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Abstract ; Quantitative assessment and spatial mapping of supply and demand of water provision service are frontier issues of
current research. However, the spatial-temporal connections of supply and demand and the space flow of water provision
service still need to be further strengthened. In this study, the Yanhe watershed was selected as the study area. Based on
GIS technology and SWAT model, the supply-demand balance and spatial flow models of the water provision service were
proposed by integrating multi-source data. According to the proposed methods, the spatial matching characteristics and flow
laws of the water provision service in Yanhe watershed were explored at the sub-basin scale. Moreover, the spatial scope of
the provisioning and benefitting areas of the basin were determined. The results showed that, from 2005 to 2015, the water
supply first increased and then decreased, while the water demand increased year by year. The supply-demand balance of
the water provision service deteriorated year by year, and the freshwater security index (FSI) was reported to be 0.095 in

2015. Significant mismatch in the spatial distribution was observed in terms of the supply and demand of the water provision

E&UH . FEAARFIEETH (41771198, 41771576) ; Bevis A RBFF RS H-R15 B (2018JM4010)
WrfE B HA:2018-11-13; [ & H AR B #A . 2019- 10-25
* MIRVEH Corresponding author.E-mail ; lijing@ snnu.edu.cn

http ://www.ecologica.cn



14 MR 45 SE T SR (45 IR 55 (LA P -5 i 55 TR 113

service in Yanhe watershed. This was particularly evident in urban area and surrounding areas of Yan'an city, which is
located in the middle reaches of Yanhe watershed, where the contradiction between supply and demand of the water
resources was prominent. Under the framework of the water provision service flow, the study defined the spatial scope of the
four main benefiting areas within the water basin and the service flow provided by the corresponding upstream sub-basins
(provisioning areas) , which included the urban areas of Ansai county and Yan'an city, Qinghuabian town, and Yanchang
county. The framework and results presented in the study not only provide a scientific basis for realizing the rational
allocation of water resources and ensuring water security in the Yanhe River basin, but also provide a reference for the

management of water resources in other basins.

Key Words: water provision service; supply-demand balance; service flow; SWAT model; Yanhe watershed
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Fig.1 Location map of Yanhe watershed
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B2 T IO S A TEAS R ) L R | LR PSS AN AE B T N 2805 0 ek S A | T TE 5
VAR AR PGS YAE TN AL GRS SR IR s e 22 A v 2 ply K SO R YR VDRIl R
YEWAAC B IR Y B A% R 45 8 AL A, T AR AP It S K S AR | R VD AR | ol A B A AR 2 i AR
LT R SORI T SWAT A (14 7K SCRE | JE K 1 00 O 4800 77 K Sk HEATRRLALL, 7 K T H AR A4
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2P WYLD K it 248 E W E ) S K & (mm) 5 SURQ Sk 32 7] 38 v () 4 3R A% 3 Bt (mm )  LATQ hy ¥ 3
FEY T (mm) s GWQ S TN TE A 4 T AR i (mm ) s TLOSS S ] PRAZH 2% 5 (mm ) < PA D9 T 37 46 B
I (mm)
2.1.2 BERIAE S EIE

ASCRHAT SWAT-CUP T HA i SUFI-2 8k AT HE] i o SWAT BEAL vl B0 UE U7 ALAS
WM. FES 0 ATFEETT A DGR IR 45 20 I A BRI 2 R B (CN2) |, H a8 R M A
F(ESCO) , R4 # (SOL_BD) , Vil i 7K J1 44 F: 36 (CH-K2) 55 12 XA i85 BUS I S8, 6 FAR
RIZRN IR T 45 2R S0 M I SF R AR 1,
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Table 1 Sensitivity analysis results for runoff in Yanhe watershed

WH I SRR BHE L 22 JRHUBRTES AT Global sensitivity U
Change type Parameter Description t-value p-value Lgy Optimal value

R CN2 (G EE -17.26 0.000 1 T10%
v ESCO R R AMER T -9.398 0.000 2 0.63
R SOL_BD THERAE/ (g/em?) -8.780 0.000 3 114%
A CH_K2 WA K G55/ (mm/h) -8.775 0.000 4 10.75
\ SFTMP MR/ C 2.239 0.0253 5 -4.94
v CH_N2 FIIE 2 T R -2.153 0.5373 6 0.145
v GW_REVAP T KR R REL 1.408 0.159 7 0.12
A4 ALPHA_BF FLE M R 2/ (days) 1.332 0.257 8 0.49
R SOL_K 3 AR K/ (mm/h) -0.606 0.544 9 117%
v EPCO Ty 75 R AMER T -0.598 0.550 10 0.48
R SOL_AWC AR E K -0.456 0.648 11 1%
A GW_DELAY R /K AE IR KA/ (days) 0.138 0.889 12 168

P2 7750V AR 3 51FRR A L (1+BE(H) 5 CN2 AR T2 Z 4 (soil conservation service runoff curve number) ; ESCO ; 1-3E28 &AM A
- (Soil evaporation compensation factor) ; SOL_BD ; + #7457 ( Moist bulk density) ; CH_K2 ; VAl 7K J1 455 ( Effective hydraulic conductivity in main
channel alluvium) ; SFTMP ; (%25 7% ( Snowfall temperature ) ; CH_N2 ; 327 i 2 7* 2 %0 ( Manning’s roughness coefficient for main channel flow) ; GW _
REVAP . 1 F 7k 57 % 2 %1 ( Groundwater “revap” coefficient) ; ALPHA_BF ; 3% Jii [ 9 £ %k ( Base flow alpha constant) ; SOL_K ; - &1 #1 5 7k %
(Saturated hydraulic conductivity) ; EPCO : Al ¥ 7% & M F- ( Plant uptake compensation factor) ; SOL_AWC ; 1345 %0 & 7K #& ( Available soil water
capacity) ; GW_DELAY ;b ~ 7K 2E3R K45 ( Groundwater delay time)

16 SWAT-CUP T H-H FoA 143 B8 H 4 Bk S0k 1991—1998 4EF1 1999—2006 4F 11 7 42 i S LA H
SRy B[R] B X B A BN 8 SR A T 8 SRk (18 2) o P BBl 9 A2 ik it 6 5 UL A A2 Al b 4B AR — B, W)
R T AR RLE PR PR R AR A . 3R WD S WL (B 22 (8] B9 R® AT Ens 43 5112k 0.76 F1
0.75 ; BRI AT E HERRBEFE bR P-factor=0.6 Fil R-factor=1.03 . B UFHARIUE 5 WLMI{E 2 6] f4 R*FI Ens 4371
KE]T 0.68 Fl 0.64 ; B (R ASH E PERR B 545 P-factor Fll R-factor 73514 0.68 F10.64, X FH A 57 i # 2
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