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In this study, spatio-temporal variations of evapotranspiration (ET) in
the southern part of Aras River basin were investigated. For this
purpose, FLDAS Noah gridded ET data with a horizontal resolution of
0.1*0.1 degrees for 38 years (1982-2019) were used. After validating
the data, first the average annual ET values for the basin were

Received determined. Then the monthly and seasonal distribution of ET was
2021/03/12 analyzed spatially. Next, the changes and anomalies of ET in the basin
Received in revised were evaluated yearly. Then, the spatial distribution of the occurrence
2021/10/23 of ET was investigated by consi_dering the absolute thresholds of 50,

80, 100, and 120 mm for the basin. The results showed that annual ET
Accepted is higher in the east of the basin than in the west. On a seasonal scale,
2022/02/14 spring and summer have the highest ET values. On a monthly scale,
Published May, June, April and March have the highest ET values. Autumn and
2022/03/27 winter months have the lowest average values of ET. During the study
Sublished onfine period, the Aras River basin has experienced three speC|f|c_per|ods _of

ET changes. In the eastern and western parts of the basin, despite
2023/10/01 similar behavior in the second and third periods, a prominent

difference was observed in the first period. The findings also indicate

the existence of a positive anomaly after 2002 in the entire basin, the
Keywords: highest values of which occurred in the west of the basin in 2018.
Evapotranspiration, Examining the frequency of occurrence of absolute thresholds of ET
’lilLDrﬁ\S/I Sﬁem' on the basin, shows the high frequency of occurrence of ET in all

oah Model,

Aras River Basin.

thresholds in the east of the basin. A 4-decade study of ET values in
the Aras River basin has shown an increase in ET values in the last two
decades in the entire basin, which can consider it to be a result of global
warming.
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Introduction

Evapo-transpiration (ET) is one of the main components of water balance. The study of this
parameter is very critical because of its role in the water balance and consequently in the
management of water resources and related issues. Many experimental methods and
algorithms have been presented to estimate this parameter. In this study, temporal and spatial
variations of ET in the southern part of the Aras River basin have been investigated. In
addition to having the longest river in Iran, this basin also forms the border of the countries
of the Caucasus region with Iran, and its geopolitical importance has increased the
importance of the water issue. So far, there has not been a comprehensive study that paid
attention to the temporal-spatial features of ET in the Aras River basin on a climatic scale.
This research tries to provide the characteristics of ET in the Aras River basin by using
networked data with high horizontal resolution.

Methods and Materials

To carry out this study, using the gridded ET data of FLDAS Noah model (with horizontal
resolution of 0.1*0.1 degrees) and extracted from satellite images for 38 years period (1982-
2019), the temporal-spatial ET changes of the Aras River basin was evaluated. At first, by
functions such as Root Mean Squared Error (RMSE), Normalized Root Mean Squared Error
(NRMSE), Mean Absolute Error (MAE) and Mean Absolute Percentage Error (MAPE), the
model data was validated by station data. Then, the annual average values of ET for the basin
were determined and the monthly and seasonal distribution of ET was spatially analyzed.
Then, the year-to-year ET changes and anomalies of the studied basin were calculated based
on the long-term climatic average of ET (1982-2016). Also, the spatial distribution of ET
frequency with absolute thresholds of 50, 80, 100 and 120 mm was investigated for the
studied basin.

Results and Discussion

The results showed that in the Aras River basin, the latitude of 38> 45" had the highest amount
of ET. On an annual scale, ET is higher in the east of the Aras River basin than in the west.
On a seasonal scale, spring with 270 mm and summer with 259 mm have the highest amount
of ET, respectively. On a monthly scale, May, June, April and March had the highest amount
of ET respectively. Autumn and winter had the lowest average values of ET. On all maps,
highlands and southern slopes had higher ET values than lowlands. During the study period,
the Aras River basin experienced three specific periods of ET changes. In the eastern and
western parts of the basin, despite similar behavior in the second and third periods, a
prominent difference was seen in the first period. Year-by-year ET anomaly maps indicate
the presence of positive anomalies after 2002 in the entire basin, with the highest values of
positive anomalies occurring in 2018 in the west of the basin at the rate of 2.4. Spatial
investigation of the frequency of occurrence of absolute thresholds of ET on the Aras River
basin also shows the high frequency of ET in all defined thresholds in the east of the basin.

Conclusion

One of the reasons for ET abundances of more than 50 to 120 mm in the east of the Aras
River basin can be considered the proximity of this part of the basin to the Caspian Sea. The
monthly ET regime of the Aras River basin showed that May and June have the highest ET
values. This result showed the power of FLDAS model outputs in revealing the effect of
local heat forcing and humidity of cities on ET values. The reason for the formation of urban
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heat islands can be attributed to the effect of cities on climatic features on a local scale, which
has caused a change in the natural regime of the basin. In the Aras River basin, the increase
in temperature and the change in the local balance of radiation have changed the amounts of
snow and evaporation on a local scale in winter. A 4-decade study of ET values in the Aras
River basin has shown an increase in ET values in the last two decades, which can be
considered as a result of global warming.

Keywords: Evapotranspiration, FLDAS System, Noah Model, Aras River Basin.


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

S LSlRnesle 637 Boasias s

3 & rrea-vyr s b L
YOAA-BITA :Lé/-‘:l(gb (3,_,, &

https://jgs-khw.ac.ir/

U’J;’;:Z’:

oyl Aoy, ):J.J Q9> (S (I O (3% § gt (S Floy (owy

réa*é.e ol ‘IZYG’M SLog ¢ a\)gLa 3l

Ol eyl (o)l Bhzmo olLSIS cclosa pale 0usTLIlD ¢ owlils pudBl (6 5550 (geaiiils )
mahnaz.saber@uma.ac.ir :asbb!,

Oyl oyl Loyl Bhzo ol RLG1S sclosa| pole 0uSLiils (b LSl j22 09,5 dliw! (Jgduumn oddoms g5 .Y
salahi@uma.ac.ir :astb |,

Lol 2l o o (owgd 8 oBLENS Slusil pole 0uSLiils (Ll yia i jgel 09,5 ¢ ol aulBl HLobiwl ¥
abbasmofidi@um.ac.ir :astb!,

ouuS

Ao SleMb|

sl adem o G 33 (ET) 3,85 9y (50 — Giloj ol canlllan ol yo
ET oud guiuasol gosls I cjglaio ol (6l .cd,F 51,8 o yg0 ()l dils0g,
RAY=Y12) &l YA 0,95 Sy (gl 4y o/ Vike]) il S5 4 FLDAS Noah Jue
(s a9 Gl w ET ai¥lv bwgio polio lacul dvedls oo jlaiel 51 g Lol solisiwl
208 )5 )18 Jelowigay 325 9590 (2LAS S W ET (Lad g ailalo &2 595 (s - 028,5
&l oo 1T+ g Vee (Av B o saston] oo BLI LET go8g Jlgl 8 olad
aog> oy | YL Abge G0 H0 AYLL ET a5 olo lid guls (ol ow)p adg>
plaisl 095 4 ) ET polio o b Ll 9 5l Juad (s olidlo )0 ably o0
ilodgs ET polite ¢y 35 i 1)1 (wylo g o35 <0995 o0 cailale (wlidto 5o .ailesls
abg> ilodld plaisl ogs a 1) ET lwgio polio o9 sl b g jwl slaolo
Py 9 £93 §ro)90 )0 wlio HL8) o ke (Abge (23¢9 (Brb S AR HO .l
Golel 3925 5l (Sl (e LAl .o ,5 alisMo Jgl 099 5o (glan p Lol
©ye 3 YIA Jlo 50 o polio o YL 4 Cowl adga JS 30 Yoo Jlw 31 oz Cuce
s> 59 3 ET sl goailin] 98y Slglyd o)y Consl digny £ 989 4 adg>
F oy b o b9 G yo aitiw! obod O ET g489 oYU wlrds susmo )Ll
o1 a8 98 JOET polie L33l yky « wyl 43509,y 3wl adgo )0 ET ol glans

il ez il 583 3| il 1 T olais0 45 0052 by JS 53

:lio g4

IARSVARIART
16Nk &b
AAERIEYVER
o Ry b
AAERIARVAA
Z}M' é.l}u
VE NNy

:C,g.)UT)L&:.ﬂ &b

VE YA

HEYS{PRW (s

@y 9
[FLDAS s5bobw
Noah Juw

o)l 409y 3yl wse

sl adgm o3z G 50 355 g i (e mSloj ey O+ Y) (ulis cginio g takag (Do g Lo 3l
http//doi.org/ 10.61186/jgs.24.74.17  N-YY «(YF) V¥ ¢ ldlsz pale (50,,05 Sléimi 4 piii .y )| 4503,

D 05

BY NC ulfMy ©

O oilem olails 15l



mailto:mahnaz.saber@uma.ac.ir
mailto:salahi@uma.ac.ir
mailto:abbasmofidi@um.ac.ir
http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid ¥

doddlo
3050 & 1,585 oy (ST St oy 5 2l SOl 450l gt S 00idy (S 1 2 @lie Cupenl 5 35
bl walize slo e $lp ol Gael 3l Gluebsl Jaa> 5 Sowjlye adlin ueli 05h 0 osls Cons Gl Zu 9200 g
b ceslie a3 jaali 2 457 (slig ey 05 azgi o sloadlie Dlpais anlllao 5 of (s o5t O il 4 wiS 0
sloailie 5 So BT Ll o) 5,55 5 e il O 3l sloailge j5 435,525 il s
3929 ssitioms abal; HlalS 155 5 ET oo 0 p8yge il (ol 5 (aome Jalse 5148l O o o o
5 9 &)kl slaailale gg5 DLl jo alox 51 el cl gy 00 YU 55 Lol T 5Ls (o] Gl b aS's j9boas o)l
el e 5 ceslin Jgame 5 CuiS

5 dels ez anld OVAF Tols QA i) 005 oo St (3,5 5 oo hol adlge 50 51 Gy e
Cowl g2 4 S d8lie mhaw 5l g (axl o dal o da gl oy slac! mhaw 3l O pdtes ol z, (o ws
5 ol sladiy, Giyb 5l olS sladdy; lawg ead Ll Ol CltSilb 4 55 Gyl B (VY Tgtny ilaas)
52 5 o ol 5 e Sl 5l (S plgieds 355 5 iluesS (V007 (oen g Tk )) 398 oo b
51 0Sis) <l Gz i,z 5 (V) (lan o paddl ¥V 8 (]San o 7ol VY (S 5 2all2) O
ET 00AA () )Kos 5 7ol Zhy ¥\ (K00 5 155) ol (6559 o] alio Cupore jslaiady (Y414 o] 1San
Slegose 5l (o it pal 0505 5 Gees (Vo VE N g 1) 0)ls Sdeaily [0 0T (Dl 50 et GRES (izeen
sl o 4z T 4y cilie slais, 4 ole 5 ol 45 60k Gl ils 5l 45 e

egmasolnl 3l ol slogidn » S @Bl (S raz rizen g (had 5 0guoms (o5 lagt)lb Ll alausly 4
Shaaiin 35 53 5 oaal Jlab & ami e ol 5 51 bl L el 55 g ot sl 1 52 ET s
Ol elin 5280 5 o sigmans i w85 n w5598 (puliln o2 pole (lanmie 5390, s orasls ple
Oldlas i ans sz (b 0 B owys,5 o sy ol jlael g 5] el 009y 10,95 0 Slosag Cuenl 5 55 5
Jeglsreas) au ) plol 4 ol Caliee adBl 3blio jo 15iS 5,05 § yuded Gl Sy cbin slinl, jo 6)led o
5 Obolyeym AVAS iaieo¥sd AVAY (| )IKan g ool e VANt adal e 5 CouSs AYVA 1o cnedd 5 (5090,
S5 T claass> 5,545 ET ogas ;5 Lo oledbl 55 wsmsonll OTAY 1o an g oghions YA s bl
oS soeldl ke o @l (alad gt BT gy &S0l (osasar wlbiso 1) (65380 laginghy 5 o
e BT 01 calizes (slo g, VYAY) 0l ysls 5 s plee (92 G Sg Jlegplsiods ol i85 )18 4z 50 )50
3305 (e |y Ol Gl ol (656554 ) 09250 (sl ysSIl (ol SMSts 5 03503 g2 | slolsmle glai 5
e el OFA0) o) s sl (O TAT) L Sas 5 tiigm (O TA)) o Sam 5 ol (1 TA)) o Som 5 ioesle
&)l s SISamgh g wlodgas (obj)l 5 dmlone () Blisee Bblie lp Blie (025 slage 2 5l eolinul L,
Gk 5l 3 oliie 5l 6,500 Slaxs ilesgas pladl 5 (satiaigy 4 (VFAT) oyals eslids s VYAR) o Sas 5 aill
AYAL ), 5 (soemme g diges (1) aiiled Coad ,9iS alise bl ;o o] 0,90 0 easasl)| slags oS!

. Chahine
Shaw

. Peshawa Mustafa
. Lopez-Urrea
. Elnmer

. Stan

. Garald

. Zonghan

. Zhao

10, Pilgram

11, Harrison

© 0 N o U~ W N


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

o OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

iohles 5 (9,20 NTA7 165 0l 8 5 6,5 ATAT 1) e 5 (SL B ATAY 0l Sem 5 (plocw ATVAN 10 e g (o005
aslol jo wlosls J13 Sbjl o 00 slads> b g glddlaie wbie o b g ,9a8 S mhaw o 1 ET wig) 50 >0 (VY47
03505 oy dedidy jo 1) HILTET Slej aigy OYAA) oL Ken g lins .ol aalss o lil 3] Sladllas 31 (69,90 a4
IRprare Gk gl e wo lis ) (65 i otalidl Wig ) ET )5 slaole 4y 0 jus glrole 31 135 jo aiid F axl g
OB 0,0l 008 (ol l 3o @z e B s el Wis,y o (sl 1 ol 5 OYAY) Gl Ses 5 (heSTaws
Lsiel 9 Dgldgl ool ld . didged po 5 (lams & jg0a) (Jad g AVle (ulide o) piie Gl (G0 (6 2 i Lanogiie
099 Cr e a3l e (VADN-Y e e A) b DA 0,50 SO b ) oy et Jeasly ET Sley &lyss (VYWAY)
Slr ol loisine (2l g 5 5l g sl dalyl 10 ET ol (tal31 55Tao Sl b a5 g (ool o] 051
gy w8l )l 05 o ade> Jedly BT (o) n L YY) 055000 5 s ool ol 0092 25T 5 (o0 slovele
B 93 Al e dol38l g, op Saad aS SlaiSa wog ylite waliBe Sloj sloejl 4o g elKiws! jo ]
Lol 039 0 cire il g LtalS o] ple o o g, b 3l s o g $SLe g sl siolidl gy Lol caiils
ey 4 Jlod 5 olpl 30 Jled @2 0 § 5 et Sl Wy wisls (laS sk 50 (1TA0) (hSes 5 (oo
el gl

S5y (A SYsb (s egdle adg> (nl o )S Sl adlllassjge 03gae Glsisas Lyl Ads> gl onl 5
3 oalld o) saols ST (Sl ) Copmnl S o amo e oS5 |y ol b i8S ailaso (clo 535 550 ol
@ 0 ke gly bl (ol 165 sliS DY game Dol 5 0 wem 555,51 ey ) ohgar ) (VL lacad b
6y 00t sgamme Lol Lsle lsieas oy 1o ol e Gusthols S Lol 35T ik ol sblis 4o ol azils
O e sloadlie Slids 5 liee 51 8L BT Gl cnl )0 0 oo Joe o] 2 (S Sl 5 (55 5L8S aalsr
Pl ol e e Copae jsliieds blice 5ledo Bkl 5 ik sloadlie 4 Cund T 0500 oS ET oj5a
Wozgo slajls b conlizte las a0k 9 ol o pae ;o ol caenl (Ol (Do o ET i 0 495 LI .l coenl
P gk ol Ban g gsdse o)l 09; adsm BT sy ool hlidie slod SIS 5 ol 4o Sty o8 s
2ol 09y 45> 33 348 5 pd e Gloy laThy a5 smelr addlas ()5S AT olnill 00 e Cgmne
G rSosn el 310 rw Baiod b el oo i plodil 4y il cols L8 0e5 az g (15ilS o a8l b SO
W9 33 35 9 yPud Sla Sy 5l (2ldd (e 0 5 (ol (s gl b (I SIS )08 Lo (anaSd slaosls
ET lo S5 5l olite 5 poe Sldy Sl o 50 ailddS gl idgh b olas 1o iogh pl asled &l )l o,
P snSose b ol s> 5o ol aVle 5 (Lad wwilale qujs 5 Slslh8 sy das bl JloasJlo il 5 ads>
SO oo YU SIS 0,08 L ol (guiuaSid slaosls

by,

axlllans g0 adliio (bS] i CoaBgo

Olta) a5 el (Olml )3 Loy 58S (o (solims 550 85 Sl 35 lops 8 sapl s ) (st o)l ad>
55 8o sl b 555 551 (bl e 50 lnl wf Jlads po s (al (st (i 030 S5 ) (b S
it ol g By ol ST s ) o ybinsl o clbannd 45 Cosl adly ol g (ol Copxbga b (glailaie
FOIB YV FY g Boh Job FAC TV G FFo Y/ LLdlas laie o olpl 40 o)l ppl gaos 0,5 o 0],
ey 9 bys haw 5l e FAVY L (3w (el cdg> (nl )0 alall 0 S o Sl 000 S @8l Jled (5,0 TR
wog ol ol o jls 3 Gl )3l (shstez 5 Olnl 50 50 @8ly oyl Wl0g, (e S doe yo e Yo gl ]
sl 0 1dly laylansS 5 lnsS Ghblie jo ] doys AVID S0 5035 e siesksS TAEYA il o]yl S o
532 OFAY (o o SLS) wilewsSTy dog> slaciond don jo a5 wilosls JSas polacuis 1) ady as,0 YA/D


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid 4

Ot Olgreds Aoy, (nl 0 S (oo s a5 5 Jlod lensS jliads> S iald Glgieds )l 05, 03,00 b 2 4>

43°00E 44°00°E 45°00"E 46°00"E 47°00°E 48°00°E 49°00"E
) ) ) ) ) )
N
g g 5 iy g
27 -2
3 - - 3
gl
m
High : 4784.92
z| N =
2 [ 0 2 50 100, =
2 " Low:4.36 ilometers &
T T T T T T

1 1 . 1 L 1 1
/
{
z o
2l T e
e
>
3
L S "
b =]
=33
z o
=3 8
=3
o
3
N N
e y z
e ] ﬁL E
5 8
S
z La
& e 9 t\t NPT =
& o L 4 5 5 iy F
& ULssias 0 60 120 240 T o 125 250 500 \f yob e /’\ - |5
Kilometers [~ — Kilometers ' S ke by b
T T T T T T v £ — |
44°00°E  45°00'E  46°00'E  47°00'E  48°00'E  49°0'0°E ey e pres e EIOGE

axllans 30 by (o1l yior Capmigo (1) JS

o3 pluil by,
S g GlolKii)) oliws! uzed ools (V il atws g0 Jolis 9 u.»‘ 50 03letwls g0 slaosls laosls (Ll
9 W)ld‘-:&‘ ‘5‘):\ (Y Jia:d )Q o OO‘Q w.\.ll.o.; )‘9.»04.1{.} 9 LSA; 6)%4&2&4.&.@ cfm‘ chLA s(_g?}. GLAI? GQ[%"JJ)L’ ch.‘h))‘
slabi slassls Cusgame FLDAS13/N0ah1401 o L8l Jow slaools acgaze ET ool ganasiis slaools (Y
2 e bl s s Bld s a las 5l g polie b cnl oo plg g aige o s osls e 5o oalSiny]
3lead (guuasil slaosls oo LS )0 waxie 3)lge jo K] sbosls jaki ( Sloj (5w (05 0sS o obyg,0
ol SO lsieds | oad gunaSis sleosls 1 eslawl a5 ol LYo dlex lalje g S8y 0 09248 0 alex
L FLDAS15/N0ah1601 o8l Jae slacols acgozme ET (slaools jl canlllas ! o 05le o JguB bl siass )|
o)l W09 sl adg> gz 5w BT loj Olyds (o eizmen 5 (2lad )] glp YU G881 S8 o503
SG o () e ) YL 88 S8 b 00,8 so gt Lol el ol Sladgs 5l aS sadiol (slaosls Lol colal

G5 sl 51 conlil Sledllas alosl gl 45 ools (yyl .cansl 0033,5 ants Vb o) 050 o (gl Sz oleo

12 Campana

13, Famine Early Warning System Network (FEWS NET) Land Data Assimilation System (LDAS) = FLDAS

14 National Centers for Environmental Prediction/Oregon State University/ Air Force/Hydrologic Research Lab (Noah)
15, Famine Early Warning System Network (FEWS NET) Land Data Assimilation System (LDAS) = FLDAS

16, National Centers for Environmental Prediction/Oregon State University/ Air Force/Hydrologic Research Lab (Noah)


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

% OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

b, BB K1, o) gea httpi//disc.sci.gsfe.nasa.gov/giovanni Slas b L ools olL 51 canil oo jlo 95 5
Soiedg,0um aileles (ol .ol Lol (LIS17) (yao; Sledbl dibolss 51 slaig0s FLDAS FLDAS Jlax! 3,20 (o
acgormo (pl odgi 3l adgl Bas (oplpln VACw] 4Bl axwgs 3 >k ol 5 olid casal 4l slajls gl o
ol 00gr (oS 5 slrosls (615 S b arwgs J 0 sloyeiS o ol )‘Jf).ub cladlys 5 olie cosal 2ol ools
1y 00ls acgaze (nl ot sla ey 5l (6o b (oS 5 ae Coal o jome b souste Sliios oo
‘ul)limj\’\&ls ¥ \A ‘01)&»5Y‘M94 AR cu‘)&o.ibj \ﬁ)j).v)w‘ om—l)o ‘P‘:Uul.e‘? u.l..md.,oL..a
s mpw Jlaie Al SOl S0 e boad sbml wlele (VoY (o )an o YY Jlo Ve VA ¢ Lwdgy V11
Al Y0 0,90 50 o] ol (Sl (bl 1) piie 12 las, el e uled o adgs 1) (xbaw slaools
oaioly aloles (Y1 VP JU Ko g (223,) lod oo dumline Boeaidy (ko b ] alin 3,1 51 9 (VAAY-Y 1 7)
a8 L (CHIRPS) o8l &l blxs 09,5 30,8590k wib i s MERRA-225 slaosls 3l o jils i > 1o o
acgozmo jloolaiul b losls cpl (YN0 ()], e 5 ST) sl 00505 oolizwl 4,96 (55 0 Lol 13 lgicas aeln Sl
i il GGl oL ogdle FLDAS wlolus .l 005,87 ol wbiin gy sl (LDT26) ¢y pelans o0ls 13l
B Glazs,s (V10 (oLen 5 ST Sjlo oo e |y (2 (15 5 By S Cushy (97 sote (Sl
Cashoy s )8 wailizse (Al nls U5 153559 ailirse IS L (3 e ol ol aegamo cal il o
sled (seinial ol Sy (b Sy, 0l bS5 gmine Ol LAl L WS (Sl LS ks
ol s SGo 3 0l sy mlan Soo 3 gler (led ligSzae Lalls il [l xlaw (95,5 obgSzae Ll « By
Seislyieg e psle aloz Sl DTl L ye likod slaaiee sl ohaste |y Joe 605,54 (Sl (T slaosls g5
WS oo o2l 8 Cggn 4 wilind 1o b ools pais (oS 5 aiels a5 gledS g aue Oldlas
YV caol S aY F 0 Ol g 65,50 05le5 2 (e o) gl Jow o NOBN Jowe :NOBD Joe 5,20 (7
S S el oaseie VL] Slidss 3510 lawgs (crwg Hobay Jow pl (Yo IVA () Kan 5 JU S oV o ¥ )], San
oolaiwl 3,05 g pdes (Jlglgieds (5,505l o s b adail,y )5 Wlgi oo 00l Acgezme (pl Cnl 0ol a8 F
o3 Jols o Joe ol 0 ET 5y 0,5 a0 1, «NOBNY (o mlaws Jow FLDAS (YYD )] San § JU Sh) 05
adlie v (nl goz Jolm BT IS piolie g il oo ainp SB- 5l s 5 blS (i 2651 @505 ity 26 (25 2
&l Lol S o oolaiul roy dlolee SIET avulre (gl g wgds oo 00ld (39 ey prlans (idigy G (83 b 51 a5 Cl
oolatwl L VAAY gl Jol SIET (glaosls adgs 0,8 o yhas 0 1) olbb b8 iy PET) Jewsly 3,05 ¢ jused dnle
IGPB (somaibs jl iy g sl ol )b g 0o 5 5T FLDAS/NOAN o ldl Jows 5l a5 ol 9 S cugh,
&Blg o (YA o)) ) Ken 5 (Jb Se) sl 0050 ,5 zl 5wl AVHRR s MODIS sleosizes 3l s 5 4 UMD

17 NASA Land Information System

18, https://nasaharvest.org

19, Pervez

20, Policelli

21, Funk

22, Hall

23, The Famine Early Warning Systems Network (FEWS NET)
24, Rui & McNally

25, Modern-Era Retrospective analysis for Research and Applications version 2 (MERRA-2)
%, Land Data Tool Kit

27. Ek


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid A

Slaie asiis 0 N0ah 3.6.1 Jow 5l (e grbaws 00l (g 5lwancds sl yalyly 5l Slaspm p Joiiioe 0015 degaze oy
salgs 50 Jow ey 595 o1 50 sl (LDAS) crao; slaosls sleol ailabe J31s ;o (FEWS NET) o &
5 &ly baSis 53, p g ol (5310 iy MOD44W MODIS  Sis Sule L FLDAS sleosls plos Y=Y+
UK 5o Sasle ol digd (V- VA ¢ JU Se) ol 0 plol sl o Jae! b gilomammcs b St 5o o] (gloaigy
FLDAS 45" la sl )y wilosgas Jlosl agag )l azlyyo 53, 2 1) o] 45 0930 ovaline (8 (oSl (B wogiz 53 5
S ghw (22 5 LS el (alS (g abibl Sias Sele (aLS g sla il ol 305 oo Sl s
Jgaz )0 e o (slaosls dsgezxe 5 (V) Jgaz ;0 FLDAS IS clasiine .ol idig 2 S0 e o (LAIZ8)

(YVva o) )See 5 b So) ol oal (V)

FLDAS ailolw sbrosls wlasic (1) Jgoa

LIS7.1 Fewsnet Global
(2 5 Job) bl o PP i
(179.95W, 59.95S; 179.95E, 89.95N) > bad o s
AR * Sl S
SpPINUP Jlo S5 L) 95T VAAY/V Slooyge
ailigy > 9,5 «slaido V0 ko slapls ** Sl Sy
Sox b dos 5 o lsale (sbrosizinn ) oad zl 5l slaosls dcgas cbloly

ol sl e Vo ohng Cusb, g ls (slos gl e ¥
SRTM

iaskS Sy ( r39e) NCEP o Jyuxs IGBP

wlelay )l cublsly
Ul gy

P Sligy Gy

Reynolds, Jackson, and Rawls (y444) Lol Gy
NCEP_Native . .l :.Sils PR
Barlage_Native By 9ol Sl
NCEP St 5w s eSS
STATSGOFAO S sl
090 s Sl
Noah 3.6.1 ooy gdaw gla Jow
NetCDF =9 Ly
EORTE YL S yiEey, Syl F il glbay

Ngd oo SIS olad Ojgods 49w by, 5l eslaiul bLis li8le 5 atis o wlaeS )5 ssliiles slacilsly *

Nigd oo SISE Gloy O jgon (SFLblea nlbly p3 cadatie ()L ms Gllae LDT Sl3dle 5 b (5L alys; slagsss s

28, Leaf Area Index (LAI)


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

q OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

oo e Joo (6399 Wpedls acgozo (V) Jour

i _‘? :3 g \\:i 030 dcgoxo £ o5
Y Y

o

URL

http://glcf.umd.edu/data/landcover/ N yKm ol University of Maryland
Vegetation Classification

ftp://ftp.emc.ncep.noaa.gov/mmb/gcp/ldas/noa ol YKm ok> NCEPIGBP Vegetation
hlsm/README Classification (MODIS)
ftp://ftp.emc.ncep.noaa.gov/mmb/gcp/sfcflds/t alale JVEE ok> NCEP monthly albedo
est/fixed/ README_albedo_gfrac.txt;

ftp://ftp.emc.ncep.noaa.gov/mmb/gcep/sfcflds/t ailale SVEE° o> NCEP monthly green
est/fixed/ README_albedo_gfrac.txt; fraction

http://www.emc.ncep.noaa.gov/mmb/gcp/sfci
mg/gfrac/index.html

http://cybele.bu.edu/modismisr/products/avhrr/ alale VKm ok Boston University Leaf
avhrrlaifpar.html Area
Index (AVHRR)
http://www2.jpl.nasa.gov/srtm/ culi Y. s ok>  Elevation Database from
SRTM
http://webarchive.iiasa.ac.at/Research/LUC/Ex o Y.S ok FAO Harmonized World
ternal-World-soil-database/HTML/index.html Soil Database

o (Y12 L YAAY) dlas YA ‘;Lo) 0,90 ;i; 6‘)? )]éjo)sn 0D giote 6‘ﬁ HJJA u;‘ ET GLﬁnooL} W}Lﬁ-ﬁ:‘ ©

Flas Slay o 5uSle Hdo 1ol calize b5l slo,lore 5l ooliiwl b g duslie adg> oKl slaosls b cdl o
S50 ‘5:5 Ll & et s ,s 3lhae ;o8 S0l 9 TTlas Glae (Sl Mool Jbop sl Sl e oKl Hds
(V) Ly, ©ygods cadol milys .ol oauomiw dog> 2] ool L bLs )l jo Jow cds g aid )F 13 o Lol

g oo iy 23 (F) B

RMSE= /—Z?=1(Xt_Yt)2 (1) akal,
n
NRMSE JHEGere (Y) el

max—Xmin

MAE = Z{l:llxt_Ytl (Yl) AJ@‘)
n

Xe—Yt
Xt

MAPE =- ¥, x 100 (F) akal,

1
n

Xmaxd oley jo Jaw ools Jlaie YT &t flo jo Slaslice cols jlade (Xt daosls zg3 olass N Ly, opl jo a5
o Slas 0 yao 3l Jol @b dw aals .l Slaalice ools Jlade oy 5SS XMIN ¢ Slanlice ools Jlade o 555

29 FLDAS Noah Land Surface Model L4 Global Monthly 0.1 x 0.1 degree (MERRA-2 and CHIRPS)
FLDAS_NOAH01_C_GL_M juaial 4

30, Root Mean Squared Error (RMSE)

1. Normalized Root Mean Squared Error (NRMSE)

32, Mean Absolute Error (MAE)

33, Mean Absolute Percentage Error (MAPE)

w


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid )

A a8 cwl ol @l ol Gy ypate o iy wiz e 5 VAL 1ol Ken 5 55l ,15) ol piie culei o b Jle
Swools 0590 ;0 wilsi cpl I sl ol o (padd (sllam 3l souo,0 b Juw ;0 g 00g gl s sl ol Lol il ;a0
ool Slaslis ool 4 Jaw ools 04 o035 9 Jaw YL cds ailias ail SGop oo soe 4 448 12 Jdw 5 Sloslin
Al aild wo b jao s polis wilg oo (F) b6
loasil alais (JSo 50 .am co Hlis 1) axlllass g0 00gaxe ;0 FLDAS Juw slaaSis alais x565 (V) JSo
ol 0a ool isled Wosls i Liel (6l oaisles bl laicds e slaolSiins! Cusdge g adg> 51 j0 &8y

£ 4
3 12
z 2
> <
% 3
A s
B Sl ol

> [ ] o adg> 0 30 60 179 7 l;
£ llometers 2

Ié
; = = - — - — Js
.-, 44°00°E 4500 46°00°E 47700 4800°E L

i GBSl 5 e (ool Compe U ol pad gl Ay (sigir ik 59 FLDAS oo slaeSnd 4 g359 (1) U5
(b) By g @)

imsliel 5l G BT (0l goaibiawl g989 Slglyd 9 Juwas Sl slos el (G- giloj () 2 (2
S0l cBlaie 00 S ai 459> 59) 2 BT Soenily :Sile ol ol o gaipass (slaosls jl (5,050 42 b
B8 18 ) 050 yuiie (| Glag il Sl eolainl L ET polie Jluas Jlo olo)g aslsl jo g Lad 5 wlale
L ads> ot o losgams dagl slacsls (i g ads 058 5 (3,5 ) 0,50 slag lriali W, anglie jslaieay
Claie b ads> 5,5 g 50 losgaome 5 5,5 Jsb FHFO-OITOE 5 Jlais Loye YANI-VONON clazse
loads 03ls Gl D 58 gy b iy s (V) JKS o a5 wd iy yai FY-FVIVOE 5 Jlads Lo,e YAA-Y0/VON
Jiee s Sl S5l e 5 (S 5l oo adhaie (g5, 2 BT lyis 2l (9505 (ateie ol (o) (0l S
Slsl el bl slolis gl sl s0ud,5 hie § oo (oyloeigl 51 pel 513 Jlrigel glalo lolids oo
aogm ko VYo g1 e Ae e Wbl LET glhae Sl olas cloatss  ols cloailinl b yies go3s
VLo ggazme 3l Jlo sloole 51 S j2 (g0 ;0 o dsles L casg> BT dilale 005 coles 50 .000,5 4 anlllass ;5
el Caws 4 asg> gl ET

Losls o ylacl
5 o)) adg lanlie ools b anglio jo axdllass jge ke cpeds j0 o] CB5 9 Jaw slvesls oS obj,l sl
Slass tal38l sll 4 ((R2) yuts o o o] gsias g (R) (Koo .o ooliinl adg> it g o8] 4 slaools
Jlo 0 sboole 4y s yiiiog oolo Slawi b jslbew U s 5l < Lo lgicay Lasals Lid |y (6 5YL polie daosls 4


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

1) OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

(e jlade laed o5 gl ools gl)ls laols jo a5 Il iyl Jlolias adl g + /£ L Sican 3l polis
Sl Clarye eSiln i s Slaye uSiln i Jusb 5| 5 (slogals Sl laasls ol sliiess ol a5
Yl s eyl by lse ol (Y Jgu) s colaiwl Uas as o 3lhae ju8 .Sl g las 3lao 1 Skes oo Jloys
Cowl yiaS oyl jo Uas Colpo a5 ol bgsye 90 (ol slools g 5l g oylins; @Vl Slej o3l 4 cud 5 4 Jow <8
Sl Jgad plos dy s bl <80 (il ET yess jo Ll

3 i 69)lge 53 g (Slaalive ools 5l a8 [ ET polie (68 )50 50 oo gl calad pae (Ll & Joo aiz 52
sel 5 wosls zg5 (bl 51 (V) Jgazr 50 oads &il] gl ay azgi b cosls 90y IS (plogzrgl S o 05515 ]
el Jg3 B coniSTy gl oolo b bl o Jaw ools (g jl adg> JS o0 i

Loyl b Bl suud 083 cuodd sodld g wyl adg Slodlicm rosls Z95 Uyl sl 51 By gl (V) Jguz

J R
2 — . 3 -~ — 3 . - 2
3 2 S EN o 3 0% 73 2 ¥ j o
SRR O R O
K}
N 3 3 o > < > o < > o 'S 3 > < o > RMSE
L =< < = > X £ & E = < < = & (mm/
B < o > . > B B
day)
> 9 — > 9 > o o o [ < 9 > < o — > NRMS
£ £ = £ = = & T £ £ & 3 & = E
— > 9o 9 o - o > > < < 3 o > 9> 3 > MAE
> & < e =z = N = 3 N x = = < = 1S (mm/
> 3 3~ . . - P . .
day)
s x> 2 » 2 x> & x v x - x x < < o+ = MAE
> B o = o o > > > 3 = = = > . (%)

ol as9> ET (55100 5o
Jae opl 5l c2alS ET &g, FANA Jlaw b adg> g 5l Lol aoe> ET ggame 5 loe (nSleo (F) JSi 4 445 L
ET oo oy yidion ol (c20lS adg> Jlods B YAYE Jlae 5l g 20l YUYE B YA low 5 ¢ ciali8l FA/SO° G
sbes 5 oldlax (5,0 323 o ylid 4T Cawl oo cud FAROT Sl 50 aSh e o Sl 0 4 ade> ol JS o
5 Joe golaiSl sla Shig 5 (e else g 0095 adgm (nl 10 BT (e (it 00iiS (s sl 5256 g5 g

JRCCON- S VSRR I
37.00
36.00
35.00

34.00
$33.00
182,00

81.00

—30.00

29.00

28.00

27.00

2 o,\% \ﬂgo\\%%“\% “7\,5 “\%%a’\ﬂ%b\%%“\go%\%oﬁ\a?\ﬂg\\@q’\,ﬁ\@ &\ﬂqﬁg‘&@“\@%
7 A9 Vo omT x °> & ) VS o '\
«-Qfe%%%% SRIRC R BRSNS

O FFFEFS @%@%%@\\@\

<
3 ZaFcue) )yl 3yl Adgs g s oy 03900 43 Y1A/NY BIAAY/Y SIET £g0m0 (55lie cufibus (V) JSCi
.(FLDAS_NOAH


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFoF jol oVF o)las ooyl g Conny Jlo o2 blpiz pale (50 )15 Olisini 4y puii 'Y

ws9> ET Jloj 5

5198V Jlo 5 3 b (S Gana> 50k 0,90 99 cupl ads> ol (Lad BT gsome (Sloj (s () JS5 & 4295 L
33 83 oo ol a4 Y10 Jlo 5l 55 9 VA=Y« +Q o lo e Loy 1) gl 55k 0,90 90 9 Vo) oY 210 (6,500
el o S YoV e Jlo o b Jhad sliiulay Joad soles sl adg> ET e (5 i b YA 0,55 Job
Shams go i |y cmd (ial38l Wigy VAAY-Y VA Sl o3l 10 dalllass jge 00gae ET (glaal 1 Sbee Sy (g
i Gl 5 5l g 23S |, CAMMIDAY) s Glie (S sl 9 Ol Jpad BT Ol s asels s
aols </ g - /0 mm/day ;e (g s aiels

100.00
90.00
80.00
70.00
‘%iG0.00
" 50.00
’)'\
3 40.00
Q
30.00
20.00 U VJ f H
10.00
0.00
AN M < O 0O AN ST W O WO O ANMT O~ 0O AdA N < I © 0o,
O 0O 0O 00 0O O O O O O O O OO OO ©O © O O O © O H A A A A A A
O O OO OO OO OO O) O) OO OO OO O) O) OO O O O O O O O O O O O o o o o
AN AN AN NN AN NN NN NN NN AN
e e e e e T e e T T e e T T T e e e e T T e T e T e T T
(e e e e e e e e e e e e e e e e e e e e e e e e e e e |
= T T T T e - T s T e T - e e T e )
A WO O WO O AN O LN O AN O WO 00 N o 0N o0 W0
oles

Wog> 9> S (o 5 00gax0 30 TIANY BIAAY/Y 5l GLLET gm0 polin glaol (oKl Slojy g (F) JSCi
(FLDAS_NOAH ;| g y5iumo) ! 3 1

250.00
y|= 5E-06x° - 0.0577x> + 288.34x* - 767979x3 + 1E+09x? - 9E+11x + 3E+14
R2=0.478
y = 1E-05x6 - 0.124x> + 620.08x* - 2E+06x3 + 2E+09x? - 2E+12x + 7E+14
200.00 2 _ , —@®—DIJF
R*=0.4
150.00
£
£
100.00
50.00
Y= -2E-06x8 + 0,0287x° - 143.95x* + 384583x3 - 6E+08x? + 5E+11x - 2E+14
R? = 0,2985
0.00
1980 1985 1990 1995 2000 2005 2010 2015 2020

S

axdlland yg0 0398 (b )l 1y wdge (g (i )0 Jpad ET g gomo (8 4 yo) Jlaogs (b g Sloj s -(8) S5
(FLDAS_NOAH ;! & yuiu)


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

W OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

S 5 Gloj o)y

aoy> Byiomgir sl iz a5 col 5T Sl oyl ads> o allo YA 0,58 Ky gl ET a¥ls Lasgio jyolie oo,
J52) anleioe a2 yashee Vo F Sl (liee | L BT Gl 0 V0 (o) 08 i Jlso sbinlay
s> sty plo 5l G BT e (b osiz adlpie i 9 sl b ras ads 3,80l 55 dw 4 e )
Ayl ook cillas Olelas )l b abgs oyecsi> 9 50 p0 baiin o)l

44°q.0..E 45°q,0..E 46°q'0"E 47°0"0"E 48°q'0"E

309-50

50.1 - 100

101 -150

151 - 200

201 - 250

| |251-300

| |301-350 -

| |351-400 -
[ | 401-450

| 451-500

501 - 550

551 - 600

601 -650 0 30 60 120
651 -704 [ - Kilometers

39°0'0"N
1

38°0'0"N
i

T T T T T
44°0'0"E 45°0'0"E 46°0'0"E 47°0'0"E 48°0'0"E

ARREATA w).’ L HL’ 9 UL.M.A) GQL.MUL; ‘)LQ‘J‘ J}.@S B ‘AJJUQ.AO)}A 0,99 Lfb L)"")‘ MP @a.w B ET Ja.wj.:.n

Ol 50 YO L Lol 1o YV - U Ll o BT ol adsm cpl jo (Y IS gloaiis) cusl 00 o o OY 579
Jo YA b ase> cpl 0 ) ET e 05V Jlos Jhad i) om0 lis |y o Lo Vo2 B 50l 0 g VY- b
Sy ialen 5l b oyl 40 §ym psed Ll og ol ol e 1y ol Jds el sols Lolaisl 53 a4 aalllass yge
St al5 s slas (:Siie 538, WU ity LS s 51 5,55 5 ST s 51 5 sl it 55 ol il
55705 esanar 5 3k (39 1 ohl G0k (B Sl sszg 5 Slelis ) 5B gl T el (38l o,
Ghls ad uegd il Jad oy cond Lo 5l a8g0 ol 1o ddlaie LS ibg S g o515 adaion oadle
50,5 o lil Ign slod yog YU 4y lgs co liwsls Jad jo YL ET polie ol jluaie; J¥o 5l .ol YL ET
SOl gl 5 ey s a0 g0 LS &S Cesl FElE S sblis 5l i adg> ol )) sl 0 BT Jlade (e
S a4 Loge rolie W (b ¥ 5 b azis o 8 b 3 ety () i 5o 30 Jalse ale
uLmJ ‘) ET )L.\M U")"k)“':" sblj‘)u)l.a 9 ).Ql Lgl.boli.m.i‘ P9 4.».:).0 B ‘J...).))I ASA.UW olf:uw.:‘ LS”P o).igd\.: oW
s oo plis | 5 BT (ot jsbay 95 58 50 ly (idn 58 ads 08 )0 55 de 09 Jsbo o aums oo

o
mm

<10

10-20
-30
-40
-50

|

88388888

oyl 0y asem O ET Lad (1Kl yolie (V) JSCi


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

VEo¥ sl VF ojlods g0 lgz 9 Conny Jlw o bk pole (00,5 wilidini 4 ol Y

S Ghows drole soles jo (A JS) awo oo lis all YA 0,90 b FLDAS ET wlele jolie slad aje
@ oo ole ET polie 03V o 51l aldls (3,0 (gaer 4 Comd 63V polie wany & yol Jls> 5l aoe>
«sdm ilpe o 05le 18 gl sai 0 50 hadhee VYo B (Bl L) el 358 9 S0l oSl (28 gt o35 e
Loy ET cpnolios b sl slaole (o adgo cnl azaoon oL | 63U ET poolie (osle 5 ol sy oo 5 &
Adlie b adl ool boole los alie 55 (4355 5 498 cugils o ads BT (olad myje ol ails jo Lo o 5l 1208
B (P9 adsm 0se 9 By 50 0S|y Djgod g (Mgl) 9 4,98) Ads> (350 )0 (mdge D)ygod &S S (Sl
p0lae oledsols cuwyy ;0 .00 )F oo cdwlive Abs>  Brhogin 0594 5 (5 4o s polae WYl 6oX1 a5 ls
By i sl ole ) a5 (s 5k 005 oo eaalin ade> 50 0 BT aniny slie (Jlo )5 0p90 BT L ET
B 50 oud osalie it oo (595 9 (oo Slaole ;0«15 0,98 (59 b dled oo )25 |) Aty polie Ay
5 olad ladglis b o il ol 4 abg> o)f g Bpd adl g W ET polie (5)lae OB e s>
adl e 5o o Lo VY r e 4 ET aiiany polie sanlice fyad o 0 oo 10 a5 el glaisSay Jlo 5l aBge oyl
20,5 oo J fa e Vo a5 (5)lhe Syl s o9 (355

ET
i

100
- o meters

o oo o 33 (RAY=Y 1) Ao YA 695 (611 00 (6 8 uiloo )l g ET ailalo gloaidsi .(A) JSCi


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

10 OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

JwarJlo glag el

o (V) 5 (1) sl i @ 4z g b .aud 5 awlee yusiio (pl Z &lyas o)lol 5l soliiwl b asg> ET (slacs lrigsls
a,25 |y Lol 0,99 duws dalllass yg0 Jlo YA (b 10 )yl adg> a5 sl (] Cpe ¢35 525 ¢ s slags gl Jlway JLo
YooY 0,99 9 (ﬁgb 0)56) Yool b VAAf 0,99 ‘(Jj‘ 0)50) \VAY B YAAY 0,99 )| .b‘u)l...c oAL.)li 6&0)5.> ] 0305
30 4o Gy a8 Canl Jlo jo pl sl 00ged 4y i |y sate (5 louigal adg> o pe (Jgl 0,90 ;0 (g 0,90) YVAL
Aog> S las,lrigel sy oo s 4 el ool lad | Sk 51 SV Yl B e g i polde aslin Sl
gl b dibie cpl 5o (6)5% L Lot )b e98g (Bl g )55 bys Cusby 395 5l (U (sl )90 p3 (B,
Slo,90 10 auled e 1) 0asols 0,90 ;0 ET (lie ol 38l wilgs co o B0 adgm 10 [b,b ial38l amis S )] yiics
A J58) s (08 9 (Byd adg ;0 alie 5lorigel S 0ald pgs g pg0

982 1986 1900 1994 1998 2002 2006 2010 2014 201 21982 1986 1800 1994 1088 2002 2005 20102014 2018
z: WestHox Lon:44.40-45.30°E | Lnt.SB.SO—SB.lS“Nl 2’: 2j4 EastBox Lon:47.10-48.00°E | Lat:38 5n-39,|5=u[ 2'4
2.1 21 24 2.1
1.8 1.8 18 18
1.5 1.5 1.5 1.5
1.2 1.2 1.2 1.2
0.9 0.9 0.9 0.9
0.6 0.6 0.6 0.6
0.3 o3 03 0.3
0 0 0 0
o 03 o
—0.8 -0.6 _'9 _é
-9 -9 -12 -1.2
-1.2 -Le g5 -15
-15 -5 18 ~18
-18 i . “LB o -2.1
1082 1986 1990 1994 1998 2002 2006 2010 2014 201 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

‘Slkwfb )| Ao YA 0,590 J,.‘o 30 (ua.’g Caomw) Ao 9> ‘g).és (C.eaﬂ) Caouwt) ‘;).w o8guxo O ET Caumisg MLM (i)JS.:q
w00l oolisiwl Z 6 yod dwlxo (gl 0 ¥ JSCS 50 00l &y 2

0195 15 (s 429> ;5 St Slacs )il Oliee 5 (BrS Ad9 )0 p93 093 )3 (e slacs il (e 42 5]
> laihie slaosls aF cosl o Sla 8 5 (Brd w09 99 IS Alie wiBlioo Falagy 5 Az pge
otk slasilale Jlie 1) (2 slacilbly o3t 51 86 cunlige axllaes jgo ablaie )3 5585 5 s polis
15 g lninl Caadle 1o i L lacglis (ol sl dalllass g0 550 10 (5,35 § Slo)lir9 slailoles e gl 0
osalin B 0208 5 (5,0 Sloidn ln pow 9 p9d slroyed 40 s lxigal polas 9 ad (e j3 gl g sl 0599
Cudie (6,mgel Ghils a4 Ve o ¥ L 5l ases> IS Lo, S conl ol odimo ylid zull (358 9,190 5 ogdle 0l oo
(0 JS8) dnlllnes oo dilaie Lot Jlo (sl lrigsh ol sladis 1o 65,k S5 4 428l el canl 039y
VAAY sla Jlo b e (sl laiils (6 S Syl o518 Carto (g lomigel ¥+ o ¥ Jlo 51 L b i oaline L5
g oo 03dline Abg> Cilue el jo Coile (5lrigel VAL
225 1) Sote gl adsm 5 Lojil wins hte il 9y90 2z jra ¥ oY Lol am &S Jlo s
w p il 8l e sl .l 8 sla o 4 cas 13 la Sl S0 ET e 509 YU ,Slis S5 cpl sl 0003
5 VIT) Cote (o)lomigel (i ol S Sl Giale)S osuny a1, a3 a9 50 Cude (5 mal b sla L
Gl Yo g VAAY Jlo ;o laT 5l a8 i b g adgo e sl Yo Ve 5 Vo VA (glo Lo & bogs o i 5 4 (YY)

ol 00l oS Abg> (5


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid

Aras—Catchment | ET Z—Score 1982—-2009
44° 45° 46° 44° 45° 46° 47° 48°44° 45° 46° 47° 48°44° 45° 46° 47" 48° 40

7 7 K P Xt 7 7
Q7 8 Clte (SO
TN o ! .. e \l‘ o~
% sisaae IRl
46° 47° 48°44° 45° 46° 47° 4B°44° 45° 46° 47° 40°

NG NG
XY .‘. -';EI A v‘:@:ldz..‘;‘; Yol .o
jl‘%@@%l%\‘“«’ G e

B2 sy A [0 0 G gt
LN SO

>
45° 46° 47° 48°44° 45° 46° 47° 48°
= 40°

- 1 b ' ol Yo ¥ AL

“-A“-’q 5 [ A 2

. 4 ‘-“ - —A‘!‘.’ ,'1 ‘\‘ -

‘}ﬂ%!&ﬁ'jl @ .&ﬁﬁ‘&h} & fgﬂla g)‘ﬁ#‘ ;.}.’ = 3g
46° 470 48°44° 45° 46° 47° 48°44° 45° 46° 47° 4B°44° 45° 46° 47° 48°

) !mm?,

38°

40°

Sl 39°

] g4

38

0 W g e 10°
1 ; ; J N P
T&‘ % ~ ' 1 j £ \ Nt A ] \ \ X 39°
IS A T T

46° 47° 4B°44° 45°

:\?@@ #@ gm@\}%iﬁﬁ@:ﬁ% ;"ﬁm

$Z ) S
750 bt gt

i'\/ h& o8 '\““ S <7 1
3g° %ﬂ*?@:.@wz"y Dl B ‘al v

44° 45° 46° 47° 45° 46° 47° 48°44° 45° 46° 47° 4B8°44" 45° 46° 47° 48°

K S - 0°
NSNS >\ S PY

38°
40°

] 39°

38°

P, 39'

4'7. ;‘J I > 2 O w 2
8 A R NI R S N
44° 45° 46° 47° 4B°44° 45° 46° 47° 4B8°44° 45° 46° 47° 4B°44° 45° 46° 47° 48°

[ 1 [ T T
2 26 3 356

-36 -3 -26 -2 -16 -1 -0.56 05 1 1.5
oy aosm 3 ET JluaJlo o loruels sloaids (1) Jsci

Aras—Catchment | ET Z—Score 2010-2018

-3.56-3-25-2-15-1-0505 1 15 2 25 3 35

38

ol 99) adem P ET JloarJlo slags el .(1+) JSiv aol!


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

\V OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

ET Gl 0,0 VoYV e oo Slols lyls - S8 blis joras —asg> JS a5 ols lis anllass yge (5 )kl 0,98 (b ()
G slaSlelp ol ade> §rhogir g S g 8l 5l ciSu 4 bgpe YL Gl Slgl 2wl e 00 MM I oy
@ O el i b (5,0 50 0)50 ArmV e Bades oyl Jlad 5 55 e )0 9,50 O Sl S ole A- MM
6ol S g (o€ dews 0 Ve MM &lale ET Jlglys sl ails A+ MM wlale ET JSlgly8 55 550 T+ U ase>
@‘j‘ﬁw|oww¢)9ﬁf‘ Gy wMPdﬂ)‘Mjfﬂjﬂ‘)éao.)yé)yoa)lﬁS‘M?d)ﬁn)‘

.w‘o\b% 0)540)‘}“54.»43?

Aras—Catchment | ET—Frequency
46°E 47°E 48°E 44°E 45°E 46°E

1 39.5°N
39.0°N

5% 38.5°N

39.5°N

- 39.0°N

38.5°N

2 i | = - sy o) :
44°E 45°E 46°E 47°E 48°E 44°E 45°E 46°E 47°E 48°E

B [ I —

5 10 15 20 30 40 60 80 100 120 140 160 180 =200

YA Gly ool wdg> (gl a5l alas 2 53 o ao 1V g Vor Ae Be 5l ilen b gl 3505 9 jid €989 Slgl 8 .(1) S
(ol FOOF) Jlw

ET aiblo w3,
alale wge (2 5V oyl 49> 5l golael (i3 ((VY) S0 4z g b ol angd )| 405 BT allale 05 el
sy ol 0 BT Glis (n F i b Grliosiz 9 58 5 (33n 50 s sl lei oo 2,25 (o0 olo o1, 255 ET
Sbliax Jlodb g Jed)l s 59y 2 485> G0 )0 S5 Sl o359 g3 (gLl jobay 4t 00 5 oo oualive
) 295 BT islie 00 5VL 4598 5 4ol (sloole o a5 098 o ovalie dije 1005 (59, 1 (5,50 SzsS o090 5 e
o gy sloee o5 slaciisoly 13l pig5a ol ailys FLDAS Jue slo sz 5 sy o0 5 a4 aiylod oo 4123
s e Al ion |y S slanspine ol (58 U5 o (IS ot ol (5L 2T ET sl 31,
o aite (S el 025, o o 45 ymd Oyt oen (e ol sl S5 1 Lot il IS ot
e s i slasle )3 e (nlike 5 1, i 3 o ol s 6 e 5l e 5 s el o 45
oSbgd 5o wite Gul allale ol iSike by )l 4> 0 BT ailale ) Slaszr (o) 2 St ool 0090
oolae diiiog 00,5 o camline SO pl jo 4 5 ebylen Ll eols lid (V) JSS j0 9wl il 056 9 Sy
YL bl Jad sl 5 e Jad (S jsbar 5 saisn o0 585 4 (o0 0l 1o (26 5 (FrS SLigs 2 o BT
3o (n Fiml e A by 5 5l 5 05 e Shl i (blie 5 .00,5 e onaline (uSL 9o 0 0 BT nolis

Siles o s | ET


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid A

44°0'0"E 45°0'0"E 46"0|‘0”E 47"0]'0”E 48"0"0“E

1

39°0'0"N
|
¥
’
N\
\
T
39°0'0"N

BmSs S Adrd sl b ole
4513
A

o

38°0'0"N
1
T
38°0'0"N

dosl
v 0 25 50

0
Kilometers

44"0"0"E 45°0'0"E 46"0“0"E 47"(3:'0"E 48“0"0“E

iyl adgz W ET ailale 5, . (1Y) sl

Aras Chatchment | ET—Monthly Mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

80 Fast Box

Jan Feb Mar Apr May Jun Jul Aug Sep Oct NJo_v Dec
80 3 West Box

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
035yl 1 gyl ddg> 10 p€ g (B wIL 90 ;0 ET (14AY-Y413) bl YA @l o dildle cuileo yolio .(VY) JSCis
.FLDAS

S S A
)‘éyo.: R R FLDAS Noah JJA 6)91): LEL'—'-“ » YAAY-Y )4 ‘é_sl.c) o)L: o L)"’)‘ MP ET Mﬁ)” w‘ o
slale 5 YL ET liad mjs o 5Lis ET Glie iVl s 1) PAISOO e « )l adgo 0 ET (g lin uSilie
O ) Sl Jad b e malS T Gyt asg> 0 I ET (e a8 sl ol ,Klis adlo YA 0,90 b adg> ol )0
ole b dlale uliie ,0 0,00 |13 gom a0 40 Lol g Conl ools plaisl 0gs 4 | ET olie cp 5 s ¢ Jguad
a5 ols lad adg BT (IS 3, aSplzen anils 1) BT (lie 00Vl Gojle s sl e sloole G 5 (o0
oedn 5o Ll i ET a¥ls ggomme cons allale ET ol o 5YL 6l o olo o ads> 5l g0l slaand
BT oo mtes (5L (555 e (SlidsS 0095 9 o)l o o> ads> 5,0 s el 5 o8 lelis)|
FLDAS Jse sl >g,5 ol las )l ddg> ET sl w5y ddd lod oo 4,25 ET «yla Egommo A S I
oles Lo ST ET polie jo ) b et oo slo)S slaceioly b soa wilaulys

e glng loeigsl oS 5 Slgld oo ¥ Jlo 5l L3 b a5 ol i L)l ads> ET Jlots Jls slogs lxial
2l St 6yl adgm 5 Lol s ite (5 briael 30 Wiz ras Jlo ol 5l o Ll eogs 5l ol
oel38l ol el 0093 0,90 (1Sbeo 51 YL S sl Jlw 4 s Lo Jls ol )0 ET 50 s o lid azdly ol .ol
— s By, lass e 10 (WWAT) () Ken 5 snpgans (hagh axt aSlizpe w3k Sl Glale)S 5l (ond Wl o0
Gl a8l il58 Y e e eV e Qo o (b bolSis] alod [ 5,05 puded lhme ol Lis 55 ol ) sleolKins] 5,5


http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

4 OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

s led oo i8S 18 4V/AF lisabl ssgass )l (i sblin jo @y slaollin! ws o O aS glaisSa
Litn 5T 51 ol g 5 g 5T 1955 S 10 ET ke (g ot s &0 -+ JLu 542835 b ol 5 285
el 05945

ool o) (b )l adgm 55 yia oo VYo g Ve A B Sl 5 550 - g8y Slsl S L (SaisTy
S i ET sl Slglyd 0539 LYo 51 (SO .l adgm 5,0 50 laasliw] sladiiion 35 105 45 ams oo (ylis anlllass ) ge
Solized aib )35 6bys o e 4 4> 5l i cnl (So05 5l (U Wil ge adg> Bpb 50 e dea VY- LD
3 ol IS 0 5 sl 5 ] 0 55 L aslie 5 ) 4 (g sl (i (VFVT) s e
Slagidn a5 Cul 0,5 lgie yal Jlg> b )l (Brd slagidn (Sa35 5 555 bys Lide b sl je slapl > ysee
o Ll o)l (Sl Galidl a4 (WWA4) ol an 5 Go8y el ()b 1 wipeed Sz oy Lol ool 5l 258
oy oo a4y el 00gy ciul38l Ve oA Lo B Lo ) ()b adg, auzl ;0 (YFAY) 0950 9 590 Jemensl g Qiloges
Ltk g98s a8l 9 )55 Slys Casb) 398 5l (LBU by (Bph dnd 5o et 55 503 5 St Slags Ll 0525
$by b Glime 5 G g yolaiods 295 oo Sletin som sla gl 1y W bl dilaie cnl o (555 Lade L
29 plnil garldl (g3l Jae )33 sbyo oszg e g b Ll g0 y0 o)l ade> ET (lie 5 (3 mjs 50 555

25 e 2l o5 YU Bl b 5 5 (65,088 slacdlad o o) ol 5 O (D )0 5,85 5 oo (il 4 a2 g b
shls laise w8l L5l glaaiss Ol s leutS £53 50 (il D90 eud ) ) b dulie ;0 ads> 5,0
Ol s ol atge Copae Cgz A (B (i by, la JUS ake; 50 (555 Dleladl 00 F e sloiiy SYLET
skl didiog 35 503 iznen 008 )18 4553550 Sles ol laJUS zglans (59 5l s anTd (b ol 2 jae |
L5 e b liosle sizss (oL o ol 5 Jazo! 5 el Ngame ol el S ) > slocl o
b sl ¥game 5l (5 ciS il 5 oadalolid 5 oy (2] (15 @ oo SloaisT Cel (5555 (Ll
23,5 #Mol Syl

&Lo
uul.w‘ » Yl fo ) d),su—)w s_)‘),..uu ..\4'5) sib))‘ 9 b)ﬁ—‘ﬁ (YY) ).Sl csojtu ‘uuLa.ua)LC 46).9‘,'13 C)b €0 yo> sdw‘
NPATOV A¥ oo ¥ o )lad) Y7 o1 5 o il i ol 5 Jlod 55 i onnlll sl el

Olidizi o o,25 Gl jadls 5l ealatwl b )b liwl o 3,25 5 s Glime 3,505 (VYA) jlisee ¢ 0,5 f5300 (5w
doi: 10.29252/jgs.20.56.159 .\ 0-\Y0 (0F) Y+ ( olsl iz pale (60,015

L3l ooyl 09, (292 4d9> )3 Jomilly 3555 9 putus Ddeaily gy Lot (VYRY) cogiing cogln (00 4 10 ¢y 90 Joros
AAY-YYy. (V) YY ‘u.é,,.zo L;)de.ob);j

anlllac) Gloj (5o Bl glaJoe (ool iy 3505 53 9,12 (VTAD) yho o By ymo talo ¢ 5395 toal o6 oy
doi: 10.29252/jwmr.8.15.137 N\ F£-\YY :(00) A oo/ 0ja> o et doliiiagly (o s olKin] (68,90

§ P Giudiy 9 Omes (VYA L udosns lions 5 £ diezne (5,5 ¢ Bz Sl ygws ilaws ((goese g
(skige g pale (o3 sl )0 slice )-‘-’”T 059> 159,90 anlllan) Jlow 020,551 5 5905l shomins ST oy (a8ly (3,05
ARE A AR O R YNV


http://dx.doi.org/10.29252/jgs.20.56.159
http://dx.doi.org/10.29252/jwmr.8.15.137
http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid A8

(Egan omac 40 5 (558 Glats jleolaiul b az pe olS 0gally (5,55 — psed pedd LV YAR) g 00 e ol 4500 e bl oy
M-YF0F S VY (i) pale alxo
NE-OY :(V0) A o ol iz aigil )5S 5, Cgiz g Gy ppl aog> 0 FAO 155
\"’?—YA (f‘) \Vd ‘L;)")‘u'[’)"j LJL,:} ‘U’”)‘ 05) L.'f}") 4.»49,> )Q QT 4.;5![...; ‘5)[5.6 b:)y 9

aalllas) 3l ans 95 30 suejp; ol 5l p JlecSas )....b OYA) L Bdemme o solel toging 055 0 40,8 (3555 Hgtils
APONY - (D) VY I g of iy i (( Juoo )| oo 163,90

LS.w}AM p*lﬁ‘ ) d‘}h 9 u] LELQG"“”‘)S u‘).».uu &3) o (\Y’/\A) ujd;)S 50515 ‘J»S‘ GLC s)lJ'Ll.w Sy ng»)LQ cuLMQ

G ell jo e 4 G o Cawles Jdog (WWAY) dsgans o £58 torw (ool Lisedlez tosin g po
SNV VY (b slotegy) (on iz slotaggy ) 3o Ol ey 5 ez e LS 3y i s
A

Sgame slrosls 3l soliiwl b gz po (5,m5- s 0,50 0 (W YAY) L il SlaR0 touzmadw o cidal o tamal ¢ Sllales
doi: 10.22067/jsw.v0i0.13637.1Fa-\Ya :(V) Y& (S 5 o/ 4 i ccilizrn ool Ll o wlidlgn

Sl )l oolawl L> d)"” 9 ),ow é)s—‘).g 6‘)4 SEBAL J.\A QS'L’))‘ (\Yay) )»51 GLc ‘6)5)9" HELY =) 5‘5>Lo.¢ ‘4.@)‘ ‘G’LQ"“)
Fe-yaHY SE y/'ég/_:.o cbli>- MODIS 3 TM Gleooize

2 By — S 3590 slaig, (2b,l OVYAY) Lo joume o)5im ) lgaame « Suls ¢ Laadle ( JLS ¢ el wodly e
Ne0-AY (VY olo) YN« ol clido ooy ) Sis 3blie

btz sl sy e Mo dilaie Leollly 55 5 e S350 VTVA) LSIle 4y pons ellians 535 5
AVEN 0 (YOYY

)WY (o) ,0lis pale i ol s ddlaie ;o dilale 5,05 poed dwlxe (g, iy (22U, O YAP) Lo ,aes wieoYed
Yya-vvy

5 o sl 551 sl s VFRE) 500 o lonsms sl o omDle 30 (oo 8 a0, 013 (3
NOY-YAF (V) VA sﬁa'.édylo/'j S ydolip (Do oyl s 160,90 axlllac) 5,25 ¢yt a)sT)., JRRE L

(VN (o ldliz (5lad 5 15 )3 Jouilly 3557 s (Sloj Sl (o) (VVAF) 0 )5 s el toa gLl 00l 3
AA-Yo

3 p)l8 s pwlinlgn slo JUKw 51 ool b (o, Sawasdy (ot (VYAD) bl (595, 0y, ¢ Slas, taame 550118
gyl AT Gl Ohee peipe (Mo oK relie (Sgias oas glaaSs
https://civilica.com/doc/5943/

oolaiwl b gladlaie wlido 1o o28lg 3,05 g poed 9,500 (VWA yelen (golaz ¢ rapy il golo,d Lo yde ooy S
YPVYOY AF) 5 o3l 5 o et o] 3k 5 Sl 522,550

2l (el )5 aabbly )l (e s> 50 LS Glaib (Setisrew Jedos (VYAT) oj0ll oz plocin LS
Ll 05,5 selatzl 5 S pole oaSLasls 5 oSl 25 Sl (65l 3t el Sl ol

Slidd 3,5 5 yu2e Oliee et 50 0)l9mle jlosliial gla g, Jelodisas 25 (VWAY) e ¢ y5l5 Lo jhame o5 p5lee
AYZAA (Y)Y bl pale 00,15



https://doi.org/10.22067/jsw.v0i0.13637
https://doi.org/10.22067/jsw.v0i0.13637
https://civilica.com/doc/5943/
http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

Y\ OLSaR 9 2o | o)/ ailssg) jypl adse iz Hids 33 §y%5 g o S0 o) (o) 2

bocroid s ol 3l Gloj 5 S Sl (o L(VTAP) sl (6 )0d (6 pmai bl L) (Sgmge tyio o B e

doi: AY-A+ «(Y) YY (lslhi> Ol aelidas uwsd ojlgale pglai g Sojte w8l (65 4
10.18869/acadpub.geores.32.2.80

&z o ol 5,5 g S W) 9 S —Gloj (st OVAY) o p0 BA im0l Hanz ((hgSlows j5ypguars
YO-Y (Y6 VY (oldlim pole (0,0,15 Slddizmi 4 i o)l 4o

o YAT Jgl ola o @l jLassl () s oyl pl ooxbaw ool (6505 00 O YVY) Laol e« iiloasge

Sloslaial b (GlwssS” bl (Lol alides (slod )5 55 (oa8ly 3,05 5 55 (o OV TAF) oo (55 0l B 1000 15593
DOi: 05-Y4 :(Y) YA (oo (s jdoliy 5 Lsli> Landsat 8 s MODIS (gl lsale yglas oS 5 g Jlow o555
10.22108/gep.2017.97932.0

2ol Gras Sl oy50 Jsb g £98g Jlaim! ETO aculbone o9, 36 ((VFAY) cumme dws o inlal s a2 S
YYAVYYY i(V)VF o 5 ST psle dlomo ca po oLS Juuniliy (55— e

5 Lsli> GIS 5l eolial b jriinl g, 4 P JARE E PR RO VOW G SO SV SRR JURVA R 1L TN ESIN JON CEPR S
FYE-YAY (PO VA oo p a0l

Chahine, M. T. (1992), the hydrological cycle and its influence on climate. Nature Publishing Group
359: 373-379. https://doi.org/10.1038/359373a0

Compana, M.E., Vaner, B. B,, Lee, B. S., (2012), Hydrostrategy, Hydropolitics, and Security in the
Kura-Araks Basin of the South Caucasus. Journal of Contemporary Water Research & Education.
Issue 149: 22-32. https://doi.org/10.1111/j.1936-704X.2012.03124.x

Ek, M, B., Mitchell, K. E., Lin, Y., Rogers, E., Grunmann, P., Koren, V., Gayno, G., Tarpley, J. D.,
(2003), Implementation of Noah land surface model advances in the National Centers for
Environmental Prediction operational mesoscale Eta model. Geophysical Research Atmospheres.
108, 8851, https://doi.org/10.1029/2002JD003296

Elnmer, A., Khadr, M., Kanae, S. and Tawfik, A., (2019), Mapping daily and seasonally
evapotranspiration using remote sensing techniques over the Nile delta. Agricultural Water
Management, 213, 682-692. https://doi.org/10.1016/j.agwat.2018.11.009

Funk, C., shukla, S., Thiaw, W. M., Rowland, J., Hoell, A., Mcnally, A., Husak, G., Novella, N.,
Budde, M., Peters-lidard, C., Adoum, A., Galu, G., Korecha, D., MaGadzire, T., RadriGuez, M.,
RoBJ hon, M., Bekele, E., Aresenault, K., PeTerrson, P., Harrison, L., FuhrMan, S., DavenPort,
F., LandsFeld, M., Pedreros, D., Jacobs, JP., Reynolds, C., Beckerreshef, I and Verdin, J., (2019),
Recognizing the Famine Early Warning Systems Network Over 30 Years of Drought Early
Warning Science Advances and Partnerships Promoting Global Food Security. American
Meteorological Society, 100 (6), 1011-1027. DOI: https://doi.org/10.1175/BAMS-D-17-0233.1

Funk, C., Verdin, A., Michaelsen, J., Peterson, P., Pedreros, D., and Husak, G. (2015), a global
satellite-assisted precipitation climatology. Earth Systems Science Data 7: 275-287.
https://doi.org/10.5194/essdd-8-401-2015

Garald. G. Parker., G. E. Ferguson., S. K. Love., (2010), Water resources of southeastern Florida,
with special reference to geology and ground water of the Miami area. Water Supply, 1255,
https://doi.org/10.3133/wsp1255

Hall, B., Famine Early Warning Systems Network (FEWS NET) Land Data Assimilation System
(LDAS) and Other Assimilated Hydrological Data at NASA GES DISC. Boston Convention and
Exhibition Center. Poster # 1106. January 15, 2020.

Harrison, L.S., (2014), Impacts of Climate Variability on Surface Energy and Water Budgets in sub-
Saharan Africa. PH.D. dissertation in Geography. University of California.

http://disc.sci.gsfc.nasa.gov/giovanni

https://nasaharvest.org/project/famine-early-warning-system-network-fews-net-land-data-
assimilation-system-Idas

Lopez-Urrea R., Martin de Senta Olalla, F., Fabeiro, C., Moratalla, A., (2006), Testing
evapotranspiration equations using lysimeter observations in a semiarid climate. Agricultural
Water Management, 85: 15-26. https://doi.org/10.1016/j.agwat.2006.03.014



http://dx.doi.org/10.18869/acadpub.geores.32.2.80
https://doi.org/10.22108/gep.2017.97932.0
https://doi.org/10.1038/359373a0
https://doi.org/10.1111/j.1936-704X.2012.03124.x
https://doi.org/10.1029/2002JD003296
https://doi.org/10.1016/j.agwat.2018.11.009
https://doi.org/10.1175/BAMS-D-17-0233.1
https://doi.org/10.5194/essdd-8-401-2015
https://doi.org/10.3133/wsp1255
https://doi.org/10.1016/j.agwat.2006.03.014
http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

[ DOI: 10.61186/jgs.24.74.17 ]

IFeX il VF oplad so)loz 9 Comw Jlo (2 bz pyle (0,) 0 Slidni 4y puid vy

Ma, Z., Yan, N., Wu, B., Stein, A., Zhu, W., Zeng, H. (2019). Variation in actual evapotranspiration
following changes in climate and vegetation cover during an ecological restoration period (2000-
2015) in the Loess Plateau, China. Sci Total Environ. 2019 Nov 1; 689: 534-545. doi:
10.1016/j.scitotenv.2019.06.155. Epub 2019 Jun 12. PMID: 31279200.

McNally, A., Arsenault, K., Kumar, S., Shukla, S., Peterson, P., Wang, S., Funk, C., Peters-Lidard,
C.D., & Verdin, J. P. (2017a), Data Descriptor: A land data assimilation system for sub-Sahran
Africa food and water security applications. Scientific Data, 4: 170012.
https://doi.org/10.1038/sdata.2017.12

McNally, A., Harrison, L., Shukla, S., Pricope, N. G., Peters-Lidard, C. D., (2017b), Hydrologic
modeling for monitoring water availability in Eastern and Southern Africa. American
Geophysical Union, Fall Meeting 2017, abstract #IN51F-0064.

McNally. Amy, NASA/GSFC/HSL., (2018), FLDAS Noah Land Surface Model L4 Global Monthly
0.1 x 0.1 degree (MERRA-2 and CHIRPS), Greenbelt, MD, USA, Goddard Earth Sciences Data
and Information Services Center (GES DISC), Accessed: [2021-01-01], doi:
10.5067/5NHC22T9375G

Pervez, M. S., McNally, A., Shukla, S., (2016), Evaluation of Famine Early Warning Systems
Network (FEWS NET) Land Data Assimilation System (FLDAS) and application in East Africa.
American Geophysical Union, Fall Meeting 2016, abstract #H511-1639.

Peshawa, Mustafa N, Simulating River runoff and terrestrial water storage variability in data-scarce
semi-arid catchments using remote sensing. PHD dissertation in School of Geography, Geology,
and the Environment. University of Leicester. (2017).

Pilgrim, D. H., Chapman, TG and Doran, D. G., (1988), Problems of rainfall-runoff modelling in
arid  and semiarid regions.  Hydrological Sciences Journal 33:  379-400.
https://doi.org/10.1080/02626668809491261

Policelli, F., Hubbard, A., ChulJung, H., Zaitchik, B., Ichoku, C., (2019), A predictive model for
Lake Chad total surface water area using remotely sensed and modeled hydrological and
meteorological parameters and multivariate regression analysis. Journal of Hydrology. 568: 1071-
1080. https://doi.org/10.1016/j.jhydrol.2018.11.037

Policelli, F.S, Lake Chad: recent dry season area changes, near term dry season area projections, and
dry season area projections through the year 2100. Ph.D. dissertation. Johns Hopkins University.
Baltimore, Maryland. (2018).

Rui, H., McNally, A., (2017), README Document for Famine Early Warning Systems Network
(FEWS NET) Land Data Assimilation System (FLDAS) Products. Goddard Earth Sciences Data
and Information Services Center (GES DISC) http://disc.gsfc.nasa.gov. NASA Goddard Space
Flight Center. Code 610.2. Greenbelt, MD 20771 USA. Last Revised November 18, 2020

Stan. F-I., Neculau, G., Zaharia, L., loana-Toroimac, G., Mihalache, S., (2016), Study on the
evaporation and evapotranspiration measured on the Caldarusani Lake (Romania), Procedia
Environmental Sciences. 32: 281 — 289. http://dx.doi.org/10.1016/j.proenv.2016.03.03

Zhao L, Xia, J., Xu, C-y., (2013), Evapotranspiration estimation methods in hydrological models,
Journal of Geographical Sciences. 23: 359-369. DOI: 10.1007/s11442-013-1015-9

Zonghan, M., Yan, N., Wu, B., Stein, A., Zeng, H., (2019), Variation in actual evapotranspiration
following changes in climate and vegetation cover during an ecological restoration period (2000
2015) in the Loess Plateau, China. Science of the Total Environment. 689: 534-545.
D0i:10.1016/j.scitotenv.2019.06.155 .



https://doi.org/10.1038/sdata.2017.12
https://doi.org/10.5067/5NHC22T9375G
https://doi.org/10.5067/5NHC22T9375G
https://doi.org/10.1080/02626668809491261
https://doi.org/10.1016/j.jhydrol.2018.11.037
http://disc.gsfc.nasa.gov/
http://dx.doi.org/10.1016/j.proenv.2016.03.03
http://dx.doi.org/10.1007/s11442-013-1015-9
https://doi.org/10.1016/j.scitotenv.2019.06.155
http://dx.doi.org/10.61186/jgs.24.74.17
https://system.khu.ac.ir/jgs/article-1-3999-fa.html
http://www.tcpdf.org

