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Table 3. Characteristics of Landsat and Modis satellite images used to study vegetation changes

Joy 51 o o o s et Ve b s,
(edereis) g (edreis) et
LA MODIS (Tera) AR Landsat-5 (TM) AAZSYAVARN AKRAVA %Y \
0 MODIS (Tera) Y Landsat-5 (TM) \YAC/YIV Yee)/8/Y0 Y
o MODIS (Tera) v Landsat-7 (ETM") YWAV/Y/NG  YeeA/O/ A3
o MODIS (Tera) Y Landsat-7 (ETM") YAV/YXY  YeeAe/Y ¢
0re MODIS (Tera) AR Landsat-8 (OLI) AARYYAVAVISE KRR VA ZAR 0
o MODIS (Tera) A Landsat-8 (OLI) \AA/Y/e YNa/E/Ye 1

VoV



Ve Y )L@ (J}‘ UM/"A.S)L@-? JLJ)‘_;'._-ECLJJ.S u‘-‘-‘ﬁd|f"' e dhbj)jéjlg;:_r&n

Landsat 8 - OLI -2019 MODIS-2019 Landsat 8 - OLI -2019 MODIS-2019
61°0'0"E 62°0'0"E 61°0'0"E 62°0°0"E 61°0'0"E 62°0'0"E 61°0'0"E 62°0'0"E
AR r Z £ X il

—.—

32°0'0"N
32°0°0"N

31°0'0"N

31°0'0"N
31°0'0"N

g o ik i
61°0'0"E 62°0'0"E 61°0'0"E 62°0'0"E
61°0°0"E 62°0'0"E

31°0'0"N  3Z°0'0"N

30°0'0"N
30°0°0°N

Ty

61°0'0"E 62°0'0"E

30°0'0"N  31°0'0"N
30°0'0"N
30°0'0"N  31°0'0"N

30°0°0"N

\ : 61°0'0"E 62°0'0"E
61°0'0"E 62°0'0"E 61°0'0"E 62°0'0"E

Landsat 7 - ETM -2008 MODIS-2008

Landsat 7 - ETM -2008 MODIS-2008
o "y =
onall W 61°0°0"E 62°0'0"E 61°00°E 62°0°0"E 5 61°0'0°E 62°0'0"E
- ” ; =
= g\l
Lar]

32°0'0"N

Y b

61°0'0"E 62°0'0"

31°0'0"N

0
6

31°0°0"N
31°0'0"N

=
) Z  61°0'0"E 62°0'0"
= o =
Z 2
= z o
£ s o
5 s 5 < =
2 = A s = ;
: 2 2 g
61°0°'0"E 62°0'0"E sy
61°0'0"E 62°0'0"E 61°0'0"E 62°0'0°E 62°0'0"E

Landsat 5 - TM- 2001 MODIS- 2001 Landsat 5 - TM- 2001 MODIS- 2001
610'0"5 62°0'0"E 61°0'0"E  62°0'0"E 61°0'0"E 62°0'0"E

e |

iz & £ zZ|
o 2 B4 4 8 =
= & = s
P B R | &

= z
2 = 4 = oz z
: e s =" =
onN‘n"T oy " -
61°0'0"E 62°0°0"E = g E ;g =
61°0'0"E 62°0'0"E o B E ® =

30°0'0°N  31°0'0"N 100N 32°0'0°N
30°0'0'N  31°0°0"N 31°0'0°N  32°0'0"N

& & z

o 2 13
zg zg e
) s2| =
e " e” ey
2 61°00°E  62°0°0"E S  61%0'0"E  62°0°0"E

61°0'0"E 62°0'0"E apr o onitH
0 37/575 180 225 300 S1°0'0°E 62°0°0°E
- o E— e Kilometers

‘bJUQAJJ}AdLAJ ejl.z)bebl.:c.w‘ D)Jﬁﬂ}w)‘@hw-*ﬁ
Fig. 2. View images used during the study period



o ki 0 (gl gl 3l ealiial b LS S Ol b

pobal e &S cal Sl (o5 ul s Jue ol
313 3 g s (Sted (pre Oloj G 3 il (glasdionin
s 5 skl e pliens Sl Seees 0l Ol
s 95 Sl 5l AU e lalks O3 S5 BBl
o oz 5 (Stemsen ol (T 38 oslizal Ol 5 o0
3 0 wlde ab i L b gladl ol Lid
il Il 3 6l Jae ol el O ki
S B s ) ke Ll s (Sl 5 S b LS
Oljen o5 3,5 (58 Olsion cofad eagdons Sy 3 3,5
Condd G Sy 5 pmage polal oSy e S5k
Soli 5 1 2V Sl Calid Ol S s 0T L bl
Wl 36 Bodiomis atre (S35 I Lo 5 4> 50
daly Sose 4 cmtd Sabil Osse al 3 ooy
ol s e Blae LSy Sanbsh 51O dal)) e

293 51 o glaesls oS 5
23L& gl wlde,

dbe ol lide s Gl sl Gla g, dhax )
sl Sl Sl s S elesl anl s
Enhanced Spatial and Temporal Adaptive Reflectance )
9L g8 &2 L sble s a5 1L e (Fusion Model
ey sbadde plo b anslis 55 (g g > Sas oo sline
5 US Ogman a3 S Oypo Sldlas jo oS 5 sl
) O 5 55 5 (V) 0K 5 Kils Q) 0K
MODIS . slas sl wbdesy 55 Jde opl conle S35
Sbis ple bawlis 5o cwdd las Sl eslinad L

el ol Oledl Q_(@U sble )5 o gastay s g0

ESTARFM Juxs

325 STARFM Jde 48l 4ny 45en ESTARFM Jote
el (Kl s 28 Lo gble s eslizal gl
: : \
L(x.v. Ty B) = L(x. 7. To, B) + a (M(x. v, T, B) — M(x,V.T,, B) ) [\

Sl Ol @S 28 Al edd a5y Sy

P55 e 5l b 1 Sslite 6 g e SLSL
ol 028 F k5 LSy s i Dk A
foome Ol b b son id Sl (-

Gl g Sy 03 sy pn Dl edS Gl Al
53 0T 5 vE) e dale O Blae Saubib Olps s
oy S5l el b o alie wlaes b LSy e
S 55 g 1y alie sla by 05 e W o3Il b S e
Glae s 5 Ctd SAlsk o daly Oe l
el ¥l

144

xy T, ,B) s L (xy T, ,B) taal, o5l s
3To 5 Tp sladles 5 X,y Sy 55 Cowtd sla Sb5LL
sl St M (xY, To .B) s M (x,y.T,, B) B L
a s B LULT, s T, sbobe; 5 Xy J._if BERNEEY)
0 0be) 5 s b 4 by pOLy 5 LS ol
Loz Sl S 5 sl Sy S daes 3555 s 06

oo 4o odd LSS e Guy Sslie Ay
Sl s el o Ll Oiw\j LglAJ.,..i:.;
L s L,S/-M.UJL. Al bl Iy A s !
Slages Sy S I B S5 o)
2 gy p Sl LS LSy 5 s e il



VERY le (Uil esled /oassler JLo) b i 53 oLl SAMBI Gl 5 53 51 Ghomiow

L|g%._r%.Tp.3 |=£ (z%.y%.TO.B |+ >, <8 (M (%,.v,.T,.B)-M(%,.v,.T,.B))

b Jlsl gladde o gla S,y 4SS cul J-
o~ PEPT B Lfﬁ"’) (_gUhn)‘J )\ eslae! Q)Ju u,';.lﬁ ol
(Luske) sloylsale glas 55 352 90 LoDl Ll
BE 4.<.J Jl}- thiw Q)j—\a uuT S92 @9;..0_? J...“»Tfe
);LL’I}uLSLAJLuﬂjLAJ)‘ o:l.a.zﬂ\mv}?b&:bda|
340 6LAJLA @ L)—’j‘ wﬁ) L;L&eb\b “ L;wj:.wh c.LG
ssked b eslanal 20U Jll gladde 1A casdlas
2 iy ek pld Gon b n e gl
> Modis Conversion Toolkit 58l 51 eslaal Ul
s 3 S5 HDF S 3 Uy slad ENVI 53l 5
25 (UTM) Sl Slase ctenw 4 0T Slas
S Col sl enlail OO0 ok JJ\CE‘AQYM
2 Sl meeal dexr Sl Olbeeal 5l 6w S
o085 3 e W il 48 5 e sl cnl 55
S0t Al p b owslsl 3 .0V 5 VY ) s S
J“‘gﬁ o)'(JJ‘ A D0 J'iﬁL"a"" LQLAJ..&.\; o)'\.)u'\ Sdwe
j',',j"‘a; EL cQTf GJW 'L’j”:lkfc JJ”.L: (J.Z.AY") an_u
3 Gkoaid odld ol Ssy bess 5 Jol Oley
JeSs bl sla oSy S oote 0,y G5l eslinad
Sl Gl st el S oy 55
el e ;8 L sl 658 0 S wlie WSy
L S b b o s e S b S o
Mas e L 0T e Bl 53 (Sslewe
IS AL 2l S sl G ol 53) gla WS
wh S ks alie LS Olpea il ails 1) b os
wlie oSy ool oSy a Gl vty 50 0
jdﬁf&.&ijluﬂwqu-)}bégbsﬁj
5 Ao G G S b 0T (Stes e (e

[Y]
So oy o> alie gla oSy sl Nocadasl; ol s
Wlasw L (Gua) 55 0 J*&ﬁ s Jols S e
b oo i s wlie oSy el 1T 035 WiXw2 5Y w2
Sl St oy o3l sl alin JuSy el i
aidaie San elal 5 alie sl oSy S simr
FSon 5 oNes Gble gl FSa S oIl D) son,
Sl Gl (al 53 355 el (GSeal Gble (s
2 S YO L pl s B A Do S e 0
e 9 ) Al ol e ke LS w8 S kS
dae 53 eld nie s JeSy Sl
by gt 5 Sk npad ms5 53 51 ESTARFM
Sl s pedl K ramen 5 Solie Ol g0 @
oslinal 558 (gilwand Cowdd gl Cl HB A Sl
SEUsL 5 S Gl ke Tl 5 .(4) 535
Jed Sl oY bl ot usbal Sl edddd 5 b
5 Cedd pslal Sas g GARSl 5 pedis Sleal
5 Solweslel | shateds i plodl ENVI l331 o 5 53 3 50
ol Sl A s b cedd olale pslal S5l
/0 5| S ol RMSe 5 655 e ol g5 sl
ol 93 ek e a1 I il Sy (/6Y)
CatS 3 s yshieds byl jy ol odd RICE o G
Sl Olgen Shal Bl amins 5 7585 SRl aslas
3 Sl Dbl uslal Bl sl sl LB
=l 2 B8 Sose palal nl Gy 6]
S el U S sy s o
Sk oyl gals 5Ll (5, oCalibration Radiometric
S o glal (6 hendl momeal [ sheas (V) LS el
ol S3.08) a5 eslizad (FLAASH) (26 5, 5l 5
pes Al s 5 & el el Sl
!~ (Model line Empirical) Lkl 25 L (g9

0 ol els ) sbobsl o 3L Olbeeear Jlasl



o ki 0 (gl gl 3l ealiial b LS S Ol b

Sl ¢SS S5 (0T 5 Y YA 35 8 e a5l e
Bl i e Sl ok 3550 s e S5 Jibe
el sl enls kel aline sla LSy

JiJ':; sl o {):,ﬂ Cowd 4 8l Lgd o 23055 )
5 dxde eslimal alie Gl oSy OS5 5l S
S ot Ol 03 S St Sy Sk
3 S ctd oSy s Sl Sl Ay Gk

¥y = 1.2366x+0.0012

R*= 0933
')‘..1'.}
W - o
‘1 .\Jl"j
-~

“:' 1] : 'ﬂ
2 L

I [ ]
f x| ckig
-
A ol =8
:
= Y 1A oY Y8

-Nd
MOotis) sele pmdnys g Sacls 2L

Yol Jloa by e ol oS85 05 JuSly 15 YU oSS 0l ol gla oSSy st 0 g 5 e ¥ IS

Fig. 3. Linear Regression model of similar pixels with high resolution in similar pixels with low resolution relate to

2001

P Sy Conds b

sbadle b alS Ry Caxdy e p ke
Lok (g3luand slae 2 ($3LeSalige 5l uy canlllan 5 50
Jlasl b andlas 5,50 035050 ESTARFM Jubs 3 oslinal
Ao (L §) sl (giluans slaxil (gl subset &b
el Gl S g Cards o n sk (TA)
Jolis asls 5 (SAVD) St sy odd s LS
Y ey 5l e s (NDVD alS iy el Jb
(V8 V) A eslizal £

__ (NIR-R)
SAVI = Gt x (1+1) [¥]
NDVI = SRR [£]
NIR + R

5o ssle B B3k 51 L s NIR saaly oyl s
o b Rln Loy a8 Ak UL 2L A RSG5

3o W 5 V0 Gy ST L slas Sl Gl o
o3l b s Aoy 0 5l 508 (SUAL nslal 550 Bs o
D GOl Slley 5 Al iy olens Sl
ol S35 BB s el T 5 Jbe s leS sladle b
(OVF) Osgmd 5 aly Oamer a5 O Oldlas s
Ol ol () 0K 5 55 5 ((T8) OLKen 5 Sl
Loalie b oS col oad w5 55 35,00 b
sslateay ol Gad ol 53 el 4 S kS s Sley Gt
e 51 eslanal b el (giluand bl ds i liel
S L cd w8l polad b pslad ool 5 ESTARFM
sodeme 5 RY) s oyl dile )bl laams (5,8
53 GGally 7, 5l eslizal | (RMSE) Uat 1 S0ls Sl 0



VENY le (Ul osled /omssler JLo) b o 53 oLl MBI Sl 5 53 51 Ghomiow

Gluath S oLl pskea S 4y andlas 5

oLl 3550 jrsbal SIS n Gl WS oo a5 e
O8) s a5l Vel el 5

Kappa= % * 100 ]

S50 G855 Po s ol sdaline uys Po ikl opl o
o sk LS ide L8 gduab Ll e sl
> cross tab &G AL iy ol gl Kl
La SIS Sl K ,n ol mman L e3lizal ENVI Lasms
G ) edd Sl Lol sl wiE b Sl s b
G e s SaE s b e 5 S Ol
A3 5,51 » ArcGIS Lo 3 Shapefile

-t

ol

> Slaesls Glos (6w Lo 5 e Sl Jol s
el ods WY sl 58 IS5 s andlas 3 e oS!
high. ) &kl luie (high. Spell. lengths) ;52w ) b
CaSe 26 VOV Ll S o&asl (gl (spell. threshold
Seesss S el s @ R g 380 4l
o595 dob 53 Sl a5l VG 5 b Gy o) Sl
(high. Spell. lengths s _olal ) axdlas 3,50 (55b]
sl S e OVAFE s ke Loy, AT L
Looos & Slslp b ady o 5 VWV dlo by e
Lo WA Jle @ b 5 a2 Yo Sl
A ) 5eS 22 b Goo ) Sl laosss JST o
sxs ol ) adlas 3)5e bl eyss Jsb sl
i S el O Sl sl (Low. Spell. Lengths
Ap bl a5l 508 o5 b gl ¢35 Gy oys3
w by s adh pcaSe e A o3 S0le L 5p, Y00 L
3L e VYA JL

3 AL Dl GOk g 85 Sl sbresss e b
bl addles 3,50 bl 0553 b 55 dlal u= Sl 508

WAV Jlo 53 ol (5ol slacMew pomm oS ol 0 Sl

O (NDVD) 5 (SAVD) u.al.gf gy petla gode olis

el =V BN

ol il (Sae S i b S bl
L,akjé\; bl 5l a8 215 5 4 Can 4 el
R B N I
izl e ol s by (pleS adle b oS 2y
adlas 350 aikie L S5l LS laaxls obs)
ool gale pswal Bt Oloj a5 L jshate (L AS atls
Mo Slkes b Olsaa (YAA I T 0555 4 bss e
gb dex Sl alS by Closas (6,80l 4 ol
oty S )t S s 4 S
S sl bl alS 5 e s il (YE) s (6
Solspaipes mlaw 3l (0) 55 akaily 5 loslsale y pead
A doslons

A =[Px(1+2L)] * (0]

s Sy sl AL P sle sadaly ool o

5 (S o ) (i el ot Ol cslolsale
Y BT op PSRN G 1D BRI R PPN o Sl
LESTREM Juts 51 oslinal b odd s i o 5o 51 s
Sl Wl s oslizal mpe e YoX Yo ISy sl
S VAOr Sl s adkeie LS 5 a5 iy Ol
s osBea abl s (V) Ad (ol paise s e
L alS Shis gl Ol b a8 slaartls [Soen
© So5Ss el 4 ) Gl e SIS dsb 4 e s
e adlas (L (g5l paisad gl 2o Voo gl
e AE (S ke 5 S de b JuSy B30 51 LS
350 Sla el bedd (gyslmar laosls Soocan Ol5n
Slcs b (Soen 5V L atle 5 o) addlls
A b Ao 35l g S5 sl 5 s AU
O Sl estizal b s 5,505 e slaesls L L85 Ll L

sldle 31 S sl akn alS iy Ao Wl

WY



o ki 0 (gl gl 3l ealiial b LS S Ol b

aalee a (Y4 8/\Y) 839,39 LgLAu)’\?.ﬂ e LMJSA )'))-\' QMQ@L:.»TJ;—ﬂJJYL&bLL;LAu)&?«t}Sjb
LJSJ JJB) 'L;’kac Ajl.w Y‘\ LSJL‘T 092 g;b L Ql:.m.:.w Lﬁdl.ﬁg_))k:.w C)_;jj A:JUJJ&_,Q&A):.A A\RR JJ u,gi.vl.:ﬁl.v
lae s w}JJJMM@L& O3y SYsb 4 axg Y 2 wi'.l?a;)'})?w Sde 4 bl us JSVS =R

(el a1 L Y4 6,55 Jsb s oLl b e xS e Oekes VAYVIY L ol U caSo e

Loy Bosam o ol s o5 sl onm &S

Kohak
o
3 b) <
o
ot
8
1
o 8
o
o
o
™~ 4y
° Jl
o
T T I T T ] I
1370 1375 1380 1385 1390 1395 1400
Date
Kohak
o
3 7 (a) Il
S 4
wy
o
o
T
o g 4
)
8 ] k
& § ] 1
o
a ] M’M‘N fi | ] |
N |
T T I T T T T
1370 1375 1380 1385 1390 1395 1400
Date

(2) ST 1 2 5 (L) 5057 (sla g3 5 <SS oKl 5T oy55 Jsb alis, o5 I S F s
Fig. 4. Daily discharge graph the statistical period of Kahak station and the discharges less (a) and more than the
threshold (b)

VY



VENY le (Ul osled /omssler JLo) b o 53 oLl MBI Sl 5 53 51 Ghomiow

Jle ¥4 4&“.}4&b)j.nLg)LaTejjJ)JMbaﬂTv\:-)‘()j)va)Gb)éua)jbd‘;afj d%b‘)jp"j‘)‘yu@.b*d‘jb

Table 2. Results of estimating the maximum and minimum time periods (in terms of days) of the threshold in the
statistical period of 29 years
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Table 4. Correlation of plant types with studied plant indices
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Table 5. Results of linear regression analysis of SAVI and NDVI With filed data collected during a wet year
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Table 6. Results of the accuracy of the vegetation percentage classification map during the studied years
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Fig. 9. Classification of vegetation map of simulated images (ESTARFM model) related drought, normal and wet years
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Abstract

Background and Objective land degradation and
desertification in arid areas are the most important
environmental challenges in the world. This process
due to the lack of precipitation and the occurrence of
drought, while the unreasonable exploitation of natural
and agricultural areas with increasing demand to
provide human food needs, affects various
environmental and socio-economic dimensions. So,
the continuation of this condition during recent years
with the destruction of vegetation and soil, wind and
water erosion, soil salinity, soil compaction, and
declining groundwater aquifers have significant
consequences for the production of agricultural
products and biodiversity in an arid region. Since the
pattern and dimensions of vegetation changes are the
most important factors in detecting land degradation,
monitoring the vegetation changes is the best approach
to analyzing land degrading and desertification trends
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in an arid region. Therefore, according to the
capabilities of remote sensing data due to the wide
coverage and multi-timed, the use of satellite imagery
to monitor vegetation changes by using vegetation
index is one of the best methods that developed in
recent years. Moreover, concurrent access to high
spatial and temporal resolution imageries is one of the
important factors that affect the monitoring of
vegetation changes. To achieve this goal, It needs to
incorporate different satellites with high spatial (e.g.,
Landsat satellite) and temporal (e.g., MODIS satellite)
images. The purpose of this study is the monitoring
vegetation changes using daily Landsat simulated
images at 30 m Spatial Resolution in three years of
wet, normal, and drought in the Nimroze area.

Materials and Methods The study area is located in
the north of the Sistan and Baluchistan provinces. Low
precipitation (50 mm), high temperature (48 °C), high
evaporation (5 m), and 120-day winds are among the
specific climatic conditions that characterize this
region. In this study, at first, the hydrological drought
status of the Hirmand River was investigated. Using
the Hydrostats package in R software, the amount of
threshold of flood by running the related codes (by
running codes such: daily.cv, ann.cv, high. spell, and
low. spell) during the statistical period of study (29
years) was calculated. To determine wet, normal, and
drought years calculated the length of periods that
flood is higher (high. spell. lengths) and lower (low.
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spell. lengths) than the threshold. To increase the
accuracy of monitoring vegetation changes, it needs to
incorporate different satellites with high spatial (e.g.,
Landsat) and temporal (e.g., MODIS) images. To
achieve this purpose, in this study, the Enhanced
spatial and temporal adaptive reflectance fusion model
(ESTARFM) was evaluated with actual satellite data
(OLI, ETM", TM image). For this purpose at first, pre-
processing (geometric, radiometric, and atmospheric
correction) was performed on satellite images, and by
using the ESTRFM model, simulated daily Landsat
images at 30 m spatial resolution for wet, normal, and
drought years. In-field operations from different plant
communities by GPS were sampled. Comparing filed
data with the Normalized difference vegetation index
(NDVI) and the soil-adjusted vegetation index
(SAVI), the vegetation index that had the highest
correlation with field data was selected. To investigate
vegetation changes, using the vegetation index (the
vegetation index with high correlation), the map of
vegetation for each year was prepared (wet, normal,
and drought years). After the classification maps of
vegetation, by comparison, approach (cross tab), the
map of vegetation changes was extracted.

Results and Discussion The results of analyzing wet
and dry periods showed that, flood volume in dry
years compare to normal and wet years decreased 31
and 82 percentages, respectively. To incorporation
MODIS and Landsat (OLI, ETM*, TM) Images, using
enhanced spatial and temporal adaptive reflectance
fusion model (ESTARFM), finding indicate that this
model improves the accuracy of predicted fine-
resolution reflectance and preserves spatial details for
heterogeneous landscapes too. So that the mean
coefficient of determination (R?) of blue, green, red
and near-infrared estimation bands with actual satellite
images data is 0.91, 0.89, 0.92 and 0.91 respectively.
Also the average Root-Mean-Square Error (RMSE) in
four bands obtained 0.01, 0.027, 0.028 and 0.031
successively. Comparing the obtained field data with
the Normalized difference vegetation index (NDVI)
and the soil adjusted vegetation index (SAVI),
indicate that SAVI index has the highest correlation
(R?= 87) with vegetation of study region. By calculate
the regression model (using SAVI and field data) and
classify the vegetation maps of wet, normal and
drought years, 6 class obtained (class1=0-10%,
class2=20-10%, class3=20-30%, class4=40-50%,
class5=60-80% and class6=>80%). The results of
investigation vegetation changes indicate that during
the drought period 70% of study area has less than
10% vegetation (equal to 138176.3 hectares) and
during normal and wet years by increasing vegetation,
this area decreased by 30 and 48% respectively (equal
to 66269.98 and 50559.7 hectares, respectively).
According to the results during the study period, the
most vegetation changes is relate to conversion of
class 1 to class 2 (equivalent to 48.5%). moreover 18
and 27% of vegetation changes relate to class 1 and 2
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to class 4 and 5 respectively (equal to 16284.26 and
11471.88 hectares, respectively). Also the finding
indicates that the most vegetation changes occurrence
in wetland-forest (28%), forest-rangeland (21%) and
poor rangeland (19%) land uses respectively. Field
study also showed that, the most important plant
species that grows in this land-use such as the results
of analyzing wet and dry periods showed that flood
volume in dry years compare to normal and wet years
decreased by 31 and 82 percent, respectively. To
incorporation MODIS and Landsat (OLI, ETM*, TM)
Images, using enhanced spatial and temporal adaptive
reflectance fusion model (ESTARFM), the finding
indicates that this model improves the accuracy of
predicted fine-resolution reflectance and preserves
spatial details for heterogeneous landscapes too. So
that the mean coefficient of determination (R?) of
blue, green, red, and near-infrared estimation bands
with actual satellite images data is 0.91, 0.89, 0.92,
and 0.91 respectively. Also, the average Root-Mean-
Square Error (RMSE) in four bands obtained 0.01,
0.027, 0.028, and 0.031 successively. Comparing the
obtained field data with the Normalized difference
vegetation index (NDVI) and the soil-adjusted
vegetation index (SAVI), indicate that the SAVI index
has the highest correlation (R*=87) with the vegetation
of the study region. By calculating the regression
model (using SAVI and field data) and classifying the
vegetation maps of wet, normal, and drought years, 6
classes obtained (class1=0-10%, class2=20-10%,
class3=20-30%, class 4=40-50%, class5=60-80% and
class6=>80%). The results of the investigation of
vegetation changes indicate that during the drought
period, 70% of the study area has less than 10%
vegetation (equal to 138176.3 hectares) and during
normal and wet years by increasing vegetation, this
area decreased by 30 and 48% respectively (equal to
66269.98 and 50559.7 hectares, respectively).
According to the results during the study period, most
vegetation changes are related to the conversion of
class 1 to class 2 (equivalent to 48.5%). moreover, 18
and 27% of vegetation changes relate to class 1 and 2
to class 4 and 5 respectively (equal to 16284.26 and
11471.88 hectares, respectively). Also, the finding
indicates that the most vegetation changes occur in
wetland-forest (28%), forest-rangeland (21%), and
poor rangeland (19%) land use respectively. The field
study also showed that the most important plant
species that grow in this land use such as Aeluropus
littoralis, Chenopodiace sp, Tamarix aphylla,
Haloxylon aphylum are adaptive to climatic regime in
study area.

Conclusion In this research for the first time in the
Nimroz region of Sistan Vegetation changes were
studied using Landsat simulated images during
periods of low water, normal, and high water years.
Due to low rainfall and harsh climate in the study area,
floods in the Helmand River are the only source of
water supply required in the study area. The results of
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analyzing wet and dry periods showed that flood
volume in dry years compared to normal and wet
years has decreased by 31 and 82, respectively.
According to the reduction of flood volume during a
drought year, 70% of the study area has poor
vegetation and during normal and wet years, providing
plants with water needs and increasing vegetation, this
area had decreased by 30% and 48%, respectively.
According to the results of this study, change in

hydrological conditions of the Hirmand River has a
significant role in vegetation changes in the study area
by using simulated images with high spatial and
temporal resolution can improve the accuracy of
monitoring vegetation changes to control and
management the desertification in Sistan area.

Keywords: Vegetation changes detection, LandSat,
Modis, Nimrozre, ESTARFM model
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