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Seawater salinity modeling using bivariate probit regression
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Abstract, Sall i oome of the mamise resources shat is ouite a ol seeded 2 @ supplementiry food
for the peopk of Indedeca However, eflons [0 mcrsdas <al prosdection ke fof hen in
dermmd. e leding noeffonts o improve i gquality, becimse mimy faciors affec ses sab oontent
o enliniry, e hiding she evaporgtion peocess, ecatom and <iee of The séa, wind, pir bemidiy
] s Wl Re pgeiaune in s sinly are e vpeckal B proslice e hed salinity ok ing hy
ek imo avcnant the foctors thal affect salisdy. In the study. the metbod used was peohit
Fvarisg. The paagnmder sCpmoton meshol eusd mothe Wwarisee probi = oihe Mlaiees e
Likekhood Estimation (MLES. After the milial bivarise peobil regression model is formed.
then testing s camied mm o determing the signifcance of each predicior varable ke
Tespniiss varipfle, Al thar the fnodel chat s ormed dlemfics ihe crteria of podddness using
the smallest Akaike Infornagion Crierion (AIC) vakoe af 0413 sothan the modeling resulls ane
Pl

1. Lotpoduciion
Salr s one of the masine resourves de s needied s 3 complementary Food For the people of Indomessia
This i supportes] by the chamcteristees of the Staie of [ndonesin which 15 0 moritime coamtry.
Howewer, eflonts & incnss salt producton have not been in demaisd, mclading effocts to mprove its
guaalicy. This is bocause the need for salt with good guality i mostly impored from abeoad, especially
in thits cose il subi and imbistrial sali, One of the slamls of large sl podecion in Indonesia is
Meacdura Bslamd [ 10

Iesclicedl &2t also hias advamages, amomg oifiers, ival i can e useful B Bumars o pievent g,
memil miscarriage m pregnmncy, increase Q) (Irtellip=nce {Juatient |, und prevent sbanting. Salt fammems
in Idonesin do ned ver bdoee the abiliny (gkills) s momage sah propesdy and sccording fo insernational
standards. For example, m Madum, which is known oz the island of salt, thore are sill many farmers
wha prisluce krosck salt, This type of sl & of bew quolity because the production process is done
raclitioaaly seul done quickly n ooder 0 prodoce owee o quanticy. The water cone i contained in
kroaok 2alt Can reath 15%  whereas the maEsimmim waker content should b 2% As a pewalr, the saln i
mEy b melt and spoil prematurely. Krosok salt ako does not comain iondine and s very dirty becouse
it i pot made b o proper place and hoe pot passed labomurory sests 50 B i dangeesns for huosn
wimmumpten 2] One of the factors that 2fled the quality of alt in Mo depaads on b salt

¥l This ok may b e omsde i bevm of The Cresatae Cammions AEr#ailam §kliceice Any Railler i i
ol e ik mRcLl st el Eulion. ke i aniborfs) el te bl o B wirk, ol clutam and CXIL
Published mular Bearce by 0P Pusbahing Lid 1
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omtent. The levels that enter the cryaollization table will affect the guulity of the results. The qualiy
of ralt depends on the NaCl coment of the salt, the NoO¥ content depemds on the loeaton whers dw
seawater is taken,

There ane many Factors thal aflect seawater salinity or salmay vames o cach place ieducding the
process: ol evapomtion, rnfull, river water, sen Iocation aned size, scean carrents anid wind [3],
Therelove., w detgrmine the salinity of seawgier, i1 5 pecessary o mode] seawmer sabinlty nsing the
hivanate probit regression methed. Bivaride probe regression 1 a datn amalvsis wsed tooanalyves
respoiss variobles thal se gualitive, quaatitative or o cormbination of bodh [6]. Hewever, in everyday
lile cases an: aften encouniered, the resporse varable is o qualitative vanable or a demmy varishle by
taking two or more possibie values, sucl s docsions, such s the decision o choess "ves” or "ne® [T].

. Liternfure revies

24 Saly

Table =all or comsumpxm sall 5 a (ood supplement tha conmains several chemical compouwmds,
incliding sodinm chloride [NaCl), Cali, Weids, Mglls. Salt can be obtained in three ways,
mumely evaporation of seawater by sunlight, mining of sl smmasance {rock sull} and from sawaler
wells (hring). Mined salt has o differcnt composition, it depends on the location of the mine, but
gencrally contaivs more than 93 % NaCl, aed ths s sccoeding to the fellowing 1abie,

Tahle 1. Compamzon of seawater ot o salkniy of 35 ppt.

Mo [N Ginme per kBvgmm of seawaier
. e A
i Nt 10,77

i Kt i 5

4 Mgt 250

i ™ 04121

] 50 2 2,712

7 By- 00473

] = 0L 3

4] o O4akS

] Fri= LT

11 by I" &0 = 107

Mall s the minin content of salt can be wsed 5% 0 parameter of the quality of @ salt. In conventinnal
salt processing, known as the people's saliing process. the sesulting salt prodsctzon only sses the tonal
cvaparation method, 18 i1 &5 related to the kevel of MaCl as the main compoment of the desired salt, the
MWall progluced] fromy stasdand seowaier s 27 373 ple sepaater with o salinity of 35 ppi,or n other
wirds the WoCl prodlsced is anly T8 266 Cavithout tking into acoount the sater content), means thal
it does nol et the desied category . namely qaakte §oand [ Sst quakny can be classilied based oo
it waler conlerd. Based on this, 8 cam be said that the salt produced only meets the quality of the thind
clars [3,

I.5 Phewrrisive Starivnes
Statistical methods ane procedures used in coliecting, presecting, analyrmg, and inderpretmg data.
Whale descriptive staistics in a method wlated s the collection ord preseotation of & set of dato so thal

(8]
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it con provide wsefil infoomution. The mformabon provided by descriptive sialistics mcfudes.
measiring datn conbermng, measanng dat distibution, sl ereating and displasaeg tables, graphs and
diagrmms. Mensuves of data concenfetion (mean) ard messures of dein spresd (variones) are soobs that
can b used 4o deline numerical measunes that disenbe the charclerisics of the deta.

If the daba sipe ¥p X %, arvanges-a popalation so (ke the size 5 8, ther the mean (0] 4 of the

- . H i . '’ v
population i i = L‘j‘i.md vaclang definod vsir® = DRAZLAS [: o

43 Chpportineiy Diorifnirion

Inomamy applcations, reonenicire: cerain claraceri=stics will make i pocsiblbe o Tind o003 o disaritonion
that has o special shape, depending an one ar mere parumeters and the nomerical valee of ewh
parame er applied.

Zodl Multiveeil Dicirituition

A mubtimomainl experiment 15 a binomal expeniment in which each irial yields more than two possib e
autcomes, For By By, . By events and given P = P(E) Tor | = 1.2 ... & mutually independen
experiments s0 thal whal s given is lhe oomber of ecvents thal beve occumred ma muEnomial
dlistritwation

: K |'|:_j-.hl"--|.:|"i

n!
L ¥y -
=i 1
_1':||---.'I-'|=!["T_Er-1 yt]lpl ) Epl

The mean for the multinemaul disiribution is g = npg and the vanonee var{y) = np (1l —

f{.]‘l'l' e |}"'-'] ory

5 Nesmal Pisirtheiton

Mormal digdbution i the moar inporean) continooos prodabdliny disribucion apd e oofien wed in

statistics. 11 X is & nomnal mndom variable with mean @ oand vorionos o then probability density

I

function of X~ a®) is fix,u o) = eﬂ?li{ﬁ} | for =< x.with w<z<walw<g<
WA e

o

2ot Muhicoilirearity

Repression nmadeling najuites a nequineroend thar here s o cosrdation Bevwaen (he predicn

wviriahles used. Multicollinearity is a condition where there i a lineor relationship or a high comelation

between the predictor variables o the regression model. IF the magniude of the correlation exeends

(L& or B{FE, the pairwise comeistion between the twe predicior vuriables is susd 10 be high. The

calculation of the comme liion coelTicient between the two predicior variahles s s folbows:

ey "TEI‘-1 EF—i-II'-'.I _[E:.Iﬂ ¥j]|:E?.1 -:'-l.}
- [

DI S L A I I

To fiid oub the commelation between catcporical variables, the dependent s wos useal. The
diependent Les) regairament was Wt there was no feguency valwe of a vell dar wis less than one and
il Here was o cell with a freguency of Ess han live then b should me egoeed 20% of the tal nuisher
of cells.

27 Regrension drahais
Regression amalysis is concerded witl the svudy of the depetche rog of ane rispeonse viriahlbe on o6 or
mare predicines, with the aim of sshmating the popalaticn mean value of the espanse mnmble fom
the kevewaen vabiaes of the predictor variables,

Given 2, #5 _#p i o predictor variable as many as + which has a relabonship o a respanse variable
¥ a linegr repression model  equation  with ome  respamse warishle s given =
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¥Y=W,+Mz + =+ Fz,+& wih M 0, .. 8 & the costticoent of the predictor variable.
By 800 o @p 05 110 pammeirs that need we b Foand, While {i= an erroe whoss dismbuteon is Kpown o
aszumed.,

Geperully, repgression models involve respanse wvanahles thar are quamrative in nomre and ihe
predictor varables can be goantitative or qualitative or & combingon of both. However, a resporniss
virtable gan also ke gquoditstive, such as choosiog a "yes® or "no” decision so that 2 prebit regression
el el i allso meeded [4],

LA Hiverate Frohit Repredon Mods
Bivariale prabit regression made| i: o probit regression model wing two respense vanables n the
foesn of binary dato category whiks the prodictor varinbles ore diserese and continapas vanables, The
assumpiiom thal mus be fulfdled in the bivarisie probit model & thal the esponse variables have a
melatiomship (dependent).

Suppose there ase [wo respoaise variables ¥y ot ¥ 00 8 assumed 1o come Trom the variable v] @

¥a where [5]
¥y "'ﬂ];l"f (5]
¥i=Hix+n

with i = [y Bar Bz ----ﬁur =B P ﬂil----#.!r.‘llr x= 1 =y Ry tq]r

Basedd oo the shove assamptions, the bae o J.'lﬂl'ﬁt- viriatdes are nomaally distribiied so that they
can be denated @ ¥ ﬂ-h'{ﬂf.:' 1) and ¥F5~N(B] x.1). The foemation of response varkble caregories
in the bivanale probit moded & the same a5 the univariote probil model, namely by delermining the
thigshald  for cach unobssrved response variakde, The categorizatien can be &5 follows

Assuming the threshodd p for model ¥§ = ﬂ:x + &, s fhi e caegnnizaion is ohtained us
Frllivwns

Fi = 0if wy =y and

He=lil w2y

Assurming e throstesid & lor msdel ¥5 = ,ﬂ':.'l:' 4 £g s il 1he Caegodisatian 15 olvained as
fodlows

Yo= 001 35 < ff und

Fa= L g =d
Because there is more than ane rurdomm vanable, namely and each of which is nocmeadly distoibated.,
it produces o bivariobe pomoal disnbotion, Probability density function of the Bivariase Mommal
clisiritaatien bs as follows;
o L]
E1 5] |[Iq-:l: ])

Y _'I"-l 'ITI
flygwah = 'Il.l I'( L'.JI IE-T },.: H;:I'
Where I — 1 '-"ﬂrm.:' mr[}l] -.Fi l{r ) L Ty ‘ iz
B

~ Loy ¥i) I"ﬂr':_'!"'.ll.] "-‘:!I 1 n 1
The prsbabaility density function of the Bivasiaie .'.'l-l.I:I.IIIJi:IITJ Mol Bs as Tokosw s

1 1 1
Pl 23} = oy D exp (— i[_i__"‘ﬂT]{Efit = 2ty +1§}]
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2 0 Bivarate probi mocke) parameer erimatsn
To fomy o bivariate probit oodel, pammcter cstimation wae comied om wsing e Masimum
Likelihood Bstirnnrion (MLE} mezibod,

Ta estimabe the paramelers in probil epresson, the Maxomum Likelihosd  Estemaieon (MLE}
isethonl |5 wsed Bevause the distribucksn of the probin moded s kaewn (85 Forasample ¥ Va8, Ba
mndom vurizhble From the population with probabial iy density fanction f{, &) where & 35 oo unknown

paraenzier, then the likelibood function of the rmmdom varioble is
n

LEOT = Flppe e 80 = | | (i 8)

If given fi{¥5. Y2000 Vo r 80 Bedl is o shared probuhilioe -.‘n;naia'_- functhon of ¥3. ¥a, e ) Fne then the
valoe & at [Eic the mazimum value @ L{EY which s called the MLE of & S0 & & the valae of
B defined:

Flvii @) = max £ On Yo e Fni 6

The likelbhoed funcion for the umvanae bimary probit regiession model with Bemaull diswribotion

152

1= [ [ (res)' ™

1=1
Adier obtwning the likelibeod fuscton, then tb e censfennanem of the Fanction 15 obroined s
that the fol lewing equatean is ohlained::

mees) =1n([ ] pea) (1= pea)™)

= G Inlpx ) + (1 — ) n(1 = plx,))
b=
= By inf1 — {r — f%2)) + (1 — widtin{plr — g72)))
T mermame@e the likelibomd TuRction, i i neocssary 0 reduce The i liketihosd function for
piammeter § and then equate il with zermo b get an esttmate of the parameter § . The frst derivative far
ihe I likoodihood funciion is as folbowa:

i LD

- a%(;[}'r Inf1 = ¢ifr = B7x7) + (1 = p) Infad(r - 3“1}']]

n

= ) 5~ (g )~ w = #7) {th_l- —)

=1
S pit
= - 1- ¥i
3wl - “—”'"'"F“ﬂ. o) = xelr = 870 (=) =
=1

From e BMLE methed that has been carrbed oo, it i Sound that e Porm of e eguation (5 me
closed form so il is pecessary o use o numerical method wing Mewban Baplson ierations, namely

fimi = gim-11 _ [”{l""""':']r l'gmrm-n]

20 Sigaificam Teaing of Probi Wodel Parmwelers
The significant &1 of the paramesers of the hivarae probic model wae camied oul el tao eds,
numely the simaltanaaus lest and the partiol f=st. Simultaneons lesting was condoctad 55 test whsther




ICCCea T 0 . 1CH Publshing
Joumnal uf Fhysics: Conlerame ferics B1AT 2022 010020 dod:l 0 T 0HESE -6 5962 157 L1026

the predictor vanubles bod a stpmfwant eftect on the vanables ¥, ond ¥ Meanwhide, paninl testing
was carried out 1 bt whisther each paramscter had & sigeificant effect on e respomss variable ¥y el
iy [0,

A, Muin Rasubix
d. 4. Analysiy of Neawater Salimay Dara and Facars Alffecnng Yalimiry
Based on the dato thet has becn obtained for the meporse variablke acording fo dhe exlsiing
cabegries, the freguency table for each of the salingy of the swuth coast seawester and the salinity ol
the nonh cousi sen waker

Table 1. Deccnptive table of seowster sulinty.

Category Maordh coust salinity Lol coevat mulinety
Lo salimity 4 7
High salinity i 3
Talal i b

Table 3. Talsle of salimivy comingency of scuth arsl noath coast seawaber.

ol coast salinity Tiatal
NI’!ITH'I TRl 'l-l'lli'l'li'l!l' e P =
Lt High
L 3 I +
High 4 22 26
Tina T 23 )

In this rescanch, o bivariate probit regression mode] is applied vsing cose dato of seawater salininy
and e Tactars thal inffuence seawster salininy on e sl ocash anl moaih coast. The pesedrch
wvimriahles usst are bwo resporse varabdes, namely seawmer sdinity an the south cons of Pamekosan
Begercy { ¥,) and peawater salinity oo the nonh coast of Sampang Regeney ( ¥3] as well as three
predictar variables. remely wind { X ) bumiddy { X ) =ea water temperatare | X))

J.20 Bivertae Probir Regression Moos! g

In this siep, a hivemate probit regression madel will be formed for larpe case data ol seawaser saliniy
witlues and factors that affect sewaster sulmily on the south coast of Pamekasan Regency and the narh
aomst of Sampang Regency in July B0 o May 2030, To modal 16 a negression, it s necessary ot
the comelation between varishles 1o see whether there is a correlation between those vanahles.

d.d. Retabonsfip between Varedes
Hivariale prohit regression model requirss o comrelabon hetwesn tws esponse viciohdes oo it is
necessary o test the comelstion betwesn the variabtes used. Bosed on Tahle 4.5 it is knvam that thens
1+ mo Froquency value bess than one and cclis comaining freguencies bess than five do not excesd 200
of the todid cells so thet thex are eligible for the dependency s,

The test far the reo pesponss variahles is os follows:
Hy poabizsis:
Mg: Variahle y; and v, mdependent
My: Varinble vy und ¥, dependent
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Test Siatestics:
T
Ig\:ll.:u x E =0 E’j-n"‘*’a"‘
Where 0 ;: frequency value for each cell, and E: estimated value for each cell
Rejeet o i ¥Zmt = Xfas 4

Bz o @ble 5 e vallies ﬂ'||| il EU- rEi-]]E'IHI'iEIﬁI' are i follews:
xT

flgg= 3 E=22=109
Oy I E,mZ2 w1l
Oy = 4z Eip= ’;” =61
Oy y=22; Eypym 2222 L 00

30

z g} —g1iE _ F
S e alwe ¥ E B N o 0 N L L il 736714
LU L 04 T 1 190

Hecaise value X2 0 = X8 gn =504 50 rejoct Hy. I can be conchuded hat the response variabbes ane
nod indeperelemt or there 13 a relationship between the response vanoble salindy of sa water south
coast apd norh,

A4 Hivamate Frebit Perometer Estimaiion
To catimate bivariate probir parameters, the Maximon Likelibood Estimation (MLE ) method can be
wed. Fimst estsblished contmgency fubles {2 x 2F invohang the response variable ¥, and ¥ then
aletermined the probitslin ol o the cell,

Tate 4. Contingercy talshe of vartahbe Mnoquency ¥y axd ¥

¥
" i ]
1] Yan Fai
| LT Fia
Tuble 5 Contingency table of variabic probability ¥ and ¥,
b - e | Tosal
0 Pug Lx) Pug 1] pulx) =1 —mix)
! Pial %) Pz} polx) = pylx)
Totul  palx) =1 —py(r]} Patx) = palx) pi.=1

In srcordance with the ocomtingency fable (2 x 2 formed m table 4.4 and table 4.7, the nesponse
wirible will have a mulboomia disiribuzon with the motion ¥ ~MELTT 0L g Byn, freg ) with
Pon = 1= i1 —Pan — Pea
I it 2 kmowers thiat the Function of the Bivaniabo paobdt fegression is)

ri=hrty

¥; =5t
Where ¢; and &; assumed stndand normal distribation with ¢ = 0 and 0¥ = 1 and category formation
with theeshalds fod each response vanable, namaly
Fi=0 ipy=<r
Ho=1ifwy =romd
Yo=00 if yp =5
Ye= 1100 y3 >»x
Then the probabaliy of forming o joint probabiliy with cells with cosepory O salinity of morth cost
seawarer nod categery O of smlinigy of soath coast seowater can b Formsed a4 Folbows
Pon{x] = p(ty = 0.1; = D)
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=piy =T.¥; £5)

=pif b s flr4 =5
=plg 2r=regss=-500
=PLEp = 7y g ;)

= FI:.I’L@I!L!:I}#hd!I

=02, 7;)
Siv that probahility eguation for category O saBnity of north shore seawater ond category O safinity
of south cons meawater, Furthermose, he cgamons for probabilicy are deseribed with cstegory 0
salinity of penh shore scawater and cotegory | snlinity of south coas seawater,
Mext, build the Ekelitowsd function of bivarite nindom varables with mulinomial distibation:

LA 1 = 1 P{-F:I:I = ¥11 Vip=¥am Y1 = ¥on )

= Il ot s Cedony (L = py () = pya el = pyy (3] 120 -Fro- Y
Aller ol adning e likelibood Turct o, e the Dikelibood Tuesion is ised as (8 Tiction, fesalting
n:
¥ Far fasid
InLFp) = [y B P o Pae [1 = Pru = Paas = Pouil

m
'Z}‘nl In prye + Fio Pt Yoo ey + ¥oad L — g — Pans — Paaed
i=1
The ahmie  equation I.'r!:[Ih-in‘- ihe  paameter & ond p wih A= 7 =
.l'-:||_=||'3|.-n fa - ﬂ':.;,-l # |'-'l"1=|_I9:|u Br - IEiI:q] al p B otle conelaton
cosefficiand,

J.5 Btvariate Probin Regreznon Mods!

Tlee bivariabe prabil modiel was built using seawater salinity data v the south coast and north coast in
2019202k as rws resporse variables by involving thee predicor variables that wre thoughi io have an
alfect on e response vaeiabie, Ther e model has been seaned sinulianeoisly and pamally . By nsing
hintlah. the Fedloweng hivarsme proshil moded i obdsvined:

o= 0 AGZ2T04 4 00270852 % %, + 0270832 %; — Q0622042

= —(LOZIRGI3Y — Q004274060 x, — (LO0TZEBE4 3, + 001467278,

Tl &, Tesd stabl=tis value al gach graemerer in e il neade]

Paminbor CSE hid 2 Conclosion
fha= 04022 30424 14946 G099 Rego Hy
fiyg = 00157 00174 ORSRT 20525 Repd Hy
fia = 00271 G025 12031 -L9254  Repa N
flig = —00600 00131 45906 -] 5546 Reject Hy
flog = =00316 30924 1005 | HSH4  Repct Hy
By = —0.0043 000 GRESRT 35XW Repa Hy

ipo= =00073 O L3051 J24437 Regea
&_: L0147 (MpEY A S5MG 2 TEE ngecl Hu_

.6 Sedwerioms of Sre Bewt Madel
Tov gt the bagar medel do do with how to combine all the possible modeks ig 29 = 1 as much w8 whene g
i the purmber of predictor vanables snd then taken the model with the smallest AIC, To get the best
bivanate probit model, the madeling was done 7 times. The best model is seledied based on the
smmablest AL value Tor By and' ¥
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§i = DABZ2 + 002715, — 00600,
B = 00316 — 000437, — 0.0073x,

Adier ohiuiming the best hivanate prohic model for seawacer salinfy modeling, i i necessary 1o re-
o stenuleameods and partial i o deternrine the varables thal have a significant effect o seawas
salinity modefing.

A7 Seimmalimnevas desi

By uxing maikab, the log Ekelibmad vahe of cach model is obdained o thet lest dalistics ane obtainad
6T as follows:

Hypothesis:

He Py =F=Fa= Fu=fhs=fe=0md By =Fp =B = o= P =fp=0

My b least one M = 0 k=l 2 amed [ = 1234

o= n(B)

IJLI

By =Py P{.) (F'q:r) [ 1= P -Fu:-u}l
il 7/————— | + Fia | ¥ Yoo In| —F—==
o n{ﬁu‘ﬁu"'ﬁ'w - P il 1— A )

P
Al n sipnificant level of a b dockion mejoct Hy of 65> X2, dF or p-valme < a wuih o lidegree

af freedime ] is the number of parameters under the population mimus the oumber of paamcters below
.

4. Conchexing

From the discusson abave, we gob the best hivariate probit model for seawater salinity:

= 04622 + 002715, — D06HNx,

Fa = —003 16 — 00043 x; — 00073y

This maded i€ thie Best nodef of Bivariate probal regression e g case ol senwater saliviry maodeling
with an AIC wvalue af %0 The significont predicior vanabies in the first moded ore varimbles xy
{wind spoedy and g (s water temporatare), Meanwhabe, in the second model, the sigmficam
wiriailes are xy (o humidiesyand xy (wind specd),
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