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Abstract: Global warming and intensive changes in land use/cover have posted unprecedented impacts on the watershed
hydrology and thus the water security at the global scale. To quantitatively analyze the impacts of land use change and
climate variability on the streamflow of Chaohe Watershed located in North China, we calibrated and validated a distributed
hydrological model-SWAT by using the multi-site calibration procedure. The effects of land use changes and climate

variability on the stream of the watershed were then explored by using scenario analysis approach. Two indices, the p-factor,
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r-factor as well as efficiency of objective function,were used to assess the calibration/uncertainty performance of the SWAT
model at the hydrological stations of Dage, Daiying and Xiahui within the research watershed. Results showed that p-factors
in the calibration and validation periods were 0.70 and 0.77, 0.87 and 0.82, 0.92 and 0.78 respectively for the three
stations. The r-factors in the calibration and validation periods were 0.63 and 0.90, 0.97 and 0.79, 0.88 and 0.92
respectively for the three stations. The objective function of efficiency of SWAT was 0.66, suggesting that the model was
capable for simulating runoff responses to changes of land use and climate variability in the watershed. Compared with the
baseline period (1981—1990) , land use change caused an annual streamflow reduction of 4.1 mm whereas climate change
gave rise to an annual streamflow reduction of 29.7mm in the period from 1991 to 2000. For the period of 2001—2009 land
use change reduced runoff by 3.0 mm, whereas climate change decreased runoff for 14.3 mm. When the land use in 1999
was set as the reference, the annual streamflow would increase by 158.2% and 4.1% for the shrub land scenario and the
grassland scenario, respectively. Contrarily, the farmland scenario and the woodland scenario could induce 41.7% and
23.7% annual streamflow reductions, respectively. The climate variability scenario analysis indicated that a 10% increase
in annual precipitation could lead to 23.9% annual streamflow increase and a 12% increase in annual mean air temperature
could lead to a 6% reduction in annual streamflow. We, therefore, concluded that the annual streamflow variation was more
sensitive to precipitation than to temperature in the region. It is of critical importance to develop explicitly integrated “cause-

effect” land use planning and strategies for adaptive land and water management at watershed scale under the global change.

Key Words: land use change; climate change; runoff change; SWAT model; Chaohe Watershed
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Table 1 Comparison of land use between different periods in Chaohe watershed

4y B s ) K AH i A EHUHH At
Year Farmland Grassland Water body Bare land Shrubland Building land Forest land
T Area/km? 1987 424.14 1621.75 53.62 13.59 1598.11 31.06 1113.60
1999 450.02 1191.98 59.83 15.58 1721.60 40.82 1376.03
2009 306.41 644.83 55.17 13.05 2028.01 47.68 1760.71
[ A%IR IS 1987—1999 6.10 -26.50 11.58 14.64 7.73 31.45 23.57
Area change/% 1999—2009 -31.91 -45.90 =7.79 -16.22 17.80 16.81 27.96
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Table 2 Scenarios for modeling analysis
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Scenarios Land use Meterological data
1 1987 1981—1990
2 1987 1991—2000
3 1987 2001—2009
4 1999 1991—2000
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FIFHARARS EFZ K B> T 4.1 mm, 10 SRR {38
T 29.68 mm fEG L IE 5 5, - HUR AR b i
B K R 2.98 mm , SEAR AL IS B K D T
14.3 mm, E5E 4 XS TG 1, U8 ) ARk T AR 3
T 23.57% (1), FEGRBEZEHUL BN, [,
ZETBEN AR SRR K HLIB BE 1 £, R il & 1994 4 Al
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Fig.2 Calibration and validation of SWAT model for monthly runoff in Chaohe Watershed
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Table 3 Optimal values of sensitive parameters for runoff in Chaohe watershed

SRR

Parameter name

Parameter defenition

P4 E

Original value

v__GWQMN
v__ESCO
r__CN2
r__SOL_AWC(1)
v__SOL_Z(1)
v__CANMX
v__ALPHA_BF
v__GW_REVAP
v__REVAPMN
r__SOL_K(1)
v__CH_K2
v__GW_DELAY
v__EPCO
v__RCHRG_DP

RIZH T KR TR EL
TR AMEREL
SCS #v 4 R EL
)2 LR R A oK
T2 MR/ mm
KRG J2 /K i/ mm
FETIH IR R
WK R REL
HIZH T KRR RE
HRIK T 15 5 R EL
WA BOK 5 5 R
MR K IR R

T ZE I WM R L
WEKIZBE R

[10,500]
[0.224,0.574)
[-0.259,-0.075]
[0.030,0.280]
[0.568,678.455]
[21.349,54.742)
[0.028,0.254]
[0.124,0.166]
[120,220]
[-0.381,0.276]
[2,6]
[314.188,439.331]
[0.564,0.745]
[0.150,0.456]

e AEE TUREHEF
Optimal value Sensibility order
261.125 1
0.404 2
-0.214 3
0.258 4
500.510 5
52.655 6
0.1945 7
0.164 8
211.250 9
0.169 10
2.950 11
425.253 12
0.693 13
0.276 14

r_ FORSBUEGIET FE R T8, o R BB WO T 20 (U R R (e
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Table 4 Simulated response of runoff to land use and climate changes in Chaohe watershed
[ S e Ao A AR Bl
st FHIHK PRI Bl Py X BB
- Mean annual Mean annual Simulating annual . - - o
Scenarios . Effects of land use Effects of climate
precipitation/mm PET/mm runoff/mm " o v
change on runoff/mm varibility on runoff/mm
1 514.0 1088.9 42.18
4 522.4 1125.7 67.76 -4.1 29.68
5 486.7 1108.2 24.90 -2.98 -14.3

SR M RAR I B R, BRI BV AR 7R
SR 8 S RN (E VR A 2 R ORI R R A X i
REFAFEM RN BT LUAE AR T R e K, 8
5 H B AT A HE T AR AR S 3 i (3R 1) AR %
KU | - b A A A A R 3 B 7 K
PR, RS AR AR 75 50 R AR /K B8 A8 38 H A,
AT LA 2o 30 S B it ) R, AL T A R 2
TN ZS [B) 53 A0 A5 HEAT JR L, D828 A% A8 A X 7K 3t U5
P L TRTAACR .

L 1999 4 1 R A% 56T B IUAR 0k JE
XoF L PUFPAS [ B 0 15 58 B4R AR AR A O, I
TEAMH S S AR TN T 158.2% , Wb R 4%
TGN T 4. 1%, 8 2 bRHL N SR AR A T
23. 7% , HEHLIE S AR > 41.7% , 255K W
PN S B i A N (1B | O
Htk

FRIEHE 5 B, ] I R K R R R AR | YR

FE A IR BERRAS 12% (3870 1 C) , 24 TR A
W 4.1% ., TREE A SR TS 12% 0 24% W4z
T IS 6% F15.9% B AR AL XS 7K SCRLN A IE
AR, Bl R T TSk P 28 R BN, 76 B
NGB T RIS T e e — KO
LW, SRPKREEN 2, =) 2R S
HIERAE S RAR, 3 nT (2% & K R AR )
TR AR Ak U e 7K AR A SRR i o L A A AR S
g, PR, T AR R T AR RN B s, T
B Y AE IR T B R K 14 38 22 22, B AR T N Y
R T REK 3G iR, B K3 10%, 20% , 30% ,
TRV BN 21.6% ,45.5% ,71.8% ; 4 Y42 i bt [
TR B DT R /D ek 2 1) S R A I AR K ) 3% A U D
/N 34, A 1 A% i Bl A 7K ek 20 1) sk i /N -
RE K S AR 3 a0 45 SR 3 B S T 97 A 9 T
K AR Al T AN RS

£5 FRASBEREETEHERRANENEL/ %

Table 5 Relative variation of mean annual runoff depth for different climate scenarios/ %

JELE %7K Precipitation
Temprature -30% -20% -10% 0 10% 20% 30%
-12% -56.3 -41.9 -24.5 4.1 16.8 41.5 68.4
0 -52.6 -37.8 -19.3 0.0 21.6 45.5 71.8
12% -54.6 -40.4 -24.2 -6.0 14.5 37.6 63.4
24% -53.4 -39.4 -23.5 -5.9 14.1 36.4 61.1
3 W JRESE SRR A SRR A /N (FL el T 2008 2 PR FR

Zeat SWAT BEAURE HEFNGRAIE , 3 /7K ST A A
o045 TR ] e S i FH A L B p (KT 0.7, r fE/1
T 1, 0F BRI HAn ek 3k ¢ S AE(H R 0.66, 3Ch
SWAT FEAUTERY LT 7R v 32 70 5 I8 T /K SO 4 0
AW o i 13 VB w71 B7 5 S )
SRAE 80 AR 301 JAL 3 P 114 35 300 A /N R K P L % A

il AT AR 1 M A5 A D R b A 2 A
SEGE— VA KA T oM 5 53 A, T P 52 15 A 4 o
YU 5 A A R 2 AR — S I [ AR T JRj 8 7K
SCHRFR - Hh T = U 3 A A I B % i, o 1
RS PR HERC A | B LA BT R AR 3852 085
/ST AR T O I 5 30 i 5 R EAT T A D
M—E BRI IR E R T,
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(] R, 8 1 AN 5 P ) A 2 5 OSSR AR 4L 1)
AP, SWAT ARAY i 5 T G R 7K SOOI st o5
AR FEARE B T B i B S B K RN SR, XA — e R
FE LI BR T 3l A [ o0 A 1R 25 . A SCEE I 3 MR
Rl (BT, W R 20k s R i
AN el B B HO® 0 B A B ol A R B
JH . ARSCEF 8 ANREK G 3 NG A 3 A
K SCOWLIN 3k 153 AT RS A0 L0 3 63 A 285 B 42
o T S S 1 M R e e B i A 5 R R AR
RURHEME

XTI AL bR 3 SOk S K
HPATORE T A ) e v AT S T
T EA R 0 JE PERRE . B SE sy Uy B
O S o =) = (110 S 2 s e L 0 2=
o TERLALL I AR v BT A I B 5 A (] 1 R 2
BH X AE— R b 30Tl s AR A AL
RIS BT IR AZ A i DL e 45 i 22 0k
VR R A RSB AN B 72 1, Bormann P Y 5| (55
I 75 LY (signal-to-noise ratio) ™ FHE-E | FIWT A3 A8k
S RN, AU e W IR R 22 T
VEA R A BURADL ) AN 00 5 PR AT 10— 2D 4R
BOE AR S AR IR A P RS A
AR 7 K B B R R T A 5 R 2K S R AR
fergma iz, P R p (8, r fH LA e g fERH RS AEL 8K
VAN 23 B, R I A HIEZE b il T Sk SWAT #5274
BRALL Y AN S P A ADL 45 SR 5 ) AN (25 A Y ]
ARG (R A5 40 dat 3l 1 7 7K B 728 Ak, 78 380 ] i Bl 2 A
—JE B FHE

4 it

ARSCRE 3 AR 2OK SO (SWAT) | 3l i 200 151
FRHERIE I, 5 A A0 3 A T el 30 3o R FH A0S
Ao AR A X K R R, 45 SRR W]

(1) PSRN 3 A7k SCok A NSk B B p
5147:0.70 F10.77,0.87 1 0.82,0.92 F10.78,r {H 5
5% 0.63 F10.90,0.97 F10.79,0.88 F10.92, SWAT
IR Ui AR AU Y H A R R A 0.66, 5
2B 28 0 3 T 3 ) 7 KR AL LA — R 9 1
Atk

(2)) AN [ 0 ¢ = b ) FH R A 28 e o 3 4
IR AN, 5 EAMEIAR B 15 55 4 b - A

FHARAE S A=K B> T 4.1 mm, 1 S AEAS {3
T 29.58 mm Ry E 5 5 o, MR A AR fb s
BRI D 2.98 mm , SAEAR AL TS B K D T
14.3 mm, TEARFFBEH AT L% R BN R Y
TS A P it o - b R 2 A R i R A R
XSGR AT A ™ 7K B S

(3) FEARUASLALLZE SR W] . Vo it A28 U kA /K
OB TR b N iR W s BB T WA R e
TLUARE ARG R 3 YK e, i sk, R
TR, 2R BN, R AN A R LT, AR R

(4) ANJA] 4= H R AL P I AR 45 S 3R I L R
ARHE BRI T 158.2% , F s 5P A i 1
T 4.1% ., FRHFIEEHLE SRR, R, i
TR Ry 53 2 7K PR K R X, A o0 It 4 A B i AR
PTG I N R K SR A [ 3 a1 4 - b R
R A AT Ry, AT R 3t 3 K e PR GIE S SRR
i HIK .
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