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ABSTRACT

Introduction: Effective decision-making and management in the field of sustainable
development of natural resources require access to accurate and up-to-date climatic
information. This information enables the examination of the role of climate change in
various issues and the formulation of effective management strategies accordingly. In
this context, temperature as one of the most important climatic indicators plays a key
role in environmental analyses and research. Given the fundamental role of
temperature in various situations, access to precise and comprehensive temperature
data is of high importance. Such data should be sufficiently detailed to provide a clear
and complete picture of temperature patterns over time. Unfortunately, climatic data
often faces problems such as statistical discontinuities and measurement errors, which
can lead to incorrect decisions and inefficient planning. In this research, statistical
methods have been employed to analyze existing temperature data and their statistical
discontinuities. These methods include geographical coordinates (graphical), normal
ratio, weighted correlation coefficient, and arithmetic mean, which are well-
established and widely used in completing climatic data. Selecting the most
appropriate method from among these can enhance the accuracy of temperature data
estimation and play a pivotal role in decisions based on more comprehensive and
reliable data. The objective of this research is to identify the optimal methodology for
estimating data and addressing statistical discontinuities. This will assist researchers,
managers, and policymakers in the field of sustainable development and in better
understanding climatic conditions, enabling them to make more informed and effective
decisions.

Material and Methods: In order to address the statistical gap, a number of well-
known and popular classical statistical methods were evaluated for estimating Iran
temperature data. These included geographical coordinates, normal ratio, weighted
correlation coefficient, and arithmetic mean. In order to determine the best method for
completing missing information, data from 125 stations with complete information
(without any missing data) over 21 years (2000 to 2020) were used. Given the
extensive and time-consuming nature of the calculations, a random selection of 10% of
the stations with an appropriate spatial distribution was employed to carry out the data
filling operations. The information of the selected stations was removed at each stage
separately and reconstructed based on their five nearest stations. To evaluate the
aforementioned methods, statistical evaluation criteria such as R-squared (R2), root
mean square error (RMSE), and mean absolute deviation (MAD) were used.

Results and discussion: The results of the analysis of computational values through
the normal ratio method were evaluated against observational values. It was found that
all the stations under study exhibited a high correlation, indicating the acceptability of
the normal ratio method to data estimation. The average values obtained from the
evaluation of results indicate that the methods of normal ratio, weighted correlation
coefficient, geographical coordinates, and arithmetic mean are prioritized in order,
with RMSE values of 3.05, 3.28, 3.30, and 3.51 degrees Celsius, respectively.
Consequently, the normal ratio method is the most suitable among the other studied
methods and can be employed to address issues such as a lack of information, existing
data errors, and also the expansion of the study period.

Conclusion: Among the methods reviewed, the normal ratio method is generally more
acceptable and of higher quality than the other methods and is recommended for use in
future research within similar study ranges. In subsequent ranks, the methods of
geographical coordinates, weighted correlation, and arithmetic mean are placed,
respectively. It is notable that, although the other methods are considered of secondary
importance, they nevertheless demonstrate satisfactory efficacy in certain locations.
Consequently, under varying circumstances, a range of methods may be employed to
address data deficiencies, and the optimal approach should be selected and utilized in
accordance with the specific study area.

Keywords: Daily temperature, geographic coordinates, normal ratio, statistical
discontinuity.

* Corresponding Author: gh.zarei@areeo.ac.ir
DOIT: https://doi.org/10.48308/gisj.2023.103725

Received: 2023.01.22
Accepted: 2023.07.15

\@ @ Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms and conditions

of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-1470-9769

YOM-FIAD & Sig il LLs ¥+ - A-045F 1Lls

33l g (s 33 S5 Jlol (slayigy b))
Olp! g &iljgy glos

1FY s o oyt 18 Jus eyl pml GIS g 598 31 iorow &3 p

il

| s

Tl el 55 leks gls dame ol =IGISE| &
(W)

onS>

S & s Al oo e oy doagh iy 3 S50 e 3 55 mn 1500 3 s
S (o bgen 05UsS Dlegidga po |y (ool Dt 5 (g 2 ISl D! (il el (ool 5550 5 350
Ot 3l e Lo el dily al p0 8 g |y (g5ite (hpde sla)Sal, (lgice ol el
G Az b S e Wl e lagiaghy 5 oo o 1) (5ysmme (285 oS Sl (o8l glo s
Al osls plojls (6 )ba Cuorl zal> g 385 Slod (gloosls a4y s yiws (55UsT Dlegdae ;o oo swlil
wlinlio Ll awss all)l ooy Job o (oles slagSll 5l JalS 5 zmily (6 ppa aiilsty a5 anil slisSey
Gl (e M () ilazlgn (5503l lallas g (ko] gllail asile Mo b el ardBl slaools
s kel slo g, 5l esliul b idgs ol 8 Ngd oo aal 5L slas 40l g o job (sl s S pnonad 4
Slaise alexjl ola by, 5 eslannl b il g)lel slaglail 5 s9250 olos sboosls sl onds oa
ol slmosly JuoS3 3 a5 (Jloo 5:S3be 5 (Fig (Frmrod i rS (Jlop S ((SSLS) LSl
OmeS 85 Wil o ba g, ol oo cesbie gy QLU 9 (b)) g Jlod o)l g oataslis
Al gl (185 5 e g Faale gloosls p st Slas S preal ;3 g aas JWIHH oles slacsls
o ol glel gl 13, 5 L] (e sl by e (Bome G onl 3 Bl sl
ot 551 5 o8l Ll fge 5 5 Jady s B2y 0 1, Sl 5 oo ool Sy
0,5 welyz ()l 35 5 alaiadion

ol S el g 5 oadetslas (slagig, s el I @) jskitods g3y cnl o Bsbe, 9 olge
e sloosls (035 )3 sl GeShe 5 (Sig (Smred 0 (Jloy S (2l Slate g,
ool oSyl VYO Ml § ccsgiin Sledlbl a5 (sl sy iyt oyt yoliinds kb ) 55
W0y (o Yoo o=YeYe) Jlo VY Jsb o (sosian 455z o) JolS ledlbl gl )ls oyl ol o
e Sy b b0l gty laolSian] ol 7Y+ ] b wings pole) 5 08 Slolons aSTox)
Al o 55 e gliolSins] ledlbl . plonl e gloolSis] (g5, oSl (33,8 lolac wcnlie
G553 Sl by, (bl pslareds 5 Wad 3Ll g ssloms ol gy lul 9 Si> WSz g0
Glae Sl Koo 5 RMSE) s Slape nSile 2 (RY) e o )kl b)) slojlene )

A eslaiwl (MAD)

wolie Blieys Jlog Cond (Bgy Gkl (Slwlme pdlie (s j) ol mls (Sbj) L e g gl
sy Celaie Sl 4155l 1l oV Sharad oy 390 (SloolSim] ooled 0 ateiie  Faalie
oy Jloy Cas g, sl bl 5l ol lawgie polie a4y azgi b islaosls aass gl Jlo i s
S YV XIYA X718 Jols RMSE o b s oy o (nSilos 5 aldlyinr Sl o g (Sanrad
Shaddlas 5)50 slagty; plo Ol 3 Jlop s Bg) Cnlple gl oo Gunlaglyl (gl 42,5 VIO
5 boals ;3 d92g0 (las cledlll ladd sheel SMSCaw &8, ;0 co,cnlil 5 conl Jloy65 0 (gt Culgnie
oo ol 3l Ol (Slllas (Jloj 8,98 (35S (rizran

Al i (A 5 Slsdiie IS Sgotr Lo Sl (g oyt 9550 Slas) Ol 5 (6 S A
5 0 ool iyl 5l clie Slidllas sogazme 45 ¢ ST Gl imghs 0 S5 o dnogi a5 Sl o g,
el a2 gi L W ls 13 ol Sl 5 (Sg (Siwmed o oldl i Slaibe By, ol 4 (gdm il
ol lin ‘Sﬂ)lf LolKs) (0 (lizmes Wiloads &Bly (gom Cuoal il ;0 o, ple aSl L
@Ay b g oS &, 1) beools mee i 4 Sls Wlgi oo (oste Slagty, wslite Lulyd o (nlply wans e
B9, 84 g 098 Sl gy oy b calllas 5550 B3gazs

Jley s ‘gLﬁl).p Slatse ‘431)'5) sl ‘G)L’;l &Uam‘ ‘5..\...15 ‘sl.bej's

oKl “A-’/G“"\"'Q"i f}l.c 05;,1
Olnl e s
rtige 5 o8 Sl duvsge Y

Oigel colidz lojlu (g5 ,las
Olel e «sislaS s s

“5:)/)' 9P “5)".\.4.[: Lg_.\./lé oL/
0 Sl (slosigy byl e
2555 Alis, slos (bl 5 et
GIS 5,5 1 i a2 Ll
DE ) oylad 08 Lo ol
der=ny

AACRTARVER SR R gh.zarei@areeo.ac.ir : L3 lsoage odiws gl *
VE Y/ SIS sl https://doi.org/10.48308/GISJ.2023.103725 :=¥lie Jlows awlls

@ @ Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms and conditions

of the Creative Commons Attribution (CC BY) license https:/creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-1470-9769

=9 Slels il

w3l g eSS 53 S Lol (sla g, (b3l

sleools (Simolo et al., 2010) wWogp—ine $Yslo
gl el )l e ass o Pl ool dcel s b5
Sl o g8l 5 g oo ol b glulis
LS 5 Sloy Dl i 050,80 a0l s locde
o= (Houari et al., 2016) wiil e sl a>ls
Gl cdge il > aiile bYoa, Lassls
otieai]3 b)) xdad (lgsl angas by oS3l
5§ S oial Jme yet bl (9]
O slosls Baz) Laosls (iU g Bas sl 3
Hasanpour ) &g oo sl ((swlislsa losle (somsl
Sl Felrin o ybg, y5:S b (& Dinpashoh, 2012
Jsol S50 a5 Wlows slpiiny dg8a0 glrosls puoys
Elasl a5 o deil dlam 3l el ool Ly ols 2L,
S o)l bl e Bgm (Lo by, 9 55lual (Lo,
Gy VY oy Lo VoY) LS5 il
50 ol ool ALY ledlbl o, 0,0 SIS
o SLa g &4 W) 40 (pl 4 (99051 dilate
@iz s e 5, Gl Aol oSl
o ehas (s (Sike 5 (Fig (Kot o pd
Ol 3l g Sl () BaeS (slaosls 3591 (sl b b,
Loz 708 5 (Kot (it b Jlo b Sl e
= O segh el ula g 500 5l sleiel 590
Ol Ol 5l asleas 55 sake o5l 80i6S (slaosls
4S5 5,5 o)Ll (V29F) () LSan 5 " Sgalyg 4 g o0
) e o] glmosls Sl Sl o s,
D00y 8 Sl dnd sl polie pasd jglaied
|y Sislite 5l slaig, 525 (YY) oSzl 5 o el
£30,5" oolaiwl aid jrwwsl (Sl gleosls e gl
Jloy Sl g 5 (b g 55 Jos ado]
e 5 (Sl slnasls SISty 55 5 by
Barrios et al., 2018; ) aslos) cyass 1) oz 556sS
oLy S35 &ie; o (Romman et al,, 2019

hagis, 5 (VYY) Lo 5 Tolys uig o ulitly

1. Armanuos

2. Willmott

3. Alfaro & Pacheco
4. Mouneskhah

doddio —)
il (£9mD90 ;2 8)Ly0 (6, S el g oy
AU g oo (linebl 5,50 slaocsls 5l solarul
5 Sl @isdS gladns jl.cusllaz 5l g le oSl
Bis argi y9e 2lsasol sl Lulpd s (Sobe]
slaploile g gladlie g dodlors loylojl dacdgs
o= =y (Wilhite, 2000) cwl a3 5 |3 g0 ,.8
L Jolss jo Lo g ()b yazmes ool ol yusiie iS5
sl ubiie )3 o5 5 S5 wlide 13 55,58 Sladys
Asseng et al., 2011; ) cwlazd) LSa oo
¢Bannayan et al., 2003; Palosuo et al., 2011
OryslsS an alaie sles Cundy 5l (ATl ol
A glge 0 (g s Slagonal a5 aro oo 1) ISl )
SIL g oS 36! damgo] Cunsg 5l a6 @l bl b
waelae A_Jj.v Lgti_.»l))b s@c...lél uj_Ua.c ;,.u_»aj
Lol b Gogmpal B )0 (G g5 1 Lgd dieo e
B Gl et Sl |y i Sley 80
(Khormizie et al., 2020) aas 1,3 -5 slas

Ay, 5l b (laslls slal8 Ll jo ol s
St |y (s sl aalip g 99d o0 ke (ooldl
Slrais) S B 5 ooy o0 18 sloonld 36
o949 (Sajgl e g (milidlgn (sloosls b Las e
=S Sl b mlne drwgs 835> 50 Slallas
3ol sl ol )l ol colozel 5590 S
oa-3ly 8lg0 9,0l 09,0 ot S0 (0 Fote
lwosls (o lSa Cllb g cons 4SS ol 5 Liue
LQLQOO‘O )9Jc.mu,|m Ll 9 uam )‘ 6)LC 9 g»u.ﬂ.»SlJ
eolislen ol 51 Sy i slooliwsl (8L 0
(o) Lo Ol ;5 5 Wgd () b ol
il gy DleMbl g Lus ot jezmen SISUiw
Slallas ;o al> o Cyainss oS slosls 35l 5 il
&5lgy0 09 o il (olido il 5 (Sojglgpan
Sley las w jo @d el shalin gloesls
@L_A) 61_300)5\) 6_lo ‘5”5_‘.0 O ygmods ul.c‘ s@‘}(bﬁui

O RIGIS g 599 31 horins & pid
VT e o) oo 08 s

Vo0



=9 Slels il

w3l g eSS 53 S Lol (sla g, (b3l

g 9 dlgo =Y
9 Sl gl 525" IS ples oMbl raghy ol
g sbel o a5 ellaiil (6,500 (igly o (y37een
JooS5 5 2ol gl 3,55 o0 iz s )] el
Lol pogdle (s, Sledbl Sloy (6
Sty g slelSinnl IS (5 kel ledlol o929
lolS sl LSl claol yl g aiis dgs y5 S
Wliss g yleznn ol 5l oolaul b oo
5 el HF LS slagts, i nl o 08 &)
Lty il 19350 e (b oMLl a5
ol gllaiil 5 a3l Sledlbl oles 5 wilons b3
9 Ao coduiin g, (wlulp Ban ool (o
e Shg g Slasin ) Jaaz 10 .ol odds oSS
LT o8l Copndg o ey i (gloolSiny]
03,51 (VAYE) T 5 Logs sload aulsl asls olulyy
Glaolls! SLSe cdge 7o ) JSCs ol 00l
a3 oo (Las ) lpl 8,05 )3 Siiygien (oulidle

sLoosls B33 0 0 diadigd sla g, 9 SewdS Ll
1y aag)l Azl o 3 5o (bl Lol suieS
@uw@”_; ¢y G..Laa sosls 31900 AR (eSS
Ooroml e e )Sal, ols g DS 2 jslaieay
Oz ol 5o (oulidlgn oy (5 sloosls adlss
95 4 Olsee Ol ol el ead pll
g Led slaools 3,500 (Y+VF) o LSen 4 \yl)‘%.al_f
S5 9 (golsST joadly) gily &loog, ddg> o (5L
1555 55 les slaosls &L (Y1) ) o 5 3,
2,5 o)Ll Lol 5y

oo 9 0 p Ghe) sl ol Ghagh )
s s o il s Jal s
sloodls mua i 53 i plas :le 5 (9 (Ko
20 OBy Ore 5 Wb a8 S LS Ay ) n S50
oS By oolal (sl (Byne dalllae 850 dilais
Sl g (e aBls by, 00 (eekae 650
ol 00l diogi o yiwd 0 slaodls paeys g JuoSS

e Sloollim] Cundsa g Slasin ) Jgu

welll gl a8 sl bwgio glod Al sbes Jleliyl e Job ol ol b iz,
ot 4z )9) a,9) 4z y3) Ly ghe  2béle oLk
(o)
el
S 253/7 -2/4 26/5 52/6 27 30/74 49/69 Obwie> - \
skl

Sz 123/7 -172 16/43 43/4 1099/3 36/09 55/81 Obiews Qe )l Y
Sedaes 4757 -14/6 17/13 46/4 11478 3344 4828 R oLlas ¥
Sisdes 44924 1112 18/49 41/6 1642 3021 5242 e opes ¥F
Sazdaes  383/92 -20 13/05 39 1550 38/42 45/77 ™ Ol?;.zla')s'l & e o

)LM“-’

1151/1 502 16/48 36/6 2009 36/66  51/47 RN b F

ook

S 5129 -12 20/36 45/6 12302 319 54/29 Y 59

S 249/13 -16/6 15/46 37 2280 29/23 56/58 oleyS oél

= 5 Ol
S 52/32 -11/8 22/53 49/6 489/2 31/09 61/54 J 1
Obewzrgh

Sis o 238/48 21 15/56 438 999 3624 5963 seo,olls sgie e

S 12172 -12/6 18/51 44/4 1127 35/59 53/42 Obows Obows AR

S 79/48 -6/4 22/95 49/4 711 33/6 56/95 S ol & b \Y

1. Campozano
2. Rafii
3. De Martonne

O RIGIS g 599 31 horins & pid
VT e o) oo 08 s

Vop



95 3 Golaele gl

e S5kl g e 50 S LT (sl g, (b))

65°00°E

IS0VON

30°00N

25°00'N

35°00N

30°00°N

25'00°N

45°00°E $0°00°E

§5'00°E

60°00E

e g iy (SaS e puslitlyn slrolSiy) JlSe FuiST, ) JSb

coye ol ol plaisl T 6555 Gy e
Q’MLSA ML’{A (\) dJaJ‘) )| oolazul l) Lf’)j

W= (V) aba,

- x2+y?2
Dl laize o ,e g Jsb i S 9 X
oolawl b Ban olSiiwn] 10 salseS slaosls ‘C“-ll'ézjf
Ayl se Casoay (V) alayl 5

_ 2L, WiN;

Ny = V) alal
=5 (V) eba

Ni X oS! ;o saiseS sols 3oid gl » lake Ny
olas 8y =en g1 oS sl 0 05 =90 bols o i
5l oaieS sols 8,9l (gl a8l ol

el 00l oolaiul L@f] ‘_gl.mooL)

1. Geographical Coordinates (GC)

2ools oy slagsbg; -Y-)
5 eSS din 50 SemdlS slm g Sl (sl
be) sk 45 wloads dpogs g B yme Sledbl e
3 el oa ol g (o LT o 505 2

g o (e ooldiwl 8 50 (sla g, sl

(815 Ghgy) | ldl i liaiio ~¥-1-1
slaosls (5Ll )3 ooliinl 3,90 Sl by, alex |
SIS oy L oldliae claie by ool
Sloollil Cusdse Gund Sl (g Gl S o]
Sleslai wl b 3l 5 g e diis g9, aslllae 5,50 ddlato
3 ie sl dnelSil ] iy Sl
el p Slatu 55 10 Ajied; ools Ban oKl
Sl bl glaolKiws! 51 o Slatte g 48,5 s s
e A0 e ol e Slaise ol coday QT
e e o] 4 5 SG0 3 ol a5 cul

b oplplo secsls analgs T g5lesb o (6 i

I RIGIS g 599 3l iaw & pbd
VT ) oot 0F

VoV



=9 Slels il

w3l g eSS 53 S Lol (sla g, (b3l

Ny = =2, N; ®) ala,

Nj X oS! )0 0aineS s0ls 500,91 jlaie Ny
Slaey By wen g1 ol un] j0 05250 50l Jlade
)| ‘od_,.::p_? sols 0)31)_3 L;‘)—’ as el dbo&.ﬁ.ﬁl

Ll 0l oslazul Lﬁj slosls

@ b)) byl Y-
sdaliwots wlis dos (g5lwJoe 5o 5kl sla o,
Sl sl jl jelatecnay b avslie a3l polie b
L Slase 565lhe 35 (R ad iy 5 b]
oS (6l (MAD) (3llas Gl ol u..iLw «(RMSE)
polie g (8l lod polie yu paed oo Ol
Gilw s llas olie cyped 5 5 000 45]

LA B (#) Ll ) o oolici

2
S &i—- G- )

R? = (%) ala,
JE - 025, 61- 9
RMSE = [H=1i00 (V) aba,
n R
MAD — Z|=1I:1 il (A) ‘L‘a)‘)

Slaslis sols u.uoil Sy, 9% «DYolee opl jo
Lgl_beé‘é wiJL_AA M—.&.J)J‘\.—} y 9 X 0y )9])_.) 9
Gl sloolKiws] slaxsin g oais gl Slealie

Sy g i =Y
30 Sl—eMb| po ' (b o9, 3,1 -T-)
- o e Glbe‘s’u ”‘

Sl 9y o sy 2 s5Baeds chagh (pl yo
ol s VYO Sledb| 5l (05800 SLeMbl oSS

1. Normal Ratio (NR)

2. Paulhus & Kohler

3. Young

4. Correlation Coefficient Weighted (CCW)

S [PYERCOMWES SR

VA0 lag S 5 uladyy ozl 1) Jlo S 39,
9950 LS (Sl 8aleS sleosls e sl
ey ol 55 0,8 ol 1) T (1Y) TSl s
g ol sl o sbrosls o (Kl el
g cpl 3l oslaiwl Loyl cage (i Bun oSy
S e by sl sl G o8] o Lo
2 ol cels (Sl 4 Bae oKl jo Lo
8] it sl 5, wnlds glaolSioy|
g oo dwlie (V) alayl) 3l a5 vl

Nx

Ny = =30, =N,

n i=1 Ni (v) c\_]a;‘)
oS! o Lo (slaools 1 Sloe Ny cdlolas ol 5o
) fafi dals olfiws! jo Lo slaools Sl Ny «Bon

el r:Ti oKl jo Les slasals N

T 539 o g po ~Y )Y

o] 58 0aieS 8015 851 jekiieds (g, ol 5o
oolaiwl dals ol S culyps i Bun
o= M g_))..\J a 05.._..» U"‘ L_,’Jl)lf oa....;‘_,’_,o
25,5 o) ol Gl bl slaslKi] 5 Boa oS!
ey ol 5l eoliwl L soin S 80ls 0,911 (s,
Teegavarapu & ) o s oolai_wl (F) alal,
.(Chandramouli, 2005

— \y'h (ry)
Ny = 2=t (2;1:1(“)) N; (%) ki,
6La.) 6Lﬂ:o~>‘~> O O9— M w)_‘o Iy

Sl 1ol aLiMMA‘ 9 RV ol.im.:‘

Sl (ko o9, -Y-1-F

2l O 3 Uhgy S sere § G2yl gy 0l
Loosls JaS5 Ly 2ol o 4 il (5ol slostg,
loelS] (gloosls 5l ool L cogads pl 13 015 5,15
58 dg-die 8ols sl plue 2 leo 3 (6 25000 9 yle
o Gty (0) alaly  wliol y Boe ol

O RIGIS g 599 31 horins & pid
VT e o) oo 08 s

VoA



=9 Slels il

w3l g eSS 53 S Lol (sla g, (b3l

Saie (S co st 95LsS slrosguss o Kinlen
Ol BT g ol j Sl S50 al 55 G e 2
Ol sl Sadliogline sla g, o 5o sl
e gy stlslids ;o MAD g RMSE ;0L
Cdgrie game;s @l 4 az g b ailcgeal )l
Sy slaghy) 5 5l it Jlop Comnd g,
&35 9 oSS jelaiedy yhaghy dslsl joconl solaiul
(ol 4t LS8 by, o dolSii] Sledbl i

sl Judewazg bl Ko sl by, diz 2
ool ZMsl o o oy, plo b 5zl Golas 5 Sl
30 5= (VoY) )l g (Bl 0,5 ool olg5 oo
oAdlss 1) Helaieds Ll j5iS 0 a5 Jimghy
Slas,y omm wsols bl s Gloy (5w slaosls

Sleatsn g Jlop Camad (g « Sl (5Ll

Alos ST Sb )l olazel 5550 g, A jieds |, LS5
P9y @bl byl 5l Jel> bawgte polie & az g b

5999) JalS Sl gl fs LoolSiay) oyl s onliiud
CpYereVeVe) Jlu ) Job)o (sogiie 45 mee
L woiog il g 00 pind Slawlre aSbuil;l isg
llas ¢ olas & ypois bolKiuy] oyl 1)+ Glocl
A plal et glaollinl 5, ldbl 9,5
s 5 cmslin STy s cokite laolSiny|
ol 00 03,51V S o Lasl CuxBge g 05,988
Sledbl waioly Lo by, ol jo—taeas
WilBlas & gods g > e o 0 Coxie oS
A8 (gilesl g jslome sl iy ell 5 B3
5o sl 0,50 by oD Al jslaies gl
il slabae Ly g oSl o (s L LS
A gyt 05,5
L5 0,lal 0550 slaolim! g5kl b (olal
Geb @S eadad 5 ks b))l bl 4y ax g
»Ebs e Jasr ol 2 el Jolo ¥ g
o 03ld (LS pg O)jgody (Oslite lagts; G

i ol (gosite glaosls oy ;o ooliiwl o 50 loyig, o Slas b, slo,lre mls Y oo

NR GC AVG5 ccw r
ol |
R2Z RMSE MAD R2 RMSE MAD R2 RMSE MAD R2 RMSE MAD
—ayal
0/989  1/798  1/536  0/984  1/449  1/103 0/988  1/185  0/906 0/988  1/177  0/900 )
sl
0/969  3/156  2/764 0/974  2/456  2/048 0/975  2/245  1/830 0/977 2/198  1/794 sie> Lo
0/980  1/980  1/543 0/979  2/555  2/190 0/980  2/467  2/119 0/980  2/465  2/117  sble >
0/971  4/236  3/587 0/973  2/065 1/732 0/971  2/628  2/28  0/972  2/627 2279 39,
0/984  1/642  1/352  0/985 1/562  1/239 0/984  1/438  1/131 0/984  1/437 1/130 &y
0/951  3/410  2/742  0/955 3/107  2/573 0/955 3/238  2/747 0/957 3/130  2/647 o
0/982  1/891  1/475 0/983  3/594  3/331 0/984  3/453  3/190 0/984  3/449  3/187 o3
0/959  4/416  3/638 0/955 10/072 9/897 0/964  9/195  9/052 0/965 9/132  8/991 O
0/980 2/378 1/979 0/968  3/711  3/263 0/979  2/644  2/274 0/980  2/625  2/257 S
0/984  1/353  1/084 0/985  1/587  1/258 0/984  1/418  1/078 0/984  1/416 1077  ogiw
0/977 7117 5/865 0/971  4/412  3/857 0/972  4/384  3/849 0/973  4/382  3/859  liew
0/980  3/188  2/848 0/978  5/600  5/326 0/979  5/334  5/063 0/979 5332  5/062 = _eb
by
0/976  3/047  2/534 0/974  3/514  3/151 0/976  3/302  2/960 0/977  3/281  2/942 ol

O RIGIS g 599 31 horins & pid
VT e o) oo 08 s

V-4



=5 5 Glaale gl

e S3lwil g eSS y3 SeS Lol (sla b, b

9 Slaalin polie o)y 3590 Gloollinl (ales ;o
O y2) Sl @b (Ko (61l ol
G gy Caelgiio a5 (+/AAR L5 +/20Y (ps VL
Sl )58 LS Sl oo Ty Wosls paeds 859050 Jlo
Wil yidos Lacsls 5l ea ol ol oST,5 a0 a5
ISl ol e el i 5d Leeols pess coalS
030 Lol solod ;o oadolxml 1ol YL (51,5
polie gV gyan a8 coul Jb ol ogd oo
Sl e eSle yia palie dabg) plo 3 (Saras
i 95 50 (IS ysboas ¢3llae Sl il (. Silo g Uas

Syl o gy S0 5l Seawlie (5 polie « Jloy

= Simdpglated A
7oy Re=09803 T
miulated _4
sl
s 3
= =
20 20 40 £
=
-50 Observed
e 40 R?>=0.951 Ny 40
=} 20 o ®
%
=
=
£
7 0
20 , 20 40

-20 'Obscrved

15 60 el 40
i R =0.9799 '

40

Simiulated
DN
(=)
Simiulated

0N Ohserved -20
20 poservea

D9 ades &> O YION g YV XIYA X0 Jolse
Cwody ool sla g, byl 5o alie 050U

\ e - T
u‘)&w 9 Y\JLW; M?}" uwl.w‘).: sd.:s,o) 6‘).3 9 o.\a‘
Sloools 055050 [ 3l g guad ddlaio ;o a5 (Y-)19)
9y L dmnlieyo Jlo i s (g s pldl ples
S SN SR WO SUTSII S EWESN < O

R 009 gand
)J.)Lmo cw éuoli»_m;‘ Ls‘)—’ Y JS_.,; )

p3bis olieys Jloji Cud 29, Gob3l (Slonlore
4J.iw w‘ U»L»‘)J Ll 00 d.jl)‘ 9 o ‘@L)@L,wo

R2= 09692 S=olSimiulated
ﬁ niulated  R>=0.9886
Sl
Eu
=
w)

| #

0 Obdlvea 40 60

60
0392 R?=0.9715
s 7 &F
>
k|
= 20
= _
a [ ]
'K
-20 20 40
-20 Obscrved
o 60
R>=0.9821
40

Simiulated
[yl
o

-50 K 50

OObser‘.g d 40 Bbserved

st S50 Solinl (sl Jlo s ot loslons 5 laalie yolie deylin ¥ JSCb

1. Shabalala

O GIS g 599 5l horiaw &y
VT ) ool 0F J



=9 Slels il

e S3lwil g eSS y3 SeS Lol (sla b, b

B0 k80 RZ=09767  yyu. 40 R?=0.9836
R2=0.98
. 4 r 4
40 40
20

g / Z l g /
= 20 = 20 =
2 = P = ;
N A A
20 20 I 20 40
20 © 20 40 60 20 20 40 60 -

20 : Observed 20 Observed 20 'Observed

YU Aol
K S ez -F

Sloate by, cd Fam g Slie )00,
I sl lle 5 (s (Ko (L8l
2 Legisy plaw aSGl Ll azg (Ll aijls
o Oz wload adly un slacaglsl
5 lpli waes e plis osllae (oIS Lol

a5l algi e (ege sla sty cDglite Lyl il
53ga e 4y az g5 b eyl g 05l & yo |y Waoodls w5

Q}w oolawl 9 s.)l.’Z...l‘ Ugj) U”)"‘QA dxlllao Sj90

‘sﬂo).\é 9 M" y-0
Lo a8 )5S alislyn slojlas 51 ol b

Sliass Adlie o iy jedatedy 1) 5L 0500 oleo

ol ooly 13 EWLS o s o ol

&l -#

Alfaro, R. & Pacheco, R., 2000, Aplicacion de
algunos métodos de relleno a series anuales
de lluvia de diferentes regiones de Costa
Rica, Topicos Meteorologicos y Oceanogra-
ficos, 7(1), PP. 1-20.

Armanuos, A.M., Al-Ansari, N. & Yaseen, Z.M.,
2020, Cross Assessment of Twenty-One
Different Methods for Missing
Precipitation Data Estimation, Atmosphere,
11(4), PP. 1-34.

Asseng, S., Foster, . & Turner, N.C., 2011, The
Impact of Temperature Variability on
Wheat Yields, Global Change Biology, 17,
PP., 997-1012.

ez g Laosls Cmo g CudS Coonl @y azgi b
(o sl jo (s058ae brosly yiilaisg>g
95 oldlsr loosssy 5580 azy owyp Hslaied
5 b gl Jlanl drngi 3,00 (655 el 15
3= eaiinS slwosls e ] Co pas
aalllas 5 Gios g, 5Lel jo tmlie (555900
o daiagh b 50 (bl jaki sgzg 1) Col
S 050 Bud g 00y 850 Caw 0l (655 e
laolSi !l ailyy, los oMbl i aalss jzeie
4S5 0l a8l sloosls oy el 5l s Sl gin
5 8559 e siaie gloaie; I (g lums 1o Gl pls
a8 Cewl 553 bLe pazmen aile 0 )5 cla
el a5 ooy, ol )bl S 18 5 JraSS
lwosls aJer ay Lusa = el oois obj,l Lyl
ol 50 crlpliy sacalonig codly 5l )15 g o yol
el (S5 el oy o (Slmig, g3
b o Jlop Sand (S5 oLl i Slatse
Sl s son e 5Nl 5 Sy (Sen
Go9-8de slaosls pro,d g Mol ] 1 Baw aS 0l
D5 mwlidlsn slaolliugl dlilyg, slos lawgio
S 90 Lo gy Gl ;o 45 Al (atine ol S
el dz lawgie Ly Jlo g S (g, (o)
S s S g SdaBe YTV gl Gl o
Bog9ae )3 358 o0 dragi (ulplo g )Mo ba g, Koo

S Uiy, ol o ST sbaiags 5o alin Sllas

O RIGIS g 599 31 horins & pid
VT e o) oo 08 s

BB}



=9 Slels il

w3l g eSS 53 S Lol (sla g, (b3l

Bannayan, M., Crout, N. & Hoogenboom, G.,
2003, Application of the CERES-Wheat
Model for within-Season Prediction of
Winter Wheat Yield in the United Kingdom,
Agronomy Journal, 95, PP. 114-125.

Barrios, A., Trincado, G. & Garreaud, R., 2018,
Alternative Approaches for Estimating
Missing Climate Data: Application to
Monthly Precipitation Records in South-
Central Chile, Forest Ecosystems, 5(1), PP.
1-10.

Campozano, L., Séanchez, E., Avilés, A &
Samaniego, E., 2014, Evaluation of Infilling
Methods for Time Series of Daily
Precipitation and Temperature: The Case
of the Ecuadorian Andes, Maskana, 5(1),
PP. 99-115.

De Martonne, E., 1926, Aerisme, et indices
d’aridite, Comptesrendus de L’Academie
des Sciences, 182, PP. 1395-1398.

Hasanpour Kashani, M. & Dinpashoh, Y., 2012,

Evaluation of Efficiency of Different
Estimation Methods for Missing
Climatological Data, Stochastic Environ-

mental Research and Risk Assessment, 26(1),
PP. 59-71.

Houari, R., Bounceur, A., Kechadi, M.T., Tari,
AXK. & Euler, R., 2016, Dimensionality
Reduction in Data Mining: A Copula
Approach, Expert Systems with
Applications, 64, PP. 247-260.

Mouneskhah, V., Khaledi, M., Hadi, M. &
Samadianfard, S., 2023, Comparison of the
Efficiency of Intelligent and Statistical
Methods in the Reconstruction of Sunshine
Hours Data (Case Study: East of Urmia
Lake Basin), Journal of Agricultural
Meteorology, 10(2), PP. 28-36.

Palosuo, T., Kersebaum, K.C., Angulo, C.,
Hlavinka, P., Moriondo, M., Olesen, J.E.,
Patil, R.H., Ruget, F., Rumbaur, C. & Takac,
J., 2011, Simulation of Winter Wheat Yield
and Its Variability in Different Climates of
Europe: A Comparison of Eight Crop
Growth Models, European Journal of
Agronomy, 35, PP. 103-114.

Paulhus, J.L. & Kohler, M.A., 1952, Interpolation
of Missing Precipitation Records, Monthly
Weather Review, 80(8), PP. 129-133.

Rafii, F. & Kechadi, T., 2019, Collection of

Historical Weather Data: Issues with
Missing Values, Proceedings of the 4th
International Conference on Smart City
Application.

Romman, Z.A., Al-Bakri, J.T. & Al Kuisi, M.M.,
2019, Estimation of Rainfall Missing Data
in an Arid Area Using Spatial and EM
Methods, Journal of Software Engineering &
Applications, 9, PP. 76-80.

Shabalala, Z.P., Moeletsi, M.E., Tongwane, M.I.
& Mazibuko, S.M., 2019, Evaluation of
Infilling Methods for Time Series of Daily
Temperature Data: Case Study of
Limpopo Province, South Africa, Climate,
7(7), P. 86.

Simolo, C., Brunetti, M., Maugeri, M. & Nanni,
T., 2010, Improving Estimation of Missing
Values in Daily Precipitation Series Bya
Probability Density Function-Preserving
Approach, International  Journal  of
Climatology, 30, PP. 1564-1576.

Teegavarapu, R.S. & Chandramouli, V., 2005,

Improved Weighting Methods,
Deterministic and Stochastic Data-Driven
Models for Estimation of Missing
Precipitation Records, Journal of

Hydrology, 312(1-4), PP. 191-206.

Wilhite, D.A., 2000, Drought as a Natural
Hazard: Concepts and Definitions,
Drought: A Global Assessment, Springer,
London, Routledge.1(1), PP. 3-18.

Willmott, C.J., Robeson, S.M. & Feddema, J.J.,
1994, Estimating  Continental and
Terrestrial Precipitation Averages from
Rain-Gauge Networks, International Journal
of Climatology, 14(4), PP. 403-414.

Young, K.C., 1992, A Three-Way Model for
Interpolating for Monthly Precipitation
Values, Monthly Weather Review, 120(11),
PP. 2561-2569.

Zare khormizie, H. & Ghafarian Malamiri, H.R.,
2020, Effect of Height and Temperature on
Plant Phenological Processes Using
Harmonic Analysis of MODIS NDVI Time
Series (Case Study: Shirkouh, Yazd
Province), Iranian Journal of Remote
Sensing & GIS, 12(3), PP. 1-22.

O RIGIS g 599 31 horins & pid
VT e o) oo 08 s

Y



