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Abstract: To quantify the effects of land use and climate change on runoff in the upper Urumqi River watershed, the soil
and water assessment tool (SWAT) was calibrated and validated using the correlation index ( R*) , Nash-Sutcliffe efficiency
(NSE), and percent bias ( PBIAS). In addition, the river runoffs under a changing environment were simulated by

designing various land use and climate change scenarios. The results showed that values of R* and NSE for simulated
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streamflow during the calibration period were 0.89 and 0.84, respectively. During the validation period, the value of R* was
0.75 and that of NSE was 0.74. Values of PBIAS were between 10% and 20% both during calibration and validation
periods. Simulation results showed that the SWAT model was capable for simulating runoff responses in Urumqi River
upstream. River runoff in the study area was more sensitive to climate change than land use change. The annual average
runoff decreased by 1.41 m’/s under the scenario of land use and climate change. Meanwhile, land use change caused an
annual streamflow reduction of 0.04 m’/s, whereas climate change caused streamflow reduction of 1.37 m’/s, indicating
that the impact of climate change on streamflow was more obvious than that of land use change. The results of extreme land
use scenario showed that the annual average runoff increased by 0.1 m’/s in the grassland scenario, and decreased 0.58 m*/
s in the woodland scenario. The climate variability scenario analysis indicated that a 10% increase in annual precipitation
could increase the annual streamflow by 3.05 m’/s, and precipitation decrease of the same percentage could reduce the
annual streamflow by 0.93 m’/s. In addition, a 20% increase in annual precipitation could induce an increase in annual
streamflow by 4.02 m’/s, whereas a 20% decrease in annual precipitation could reduce annual streamflow by 2.25 m’/s.
When the annual mean temperature increased by 1°C and 2°C , the annual streamflow decreased by 2.71 m*/s and 3.02 m’/
s, respectively. Therefore, we concluded that the annual streamflow variation had the same change tendency as that of

annual precipitation.

Key Words: SWAT model; upper Urumqi River watershed; runoff simulation; land use; climate change
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Fig.1 Sketch map of Upper Urumqi Watershed
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Table 1 Land use percentage of Urumqi Upper Watershed in 2000 and 2011
AL Area percentage/%

GRON
Veur it W Hil IR A KA
Forest land Shrubs Grassland Water body Bare land Unused land
2000 17.27 0.07 69.64 7.58 2.70 2.74
2010 18.36 0.12 65.61 9.84 3.81 2.27
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Table 2 List of basic data for SWAT model
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Fig.2 Spatial distribution of land use in Upper Urumqi Watershed
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Table 3 Scenarios for modeling analysis
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Table 4 Sensitive Parameters for Runoff in YingxiongQiao Station in Urumqi Upper Watershed

SHAR ZHUE X HUEHE % Sk HUAE e E
Parameter name Parameter definition Sensitivity order Calibration method Value range Optimal value
OV_N LA S TR 1 v (0.01,30) 4.26
ALPHA_BF W RE 2 v (0,1) 0.5
PLAPS RA K IR 3 v (-1000,1000) 412.34
CN2 SCS it 4k Z AL 4 v (35,98) 56.71
GW_DELAY T K e R AL 5 v (0,500) 497.47
CH_K1 SCRARE B R 6 v (0,300) 106.75
REVAPMN g%ﬁgﬁﬁ%&gﬁm}im& 7 v (0,500) 213.86
SOL_AWC - HEnr F A ROk 8 v (0,1) 0.55
TLAPS T I 9 v (-10,10) -6.52
CH_NI ST T R 10 v (0.01,30) 13.66
CANMX T K 2 A 11 v (0,100) 9.08
ESCO e R HME R AL 12 v (0,1) 0.21
SLSUBBSN RE=EES 13 v (10,150) 94.63
SURLAG HhFRAR B T AR AL 14 v (0.05,24) 10.11
GW_REVAP WEH T KRR R 5L 15 v (0.02,0.2) 0.19

v W&{H , replace; OV_N: Manning’s n value for overland flow; ALPHA_BF: Baseflow recession constant; PLAPS: Precipitation lapse rate; CN2:

Curve number of moisture condition Il ; GW_DELAY ; Groundwater delay time; CH_K1; Effective osmotic coefficient of tributaries; REVAPMN ; Threshold
depth of water in the shallow aquifer for revap; SOL_AWC. Available water of the soil layer; TLAPS. Temperature laps rate; CH_NI1. Manning’s
coefficient of tributary; CANMX: Maximum canopy storage; ESCO: Soil evaporation compensation factor; SLSUBBSN: Average runoff lag time; GW _

REVAP: Groundwater revap coefficient

x5 LEAKRFARIE LR SWAT &8 AR REMKEMKIELE R
Table 5 Calibration and validation results of SWAT model for monthly runoff in Urumqi Upper Watershed

WEHER/ B3 g RR EEY AR 22 R AL
Period of calibration/validation R? NSE coefficient PBIAS
FEHER Calibration period 0.89 0.84 18.90%
IAEH Validation period 0.75 0.74 22.20%

3.2 TSI

1) A R AR IR B2 A4 AL 5t

R HTACR BN AT R 1.2.3 4 WA 50 8.69.7.28 7.32 8.65 m’/s(£ 6) . T 1 51
52 X HAR T, R AR AR A R S AR SR R 1,41 m/s, FETIE 1,15 3 Ui
PG EAFIIAEFRILA 1.37 m/s, ML 4 7, A AT DR T 0.04 m'/s fiF 5 3 A TE 5
AR SRBEIR T 8.5% , AP BIRK S T 6.3% , IR IRELFEAR IS, 1 5t 4 A0 T 5 1, Mt i
BUEINT 1.09% , FEHUTE BB T 4.03% AT UL, WFSEIS BOA SUBRASALX AR WA 52 IR 3R BE B, IR Ik, 7 U f
ARAEHEEET A BRI X A SR ot 7K W A BRI RL o A ok 22 A S
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P o i AR TR S ) 4R e 78 XK DA 7 | DR A 37 2 Wy SRR VE DD RE (RO, A [l T B
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Fig.3 Simulation results of calibration and validation period of runoff in YingxiongQiao station in Urumqi Upper Watershed
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Table 6 Simulation result of integrated scenarios

I A A X SRR
i LRI AR EMR A A2 £ YR e Uit Tt 5 ]
S FU?\, Mean annual Mean annual Annual runoff Effects of land use Effects of climate
POCHATIoS precipitation/mm temperature/ ( °C ) value/ (m?/s) change on runoft/ change on runoft/
(m*/s) (m*/s)
1 526.16 -4.67 8.69 — —
2 492.89 -4.21 7.28 -0.04 -1.37
3 — — 7.32 — -1.37
4 — — 8.65 -0.04 —

R7 LBEAFALFERH LR AER THERELIER

Table 7 Simulation result of the scenario of extreme land use type in the upper reaches of the Urumgqi River

i 5t AR B AR AR 1 A AEHAE R (mP/s) AR/ (m/s)
Scenarios Land use change scenario Annual runoff value Runoff variation
%5t 4 Scenariod AR B 3 8.6 0.1
55t 5 Scenario3 R SR 7.91 -0.58

3) ARG 5t

MR BRI 10% F1 20% B, 3 BAE 442 I 12 2 B3 0 T 3.85 m*/s(44.3% ) F14.83 m*/s(55.
5%) 5 YK B 109% 1 20% I} AEE AR R /D T 0.93 m®/s(10.7%) F12.25 m*/s(25.9%) , A WL, i dak
A4 428 it 1 I K 1% 388 M T 3 Am A28 72 Ak i B2 5 R K AR AR R BE BLTE L PRAFFEIK AN AZ | SR T
1°C F1 2°C B} AE AR B I/D T 2.71 m*/s(31.2% ) A1 3.02 m*/s(34.8%) (¢ 8) . i PR 4% 5 1% Ji IR A LA At
TR A 826 7KK A8 T %) S5 i 2 LA 14, T O 3 o 52 e 2 & TS M S AR U . 0 A T 52 DX, AN 25 oK) 1 ok A%
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Table 8 Climate change scenario design for the upper reaches of the Urumqi River

[ 7K AZ 4k Precipitation variation/mm

Px(1+20%) Px(1+10%) P Px(1-10%) Px(1-20%)
i/ C T+2 4.02 3.05 -3.02 -1.44 -3.72
Temperature variation T+1 4.43 3.45 -2.71 -1.06 -3
T 4.83 3.85 0 -0.93 -2.25

P [%7K , precipitation; T:* i, temperature

4 Z5iie
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