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Fig. 1 Comparison between different Fig. 2 Evaporation curves predicted under
evaporation ratio functions different plant available water coefficient
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Tah 1 Six subregionsin the Yellow River Basin
GCM HadCM3 , (km?)
IPCC ( Intergovernmental 133775
Panel on Climate Change — 88 776
1 163 415
) A2 B2, A2 111 505
' - 232 475
' , - 22 407
B2 752 443
IPCC 23 GCM 1961 1990
( ) 2006 2035 2036 2065 2066 2095
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(Downscaling) |, Delta (o1
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1961 1990 ( ) , '
1961 1990 ,
, Delta , GCM
56 GIS
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Tab 2 Annual mean precipitation under different scenariosfor each sub-region ( mm)

1961 A2 B2

1990 2006 2035 2036 2065 2066 2095 2006 2035 2036 2065 2066 2095
424 2 433 5 468 8 489. 8 459. 3 441 2 463 7
403 5 413 7 457. 4 4761 4410 418 6 451 7
292 3 329.9 3368 378 2 333 2 3201 328 4
447.0 486. 6 571 5 627.0 530. 1 505. 3 539. 8
527.3 556. 5 607. 5 647. 2 604. 0 577. 8 607. 3
649. 9 677. 5 7840 872 0 7403 685 3 759. 9

Delta , GCM
, GCM 30 1961 1990
GCM , )
1961 1990 , GIS
(3

6 . :
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3 ( mm)
Tab 3 Annual mean potential evaporation under different scenariosfor each sub-region (mm)
1961 A2 B2
1990 2006 - 2035 2036- 2065 2066- 2099 2006- 2035 2036- 2065 2066 - 2095
- 668 8 706. 0 765 0 874 3 732 1 765 4 810. 6
- 835 7 871 4 929. 7 1026. 6 918 5 922 5 963 0
- 944. 7 1003 2 1063 3 1167. 4 1062 8 1067. 5 1100. 9
- 991 7 1036. 5 1091 4 1200 5 1092 5 1098 5 1130. 3
- 1033 0 1081 5 1144 3 1270. 3 1149. 0 1161 3 1192 9
- 1035 0 1154 4 1267. 9 1536. 5 1280. 7 1297. 6 1355 9
4
W (18]
, , 4
W ;
— 3000m , ,
, 1 75mm,
30 , 100 125
( 4, — (24 6 %) — (23 3%) ,
2 62 %
4
Tab 4 Optimized plant available coefficient and relative satigtical characteristics
w Rma (Mm)  Rms (mm) Rms/ Rma r CE STDs/ STDa
- 0. 62 171 35 171 36 1 00 0. 52 0 29 0. 89
- 0 84 144. 23 144. 23 1 00 0. 79 0. 54 1 08
- 20. 31 175 218 125 0 77 0. 52 0. 69
- 320 52 02 56. 57 1 09 0 89 075 102
- 2 00 80. 55 83 94 104 0 81 0. 56 118
- 3 51 49. 07 60. 52 123 0. 79 0. 62 0. 80
© Rms , Rma , STDs , STDa

Zhang ,
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5 ( mm)
Tab 5 Potential changes in rundff for each sub-region and the Yellow River Basin ( mm)
1961 A2 B2
1990 2006 2035 2036 2065 2066 2095 2006 2035 2036 2065 2066 2095
171 4 167. 9 175 8 162 8 177. 9 158 0 161 5
144 2 142 9 155 8 147. 7 148 9 135 7 146. 3
18 22 20 23 20 18 18
52 0 56. 8 71 3 74. 8 61 8 56. 4 61 1
80. 6 84 3 93 3 91 6 91 6 82 3 87. 7
49. 1 148 7 70. 0 78 5 25. 5 38 2 51 3
82 0 86 1 91 6 88 7 87. 9 795 841
5
, — , 2006 2035
A2 2 , B2 48 %
— — , 1L 9%(A2) 0 6%(B2)
, A2
, 2006 2035 — — ,
, B2 : 3
( — — - ) ’ 3
, 2036 2065 — —
— 7.8% 59% 222%
( 5,
— , A2 2006 2035 2036 2065 2066
2095 91% 37.0% 438% — B2
, 2006 2035 2036 2065 48 0% 22 2%,
2066 2095 , , 4.6%
A2 2006 2035 2036 2065 2066 2095
50% 1. 7% 8 1%, 308x10°m° 72 3x10°m’
50. 1 x10°m® B2 7.2% -31% 26%,
44 5x10°m* -18 9x10°m°* 15 9x10°m’
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6
Zhang ,
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-48 0% 203 0% A2 2036
2065 72 3x10°m*, B2 - 18 9x10°m® GCM
[22] '

[1] IPCC.Intergovernmenta Panel on imate Change (IPCC). In:HoughtonJ T, Ding Y, GriggsDJ, et al. (eds).
Contribution of Working Group ~ to the Third Assessment Report of IPCC Cambridge: Cambridge University
Press, 2001

[2] Loaciga HA,VadesJB, Voge R, etal. doba warming and the hydrologic cycle Journa of Hydrology , 1996 ,
174: 83 127

[3] Arndl N W. Climate change and global water resource Goba Environmental Change, 1999, 9: 31 49

[4] Forch G, Garde F, JensenJ. Climate change and desgn criteriain water resources management : A regiona case
study. Atmospheric Research, 1996, 42: 33 51

[5] Westmacott J R, Burn D H. Climate change effectson the hydrologic regime within the Churchill-Nelson river ba-
sn Journa of Hydrology, 1997, 202: 263 279

[6] Chiew F H, Whetton P H, McMahon T A, et al. Smulation of the impacts of climate change on runoff and soil
moisture in Australian catchment. Journal of Hydrology, 1995, 167: 121 147.

[7] Kamga F M. Impact of greenhouse gas induced climate change on the runoff of the Upper Banue River (Came
roon) . Journal of Hydrology, 2001, 252: 145 156

[8] , , . . ,1996 ,51( ) 1161 170.

[9] , . . ,1998 ,17(4) :435 442.

[10] ,Kiyoshi T, Yuzuru M. . ,2002 ,22(2) :148 157.

[11] . . : ,2000.

[12] Xu Z X, Takeuchi K, Ishidaira H, et al. Sustainability anayssfor Yellow River water Resource usng the system
dynamics approach Water Resource Management , 2002, 16: 239 261

[13] Muzik I. A first-order analyss of the climate change effect on the flood frequencies in a subalpine watershed by
means of a hydrological rainfall-runoff model. Journa of Hydrology, 2002, 267: 65 73

[14] Menzel L, Burger G Climate change scenarios and runoff response in the Mulde catchment (Southern Elbe, Ger-
many). Journal of Hydrology, 2002, 267: 53 64

[15] AroraV K The useof the aridity index to assess climate change effect on annual runoff. Journal of Hydrology ,
2002, 265: 164 177.

[16] ZhangL , Dawes W R, Walker GR Response of mean annual evapotranspiration to vegetation changes at catch-



2 : 275

ment scale Water Resource Research, 2001, 37(3) : 701 708

[17] Koster RD, Suarez M J. A smple framework for examining the interannua variability of land surface moisture
flues Journal of dimate, 1999, 12: 1911 1917

[18] Hargreaves G H. Defining and using reference evapotranspiration. Journa of Irrigation and Drai nage Engineering,
ASCE, 1994, 120(6) : 1132 1139

[19] Oliver M A, Webster R Kriging: a method of interpolation for Geographica Information System Internationa
Journal of Geographic Information Systems, 1990, 4(4) : 313 332

[20] Hay L E, Wilby I L, Leavedey G H. A comparison of delta change and downscaled GCM scenarios for three
mountainous basinsin the United States Journal of the American Water Resource Assodiation, 2000, 36(2) : 387

397.

[21] , . , : . : ,1998

[22] Sott P A, KettleboroughJ A. Origins and estimates of uncertainty in predictionsof twenty-first century tempera
ture Nature, 2002, 416(6882) : 723 726

Analysis on potential effects of global climate change
on natural runoff in the Yelow River Basin

ZHAN G Guang-hui'?
(1 School of Geography , Beijing Norma Univerdty , Bejing 100875 ,China; 2 Soil and Water Conservation
and Combating Desertification, Key Laboratory of Ministry of Education, Bejing 100083 ,China)

Abgtract :Water scarcity isone of the most challenging issuesin natural resources at pres
ent and infuture, especially in arid and semi-arid regions In the Yellow River Basn, rap-
id growths of population, urbanization, and industrialization have caused ever-increasing
competition for water. Any kind of changes in water resource caused by global climate
change will have sgnificant implications to such a water shortage basn This study was
conducted to eval uate the potential effectsof global climate change on the mean natural an-
nual runoff in the Yellow River Basn under different climatic scenarios of HadCM3 GCM
based on the evaporation ratio function of the aridity index , which consders both climate
and soil surface characteristics Sx sub-basns were divided based on the runoff producing
properties The mean precipitation and evaporation of 1961 - 1990 of each sub-basin were
obtained based on 56 stations within and around the Yellow River Basn Thefuture chan-
gesin climate were the relative changes between baseline (1961 - 1990) and different peri-
ods (2006 - 2035, 2036 - 2065, 2066 - 2095) generated by GCM model. The delta change
method was to get the climate changefor each station Smulations usng HadCM3 A2 and
B2 scenariosindicated that the changesin annual runoff varied from region to region within
the range of -48 0 % to more than 203 % In general , the potential changesin annual run-
off decreased from east to west. For the Yellow River Basn, the mean annual runoff in-
creased up to 5. 0%, 11 7%, and 8 1 %for the A2 scenario , and the changes were 7. 2 %,
-3 1%, and 2 6 % for B2 scenario by the year of 2020, 2050 and 2080, respectively.

Key wor ds:climate change; aridity index; natural runoff ; the Yellow River Basn



