.

i!@‘; 93 Jl J/
S

s

s GIS

VEeY by ooyl ojlods (ool Jlo IRl GIS 5 590 5l romiw
Vol.15, No. 4, Winter 2023 Iranian Remote Sensing & GIS

EA=10

has, di.

ol 2 S5 Jolge 9 ©f @ilio Ol s Wig) Jukxs
Sloylgnlo Y guazo 31 solisuw! b oyl 1 (635 po M3 3wl ddge 4o

Yo . ). .
s> sodlnl o)) o 1T hgS cartlpl e
S5 olRils ddl sz 09,5 590 5l Ghamis Jlosbewl
e oSS ¢ sl qlin BASEIS e jlairs swsiigs 5 pole 05,5 (lSjoble letdls Y

VENCANY wallie (il gl VENFIVY iallie el o )6

PR

Olalidl o] ada g Sman Gialidl g g SOl oyt s Ol mlie G2l 5 o8l @l s Lo (ol pl (655 0 M 5 ] Ao
Sy oinls el slo,lgnle suie SV gama (3g1 s )3 g 590 5l iomiw (IS el dxlge O dyad ol mu b Koo sgm;l Lolis
leslai il b eyskaiarysas ol 00551 wl )8 colio <35 b1y tn) s g (ombaw O olio 055 ¢ oo 55655 (sl yial,l lyss
SIS Cosb ) 03,05 g e oo (5L Gezmen (gl e b il )l ol (glolgnle Jaaze 003l (il & | 565 &bl
Cil,d VoYY B Y glol e 85 4o e ol sloo Sy corle 5 LS 23y asls (GRACE) Joleo o coalinss by,
L oo oy Lo eyl oyl Ol i 05y e s (5 a5 5 IS — g0 Sl LG 051 51 eolail b (s s (55Lwsoolal
ol b Slo a5 T slao Sy colus 55 g ol ) O o sla Silis 5145 ey (25 Ol Jool> gl s axg5
9 Joiliy 3,05 5 s g JBlos slos GiSlas gles a5 Jl> o wols lis |y s poe g (c2alS (gaig, (S Cugb ) g sl (xbas
A8 cwl ail ol alS g aslis (ol slee S colis (EalS of 4 09 (6o cme Liul38l By, SKilo NDVI as-Li
8lgale Jyame (2alS as) 5 amo e L 1) (raj ol wlie Sl agy 0 SBlon 5 65,5laS DY pame CuiS 5 el 38
3,08 3925 (I8 cme (Srad (2] (loo S Colus 9 S Cugh ) iSTas sles (JEla> sles NDVI sla el )l

2l oo S ¢ ey O lie o xbans Ol il ¢zl &l IS il 1S Wigy «y90 5l i (o lgauds

SYOTAYYYARS :0als Y10 b1 ecabel Lol Ll i 05,5 w5 oKl alio o) 00iS 4o bony g5 *
Email: Mohsen.ebrahimi@yazd.ac.ir
https://orcid.org/0000-0002-2756-0388
https://doi.org/10.48308/gisj.2022.102889

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and
conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-2756-0388

g odlployp) g (wgS (o] il iz

ol el o5 ulide po Of il olgy 5l sl
Jols Slaalis g bosls wloly Bro S5 5 sl
ol ool g aig o e sl 5 95 o0
5 sarecons ; OISl 4 g conl slaizl g (golaidl
yobdn o)l 2l 1o siwsml B aSeslanul
S Sielg s slo e 355050 (SleMbl 4y ol>
Wad oo JSi ) (SAS 50 (Sodlg e 52
st 8 5 oS 5 oo Jsb 5o T e 55
Ol e Bbite oyl 5 so> slashas ) &0 Ll
Garcia et al., 2016; Hering, 2014; ) el ;L3
ey 6Las s 5,105 ol osdle (Walker, 2000
(Sgle s sl piie jl (4 wiz) Dae Yok
©9)5 Adyedny (JLSiS b s Jlaz 35 6l
sl g s 0p 5 pals 6l i sl e
«(Serinaldi & Kilsby, 2017) ,ls &9 ,5 o]
AL e olSslr o cslolsnle 5o 5l i
G LS ey O)L sleasi s gl (eSS
&= Lo gblio g 9 190 (55l 5o 9 9,00 1938035,
4 ,ol8 slo leale glaoniziw .ol wyiws,o
ly! oles L5 oitnn o g udiions (5 55031001
B g P )b Azl il S3glg e 45
oo «SLS Coysb, oWl g laazl o ol gl
Lettenmaier et al., ) Los 5 (o)) 9 =) o33
5 (2015; McCabe et al., 2017; Zhang et al., 2016

Sl e by walate glej (sla sy ledbl wiiles o
Ol Geres s 1,3 (1St 9 L)L
jlanles 0 (sl Dledbl &1 4y ol boduzw
5 Jem O97e0) (ormb LM p )l g Ol o pae
Van Dijk ) axtws LesT o j5ee &l il g (JlSas
OBl g0 51 Lol pogdle (& Renzullo, 2011
S5 155,9tS N game w g Sl 5 il
S oo wl B 1) Ll o)l g (glwe S (alis Slge
ey il yo gl g Of Coial il (ssmuias

«(Dalin etal., 2017; Jones, 2009) sy, -~

doddio —)

L3815l o) 8,5 ae, S g, & azgi L
Sz ol glie S pae ol Sl 5 lalls
S5l Sl gy Jladar ot o Sz
wdlage 4o S8 g gawelal Ol B o (Ll
Aol Olyess g o glaslas ol Jlgld Coenl
09_12 L_sJLM&‘“}ﬁJ‘“—“’ u)j_wA_s ASU—‘ 2\>).>)o
a).n.\_u.MAT LsLmW BERSIPLY “_,;)Lm)‘ LsngA.JL!ﬁ
coolol Coal anwgs jo Ol cplpla ansl asls
Jo plosles Sl &gy SBlaal 5 o1 (2ds ol g o)l
.(United Nations, 2016) cwl so—i a3bd axe
shils Bblie ,o (ol drwg lp ol sl cupoe
o5 o tlle b wasSlyy 5 i by (sloes
LU glaasis (blo 5l (6 ke o el axlge
25U g asleasSTy el 6),0laS 5 owlislong]
(s=8ly Lo 1o (6 S puenal [0 (ol plin g aiylo ol
Llvs a5 dang b5 3blie 10 05,0 e 5,08
SealS doas w5l wledlbl Jlade oy i 4
5 S3o0iS )l g (culidlsrgo] slaass sluss
(el 5 Sl 5o polacs g laSale s (i
&l @L..u‘ VEINEIPREYN 6)51&‘".’ sbesle s
Sl Sosl o lel Lo las o i 9 il
.(Fay et al., 2017; Lorenz & Kunstmann, 2012)
P Sledlbl gaclai a5 Hg0 5l Lo idls
Lglc\.ml_,.a.:u_: Lglm&,a).é A8 dao ReCS 6]4 ‘o)lybl.o
ol ol e Sy pae 05 5 Sl sl |,
&5‘)—’ GAJAJ 9 JW &s‘}a ‘Q—.’.‘)—."’sy-‘ ] 00)5
Jlz 50 Glojlsals (slaosls sl eolail g s s
5 e (sl il ylid (slagsgls 1 ol tals
508y yladble ay ledbl gl oyl 431
(Sheffield et al., 2018) wuS' o w2l 3 Slaces 3

5 il (Foiglgpoe aaad Slds )0

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

fY



w0l 39 P50 Jolse g of @il Ol il gy Sk

a8 bl (Ashrafzadehafshar et al., 2016)
Eftekhari et al.,) v o cis (Faraji et al., 2017)
Soleimani Sardoo & ) o d,> s (2019
Hafezparast, ) ol_iile,S Ll (Azareh, 2021
Issazadeh & ) a_og)ld =00 &_54> 5 (2021
Lo i gim ol s s )57 oLyl (Argany, 2021
Gblis (olad ;5 e ol e (rals Sl
Lol Sl dns g0 b wadoly

Shar g 0 5 WSl ol bl cu o
Byl ool flaizgs Gl HalS o (] a8 550
adly e Sid e ¢ Sis dalaie o ol pl jeaS
9 le_m.o )l c)‘}o.m )Lbl.’ ;_)" éaLuo L ij.»...ob 9 W)
2wl 035 1 55665 sblie cwlul slo il
IF sgu oot b 59iS slos (1l 3l Ao iy
L (ol olie 5 plali3leans p Gogends 42
o H5iS glams JluSas et li (eaS B VYAT
oS IS b y5iS (958 B yley of 51 g o0
(;b . )5.‘..5 fw.\;m k.)" élL».Q L 039 4?‘9.4
A CsSCoyie 0,Lde VYO 5l Bl Jlw 03l
G S Sl .l a8l zalS CaSle e o, LLe
AJL:JLHJ ‘f..'>| G;‘ JL.» 0d ‘5|o ‘fu =Ry u] Q)L‘zo
4SS glasgSan ogn cxSayie oLl O o0
cnSo i 05Ldie B0 0 350 fgazme ol >0
b Soliwl 3 5l e o 0 Lle VY 5l i
549,00 edls ool 4 Cass 5l suej o
slaccis slasws cowl oas cel (s3> Y3 rals
Fea o IYFY Jlo jo sace ool 5l ¢j9iS ggien
STV e jo (eSS e #0955 el

1. Standardized Precipitation Evapotranspiration
Index

2. Merged Dataset Drought Index

3. Normalized Difference Vegetation Index

4. Palmer Drought Severity Index

5. Thermal Condition Index

slagiagy 5 Slllhas ggdge Cosal 4 axgi b

g2l mlie Cupae 55250 (ol )0 jd go0aie
oo oLl cislolgnlo ol 5l oolizal by o iy
Jasis slaaasls ol claslas 4o ool
L ol ml 6550 o8 sy pl &g )0 (655l
(sl b 5 o sl i il S 8 lgnbe 51 enliul
Bkl b ol 555l JLStS a5 s
=l slwosls (ol S 8,33 dgaS L
Cewsasy "(SPED) sluitial 3L asli g6 lsale
i andllas 0550 &b wlowloe ol ulal s .ol
Oyliie (5oynS g Lo b L) g5 plas Jlsas
Sad 5 SLSe mSlej anjs 48 il ey
Sl KouSo b pasls 9 o 5l Jol> Jlsas
,o (Nemati et al., 2019) el ools (Lis |y o
lposls Bl e 1L ol (S (claalllas
2528 s Jlasis b sl slojlgale (oriw Ji
soialesl glaosls JuSis asls ol b ool
e s ol i s gl i 2, lae (MDI)
"INDVI) LS iigy (a5ls slo,lonle &Y gama
oolial o slolSiy] oMbl 5 ugols st
(WP RV A CHOT RV KW T CHICOWA PR
Sl JLSis e ad Sl o luliul asls
PDSI 3 MDI _asLi gl .o,5 asin |, (PDSI)
el YO L YA gl b JlSis s,
,o (Farzaneh et al.,, 2021) ols s zg—sgam |,
)l US55 Blles clolsnls slaosls 3l ,Sps ingss
5 b ) ooy b sles NDVI (jgoman (ool
Lo Comdg pazl ( A,k S (xhaw Cosb )
ot 3 Rl 6l 135 5 e 5 “(TC)
i S s (I VB (o Ay s
Seyed ) el ouis oolaiwl o5L8 — cmac dialise
.(Mousavi & Akhoondzadeh Hanzaei, 2022
3 GRACE 5,lsalo (slaosls 15 goozio Olallas
P i sleo] mlaw Slilwg Ly of bLS)|
Ol oz Al ezl 5985 (9565 (3ble

Ol GIS 5 550 Ol Ghadew
VEY Gl ® aslgn oplad® ann il Jlw

fy



g odlployp) g (wgS (o] il iz

Bl o YoV L Y8 cla o b i s
(Y-7) lSen 5 oy sl ol &) JS55
15 el s caugie cas b JLSis gods 5l oLt
SSen 5 69,505 (5 ,mlb dalllas o8 Yo VA Lo
L s ool &) US55 Blels yiey 1 a8 55 (Y- YY)
Jlw shacwad pgar VA oo Sley (gm0 5l colaiul
sl ials Sl oo ol YY) JLo b 144
Wl Lol 5l gloass> oles o b sla]
Ol 5 jJE SR o)L s s o
2 =l slee S ol Ol &g, 55 (V019)
VOORY 5l ool L1, iy 5o and Sl 30,0 A9
23,5 gy o] geai
L ass e lts a235 slaiagh 2 59,0
Ol 959y sy Sl el lasdllas (98
i 5 e sl gl o H5e sl sl
SV game ool wl U ol ml (6535 10 3 0l s>
S5 B0 Slallas iy 5 Cel ouzs plol gl lsale
soge 3blis )3 (slojlgale sguze Jpaze wix b
ek g 0310 g Z8L 0 1y Gl l oLl re Ay
Ol Bas gdge Cueal 4 az i L g g cnll sles S
Sl Ol S 9y SS9 (op 2 B9
W ol Adgm e ol b 5 (2 loo,Sy
L opeiS 51 70+ L yir corle L eyl ml (655 50
Slojlsalo DY g axe g osls go 003l 5l oolail

] u,..).‘:....;.))o

L gy g olge -

aslllno 590 Ailaio —)-Y

SIS gy yioskeS e laV 17 5l i Camg b )
ol g ol SL Ao b Lol o pl dog> i
gl oo el 90 A )0 EWEPES — loas s>

1. Pouyan

2. Taheri Dehkordi

3. Deng

4. Yangtze River Basin

Climatology Research Institute, 2016; ) o—l
Ebrahimi Khusfi et al., 2016; Research Center of
slag, ;I .(the Islamic Council, 2016

Bl Gly a az gl Cenl 5 O 550 oS IS
5 geme Salie sl s)asly 5 95750 o Sgucme
Caalo (55,3laS 5uS ran (sla o 4 Ll Ay
R A P )
Lo cole L es3S o 36 5, ol &g
75 ol el fton (o ye ieshS laAYY
Gl seix leaisls Jolds ddg> pl o)l idg
295 9 D glacds g (S (B8 slaasels
L e 8,0 YPIO ol (550 (e 9 9500
L5 )5 By FA il Jobo 5 Lo 0 YA
sl B o sl oo adly B, A s £VIO
9=kl il Gmez b 0l FOF (635 50 DM
St 5 135S (5 Cpmaz 10+ Jolno i
SOl YYY o)l J13 oling, Comex 85 (ygukis?
odls &bl ase> (1l ;0 5 jeiS Sldlas s £+ Q
L 5 Eaton Comdg Calid VAR wlasd (pl 5l as col
Center for Development and ) oz ls Sl,o0 e
&b 3l ass, o cile, (Foresight Research, 2021
5 iy B 9ot Esly (s 5 (e o]
o=l o see S s Glaels coluwe il
) 18 Ogedeel? 39> (e g 358 o0 ladilate
REX P e o ERGIE S}
5o «sloylgals pgloar Slay (g 3l ool
sboa)lpl asoils g (GLSe Lol e
J5F ol aied )08 (Al g ales «(s5lue 3
Ay o yiowd 5l T slaslel s ol &)
Oizmed 9 lojlgale (5555 (slaosls 5 DY gaze
Uil Ban b wlels ol 5l eolal .oanlysl (b3ls 5
9 Oldiize 8o ]38 4z gl 5,50 ol mline Copoe g
Sy sy Sl 4285158 5 UsS ] KA
oslial Uy ool 5o Jlasias Sl - oy &y
Cosnd) glo lsale laosls 5 JLSis gl asls 5l

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

¥F



ol 39 30 Jalse 5 T @il Ol W9 Judoni

5 solaidl slaojys ;0 6,08 15b Jdoas ¢ onldl
ol g (sla e an Lagyl il 5 sl
@l slojpe 5l 13 Sl 09 coi Sgaome (535
b s ol Coiel Lasa 55 )5 wlidia yo 9 o
5 eonlpls (Afzali et al., 2020) wes )3 56 cos
jreay ol 63550 O 5y pl Aog (gl 0l
bl i Cabige a5 0 Sl aallas 5,50 dilaie

ol o o0ls lzs V S 0 o]

ooliiwl 0550 grosls —V-Y
Slolgale OYsams 5l ol rgh oloslxl sl
Sy 5L b opanl @)l 565 dleles 1o i o
aazg b cul ool ool YeYY B Yo slo Lo
el Jdsw g il gl oS i oy b Ceen
UY}AZA 6&7[0)3 KW uL?u.:‘Y'\q GY.-Y LSJLG) 3)1.:
sb)’l_j u-)‘ 5o s(\ Jgd_?-) ool ! S)9—0 Lg“SJljb‘_n

el Jdoan (55550 SO ol Adg> (il
2y siS 5l 5l eSSl g Sis
JUL VRIS I SO WV IPVIC TV S [ W I O v Ly
O Lol gl (B el H9iS slaass>
&3S 0 o pl dogm )0 ldl poss ol slansly
Courog r:a‘».\.'i Sygeo )0 PLy Dy A S u.’l a ‘L)‘)"‘
S o sl o> )0 oo bl i lanaly (b
0,5 dalgm M iw Lzl o ol g LS
Ay o o—od8l Ol s (Kavianirad et al., 2017)
S i sl sl 51 slo ez ool ) LSl o
sloml g ey slool cnasS el (3L
ol jo g 0)ls ol yenan | sl g loix! glo il
,JAF o 5 HeiS g dsele Gy 0 (95 L6S
Slrl pamed (b W) pglas D5 y0 o5 slagS e
(Karami, 2021) a_& aalgs o ,l, il o

slaglz 5l oo gl laaaly 2l50me Cud b

Olnl 655 0 M 5 dbg _daslllas 0,90 dilaie Ll e CosBge VY JSS

Ol GIS 5 58 51 i
VEY liaad® aslen sbadm annly Jl

Yo



g odlployp) g (wgS (o] il iz

pll il &)l 568 lolas (g9, Wosls olas (33105 9 28l o) Gadios [ oolaiwl )50 lo,lgale DY game g laosls ) Joux

(Sl 00
Sloylgale &Y guazxo ol Sloylgale &Y guazo oyl
9ol ] olKils TerraClimate SiSlas g JBlas sles GRACE TS
T o€ s ; s GPM, CHIRPS, TRMM,
sl | olSiils TerraClimate S cugb, \daho, Precipitation b
salay] olKizils TerraClimate <Ulg, MODIS (MOD11A2) o) g sles
salay] olKasls TerraClimate obsS zoedsb 63555 (i MODIS NDVI (MOD13A1) LS e
- _ "‘ .- - . .
MODIS (MCD12Q1) & e Sy el salayT ol£zsls TerraClimate ekl
9ol ] oZiils TerraClimate (b)) Jlses

GRACE 5,lsalo
old o 1y alabe a5 slacs el o)lgale oyl
dad e a8l Ve FoY ) by oSl B b L
ol Cwleor slaasly ools dcgama ol sloosls
aasg Ll e ol as s s T« Jolas
ol e Tlow o Ol (05 Ol
Sy LS 35 e aw ) Jgmazme (ol i oo
350 slosls (uSilas 5l e iagim (nl )3 WS (o0
Bl ol8zyles] 5 (CSR) Lol3Ss olid Sliios
=3u 3S]he cnl el s sslizul “PL) Lok e
Y v &Y gz g e GRACE e &bl
S SIS Dpad b g abale Sloy (lie yo 1,
Chambers, 2006; ) oS o 3Jsi e VINVYY-

.(Landerer & Swenson, 2012; Swenson, 2012

galayT ol8isls TerraClimate &balo &Y guazo

5 —oed8l slosls a_cgazs TerraClimate &Y g—ases
L a8 ol Sl wlidio o e rlans 51 2lgg]
08 L Gl ¥game i 2lopg) 9 oS S
L§U° Jj_»am ) WorldClim <YL Gal_ia S

1. Global Precipitation Measurement (GPM) v6
2. Integrated Multi-satellitE Retrievals for GPM
3. Equivalent Water Thickness

4. U. Texas / Center for Space Research

5. Jet Propulsion Laboratory

J565 Alals aivgs (o s )0 dalllas 5,90 ddlaie (gl
SYgarme 5 polal il (ublhais Glacgerme (a0
oS s o pKha 1) S sleosls g slolgale
5 Lo sl B allelw ol aes o )8 sSLsS
Slnpliis 5 |y Lnods 55, 355 ol
gl 4 5L g o Sllglr 5 o9l (smmgiadliy
(Tamiminia et al., 2020) ceul 05,5 ol,8

(GPM) wibale b,
oS wal ln slolsale uy9ele 'GPM Jgame
15 By s L labe 5 als, aeluan laosls
w3liiul 5,50 'IMERG iy 65| .ol (g usls poo
obed slsosls 5l i)l Jo—ame v Jgs gl
GPM icgome jo Jlosbyud 5 Jlosd clmonize .
(9 S 0, S GBaca L 0,631l oS o oolai]
S5 slajlpl glasysly ooy 5 plsol
slmosizmiw 99,50 slmosiziw (3—ren
ol GleesiiSo sl plo g aiwphl e ydossle
oo Lzl )l paiz o )ssl (nl g, 00 S5
vy )by 5l asdsl (60,91 ol a5 (g52viay
boosls 5 le plo (58,5185 b 5 3250
2l ok Jyame 5 035 o 3803 1 095 sloo sl
OB lcebe p e s lbale ulide
P8 oS s e e MINTY Gl SIS

(Huffman et al., 2019) w25 o

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

\td



w01 3 50 Jolge g O @il O i Wigy Julows

5ylgalo (oS 5 (oo buimiuw i) Gikbey £
(MCD12Q1) 15T ¢ 15

g bl (Sloj 85L ) (e haw g £98 Jyarme
L cooiion )L ogline (ganail sl gy (bl
bz gloosls 3l waily Sl S &o,a8
oml 53 dg-iee auds ST 5 15 8 lsale 53 usle
Sl Tl Slbo S orn by NS 3ado
2l slee Sy ol B Ol i &g, (o)
Friedl & ) ot oolii ol caslllas 5,5 o dilaie
.(MCD12Q1

OB g, -Y
Jt 0 (i nl ln U gy sl B jloges
sl gl )l oz a3 o cul oals eols Las Y
83k )0 B Ol Gedey S )0 &S ase 5 (ool
Syl J5 68 Bllw 5IY-YY LY v e ol Sloj
A az g b e 0l 28l 0 albale & g0 ool
lojlsalo 651555 Yy ame Sloj 53l glas
Syt Sl 5L Upeay YNA L Y-V o Lo
slaools 4 aslals slaosls olas g ol bl
Syad Ooldy 4y Az basads o sl hwgle
5 sloylsaln 5 1osS Vg ame SLSe S
L ey ol oo (ol a0 il i 3ol
(Jygmamo 5 lailwl Sy olal 5 ais g5loluen
Js—aze o] Gl b 5 alale (::Sls dnlro gl
A a8 F s sllhas 0,50 ddhie |5 50

1. Climatic Research Unit

2. Japanese 55-Year Reanalysis

3. Actual Evapotranspiration

4. Reference Evapotranspiration (ASCE
Penman-Montieth)

5. Downward Surface Shortwave Radiation

6. Enhanced Vegetation

7. Terra

8. Land Surface Temperature

9. Climate Hazards Group InfraRed Precipitation

10. Land Cover

11. Aqua

12. Water Bodies

5 'CRU (YL Jlo; Ll by SlSe S 03
Sy9e SV gamme 5 S s ooliul [JRASS
FYPA SLSe LS @03 b iy ol 5o solial
e SAET) (lly 3,05 5 et )l le e
Pl Jesis s (asls SPET) g0 3,5 5
$%9,9 Lel— «(Precipitation) %, (PDSI)
los (Jolas sles H(Srad) o obisS zge ok
Vicente-Serrano et ) S cugb, 5 by, «jiSTlas

(@l., 2010

1 5ylanln L dlos oizio plos sl sl
(MOD13A1)

NDVI _alS asls g0 yolis MODI3AL Jyame
15 e sl LS S8 o3 L |, BV
8 Ol sl )0 059,00 5L Sl (slosls
el SNl eSon o 5] @Sl 0w e
(Didan, 2021) sl _alS clo sl 539,00 5L

Y155 55al0 (dLs uiomioms (pan) (oibanw (sloo
(MOD11A2)

e 335, iin S0 MOD11A2 s oo
5 Ly (25lS i M(LST) (ny o
8 Oty )it ) e e eSS
aS el ol og cina b5 sl Jds aes o
5 Bds ojlgale o) 03550 (o gm ojl cnl plngo
Wan et al,, ) 0,5 o0 )18 595 (6,1, cadls s
(2015

CHIRPS &bl o,

L Slez Uiy 85l asgaze o "CHIRPS Jgama
Gl L aS coul e 00FF JLSe S8y oyl
laolfiyl slaosls 5 sloylsable 30,5055k gbaosls
Funk et ) oo oo ddgs cilale Jloj 850 10« s
.@al., 2015

Ol GIS 5 550 Ol Ghadew
VEY Gl ® aslgn oplad® ann il Jlw



s> oplpl o] g (huwgS (ool (o

Ny slyloges @l 4 azgi b s ol o5 o

9 e IS e 9y s sl eyl ol s
G Sy ools &5, &b JIS — e (903]

5 o ol Ot g Sl Al drngs g by (S
Kendall, 1975; ) o5 ,S & yas |, o] JlosS s
5y 9] ol s o,L3l a5 > (Mann, 1945
15 00 s 45 Sl Ul5e sl 5 5 el LG
(eoldlen o (Se3slg e slas s s, el
Srivastava & ) aols slod i w8 g Jslaie 5,5,LS
Sl yhio o893l ol ,o (Saran, 2017
5 Slmodls (Sloj (g )3 gy 3925 5 g ol
Sogy o9y SV (Ghe (58 9) ) B8 Bndy
Ol B IS — e gy 50 0l esls (6 o
S99 X1 X2, Xy O ygm0ds Sloj (6 Sy AT ]
(V) alayl, sloolaiwl b JlauS — e Q}A)’T S)LJ KN
kg f ol ol 000 o Al
(V) alaly & ooy SGN(X) Codle b 5 willaalin

Dol oy i

gy ¢ JaS — e g3l 5l ool b suams pl5 o
Sl )b sxe zohw )0 b yial)ly soled Dy
75 e oDl o el (6l 0 )
o ot 0B85 Jdoar 28 54 e
b sladsly § Sisded g Sas o8l jo 1l )
Sl JluSis Slpets g, L)l (Sl
9 el Gl by, g—taiaipa—y o)l Ly
Sl 0y 2lo)l sl w5l L
o oAl sl 0ad 7 5kas olily e (slo e
Sl 3dlo 5 ol 258 @l Sy 5l Copns
Ll L g,y Sllie 5l o polie 4 S
2 bl oy, 5l ool 858 Judo e &
Olyesd bl wlalllas )5 el Ly ol
Ghorbani et al., ) cwl i o Bl gla 2l )l

2020; Hejazizadeh et al., 2014; Imani et al.,
2021; Mazidi & Bahaaddinbeygi, 2021; Omidvar

- sJ‘J_»S - J.;j) ksubuyo)i (& Salari, 2013
. ¥ Y Y .

sla iy, 3l cmiy g e ¢ 00 Msl JlaS

Slemdas Slallas 4o 00 ,xud 0,05 lls (5%l LU

(Ghorbani et al., 2020) «g, oo

0010 Ly 4 | \&! Ty )
b ool S i Sloj odgazme yunas ©
- Vo @ dilale sl 00, ;e
o3ls (53l eslel © “ el slo osls oo
IS e ya51 @
Sl 2y O s g, bsla el (o (Sood 5y @
3505 5 Jolazr oy @
e . G5 Azl gt g s @
6t =2 9 9

S oadpll anl 3 Y Ss

1. Mann-Kendall

2. Modified Mann-Kendall
3. Sen's Slope

4. Pettite's Change Point

Ol GIS 5 50 51 Gt
VY e ® alen sslad® aasl Jl



w0l 39 P50 Jolse g of @il Ol il gy Sk

X — X, .
Q=%,:=1,2,...., N ©) ala,
slaila) yo ools ol i Xs o Xp clolas ol jo

g saeaplis ol hte jlaie 5 (Laal38l W) Sl
ooy cadai bgl oS 5l cod uesd
o oolaiwl )1 (6,0, slesl, 55 g JuuST 5800 5
(Salmi, 2002)

O (Khmed oy Sl o2l LS 0
Iy &lo e (2alS b caulidl wig ) a5 ol el )l
Lo 0 (SKiviod s il Hloged wiisly ol
39 s ylo Hlogad g4 ol 51l aqi R I58le 5
Syl o BLI I ololid gl wanie Slallas
Ebrahimi ) el ouis oolaiuwl eSS Y
Khusfi et al., 2022; Mostafazadeh & Zabihi,
.(2016; Zabihi et al., 2017

=L -f
sl el ol s oy, o)l 5l J—ol> s

O PR ¢ Jea= 0

n-1 n
S = sgn( X, + X, (1) abal,
k=1 j=k+1
+1 x>0
sgn( x) =< 0 x=0
-1 x<0 (V) abul,

SIS Jae 45 3,50, 9051 ol ool

5% 53l 052y Wig) el Bl jho b (5l e

2 g adlsS (o b gdgre gy (D )ygoinl e

Sl Jlayi Z peiin 51 cig, (390 sxn (39031

35 (Ho) yio o8 05 oo ooliiul (1) abal, b

Sl Hr (58 5 005, 9505 Sl SIS -0 (3051
(Salmi, 2002) ¢l &g, 3529

z-- 371 - if $>0
(var(s))?
0 if $=0
S+1£ if S<0
(var(S))? () akal,
Var (S) ={n(n-1)(2n+5)} (F) ala,

O o (3905
C}.Ia_u )Q “_A.»_m G)bar;"'“ 9 Oj_w‘rn 4.»_.»[7:9

D5 oo dmline (B) alayl;y udo aosls

O e 5 a5 g IS e (gl @l Y Jsax

JIS —p0 9031 (s S (0
Lusgin) yuio Bl ool S o
[CHRIM oy - o ) ) b b b
- Z 505! g Qs .
Solo o 788 bl 784 ylaobl!
(Qming9) (Qmax99)
GRACE (cm) iy o s -BIYA - o oials SIVEF -V/¥ag ANV
NDVI S SR A o o il feeey feeed feeey
GPM (mm/hr) ook <0 shals ofoes IRYRRY oo
LST (K) o) e sbes VIFE eialydl [-¥- 1+00 BATAN
CHIRPS (mm) ook “IvY ks NN -f/AvY Y30
TRMM (mm/hr) ook LY shals IRYRY 4 IRYRSYUN ool
Idaho_precipitation (mm) ok / Ky gk [+ A# -YIVEY OIAYY
Idaho_aet (kg/m2) By 3,5 g s / B9, Ok -efee¥ -Y/aNY FIASY

Ol GIS 5 550 Ol Ghadew
VEY Gl ® aslgn oplad® ann il Jlw

¥4



g odlployp) g (wgS (o] il iz

Y Jsazdalol
JIsS g s30T O s S (o
Lwgio) yuisio Pl ool Sl oo
(43l oy . o] . . b b b b
- Z pgo3) g Q (o s
Solo o 788 &lued! AR ]
(Qmin99) (Qmax99)
Idaho_PDSI ol JlSies was jasls - 150 aals - YF ERIATA QAL
idaho_PET (mm) ey 3,05 5 s VIAY + o il TIYYa SVIASY AIYFA
idaho_Runoff(mm) <l -+ IYA sals -] VY - /00f SIARIN
idaho_SM(mm) SB Cushs, YIYY * TNty S/aeA S\ /AvY SNy
Jsb 5359 Al 6
idaho_Srad(w/m2) -+ [FA el RN - /fY0 <IYYY
obS 9o
idaho_tmax(C ) Sl sles Y + I sire ol /- FY -/« YA SNY.
idaho_tmin(C) Jolas sleo Y/a0 * oo (ol NRYZ) R JVFY
water_bodies (ha) ‘51 zsbw colus -V/AQ + g srals -Yavy/vYyy EatsZAaN YYA/OFQ

0= /) gyl ge pawt 0= /0D (gl ge maw® a= ¢/

VGl sme ™ a= )oY (6)lo ge rlanttH

aSulandazg bl VYA Y- Jlo 5l
slalo (Sl Ul maw ol ot slins Loz
YooV slaJle caze slajlode coasl YoV« BY -+ F
slacl mhw (539 5L logas ol ;0 YoV
Obd Lo b3 b uli3 o | ol (5o (e
=V USS cl ooy calS o)lgen wig, (pl g a0 co
Saie oy it S oo o)Ll S Cogb polie 4y &
S YA Jlw 5o Jlaie cpieS g YooY Jlo o
idlS S cgb, &l nss S adg, .l oalls
B G0 5 e ol 0 ¥ S5 0
G il oo ools las ol ! (635 e SO ddlais
Jw 5lenisy Gl g ol (g2ali8l (IS s ¢ lagad ]
ol el o8l g in s L YN B Y Y
Jlo yo ke o yiin 5 Vo0 Jlo jo jlade o eS8
g =V UK g0 Y Gl S ol sols F, YA
sl piSlas 5 JBlas lawgie LLIL &l s 034, 4
TV gV sl jo oo o sl sl
R i g 00 S S Tas gles lade iy
00wy CSas YNl (o 50 JBlas sles lude

ey DS Slesd @l 5 ¥ Jgoz 4 axgi b
Jg_..azn) LS"T lea_w IS TS O g (GRACE
Conl (5;‘ 6[.&0)& Coluw )f.uLu as (u.oéLa 3)‘5AL4
C}Ja_w 5o )‘Q‘fl.bo 9 ‘_,’_w.cslf 6&35) S s_,oj.'a) 9
Jy—ame) Jeily 3,5 9 5 5 Bl Lo
a0 Silo a5 NDVI aslis g (golas] olKasls
shls woul 655 0 o8 dilate ;o 2LS by
Sl s Agy cdalol [0 o lo e o358l o
el o0l 00)5] &,ldgad O jsody saioly DY g
O gim ol o 4 S lolsale DY gazs ple
Al gre e sl b sals ( Liolidl Wy ol ls
o=l A azg Ly el oals ool Lus NDVI alS
Bla> g V12 Jlo ;o NDVI Jlade sSlas ¢ loges
a5l soludl Glasl Ve oA Jlow yo o] Hloie
aslllas 5,50 Slaoj 551 Jsb o a3le cpl Jlake
o Y U el ialbl T S g sl g
S35 e LS diaie s ol 55 sl iy, Sy

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

O



w0l 35 S50 Jolge 5 of qlio Ol ks gy Julows

i (o b F 9 O sl 5B 5o
=l dg) s &5 celonds jasine ole bl
Ayl gre aalST L

L-,’_IT Lo, S Cole Ol pnss adg, ¥ S

odmsy Sty Vo VA Jlo 5o o] 0y Ve 08 Lo

YerAG V-0 oo oiolS ol o yiien g

ol ools

Zogb, GRACE Jsame NDVI a3ls Jolis ¢ jlo sme (2alS b Lioli8l aigy glyls sl el b &LILs ol s 034, VY IS0
Sl sles g Blas sled ¢ il 5,05 g juied S

Ol GIS 5 50 5) Gt
VY el ® alen sslad® aasl Jl

o)



s> oplpl o] g (huwgS (ool (o

140009.00 ~‘

Year

(Cosl 00t g5 SIS —y0 90)] (slin s (sl Wig,) ol (sboo Sy alone BLIL &l i i, N F SCS

(sl glouT ol8iils hises Id) wilad, JISas Limgh ol 40 a5 s e &g, s slo el )b o (Siacod g0 VO JSB

Ol GIS 5 50 51 Gt
VY el ® alen solad® aaly Jl

oY



ol 39 30 Jalse 5 T @il Ol W9 Judoni

2 AL s Slo b slajlagas) Wools ol Olyass jlaged g lo sixe g, l)ls sl el )l cpn (Sion o5 VF IS0
(Cslo yal )by i oy SCatErPIOt glalasi sla loges 5 yiel )b

@@= [0 ) gme ghaw® o= /) Gl gme mhw®™  a= /o) (g ls gxe maw®FF)

G Ao g Sy =
ol O ygo ol glie Condy (s pSojlail 5 (il
€559 3 Sty 5o OIS Cliw 5 (S el 4
o] R W S Sy Ff ./ WX, S R N S
e OV gazme g Loosls 4 (o s g 598 5l s
055U loj 5 S0 S5 5,08 el s glolsnle
L aes o L8 hilwpmemar Lzt ol il o)
5ol (2T Glo o 50 o mlie Comsg 5l wiilsz,
45 GRACE 5,lsals o iS 6 5uSiy oy £33 5]
2 ol st e YooY Jlw 5l ol ¥ game
ol glie Slss undg ko Wl oo el 4235
lojlgale pslas 5l oolital fizeen b (cej )
5 Jiesiw cwad aile ploonionw adba>
L ol sloage 5 g ol rnd QS ol
o azg Lol 00 )gl ool b o Gloj (s pw & jg0n
5S waste lojlgale Y gams 3525 5 9090 Cuonl
5 s Ol e i a s (hagiy
35 S8l e sla el b ioes 5 (e 5

S s (Suod 9 oo 0dnline 4S5 4igT Lo
ol mle ©lp 6,5l Ujea) GRACE o iie
sleo (id_SM) S5 cysb, NDVI g (s
34 (id_tmin) JSla> sles 4 (id_tmax) z:Sla>
] O ygo s aS oMo

polie ol S el NDVI ol ol dl %
b g =2 IOVD (e g —5 L, GRACE
Dgd oo 10 (5l Sixe

Koo o5 L GRACE 5 SLs gl
)1 el labaly <149 (6 o soe mhaw < /YN YT

oveSxe ddal ) sSla > gles g J8las gloo
aS ol (Ko oo L g GRACE | (5,10 Jxe
Sl = JOYF 5=+ /YYD Jolae ol ey

o sl Colie (y (Sian o pd )z
Ol 5 5555 slw il by o (water_surface)
Konat t5) GRACE L sl Ly ol oo
Sl cgb, o (41399 g)lo —ne s g < /AVD
(129 Gyl smrn a9 [P0 (SKino )
Syl i glalal

Ol GIS 5 50 5) Gt
VY el ® alen sslad® aasl Jl

oy



g odlployp) g (wgS (o] il iz

ol )l GlsS s (VYY) fLSen 5 s ilie
| ool JeaSis SlSe 5 ey olpeis oliins
SPI ol 3 ool b o8l i slogs i s
O8I SPI (gona gy sloa as g 0o ,S o)y
oy i | s iS il i o L JluSas
Ay, w95 g 53 (VoY) ol Sen 5T Sl 3
ISt 5y itags el SlSe ol ol peis
ol gl 08,8 syt |y el o SPEI _wlislsa
2 o8l Dl ks fgarme o s oo (LS gl
oty oy gl s 3 ol g o0l & ]
Sl 00gs lose 3 S slro, g0

Sloo, Sy Colis (i (Nnad o8 (o) 2
bl cnl &8 ols (las 55 (5L sla el g (o
0,15 ek s (gl L], SLS cshs, s GRACE L
Wbl it (b O il (lie az e im
Ol sty d 5 (s slol 5l eils (e
Bkl oaded polie g a0 (2alS Lol ol cél
il ool el Liyl3 8l 55 GRACE 5,lsale
385 e g cnl Jlw g &lis 50 S Cughs,
Soxdg (pl &5 was oo U ) ey I 4 DU,
Dgd e ol laaiy Colue iol38l 4 Bilg o

Sl a5 Eia o 585 S slacanlw
9 4LBIS Ams 93 )0 5oiS Cumex (Rl g e
b (il cael g a5l alidl ol e
0Ll 655 70 OB 55 (65,5laS S garme S 5
5 [y NDVI ol g, s sime Ligl3él ol o0
Ol (D)3l 05 pondl Ll (e )3 g o0
2B g e g Les Gl s AL alS g ool
ol 53 oo yiasd s ol ilie L1l el (655 50 30
slos (JBlas slos il38l Wiy, conl oo 3blis
SOre i g (nl 50 )5 g w9 ST
Slyets L o285 4o Gl oo onlplo a8l (o

1. Mozafari
2. Ghorbani

Bl 31 ool b «jshiie oy s anlllas T molis
Slo,laale glate Joama 003l « szl &)l 55
Lo oy aile 55558 o sl ol Jols
S5 oy, (SLs csh, (3 5 S
cohw coloe s LS jiis, asls (GRACE)
5ol s VoYY B Yeer sladle Sl 35L 0
S el )b g3l 51 ooliiwl b e 0 (5 5lwole]
Ol St Wg) (i el S eSS g SIS e
@l anazg o5 )18 ) n 0,50 Lyl
iy 2l e il &5 ey GUILS Sl
T alie a5 T slao, Sy comlis 5 5 Sl
F S S cash; g aas oo plis ) (law
Sl sl (gl g I3 e g (L2l s,
ol g Jeily 3,55 9 S 9 Sl sloo
D9 o gre w38l Wiy, slyls NDVI
slayally e (Ko Gl (y S
GRACE () 025 o (jlid 3 Ll ge &g, sl)ls
NDVI 5 (o 2l b sl 6,508 jeay)
a2 Bl glos 5 iSTas sles (S oo,
NDVI _asls ialy 8l o ls sy g oo I sine
S ool sgody S50 GRACE jyolis talS éesl
DY gazme oi g ( pLS A bg mlaw Al
b Ol lis sy, a8 (a8 ) (65,988
Sl gl coals o Las o(F USs) el tals
GRelS abaad Sl g amd oo (I ) (Giei 0
Al g Jlas gles 0580 (s <l o
Gial33l00,ls GRACE L (g s sine _ywsSe ilail, 50
Ol e 5 3 5 o3 Gl sl il oo Lo
@l Ll posl 058 (i sloc] g (rals
GRACE 5 S5 Cush, (jlee eiins Al 5529 &
S SB Zush) Olie 4z pe @ly )0 S oo o)L
b g gl g Jlo s 5l s imaly glas wal
5 el Sy asis s 0 el ol ni e o]
SR @l b geas jo JLusias wg) Gl

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

g



w01 3 50 Jolge g O @il O i Wigy Julows

Water Resources Using Gravimetry Satellite
Data, Journal of Geomatics Science and
Technology., 5, PP. 73-84.
https://www.sid.ir/fa/\VEWSSID/J_pdf/70024
13950407.pdf

Center for Development and Foresight Research,
2021, Studies of the National Spatial
Planning Document (Water Report and
Consolidated Report of Studies), In: Tehran:
Center for Development and Foresight
Research, Plan and Budget Organization.

Chambers, D.P., 2006, Evaluation of New
GRACE Time-Variable Gravity Data over
the Ocean, Geophysical Research Letters, 33.
https://doi.org/10.1029/2006GL027296

Climatology Research Institute, 2016, Revealing,
Evaluating the Effects and Prospects of
Climate Change in Iran during the 21st
Century, In: Iran Meteorological Organization.

Dalin, C., Wada, Y., Kastner, T. & Puma, M.J.,
2017, Groundwater Depletion Embedded
in International Food Trade, Nature, 543,
PP. 700-704.
https://doi.org/10.1038/nature21403

Deng, Y., Jiang, W., Tang, Z., Ling, Z. & Wau,
Z., 2019, Long-Term Changes of Open-
Surface Water Bodies in the Yangtze River
Basin Based on the Google Earth Engine
Cloud Platform, Remote Sensing, 11, P.
2213.
https://doi.org/10.3390/rs11192213

Didan, K., 2021, MODIS/Terra Vegetation
Indices 16-Day L3 Global 500m SIN Grid
V061 [Data set], NASA EOSDIS Land
Processes DAAC.
https://doi. 0rg/10.5067/MODIS/MOD13Q1.
061; 2021

Ebrahimi Khusfi, M., Rahmatnia, A. & Sameni,
A., 2016, Water Crisis and the Feasibility
of Connecting the Northern and Southern
Water Regions of Iran, In: Development
and Foresight Research Center, Plan and
Budget Organization.

Ebrahimi Khusfi, Z., Nafarzadegan, AR,
Kazemi, M. & Ebrahimi Khusfi, M., 2022,
Influential Environmental Drivers on Air
Pollution in Dust-Sensitive Regions of

gy 6yl e L e ) 45 cl 4l rals
Sl ij) 9 LSJ le.@ojs.u Coluw ‘L)“)L’ u’.w.bls
b lydl  B,bsl o 5 e 8 a b o
as aol 5l ol wlie & (NDVI i3 eoiS 5
Sdyb Sl g 4y slacily L gl ool
5 o0 13 (i semiy ol o Sl bl pigaacs
009 (o0 )y LgL;buT c]a..» uﬁT 9 d..\.aaLY L)] A
—plS 0s, (6o Sre b s ralS ol !
g o0 dus GRACE 5,lsale Jgame

L_.: U‘)—" )d Lf;‘ le._&'bo)g.u Colwo LSM».QIS ».\JB)
V-TY) o )lSen g (60 ,—S20 (5,0l b ol _slas
Slyeads K9y (o) 2 b o0l Kiwgsy cnl o)l Slgee
pobar Go,bil ool e sbol S - Sl
LA slaJlow glejy 85 jo cavad o lgale
‘ida..u 6&"."—‘ @LLMLS Dy Azl Q—.’.‘ FUAEA R
Los jran ol ol pl sloass> oolos o
.J)L) @.&ls A.is) ‘t)"’)Lé C.J.> ).J)J"
A_;s) 09.‘..;‘50 OLQ.'.M.«...) ‘=) Sl 9 )Lo" 9 aosls
i 2l e g @l G,y Colas Sl i
By 0,0 0y g ey oMbl g Lol Ay s yiws
D5 b)) 3 sloylgale DY game

Lo -#
Afzali, R., Zaki, Y., Kaviani Rad, M. &
Mohammadkhani, E., 2020, A Comparative
Study of Climate Change and Security
Challenges of Water Crisis in Cities of
Urmia Lake and Central Iran Basins,
Journal of Urban Social Geography, 7, PP.
167-189.
https://dorl.net/dor/20.1001.1.26457784.1399
.7.1.9.5
Ashrafzadehafshar, A., Joodaki, G. & Sharifi, M.-
A., 2016, Evaluation of Iran's Underground

Ol GIS 5 550 Ol Ghadew
VEY Gl ® aslgn oplad® ann il Jlw



g odlployp) g (wgS (o] il iz

Iran, Arabian Journal of Geosciences, 15, PP.
1-14.
https://doi.org/10.1007/s12517-022-10602-8

Eftekhari, M., Madadi, K. & Akbari, M., 2019,
Monitoring the Fluctuations of the Birjand
Plain Aquifer Using the GRACE Satellite
Images and the GIS Spatial Analyses,
Watershed Management Research Journal,
32, PP. 51-65.
https://doi.org/10.22092/wmej.2019.126204.1
218

Faraji, Z., Kaviani, A. & Ashrafzadeh, A., 2017,
Assessment of GRACE Satellite Data for
Estimating the Groundwater Level
Changes in Qazvin Province, Iranian
Journal of Ecohydrology, 4, PP. 463-476.
https://doi.org/10.22059/ije.2017.61482

Farzaneh, S., Shahhoseini, R. & Kordpour, 1.,
2021, Combining Satellite-Based Gravity
Data and Information Received from
Ground Stations to Provide an Efficient
Index for Drought Monitoring in Iran,
Scientific-Research Quarterly of
Geographical Data (SEPEHR), 30, PP. 7-17.
https://doi.org/10.22131/sepehr.2021.244447

Fay, M., Andres, L.A., Fox, C., Narloch, U. &
Slawson, M., 2017, Rethinking Infrastructure
in Latin America and the Caribbean:
Spending Better to Achieve More, World
Bank Publications.
http://hdl.handle.net/10986/27615

Fried, M. & MCD12Q1, S.-M.D., 2006.
MODIS, Terra+ Aqua Land Cover Type
Yearly L3 Global, 500.

Funk, C., Peterson, P., Landsfeld, M., Pedreros, D.,
Verdin, J., Shukla, S., Husak, G., Rowland, J.,
Harrison, L. & Hoell, A., 2015, The Climate
Hazards Infrared Precipitation  with
Stations—A New Environmental Record for
Monitoring Extremes, Scientific Data, 2, PP.
1-21.
https://doi.org/10.1038/sdata.2015.66

Garcia, L., Rodriguez, D., Wijnen, M. &
Pakulski, 1., 2016, Earth Observation for
Water Resources Management: Current
Use and Future Opportunities for the
Water Sector, World Bank Publications.

http://documents.worldbank.org/curated/en/7
83571468196447976/Earth-observation-for-
water-resources-management-current-use-

and-future-opportunities-for-the-water-sector

Ghorbani, K., Bararkhan Poor, S., Valizadeh, E.
& Molaarazi, AJ., 2020, Regional Analysis
of Trend and Change Point in Seasonal
Series of SPEI Drought Index in Iran,
Journal of Water and Soil Conservation, 27,
PP. 185-200.
https://doi.org/10.22069/jwsc.2020.16525.31
78.

Hafezparast, M., 2021, Monitoring Groundwater
Level Changes of Mianrahan Aquifer with
GRACE Satellite Data, Iranian Journal of
Irrigation & Drainage, 15, PP. 428-443.
https://dorl.net/dor/20.1001.1.20087942.1400
.15.2.16.8

Hejazizadeh, Z., Naserzadeh, M., Hatamizarneh,
D. & Rezaei, M., 2014, The Application of
Statistical Methods and Drought Indices in
the Analysis of Precipitation Fluctuations, A
Case Study: Kerman Station, Geographical
Studies of Arid Regions, 5, PP. 35-51.
https://jargs.hsu.ac.ir/article_161366.html?lan
g=en

Hering, J., 2014, A Virtual Flood of
Information: Open Data for Sustainable
Water Management.
https://futureearth.org/2014/08/27/a-virtual-
flood-of-information-open-data-for-
sustainable-water-management

Huffman, G., Stocker, E., Bolvin, D., Nelkin, E. &
Tan, J, 2019, GPM IMERG Final
Precipitation L3 1 month 0.1 degree x 0.1
degree V06, Greenbelt, MD, Goddard Earth
Sciences Data and Information Services
Center (GES DISC), In: Accessed 2019-10-08.
doi: 10.5067/GPM/IMERG/3BMONTH/06.

Imani, R., Ghazavi, R. & Esmaeili, A., 2021,
Investigating  the  Trend,  Analysis,
Modeling and Prediction of Monthly
Rainfall Using Stochastic Models (Case
Study of Ardabil Station), Geographical
Studies Of Arid Regions, 11, PP. 84-98.
https://www.researchgate.net/publication/373
707178

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

Y4



w01 3 50 Jolge g O @il O i Wigy Julows

Issazadeh, V. & Argany, M., 2021, Changes in
Water Surface of Aquifers Using GRACE
Satellite Data in the Google Earth Engine:
A Study of the Urmia Lake Watershed
From 2002 to 2017, Town & Country
Planning (2008-7047), 13, PP. 193-214.

DOI: 10.22059/jtcp.2020.304748.670127

Jones, J., 2009, Threats to Global Water Security:
Population Growth, Terrorism, Climate
Change, or Commercialisation?, Threats to
Global Water Security (PP. 3-13), Springer.
https://link.springer.com/chapter/10.1007/978
-90-481-2344-5_1

Karami, S., 2021, Investigating the Consequences
and Methods of Climate Change
Management (Case Example: Iran's Central
Watershed), Applied Research Journal of
Geographical Sciences, 20, PP. 19-37.
http://dx.doi.org/10.29252/jgs.20.59.19

Kavianirad, M., Karimi Pour, Y., Fahmi, H. &
Karami, S., 2017, Explanation of Security
Sequences of Climate Change (Case Study:
Iran’s Central Drainage Basin), Journal of
Applied researches in Geographical Sciences,
17, PP. 73-92.
http://dorl.net/dor/20.1001.1.22287736.1396.
17.46.4.4

Kendall, M., 1975, Rank Correlation Measures,
Vol. 202, Charles Griffin, London.

Landerer, F.W. & Swenson, S., 2012, Accuracy of
Scaled GRACE Terrestrial Water Storage
Estimates, Water Resources Research, 48.
https://doi.org/10.1029/2011WR011453.

Lettenmaier, D.P., Alsdorf, D., Dozier, J.,
Huffman, G.J., Pan, M. & Wood, E.F., 2015,
Inroads of Remote Sensing into Hydrologic
Science during the WRR Era, Water
Resources Research, 51, PP. 7309-7342.
https://doi.org/10.1002/2015WR017616

Lorenz, C. & Kunstmann, H., 2012, The
Hydrological Cycle in Three State-of-the-
Art Reanalyses: Intercomparison and
Performance Analysis, Journal of
Hydrometeorology, 13, PP. 1397-1420.
https://doi.org/10.1175/JHM-D-11-088.1

Mann, H.B., 1945, Nonparametric Tests
against Trend, Econometrica: Journal of the
Econometric Society, PP. 245-2509.

https://doi.org/10.2307/1907187

Mazidi, A. & Bahaaddinbeygi, H., 2021, Study
of Temperature, Precipitation and Wind
Speed Trends in the Northern and Western
Regions of Kerman Province Using
Parametric and Non-Parametric Tests,
Geography and Human Relationships, 4, PP.
246-254.
https://doi.org/10.22034/gahr.2021.296784.1
587

McCabe, M.F., Rodell, M., Alsdorf, D.E.,
Miralles, D.G., Uijlenhoet, R., Wagner, W.,
Lucieer, A., Houborg, R., Verhoest, N.E. &
Franz, T.E., 2017, The Future of Earth
Observation in Hydrology, Hydrology and
Earth System Sciences, 21, PP. 3879-3914.
https://hess.copernicus.org/articles/21/3879/2
017

Mostafazadeh, R. & Zabihi, M., 2016,
Comparison of SPI and SPEI Indices to
Meteorological Drought Assessment Using
R Programming (Case Study: Kurdistan
Province), Journal of the Earth and Space
Physics, 42, PP. 633-643.
https://doi.org/10.22059/jesphys.2016.57881

Mozafari, E., Bazrafshan, O., & Moradi ,N.
(2021). Spatio-Temporal Variability of
Characteristics of Meteorological Drought
in Iran under Climate Change Scenarios.
Desert Managemeny, 16, 153-168.
https://dorl.net/dor/20.1001.1.24763985.1399
.8.16.10.0

Nemati, A., Ghoreishi Najafabadi, S.H., Joodaki, G.
& Mousavi Nadoushni, S.S., 2019, Evaluation
of Agricultural Drought Characteristics in
Iran's Central Plateau Catchment Using
GRACE Satellite, Iranian Journal of Soil and
Water Research, 50, PP. 313-327.
https://doi.org/10.22059/ijswr.2018.251136.6
67840

Omidvar, K. & Salari, H., 2013, Studying the
Trend of Heat and Precipitation Changes
in the West and Northwest of Iran Using
Parametric and Non-Parametric Methods,
Geography (scientific-research quarterly of

Ol GIS 5 550 Ol Ghadew
VEY Gl ® aslgn oplad® ann il Jlw

ov



g odlployp) g (wgS (o] il iz

the Iranian Geography Association), 11, PP.
271-288.
https://sid.ir/paper/150411/fa

Pouyan, S., Bordbar, M., Ravichandran, V.,
Tiefenbacher, J.P. & Pourghasemi, H.R.,
2022, Spatio-Temporal Monitoring of
Droughts in Iran Using Remote-Sensing
Indices, Natural Hazards, 117, PP. 1-24.
https://doi.org/10.1007/s11069-023-05847-9

Research Center of the Islamic Council, O.0.1.S.,
2016, Investigation of the Water Crisis and
Its Consequences in Iran, In Tehran: Research
Center of the Islamic Council, Office of
Infrastructure Studies.

Salmi, T., 2002, Detecting Trends of Annual
Values of Atmospheric Pollutants by the
Mann-Kendall Test and Sen's Slope
Estimates-the Excel Template Application
MAKESENS, lImatieteen laitos.
https://www.researchgate.net/publication/259
356944 Detecting_Trends_of Annual_Value
s_of_Atmospheric_Pollutants_by the_Mann-
Kendall_Test_and_Sen's_Solpe_Estimates_th
e_Excel_Template_Application_ MAKESENS

Serinaldi, F. & Kilsby, C.G., 2017, A Blueprint
for Full Collective Flood Risk Estimation:
Demonstration for European River
Flooding, Risk Analysis, 37, PP. 1958-1976.
https://doi.org/10.1111/risa.12747

Seyed Mousavi, S.M. & Akhoondzadeh Hanzaei,
M., 2022, Monitoring and Prediction of the
Changes in Water Zone of Wetlands Using
an Intelligent Neural-Fuzzy System Based
on Data from Google Eearth Engine System
(Case Study of Anzali Wetland, 2000-2019),
Engineering Journal of Geospatial Information
Technology, 9, PP. 19-42.
http://jgit.kntu.ac.ir/article-1-850-en.html

Sheffield, J., Wood, E.F., Pan, M., Beck, H.,
Coccia, G., Serrat-Capdevila, A. & Verbist,
K., 2018, Satellite Remote Sensing for
Water Resources Management: Potential
for Supporting Sustainable Development
in Data-Poor Regions, Water Resources
Research, 54, PP. 9724-9758.
https://doi.org/10.1029/2017WR022437

Soleimani Sardoo, F. & Azareh, A., 2021,
Evaluation of  Groundwater  Level
Fluctuations in Jiroft Plain Using GRACE
Satellite Images, Environmental Erosion
Research Journal, 10, PP. 58-73.
http://magazine.hormozgan.ac.ir/article-1-
596-en.html

Srivastava, A. & Saran, S., 2017, Comprehensive
Study on AOD Trends over the Indian
Subcontinent: A Statistical Approach,
International Journal of Remote Sensing, 38,
PP. 5127-5149.
https://doi.org/10.1080/01431161.2017.1323
284

Swenson, S., 2012, GRACE Monthly Land
Water Mass Grids NETCDF RELEASE
5.0. Ver. 5.0, PO. DAAC.

Taheri Dehkordi, A., Valadan Zoej, M.J.,
Ghasemi, H., Jafari, M. & Mehran, A., 2022,
Monitoring Long-Term Spatiotemporal
Changes in lIran Surface Waters Using
Landsat Imagery, Remote Sensing, 14, P.
4491,
https://doi.org/10.3390/rs14184491

Tamiminia, H., Salehi, B., Mahdianpari, M.,
Quackenbush, L., Adeli, S. & Brisco, B.,
2020, Google Earth Engine for Geo-Big
Data Applications: A Meta-Analysis and
Systematic Review, ISPRS Journal of
Photogrammetry and Remote Sensing, 164,
PP. 152-170.
https://doi.org/10.1016/j.isprsjprs.2020.04.001

United Nations, 2016, Transforming Our
World: The 2030 Agenda for Sustainable
Development.
https://sustainabledevelopment.un.org/post20
15/transformingourworld/publication

Van Dijk, A. & Renzullo, L.J., 2011, Water
Resource Monitoring Systems and the Role
of Satellite Observations, Hydrology and
Earth System Sciences, 15, PP. 39-55.
http://dx.doi.org/10.5194/hess-15-39-2011

Vicente-Serrano, S.M., Begueria, S. & Lopez-
Moreno, J.I., 2010, A Multiscalar Drought
Index Sensitive to Global Warming: The
Standardized Precipitation Evapotranspira-

Ol GIS 5 550 Ol Ghadw
VEY Gl ® aslgn oplad® ann il Jlw

OA



w01 3 50 Jolge g O @il O i Wigy Julows

tion Index, Journal of Climate, 23, PP. 1696-
1718.
https://doi.org/10.1175/2009JCL12909.1
Walker, S., 2000, The Value of Hydrometric
Information in  Water Resources
Management and Flood Control, Meteoro-
logical Applications, 7, PP. 387-397.
https://doi.org/10.1017/S1350482700001626
Wan, Z., Hook, S. & Hulley, G., 2015,
MOD11A2 MODIS/Terra Land Surface
Temperature/Emissivity8-Day L3 Global 1
Km SIN Grid V006; Distributed by NASA
EOSDIS LP DAAC, USGS, Sioux Falls.
Zabihi, M., Mostafazadeh, R. & Sharari, M., 2017,
Analysis of Wet and Dry Spells Intensity and
Duration Using Precipitation-Based and
Evapotranspiration  Influenced  Indices,
Journal of Watershed Management Research, 8,
PP. 125-136.
https://www.researchgate.net/publication/319
913570
Zhang, Y., Pan, M. & Wood, E.F., 2016, On
Creating Global Gridded Terrestrial
Water Budget Estimates from Satellite
Remote Sensing, Remote Sensing and Water
Resources (PP. 59-78), Springer.
https://citations.springernature.com/item?doi
=10.1007/978-3-319-32449-4_4

Ol GIS 5 599 ) G
VEY Gl ® aslgn oplad® ann il Jlw

04



93 ) Lf/

)
u/{/ GIS

VEeY Glas) op)loz ojlods (ool Jlo |l GIS g 590 5 romiw
Vol.15, No. 4, Winter 2023 Iranian Remote Sensing & GIS

41-60

An analysis of the Trend Changes in Water Resources and Factors
Affecting it in the Central Plateau of Iran Using Satellite Products

Ebrahimi Khusfi M.2** and Ebrahimi Khusfi Z.2

1. Assistant prof. in Remote Sensing, Dep. of Geography, Yazd University, Yazd
2. Associate Prof., Dep. of Environmental Science and Engineering, Faculty of Natural
Resources, University of Jiroft, Jiroft

Abstract

The Central Plateau of Iran, due to climate changes and the reduction of available water resources on
one hand, and the increase in population and the consequent increase in demand on the other hand, is
facing a severe water crisis. The science of remote sensing and the availability of numerous satellite
products have made it possible to monitor the process of changes in various environmental
parameters, especially surface and underground water sources, with appropriate accuracy. For this
purpose, using the Google Earth Engine system, 16 different satellite products including different
environmental parameters such as precipitation, temperature, evaporation and transpiration, soil
moisture, runoff, total water storage (GRACE), vegetation cover index and water surface area were
received and prepared for the time period 2000-2022. Then, using the non-parametric Mann-Kendall
test and the Sen’s slope estimator, the change trend of these parameters was investigated. According
to the results, the changes in earth's gravity, which indicates the level of underground water, as well as
the area of water surfaces, which indicates surface water resources, and soil moisture, showed a
significant decreasing trend. On the other hand, maximum temperature, minimum temperature,
potential evaporation and transpiration and NDVI index have a significant increasing trend. Despite
the decrease in water surface area, the vegetation cover index has increased, which indicates the
increase in the area under cultivation of agricultural products and excessive harvesting of
underground water resources, which is also confirmed by the decreasing trend of the GRACE satellite
product. The correlation coefficients between parameters with significant trends also showed that
there is a significant correlation between GRACE and NDVI parameters, minimum temperature,
maximum temperature, soil moisture and area of surface water bodies.

Keywords: Remote sensing, Changes trend, Google Earth Engine, Surface water resources,
Underground water resources, Water bodies.

* Correspondence Address: No. 215 ,Emamat Blvd., Yazd University, Safaeie, Yazd. Tel: 09123804637-03531233894
Email: Mohsen.ebrahimi@yazd.ac.ir

https://orcid.org/0000-0002-2756-0388

https://doi.org/10.48308/gisj.2022.102889

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and
conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-2756-0388

