5542 B 14 ) S &~ £ Eild Vol.42,No.14
2022 4F 7 A ACTA ECOLOGICA SINICA Jul.,2022

DOI: 10.5846/stxb202106291724

BRI, X B, MY, 3B, e, R AR T SWAT A58 % 3 ) Y dal A A5 A h K BFE AR 25241k ,2022,42( 14) :5778-5788.
Jiao L J, Liu R M, Wang L F, Dang J] H, Xiao Y Y, Xia X H.Study on ecological water supplement in Fenhe River Basin based on SWAT Model. Acta
Ecologica Sinica,2022,42(14) .5778-5788.

BT SWAT =B g 53 A i 480 A 5 40 7K B 3%

BmWE R IS e H et 2
1 AE TR RS R 2 B, K RS UL R T 9 s, bt 100875

2 PR KA e ST T, P 030600

3 WP A AR MR, SR L, KR 030027

4 PEAO KA BRI R 2B, i 030600

FE . BEE NS R &R H 2538058 , 038 0088 T A AR R Tt B, A S HKOR B s A 25 2R o fil e 10 o 22
HILIR B, Ll PG4 Uil 5 38 R B 5T 1X, 36 4R RN S 42 SR 48 , R SWAT #5520 43 B4 T Ji B 30 4F K 4R 48 i Fn
10 AR B R KGO0 T BURAS TEAd B, HRAE ML IR L X e A%Vl 3 2E 2 B S R AR T A T B s Ak R TR R AR A
AR T A S BOK EAERT R 2 [8] AR O, WFFE 25 SRR . (1) I Tl it 38 2% ) 1 A 28 I e o) 28 25 5 B g, VRO ( 0.50—
18.80m°/s) [l AL B B TR B & TR (0.05—1.81m*/s) , BRI A B AE 4 b R T 7 F B 235 (2) £ Tennant
R AE B RARIE T, Y inD s A A 25 0 O 7 DU A P U, e K X R B A A e 300, 2 b R amil oA
(3) TE PSP TREARE T, TSR0 849% 11 X 35k BE P B 36 A 2B 25 2 T R, S BB XAy Sl g ¥ Ly B B ¥ vl b X
(4) BRI 2SR K AR B ) 0] 2 PR K 253 ) 0] 2 v A i DX 35 s 2 BRK T B 4 43 A SRR 43 B 5 7 0 /K
YRR, SR K GEER FARCR . FFE M ZS a7 B iRk TR ST )5 A S T R AR, AT LA ARSI i Bk e R4
PR YR T

KR AR AT SWAT MR ARSI ; B TR K 5 AR kK

Study on ecological water supplement in Fenhe River Basin based on SWAT

Model
JIAO Lijun', LIU Ruimin" ", WANG Linfang®, DANG Jinhua>*, XIAO Yanyan®, XIA Xinghui'

1 State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China
2 Sorghum Research Institute, Shanxi Agricultural University, Jinzhong 030600, China
3 Shanxi ecological environment monitoring and emergency support center, Taiyuan 030027, China

4 School of resources and environment , Shanxi Agricultural University, Jinzhong 030600, China

Abstract: Facing the increasingly serious water shortage problem, with the increasing demand for water resources, the
development and utilization of rivers by human beings have been enhanced, which significantly changed the natural
hydrological process of basins. The basic ecological water demand of rivers cannot be guaranteed, and the shortage of
ecological water supply has become an important factor restricting the health of watershed ecosystem. In order to effectively
guarantee the river ecological flow, the Soil and Water Assessment Tool (SWAT) model was used to simulate the natural
runoff and the current runoff process with inter basin water transfer in Fenhe River Basin of Shanxi Province based on the
natural and measured hydrological data. First, based on the SWAT model, the monthly natural runoff for about 30 years and

the monthly current runoff after the implementation of inter basin water transfer projects in recent 10 years were simulated in
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the Fenhe River Basin. Second, based on the improved Tennant method, the ecological flow values under different
ecological flow criteria were quantified in each river channel in flood season and non-flood season. Last, the temporal and
spatial distribution characteristics of ecological flow and ecological water shortage were analyzed in the whole basin. The
results showed that: (1) the ecological flow of each channel showed significantly temporal and spatial differences, with the
values were 0.05—1.81 m’/s for non-flood season and 0.50—18.8 m’/s for flood season. The overall distribution
characteristics were that the ecological flow in the middle and lower reaches was much higher than that in the upstream
tributaries. (2) Under different ecological flow criteria of Tennant method, the satisfaction of ecological flow in non-flood
season was better than that in flood season, and the areas with high-frequency of water shortage were mainly distributed in
the upstream and downstream tributaries. (3) Under the medium-level environmental flow standards, about 84% of the
basin could guarantee the basic ecological flow demand, and the key water shortage areas were Lanhe, Xiaohe, Fushan
County and Huihe River basin. (4) The ecological water supplement of the basin should focus on flood season in time and
areas with high frequency of water shortage in space, and the water resources of inter-basin water transfer projects should be
allocated based on the spatial and temporal distribution characteristics of ecological water deficiency to improve the
utilization efficiency of water. In conclusion, this study quantified the satisfaction degree of ecological flow after the
implementation of inter basin water transfer projects in time and space, which can provide effective guidance for watershed

waler resources management.

Key Words: ecological flow; SWAT model ; natural runoff; inter basin water transfer; ecological water supplement
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Fig.1 Division and numbering of sub-basin of Fenhe river basin
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Table 1 Datasets and their sources for building the SWAT model in Fenhe river basin

B2 A Data types HAE Data description S IE Data sources
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Table 2 Flow percentages of different eco-environmental standards
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g3 AR e Sl E 2T o
Types Parameter name ~ Parameter definition Types Parameter name ~ Parameter definition
W Flow CN SCS & th £ R 8k FH¥Y) Vegetation ~ EPCO FHY 7% M A M 2R BN
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GWQMN TR T K R R SOL_AWC TIEEAE R KR
GW_DELAY Hb R 7K AE R B[] SOL_BD T
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Table 4 Calibration results of parameters
SRR RIREI A E(H S 2 5 p
Parameter name Calibration value of natural model ~ Calibration value of actual model
CN2 58.07 39.31 0.00
ALPHA_BF 1.06 0.69 0.00
GWQMN 3573.14 3585.82 0.20
GW_DELAY 355.53 370.51 0.58
GW_REVAP 0.03 0.29 0.50
REVAPMN 22.67 447.10 0.11
EPCO 0.72 0.97 0.03
SOL_K -665.58 -314.29 0.00
SOL_AWC 0.45 -0.14 0.00
SOL_BD 1.57 1.68 0.39
ESCO 1.02 1.18 0.18
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Fig.2 Scatter plots of measured and simulated natural monthly runoff
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Fig.3 Scatter plots of measured and simulated actual monthly runoff
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Fig.6 Comparison of current and natural monthly discharge of Fenhe River in different hydrological years
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Fig.7 Spatial distribution of ecological flow in Fenhe River Basin
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Fig.8 Spatiotemporal distribution of water shortage under different ecological environment standards
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Table 5 Ecological water supplement demand of Fenhe River Basin under medium ecological standard

HEBRMK U Flood season
Ecological water supplement JR) ey TR )
HahKiE Monthly water replenishment/ ( X 10* m? ) 19 15 15 68
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