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1- National Oceanic and Atmospheric Administration Advanced Very High Resolution Radiometer (NOAA- AVHRR)

2- Moderate Resolution Imaging Spectroradiometer (MODIS)
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3 - Universal Transverse Mercator (UTM) projection system datum World Geodetic System(WGS) 1984

4 - Inverse Distance Weighting (IDW)

AT
@ 9

@




eSS doni g Sl graslie (1505Lke 9 (e ) g g B u.

Sk g bos sl AL gl Sloj 9 S it
sloazin g adgl AIBL udg (e ls Al VY bagie (o) 2
sosl y3 ol gaVlo b ugie i W9, 5 5L 5 Led ool
Lt Lagie el osh 03,1 ¥ 5 ¥ S 5 Y- )Y\ Y
e e oS S N0 ol o el St g
Y IOYO s il g Lo _mnlil gl Lanngte 5 ol
(Y JS8) 0 Jlo 5o e Lo YFE/PY 5 Jow jo 0l 5 il
Sy ol e i 45 aes o Lt ALY St
et (555 o sla i 3 i 35T 00 ey IS
Srh ez B s arlh nl oS sleejlail g ) Gl
5 R Sy ST s el gl (By4 Jle i
2005 05 PYAIY 5 WYAY o ey (a3 lis ol jladio 0 S

(G ¥ S5) ot oanlia Yoo F 5 YoVY 3 aoyaria
ot glaisn ;o G w5l (Sl Jlade oo S ten
@5 slagidy )3 (S oS laojluil g Gl 3550 b
bvgie gaiiog a5 (- JSb) o ongs il B4 U
eS 5 Yo F L 5 st s B+ 3905 S0l VLo
(¥ US8) 0 YoV e Sl 5 yiaiclea QETF i ke
RS 9 Frb 0z U s lagid 1o bes (5
J52) ad oys gl (Byb Jled b Sl lagisn o
g Ve ¥ 0ol 5 il VoIV Lo awgie (gdi—ion (oY

(¥ JS5) 05 ToVY 4o o8 il Yo /oY T (gaieaS
il Lo g adg) LS ass s ig) o VY (ol 5o
(1 JS5) 335 Js s o 2 5Tt o 5lS e
P ALY Gy o3k 53 00 oy Sloamiw gt
ol 00 00l L ¥ Jga 0 alidre (o) o )8
5992) Sy 5158590 50 )b Gl yo Clus do o 1
(ot sldihaie Sle a0 5l a8 (Colwe JS 51 EFIYY
Sy aeed Al oo | Sl (B iz 9 5 0
RS S PATYIVY ()l a5+ )8 ol o AL
Adg Coluns 31 1FFIAY dgam (60,5l gy Sl 50 &0 st
Oy o e 3l am iy B il o 1) adsl Al
Sl o (LFY)+ ¥ 0905) 09 C3d yan dblaie Coluns 2oy
adsl @IBL adg Jlade 1 2V /4 s9a> (505 (pl Colue
S Gl o adsl Al adgs g 09 6201 (nl )0
4l AL oy ganeS g ye ke p S 5 FAYHIT
Jled 5 (50 (o5 i 50 Sk 6l (rlog ¢ dga>
Sy bl By

i )3 St B Olil 5o 65025 slas;
o0 0aiSTy JShay 9z s399> U g 02 U Jled (35 0
VIVVIYE 6,5 cnl ) adgl GAlBL ol an—ton g 0
ol Sl bl gyt oSS VYAV T oy 565
R s 1398 Ll S Cle 51 LFIVA 850> 40 (50,8

M igei b e po  —woddl galols di iges sloo;lail ZI
O2) Sl iges slaalads slasi N g (dges SHasl) lgs el
(Y M \Vu|)&o@ 9

2 adgl AL g aslb (s Sl Gamlno

lizeo oy o )8
Sab » ey 6 pallBl o e (s sl
Ot o 3l 205 6 )5 Ol g (o Comal ] ol
Ao o] Sl o0 4 ol o adol allBb adgi as o

Gobol Julexs
adgl AL ol jasls peai gabals ;s Wgy oy 2 sl
Judoss Yoo A=Y VY 60)’[.3 4o u“)l” PREPN Goubl Lng)ﬁ.i.Les
AL adss e salal) 5l ey cu 58 o) 5 0> 55kl
e Jodo (551 5 Led aiile ol (glo prie 5 4]l

Al as § S

RS A9y (o)
b jo b3 g5lols b peal gahais o 6l )b g Lo
1 6 jlwdn ¥ abal, L IDRISI SELVA17

_ nXZ}lzliXXj—Z;lzleZ;l:lX] \~

eslo e — 2
v NXZ?:JZ—[Z;[:J]

ad, e sla Jlo N wdhais o jasls o con 0 slope
0_slope >-j Jlo lp (aslo caVlo jlade X1 (b o
5 S el o oL o ey O_slope <.
A s g emaY) Sl asls o iie

ol glrazis 5 2lS 0y (a3l (o (S ol
ads) AL as G bl e w58 s 5l 2T s
ot e Jolo b )b g Lo el glo iie
by b adgl (AL ads (e (Saon (F gkl 0
)38l 5, Earth Trends Modeler(ETM) L, _—.Ll
(YA )5 g pzaY) o awle IDRISI selvady

Y.
R = s Xy
xy —
JZ?=1(xi—x)2XZ?=1(yi—y)2
o Jade VXl gX o el w S sen oo RXY

5 00l ale Ji e (glo puie Vi ol Jlss syl 5L
el Lo oo T 6pl 1 Jlo slos

@

ATk
@ 3



- AYe 2l goslow ) g0 lous FF (50,90

sl 1y adgl a5l

sl )ls 50 )k s s galls VY lawgte slaojluil o)
TAA 51 Gias ol oo ools (a3 ¥ Jga 0 caliBee (s
ey 9 0l5dle B e i (53, e A (S L )
S gloailaie ;5 o iy 0aile LYl S g 6558
jw)b Ja...uj.».o O Lle.u 9 @—‘ ‘_ng)S.u.» ‘A:AD‘_«A—UL“Q‘ 9
sb‘jLw ‘)|)435J s)‘)AJ.C ‘6))9LM§ o U"}A) 6'.26;.\)'.{ )é
w4 @l gl gl Ll g o5 slaailaie
5 YA/AR YYYIYE YPPIVA YPAPE YA JAY YAVVY
Foske FYVNY (Swi)l gd—in a5 09y o loo Y7 /YF
Sloj soil nl o S5 Gl o 0T saieS 5 e 5o
(3 e 0 Les lawgle a5 am oo L Y oo il oays
AVAY AANF NIVA e a ol sl g eslw
Sy 3,8 il a2z 3 YVEY 5 Yo /0) AUYY NYAY
WY 5 YVIR+ o e o o po Lod (0 530S 5 (5 e
Aoy ol )5 il (g4 o

S Gl 5o Jli8s o adsl AL oy awgie lada
St—ia o &gl (AL a5 5 Jlpdle )8 0 05—
PG S 3p Jlo 3 yarte pp S t saeS s VOAINF
Jade a5 J po sl adgl Bl adg gan—iny Jlaie
ol ooy 0 S VWAPINY Laslis ol )0 0dgs Jawgie
Sl oals 35 atte liwl Jlod 150 10 odas jgb 4y 5,8
Sgaz Jg e e g |y sl ol 17PNV 5505 4
ey S5 09 bl adgl allBL odgi Cels 51 1AIAY
S9ae Cewl 0aiSTy (bl (635 50 9 (28 i ) oS i Ulsle
o1y adsl allBb odgs g aid 51 sl Colune 5l e/ VY
o oS oS VOV FIFY sgu > o] jo adgl allsl g
Colie JS 51 7o/ F 0g0> a5 5,5k 4 wogr Jlw ;0 @oye
Sl g GoSume sbrdilaie .cils | yliwl adsl allBL oy
AL ol sl IS Coluw 5174 /FY sgas el
Jl o @aie S 05 TOFYFING (6 2)5 (nl s &
Jlo 33 opeyio p oS YYFNY g0 10 o] lhwgie jlade

Lol s :}“ (PP Loaal
Wt AL s Sl 42y st

(o5 L) (a0 (o)

l_u - ., -

(S22 @i 2 27 £F) o High : 28 High : 424
gy Lieh : 7589.17 I .

— - :

Low : 13 Low : 125.8

— Low : 0

Xe)=YoI¥ o3l 58 () il 9 () bos () adgl LAIBL gy Lanwgino —Y JSCi




eSS dow g Suis gaslio o150

e = \Y/y¥x -
L ¥= 1R - YTV
v R = /vy
5

GPP(grCm-2
- - o >

Mt 5 0o w55 G

(v [
. e r y ==\ /arX + 1YY fA
3 A‘v.. L Ri= ./
Yy Ty
3 A
2
Yoo

TX YL YT ET Lo AR 2
> > > b > > > > > E r > r > O > > » > > F F ¥ F > > » » >
o e
YY -~
(v y=[ax+/fre
2= /f4)
a R?=+/
N AR 8
Y o~
3
L
=
‘)\\,,\\'..
3 2
3
4
-~ » 3+ % 49 & > < « -~ > L+ % 4a & >
e T ==
P VI T T I
Ju

Yo=Y IV (co3l 53 () byl g () Lod (i) adgl adgl AIEL adgi Al pudd Wig, — ¥ JSCi

Yo=YV 50 oy ilizko s g )5 0 adgl (@WIBL gl bwgio allw VY slaojluil - Jgus

O EWI el ol Egee wdgi oy buwgo  lwgie Lo gio o) S
GPP g coluw (&30 yiogluS) sakis adgl AL GPP Los S
| GPP ws,9) Hgad (&2 30 Yo glsS)
(colimo oy

<Iv¥ fY/-v fyIvy ARARRIAWN ARYER Y#EIAQ Yi/va YVV/VY o sl yae

YIfA fIvy fIAY FYAYY/IYE \VF/ YAYY/YY ARVAYA Ya-/AY Ssles

AVl [4AIN I8V YA VY /Ay \YAZINY VV/AY YZANIPO SHlyeile

\V/E. A\iZAR1 TR YeAYYYIPY #¥1]Y YOO/ - ARVZVYN YZEIA- Siaie

YIAY [+-Y LERRR VOV-FIFF /++f4 Yife/AQ ARVAR YVYY/f- Gyl

AR DAR <IfY YATO/YA <NY YYFIYA AR YO-/AQ 55 slraihaie

bl

R E2N -IvY < IAA ACRIVARS oo\ ¥ \7R \a/Y YPY[-Y & sl

AR VAY/OY YY-VAY/® Voo JF

TANOIVY 5o o1 e yss 5 TATIYA jo adgl a5l ol
BRI rRgere | O SURVUELIPI FRRE-JN 3] BRI VR
Ol 503 la iz 53 oSy IS 5 (635 0 slais
b isu,o adl LalBb adgs il as Jls s oas
(ke 9 Cure ki 395 00 0008 (sl (Byd g (98 (Lo

ool g bod cadgl AL g podil s
(o8l sloaziw g ol (@IBL ags (el i )
=YY osl yo sl s ool Las F S o )b g Leo
S G0 g ded (ool (allBL g sk a g, Ve )
5 YYPYP A i sl ga—als o5 ol
AR TR W FRUE (1| 5 g L) g B VUL S
1P Lo i 5 (¥ US8) e Lo )+ 100

@

ATk
2 3



- AYe 2l goslow ) g0 lous FF (50490

oS Jo 3wl L) g AVAD AV (o 5y Ul
P eia Gl ol ol o bes g (Sl (—aalidl s,
54 Lol 5 e lzale «(65,9ltS (o) 23 (s
AOIFA 9 MY AFIVY 5 A2/FR FIAD o V-/AY £/

2l B /AYID £V e e g FAOF AL AYA0

Iy dilate 5 ZFV/EY 5 OAYY jo ud Sa SL gly saie
adol Al adgr suss doyo b S ol onds Jol i
Al VY o3l jo iz ey slos )5 j0 (o)L g Lo
3o adgl allBl adg Cudie s Wy Cawl oals ols s
Siaie lyale LE Y (65,0lS ey LYAINE CS e

JLs @p i g P
[ T Y
EYA-YY
-0 --1A
YA YA = e
- v s
ERYY TP T w0 we O EEFS-N omamme we BT P o e e

FeN-YAV o3l 5 dilaie 13 Lod g o Tl cddgl (AL algi yuads conid —F UK

Voo
A L
|

J I

Y- L
fo L
T
A L

\~n_ L

[ B

sioslas

W el s

m Sl ML

Al 5 BERY Bl gL

Xed-YeIV (gojls 5o ilizko (o Syl 33 o3 5 oSyl gl (AL sl Sl oL yoadd canih -0 JSC

e (S &5 Jl> )5 55D 0 00y 0auSTy, ISoay
JATARRSW RN A 77 R SR FPW N S PR TIRW S S
Jlod Gl jidy 10 a5 wg o poe shie  Sio (] ]
(a3 00 0081y JKS4 3550 50 9 §rb Jlod
SLFEN o s bes g adgl @BL ol jasl b o cute
a5 0y o sire (S (pl 51 TAY gy ylinl Co e
5 olml 33 9 635 30 53992 U eJlod sla i 53 5

sl 3 o3 sl AL sy it oK
b g s g adgl @Bl adgi o (Suod by (o) 2
(e sl 00 03l las £ SS o AVl wlide (o
(8 JS5) —IA G IA Loyl 5 adsl LBl adgs oo
CVE G IVE s g as] S adg e Siat
S8 e ol s 31 OV S0 (o F JSS ) oy
ol shels ol cute Koo S55L g adgl QB
9O Pt 45 e s ixe 1AIOF S50 Ki e laie




Sl o g s sadilaio 1l500bks o w;’;w-

St e 65 0 el 0oy s Sxa LYY g 4 /F
118 a8 59 Cuia IVYNY o 5L g adsl alBb adgs oy
Dy s gme ] LOIN aS 59 —alS LYPIAY j g o )lo sixe
Coa TRYIPA )8 ol yo oo g a3l oy oo
g1 s gime GTIYIY g e TOVIEY g ol oma 17¥ 5
b hie 5 Cuto (Kot sl5a59: (5 )5 0 45 (Solos vo
IXIE S VIV oS 55 LEFI A 5 DAY o s ol i ol
105 15 sy gl (IS g5 a5l o g o3t o sins
A oS g shio LFF 5 5 o gl dilate corl s 5
O oo (Ko Ulsl (657 )0 095 Jlo (pxe 0 fA
29 S Colans TOVNE o (3L 5 adsl (bl aJgs
et S (&)l ol 58S o 5 g e LFVIAF
55 eoialydl aibie I AFVIO 5 Las g adyl A 0 Jg

Dy 2alS 5172V

- AY - Y
K /Y
(IS T PR

Sl §35 30 5399 B g (g vy Jlod (08 S A5
T 0PI 43 Los g adgl A5l alsi oy i Ko .o

RYVIR PEPONEN VA 11T P COR VN COw LS W
2 adsl AL a5 g elil slaa s  (Sican
el oddooly LS Y S jo alise ) sl )l
S5 o adsl AL o b 5k i g Cote (Ko
STTEIA 5 VAIY S 555 BOIAD 5 FFNO s s <5 (o)
Lo g adgl QAL 0 (e 5 Cote (Ko 392 )13 Sine
S Lo IF g VY s 5 oS g BRIV g OYIY Y (ol s 55
3 4ol AL oy o (Soor gablal) () 0 0
TEN Y (Siiaor (ol aS 0ls lis (65,5l 60,8 50 )b
TXIY a5 gy ciie DVAY g s imo L e ol 5l 5 ko
S crl o led g adsl AL oy galal; g oo —ae
i ols ol 2als g 33 T Y OVY s VAITY (o ey 55

[ PR ) B
[ I R
Y - oo YA

N~y [ ERIATAENL
Bl -YA- A e e — m"" -y -y
ot (1) gLl Yo=Y oAV Jlo 51 o8l sla Jole g adgl (@B adg (ol o (St g —F JS

Lod g adgl AL wdgi (et (Shwnod (© ()L 9 4yl (AL 0dgi (o




- IF e e o I ol goylond ) g0 lows FF (50,93

1

i W

Uy
—;
| -
L L

Il

Leve o o Cgan Sis9las”

F -
T .
Foo ‘ | | ‘ ‘
Foo
b by | b L b ko | b b b b

Jzale Midig Glalw

Xer-TAV 03l 55 byl o Lo b gl (A salsi (ot (oSitamno ~Y IS

ol s ol il sadg) Bl ag asls ks s
LoV so5b ol yo ddlaie ol 51 7VOIVY yo uiwjux Ly
s S5 l3ale 5 l5aig ol gedas ()5 45wl cnal s
OlSen 5 gl i) (o ol Sl 6 )5 i 51 i,
Ao,y 5l e LS jo gy (50,90 0 aS oy L (VYAY
03933 (65,9LS Slaie) 2 9 lS (o350 (5 2)5 Colas
S ErSos SRl cage psd Gl el ool
5 95 ool ol e o8 (goeg s 15l ol 5leS
Sial3¥ g0 CBlo o ghny s ol 8l el T Jlsey
5 S5 ol (515 050 Sloolz Gl 5 e iS5 ela

OYA o Ken
8550 il s bed g adsl Al ads (e (o galal,
Coe (Sad 5k g (AL g5 o 4 0l i adlase
Pt (Saly Kl & e (e slagas 50 S
O g (D) Lo & Coas (Ve 20 ko) (23L& lalS
Sy0tiaS Gl iymn) jo S50 B b il .l ddlaie ol o (V4.
Wlsien O JeIs 05— shie dilaie st )0 (San 0
e b San g s w5l smjs 2 5l ol 55,5L88
Lalp3 b glalS 6,85k oo ) (Kimod cnl S0 o
Flao 1o (lalS ud Seglae el aS Cuils adlais 15 39290
(T )5 5 zeY) ol o ol 89S 5 IS
@ gl g AL adg () 0 (VVA) () 5 L
ol Sl b jo iz glo Joo b caBl sloas
Sl 3l 4yl Bl a5 ks b e 5 i 48 45 9ol
Gl (2l 5 )l e gl ] i b g 05 e 0L b
ool Fis58 lgial laadlaie g Al g Vb sla b0 )3 e

S A g Sy

(oo bl 3o ikl § ey 58 g, 5l (2T s
oyt g adgl a L wdg as bt Sloy 5 S s
Yo oY ol o ol oalal 5 iyl 5 Les ool
e i b g Lo genldl gladzi s pi5 By, 0l ()
ol ¥l adsl (alBU adgi aig) 9 090 (—alS g 33!
gy 525 omall yais (Hgoclen 09,5 I35 ol 0l
oS el wnls Eals )b sl g Gl les sl e
a5 (Y IPCC) s s cisllas sudos ol sloazs b
603k 0 e, sl sles a5 wisly Lzs (Y-VY) glass 4
Sl JlocSas Yoo ¥oY V) s g anils iyl VAVE-Y )
ol &5 Ly T 51 Y VE 5,5L88) ol 00l g9, T o (gaaks
5 Sk gl sald b (o LIV ojl 55 ()8
b el socallad p paiii e 3B oS (l 092 Loo ]33
s i3l ol o 1y b LS5 4 weusls mdaw T g L]
A oo 0y lae adgr el yialdl 6l el U Ol b
VeV pllSen 5 (002 5)

o5 S 53 4yl e JBL wdg a5 ols (Lt (o)
5565 5 ool ol SIT.0 5l 568 a5 cal sl 2 5y5leS
Blie po adg Jlade ol el 1V F dgam oo 1) Swi b5l 77
S50y SIS 3l K00 slas )5 v 4 o 0y
S5a9tS Sl 50,8 el sl a5 S 5l O pslis
Cel ogr sy ol jloslasl sl Gio c bl plaul
Ol g5l ey ool Cedlw a4 oy cawl
lr Lalpd (o e 5 o) )5 (o) SonndiS (a2
el (Vo0 e g (00 )5) 39—B00 (o) 038 Ll

5 - Intergovernmental Panel on Climate Change

AT
@ Q

@




eSS doni g Sl graslie (1505Lke 9 (e ) g g B o-

057 ()5 e p ae slaJele (0, 5 ke L
Lol o ol ole 5 eadly Jigo s o) 5 pinad]
SysS) 0gd auily swlidps g owbido!l ool o
OLan o KI5 (Vo F ) Sap g pygiadl Ve oV Jlol
ez Jled j0 ()8 Jlade (1 Sle a5 Wsls Lis (Y+VF)
L Sy s el 5 €8I0 0l s ooy Jsbo 5o
Lol 039 (JloSiz g Sl s auile) coulil s
b ey @l sl Joe L(YY) ) Ken 5 SSs>
gadsl @Bl adg pl)olS ey Ol g gles yois
W8l )3 g 80,5 o) 2 Sz 5 v lagaliie jo iis
9 LS (s 5 0 el Lol e s 1 45
Lol calizee sladilais

el o bl L as 88 ams )l oo IS Sl o
sladale b oI bLs )l 5 adl (alBb wdgs (aLS Y game
@5 e—ir @y @hobke s 0P Ol ool
5 2hoble o (V22 1) JY aghy (wll &5 655k
COY el Jlade g Sis sladilaie 10 a5
S 5l i 558 B )y 5 nny o 2
Ll 5 ool sl (58 s 53218 (il
a5 39— oo Slgiiiny S oo Sl 1 5 eloix b goladl
L o)lsale loosls 5l oanl cwday slo asli salal,
S ey b e asile (g iy (ool o Jele
Condg g s S o Jule Lol asle g 5,5 4
AL adg slaosls g )y Dowjls o LS
ladaihie ;0 wdge Godiziw j sdeliwods gadsl
39 Jyame jlade slaosls ved aiile glacgogame Sis
Sghaid F e cda bl aS ol pgal sledais s
sloodizin lopgal (0SS 5 b plgiee S0 Bk
LS O gass oo cwaid 5 ooge aile caLize
bl o vl e sloools b 50,5 (g3lwar i |,
Phlanlses o wiow b like slag )5,
i w759 9 (= lioble Seyd 505 (eSS
RS

Oy S I 0 adsl Al g e (Ko
S5 ;04 (g eb 4y wls plis olae (L3 calises
g2 G0k & (Kialy 515G Lod & (Kisly &3 (5
b oS sgame Jole g Col o railaie ol (54 15
3 pien beo & (Sanly (65,08 slappes; 5o el Lo
ey ol g ladie Jlo (nl b el (551 0 (ol
ol 3l badilais cpl Ol 15 0g ol cole 4 Cus
Rl oty Ok a (Ssly 095 (ol 09l o u*"l-’ SRR
5 09 s g5 Gl Rl coms 5 was oo 105 Laailate
S5der @bl 5 O S el s> sag
Slopl8l o 5 adgl (AllBU wdg rals el Gl 5o
o8l s ol soses o sl Cabs pedas U Sisdad
aiile bl gla il g S5l mals g Les yiolidl 51 3l
OV LS g aials (g 0uSl) canl (60,5 oyols yuss
et iy 45 0l Lt (Vo IV) Kam o 11 JsS ol azests
9 2L iy ell sadgl (AL 0l 5 (e
S ol sl p e Cute Son (ol slaazi
Sl o)l il Jles laid )0 i liale )8
Jole il Colo yodass Sis 5 i dilate ol 0l
D385 6l el Bk ke aldgs 9,5 e Lo
gyl sl Colns (i o S3 e 5l dm a5
AL Sg5 i g el Ll 386 08 5l (g0 S
Pt badhaie ol @815 5 09 Lo (Ral81 L Gillas ot
(VA Ken 5 ¥ el s jo b S_iansd
Ay 2L Gibgy (omyp 0 (VVP) ) S g (a5
Ngy SRR9% (50,50 4o a5 wials i s ddl slaai
gy gy 9 092 (s—halS 5 (o—alidl i iy )l g Leo
Jad o095 9,0 Sl Lod (lil g 2l 2l 5
O y0m) d9 oo gb pedas SiS sladdhie jo g,
YoV o,

el w3l 5 9, canlio S s, Ll,s 51
ol g (Vo VW LKes g ) 09800 9dgs (il
S,k gl wlgi o S 9,0 Ol o 45 El ool

@5/99/0%07

@

(o0}

&

&

IV

&



. Vfeo )Lefj AR ‘_gly dD)Lows ) db)low; AR db)gb

Abolverdi J, Ferdosifar G, Khalili D, Kamgar-
Haghighi AA. 2016. Spatial and temporal
changes of precipitation in Fars Province,
southwestern Iran. Meteorology and Atmo-
spheric Physics. 128(2): 181-196.

Ahani H, Kherad M, Kousari MR, Rezaeian-
Zadeh M, Karampour MA, Ejraee F, Kamali
S. 2012. An investigation of trends in pre-
cipitation volume for the last three decades
in different regions of Fars province, Iran.
Theoretical and applied climatology. 109(3—
4): 361-382.

Ahlstrom A, Raupach MR, Schurgers G, Smith
B, Arneth A, Jung M, Kato E. 2015. The
dominant role of semi-arid ecosystems in
the trend and variability of the land CO2
sink.Science.348(6237): 895-899.

Akbari M, Jarge MR, Madanisadat H. 2009.
Assessment of decreasing of groundwater-
table using Geographic information system
(GIS) (Case study: Mashhad Plain Aquifer).
Water and Soil Conservation.16 (4): 96-78.

Bai ZG, Dent DL, Olsson L, Schaepman ME.
2008. Proxy global assessment of land
degradation.Soil Use and Management.
24(3): 223-234.

Chen B, Xu G, Coops N, Ciais P, Myneni R.
2016. Satellite-observed changes in terres-
trial vegetation growth trends across the
AsiaPacific region associated with land cov-
er and climate from 1982 to 2011. Interna-
tional Journal of Digital Earth. 9 (11):1055—
1076.

Chen H, Fan L, Wu W, Liu HB. 2017. Com-
parison of spatial interpolation methods for
soil moisture and its application for monitor-
ing drought. Environmental monitoring and
assessment. 189(10): 1-13.

Chuai X, Qi X, Zhang X, Li J, Yuan Y, Guo

X, Feng J. 2018. Land degradation monitor-
ing using terrestrial ecosystem carbon sinks/
sources and their response to climate change
in C china.Land Degradation & Develop-
ment.29(10):3489-3502.

Dubovyk O, Landmann T, Erasmus BF, Tewes A,
Schellberg J. 2015. Monitoring vegetation dy-
namics with medium resolution MODIS-EVI
time series at sub-regional scale in southern
Africa.International Journal of Applied Earth
Observation and Geoinformation.38: 175-183.

Eskandari Damaneh H, Eskandari Damaneh H,
Khosravi H, Gholami H. 2019. Analysis and
monitoring of drought using NDVI index
(Case study: The west basin of Jazmoryan
wetland).Rangeland.13(3): 461-475. (In Per-
sian).

Eskandari Damaneh H, Zehtabian GR, Salajegheh
A, Ghorbani M, Khosravi H. 2018. Assessing
the effect of land use changes on groundwater
quality and quantity (Case study: West basin
of Jazmoryan wetland).Journal of Range and
Watershed Management.71(3): 563-578. (In
Persian).

EskandariDamaneh H, Gholami H, Mahdavi R,
Khoorani A, Junran Li. 2018. Evaluation of
land degradation trend using satellite imagery
and climatic data (Case study: Fars Province).
Desert Ecosystem Engineering Journal. 24 (2):
49-64. (In Persian).

Fensholt R, Rasmussen K, Kaspersen P, Hu-
ber S, Horion S, Swinnen E. 2013. Assess-
ing land degradation/recovery in the Affi-
can Sahel from long-term earth observation
based primary productivity and precipitation
relationships.Remote Sensing.5(2): 664-686.

FuY, Lu X, Zhao Y, Zeng X, Xia L. 2013. As-
sessment impacts of weather and land use/land
cover (LULC) change on urban vegetation

AT
@ 9

Vi




oS dow g Sid sallaio 150Ul g (pe s o y5 w\.

net primary productivity (NPP): A case study
in Guangzhou, China. Remote Sensing. 5(8):
4125-4144.

Gandomkar A, Dehghani R. 2012. Study of tem-
perature changes in Fars Province. World Acad-
emy of Science, Engineering and Technology,
International Journal of Environmental, Chem-
ical, Ecological, Geological and Geophysical
Engineering.6 (3): 127-129.

Gang C, Gao X, Peng S, Chen M, Guo L, Jin
J. 2019. Satellite Observations of the Re-
covery of Forests and Grasslands in Western
China.Journal of Geophysical Research: Bio-
geosciences. 124(7): 1905-1922.

Gitelson AA, Peng Y, Masek J G, Rundquist DC,
Verma S, Suyker A, Meyers T. 2012. Remote
estimation of crop gross primary production
with Landsat data.Remote Sensing of Environ-
ment:121: 404-414.

Gulbeyaz O, Bond-Lamberty B, Akyurek Z, West
TO. 2018. A new approach to evaluate the
MODIS annual NPP product (MOD17A3) us-
ing forest field data from Turkey. International
journal of remote sensing. 39(8): 2560-2578.

Harper CW, Blair JM, Fay PA, Knap AK, Carlisle
JD. 2005. Increased rainfall variability and re-
duced rainfall amount decreases soil CO2 flux
in a grassland ecosystem. Global Change Biol-
ogy. 11(2): 322-334.

Heinsch FA, Reeves M, Votava P, Kang S, Milesi
C, Zhao M, Kimball JS. 2003. Gross primary
production and npp (modl7a2/a3) products
nasa modis land algorithm.MOD17 Users
Guide. 1-57.

Huntingford C, Atkin OK, Martinez-De La Torre
A, Mercado LM, Heskel MA, Harper AB, But-
ler EE. 2017. Implications of improved rep-
resentations of plant respiration in a changing
climate.Nature Communications.8(1):1-11.

Intergovernmental Panel on Climate Change
(IPCC). 2013. Long-term climate change:

projections, commitments and irreversibility.
2013. Long-term climate change: Projections,
commitments and irreversibility. InClimate
Change 2013-The Physical Science Basis:
Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental
Panel on Climate Change.1029-1136.

Jung M, Reichstein M, Schwalm CR, Huntingford
C, Sitch S, Ahlstrom A, Gans F. 2017. Compen-
satory water effects link yearly global land CO2
sink changes to temperature.Nature.541(7638):
516-520.

Karami E, Hayati D. 2005. Rural poverty and sus-
tainability: the case of groundwater depletion
in Iran.-Asian Journal of Water, Environment
and Pollution.2 (2): 51-61.

Karami E, Keshavarz M. 2010. Sociology of
sustainable agriculture. InSociology,
ganic farming, Climate Change and Soil Sci-
ence.3:19-40.

Keesstra S, Mol G, De Leeuw J, Okx J, De Cleen,
M, Visser S. 2018. Soil-related sustainable
development goals: Four concepts to make
land degradation neutrality and restoration
work.Land.7(4): 133-153.

Keshavarz M, Karami E, Zibaei M. 2014. Ad-
aptation of Iranian farmers to climate vari-

or-

ability and change.Regional Environmental
Change.14 (3): 1163-1174.

Khosravi H, Azareh A, Eskandari Dameneh
H, Rafieisardoii E, Eskandari Dameneh H.
2017. Assessing the effects of the climate
change on land cover changes in different time
periods.Arabian Journal of Geosciences:10(4):
93-104.

Koirala S, Jung M, Reichstein M, de Graaf IE,
Camps-Valls G, Ichii K, Carvalhais N. 2017.
Global distribution of groundwater-vegetation
spatial covariation. Geophysical Research Let-
ters. 44(9): 4134-4142.

Kurc SA, Small EE. 2007. Soil moisture varia-

@

ATk
@ 3



tions and ecosystem-scale fluxes of wa-
ter and carbon in semiarid grassland and
shrubland. Water Resources Research.43(6):
1-13.

Lamchin M, Lee WK, Jeon SW, Wang SW, Lim
C, Song C, Sung M. 2018. Long-term trend
and correlation between vegetation green-
ness and climate variables in Asia based on
satellite data. Science of the Total Environ-
ment. 618: 1089-1095.

Li X, Zhu Z, Zeng H, Piao S. 2016. Estima-
tion of gross primary production in Chi-
na (1982-2010) with multiple ecosystem
models.Ecological Modelling.324: 33—44.

Li Z, Pan J. 2018. Spatiotemporal changes in
vegetation net primary productivity in the
arid region of Northwest China, 2001 to
2012.Frontiers of Earth Science,12(1): 108—
124

LiuJ, Kuang W, Zhang Z, Xu X, Qin Y, Ning J,
Wu S. 2014. Spatiotemporal characteristics,
patterns, and causes of land-use changes in
China since the late 1980s.Journal of Geo-
graphical Sciences. 24(2): 195-210.

Liu J, Zhang Z, Xu X, Kuang W, Zhou W,
Zhang S, Jiang N. 2010. Spatial patterns and
driving forces of land use change in China
during the early 21st century.Journal of Geo-
graphical Sciences.20(4): 483—494.

Liu Z, Hu M, Hu Y, Wang G. 2018. Estima-
tion of net primary productivity of forests by
modified CASA models and remotely sensed
data.International Journal of Remote Sens-
ing. 39(4): 1092-1116.

Luo L, Ma W, Zhuang Y, Zhang Y, Yi S, Xu
J, Zhang Z. 2018. The impacts of climate
change and human activities on alpine veg-
etation and permafrost in the Qinghai-Tibet
Engineering Corridor.Ecological Indica-
tors.93: 24-35.

Mao D, Wang Z, Wu B, Zeng Y, Luo L, Zhang
B. 2018. Land degradation and restoration

in the arid and semiarid zones of China:
Quantified evidence and implications from
satellites.Land Degradation & Develop-
ment.29(11): 3841-3851.

Masoudi M, Jokar P, Pradhan B. 2018. A new
approach for land degradation and deserti-
fication assessment using geospatial tech-
niques. Natural Hazards and Earth System
Sciences. 18(4): .1133-1140.

Menashe DS, Friedl MA. 2018. User guide to
collection 6 MODIS land cover (MCD12Q1
and MCD12C1) product.USGS: Reston, VA,
USA. 1-18.

Mo X, Liu S, Chen X, Hu S. 2018. Variabil-
ity, tendencies, and climate controls of ter-
restrial evapotranspiration and gross primary
productivity in the recent decade over China.
Ecohydrology. 11(4): 1951-1973.

Monteith JL. 1972. Solar radiation and produc-
tivity in tropical ecosystems.Journal of ap-
plied ecology. 9(3): 747-766.

Nasrollahi M, Mombeni M, Valizadeh S, Khos-
ravi H. 2014. Investigating the effect of land
use / land cover changes trendon ground-
water resources status, using satellite im-
ages (Case study: Gilan-e gharb plain). Geo-
graphical Data (Sepehr). 23(91): 89-97. (In
Persian).

Nendel C, Hu Y, Lakes T. 2018. Land-use
change and land degradation on the Mon-
golian Plateau from 1975 to 2015—a case
study from Xilingol, China. Land Degrada-
tion & Development. 29(6): 1595-1606.

Pack SM. 2009. A MODIS imagery toolkit for
ArcGIS explorer. Ph.D. Dissertation, Uni-
versity of Redlands.

Pederson GT, Gray ST, Woodhouse CA, Be-
tancourt JL, Fagre DB, Littell JS, Graum-
lich LJ. 2011. The unusual nature of recent
snowpack declines in the North American
Cordillera.Science.333(6040): 332-335.

Rogers A, Medlyn BE, Dukes JS, Bonan G,

AT
@ 9

@




oS dow g Sid sallaio 150Ul g (pe s o y5 w\.

Von Caemmerer S, Dietze MC, Prentice IC.
2017. A roadmap for improving the repre-
sentation of photosynthesis in Earth system
models.New Phytologist.-213(1): 22—42.

Salimi S, Balyani S, Hosseini SA, Momenpour
SE. 2018. The prediction of spatial and tem-
poral distribution of precipitation regime
in Iran: the case of Fars province. Model-
ing Earth Systems and Environment. 4(2):
565-577.

Sun Z, Wang X, Zhang X, Tani H, Guo E, Yin
S, Zhang T. 2019. Evaluating and comparing
remote sensing terrestrial gross primary pro-
duction models for their response to climate
variability and CO2 trends. Science of the
Total Environment.668: 696—713.

Symeonakis E, Drake N. 2004. Monitoring de-
sertification and land degradation over sub-
Saharan Africa. International Journal of Re-
mote Sensing. 25(3): 573-592.

Tong X, Brandt M, Yue Y, Horion S, Wang K, De
Keersmaecker W, Chen C. 2018. Increased
vegetation growth and carbon stock in China
karst via ecological engineering.Nature Sus-
tainability.1(1): 44-50.

Van Lynden GW, Mantel S. 2001. The role of
GIS and remote sensing in land degradation
assessment and conservation mapping: some
user experiences and expectations. Interna-
tional Journal of Applied Earth Observation
and Geoinformation. 3(1): 61-68.

Wagle P, Gowda PH, Xiao X, Anup KC. 2016.
Parameterizing ecosystem light use efficien-
cy and water use efficiency to estimate maize
gross primary production and evapotranspi-
ration using MODIS EVI. Agricultural and
Forest Meteorology. 222: 87-97.

Wallace J. Held IM, Thompson DW, Trenberth
KE, Walsh JE. 2014. Global warming and
winter weather. Science. 343(6172): 729—
730.

WuC, NiuZ, GAO S. 2010. Gross primary pro-

duction estimation from MODIS data with
vegetation index and photosynthetically ac-
tive radiation in maize.Journal of Geophysi-
cal Research. Atmospheres,-115(12):1-11.

Wu C, Niu Z, Tang Q, Huang W, Rivard B, Feng
J. 2009. Remote estimation of gross primary
production in wheat using chlorophyll-relat-
ed vegetation indices.Agricultural and For-
est Meteorology.149(6-7): 1015-1021.

Wu S, Zhou S, Chen D, Wei Z, Dai L, Li X.
2014. Determining the contributions of ur-
banisation and climate change to NPP varia-
tions over the last decade in the Yangtze
River Delta, China.Science of the Total En-
vironment.472: 397-406.

Xu D, Wang Z. 2019. Identifying land restora-
tion regions and their driving mechanisms in
Inner Mongolia, China from 1981 to 2010.
Journal of Arid Environments. 167: 79-86.

Yi C, Ricciuto D, Li R, Wolbeck J, Xu X, Nils-
son M, De Araujo AC. 2010. Climate control
of terrestrial carbon exchange across biomes
and continents. Environmental Research
Letters. 5(3): 1-10

Yu F, Price KP, Ellis J, Shi P. 2003. Response of
seasonal vegetation development to climatic
variations in eastern central Asia.Remote
Sensing of Environment. 87(1): 42-54.

Yu T, Sun R, Xiao Z, Zhang Q, Liu G, Cui T,
Wang J. 2018. Estimation of global vegeta-
tion productivity from global land surface
satellite data.Remote Sensing.10(2(: 1-20.

Yuan W, Cai W, Nguy-Robertson AL, Fang H,
Suyker AE, Chen Y, Zhang H. 2015. Uncer-
tainty in simulating gross primary production
of croplad ecosystem from satellite-based
models.Agricultural and Forest Meteorol-
ogy.207: 48-57.

Zhang L, Guo H, Jia G, Wylie B, Gilmanov T,
Howard D, Zhao T. 2014. Net ecosystem pro-
ductivity of temperate grasslands in northern
China: An upscaling study.Agricultural and

@

ATk
@ 3



Forest Meteorology.184: 71-81. rology.200:1-8.

Zhang Q, Cheng YB, Lyapustin Al, Wang Y, Zhao F, Wu Y, Sivakumar B, Long A, Qiu L,
Zhang X, Suyker A, Middleton EM. 2015. Es- Chen J, Hu H. 2019. Climatic and hydrologic
timation of crop gross primary production: II. controls on net primary production in a semi-
Do scaled MODIS vegetation indices improve arid loess watershed. Journal of Hydrology.
performance?-Agricultural and Forest Meteo- 568: 803-815.




Watershed Management Research
VOL. 34, No. 1, Ser. No: 130, Spring 2021, pp. 41-58
DOI: 10.22092/wmej.2020.342030.1317
Monitoring Land Degradation and Desertification in the Arid
and Semi-arid Regions with an Emphasis in Response to Gross
Primary Production Relative to the Climatic Variables during
the 2001-2017 in the Province of Fars

Hadi Eskandari Damaneh

Ph. D. Student, Department of Natural Resources Engineering, University of Hormozgan, Iran

Hamid Gholami

(Corresponding Author)* Associate Professor, Department of Natural Resources Engineering, University of Hormoz-
gan, [ran

Rasool Mahdavi

Associate Professor, Department of Natural Resources Engineering, University of Hormozgan, Iran

Asadola Khorani

Associate Professor, Department of geography, Hormozgan University, [ran

Junran Li

Associate Professor, Department of Geosciences, Tulsa University,Oklahoma

* Corresponding Author Email: Hgholami@hormozgan.ac.ir
Received: 18 February 2020 Accepted: 20 September 2020

Abstract

An accurate assessment of the carbon changes in different ecosystems may be used as key indicator in
estimating changes in land degradation at a global scale. The goal of this study was investigate the trend of
land degradation by examining the trend of changes in the gross primary production, climatic parameters
(temperature and precipitation) and its relation shies with the climatic data in the 2001-2017 period in dif-
ferent land use system in the Province of Fars. The annual gross primary production data were extracted
from the MOD17A2 8-day MODIS sensor, and the climatic data were collected from 15 stations in the
region and interpolated. The slope of changes in the gross primary production, temperature and precipita-
tion, and the correlation between the gross primary production and temperature and precipitation in each
land use were investigated. The results indicated that the highest percentage of the gross primary produc-
tion was obtained for the shrub land, farmland, bare land, grassland, urban and built up land and water
bodies, respectively. Examination of the slope of the changes showed that overall trend of changes in
primary the gross primary production was increasing, while the temperature and precipitation trend were
increasing and decreasing, respectively. The reason for this is the groundwater use by farmers to provide
the needed water for irrigation, resulting in an increase in the gross primary productivity. Percentage of
the changes in the gross primary production, temperature and precipitation in different land uses over the
mentioned time period indicated that the trend of positive changes of the gross primary production in
bare land use was 78.24%, farmland was 32.32%, grassland was 81.14%, shrub land was 85.89%; in the
savannah it was 100%. We observed an increasing and decreasing trend for the temperature and rainfall
over this time period, respectively. Based on the results, the correlation in bare land, savanna and shrub
land is mostly influenced by precipitation, whereas farmland and grassland are affected by temperature. In
general, despite of increasing temperature and decreasing rainfall, the gross primary production increased

in the farmland, which indicates that such expanses are susceptible to land degradation and desertification.
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