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a8 40l (LASSO) e aladin] oSy edlld ) A8LaYU 5 (Potscher and Schneider, 2009) J& ¢« (ALASSO) Jdia a5 4l )
[25] s

(Y il e (ALASSO) Clalae jaie iy yat oy
14
54550 = argmin. ) (v — XB)T = XB) +2) W[ p -(19)
j=1

x; : . . o
(ALASSO) s ol gty j = 1,2,..p , % = ) /w 03 X = X i sieme S5 ) s «(orthonormal design) Al
j
(W sl e (orthonormal design) 412 ddaul 5

. . ) A
ALASSO = sign(BPMS) <|B;°Ls| - (§>> j=12,.p  ..(20)

+

sl e 5all ) e () 0 s

(SCAD) S ddyjh 1.3.2
The Smoothly Clipped Absolute Deviation
ol yuaiall SR o o Ady plall 23 ([26] J (e 4n) B 338 Lladll HaniV) oz 3lai Cilalaa a8 Alexiusall 480 ) 51kl saa) aa
: ‘;JYIS (SCAD) e\as.h\_; GL;;J\ Dlanid e dall Cay it Sy g o gll it ‘_g sV Clalza a8 g dagall

P
PLR(B, DS = {(y = XB) (v = XB)} + 1) p(IBiD) 21

(Y5 SCAD phadinls S jall Jadll plasi¥) e jlasi¥) Edllas e J gaall ol
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p
BoeA® = argmin. (v — XB)" (v — XB)} + 1) pa(6i) - (@2)
i=1
Clalza ‘)\:\:\A‘ J\)ﬂf\u‘){) BJM\ CJLAAH :\a‘)\‘).&'\u\ L)Amj Mﬂ)ﬁ\ a;\A} k_\:\S)AS‘ Adlas @ (}\) U‘} (SCAD) ;“); REN ‘}A p)\() u\ g_\:\;
BomSl O3lalaall 5 ey &l ol plac) g (23 5adll
QU AN Aali (e ¢ ff e S 23e (lall o (o 4 M ¢ jhall I B ad le) (aaldi o 431 (LASSO) J3a A Llaa LS
Apana Al Gl (SCAD) o 0 p& Sl s Bl A Ja e Jany (SCAD) Ldie (M (Lasso) (o2 WSy ) 138 49l pad (SCAD) L2éa
Akl Claa ) A d 55 43l Y

(Elastic Net) 4iall 48,4 43, )k 1.4.2

LASSO s g 0l dsl g Jolaill elld g ([ 7] i 00 el 53 a3 1 cagual) 481 3ad) (SaY) 315k 52 Elastic Net 23
O a1 Al & Jaleill Cajall Hlass) 4y yha padiui Cua (L, — norm) 5 (L; — norm) Crolasal) ) A yall AS0E) A8y Hha J gl
JSa (= =3 <LASSO s Elastic Net ¢/ s 41 G (b5 il) e il s il piall lia) dglee 3 LASSO 48 sk (50 53] e <l il
Y Ay yh SIS 5 sanaall Lgiihia 3 (2D)abedY) AU (i (2-4)
:@Y\S Elastic Net e\dil.u}..: L;a\);j\ GL\;.“ Dl (g
p p
PLR(B; 24, 0)"% = (y = XB)T (v = XB) + 2 ) ] 42, ) f? . (23)

j=1 j=1

Aabaall e (Gl o) A, 5 A s gall gl EBlaa (e i) e aaiad Blastic Net 44k o) (23 ) dabaal) (0 o WS
cn od 65_aal Lmaam ll Cal pukial) se Qa5 e Jand Cigun A, bl a1 S 33 0l i el il L) e Jan (2 — 26)
555l el el LAl e 8 s (pe 0 A, RaeS 5343 ¢ Caum 6353l il el acy dle ) Alslaal) (g G 2l )

o = o) o=l 8L (L, —norm) 5(Ly —norm)  Geolall e JS e dphd S i (24 ) Aabad) A0S (S el e 350
PA/(A +2y)

P p
PLR(S; A4, 1) P50 = (y — XB) (y —XB) + (1 =) ) |B] + ) f7 (24)
=1 =1

(24) Walaall Qi g = 1 Weie (L, — norm) s (L; — norm) ox IS hanall o)l S 8 oSl (a5 00 € [0,1] O Sus
Sgmaic0<a< 10;3&;3:.5‘LASSOK@}Q}SSQ}“(ZA})MJLMMQ\A o= 0 Ledie 5 ccaall Hlasil 48y yha ) oS5 (o gun
S gl iy el lasil 48y sl s LASSO 485k e IS das

;"Jﬂ‘ il e Elastic Net plaaiuly ‘5.1\);.“ L;L‘.;'“ Dl lasaW) Cllalaw &l padi  Je J el o

E}EB?StiC = arg rr}gin PLR(ﬁ; O()Elastic (25)

A1l sl jlaaiy) zigadl 2.3
Penalized logistic Regression Model
o (K ¢ D Caieaill S dadlaal (5 53Y1 o slall s alall b alaiil) Axil 5 dags Atilan) A&l sl laaiy) aad
rseaill by Jie sl Ale by e sl lasi¥) b die 5 58 Slast 0 fialdl 4a) 05 (1), sh: (0) i (il ) uiall 23
- (n).Slndl 230 e ST () @l i) sae ()5S Ledie U sead <o siall ale s DNAJ @l 5 ¢s sl aball
Lsie (i el ashy 3 il el Ciiead ISEs dadlaal (PLR) (1ad) i sl sV aladind & cJaall 138
Ciliall yaad g Capieatll elal Cppaad o dallal) byl A el B2l Lae el paiall e i€ ate 3 ga g Jla iz gl e (Penalty)
Al S e dlela 5 1585 Y
i sl sV 3 el AU (S i sl aniV) 23 5 Ay e ) adie W1 RN Al ga AP (B) o)l 2 bay YA (e
: Ml JS8lL Penalized logistic regression model (PLR) A sl
PLR = £(B) + AP(B) ..(26)
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1553 s Lol 558 2 Tl 595 Lo cimsin il S psiial) (i o st b (12 0) bl S dasS L ol
RAG sl e, (Cross-Validation) e &l el 48l aladinly Lbua (Say 5 elilall e adiai ) dad o) Cua A jadl aall 4]
Al el o2 Aalal) Qalall clas g il A 3Y Apmpam il o pusiall ol Jagad ol a) ey PPR Jas g sl Ji o)

et e e sana e o i sl ani¥) 73 i a6 sl adac Y1 ST AN AN (il S5 Ll el sl (301 A ale Ly
Sle s Ul oy ) JSEIL 28l s MCP ¢ Elastic Net ¢« ALASSO ¢« SCAD ¢ LASSO 44yl auai Al g sl s sl jlasil
e

(LASSO) so¥ &yl -1
A adl e (LASSO) &y alsiinds S adl il sVl e sl o

n p

PLR(B,1)-ASS0 = —Z{yilnn(xij) + (1 —y)In(1 —n(x;)}+ ?\Z|BJ-| .. (27)
' 1

i=1 j=

(ALASSO) asSall ¥ 48 )l -2
(YIS (ALASSO) 48 s alasinly (Gl jall o sll) jlansV) Aloles Ciy 5 Sy

n P
PLR(PB, A)ALASSO — —Z{yilnn(xij) + (1 - y)In(1 — w(x)} + xz wlg| b .. (28)
i=1 =
(SCAD) 3€u i b -3
IS (SCAD) e plasids il i 11 lsni¥) Abne A4S (5o
n P
PLR(B,1)5CA = [— 3 finmCe) + (1 -y~ wG} +2 Y pallBD } -(29)
i=1 i=1

(Elastic Net) 4i,al) ASill 44 5l -4
6_13115 (Elastic Net) AAJ‘)La ?“\‘.;L"Lj ‘?_ﬁ\);]\ ‘?_"u.u;_,l ‘)\.\;_':\ Adalaa Cayaig

n p p
PLR(B; Ay, A,)Blastic = —Z{yilnn(xij) + (1= yln(1 - w(x)} + A Z|ﬁj| A, Z gL .. (30)
i=1 j=1 j=1

(MCP) daadll ¢l jall 43y )l -5
(YIS (MCP) 42k phadinly (S all G sl lasi dabas o ais

)

aaaall o jall A8 Hhay Lalall el 3l Ay 8 py (L) O s

n

Pucp =argmin | —>"{y, ln7r(xij)+(1—yl.)1n(1—7r(xl.j)}+kipk(‘,3,-

=l i=1

M,\ﬂj\—ﬁjl(

2¢ ‘ﬁj‘SCﬂ)"'%I(‘ﬂj‘>C/1),c>1and220.

cisiaill & XGBoost 453 5 (Gradient Boosting) (a3 Jajail) cila ) sa 2.4
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(Boosting) sl il 58 (e dadia A

AN r‘l’”ﬁ eliba¥) £1SAN Jlae 4 sl GlalasV) s (Ensemble Leamlng) il (Ja_d\ )
Aad j.u.\l\ é&:\ 48y guial e old szs CJ}AJ u.\jS.\l (Weak Learners) elaxall u.\.da_\.d\ (e 22 zmad e Ading 2
e w3 23 5a8 S Jlony iy ot JS8 30l 3 Cam 36 liS gaenl) (55 ST (Boosting) e =il il )l 55
08 (et Alee Ldia sy (Gradient Boosting) (o2 50 il 4pe il sad alall ocaly )l JUYI[8] ley 4 Caalill 238
anaill g lasall alga ‘55 Aaagial) CJLA.L“ e el (PRI Lelaa Laa ¢l gall glisad ‘;Q(Gradient Descent)
ciziaill (Gradient Boosting) (>34 Ju5aill 4,065 B
LA._: LS dd Tyl (Logistic Loss) Agiin Sl 3 LAl Ala sale ("b:“: ‘L“;Uﬂ\ Cauaill V“LG" @

Liy, Flx)) =log(l +e ), ye {-1, +1}
5 slaadd) Jaus e JI&5 31 Vel i) A1a ala) g8 Cangl)

F= 'ngmln ZLW..H (x:1
=1
NS 3 il g s JRaY1 ym 030 o)ty IS amy g ecliliall o3 Slay hm(x) s alxie ol

Fr.".(x} = Fm - ]{X} + U}"n?hn?{x}

3 seges A laialy Ciyiad ¥ Lia) ) AUl adll Jysat oy kgl o

Ply=1]|x)=

Iyl

XGBoost (Extreme Gradient Boosting)d= )& .C

¢ (Gradient Boosting)e> 8l il duaj)lsa Ge Alas 23S (XGBoost) Aelolss [9] nssts (pE o3
T T R TR TR I TRV R
CJ)AAH Aya’ ‘_‘,ﬁ ?S;_\ﬂ (Regularization Functlon) ?.\L.u Al Canat o 5 leall Adal 200N A Hall (e Gy u)J\);J\

LGBl g gilill)
A il 3

sl Badinall Cppaatl) il 5l s () ALY e sl a1 3l A adl 531kl ool A5l 5 Al 5 il cailad) 138 (i e
oA aa (SN s gl a3l e Agial) clilad) o 8lSaall liby gkl JBIA e 48 jla JS 48 Ll 53| e lilaal) oIS
00 el ail) (580 k(5 Hlaally Al 51 oo Baiatl Lghom 5 g 81Sae By jad Al 2 (g g cSLaall o ggie NI (3 kil 4 23 3) ¢ e lilaa) £1SA)
- e el aladily CasiS el UYA (e AT a3 38 Aial) il 5 slSkaal) il Al Clileall a5 clgiliadl Gl 5 Aalial)

BlSlaall 43 428 cinay 3.1

(150 Yol 580 358 i (A1 SN hawm gl 51aniV) 23 sl 3 (;) psiciall 2l 5 25 3) oDUiLa el s alaiasly LgilSlana 5 2yt gl o5 )
)| NPRNEON g (Monte Carlo) shS @i s sl aladiind 3 3)

) ry Gluall e Adlida alaal daws aladiul W33 (n) Gliell g Sbady o (p) Lspagdl Glpaidl e ad Gpad W
(3 S Ao sia b ypum) Lge ) il COOAL Clial) (585 A )laall Al 2 JaY Iy (30,50,100,300,500,700,1000

Blslaall 4303155 3.2

VS sl sl 23 sl a Al y i) il a5 450V
y~Ber(P(0,1))

(Multivariate Normal Distribution) 23l xadal) a5 a5 ) (1 X p) sbagl 3 X Gpapaia sill Ol puiall 38 stae ad 55 5 1Ll
HIP P
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X~MN(y, %)
Adai e S8 Apaa il i) OV Y (4,5 = 1,2, .0, D) Lodie 3 = rlEl o 3) @ il ool 46 shaas 8 3 o)
.(Monte Carlo) /IS i se o jlad b ) Q5 im jad @l 53 5 (100) 2ol ) S5 23 Gl
(pRial) A1 Aua gll) iy 7 dail BlSlaal) il 3,2.1

tst s o(pkiall) A 5ad) e W a1 35 5k (e Ao saadd (MSE) Waddl a ye Jaw sia sy Lualall slSaall il (1) Jsas i
paafinl 35 Cligel) alaal (ge dilise Gl sie ie @l 5 MCP s <Elastic Net <SCAD «Adaptive LASSO (ALASSO) <LASSO
saill Juzmdl el L jraa¥) aill s Cum ¢l e L5 508 5 Ailian ) 2 3laill 482 s e 0l julead) JSH e 45 EMSE e

A,k S Mse o1 do

n LASSO ALASSO SCAD Elastic Net MCP Best

30 0.9023 0.9010 0.8801 0.3362 0.7741 Elastic Net
50 0.7902 0.8921 0.8154 0.2114 0.7015 Elastic Net
100 0.5970 0.7703 0.5533 0.1110 0.5566 Elastic Net
300 0.3654 0.6554 0.4018 0.1008 0.4982 Elastic Net
500 0.2155 0.5411 0.2155 0.0946 0.4910 Elastic Net
700 0.1924 0.2501 0.1011 0.0019 0.2591 Elastic Net
1000 0.0954 0.1088 0.0345 0.0004 0.1002 Elastic Net

Lae ¢ 5 yaall il plaal asas xie MSE J o Jif ciia Elastic Net 3& yha of 7 su g3 Jaa3U ¢ sandl 850,51 5l 2653 JMS e
- (Best)asae b Sais La s g ¢kl Ay &5 jlie Juad) 4yl Lelany

S (35 plall Ay 4 lia ¢(0.3362) il s sale J<5 Aumiiio MSE 4edi Elastic Net 4é kb cilas (n=30 Gasi yia die ana ic
Sl o)y Qi) 5 Aisal) aas jia ae Jalall b Elastic Net 35 ) s lea CALASSO 5 LASSO Lass ¥ ¢ 5 e lad & jelil
el e

(0.1110)5 (0.2114) ! Elastic Net 44 yhl MSE 4 cCumiddl Cua ¢3o8ll 18 jain) n=1005n=50 ) duad) pan 8305 a5
- Al G Juail ool ledals iy SCAD 48y yha off JaaDlyy  J81 il sy 815 G 5o Gnd (350l 4y & pelal cpm b D) e
. Elastic Netcy 3:4S J8 cus L3l ¥) en=100n = 100n=100 2= ALASSO sLASSO

paa 33L 51 ) Y1 ey Les ¢33kl maead MISE aff b ale (aliss) Laa 6l «(n=5005300n=300 ilaus siall Ciligall alaal xie
MSE @ s (s o sl e (0.0946) 5 (0.1008) <aly Cum ¢l & (3823 8 Elastic Net < el «lld gy, 0081 483 e dial)
Ui 4285 WALASSO s MCP G5l k!

(0.0019) ) MSE 4af cillias 3 oa sy 5T (S8 Elastic Net Gs&8 jeh 38 (n=10005n=700 528} clismll slaal xie Ll
Lt ) calaal oda die U sale Uad & jeil SCAD 4k o Laa D LeS (350 pdall Ay &5 jlie 12 5 poam ol o8 5 6 sl e (0.0004) 5
. Elastic Netaitia s} 48al) (5 ginsa A} Josi o

Lan ¢ggaiall JLERYI 5 GHSYI (e Jad (03158 i e Alle 3,38 dlliad Elastic Net 28k of ) il o3 i dale 3 gaa
2=} Elastic Net (e slaie ¥ o) slSlaall il 555 LS 5508 51 5 ja il o) su clinmll alaal calise yue 2100 Juadl 5 15) sl ST Lelany
il alaal Cada) ie o &y i) < jpaiall Ga  Mad) Bl )Y e Al 3 g3kl 8 Galie 1508

SlUhal) slSH) cilga ) ) il SlSlaal) il 3.3.2

Gradient Boosting (GB0oost) sl 3yl e 351 531 (MSE) Uaall a ye Jaus gin sy Aualal] slSkaall 35 ( 2) Jsan (i
3l 483 i) Apull 1 Gusdiall e MISE Jbime 223 5 1 lisall s (g0 Adlide il sise 3ie Extreme Gradient Boosting (XGBoost) s
.5 sl Uadl) e ol puaiall (o duiidall 38301 i e Céwﬂéa\zjﬁjmw ]l (St 3 oAy gil)

44 )l K Mse o .2 Jo

n GBoost XGBoost Best

30 0.021566 0.011166 XGBoost
50 0.012336 0.010056 XGBoost
100 0.008547 0.002222 XGBoost
300 0.005210 0.001143 XGBoost
500 0.001253 0.000423 XGBoost
700 0.000589 0.000177 XGBoost
1000 0.000148 0.000021 XGBoost

10
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il alaal aas dic GBoost 4l 53 e XGBoost eyl s3] | gats 5 aiial 5 i o3l ) Jpaall & 5a)) o)) il elad
XGBoost 4 dallall 5 S ) (3583l 138 j0dy 5 (Best) 2sae o8 Sl La st 5 cLladll) o 0 Jas sid i J8l XGBooOSE i G s 5yl
AlEl 5 i) A ) ) s A jlhe i) A8 (a8

&le (0.010056) 5 (0.011166) <ily MSE - dunidic Lad XGBoOst &) 53 Cilaas (n=50 5=30 Uisasi il Cligall plaal 2ic
L) wbaii i e asia3 XGBoost b fhas) pshaie (o @l juudt (S0sGBoost A lsal el iy 4jlae 5l
sie 42iL5 A< o 5 ¢ (Overfitting)ies Dall b Jal Y1 AGa (e 3y 5 il (e Jly Las ¢z salll 28 e 3130 Jadii(Regularization)
B ua i alaal ae daladl

el 5,08 G GSay (53 e ((piia 35l 530 WIS MSE a8 5 sale (alids) Baa 5l (n=3005n=100 () died) aas 53l aas
(0.002222) I MSE 4 cila s Cus ¢ XGBOOStze 1) 53 (gd 8 ST (S (aldas¥l of W) L Al Lalasd) a5 i) g alaill e
Al ana b ) L gy A ALY e slaall Ml 8 el 3l e Jay Les ¢(0.001143) 5

Y MSE af Caaidil G GY U 55 XGBoOSt dae )52 &gkl 38 ¢n=10005n=700 n=500 5+ cilisall alaal xic Ll
41l (Consistency) ¥ dpala ) & slall 3a juins Ml e (0.000021)5(0.000177) «(0.000423) oy 138 3 ysham < ginsa
Ol (8 Ak el saly ) Cusan (550 Al aaa ) 55 e Aiial) (e Uiy )8 4 5il) Ol el o 385 3 edga ) A1

AN LA sl (g g sil) e laalaie ) s ol (e cJalse 322 ) XGBoost - Gsiall ¢la¥1 13 gla ) (S dAglas ) Lalill (e
33 skall adll aa Jaladl) o Ly e Slab 3eliS ST (ant de ) )l 52 Lgaladinl s ¢ (Second-order Taylor Approximation)s jlual
L )lie ol s L) Juall U531 55 385 Lelam ey peall audaiill 5 ooy 5l 3 5a3 cp paad) () LSl paaiiall (3l cildalisi Y1
Al GBoost 4yl sa

Lae el plaal Calise ye g pull Uadd) Qi 3 151 i) 5 5:US ST 203 XGBoOst e ) 53 o 31Saall il X5 dale 5 gy
Leana 5 5 lilall agaty anii 0 i) 8 Aals capenill Sy A0 5 Alle 4500 A8y (a3l cilagdaill 8 Uilie 150 Llaay

kil ilall 3.4

QLS Jae 3 G el all Al 5 )35 (e Lle J geanl 23 colpall & gl diia cilily e Al jall 38 (e iadaill Cilall 8 slaie ) 3
gl Cpana LA 538 Conad 35y (31 yad) Jal 5 jlisall ) sall (e 230 8 Aln e slye fe 55 A ye Aualal) Agad) L o) Fagn Jigasi
olall Al S 5 A0 5l (ailiadll 3 ol il daglia s el E sl (6 gine asl Caags b )3l 02i5 531 gy 5l il) 2 )

38 i) pan 5 n Cus Badse Ak ) 58 DA Aay ed e 33 sake slie Gl Aled lulE (s 3alia (714) bl (e
O e sane Slipall il 385 Ll 5 a5 i) 483 (lanial iyl &y piie Ll 35k aladialys caiaal) Cilgad) U8 (e sasinall clel jaY)
o) L) Alaasl) 5 480 50 ailiadl) o puaiall o2 Jiad 5 colsall i sli (5 sinsn 3 1 pbloa 1505 Ll o aiad LA Al ) puaial)

il slall oany 38155 bl calad g @il 55155 U (e imadl 13gd e dan ) ol el G A JS$ Aualall bl Jiaasi &3 385
A a1 (Gl b Anla) ) sall aal (e Alad i axby L) Gl a8 saciaal) olsall B35a ol e N Adlia) AplaSll yualiall
Aol 5 dpaall 5 Al Aalill (e Ll o3 e duala Al iy

ke 8 15,08 Ll ()l i i 5 AL Ll all 5 Al ilana§) ) 130 U JLsal i A il ol ki) (e e Al yall el
Gl QS il o3 Caanafil Sy (5l LS Aallia o (gl i Aalla a5 B sle sbaall ) b ey 3 AdaiasY)
ol Lo 53 5 a 31580 K1 ol sall apant s ecilild) Jilat (m jal elilaa) olSH) e ) 5) a5 dilian ) # 3l

Gan e JS) L - samsall 2 ganll 5 (el lan 5 Gl e sl 3 dadiiiaall il kil dpmpum sil) el (3) Jstall aa sy
LaDln a3 2aine V50 gn e (g 4l Ll eyl olsa 5258 (WHO) Asallal) daaall Zadiie cilal) ) 3liul el o3 slaic) &
5l DAL slsall

hb.ﬂ\ghm‘@;ﬂ\&bﬁﬂd\}@m\ )M\t_im}.3 JJAQ

B ¢ samal) 2a)/ s 3al) i)
e DU s | Yi
gl Bl s 52 0
el olpe 83 gad Aaild a3 385 <10 mg/L )SIENO3 (
g Sl Al ) Aad <300 mg/L )=bis SsHCO3 (
il Sl il (5 5 55 aa <250 mg/L )<= »SS04 (
PRSI PERIPETG RN <250 mg/L )258Cl(
Faalise 4N 00N <75 mg/L )esd\SCa (
LN Al 8 gy <50 mg/L )esmmiaMg (
danall g askall @il liic) <200 mg/L s saNa (
Ldall olpall 8 (midiae sale <10 mg/L )l K (
il J gaal) (3Uaill 8.556.50» s sovedl & NpH (
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Sl dpa il g ardally ddas o <500 mg/L YIS 4303 = SWYITDS (

5 al) A A oy aliiall e sl aai¥) 3 pail Cilabaa s
Alad e ole sl Ayl RS0 A jlal aliiial) een sl laniY) 23 gl lalae s 4 Jgta

Variable Estimate SE p-value
Intercent 1.3256 3.23x10°¢ <0.000
NO3 -0.7523 4.22x10° <0.000
HCO3 0.8544 2.11x106 <0.000
SO4 0.7080 1.21x10¢ <0.000
Cl -0.0214 3.33x10°¢ <0.000
Ca 0.0987 4.56x10¢ <0.000
Mg -0.6201 5.81x1076 <0.000
Na -0.1142 9.05x106 <0.000
K 0.0015 8.88x10°¢ <0.000
PH 0.0025 7.99x10°¢ <0.000
TDS -0.8881 6.10x10°° <0.000

0 =0.05 xic 4 sixa*®

A gil) ) patiall Selae o o Cus Al Hedolie & liciliby e sudadll Elastic Net g3 sl S lalas 5008 #3055 (4) g0 s
Alle ilias) AV Cld cilS ¢l paial) &ex u\ L (p- Va]ue) Allaiay) ?.\5_5 (SE) L;‘)Luud\ asl) Glo &= ¢ (Intercept) <= il ) sl
e g Adiaall Gl juaiall o Ailan ) A8l 3 68 e Ja Laa &(<O 000) u.adﬂ\ A_UIS‘L\H-AAAY\(.\ASU\ " ‘(<() OS)uAdS\ 4 gira (6 ghusa i
ol &l & Siasa o <l ) e & chsall FAES O s Glaiuy)

P ¢ all die A ol G paiall ges G die Lt il a8 gl Aadll ) (1.3256) AW (Intercept) <ubill dad 5083
O Le st 5 e g paall il puriall ilE e A s Aad el sbia (8 Sl e il (5 5iie 255 Sy L dlle dglas) Y <l dad
sl G dann e ol Ana S dmah il e daih LR GH jilas dsa o

meltd g Aaiul) eyl il 3 55 Ao A () b Lae ¢(<0.7523) o8 b Jalaay jeda 38 ¢ (NQOs)l il el dpilly
ol il AN (oSai 38 5f il jall b dainall sl e e imia ) 525 slaall 3 Ailas ol pai Jadi i 28 <l il 3 yisalyy b elld
Elastic Net.z s L ading il Aaisy) ai Crana G A &l juaia &

gl ) o ) lld Syl 5 At e me g8 A0yl A8e e Ja Las ¢(0.8544) U o Shalae il 388 (HCO5) U 53 S) Wl
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Keywords Abstract

Water Pollution, Penalized This study aims to 1nv§st1gate and clasglfy wate.r pollutlon in the Groundwater in Irgq
Logistic Regression, LASSO, by employing a combination of penalized statistical methods and modern artificial
SCAD, Elastic Net, Binary intelligence techniques. The study is based on real environmental data provided by
Classification. the Iraqi Ministry of Environment, in addition to simulated data generated using the

Monte Carlo simulation approach. The research focuses on penalized logistic
regression models, including LASSO, Adaptive LASSO, SCAD, and Elastic Net,
alongside gradient boosting algorithms, particularly the Extreme Gradient Boosting
(XGBoost) algorithm, in order to evaluate their interpretative and predictive
performance when dealing with high-dimensional and highly correlated
environmental data.

The Mean Squared Error (MSE) criterion was adopted to compare the performance
of the proposed methods. Simulation results demonstrated that the Elastic Net method
achieved the best performance among penalized logistic regression models, yielding
the lowest MSE values across all sample sizes. Moreover, the results indicated that
the XGBoost algorithm outperformed the traditional Gradient Boosting algorithm,
showing superior predictive accuracy and stability. In the practical application to real
water quality data from the Tigris River, all studied environmental variables were
found to be statistically significant in both the Elastic Net model and the XGBoost
algorithm. While the two approaches showed general agreement in the direction of
variable effects, XGBoost exhibited a greater ability to capture nonlinear and complex
relationships among variables.

The comparative analysis revealed that the Elastic Net model is more suitable for
interpretative purposes and identifying the most influential environmental factors,
whereas XGBoost provides higher predictive accuracy. These findings confirm that
integrating penalized statistical models with artificial intelligence techniques offers a

comprehensive and effective analytical framework for studying water pollution.
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