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Abstract To investigate the hydrological processes in the Yellow River basin that may be affected by climate change in
the future, the regional climate model (RegCM3) is nested in one-way mode within a NASA/NCAR finite volume element
AGCM (FvGCM) to carry out two 30-year simulations (with a resolution of 20 km) for present day (1961-1990) and the
future (2071-2100) under the IPCC SRES A2 scenario. In this scenario, runoff outputs are used to drive a large-scale
routing model [0.25° (latitude) X 0.25° (longitude)] to project changes in future climate and hydrological processes and
extreme hydrological events over the Yellow River basin. The results show that on average the temperature will increase
when precipitation is augmented (decreasing in July and August) and evapotranspiration will also increase in the future,
with a highly nonuniform spatial distribution over the whole basin in summer. Streamflow will also decrease, especially in
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flood season from May to October, which may aggravate a crisis of water resources shortages throughout the basin. The

increased temperature will also augment snow melt runoff, which may lead to more and earlier spring runoff, and

ultimately give rise to changes in the seasonal rainfall-runoff processes and the allocation of intra-annual water resources.

Keywords

1 35l

jillls

A KO R (AR A KPR
5) mEZE L, 2007) FRi: {EABRIEEETY 5t
T AT AR AP A R I RN, TR
MEREZh 0.5~0.8 °C,  LUIRIHA BRI (NS 5o 20
2t 80 FARLIK, Bl 4 BRAOULII JR ¢ 1) AW
SEE N T RE T LI U R, AR B AU
TSR RE, IF)Z N TR
TR (RCMs) LA BRI (GCMs)
A S RS BE RS 0] 3 R, Be g BN 4 S50 ik 1
TR it 73 A LA S M R 3 A REAE 54 20
A D IRFAE A4S DX s B R ASE UL e A% B
INEEE T WA (Gao et al., 2008; #R3E5, 2011).

KHEB 7 RCMs BU I 2 i i R AR, A
SRR, Bk, AR K SO R A e
AN RCMs W ALATA R AR IR A A st 4 o 1 1
Ky (Lohmann et al., 1998), Mifn] LA ¥t
RCMs FHU A% i 45 S (R R4 T 0T LA PEAL
RCMs X2 AL EE J1 . ik RCMs TR 7K
A AR B FUCSE, ARG A VAT AR PPAG
il 10 2 Btk i R 0 5 35 1 (Liston et al., 1994;
Nijssen et al., 1997; Wood et al., 1998). [E# A VF
2 AR HH BT B IR0 AL T DA TR 4 Bk e 16 2 i
A48 (Russell and Miller, 1990; Miller et
al., 1994; Sausen et al., 1994; Hagemann and Diimenil,
1998; Arora et al., 1999; Ducharne et al., 2003), Xt
WFoTH, AR AR IR FH R IR S A AL . H
HIAIH RCMs [A] K ROBEVC A A e, AT KRR
IR BB A 42>, 4 Zhang et al. (2003)
1 Cao et al. (2007) JFJE T X3 TEEL RIEMS
J RegCM3 AR AL S, Lietal. (2012) i
RE X e A X, PRECIS FEREE, WF9T T 3] Y5
DX ARG AR AR AR Wi Y o Bl A TH LA (1 4
ey A DX A AT ISR Bk T
fig, DA, I RCMs [AR RV RS AU ok
SRR PP Aty 2R R 4 BR A A AR 12 5 | 1) Tl 7 A8 A el
BT B,

Climate change, A2 scenario, Yellow River basin, Streamflow

GiRTI Pl RS ity N Ik = A R DA Kb/ i = 3
KAPBEKRANGS . T2 KA RGN, I
B K D T 28 R RE AR . ISR AR U B [ B X 4y
ATANYEYST, FEUA PR AT D P 3 1) B 2 T il o 35
TR Tk AR, Srvb e, Bk, BhkE
(U AT LA KA B ) K B T 52 B R A K
(]2 < E (Fuetal, 2004; SHESE, 20065 &7
NI, 20065 & 75 75 FIAR =57, 2009). 1T4F
K, SRR AISTE SR, REIE 20 el
70 FARLIK KA IR R MTAILGON s . R
WX ARSI S ARV A P23 1 T IR R (f4:
SEEARIERA, 20060, KEHFFCEE T T-43 4T S £ b
B R R UL B (1) AR A 3, A RS
IKSCHEA (VIC) SR KA AR S L R R 5 |
KA OBLLEAE W], 2003; Liu and Zheng,
2004; Xia et al., 2004; Xu, 2005; Xu et al., 2007). ¥
BT PR K SCREAE SR e v B R RE AR R
GCMs [ SRS F IR K SORCRL I $2 i fil 2%
TATR B AE A R AU 5 IR AU B K S AR 1
TR Z T B F kR X Il Of9R21%%,
2006; X775 FIAREE, 2009; JEI7 555, 2012).

h T K v oy R X R R L 4 S T 3
TR AR SO, EIESE (2008) FIHIX
BAFERE R (RegCM3) FIK R VLA RS (LRM)
TEFE, WEFCT v ] L R R FH /R R 7 5 AR A0 BT
BN AR R R . IR b, A
B HER I XA AR (RegCM3) FF KA
I} B, o AR AR AR AE SRES A2 U 5 F 51
B PR BT Gt B A B K SCEE R W 3R AT T A
BEAURN G AT o T 20 BT A A A 5 | ) 3T it 3k
EL A HETHRE. oK. ZROR SRR,
B Je s X SR, RegCM3 5 K R EE Y i d 7Y
LRM &EHz, J3Mr il dsK Sk H P34 i i Ae
b, WFFE AR AR AR S

2 It

SRR A AR S i 0 T 0 7 SR 4 XS
(RS WS SR W NIN PN SRS



S =7 N R i 18 %
748 Climatic and Environmental Research Vol. 18

AR LR O SO PR AR RNR SRR
A REERS . — ek, ARRAEBRI X IS
IR 7 B 2 A 228, BL 3~5 fisbbiesh
1%, JEHEARGEL 10 £ AN AEEREE AT
SRR, FTFERAEA RN 6 h — IR H %
A BEW IS X AL, Rk, H RTRE H R k£ 20
km 53 #2610 DX 3 A A R A T A AR A X 1) e
PEIFARARZ o AWFFTRY R [ e 2 e A 38
> (ICTP) 1l NASA/NCAR )4 BR IR A
FvGCM T HEAT (A AR AR 50 43 21 10 &5 SR X
WAFEREL RegCM3 1K R 58IE . FYGCM (1)
B IIRELER A SRR T 71, R RE R =5 7
FHhh, HE FEIAAM NCAR CCM3 (Kiehl et al.,
1996) AH[A], iS4 AL )T 22 LA Kiehl 25t
JiENHEA, FEBTHESE. KAABERAZM
AHEAE g a5 PR AR LY Holtslag
J5 %, Bl FRNUGE L Bonan (1996) [l A% A
KAEARSE . FvGCM AT T — AN =7 % McRAS,
B IETHATRIY Arakawa-Schubert /7% b 1) —Fh il
W7k, FHRG T8 T Chou et al (1999) a5
J7 % FVGCM B UKEoHE3 4 10 (4D X1.25°
(&F5), THITIG K 18 )2, BERLERIG S b HiA
BHAIEE, — M 1961~1990 4F, RIFEHlRgp B
(RF 52— B2 21 2K (2071~2100
), {E IPCC SRES A2 i &= AR i IR HEBUE 5
FHARE B (A2 358D, SRR BN B UL
4 LA XA RegCM3 9K E)3 . SRES
HEBCR 54T 2000 4E42 HE (IPCC, 2001), ARFFTE
P A2 TSR HEUS S XI5 R e 5 | ki =
SRR L RIS B, AR 2100 4 CO, [ & &k
F) 850X 10° CTNVEATRTZI N 280X 10°°, 1990 4
A 355X 10°%, 2005 4EK 379X 10°0) . IR A5A
SR AL L (35°N, 107°E), FadbJ7 1) S A%
H 275, ZRVEJTIAN 360, K EERECK 20 km,
v, P 7 5 0 55 A v [ OK ok A A X AR 5
FLJ7 4> 18 )2, T0)Z M4 100 hPa; A5 H (45
SRR A NCAR CCM3 5 %, Rl =S54k 5
ZAFH Zeng 7% AT EUFEEH Holtslag 77 %
R 2O I S T 81k 5L T Fritsch and Chappell
WA A1) Grell J5 48 K REERF KR SUBEX Jf
s B U i 58 E R )R (USGS)
HIER) 100 (i) X100 (&) HiJE % RHE(ES
Bl FE W7 T VORME A Xk A RO R 2

ot T2 Ja o B L PR S k), o ] DX sl A A
USGS  F& - T A2 WL 5 38 (1) 4 3K il 78 o5 4 1

(Global Land Cover Characterization, GLCC) %
JE 8 By B4R 3 AN 3 T AE 38 4 BROA R X
FvGCM 133, el 537Kk ffa ok sl 54y
%, B 6 h i ABI—IK.

T e PR 45 AR H A (1961~1990 4F)
SAEGERIAT BT RAIE, Bl Y FH RegCM3 BT
FEHRRIGA A2 1S AHLRLG 1 H MR AR AR
JERRL G IR S K R LA LRM, WA RS
(AR A S AR . h Y RegCM3
43 HE% (20 km) AHUCHS, ABFFTHER K LRM
AR50 0.25° (465D X0.25° (4]E). LRM
BRI R 1 128 B RSB MR 2ERKSOK IR R, A
AU B — P AR L e TR T IR 8 SR A%
MEE P —A T, ARERAR, FEHCN T
T A2 X L ARARAS K ST 18 RS, AAY
DA PR e R RIS o D, 07T DU — ¢
(LRI o TCIRAEF— A I A i FE
BRI HE L L P (AT AR o B B 7 B R R
SRR TR MU T AR SR A8 30056 e T (AN [ i 87 0 )
F b T AR 9T P9 48 T VI 9L 2 SR FH 0 IR IR BRLAE %
TRV, — HK DA g 0 3 ] 9 3k — 25
Wi, BV R X e  FE GG, 2007;
HENAESE, 2008), ¥ RegCM3 FLfUILh Firp H 11y
Hb 3R R IR R AR R Y v L G A A O VA AR
F]0.25° (4ifE) X0.25° (LJE) MAKKIZE) LRM.
JCFARUE I 0.25° (4iRE) X0.25° (L) ¥t
) e R T E 1:100 7807 mifE A (Digital
Elevation Model, DEM) =25 R#5 D8 &k

(O’Callaghan and Mark, 1984; Z=F1t5 K3,
2004) HEEFH, 1ZARAY N FH R R S A
VLI i 2 08 R M R A CR AR s, 2013).

OB RER: PR RegCM3 (20
km)  BE 5 5 G b A 0L e Il L 3 11 <L R b 43 A Ry
fiE, AR H R A H AR 1) PG PR R A 4
WAL G, A AU 1) 2R e P 4 Ml 2 1 22 B/

CHNNGE, 2007). m2rHF2 1 RegCM3 (20 km)
X BT B K RS TE R B, RS SRR 2 /s
JRUBE X0 B 7K = AR (1) 50, ASCAEL AL [ 00 AL 1)
ZEAREAN, AR SR L DX R AR A 7K ROV SR A AE
TE A PR ASE 2RI 6 A 21 % DX A x) r [ H X 1
T it A0 26 7 PR S UL R 7 100 360 31F 23 A 45 2 WL SC R



6 1t VA AR TR SRR K SR FE G 52

No. 6

CAO Lijuan et al. Impacts of Climate Change on Hydrological Processes over the Yellow River Basin 749

CENNAE, 2007; A9 9CflE22A%, 2008), A H
UG A SR A AEARA S B e e B, 28
IS AR EE K SCIE R S .

3 SRES A2 [FRTARRSRLENHE
LA R

31 E=HAREBSIEAMEL
AROR AT A AL A 51 B TR 9 6 - 2 e A

42°N

KRG (B la), FPRERERTE 3~
3.8 °C, EHUBBEEHIIE A, AR R ] P AL

TR RE O, DA X ) R o . A
SRES A2 1550 K, TR ilel 2 2= il iR FE K T 42

WRIR RS, B A RIS R A v LU 5 °C. H 7,
ML BT R R LT R XA RN
T, RSB YR X, S B OK R
e, FHIAK SRES A2 i & AR5 B HE UG 5t
5| R T AG AR AR 2 0 ) 3 Y] e ek ) il A, ]

41°N{ (a)
40°N
39°N
38°N
37°N
36°N
35°N
34°N
33°N

—

32°N

96°E  98°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E

L]
34 38 38 °C

42°N
41°N
40°N
39°N
38°N
37°N
36°N
35°N
34°N
33°N
32°N

96°E 98°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E

I 4 a4
2.6 28 3

42°N

e
32 34 36 38 °C

41°N
40°N
39°N
38°N
37°N
36°N
35°N
34°N
33°N
32°N

96°E 98°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E

3.2 3.4 3.6 3.8

B 1 SEITIRTE SRES A2 HEfs

]
42 44 46 48 5 °C

SRR T AR (@) AP (b) £ PR, (o) BT ilAE N

Fig. 1 Effects of climate change on (a) annual, (b) winter, and (c) summer mean temperature under A2 scenario in the Yellow River basin
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Fig. 6 Effects of climate change on monthly mean temperature, precipitation, and evapotranspiration under A2 scenario in the Yellow River basin
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BRIt S Ok BE AR, BB KD, ARSI R
W AN . ABFRASEIFRIN S8, AFERMAEZE,
Lt S RN E 51y N = i) ¥ & 2 ]
WD, BRI I T ARG > . B I
MRS TR B LA, KRBT
LT v | 28 R S (0 38 0 T AR U I R Ak T
UCEEHOAT, 17 B 7K R P AR 5 A SR AR R AR A 1
T T

4 ZHFAITE

i IR RegCM3 HEAT T H [ X 3
1961~1990 = AL (Fa 1AL AT 2071~
2100 4F IPCC A2 HEIE 5 F AR AR, (A2 1
SOBLUREG ) o 6 NGBl 5 1) A SR A 7
A2 HECR SR SR M B R Ak K SO R
(IFEMREAT T BRI RII AT, B 5K DX Sk A
3 RegCM3 5 R RV FiA A LRM &4z, A
P ARG REE . 4. BER VB
W BRI ZEHUR S WNARRAER AR .

WA R AR AR 5 BT R A&
=K, EEEREAKD, BRI HX A T
i, BRI D S R XA T AL
X o ST E S IR R, SRR A 2O
AT 9 A Db n, FLAR b G 3 A 47 i K AR
W —3. BZE, WK T B8RO

L X 2 TR IR 2D, ks T R KA, [
I, Rl A H L I T SR T R 3
T YL A AR A UM A A F) T AR AE S A U ) 1
I, T, 5 DR D m A S K|
AL, AR AROK BT B A AR U AT K JEE P 384
e EEFFERNED, BARZHCOWAT g, B4
SRR FHRAR TR D, BURE AR
DR BT K G PSR BRI o 7K SOt AR I S e T
LI A K B S T KR AR AL, AR ST Ak
AR, 5 IERRE 5~10 AR b, 2
SNV =9 | DN TGN B A NS
R BRI, Sl Bl M A IR G

S22k (References)

Arora V K, Chiew F H S, Grayson R B. 1999. A river flow routing scheme
for general circulation models [J]. J. Geophys. Res., 104 (D12): 14374
14357.

Bonan G B. 1996. A land surface model (LSM version 1.0) for ecological,
hydrological, and atmospheric studies: Technical description and user’s
guide. NCAR Technical Note NCAR=TN-417pSTR, 150pp.

B, 2007, ARAZ A S YLK SCE R T 5T (D). h
[ B2 BRI A e - 220048 30, 158pp. Cao Lijuan. 2007. Climate
change impacts on the hydrological processes of the Yellow River and the
Yangtze River basins [D]. Ph. D. dissertation (in Chinese), Graduate
School of Chinese Academy of Sciences, 158pp.

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 [J]. Advances in



Ve

6 1 VA AR TR SRR K SR FE G 52

No. 6 CAO Lijuan et al. Impacts of Climate Change on Hydrological Processes over the Yellow River Basin 755

Atmospheric Sciences, 24 (5): 855-862.

WIEAR, TRAUE, TKREE, S 2008. mIE AR R FTAR OO SO A
WRgm [J]. KARME, 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, #OCA, KT 2013, ARRAURAS A X A TR R o A
WM TGS [J]. KSR, 37 (3): 634-644. Cao Lijuan, Dong
Wenjie, Zhang Yong. 2013. Estimation of the effect of climate change on
extreme streamflow over the Yellow River and Yangtze River basins [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 37 (3): 634-644.

Chou M D, Lee K T, Tsay S C, et al. 1999. Parameterization for cloud
longwave scattering for use in atmospheric models [J]. J. Climate, 12 (1):
159-169.

Ducharne A, Golaz C, Leblois E, et al. 2003. Development of a high
resolution runoff routing model, calibration and application to assess
runoff from the LMD GCM [J]. J. Hydrol., 280 (1-4): 207-228.

Fu G B, Chen S L, Liu C M, et al. 2004. Hydro-climatic trends of the
Yellow River basin for the last 50 years [J]. Climatic Change, 65 (1-2):
149-178.

Gao X J, Shi Y, Song R Y, et al. 2008. Reduction of future monsoon
precipitation over China: Comparison between a high resolution RCM
simulation and the driving GCM [J]. Meteor. Atmos. Phys., 100 (1-4):
73-86.

Hagemann S, Diimenil L. 1998. A parametrization of the lateral waterflow
for the global scale [J]. Climate Dyn., 14 (1): 17-31.

AL, EINGE, 2500, 5. 2006. 05 AR 40X BT U5 X K R U5 1 52

[J1. kN1 4, 28 (1): 1-7. Hao Zhenchun, Wang Jiahu, Li Li, et al. 2006.

Impact of climate change on runoff in source region of Yellow River [J].
Journal of Glaciology and Geocryology (in Chinese), 28 (1): 1-7.

BN, BAEN, B, S 2006 BT HEERIEX AR KSR
B A2 A0 K T # B K BRI A (). U 5 R EEE ST, 11 (3):
245-258. Huang Ronghui, Wei Zhigang, Li Suosuo, et al. 2006. The
interdecadal variations of climate and hydrology in the upper reach and
source area of the Yellow River and their impact on water resources in
North China [J]. Climatic and Environmental Research (in Chinese), 11
(3): 245-258.

IPCC. 2001. Climate Change 2001: The Scientific Basis [M]. Houghton J T,
Ding Y, Griggs D G, Eds. Cambridge, United Kingdom and New York,
NY, USA: Cambridge University Press.

Kiehl J T, Hack J J, Bonan G B, et al. 1996. TN-420 description of the
NCAR community climate model (CCM3) [R]. NCAR Technical Note
NCAR=TN-420pSTR, 152pp.

M, MRS, 2004, H TR B s AR DEM A ) R A S B
[7]. KRR BRI BE 4], 2 (3): 208-214. Li Chong, Yang
Dawen. 2004. Deriving drainage networks and catchment boundaries
from Grid Digital Elevation Model [J]. Journal of China Institute of
Water Resources and Hydropower Research (in Chinese), 2 (3): 208-214.

LiL, Shen HY, Dai S, et al. 2012. Response of runoff to climate change and
its future tendency in the source region of Yellow River [J]. Journal of
Geographical Sciences, 22 (3): 431-440.

Liston G E, Sud Y C, Wood E F. 1994. Evaluating GCM land surface

hydrology parameterizations by computing river discharges using a
runoff routing model: Application to the Mississippi basin [J]. J. Appl.
Meteor., 33 (3): 394-405.

Liu C M, Zheng H X. 2004. Changes in components of the hydrological
cycle in the Yellow River basin during the second half of the 20th
Century [J]. Hydrological Processes, 18 (12): 2337-2345.

KIFCLL, 5308, BB, 2012 AARAR PR BT XK B8 U PR 5% ) B
A HAE 7] TREEIESIHEE, 26 (4): 97-101. Liu Caihong,
Su Wenjiang, Yang Yanhua. 2012. Impacts of climate change on the
runoff and estimation on the future climatic trends in the headwater
regions of the Yellow River [J]. Journal of Arid Land Resources and
Environment (in Chinese), 26 (4): 97-101.

Lohmann D, Lettenmaier D P, Liang X, et al. 1998. The project for
intercomparison of land-surface parameterization schemes (PILPS) phase
2(c) Red—Arkansas River basin experiment: 3. Spatial and temporal
analysis of water fluxes [J]. Global and Planetary Change, 19 (1-4):
161-179.

Miller J R, Russell G L, Caliri G. 1994. Continental-scale river flow in
climate models [J]. J. Climate, 7: 914-928.

Nijssen B, Lettenmaier D P, Liang X, et al. 1997. Streamflow simulation for
continental-scale river basins [J]. Water Resour. Res., 33 (4): 711-724.
O’Callaghan J F, Mark D M. 1984. The extraction of drainage networks
from digital elevation data [J]. Computer Vision, Graphics, and Image

Processing, 28 (3): 323-344.

BRI K PG IRE ) 524, 2007, “URASAL B KPR &
[R]. dbxt: Bl%~H 4t Compiling Committee of China’s National
Assessment Report on Climate Change. 2007. China’s national
assessment report on climate change [R]. Beijing: Science Press.

Russell G L, Miller J R. 1990. Global river runoff calculated from a global
atmospheric general circulation model [J]. J. Hydrol., 117 (1-4): 241—
254.

Sausen R, Schubert S, Diimenil L. 1994. A model of river runoff for use in
coupled atmosphere—ocean models [J]. J. Hydrol., 155 (3—4): 337-352.
FIE, AR 2008, UL R ke 2R 8 XA S A D 5 20 B A<

IR [J]. KARE, 32 (5): 1006-1018. Shi Ying, Gao Xuejie. 2008.
Influence of greenhouse effect on eastern China climate simulated by a
high resolution regional climate model [J]. Chinese Journal of

Atmospheric Sciences (in Chinese), 32 (5): 1006-1018.

JEIF 05, WRoRAE, JCAEMS. 2012, BT bS5 AL A AR I 5
[7]. WEURENY, 34 (6): 1079-1088. Tang Fangfang, Xu Zongxue, Zuo
Depeng. 2012. Response of runoff to climate change in the upper Yellow
River basin [J]. Resources Science (in Chinese), 34 (6): 1079-1088.

EHK, £, B, 2002, B b opiEAR e kAR 0 r AUk
ST ) A SR, 13 (1): 117-121. Wang Guoging, Wang
Yunzhang, Kang Lingling. 2002. Analysis on the sensitivity of runoff in
Yellow River to climate change [J]. Journal of Applied Meteorological
Science (in Chinese), 13 (1): 117-121.

EAk, X0, 5RIAGRI. 2012, HERYE X AR ARAZ A ST (1]
A REHEH], 34 (6): 35-37. Wang Jinhua, Liu Jifeng, Zhang Ronggang.
2012. Generation method of climate scene based in the headwater regions
of the Yellow River [J]. Yellow River (in Chinese), 34 (6): 35-37.

Wood E F, Lettenmaier D P, Liang X, et al. 1998. The Project for



< oH e I 18 %
756 Climatic and Environmental Research Vol. 18

intercomparison of land-surface parameterization schemes (PILPS) phase
2(c) Red—Arkansas River basin experiment: 1. Experiment description
and summary intercomparisons [J]. Global and Planetary Change, 19
(1-4): 115-135.

Xia J, Wang Z G, Wang G S, et al. 2004. The renewability of water
resources and its quantification in the Yellow River basin, China [J].
Hydrological Processes, 18 (12): 2327-2336.

Xu J X. 2005. Temporal variation of river flow renewability in the middle
Yellow River and the influencing factors [J]. Hydrological Processes, 19
(9): 1871-1882.

WA, B, AL 2011, ARERAN DR IR A SO [ AR B A K
AR R 0] KRN, 35 (6): 1177-1186, doi:
10.3878/j.issn.1006-9895.2011.06.16. Xu Xuan, Lu Riyu, Shi Ying. 2011.
Comparison between the results on seasonal evolution of summer
precipitation over eastern China simulated by a regional climate model
and the driving GCM [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 35 (6): 1177-1186.

TRas2E, TKAH. 2006, FTFIEGE 50 4EM R AGHT [I]. HWEHTF,
25 (1): 27-34. Xu Zongxue, Zhang Nan. 2006. Long-term trend of

precipitation in the Yellow River basin during the past 50 years [J].

Geographical Research (in Chinese), 25 (1): 27-34.

XuZ X, Li]Y, Liu C M. 2007. Long-term trend analysis for major climate
variables in the Yellow River basin [J]. Hydrological Processes, 21 (14):
1935-1948.

Zhang J Y, Dong W J, Fu C B, et al. 2003. Streamflow simulation for the
Yellow River basin using RIEMS and LRM [J]. Advances in Atmospheric
Sciences, 20 (3): 415-424.

BT TS, W, 2009. BRNVEIX ARKTRALA KSR [1]. IR
2%, 31 (5): 722-730. Zhao Fangfang, Xu Zongxue. 2009. Hydrological
response to climate change in headwater catchment of the Yellow River
basin [J]. Resources Science (in Chinese), 31 (5): 722-730.

FRLLAL, XIE W 2003, TR X ARG A 4 BCZ (A BT (D], MR
Bl2EERE, 22 (6): 585-590. Zheng Hongxing, Liu Changming. 2003.
Changes of annual runoff distribution in the headwater of the
Yellow River basin [J]. Progress in Geography (in Chinese), 22 (6): 585—
590.

JEAERI, SO, 2006, SRR AR TS SRR (0], RS ER
5T, 11 (3): 302-309. Zhou Degang, Huang Ronghui. 2006. Exploration
of reason of runoff decrease in the source regions of the Yellow River [J].

Climatic and Environmental Research (in Chinese), 11 (3): 302-309.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


