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Simulation and analysis of rainfall-runoff processes in karst catchment and their
response to changes in dry-wet conditions
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Abstract: To clarify the rainfall-runoff response patterns in karst catchments and the mechanisms by which they are influenced by dry
and wet conditions, a semi-distributed rainfall-runoff model was developed based on the V2Karst model. The developed model provides
methods for calculating the consumption of epikarst water by vegetation transpiration and the convergence of groundwater flow through
underground conduits. The model was applied to the Yangchang River catchment, a typical karst catchment in southwestern China, to
verify its accuracy. The results show that the developed hydrological model for the karst catchment can effectively characterize the
dynamic processes of discharge at the Yangchang River catchment outlet, evapotranspiration, and terrestrial water storage. During the
dry season, runoff primarily comes from small fractures and dispersed infiltration in the matrix (82. 1%). In the wet season, the
hydrological connectivity of large fractures increases, significantly contributing to runoff. During the wet season, vegetation roots tend to
consume shallow soil water (82. 8% of total transpiration) , whereas in the dry season, the epikarst water contributes more to vegetation
transpiration, with its proportion increasing to 35.9%. Dry and wet conditions have a significant controlling effect on the hydrological
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connectivity of the karst catchment and the storage in different medium layers, thus affecting the flow paths and the water source for
vegetation transpiration.

Key words: karst catchment; rainfall-runoff response; dry-wet conditions; semi-distributed model; the Yangchang River catchment
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Fig.1 Structure of a semi-distributed rainfall-runoff model for a karst catchment
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Fig.5 Simulation results of monthly evapotranspiration and terrestrial water storage

3 ARETFEFHTHER-RREMNSH

3.1 FEWM NSRS T IR 5 4 e Bz 45 1E

F ST 12 0 A R, B BT AR SR I I 2R (5—9 ) FIR 2R (10—4 J) BER A B & XA B %
o BEREW R P ABE R 79. 6 mm, R, A Q,,, SEFEA R PGEE P ABE (R, N
25. 1mm, R, , AR HMEA B (R,,) N 54. 5 mm; 25 AP AB AR 11,7 mm, Hrfrpd fig kA%
AR 2.1.9. 6 mm, BTN 2011 4R [ KRR 698 mm , At ZKAE | 2014 4E4E /K 8 1403 mm, A F
IKAE, BLABLEE BB A K AR I 28 7 2 PR A v A8 R S 4 M ARS8 430008 515, 9 mm; R4 51N
0.6.3.5mm, F/KFEFZET PP ih A8 Fg 35 8ot A B 400 47. 6 .84 mm; 2253518 3.1,
15. 1 mm,

I ST L 3K S S P T R K K R R S AR s A AT IR R DT SR A R R B
FEIMN T ZE LR R M RIZ AR A B =Y LR L 88. 8%, HIEHAUE B T AR R K 25 7



CIRE] WrRom L, &5 s S0 R U el A R A U e e B X 3 A 1A A e oz A4 23 A 47

(PR Z= AR 2 2 4K 2091 9 853. 6 mm A1 201, 5 mm) 1345 7 00 3 384 42 T+ S8 RN 26 2 S i B ik
T 5, MRPEBRNGE XA AR TR o A TR , I3 AR T 3 ok A 4/ N BRI 35 o 11 18 5 A 35 b
(i 82.1%) o L AT LIHEWT , S B /K 2K LA AR | 0 2 Bt 553 3 A 1 1) Dl O R G2 35 AR
LK A0 A T AT S A5, S D I AR G I A I Tk R A (17. 9% ), T ZEHL R KK A7 B
T, KSR SO 38 1 G 8, b o, N e R v i K IR R v 3 3 e Y KT R R K SR LI A B A
SN E BN T MR SR A PR U, TR R I R X AR U TR R & 31, 5%, AT
W55 7S B AR 0 T SRR A T B9 AR K 43 R IR 5 253 AR R
3.2 FEEHMTBEESEREASHEME

WFFE I 2 A 2880 B8 80. 9mm , 22354 24. Tmm,, Ho FNZ H FH Az LR LR L
H ZEBESNHN0.57.4 73 mm, 22050 0.2.2.8 21. 7Tmm (& 6) . WZERHAKFEN, V-2 3Kz
A 60. Smm, (FZE M S 82. 8% , B i B T RIZ AWK R (12. 5mm) . 3, AP 50K ZE 1
TN 13.9mm, RIZEEKFEE R 7. 8 mm WP 3 IR EUK 43 F T 2815 9 LB RR AR (64. 1% ) , R B 3%
AR Ky LB N 2 35.9% (& 6)

160

120 +

80 ||

ZEHCR 1t/ (mm/ H)

40t

2006-12-01 2008-12-01 2010-12-01 2012-12-01 2014-12-01 2016-12-01 2018-12-01
H 19

6 ZERAZEWRKREANRAS T (RMUFHE)
Fig. 6 Dynamics of monthly evapotranspiration and its different components ( simulated average values)

AP ZE SR , At k-5 2% A i A2 W o /K A T I 484 00, 92K T i e /K ) G0 D e A O R
PRE IS (ETE RN 20% ~57%) , AEZEHIUK i 5 K i LUAE I8N, r R HE IR, 52 [ 7 = 3l 2 ), B
DK BEEEAR X T8 R | AR 28 R B 52 e (UMK BHAR S ) S0 225, [RTIRT 94 R g 30 e DX J2R A, A 2%
WEBRIEFE KA, L THFER 2 A i RBUK 0 RS 2 3R 2 Al K R A R R R
AR B2 A8 B (B W) R 25 R AL MR Ak o0y AR eI B 28 5, W 235, DIREJR & K&K
(254. 3 mm) , WS ARG K A 7K 3 300 555, ABLRSORR 2R 0050 i) Y FE TR LMK (15 A8 B9 82.8%) ; 7%, KR
T HOKE R, K o e 3 i R o0 AR AR T e IO TR B R B A SRR R AR A DR, R A T
KT R AE R ZE I STRRIG I, LU BRI 2 35. 9%, 1451815 Rong %52 1 v [] V4 g W& 075 WA HEE L 4ol 1o 0 4
(R R A SR AE K SRR 1 45 AR B

4 &

a. FET V2Karst BEAIHER 25 11 T HE RS IE THAER)Z A i il Ak o USROS A B AT 07 1 M 1
W SO A S AR I 0 A T AR R | IR B A A S0 R 0 e DA Sl e R A e A

b BRI SIOK SO PRl T KR AR SRR S A BA B E R . 3 S K2 KA R
B, L A bR K A T - T T R AR I R Ok A A DR BRI TR B A . T
TAKAKAL BTt RZREBE /K SO PRG3R 0 A28 i 1) DTk A 25

c. VBN M K 73R IRSZ TRRAF R R B2, T 28 MK & 8K, MK o ke s, MW 1
1] TR FEHR = LK FFRIR KA AR B X 22 iy 2K A8 R e 3110 S 26 o

SE Lk

[ 1] FORD D, WILLIAMS P. Introduction to karst{ M]. Chichester:John Wiley & Sons Ltd. ,2007.
[ 2 ] LIU Ruitong, WANG Jinguo, ZHAN Hongbin, et al. Influence of thick karst vadose zone on aquifer recharge in karst formations



48 WK E el (AR RS R ) CURRE

[J]. Journal of Hydrology,2021,592.:125791.

[ 3] M, 3kEA, e, 45 FFHLa = M PE R A VA R AR 9T [ 1], Hh A%, 2024,43 (1) :48-56. (MA Congwen,
ZHANG Zhicai, CHEN Xi, et al. Modelling karst spring flow in Southwest China based on machine learning[ J ]. Carsologica
Sinica,2024,43( 1) :48-56. (in Chinese) )

[ 4 ] ZHANG Zhicai, CHEN Xi, CHENG Qinbo, et al. Storage dynamics, hydrological connectivity and flux ages in a karst
catchment ; conceptual modelling using stable isotopes[ J]. Hydrology and Earth System Sciences,2019,23(1) :51-71.

[ 5] HARTMANN A, GOLDSCHEIDER N, WAGENER T, et al. Karst water resources in a changing world ; review of hydrological
modeling approaches[ J]. Reviews of Geophysics,2014,52(3) :218-242.

[ 6] VR, #a41] ubh. £ 8 2w 30T Ry /K SCRE TR ARG 8 K2 ORI [ 0], K BE IR A 47,2017, 33 (2) :37-42. (XU Boliu, DONG
Zengchuan, HONG Xian. Lumped karst hydrological model and its application[ J ]. Water Resources Protection,2017,33(2) :
37-42. (in Chinese) )

[ 7] WEILER M, MCGLYNN B L, MCGUIRE K J, et al. How does rainfall become runoff? A combined tracer and runoff transfer
function approach[ J]. Water Resources Research,2003,39(11) ;1315.

[ 8 ] ZHANG Zhicai, CHEN Xi, SOULSBY C. Catchment-scale conceptual modelling of water and solute transport in the dual flow
system of the karst critical zone[ J]. Hydrological Processes,2017,31(19) :3421-3436.

[ 9] ska, R, sk, 55, A% A i 0 A sOK SCRERS[ 7). K BRI AR-47, 2022, 38 (1) :43-51. (ZHANG Ke, ZHOU Jiaqi,
ZHANG Qinuo, et al. Grid-based karst distributed hydrological model[ J]. Water Resources Protection,2022,38( 1) :43-51. (in
Chinese) )

[10] ZE3h 58, 2R, FMUTa. r [ 200 3 55 WRE-Hydro HE 8 S 4UBURE 7387 [ 7. T0 ¥ 224 ( A SR BH2= R , 2023, 51
(5) :1-8. (LI Zhijia, GONG Junchao, SUN Mingkun. Parametric sensitivity analysis of WRF-Hydro model in a semi-humid
watershed of China[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(5) :1-8. (in Chinese) )

C10] SRaEA B, A0 U1, 45, g S0 A 3 de A K SO Y R Al A 25 K SCRORE [ 1] K Bk E i, 2009, 20 (6) - 806-811.
(ZHANG Zhicai, CHEN Xi, SHI Peng, et al. Distributed hydrological model and eco-hydrological effect of vegetation in karst
watershed[ J ]. Advances in Water Science,2009,20(6) :806-811. (in Chinese) )

[12] WANG Y, BRUBAKER K. Implementing a nonlinear groundwater module in the soil and water assessment tool (SWAT) [J].
Hydrological Processes,2014,28(9) ;:3388-3403.

[13] PARDO-IGUZQUIZA E, DOWD P, BOSCH A P, et al. A parsimonious distributed model for simulating transient water flow in
a high-relief karst aquifer[ J ]. Hydrogeology Journal,2018,26(8) :2617-2627.

[14] PAN Xiaodong, FANG Yuchao, LAI Yong, et al. Three-dimensional numerical modeling of water distribution tunnels in karst
area[ J]. Arabian Journal of Geosciences,2020,13(23) :1242.

[15] DOUMMAR J, SAUTER M, GEYER T. Simulation of flow processes in a large scale karst system with an integrated catchment
model (Mike She) :identification of relevant parameters influencing spring discharge[ J]. Journal of Hydrology,2012,426-427 .
112-123.

[16] BIRK S,GEYER T,LIEDL R,et al. Process-based interpretation of tracer tests in carbonate aquifers[ J]. Groundwater,2005,43
(3).381-388.

(177 285, W, SKIRT A5 T RS R 200 Tk e W A28 U /K S A8 K R kK Tt o g I [ ) i DR 2 24l (A AR L2
fR) ,2017,45(6) :471-480. ( LI Zhijia, YAO Cheng, ZHANG Ke, et al. Research and application of the high-resolution rainfall
runoff hydrological model in flood forecasting[ J ]. Journal of Hohai University ( Natural Sciences) ,2017,45(6) :471-480. (in
Chinese) )

(18] MBPRIR , Wi . v 22 VIS B 7 2 YT A T 3 8 149 17 FH 55 5 [ ) {0 o 24l ( AR B2 1) , 2012, 40 (1) £ 109-112.
(HAO Qingqing, CHEN Xi. Application and improvement of Xin’ anjiang model in Dumu Watershed of Wujiang River Basin[ J ].
Journal of Hohai University ( Natural Sciences) ,2012,40(1) ;109-112. (in Chinese) )

[19] JUKIC D, DENIC-JUKICV. Groundwater balance estimation in karst by using a conceptual rainfall-runoff model[ J ]. Journal of
Hydrology,2009,373(3/4) ;:302-315.

[20] XU Chaohao, XU Xianli, LIU Meixian, et al. An improved optimization scheme for representing hillslopes and depressions in karst
hydrology[ J]. Water Resources Research,2020,56(5) :e2019WR026038.

[21] LADOUCHE B,MARECHAL J C,DORFLIGER N. Semi-distributed lumped model of a karst system under active management
[J]. Journal of Hydrology,2014,509.215-230.

[22] B 13, XI5, Tk, 25, HEC-HMS BEALAEA R K SCUG XA RYBGIE [ T ] T R4l ( A SRR RR) ,2023,51(2) -



CIRE] WrRom L, &5 s S0 R U el A R A U e e B X 3 A 1A A e oz A4 23 A 49

26-34. (YANG Zijing, LIU Pan, WANG Qifeng, et al. Application of HEC-HMS model in different hydrometeorological regions
[J]. Journal of Hohai University ( Natural Sciences) ,2023,51(2) :26-34. (in Chinese) )

[23] OLLIVIER C, MAZZILLI N, OLIOSO A, et al. Karst recharge-discharge semi distributed model to assess spatial variability of
flows[ J]. Science of the Total Environment,2020,703;134368.

[24] SARRAZIN F, HARTMANN A, PIANOSI F, et al. V2Karst V1. 1; a parsimonious large-scale integrated vegetation-recharge
model to simulate the impact of climate and land cover change in karst regions[ J]. Geoscientific Model Development,2018,11
(12) :4933-4964.

[25] HARTMANN A ,BARBERA J A, LANGE J, et al. Progress in the hydrologic simulation of time variant recharge areas of karst
systems ; exemplified at a karst spring in Southern Spain[ J]. Advances in Water Resources,2013,54;149-160.

[26] HARTMANN A ,GLEESON T,ROSOLEM R, et al. A large-scale simulation model to assess karstic groundwater recharge over
Europe and the Mediterranean[ J]. Geoscientific Model Development,2015,8(6) :1729-1746.

[27] MONTEITH J L. Evaporation and environment[ J]. Symposia of the Society for Experimental Biology,1965,19:205-234.

[28] QUEREJETA J I,ESTRADA-MEDINA H, ALLEN M F, et al. Water source partitioning among trees growing on shallow karst
soils in a seasonally dry tropical climate[ J ]. Oecologia,2007,152( 1) :26-36.

[29] RONG Li, CHEN Xi, CHEN Xunhong, et al. Isotopic analysis of water sources of mountainous plant uptake in a Karst Plateau
of southwest China[ J ]. Hydrological Processes,2011,25(23) ;3666-3675.

[30] 7500, EHEAS  ATEIR , 55 75 D g WrRe e pk 4 AR YK 73 R IR I R ML 28 4 HT [ 0] MRl B2 ,2012,48(7) < 14-22.
(RONG Li, WANG Shijie, YU Guosong, et al. Stable isotope analysis of water sources of four woody species in the Libo karst
forest[ J|. Scientia Silvae Sinicae,2012,48(7) :14-22. (in Chinese) )

[31] ARIAER. B = F00 b i A3 i % S AB 28 A A0 b i R PR A I R) i BB [ D). 5B SN IR 2%, 2022,

[32] KLING H, FUCHS M, PAULIN M. Runoff conditions in the upper Danube basin under an ensemble of climate change scenarios
[J]. Journal of Hydrology,2012,424-425.264-277.

[33] CAI Lianbin, CHEN Xi, HUANG Richao, et al. Runoff change induced by vegetation recovery and climate change over
carbonate and non-carbonate areas in the karst region of South-west China[ J]. Journal of Hydrology,2022,604.127231.

[34] FREER J, BEVEN K, AMBROISE B. Bayesian estimation of uncertainty in runoff prediction and the value of data;an application
of the GLUE approach[ J]. Water Resources Research,1996,32(7) :2161-2173.

[35] WU Songjun, TETZLAFF D, YANG Xiaogiang, et al. Integrating Tracers and soft data into multi-criteria calibration .
implications from distributed modeling in a riparian wetland[ J ]. Water Resources Research,2023,59(11) ;e2023WR035509.

[36] WA, SRIEFY , RIGIL, 4F. 2002-2021 4F i [5] fli K fif it S AL 7 A A o0 [0 . K B4R 37, 2023,39(3) £ 170-178.
(CHU Jiangdong, SU Xiaoling, WU Haijiang, et al. Analysis of terrestrial water storage and its component changes in China
from 2002 to 2021 J]. Water Resources Protection,2023,39(3) :170-178. (in Chinese) )

[37] ZHANG Zhicai, CHEN Xi, CHENG Qinbo, et al. Characterizing the variability of transit time distributions and young water
fractions in karst catchments using flux tracking[ J ]. Hydrological Processes,2020,34(15) :3156-3174.

[38] ABHEHL, FHEA, ZF00. IR XL Jm AR MK 0 R IRDEFE [T ], HER 53R 5, 2012,40(2) : 154-160. (DENG Xiaogi, WANG
Shijie, RONG Li. Study on water sources of proper plant species in karst areas[ J]. Earth and Environment,2012,40(2) :154-
160. (in Chinese) )

ek B 1912024 -04 - 10 Zdl . X B )



