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Abstract

Identifying homogeneous climatic zones plays an important role in the success of regional

development programs. The climate system is composed of various elements, factors, and variables
that together form the climatic components of a region. Multi-characteristic and multivariate methods
can combine and overlap the types of elements and variables effective in constructing the climate with
appropriate weights in the climatic zoning area. In the present study, climatic zoning of the Caspian
region was performed using factor analysis and cluster analysis. For this purpose, a 30*30 matrix
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consisting of 30 meteorological stations and 30 climatic and environmental variables was formed. The
results of factor analysis showed that the climate of the region is affected by 5 factors including
precipitation-humidity, temperature, wind, sunlight, and environmental factors. These factors
explained a total of 92.5% of the variance of the data. Then, cluster analysis was performed by the
hierarchical integration method of Ward on the five mentioned factors. The results showed four
climatic zones including humid, semi-humid, semi-arid, and arid in the study area.

Keywords: Climate Zoning, Factor Analysis, Multivariate Analysis, Cluster Analysis, Caspian
Coastline, Iran.

Introduction

Knowledge of climatic zones has long attracted the attention of many scientists and has led to the
presentation of various methods of climatic classification such as De Marten, Koppen, lvanov,
Amberje, Selianinov, Hansen, and others. With significant computer advances in recent years, it has
become possible to perform internal methods on large volumes of data and the use of new
classification methods such as multivariate statistical methods (factor analysis and cluster analysis)
have expanded to classify the interactions of a large number of climatic components. Identifying
homogeneous climatic zones and the capabilities and limitations of the agricultural climate of each
climatic zone can play an effective role in carrying out projects and planning.

Methodology

The study area in this research is the greenest and rainiest region of the country (i.e. the southern
shores of the Caspian Sea). In this study, factor analysis with Varimax rotation has been used to
identify the factors affecting the climate of the study area and the hierarchical clustering method has
been used in its climatic zoning. For this purpose, out of 30 variables affecting agricultural activities,
including three environmental variables of latitude, altitude, and distance from the sea, as well as 27
climatic variables including maximum, minimum, and average temperature, an average temperature of
winter, spring, summer, and autumn were used. Number of days with a maximum temperature of 30 °
C and above and minimum temperature of 0 ° C and below, average sunny hours, number of full
cloudy, partly cloudy, and sunny days, hours of radiation, average relative humidity and annual
rainfall, average winter, spring, summer and autumn, total annual rainfall with more than 1 mm,
number of days more than 1 mm, more than 5 mm, more than 10 mm and more than 20 mm, average
evapotranspiration and average wind speed in 30 stations, and the synoptic meteorology of the region
with a suitable statistical period between 2002 to 2018 were used on a daily time scale. ETO
Calculator software and radiation amount were used using the Angstrom-Prescott function to calculate
the reference evapotranspiration.

Discussion

The results of the Bartlett test showed that the data are suitable for factor analysis and the results
can be generalized to the statistical population. The results also showed that the region’s climate is the
result of the interaction of 5 different factors and explains 92.5% of the total variance. Based on the
results of factor scores of variables, variables of average annual rainfall, winter, spring, summer, and
autumn, total annual rainfall on days with more than 1 mm, number of days with more than 1 and 5
mm and with heavy rainfall of more than 10 and 20 mm, the number of full and partly cloudy days and
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average relative humidity had the highest correlation coefficient with the first factor. Due to the fact
that the naming of the factors is based on the highest values of correlation coefficients, it was named
the precipitation-moisture factor. In the second factor, the variables of average minimum, maximum
and average daily temperatures, average temperatures of winter, spring, summer, and autumn, and the
number of days with a maximum temperature of 30 ° C and above had the highest factor load and
weight. Therefore, the second factor was named the temperature factor. The third factor explains 6.5%
of the total variance of the data and was named the wind factor, as the mean variable of wind speed
had the highest correlation coefficient with this factor. The fourth factor explains only 5.8% of the
variance of the data changes. Because the variable number of sunny days had the highest correlation
coefficient with this factor, it was named the factor of sunshine. The fifth factor explains only 5.5% of
the variance of the data changes. Because the variables of distance from the sea and latitude had the
highest factor and weight in this factor, it was named an environmental factor.

After performing factor analysis and identifying the main factors using the hierarchical clustering
method by the Ward method, the studied stations are grouped into homogeneous categories and zones
and climatic classification was performed. According to the cluster tree diagram obtained and the
cutting location of the diagram at the interval of 8, 4 clusters were identified. According to the
findings, four climatic zones including a humid climate zone located in the northern parts of Gilan
province to the western and central plains of Mazandaran province, a semi-humid climate zone
including the eastern and central parts of Mazandaran province to parts of the western and southern
regions of Gilan province and western parts of Golestan province, semi-arid climate zone located in
the southern parts of the southern shores of the Caspian Sea, and arid climate zone located in the
eastern and northeastern parts of Golestan province for the region were identified.

Conclusion

The output of this study was four climatic clusters for the study area, which is different from the
study of Nazmafar and Goldoust (2015) who in their research on the zoning of the north and northwest
of the country, identified three climatic zones for the northern region. In their study, the first climate
zone with the effect of precipitation factor was located in the southwest of the Caspian Sea and the
second climate zone with the effect of temperature factor was located in a part of the southern shores of
the Caspian Sea and the northern slopes of Alborz Mountain range. Therefore, the present study has
provided more specific and accurate climatic zones. The findings of this study are consistent with the
findings of Montazeri and Bai (2012). They showed in their research that Mazandaran province was
located in two humid and semi-cold climates with low rainfall, Gilan province was located in two humid
and semi-humid regions, and Golestan province was located in the climate zones of humid, semi-humid,
cold, low rainfall, semi-cold, and low rainfall. Also, the findings of this study were consistent with the
findings of Fallah Ghaleri et al. (2015) in the field of climatic zoning in Gilan province.
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Figure (4) spatial distribution of the first factor, humidity-precipitation; The second factor,
temperature; The third factor, wind; The fourth factor, sunlight; The fifth factor, environmental factors
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Figure (5) clustering tree diagram of the studied stations
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Figure (6) climate classification of the studied area Community Verified icon

& S 4o
35 S Sl s sk ol s Olgew 555 sbus 2pzs pie SIS ns 5w e slae Saxd, i
Sladost 2l 5 (Sl Slaslide S (a0 Sl L) (S DL Jold o)l 0 At ol S 5
g S St e J Jsb o 5 g e o8 Aad 0 ehiaa Los e Apr ioer 5 e
Syl e 215 SN g 3 Shee ol gla ke ol 0 555 5Lo3 s Sl 53 alpas
el CiS glacibae (5554l 5 e e bl Sldlas L i adlaie A el gl Cl Gy ol
2 lsra] SKea slawg lad s o aile (ol s sla i, 3l eslinad b tags onl 53 55k
> alllaes go At sl plspsl RE 5 Sl Rag ol s Ad bl sl s e
5 b @l (i Ol m 5558 iash 5o S Cenl ogline (VY48) g llS 5 ks alllas L oS
L Jsl olsasol b gl dndlas 53 dsls aseis Jlod 4l gl 1 olsasol &b aw 538 2 Jld
Jol 3 placas 53 Loy Jale U L pss olsasl &b 5 L3 slos o s o3 ik bele G
oaie ol Glakigy Gl sl e s edd @Bl 5l e Sty Jled glawals 5 o5 sl s
(S by 5 alsasl e op Sege Olsea L L3 lss iy Sl 53 el 03 S W1 (6 5585
Dt Lpedls IS lols Ao s RYIY L 506 Jele o hassy cnl 5o 5 3)ls ledamy SIS 5 Sles s
3l dllas (WWAY) Ly 5 s dame iasi b s onl sbaanly s astlis adlae (lom sl 55 S5 Jale
3 dea 5 osb e alsas ol Al 55 53 DLWl Oliwl & Wals 0L s tagsy 53 (1) b 5 (s ke
fas v sb o alpas ol &b Sl 55 0dS Dbl 5 b o a5 sb e &b 3 3OS Ol (5L o
OO i laaBl b sy pl slaaly ramen )l 513 0L oS 3w ded 5 L oS 5 e s e
i sla il kel el Codlae DS Ol ol ga s T (siuaU A 3 (174E) OIS 5 (5 4l



\A Uen 5 (Folo Eyu o piia Lm 55l 6l By b sbos s s el s o Gauas

53 s e 5 S o o (lo, 2 30) 00l SN s (sla 0L a3 Sl g B B S s
Golw 4 et 53 el (Sl Sistaas 5 S Bl Ol Olasl 3 050500 (15 onl 51 (St i
3503 )3 Sistaasd w1 s OledS Ol 4 Wsls QLS SIAP g, ulad 3 (1YA0) 0313 3 plal 5 1o
33 53 05k oleal gl o 5 wsb e pleasc] il SO oS Skl gl SIAP g, elad LT cpioeen

.Jﬁiw.}@dﬁm saasl 55 Sl gt )5 aS sl el Ogb s dad 5 b e L}J“‘j.hj&_.)T;.\”?-U

ple

Lo gy 5l eslial Ly Olgiol Ol (al9a 50T (shaab (VYA) poms (i il oalill il ((sam! ool
OFA Y Gl ) b St bl olilas Sldlae (g bl op g

p o 3 033 Jommi (slo a3 LE 5 esliial b Ol dled ol (6 K33 8 iy (b 5,1 (TR LT (s sl
NAYEYYT O Gled A §y50 6,805 5 a5 5 (S paal o o goaldl S

S s e ol bl (el (15 (VYAS) sl (90 s S g p STt SIS e a5l
AY0-NV0r XY oyl Vv by s oldl s las ( Jule

o) deks o il Slabe sl ; Il G1Se Jailyy (50w s SOTAY) o o Sls S ¢ Gl
ATNONAY TA o les & 5555 ¢ Jrome Sl blis 5 Ll i (5555 4l (5 pm

Sl 5,185 sl SLSe Sl (178 Al e ¢ ol S asmn e (5 3) 5 ol elwsd oS
NAVY Y Y Sled YV s (ol Sledbl (GIS) ol p oMbl Blle lases 53 0,550k

o e Az (5Ll (SLASESS 31 ealinal b Ol pl paddl guaid (VYVA) Uk Slomde (550
OV-VE o byled PV bs oLl i sla tass

Ol 93 558N Gt (ol g (5l dir (el gy il (VYA A (bl (e (A
4=V WA Gl ) b0 ank Gllax sls ias

33 ablar slad Ol pl o et gls (215 plelis (074E) ol ol came o coss Aot 5
AV 0) 5yl )0

Jdos KaS 4 ame )l o] (gl g2 sLr03 55 (ghuatd (VYAT) aans ¢ as S ¢ oo o @UIOLe] (dazes (5l
AAYZVAA Y &l b 5553 (ol iign 5 pske (29 8 Dy Bl kS J RS slanled 5 lad s>

(Sl ey By bl Oy 3le Ol coddl (gtipaid (VYAY) ssl ¢ poutl ol ol (5L 03 games (53313
NV o0 A Gl Y 6 gr) ollar Sledlbl ey — ode Lol

Sl g o 51 esliawl Ly Sl ) Ol (sapab (\WAY) i gy ) SIS cdme o5 4t Lo,

.i\—o' cY-\ g)l.q.j: v g)j.) c&:.:.b 6@‘]”_



VEY Bl Y ojled A0 ol FE b ases 532,00 p 5 Ui VY

sLas SIAP iy, a4 ST L ol ol Il gy 1 VYA do gzms o335 ool 55,0 el o (5L
YA-00 0 §yled ¢ olilax

A 5553 () oWl ar Dbl B8 5 b 55 gbos G4 el gduard (VYVA) Lelonl (s Sals
OA-TE (T4 ol

@230l OV e 5 i lnms w03l 5de (i ()l cozms i o ST e g o
5 Smotelig CIT  Rds 8= bl Gas sl (5 Ko 8 s 51 I3 py 4 (ol Jayl
VE-AY (Y ke ) byss (g R S dan

5 Lol o miie A (ool (gl i, b3 Ol ol guivangs (OTAA) i e JBlas el b ol o
AT DAY Sl Y bs glal dnw s

5 esleal Ly (o)l 5 Jlome, ez Dbl (ol a5l sdual (0FAE) cdome ool s (i il
ANV Sl @ byas Ol of Jiass cgobl p g (LSS

Slagias iy (Sl o s 4 01l 5o e el GLol&al (058, gnad b (YA ol (525
ACECAR ARSI o S I J

SHlwdnd (VYA Olay (L )l05 ubie oy Sl 8 (OWNSIE 5 Gnr (A Shos ) ip pane ol (S 5250
8555 ool il Sla sty & 00 el slaaasite Glus 33 g Jolaw 53 Lo s oUe
AT LRSI

(s Jdou g Lis slaadie b O1pl ples slage sy sty (VWAY) oo (s e (a5
YV-YE byt Y b chnw s s Ll

L S Ol ol 20T (sl (1¥48) L e (5Ll sige sl o mile 36 (5,48 208
IY0-Y0) 08 & Lt N4 5,55 (S rmel 5 LBl A o ppate i sla Sy,

sy 3 Fhe sl ok 035 (ASe 2l (TN sl (el d el (g5 50 Olisla b e (B
(DS Ol sl A 5 INS MEST (sladlin g (1)1 55 03k SN SIS Trm g5 sty o
OVA-099 (Y § Lo M) 6553 (5555l mliip s GIS SIKe (gla Johows 51 ealizal b

A lens Y0 5y (Sl oyl gd g il el ghuaig ((VFAO) Ol s (0L o e (Gllas ol S
AAV=YY

sla By 3 ealaul U Sl ) Olial padBl gagags (VY40 ) 4l (gl o 5y gl Ol g o o)
A=Y Y Gl b b5 b Wi (028 iy o omlie el 5 (g bl

25 G B plulid (174T) Kin b (555 el ek (s S i VL Ol (Lo e el s
S5 giad B By 93 Rl 1015 53 3 (lomin 0 b ol jen g (sl BL oy 5T s
YTAFAL Y 5l £ 503 (Lab 5 e


javascript:void(0)
javascript:void(0)
javascript:void(0)

vy Uen 5 (Folo Eyu o piia Lm 55l 6l By b sbos s s el s o Gauas

Sl (5 G5 5 $5aaleS 53 o )8 5 dsel) Al ) 5 b (1TA0) eadls « JlaS (SBlowusl (53l 1o
TV O el sa uKia s a5l

s 0 g psde il S el Jol g (350 Dl 13 50 555 gLy i (OYAY) Lo des 50l
WV=AY Y=F 6l F 5505 0l !

AVIDVAE LY 55led o) 655 chnwrss 5 Wi Ol poall T8 (OYAY) fadl gl (0L g

Sl 3 ealiwl L sl co SIS 585 () OV 5L GLE b o ¢ ol o (B 2
£4-000) Silad e by (ol owigs pske (slad gt Jdod bl OT sauawdS 5 55l e

AU T Gl sllonlen 1oy Gl G i (ol (3255 inr o Slaw g pane
Va3 ek GLdlar Lllad 35 sLass (g S law 3 Los peed Buy 2 Rdes o 55U
AYVV 6 Y5 Ll

Jo e 53 Gl s sl 5L der sla & olald (0740) SLkr (3l3 3T ccp s el csbide
Y=o ¥ S5lad Y 60 ams (aal 5 Wl ar 55 sbys a5

Sl o piin Az (5Ll sl bs, 31 ealinal b ()55 @l staig (F4)) Lol (sl s (5 i
N2 IR FSNCIR A SO I

Dbl ol 15 bty (1Y) 555 oy (2l S i ot (5 LTl 5 chons (S 50
AE-VF b s lad Y 603 oLdlae slas (Ol g~

= P 9 S bl 3w Al td (SUHL OYAY) Lot (ansl i desms doww o lsLl o BU
A Xl Vs S s o pske o sty b Bl 5 0 !

Pole Jo 51 eslinl b Ol at o Jlad 5 Jled gl ga 0] ghuaigy (\YAE) LS| iasllS (e 3ol
DAV A Syl O 6ya5 o olilar sl (glad g Jdow

e Jome 5 i BT 55 aledS 5 5855085 Jalse oo (VWAV) wis (s pmad (58T (e (RIS

\Yo—\i' ‘iY SJLA“: ‘\\ Z)jb gmb &L:ﬁ‘;x}- RAM

Biabiany, E., Bernard, D., Page, V & Paugam-Moisy, H. (2020). Design of an expert distance metric for
climate clustering: The case of rainfall in the lesser Antilles, Computers & Geosciences, 145, 1-15.

Carvalho, M., Melo-Gongalves, P., Teixeira, J & Rocha, T. (2016). Regionalization of Europe based
on a K-Means Cluster Analysis of the climate change of temperatures and precipitation,
Physics and Chemistry of the Earth, 94. 22-28.

Schmidt, G. (2019). The Ecological relevance of parameter choice in describing climate, The
Ecological relevance of parameter choice in describing climate, 6, 1-26.

Tapiador, F., Moreno, R & Navarro, A. (2019). Consensus in climate classifications for present
climate and global warming scenarios, Atmospheric Research,216, 26-36.

Yang, L., Bai, L., Song, B & Liu, N. (2020). A new approach to develop a climate classification for
building energy efficiency addressing Chinese climate characteristics, Energy,195, 1-14.

Zhao, j., Xia, B., Han, j & Liang, K. (2020). Technological adaption zone of passive evaporative
cooling of China, based on a clustering analysis, Sustainable Cities and Society, 66, 1-10.



3 Sy 9 Wl
VENY sl oY AJL“.::‘*' ‘sl_..*d"i Jb‘MdﬁJML}f-’ |

\43




