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Abstract A regional climate model (RegCM3) and a large-scale routing model (LRM) are employed to investigate
the effects of land use and land cover change on climate and runoff of the Yangtze River basin in China. The
RegCM3 is nested within ERA40 reanalysis data. Two 15-year simulations (1987 —2001) , one with current land use
and the other with potential vegetation cover without human intervention over China, are conducted. The runoff
outputs of the RegCM3 simulations are used to drive the LRM to study the land use and land cover change on stre-

amflow of the Yangtze River. The analysis shows that the current land use changes have large influences on the
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hydrological variables such as precipitation, evapotranspiration, surface runoff depth and streamflow, but have not

evident influences on surface air temperature. The land use changes lead to increased streamflow over the main

stream of the Yangtze River in summer and the increment is more in the lower reaches, while at Datong station the

change rate of the streamflow is close to 15%. Overall the land use changes in the Yangtze River basin may intensify

the hydrological cycle of the basin, which should increase summer precipitation and streamflow.

Key words land use change, regional climate model, the Yangtze River basin
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Fig. 2 The schematic river network for the Yangtze River basin
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Fig. 3 Effects of land use change on mean (a) annual, (b) winter, and (¢) summer temperature in the Yangtze River basin
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Fig. 4 Effects of land use change on mean (a) annual, (b) winter, and (¢) summer precipitation in the Yangtze River basin
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Fig. 5 Effects of land use change on mean (a) annual, (b) winter, and (¢) summer evapotranspiration in the Yangtze River basin
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Fig. 6 Effects of land use change on mean (a) annual, (b) winter, and (¢) summer surface runoff depth in the Yangtze River basin

B AR T BEAT 3t R AR T AR BAR OO
G R A UL P E— 23 g 1 ok
TR, (3 2 K PGE S 28k . AR BT
AR #E—al e 5 R ey S R i 3 PR . A
XA, BEAER R AT, TR

(11N RO B2 VR = S e ey a1 7 ) [ e Sl e

T AU SRS

3.4 DR ATAIHOTRERRRA 0
iR PO 5 R TR AT - AR R IR A 22

b (B 6a) , SIS 18D iR 3 X



41
No. 4

ENARAE TR AR AR VLI A5 B K S RS2 ) 1) U BT
CAO Lijuan et al. Sensitivity Research of the Effects of Land Use Change on Climate and Runoff . .. 733

AL 001 Z b S A VLA R I T I X, sl i
1 1002 . NZRKE L XAR W ERA Fr . 34 g
JERTLAIRF] 5000, M A F el A8 515 14 4 V13 )
A ZE MR R MR FEHREE (B 6by o). BR
T AE VYN Z i B YT R T i b DX e Ry i
P, FERILP M T A& E R T, B2
RPN, Y355 38 fin iy s 5 4 AT AR #5026,
PEAh s FEDUN G PG HE Ll X A AR IR i, 52
B . A E N, TR, 4. &
A i) Ml DX OF AN RE AR B . A AR U 1Y D R
JE 5 AT (s A5 A1 - 34 42 0 2 B A 4 s IX A 0k /D 4
E N W 2 B2 s 2 I eI e - W B2 S i L 2 B VT
T B VLI R AR R 0 MR B D, A T A
FHRK I s 5 K BT IR AL ik . AR EOR
i DXASE DU )1 23 DA R A VT T W S AR bR ) 7K H )
ALK, K B IX T 78 R R, K EF
iR B, SRR AR IRE N, 55 M
B DX TR 22 TR A R AH LA, /)N R L 2
100%,
3.5 Tt ATAIREIANIERENZE
NI H i R R DA AL
SRy 7K B R B AR AR 1] 3 ABR DX 0 5 HH ) B Ay

& 1s000) @ — HE —- WA - kil

g :

T 10000} :

g "

7 5000f

Gy

=]

D

S

=

S —5000F

2

=]

b 710000 L L L 1 L L

2 1988 1990 1992 1994 1996 1998 2000

- Year

- 2500 -

E © — B —- fift - FHLO

g 1500 | : :

=

S sl g

“  —500F

&

g —1500F

=

Q

2 —2500F

2

2 —3500 : : : : : '

< 1988 1990 1992 1994 1996 1998 2000
Year

F o FRMAE AR AL XS 7K A3 o3 B AR AR g HAA
YERT . ZRARNT 7K SCAY 52 MR 5 36 B A 3 i ) el )2 7%
HICRRXS RAREE 7K 1A T B -0 B 28 T 552 W) 1) 2R PR 1) 7K
FOPAT, DX BRARAE 25 R G0 A S A 7K A B
AT
B 7 M A A S | R YRR TR =
RESUWEE . DO KB AR =AM R
BUEA R F. PR O S EE 1988 ~2001 4E 4t 14
SRR H SRR R 4R AR (] Ta, o AR
AR (E Th, ), BEILLE R FHAE 1988 ~2001
AR, KR TR a8k E S (6~8 1)
WA HnAh . HA RG>, = M TReamES
TR AL — B B ke B, ) )42 30 14 Jon i 446 ot
AN o AR &8 ) SRR, HH GHE s AR i
IR ok, 5 15 % i TRV 4 A A
IZRARIIRAE R . A TSR mibn . Py Bl
g, FLBREE R, HA B mAIE KM, FR MR ol
Wi, YRR DA, FK TR, S8t
BKEWD . BB RIREGERUL B sk,
JRIKERS . B 2= 3G 03B o0 S R 2 i T L oA
FH Y e 1 R ZE R KR BE i 7= A T X 4
A B R R TE AN BESE 28 AR A . TR
20%
15%
10%
5%t
0.
_5%_
—10%
—15%¢
—20%

(b) —~— HE = ®A -+ Kl
A

Relative change of streamflow

—25% L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
60% S
T @ —— ] - fiR e FHIO
40% K
20%F N

& . A

s\

—20%F
—40% ¥
—60% [
—80%

Relative change of streamflow

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

K7 EAEGHRRNRRY (o, o 42 (b O MRS (o, b) KRITEETR; (oo d BT

Fig. 7 Effects of land use change on (a, ¢) absolute and (b, d) relative change of streamflow in the Yangtze River basin: (a, b) The main-

stream of the Yangtze River; (c, d) the Hanjiang River



P 34 %

734 Chinese Journal of Atmospheric Sciences

Vol. 34

PR RE MG I T R A R fa R . &%, KITH
A B AR A B, i 20200 . BUL
DRI 28 7R 114 W A T 0 AR 1) THE AP DX )
A8, m AT U . R AR R DT S0
BRI AL AL SRR I B 5, LL7~10 A
WA A D B K 5~6 H AR AT 3. 25
TR R S DR AR O i S TR T
Ui 2 2T VA2 B P9 1 T R A 290 )1 A2 1 A W Uk
s TS AR AP DXL FH 9 5% 22 e A
NG BT IR Z= AR I

4 EHIRFITIE

fl X S R AR L RegCM3 #4717 o [ 1X 5
T SEBRAE B RN ARG W 8 5516 D0 AL 4% 15 4F
(1987~2001 4F) B[] 4< BE By AR 4 i e, X = b 1)
FH /A 5 508 5 | RS 1) VL0 388 A Sk S
AR IR T T BUEARURN AT . 3 3 24 - R
JREWE 5 A AL SR KT IR B4R 1. & F ),
BEVHR. Bk, iUk . RIS ZEL,
AF5 A MR /R 7 5 72 X Y I B B
AR B RE I, Bl 8 XIS B RegCM3
ERRBECHAT LRM 8, A KT sk e
i S BA5 TAE SE B R R 19 100 T AN T BEAEUAE w7
FAEOUT B9k BF 5T A H R ) A% 3 5
M

gL . v E S R A s AR
XTI K . 288k . R WA
IR SR R AR B X AR A R I AN B
BT o DS VE R R ] R A i e B
KM Z SRR (HREARIR IR 5l
A A5 R 2R S5 00 )1 it B A Y P R Wi b DX R
IKIE 22, U] b P S e DL DX R K D AT
AT R KK i 1 T, F e B K 2l )1 A
PR R R A X AR 2 . &3 I
ZE- B ZR R W I, 5 | i 4l DX TR A8 I R 7Y
PRI/ o VLI IR I R Ak R R K AR Aol —
] A2, KI5 & T bR 2R
FEVLTRAIE N 7 R K sl TRl B 5 | 12 b DX A
RIS . B ZRREK 3 n s RS D) 1) 22k Bz 4 v
T UL X TR GRG0, T AP 2 A% 3 ) 2 R
HE R 43 DX Bk i 4

A /AR T 1 R 5 R

TR E S (6~8 J1) WAL, HA A 3
Jb o A AR S | AR T S DU S A%
TAALAL SRR B @S, LI 7~10 A4
T oK, 5~6 HARIMA BN, BRI S
RATH X A s GRMREL ALK I, 3
SR Bl AR 1) FHE AR DR 52 FH ) 56 A8 55, )
TR KRR AR
TP IX PRI 2, AR R

ABEFEAE R T A FHAS ARV R e K
Wef P AR S K S AR P AR 2 I R T T
KB PRI R PR R 23 IR O B A T K SCIR
OLERAL T —SE B R 2 E L. LR
IR 7 X RO It 3K SO R i R AT 5
TEFE NIBARANIER . AR EEAEIGE XUt
Xt P 3t XA AR ALL RE 0 A Aty _E A5 A
PR I AR IR SO ARG R BE— 224508

S22 Hk (References)

Cao L J, Dong W J, Xu Y L, et al. 2007. Validating the runoff
from the PRECIS model using a Large Scale Routing Model [ ]].
Advances in Atmospheric Sciences, 24 (5): 855 - 862.

WHIAE. 2007, g 78 A X B ] A VL i 3K S R 5w F Y
(D] s EFBRABEIT S A B 22 7183 158pp.  Cao Lijuan.
2007. Impacts of climate change on the hydrological processes of
the Yellow River and the Yangtze River basins [D]. Ph., D. dis-
sertation (in Chinese). The Graduate School of Chinese Academy
of Sciences. 158pp.

HTHE, R4, TRBT, 45 2008, HE YA R AR Al 0 B i
WG m [J]. REFHE, 32 (2): 300 - 308, Cao Lijuan,
Zhang Dongfeng, Zhang Yong, et al. 2008. The effects of current
land use in China on streamflow in the Yellow River basin []J].
Chinese Journal of Atmospheric Sciences (in Chinese). 32 (2):
300 - 308.

WA . HIENE. 2009, T (R Bl K dhe 1 i T S5 b JFC X Il i 3
PRI [J]. KRR, 33 (4): 681-697. Chen Feng,
Xie Zhenghui. 2009. A land cover dataset based on Chinese vege-
tation data and its impact on land surface simulations [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 33 (4); 681 - 697.

MRZEEE . 22T M. 2001, FRAMCAE BB Ak 0 Tk SCR2 e ity 4 e [T,
EAREIE 2~ 4R, 16 (5); 474 — 480. Chen Junfeng, Li Xiubin.
2001. The impact of forest change on watershed hydrology— Dis-
cussing some controversies on forest hydrology [ J]. Journal of
Natural Resources (in Chinese), 16 (5): 474 - 480.

WRZEHE . 2250, TRIIL. 2004, I RCILRR B il VAt A< Mk 3 A0 1
WA B A K SC g [T hE R (DD, 34 (7).
667 - 674. Chen Junfeng, Li Xiubin, Zhang Ming. 2005. Simu-



44 EITARAF . A AR AR T e B oK S R R M (Y U B 5

No. 4

CAO Lijuan et al. Sensitivity Research of the Effects of Land Use Change on Climate and Runoff . .. 735

lating the impacts of climate variation and land-cover changes on
basin hydrology: A case study of the Suomo Basin [J]. Science in
China (Ser. D), 48 (9): 1501 - 1509.

iz, ESPo, KR 1999, A% 3h XK Itk K 5 w4 A
[J]. AREKIL, 30 (2); 38-40. Cheng Haiyun, Ge Shouxi,
Min Yaowu. 1999. Impact of human activities on Yangtze flood
[J]. Yangtze River (in Chinese), 30 (2): 38 - 40.

IO, BtibAE, B g 1998, PUdbHb X AR AZIX AR, B
DR AR ) Y B EAR L [T ] @ EARIR, 17 (3): 300 - 308.
Fan Guangzhou, Lii Shihua, Luo Siwei. 1998. The influence of
the NW China afforestation on regional climate in East and South
Asia [J]. Plateau Meteorology (in Chinese), 17 (3): 300 - 308.

Gao X J, Luo Y, Lin W T, etal. 2003. Simulation of effects of land
use change on climate in china by a regional climate model []].
Advances in Atmospheric Sciences, 20 (4): 583 - 592.

A, BRI, BRAET. S5 2007, o AR bR R X IX 8 A
M REERAL L] PEPBE, 37 (3): 397 - 404, Gao Xue-
jie, Zhang Dongfeng, Chen Zhongxin, et al. 2007. Simulation of
land use effects on climate over China by RegCM3 []J]. Science in
China (Ser. D), 50 (4): 620 - 628.

Bepdi. 1982, A NIRIEFIEAHE (1: 4, 000, 0000 [M]. 1t
ot M A, Hou Xueyu. 1982, Vegetation Map of China
(1: 4, 000, 000) (in Chinese) [M]. Beijing: Cartographic Pub-
lishing House.

Holdridge . R. 1967. Life Zone Ecology (Revised Edition) [ M].
San Jose: Tropical Science Center.

LY, Ak, FHF, 4. 2005, PUHAER KL BkS
At s (1] AL DFTEBEfE, 1 (2): 65-68. Jiang
Tong, Su Buda, Wang Yanjun, et al. 2005. Trends of tempera-
ture, precipitation and runoff in the Yangtze River basin from
1961 to 2000 [J]. Advances in Climate Change Research (in Chi-
nese), 1 (2): 65-68.

Karvonen T, Koivusalo H, Jauhiainen M, et al. 1999. A hydrologi-
cal model for predicting runoff from different land use areas [J].
Journal of Hydrology, 217; 253 - 256.

Keppler E T, Ziemer R R. 1990. Logging effects on streamflow:
Water yield and summer low flows at caspar creek in Northwest-
ern California [ J]. Water Resources Research, 26 (7). 1669 -
1679.

Lahmer W, Pfutzner B, Becker A. 2001. Assessment of land use
and climate change impacts on the Mesoscale [[]J]. Physics and
Chemistry of the Earth. 26. 565 - 575.

I, T 0, FEICR. 2006, AR A R AR Ak XS,
s ma M BOE AL [T]. R4k, 64 (3): 257 - 270, Li
Qiaoping, Ding Yihui, Dong Wenjie. 2006. A numerical simula-
tion on impact of historical land use changes on regional climate in
China since 1700 [J]. Acta Meteorologica Sinica (in Chinese), 64
(3): 257 - 270.

B, BREAR. 1999, VUSR5 X0 e [ DXl A 8 A0 5 R 1Y
BEml [J]. mIEA%, 18 (3): 416 - 424, L Shihua, Chen

Yuchun. 1999. The influence of Northwest China afforestation on
regional climate in China [J]. Plateau Meteorology (in Chinese) ,
18 (3): 416 —424.

Potter K W. 1991. Hydrological impacts of changing land manage-
ment practices in a moderate sized agricultural catchment []].
Water Resources Research, 27 (5): 845 - 855,

EEE, #E, 24Ent, 55, 2008, SR LT E K 5T IR g i
ity [0, JKBLaEER, 19 (6): 772~ 779.  Ren Guoyu,
Jiang Tong, Li Weijing, et al. 2008. An integrated assessment of
climate change impacts on China’s water resources [J]. Advances
in Water Science (in Chinese), 19 (6): 772-779.

FEFER, 2208, JAik, 5. 2004, 1840 4F LRI KB KIEE 5
SRR WR LI #nsk%, 16 (4): 289 - 297 Shi
Yafeng, Jiang Tong, Su Buda, et al. 2004. Preliminary analysis
on the relation between the evolution of heavy floods in the Yan-
gtze River catchment and the climate changes since 1840 []].
Journal of Lake Sciences (in Chinese), 16 (4): 289 - 297.

Vorosmarty C J, Fekete B M, Meybeck M, et al. 2000a. A simula-
ted topological network representing the global system of rivers at
30-minute spatial resolution (STN-30) [J]. Global Biogeochemi-
cal Cycles, 14: 599 -621.

Vorosmarty C J, Fekete B M, Meybeck M, et al. 2000b. Geomor-
phometric attributes of the global system of rivers at 30-minute
spatial resolution (STN-30) [J]. Journal of Hydrology, 237: 17 -
39.

Walker B, Steffen W. 1997, The terrestrial biosphere and global
change: Implications for natural and managed ecosystems, a syn-
thesis of GCTE and related research [R]. IGBP SCIENCE, No.
1, Stockholm: IGBP.

Xiong Z, Wang S Y, Zeng Z M, et al. 2003. Analysis of simulated
heavy rain over the Yangtze River valley during 11 =30 June 1998
using RIEMS [J]. Advances in Atmospheric Sciences, 20: 815 —
824,

WAL Ey, ZESh, SLEME. 2010, ABREEHE A A XA R i 0 BUE
7 [J]. KSFR#E, 34 (1) 1-11. Zeng Hongling, Ji Jinjun,
Wu Guoxiong. 2010. Numerical experiment of the influence of
global vegetation distribution on climate [ J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 34 (1): 1-11.

TRAUE, EoEAR . BREE, G5, 2005, RegCM3 IR R Hh [
AMpE ()] AT, 3 (1: 119 - 121 Zhang
Dongfeng, Gao Xuejie, Zhao Zongci, et al. 2005. Simulation of
climate in China by RegCM3 model [ J]. Advances in Climate
Change Research (in Chinese), 3 (1): 119-121.

AU, BRBHERR, R, 45, 2007, RegCMB3 X 43 W34 3 Al ]
AEEEaR A ()] Bl AR5k, 23 (5): 444 - 452,
Zhang Dongfeng, Ouyang Licheng, Gao Xuejie, et al. 2007. Sim-
ulation of the atmospheric circulation over East Asia and climate in
China by RegCM3 []]. Journal of Tropical Meteorology (in Chi-
nese) s 23 (5): 444 —452.

Zhang J Y, Dong W J, Fu C B, et al. 2003. Streamflow simulation



P 34 %

736 Chinese Journal of Atmospheric Sciences

Vol. 34

for the Yellow River basin using RIEMS and LRM []J]. Advances
in Atmospheric Sciences, 20: 415 - 424.

kI, IR, FREEE. 2005, rp G DT AN R AR AR X
WA [ BHFaik, 50 (1): 53 - 58, Zhang Jingyong,
Dong Wenjie, Fu Congbin. 2005. Impact of land surface degrada-
tion in northern China and southern Mongolia on regional climate
[J]. Chinese Science Bulletin, 50 (1); 75— 81.

Zhang Q, Jiang T, Gemmer M, et al. 2005. Precipitation, tempera-
ture and discharge analysis from 1951 to 2002 in the Yangtze
Catchment, China [J]. Hydrological Sciences Journal, 50 (1); 65

- 80.

FKBEF. 1993, MFFRLERBILIRBE — RS (1] Fug
WF5E, 2. 157 -169. Zhang Xinshi. 1993. The vegetation-climate
classification system for global change study [J]. Quaternary Sci-
ences (in Chinese), 2: 157 - 169.

IREETE, B, W R, 25 2002, RS AL R E KRR B
W LRI ES R (] KL, 60 (1): 1- 15, Zheng
Yiqun, Qian Yongfu, Miao Mangian, et al. 2002. The effects of
vegetation change on regional climate I; Simulation results []].

Acta Meteorologica Sinica (in Chinese), 60 (1) 1-15.



