total year(10°m?)
Grassland 765.79 2835. 8 5464. 3 9469. 6 12006.3  11410.6  8799.9 5946. 2 2906. 6 6. 44
Forest 397. 04 3167.5 5628. 8 8552.7 10436.7  11723.3  10466.1  7555.3 4773. 6 6. 88
Desert 1635.7 2826. 6 5283.1 8259. 2 11869.5  10335.8  6980.0 4452. 8 2625.7 5.75
s 20. 5 m® 19. 07 4, 6.57 m
5.75 m’ 13.9 m’ 13.32 m’, s
5~8 s 63.46% , 61.7%  60.7%, 1 5~8 s
61.56% . 59.8% 59.06%,
5~8 °
(1999~2001  )20.2 m’, 6. 35 m?, 6.75 m’,
7.08 . 63.1%. 61.4% 60.4% 5~38 .
s 13.83 m?,
3.3
(D s ,
s s
. s 12074. 2m*/hm?*  8814. 34m*/hm?,
s s
2 ) s .
s s
o s
70%
55%~80% 3 s B
. ) , 60% ~100%
s 9 o
3 9 s s (9.13£2.29
m® s (11.164+2.67) m*
s °
(11.064+2.77) m*, 9.7 m’/a ,
(16.16=+4.04) s 20

60~70

s
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9

(10%m*)

Table 9 Evaluation results of ecological water demands in the mid and downstream regions of the Heihe River (10°m?®)

( ) ( )
Region and type Normal (slightly T'ypical dry year Wet (slightly Mean annual
dry) year wet) year water demand
Midstream region Oasis ecosystem 11.3~6.78 11.76~7.05 11.18~6. 71 11.42~6. 85
Whole ecosystem 13.77~8. 26 14.87~8.92 13.2~7.92 13.95~8. 37
Downstream region Oasis ecosystem 13.9~8. 34 14.3~8.58 13.3~7.98 13.83~8.3
Whole ecosystem 20.5~12.3 21.0~12.6 19.07~11. 44 20.2~12.12
4
s s
s s
s s (GEEN ) .
s s s
s s
. 90% , 14. 87~
8.92 m?, 21.0~12.6 m’; s 13.77~8. 26 m’,
20.5~12.3  m*( ), , 13.2~7.92  m’( ) 19. 07
~11.44 m?, 15.15 m* s

27.32 m®
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