Evaluation the efficiency of machine learning boosting methods for estimating
the water quality index of the Zayandeh Rood River

ABSTRACT

Regarding climate change, global warming, and the reduction of water resources, surface water quality is of great interest
to river engineers as surface water is one of the most important water resources in the world. Since the most widely used
water quality index is the WQI index, the goal and importance of this research are to model the WQI using two machine
learning boosting methods in the Zayandeh Rood River, Gradient Boosting and XGBoost. First, based on water quality
data, the water quality index (NSFWQI) was calculated, and then, for modeling, input data including water quality
characteristics of 8 stations over 31 years and the calculated WQI were used. In this study, the model was coded in the
Google Colab environment, and 80% of the data was used in the training phase and the remaining 20% in the evaluation
phase. Based on the results of the evaluation criteria of coefficient of determination (R?), mean absolute error (MAE),
maximum error (ME), mean square error (MSE), root mean square error (RMSE), and normalized root megg square error

showed that to save time and cost, and also to optimally manage water quality characteristics, the
3 series, in which three characteristics are used to estimate the WQI, was the best combination.
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EXTENDED ABSTRACT

Introduction

With the increase in population and the decrease in water resourc
especially surface water resources, has received more¥hd more atte
quality index is NSFWQI, which has been us an®tucied in erous studies (Mahrouyan et al.
2021, Zamani-Ahmadmahmoodi et al. 2021, . , Khalife and Khoshnazar 2018).
Since several quality parameters affect this index, i on and calculation of this index have
always faced challenges. With the advancement a science and artificial intelligence, the

pollutigsfOf water resources,

used to provide an optimal model for estjfiati quality index, including Khoi et al. (2022),
Rahaman et al. (2024), Lin et al. (2024),%n d Akkan (2024) noted. Considering that the
Zayandeh Rood River is vital in the cent eau of Iran, it is important to detect and estimate its
water quality index. Alsp, ity of some data at some stations, the present study
can be a solution to this"pr the ability of two algorithms, Gradient Boosting and

Method

This research was cagdu on 8 stations of the Zayandeh Rood River. The dataset used in this study
included wa i ta from 8 stations: Shahrokh Castle, Zayandeh Rood Dam, Zamankhan
Bridge, Cham-Ase Dam, Kaleh Bridge, Diziche, Lanej, and Musian, measured monthly over 31
years (1991 t . These data included (EC), (TDS), (pH), (TH), (CI), (Mg?"), (Na"), (Ca?"),
(S04?), 3") as target features for estimating the water quality index (WQI). To calculate the
water qua ndex in this study, the NSFWQI index was used, which is one of the first and most

widely used indices for the overall assessment of water quality status (Alexakis et al. 2016, Sutadian
et al. 2016) and is classified into five classes: very bad, bad, moderate, good, and excellent. In this
study, Machine learning models (GB and XGBBoost) were used to predict the water quality index
(WQI) based on selected features, and coding was done in Google Colab using the Python
programming language. The evaluation criteria for presenting the best model were R, MAE, ME,
MSE, RMSE, and NRMSE. Uncertainty analysis and cross-validation analysis were also performed.

Results
Since different water quality variables do not contribute equally to forming WQI values, it is possible
to identify several determinant variables that reflect the water quality status without losing key



information. In this study, the importance of the variables was identified by the SHAP method. Based
on this analysis, the importance of the variables was obtained as follows: EC, TDS, TH, pH, HCO3/,
Mg?*, SO.*, CI, Na*, and Ca?*. Based on this arrangement, six series were defined, and the
aforementioned models were used for these series to estimate the water quality index. The results of
this study showed that in 7 stations, the GB model, and in only one station, the X-GB model, is
recommended for estimating the water quality index. Also, among the defined series, series number
3 has the highest frequency in different stations as the optimal series, and this series can be introduced
as the recommended series. In this series, three parameters have been used to estimate the water
quality index. Comparison with previous research showed that Ejaz et al. (2024) and Sidek et al.
(2024) also introduced the GB model as the best model for estimating water quality index in their
research. The commonality of the mentioned research with the present research was the use of anions
such as CI', cations such as K*, and features such as TDS and pH.

Conclusions
In this study, two augmented machine learning models were used to estimate NSFWQ Rwater
quality index. The findings of this study showed that the GB algorithm best even

in the range of 0.112-0.201. The results of the feature importanC&analysis showe@thgh the features
EC, TDS, TH, and HCOs were the most important, respective he study QW different series
introduced three key features, EC, TDS, and TH, in predicting t i dex. Therefore,
since the goal of artificial intelligence is to reduce time and cost% dies, by*Teplacing 3 features
instead of 10 features, a proper prediction of the Wér Quali (WQI) can be achieved. The
findings of this study will help water manag in efficiently calculating water
quality indices for rivers and streams. This is a
costs, and monitoring polluted stations. However, i
of this study, primarily related to the selection o chemical variables and limited sampling
locations. The research can be expanded with a larger nQgber of sampling locations and a wider range
of physicochemical variables to predict tag water qualitifiindex of the Zayandeh Rood River.

ant to acknowledge several limitations

Author Contributions

editing, M.Sh.. All authors have published version of the manuscript.”

Data Availabilitglic@emen
Data available on requig fro

Ethical considerations



W09y T S 2ol (medkd 5glainds (mile (5 3500 BRSSO S gy I (L) 5!
39,00}

tosa

Oredige 4295 3590 ez 3 o @lie Crpinte 3 S lgiedr (e slacl CudS Ol plie SRS g e 08 Giule)S el s sy e gl
93 S @ ol cuiS [asls (giloJse 54855 Cpl Caenl g Bun (sl WQI Lasls Ol cuas iomw (asli o 530,8 5 aSbljl oy 1,8 sy,
ol CuiS slaosls ol p sl Guios opl )3 .l 43 S plal 39,0005 ailsdg, ,> XGBOOSt 5 Gradient Boosting ywile (¢ ,5sb sxmsolis oo,
oo g LYY 0,93 5 5 ol A Ol (A8 ela Shg Jolis (6399 (slaodly jl o s3loJo yolaiods dold] 4> g cwlime (NSFWQI) LT i yad i
Loy A hsgal Al pe )3 g 0l wgidS bl cawgiaely o )3 (gilu s (clp 3ai5 Cpl 5D b ool Dy, o0 duliee ] CusS a3 Li
(MAE) Ui 3la )38 (5 5ks o(R2) (o oy (atliy) csloyloms gl bl 2 2,5 51,8 olisial 5,90 ssilo Bl 1opd Yo (1b5) 3 5 ool
sl 4y Jow (NRMSE) o5 Jlo i sllad Slayyo (5555 s 5 (RMSE) Uad Slayyo (5:50ka s (MSE) s &
Cod § e 2,5es Jao (0L slo)bre a5l GB o o odlatl (glo Jio oy ) o] S > 4 loolSis] plos 5
Pl ol b cla Shy alte Capdo ppien g abje g (o 0 (g abye (dlp 4 3 (L @l pien ' Ost Juo 4
sl 0393 S 5 0500 D95 il (WQI) Gl e g5l ysliteds (Sag 1 > &5 ¥ o)leds (50

XGB00St {GB . yuilo (¢S50 (slo fio g0 LR35, sf cdsS” ST ] ‘slhbjlg

)
)




donio
e Sl ol S e Wyl O mlie ppeli 5 (bl 25 a5 siten Sladl g (b (sbapllas (oudS” clin! 5l baaslsng,
Sl 5 ol eylS i g (Sl slacdled @l Bl i i g oobamdl - clais] dnwgi g Cunen a3l uismed g wuldl
CutaS w)Du).‘ab PLA WA (5)9)"&)"] oMol 9 d))gtwf L;u-&b) 4u_§:l.‘> oMb §STuo OMsd a5 alos )1 g.;l é’Lﬁ
Gao et al., 2023; Panagopoulos, 2022; Panagopoulos and Giannika, 2022; ) cusl 03,8 yidw |y susjpj 9 xdaw slao]
Sy S35 @lie il oS 5 wlolis «f i bl 5o b)) «onlply Goodarzi et al. 2023a,b; Goodarzi et al. 2022
03,5 s 365 4y 1) &5l5g, ppwdiges dxols dngi ( So9)l S (gl cally (oilwcdlas 9 Of wlie o pie clacoglsl (¢jluaigs

2 uadls cp e (WQI) u] CanS el 0yl dgxg Jdow sla by, (ilwdine slyp sloasl;d
CudsS S Shy Jdd slp e Jgep S padls ool dnslre )3 sl (Gesnj g (e
Ocampo-Dugue et al. 2006 dcaga 2007) uS' o &l)) Ol cuas JS cunsdy '
5 b (ool sla e edlatul b oS aituas Ol cutsS Sbs,) el (gakes )08 Lol oyl
ojlal liisee 4 WQI 5l oslil b Of cusS (canaib (Horton 1965) 1S’ o (s
W&Sua.sl.wl.@(v‘w))dsbmcbl) u%ﬂ‘ﬂ)bu]wu‘wwm .
ot Gl 0590 Sl Shy 4 Gl o td 5 g g s

50

I olel & O
5 opl (Silvert 2000
el coiS bylys

S g ) Al
Bao oyl gols 65,5 bl IRWQISC s NSFWQI i osliul b 1, Ry ;5 a9, oI a8 cuxsg Sadeghi et al. (2015)

WL0,8 &l Y- B ¥O 5HIRWQISC polis o ¥+ b d- FWQI ol M1, lowgio Of cutsS (canaib ¢ adld 93 pa ol olis
oasls 63,8 o)l WQI 4 IRWQIsc NSFW
Szl g 1) oS WQI asl g g fus b

d})sm LSLQJ)‘.’ . UJB)J sl uL.w ub,wu Lgy W) J8Y wbu.ul) BENIPRELY] FLY S w.)\j‘u po u‘ K’U&JS U9> wa)
«_j u&j Mahrouya . (2021) .J;L;o., 03)9‘)4 l) Ls»JmL»‘ u‘ «_9).;.49 dl)’. 04w ):9.’>u dl.tb))b.sllw‘ c.hbuﬁ gsd’ u.wl...o
&S Jb SR )3 Y ol 55 Ol cusS a8 oy LS s 53,8 b, NSFWQI 5l eslazul b 1) 59,05 sy,
Slp S ) b ol |y o9 ol caaS ¥ g ) ool (liaej jo 0l L 393 5l lawgie cusS bolKiw! plo
A5 anaib bwgio B g da 43 9, ailagy Ol cusS ¢ IS gba b ooly lis Jawgie O cusS oxile 3L clnolSiu]
e mis 2bjyl ly (GIS) bl SleMbl piuww ¢ NSFWQI 5l 595 aslllas ;> Zamani-Ahmadmahmoodi et al. (2021)
dod (glyp gt b buwgie il 0 Ol cunS balps a5 oy Lis Gdiss opl ol 63,8 edlatwl JlE 4By, > Ol s
Cand il 3 (591 5 ialisl g e oKl 3 55 Jlade eS¢ Jol o) ;> NSFWQI 78 lade oy YL L dlevolSis]
I, CCME (WQI) ol cutsS ja3ls 395 s ,> Rahman et al. (2024) .35,5 Ol oS ad 5o 4 e wol o ol

opl 53905 odlatwl (RTWQ) alasd y3  sbly slaosls b bLs)l > Of cutsS o i 9 03,5 03ke (sl siadjyl Jlil SO olgieas



bl g s o slicos a5 Slb e 3 RTWQ zubs byl (o)L3 5 (cly 0y o Of S jasls a5 aiwsls bl iioe

Luo etal. .l olyen blasll b i ped 5 4,8 15l sla 5o ;5 o] 51 ealiwl a8 b yd g oslitl 48,55 )5 (6,0
BY-YY agls 5l o Nanning yos > o Lol olKiws] Al dilale &gy a5 Ol cuaS oyl VWY 5l g5 anlllas 4> (2024)
Sle oS aly iS5 syl ol 53,8 edliul (WQI) Ol cuS asls Julovga jos jolaieds odd (6yglaes YYY o)lo
CutS Jols ol 8,8 1,8 AF/FF B AY/YY ol )0 il oK) o (adls opl 03giowe o AF/Y oy dalaie (¢ly WQI
4\5313.)3 O 395 @1 & ~M}9)Lg( )sa\fals ol !, uLa_éulsLu?sWQl CJLJ Cpien 3,5 ‘5,\;;45..10 "Uch" 'I9;_cc\, 1) <l

3050 ] 3 15 dusliie (WHO) s cdlige lojb 5 (BIS) s bl AT U slasyste
5 el Slalllas 0> L S8 (Yamuna) 4 S2 (Ganga) L;Lm'i;“l »lyol cus
de Almeida et al. Alexakis 2022) U, 5 g L)l ) (ywoxen o (igBMagan 2

9 gddab Jas 3l eslawwl L Soleimanpour et al. 539085l 0 pustedis o )S, o 5l g 03,8 byl Ol cuas
Ay (59515 b u’“‘“"l“"i' CadeS Jolo\n 5 550 Mo g Jobe Slialy JS'(Shg 93 45 2 LS ()0 (g5

<36 gl piuw Jol : ' Jse 4w jl Al-Mukhtar and Al-Yaseen (2019) (5,555 .55
9 o gkieds aBus

5 03 olis VL 2l
. ”’”S ubu se

59y e 4 Cud ANFIS oS ol Lis 355 opl gols .05 )3 edlawl EC 4 TDS pess
| !y Tripathi and Singal (2019) i )5 .3l lis ond (g S0l (slaosly b1y canls oy yino
sl Hlabol pdisee (] 0l dmwgs (gdde (eSS g 03,5 edlatul ol adlhe il g, 5l O
¥ > b O cuasS wiin 3,k clawslie Lo 4 Chen et al. (2020) .cowl odd 4ija 5 b
> ol cuaS (b gl obime cpl a3y OF 0SS sla Sho ololid 4 eile (6,550 Calise (gla Ju
Sattari et al. (2021) bwgs o .50, eslitw] gres jLio] K ¢ Bolad JSKis canenad €83 (sla Jse 5l il cusS gBgos
L 55508 g okl Bl (sl (o Ol i (gaudile Gua 3ais ol )3 &8 05 plosl 485 5588 ESYT wlsag, (59
i g s G (glyly (gg80oly (gl ybgy USSL p (e (sdbands j5 oS ol L ls g d9lfo>b sl gy 5l eolil
oanls glo iy by (58 slaie b9, Oladipo et al. (2021) 4y yoes 0y o 50 Cunl 039y lad o0y WS g o5y (wlal p
Khan .38 (Byee (daw Ol cudS b)) sl s w3B b (6l Shy olsieas | BODs cpiine oyl w255)8 duglie O cuS
i g et |y Ol cuasS (Lol o685 0aiiS candids 3,509, g ol Ao em)S, wlul 1) 345 adllas etal. (2022)
KNoi yuizman 153, (Bymo iy gy plgisds Ve (gaiaiilo cBol 1) ()bol)S Cogliy 008 gaadlo 3)S9) (o (pl 1305

P prddye cel
)l odlaiwl b

3|y

i 4l 4



30> Lss g 03,8 odliul Cpile (6pS3L sl Jae I pling SigeY ailddg, Ol cusS yasld w e jokiea etal. (2022)
Yusri et al. yiomen (Caol 4l WQI S i 33 083 2)Sles +/VeV L ply las Glayye 50ke ady,y L XGBoOt Jus oS
il o068 S o () 8105 XGBOOSE o Lty Joyy ble g 1 odlisl b o] oS’ el 4 (2022)
ol a3l gyt ol SVM Jso b duslie )3 uoyd> AF sl XGBOOSE Jio 45 4585 domsis g 03,5 slul Ol cuss
CotS jadls o i jskaieds |) RF 5 GLM GBM DNN ol piile (61530 o)Xl ks Rahaman et al. (2024)
EC COD BOD gl oS (asli i in ¢y vyl op 550 GLM 5 ,650] &8 sl (lis guls .5, L8 4 (WQI)
slazel ) oK) VY (slmodls 3l oalizul b Xu et al. (2024) 5559  daw O CutsS i 5 S50 b yial )b IS 5w 9 cy9aS

g Jdo oy yito LANEY cdsl XGBoOst Jae a5 sy olis gols s, Al
Ramya et al. .45 _ololis 3yl ol > el oy g TP 9 HCOs BOD

03,5 L g liwgrin sladilg, g9y p 1) 295 (B> Singh ety (2Q24) 5 AA/FF <y o 3L 4 GB Lol ail
Jde 40 (6399 4w LS 52l b lgs oo |y (WQI) O s SRL: . ool ol plosl cpile (6,.80L s el
LngbJ.LoA:d.)a)9 ‘_5);9 93 wl;bd;b Owwcyl -\ .35MM)3A~ YL u.,b)’)l o>l L GBT

LS e o)S RS>, dalais ;5 LGB- Spearman 5 LGB-Pearson yuils
kan (2024) .5,l> (WQI) yl CatS Gasld Swiin g

3)91); » Lg);\fb cé> LGB UMS)J M”SJI as" als
Aksu $l3g) (g5) p o] & > (S VY cuslo@L Palabiyik and

WQI ol oS jasls i 4 GPN 4 SVR 9% 15950 4w s MLP-ANN § MLR joels95 (j59, ¥ 3,18
A 3590 oyl 3 i 8 2 N s MLR 0o (sl yig)y a5 oy lis uiod ol guls sl
wo s Ol 03)S jgue T o M8 13 oo 5 Sl (glailBg) 3950005 Al 4l asds g3l
Sy, jl edlatul . wﬁﬁ)s 39y onl @ (5 pad Ll )9l g (Al Couenl WS o walB 1) Cunio g (y5ltS
SoolSin] 551 > 455 s W I 55115 Lo cslooil 3 ol S it (sloosly siajly o S sl sl Jgono

Kamyab-Tale 19, BUi €t ) Cowl osd ploo] 3g,dubar duw 09> ¢ ,YB 4Bdg, (g9 0 olp HguiS slaailing, oy 5l
)3 g5 S0l 6130; 3 O oS asls 35051 jobateds peile 6,53k o b, 5 oolizul Wa ylizxen oyl by £(al. 2020
S 4y (83959 Sygp anlllas 4y g e o3l Alex 1 g 0351 3gumm sy 39,0015 B35, (555 2 oomile (550L (sl by, adllles
bakasly,> (sladllas ST 14 (Tizro et al. 2021, Akbari Osmavandani et al. 2024) 5,5 o,Lsl TDS &S yiel)b 551, ¢ 39 005;
Wloas o3kl @lie 1> egiio (3L (sla gy aSbuTl il onis ploul 39 jodinl; 4539, (cg; 2 (WQI) Ol LS asli 3,4l
Gradient o,63l 95 Ul awyp ypols adlas dan o yalyb 550 45 (BoOStNg) oasmssliss (sla o9, (YL Ul aas gl
5L ol (ola by, 5l edliel pogMe .l (WQI) ol cuiuS 4asLs 541, 5> Extreme Gradient Boosting 5 Boosting
odlitnl cloas la Sy yieS dlawi b oS 5 48l,] & (Fearture Importance) la S5 Cuedl 3JUT 51 oolinl b s ol 50 oopailo
235 0 A3 g o) )3 g abyo & e yol ) 4 b Al O kS (aSli 30l g dslxe )3 (6399 (sl yally ol ]



R 3 wlidisig y

sl 8 ;50 dilio

$logS’ g o515 (B (slmaialy ) aildg, el gy c0 sloud & Lol oo (slmdg, 51 (S g 4ty Jgbo oghS oo 39,0015 wilsag,
WY )3 G398 GWL 4 Gladol 5 o)lidn Jlw o sloglin] )y (o jl g 9 48,5 daidzr o (55l 055 3)) 2 po
(=S g5 ey S 4 g 039 puiie e ANV e YOO I g5yl ailsog) ol prase Jgbo )3 050500 Glodeol i (g yteshS
ot e 2llin (o,e 13 Wb s 4 a8 el o Juo VooV e e aVlo (S5l atels S oy asgs 31 3 Igagl
A S &)

w

(<) (W)

SUUUE S1TUUE 52V0E S3VUE

v el 30 oot (g 903505 i3 (10l 195 () el gn abin pliin Cande ) JSL5

S Y S5 50 omile (6x30b (sla Jse 3,8 g nodld pouds dmodly (gyglaes Jols ais oyl y> odlitl 5yg0 S 3,50,

ol 00



dolxo g oS (glrodly Bls olojle jl &S slaosls by

[ NSFWQI yzolyl; apulono }_ (rSolia) s el (sl el TH EC TDS) )
ol Gl el ¢ JBlas ¢Sl Cl- HCO5 SO4* pH
(SiS ((Ss> Na* Mg?* .Ca?*
v
odly (gjlolas

Ui9e] cslmosls aus oA
il odls xo oY+

v

Feature ;Jui sl 3
Importance
' .
[ XGB 4GB (s s ] \ 9

\ 4

byl sleyelil
R2, MAE, ME,
MSE. RMSE.

e

59y sospdie Jlages I S

ue
50‘.?01&) J.J c39)o..\ai‘) u,o.o.la»
wgl g 4lljg) ©ygods e
485 Gl (b
34 e audl Cool GIF 15) )9S (g paelin 9 Cope Glojls Ol ()l p8905 Joallygid bl i (6135905 (09 5 0l
b Sl Jaae )0 olSiw] Glasuie (03g (wyiwd 53 bodld (5568 sla o sl bolSiw] (S p pd &5 Canl
ol a5 5> ol odlatu] (glaolKiny] Clasuin 1Y Jod

axld o) A Of ciS (lmodls Jolis 3uios ol 55 od o3l (clmoslsae gaxo
D Job > aS 0390 (V=) BAYY) allut') 0,93 ;5 yluwge g g cdou i dlS” b ¢ ylowsl o3 duo
Ol olosl 5l aodly oyl ol oas plosl (61310303 595 93 b G olo ya yd Jyle 4 o sy

lilia e | aldia Jb | gy | Y_UTM | XUTM [ wisag, | ol | ol s
(%) ol

YY/50AY A+/FOM Yevy \ra\ratd F¥avsy :,;a,\gl)' C,mL.» aald Fy—..¥V
YY/VIANAY O+ /YAYYYA A\Rv4s YEY o5V ¥vayv. . >9Ja,\;;.l)‘ (sobaiiiw Fy—-o¥
YY/YAAMYS O+/AAF-AY AVYARN AARYANAYA) ¥aeede 39)5.@.1)’ Q\;’c}ln)' J: ¥y—-.-.q

A ARAINE IAYART-RA A \YYY YOM YOS OY-YYY 39)5.@.1)’ QLMJ > Fy—e)e
YY/FVasyy OV/YYA-X5 AN YOAYOVY INAMA 39)5.@.1)’ als’ J.g Fy—+\)
YY/SVAEYY INVART I \FON YOAMYYY DYAAYY >9Ja,\;51)‘ ECISN FY—0




ARZARARZNY ON/DOYEEY VEYA YOAYIAQ DOYYFY. 3gy030l5 &) -¥a-¥Y
YY/OVYYNY - OV/OYENY- Voo Y&-¥ava OYAYAS 39,0415 Olwwge FY-¥oa

wdws (MO?) o ssie {CI) JS (TH) IS 5w PH (TDS) Jolxe sols slge IS (EC) S xSl colin Jolis Waosls oy
39 (WQI) o a8 asli 3,905 (ol Ban cla Sy ol (HCOZ) wliyS o g (S04) Clidgw (Ca?*) mundS (Na?)
WQI ol dwlbno

sl lite (gl by, oS Canl (ooj g (o (Sloo] alierd CudS e sl 3,08 (slaas s (S WQI pas L
Sly sl oy 50,0, 1 5 sl 51 (SO &S ouds ool NSFWQI (aslis s (pl ) .ol oads &8 wlag O Aol
chwgio cy oy LS 03y gy Y Jgd> wlul ¢ (Sutadian et al. 2016 <Alexakis et al. 2016) o3¢ ol S
{(Effendi and Wardiatno 2015; Yadav et al. 2010; Tiwari et al. 2022) > .o Qaiudil Sy o5

(Tiwari et al. 2022) cuwl ag Ao 5

NSFWQI = 3, q;w;

Do Wi YU dlasl,y > &8

039 (el VLl Wi ggezme) sl el Ol (sl o cenl olisl 52 ] .
Do) Jadly i3 5 o3lizal b _S59 o

SHY Jgio 53 Sanelsl Ol sl (S s ol g o] ww% olejle

NE W
(Tiwari et al. 2022) ol  Sawelsl O 5 lukal Jlade 4 8ly g S b CubsS (£A0AT, i Cpixed
q; =2 x 100 (¥ ala,

Je Verm)
Q NSFWQI (sl o St o1jg 9 o oS sl Sy Y Jgr
0w Mol (559 el sy
bl | s 3T o)l | (49 3T 8, lows
AlD -1+ pH ) -\ Jolra )5S )
0.+ -/-a5 usfiem (S S colua Y A pH Y
Bee - mg/lit Jskxe clusls JS ¥ Y SSeielns Lonly oy pees] ¥
Yo- - mg/lit c\igus ¥ Ny los ¥
\Y- - mg/lit <l o b Ny Elind 5




AR oA mg/lit ,i b AR olyg 5
\2 QAN Mo/t s’ v /A & ygS v
o AN mo/lit s juso A ofe¥ Sltels JS A
Yoo A mg/lit o a Ale LS8l pyalS a
AR QAN mg/lit e Ve
) 5 ) S
omile 5 3k ladue

03 yuS yobo 4y« Bun (slausio 5 (635)5 sl Shg e sl balsy dbul mej wblg Jds 4 (ML) (psle U sl e
oMuL’x..:‘ LSLQL;)'W u.:l.wl 2 (WQ') u] uﬁ...{ uab-l.w e e le).» ML LSLQJJ.A )1 cdllas LJJ‘ 2 lodds onlas )

Oliee 9 1l Jao 5L 0 g 00 sl dtwd O 4 boodly blae | sww,lael gy 1 oolag
905 08l 350l & ol dle 5,530 csla e (sblze 5| I ploc] gl
oltwl Cbil i za g (loj )3 (292 po unl aseilal
byl 4 5k eolitwl Gygo o b g 4l solitw! el S 2ol > (oo, Lalyi cpl )0 &S) lodly eV w4y
olyar oS 03l> Loyl ys jd &S Cuwl joShe (sl gy by 5l I 35 cmdle (6550 sla by 5l eolais] cus (sl
a3 o &y ol ol als b

Sloj b ool Clids s cpiblo (6,500 Cauns lBIBRg; 0068 Cosii ML (¢ Sl (Boosting Methods) samsclids (sba yos)

Syl gy o @b il (isy dw Jold saia
Extreme 4 Gradient Boosting (GB) ;! e,

a9 el Jlge 4;9@99 S S d

Y and Guestrin (2016) lwss o slpauiny (XGBoOSt) g, .(2020; Bentejac et al. 2021
‘d)J..\JwLM l.lbuS)J5 5 IR W) JLA—C' ).) J..o] K - L.‘>).) BN ad)l.ww.Lzm 4.L¢> )‘ uﬂ).w.u e aS ol Boostlng
sl cy e > M8
S8 o o8 w i ilwJde gy Ao S aly Jae pl edpel  (Sig ol ond adlid oty (slagSl o YU sl b
S S oS ) ol olwl o D9 o odlatnl Caxs (6050L og) leisds (68 mmenal CE 0l bgy 90
b oo dolsl s a8l B o o] 33,5 oo duwlixe o] slas g 3bul wis (6 S paenal €3
5 39 PR g Sl

Lmdi u.l&lb k—)L.M)l}bO U»L.:l » C,%A.ml Lgl.mo” b Lm)'L:J.ol uwu b |) 83959 dl.muf}"ia Ls Lb).u.auo W‘.n (_5)53[5 L;l.mJJ.a
sl She bl .l Jao sla o i p (8399 ik b ),Jb Oljee s slis wliliel ol (Sihametal. 2021) 468’ o0 b5,
Ol Glyce e ($39)9 S site cuslio Bl g (o) b 3) (it Jde pdiBllasil g (6)lub 3 )97 (88 (63959
Gultekin and Sakar, 2018) 5,5 Jobs lieb! calisee (glagy luw ;3 dloiel LB o coli (sbo sy 3l 9 00l il3dl 1y s Juo

5 Jdd 4 900,85 Sluidy (g5lse o3y 5l XGBOOSE .aisu o daus |y Jdo (Sluwloee (ol)5 5 >



SHAP (SHapley Additive g, bws Sig cuenl U gd>s pl ,> (Singha et al., 2021 Hameed et al., 2017
38 51 pwimmeds 039y Cywble (6 353L Jdo s (295 pusss sl g assb (6595 p e SHAP 5JUT .05 sl exPlanations)
iy oS 5 5 g 0ad auCaglyl b Shig 0nd plosl 5T elul a8 oo pasitio B el (55, 22 |y o Sy il o o
yobaiedy ol Cowd 4 00wy WQI pdlie g |a] olSKiw] ded (cly g S5 ol puile (63550 (sloJde Lo 03,5
A odlatwl bl elaylre 1 e 6 uSe Il polie L WQI i o i dlie ¢ S liel

S, sl b

(Malone et al. 2017, Fonseca et al. 2024, Salami and  cul 01y )3 &51)] dobl )5 a8 wis odliiwl b5l Hlee & 5l Baiow (ol o

Dgus oo iy Oygo (pl A jlre Cpl S o (65031l ol 03> s Jde bawgs &S 1) CBan
RZ2—1_ Y- (TPactual,i-TPpred,i)?

Z?zl(TPacttual,i—mean(TPactual))2

Jol8 cwls G onid s V byl ke culaodly b Jao yips ol onias )l
ol 039 3990 o3l ;3 Luilyly 433, Jao 45 amd 5 yho 4 S e a5 Jbsyd ]

- (MAE) U 3lan 6 S

b aoin slles (S5 :Ske jlee o

D9 o 45,5 Jlai > Jlon)
MAE — Zln=1|TPactual,i_TPpred,i| (\c d.im‘)
n
(ME) bas pStos>
Do oo 48,5 Hlai yd Jio.xil Yo & S0 Hlade g DD Sy ol dw w9 (Blg Shg o ©ld Hlade @Sl jlae o)

o & PS5 e g0l Hlis Ty gy cdd MAE 5

ME = maX|TPactual,i _‘Ppred,il (0 “-‘04.‘)

L\
. (MSE) 16 s o S
5 otbe 5553 o 51 TP 5o eols Ll ) (slis ommo b 1, igms S L alold MSE b oy ilie sllns
FESNPRIS W 28 39i5_sa o3lil loj Al (MSE) s g0 (5s5iln 2392 bls yiuo by plpy MSE el s

Al S sS slales 4 cud
MSE = ( dal,

n

(RMSE) W &l o coils yi>
g e dulne g Cygods e cpl sl (yge)S ) ) (Blg g 0l ey polie (ye lad (65:S0jI0T (gl 3 lilisl e Sy
RMSE — \[Z?:l(TPactual,i_TPpred,i)z (V ‘\Ja“)

n

Ll Jde yipo 0l sdiad lis RMSE jiaS y0lae
(NRMSE) i Jbo 3 slhas Ols o (nfilio yi>



onliS sl g 034 Ja.:da.kg 63 s ped 4 w0l 6150310l polie p ke o s Glayye (1 Sko yldo puud ool lre oyl

Jz
NRMSE =

n
i:1(TPactual,i

_Tppred,i)z

n

mean(TPgctyal)

(A e,

.C;..»Lmo.)‘b J{ .)‘..\:3 n ...\b.)‘_;o ul.a.uj |) o..\w LS'H"W )J.)lﬁ.o Tppred 3 mA...’(S b..\bl.ws.o )J.)lﬂ.o TPactual YL’ ja.)lg) L;OIAJ ).)

Lol 0as 1) (380 LJ’] 5 o edlawl le.b:uf}'ﬁ <
dgjedily ailsdg, 5 addllae 3y90 Gl CusS sl pite (g lo] lasuio :F Joua

Olwge | g | ampy | AL | e 8 bl
olow! | 4k
YIAYO YIVAQ Y/AQ YIA-Y N YIAVY Sl
LYARR AR MA-+ 2 2 AY- - Sl
[IARE $IA - Y/eee FIA - /Y- /b JERS
NAra% -I¥SA Nisd) SI¥YE NAnns e Gl ol
VAR -/YY0 —e/eV- —+/.ay -IYYA —[aey i\ Ses
- /o0 EALR AR SIAN 4 —-/avy Y/AYA Y/+A- Saas
SACINYY | YWYAYY | A.o/EEY | EYO/MY | YAAMYOE | YYA/SO0 YYADOY Sl psiem S s Cylar
VOV eee | ¥eofooo | Y¥eufenn | AVNR/enn | SYY/es VYN \-¥0/. Sl
YEY o | YOV eee | ¥YA/eer | YEV/eeo . r VAY/+ v s Jslas
YOASA | YAYVOS | 0--/AFY | V¥S/-0- -/¥Y- SYIYOV YEITYR e Gl ol
VAN AR -/avy a YIS a/avs /5. S
NI -IAYD —+/ .Y+ VYA/YAY AAYAVEN S ass
FEANA | OV-/YFD %‘\v YOV/OMA | YYeIYEe | YooYV YYS/S¥FA oSle mo/litJglxe wisols JS
VoAV eee | VESY/eee | VFRD/ s F.¥/A0- | AdO/--e | YAAA-- NARTERS Sl
\ArJRRRINN I 4 AV/ P VEA oo | VEVYee | AL ARV Jslas
YAV | YOYIYIA ag/-va Ya/VA- oY/50 £1/45) DY/ shne Uil ol
VAtas VIYAA YISA Aan% vio¥Fa 4/af0 M So
A —++¥) 4/avA \7AN\ 3 AYIYA | YYD ANY- LSS
YIVYD OAY/YAY VAL [EAY < [0AA JfY- J¥YY ke mo/lite ) guw
IV AIVE- \¥QO/eee | VY. V/ya. VoA \ARE ¥IY-.- Sl
A A YAY/eee ey <YV ooy ooy ey Jals
AN A TYAIY A IS -IYEA -Ivsy -/yay -I¥VY shne Uil ol
AR ArZ < [AAY Y/ovy -[5A. Af-¥ YIs\S YISSA Ses
VA -[oay —+[+¥) Vo/5A0 AL AF/FVN ARIANN Vy/Aay LSS
Y/aa- YIVEY ATART YIAVA YIYAA Y/0Y Y/ YIVYY Sl mg/lites S




AR AR IARE OfAs - Y0 ¥/5e YV HARE Sl

Y. AR ARE Vo Veon Veon NI VARE Jslas

< JO¥A Y vy Nials VISR N AN -Jo¥y She Gl ol

AN Nians ANY) NAVN -V/$10 — ¥V =y -/ara So

£/AY -[aa¥ < /$YA IYASN) VIADS Y/\AS FIAYD £1avs LSS

VAV Y/YVE Y/ey- NiZa 22 < JFVE -/¥0¥ < [OFY ke mg/lit s
AR VAR VelAoo ¥/5e. VIV AARE Y[Ee Y/0e -

IR IARE ARES HARE ARE: FARE FARE ARE

AHay V/AAY Y/o¥Y -Josy YA -/yYY - I¥50 NAING

AV VadYe ARNS F/AVA A7ANS /YO AY/AAY ¥y

N VYYD o5 YA/OWY \LYR%% WY Vav/ana W/ .-

r/rra v/sA¥ FIVAY YIsN Y/fav Y/¥OA Y/Yva Yy

NS+ NS LT /s Y. B Yoo AR

Age ARe Y/eon ARE VY. A A \/..\

Y V¥V V/A¥ NINE -/¥20 .

N \IYVY V.50 -Jovy —+[AMA

Y/-¥0 /DAY Y- V/O¥A V-0

AR V¥V V/ave NZS\y -/ADA MY/lit s jure
o/ ofA++ o/y /Y-

Jyes ¥ Y. Y.

-[5YY < IVAY JAY A

YAAS Y/-ov AN A

A £1a+ VA V¥

Y/vay /A0 YXM R /Ay MO/t g du
INARE Sl

yen Yo Yo Y. Jyes Jolas

\/o¥Y -/yvy -o-¥ - [¥AY -Iyvy e Gl

V.08 A Ni%S) v/ovy a/AA AR Se

-JovE -V VE/YOS VYT AYIVY- VYY/OAN Y/ LSS
YYF/FA WYIVYS | ASYIVAY | \0b/AaY | VFR/AM \03/ V5 ke mo/lit _ssww
FYefenn Yebfees | YYeleer | YOO eer | VEo/enn YEO[ee s Sl
YO oo Veofonn AD/ <+ Qefens Qufens Aefoos Jslas

AV/B\O V/¥YY WYASA | YYEN Y¥/ 00 YY/AAY YANSY Ya/vyy e Uil ol

-favy V/YAR V/-54 Asa) —V/VFY Y/Faq NAINS ALY Se

Niar AR NAA) Y/ha- Y/EAY 13/030 Y/a¥- a/Ma LSS

YYIVS¥ Y¥/OVE YV/5N0 VE[+AD \O/Y Y AY/AVY AY/EVA 17A58 xSl (>954)WQI
FY/sov DO/E\Y £AIVEY TY/-¥ Y- /Jovs YEIVD- YYISVA TY/¥ov Sl

VE/FEY VE/FYTY AY/AVY VV/EAY VNV AY \+/aY- V- IVYS XA sl




SINYY SVARY% ARZAREN Y/va¥ oy V/AvyY AV V/A/A o Byl

ATALYS V/vay +[2aA YIYYY of+5 FIMNA AY¥AQ YV N>

<IV¥Y <INY AL YI¥V0 V/osA YVIVYS AAAFARNY YY/OVA S hiS

3 lubisd pH 1:55ke ol 0 43l SuuiS g (Son ¢yl Bl ¢ piSTas (J8las (5:5ke 51 IS sl G g o) 5o

Colin 5 Ske ol Hul s (S5 olyd oaimdlis /¥VF—+/YAY 0)L 53 las Gloul 5 63, 03)0p |y ordaw o ot
e jl laoge g g o pd sloolKiw] o] Sl 4 31 cd ) )15 WHO 5l e3game 5> ol ples j3 (S xSl
O Supd CuiS asls EC a8 canl 1S5 &y p3Y by flis (oYU jolie 35 b o 03,0l slaolSiny) 5YL e
S xSbe ;55 sow I (Li etal. 2014 Cheng et al. 2020) 5,5 o 1,8 Ol Mol 5 wliilon Loyl & 51

Syluiliwl ds jlas STea TH  (Sig .ol lis 5)lailinl o 5l jiaS s (xSl 5

Sl olis Ve emgllit YL
e (i lgiee S ed oS lie WQI palie el 3 glusy b & -
&bd&l)s.aﬁ&uuwu&udwab)dbldslx.,& 4 Wy Ol CulS Counsg oS 1y oS s
N S S sl J oenal LG a5 530
ol o 1) Y S > 4l 4 3 09y 5 ookl b LT cpl g plos] OT cas

High
Ec w I oo . .
DS e u-u-' o o
TH R . .
PH . ‘.‘. "
\ Hco3 ' . -
@
&
So4 * .
| a l' .
na "
o -
T T T T T T T Low
Y 0 1 2 3 a 5

SHAP value (impact on model output)

GBS oyl )3 o ool (Shg Ve Cuenl oy 45, Y UKW

L{ 9 ATJ}UGA S )l 45 JJ.)y L;JLQ(\T )J)J M) LSLQQG}L» ..Lu.ﬁ)f )‘)5 Ca2+ 9 cNa+ cCI_ cSOAZ_ 6MgZ+ GHCOS_ cpH £TH £TDS Lj )1




Q& 5Ske olie olSiw! ady )3 9 o0y 1,8 5)llinl s 5l olKius] 93 3 TDS Hlade 1Sko (yizron .Cuwl diislas )8 55 (Ve -
ady 518 oud &)l WHO Lawgs a8 A+ -mg/lit 5 jlsbiol s I TH Kl 4 31,805 (gom .l 0390 35S0 35 Il STas
Jdd & Yleis] &5 azsls oelaid] Ca?t g Nat & cuenl op 5ol (ol 039 jiiig Ve omgl/lit Joleie g Collas s I Lol el
B Jodo 53 48 Ad Gy el (g & 3laad F IS 1 odelcundts cuonl @l yd ol iy O cuiS 1 (oS 55l 457 39y caui

A 48,5 L5 0y Jae 4 (63959 sla Sy 5l ilitee (clacuS 5 odelndds Coanl dx)d & diuy (S pp ) ol 0l 1)

(WQI) o oS (adls i ¢y b Sy obwl b 10 Jada

S 79 Coodl 5 T) S Oylowd | (S ig Coodl a5y
VY EC, TDS, TH € L SYY
Vooy EC, TDS, TH, pH N -
V/OA- EC, TDS, TH, pH, HCO5 s WA

Erli anld ol

o5l 3 RMSE ,laie 5 +/A0+—+/A2Y 0jl ;5 ‘yusd oy jlio 5 5L5 )] Sy polie o olis 5]
D)5 Byre ‘-juﬂ-"-ﬂ-{u—?ﬁg 3)91)4%)33‘, 099) ¢
o 3500 45 6y iyt Cunl TH 5 TDS ECHEB S3s Lol
A ] 3 eopliz o o3y (WQI) o oS (S
9 Soae Gher Sy, il ol Ban & Ny (! BB Conl Sls 590 (5568 (Sho MY (gyw ) aSL] gl Lol b

e D dalgd 55 pile (6300

e
e 15 olS] > il oy g e sl (b)) lojlone 27 Jo
ME MAE R? owile 555U o | 5w 0ylowd
-[aay Y [AAY GB \
-2~ v < [AAD XGB
-I5Vs IYV-A ALY GB Y
<IAVE SINA -[AA XGB
VeV NisYs - [avy GB ¥
VoS YN o[-y NSy /YEN -[a55 XGB
Y/vYS Nisk NAR N7SY) Jys. - [asY GB ¥
Y/ovy .fysy NAas - /MY ey NN XGB
YIvYvS LA Ny AR <Ivod /a5y GB )
v/o¥f YS¥ Yy AIAY- -¥ao -0 XGB
Y/VEY ¥y o/.a¥ < Ivos <Jyoy AT GB 5
\ATa) ¥Y0 Nes 5N /YYA - [as) XGB




39, 00] 5 (coaal aww o)
ol 39 RE s e 85 SleisS ativg b &3 o5 (solael i) (sla S g ol 45 ol (s ol dulia (Y Jpir) o
035 (WQI) f S’ Sy Mo 25052 55 (g it ¥ g 4 31 (LS (o)) sljlinse dugllio mlis (yrizmod 0,8 (B yn0

Cal

3904015 ceslals o o] )3 Cilisie sla sy g ade (sl b5l sl jlae IV Jg.\b

NRMSE RMSE MSE ME MAE R2 il £ 3l Joko
N4 <IYF o[y JYAF [va < [AAY GB

y/yay <AVY /eva NaY NN </ay- XGB

<JA¥Y Y ey < /¥00 [vA -[aAY GB

V/YEN NAYON ofevy SIVNF IV -/avy XGB

y/ava Yy o[o¥¥ NS AN -[205 GB

YIYAY </YAY o[ A -/aa SIYe¥ -/av-

Y/IAAD YA JIVEY VY. < IYYY, - IADY B ¥
v/00¥ < JEYY LYYy VoYY 3 W XGB
Y/AYY </YVA JN¥EY y/vay L [YSY GB )
Y/ AA J¥N- S\EA VoY XGB
¥V ¥y \s5 V/¥20 GB 5
\7Ad) Niaai -/vay V/EVA XGB

ool i ol
S ol byl slajlre auslis (B loj g oSl )

5 MAE s 5 </AYY= VA o}l 5 RE 1655 sl sloSing csote olia (Se5 o pile (A Jgi)
e 315 slpaudy (WQI) Ol e & o8] opl D1y GB gy )lgi oo Lol e )5 )48 +/+ A=+ /¥YE 551,
‘*NQ' A (S e 3550 0 (s e ¥ s 4 3 LS (b)) sl slme Ao ol

Cuol 03,8 1)l (g yipo guls XGB v565] & s

Cuwlo

5loj Jy oK) ) ciliie (slaigpm g o ae (slp (b)) (sloyline BA Jgu>

NR MSE ME MAE R2 il 63l S | g pow 8 lond
fevsa VY- /oA -[aYA GB \
AN -fas- A -[avy XGB
NAYIN ofeyy V/FY o[-AA -[AVA GB Y
\/PRA WAL o[ +¥A V/5F AN NATS) XxGB
Y/V¥Q /yaa ofeA Vg A Yy -[ayy GB v
Y/ovo <Iyav NANas VIYYA < IYYyY -/AQ XGB
Y/AY ¥ g \YiZas YV IAA GB ¥
ARY NATSYS SAAN VIEA Nisk “IAYY XGB
Y /N8 AN V/SOA YA - IABY GB )
At - [£50 vV V/OAS Niatd SIAYY XGB
Y/55¥ v <Yy V58 <Iyo¥ <IAMA GB 5
Y/ ¥ NiYas V58 /yaa NN XGB




Olow] v s 0l

Lol «d8)S )13 «/AYY=+/YFY ojb > RMSE jlade g «/AVF—+/AAF il 10 R? (o s jlade oS ol )l ol (A Jguo) sl 03,8
A3 oleidy (WQI) Ol it (Shag (st sskaiods ol cnl )3 1) XGB gy plgise lsy) oS solod duglio |
655 Slon .l 039 (WQI) o oS (59 5o 35050 )3 (6300 (it ¥ (60 48 31 L5 (5 (6l ino iyl gl (psizeen
O S Cudldy Ban (g Ll 087 (Byme (gt sais i Ol (b)) S SRy polie (39 e Ata gl sl jasuine oS
P9 o Maddey sty S Olgisa ¥ gy W el (o b S5

OLA.M)T 2w olKw] )d Calises (gba g o 9 S sly (b5l sloylize A JS»
NRMSE RMSE MSE

-/avy AN -[yY
AV NAVA! NG
NAAE <Yy <A
\YRYA «/NOA o[+Y0-
VA-Y NANA ofevy
VIvoy Nitas o[+~
Y/ Ninns AN
YINSA Nints AR
YIAD -/¥Ya NARYY
y/-a) AR RAX
YIYAN Ninas <INA
A7V Nints AR

A5 s oS!

.
ﬁs&%P‘aJ;%%xe LR

ols duglio b Ll agg )3

Ll CotsS (Siag e 3yslp 53 (gm0 iyt ¥ o S 30 (L5 bl slaylims dulie does

Al olStan] 5 iliseo (glags g b Jse (sl b5yl slajlme 2V ¢ Jgua

MSE ME MAE R2 owilo 253k Jio | (g 8 ykoud
o[ov¥ < feVY AN ALV GB \
ARSS VAR -/~ VAT AT -[aas XGB
Ay <N¥D o[+¥Y -5y <IN -[a3A GB Y
V/YYY <I¥\Y oJo¥D JRRE Sy -[aas XGB
V/¥YY <JYYA ooy < [OAY vy -[aas GB ¥
V/avo /¥ ./-24 -[23A NAS! -[aay XGB
VAR Sya. o[-A¥ -Ivss </YYA -[aay GB ¥
Y/$a5 - /¥an NAYS VoA WAL <[aAY XGB
VNS -/yay [-AA Ni%as Nies -[aay GB )




Y/¥YA <I¥AY <\o- V/eea I¥ay NLVVN XGB
VIAVY <IYAQ [+ A¥ < IVYA - IvYY -/aay GB s
Y/¥ovY NisY) MY V/eye ./ya¥ < /AAA XGB
A 390 o |

w93 4 G GB 130,651 &S 0y lis 3,5 &l o gy g 3lge yisw 0 &S b5l sla She dwslio dou o oS! )
&3,5 )18 +/A85—+ /A% o3l 1> 5 039 S35 SIS A Hlous R? s polie o L zls (VY Jgde) Cusl 039 yips XGB

ol

NRMSE RMSE
V/ore </¥230
Y/oNs Ni2as
V/o-a /YA
YI¥SA (50
V/0ov JEN.
Y/S\Y ISAA
Y[y NINGW
YIVY V¥
/Y < o]
Y/aA- < /YA
A </ava
YIV-A Y NI V/a] -loss -[aas XGB
)
L\ | & 2!

B v2)95l & Conns GB (i )95l 48 31 (Ui (o] Jlame & duaslie il olSan 3
[AAY=+/32Y 030 ;5 Sl jlan Sl ypuis L RZ o a5 390 o) 51 (S odelcanday polio
) GB winysSl lgise b)) sl Sy oolod duliio L Lol 58,5 1,5 +/a¥V=A/Y ) ojly
CadeS Sy 205l Sl it oS OBl jlateds iman ol lpiiy (WQI) ol coaS Sho
P G N 3 Glis ol olaylne duolie douss md Cand 4 1) (o aou O cuaS cla Sy J8ls b &
ﬂ ol 039 (WQI) Ol cotuS Siag 5lude 3,91

(Y Jgiz) casl 035 BB (55
RMSE s (yizean fusl b

gy el o

& o) > dilises (glag w9 o (sly 2Lyl sk VY Jgu>

NRMSE RMSE MSE ME MAE R2 il 63l Jo | (8w 8yl
Y/VNE -Jovy /YA Vary Niral -[aay GB \
/e VY Vv FIAVY -I5Y ALY XGB

\lAnre ISy -/¥oy Y/¥AN Nira) -[aay GB A
£/-2A V/-FY V/-AD ¥/5 ENY -/aa. XGB

v/¥Y- <103y A AR -I¥q -[aav GB ¥




YIVYS < [a¥] N v/o¥y < JEYY -[aay XGB
Yisos - [5oY -¥Y0 Vavs -0y -[aas GB ¥
£V RISYS AAYY Yy INYA < /AAAA XGB
\IARENG - Jovy SI¥YY V/aro Wiate -[aay GB 0
v/fYY -I5\A - IYAY VAYA -I¥ay -[aay XGB
v/a-s -/aay AN YIYVY -ISYY AN GB 5
FIVYA VYN V/FYY ¥/vaa A <[aAY XGB

sgbaiedy ol cpl )3 1) BB o)l plgs oo (b)) sloyiel)ly (oolod dulie L Ll fcd)S" 51,8

i) slaylne duslie WQI 3yl 5 sl dingy a8 5 Ol jglatody ppioman

NRMSE RMSE MSE ME mble €553 Jio | (8w 8,kow
VIEAD <IYVA <INy -[aa. -[aay GB \
YT J¥VA IYYA -[aas XGB
VIEYA Niral s -[aay GB Y
Y/AAY BTN ./yya -[aa¥ XGB
V/as. <Fra -ay ALY GB v
Y/yas <Jovs “IYAA \ -2y XGB
Y/AY ~/5‘—Y‘5‘—‘ g -/aa. GB ¥
vaan VB Whea -/aa. XGB
Y/sV¥ ‘/M\ YARYS </¥aA NALY) GB )
v/ 01 - I5AD y/ava - [OAY NAVX XGB
VAR - [o¥Y AvS GB 5
V/00) NN NAVSYS XGB
Syl > Ao 35 3u8>0 ) o Sidek etal. (2024) 4 Ejaz et al. (2024) 45 sy )i oad plol yuiig liios b duunlio

Cl ygomon o] 5| oolatul pols suiss b o (S clidos il dsg 53,8 Syme Jho oy oloicar Ol LS jasli
55 BOD § DO jozad oo Sigodd )5 Gladss o ds S1.Cwwl odg pH 9 TDS yoomon oo Sig 9 K jeomen b a0l
XGBOOst- oas diugy Jdo 3,5 L Farzana et al. (2024)  pioed Cuwl 039y puols 356 b aoliie (oolginiy Jio Lol cons odliiu]
aly Sloj Lwlide & 938 9 ,POLS, N-NHs, pH (6359 (sl yiol,b 5l oslitl b O cutS (adls i 45 azily bl BO
g yob> adllasl 355 pl 1o Jde (6399 (slrodld Golds asds il .l ooy lis (6 YL Cdd s dlale slaosly (gly 5 009
o yiolyly (9,5 48LSl g (6399 (sl yialyly yuss b o el Yokl g5 o cadllas 93y (gl SiamsS lomal Ll (1392 LSy

22,8 &)l 3ains pl 43 oad eolaiwl (sleolSius! (gl (solpiiin Jao S lgieds Klg5 o 35 XGBOOSE Jdo (oleowss



(cross validation) Jsl&e 2w ,Lac!

e 5 005 S (sglons 55 & lodls gy ol 5 0 eolitl Wlite ortoylel 5 03 b oS cslagbilye ) s S5l ssbaton
S sl b a8 S sy sl sloosls lgisar Koo (150 ¥ g (geil sleosls lsisdr s G ol e 3 5 |2l )L 0
220,5 drwle losl (:0ke Lales g s glayad L 5l (S

ol 00585 &IINVF Jaax ;0 NRMSE (sl s Waosls aen (gl 7,0l axld oS! jo ol

£l asld oSl sl e (i jlisl @l IV F Jo

Oeilee Iy ¥ Y Y
\W/ai \IYE VY WA \VAYA
Y/AA V¥O VY VE/Y \/¥Y

Ol A dpuloes YIM 5 Y/EF (o35 4 XGB 3 GB (sla_jbe, ¢l NRMSE (glas
3 pdiges puis b S amd o LS ases ) 1 939y ool \/&i“' 5 VAYA %

b Gl S ol 4 s

(uncertainty) Cuzlad pas Julos
DY) ddome (¢S diged gy jl Cunlad pac Jlod <l
5 Taome o (cladigas 4y o0 el diges il S 5 b
> Joo oplad dulore s jlade 5 1] rdle (500

O 20 A0 Jlais] b las el alols e T
4 XGB 9 GB LS‘)-? l:aJA.o Lgl)q-l ;3 NRMSKR, ,;
bl b o Juo oS ctls 0Bl ol &
| Y
e

el Lolgd )3 ys3lis ] g 392 odeluwsty V/BVS 4 VAYA (i

2 5 Ao
ol i sl o y55] lows] o2 s 0l ;3 9 GB w65 olSiun] cdn 3 a8 oly s g opl (claassl
B ER 03k y> gl 53 (e o pd Baid pl p3 b Lt 1y 3 SMes oy piag g,000]5 A0y, O oS
A oy pd 353 0395 05 Hlows R? y3dlde glds 29 o bliie &S 465 lad .85 J1E < /VIY=V/Y) odgue 3> RMSE
s ol olais] sgs a4 3950005 eudal duw oK) 1) R? 1 e g cdom 100 o8] & bgsye R? jlade oy YL 39590 0S|
0a3LS 2y5l 5 1) Cuenl (i s 4 HCO3 g TH TDS EC (sla Sig &5 3 olis b Shy cuenl Jobs jl Jols
S dw &S ol flis ele o zols ol olis s Sy oy |y caeal oy yieS Ca2* 6k 5l .l atils (WQI) o cuss
o g3yaeby > 1L ol 585 9 dtwgn (6pSojlnl plply g asly Of cuasS ol o jiw ,» oMlS 438 TH 3 TDS EC
ol Slallas y aizj g loj SEaS ppile S0k Soai led g ostan (hon Bun STl plply 0,8 )8 da g 250
it oetas el 3BT gl sy (WQI) f S’ (as s 5l bl (i 4 ol Shs Vo sl (Shy ¥ iSole b
3 ¢l NRMSE p5lie oS sls (LS 1 cunlad pae U] s b o ili8l SWl e 4 lad o)l pdiged puss b as ol Lis



& adlle ol (sl lors Slptiny (swwlin el U la Jao 45 3,8 ool i 5 458,55 s linebs] Lolgh 35 Jie 9
Ol.n)' u,...tblf b PN L}:’.l ..\quo SaS Lm).g‘j 9 LMJB-A” dl).f ;,:i CutsS u""L‘" J..oi)lf dwlo 5 g.j Ol)lfw@ 9 C)‘)'.’."\“’
ly ol plie copte clae sl ! B9 o 63,509y o ] oo Cawd 4 03] (clnolSiun] o cllss g oS (oloais o o Slawlxe
@ oledl (Jlopll a8 SeS alBg, Ol b Copie 4 coles jd g wd Ol cuiS 5l 555 o oyl 4 o wdly il
395 (6 )1 pdiged (sl e 5 (o lowdsSS 38 (sl yuxio Gl & bgsye Jgl a0 13 aS" Canl ppe adllas (pl 10 Codgize s
023D e lp olerdsSo i sl e Jl Py b g )b paigel ladore Sl (it dlas b Al g Cliios ol
Ciliseo slaailisg 3 (eoletbey Joo 2950 drog Al drgs (9581 (559 LaSLE 3,50, S ealisl b 2g,000]5 b3, Of dS

D (o liel Gglate o [ Lyl b

ool Jolas olal p Ol 48 o aib s (WYAP) coles ol Blie g e yoo)
DAD-0AY ‘(\")V~ ‘(UQJ/UME dulw}u_mé Gt j LB
lpl 3 O cuaS asls dule (claaly (VA-) (lpl oMol (6 )g00> com
REFERENCES
Aghaee, M., Heshmatpoor, A., & Seyedian, S. M. (2020). I@tigation f quality of Chehelchay River using

IRWQIsc index. \ \

Akbari Osmavandani, S., Sharafati, A., & Moghaddam, H. K. (2024). Assessing the effectiveness of artificial intelligence
models in predicting Zayanderud dam inflow at different time scales. Acta Geophysica, 72(5), 3511-3527.

Alexakis, D. E. (2022). Applying factor analysis and the CC
an Aegean Island (Rhodes, Greece). Geosciences, 12(10), 384.

Alexakis, D., Tsihrintzis, V. A., Tsakiris, G., &
in lakes in the Mediterranean. Water resources rfiianagement, 30

ater quality index for assessing groundwater quality of

1-1633.

Al-Mukhtar, M., & Al-YaseSBF. (2019). MNelin
Zirig marsh in soutI‘f&q. Hydw, 6(1),
Basha, L., Shyti, B., & Bekteshi, L. (2024). Evaluating the performance of machine learning approaches in predicting

Albanian Shkumbini River's waters using water quality index model. Journal of Environmental Engineering and
Landscape Management, 32(2), 117-127.

r quality parameters using data-driven models, a case study Abu-

Bentéjac, C., artinez-Mufioz, G. (2021). A comparative analysis of gradient boosting algorithms.

Artificial Intelligence , 54,1937-1967.
Box, G. Y’ M., Reinsel, G. C., & Ljung, G. M. (2015). Time series analysis: forecasting and control. John
Wiley &

Breiman, L. 1). Random forests. Machine learning, 45, 5-32.

Bui, D. T., Khosravi, K., Tiefenbacher, J., Nguyen, H., & Kazakis, N. (2020). Improving prediction of water quality
indices using novel hybrid machine-learning algorithms. Science of the Total Environment, 721, 137612.

Chen, K., Chen, H., Zhou, C., Huang, Y., Qi, X., Shen, R., Liu, F., Zuo, M., Zou, X., Wang, J. and Zhang, Y., (2020).
Comparative analysis of surface water quality prediction performance and identification of key water parameters using
different machine learning models based on big data. Water research, 171, 115454,

Chen, T., & Guestrin, C. (2016, August). Xgboost: A scalable tree boosting system. In Proceedings of the 22nd acm
sigkdd international conference on knowledge discovery and data mining (pp. 785-794).

Cheng, G., Wang, M., Chen, Y., & Gao, W. (2020). Source apportionment of water pollutants in the upstream of Yangtze
River using APCS—-MLR. Environmental Geochemistry and Health, 42, 3795-3810.



de Almeida, G. S., & de Oliveira, I. B. (2018). Application of the index WQI-CCME with data aggregation per monitoring
campaign and per section of the river: case study—Joanes River, Brazil. Environmental monitoring and assessment,
190(4), 195.

Dezfooli, D., Mooghari, S.M.H., Ebrahimi, K., & Araghinejad, S. (2017). Water quality classification based on minimum
qualitative parameter (Case Study: Karun River). Journal of Natural Environment, 70(3), 583-595.
https://sid.ir/paper/195087/en. [In Persian]

DOE (Department of Environment, Islamic Republic of Iran). (2012) Guideline for calculating water quality index in
Iran. In Persian, https://www.doe.ir/portal/file/?958505/5-.

Effendi, H., & Wardiatno, Y. (2015). Water quality status of Ciambulawung River, Banten Province, based on pollution
index and NSF-WQI. Procedia Environmental Sciences, 24, 228-237.

Ejaz, U., Khan, S. M., Jehangir, S., Ahmad, Z., Abdullah, A., Igbal, M., Khalid, N., Nazir, A. & Svennin (2024).
Monitoring the Industrial waste polluted stream-Integrated analytics and machine learning water quality index
assessment. Journal of Cleaner Production, 450, 141877.

Farzana, S. Z., Paudyal, D. R., Chadalavada, S., & Alam, M. J. (2024). Te
Streamflow and Water Quality Using Advanced Statistical and Ensemble M
2107.

Fonseca, A., Botelho, C., Boaventura, R. A., & Vilar, V. J. (2024). Evaluating th ects of Parafilleter Uncertainty on
River Water Quality Predictions. Resources, 13(8), 106.

Gao, Y., Wang, S., Zhang, C., Xing, C., Tan, W., Wu, H., Niu, nd Liu, C. (2
and urbanization process on tropospheric nitrogen dioxide po“tion in th
Pollution, 336, 122436.

Gholizadeh, M. H., Melesse, A. M., & Reddi, L. (2016). Wal
using APCS-MLR and PMF receptor modeling techniques in
Environment, 566, 1552-1567.

Goodarzi, M. R., Abedi, M. J., Niknam, A. R. R., & Heydaripo
modification of water quality index in an arid arggmlran. Water Su

t“\/ elling of
ine Learning Tech U(i ater, 16(15),

M. (2022). Groundwater quality status based on a
y, 22(7), 6245-6261.

82(20), 479.

Giiltekin, B., & Sakar,y8AE. (2Q18). \/
In: Paper Presented at the 7tRn

Hamadan, I. R. A. N. (2Q16)
Information S

Hameed, M., Sharqi,

ble importance analysis in default prediction using machine learning techniques.
nal Conference on Data Science, Technology and Applications, DATA 2018.

er quality of Aghlaghan River based on NSFWQI index and zoning it by Geographic
nal of Occupational and Environmental Health, 1(1), 68-78.

y, Yaseen, Z.M., Afan, H.A., Hussain, A., & Elshafie, A. (2017). Application of artificial

intelligence ues in water quality index prediction: a case study in tropical region, Malaysia. Neural Computing
and Appli , 893-905.
Horton, R. 65). An index number system for rating water quality. J Water Pollut Control Fed, 37(3), 300-306.

Huang, F., Wang, X., Lou, L., Zhou, Z., & Wu, J. (2010). Spatial variation and source apportionment of water pollution
in Qiantang River (China) using statistical techniques. Water research, 44(5), 1562-1572.

Icaga, Y. (2007). Fuzzy evaluation of water quality classification. Ecological Indicators, 7(3), 710-718.

Javid, A., Yaghmaeian, K., Abbasi, E., & Roudbari, A. (2014). An evaluation of water quality from Mojen River, by
NSFWQI index. Journal of ecological engineering, 15(4), 1-6.

Kalin, L., & Isik, S. (2010). Prediction of water quality parameters using an artificial neural networks model. In World
Environmental and Water Resources Congress 2010: Challenges of Change (pp. 3145-3153).


https://www.doe.ir/portal/file/?958505/5-
https://link.springer.com/journal/521
https://link.springer.com/journal/521

Kamyab-Talesh, F., Mousavi, S. F., Khaledian, M., Yousefi-Falakdehi, O., & Norouzi-Masir, M. (2019). Prediction of
water quality index by support vector machine: a case study in the Sefidrud Basin, Northern Iran. Water Resources, 46,
112-116.

Khalife, S., & Khoshnazar, A. (2018). Evaluation of water quality in Zarrineh-rood River using the standard quality index
of Iran's surface water resources. Journal of Water and Wastewater Science and Engineering, 3(1), 22-34.

Khalili, R., Montaseri, H., Motaghi, H., & Jalili, M. B. (2021). Water quality assessment of the Talar River in Mazandaran
Province based on a combination of water quality indicators and multivariate modeling. Water and Soil Management and
Modelling, 1(4), 30-47.

Khan, M. S. L., Islam, N., Uddin, J., Islam, S., & Nasir, M. K. (2022). Water quality prediction and classification based
on principal component regression and gradient boosting classifier approach. Journal of King Saud University-Computer
and Information Sciences, 34(8), 4773-4781.

Khoi, D. N., Quan, N. T., Linh, D. Q., Nhi, P. T. T., & Thuy, N. T. D. (2022). Using machjne learnin els for
predicting the water quality index in the La Buong River, Vietnam. Water, 14(10), 1552.

Li, X., Li, P., Wang, D., & Wang, Y. (2014). Assessment of temporal and spatial varia
multlvarlate statlstlcal methods A case study of the Xin’anjiang River, Clgina. Frontiers of e
engineering, 8, 895-904.

Lin, Z., Lim, J. Y., & Oh, J. M. (2024). Innovative interpretable Al-guided water
analysis in river streams considering spatial-temporal effects. Environmental PON)

Luo, H., Nong, X., Xia, H., Liu, H., Zhong, L., Feng, Y., Zhou, W. & Lu, Y. (2024). Integrating Water Quality Index
(WQI) and Multivariate Statistics for Regional Surface Water Quallty Evaluation: Key Parameter Identification and
Human Health Risk Assessment. Water, 16(23) 3412.

er qu using
nnightdT science &
|

ity evaluatiorililvith risk adversarial

Matta, G., Nayak, A., Kumar, A., & Kumar, P. (2020). Water qualily assessment using NSFWQI, OIP and multivariate
techniques of Ganga River system, Uttarakhand ia. Applied WaEer Science, 10(9), 206.

Niknam, A. R. R., Sabaghzadeh, M., Barzkar, A.}

ebori, 024). Comparing ARIMA and various deep learning

1-17.
Ocampo-Duque, W., Ferre—mg
with fuzzy inferenc‘/‘ms: A . ment international, 32(6), 733-742.

Oladipo, J. O., Akinwm‘iju,
quality index methods: A ca
Challenges, 3, 100038.

eji, O. S., & Adelodun, A. A. (2021). Comparison between fuzzy logic and water
ter quality assessment in Ikare community, Southwestern Nigeria. Environmental

21). Evaluation of Pasikhan River, north of Iran using water quality index (NSFWQI).
mental Sciences, 19(2), 219-230.

Palabryik; , T. (2024). Evaluation of water quality based on artificial intelligence: performance of multilayer
perceptror@networks and multiple linear regression versus water quality indexes. Environment, Development and
Sustainabilit 4.

Panagopoulos, A. (2022). Brine management (saline water & wastewater effluents): Sustainable utilization and resource
recovery strategy through Minimal and Zero Liquid Discharge (MLD & ZLD) desalination systems. Chemical
Engineering and Processing-Process Intensification, 176, 108944.

Panagopoulos, A., & Giannika, V. (2022). Decarbonized and circular brine management/valorization for water & valuable
resource recovery via minimal/zero liquid discharge (MLD/ZLD) strategies. Journal of Environmental Management, 324,
116239.

Panagopoulos, Y., Alexakis, D. E., Skoulikidis, N. T., Laschou, S., Papadopoulos, A., & Dimitriou, E. (2022).
Implementing the CCME water quality index for the evaluation of the physicochemical quality of Greek Rivers. Water,
14(17), 2738.



Polikar, R. (2012). Ensemble learning. Ensemble machine learning: Methods and applications, 1-34.

Rahaman, M. H., Sajjad, H., Hussain, S., Masroor, M., & Sharma, A. (2024). Surface water quality prediction in the lower
Thoubal river watershed, India: A hyper-tuned machine learning approach and DNN-based sensitivity analysis. Journal
of Environmental Chemical Engineering, 12(3), 112915.

Rahman, S., Khan, A. A., Brake, K., & Tobin, A. (2024). Deriving water quality index using site-specific water quality
parameter guidelines for real-time water quality stations. Water Quality Research Journal, 59(4), 347-367.

Ramya, S., Srinath, S., & Tuppad, P. (2024). Comprehensive analysis of multiple classifiers for enhanced river water
quality monitoring with explainable Al. Case Studies in Chemical and Environmental Engineering, 10, 100822.

Sadeghi, M., Bay, A., Bay, N., Soflaie, N., Mehdinejad, M. H., & Mallah, M. (2015). The survey of Zarin-Gol River
water quality in Golestan Province using NSF-WQI and IRWQISC.

Salami, E. S., & Ehteshami, M. (2015). Simulation, evaluation and prediction modeling of river yater qual erties
(case study: Ireland Rivers). International journal of environmental science and technology, 12,

Sattari, M. T., Feizi, H., Colak, M. S., Ozturk, A., Ozturk, F., & Apaydin, H. (2021). Surfac
using data mining approaches: Irrigation along the Aladag River. Irrigation

Sidek, L.M., Mohiyaden, H.A., Marufuzzaman, M., Noh, N.S.M., Heddam, S.,
(2024). Developing an ensembled machine learning model for predicting water
Environmental Sciences Europe, 36(1), 67.

Siham, A., Sara, S., & Abdellah, A. (2021). Feature selection b
of filter and embedded methods. In: Paper Presented at the 2 |
Systems and Applications (INISTA).

Silvert, W. (2000). Fuzzy indices of environmental conditio i odelling, 130(1-3), 111-119.
Singh, S., Das, A., & Sharma, P. (2024). Predictive modegi

). Application of CART decision tree data mining to determine
the most effective drinking water quality fators (case Allldy: Kazeroon plain, Fars province).

Sutadian, A. D., Muttil, N.,"Yilrgaz, A. G,
review. Environmeryg@l ginitorin

Tiwari, N.K., Das Gu& S,

., Jha, D.N., Samanta, S., Manna, R.K., Das, A.K. and Das, B.K. (2022). Water
quality assessment in the eco stressed lower and estuarine stretches of river Ganga using multivariate statistical
tool. Environmental MoRjtorig@iand Assessment, 194(7), 469.

AN

Tiwari, D., Kumar, R., Yadav, M., Gupta, G. K., kumar Singh, S., Dhapekar, N. K., ... & Sharma, R. (2025). Holistic
analysis of Ganga basin water quality: a statistical approach with WQI, HMCI, HMQI and HRI indices. RSC advances,
15(5), 3290-3316.

-

Tizro, A. T., Fryar, A. E., Vanaei, A., Kazakis, N., Voudouris, K., & Mohammadi, P. (2021). Estimation of total dissolved
solids in Zayandehrood River using intelligent models and PCA. Sustainable Water Resources Management, 7, 1-13.

Tripathi, M., & Singal, S. K. (2019). Use of principal component analysis for parameter selection for development of a
novel water quality index: a case study of river Ganga India. Ecological indicators, 96, 430-436.

uddin, M. G., Nash, S., Rahman, A., & Olbert, A. I. (2022). A comprehensive method for improvement of water quality
index (WQI) models for coastal water quality assessment. Water Research, 219, 118532.

Wu, T., Zhang, W., Jiao, X., Guo, W., & Hamoud, Y. A. (2020). Comparison of five Boosting-based models for estimating
daily reference evapotranspiration with limited meteorological variables. PLoS One, 15(6), e0235324.

Yadav, A. K., Khan, P., & Sharma, S. K. (2010). Water Quality Index Assessment ofGroundwater in Todaraisingh Tehsil
of Rajasthan State, India-A Greener Approach. Journal of Chemistry, 7, S428-S432.



Yusri, H. I. H., Hassan, S. L. M., Halim, I. S. A., & Abdullah, N. E. (2022, July). Water quality classification using SVM
and XGBoost method. In 2022 IEEE 13th Control and System Graduate Research Colloquium (ICSGRC) (pp. 231-236).
IEEE.

Zamani-Ahmadmahmoodi, R., Ghaedamini, F., & Najafi, M. (2021). Spatial distribution pattern of water quality of
Pireghar river with using water quality index (WQI) and geographic information system (GIS). Journal of Environmental
Science and Technology, 23(2), 73-86.

Xu, Y., Li, P., Zhang, M., Xiao, L., Wang, B., Zhang, X., Wang, Y. & Shi, P. (2024). Quantifying seasonal variations in
pollution sources with machine learning-enhanced positive matrix factorization. Ecological Indicators, 166, 112543.

Zhao, X., Liu, X., Xing, Y., Wang, L., & Wang, Y. (2022). Evaluation of water quality using a Takagi-Sugeno fuzzy
neural network and determination of heavy metal pollution index in a typical site upstream of the low River.
Environmental Research, 211, 113058.




