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Abstract; The confirmed climate change trends, such as the increase of extreme rainfall events, may have great impacts on
soil erosion through altering driving forces of soil erosion and influencing the growth condition of plants. The Loess Plateau
of China is one of the most erodible areas in the world, the potential response of soil erosion to future climate change need
to be assessed specifically for this information is very useful for decision-making. The objective of this study was to assess
the site-specific impacts of climate change during 2010 —2039 on soil erosion in Changwu County in the tableland-gully
region of the Loess Plateau. A new simple transfer function method and weather generator CLIGEN ( CLImate GENerator)
were used to downscale the spatial-temporal scales of four General Circulation Models ( CCSR/NIES, CGCM2, CSIRO-Mk2
and HadCM3) under three emission scenarios ( A2, B2 and GGa). The WEPP ( Water and Erosion Prediction Project)
model was employed to simulate the responses of agro-ecosystems. Two tillage systems, i. e. conventional tillage and
conservation tillage, were used to discuss the adaptive measures to climate change. Results showed that climate would
change significantly during 2010 — 2039 compared with 1957 — 2005. The annual mean precipitation would change
—2.6% to 17.4% , the variance of annual precipitation would be 0. 984 to 1.389 times of the present, and it is very likely
that the precipitation amount and storm frequency would increase. Annual mean maximum and minimum temperature would
increase 0.6 t0 2.6 C and 0.6 to 1.7 C, and the variance ratios of 2001 — 2039 to 1957 — 2005 for maximum and

minimum temperature were 0. 748 — 1. 155 and 0. 736 — 1. 387, respectively. The probability of variance increase was
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great. The predicted climate changes would cause great changes in runoff and soil loss in slope field of the Loess Plateau.
Under conventional tillage, WEPP predicted a change of 10% to 130% for runoff, —5% to 195% for soil loss during 2010
—2039. However, WEPP predicted a change of —34.2% to 71% for runoff, —76.5% to —25.8% for soil loss during
2010 —2039 under conservation tillage. The changed magnitudes of runoff and soil loss under conservation tillage were far
less than those under conventional tillage. The results indicated that adoption of conservation tillage had great potential to
reduce the adverse effects of climate changes on runoff and soil loss and thus protect agro-ecosystems. The new spatial
downscaling method, emphasizing on matching the probability distributions, can be widely used in climate scenarios
development based on GCMs as it relaxed the demands upon the existence of strong correlationships between station-

measured and GCM-projected monthly precipitation and temperature.
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BRI S AR ZR AL & 122 i 2 (IPCC-Intergovernmental Panel on Climate Change) F58 PO YR PR R 4535 H , i
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ST 23 T BRI, I, 7 ERSE GCMs b2 KB DT BB 2l o AR S®  Gedtukalisd #5r GCMs 552
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WFRAR DS B TS T A 284k, SR T X R AR BB, IR O 48 B 05 e o 42 ot #5221 B 2 K T g /K A UL B2
AR

#HEBFFUK LR E, BRI R AR R W AR R R R R,
LB, B R R 7K LB IRR an ey 28 4k DA R AR AP R 5 B AR DA B AT B 7 S S e] i E R R B
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Table 1 Description of the GCMs and their simulations

GCMs CCSR/NIES CGCM2 CSIRO-Mk2 HadCM3
MR~ Grid size 5.625° x5.625° 3.75° x3.75° 5.625° x3.25° 3.75° x2.5°
L Bt Data duration A2, B2 1890—2100 1900—2100 1961—2100 1950—2099
GGa 1900—2099 1900—2099 1900—2100 1900—2099

% GCMs-2 R FifEi X, CCSR/NIES- H ARz, CGCM2-fi& iz, CSIRO-MK2-JRAF| WAL, HadCM3-BEE .

1.3 4 GCMs =S [a| R &

T REWNA BIfRE R RE  HEEH 2 F oy s | R EH S, | o R s A E A E 5 3
R TEw: KK GCMs B4 s SR )5 8 F—Fhop RO e 4 R A S GCMs BUiE 12 IR M 25 AR HE . T B BN GIEH
RO BB . H LG 5 R A SE I AR 5 GCMs iy HY 2Z [] ——X%of L A SR AH O , 3 | TAH SR 22 R BUA
REFEAT s AT R T QQ Bk, 3R GCMs iz 5 S5 W B8 9 240 $icdie = [ BE =3 70 A AR DLk, TRT L 3 17, &
ESE AT AA T B IR AR IEAG ) B FR—M G ik, R B B RTRRAE T #S2 i
PR RBUE & T AR SE. IBKERG], BABRIENT

OsREE g H GCMs i s A R SE I 19 1957—2005 4R H K B8 . X TEH Kk
Wiy (y 18) F1 GCMs Hiy it i1 (x {B) A Bk EAE QQ B, B4 B#EAT HE 7 J5 X A~ iy W 4H B SR BB A B 2%
PEAHELRME KBS | A, SRR IG A A R R L

QX ARRHATZFRE  HHE 1 BB BB R K GCMs i i 9 2010—2039 419 A Rk &
YER x (ESREL y {8, BPS B ERAE 2010—2039 4F[H] 1) H FEK B3R . R 2 A5k R 01 : GCMs i
) 2010—2039 £EMEAR AR AT 1957—2005 4 HUETE I, (8 FI RSt BREIORSK I y 18 ; W2R: GCMs iy i 1)
2010—2039 FEEHEM T T 1957—2005 4 HBUE T B, WI6E LM R BOR 1L . L RER o T %K
MR, AR T B €A,

O EHEMTT 2 RS R BORIU y [E AR KK 2010—2039 4£1 H Bk & , 715 2010—2039
A oK B BEF 5 22 , XSS H0mT LR A B R4 h R 7= A2 X 2010—2039 4R/ H RSUFFI 8 -
FAZRAATT ¥, FT LK GCMs T i A e ey e I IR B8 47 2 1) ROBE e 4 3153 381 22 A 7 22 LU 6 Y T I )
iz 8
1.4 f#%E GCMs Bf[a] R
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55 120 SKEL S, (AR 1957—2005 4520 92 H R SEHE ™ £ CLIGEN {24y A SCi, 4
ERREE A WBENT 2551 S
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R, XA A 2 AEMEBEER, 05 =K BB ZIEHT E; FI X 2 HE0REL

http ://www. ecologica. cn



19 3 R FRE GCMs i th PRl 8 1% Xk H R 1 i 7R AR 1L 5309

SRR, NG FIRZNE R R AN AR PRI A K BRERIT A RR K AR X TRk B iF
YRk B, A= AR AR B B H WK B (R,) STABBRIMEB KB MRETRE . TERL, KRR
RER PR N AR SRR 7 AHOBES B r,r YO O B IR BER N O 1 ) B AR R B

P /d

o =ﬁvr=Pw/w _Pw/d
X 2 S8, W LKA 2010—2039 4E2 A MK H PR K& (R,) , AF
Rm
Ro= o

K, N, 8 H REN,m R H BFBIRoK B8

Xt 5 2RV, TR B G s s AR S R T A R S RA SR T EMR. T ENE
fRAE T A 215 5 2010—2039 4E K H MoK 52 (02, , B, A SO A Wilks #9975 8510 s34 2010—2039 4
BHE BRI (o)) :

2 Op - r
94=Na~ 4 (717)—(r1)+ :

53 8, AERENELS . BEMTEE K EFESIINBEZMBIELS BN EE L X T
I 2, BTN 2 ERHKELSEL, B3R 2010—2039 4EMTREE T 2.

55 4 I KL A AR AR ASOR . AT FARTAEE , RIRIS R RSB 1E 5 CLIGEN #ij A 34,1247 CLIGEN =
A TR I SABE SUE s SHSAE SCEAT S0 T, BUA R K AR BE YME 556 2 25 R0%6 3 P AR (B 20 R )5
MR IX Lo 22 P XF CLIEGN ()4 A SCH PR #1798 %, B2 CLIGEN % i R /K FR EE 5 T 15 B I 45 - Wy
Fro BXELZEIRR B AN AL RS A ERVE R R X B i 6 B
1.5 CLIGEN 5 WEPP %I ¥

HR¥E CLIGEN 3& FAHEEAG A5 202 i 3 Hu Bt 7= 2k O BR b AT I8 . MK > 1 mm (RE/K P,
FEAAE T SEIME Y 173, B, K CLIGEN = A:{E3fe LA 3; F/K & > 1 mm 1) Ip (5 KK 8 BE 5 F- ¥R K
SREELLER) PR AE R SR 3. 14 £, B K Ip B7= AR (ERR DA 3. 145 72 A i XU 2 SETUE Y 2. 18 4%, 47
AR RGERR L 2. 18, @A %, 7] AT #3255 CLIGEN 7= A= B504f8 kg B .

X WEPP I A—A~ CO,BEHRLATEAL CO, ¥R BEAR (LR EM A K MZE B . KK 1988—1992 4R 5L (1)
I SR SEM L R AR I R I R I R M WEPP (R S48, WEPP 2%+, Iln 37 U] &
77 2 E R (B R R S RS AR A HE TR AE K S 80355k B T WEPP R FH . &8 2 MEWY,
FAKFIH 20 m x5 m: — MR By 5°, AR ; 77— MEMG RIS E N 10°, L ME KRG, LR
ol o ) S A 4 27K S , 5048 B S RS o B4 4F 35 4R B 43 1R 9400 t km 721 9200 t km ™% 510°
S AR AE B 4R35 AR kB 435104 7200 t km 2 F1 7400 t km 2, ZJE, T RN RIS E LS
I GEREE I 2R, B R A K S 50, WEPP RE40LA0 5038 Hh i /N 22 A K 7= B 43 51k 3150 ¢ km 2 71 6840 t
km ™2, T 2431 1986—1999 4F /NG I F K HIAEHI PB4 51k 3160 t km ~F1 6440 t km 2,

WEPP 406 , SR AR TP B 5 & G B VE P AP SRS 1t , X0 7E FREFF R BR ABEAE B B) i 28 4k, R G
YEAEWOIRSG 1 A4 90% HIFEFF BRI 2 THHE s AR HERHEE WO G — B TR B &, ERIEFAET 1
JAZA BBBRFEFF IR HATHIME . B BEIUBTFBAE RGIHFAT H3, IWUHR P PEBHEAE i@ B MRS T M T A 74
1.6 ZEfbaB i

AR fEFHZ A GCMs FHEBUE =, B TR AHEBUE S AT E 1, KU R B W B A2
RARFTRBAR AL 2%, ME A HI BT B %, Rt , S FBR RE T R 36 HI T UG /K SO BB I AR Tl ke 4, K SEil B 1)
BHErE kg e M B FE, R (1 -p) (p BEKT) SRR LGERE AR XU F LA kK
XRZERN ZWGESE K BRTSSIME R 7 2215 AR5 i R 77 2, RIREE A (1 - p) My HAR R
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2.1 FAS R

F 204 Fh GCMs 7€ 3 FORRNIE 5 T B A9 2010—2039 FR MM E L, B 1957—2005 4,
2010—2039 4F ARSI K BT REARAL - 2.6% —17.4% ,A~F 565.9—682.2 mm Z[a] ;12 FhiE 5 (4 Fp ffd
3 x3 FhHERCE ) A 8 FE IR G K 2.9% —17.4% , T #u B = BARE K G K FHES R 98.6% . Tl
HIAE YR K T 22502 AT 0. 984—1. 389 %, BR T CGCM2 [ B2 1§ StHE A FEARLA SN , HoAth8E =R 1% ST iy ke
K7 278K F R 2R B 5 2538 R IAE2R Ty 99. 98% , Uk B R 7K B AR AL I ZU , 28 ¥R U 5038 in i mT BB B K,
WL BB = F 2 R EmMm T . 2010—2039 48 [ 15 B 5 T 25 2, 5 25 1B 8 o 45 A1 0L B 4 50 7 25
0.6—2.6 CHI0.6—1.7 C, AR FIFE 5T IR EE Jr 2528 AR, 5o e Y BE N ATRLBE 1) 7 22 40 3l 2 2
BBy 0. 748—1. 155 {571 0. 736—1. 387 %, # Ak AR 2R 34 100%

®2 47 GCMs MAIMEHSBKEEN
Table 2 Averaged annual climate perturbations at three scenarios of four kinds of GCMs

[%7K Precipitation . TP .. Tt
GCMs I3 Maximum temperature Minimum temperature
Scenarios EMFEKE/mm  BlL/% | FENE | BT TERE BT M
Annual amount Change Variance ratio Change Variance ratio Change Variance ratio

CCSR A2 571.8 -1.6 1.022 2.1 0.884 1.5 0.797

B2 570.0 -1.9 1.023 2.3 1.137 1.7 1.146

GGa 632.1 8.8 1.230 2.1 1. 066 1.6 0.768

CGCM2 A2 565.9 -2.6 1.223 1.7 0.781 1.1 0.798
B2 568.4 -2.2 0.984 1.9 0.748 1.1 0.831

GGa 605.1 4.1 1.181 2.6 1.017 1.6 1.042

CSIRO A2 612.9 5.5 1.224 1.1 1.128 0.6 1.027
B2 615.9 6.0 1.158 1.6 0.915 1.1 0.908

GGa 682.2 17.4 1.389 2.6 1.061 1.7 0.736

HadCM3 A2 621.0 6.9 1.345 0.9 1.155 1.1 1.387
B2 638.5 9.9 1.189 0.6 1.140 1.1 1.254

GGa 597.9 2.9 1.200 1.6 1.110 1.2 1.345

KB % 98.6 - 99.98 99.99 100 100 100

Increase probability
* GCMs: RRIFIMK, CCSR/NIES: HAMK, COCM2: fig KB, CSIRO-MK2: MUAF|WAHK, HadCM3: e EH

2.2 fRGEBHE TR IR X AR AL R L

K 3 J9 T 2010—2039 4FAYAER K B RTIREE | HIRR IR AR/ NE N E R R, 1957—2005
FRIRGRE , 2010—2039 4F B A3 b i) 2 0 5 38 K, B IR A T 10% —130% L3RR MAEAL - 5% —
195% ,24 i 5 (4 FhUBAR x 3 FhHERCIE R x 2 D) A 21 FRig SR S5 R R RIS N 1. 6% —
194.5% , T K% 3% BA B BAR Bl K AR 99.98%

W RIS KA A Z 8] BEA TR AF BAHSE 1 , 4 CCSR Al CGCM2 f) A2 71 B2 17 53 T 4 7K sl
A TR AR T AR M K T, 53X T RE R K 07 228 SR A KRB ER SR R BUK . T 2R RS
AR K BRI ZUAR BT , BRI B2 B R T BUR TR AL , 3 2 Hh & 15 S B ) AR ek O 25 85 8 K, 3R B
2010—2039 4F- 5% I YCELAT RS fn , AT P BURF AR T8 3 K ((UF 3 MERIEREHRMBL) o
i VR AERR BL R S AR P AR ok = AR B EERE R, il 20, R CCSR Al CGCM2 ) A2 Al B2 17 5 T P 7K Dok
A ABHEAEMAEROROUBE 2 , /ANZE ™ , T ORGP IR BEAR R /N, 20X 4 8 5 972 I AR et B AN (E 3 0l
AR BRI R 5 T HadCM3 1 GGa fE RFEASE KA K(2.4% ) B i THAEW A RROLEZE, WEEH
WP HCAR R AR I RAHXT R
2.3 QRIPEEBHE T AR TR S SRAE A B i

FAJ P E2010—2039 ARG IPPEBEIE T B9 4F MK R R I LA B /N MK 7= B AR AL A 5 B
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W78 5 AT LAAR R0k 8 /0 42 T AR ik, R 1957—2005 A% e #FAE, 2010—2039 4E R4 HEBHE T R A2k
-34.29%—71.0% ,12 FiE 5 (4 FpMEEER x3 FiER) A 7 FERERBEL, B -4. 1% —-34.2% ;
A S MRS R BRI 3. 5% —T71.0% ., B S MiERHERTIESKES (0 2010—2039 F1545:
FHE T RIS SR TA EL , BRI HERHE R R R B> 25. 8% —33. 6% . B TR/ MIEYFRE Y E =,
2010—2039 E R LRIPHERHMET , LIRRM K ERD B B AT A RBHEEL -76. 5% — -25.8% , LRI R
YE T VEY ™ B S S ER AR ALk, RN AR IERS A 2200, /NE 7= Bl & T2 G Bk E I oK™
BIRTEGHHE
3 #ig

B 1957—2005 4F, K 2010—2039 4R [EHFEK B AT 6828k -2.6% —17.4% 12 FiE A 8 FiE =
TRE KB 2. 9% —17. 4% ; Tl AR IR K I 25 2 2R 0. 984—1. 389 %, T A Il F 46 36 3 WA Ak 2
% , B2 TREOE A AT fEPHEAE K . 2010—2039 4F e i AR AR 4 5155 0. 6—2.6 CHI0.6—1.7 C;
T3 22437 M HTELAY 0. 748—1. 155 F10. 736—1. 387 £%,{H F K IR By 234 K, KRB Em T, KK
A HAR TR A S T2 S BHE & 4 B3 A8 6, 2010—2039 4E48 It 3 36 35 < 10% —130% 5 +- 3% (=128 1k
-5%—195% , T ¥ 35: B R HUINE B 7] BEHERR Ko (HR AR HEHEE IT LM A B O, 5 S RIS S HHE,
2010—2039 44 HZER P HEHIE TR, B AL - 34. 2% —71. 0% , + 3818l K Bk 2> (A5 g - 76. 5% —
-25.8% ), FARGERFH, KEARK 30a BARZRMKXTR H B)7K SCRPEY A K& AR K 20 , 2 AR
T3 3K 5 (ELE X R B E RS AT DA S s D R AR, B, SR MR E R RBE L TR REHE A
FAIIE L PE T 3R

T 50 a SRE = RSB BE T, M 2010—2039 R RS 2BBRES . SR 5HTHRMER
— B, N2 KT P E TR 50 a Mok — R i $ s T—IC MR K 50 a 4 P 4EMRK
BRI, AL MK B B P SR T PG It X R K 30 a MK 3 £ 5 R, X BBt
FER AR IRGRE TS . MR AR RHE T 2 0] R /KRR, R X R A A = A A
B — LI 5 (HASHIF ST 22 B , AR A R Bt g 3+ 55 JRRk B /K 3 5% , 55 IPCC 7 2 BRVE F P9 M 1A
SRR D) R A RN T T A T AR o B T ) — B, Xt i K AR AR A R T IR Pk R .
I, AR 92 E B AR AR AL AR R e, SRR H B AR BRI — N R
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AR, GCMs [3E FITEA [, (B4 SO P A 7 42 7 9 132 BB S0 0 S 4 i ot L AT 7 A v, LG8 P 5
GCMs FIE SR & R REZ WAL B, B R AT BRI BRIL IR B . UM MRS ik, 4 7 i3 S48
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