Downloaded from geographical-space.iau-ahar.ac.ir at 9:45 IRDT on Saturday September 12th 2026

4

AF g0 )losds iy 9 Comnns 0590 ooty ol o 3T ol8iito
V-1V Olxao NP0 Ll bl glad oo saollad

\
Gl (g0

o Cuagb y (iSileo 3591 1 Jo RBF s MLP cuac sbaasiais aslio

S owlyS 16890 anllian
VRV AND Uhpds gl VETENY 2dlo s

ouSs

Esonl 5 Gt b ol siions Bl o & 5 0951 A sl owt 505 5 955 1 5o (sbrame ol 5| goms Cusho)
slaibio fleieas ogim luls lisl o ol Sogb, 2Kk 5,91 5 ol Gragh Bua Al o3 5 glods
sle e g RSUAIO 5810 5 UG 51 jelae ol slp 0l o RBF g MLP e slaasiss 5l oslinl b i
Sae e 5 slon oo oz g S Tao (oSl (o Saghy Jlao s Cughy AN o Susb) (0Sls
slo Hlis gl s )3 eolawl (VoYY =Y.« o) alll YY S kel 0,90 SRV COW O [ S Ut | G P WP SO SR
gy 5o R? JJocie weo s /A o, 0995 39y 53 a9 odbodalie slassls o (R) Kiwuss jlake a5
A gldas  Jg il go o aVle pod Cugb ) Sk ez jo 1) ol s cds RBF s MLP laasis
310,93y (g Cimgho 3y90p 0 MLP @ o 60 0 Shae 5l g 009 (+/V+V) MLP oSl 51 a5 (- /081) RBF
aw

w5 ool s g, RBF MLP e 4Kt 1o §lguinls

doddo
it 5 Slilgs 45 WS ull ol sl el (S oy b AT oS O i 5 el 31 55k 5
Jaagus, 2006: 78; Feidas et al., 2007: 155; Zhang et al., 2009: 721; Liu) coul aiwgn £585 4 oulil )
bl ees o (€t al., 2011: 503; Tabari & Aghajamloo, 2012: 396; Asadi & Karami, 2022: 1035
J=Ys 5las (Hulme et al., 1999: 689) coul —oldl &l puis 3 Sllugs o950 5o Y )8 sl > 51 S
s o)Ll lasleds ol 5l wais 5 2 Sl Gale S g wdye3 51 (69959 551 Gl 4 e «Dlilugs Lol
O9Zme «S3jglg n slags lamial (usl 8929 4 ccl 053 sangian wl s ol (Bilgili et al., 2024: 2)
Gleick, 1989: 330; Arora) ass oo )3 ;b cou |, bl (S055 5 S jlame 5 998 o0 ladMws § o JlocSis
oy g Leo b acuslie jo wlislsn sla paie oL ;o (& Boer, 2001: 3336; Nijssen et al., 2001: 144

WS )‘..\M » MM ).ula dssll})& ! 00 rﬁl.?u‘ ] 5 u.vj.la) L5'L°) ol 7’“"’” ..\35) R G0y 4o L;"b‘ g.)L‘LJ.?u 5

Email: Asadi.m@cfu.ac.ir (Jsiuwe ooiessd) olnl el s (ko 3 ol8zils Ll i ojgal 05,5 |


http://geographical-space.iau-ahar.ac.ir/article-1-4158-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 9:45 IRDT on Saturday September 12th 2026

LS 0, p She e Jule O cond Cogb; ol (ENlTOtt & Angell, 1997: 41) o s 590 4o g e ol JuSis
sbtean el o555 (glosg cenl 5l 550 L )T e bLS I s 4 5wl o alS las )l 50
o)l LT 5l oy5 otz 4y aS s S 050 Slidod olpl g Olez gl 50 (o Cugby aigy Olyis (g5l
Lol s )8 s Cosgby g g (sles polie o a0 MLP 24, 5l ool ! L Choi et al (2019) w045 o
o Coghy sl 0, 5 FF g lga slas slp o 5 VYA 5 le Y Jlea UL MLP adllas ol o aizsls, o]
sLaosls (6 slaaz 45 55 ool Sl s el ol 128l 8IS S8 sty oloj b S5 b el o aig
L Shad et al (2022) .ol s,9,-5 paond slym (omae aSd Jislo 2ol cilize sla) 5o o laaslsdlS 5 i
slo Hlis gl asls y wie Joo (o dilale ood Cugb ) i MLP s ANN SARIMA sl Jow 5l eolazul
,o Gurlek (2023) .ol pslazel JoB8 SARIMA Jos 5l s Crghy (o i Sl (omae 450 slo Jow a5
slo i gt g gy |y ailale cond Cosb, MLP sl Eomas mac slaaSl jleslainl b 4S5 ylgw
L Wang et al (2024) .coas o 4l s cgb; sl 1) (o250 Suls) sla gt (svae aSd slais, 45
GBS Jagrg S i Cangby polie 05y 4 ERAD 15250 T Jow slacols § opile 5 u50b sla yog, 5 solaul
I, SLB58 yiwgrgy 10 Cagb, polie wlg co duoyo AV Ko LANN e aSi Jow a5 olo oylis guls auzsls
ot S5k Sl Is2gol sladae nlo ;5 ANN og) 51 ol oo a5 352 cnl Sk mls Geizmen iled (aien
Omidvar & nabavi ;s ;0! ;0 .0, eolitul lgagol g (63,9l9a Dliims 60,5, slaasl p 5 Slaiiu g Cugh,
alyg, Lol (ot i 4 (Egian omae a5 | ooliiwl b i pua ssilo g <l (oo, sla s ,o Zadeh (2015)
Sond (5505 sllaz g fiioy Jlows <80 5l olad @ (egian (cnae slaaSid oS ols Glis gl Sl olo)ST Gl
L Hasanvand et al (2022) .ocwa Jls,55 5 olSiasl aw ,a 50 ailig) (o,b creads Sl g yum p (omas 450d &
g lales ¢ i ol pacslo Lo obj,l g addllae 4y ol w0l )0 egian cuac aSCS 3l eolatul
Sl aiBloy jo dalaie o 1) Ol Sagad lies) i Jad Hhas sl cal ogr oial38l sy, (glyls aieS 5 aiion
ol Al Ve o5y ailb co oA g0 0 W0 cwip aalu ¥ gl Ve Slej sl o BT 5 oo 5

Iranshahi et al (2023) .o0s 3 sanliv 5ol g bl Jgad ;0 cui @ ool o sxe Xy, op yiaS g o yoden
ot S 5 (e A5 S oSlial b bl 5 L by el 1ends S (g 4 SUTp 5 5 ] slolSinl s
©odzie slaleg olls ailale yulids 4o ‘éﬂ 0,89 30 ;o ;o b i plas slo las gl IS Hebay aSls IPCC
J3la> slas g iSTam sled 490 ool 3 ooy eas] (slae g0 o oblp 5 g il olKias! 9o ,0 4S5, 9bas wgr winlys
Slos au Cod Plas slos Ol pess 5 clls wiales iol38l sadg, SSP slag b ples 4o Slaalie oyge 4 Cos
O LT 5 o] g o )3 VP B /Y il o] aiVle (3L uSles G055 eain] j0 09 dlgS 5 i iSTas
UV o il olfias] aWlo (3,b uSile 55 590 ool o .cuils salgs zals SSP slags )lw cov o ,0 \Y B Y
Asakereh et al (2024) .c—zls saly> 2ol SSP glag liw coss ao,o YE LYy oble 5 oSl g do o ¥
Az eai ] Baw A i sles (1Sls (ilwdnd (o egian omac AU 0,5 bl A 05 Boes o] o
FIA S < /F) Gl Jomad 10 05 andes o] Aoy sloo iul38l oaiiol 8,90 90,0 j0 a5 3g ol 5l S mls
el Jad ol Ul o g0 (Lugamdis az 0 BIY B Y/Y) ol g (Gugamdis a0 OIY B YY) Sloe o o gundis a 50
30 9 el LT 3590 pg0 0,98 40 oo iul;3l RCP8.5  RCPA.S slags )l o g yealwsd g yuslys (sldole ,o lasis
40,8 oaslive jod Jdgio dodnn ;0 45 jeb yled 05d co ((wgmdes 4z ;0 F/V U +/F) aulS acion sl ST ols
sy oS 53 5 Wlesges osliial bl nlu (it lr ele Slyiear (o Cusho 51 Gl 5 laiaghy i
adlaie ;0 Cewl 0,8 Soin 1) aed Cusb Slawslas O jg0a RBF ¢ MLP sl ras slbasl sleolaiul b
ol Giagly ol Bua 1 ogei (Al g5 Siog% 5sl8 Olsiedr 9,150 (nl 45 wdlise b gl (sl e anlllaes g0
2 58S 8 s o8 el stz plels 0 i Cush; 5iSils (i 50 RBE g MLP ae aSCs aylie

Sl YU s o1 jo sy sla pad Sis o L3


http://geographical-space.iau-ahar.ac.ir/article-1-4158-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 9:45 IRDT on Saturday September 12th 2026

A e Cagby 2Kk 0,915 o RBF s MLP _iac slaaSiis anslis

axdlaes g0 dilaie
542,00V (aldlizr Slaise i g 03g Glnl 525 555 50 @ yieskS ATAPF Hall olie b (o5 plul > ol
ol 0als &8ly Jlos p,0 4880 VF g a0 VP L as 8o YO gaz 0 Ve 5 8,0 Job 4830 QY gax 0 F+ L ands Y7
s sy bl pll b Jlod jleplion 5 ledol i laplinl b o 5l Lusdladl 525 1 3,8 Cooms 1 Glesl
05 5 2l (o0 oo omb Sde 4 () USB) o)l St e 0le)S g Glezrgh 5 Gl Slapbial b o
s 5 &8l Glojlocuinr jLidy 55 0 236 Coxd 05 0590 Jsb 0 92 (segee (595 Sl e s QLbr“J‘u*‘T) Sl &
AVl 5o g Jlo 50 ;o oo VA 390> dilaie (3L uSile 55kl (sloom 2 Gobo ol Ailiany (S5l 3

il ge 2oy Y8 )] s Cusho,

5400I|0"E 5700||0||E 60°0II0"E
N
@ :
W E|©
\ rE |9
<
=z o
o 4
0
<
(42}
2
[lAaias 4 550 Allata ks
WJ‘ Jhu ;_
. S T 3
| wm High : 2950
S| "™ Low: 518
0 310 620 1,240 1,860 2,480
[ _ 2" [——1 KM
54°0'0"E 57°0'0"E 60°0'0"E

Ol yaiS 50 axllaod jgo adbain (g puS )l 18 Cundgo 1) L
Figure 1: Location of the study area in Iran
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Figure 2: Structure of the MLP network (Kaewtapee et al., 2011: 422)

(RBF) (elass ly b (e a5t
MLP 46 RBF (claaSs ;o sl co Slgmmm ciliil b aigaSons K alys slls a8 MLP aS S5
5 6959 Y slacyg,e o bl aSus opl yo (Lin et al., 2003: 542) coul cwsS Jas e b SO oS5 o0
Ss39y9 dlaad ply ge cnl w9 ditie ganair Glaasly (it Y Glaggs Wil (Soluar Ol
WY 9,55 0 o owgS @l Lol JSo cde 4 i8S g oo 0ol jsbas (KUO & Cohen, 1999: 359) el asis
alols (al38l b g wsl 5oy (T (omsS @l 3550 4 Sl (9399 o &5 Sl 355 (2s 5 b el i
15 (g lBl Alols jlno b Glgs o |y abald cpl sl oo RS 15 (19598 (Z9y% (o pee @B cnl 3550 5l 609,910
Ao oo lis |, RBF asis sl (7) Jso (Ajamzadeh et al., 2017: 211) s 5
Gaussian
function

Linear
function

Input Hidden Output
LLaver LLavyer LLavyer

(Kaewtapee et al., 2011: 422) RBF asiis jLsbw oY sl
Figure 3: Structure of the RBF network (Kaewtapee et al., 2011: 422)

wras sbasis o Sles L)


http://geographical-space.iau-ahar.ac.ir/article-1-4158-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 9:45 IRDT on Saturday September 12th 2026

‘M u.:)_.o s)l_:.!.o d‘)Ju‘ 4u~Jl—')‘5 ‘u.».a.’.) w].o ‘519)@)‘ ol 4..3;).]44)0 le.@d&u.u é)S.Lo..C (5’1"))‘ 6‘;»
1330,5 ooliial (8 ) Laly)) Uas Slas o puSilis 5 Uas las o 5uSilio sdone

(V adal,
2(YVact—Yest)
R?2 = 1 — =-Jact_Jest’
Zyczlct_Znyczlct
(¥ adal,
1 _
o= |~= ZiLiXi—X)?
(¥ adal,
1 _
W=y XX — X)?
(f ki,
R = Zin=1(3/act_yect)(Yast_yest)
JZ?:l(Yact_J_/ect)z 2 Vast—Vest)?
© ak,
14 n 2
RMSE = Z]:O Zt:g(J’actij_Yestij)
NP
¢ ala,

MSE = YFe—ye)?
N

O é)sTﬁ )JOLM U'&L”Q ::)_/est AW 0)3]).3 )J\)LM 5yast ‘6:3‘3 )JOLM u...i»LHo :}_/ect ‘(5*’9‘9 ).n)lJLA 5yact ‘LDQ—‘ )\) 45
doosls slaws N J yg,9 51T dges (6l 0 Sy polia Vest;; J 09,9 5l 1 diges (gl oo ssalive polin Vact;;
Asadi & Kamran, 2022: 230; 2023: ) sib e 9,5 @Y 0 baiges olows N 5 29,5 sl i slans P

301

Laisly 5 o

255 Ol gt gt (Rl iz Glaolinl) stz plels wlidlse DMl g bl g yslaezr 5 ey
s SBASD & 3955 Cuz G 5 aRie g gy 38T polie Ll lag] S S 5 (Wi
L oaolsl jo .03 abgie G ple JSid 5 (goudiws 4 pludl (RBF) ol b b (MLP) LYz gy
5 oylsle b gonate sloaSid e glagally lp gyl & iy g RSIUAIO I3l jo cuyginS 1 oolil


http://geographical-space.iau-ahar.ac.ir/article-1-4158-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 9:45 IRDT on Saturday September 12th 2026

GlaaSid )3 (b59el 5 g Gleds Y (Slogyg s laws o iyl o Coghoy 091 (sl Dgliie (609,9 sl sl
P )l o J.n))f u.....u L‘a}suﬁﬁ)—‘ )‘ oolazwl L» RBF 6[.&45....» B JL‘L..:‘ e‘y Sloss 9 c).'l.mf )J\)LQ.A 9 MLP
Olsiear il Sy g liw o 40 oSl mlg polis 4 arg b RBF 3 MLP glaaSss (ol Sglice slo sl

s o iales |y gy lie o s o slaymell (V) Joam s ,8 bl angs ,Lsle

oolaials g slogy )l ;o 2o byl -V oo
Table 1 - Parameters for the Scenarios Used
ASD 4 (599,9 byl [
3L ey o 8T Slelus go L g glod (5 Silis (gl ¢ o Cush; :Sile |
ol g L8] Slels g jLad dga sles Slos Wl s Cusb, iSTas
o e o ¢ BT el dgo slos JBlas glis )] o conss Cughs, JBlo>
3l s g slod ST (i g sl (il
3l s g slod Bl gl | i oo gl e Sile
b ey g Zapgh ) (2 S0ls

v || 6| t]| =

Cugb) 5le layiie QLU L a5 sl laS (cras D Joe 4 63955 ot (e ow)n J Jel @S
Egozme b e Sk (slor oo Jlas g mSlas (S0l (s Cagby Sl s Cugby pSTa (o
Slgsys w5 Sl saY o b e aw (MLP) (g Jae S5 (a0 935,9) S8 slagle; 5o oL8T olels
s Purelin 55 4y Jlasl o 5 Jleny sa¥ s (Hyperbolic Tangent) s s <l o e ols 5 calize
bl @l S eimed 5 (e Sush) (SLe) Ses (255 e (MOMENTUM) 5o (35501 o ,55]!
Y Jasl b g olen Y [0 gl owsS S e mb g alizee slagyg,e slass 5 lets Y SO LY au (RBF)
O G478 i« ol 5o laaSis g 00gy Ll |, (MOMENTUM) pyiiogs (5500 o555l 5 Slos w29,
2 Gyl g 85Ul Y slagyg,e slaas il a5 as abisde MLP slaasis (o3g0] jo oo oo 1)l 1,
Ol Y )2 09,8 P LY jlimae oaSh JlSle ad 555 Sl oLzl 6l 5,0l 0 las aSis s Slee ]38l
slie (sdmalre 5 5l o gl MLP (gaigy Jlslo Sl 51 Gy colgdys s oolial (35501 slogs )lws plos (sl
2ol B @l 5 end ganas, (MSE) laye (:Silks llas (e 5235 515 50 b Loyl ol 0 Shos s
20,8 allaslsl o Jglos

CoaSt sl i sl o051 5 Liisel dye po MLP aSits IS sl cammoplis 45 (V) Jsozr bl
PGl s gl o 3omb 5 ol G9y8 T 4Y S b sl 5o gl g2l 4 bgye MLP (35, oais 11
b o peimes Sl g3l Al pe o (1 WY) LS e omly s Ol Faap O aY o g (hieel Al s
0% 0 AY S L glaSl jo pid gy )b 4 bgyye MLP s, oal >k laass Lsls jo las op VL ke
2 CINYN) s Gl oVl 5 ety Sy T ¥ Sog Gajsel aloye ;o (1NVE) sl 0Vl 5 ey
Sy eyat y0 g antd s (g S (goliiin SaSd 5 gyl LeoSS Gl ey (V J502) Ceol 905l al> 5
e lone Blyzil o uilly slaghg, 51 Gul plasil sl Wl Lol liabl aSGd j2 sla iy aoms
sl 00 SLIY) Jguzr o by ] gl 5 030,5 0olil Slasye 1 52aS ggaze Jlake 0505 5 (s (ygems S

el Al ye 0 o ey 5 o0d odalin sleedls f (Sheed (i rpder MLP gy o (ulil il

RSV e by sl 5l 45 bgsye (+/YA-Y) RMSE g (+/+ +$3) Jlro Blymol (/- ¥9F) uil,lg b o 5 a4y e
92w 0 bgy e ((/AFOF) RMSE g (-+/++ +2) Jlao Glymsl o(+/+OVF) Guil g b o 5 o Siacod 3l e 0 50 g
Sosls (rp (Srwan Gliee Grtir MLP (39, (wll s (yg03] aloso )0 (rizras aBlico TAVY oo | g


http://geographical-space.iau-ahar.ac.ir/article-1-4158-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 9:45 IRDT on Saturday September 12th 2026

Ligiye (+/YAYO) RMSE 4 (+/+ + £Y) Lo ol o(+/+ FAY) il g b e 5 s dloadScds o0 st i 5 00 sualice

5 C1YFD) Jlas Sl (1-ABA) uile)ls b iy & (Sirad olie yiaS 5 /YT Jlas b Jg )l
wilge 1A F e b ol sa,liw 4 by e (+/FVFY) RMSE

09o3) 3 GPjgal al>pe ;o MLP oSty (IS s =Y oo
Table 2 - Overall results of the MLP network during training and testing phases.
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Table 3 - Overall results of the RBF network during training and testing phases.
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Table 4 - Comparison of estimated average relative humidity values (in percent) between the
values measured by the Meteorological Organization with MLP and RBF neural networks.
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Figure 4: Diagram of the regression equation for observed and estimated average relative
humidity values (MLP).
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Abstract

Relative humidity is one of the environmental factors affecting the growth and spread of plant
diseases and is of particular importance due to its direct relationship with rainfall. Therefore,
this research aim is to estimate the average relative humidity in South Khorasan province as a
dry region using MLP and RBF neural networks. The study utilized RStudio software to
analyze the following variables over 23 years (2000-2023): average relative humidity,
maximum relative humidity, minimum relative humidity, average air temperature, maximum
air temperature, minimum air temperature, average wind speed, and total hours of sunshine,
each in six different scenarios. The results showed that the correlation value (R) between the
observed and predicted data in both methods is equal to 0.98; the value R? in the MLP
method is equal to 0.953, and in the RBF, method is equal to 0.965. The RMSE for the MLP
method is equal to 0.845, and the RBF method is equal to 0.740. The MSE for the MLP
method is equal to 0.714, and for the RBF method, it is equal to 0.548. In total, the MLP and
RBF networks have relatively good accuracy in estimating the average annual relative
humidity. Still, the error of the RBF network (0.561) is less than that of the MLP network
(0.707) and performs better than the MLP in estimating relative humidity.
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Introduction

Recently, many scientists and researchers have attempted to prove that fluctuations and
changes in the climate have occurred by examining some climate parameters. Accordingly,
one of the challenges of the 21st century is the issue of fluctuations and climate change. The
main reasons for these fluctuations are the increase in incoming energy from the sun and
global warming due to the intensification of greenhouse effects. These changes, in turn, cause
hydrological anomalies, such as droughts and floods, and affect the environment and human
life. Among the meteorological variables, compared to temperature and precipitation, little
research has been done in the field of investigating the temporal changes of relative humidity,
while it has a direct effect on the amount of visibility, cloud formation, fog, and smog. In
addition, relative humidity is an environmental factor affecting plant growth and the spread of
plant diseases, and it is of particular importance due to its direct relationship with rainfall.

Study area

South Khorasan province, with an area of 82,864 square kilometers, is in the east of Iran and
is located between the geographical coordinates of 57 degrees and 46 minutes to 60 degrees
and 57 minutes of east longitude and 30 degrees and 35 minutes to 34 degrees and 14 minutes
of north latitude. The mentioned province shares borders with Afghanistan to the east, Yazd,
Isfahan, and Semnan provinces to the west, Khorasan Razavi province to the north, and
Sistan-Baluchistan and Kerman provinces to the south. Due to its low latitude and closeness
to the orbit of the Tropic of Cancer, and due to the atmosphere's general circulation during the
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warm period, it is located under the influence of a tropical high-pressure center and has a
winter rainfall regime. The average rainfall of the region is about 180 mm per year, and the
annual average relative humidity is 36%.

Materials and Methods

This research utilized meteorological statistics (average, maximum, and minimum relative
humidity; average, maximum, and minimum air temperature; average wind speed; total sunny
hours) from synoptic stations in South Khorasan province (Birjand, Qain, Beshroieh, Ferdous,
Nehbandan, Khor Birjand) as annual averages over 23 years from 2000 to 2023. This research
utilized MLP and RBF neural networks, leveraging RStudio's Neuralnet and Kernlab libraries
to model the annual average relative humidity in South Khorasan province. The model divides
the data into three parts: training, validation, and test sets, using six stations from 2000 to
2023: Birjand, Qain, Beshroieh, Ferdous, Nehbandan, and Khor Birjand. From 138 data
points, 104 (75%) annual data points were collected for network training, 21 (15%) data
points yearly for validation, and 13 (10%) yearly data points were used as test data.

Results and discussion

Therefore, in the MLP method, the highest degree of correlation between the observed and
predicted data in the network training stage is associated with variance (0.0364), standard
deviation (0.0069), and RMSE (0.2803) related to the first scenario with a value of 967.0, and
the lowest correlation with variance (0.0514), standard deviation (-0.0009), and RMSE
(0.8456) corresponding to the sixth scenario with a value of 0.872. Also, the best structure of
the designed networks is related to the first scenario in a network with a layer of 14 hidden
neurons and the lowest error rate (0.0007) in the training phase, and a layer of 9 hidden
neurons and the lowest error rate (0.0011) in the test phase.

Conclusion

In this study, RBF and MLP neural networks predict the annual relative humidity of stations
in South Khorasan province, including Birjand, Qain, Beshroieh, Ferdous, Nehbandan, and
Khor Birjand. Considering the relative humidity values obtained from the Meteorological
Department of South Khorasan Province as the target values in the training of neural
networks, the performance of six scenarios involving different networks was investigated.
The investigations determined that the models mentioned can reliably estimate relative
humidity. Based on this, the highest measured and estimated relative humidity is 40.97% for
the Meteorological Organization, 41.53% for the MLP method, and 40.88% for the RBF
method, which is the highest value measured in 2023, and the highest estimated value
occurred in 2000. The lowest measured and estimated relative humidity values are as follows:
28.25% for the Meteorological Organization, 29.22% for the MLP method, and 28.57% for
the RBF method. These values represent the lowest measured value in 2015 and the highest
estimated values for the MLP method in 2011 and for the RBF method in 2015.


http://geographical-space.iau-ahar.ac.ir/article-1-4158-en.html

