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Abstract: Canopy interception is an important part of forest ecological hydrology. The SWAT ( Soil and Water Assessment
Tool) model is relatively rough in its simulation process. In order to describe the canopy interception process more precisely
in the hydrological simulation of the watershed, a semi-theoretical canopy interception model ( Gash model) is used to
couple with the SWAT model, and the forest canopy interception module of the SWAT model is optimized and improved with
the Tianshan forest area as the research area. Through comparative analysis of the simulation results before and after the
improvement, the results show that: 1) the coefficient of determination (R*) of the SWAT model and the SWAT-Gash
model are 0.59—0.83 and 0.65—0.86, respectively. The Nash-Sutcliffe efficiency ( NSE) values are 0.58—0.82 and
0.63—0.85, respectively. The percent bias (PBIAS) of the two models is 7.2%—17.1%. These results reveal the improved
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performance of the proposed SWAT-Gash approach over the existing approach for catchment-scale streamflow estimation; 2)
Compared with the outfall runoff data, the root-mean-square difference (RMSD) values of the SWAT model and the SWAT-
Gash model are 3.49—7.80 m*/s and 3.22—4.68 m’/s. Pearson correlation coefficients of the SWAT-Gash model during
the calibration period and the verification period are 0.93 and 0.81, respectively, which are higher than the SWAT model’s
0.91 and 0.77; 3) Uncertainty analysis based on quantile regression (QR) shows that the P factors of SWAT model and
SWAT-Gash model verification period are 0.93 and 0.96, R factors are 1.26 and 1.19, and the average width of 95%
uncertainty confidence interval is 13.50 m’/s and 12.86 m’/s, respectively; 4) The monthly average surface runoff of the
SWAT model and the SWAT-Gash model during the verification period are 6.55 m’/s and 8.50 m’/s, respectively,
indicating that the original SWAT model would overestimate the canopy interception in this watershed. This paper takes the
forest area in the middle section of the northern slope of Tianshan Mountain as an example to simulate the canopy
interception of spruce forest. Although the requirements for model input data are increased and the collection of canopy
interception data increases the uncertainty of model simulation, the accuracy of hydrological simulation based on physical
processes in this study area is improved significantly, and the improved model is more consistent with the measured runoff
data at the mountain pass. It can provide a more reliable basis for water resources management in small watersheds in

Tianshan forest area.

Key Words: Gash model; canopy interception; SWAT model; runoff simulation; spruce forest

TERRMAEZS R G R/ B0 MR P | 28 2 o T RS T 25 =870, Hoh e i B 7 I R
G K SR FIK S P e A E BT, 29 5 B K 1Y 20%—40% "', I, 7E R SWAT A8 g
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Table 1 Distribution of rainfall in forest canopy layer

B ] W g2l W B ] W B e
Date Precipitation/mm  Throughfall’/mm  Interception/mm Date Precipitation/mm  Throughfall/mm Interception/mm
7.17 3.44 0.14 3.30 8.2 9.6 1.63 7.97

7.20 7.26 2.06 5.20 8.12 15.39 4.81 10.58

7.24 24.49 6.91 17.58 S Total 66.99 17.14 49.85

7.28 6.81 1.59 5.22
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F2 SWAT #E 5 SWAT-Gash #EE B ES
Table 2 Sensitive parameters of SWAT model and SWAT-Gash medel

5 SRR B SWAT BUfif SWAT-Gash HUfH
Order Parameter name Value range Fitting value of SWAT model Fitting value of SWAT-Gash model

1 CH_K2 (5,130) 26.97

2 CN2 (-0.2,0.2) 0.05 0.09
3 SOL_K (-0.5,0.5) 0.46 0.19
4 SOL_AWC (-0.5,0.5) 0.40 1.40
5 ALPHA_BF (0,1) 0.71

6 REVAPMN (0,500) 68.53

7 GWQMN (0,2000) 1437.05 194.98
8 GW_DELAY (0,500) 298.70

9 SMTMP (-5,5) 4.82 -2.21
10 SFTMP (-5.5) 2.39

11 SURLAG (0.05,24) 10.67

12 TLAPS (-8,0) -3.43

13 SLSUBBSN (-0.2,0.2) 0.20 0.02
14 ALPHA_BNK (0,1) 0.69
15 CH_N2 (0,0.3) 0.11
16 GW_REVAP (0.02,0.2) 0.06
17 TIMP (0,1) 0.03
18 PLAPS (30,150) 18.30
19 CH_KI1 (0,300) 115.24
20 CH_N1 (0,30) 23.53
21 DEP_IMP (0,6000) 5308.73
22 EVPOT (0,2) 0.95
23 EPCO (0,1) 0.15

SWAT ;7K £ 374# T.H Soil and water assessment tool ; CH_K2 ; =136 4 3755 74X Effective hydraulic conductivity in main channel; CN2 . #23i iil
228 Curve number of moisture condition II ;SOL_K . 1132 3% % ${ Hydraulic conductivity of the soil; SOL_AWC: T HE4 50 % /K% Available water
capacity of soil layer; ALPHA_BF ; 3£ o T Baseflow alpha factor; REVAPMN ; % A= .28 & 11 2 35 7K J2 K AL B Threshold depth of water in the
shallow aquifer to “revap” to occur; GWQMN ; &A= [l =37 A4 ¥ )2 7 7K JZ KA {1 Threshold depth of water in the shallow aquifer required for return flow
to occur; GW_DELAY ; Ht F /K [A] ZE3R Groundwater delay; SMTMP ; il %5 3 Snow melt base temperature ; SFTMP ; {55 3£ Snowfall temperature ;
SURLAG ; Mb 3R A2 T i J5 52 20 Surface runoff lag time; TLAPS: i I E 75 % Temperature laps rate; SLSUBBSN: V-3 3 £ Average slope length;
ALPHA_BNK .V %5 53 o 7 Baseflow alpha factor for blank storage; CH_N2: F27[ i 2 7* 524X Manning’s "n" value for the main channel; GW_
REVAP i F /K 28 & %L Groundwater “revap” coefficient; TIMP ; 55 il BE it /5 [l ¥ Snow pack temperature lag factor; PLAPS; [ 7K 2 Fi A5 %8
Precipitation laps rate; CH_K1; % A %05 1% 28 Effective hydraulic conductivity in tributary channel alluvium; CH_N1; 3 7 8 7° & % Manning’s "n"
value for the tributary channels; DEP_IMP ; 13 AR % /K )2 % Depth to impervious layer in soil profile; EVPOT: & 7C B % £ U pothole evaporation
coefficient; EPCO : HiH WIS AME T Plant uptake compensation factor

£33 REZRELIFEMIER

Table 3 Evaluation index of model runoff simulation

fi sy HHE] Calibration IE Validation

Model NSE R? PBIAS NSE R? PBIAS
SWAT 0.82 0.83 11.5% 0.58 0.59 9.7%
SWAT-Gash 0.85 0.86 -9.2% 0.63 0.65 -17.1%

NSE : 503 Z ${ Nash-Sutcliffe efficiency;l‘?2 RSE R B coefficient of determination ; PBIAS : AH Xl 25 22 5L percent bias
EPESHHE 2 H SR [z A AP AR, AHOC R BERR LU SE AR S s A RUSCALLE 22 ] Y OC
2, R FARFEAET 8] 75 E AL, SWAT-Gash 55U 7 A5 v 11 5 56 3E 399 A8 40 56 R 805 314 0.93 Fil
0.81, T SWAT BL7U Y 0.91 F10.77, AHEET SWAT ARLAY | ol AR 76 7 A o 300 R0 561 SRS 400 v O 1 R B 0 O
fngEi .
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