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Abstract: Climate changes can influence the water resources in the Loess Plateau greatly, and evaluating the impacts will
provide helpful information for decision-making of regional development. Based on the SWAT (soil and water Assessment
Tools) model and four GCMs ( General Circulation Models) under three emission scenarios, this study assessed the
potential impacts of climate change on water resources in the Heihe watershed on the Loess Plateau during 2010 — 2039.
Climate models predicted a — 2. 3% to 7. 8% change in annual precipitation, 0. 7°C to 2. 2°C rises in maximum
temperature, and 1.2°C to 2.8 °C rises in minimum temperature. Climate change will affect the hydrologic situation of
Heihe watershed ; SWAT model predicted a —19.8% to 37.0% change for annual runoff, a —5.5% to 17.2% change for
annual soil water content, and a 0. 1% to5.9% increase for annual evapotranspiration. Though the change trends of hydro-
meteorological variables are complex, T-test showed that annual precipitation, runoff, soil water and evapotranspiration
would increase with a high probability. For seasonal change, precipitation would possibly increase from December to July
and in September while decrease in August and from October to November, runoff would increase from April to July and

September to October while decrease in August and from November to March, soil water would possibly increase all the
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year, evapotranspiration would increase from November to June while decrease from July to October. Overall, the results

showed that climate would change significantly and some countermeasures were necessary to reduce the adverse effects.

Key Words: climate change; water resources; the Loess Plateau; SWAT ; GCMs

BUR SRR % 171 5145 (TPCC) IS MM UIFAE i (AR4) 8t , 3T 100a R £ BR-FHRIBEFE T
(0.74 £0.18) °C, /K 7E 30°N DAJCE K A%, IR B MK RS A R B 53 S S A8 fh 3o 7K B U
ARAEBRELAHR T BERRNY . HEEERT R, KEEERR, KRR S s =
BEAT TR BTG , AT A SR B I M i 48 HE U SRR AR

SARAEALXT KGRI A e 2 Horh 6 GCMs 157K SURERY 45 &2 PR 7K W8 < 4% 28 A i
BB — R RO B, B RS HISTRZ I BB BIA R A 23 R BES ), n A BBL L /N s i 22 a0 )
SFr R E 33 MRBIMR AL E ), (B GCMs JET RIA% i A Bz £ 25 7 RE WG JE 7K SCRE B 38 T3 15
1) H BAEEK , R, FZEX GCMs Bifg #4725 RBEFe 4, XFRfR4E (downscaling) . HHT, iRE T ERZ , H
Hr H R — Rt 2 L (CF) | AR9E GCMs 0 it S5 A% A o B ST BIHE 5 /A8 A RE TR BE R /K AR R AR 4L
VEE%E, A5 B S R B FHES LM, %7 B R 2T R SR p 5T i B 2
FEY . HETENEAR K LR, T YL K SR 4 SWAT (soil and water assessment tools ) 25 i) Jif
MR, FL o TR RIOCR A, B B A PR 8828 ok SO g —Fhog -1 TR,

AWFFEHY B brad DA 1 SR IA AR X R A I 5T X, B T 4 i GCMs f4 3 FhHERICIE A7k SO
R SWAT, @37 X 2010 ~2039 41 SARARALIE 5, FEH5 HAE R SWAT M A, SR XK IR (R 28
O 38K 358 ) 17T BEAR A, DA RE Jy IX S AT 548 & R SR A e SR AK R o
1 HREH=E
1.1 BRI

BRRBRMH—RZT, e AEEE BEREMRIE, FTREAKREART (B 1), LT
106°.29' ~107°.47' E,35°.03" ~35°.19’ N, WA 1506 km® , 2R FGE M, BRI, AT S KK, &
#& 1000 ~2500 m, #5508 5 + PRI AR X, 045 YR T A AR K BT, JB R IR IR 1 K v SR 2
PR E 563. 3mm,7 ~9 A HREK LR KR 54.0% ~57.5% , B Z TALE, RHZ THH; F85
6.3 ~11.7C, /KB EER, Hid % 50a REG M ETEE LR, “ERAHL LT RRAMAS
i,

35°20

35°00

ES I Xk LB Y VA
Fig.1 Location of the Heihe Watershed
K38, Changwu; 42{# Chongxin; #% Huating; ¥2)!| Jingchuan; R Lingtai; B Longxian; i Altitude
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SWAT Sz phy 3¢ [ AV AR T 4 B SR BERR Y, ] AT - b B BE & B X0 K JURR P Rl AL = 7= W 9 52
W7 SWAT fRy7K SCRESLAY o b =T RV R B3 43, B 42 1 W 0 K D S W R i A &,
Ja PR RE K YDA S TR P [k s RS . SWAT BYZK SCBEZE T 40 R /K B 75 72 -

SW = SW + 2 (Rdgy - qurf - Ea Weep Q )

K, SW it BER +3% % /K & (mm H,0) SWoEﬁ&%ﬂiﬁ%ﬁ?ﬁi(mm H,0) ,t Zf[E(d) ,R,, 25 i R
HPE/KE (mm H,0),0,, /2% | RMHERFZRE(mm H,0) ,E 25 i RMZERE(mm H,0) w25 i XK
B & & (mm H,0),0, 2% i R TR E (mm H,0),

7K SCREHAZE SR A ) BCR A0 45 2 (B 5088 A RS IR I A, SR LR 1o BT LaARBE K SWAT 7RI
TR X, i AT A (1) @SBRPEEEE A ; (2) (5 H DEM %43l ; (3) B2 A L3 ) 7 & A 3 A
A K SO R BTG 5 (4) A S SR MBIE . SRJG BV AT E1T SWAT #E47 7K SCELHL, AR BIF 5T o 48 A 4045
U B0 , ZEHOR ] Priestley-Taylor 15, CUE SWAT BRI, B Joifiid LH-OAT SUSE 4 B XA 4L
LERE MRS, R G R BRI S BORRKHERLRL, DL Nash-Sutcliffe 2036 2 50 M6 R BURAEXHRZEEN
RERIRHER B AR R A SE I AR R PR A T 1972 ~ 2000 4F, % [ 1985 1 2000 4= 4 1 -+ #tb 1| Fi 18, 5
1972 ~ 1987 4FAE RS (1985 4F L b A FHIE) ,#F 1988 ~2000 A4 B ik H#A (2000 4 1= s FHE ) o

F1 SWAT FHEMABRIKESHEE
Table 1 Sources and precision of the data for SWAT model

e BmwiH Wiz KR
Data Data types Precision Sources
. HE A ABEEST R PRI 5L
23 [A B DEM 1:250000 Bl B 5 # 0> ” Environmental & Ecological
Spatial data . Science Data Center for West China, National
HHFHE Landuse map 11100000 Natural Science Foundation of China
. ep AL B K FIFR K L AR R T T 38 £ R R
1 1:
+ 3 Soil map 500000 K B
BB e R A Bt e 5t b A I T o ] e
. + 3 i Soil properties - J&£” Soil database of China from Institute of Soil
Attribute data .
Science, CAS
] _ SWAT 7 BRI B
Attribute of landuse Default data of SWAT model
£y !
:“eiifgic o data gg:iiiﬁj& Ul A H %3 Daily data 1 ES 45 China Meteorological Administration
TRICHERE Pkt 7l H Monthly (1972 ~1987) Hh B 2E B K K PRI TE BT 2 £ R I
Hydrological data o 4 Yearly (1972 ~2000) KA

* Precipitation, maximum and minimum temperature, solar radiation, humidity and wind speed; # # Database of soil and water conservation from

Institute of Soil and Water Conservation, CAS & MWR

2.3 S SHIER

F TR AR M B AN, DA B R 25 A A B RO R 5 R A P T B o AR ST
4 PN 3 R HEHUIE § (R 2) , B di TPCC $di & A v 4R it R 1% CCSR/NIES,CGCM2
CSIRO-Mk2 Fil HadCM3, HERCIE R ELE A2 B2 1 GGa, Horp A2 SRIAZLHT AR, IR 2 AHCRER ;B2 32iA
AIRPER AR, BB IMR IR AH R KA 18 5 CGa Kt 1860 ~ 1990 4R 2 AR B34 K 1% BL L 2|
2099 4FLARY, W 9UE N EER . 3 FhHBECE R H0RE AHCE By A2 > GGa > B2, gEHUIL 3 Fidk
T B B A AT IR 2 SARAE P R T AR RCRT 2 BT HERORE T RS , FFREAT R R A
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Table 2 Description of the GCMs and their simulations

SR GCMs CCSR/NIES CGCM2 CSIRO-MK2 HadCM3
R R~ Grid size 5.625° x5.625° 3.75° x3.75° 5.625° x3.25° 3.75° x2.5°
R Bt A2,B2 1890 ~2100 4 1900 ~2100 4E 1961 ~2100 4E 1950 ~2099 4E
Simulation period GGa 1900 ~2099 4E 1900 ~2099 4E 1900 ~2100 4E 1900 ~2099 4E

2.4 SEEFRELEAR

A5 P B 5 18 8 S T 58 SR i S AR R RRE =, AR AT - (1) HESR LU RS GCMs 4 MHER M
LU R ABE RS (6 S R B A SIS (B 3R AR 6 NS0l s 1) GCMs 354z 5 (2) R4 S G 888 (1957 ~
2005 4F) ,3%E#E GCMs Fy 9 A~ Bif B 1) 5408 = 5 S5 00 B B % 1o 9 B 48 (1957 ~ 2005 45 ) FlEE PFAG A o R B Bt
(2010 ~2039 4F) ¥z , Geit GCMs P BeEE H K & B MR ARIR B A 349485 (3) 1158 GCMs %4 2010
~2039 AR F 1957 ~2005 41 H MK ¥{E 3 | A ¥ s M B AR IR AR fb & 5 (4) A BEKB¥E
FPRSEM 1957 ~2005 AFEREAK K 7 3755 = Fpe I IR B2 9 28 Ak & 3 70 in B 52 1957 ~ 2005 4F A RAE | .
2.5 KIXREEENZLEEHA W

AR fEFHZ A GCMs FHEBUE =, B TR AHEBUE S AT E 1, KU R B W B A2
RATRRAEALE 2%  MELAFI BT L 5, R, A5 SOIF R B R T R B R HI M I K SR AR F B RS fL
W SEIE B X AR R I B8 7 51 B - HME, S (1 - p) x100% (p Jy T KB iy &K ) f & <R
S MR, B TR LUAB R 57 5 5 B0E EZ H MK/ R, it 5E BRI & Rk
Hy:u<prg, Hy o >poB Hy s =0, Hy: o <pro , FE—E R BEKFEp T AR5 MR SC PR A ] REME R
THREREZE B, LRRBYEEEN Z, .
3 #R5WE
3.1 FmS AL

3G T BARIBARBEEAFRIE R T RWEYZL, BEAM S, Sul S B ARG S, B2 LR

x3 EARE 6 MR ESI A GCMs FREEE THENSETH
Table 3 Annual averaged change of precipitation, maximum temperature ( 7max) and minimum temperature( 7min) for six weather stations

under three scenarios of four GCMs in Heihe watershed
SRS s MK L Precipitation change(% ) R E IR AR Tmax change(°C) IR B A3 4k & Tmin change( C)
GCMs  Scenarios fe 3%+ 4% 4% Bl RE WA Kk 245 45 B RE BE KR 26 €% B RE 0wE

CCSR A2 -1.1 -1.2 -1.1 -1.0 -0.8 -1.2 1.3 1.2 1.3 1.3 1.3 1.3 1.4 1.3 1.4 1.4 1.4 1.4
B2 0.8 0.7 0.7 0.8 1.1 0.8 1.4 1.3 1.4 1.4 1.4 1.4 1.6 1.5 1.6 1.5 1.5 1.6
GGa 3.0 3.1 3.0 30 32 32 1.4 13 1.4 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
CGCM2 A2 -2.1 -2.3 -1.3 -2.1 -2.2 -1.6 1.7 1.5 1.7 1.6 1.6 1.7 2.0 1.8 2.0 1.9 1.9 2.0
B2 -1.5 -1.4 -0.7 -1.2 -1.6 -1.4 1.8 1.7 1.7 1.8 1.8 1.7 2.0 1.9 1.9 20 2.0 1.8
GGa 2.9 3.1 5.8 33 30 57 22 21 20 22 22 20 28 27 26 27 28 26
CSIRO A2 3.4 4.2 3.7 34 34 2310 09 1.0 1.0 1.0 1.0 1.3 1.3 1.4 1.3 1.3 1.3
B2 29 35 29 29 30 23 16 1.5 1.6 1.6 1.6 1.6 2.3 2.2 23 23 23 23
GGa 7.8 7.4 7.4 7.7 7.8 7.5 1.6 1.6 1.6 1.6 1.6 1.6 1.9 1.9 1.9 1.9 1.9 1.9
HadCM3 A2 3.1 2.7 2.8 32 29 20 09 10 1.0 1.0 1.0 1.1 1.3 1.2 1.2 1.3 1.3 1.2
B2 7.3 7.7 6.4 7.7 7.3 57 0.7 0.7 09 0.7 07 09 1.3 1.2 1.3 1.3 1.3 1.2
GGa 3.9 3.1 2.2 38 39 -14 17 1.6 1.6 1.6 1.7 1.7 1.6 1.5 1.6 1.6 1.6 1.8
HRME
Increase 99.1 99.1 99.5 99.3 99.2 97.5 100 100 100 100 100 100 100 100 100 100 100 100
probability( % )

% KX Changwu; 4245 Chongxin; 425 Huating; 33)I] Jingchuan; R & Lingtai; B8 Longxian
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HHIE . #1957 ~2005 44,2010 ~2039 4F B Jids 1 F K AT EAEFL - 2.3% ~7.8% ,[EKBIREARAK,
HAR KBTI 2 B, Ho 2 M B s SR P02 o A RIS A% S TR A e /K AR AL IR BE B 2 5 T AR ], 3
B A AR B SR RUREAR R S 300 ™ 306k T S B bk SCE R LA T E . RGN FE R
MR K B ZE AL AR (T R 56 25 SR 2R B, R TAT I A o sl AR ZKCORE i 3 K, B34 78 97. 5% LA |, A8
SFBFFE A H o E P AL X B K — R 2R, 2010 ~ 2039 4F, BT 5 4 4 £ v A0 B AR IR BE 40 1)
FE0.7~2.2 CHI1.2 ~2.8 C, HEANRE M A= E R, R HEETRSHE PR/, 5CURZLE
KGR ) ML —3
3.2 SWAT HERIKHE 550iiF

B2 2R T SWAT By HA AR E AR R SE I ) AE AR I, BT AE Y, AR AE A2 I A LR 30T . R
HEH ) SEI AR YR IR 54. 2 mm , BEHMEH 52. 0 mm, #HXF 1R 2% -4.0% ,Nash REGEE] 0. 87, tHRXRECH
0.88, Fu iR SCIAE IR IR Ky 36. 7 mm , BEIUEH 37. 6 mm, FHXT R 2 2. 5% , Nash RECHIF S REIH
0.87, M THRBRMEBIE{CAE 1972 ~ 1987 4, T R4 HAEDEER , A HRIE, 7T LAE &, SWAT B4 il
TIZBT B A R, SEI SERIN A R EE S 4.5 mm F 4.7 mm FXHRZER 2. 7% BEBIER R BN
0.68 (HZMEREIARECH 0.75, HANEN 1.0227 #aE F 1 AR 0.021 #58F 0, LiRZ5RULH SWAT #£
BRI AR RIS A, WSS R ESANHEEN

160
140 | —= HMM Calibration period ~<<— i —= Wy Validation period <= |
£120 |- —o— LJll{H Observation |
" S 100 | ---0--- #ME Simulation |
B2 g |
€5 |
3 60f |
g 40
< .
20
0 |
1970 1975 1980 1985 1990 1995 2000
4F- Year
_ T _
80 —e— 3Jll{H Observation ) 80 N
e Q 0. AEHIE Simulation g 60 y=1.0027x +0.021
£ 60 5 g R =0.7451 _
& : 3 ~
% g é 40 [ ] /
g & . o
m 2 w20 - /.o
§ 20 = ) °
2 =
(0 RO SRR 2R e e v e ™ ! | 1 ]
0 20 40 60 80 100 120 140 160 180 0 20 40 60
H Month RHLHHE Observation (mm)

B2 R IR AR A P SR S A
Fig.2 Observed and simulated runoff depth of Heihe watershed

3.3 RURAEAHK SR
3.3.1 F¥Hfk

4 242010 ~ 2039 4F R U 50 7E 24 B - A T 89 0K SOR B 48 AR IR I K T RO, A T
-19.8% ~37.0% , /K R ML S BUR K RIRE L, X SHEHIR 4R —2 " . 2 FiERT A 7
PRI, T K30 R AR WS K MR 72. 9% , T sl /K 38 K IE R 99. 5% , LI AR AR -5 4R
IKRASAC B RAF AR , 40 3 ARSI B S AR TR T, XAR AT RE R 2 MK A 2L R B . 1.2m
# H f EOK o BA SR K AR A @S BRI, A T -5.5% ~17.2% ,12 FHiERA 8 FifE &t
K & B, TR IR T K 38 R R 97. 6% s RS MK 0.1 ~5.9% , ATRER H TR
BET R M FEK AR A R P2 o FATHIK 2010 ~2039 427K SR B 1 E 2B HSG I X PR Ie—2,
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WNZE I 54 P Ll X AE AR Fi A 2010 ~ 2050 4438 A LANE]+ILANE 2070 5 e b It 25 B2 F 7K 2 A
FIAIA [ SARAEALAE 5, R BH 2090 ~ 2099 4F B 7] Fi 58 i i AR PR K 2 5 BOXE R T A Bk O R 5
HadCM3 , U A< tH 40 7R T 5 T 0 35 8 IR b 6 42 K 40 138 i 23% 1 45% 1) ; Zhang %6 128 R S H i 2 +
KRB R B F AR RO LUK S8k A g 2 o DA S5 A AT U , SR R e 2k W U
BRI RN , A ) T9% DX A 25 F S ARl A 77 5L IR1 Bt T B8 SFe BB T 3B gk R 2 , AT Pk — 5 B9
TR , 7 B SR B B M i

F4 R 2000 F£13F A5 2010 ~ 2039 ESETHEHREK ER. LB MEBREEANEL
Table 4 Annual mean precipitation, runoff, soil water, evapotranspiration (ET) and their relative change in Heihe watershed simulated with
2000 landuse and 2010 —2039 climate

PRy - [%7K Precipitation 23 Runoff + 47K 4> Soil water ZEH ET
GCMs Scenarios B A4k B A4k WAz A4k WEE A4k
Depth (mm) Change(% ) Depth (mm) Change(% ) Depth (mm) Change(% ) Depth (mm)  Change(% )
4k Baseline 567.1 0 44.7 0 146.3 0 512.7 0
CCSR A2 561 -1.1 41.1 -8.2 141.8 -3.1 513.3 0.1
B2 568.3 0.2 40.4 -9.5 143.2 -2.1 520.7 1.6
GGa 585.6 3.3 50.5 12.9 159.6 9.1 524.7 2.3
CGCM2 A2 559.6 -1.3 35.9 -19.8 138.3 -5.5 517.2 0.9
B2 564.7 -0.4 37.3 -16.6 140.6 -3.9 520.2 1.5
GGa 584.9 3.1 44.9 0.5 154.2 5.4 530.9 3.6
CSIRO A2 586.5 3.4 48.2 7.9 156.8 7.2 528.1 3
B2 584.5 3.1 43 -3.9 153.4 4.9 532.5 3.9
GGa 606 6.9 51.9 16.2 162.8 11.3 542.9 5.9
HadCM3 A2 592.1 4.4 55.8 24.8 170.8 16.7 522.2 1.9
B2 609.9 7.6 61.2 37 171.4 17.2 535.3 4.4
GGa 577.8 1.9 42.8 -4.2 150 2.5 526.7 2.7
R 99.5 - 72.9 - 97.6 - 100 -

Increase probability (% )

3.3.2 FiA4k

Bl 3 R T 2010 ~2039 4E B FIRIEK R L HOK S FZEBUBAL I ZET 4040, AT LU i, % TR — 728
B, ARG SEMBERAR, BT 8 5 ISR A E RSN, REEA 0y 22 MBS FIWr . T T 4
ARG HAIWT ) T K SCRR AR MR A MR (R S) AT LUE 1 FOKE 12 ~7 AR 9 AmHEK
AT RETERCR 72 8 H A4y 10 ~ 11 ARl D BERBO AR WAE 4 ~7 A9 ~10 A4 REoK, 1
~3 A48 A4 i) BEMEROR s £HOK M TER A ARSI, 15 6 ~8 A Mg K MM SR ; A HUE 11 ~ 6
HABEmIE,7ET ~10 AR KA BRI K. N Ed/K SCRR R MFETRMRE R LK FIZE
BUAY AR WK AR B AR AL O ZR S 1 T, ANk A2 R B Bk IR, BRI, K AR A S AR AR tL LA 5%
(E3) , XMRRTES ~ 11 HOHRIEERIAE 4R1,12 ~3 AR MK K TREAR T, MR ERE T
TELBE A AL R W B R /K B R 30,2010 ~ 2039 AR BE A IR AT RESE A& ™, ZEOhsiast 1 S BB R Bk
o RICERLEA R H By ek Z= 1%t AR R LA R , 52 25 AL RS20 , BR Rk 5 0ol = B K YR B AR Ak
PR E TH iR B 28 A B AN LAST K SO B AR s AR R B Z MR # EHGE A K U B
foAEfl, AR AT BUEMIL, R UM B O B A AR U BB/ N R H K7 5 B R S5 R 9 T T o A
RIS B S BAE 7 1 BT SR BUK S FIHRCR  Zhang M2 B MBFF R, 5
JEAEYIAEARRBUA ], KSR L Sk A RIZE /K SO B S AR AR A i AR B 5 27
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—&— CCSR-A2 — -&—- CGCM2-A2 ——-— CSIRO-A2 -—%-- HadCM3-A2
@ CCSR-B2 —-@— CGCM2-B2 —&— CSIRO-B2 —-@—- HadCM3-B2
——=%-- CCSR-GGa —-& — CGCM2-GGa 4 CSIRO-GGa —-®— HadCM3-GGa
40 — %7K Precipitation 150 AU Runoff
100
S
=}
3
2 E
)
NS
&5
o E
279
gz
8
palt
g
2
&
H 4y Month
3 2010 ~2039 45 B Widd A BIREK AR LIRS FIZEBURAHRS 224k (% )
Fig.3 Relative changes of monthly mean precipitation, runoff, soil water and ET during 2010 —2039 in Heihe watershed
x5 TREHHHAXSEFEERATUESR
Table 5 Monthly change trend of hydro-meteorological variables judged by 7-test
H 4y Month 1 2 3 4 5 6 7 8 9 10 11 12
[%7K Precipitation ## Trend + + + + + + + - + - - +
R Probability (% ) 85.3 99.7 99.7 99.9 99.9 98.6 66.7 90.3 90.6 72.4 59.4 99.7
3 Runoff Fa# Trend + - - + + + + - + + - -
R Probability (% ) 57.2 96.1 100 99.8 100 97.6 66.0 88.2 91.6 60.6 57.2 62.2
+ 37K 43 Soil water #H Trend + + + + + + + + + + + +
R Probability (% ) 95.9 92.8 94.9 99.2 95.6 54.3 63.4 74.3 98.0 98.3 97.6 97.6
ZRI ET H# % Trend + + + + + + - - - - + +
R Probability (% ) 100 100 100 99.9 100 100 62.3 99.8 100 100 99.0 100
3 £

B R R IA AR X R K 2010 ~ 2039 AFAYAFERIREK AT BEARAL - 2. 3% ~ 7. 8% 5 Xy dk i MR ARG BE 7
BT 0.7 ~2.2 CHI1.2 ~2.8 Co RLEEBRAMRN T WBUK ORI, SEAFRWE AT BRI - 19.8% ~
37.0% ,1.2 m FH + K0S B AT RRAEAL -5.5% ~17.2% ZEHEEEEK 0. 1% ~5.9% . BR EiRKIC
[GARFHERNAER I B TREERRY, FRK R 30K 20N KT R XT3
T, Bk 12 ~7 A9 AGHE KA REIEBR,8 H A 10 ~ 11 A s FIBERECR 12 4 ~7 A
9 ~10 AGHEMEBEREA, 11 ~3 A8 A fwi/b B m] BRSO ; T K E% H AR 288 11 ~
6 A miER,7 ~ 10 ARl REIEBOR . RS RE I, RSB AACKE X 21 5 R 14 AR X SR it 4k
7K B TR B2 BRI, T R U B YR R I LA A

=5

M, J5E I YRR st R AR S T

http ://www. ecologica. cn



7

B FARRRERNTE 1 R R RS IR A R R 3463

References:

(1]

(2]

(3]

[4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

IPCC. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. ed. S. Solomon, et al. Cambridge, United Kingdom and New York, NY, USA: Cambridge University
Press, 2007.

IPCC. Climate Change 2007 ; Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, ed. M. L. Parry, et al. , Cambrige, UK: Cambridge University Press, 2007.

Kundzewicz Z W, Somlyédy L. Climatic Change Impact on Water Resources in a Systems Perspective. Water Resources Management, 1997, 11
(6): 407 —435.

Hao Z C, Wang J H, Li L, et al. Impact of Climate Change on Runoff in Source Region of Yellow River. Journal of Glaciology and Geocryology,
2006, 28(1):1—7.

Lan Y C,Ding Y J,Liu J Q, et al. Change of Water Resources in Mountainous Area of Heihe River under Global-Warming Scene. Journal of Desert
Research, 2005, 25(6) : 863 — 868.

Liu X D, AnZS, Fang J G, et al. Possible Variations of Precipitation over the Yellow River Valley under the Global-warming Conditions. Scientia
Geographica Sinica, 2002, 22(5) : 513 —519.

Mo X G, Lin Z H, Liu S X. Climate change impacts on the ecohydrological processes in the Wuding River basin. Acta Ecologica Sinica, 2007, 27
(12) : 4999 —5007.

Tang H X, Chen Y Q. Impacts of Global Warming on the Water Resources in the Dongjing River Basin by Stochastic Method. Advances in Water
Science, 2000, 11(2) : 159 —164.

Yuan F, Xie Z H, Ren L L, et al. Hydrological variation in Haihe River Basin due to climate change. Shui Li Xue Bao, 2005, 36 (3) : 274
—279.

Battaglin W A, Hay L E, Parker R S, et al. Applications of a GIS for modeling the sensitivity of water resources to alterations in climate in the
Gunnison river basin, Colorado. Water Res. Bull. , 1993, 25(6) : 1021 —1028.

Wolock D M, Homberger G M. Hydrological effects of changes in levels of atmospheric carbon dioxide. J. Forecast. , 1991, 10(1-2) ;105 —116.
Miller ] R, Russell G L. The impact of global warming on river runoff. J. Geophys. Res., 1992, 97(D3) : 2757 —2764.

Yu B. Adjustment of CLIGEN parameters to generate precipitation change scenarios in southeastern Australia. Catena, 2005, 61(2-3): 196
—209.

Zhang, X C. A comparison of explicit and implicit spatial downscaling of GCM output for soil erosion and crop production assessments. Climatic
Change, 2007, 84(3-4) : 337.

Deng H P, Liu H F. Impacts of global climate changes the Songnen Steppe. Acta Ecologica Sinica, 2000, 20(6) ;: 958 —963.

Liu C M, Xia J, Guo S L, et al. Advances in distributed hydrological modeling in the Yellow River basin. Advances in Water Science, 2004, 15
(4) : 495 —500.

Amold J G, Srinivasan R, Muttiah R S, Williams J R. Large area hydrologic modeling and assessment. Part 1. Model development. Journal of the
American Water Resources Association, 1998, 34(1): 1 —17.

van Griensven, Meixner T, Grunwald S, et al. A global sensitivity analysis tool for the parameters of multi-variable catchment models. Journal of
Hydrology, 2006, 324 (1-4). 10 —23.

Ding Y H, Ren G Y, Shi G Y, et al. National Assessment Report of Climate Change(I) : Climate change in China and its future trend. Advances
in Climate Change Research, 2006, 2(1) : 3 —8.

Maurer E. Uncertainty in hydrologic impacts of climate change in the Sierra Nevada, California, under two emissions scenarios. Climatic Change.
2007, 82(3) : 309 —325.

Minville M, Brissette F, Leconte R. Uncertainty of the impact of climate change on the hydrology of a nordic watershed. Journal of Hydrology,
2008, 358(1-2): 70 —83.

Du W P, Miao Q L. Assessing the impacts of greehouse gas on climate environment and their uncertainties. Environmental Science and Technology ,
2006, 29(2) : 72 —174.

Qin D H, Ding Y H, Wang S W, et al. A study of environment change and its impacts in western China. Earth Science Frontiers, 2002, 9(2) :
321 —328.

You S C, Kiyoshi Takahashi, Matsuoka Y. Climate change impact on surface runoff in China. Quaternary Sciences, 2002, 22(2) . 148 —157.

Zhang X C, Liu W Z. Simulating potential response of hydrology, soil erosion, and crop productivity to climate change in Changwu tableland region

http ://www. ecologica. cn



3464 B Ox ¥ R 29 %

on the Loess Plateau of China. Agricultural and Forest Meteorology, 2005, 131(3-4) . 127 —142.

[26] LiZ, Liu W Z, Zhang X C, et al. Downscaling GCM output to simulate potential change of soil water balance on loess tableland. Acta Ecologica
Sinica, 2007, 27(9) : 3769 —3777.

[27] Liang L, La S H, Liu Y P. Numerical simulation of effect of vegetation changes of Loess Plateau on environment. Plateau Meteorology, 2006, 25
(4):575—582.

S E 3k

(4] Hb4Ral, £, 25w, 5%, B E IR KK BRI, 1)1+, 2006, 28(1): 1 ~7.

(5] Wk, Tk, Xk, %, 2RRABASBRE T B0 KRR IR KA. hEYEL, 2005, 25(6) : 863 ~868.

(6] XIBeAR, @iEd, HENI, % RFRIBABRFMT EM R KW 2. th3BRE, 2002, 22(5) : 513 ~519.

(7] BXE, PBRE, X, AR ToE M RIS AE K SOT R, 5%, 2007, 27(12) : 4999 ~5007.

[ 81 FEWMAT, Mok®h. MFBEHLT PR SERSURASBX R ILIRBUK BEUR BN, KB HERE , 2000, 11(2) : 159 ~164.

[9] =K, WM, B3R, %, KB REUK SCRAE . KR4, 2005, 36(3) : 274 ~279.

[15] XBEF, XUEK. RERSBEABLSIAROEFOKRASE FIm. 2224, 2000, 20(6) : 958 ~963.

[16] XIE8], B%E, 3A%,%. FWRE 2K SRR LR SR, KBHEHERE, 2004, 15(4) : 495 ~500.

[19] T—iL, EEE, A)7E,%. EBAEZIPGEHRSE (1) ESURA IR PR fRR R SRR 3ERE, 2006, 2(1) : 3 ~8.
[22] #ERMS, BUaK. WESENSSRIIEZm B EIH A E . FERESER, 2006, 29(2) : 72 ~74.

(23] ZRw, T—IC, EAR,%. D EERIFEEEERHFMPIIE. ¥ERT%, 2002, 9(2) : 321 ~328.

[24] J#HAA, Kiyoshi Takahashi, Matsuoka Y. 2BRSMBASMLNT AP H AR MR, 55 PSR, 2002, 22(2) : 148 ~157.
[26] ZE&, XSOk, KHE , %, fidE GCM i AL 35 X + 3K /- A5 s FE AR Ak, ZEA2E4R, 2007, 27(9) : 3769 ~3777.
[27] $3%, B4, WMEY. 38+ mFRE BT BB M W BUERE. SRR, 2006, 25(4) : 575 ~582.

http ://www. ecologica. cn



	07a14.pdf
	07a15.pdf
	07a16.pdf
	07a17.pdf
	07a18.pdf
	07a19.pdf
	07a20.pdf
	07a21.pdf
	07a22.pdf

