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cciliall 5aas Lalial Gyl ey 8 Al A ded Aaial) Aygall Sl )
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:(Euclidean Distance) 4ty ddlual) (i 2.1.1
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230 dxall g Ll g (Khattreer & N, 2020) ,alel) saxie sliad

P
Dixy) = Zd_l(xia _yjd)z ,p = <l 2 1)

j ol y, seidl deds ety i il xg il dads e 1xy

Yid 3 Xig OSb& o Aladl 4a8s e 1 Dy )

:(Hierarchal Cluster Analysis) ¢! g2 siiad) Julaill 2.1.2
2lall opp dedis e Hlhe & ds Baaly Byhad 8 adliall e 220 ) daball Glly aadd &5 Y dus Leladiad @ihkl) JBS\UAM#H\ PRV SV
diyre dihall oda Cllw Y cDendrogram (5 caxp JS& sllacy dabiie Alade P (10 (an ge lgans 28Ul Loy Dilee gy Lea ddaljial)
Jalail) Laay (pacd ) didaill 138 acding ¢ a8 Laxe Al Gliel) anliny lganges @Vl ojel) didaill 18 agt Al 28Ul aey dduise
b Brall (aglial) Clegenall mad olld L8 Ly oapel) penill iy @lliag (Variables) ciyiall ol Jiailly (Cases) clall gl
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2l paanty fan e Gl (V) Aaplll Kan Ayl ABK S w Aaphll o3 can) lad) g QelSI Sl Ll ) il oy
Aoyl Gob oo Al adliall Cp Glall daat 2 ((5)e) IS () 2al Bygem yealinl) puan Jasifi Ladic g Jasy lagtic ISl 53 el (ualiall)
230 Aeall Gy el ol clpaiall o Lelin JAY1 e adiad gl (6 cppeaie (6 (e 2y dilidl)
D(AB) = Maxyeayes (d(x:3y)) 3)
: (Average Linkage) hwgiall ddy ko
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nA nB (4)

D(A,B) = ) > dx, ) /nans

i=1 =1
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-(Ngo & Puente, 2012) Jawdl juial ad Al il adlil) juscial) dasds gonll 5)0aal) lass¥) dlabas aladiod) (Sasd Ygsia
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1Y) Zigadl 2.2.1
o o hd) L calad gmdsail o asty plaad¥) Jilatd copfiaia o (ggint ) @lpriall saie SlaaY) ddasl b s laadV) dalas o
Mina e Om A e ash Jal) (a3xie ) Lea (pesi Ao (gl z35ad) 130y logad SSY) Ciladsal) (e (adll z3gal¥) iy (e
ol U OIS o llall WS g ¢(X)) Jine siie 0o SST pe (V) sl e 0o 3D e agiid aawial) Lalg (X) sy Jies usiiag (Y) s
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23l i) e bl Jalad Jgan 1(1) Jsand

Source of Variation DF Type of Sum Mean Square F-test
Squares
N
Regression D SSR = z(f’i —¥% | MSR =SSR/p
i=1 MSR
N MSE
Residual (error) n—-p-—1 SSE = Z(Yi —9)? | MSE=SSE/n—p—1
i=1
N
Total n—1 SST = Z(yi —§)?
i=1

P AR jplase2.2.2
On elaa) o by 2 35al) sagas LAl Ma3) Adee 5 gl Adee (e pgal) gond) uilal)l sa a5 U Al oUaY) (ilisy gl A8
tlgia Bagall daga culpdige DG cllia Gl jlasiV1 Jalad ady Lasd , Aad giallg 83gac yall aidl)

: (MSE) Jlaaidd glaal) Uil @

A el e jlaaiV ssa e el (S el caidl) Wil sy Liad e s (glunal) Ut
MSE = YL, (yi — §1)%/n (6)
:(R-squared) yaadll Jalza o

Bags (bt 98 .l z3sall) L Alicall ulpuiiall Adalissy opeadti sy s jitial Colall duesd ey Jlias) (wliie R-squared paail) Jalae ol
dasiad <Y1 Leedd)

Unexplained Variation

RZ2=1- —

SS[T{Otal Variation (7)
RZ=1-———

SST

s ) zaga) ) das Jie e JS ALl 3ie R? ay XS Aalugy daiage ) (8 Al (plo dows Jiaig 1 50 o an R? Capal) i
) z3sai) 6 Alfee Cilyatia (o 1iall ae Leils oo Y A daas g8 Adj.R? L(Frost, 2023) Jlaai¥) LiaY lade hhae pal sed Sl

i e — 1 SSR/N —k 1
J = SST/N —1
N—-1 SSR (8)
. 2_ -
AdjRE =1 =T osT
tld) e bugia i .
(RMSE)

23U Adedlly Aadgial) aill) G DA Jawsie awny (RMSE) i) Wadll lavigia j3a g JaaiV) z3sa el ola¥) anlie (o]
(381 ddagioeal) Aaill 2 35ai) adg (el Lai ans

n 9
RMSE = | » (y;—9)? /n
2
RMSE = vMSE (10)

Lol lacigie i dad ot LalS Lo el (o an Lan cadgial) Sganl) Bang a8 Uadl) (e Baar gansil) Ladl dacigia 3 uay
c il 39aV) IS gl
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hi e il Ll Gl ae MSE (aidty - canl) Wadl) Jawgie s il g Wil (il desane 3 duilia) 5fi5e Chuiia (e oL
.(Frost, 2023) ¢U=;3!\ %) dﬂ e &= J\A&.N\
ghedl il 3

G 7T Byl wedi€ Cagar JBBI aea g dugal eyl dalall &pnall Bhadl =i S wlly YLy Jail 55 e lilall 321 5 dupall o388
I 0siS 2a1 2020 S Gl e 5530 g (36) 558 DA ((Dpas Aladadl () bl cllaad Ljeall Al wlly .2023/1/9
Al 5 aggie JSI jlaad¥) dalad gadas Loy sl (gasaiall Jalaill ) z1a5.Y (SPSS Version 24) Jlasyl malisll axdial 5.2022
olail, el (ggise e gadl Tarall (Guadd) ol 52l cAuba)l) Bhal) dajy plall day) Akl chariall AL pe ladies haite Al loels

(Bl g g Ll A puss

Al jall géa.d.\iﬁudl Ay puadil) &) il g Ll purial) a9 1(2) Jg>

Variables
1 E-Evaporation LAl
2 T-Temperature (s da ) 3 allds 5o
3 WT-Wet Temperature (Rasie A ) Aaka )l 5 ) jadl da o
4 SS-Sunshine (e /51 5) ol g sl 30
5 SP-Pressure at Sea level (38 ple) ) G siun o g 5ol Lozl
6 Wind Direction ol ol
7 RT-Relative Humidity (%) Fgpedll & gha )l
8 WS-Wind Speed (A5 /) 7L M de

¢Jlsiall ‘.L:wjl\ ‘.L...njlaﬂ (.‘9)1:"'-‘” {asl) ‘Lujld\ Calaal Cua ) e 36 85l z\f)@,&: JYara il ls & yAahall a8 clyriall G (2) Jsaall
. Qb.._u_'\nﬂ E;h.a‘,]\ el ) (3)d‘5&\‘5 &béalaﬂ C.Hﬁﬂ‘ 9 ¢\‘53N\ co.._ll,ﬁ” ﬁL_;)\:ou‘ ub;.a‘}(\
2022 gam\ ST YLy Z,Mdg 2020 Js¥ Ol (pa Byal lu‘\).m 4_43 G il l_maj\ Glilaay) (3);}34&3\

Variables E T WT SS SP W D RH W S
N 36.000 | 36.000 | 36.000 36.000 36.000 36.000 36.000 36.000
Mean 8.608 23115 | 15.925 8.936 13528 | 247.478 51.925 1.514
Std. Err. of Mean | 0.909 1.578 0.925 0.498 0.539 10.681 3.080 0.043
Median 8.000 24.650 | 17.000 8.550 14.000 | 270.000 48.100 1.500
Mode 2.30 11.40 7.00 5.100 8.90 270.000 29.500 1.400
Std. Deviation 5.454 9.467 5.552 2.990 3.235 64.087 18.480 0.255
Variance 29.741 | 89.630 | 30.829 8.942 10.464 | 4107.134 | 341.500 0.065
Skewness 0.217 -0.073 | -0.192 -0.087 0.112 0.387 0.229 0.087
Kurtosis -1.427 | -1560 | -1.467 -1.468 -1.147 -0.900 -1.610 -1.251

b 535 A0 Laugia (s (B cdugia 43 (24.650) cilS Al 55l Bl sy Jags A3)lke Ligie a3 (23.115) Sl a0 ausia &l
Lougia (14.000) Lasess &ifia (13.528) il jadl gl (gimna e (ol daivall Jausgia ¢(8.550) Laseuss &ijfia (8.936) ily Lunl
Ll Bl s Jasy Ajke Lsie day (15.925) Lkl s dap Jawsie -(48.100) Ty e (51.925) cialy Apsel) Lshal
(& [ ¢1.500) Tl &alan (& [ ¢1.514) il Ll e asia «(17.000)

S s 8 (-0.192) Auda)) 5yl Aoy uiall il DU g (5 ¢(0.043) 2L Aoy juiall (glane il (ol Jacssiall (glons Ut
(=1.610) Al dighajl) juriad cuilS mlaliil) Ao

tgagial) Julatl) il 3.1
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o A i) L6 el Ay Aileddl mupe Lestis (Clesanall G apll Jane) dasially 2e¥) Jladl e lall dah aladnal
Crpbatia cpagiie I ULl sae sy cadliall G 2Dl ddlaal) dghinn g pand) al m3gai¥) ABag Bg8 anli o8 (ag daaiall HlaatV) - 3gail
A ) e genal) 312 Lg Lailatll Aapy (s L KD Jaad aladidy
@) O Al 50L) ae eyl G Adlaall CBlelea e BHlie yeaie JSI ALl a8 Gl G BalY) Aileall g digeas Cun (4) Jsaad)
NEP RS T

Cipiiall (o LBy Al aase ddghian:(4)J g2l

Variables T WT SS SP wD RH WS
Temperature (T) .000

Wet Temperature (WT) 0.609 .000

Sunshine (SS) 3.244 3.822 .000

Pressure at Sea level (SP) 5.258 2.906 8.979 .000

Wind Direction (WD) 38.714 39.975 41.065 38.110 .000

Relative Humidity (RH) 137.758 135.801 135.744 | 127.010 | 95.933 .000

Wind Speed (WS) 91.698 89.226 93.956 82.936 | 101.171 | 43.979 .000

(2-906) das L ,auda)ll Ball dayag Hhall dap ssde (o Ailaall (0.609) ded J8 OIS 21 ) Q) e gl e $a8V) ddlaall e
o) mha ggie o (goall bl ity L)l Sl da s puitie o

¢(3-822) o)l B dnp pa peedll podane 80l G Adluall e 3 (ag ¢(3.244) Lgiad CulS Guedll polan Badg Blall dxjy e G ddleal)
che (e Glo (gl laall c ALl AT dea (10 (5:258) Leiad culS glall dap pe i) mhae (gie Glo (gall Tl o Al
((8-979) ity Luadl gshans 53& (g sadl

lgiad culS Agatl) Loghally Auka)ll Bhad) dayy G Adlall lgahh cAgel) dygha)lly Blall dajs (gritie On (137.758) letad ulS dilie aell
saiie b i (95.933) aied il 2Ll slad) el mas (135.744) Wiad dasesil) dsglajlly (aadl pshace 538 (gyiia (e dilesall ¢(135.801)
Al 48 GAY) il ge dils 2al Ll Al gl )

Gileganall 5 lnaall wanty (dlail) & dardieall Jayl) Ay diled) ke Gy (Coefficients) cDlalad) sf dilual) dad s (5) Jsaad)
i) sl e Bgkad IS (8 Lghay) o A

T iladl g (i (gasiinl) Jagl) Jina 5 ssblallecuB) Jlad i QIS pani(5)d s

Agglomeration Schedule Agglomeration Schedule Agglomeration Schedule
Clustering Method: Average Linkage (Between Clustering Method: Furthest Neighbor Clustering Method: Nearest Neighbor (Single
Groups) (Complete Linkage) Distance Metric: Squared Linkage)
Distance Metric: Squared Euclidean Euclidean Distance Metric: Squared Euclidean
3 3 3 3 3 3
@ ) O 3 O O 8 O O 8
g| 8- | B g B B g B B g
1) c c R c c ] c c L
3 8 [a) 8 8 [a) 8 8 [a)
£ 1S S 1S IS IS
o o o o o o
] @) @) @] (@) @)
1 4 7 0.609 4 7 0.609 4 7 0.609
2 3 4 3.533 3 4 3.822 2 4 2.906
3 2 3 5.714 2 3 8.979 2 3 3.244
4 2 5 39.466 2 5 41.065 2 5 38.110
5 1 6 43.973 1 6 43.979 1 6 43.979
6 1 2 109.123 1 2 137.758 1 2 82.936
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Model Input parameter R? Adju. R? RMSE MSE Sig.
1 WT,T,SS,SP,WD 0.970 0.966 1.012 1.026 0.000
2 RH,WS 876.0 0.868 1.979 3.919 0.000
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# E E, E, # E E, E,

1 1.600 1.713 2.857 19 16.300 15.701 14.504
2 1.800 1.457 3.944 20 14.600 15.066 12.895
3 2.200 2.565 3.139 21 12.800 13.459 12.986
4 4.300 4.619 3.774 22 7.800 8.743 11.290
5 10.300 10.250 11.588 23 3.600 4,081 5.156
6 14.700 14.335 14.838 24 2.300 2.544 2.293
7 14.000 14.761 13.587 25 2.300 1.785 0.595
8 18.500 16.459 14.584 26 15.600 12.977 13.731
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9 11.600 12.050 13.784 27 17.200 17.126 13.755
10 9.700 9.683 10.755 28 15.600 15.198 15.530
11 4.800 5.102 8.350 29 11.300 11.020 12.236
12 2.200 2.946 1.369 30 8.000 8.549 9.672
13 1.800 1.146 0.845 31 4.100 5.335 6.944
14 4.300 1.991 1.846 32 15.600 15.198 15.530
15 4.700 3.866 3.113 33 11.300 11.020 12.236
16 6.400 6.476 4.583 34 8.000 8.549 9.672
17 9.900 10.793 7.773 35 4.100 5.335 6.944
18 14.300 16.218 12.605 36 2.300 1.785 0.595
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Combining Cluster Analysis with Multiple Linear Regression Analysis to Create the Most
Accurate Prediction Model for Evaporation in the Kurdistan Region of Iraq

Bakhshan Ahmed Hamad

Department of Mathematics, College of Education, Salahaddin University, Erbil, Iraq

Abstract: This study aims to build a prediction model for the influential variables of evaporation in the Kurdistan region -
Irag, using the concept of regression and cluster analysis. The methods common guide the work to highlight the strengths
of each technique, and the possibility of using hierarchical cluster analysis (nearest neighbor, furthest neighbor, and
median) to improve the predictive accuracy of regression models. The variables affecting the evaporation rate were
classified using weather data from meteorological stations in the Kurdistan Region, Iraq for the period from January 2020
to December 2022, and The adjusted R?, MSE, and RMSE values were used as indicators of the efficiency of the model’s
performance.The study found that clustering before regression analysis leads to improve prediction accuracy by classifying
and identifying homogeneous independent variables within one cluster that are different from the rest of the clusters.
Keywords: Cluster Analysis (CA), Multiple Liner Regression Analysis (MLR), Evaporation (E).
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