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Fig. 1 Geographical location of the study area

Table 1 Data details and sources
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Fig. 2 Modification process of SWAT model
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A A SWAT-CUP X 4& 1E 1l Ji A AR K 2 54
HEATREURAE 2 AT, RS VA JE SUFL-2, BUSME Y 9 55
HH t-Stat £l P-value2 /™ K6 36 (B 2k 2 7%, t-Stat 4 XF {H
K H. P-value {E#3ET T 0, 2 B0 i =™
FUEAB TR 200 . BUGERES R G, BT
SWAT-CUP T H #1352 550 % A 381 1y 3
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W RS 8. T LLA i, HRU SLP 2 Ji 4f
SWAT #5872 AR I U I S 80, TR B I
Jr AR rh, - HEAH C 24 SOL_BD #l SOL_CRK
Xof b A I S R B R R 3, LR, CANMX, CN2,
GW DELAY. LAT TTIME %5 Z: % b 2 B0 H 4% i
HIRURNE . SWAT AMEIEJ5 19 SWAT BRI, 455
B R HE )Y B B AR . SOL_BD. SOL_CRK,
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Table 2 Comparison of parameter sensitivity

P— S¥a Y W BEIESWAT JFIASWAT
t-Stat P-Value He# t-Stat P-Value He#
SOL_BD(..).sol TERERAE [-0.5,0.5] 9.14 0.00 1 0.89 0.38 7
SOL_CRK.sol - TV A e KRB A [0, 1] 261 0.01 2 1.24 0.23 3
CANMX hru B RARRRE [0, 100] 2.07 0.04 3 -0.90 0.38 6
CN2.mgt SCSHR M4k [-0.5,0.5]  -1.44 0.15 4 0.30 0.77 16
GW _DELAY.gw HF K i i s 1] [1, 500] 1.40 0.16 5 -0.76 0.45 10
LAT TTIME.hru 0 1) 32 )32 B st ] [0, 180] 133 0.19 6 0.21 0.84 17
SLSUBBSN.hru RGN [10,150]  —0.98 0.33 7 0.01 0.99 21
HRU_SLP.hru Y [0, 0.6] 0.8 0.42 8 —4.02 0.00
CH_N2.rte FI ST R [0, 0.3] 0.05 0.96 9 1.37 0.18 2
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AIEY R2 24 0.37, NSE & 0.32; 1M 14 1F J5 #% 8 /Y R2
47 0.58, NSE 4 0.60. 7] LI, & 1F J5 BB b 3

PETFT AT SRR AR, TR 2019 4F 1 1 H % 2019
AF 12 H 31 B AR AT 56 E, 48 T AR Y 1Y) 36 UE 1
R2 4 0.60, NSE 24 0.55, T Ji 4 B 780 (1) 56 0E 1 R2 Ky
0.56, NSE }y 0.52, WFHAY ) PBLAS ¥/ T 25%.
gERFW], B IE G Y SWAT BRI T IR i SWAT ##
R, JF FLAE IE A BRI T A RURS B R,
U, 38 3 24 PR AT A A& IE , AR T e 3R b
XA IAG S . —J7 R B TR USRS 4, 5
HEMIEGIA T AT BRI,
PR HARER T A/ N BUR A K S AR
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Table 3 Evaluation index of daily runoff simulation of the model

W EI
NSE R’ PBIAS NSE R’ PBIAS
Jili SWAT 0.32 0.37 22.5% 0.52 0.56 19.9%
BIE SWAT 0.60 0.58 21.0% 0.55 0.60 21.0%

REAY AR AL L AN 3 R, B IE R 1Y
SWAT AU 19 42 3 17 31 15 S B 2647 1 L%, ol
DAL S AR S0 ) 9 o AR R A — 3, SRS
1Y) SWAT #5284 i AL E AL T 5 iy SWAT AR (1) 42
TAERE o SR, X A R Ut I A HU IR AN R AR
it 2017 AEAR L AR LU AT AT, 48 1E S AL Y
WA A 55 S D P V(B AL 5 BB A 2, R R I AE AU 1Y
B RV AE AR /DN, ARAL T R A (1] 4), 302 i T
Frb g BA 5 T R AFLER R 4, 38 %W S 80K
Ay ] T A, R T I R B R

K5 ER T B IE)R B SWAT iR 5 SWAT
AR HORUEE B At it (A RIS A . A DG 3R B8k R Al
M AR PEAE I (R4 1 B AR, R R T AR I S
INBSCHE 5 A DU R (R 2 e ) 5 &R, g SR R B
IEJE Y SWAT R 2 5 R 90 1F A A A OC R 85003
4 0.61 F1 0.67, & F I i SWAT BLAL, & IE M
SWAT AL 55 Z AU (R?) 2 B0 ASEHLL(E AL (i
Z B RAFAROCE o A, MR S L
A3 A IE LT LA 8 1E 5 R AL B A2 S W (B AL T
JEABE TR AR

------ WLEIE ——Jf SWAT —— it SWAT

A
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B3 SWAT {REMEIERT SR REEMUTEL

Fig. 3 Simulation comparison of runoff capacity before and after the modification of SWAT model
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Fig.4 Comparison of runoff simulation in 2017
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Fig. 5 Scatter plot of runoff simulation before and after the modification of SWAT model

2.3 NZEWTE

- RSB P Y K S FE B B S A B 2 R
SRR AR R 4 A5, XX - HE A8 R AR R
R K B IR M T, H 3840 DA SR AR i T =X
T, 75— M AB HE AT, PR AB R,
TN B REIEFETN B A L RIE W K 1 F AR K SC
i AR, BB R 5 W A M R AR R - B AR k5
FERI L Ry T G A AT S BR A B R AR
I T HRU A B a5 8 &K & DL b £ 2 7
AR, R 4 PR, B IE G R R, 1
KEHSABREIEHLKER, MBERT S A RS
REKFR, HFEHMHABEH 0.23 mm i N #]
0.84 mm, 3§ /i 1" 3.65 fi%; ;7 A= (9 H ¥ i 3R AR U Hh
3.98 mm J& /0 F| 3.14 mm, A5 & B W80, #h £ %
W . R, S K & H 139.53 mm 34 0 £

% 4 HRU ERBEERIEHMNEEMMRER
Table 4 Infiltration and surface runoff of HRU
before and after the modification of SWAT model

o sidl ABE/mMm  HESKEMmMm R /mm
SWAT 0.23 139.53 3.98
fEIE SWAT 0.84 158.30 3.14

158.30 mm, ¥4 i1 1 18.77 mm. 7 H R E L (K 6),
TIEAB SRR R N G LT ARk, AB RN
e 38 n, S B0 R AR B EL IR AR . FERSEE IR
ZHT, U H P A B &R 27.57 mm, Hi R
4 242.82 mm, M7ERAVEIEZ 5, H P B A B EH
JnE] 102.38 mm, M F ARG 2 191.64 mm, FHXT
M5, MBI G RBRE A B 30 T 74.81 mm, Mk
BRI T 5118 mm, X -5 FH A9 25 SR — 2K, 150 BH
TE7- RS M, T IR R R R A A, bR AR
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Fig. 6 Changes of average monthly infiltration and surface runoff before and after the modification of SWAT model
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TEAF N S B PR AL, T 2 R 30 1 R KA T b
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AN o B IE G BRI s A B 1A W] R
s, R R AR . EENABRIT

KTHEEMEZE, UHREFENE NETT 5—8 H
By, BB ik 563.50 mm, Hith 6 A ABEEK,
iKE] 196.47 mm, 33X /2 PR R B 2R 90 3 & K, K 78
o MEZ R, 2 AmiBkEEfR/DN, ABRIUY
38.87 mm. ABHLGE DB AT,
SRR A () AR AR A FE AR AL o A [ o Y % - 38
A BANA R E A E R, BB Ini A BRI
FECE AR o B AKAEAS R (R RO 1 ) AR Ak Ay
TERE B T ABANA U etk . BRI 5, 4R
{75 3R )2 1 M R, B RR AR, A B MR
Z, N\BIEHTE %
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Fig. 7 Changes of monthly infiltration with rainfall before and after the modification of SWAT model
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il A& IEJ5 B9 SWAT BRI Vb 7 It (1 45 SR = ]
L TR 7 W B0 R A 3 R RS Y RV B IE SR
SWAT R i 5 1 A= i A8, 12 75 vk 9 3 R o2 FH AT
A RFE— Y0 UE . AFSE XU B i T B A S AR T
T 3.70 km’, - HLAFAE T 7K TR AL, B TR 5 78
BUHL T KGR, SR LEE A IR 2E

15 2 BUURR A 7 T8, A8 SO S AT 1Y) 2 B Bk
PEAFTE — B 22 5, RER I NBUUE R SOL_BD,
SOL_CRK, CANMX K CN2 SR E 7. 2

PRBA TS HOR T e v n] A AR A e R B |

FE AT R 7K &L 387K 43 DL ) SOL_CRK &%
SOL_CRK Z #0223 FL B (935 b, XFF Akt
TR R CEZE, F, Bk FHIA SOL_BD.
SOL_CRK UL 5 o 31X 5 Jafari B0 S 40U
P25 — 2O B S CANMX U 4 v 110
A AES W5 DX 114 AR 0 7 25 45 G, D3 rb bRl AT B
JE R LAY - MR 2R, (& R EE FLAY 91%, 1
Wy 5 J2 X6 B K IR AT T HEBT A, X AH A CANMX A
SRy ISR A S B B ON2 S I 42 AL B 1 A 0

FE LA b 3% Hh T BUZ 28 18] 45 44 i s e L X
B B R 40 1 S B AR 7 AR 8%, K K LA
BlwiE R E L 2Bk B T . RSB R,
KT B &, TE1B1E SWAT R[5 5 4475 HRU [Wkr
#fE SWAT(0.23 mm) # Lk, 182405 BB AU T A2
{E(0.84 mm) B Ry, 3 S B T 5 145 D 4ol B 5 3L ) 2 T
ANGIRT o R T 40 SR 2 i B R A i b K SC
R0 P 1o T, 3k S R A% A 5 B X4 TR 1 A N o
Flie 78 & w iR, EBOK B I IR, AF]
FAEBEA K

4 BR5RE

(1) SWAT L BUE IE J5 2 B UM HE P 5 7 i
SWAT # B W] W 1 22 7 o X TAEIE 5 py R AL,
SOL BD Hll SOL CRK 2 Xif Hl1 & 4% it 1A 34 5% W) e
K2 %50, Ik 4N, CANMX, CN2, GW_DELAY,
LAT TTIME /235 USRI S48, 13X 3 B 25Uk
JE AR AL SRR L B R K

(2)ffi & 15 A9 SWAT A58 750 Xef e 34 4 /1N 37 ek 2o
11 H R ML, 25 FE 320 AR e 0] R 27 7
0.26, NSE 2 T 0.23, 56 iiF 3] R” #2751 0.60, NSE

P E] 0.55, AR AT & IE MM AR i, BiBE IE
Je Y SWAT YA 56 45 S 1T X w5 Jr A4 b [X /NI 38 11
BB — e 5%

(3) ME 4 SWAT A Fb, A% 1E J§ HRU
A B BT 0.61 mm, M A2 5 AH X 8 20
0.84 mm, T3S KEHN T 18.77 mm, Ui BB IE )5
() SWAT AT A5 & A iR M IX AN A I . FF LA
B R R, RN R T R I, A R
ZAGHE

AHFSE R e SWAT 570 %o w45 7K A 34
TR PEATASEAEL, X S AR U Sl LA — i A
SR, AFF5T Bl dt SWAT MR 7E BRI A B it 47
2, 220 T e R AR A 2 AR
K SRR, R R 2% 2R R S s . I
A, W5 X/ N Y AR K T AR /N, I HL3Z B H I A
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Runoff simulation of modified SWAT model in karst watershed:

A case study of Yangjichong sub-watershed

YANG Li'"?, YANG Guangbin"?, LI Yigiu', LI Man"?
(1. School of Geography and Environmental Science, Guizhou Normal University, Guiyang, Guizhou 550025, China; 2. Key Laboratory of Remote

Sensing Application for Mountain Resources and Environment in Guizhou Province, Guiyang, Guangxi 550025, China )

In the karst area of Guizhou, many factors can limit the formation of surface runoff, such as developed

karst structures, strong rainfall leakage, rapidly changing hydrological processes, low water storage capacities, and lost

surface runoff through soil fissures, karst pipes and other pathways. Therefore, for the protection of the ecological

environment and the control of soil erosion in this area, it is of great significance for us to investigate the variation of

surface runoff in karst areas and the law of flow production. The model of Soil and Water Assessment Tool (SWAT) is
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a distributed hydrological model developed by the Agricultural Research Center, United States Department of
Agriculture (USDA-ARS), and it is widely used in the simulation and prediction of watershed runoff, sediment, water
quality and so on in different environments. However, due to the dissolution and erosion in karst areas, the
development of water systems and hydrological dynamics show great differences from non-karst areas. In general,
scholars' modification of the SWAT model mainly focuses on the modeling of karst features, but the SWAT model has
seldom been used in the study of the effect of soil fissures on runoff under wet conditions. Guizhou is located in the
subtropical monsoon climate zone, with concentrated precipitation, alternating wet and dry conditions. The soil in
Guizhou is characterized by strong expansion and contraction. Consequently, the fissure flow is developed from soil
fissures during rainfall. Even after rewetting, the soil fissures will not close, leading to significant water infiltration,
which in turn will affect surface-produced flows. However, in the original SWAT model, volume of fissures (volcr)
under wet conditions will close by default, and hence water cannot infiltrate. In order to make the conditions of SWAT
model closer to the real situation in the karst watershed, the calculation of the fissure volume in the SWAT model was
modified in this study to balance the wet and dry soil conditions to prevent fissure closure and to ensure that soil
fissures can be formed in wet soils as well. The modification process is as follows: the crack flow module was firstly
activated; then the maximum crack volume of the soil layer was calculated; finally, the crack volume on the simulation
day was modified in crackvol.f. Taking Yangjichong sub-watershed in Longli county as the study area, this study
modified the fissure flow module of the SWAT model and the representation of fissure infiltration, based on the
measured data from 2013 to 2019. Subsequently, a comparative analysis of daily runoff simulation before and after the
modification was carried out so as to make the results of surface runoff simulation closer to the actual situation of the
humid karst region.

The study results show as follows: (1) The Nash coefficient increased from 0.32 to 0.60 and the coefficient of
determination from 0.37 to 0.58 in the period of determining rate. In the validation period, the Nash coefficient
increased from 0.52 to 0.55 and the coefficient of determination from 0.56 to 0.60. These data indicate that the runoff
time series of the modified model is more consistent with the measured data, which can show a better applicability of
the modified model than the original one. (2) There are some differences in the parameter sensitivity of the model
before and after the modification, and the parameters SOL_BD, SOL_CRK, and CANMX are important to affect the
soil fissure volume. (3) The modified model improved the water infiltration capacity of the soil. The soil moisture
content was positively correlated with infiltration, and the surface runoff was negatively correlated with infiltration.
The average daily infiltration increased from 0.23 mm to 0.84 mm, an increase of 3.65 times; the average daily surface
runoff decreased from 3.98 mm to 3.14 mm, with a significant increase in infiltration and a decrease in surface runoff.
At the same time, the soil water content increased from 139.53 mm to 158.30 mm, an increase of 18.77 mm. (4) The
modified model showed a significant increase in infiltration and obvious seasonal differences, which was basically
similar to the variation of rainfall, that is, the larger the rainfall is, the more infiltration recharge becomes, and the more
significant infiltration is. The results of the study provide reference for water resource management in the karst sub-

watershed.

Key words modification of SWAT model, karst sub-watershed, soil fissure module, runoff simulation
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