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Tab.2 Validations of the model simulation in the upper and middle reaches of Heihe River Basin and in the Zhangye area

located in the middle reaches
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Fig.12 Annual streamflow distribution in the upper and
middle reaches of Heihe River Basin under the reference and

Blscenarios



634 K A5 TR R (10 R AR AR K ST [ 2 4 557 3 A 837

B U] )1 A5 GG I P i DR b iR OKAE B ¢
TR D . AR T2 5, il 2011-2030 4
SRSV IR AR AR N 23 B AE 6-9 H AR b LR W 4
Hopth H A K (B 12(b))

F 18 M A AR, B e T ST i
2011-2030 FEAEP- 3 30] AR I I /N T A5 1 1
FIFHARAL IS DL 5 R R 2840 R, B 5 F
HiE 2011-2030 SFEAE T34 I AR /D T A S
Hbu ) AR AR TR L 5 30 DR A o S i A b IR AL
VR FH K sk 2D, 3 U G 0 (A AR b R T
FRBE I, ZEH0R N, S EAR T , 1M H AR R
by 3 0 B0 I AR T ek D B KT H TR g >
BUWAR A I . B 5 BRI A iR ok
T AR I S AF A 23 B AE 25 LSRN 25 18 4 R i AR
PRI BT AR

G EZ T

AN R MR ARk, AT T2 %1 5, AIB
7 5 R SRR I 2011-2030 £E4E 247 1423
S A, T AE B R S BT R b
. AIBIEH T LT 2011-2030 R4 P50 1145
TRIRAE N 23 BCAE 5-10 H ARG W] W, B11E 5 R ER 6
F 8, oAt 43 35 W B M R IR vk b 1

AN 18 A A A AR AL, A T2 5
A1B 5T S L i 2011-2030 FEAEF-34 7 1]
PRV W S B I e, AR B SR SIS ek
D X TS 5 AIBAE SR i 2011
2030 FEAE V-S4 AR AT 5 H 4 3 2 LN 8
PO B R, 75 6-9 H AL LA 2, Joh H 43
A K o o BT R I RIS AE A — 1 55t 1, AN ) IXCI
(197K S e AR AT R HAT B 1 22 Sk

2 L8 - MR AR Ak, P ] R ek 1 i 2011
2030 4FEAEFHAT] ) AR AE A1B 1 5t A B1IE 5 T3y
AN B8 A MR AR O . 5 18 - R
Ak, R AR AE AIBIS 5 R, K TFAEE L
HA FHAS A O, 1 7E B 5t R 2N TAKIE
MR AR R O DR, 4 SR R W L R AR
AR R B80S AR AR 1R K ST Y., T RE D 55 A%
AR IR K ST 8, B b ) A5 A A AR A R 7K
S Y LA I ) R R 55) 5200

4 Ziig

A 4¢3 3 B £ Dyna-CLUE H55 71 fIl SWAT

Y, TR PR BUR [ S A AR A6 % 1] 23 D12 (TIPCC, 2000)
RATHIPR AN 2= SR HESUE S (AIBFI B, b JT
T B R AR A R oK S AT 21
YN AR B DL B 18

D JE i FEVAT Rt rh b 30 R i 3 b X A 72 [
JOBE () = Mo R BIR B X6 Dyna-CLUE #5874 354756
TUE, 2 AR B AR U R A Pk o 38 R 3
FR L 3 S AR AU i R O RN E S R AR I
Kot K SWAT A5 7Y i v A6 AU, 45 5L 6 B 1% A 700 At
PG BB, IR B T BN B 2K o

(2) - 1A AR A 55050 B 2 B, AS TR HE IO
SN AR BT b b R AR A AN
K TRl —HERUG 5T R AR Ak B AT B 1 X,
B o AR A T M OFR Ml R0 25 b ) 7 A HE TR 5 (B
(R TAUK T = RO 52 (A1B).

(37K 3 N A se o AT R B, % I8 A A1k,
AR 2215 5, W HE AIB I 5t S ] 78 _E 3
2011-2030 4451 2190 )1 A2 3 S 0 99 9 2D ka3, i
FEAHEIR B4 50 T S0 0T 2 ek b s i e v
W, 2011-2030 FAF 33 )IAR LA AIB I 5t K &2
5 e A, £E B 5t R RIS 08 D A
U 255 2% B AR AL AN = R T A8 A, ST
R A AR AR 2 RO S R BN T AR
Ji& R FH AR AR AR 250 1T Ui AR AT A 1B 1
5N KT A L H A A 15 O, 76 B1 A 5t
T ENTAZE AR AR R, XS] T
T SR A AR A AN A R F AR A S B sk S
TG R AR Ak 1T A bR FH AR R e 0 B 55 1
AR T B 7K SC R Y

SE k-

FE[I S BR R A BEE,2008,166(10):1005-1012.
[2] B H2 il SRR I AR A A B SR [T H R Al
FH,2008,389(5):34-36.

SRIEE[I] T E K LR RF,2006(5):15-17.

(4] 2 FE M. RT3k m] 5 8 5 Jig ) A A e B 2 WE S 010K 1]
¥ 12,2002,24(4):335-343.

(51 9N I i, 5 2l o A A A58 VA iV e A 1 R P /8 o A2 A
10 2 A R s PR —— LA il o i X O i [0]. T
[X %55 5 R 355,2013,27(3):80-85.

[6] Cammerer H, Thieken A H, Verburg P H. Spatio-temporal
dynamics in the flood exposure due to land use changes in
the Alpine Lech Valley in Tyrol (Austria)[J]. Natural Haz-



838 HoBk AR R R 20134
ards, 2012,1-28. model[J]. Environmental Management, 2002,30(3):
[7] Mango L M, Melesse A M, Mcclain M E, et al. Land use 391-405.

and climate change impacts on the hydrology of the upper
Mara River Basin, Kenya: Results of a modeling study to
support better resource management[J]. Hydrology and
Earth System Sciences, 2011,15(7):2245.

[8] Park J Y, Park M J, Joh H K, ef al. Assessment of MIROC
3. 2 HiRes climate and CLUE-s land use change impacts
on watershed hydrology using SWAT[J]. Transactions of
the ASABE, 2011,54(5):1713-1724.

[9] 5 %, R 75 /7, 4% IE L 2RI K 1988-2000 4 - b A T/
AT T[] AL RUR 24 B AR RHER,2005,40(6):
922-929.

[10] AALAT, T, XA, A6 20T 20 AF R SR it i X 1
Hu A IR AR A B 3R By g € BEFFET]. H AR TR R AR,
2011,26(3):353-363.

[11] Z2 U0 X B0 AN U 1), 55 1975 4 LA ke BT vh i b X -
i ) /78 0 AR A I 5 AR (0] AR 2 RO B A 4R,
2012,28(5):473-479.

[12] 5K, 5K 2 AN R K BEAS 55 R 1 5 DXOR Sk L A JH /78
i AR AU —— DL RT3 50T Sk 490 (300K )1 R
1.,2007,29(3):397-405.

[13] 52k 55, #0400, &8 R, 58 AR AR I 55 SRV i del Al
S K SCFAE i B[] K L RENE R 72,2010,28(2):7-9,46.

[14] Bhoe. 2R T XA R VIC R [y S ATy dak ot - AR
HARFWIFD]. 22 M : 22 M K5%,2011,1-69.

[15] Liston G E, Elder K. A meteorological distribution system
for high-resolution terrestrial modeling (MicroMet) [J].
Journal of Hydrometeorology, 2006,7(2):217-234.

[16] Verburg P H, Overmars K P. Combining top-down and
bottom-up dynamics in land use modeling: Exploring the
future of abandoned farmlands in Europe with the Dy-
na-CLUE model[J]. Landscape Ecology, 2009,24(9):
1167-1181.

[17] Verburg P H, Overmars K P, Huigen M G A, ef al. Analy-
sis of the effects of land use change on protected areas in
the Philippines[J]. Applied Geography, 2006,26(2):
153-173.

[18] Verburg P H, Soepboer W, Veldkamp A, et al. Modeling
the spatial dynamics of regional land use: The CLUE-S

[19] X I 2% g [ FH 43 7 Jit 3 5 07 9 [MIL B 3Bk 27 H ik
#£,2003,203-208.

[20] Gassman P W, Reyes M R, Green C H, et al. The soil and
water assessment tool: Historical development, applica-
tions, and future research directions[J]. Transactions of
the ASABE, 2007(50):1211-1250.

(217 42 ST SWAT A5 AR BT 11 DL 4k 1) e ik 5 1 T D).
P 5 R K 2F2,2012,1-50.

[22] ZF S A2, SWAT A5 87 R i) v 30 At duk 1) e B AR Pl
FUABFFT[D]. F AL AU K 2,2012,1-51.

(23] sif He, 7K )7 B SWAT 7315 SR SCREREAE PR -JE 1l X
AR SOk B N [J]. B bR DR 2z 22 (B SR B TR),
2004,28(2):22-26.

[24] Diaz-Nieto J, Wilby R L. A comparison of statistical
downscaling and climate change factor methods: Impacts
on low flows in the River Thames, United Kingdom[J].
Climate Change, 2005,69(2):245-268.

[25] Hay L E, Wilby R L, Leavesley G H. A comparison of del-
ta change and downscaled GCM scenarios for three
mountainous basins in the United States [J]. JAWRA Jour-
nal of the American Water Resources Association, 2000,
36(2):387-397.

[26] Morita T. Greenhouse gas emission scenario database ver
5.0 operating manual[EB/OL]. Japan: National Institute
for Environmental Studies Center for Global Environmen-
tal Research, 1999.

[27] Morita T. Emission scenario database prepared for IPCC
Special Report on Emission Scenarios[R]. IPCC, 1999.

(28] 248, B, BN SRR b i 23 7K AT R MR AR A B A
A A252%45,2009,28(9):1719-1722.

[29] Moriasi D N, Arnold J G, Van Liew M W, et al. Model
evaluation guidelines for systematic quantification of ac-
curacy in watershed simulations[J]. Transactions of the
ASABE, 2007,50(3):885-900.

[30] Henriksen H, Troldborg L, Nyegaard P, et al. Methodolo-
gy for construction, calibration and validation of a nation-
al hydrological model for Denmark[J]. Journal of Hydrol-
ogy, 2003,280(1):52-71.



g

634 5K A SETRRRRE 45 1) b 3t R AR A R SO . 22 A5 5 0 M 839

P

Coupling LUCC and Hydrological Models to Predict Land Use Change and
Hydrological Response under Multiple Scenarios

ZHANG Ling'?, NAN Zhuotong'* and YU Wenjun'
(1. Cold and Arid Regions Environmental and Engineering Research Institute, CAS, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Land use and climate change under emission scenarios and their hydrological responses are some
most concerned issues in watershed management. By coupling a land use land change model, Dyna-CLUE, and a
hydrological model, SWAT, this paper predicts land use changes and hydrological responses in the upper and
middle reaches of Heihe River Basin (HRB) under two emission scenarios, A1B and B1, from the Intergovern-
mental Panel on Climate Change (IPCC). After calibration, the models validate their applicability in the study ar-
ea. Scenario analysis shows no obvious land use changes in the upper and middle reaches of HRB with both
emission scenarios while with a same scenario, land use changes present regional characteristics. In terms of fu-
ture hydrological responses, if we only consider the climate change, comparing to the reference scenario that is
created with historical data of 1990~2009, mean annual streamflow in the period of 2011~2030 shows a slight de-
crease in the upper reaches of HRB and an obvious increase in the middle reaches under the high emission sce-
nario (A1B), and an obvious decrease and a slight decrease respectively under the low emission scenario (B1).
Under a same scenario, hydrological responses present regional characteristics in the upper and middle reaches.
As climate change also causes land use change which in turn impacts hydrological responses, we compare the
joint impact case with the case of climate change only. Mean annual streamflow in the period of 2011~2030 be-
comes less in the upper reache and greater in the middle reache under the high emission scenario (A1B), and less
in both reaches under the low emission scenario (B1). The analysis indicates that climate and land use changes
under emission scenarios in the study area will lead to hydrological and water resources changes and the land use

change may intensify or weaken hydrological responses caused by climate change.
Key words: model coupling; land use change; hydrological response; scenario analysis
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