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N
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(Bl Zgla g Ll e g olat) ¢ aall (ggina o (goall Jaral) ¢ uaddl g la 838 k)l el Ay Byl

lu\)él\ @LM\ ;\,JM\ & yardall 3@&“ il as:(2) Jeia

Variables

WS-Wind Speed

1 E-Evaporation Al
2 T-Temperature (Gasie A o) 5l sall da o
3 WT-Wet Temperature (o sie Aa,0) Aada 3 ) all ds o
4 SS-Sunshine (% /5 5) Lsaddl & shans 30
5 SP-Pressure at Sea level (828 ple) sl (5 e e 5 al) Tzl
6 Wind Direction bl ol
7 RT-Relative Humidity (%) Al 4y 5ka )
8

(@lﬂ /) C\:‘)M Aoy

L_‘g‘)w\ M\ 4@)};\“ Caiacan C'_\ea abg_& 36 w :\.::‘)@.«:u J}[JM.\ LL\L\LJ.J\ UAL__\E (:\ ‘Im\).m .355 LL\b..'uC\AX\ Crw (2) J‘B.\;J\

2022 U g8 dlals 2020 Js¥) OIS o A Al 48 liiall ks cililasy) :(3)J sl

Variables E T WT SS SP W D RH A

N 36.000 | 36.000 | 36.000 36.000 36.000 36.000 36.000 36.000
Mean 8.608 23.115 | 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
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byl Bha An)d hasgie .(48.100) daswss 45lke (51.925) caaly duadl) Lishayll danisia ¢(14.000) dasessy 43)lae (13.528)
Losaglls 4jlae (& /o ¢1.514) cul€ L) dejpue lagia «(17.000) daday) 5hal) daps Jassgs 435lae Lisia a0 (15.925)
(& /a <1.500)

Al Bhall Aays siiall clS ol A S8 ¢(0.043) 2Ll ey uiiall (gline il iy Taugiall (5na U
(~1.610) dwail Lighyl) yuaial cul plalisl) e il (s 3 (-0.192)
:gaghind) Juladl) i 3.1

L il aBY) ALl gpe Lediiese (e sanall (o Janll Jane) Jacesially 21 Slall cca@V) lall danyh alasiul,
cadlial) (s ADUlly Ailoal) Adgiema (o panll s Lz 2gal) Adg 58 it B (hag adaiall jlasiV) zisad b AR )
Adalidall cile ganall Jals A8 Guilanl) Ay s L JiSA Jaad aladiuls cpleadia (pagiie ) cllal) axe audig

chaid) Gu diledd) Cllae 0 Hle peaie JSI Auhal) a8 el G LY diled) giye dgias Gan (4) Jsaad)
LGl 5 e (s O Adlsall 5015 ae

Gl G Al diluall aase 48 ghuaa:(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

Bhall dayds Bhall daps e o Alaall (0.609) dad J8 OIS 281 I ) e Il o ulsY) Al 1y
ol s (sgiuae e (gsall Tl ity o)l Blall Ay ke G (2.906) dad el Ak

A0 ae peedll golan 835 G A8leall dad 3 (a5 ¢(3.244) Lgiad il Guedll polav sadig el Ay juatie (g ddlud)
Al dga 50 (5:258) lgnad il lall days pe ol mhe (griee o goal) il o dilad) ¢(3.822) Ayl )
+(8:979) citly Luedll sl 535 (s yaall mhaus (s5iass e (goall Larall (py Ailisdl)

Lghlly &byl Bhall dajs Gn Ailuall Ll sl dighally Bhall Ay (grtie on (137.758) leted cuilS dilise 2nl
Ll olaal uaial wag (135.744) Leiad Laseaill Lighlly Guadll g shas 5a (gyitie (o Ailsal) ¢(135.801) Lgiasd cilS Ayl
Al a8 (GAY) il patall e Adlss e L) Al Aigha )l i o s (95.933) 4anes &l

waaty cdalatl) (& deadiall Jasll danylay diladd) ubie Gl (Coefficients) cBlelaal) of diludl) dad s (5) Jsaall
clatll gl ge Bshd IS b Lday oy Al cile ganal) 5T clnjiall
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Qb dblall gpe ey sastinll Japl) Jana g ¥ hladloca ) Jlad) 3 JiSil) J gan:(5)d g2

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
g g g g g g
3 3 o 3 3 o 3 3 o
) O (@) e (@] (@) e O O e
g | 8- | B g 8- B g B - B g
& c c 2] c c Rzl c c 2
a ° [a) is) ° [a) a9 ° [a)
IS 1S £ IS IS 1S
[e] o o o [« o
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

Uyl Jiies (0.609) Lgiad 5] Ailsall o) (5f Loty Lo Lal8Y) ddlsall pope el e o clpinall o dasll lee
BN bk A smaall o 550a (7) Bhall dasas (4) Lol Bhall dspn e pend o Ble b A saall e V)
& (2) ) e Gries o gl il e (4) L)l Hhal) Lsl 5lall & (e (Jaxally 2Y) Sl V)l
29 (3) el g 538 e g (4) Ayl Bhall e o )l s Jaagially sV hla ik 8 L )l Ak
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Al S aawial) Bil) laad¥) Jlad @il 1(6)J saad

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

A s o goall il ¢ puadll sl 8ad cBlall dasag dukayll Hhall da s Shrie J e i) sl dus e
Aaleall (1.013) i) Uadll Jasgia j3ng (1.026) ilS Uadll Lacigia el e B ¢(96.6 %) Leiad cials L) slaly
t Y duganl)
E1=-6.685—-1.474«WT +1.031*T + 1.017 *SP + 0.277 *SS — 0.005« WD  (11)
Lgia piyes z Ul deyus Ll Ligha)ll Cilyiia U8 (s (86.8 %) Bpesitall il daw clSh Ll dugunll dlalealllal
Gl 2 ilileal) Lgien pady Lo Asll) Ableall (1.979) diaih ansill Uadl) gt 3a W (3.919) 4iasd culS Wadl)
-(0.000) paall drcajd (i)l ddlanl) dad il Leagilisine
E2 ==19.649 — 0.287 = RH + 2.564 * WS (12)
(7) dsas 3 ase Al 5 V1 Lgoiill Abladll 8 gl 5psial) illy &diaall Al Y aee dod

Lol 5 A gl Alslaall B LAY Y anal Bakal) g Auiadal) wdll:(7)d s

# 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 4300 4,619 3.774 22 7.800 8.743 11.290
5 10.300 10.250 11588 23 3.600 4,081 5.156
6 14.700 14.335 14.838 24 2.300 2544 2.293
7 14.000 14.761 13.587 25 2.300 1.785 0.595
8 18.500 16.459 14584 26 15.600 12.977 13.731
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 15530
1 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 4300 1.991 1.846 32 15.600 15.198 15530
15 4700 3.866 3113 33 11.300 11.020 12.236
16 6.400 6.476 4583 34 8.000 8.549 9.672
17 9.900 10.793 7.773 35 4100 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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