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temperature, and drought patterns in different regions of the world. This study aimed to
investigate the relationship between ENSO indices such as MEI, SOI, and NINO
Article history: fluctuations with drought indices (TCI, VCI, VHI, and SPI) in the provinces of Guilan,
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2025 the Google Earth Engine platform to calculate drought indices, and ENSO data were

obtained from the NOAA website for correlation analysis.
Results: The results showed that the MEI and NINO indices had a positive and significant

Methods: For these works, satellite NDVI, LST, and precipitation were obtained from
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NDy\\;\: correlation with SPI, indicating an increase in precipitation and a decrease in drought
ENSO, intensity in the periods associated with these indices, while their relationship with other
Northern provinces of Iran, drought indices was weak and insignificant. The SOI index showed a significant inverse

Wet and dry seasons,

Remote sensing patterns. relationship with SPI, confirming the effect of La Nifia in increasing drought.

Conclusions: During the El Nifio phase, temperature increased in the northern parts of
the studied provinces, but the southern highlands of Mazandaran experienced sub-zero
temperatures. VVegetation cover was denser in southern Golestan and eastern Mazandaran
during this period, while northern Golestan and southern Mazandaran faced a decline in
vegetation cover. Drought indices also confirmed this heterogeneity; SPI indicated
relative dryness in the western half of the region, TCI showed heat stress in northern Gilan
and central Mazandaran, and VVCI revealed a decline in vegetation health in western Gilan
and the western half of Mazandaran extending to northeastern Golestan. During the La
Nifia phase, temperatures generally increased and northern areas became warmer, while
vegetation cover decreased and dry areas expanded, particularly in northern Golestan and
southern Mazandaran. The SPI and VHI indices showed that drought severity and
vegetation health decline increased during this period, with a concentration of dry lands
evident in Mazandaran and the central part of Golestan.
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Introduction

Teleconnection refers to periodic atmospheric fluctuations in the climate system. Any
phenomenon that is more or less than its long-term average and periodically forms a cycle is an
oscillation, of which the Southern Oscillation or ElI Nino is an example. The Southern
Oscillation (ENSO), including EI Nifio and La Nifia, is one of the most important examples of
this phenomenon, which causes widespread atmospheric disturbances in the northern and
southern hemispheres. Researchers have introduced indices such as SOI, MEI, and SST to
define ENSO. This phenomenon can be exacerbated by increasing the intensity and frequency
of drought in tropical regions through the precipitation control. Since Iran also
suffers significant losses from wet and severe droughts due to precipitation fluctuations, it is
necessary to investigate the impact of ENSO on these phenomena.

Methods

This study investigated the relationship between ENSO indices and wetness and drought in the
northern regions of Iran (Guilan, Mazandaran, Golestan provinces) during 2013 to 2022.
Drought indices including VCI, TCI, VHI and SPI were calculated using MODIS and Persian
satellite data in the Google Earth Engine environment and related maps were drawn. Land
Surface Temperature (LST) data and NDVI index were used to calculate the aforementioned
indices. The NDVI index was extracted from the MODO09GA- 006-NDVI product of the
MODIS satellite and used as the basis for calculating the VCI. Land Surface Temperature (LST)
data from the MOD11A1 product were used to calculate the TCI and by combining these two
indices, the VHI was calculated. The SPI index was also determined based on Persian satellite
precipitation data. SOI, ENSO, MEI and NINO indices were extracted from the NOAA website
and the temporal correlation and one-month lag between them and drought indices were
analyzed. Finally, zonation maps of temperature, vegetation and drought changes in the
northern provinces of Iran during El Nifio and La Nifia phases were drawn.

Results

The analyses showed that climate indices such as MEI and Nino indices (Ninol+2, Nino3,
Nino3.4, and Nino4) have a positive and significant correlation with the Standardized
Precipitation Index (SPI) in all three northern provinces of Iran. This relationship indicates that
increasing the intensity of ENSO activities, especially during the ElI Nifio phase, leads to
increased precipitation and reduced drought probability. In contrast, the SOI index, which is
associated with La Nifia, has a negative and significant correlation with SPI, indicating an
increased drought probability during this period. However, none of the climate indices
studied showed a significant correlation with the indices related to temperature and vegetation
(TCI, VCI, and VHI). During the El Nifio period, vegetation and precipitation conditions were
better and wetter areas were observed with higher plant health, but during the La Nifia period,
temperatures increased, the extent of dry areas increased, and plant health decreased. During
the La Nifa period, average temperatures increased and vegetation density decreased, and some
areas experienced severe drought. The dry and wet patterns during the La Nifia period were
more erratic and affected by temperature and humidity changes. These changes have a direct
impact on the agricultural and vegetation conditions in the northern regions of Iran.
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Conclusion

The results showed that the MEI index had a positive and significant relationship with the SPI,
which means a decrease in drought and an increase in precipitation, but it had a lesser effect on
other drought indices. The SOI index had a negative relationship with SPI, indicating that the
La Nifia phase caused an increase in drought, especially in Golestan province. All the El Nifio
indices had a positive correlation with the SPI, and their role in reducing drought and
increasing precipitation was confirmed. In the El Nifio phase, the temperature increased in
the north of Mazandaran province and reached below zero in the south, while in the La Nifia
phase, the temperature increased in the entire study area. Vegetation cover was higher in the
south of Golestan province and east of Mazandaran province during the El Nifio phase, but it
decreased during the La Nifia phase. The VHI index showed that the health of vegetation cover
was better during the El Nifio phase and weaker during the La Nifia phase. The study of land
surface temperature in different phases showed that EI Nifio caused a decrease in temperature
in the southern highlands of Mazandaran province and an increase in the north of Golestan
province. The SPI index in El Nifio highlighted drought in the west of the study area and in La
Nifa highlighted the severity of drought in Golestan and Mazandaran provinces. The TCI and
VHI indices also confirmed the unfavorable vegetation conditions in La Nifia.

Keywords: NDVI, ENSO, Northern provinces of Iran, Wet and dry seasons, Remote sensing
patterns.

Author Contributions
All authors contributed equally to the conceptualization of the article and writing of the original
and subsequent drafts.

Data Availability Statement
The data of this study is available upon request from the authors.

Acknowledgements
The esteemed reviewers are thanked for their structural and scientific comments.

Ethical considerations
The authors have observed ethical principles in conducting and publishing this scientific
research, and this is confirmed by them.

Funding
This article was extracted from a research project with the research support of the University
of Mohaghegh Ardabili under contract number 18096/9/D1403..

Conflict of interest
The authors declare no conflict of interest.


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsa¢h.12.3.2 ]

o O bl b Julow
YOAA —OVFF 3 Kig oI Ui
Homepage: https://khu.ac.ir

N

ligtl
S oK s

NP2 byl Flod bl G Sl g b o 5 (o Bl | Jubos g 432

399 3l Wgw s el

" e e | B oMo e

salahi@uma.ac.ir :aebll, .1yl (ol (ool Bave ol8uily ( solozn] pole 0uSLiily (anbs (sbdlyin (5j50] 09,5 (Jgtms ohiungs )
Mahdi.frotan23@gmail.com :asbL), . Jud,) ¢ lud,) s slKuisly ¢ elain! pole 0uSiily (b (Uil (objgel 09,5 .Y

WJlio ol

ol dilize gble 3 JlocSiis 5 Lo (i)l oSl p g2 B @lyst ENSO (oo ony :dua
233 L NINO cllug 5 SOI MEI asle ENSO (gla yasls bLiyl )y i by Limgls ol w5yl
VoYY B Y o ls b Lol 5 obiudS (o MS bl ) (SPI s VHI VCI TCI) JlocSiis
sl By ploc]

Wy ool eyl J565 pualy 5l o,k 9 LST NDVI (glojlsale (slaodls ,I8° oyl (ol R T3Y) 0‘39)
by (Suwend oo gz NOAA ol JIENSO (slaosls g gl gl JlocSis slajadls duwbxo
VAW

Sl s 45 35,15 SPI L (g laline 5 Caste (Sisod NINO o MEI (sla jasli sl s gl sbaaidly
o b by Byl a8 b )3 el Waasls oyl b lasye slaoygs o Jockiis cus jials o o)k
5145 3l oLis SPI L g yloline usSixo dlaly SOI asls gy olins s g Cinds JocKiis clojasls
&S o by (Sis ilsal s LY

slod olile sin lelds,l Lol wwdly iol53l dlllas 3550 (glo bl Jloid )3 Lod cordll 56 55 3§ a8 A
S Jb > og Seslie ghujle 355 5 (S oo )3 0)9 cnl ) (LS (dsy 35 45 ) Hae
sl ) Sanl oyl 58 JlocKis el jasls as axlse Lide L2l b shaisle G g pkudS Jles
5 il 550 5 OAS Jlod 3 (oo 255 TCH s (g8 o o (e85 SPI &8 (5 ko s 1308
585 oy ol |y eS8 Jlad B olybijle o deg 5 oS 0 5 alS Lidsy cedl <8l VCI
il ynlS LS (ibey Cowg &S b wind 5p,5 Jled sblie 5 <l il S el 4 Loy LY
5313 L3 VHI § SPI sla jadls .l (b yinS ool cogin 9 oliadS Jlad )3 ojaods aSis gblio o
Shile 3 St L) 5 a3 5 il LaaliEl oy95 ol 5 (alS e cudls il s JlucSiis @ad oS
g dgpcdie S (S i

Wl £o5

sty dlie

VEY A il U
AR ARYAN SRV JUR I TN
NRARAEARIF INY

o jlgunls

NDVI

ENSO

ol Jlos ol
(JoSis 5 Joy

)90 )I Lgn le.tzgi”

3 Bgn sgasls l S b ol Jlead lagliol sy JlucSiis o by Jlo g o byl Juloo g 4505 (V) (sdg «5igyd g Shing s o> Moo 3]
http//doi.org/10.66224/jsaen.12.3.2 AYS-\VA (¥) VY  aowe liblso  lad flo . ygd

N0l

BY NC ulf.).u.«)y ©

il oy 1yt

ARR



http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

PP of o las I 0,50 o« amo Colpblio oy Ldd Sl AR

dodiio

oS (slosty o sl olan 2 53 Glug b oty cpl 2y 5 4 (Mo VAYD o, pg Sl 5l gl 1y 593 51 Wigey ol
o g Sl lugh S s S5 1) IS b 432 S5 2L loygd ©ygodr 5 353 el (ke Sl 56 L St
o K2l oS Conl paldl ailolus )3 593 5l Sigmy ozl 3l osgy ol (IYAQ o lgaal) Casl 92l b ogi Shssi T 5
et ls IENSO (sladlyg, <oy yai (gl calises ylaianiily (WA Glassel) o)ls o 0 1) Jled 5 5> 0,8 w10 (s>
oo 5 oy Wl S 1y (g)ls 53 yd paw jLid L (VAIAR) e 5 Caly los 87 okl (595UsS (slajline
Crogaasly lodl 8 Mo 1y gl g Pl 40U 55 (5L cpizmen 9 (w35 o ja b ongyld j1b)d e 5Lz8 (VAAY)
(VM) 05l 5 s S 500,87 i yo3 93 31 55> >l )3 1y o glod (poll 2 LENSO (slaslay gy (VAAY) )8
ol S5k p> ol ol Gugldl b 3 (SST) Ly aw (slod (5 lmiali L elyen 1, (SOI') (ogir (g el
s oy slalate 5 (slelois slaaile 5 (Sl > s €165 dyn (5lod duyo s L8 S5 b 35 (VAAY)
(ENSOY) s> cllsg oos sicesd b (WY ¢lodsel) cal 03,8 &1)) slys, ) sy gl |y, MEI™ 5k &y sl
9 o) b I3 S5k e g Gmej 03 M )5 Bkl algiel Bblie 3 (JluKis cad g Slglb cul (Ses
Lo Jlo s 5l 5 3580 Joxxio ) 03bj Shilud (5 Sllogs jl Al po cosl (55525 nl oSl @ drgi b Ve 0¥ (Ko
(hlSen 5 Jlob) e Dlas 4 (6905 50l o2yl 2 ENSO jb adlllas 1 50050 g8, boyo sloJlacSiss
YO bl b ol Jlad ol 50 oy g Jlockis coslis,  ENSO Ladlil clajasls 1l )y (YYAY
sodly a8 JuSis slajadli jl ool b il cpl eomen (Cawl 039y puols izl Bun lgicay YAYY U
ENSO (sla o3l 5 b jasls ) e (Siused woyyt s SPIY o VHIN TCIY WCF 1k csilosol s 45 (clolsnle
Sloisy 5l sdlital 3 35 Lol gl 55 gy 1y Loy 5 s b Lo (o8l sz SlagSll 3l e
LY g gl slaoygd o (slbaips (slaaids 4y o Google Earth Engine s 3 (slolgale (slaosls Juloo ad iy
cnl b ablio gl (g e lajlSal, bl 13 Wlgi e 3,09y cul el (JlocSuis 5 (LS (g dod Sl ooy Sl
3L 350 olpl Jlad (wlus (25 55 oy

&3}' l.“:.m"
e 5 dnsad .l 48,5 sl Wiy > JleSis sloyadlis LENSO (gla yasls blsyl 3y90 p3 Slglyd clalllas
5 4550 3l gl sy by Sles paw slod g o35S asgs (SPI) 3lukisl (o)l (asls w Llyy (wyp 4 (Y+)4)
85> oy 9 SPL slagSl o blo)l b wd S eolaiwl (Jad je omw )5 y95] mas aSd Jio g ool slradie Juloo
=122 5 )Y =YY ) 090 90 0 oS ddge oS oy L bt WS oLyl e )b S LB 1) Sl (weldl

- Southern Oscillation Index

- Sea Surface Temperature

- Multivariate ENSO Index

- El Nifio-Southern Oscillation

- Nepstad

- Vegetation Condition Index

- Temperature Condition Index

- Vegetation Health Index

- Standardized Precipitation Index
10 Ndehedehe

R T N T N O N


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

\YY P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

Slasly olsl ol wad cladlig,y o B )ﬁ'fb“ 2o d VY g YA AY b 5 5 4 ENSO g AMO™ QBO sla jas Li
3590 AMO 5 ENSO PDO" (claaslis b 1) jadS gl g oo sl yeld (slo JlocSis LLs) (Y1) o) Ken 7
25U a8 ol Lt s Wnges byl anle £+ g FA X YF AY & ¥ claoyes (sl |y SPI jaslis byl wisls 5,3 oy
oyed 0 (S s p PDO g AMO oS b jd cunl dgaoe caeolisS (glaoygd ;3 S)L wllwss 4 ENSO
oypja  43iS Jo A b JuSis oy g S0 Slss ayp 4 (Y4)A) ol Ken g Clugioml )l 156 cenily
(ENSO) ogin—g I g o bliyl g 03,8 edlatl JlocSiss baylys b)) clp SPI asls 5l ] .aizsls 1ol
o ey slialy o s (LS s Sy JcSiS g5 L 1y (NAOY) Jlad ulld ol oo
b ool blo)l g Jlockias oy 5 Sl @lyis (VoY) oKen 5 Vol i )35 JloSits £585 5 ENSO/NAO
SPEI* [asls I oslitul L bl 538" oy ) o «Sbigy a2bp adge o wlieS) lsa 5 o lagasls
o> i g5 it 590 31 Wgey clasSI L |y ol bl ablite Sarge s Gh9y L g 03,8 (o)l adlate Jlosiis
) dgame Jolgd 3 (g)b xe Sloj (Kiwsenr (PDO AO* ENSO NAO) o8l sla jodlis b JloSis oS
Uidg codlw (slajadls jl edlazul b (VYY) oo 5 VSl s oanlie (g bline  Sinwen a5 1ODY jasli
Loyl 555 b o i Siar aiain 3 1y (AUS Sy 05y 5 oSS Ll lpale 2 (e BLS
Ol Camwlus 03,8 oy |y BLS (ibe by Sy g SKe &luss TCL 3 VCI SMT SMN (sla 25l 51 edlazl
Nifio 3.4 ssle Sla olen 5 ol lag,lual a5 sl ol s 3905 Judos (Nifi0 3.4) ENSO asls 4 s |,
oS Cto  Sumed TCI L g dio  Siusan VCI L NifI0 3.4 oS ¢ jobody o5)b VHI sla o lis p 4255 B @l 3l
53,8 wyp 1y (Saolind g couldl Jalge b o] Jlassl bl g bl Ggin 5o JlocKiss &l (Yo YY) oy Ka ¢ Vbl ol
el HBu jlis S als g (o)l ilisl a8 asbl s 9 1658 ealiel JlecSis obj,l 6lp PDSIT (asls 5l bl
390 Gblie PNDVI 5 o)L g JwKid o 95 Cute daly (pimed Cowl ouds (S ials o NDVIT so1581
ENSO sladly g, o5 il by cpioren 0 Ll e Siuson )b jlid (5 yuS 5 bod &5 Jbs 5 b st lio dslllas
oS o blo)l 5t g Sloj g e slagSIl (VYY) o Kan ¢ 0K sl JlocSis wg, b bLs,) 10D
Ly 53,8 oy 593 5l Lo slaodls 1 onlil b aws b ailagy adgs o 1) alS idg Solud 5 (wlislon
b 2lisy i) Sl HNDVI asli o (SIFY) sudyeb 5l (36 Jidg S il sld 51 (VoY =V e o)) ooy (claodls
SPEI o5 sy L ol .0 )8 & ddlaie opl 1 &lS e calisee glgl > (SPED) JlocKis b ol daly 5 alS
Sy (aiyes sbas) s ENSO PDO uile joo jl Kaw (slasSl 4 53 NDVI L awwlio 3 SIF L (65,5 dxe bLS)

! - Quasi-Biennial Oscillation

2 - Atlantic Multidecadal Oscillation

3 - Abiy

4 - Pacific Decadal Oscillation

5 - Espinosa

¢- North Atlantic Oscillation

7- Liu

8 - Standardized Precipitation-Evapotranspiration Index
9 - Arctic Oscillation

10 Indian Ocean Dipole

' Jiang

12 Ullah

13- Palmer Drought Severity Index

14- Normalized Difference Vegetation Index
15- Dong

16 - Solar-Induced Fluorescence


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

PP of o las I 0,50 o« amo Colpblio oy Ldd Sl \YY
o 4 (VYY) ohlSen o ' JoSil aitn IS, 5T (alS (g 5 liblon JlocSis oo Jels (ol (slacs o
ab38 Jlo Voo b gy 9Nl adhaio 1 (IPOT) ol wgildl (clamd o blog b oyl bls)l g was cla JlocSiss
I spSore b YN0 B Jl 5l IPO Lasls o TIICACA asb,d of paw (sbaoslsy 5l oolazul b bay] aissls
Glams win lyuws oS ol i gl 00,8 oo 1y Jelge cpl bLI)HEOFT) oyo0 delaie b 5 Sogo Jis (oSS
el 039 lojod s  JloSiid slaoygd L IPO iio 51 5 Canl dtuen IPO g LsY/ g5 I sladlig, b o alaw po
(WYAY) hen 5 (J8las alas 5l sl o ity JwSis LENSO adls bls)l awyp 4 0 olpl jodS )
0l (Siuen bl 63,8 oy 1y 39 p000)5 jul ases 1> JSis LNAO §SOI e 5l Kgm (sl b3
oo ool 3 (Su)b aS ol ol s 65,5 o SOI g NAO (sl o3l b anle A 50 & (slaoyga 4o 1, SPI
O (Nred (g3 4 (VAT (e 9 2 3 o (Ui (oo (sile (Snsod 35 019 3 9 Lo e (SlvolSinny]
cloasd sl SOI olaybogs b1y o byl g 265,S pwyp anle V 9 VY & & Sloj slaojb ,5 1) SPI jaslis by
023l g 59 5l Wgn edlBl gl pusio oy &S 3 LS ol .65 )S” Judo NAO g MEIL NINO (SUNSPOT) (suuis s
(WWAYF) o hKed g cpmg> 3)1 3955 do 3 FA  Siinod anlo VY 0L 53 5 0o )3 £ Sitnods anlo ¥ 6jL ;0 SPI JluSis
sl S gl sl adee > JleSits st @ g koS5 Sla U 5 )l sl b, 3l edlizl L
Iy b yasls ol ;b 9 255,8 Ol oy ise leicdy |y yasls A (el ¥0 oo 51 (PCAY) Lol ailge Juloo b b
Gl yadls &S o Lzl 65,8 edlawl o pxiedin yoew)S ) 5l e slp oled j0 0,87 wyp SPI sl
03y Sloj sl yolido plo 3l yips dalecSy olido 1> yamw,S )y (sba Jae 3 Slos o 4y SPI L (o) jmo  Sion b5l
9 Jie (slo e olgicas 1) PNA 4 TNI NOI Nino 4 (Nino 3.4 Nino 1+2 MEI SOI ¢la asls o] 55,8
i |y badlie cpl bLl yow pm (St gy il ool b g 08,8\l )0 diwsly it leicas 1) SPI (a3l
NNino 4 Nino 3.4 MEI (sla jasli 55yl JleSid L)  Siuwed (p yidn o yd YY/FY LSOOI (adls o5 s ol
S 989 slaws a5 13,8 oyl )]« cpiman 03,5 )15 o claad, 4> s 54 PNA g TNI® (Nino 1+2 NOI
o Jloy g b JlocSis p gusl odsdy oy byl cwyp a0 (WWAA) 1 Sen o (Jlod sl 009y gl 56 51 iy LY 51 4o
cslooyg> 5 1330 000 SOI (adls | udl p.5 5 3y (gl sy sl o] sl ol gt olo slaglial 5
s e Jlogs ) ot ook 5 93> &5 ot o8 1 g8 b ol (s ol ages e 3y oKt 5 Jluy
SlagSl 5l ooluws 5l (VFer) ) en g Slitwd (o Fwe ol 03 Jloyi | S Uik g JlecSis dpw 5 olas,
ke g Jbro oy il Sipgin slooli! 5l (S 50 Jlokis b o bloyl g &l 423 (5:5ke b (5390
it Ao polidlsn JocSis il olod (slaadls ;8T oy & 1F0)) )Ken 5 loytemme Nidges )y
3y dxlllas d)90 d[&bb'.iwul le)) i u.:Lo) dlﬂ:wL&o » ‘) SPI ua>‘wu ‘Aul )lf U" Pl?u] le)) 9 Jw&].))) u‘)"

daly Yl 9 el Jgad 3 5l Glis ol w3905 (5915 gusl (lod laadli L) o) plojen e 5 lojen bls)l g L3903
Sl yie plojep e b Situson (pl 9 Ad saalie NiN01+2 4 Nin03 (Nin03.4 Ninod sla jaslis j5 (g,loline

b byl o glysejls joul ase JloSits K, Jos 5 ilo)lSal 4 (V) Gljl 681 29 glojen <l

- Angulo

- Interdecadal Pacific Oscillation
- Empirical Orthogonal Function
- Principal Component Analysis

- Tropical Nifia Index

[ S O N


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

\YY P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

VY SPEI JlacSiits ok yasls o blo)) S5 g5y Jie 31 o0lisial b oyl izl owgildl — 553 (slamsls
Qo> O pdaw j3 (668 lolixe alayly SOl g AMO a3 Lis oy Ll ol g Ldg0d (awyp weildl 9 (695 Sllogi L 1) dals
ol 03905 iyt |y ddgn JrSits 1oy Vo §l i oles 4 AMO sl 5 il jsSie g Jlwckis |
15 olidlen JloKis  NAO 5 NINOA (cloasls b sy 4 ltalllan 5 (VF+7) ohlSan 5 ol yteme
crgei] 31 030l b e g 3535 duasbxa |y SPI Ll Ll gyl izslsy ol Jlad olyh Sairginw (slnolSius]
3905 Jolowi 1) (JlocSis g baadld ol e glejen s 9 lojen daly (o0 (Std @l 5 (ol (Stunsen
sizils adlls 5,0 gblia > ISt b ]y Stumed (3 yieS NAO Lasls g iy NINOA sl 48 sl i gl
2 (FY) OhlSer 5 (Sl ad) ol casd @ G55 o] 3 JloSis ngha clr Gare)S) Jb e
5 4ol slocudd ) (iejns ) Seilaried 5 olidlsn (slo JLocSits b orldl g )90 slosSl bl iy
Ssis ylp 9 SPI (asls 5l ulislse Jlucsis lp 038 opp ) )lise 5 Jbeeoe glivl cuddrio
s ol b 45,5 JSa Slamlie ol dils V& T jl5 5 ailale Lol cslaodls 5 05 odlitel GRI asls 51 Sujels)hen
S10D o8 Jbo 3 s |y ik g coolilon JlocSiis b Joine Siused cyyidar 0D 3 NAO (glajmsli ol
Sl 5 llon o Jlucsiis gl ploj Cglis g B> (ie (Sturor (o) sloeol Jlusizs LENSO
9 7 U005 shden lalSoils I (slaslllas )3 (VFoF) oS g (lime o ol |) Slbls)l ol eins b
ol b 2538 (s 2 olpl 08 Jlod 030l sy Jlucsuis 5 039 Cush) lagsslxin o 2 [ NAO (saign )90 el
£li) Ly o Lt oot (sladdd Y+ VSV 0)5 y> NCARICEP asisjlujl cslaosls 5 SPI asls
Lulyd CueSle o5 0y (LS ol A5 ang JBwbgSa Veve g Vel ohg Cagboy 9 JWSwlgiSan 81+ 515 Jeuiliy g3
ojul JocSid b l) (Stuen (i NAO [adld (it 5 5 oad aibate @ cusb) JUil glo glis)ly 5 )Lidy
O lpl oy Jlsds slaolKiw]

Slosss Cuonl | oy 5 JLocSiss glaslss; SENSO (parlil (sla bl o bl (o i A & 4255
Jid Olyuss dlawlgds a8 395 0 Hlows 4 e el i 53 590 alisn ke JJENSO cllug .l jloy95
g 2l olan 4y ol dlox 1 pler il bl 1 1) age 2lgmge] Sl ol (daw (slod g b)>
S ditn Jlog 5 JuSis 428 dxte ENSO clbog ) oy 186 5 ldliin Casbse S & olnl Jlod
ol 3 25 e 53,988 g Ol e Capte > (M foy Cald 3 9 (AL SR e ( Sk Sl 4 Wy
b8l (995 B2 )b 15 48 S Jlo g g Jlocsiis SlagSl snpin 9 lolid 4 Slgice bl cpl 383 adllas o,
2yl wald (2l ol o |y amecnss 5 olaiil (gl dgu disej e T pe

93 (wliiig y

axillao 3590 (L3N 3> g 05 .

widly slizal E5aS slmogS oy b Ll 5 135 (sl gt 3 JSb M gy IS 5 kil oS slapylil
S el g bundS sl (cly @oyoyiaghS Yo¥EY Lol ol 51 g 0392 @uy0 yioglS DAYDY 39> ;5 ddhaie ) covluns .ol
il sy Lol _abs bl j) dilaio cpl 15l _o pIS b g g2ymyioglsS YYAFY o VE-¥Y o ) lyijlo
Cambge ) JSB (WAY oo 5 (s0p9) 2blon Sl sloogS Jlod slaaials 5 250k (slocuond 3 (S 5 55
3 oo Ui )9S 3 1) olpl Jled sl glinl (oLl jax


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

PP of o las I 0,50 o« amo Colpblio oy Ldd Sl \Y¥

z z
N > .
, ks [ &
Y AT E F
| r2
S [5,
z [+
g °.
- [ o
% | Z
-g.. | "
[
4 LS
:, | +
a 1 Z
Fy
< -
® L&
Losal, e [ =
; 5 z [ Z
() g5 51 (s098 Joro 2 =
Value e TS ol [ S
High : 5595 [ % . P
o TN L
5 _t e 2 _:Z
Low : -74 I o e Sl [
L | o
v Yes Yoo [N Sen Ao . YYe¥FS. AYe YA VAFe [ B
[ - )anlgs- );‘°9125-

FO0F A"E OY°Y Yo"E 05 A v E TYOFA -UE 0e°) "E 05°VF L"E SYOYA)+"E

39S w13 Gl (Jlowds sy lus!l Ll 2 Cudge ) JSG

)IS JS) 9 ooty .Y

LW Oﬂl 0 ol ‘_;UUQA dalaio Oly’.cdg u)/lj 9 OI)JJ)’La &Ow L;Lmoh’.w] JAL» L’)])ﬁl U’Jlm» Ls_>|93 LTy Oil Jr
Fosis g Jlo s Sllog Jlod sl 5528 sbrojox (e 5| (e sotummsST Sl 9 (osldl 45 1 (5513095 2 b
2 b 4S84 g sl asll g glojlaals slaodly | glasgee ( JwSis JlKe 5 Sloy il pll ol .l
o)lsple MOD11AL Jgame | (LST) (yoj pdaw (slod (sloodls s MODO9GA Jgaxo INDVI jaslis deodls yiso
Sl g JBlas dwlbre 3 )b 0 luli] (a5 Gillae TCI o VCI sla jad s drodly pl oll 5 .0 gl 5wl MODIS
9 b Ll sl (ol 2 ogdle 5,8 i VHI (asls byl cuS 5 b e g 45 0J95 LST g NDVI Sloj (s
(loj gy e Glyul 5 (WSl 1 edlaiwl b g Sled],8 PERSIANN ojlaale (5L (slaosly SPI jadlis duslows
Google Lo ;> odls oles il S oy dlsye )3 003,35 (¢ )slaer NOAA oKL ;I Nino4 4 Nino3.4 Nino3
#SPI g VHI TCI VCI gla jadls .5ud geess dilale & ygody 5 0ids S gloj ilé ( Jlesl,3 Earth Engine
O D BT (295 (sluding 5 (Sloj e (Sl SALE O g0 g dewlne il )3 Al dsug g el
Sl asls g Lgm e b asls he b (6l 5 Sloj (Stuwer ENSO loasls jloj sy jl ooliul L
Slod ¢ 2lS Lidgy Olyos S aadds LY g gl glajl 1 oo jslaieds ( olod pB 50 b el  JlocSiis
D55 duglio JSGS5 L g o sike 9 St sljl > JluSiis (gl adld g (o) paws


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

\YO P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

ks glaasls b sl sl asls bLs |

/ \
Slojlsale claosls NOAA slaosls
Modis Persian Nino 1+2
% % \l/
NDVI LST - Nino 3
SPI SOI MEI Nino
Vv v )
VeI TCI Nino 3.4
\ / Nino 4
VHI l{
LY g gidl lajls coaSl> e o (JluSiis slaasls Condy owyp 5 (g Shna
BT gy (Sl 1390 Y UK
LST ooy gdow slbod .Y

Sloodly 1ime 0 yoxiy w56l bl 3 &S" A5 eolaw]l MODIS o jlaale (sbaodly | (LST) (yoj pdaw (slod duwloro (gly
slaols Jali Jpaoee p] 35 o bt t3lS los obiin 4 5 3,5 e MODIIAL Jguasme 51 s 1oty 1, LST
oo (gla o) 5l (S oo 0oty (o)sS) A8 o0 dusle (s> I3l monal L) (o) aw (glod sl LST 4l
e slaggedob ) 92 53 39290 SjB &S Cunl jlgal Lol cpl g g Consl Slojlgale pglai il o (e o slod
)8 e LS 0 a8 508 yg0le b Al g3 53 oid ol il gles a6l cpl )0 35l S68LeS (sl fasll uSe
9 297208 ) Cetl (8 phna] (S0 Lamngs ol S 31 bl o8 390 0 03litl (ypef pans (gl drslie (sl 258 oo
D9 o duwbro o) dlaly G ygods Tome wl oS dnlee gy SO (VWA o))
B—e3
C
WAXY YV Sl SudS gled €359 8318 o ¥V Wb o Slis > sled T3p9 Tagpdaw (slod Tgessd alaly )

Ts = [T31 + A(T3q + Tsp)] ( ) + DT3, (€31 — €32) ()

Sl e ol oy

NDVI ol iiigt sasli .F
osizul (NDVI) oS (g osJloy gls (sl 1 adlas 390 ailaia 5 oS sy £ slbs e ol
Cawd & S35 o Byl g jo 8 b e 0B Loy glds (bl 2 9255 (00 )8 =) 9+ 39000 (a3 LSl 295 0
g g0 Ao F daly o oS0 asls (VFY gl jad) b

NIR — RED v)

NDVI = SR+ RED

VHI ¢TCI «V/Cl ol B
i g a0 b ply VCI [aslis ail s J8ls 0 NDVI & s8lge g 2l o NDVI jaslis & atwls VCI 23 ls
0ali bl amsy o L |y alS ibe Jlen! bulps ¢ aib o G b plp VCI jadls wisb 393 yiSlas 3 NDVI o«
b oplp oS o lade cpy5omb g ams e o led PBls o bl oo S Ll &S ol e 5V g 0391 Led 4y atnly TCI
polde 5 A8 o duole JluSis Gl o 1y alS ide codw VHI [asls e o 7y b cp gVl o cwl yaw


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

JEeF o o ylads Y 0,90 o Aaxo Sl pblio oy lid i Y&

shas Cundg /Y 5l ol polie a8 Jb s conl JlocSiid ol nd g (2US e canle cursg Sk o] YL

23 o lid 1y Jo g Cumdg /¥ 51 5YL g bawgio Cumdg /Y U /Y o aodds JoSis /Y U /Y oy polie il
D o iy O B Y Lalyy 15 cud i 050 adli aw Jge,s (Ve (o)) en 5 Slals ooblagly)

NDVI — NDVIin ()

VCI =
NDVI,, . + NDVI i,
LSThax + LSTimin
VHI = a* VCI + (1 — a) = TCI (®)

814 iy 4 3 LSTimins LSTmaxs NDVI asls il 5 1 o5 & NDVImin g NDVImaxe ssd blgy
oS ol 3l 5 1tbe TCL g VEI s (655081 (sl 535 comend 0 Lol ams oo ol |y Atz 3llao (glo> Jolas
A8 o ol sle 1y /0 ke 03¢ o o) Laskis
SPI sl .7
oo Vsl Jlaxo Gl w5 sSileo 51 ozl L a5 sl SPT Lasls g g ISl o 55 oo cslomdlis 1 S
olgds o p5 5o (gl 1y Jloi g oSS g 039 dny r (a3l nl o s 4y adllas 3550 093 1> (Sl
aslono | ey g 99500 03 030t (SNl sodly il sl L @i 3l ol asle gl iman S e (asite
023l ol Jgop (V) (em 5 (B)]) 35l 0 SPT asls avslomo 4 bgspo (slayially s g p5Y (slodiuslns
Al e cand & & daly 3b
(R, —P) (%)
S
oo jlime Lol S calllas 3)50 093 55 ()l Sta SV g (ko P atallas 3)90 093 )3 (53l i P 38 o]y

SPI =

SPI adli 4l g JWSld ©ad ganaib ) Joaa
SPI | JlweSis
<-y b Jlecszs

ALY | nas JecKas

ALV | g JlucKis

LA Jboy
+V/0 6 +) buwgie (Juwy
+Y LY/ Lad Jloy

>4y s Jloys

S5 iy g Losts Y
odlznl VoYY B Y- oA (gylol )90 (b blS asgs odgammo ,d  awlidlen olSiuwl VA 5L ailjg, (slaodly jl ¢ imgs opl )
silaio e b oiaS polie gl LS )5S J) e 5 45,5 181 lslidl LT g g5, )l olislem ol 51 ool s
gy cie (lolSiug] )3 Alwge b g tedily Hlol &y oyt drosly bl loms bl alidl ilos s b 0 Gl
Cale sl cpl Jo b a8 e )3 Jlae plyie & jgy o 3 pake Yo wli] (pKiw Uiyl iy (sl
9 4d by 4 e Jgeme jobay adaie ool )3 jie e Vol (i Syl &1yl IS adgs SlunsS


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

\YY P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

o) e pile B 53 5 anrd o oo Vo (VL (o83l sl Sl (sloals ol bl e 2 355 o0 i slud (Sl M
b (230 lejls (BolSias] = by g )k slajg) =

ol ol . )3 edlaiul o)y pleal yog, b oolpedlidis (gladed oo 5o iyl slasSl slulid (gl s als o )
Ciliseo (glmolSigl slogh)l o (5Bl slacalus lulid g odomy loolis) abates » ol Ulg S 4 (b,
oSl candib p Gimgh ol 3505 s @ Lol el sal )8 mosly Sl  Siuon s 5 4,31 Moran g, g
sbolidy ol cpgiie oyl (yp el 3509y cnl ety it 2D )ly Ggy (Mo 9 eNi S
Lo wal8 50 ]y boli] gaw )5 (Keals 5 055yl

8 )3 548 odlitwl 5yge 50 (daw slaodly o ,Lid ol o sla by Joli son (slaodly (e (slaodly HLST ys
2yl (NOAA) sisxio YL ol okl 5 g5 Lo slojls 45 atusly NCEP/NCAR Lulosijly oS50 51 Waodls !
.(www.cdc.noaa.gov) s

NPl LYl g2 (Sadlds o 5 030D (o) pp JBwsligiSn AD+ 9 8+ + B> ol cilises slajlyi )5 ljg) (slamodls
4 g ale (Sen |y (ob (S 0k lajg) 3 5558 1 wb Sl (o83 5= Jawxe 349, 8,5 ploxil GFADS
S o K e sty (glasSI Lol

A8 d900S ¢ ol o sl srodly cuaS 4 Siwly dles i 35 olacodgie glyly ol ybg, ol
ize (glaodld 1 edlawl ¢ Jb opl b olKis] 181 blio (gl odly obygy po lad Jleasl o lislid] ) aolKuw! 657520
gl pal® 1y olSitmess plo (sl adlllas (6030)0,85 bl o)l o)lel (sl by 5 S

g3 sasl
Nino 142 3 sy b Lye pasls sla 5 SOTMET e | ol cilisen (sl bl o (Stuwrod ol & Jpir
(S ol ol e oyl 4w 3 SPT 9 VHI VCI (TCI JloSiis sla a3l b1y Nino 4 4 Nino 3.4 Nino 3
obwl 4w ya > VHI 4 VCI TCI glajasls U MEL j23ls ¢ Jass cpl olol p a2 o0 &l 0550 4 oludS
Saods (o ol bl azsls sblio ol aLS iier g lod p owiians p5l g 00l Ui (g bline pul g Ciumds  Siaurod
Jlsl Jials g o)k ol b ol bls,) saiss lis ooyl aw ya p3 +/+V (g,skixe pdaw )3 SPI L MEI jblixe 5 Cute
Soblixo s g s  Siwwed VHI 4 VCI TCI slo a3l b 55 SO (a3l .ol 039 3ble opl o (JluSis
L SOT Jblise g e  Stumen Lol tuwl azilss bayliwl cpl (BLS Sidbes g Loy Slain 15l oS Lo opl & cconl azils
SloSis Jlaas! Jiliel o o oyl (ials 4 wiles o el ol yor LsY onsy L\JM aS SOT il58l a8 sad o o LisSPI
Gl g alises (gla yadld .l 03 Juad LS (3 g oud dalie liwl dw )0 bl Siuen pl e e
Goblize 5 Cute  Siuwod liwl dw 2 )0 SPI L g (a3ls jles o &5 iy opl & losly Lis SPT L ) polie
ol sledld (Seis 15U Sily oS ooy 5Lis SPT L oY  Stusen Nino 3 9 Nino 3.4 sla jasls o 94 silawsls
ol oyl (g )blixe (Siwar VHI o VCI TCI (slo s li b sis slajaslis bl fcwl (o)l (iliél o e 5l sble

Cal

WSS G ad i b 493 5l Wign S ad b Slojad (Niwmmod m ST Jouo

Mazandaran Golestan Gilan
Correlations
SPI VHI VCI TCI SPI VHI VCI | TCI SPI VHI VCI TCI
SYARFE | —ifeav | —e/e0Y [+5) Sy eo¥E —/¥ A oY | IYAVEER | )Y | —fevY | fesY R
MEI
ofee -Jovs NN NI ofeey [55Y «[AYR A ofee -Jos I8N <[FAR Sig.
= VEYEE L LA VRRY S Y PRV N IRV 42 Sl Y RS A W IV S & S (Y P A YA s vl Y PRY 4 DR S YRR ¢ R
SO1
oo A <Ay N2 ANy ooy <JAYY SVAA | -JAYS AN /MY st JIMY | Sig,



http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

PP of o las I 0,50 o« amo Colpblio oy Ldd Sl VYA

<Jyvs* —efoYA | —efeYY | efevy <Jyvs* EVES 4 S IR o G INYPS v 2 YA 4 S S IR g I PR W Y % . ¢ R
Nino 1+2
oY <ISYA NS VAR o[ SIAY SNYY | e/eAF DAY Nian <JAYY /vy | Sig.
RYAES Slal IRV RS U RSV RS o i IRV RS o 4 SYYSEE L —ufuls oo VRS v YA 7 Sl BV RS LU IS 4 o[o¥N R
Nino 3
/a0 -Ivov NAaY NAAY . +/A¥A -/04 -/5A¥F ofeey BN JAYS «/sov | Sig.
SYYVEE L —feyy | —efevs Ry Jyov*E ofeed e DR A IRV A ol IV PRV BESYRAY S IRV AS o 4 R
Nino 3.4
/AYY /YA <IYEA . .25 SO\ | /YA ofeey IS /A% vvs | Sig.
[YYAFF IR AT YRS £} o[+ [YAYFF +[+¥\ YR N IRV 7 YA 77 ol RSy PR A Y PR N I % o 4 R
Nino 4
ofee¥ NS -1V IvYo ofeey JAYY SJ0sY | +IYAA ofeey /Ay </AAD vy | Sig.
G re doyd [N w3 Sed
G re doyd o[+ paw (0 Suaads

a3 e i anle G Sy 3l b 1) JlocSis slaasls b e jl Sgn slaasls  Siuwes bl & Jodo
Ohlile 9 liwdS (S il aw o > VHI g VCI TCI JlocSis sla jaslis L MEL jasls &5 1ol lis beassly
(+1YYF) oS ;3 SPT sl b Lol cannl aisls sblio ol aLS yiddgy g bod jo  sosdius ,._,L g auily (g)holize (Siuon
b gudl slacadled s (ili8l caS led o g Cuwl atdly (g)bline g Cuto (Stuson (+/¥VY) ly5le 5 (+/YF4) lidS
WS > SPI jasls b 50 SOI [asls g o JwSis jials coge g 039 bagye bayliwl copl o (5,L ilsél
SOT o33l b ams o )lis g Cawl 4ty (gboline 5 (wsSae (Siwwads =+ /VFY 11055k )5 5 =+ /¥VY lndS )5 —/¥VO
VCI TCI slajasls LSOI asls b o Giliél bl opl 0 JleSis g485 Jlain! cul lagye LoY oy b &S
sl 03gr (LS b g lod p o)) bt ).ul.’ pis Sy g 03l lis (g blixe (Siaod bl jl Soza ;o VHI
9 Cado (Niwo SPI'L 3.5 (Nino 4 5 Nino 3.4 «Nino 3 «Nino 14+2) g <llug cilisee sl jadlis ooyl p ogMe
9 VCI TCI sla a3l b Ll wilodg oo JloSis jials o oyl Gili8l o g wilesly lis liwl aw o 3 (g)lolize
Gl 03l LS (g5llixe ( Siuson VHI

SwSiis s jad Ll b 493 5l Wign s ad Ll adle S Sloj sl b (Kinsod s ¥ Jguo

Mazandaran Golestan Gilan
Correlations
SPI VHI VCI TCI SPI VHI | VCI | TCI SPI VHI VCI TCI

SYYVEE —ofe | =50 o[-0F AR Sl YRS o N IRYRRY 4 o5V A% A il YRS o Y B9 2 2 IR RYA R
MEI

NI JEAY NI . NAY | LAY | /FVY . 5 Nirzd -0 | Sig.

—[yEYEE -[-FF Y = XY | —efyYVEE N2 YRS T YRS 7N YL SV ok o[+YA dJeSA | =] ¥0 R

SOI
Niavs Niat Niaid . YV VAS | sy . [EAY Nirat <I#Yo | Sig.
AR A dalal RSV RS 7N ISV PR ) i BV RN SYSEEE | —fees | ofey o/+¥) AT Slal IRV RS o (N YRRV N RS 74 R
Nino 1+2

oo e <vay /A +[ADO ofee¥ AN Y o s ViV 0% o5 JvYY </AYA <IWA | Sig.

SYYAFRE L —ufoys | —efoVF o[y ATl Y PRV N IRV AN i IRVAS o ¢ ARl YRS 4 S ISV RRY o[y R
Nino 3

Ivvs +/vaa IVEs . LY SJERY | /FE . +/vaa JAVE <Y | Sig.

YEVEE L A | =/ NE | oV CJyvyEE R\ YN O IRV /4 Aol Y PR N Y PRV BERY RN R
Nino 3.4

-avy </AAY <IAVY . JAOA | -/¥YD /YA . A PATSY IANvE | Sig,

L JyvaFE JNd | —efees | =eloNY o Jyas** o/-0F 25 B YIS Nitasa AT YRR 2 Y R R
Nino 4

ofeeY JIASY -[a¥s Niv4 ofeey N7 I Y/ IRV V4 ofee¥ <IAYY -/ava Q¥ Sig.

G o hoyd o) o > Sinson
G ize o yd o[+ 0 o 5D (Niod #

03edS pgai & il CoaSle sl (b )3 ol Jled sl sl e o (slod Cundg (AHY) Ui 5
S ol do 3 ¥V 1Sl b bod o lindS) dslllas 350 ddlaio 5y Jloud )0 aS 295 oo ddlive yyguai oyl )3 .l 0


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

\ Y4 P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

SreS laled Jlad doss 4 Cund (053 dowd Gliwl dw 2 > (pzmed Cul 4Bl yialS o )T le )0 o pi @
0594 ¢ BS54 w0 i oI pl b o ]38l Lod (g y0d (Bblio 5 Jlowd Cuows 4y &S > b o 54 5 151
& G 535 53 g Sl Ll g Cany (2l 01 S Cogh > gl gty 3B rizmen 29800 Sl
A2 o yinled gl ooy 489 sla Jlo (b ) oS ibe (adli Cuxsg o S .l sdaline BB I8 xéiye sble
By 5 S 5 ccfidS pliad gty (slo i 55 /0 3905 e b (b5 i 5 515 S5 o) ol
ailaio 5,8 U ope ) (LS by o515 pol cibwgy ()l ©ygods 9 oS ol Canl oanlitio LB gl yobay ;5500
d9de b sl jlade oS laisSa cuwl WSl Jolate Lol yd 155l s g ldS Jlows jd ¢ blie o waad o lis
3 Slelisy) 5 il iz ol (Sl ul )3 (GBS s 3555 by ialS Sl (ilS )y e RIS - /FY
23 ee oLt il 51 (b 1) SPT (adls I pled o JSb 298 0 0daliie 299 35 )35 sbyd (Bpd g Jolgw
sl iy ) ol 03)S w0 1) gyt (S (B des b dunlio p adllas Djge dilaio oyE dew (S ol bl
il 335 53 8 o> 15 )8 55Vl s > =+ WV i ke b JLocSis Jeuslty (5550 (I35 (5 o
Sl bl ¢ IS jobody cdons jd g o sdalie /VA [adld jlade b (g posllas bl d (lindS oy Cain 5 ohule
ly (S Lads (e (B pd Cunl Sen aSl g olyad (SW5L iol38l L 6)laen 5 0nd jals (Seal SKe &)goa
3 ye 3l b yisn ( S e 3 ol 51 b oS Cunl (asuie o JSU 0 TCT (el wlwl y sl acsly o ,0 50
by i el i Cuxdg cpl iCul 4l jials asly /¥ Bl U adls cpl jlde S 5y Jlesd g o5k
5 G o S 2 B 3550 )3 (blia > el (2l ol 3 (S b Cagby ialS 5 (Sis il i
P TCT (adls jlaie oS (5)5bdy 9980 odlie (s slae bl AS ©)8 (g Sp (5 5 Ol @) o>
P LVCL j23ls & JS6 cwl b iz opl o (Sid Juwly ials Sl 9 0wy +/00 39> Slas & sblie oy
5 ahuile Gy 0 BLS Lide cedw o e odnlin 45 &565 s md o Lioles gl oy w5l cov sla b
Ol 08 )3 (Pl )3 0)5 )15 (g pogllas Cundy j3 VY dgue dindin jlake b S ©)¢ Jled 5 g (rinen
2y FB by (LS Codle bulpd iS558 Jlod U3 50 53 ly (2l g olidile (2)8 des 3 oot 9 (S
ki Canmlws Sl gles cpl dad o Ui |y (g puKauia iol38l /N J8las jlade b JloSis Juusly g 00ub Cmas
A YL Gyl Brd sble &SI ) tel gl 5l B0 ol Cllog 4 s (26 (g > (AU Ly
w3 o s gl 51,8l cou sla b, 1y VHI jasls Cundg g S wales 55 i o olid 395 5l Cugby Lials
odalin Ol;;»lf $F> 4o g Ol)JJ)’Lo O\.L»l ‘QM,S ‘_,’JLM: dowd O <IV¥ dgd> )Ll.b'.,o L u‘»‘“’ Oﬂ] Al ¢ 2 g2 Oﬂl U»L»I »
3 a9 JoulS Jlod dai > o Jlin 3 el (15 ul > (AU by wll 5 gllan g Sy o 3550
Gypdlie s Cawl 4Bl yialS —+/VY 39 B VHI [23ls jlude g 009 Jlow (2L ide ceod Cundg yly055k
Condy ol 09 B drgi (2l cnl & sl .l 3ble ol o (LS sy (YL il 5 205 (55 ) S

S byl plusST (5y90 50 5 550988 S Sl s (slaaly 0a0] 3 Wl e


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

—
-

1FeF F o,las Y 0,50 o Aamo Ofpblo oy lad Ll

z z

N lg N lg

S . o

e wA \ | Q@ dJ‘ WA S

Nz Nz

s |5 s 15

& &

z z

Lo Lo

s s

8 8

z z

Lo Lo

2 2

g g

NDVI ° LST(C) 2

<VALUE> |5 <VALUE> 15

S S

» 032-010 & » o048-157 &

5 0.10-0.18 z 5 1576-2038 Z

5 5

0.18-0.25 E . S

5 2 S5 2038-2452 3
5 025-033 5 2452-3041

0 50 100 200 300 400 |Z 0 50 100 200 300 400 |Z

» 033-045 . KM |2 2 3041-4013 . KM |2

2 2

49°00"E 50°00"E 51°0'0"E 52°00"E 53°0'0"E 54°00"E 55°0°0"E 56°00"E & 49°00"E 50°00"E 51°0'0"E 52°00"E 53°0'0"E 54°00"E 55°0°0"E 56°00"E &

N N
< w@s < w@s
- -

SPI
<VALUE>

» o017--01
5 -09--03
S5 -03-04
5 o04-011
% o118 0 S0 100 20 30 400

49°0'0"E 50°0'0"E 51°0°0"E 52°0'0""E 53°0'0"E 54°0'0"E 55°0°0""E 56°0'0"'E

TCl
<VALUE>
S5 030-0.38
5 038-040
5 040-043
»H 043-045

1 2 4
’ 045-0.55 0_ 50_ 00 00 300 OOKM

49°0'0"E 50°0'0"E 51°0'0"E 52°0'0"E 53°0'0"E 54°0'0"E 55°0'0"E 56°0'0"E

34°0°0"N 35°0°0"N 36°0°0"N 37°0°0"N 38°0°0"N 39°0°0"N 40°0°0"N
34°0°0"N 35°0°0"N 36°0°0"N 37°0°0"N 38°0°0"N 39°0°0"N 40°0°0"N

VCI
<VALUE>
% o016-032
95 032-037
S5 037-042
S5 042-051

’ 051-0.77 0 50 100 200 300 400KM

49°0'0"E 50°0'0"E 51°0'0""E 52°0'0"E 53°0'0"E 54°0'0"E 55°0'0"E 56°0'0"E

SloSuis (ad L (& SPI JlocSuis (adlis (o NDVI LS Linder 1as L (0 ome) o (glod aiids (.Y JSUS
sl gl b 3 VHI JoSisd 4asli (g VO JosSuis 4asli (& TCT

VHI
<VALUE>

2 -0.11-0001
55 0001-0.04
S5 004-009
5 009-0.14

0 50 100 200 300 400
» o014-024 [ KM
49°0°0"E 50°0°0"E 51°0'0"E 52°0°0"E 53°0'0"E 54°0°0"E 55°0'0"E 56°0°0"E

34°0°0"N 35°0°0"N 36°0°0"N 37°0°0"N 38°0°0"N 39°0°0"N 40°0°0"N
34°0°0"N 35°0°0"N 36°0°0"N 37°0°0"N 38°0°0"N 39°0°0"N 40°0°0"N

odalin a5 job ylen .Cuwl oad 00l Lisles LY olid ) sla Jlo )0y adaw (slod Cumdg il isu F SG j»

21,5 Bl a > FAYY L Lo oy s g a8l yiol380 oS b ds 0 SO gl gla Sl 4 s bod (1 S5lo 2945 o0
Mo B 35 5,0 Sl s o> Sl ol 355 oo et 4 5lod 1 oty (lindS Jlo dai 5 S g
&S s o i Sl ol Dad ed sdaline dayd yao pi sled S0 Ll g ) gl slroygy BMS g Cul
silite ol 31y Gl Sl aish 5 005 ci5ye 3blis (> 5 S Sy )3 tlesS Cus rge LY Cuasls
a8l rals alS b Cawg a5 dad o lis LY gl Jlw (L NDVI (j2dls caxsg ao (isu )0 Gl 03l ials


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

YWY P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

S9d Hlde b hiile x5 LS Jledd (3 €8> g olS W81 sblie .cunl 03,8 Ty sl alS jidey e 3l g
e iso ) gy ol g 03,8 Wi |y (Suid a5 LY (glaoygd a8 canl o] 5S5ky 651 ol 395 o0 odmlie lgly3 /T8
5515 0L 03y (sl (s Fcmmlio bl lien ush) glie & S35 5 S lad (Hly a5 Jl > cadly ials aibais |
satuie mlal b e 9 S sblie  SuSTy 6o w090 (pl jd s o Gisles LY 5B b 1) SPT jadls «o JSi5
SISPL (ad s aieS’ sl odalive LB S 51 glodes (yidu ¢ liadS o o l)u55le 5800 50 i (Sis Lol o)l
o)l JlecSis cad ili8l saadlis o sl ials Lo 5B 0 =N &4 gl CaeSls 0yg Job o —+/VY
Sosis Jloy ganadl 3 loes dilaio JS ipgeme )3 A2 090 03 35 wsbye liwd (Sl > (> alS
ol 00 ddlaio > 5L (SaiSTy o MBS 5 s (S (]38 Coge LY B &S dad o lis Caxsg cpl )b 48
Gble g al yials’ b po blie 0y gl 090 dy Cans &S dad o L LY 5B Job 2 TCI Lasls oo S
P19 onl 2 eSSl e Al (1S S Sl (g B (i g S 358 Jled (il g > Sas
odalie +/OF Hlade b s pcwlino olod blpd c)l)iile Jlad das g liadS oy 3 a8 b fCanl ol /Y D90 &
3 g Slagis 3 QLS (k) Ol GRS 5 il AT Wl cage LY oS cul Gl 5 (S oS0l al 95 e
Sglis gl 0y93 b duwlie o Glyuis s 4 ST ey o isles |y VCI [adls cunsg @ JSb .Cunl s dilaie
2 OB (hagy Ol d9me age «(Blp (B > Cugb) (5o 3529 g Led (i Gl sl aBl il Sl
SIVHI ol aiin bl g oo sdalive gl 0y90 b polie (66 S bl jo a2 o lis ddlllas 5)50 (sl bl
LY 56,0 als Gide 9 ()l codlw flojen Hials Sl cunsy cpl Sloads 38 peie liwl cpl Sl (g ) (XS

..\wl) L;Q.J.B] LS“EL)‘“J )J‘)J )2 L5>‘9" U"l )...u...u LS)"‘\"WT DMDUL»J ..\leL;o LY L;L’.»LQ U


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

PP of o las I 0,50 o« amo Colpblio oy Ldd Sl 'Y

z z

L2 [o

o . Id

o g l g

z z

Lo Lo

2 2

3 3

z z

Lo Lo

2 2

& &

8 8

z z

<3 [o

o 5

[ [

NDVI 2 LST(C) i

<VALUE> g <VALUE> 2

» o32-on & 2 o035-1816 8

25 011-0.19 z 55 18.16-2250 z

o o

0.19-026 e . e

5 g S5 2250-2731 2
5 026-0.34 5 2731-3277

0 50 100 200 300 400 |F 0 50 100 200 300 400 |F

2 o034-046 - KM |8 » 2m-a2 i KM |2

49°0°0"E 50°0°0"E 51°0°0"E 52°0°0"E 53°0'0"E 54°0°0"E 55°0'0"E 56°00"E & 49°0°0"E 50°0°0"E 51°0°0"E 52°0°0"E 53°0'0"E 54°0°0"E 55°0°0"E 56°00"E &

TCl
<VALUE>
S5 030-0.38
55 038-041
5 041-044
2 044046

0 50 100 200 300 400
2 046-054 - KM
49°0°0"E 50°0'0"E 51°0'0"E 52°00"E 53°0'0"E 54°00"E 55°0°0"E 56°0°0"E

SPI
<VALUE>
» o01--012
5 012--06
S5 -06-0

5 o0-06
0 50 100 200 300 400
» o06-012 [ KM |

49°0'0"E 50°0'0"E 51°0'0"E 52°0'0"E 53°0'0"E 54°0'0"E 55°0'0"E 56°0'0"E

34°0°0"N 35°0°0"N 36°0°0"N 37°0°0"N 38°0°0"N 39°0°0"N 40°0°0"N
34°0°0"N 35°0°0"N 36°0°0"N 37°0°0"N 38°0°0"N 39°0°0"N 40°0°0"N

z z

N s N 5

R s[5

C W E| S e W E| S
NP |z NP |z

s |8 s |8

& &

z z

Lo Lo

s s

8 8

z z

Lo Lo

o o

VHI & VCI &
<VALUE> £ <VALUE> £
& -011--0004 2 2 o016-032 2
5 -0004-003 z 5 032-036 z
S5 003-007 e 5 036-042 re
S S

5 007-012 o S5 042-050 °
1 2 4 : 11 2 4 :

% 0202 0 50100 200 30 400 5 % 050-077 0 50100 20 30 400 5
49°00"E 50°0'0"E 51°0°0"E 52°0°0"E 53°0'0"E 54°0'0"E 55°0'0"E S6°00"E & 49°00"E 50°0'0"E 51°0°0"E 52°0°0"E 53°0'0"E 54°0'0"E 55°0'0"E S6°00"E &

U sl b 3 VHI JlwcSuid adli (z VO JlsSuid padlis (& TCI

Lol g 5 5 40
i o aLS Lids Curndg g JwSis S )0 oge i ENSO gl jodli o s o lis aslllas opl zols
Sl &S (g0l s o Ui (gyblixe g Cute [ Stuwed SPI (asli b g g MEI slajadls o5 glaigSa i)y oyl
Srasls plo b laasls ol B iblis o ol Jluniss gy Jlaisl (inlS 5 Gl (il > gl b


http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

vy P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

o ySby a8 cbly SPT L jloliee 5 (wsSro (glalasly SOI [aslis S5 (gow jlad obj)l jblie e 5 o JloSis
s axlge SReal a8l (ool L ddlaie gl 51 ] S Gliwl > oad (JleSid cud i)l s LY
oSl G clelay)l as’ Jb jo sl (ioli8l ol 5 ol as 0 Fe i U 5y Jloud 53 (e g (slod &7 (slaeSay
Brd 9 OladS g > (Siajaw o515 ot 0 (LS (Fgliste JU8) J (LS g 038 420 ]y i pj slales
3 JwSis sla 2 ls Wog dalse aLS ide 8B SLIL a5l Can g budS Jloss Lol s saalie )0l
Fyo oS i 1y olo)S 55 TCI wibaio yf dows (awd (S SPI 4 g joboats 63,8 sl 1, Senls o)
b leadS 358 Jlod U 3 50 olijle ()8 dosd 9 (S 058 53 gy Ceodo CEIVCT g (iS558 Jlod 5 o550
Jes 9 (S Cgix g g olyar ddlaio 3 o> I ioli8l b LoY 56 ¢ blie o Sy < 4 ohaiile Gain g budS
by (euud Dok VCI an 515 50,5 e iS5y Jlod g oly5le wgis o 1y Syl i Gili8l TCT ol olis
D9 GladS Sbe

9 155y o (B llas ) & psblen sl guor b (lSingg Sl | Gl b adlae ol @l
oo pols g Al (ol ogMe Laiii ol jer  JlwSid wud yialS g il 158 L g s e lis SPT jasls
OohSer g (BBlas 2ols b oyl wsSee (Swmod o yldS 0 0pgdy o JloSid Jlas! Liol38l L SOT asls oSl 5
ol iels g (S (ol L (LeY) ENSO 5y 5B 55 oldllas ool )l callas (WAA) oK 5 Jlo o (VFAY)
Sldusly lag e

SIS SltasMe

anlny] A gl )90 90l 5 Blodgel Cole) ale Simghy ol Ll g plos] 3 1, (BT Jgeol (B sty
QU W g9 &5 Lo

Aizbly &8 )Uie Wodly Julo g tmggy (91 4ng dmedls (5pglaen 53 (B tung don

8o

S8 @le 2yl Alie cpl (B s b 5 L

Sb o

ol 00335 2l il VF¥ 5/A/ VA 8,8 o4les b gl ook 5l ool Bavee oSl adghs coles b dlie )

S ywlow
Dyden )yl (cale g (B Le (slajlas @l LI 4 p e gl ]

&bw

(sl slapals L bLi)l 3 plyseile joul ase JluSis sy, Jlos g 53l S8l (V) anb (Gl o8]
https://doi.org/10.30488/ccr.2022.359615.109 N8\ (W)Y ( whe o of lpis clo g

D oKl ellisl ey Ol Kool  wlidlpn 5 o (MYAY) WS ¢lgasel


https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

PP of o las I 0,50 o« amo Colpblio oy Ldd Sl \W¥

S o8l hlanl gy Gla ool 5 sduadl il 5 o dlay (WWAR) JS o lgsel

s TCLVCI 95l jtomi (65 ) it slopadls (ahlS oy VF4)) drams pplllas 5 400 ccs g S5 tdlo 3]
SR (I ame hblbie g Lihis (olp] 55530 Golio (53390 alls) urdge ol b JlocSizs o) > VHI
https://doi.org/10.22067/geoeh.2021.72253.1102 .yy¥

S g bl 3 JoSis g8 5 gudl odsy o B (g VTV a6 5 Lo ple (09,0t 0 ¢85 )9 Sl
https://water-soil.tabrizu.ac.ir/article_6429.html .\as-\¥Y (v)vv

p3Y SISl g (5,8l sl S 2 45T b ol Jlod it (S (slogyliol (s duylie (VWRF) 250 <5585 5 (336 e85
wohes  Slol Cuw) Lo 5 Ui (K305 o pdles repe (SB35l awy e
https://civilica.com/doc/395892

Pl g b Jlocsas p guil oy o BLI oy (W) dea ool 5 Sbico (st (QLiLA odlel L3, e
https://civilica.com/doc/1211110 XYN-YVY O ¢ 5/ iS5 5 coplo] 4 pii o)l oo Jolo (ol

Sl S g (gylel slayigy 5l oolitul b JloSiid o i (WWAF) O (e (sdolo g 4158 iS5 Seme Sply00 copms>
https://www.wmji.ir/article_697025.html .aY-¥Y (W)Y « )b/ dewsi 5 zug o . sonldl LobioS 5

Jlosis LNAO 5 SO (slacadle 593 51 LUyl (o (YY) 4l (500 5 (el gyl g omogls 10 ¢ B35
DR VW ol obi et s el dbe ey gl ase
https://dor.isc.ac/dor/20.1001.1.20089554.1392.7.21.5.9

Slaas i sl odatul b 5550 sl (65,5l (JloSits Gl (VP ) (e 5300 st Lo pale f(mmtanme (Slald sollogls
http://dorl.net/dor/20.1001.1.2322102.1400.11.3.7.9.5 « - =AY (¥)\\ « sl peteisds 5948 9 pole PDSI 4 VHI

5 olidlon o JloSits cladasuio )y (VFY) gy (sobluizg e o (oo o Sl pas 1n; ( SBlb 2,
s 5 Jlmeslay bl caisld 5 cedonsiu slacads) (pulidlyn disesysd slogSIL (T bl 5 (e ) (Se3soee
https://doi.org/10.22034/iwrj.2023.14530.2556 .\ « 5/p/ o/ iag s

Sl ol o (glod (o lael (VWAD) Chwgs ¢ gld) g yamdoste S «hLlGll pladl o g5l yud 03l gyl5 €48 e ¢yg g
(WY (B g o cblis (olo yingy dlo (Cubdgye cus paS £5l50 16390 dalllas) BcCawdid g usdgo (loylonle oluas
https://doi.org/10.22069/jwfst.2016.8864.2260 ¥¥-va

JlocSis oblbxe o pte 1 olod Lgy o193 1l wyp (Ve +) @i ((BBIIS g el K0S el Sliwd (6 Kuue
https://doi.org/  Yaa-YAY (VWA oxe bl copte (s)kise ¢ Jbuyles  olel 6d)50  aalllao)
10.22059/jhsci.2021.330273.675

b 593 5l B9 (couldl (slopite (p (Stsod (e (2 (WAT) ggen (o LiBlpdy g 0lg o lind fhenl el ¢ 5L S s fplacl M6
(Cj bamo 5 o qoildl 185) S Sl o Sl uegd (MB) (553 (s gy 4 SPI Jlusias (sl
https://civilica.com/doc/305632

sy yskaieds NDVI g NDWI NDMI clo ja3lis b )] duslio 9 (LST) e adaw (slod 3590 .(VF+Y) . sdte )guall i
(I3 oY saadlls 3)50 dibaia) (SVM) sty )15y cysile a3 (LULC) ool 68 @lpeis a8 L T i
http://dx.doi.org/10.61186/jsaeh.10.2.131 NYAYN (YN« (oo lbbo  las fulxr

Ol s Bes p elitlgr JlocSiis Ll gled glaasls 8l (Vo)) Lo, qupte 5t e Sllbs foaye ¢ ol pdomme
https://doi.org/10.22098/mmws.2022.9632.1053 YY—\Y (V)Y «SE 5 of g pdo g (gl fto

2 oolidlen Jockis L NAO § NINOA (cla jasls daily gy (+F) L) ¢ opto 5 donw e Slbbe So 0 ool phaseo
AYo—Vae (YWY s s o] e gyl s ol S slaolKuw
https://doi.org/10.22034/ws.2021.48311.2441

0asld Su g g (535 hten la)lgile Sl 6oy (VFAY) L Jadllgl ealiewen 5 el fm)S b el fhexee (e
DYTF (ODY ippliss” pwlidlon olpl b Jlod ojuly lalocsiis 5 ohy o5 sbr)maie 2 ¥sms®
https://doi.org/10.22125/agmj.2024.424085.1161


https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://civilica.com/doc/395892
https://civilica.com/doc/1211110
https://www.wmji.ir/article_697025.html
https://dor.isc.ac/dor/20.1001.1.20089554.1392.7.21.5.9
http://dorl.net/dor/20.1001.1.2322102.1400.11.3.7.9
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://civilica.com/doc/305632
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1007/s10584-008-9520-z
http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

\YO P9 2o ... b olp! Jlod sloylwl slo JwKis g o Sl i o LU )] fdi 9 41 ji

References

Abiy, A.Z., Melesse, A. M. & Melesse, W. (2019). Teleconnection of Regional Drought to ENSO, PDO,
and AMO: Southern Florida and the Everglades. Atmosphere, 10, 295.
https://doi.org/10.3390/atmos10060295

Akbari Azirani, T. (2022). Detection and trend analysis of drought in the Jazmurian basin of Iran
associated with ocean-atmospheric indices. Climate Change Research, 3(11), 1-16. (in Persian)
https://doi.org/10.30488/ccr.2022.359615.1091

Angulo, E.Ch., & Pereira Filho, AJ. (2023). Extreme Droughts and Their Relationship with the
Interdecadal Pacific Oscillation in the Peruvian Altiplano Region over the Last 100 Years.
Atmosphere, 14, 1233. https://doi.org/10.3390/atmos14081233

Arekhi, S., Barzegar Savasari, M., & Emadaddian, S. (2022). Investigating the Indicators Resulting from
Remote Sensing Technology in Drought Assessment using MODIS Images (Case Study: Qom,
Isfahan, Chaharmahal and Bakhtiari, and Markazi Provinces). Journal of Geography and
Environmental Hazards, 11(3), 189-224. (in Persian)
https://doi.org/10.22067/geoeh.2021.72253.1102

Asgari Dastnaei, A., Gandomkar, A., & Khodagholi, M. (2021). Self-analysis of temperature trend in
drought hazards management (Case study: Chaharmahal and Bakhtiari province). Environmental
Management Hazards, 8(3), 283-299. (in Persian) https://doi.org/10.22059/jhsci.2021.330273.675

Bayat Varkeshi, M., lldaromi, A., & Nouri, H. (2017). Study of Relation between ENSO Phenomenon
and Drought Occurrence in Iran. Water and Soil Science, 27(2), 143-156. (in Persian) https://water-
soil.tabrizu.ac.ir/article_6429.html?lang=en

Choubin, B., Golshan, M., & Sajedi-Hosseini, F. (2016). Predicting Drought using Statistical Methods
and Large-Scale Climate Signals. Extension and Development of Watershed Management, 3(11),
43-52. (in Persian) https://www.wmiji.ir/article_697025.html?lang=en

Davoodabadi Farahani, M. H., Sharifi, A., & Arabi, M. (2021). Monitoring agricultural drought in
Markazi province using VHI and PDSI indices. Surveying Sciences and Techniques, 11(3), 83-100.
(in Persian) http://dorl.net/dor/20.1001.1.2322102.1400.11.3.7.9

Dong, X., Zhou,Y., Liang, J., Zou, D., & Wu, J., Wang, J. (2023). Assessment of Spatiotemporal
Patterns and the Effect of the Relationship between Meteorological Drought and Vegetation
Dynamics in the Yangtze River Basin Based on Remotely Sensed Data. Remote Sens, 15, 3641.
https://doi.org/10.3390/rs15143641

Espinosa, L.A., Portela, M.M., & Rodrigues, R. (2019). Spatio-temporal variability of droughts over
past 80 years in Madeira Island. Journal of Hydrology: Regional Studies, 25, 1-14.
https://doi.org/10.1016/j.ejrh.2019.100623

Fallah, A., Khalil Ghorbani, A. A., Dehghani, J., & Bazrafshan, M. (2014). Investigating the correlation
between remotely linked climatic variables and the SPI drought index using the tree regression
method (M5). The Second National Conference on Water Crisis (Climate Change, Water and
Environment). (in Persian) https://civilica.com/doc/305632

Feyzolahpour, M. (2023). Estimating land surface temperature (LST) and comparing it with NDMI,
NDW!I and NDVI indices to investigate water stress with emphasis on land use changes (LULC) in
the support vector machine (SVM) system (study area: Anzali wetland). Journal of Spatial Analysis
of Environmental Hazards, 10(2), 131-148. (in Persian) http://dx.doi.org/10.61186/jsaeh.10.2.131

Jiang, R., Liang, J., Zhao, Y., Wang, H., Xie, J,, Lu, X., & Li, F. (2021). Assessment of vegetation
growth and drought conditions using satellite-based vegetation health indices in Jing-Jin-Ji region
of China. scientific reports, 11, 13775. https://doi.org/10.1038/s41598-021-93328-z

Khodagholi, M., Kavousi, M., Arvin, A. A., & Sabouhi, R. (2013). Investigation of Teleconnection
between SOI and NAO Signals and Droughts in Zayanderoud Watershed Basin. Journal of
Watershed Management Science and Engineering of lIran, 7(21), 41-52. (in Persian)
http://jwmsel.ir/article-1-259-fa.html

Liu, W., Zhu, Sh., Huang, Y., Wan, Y., Wu, B., & Liu, L. (2020). Spatiotemporal Variations of Drought
and Their Teleconnections with Large-Scale Climate Indices over the Poyang Lake Basin, China.
Sustainability, 12, 3526. https://doi.org/10.3390/su12093526


https://doi.org/10.3390/atmos10060295
https://doi.org/10.3390/atmos14081233
https://water-soil.tabrizu.ac.ir/article_6429.html?lang=en
https://water-soil.tabrizu.ac.ir/article_6429.html?lang=en
https://www.wmji.ir/article_697025.html?lang=en
http://dorl.net/dor/20.1001.1.2322102.1400.11.3.7.9
https://doi.org/10.3390/rs15143641
https://doi.org/10.1016/j.ejrh.2019.100623
https://civilica.com/doc/305632
http://dx.doi.org/10.61186/jsaeh.10.2.131
https://doi.org/10.1038/s41598-021-93328-z
http://jwmsei.ir/article-1-259-fa.html
https://doi.org/10.3390/su12093526
http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-07-06 ]

[ DOR: 20.1001.1.24237892.1404.12.3.7.8 ]

[ DOI: 10.66224/jsaeh.12.3.2 ]

JEeF o o ylads Y 0,90 o Aaxo Sl pblio oy lid i \Y#

Mirzaie, M., Amininia, K., Panahi, A., & Hammetzadeh, A. (2025). The analysis of the effects of a
teleconnection index and synoptic mechanism of atmospheric circulation on specific humidity
anomalies and droughts during autumn in northwestern Iran. Journal of Agricultural Meteorology,
13(1), 34-53. (in Persian) https://doi.org/10.22125/agmj.2024.424085.1161

Mohammadrezaei, M., Soltani, S., & Modarres, R. (2022). Effect of ENSO indices on meteorological
drought in the midwest of Iran. Water and Soil Management and Modelling, 2(2), 13-27. (in
Persian) https://doi.org/10.22098/mmws.2022.9632.1053

Mohammadrezaei, M., Soltani, S., & Modarres, R. (2023). Investigation of the relationship of NINO4
and NAO indices with meteorological drought in synoptic stations in northern Iran. Water and Soil
Science, 33(2), 135-150. (in Persian) https://doi.org/10.22034/ws.2021.48311.2441

Ndehedehe, Ch.E., Anyah, R.O., Alsdorf, D., Agutu, N.O., Ferreira, V.G. (2019). Modelling the impacts
of global multi-scale climatic drivers on hydro-climatic extremes (1901-2014) over the Congo
basin. Science of The Total Environment, 621: 1569-1587.
https://doi.org/10.1016/j.scitotenv.2018.09.203

Nepstad, D., Lefebvre, P., Lopes da Silva, U., Tomasella, J., Schlesinger, P., Sol6rzano, L., Moutinho,
P., Ray, D., & Guerreira Benito, J. (2004). Amazon drought and its implications for forest
flammability and tree growth: a basin-wide analysis. Global Change Biplpgy, 10, 704-717.
https://doi.org/10.1111/j.1529-8817.2003.00772.X

Rafiei-Taghanki, Z., Nasr-Esfahani, M. A., & Mirabbasi Najafabadi, R. (2023). Investigation of
meteorological and hydrological (groundwater) drought characteristics and their relationship with
teleconnection patterns (Case studies: Sefiddasht and Faradaneh plains, Chaharmahal and Bakhtiari
Province). Iran Water Research Journal, 1. (in Persian)
https://doi.org/10.22034/iwrj.2023.14530.2556

Sabziparvar, A. A., Fakhari-Zadeh Shirazi, E., Nazemosadat, S. M. J. & Rezaei, Y. (2016). Validation
of Land Surface Temperature (LST) from Landsat-5 and MODIS Images (Case Study: Wheat Fields
of Marvdasht Plain). Journal of Water and Soil Conservation, 23(4), 25-43. (in Persian)
https://doi.org/10.22069/jwfst.2016.8864.2260

Samali, R., Umm al-Banyan Bazrafshan, M., Bi-Niaz, & Moslemmi, H. (2019). Studying the
relationship between the ENSO phenomenon on droughts and wet years in the southern coastal
provinces of Iran. Iranian Journal of Irrigation and Drainage, 1, 217-231. (in Persian)
https://civilica.com/doc/1211110

Tabrizi, N., & Nagvi, M. (2015). Comparative comparison of the metropolitan areas of northern Iran
with respect to structural characteristics and sustainable tourism development opportunities.
Geography of Tourism Space, 14, 49-69. (in Persian)
https://sanad.iau.ir/journal/gjts/Article/5202267?jid=520226

Ullah, I., Ma, X., Ren, G., Yin, J., lyakaremye, V., Syed, S., Lu, K., Xing, Y., & Singh, V.P. (2022).
Recent Changes in Drought Events over South Asia and Their Possible Linkages with Climatic and
Dynamic Factors. Remote Sens, 14, 3219. https://doi.org/10.3390/rs14133219



https://doi.org/10.1016/j.scitotenv.2018.09.203
https://doi.org/10.1111/j.1529-8817.2003.00772.x
https://civilica.com/doc/1211110
https://sanad.iau.ir/journal/gjts/Article/520226?jid=520226
https://doi.org/10.3390/rs14133219
http://dx.doi.org/10.66224/jsaeh.12.3.2
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.7.8
https://c4i2016.khu.ac.ir/jsaeh/article-1-3467-en.html
http://www.tcpdf.org

