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Abstract; Climate and land use changes are very important factors that directly influence water resources. To predict runoff
under climate and land use changes in Ningxia Qingshui River Basin, which is a typical basin located in the arid and semi-
arid area of Yellow River Valley, the distributed hydrologic SWAT model was calibrated and validated using the coefficient
of determination (R*) and Nash-Sutcliffe coefficient ( Ens) at the Hanfuwan and Quanyanshan hydrological stations. Several
future climate and land use change scenarios for the year 2020 were set using the climate historical trend and CA-Markov

model. The calibration and validation results for Hanfuwan station showed that R* was 0.80 and 0.71, and ENS was 0.77 and
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0.69, respectively, while the results for Quanyanshan station showed that R” was 0.66 and 0.63, and ENS was 0.62 and 0.
56, respectively. The results suggested that the SWAT model could be used to predict the runoff under climate and land use
changes in Qingshui River basin. Further, our results showed that runoff was dominated by precipitation, and the result
under the scenario of reduced precipitation combined with increased temperature had the largest impacts. Runoff can be
expected increase in the future land use scenarios because of the increasing farmland and built-up area. Under natural
growth , planned development, and woodland/ecological protection scenario, the runoff in 2020 would increase by 17.04% ,
14.44% , and 13.98% respectively compared with 2010. Lastly, the runoff change in 2020 was predicted by SWAT model
under the combine of land use scenarios and climate change scenarios. The results showed that the runoff would decrease in
the future under all combinations of scenarios. Among them, the runoff decreased perceptibly under the combination of
planned development scenario and climate changes, and the woodland/ecological protection measure is helpful to slow down
the rate of runoff decline under all climate change scenarios in the future. Therefore, in the context of climate change,
ecologically prudent constructions and land-use managements are necessary to cope with the severe situation of runoff change

in Qingshui River basin.
Key Words: climate change; land use change; Ningxia Qingshui River Basin; SWAT model; runoff prediction
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Fig.1 Location of Ningxia Qingshui River basin
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Fig.2 Distribution of land use types in Qingshui River basin of 2020
SO . F:All 1 5t Base scenario; Sl A AR K E B Natural growth scenario; S2. kg Planning scenario; S3 SRHAR S Woodland/ ecological

protection scenario

WAL L P A I U I 280 CN2(SCS R it f 28 248, SCS runoff curve number for moisture condition II) |
CH_N2( FWiE s 7 &3, Manning’s "n" value for the main channel) ,CANMX ( B RBEESE , Maximum
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Table 1 Scenarios of climate and land use combination

M A AR A SAEZEAAE 5 Climate change scenario
Land use change scenario Cl Cc2 C3
S1 S1+C1 S1+C2 S1+C3
S2 S2+C1 S2+C2 S2+C3
S3 S3+Cl1 S3+C2 S3+C3

S1: H R AF 5t Natural growth scenario; S2: LK% 5 Planning scenario; S3 : MHLR1% 5t Woodland/ ecological protection scenario; C1 ;7K
ARfEAE 5t Precipitation change scenario; C2:SJRAEfL1E 5t Temperature change scenario; C3:[F7K 5 MR45 A 28 (L1 5t Precipitation and temperature

combination scenario

£ SWAT-CUP T H-Hr RIS HE 5 S80S BT (RIS A T 5 0 VA R S IR 10 7K S sl e o 5 S
3 PR, WS K SO AR R* A 0.80, Ens A7 0.77, SR HRILZK SCHG ) R* A1 Ens 433124 0.66 F10.62,
F WAL I AT e 3k A A2 B T 09 25 SR 4 T 2

A SRR FE T K T A AT P | XA o ST AR R AT A0 IE PR 3 AT R A VS K S 7R R Y A
R*H1 Ens 235355 0.71 F1 0.69 , BILIRCR A4y, SR HR (LK Sk A AR AR S UEIHY R* 2 0.63, Ens oh 0.56, 15
PG5 AT e T A2 L
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Table 2 Sensitivity analysis of the parameters

§JfF¥5 Hanfuwan SRER L Quanyanshan
HF 3% 5E L HF S8 & SL
Order Parameter Parameter definition Order Parameter Parameter definition
1 CN2 SCS & M2k 251 1 CN2 SCS i 4 241
2 CH_K2 A ROK TR 2 CH_N2 FITIE 2 TR
3 CH_N2 FIE S TR 3 CANMX e R B SR
4 CANMX BRE RS 4 ALPHA_BNK TR B KT o RAL
5 ALPHA_BNK TR E KA o REL 5 SOL_AWC TR K = 24
6 SOL_K AR IE 2S5 6 SLSUBBSN SRR SAL
7 SOL_AWC IR K B SH 7 SOL_7 HIHRESH
8 ESCO IR RAMESEL 8 GWQMN £o )= LA N b
9 REVAPMN HRIZH K25 RS 4L 9 REVAPMN RIEH K2 R SHL
10 ALPHA_BF FIMIHIR S 10 ESCO TR RAMESEL
11 GWQMN (5= L b 11 CH_K2 AR TR R
12 SOL_Z HIEUREE SR 12 ALPHA_BF & STTRIEFEE 21
13 SLSUBBSN EHRK S 13 SOL_K HRIK 116 2S5
14 BLAI FREAENT AR B S 14 BLAI B RV T IR B S AL

CN2: SCS runoff curve number for moisture condition I1;CH_K2 . Effective hydraulic conductivity of main channel; CH_N2: Manning’s "n" value for

the main channel; CANMX: Maximum canopy storage; ALPHA_BNK Base flow alpha factor for bank storage; SOL_K Saturated hydraulic conductivity;
SOL_AWC: Available water capacity of the soil layer; ESCO: Soil evaporation compensation coefficient; REVAPMN: Threshold water level in shallow
aquifer for revap; ALPHA_BF': Baseflow recession constant; GWQMN: Threshold water level in shallow aquifer for base flow; SOL_Z: Depth from soil

surface to bottom of layer; SLSUBBSN: Average slope length; BLAI; Potential maximum leaf area index for the plant

F3 FKATE SWAT B ARRKAEFKIESR
Table 3 Calibration and validation of SWAT model for monthly runoff in Qingshui River basin
A ¥I{E Monthly mean value/(m®/s)

K8 30/ B 3 3
iiiﬁ;]ﬁg%:filitiomvalidation ﬁf S fit B K s
Observation Prediction
HeHER] (2001—2005 ) Calibration period BRI 0.81 0.68 0.80 0.77
SRAR L 2.43 2.57 0.66 0.62
Y5 F I (2006—2011) Validation period BRI 0.41 0.37 0.71 0.69
SRAR L 1.33 1.60 0.63 0.56

Ens: Nash-Sutcliffe #EBIZCR 250 Nash-Sutcliffe efficiency coefficient

SEIL R MR SWAT BEAY 0] LR 3 /K0T S 3 (0 VaT i A2 A UL, EL 78 s RS LA b DX B i) 3 P PR 22 47
TFHUUF X B, Jids BT Boy™ A B 22 502 i A B A v ol P2 o DR, SWAT A AU A v s T 73 B I e
16 L Bt AT e e Je B Beb AT A v, L BRI AR i 45 SR L T T Bl A2 U AR 4RL , AT 3 350
RUTE N BRI B T B
4.2 [

4.2.1 SRR AR A

FIFH SWAT F AL I AT et 151 SR AR 1L 38t 2020 AFTa] 3042 It £ %o A 722 Ak P e 107 1A A T RS0 , 285 1 L&
4, AR K A AR AR AR A Al i 1y 55 R ABURK 2020 AFAFE AR T RER] 1.197 m’/s A EE 2010 4F 7= 5 T %
3.82% ; MR T AR A AL RS AR 42 55, 2 FRE T 0.022 m’/s, B AR R - 1.82% 5 24 [ KA
AR RV & AR AR A B R K ek 2 T R A T R B I LT, AR U AR A e iy R B B, AR I AR A Rk F
-5.13% , R AR 1.180 m’/s,,
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Table 4 Changes of runoff under climate scenarios in Qingshui River basin

SRR FWRG/ (m/s) B % SRR ARG (m/s) T A %
Climate change scenario  Annual runoff value Change rate of runoff [|Climate change scenario  Annual runoff value Change rate of runoff
Co 1.244 0.00 Cl 1.197 -3.82
c2 1.222 -1.82 Cc3 1.180 -5.13

CO.: SAFEERE 5t Climate base scenario; C1 Bk AR A B Precipitation change scenario; C2 . RIRAZ A1
%t Temperature change scenario; C3: [% /K 5 R i 45 & 2 1L 1§ 5t Precipitation and temperature
combination scenario

ST AR SR B b K5 RS & S A AR IR RS2 R R, Hoh oK R RS | A 42
PRI/ b7 3 AR X — 25 0 S P AC X B AR S ST a5 AR TR B K A 1k L2 5 i i sk 1) 7K B TR A
HASR AR AE A BA B E VR R, AR AR AL 2 I R 28 (&) 284k, BEAE TRLBE T, TN R 28 & 8 m, 72
R AASE BT AR e 228 R K AR AN I | B K o A2 7 5 e o J 2024
4.2.2  LHURIFR SR AR AL

AR 3 B A b A TG 5T AR AU S SR AN 3% 5 s, 3 2020 4F 3 B 4R IS 5T AR i a2 2010
SEA R T, AR RO R AR B 5L (S1) RIS T 17.04% , 3= % J5t A 2 Uit delblk b A A 5 1
ABRAEEERIGIN (R 6) , 1 KT T 21 J5t DB b 14 052 B, B 0 9% 16 000 28 722 DA Lk, | g DX %) B b 1
N 3 AR A SRR A R b A B B O T RO B KT A B T AR N, R B (S2)
PRI AR ST 504 BT R RE ABXS T 2010 4FA75 4 13.98% A4k 3 T REJE S2 1 5 T Akt in s sk B &
(FLHE R FH b A ) FF b R ARG ST 56 B R s/ s > s MR 15 ¢ (S3) AR T S2 5 3, At 7Kk 5]
A TN Bt R U A P R BOR R TR A R

x5 TRIFAABR TREZRENL

Table 5 Changes of runoff under land use scenarios in Qingshui River basin

bR G S P St spe s + M A 5 P P
AR st (/s BB/ % IR i e R
Land use Land use
. Annual runoff value Change rate of runoff . Annual runoff value Change rate of runoff
change scenario change scenario
SO 1.244 0.00 S1 1.456 17.04
S2 1.418 13.98 S3 1.424 14.44

SO . F:Ail 1 5 Base scenario; Sl [ SR 3K 1% B¢ Natural growth scenario; S2. HRIE B Planning scenario; S3 AR Woodland/ ecological
protection scenario

F6 FAEUREARELHAAESET LA ARBERA
Table 6 Structure of land use types of Qingshui River basin in 2020

) S0 S1 2 S3
=+ H I FH PSR . - . :
Land use type i/ km? Hetdl/ % i F/ km? et/ % A/ km? et/ % AL/ km? Hetil/ %
Area Percentage Area Percentage Area Percentage Area Percentage
Mt Woodland 409.10 3.11 409.11 3.11 451.45 3.43 467.80 3.55
HEHlL Grassland 6641.77 50.44 5479.01 41.61 5412.08 41.10 5412.08 41.10
7K, Water 165.18 1.25 164.49 1.25 164.35 1.25 166.51 1.26
A HE Building land 402.62 3.06 586.87 4.46 449.16 3.41 447.90 3.40
KA FHHL Unused land 119.19 0.91 52.19 0.40 6.42 0.05 6.42 0.05
HEHL Farmland 5429.34 41.23 6475.54 49.18 6683.74 50.76 6666.49 50.63

SO . JLAhl IE 5t Base scenario SI; #8815t Natural growth scenario; S2: HLXI1% 5t Planning scenario; S3 : Mt 4% 5t Woodland/ ecological

protection scenario
S5 R 0 7R YEORT i 8 1 on R A= 285 T B % 1 47 X AT IR It 7 A RRU A S AELI R 3B b o i ) ek
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K A 32 RN A AR ol [P A T R — 2 ], PR A T AR i bR AR BRI PR A 0 T AR 2 R ) A
S AR A H A 5 AR T 1)
4.2.3 SRS HR RS AR R A

XoF S A R A iR AR A R R R Sk 2020 4R A9AR SR HEF TRRAL, 25 SR B 7R (36 7) ZERE KB /D (C1) T
TRk 3 A A R S AR T R R B AR, B R AN T -0.67 — -3.41%; HH BRI LRT
(C2),3 Bl A R I 5 6 I A 0 34 A B R R BE I 1 N (12,31 — 15.38%) ; BE/K 5 RES G ETE =T
(C3), WA I 2 BRI FREE 0 T I, R AR A T -1.62 — —4.24%Z 0] B KT C11E 5, 754
[ AR S 450 T, 3 A MR I S AR AR A B3 R B S1> S3> S2, 45 5 55 4% it 1 X+ M A1) I AR
A AT S

CEAE TR O Fhal & 28 rh | A AT B A AR A% B2 = R HT Bk DSR2 5 A 1R 1
5, B S1+C3 ., S2+C3 Al S3+C3 {5, Hrf S2+C3 1 =8 T AR K, BN -4.24%, S3+C3 RZ
(=3.87%) , S1+C3 AR TR/ (~1.62% ) o VEBIARXS T S2+C3 17§ 5t , A B3 AR AR A 25 0
P S3+C2 1 FETEAR X I S IR It T R A —EEH

x7 [EBEELHFAESETXTREEREL

Table 7 Changes of runoff under combination scenarios in Qingshui River basin

- Hb I AE L, SMEAEAE Climate change scenario
Land use change scenario co cl (o) a3
S0 1.244 1.197 1.222 1.180
BT R/ (m3/s) S1 1.456 1.236 1.435 1.224
Annual runoff value 2 1.418 1.202 1.397 1.191
S3 1.424 1.207 1.403 1.196
TR AR AL S fpEAE 4k Climate change scenario
Land use change scenario co Ccl1 (o) a3
S0 0.00 -3.82 -1.82 -5.13
WA % S1 17.04 -0.67 15.38 -1.62
Change rate of runoff S2 13.98 -3.41 12.31 -4.24
S3 14.44 -3.01 12.75 -3.87

SO F: A& 5t Base scenario;S1: H ZRH 1% 5 Natural growth scenario; S2: HLI1E 5 Planning scenario; S3: Mt % 5 Woodland/ ecological

protection scenario; CO SAEFERE B Climate base scenario; Cl1 Ny GRS Precipitation change scenario; C2. R IRA A Temperature change

scenario; C3: K 5S35 Precipitation and temperature combination scenario
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