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ABSTRACT

Introduction

Rainfall-runoff processes are among the most complex and nonlinear phenomena in
hydrology. In water resources management, runoff forecasting faces challenges in
ungauged watersheds. Many models have been modified to simulate runoff using
distinct input data. Recently, machine learning methods have been used for runoff
simulation. However, all these methods and models do not have the same efficiency in
runoff simulation. Therefore, it is important to identify the best model in terms of
efficiency and accuracy. In this study, the efficiency of lumped models and machine
learning methods was investigated in the Kabkian watershed.

Methodology

The Kabkian River is one of the principal branches of the Karun River. The area of the
Kabkian watershed is about 835 square kilometers. In this research, some lumped
hydrologic models such as AWBM, Sacramento, SIMHYD, TANK, and SMAR were
used to simulate runoff. Also, some algorithms in decision trees, artificial neural
networks, and support vector regression methods as machine learning methods were
applied to simulate daily and monthly runoff in the Kabkian watershed. Runoff
simulations were conducted using some packages of R software. Monthly and daily
discharge, precipitation, and potential evapotranspiration for the period between 1972
and 2022 were used, after the time series were reconstructed and tested for
homogeneity. In all methods, 70 percent of the data were used for training and 30
percent of the data for testing the models. The accuracy and efficiency of the methods
were examined using R2, the Nash-Sutcliffe coefficient, and RMSE.

*Correspondin Author: Zohreh Khorsandi Kouhanestani, E-mail: Khorsandi@asnrukh.ac.ir
How to cite this article: Khorsandi Kouhanestani, Z., Taatpour, F. (2025). Performance Comparison of Lumped Models and Machine Learning
Approaches in Discharge Simulation, Hydrogeomorphology, 12(42): 60 — 80.
DOI: 10.22034/hyd.2024.63280.1754

Copyright: © by the authors Publisher: University of Tabriz

60


https://orcid.org/0000-0001-6648-6355
https://orcid.org/0009-0005-5256-382X
https://doi.org/10.22034/hyd.2024.63280.1754
https://doi.org/10.22034/hyd.2024.62271.1745
https://doi.org/10.22034/hyd.2024.63280.1754
https://doi.org/10.22034/hyd.2024.63280.1754

Performance Comparison of... Khorsandi Kouhanestani, Z. and Taatpour, F.

Results and Discussion

Results showed that SMAR and AWBM, in comparison to other lumped models, have the best efficiency in the
simulation of daily discharge in the Kabkian watershed. The Nash-Sutcliffe coefficients for them in the test stage are
0.79 and 0.78, respectively, showing that these models have good efficiency in daily discharge simulation. Also, the
SMAR and AWBM models' Nash-Sutcliffe coefficients are 0.71 and 0.72, respectively, and the R2 for the two models
is 0.79 in the monthly time series. These values show that these models have good efficiency. In machine learning
methods, in the daily series, the random forest algorithm's R2 is 0.61 and has the best efficiency in comparison to other
methods. Also, in the monthly series, the random forest's R2 is 0.93, which illustrates good discharge simulation
efficiency.

Conclusions

The investigation of lumped models and machine learning methods efficiency in daily and monthly discharge simulation
in the Kabkian watershed showed that lumped models have better results than machine learning methods. All methods
couldn’t simulate peaks of daily discharge correctly. Additionally, SMAR and AWBM have the best efficiency in daily
simulation in this area. Among machine learning methods, the random forest algorithm performs with high accuracy in
monthly series discharge simulation. AWBM has better efficiency than other lumped models, but this model has lower
efficiency than the random forest algorithm.
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Table (2): The evaluation coefficients of the models used in the calibration stage of daily discharge simulation
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Ns /YA

AWBM Algorithm Genetic- Nash R? /A
RMSE YY /AN

Ns c/o¥

Sacramento Algorithm Genetic- Nash R? /YA
RMSE YA/ OA
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Sim Hyd Algorithm Genetic- Nash R? WAL
RMSE YY/AA
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Table (3): The evaluation coefficients of the models used in the calibration stage of monthly discharge simulation

Joe S &l - (gledings o5 el 2l Slade

Ns - IYY
AWBM SCEUA-Nash R? -Ivay
RMSE VAIFY

Ns -IF¥

Sacramento  Algorithm Genetic- Nash R? /YO
RMSE YEIY

Ns -/£Y
SIMHYD Algorithm Genetic- SSE R? -/Va0
RMSE YY/§

Ns -/f4
TANK Algorithm Genetic- SSE R? - [P FY
RMSE YAN S

Ns IV
SMAR SCEUA-SSE R? -Ivay
RMSE YAIA

o, 93d) (3l By, LSS s> j0 4 olo lis axlllas )90 dbg> ;o SACraMENto Joawe b ailjs, by, (6 3lwand ol

> o 50 glwans pl o g el oals ﬁl.?c.;l‘_g?wg;owgwlj > oy 1) oslwdcd o g i adgl Bus ebgd.w)

slale 6)L»w)0 ] 009 ’/&fs AN u.ufdawwt\.l}fo)éj ’/&wafog +/¥YQ Mw,«o W‘ﬁ

02283055 4 aal Sy +FF (55 QIS o pd Gy B ol 5 Sy ot oSl (s ldinge Gy b LSS Ad 50

70



VP Hle cFYLolad Y .A)_g.:csj}l)é)}ajj‘g)-\.:h

39 ol aobld g SluilrgS (guww 95 0y eyl (6 S0l s 9y 9 4z LSS s Jue (1) amslie

6l.msg.> W 5 jasice ddg> (pl 0 edld sdslive 5 0 g jlwdand 61-‘%50 Ao 3 L_GJS”L»:\;, UV [ KLY [ PR o W v @‘)LY
ady> ) Glaalie g oaligluand oo ¥ KL o calonis giluad (a9 allys, 5 ailale slaulide 51 SG g )0 2Shoe
Cewloss &1l Sacramento Jow 5l eolaiwl b LSS

(T Como Al g0 yo Sacramento Juo b Floalie g suls (g jlwand ailjgy bl Sl ,5 g, 00 5 s (V) S

Figure (3): Apart of observed and simulated daily hydrograph by Sacramento for verification period.
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Figure (5): Apart of observed and simulated daily hydrograph by TANK for verification period.
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Figure (6): Apart of observed and simulated daily hydrograph by TANK for verification period.

03,5 &8l alis, (o5 6 bt 1o |y S e SMAR Jos S sls Lis ooliiul 550 oo sl ow )8 byl LIS jsboas
4 AWBM 4 SMAR sl Jow .aiS (g5luanis |y ailss, 00 SMAR Juw o9 4 aluilys 5.0 AWBM  Jow idhaio ol jo el
ad Sl b Joe ol 5l 0lss (o0 5 W)l (rlio LIS b2 (nl )0 ailis) (@20 (ilwand o el BB 5 So el LSl Jds
g Sl dilyg; (29 Giludd alie @S QLSS adg> 0 dilale (29 iluaned slp 05 eslinul wlig) (28 slagl > sl
o Joe ol bl sl el 4y amgi b g wilools Lt Sissly oud o Joe e 5o |, s s yis AWBM 5 SAMR (sla Joue
o3ls 13 anli 5,90 1, Seigdsres sladse (nl Cox L 5 it Sldlas ol 03 093 v 3 bJae ol 2L
Gautam, 2023; Goodarzi et al., 2012; Hejazi & Loghmannia, 2023; Reddy et al., 2023; Rezie et al., 2014; Wang ).l
FSlas g JBlas oe 4 wings 0B b Juw (pl s Sldlae ple ;o dasllas pl zols alie Ll (et al., 2011; Zarin et al., 2013
Sk ole gy dlewgds 35 b Jaw sl el )l (o5lwdigy adlas ol ,o (Rezvani et al., 2023)0iS giluand o954 1) 20
Gl ig, 5l ool Copenl sormslis aasily oyl wus,S Lo ohlS Ssy coms 45 0b alxil SCEUA 5 (S o o5
0T 3 )90 55 Lol (F Lawss 45 el (500l slalas 1 5L slacoalsd pue alS g b Jas C30 Sgup 5o (53lodige
ol 428,518

oilo 650k Sl hg,y b g5lwan gl

losls s oolitil (LSS adg> 45 ilizes sl o5 b peile (6,650l 5 0015y i Lig, ¥ 5l 0g0,5 o,lsl a5 jebilen
5 el sl Wools 5lac o Ve (ag; o p0 05 ailis g allale elede 1 (20 5 e (sl Jold b b cnl 5 eoliisl 350
NS polie 4 axgi b ol vales @1 Jig, 1o 5l sael Cawdy gl anlsl jo 08,5 1,8 soliiwl 0,90 (i Coo (5l 2o jo Ve
ol 3,8kos (riwions 5 (rily 20 55 Cesl (S 1255 50 oS Sl (ateiie (9| Bt Jo e 9 R® s RMSE
2355 Jebot g oy 280 4]y (b)) @bt Wb o8l (n e ST 6l ol plis ol axsls

73



VE Pl FY L slad O Y ol Il Busa sl

frouad B> )0 (59 )

30 08 oo L8 colainl 5)se atisly slo s guatb b do s jskaieds colaiulejge sl iy, 5l (S el S0 g,

¥ Jeaz yo hg,y ool 5l el s Cawloads a3 \§ S )L > S ki RF ¢ RT ST M5 slap oS 51 g, opl
(T a0 g (Fianily Al yo )5 Ailjgy (29 (G Hlwdais gl ilito GLop HeNIl Db 55l sla s Ll (F) Jeua

Table (4): The evaluation coefficients of the different algorithems in the calibration and validation stage of daily discharge simulation
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Table (5): The evaluation coefficients of the different algorithems in the calibration and validation stage of monthly discharge

simulation
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