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Extended abstract

Introduction

Over the past century, water scarcity has become a significant global issue
due to climate change, population growth, urbanization, and agriculture. In
response to this problem, groundwater resources have been used extensively
for various purposes, including agriculture, industry, and drinking. However,
the increasing global demand for water has led to the overexploitation of
groundwater and a decline in quality. Groundwater pollution has adversely
affected the accessibility and suitability of groundwater and is detrimental to
human health. Furthermore, cleaning up polluted groundwater is costly and
time-consuming due to the complex nature of groundwater systems and the
invisible threat of groundwater contamination. Therefore, assessing and
monitoring groundwater quality is crucial, considering the potential risk of
groundwater contamination and its effects on human usability. In recent
years, models based on artificial intelligence approaches have been
employed due to the non-linear and complex nature of geohydrological
issues. Khorramabad is one of the important regions of Lorestan province,
where the drinking water of the city is supplied from groundwater resources.
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In recent years, the quality of drinking water in this region has faced problems. The
quality of groundwater in this area has decreased annually from the past to the
present, posing a serious threat to the health of living organisms. Therefore, it is
essential to analyze and investigate the quality of groundwater in this region using
a hybrid model of support vector regression with metaheuristic algorithms to
estimate the hardness of groundwater.

Methodology

To model the hardness of groundwater in the Khorramabad plain, a support vector
regression (SVR) model was used in conjunction with wavelet, grey wolf, and
firefly algorithms. In the SVR model, activation functions known as kernels were
also utilized. These kernels included radial basis, polynomial, and linear functions,
which were examined in this research. For this purpose, the values of the
qualitative parameters of the Nasirvand piezometric well were normalized and then
fed into the SVR model. In recent years, because the parameter values of the kernel
functions in the SVR model are chosen randomly, optimization algorithms have
been used to increase the model’s accuracy and reduce errors. In this study,
wavelet, grey wolf, and firefly algorithms were also used to optimize the tuning
parameters to improve the model’s performance. Therefore, in this research, after
entering the input parameter data into the model and optimizing the tuning
parameters, a hybrid model structure is formed, leading to the computational
response of the model. Since the stopping criterion in training artificial intelligence
models is the error rate, the model stops at the lowest error rate, and the output is
generated.

Results and Discussion

The results showed that hybrid models in the combined scenario, which included
all input parameters, had less error compared to other scenarios. Therefore,
increasing the number of effective parameters in hybrid models based on support
vector regression leads to an increase in the model’s performance. Also, all models
show better accuracy with the radial basis kernel function. The results of the
studied models, according to the evaluation criteria, showed that the support vector
regression-wavelet model with the highest correlation coefficient of 0.917, the
lowest root mean square error (ppm) of 0.190, the lowest mean absolute error
(ppm) of 0.115, and the highest Nash-Sutcliffe coefficient of 0.920, showed better
performance in the validation stage.

Conclusions

The results of the study, based on the evaluation of scenarios consisting of input
parameters, showed that in all the models examined, increasing the number of
effective parameters in different modeling methods leads to better performance in
estimating the hardness of groundwater. Furthermore, the results from the
evaluation criteria indicated that the support vector regression-wavelet model has
high accuracy and negligible error. Additionally, according to the examined
graphs, the support vector regression-wavelet model estimated the groundwater
hardness values close to their actual amounts.

Overall, the results of this study indicate that the use of artificial intelligence
models based on the support vector regression approach can be beneficial for
estimating the quality of groundwater over a 20-year statistical period for other
regions of the country and is a step towards making appropriate management
decisions. It is also suggested that to improve the quality of results, precise
statistics and long-term datasets should be used, and to evaluate the model, the
results should be compared with other regions.

Archive of SID.ir



Archive of SID.ir

wld g il
WO-IPA Slrio AFY bl 5 5l cJsl o slod o2y 0599

10.22077/jaaq.2025.8579.1083

2 S (5 o (S Juo 3l oolisusl b ST 5 s (iomo 5 T (i 3
(Olood Juducd 160890 arlllan) 5,001 ,5 gy 59!
Y S Lo, | T Sl g maalpl |\ Lebl Lo yuses
Olpl woble 5 wbie > axly ool ST olEils ¢yl yos  swsdige 05,5 ¢,Luzils )
Ol (5850 oDl ol3T olKzsls ¢ Jg830 axly ¢35, g dlge Dliizs 35 1 )l jas 09,5 JLoliwl Y
Sl bl 53588 555 5 Ghisel eDlai plosles ibi) linl (prasl

R.kh72777@gmail.com : Jgtucs ooy 6™

oS>

(S0 gilw ity S )N b Ll 105 GgmwySy Gumed Joe Sl RRgR opl o VT AND CEL s U
20 &Bly wig poli ol (Somop ) ST (K 3l3a0 039 2 yoliinds G ymSE S5 g O b o) VYN iy &6
Jolis 39590 ola S sosls 31 (gilw e g b oolisiwl oyl ) bwl oblp,s cabs Vo T/-A/F 3L &)U
9 (C8) oundS «(MY) 33 50 «(S04) Sllgun (Ch) g U5 (HCO3) wlis 5 (359,000 ol
OYAYFeY) ol Jlo (b o abbbe Sboj whiio 30 PPM coms g S (TH) T
sobieds WS Ol e (2955 oleea Suweip ol B ol 9 5393 Ol

s Oly o ko Al (Sawpd o po U5 blee 1 b Jow o,5lee Uy ojlgunls’

L oo guli fdod Cqar uoamod o ooliiw] STl pid o po g Lo glho jud (o Silw oy o

wbfa >

2 55 lag )l 310 LS gl b oolisel jol g WM WSl g Sloj s sloges el

¢ h e aslie S Oletis Yl G,

O3 55 ko 010 Gl gl Ao 3gdion Juo 0 )Shos dgue Susly (o) 3590 slade (ol
S

SF-pluly oy GamwyS) Jho A Cond Gy O es Szge — plucdy oy
oy b Soge — by HIop (e sS) Joo &5 GlaigSar ) gilwdoe )0 5 s
Glho jo3 (il ¢y piS o [ 18 (PPM) olaypo (uRileo ) o pi0S ¢ /N (Swso
18 Coglyl )o (i comio Al o 5 ¢ /AT STl i g 38 oy il 9 </ 11O (PPM) Uz
Moy (g 55 359y p (e Wig g Juo 3l esliiwl sl (LS LS g gema s b S

bl (S5 SLOT (S o e 53 e 69,53, Wilgh oo Ly

Archive of SID.ir



Archive of SID.ir

5 Oledy Hlop a5,y loJae I laguw pgb >
Sl otegh ool po aisS eolitul egias (puae Sl
Yeooslead gyl o oleosd 9 (b )b V)
S04-2 Cl- .TH TDS EC pH isjy; o ol>
s 028 5 6 40 HCO3- s Na+ Mg+2 .Ca+2 NO3-
S8 sl Sl gl oy g )55 Joe sls Glas
Sl 055 0 (Eoras mas &S Jae 4 Ced
ol CuiS s i cg> (Mohammed et al., 2023)
Shase o dly Jolaws ppes Cds o)
as 4D g ol by s S, sladse
Oga Sy Jae ol plis @l ws S esliial (egian
et e a4 Cand i S8 ) plesiy oy
;> «(Chandel et al., 2024) cwl lo,95, (Ssuan
S Geipy ol ehS o e e el
mas sased ladas 5l olal H9aS 50 &ly adlye
gl g 5 Slaidy Jlon s S, P
Joe sl las bl Woges colaiwl adai geac 531
2l & S e 0 8bes Sl Lttty S Gsem S

(Nourani et al., 2024) .l o551 o Jowe

OP9r oo coalplml slamgl 4 argl b ggerxe,s
2 Il plgrear platiy oy Ggam S, (Eoran
Sle 5 Geiny ool cuas sln e
5 2B GRlBl jslaieds o0l Bl oo ($55l9 000055
oS5l by Sy gy, Joe 9 Sles d9g
68l S Glseas g8 sl ;s L Jae ]
ins @l G e S Gl Sz el
G sloJowe 3l 5d iegl ol o g g0 oolawl
Mo g5 5 b ol oS- 0leiiy Sl Gsen S
Ol (s (liee (et gz 58 S5 laty
oolaiwl lew) lwl jo &dly oble > s cve) )
Ol bl e bl 51 (S o5l el s
el b 5l Gl el cpl oyl ol a5 glaigFay a0
ol iS5l ladlo o 5 39800 el (gmoi
&S GlaigSa cunl oad daxlae i b ddlaie cpl oyl
aibio (pl cpeip) ol keSSt alnds 5l
Gl gor oyblre o ol 5 4l Lials aVls
e s JeloS crlple 958 (o0 0uy Dlagzge Cuodl
SIS o jus bl il b dlain ol () ol ColS

doddlo

5 2l Slss Jodoay O 08 indS ()8 Jsb o
So @ 6HlS g Rt e W, (glse
Raj and ) cewl ool bows gl mhw ;o ope alinss
ol sl 5l (S ol 4 &b, (Singh, 2021
o Sl iz Bilas gl oglite jsbar (e
Dwivedi ) 05 oo oolainl oyl g Cais (5),5liS
Sz clols ol (> cpl b (and Pathak, 2007
slol 1o 5l i gylop oy a4 e ol lp
CoheS 55 sl 00 ()] ColeS 1ol g (e
398) greee Jalse il o by e oo
Jelse 9 (Sl (558 5 Cund sl 2Ty 5 Lo o
a3l s oolainl (S Sogll (g )5 Hame) Sl
2 aS el (S Mol 5 b iSedl 5 by |
A meiny slool Slesd 5 b slo S
sl (Sodfl (Gupta et al, 2020) oI35 oo
009 eelie 5 g yind p gisblal Sl e
Sl yae Gludl Ceeds gly g able ey slac!
Sl oz glaptas ot ol edle
(sweins 2l slaSesll Syl w5 e
ol poles 5 a3 00sll (es 5 slacl 55l
a4z b ey ol oS Gl 5 )l cnlnle
ekl O Sl Geeiny ol (Sosll osally s
2l sbdle 0wl 6900 sl (Sl Span
S309,0eng3 Plaw ooy 9 (b e Cunle Joa
oliiul (egian (Be 0505, n Kae sladue
48,5 aledl oniy logrge Cands 5l Jaw ol Laioges
Jo 1 olelp (S 5 (Somm b Bl w06
5 syehl (s G de) 50 ladae col anles
oS ol wBFJE (phime azi )50 (S o
Sges 0,L51 25 0 lg0 4 (g5 o

Mop g S e sladse 2Lyl stegh 5o
“obetiy iy g5y 5 slesitul Sal by
s 2l oS S e sshateds (5 S S5
@S W3ged (wyp Olnl HeiS 5o &Bly wlebe clo
G S5 0latiy Jlop g5y Joe ol Glas
(Emami et al., 2021) <l o655 (6 5o 0 Slac
CBS (S 2l St s Gl ST (SiRo% 50

Archive of SID.ir



Archive of SID.ir

WV liasl g ke oV oylad @ 0y9d 0l 4 Ol?‘f-‘ PIC

Slllae sogame ai¥ln o)l lawgie yuioren Al oo
a0 WIY o] leo lawgio 5 e e 0+ oble 5
l oble,s cuss (Lol sl oyam el o5 il

S shyls sl a5 ams o LSS 8T Slge,
g bl Wb g eog (Kea bl b yiegiy ol adl>
ol osmlie BV IS o aF Cawl vgdne Sledlb
SloyS G398 syl Sl 5l oo S Grizeen
9 (MY) w2 jwie (S04) Slilgw «Cl) & IS (HCO3)
TH) Ol (S5 5 6995 Olyear 5 (€A) oS
b o) slaabhie Ol 5,8 40 a5 dlale &)jg0a
20,5 oolaiwl gy (pyws ;o VFEY-IYAY Slej o5l
0,00) Jaw cole g gilwJun gl osls JAe aS
il b g i Cono Gl ol o pe Yo g (Ul
@bl CuaBge (1) Jgur ablge (Sl 0599) Jos
ssbtecndy b 0ol GLaS (o) p3y90 fegim slaelz
(HCOB) ey pmmn sloyally slin sl
(Ca) peandS” 9 (MQ) (o 5220 (S04) ldJgas «(C) 0y LIS
bl olsea TH)Y O (o5 5 60955 Olysar
A8 ol Jow 29,5

Conbye g (5,500,5 (spl DVgame oy (golazil
> 5 ol bl Gilel 325 4ol (bl o5
2572 5 oY el wmdoa 18 il o 1) peaS
S0 g,y Jawe 5l ookl ax 51 Ko 8,6 5l el
Sl kS s G sl oS psbar ol
i 095 el o eslinal aibie ol ipois
S5 6l slap o5 avlie g ooliinl a5
ook plowl dilaie ol o b o 55 5 (g aSE
Gl dn laps o5 51 imghy ol o ol by o]
Slp Oleiiy oy e S, Joe b oS5 Sue |
Sblpp Gl seeiny @l S Ol 0505
A eslarul

W) 9 9lg0

axjlloo 80 ddlaio

Olnl )5S 5o @ly liwJ il 3550 50 sblp 5 i
Y U aado VY 5 ax 0 YV oldls> sl bye o
aryo TV bl glash o (Jlods az o YO g az o
ad,s 18 B0 aads FF g a0 FA L asds OV
QT Lol o ,2e 4+ ¥ il glis )| ASTas e

e raskeS YOV Sllllas osgame ol ol 5 e

&
H

FO0"E___ad"00"E___48°00E__52°00°E___S0°00'E___GU00'E___G400'E 650 0]

47°0°0"E 4800 E 49500 E 50°0°0"E

EV0N 100N WIN SF0ON SEMIN SN

AN

BTN

SETOE UL ATGNE S0 _SSTTE_SU0E _a0rE e |

TFTE O BOTE w000

48°0'0"E

o 5 10

33°0'0"N

SUT oy Slaal

48°0°0E

33°00"N

49°0°0VE

axdllao 8 yg0 ddibio —) S5
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Table 1 - Statistical characteristics of the qualitative parameters
under study
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Mean Unit
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6.900 1.200
9.300 1.600
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Table 2 - Input combinations of the models under study

ST 5999 o)les
Output Input Number
TH (t) HCO3(t) 1
TH (t) HCO3(t), CI (1) 2
TH (t) HCO3(t), CI (t), SO4(t) 3
TH (t) HCO3(t), CI (1), SO4(t), Ca (1) 4
TH (1) HCO3(t), CI (1), SO4(t), Ca (t), Mg (1) 5

g glags L St (o) 2 0590 oS0 sl (o - Y Jgur
Table 3 - Error rate of the models under study under different scenarios

59!

. . g2 lews Joe
Testing Training Senario Model
RMSE (ppm) RMSE (ppm)

0.248 0.278 1
0.234 0.256 2
0.220 0.245 3 GWO-SVR
0.210 0.238 4
0.205 0.231 5
0.236 0.258 1
0.221 0.247 2
0.212 0.238 3 FA-SVR
0.205 0.231 4
0.198 0.225 5
0.244 0.261 1
0.228 0.248 2
0.221 0.242 3 WSVR
0.210 0.236 4
0.205 0.231 5

o g0 s we mli-F Jgux

Table 4 - Results of the models studied
T Lo sl N Jee
Testing Training Kernel Model
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NS MAE RMSE R NS MAE RMSE R
(ppm) (ppm) (ppm) (ppm)
0.905 0.131 0.205 0.900 0.895 0.146 0.231 0.890 RBF GWO-
0.895 0.144 0.217 0.890 0.885 0.154 0.240 0.880 Poly SVR
0.890 0.155 0.224 0.885 0.880 0.162 0.248 0.870 Line
0.910 0.122 0.198 0.910 0.905 0.139 0.225 0.901 RBF
0.905 0.129 0.208 0.900 0.900 0.148 0.238 0.895 Poly FA-SVR
0.900 0.148 0.216 0.897 0.895 0.155 0.242 0.880 Line
0.920 0.115 0.190 0.917 0.915 0.132 0.220 0.910 RBF
0.910 0.123 0.202 0.905 0.908 0.141 0.227 0.900 Poly WSVR
0.905 0.142 0.224 0.895 0.900 0.148 0.236 0.890 Line
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Figure 4- Time series diagram of the models under study
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Figure 5 - Error rate diagram of the models under study
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