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Revised: 2021/01/21 Introduction: Many factors are involved in agricultural
Accepted: 2021/09/04 development such as climatic conditions, soil moisture,
evapotranspiration and etc. For their effectiveness, it is necessary to
examine the key parameters. Timely and accurate monitoring of
these committees with the help of satellite imagery is a necessity in
this regard. Herat plain is one of the plains where soil salinity and
lack of moisture has led to a critical situation of gardens and
agricultural lands.

Methods: In this research, we have tried to study soil salinity, soil
moisture and actual evapotranspiration using the MODIS sensor data
for the four months of February, May, August and November 2017.
Findings: The first stage of vegetation survey shows 0.4 in May
(growing season). While the maximum land surface temperature was
recorded in August (54 ° C) and May (45.15 ° C). Then, in the next
step, using the results of two indicators of vegetation and land
surface temperature, the humidity of the area is investigated by
TVDI. The humidity of the region was divided into five classes from
zero to 0.5, which indicates the low soil moisture and dryness in the
Herat plain. Finally, due to the dryness of the area and to verify the
TVDI method, field soil samples were taken from different parts of
Herat and especially its agricultural lands to estimate the soil salinity
(EC, PH and soil moisture). The results showed that the soil moisture
content of the samples at a depth of 5 cm above the ground varies
between 0 and 0.3. Also, out of 12 soil samples, 6 samples have saline
soils and one sample has saline-acid soils. Of course, it is also
important to note that some of the agricultural lands whose soils are
in the saline group are dry and left to their own devices.

Finally, the study of actual evapotranspiration with the SEBAL
algorithm showed that in this region, despite the lack of moisture,
actual evapotranspiration is very high, especially in the hot month of
August.
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Evaluation of soil salinity, actual evapotranspiration and soil moisture using remote sensing ...

Extended Abstract

Introduction

Land surface indices, including land cover,
land surface temperature, and humidity, are
important parameters in the physical
processes of atmospheric interaction and
energy flows at regional and global scales.
Soil surface moisture is highly variable both
spatially and temporally, although direct soil
moisture measurement and monitoring are
accurate, but this method is relatively
complex, time-consuming and costly, and is
performed on a discrete and point-by-point
basis. It does not help measure soil moisture
on a large scale. On the other hand,
knowledge of large-scale soil moisture levels
with the appropriate spatial and temporal
resolution is necessary to improve and
predict hydrological and climate models.
There are different ways to calculate soil
moisture using satellite imagery. Examples
include  optical, micro, and radio
electromagnetic sensing. Recently, a land
surface drought index (temperature and
vegetation drought index) has been
developed based on the experimental
parameter of the relationship between LST
and NDVI. This indicator reflects the surface
of the earth and heat, which is known as the
triangular method.

Materials and Methods

To estimate the soil moisture of a region, two
different remote sensing products are
needed, namely the Normalized Vegetation
Difference Index (NDVI) and the Land
Surface Temperature (LST). Therefore, to
estimate and estimate soil moisture and
finally to study its temporal and spatial
variations in Herat, Yazd province, two types
of MODIS Satellite Products (MOD13A3) for
Normalized Vegetation Difference Index
(NDVI) and (MOD11A1) Was used for
ground surface temperature (LST) for four
months (August, February, November and
May) in 2017. Then the actual moisture

content of the soil surface layer was
obtained by sampling the surface of the
study area and simultaneously passing the
satellite through the area. Twelve points
were selected from different applications
and the weight values of the 5 cm layer of soil
at each point were determined by direct
thermal-weight method, which is an
accurate method for calibrating other soil
moisture measurement tools. This method is
based on harvesting and drying them in the
oven at 105 ° C for 24 hours. And finally, the
SEBAL method was used to calculate the
actual evapotranspiration.

Findings

Maps of Herat vegetation dynamics show
that May has the highest vegetation month
(0.4) and February (0.2) the lowest
vegetation cover. Most vegetation levels are
concentrated in the forests and agricultural
lands and gardens in the west and north to
the south of the central region. In the next
step, when considering the surface
temperature, the lowest surface
temperature corresponded to areas with
vegetation cover. The maximum surface
temperature was also recorded in August
and May. Then, using two layers of
vegetation and ground surface temperature,
the moisture content of the area was
investigated by triangular method. The
humidity of the region is divided into five
classes from zero to 0.5, with the lowest
humidity in the range (0-1) in the eastern
half of the region. The spread of this floor in
the warm August is more than other months.
In contrast, TVDI is higher throughout the
central and western part of the region,
where the shadi Forest, agricultural land and
orchards are located on the floor (0.4-0.5).
Since Herat region has desert and semi-
desert climate, soil moisture content is not
more than 0.5 and this low soil moisture
level is indicative. Laboratory results also
confirmed the lack of moisture in the area.
Then, soil salinity and acidity were
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measured. Six of the 12 samples were saline
and one was saline-acidic. Finally, the study
of actual evapotranspiration with the SEBAL
algorithm showed that in this region, despite
the lack of moisture, actual
evapotranspiration is very high, especially in
the hot month of August.

Discussion

The results showed that soil moisture was
divided into five classes from zero to 0.5,
which had the lowest moisture content
between (0.1), located in the eastern half of
the region. The spread of this floor in the
warm August is more than in other months
of the year. However, TVDI is higher in the
north-south-central and western part of the
region, where the Happiness Forest,
agricultural land, and orchards are located
and are on the floor (0.4-0.5). Then, soil
samples were taken from different areas of
Herat city and the samples were analyzed in
the laboratory. Laboratory results showed
that soil moisture content at 5 cm depth was
between 0 and 0.3. Examination of the
salinity and acidity of the soil in the
laboratory showed 12 samples, 6 saline
samples, and one saline-acid sample. This
reflects soil salinity in some fields of the
Herat plain. It is also important, of course,
that some of the agricultural lands whose
soils are in the saline group have been
abandoned. Finally, the calculation of
evapotranspiration in the region showed
that despite the lack of humidity in Herat
region, the rate of evapotranspiration is
high, especially in winter and spring. Finally,
it can be stated that real humidity and
evapotranspiration monitoring through
satellite images in order to check humidity
changes and evapotranspiration can be a
suitable alternative to direct humidity
sampling.

Conclusion
Finally, it can be stated that real humidity
and evapotranspiration monitoring through

satellite images in order to check humidity
changes and evapotranspiration can be a
suitable alternative to direct humidity
sampling.

Funding
No funding.

Authors' contributions

Design and conceptualization: Hossein
Malakinezhad.

Methodology and data analysis: Fatemeh
Firoozi, Nooralah Nikpur

Conflicts of interest
The authors declared no conflict of interest.

Water Resources Engineering Journal. 2023; 15 (55):35-52 37



00 D)M o\AD}’é -\f" (_’m

T @ilio udigo i g 3 — ol 4ol

g 3 Ao

3 0oLl b S Cugb g (28lg (5,85 9 e (S (590 Cundg (b5

298 3] e

() S ddlaie 155 y90 dxlllas)

M

290 S5 Alygie ol (Slo (o g8 aabls

33 oLl (b mlio 0uSiily ¢ (638 Ly (g gomitila—)

33 ol ( rub mlio 04,5 Lol

Ohalj ol gl g g oSl (5358 90955 S >-F

oSy

. g 555 g e (S Cagbo) 2lom g Ol Ll le (03b5 Jalge «(55,9LS anwgs 3 Aol
ol 38> 5 P il 9 4l ulS slagtally o 4 sl p3Y gl 5l ol o Wl
S Ol Cudd Dad oo Cguore diej (pl D Wiygpd S slojlgale pglal KeS 4 bacueS
lage; 5 el Cundg (13,5 Sl 4 i Cag) 351aS 5 SB (65 o) 3 &5 sl glacis
ol 0 (65,9liS

(oo cdapsh ol ez sl pudge oo slmosly Sl ool b Cul 0ad rs 3485 cal 0 109
o Bl 305 5 55 Ol 5 S Casby SB (5550 adllae 4 YV Jlo )3 yualgi g CansS]
S

S 3 amd e LS |y /¥ (45 Juad) o olo y3 o (LS (LS (iSgy (2 Jol Ay 18l
Sy (31,5 (Bl 2 )3 YONB) o 5 (31,5 g5l 423 OF) CawsS ol 13 53 (e o (slod ST
on & (e g slod g (BLS by (eSS 93 ol jl ool b aw dlsye 53 s sl 03
Db Sl /0 Gjho ) Akl gy 4 dilaie Cugb) sl oad aislyy (e ) b dddate Cab
DO S s 4 colesyd ibe Glia cubd o (Sis g S Cugby 0 oS odiad L oS
5 Gl yod calisee bli jl SB sladigel Sliwe cuily ilio (bsy (vuw Couo (gl g dikio
285 Oypo (S Cash, s EOPH) SB (655 i sl sl ol 65,9l sl oo posae
yeisar ¥ B v o o 6yt 5l B Bas > SB Cughy (i 45 0 LS gl 1 g S Aol
b 395 SB sl Gigal Ky 5 98 SB chls diges 5 (S e VY ) ysizmen il o
295095 1 il S &8 (45,08 (slome; | (S0 45 Gl Cupmnl Pl o &5 el ] il o
s L Bly 355 9y i (opn Cole 3 Wlesdle) 5 Sl 4 g SiS el w858
Vbl CangSl )5 olo )3 pogasty ps Cask) 39S d92g b allate () )3 o8 3l Gl Jbw
Al e

\ARSVER VA SEOL PRy IR
\ASCVARYRS WP PR
VEvo/o€/o €130 iy g, U

Ol g Sl (gl 363 oliuwd
155 0lil M @90 &) dlia

Ok 0]

% -

Em.ﬂ"

DOLI:
10.30495/wej.2021.26859.2286

15 sy
uo)‘.v.? Copdo olay uul.u)l sg" cl% sd)‘”uﬁ

35 (o pom 1 giue 00w g8 ¥
ol g oKl 05 (b mlie 0aSiihy 1 Slis
SNFVOPY Y il

hmalekinezhad@yazd.ac.ir : s =Sl o


https://doi.org/10.30495/wej.2021.26859.2286
mailto:hmalekinezhad@yazd.ac.ir

293 31 (e 3l 03Ul b S Capgh, g (ABlg 3585 9 sl (SE (55980 Cmdy (b))

¥ Sloj o S g L (1Y) Sogn ol it 0y Juad Jsbo >
55 ol 2 (TVDI) Lav—olS S asls j1 (VAAV-Y+1Y) b
EOS/MODIS) g (NOAA/AVHRR) iz ys ;| yioxiaw (glodls oSSl
dibate > gjysliS Glellusiis Cud Slpns Ny ey @
S ob gl s @l Wdby e gl Kl
Ngy o bl el adate cl > (65l o Jlusuis
51,0 OOV o )d A0 liebl o )3 45 0gy jlalize ialS
08 Aol 31 55 Gy ol ST g 0900 Sl 1) (65,5LiS (slogsee;
sl 4B)S 395 &y (gl OB 0S5y g o 08 gl 5 e
I e il Jelge 535 o Tl alS (idsy gai 9 45,
o223 ialS Jelos (3 e Jl 5 (e S 40 ol 401>
b St (V1) Mmes ke SYgaxe 3Slee
smdeo Rl 1) (o) OalS 3 Slas o3 VY 290 S psboas
O o pd Fr ol (glod oy VO YU (slod I b ol 0 &S
ods 359y 3,Shas Cl o yd Vo (6y9 (T g Mo yd VWV SuiS
y osiSopina Johe | (S 30 S5 S e J (7D
e il o) SV game julcaibee A5 lp s
0l go3 dl>yo i 5 4 (Sugb) AT ) (L 3 Slas talS
b i ol e Syl Lol s (S Of 34068 oo g s
L glals (1) Wil s 3)Shos (padyy 9 s St (A
s G5 b Shgd Gl g ladije, (s oy (slayially el
A3 el 3y gy Olie g 3)lge ol (V) les e ablie
35 5 SB g 5 Oy Joli & 5y 5 s )8 e
Syl eelel Wy S oam i sl (alS by
2 orgada ol glie Copta 1S paie S 5 Sjglgyn
A5 S oS lamen (VY) 39000 louky Sidd a9 Suid sblie
Aol g Sjsdorin 2 3 wre Jelse Sl (S 385 9 S
3l Ol G315 g e a3 (6551 SYoleo 0ALS s Jelge
(SinkiS «Soigdgn Wile Gl sladine) ) ol 350
23k 2 (V) sl 5l 5,90 Ol e oo g 0 5 i 0
o) e 5l By g w5 o 4 bl 5l aepy £Y IS
O bl iSolnl ()5 5y S )3 290 ) oy

(FY) 29800 guinn shuasl g (o) 0 oo slagslel]
2958 365 g 3blio 3] (S S ol Slp dilate 09 4y 5 (i
D 55 gy Lol g Sl sl b, G el
o3 b Sblugs 9 3b5 sloyS b olyon jab sl (oo Cugb)
Setbog 9 St 3blie | Sy olyis & |y dllate ol oS ol
ol ) 5 allan () 5 (10) ol 63,5 ipnn 555 0 0
S 695 e aalllan 5 g (olonle gluss o3lisol | 48
adlato )3 o S5 (Sloj 0)9> Sy (o (3,5 9 5 9 S Cugb,
9 298 556 cov Gblie b 58 )5 ) 2)50 e Sts
G4y T b ablie (cliwly ;5 5 oluwlis dalaio )3 Cugb) 39saS

235 &g 03] 4

Y0-0Y:(00) V0 V€Y .0l pulio cwigeo (iR gy —sole dolilad

doddo

Olej 9 Code td & & gy A5 51 )3 lalS 3 Sl ialS
Joene 4155 g 08 (5135 byt 5 gyl )3 3yl (S ¢

(ﬁ) Cuwl St doss 5 St 3blo > ;LS
bl 35> Copte s slaasia | (Ko SB Cugbo) lise 39l
Ol 3o Jale iz 2 SB Cagb) plire Bl o Y guame

(V8) 3,138 o b Y guanms 3y 9 3595 g e oS
2y Sl Gljen g e bl oa SB o cugb,
38> SB Cugb) s (Suej il 9 xS0l a2 ST el
b g 039 pa a9 ke dmy Luwd by ol Lol 23l ce
Cugby xS0l 4 5 3k o0 plonl dluanS 5 (liadl @90 &
23 (Bl (YT a8 (od Ko gy (ol 3 S
SSE @,8 b Sy e 3 SB cogby pdaw (e 51 25T
Sislorten sla Jho opie 9 29 shp ceslie Sloj g Sl
o9l (sl )8 (o ptoge 1 (S (TY) ol (50908 9 25V ol 5
2300 (170) ol ¥ guamo 3 Slos (055 5 Sl 3590 53 565
dlse siledaa b by » (e Yoone S1 Cash) (oL2S
Dby 5 SB Sl Gl (S den g Ol Al e
Sloj g 2lad £95 L yed 5l Hiomiw laesls (1)) il e (LS
SE Cugby byl 3 (oo Jeily sl (390 oy 3
aalil b S Cughy dnlxe (gly (Jglite sla by, (V) At
)'| odlatnl 4 ulﬁ’u" alos> O] )\ .J)Ib d9>9 L;Io)\yhln ﬁgl..aj‘ )l
5 (VA FA) 958 Y OY) ()98 glgel S8 L Gomis sl
Suis a3l Tl 58 o)Ll (YA) (asedly urbolinos S
Fahl elaly (AL pidg g led (Sid (adld) (o) gaw
ol als )3 (FY (YY) Cosl 005 403 NDVI G LST iy el 59
e Jae (FV) )l Ll 1y @l g e o Q3L pas i
505 6LV s ;5 el bawssi b sl (TVDI) (glaissod |y
) a2y 2 B9y ol (FAR) €8l dnogs (pioms il bausg puges
S S5 4 o Cul (e g slod g (LS wles (i (S
el porio 1 o )3 8 3900 0313 Ltsles clalais LS, Jl3sel
() 39800 o3zl S Cuy gl (el (shajed L s
oABA LS 5yl 593 Sl o g cr el Olye 4 ohg) o)
gy 5 (BLS sla edls Syl ki bt (i) Cowl
oolawl S Cjaw w9lo) LS’L))I dl).; ‘-)Aﬁ) Cjaw dLo.) 9 i
NDVI 5 LST (s 3 sime (site (Ko S (VF) 555 o3 8
Oid ) ey Sy LB 4 ol ol (B elde x> 5
b s oo 4 s (glod w0 i a8 Cul S Cugby g (LS
ol 3l odlizal L (V) oy 5 Glane -bise Ol Ol 85
Ay Jad ) (wlislgn ailjg) sloosls 5l pSosee by dge
Ve glalo )3 ool B il (ye QLS (1o (235,9)
ol 0ols )5 adllas 350 b (g5, (sl o Lausgs Yo o¥
b g lojon NDVI 5 SB Cugloy i |y amgio (Stuan

¥4



ol Ken g 3155 o

) Pl loodls (55) 1 Slhlos (g S L e bl kg Al yo 5
8yl g oy Galad ((cogd) b spar )y 4552 5l
$95 » el poxl (g A38)5 )18 dgidyg0 0008 g (cwtin
uklf Axma.o.))}n 03g45%0 dilaio 3% )I oolazwl l} ¢ pwdge )45La)
adbaio I (HBly 35 9 55 9 S Casb) (wyp & (e 9 13
038 ol paSLd pp Al 0920 LS 4 pj > &S b wdly

|
(S Cagh ) dmmslone

015 oy asls 4y adlate Sy S5 Cusby wadS 5 350 (sl
W el 53 (LST) (e o slod 9 (NDVI) (ol siudgy oglis
oor Sl 3 5 SB Cugbo) (2055 9 355l (sl sl ppem 5
odizti Sl £ 9 5l Slp e )3 o] (aldd g loj Sy
o Jloy asls (sl (MOD13A3) (slo pb L 15 o lgnle  psdge
o) g slo> (51 (MOD11A1) 5 (NDVI) (a5 by oglis
o3l Vo OV Jlo (juelgs g awgST oo e20y98) ol Jlaz 5 (LST)
SEE 035 g yiaghS ) Jgamme 93 (pl (aldd SSE ©)05 .08
ool 3l o bl 1Bl e 039y Y 5 0j, Tr iy o o e
ailjey polie ciil awdly illas i b oolitwl 3)50 (sl 0dl> o
9 s 0je) Vo jodlie 4y (655 (1 ke Sllas b (yrej s (glod
i b g Slige adlllan 3)90 adaio (sl pslad (olod (puges
S piges oy Sl odlatul b ugSae )5l pe Slea Claise
posl Sl am (P 0F) ad ) 8 dleen i)
(TVDI) (alS —(plo> (Suid (adls olai 3)90 Clouonad olos
ool il 52 5l ol ol 05 e alllas 3,90 adlato el
sy 386 o iy gl o Wlgi oo (gMilaze 1 & Cal il
A8l oS8Ty (ol (il jleady la i Sl o0 g (LS
Suid el bl Sl il oo 58 o S Cugby 103 Bk il
015 @) ()90 bl cpl pr S oS gbye MlS Lulyi b
0a3L5 5 (LST) (yee oo (slod (sl 0313 Jogas ol (555 2 45"
$oy 2 -l odds odld 1,8 (NDVI) LS jidey @olds ods Jloys
P NS o 055 p Soten 4 e 93 (] & (gl dail o905 ()]
DAS (ypusd oSV JSUB) 05 o0 395 &y aijod b die JSS coleg
(TVDI) (2l —(plos (Suid (asls (f) wibioe Cusb) olie

C))ﬁ‘o@s))‘.)wu))&BUBJo)c&J)))mouud);.)lﬂo

(A) 298 0 s a5 325

TVDI = —omin_ (V) abal,
TSmax—TSmin :

TSpax = & + b X NDVI (V) dayl,

TSpin = & + b x NDVI «(F) day,

@L‘) O CJQ‘" u)l)> Al 9 4\».::05 w)’ & TSpax BTsmin «
b 9 O A2 0 (.JL'“" ]) J..u)l.: ual> )].La.a ;gq ).3]).3 NDVI &«
ad &S sn gl b g g Kis ad oS sn ola el
Sloodly (S Sy s S (Bl )l oS WS o (Bpme ] sy

Ao Casd 4y o 4 ol (alS g 5 aled

25°00"N

el il ol Cudgiome dx el adlls ol coles

SB Liolojl 4 bgyye (sla yialyb 13503 3590 Sl pae cudgisme

S s 0y g 5l 0y9e LolKiwd (a8 wytwd O Cle 4
Cdbl o dalllas 390 039050 )3 wlidlgn ol

axdlbao 3 90 allaio (B yxo

5 gl > (Sliw el LS Slyp e Co S50 4 @3l e ol
5 S5gkiS (S5 4 Jol Sy 4y o olaiil oa gt &8
Cawl oAib)f —S>90 LM»LA dlm Cudd dg>g Ll Ml9 Lﬁ)ﬁ)‘-"b
3y90 adlate (Y0) WL )13)95 2 $i9) jl Glizxen cdlate (g5)5lis” &S
w3 55 g ol (bl deg 5 Sbly (ouldl ) adllas
25 segke e ) Gl dldle (Sl 5:0le el Yy
SAES ey oslge a5 5l ail e pre LeVOe b o (claaials
2 &9 095 (2L S8 e (f i ) S5 slesS
bl & jluiles 5 Sl slaaling) 3929 5 (538 Jlod isu
sdnlivo JJG ‘ML:L;Q ul).h aslaie )4).»] A.a.o9> » u}daw uj @Luo
sl

blas 9 adlhe 3590 839w ‘_,'.”‘lﬁ.@')» L—gaégn -) Jva

B Cundld 4o

03Luwld 90 (g W0ID 9 g,

o 4505 5o ol Als po 93 4 (g S I Sl iagh
e 233k pod dlsyo 5 (slolgale laodls jloslazwl b Jsl
Al o dilaie

By B35 9 5 9 SB Cugb (e gy sl addllae
Sl Todds odliiw | (uwdge (glojlanle (slaodly 5l clya cui >
(o g pslad) | ediomie Gudge sojlsale pslad Iyl
smosls 351 1 day s T o 0l | (Y)Y Jls 58T 5 Caw o5
(https://earthexplorer.usgs.gov) colo j Js,ge
b o 5 4355 5 e oo (M S S
A5 Josl ol g9y wENVI 4GIS (sla,l33ls 5 oS

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



293 31 e 3l 03wl b S Cugb; g (ABly (5,25 9 pbed (S (6900 Cndg (L)

duobro £ daly 5l eslaiwl b SB Sb)S )l g e odlatl
Db s

:—n =T, / @ (0.0038 a+0.0074 o® ) (1-0.98NDVI* ):(5) ala,
NDVI o (g9l i 1,8 (ilo do > sy s (glod Ts
GRS Ghdg pasls

S5 S i pegume o) L5 1 wamne (Lo S LG
Omle (led M ases o Ll wl,8 5 Cdpen syl 5l S
ol b oguime glo)S 5L5 il o g2 @Y (1 ol 5 s
dple 3)90 Ign g o (slod BT g (25 oy b sy ]
255 2315 53 (bl Blo Sy gume oS LS 055 o )38
Cuoglie 9 dT ooy Jlaie &5 1> dg)0 Jlod & 3)3 5
Jsiome geme sloS L5 aplne Cax gaw (Sealiods il
bo)S bl vyeSl OYapome () dusbre Cga bl o
S dloin dpubro g Std by JuSo 3 1) oguce
9 05 &5 98 Ll pb g Sid anl > b pS L S
slod gyl (gt 55 20 b 5 ey 38l o5 31 1 5 5y
sloyS )L wpoSll (59> (Ariwly il lgn glod b il
oo b (g yhusdl gomal & 5l Jho p2)sSl bawg uguce
R O T
O3S s clil ials cage ol pogde gy (Pxiwly
S s 42 2295 b D500 Saliadg 3l Cunglio 5 5 0j il
By daw slod 5 dT oy ole (o daly 25 9 500 o
Dga oo duwlbe ¥ dlasly 5l ookl b wgwore (glo)S )L 005 oo
H = (P X C, xdT)/1an (V) aka,
Voo pln I oy sbo)S €y (Kg/m¥) sy lgn JIS P
Tan dK) s 32, 521 g5yl 93 oy Lod BT T (J/Kg/K)
(s/m) Loy Jsl 5> (Sealipgpl conglio

Ol Wolee (6 2l e (sle S 55 1y ed (sloyS HLo
S 2 Ol sleyS 5L dslore | any 398 e duslxe (5]
9 3655 Qe JuSo 2 53 s 2 5l oalatel b3S oo e
i 35 g e 2,5 o0 )l)B Anolre 3)50 sl VY )5 (5,08
Ll oo caund 4 A dolrs ookl b 4l

ETinse 36007 (A) das,

A fmm/hr) s (gl dlazd 55 g e Jludo BT 1] ) &
PSS Sy oS b i by oo loS L
(/Kg) cune 2 295 0 >

Sl 2350

aw | e syt Sl B Ges | S diges VY adllas ol o
22 (6pglgan (g b «c5ysltS” (slo oo ety CIEL) o
(EC, PH) S5 (553 i sl ol )y f alSitalojl slogiilag 56
85 )3 6 pSojlalyyge S Cugb)

Y0-0Y:(00) V0 V€Y .0l pulio cwigeo (iR gy —sole dolilad

No evaporation
ALST.w "b Ordinarily simulated dry edge
%,
°
i
8
8Z
F
®
11
5
g No transpiraton
83
8 4
]
&
v
ALST,,
Max evaporation Theoretical wet edge Max ranspiraton

Normalized difference vegetabion index (NDVI)  youn oy

NDVI LS yindgy sl Siilows I3ged —F JSUS
(E)LST oo o slod Joldo 4o

H o8y (525 5 s dpwlone) Jlow ot 595!

5 sl oslonle paglas jloolisl b 1) 55 5 o e ¢Sl Jao
delro (551 il Ales bl g 5l 3y90 (e slaosl> Jola
23 ¥ dal) ©y50 4 55l Gilg R )eNl S dslae (Y0) e oo
e Ol

R, =G+ H+2AET (¥) daly
5L jlaie AET (W/m?) cas p JS ool Lo iRy o o o
oy Lo H (W/m?) sy 0)lgale jgue dlaxd 13 o5 (alo)S
sy SB ol )L G (W/m?) sy loa oguce
sle Gibieles gule p awle 5 ol L (W/m?)
& 2l JS (o8l b oo gaw Sl (29 (UL 5 3959
O g g ol 5l b lsis 4 obsS mse Jobo U
@ (295 9 $P9p9 Wb zge Jsb ol SO 5l & aih 290 Jobo
YN a5 93939 0B e Jsb B e il e s
Oy daw Sl (295 3 gge Jsb (U (e ABlioe yiag S
ol b 5 S (ol )Lb bl o g e Y=o v dgue )3 53
Dgas oo dawle O dlay |

Ry=0 =) R+ Ry -Ryp-(1- &) Ry {(0) b,
Zlgel Gl Ry (W/m?) s J§ i Jls R, ] o o
Ry dil glgol (il Ry (gmmilasd (g o (9]t oligS
Ogmailosd (e plaw HLisl bl g, iy zlgel (b5

SB ol 0,85 olie S lo)S S oboyS LS
SB 5 b o 4Y 5 S s le olod b3S doesi 5
ghaw (R3S 5 (alS by ol WU ales LS Al
S5 SS9 S gaw 4 595 399 jl Canlos b &S A3l 0 S
ol |y o S g loS Cans 2 S YL o 4l
wlo)S colan cllld 3550 45 Jlie SleMbl &S Ll S e
@S by I SB aleS )l aulne Car Cun d9290 S
23l o s (slod g s (59T (AL by (a3l | (s &S



ol Ken g 3155 o

o) T Slod 9 (ALS by b Al g
ey & (B UJSE) ol cids alS by oby leads
O by Cannl 00,8 gl 4y |y (LS ey AVl ygyd Ol puss
98 Sl g (6)ygliS Slaimes (JRir 3 (BUS by o
Sl gl e ol bl e adlate e 4ol
(- V)BS iey clize ey 358 ole 3 (+1F) ol 2

Cawl 03y olaid] dg3 oy
gaw lod Sl ol (LS (e paw (slod (owy Ay dlye >
Cunl 045 38 yoto b 9 (506 Bblie w3 g pb Gblie > (e
Gehaie (AU idgy Ll (ble b (e o (slod (nyieS
Bl 423 OF) CawsSl olo pd (o) daw (slod jiSlas sl 0359
s 5lo3 e a5 5 (5 (5l 23 YO o 5 (3
Gl odpwy il 4 (31,5 Sl 4,0 YAIAQ) 4y98 olo )3 (e

o Jss)

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

Legend
NDVI
February

w High: 02353

.y 0.0442

0o 5 10 20 30

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N
29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E
53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

Legend
NDVI
August

po High: 0.3892

00235

0o 5 10 20 30

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N
29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

SB ()5 Suid g SB by p e (g by Sl edlitl b
Cogby (owyp 4 el YF oo 4315 lo 453 V-0 o9l 9
@ pSojlas by il el b cules 53 5 (F) A8 aslyyy S
S i (SlSE b By ladiges SB- (6,95 ize )

(VJgiz) 6d (s il 5 S0 &
Colad ol 2 b SB (6 mamndli ) 0)lond Jg

(V) L5l (EC) S st

oSl colan
s sl Sogg | S ojlac
dS/m'l >
51 sl gy
obls
OblS Jpaxe jialS | j5d pe
s & ol oS Sr9d ¥l s
9 Jpama s ialS | 590 £- A
Sals Lasie A-15
4 polie GlalS i | oL (g9 VoYY
Sl Jloys 48y 559 Sogs ¥Vl
2 Cudgire lalS el | oL s
ol (558 0l
JJ)L) J’\a}u

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

Legend
NDVI
May

po High: 0.4259

.00

o 5 10 20 30

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N
29°40'0"N 29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10°0"E  54°20'0"E 54°30'0"E
53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

Legend
NDVI
November

o High:0.229

00337

o 5 10 20 30

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N
29°40'0"N 29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10°0"E  54°20'0"E 54°30'0"E

axllao 3,90 ke (NDVI) (2LS  piwigy duilli -€ JSUS

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



293 31 i 31 23l b S Cugh 9 (ABlg (3585 9 pbd (S (55900 Camdy (1l

Y0-0Y:(00) 10 V€Y .ol ol wiige (widg}

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

Legend
LST
February
o High:28.85

Low:0

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

29°40'0"N 29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E
53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

Legend
LST
August
w High: 54

Low :36.85

o 5 10 20

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  S54°10°0"E  54°20'0"E  54°30'0"E

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

Legend
LST
MAY

o High :45.15

Low :36.85

o 5 10 20

z
=3
=
5

=3
2
Z
=
>
5

=3
=2
Z
S
=3
2
g

=2
ol
z
=3
=3
=+
3

=
ol

29°40'0"N 29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10'0"E 54°20'0"E  54°30'0"E

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

ra
=
=
)
a

A"
z
g =
Z Legend
S LST
£|  November
a
o |- High:38.31
-
2 Low :23.29
Sl s 0 2
ol

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

axdlbe 550 alhio (31,5 Glw 4 )3 &) (o b (Slod Anidi -0 JSi

53°40'0"E  53°50'0"E 54°0'0"E 54°10'0"E  54°20'0"E  54°30'0"E
z
5 z
2 5
p ]
% g
z
1=} 2
s =)
8 Legend g
February(TVDI)
=z 0-0.1
g I 0.1-0.2 z
f| MEMo2-03 2
[703-04 &
z| [ ]04-05
g z
3
) g
Kilometers N
53°40'0"E 53°50'0"E 54°0'0"E 54°10'0"E 54°20'0"E 54°30'0"E
53°40'0"E  53°50'0"E 54°0'0"E 54°10'0"E  54°20'0"E  54°30'0"E
z
5 z
2 5
p ]
% g
z
1=} 2
=3 o
=3 Legend «g
August(TVDI)
Z 10-01 =
2{ EMo0.1-02 5
&) MMo2-03 g
[ 03-04
Z| [ 1o4-05 -
z g
Rlo s s w b
Kilometers N
53°40'0"E 53°50'0"E 54°0'0"E 54°10'0"E 54°20'0"E 54°30'0"E

53°40'0"E  53°50'0"E 54°0'0"E 54°100"E  54°20'0"E  54°30'0"E

30°10'0°N

30°0'0"N

Legend
May(TVDI)
[ 0;-0.1
N 0.1-02
Hlo2-03
[ 03-04
[ o04-05

29°50'0"N

29°40'0"N

0 45 9 8 21 % =
Kilometers.

53°400"E  53°50'0"E 54°0'0"E 54°100"E  54°200"E  54°30'0"E

53°40'0"E  53°50'0"E 54°0'0"E 54°10'0"E

54°20'0"E  54°30'0"E
P

e

30°10'0°N

30°0'0"N

Legend
November(TVDI)

[ ]o-041
I o0.1-02
MENo02-03
[ 03-04
[]04-05

29°50'0"N

29°40'0"N

0 45 9 8 21

Kilometers.

53°400"E  53°50'0"E 54°0'0"E 54°100"E  54°200"E  54°30'0"E

TVDI g, 31 odlisw! b S Cugb , adill -1 JS5

- ole aollad

29°50'0"N 30°0'0"N 30°100"N

29°40'0"N

29°50'0"N 30°0'0"N 30°100"N

29°40'0"N



ol Ken g 3155 o

ol g s odmlide /0l i SB cogby e wunl Sl
Bl pe adlate (S (5LsS Cugb) ol

dioyd udge Sl (6) 8 OY Sl aslaal b (V) IS 0 cpiscen
Woipl laipe; doy AD b glpwl @iz slag,mls
Dby 1y @l cibd boyljies o S g shrub land ws
e

U9 TrwCous gly g dihie g Sis b 4 ol o
s calises gla (6,8 51 S gl dged e cubly ¢ ilio
288 g ol (g L Ll o(g5ylaS (sl 0) o

(TvDI) (pig, 3l 3wl b SE Cugb,
o & e daw sod 5 (BLS Judgy &Y 93 5l o3litl b s
Cugh) (F) IS8 4 dngi b s adly 2lie (09, b adlate cugh)
3o (a8 & A5 (S o /D b o 3l Ao gy 4y dilai
Caawl 045 28lg dilaio (80 dogs jd (+=+/Y) (o B3gdze ) Cugb,
ol azbly )00 (glaole 4y Canmnd (6 pdiy (% S CowgST olo 43 4
> adlate )8 5 (6350 Ceond puilp 3 SB g (e
okt Iy (1F=210) lie Ll g (g5y5liS (slaimes B yS
4o 5 Sbly o8l s clyn adlaie 4SSl @ dx g b a0

100 —
90
80
& 70
= 60
o
g 50
@ 40
=
30
20
10
o - - L -
en Grasslands Urban and Non-Vegetated Unclassifed
Shrublands Built-up Lands Lands
land cover

canllas 3490 dilaio o1l (53215 yl3905 -Y S

Gy b awlis g zlyzcil 30 TVDD aiss | bla ped Cugb,
99 Jloy xje pp plot g, 5l edlaiwl b Lol aesls bl
Sy daly 0L 53 (A JS3) €855 58 () 390 Lol

(& JS5) sl 01335 druslons 55 bl (gl
35 ol Fe bl s gao )3 2o dally S G S abad
§ S o gy s e (IS5 on S5 B Jlaol 5
Al plol s g S5 (ke g, L it o) 55

Normal P-P Plot of TVDI

10
°
08
o ©

-1
o
2
[y o
E
=3
o
=
@
2
5
g 04
o o
w

02 o

©
o T T T T
0o 02 04 08 08 10

Observed Cum Prob

Transforms: natural logarithm, difference(1)

dluig ol 40 s Culld o S1& glrdigod owyy
0 Gos , diges S Cugb) e 45 3l ol oBivlejl mls
W&l.mloby)ﬁ;:.o~/\"l3~ O o) T (e (Slw
03,3l 59y ey Mg 4 Cugbo) 35:aS Ll 13 olS e o LS
@ ddyy ) Suid oole gead By |y 39 ) Clld i
5 S eladiges &Sl 4 dngs L (YR) ol 03,8 ls plil (gls

Oljpe ecal 0 48)5" 2l (3005 9 L «5jyeliS sl (e el

Normal P-P Plot of Earth

10
o
LES )
o

a
E o
E 06
E )
o
= o
a
a
17
@ 0.4
o o]
3
ww o

02 o

o2 T T T T

00 02 04 06 08 1.0

Observed Cum Prob

Transforms: natural logarithm, difference(1)

\-(TVDI g oy geaw) SE Cugby PP PLOT 3905 -A JSW

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



293 31 e 3l 03wl b S Cugb; g (ABly (5,25 9 pbed (S (6900 Cndg (L)

TVDI g (yej g S8 Cugh ) (g5 ) abusly - Joua

o il bl o Lo TVDI(X) Cughy (ALl b
\ AWN RN
Y AL Ry N4
Y AN o[- VY
¥ <IVY <NY
5 e oJe$
3 N <1y
\s AN o[-y
A <IFY o[- YY
q <0 RN
). <Yy oS
X J¥ AV
\Y <JE)N <IY#
Y=0.0114x+ 0.0287
0.3
0.25

0.2

0.15

GROUND POINTS

0.1

0.05

0.4 0.5 035 047 051 037
TVDI

28 |

o g (F39 gy 4 S Cugby (S 031l 4 by o gl -4 S

FoS A8y & Slgi oo y5d Slaime) ) S Cusb, g5 (g
P S pleidle o 5 ized 9 3)% 9 355 (P9 S wlS
Sodas Jpao diny &Gl & g (1Y) 255 oo )30 )
4 > (g Cuoglio (St 9 SB 0l (495 4 5 bl e o
oAb dpog Suid 3ble dly (b Jpae (np cwlie lgie
calials S b )l T g ysd (sl S5 g s 4y Lol
oS el Dy 4 Slold (ol wis Mo () Ay 3blio 5

(E) Canl 00 Loyl yid oyl 50 diwy W5 ialS el

Y0-0Y:(00) V0 V€Y .0l pulio cwigeo (iR gy —sole dolilad

ol Gkl 5 SB g sl g psd &Sl 4 g L
D9 ge ol 3)Slas g ud)y 3 PHS] sbml el gjonl iy
Caond ol )3 08 4By SB (6598 (e oy p 4 g3 pB
5,5 SK cladiges plas ojlas 55 oylas old § o3lisol L
IR xS 03l 5)50 SB (91 sl 9 95 (e g 9 A5
clale (SB cugb) 08 (5L (V) ghlSen g ol slai 3k 85
ol By 9 WS (o Iy Gl (6ypd G25) 0lS 9 SB- o S
Cagls 1) ;RS (ite Sl i by Gl lojen yobo & (A5 9
S g y9h SBglyls diges £ oo Cublyy diges VY A8 e
S P SB (b gege il sl 039 Ganls)9d diges
Pl 30 B gl g (V) amdee i |y s > ¢)l5e



ol Ken g 3155 o

PH gEC ;300 9 S 5ld digas a3 bgypo leYbl- ¥ Jous

bla (dSm) EC PH Soil type
) VWY/o AIYY 9 SB
s Mo AIVY 95 SB
¥ oIy Y 9 SB
¥ YA N 3t S
) Y/A YIAS )5 s SB
5 g ANV 3t S
Y vio V/AA 9 SB
A - 100 AIYY )5 s SB
! o/A N-¥ il 5 505 SB
). AATA! N-A 9 SB
) A V/AA 95 SB
VY Y/¥ \7A\ s5d s SB

andlko 3590 dilio 3 oo Culdls p (S diged (55l o3lof — Y+ JSW

Ay Jad bl g 23) £9yd )b g Jpae 9 (S ) JUw 050,950 b G525 g judud (2905
919 lod Wl o 4 5y 5 e Sloj Sl Al e 3 zsame Jlaw gy 5l ool b odelconddy 38 gy gl
S5 sladids 3 o job plos bl (LS by o515 (e el 02380 (W) US> jaidye0 slag,li ) udge pobas

@ bl 5 )l Juad 4 ad S35 b cunl sanlie LB (VY) 3yolpr (s5Bly 35 g e SlSo g Sloj Syt 00 Ags (clniis

9 o 4l ) Dedee Jidn 3)5 9 e (e Lo Gl P gos e 4 Sl Olpis amd o i 1) ddlate 315 o

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



293 31 i 31 23l b S Cugh 9 (ABlg (3585 9 pbd (S (55900 Camdy (1l

Jols

20°40'0'"N 29°50'0"N 30°0'0"N  30°10'0"N

29°40'0"N - 29°50'0"N 30°0'0"N 30°10'0"N

g Wb yio (oo DOV CuwgSl ) olo )3 (55 9y
sl 0392 yio o V& 2058 olo )3 (555 9 s (e

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

29°40'0"N 29°50'0"N  30°0'0"N  30°10'0"N

Legend

February
- High : 76.8874

B Low:0

0 5 10 30 40

Kilometers
53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E
53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

Legend

August
- High : 552.907

29°40'0"N 29°50'0"N 30°0'0"N  30°10'0"N

iy SlEb dps S 4 adllas 350 ddlaio L & Jlos
it VL (LS eSS ()l & S 5 (6559l slaime;

Ol 55105 3 Vb & 55 bssia (5 (ol > 355 5 555
53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E 54°30'0"E

Legend

May
- High : 322.715

B Low 1 62.0073

0 5
[=_"

20°40'0"N 29°50'0"N  30°0'0"N  30°10'0"N
29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

10 20 30

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

53°50'0"E  54°0'0"E  54°10'0"E  54°20'0"E  54°30'0"E

Legend

November
- High : 160.578

29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N
29°40'0"N  29°50'0"N  30°0'0"N  30°10'0"N

B Low: 226944 B Low 0
L . - = = Kilometers 2 - il 2 20
53°50'0"E  54°0'0"E  54°1000"E  54°20'0"E  54°30'0"E 33°500'E_ S4°00"E  54°100°E_ 54°200'E_ S4°300°F
.wa)ﬁ|)‘baw|lgd)x9m dhm—\\ J.iw
600 - 600
550 - 550 +
500 + 500 -
450 - 450 -
400 400 -
350 350 -
5300 & 300 -
250 -+ 250
200 - 200
150 -~ 150
100 -+ 100 -
i i
0 T T T | 04 8 . 5
0 300 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Point(February) Point(May)
600 600
550 1 550
500 500
450 450
400 400
350 = 350
Z 300 =300 -
250 250
200 200 ~
150 150 - *
100 + 100 -
50 | 50
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Point(August) Point(November)

Y0-0Y :(00) V0 Y€+ ) . aulio owiige (widg

Jlw o9 31 0dlu! b (52819 (3,25 g i 8315 (anSay jl3g05 :(VY) JSUS

- ole aollad




ol Ken g 3155 o

oo 4S5 ol ddl sl oo Slp cdd g)lie (B 3 S )98
2ol SB &S sl oo jl (S oSl Coanl Sl
Ol load By 395 Jlb a9 Std sl 4B)S 15 )5 098
adaie )3 odlatul JB 52 g nl sloime; ORIEN @ 5 ggose
FmSole 5 pials > G jl i Cope Sojls &8 51 <Y
By 9 pP dulne Colg )28l on g)lje > ST (598 il
5 555 e ©lyn dilate 53 Cogho) 39108 g 31> i adate
OlFen Caled ) 2blion YU jloo g (lime Juad )3 pogas (3,5
robas sk Sl (Bly 5 g S g Cugby bl il b
Wlgsn B35 9 e g Gagb) Sy oy polaie & lolgale

8l Cugh) malitune ()13 dged sl (i n Rl

Sl o>
Cawl 04 (ol dlde BN Lawgd puils Guiod Al o

")@M’ "93 CLS)LG.'L»
osld J...l.’?u 9 wuuﬁs) ‘.)])J L_SS'L" > d)l.));b.bl 9 u.’>|)]o
150 S8 g 5 (55905 aebls

&le oyl
oo e oo 55, 86 ol i IS sienss I

Refrences

1. Alvipanah, S.K. 2013. Application of
remote sensing in earth sciences (soil
sciences). Tehran University Press. [In
Persian].

2. Behbahani, S. M. R, Noroozi Aghdam, E,,
Rahimi Khoob, A., Aghighi, H. 2010.
Assessing Surface Soil Moisture in Arid and
Semiarid Rangelands Using NDVI and
Meteorological Parameters. Iran Water
Resources Research, 5:39-47.(Persian)

3. Brown, C.E., Pezeshki, S.R., DeLaune, R.D.
2006. The effects of salinity and soil
drying on nutrient uptake and growth of
Spartina alterniflora in a simulated tidal
system. Environmental and
Experimental Botany, 58: 140-148.

4. Carlson, T. N,, Gillies, R. R,, Perry, E. M.
1994.A method to make use of thermal
infrared  temperature and NDVI

031> (ytalod Jlages iy s ol gl s 992 S50 BB sl
Ol ole ya )3 1) 5y g pd Ngy g ST Gl lalages 0
9034 (oo 9 CuwsSlolo 93 ;0 blis S15 liee o yidio &S a3 oo
Oty J8las o] s a8 ol adls 1) 1515 4 568 4598 ol 4
Ol g Ledyod gl sl (lym by > (S s

(Y USS) Caol 032 1o (slod

S35 Aol

dori g Suid Bblia | Glnl a8 5l (g s S0l 4 425 L

4 59y S Sk 5 lshd e cle a il wb)S > Sas

03558l S ()98 4 5 Bl Lol 3ble cnl SB cusb; 5,

5l i geos Pl g ecadS BB (o o) 55T L a5 355 0

Py E9dse (nl Cumdl U & g oo ool LBy Sl

Cubd p S (698 9 Cugby () 4 (Sl g Suid Gble )

Slddds gy 4 SB cogby o5 ol LS ol b ash,, ol

O Cugby Olise (eS8 Gl 0dd (A e /DB yho

Cugh) ljpe sl 0ad @Bly adlaio (B0 o > Adly e (=)

G396l (e ( JSr oS dilaie )8 g S 0 o o S

olisloj] )3 Indiges day dl po bl (o (+/¥=+/0) aibs > il g

Ol}ﬁ.c a5 sl olis DKJ‘.}"[A)‘] s NOLICE ERWES 9 4350 D90

Olise Caol 0390 /1Y B+ oy (g yt0 Bl O Gos )0 SB Cugb,

5539l sl ope; «lel jlonds cuilyy S sladiges Cugb,

8 b 33 TVDT 4 )3 bl (e Cagboy (e b el (o) 5 LI

Sl 9 698 (g W3 (LS ) Jlo g dlaly & S dulie

o SB diges & o Cudld py 4903 VYl olSiislojl )0 S p3g

B ol g0 ool o (LIS 1) (gl (g )0 diged S g
measurements to infer surface soil water
content and fractional vegetation cover.
Remote sensing reviews, 9:161-173.

5. Carlson, T.N,, Gillies, R.R., Schmugge, T.J.
1995. An Interpretation of
Methodologies for Indirect
Measurement of Soil-Water Content.
Agricultural and Forest Meteorology, 77:
191-205.

6. Dadrasi Sabzevar, A. M., Akhondali, F.,
Radmanesh, A. Noorozi, A. A. 2017.
Estimation of spatial distribution of soil
surface moisture in arid and semi-arid
regions using remote sensing data.
Iranian Journal of Range and Desert
Research, 24: 370-382.

7. Fabriiki Orang ,S., Mehrabad Pourbanab
S. 2017. Evaluation of changes in
physiological and biochemical traits in
ancestral and evolutionary wheat

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



293 31 i 31 23l b S Cugh 9 (ABlg (3585 9 pbd (S (55900 Camdy (1l

10.

11.

12.

13.

14.

15.

16.

17.

Y00V :(00) 10 YE+) .o ailio owiige (kg — ol dolilad

species under water stress.
Environmental tensions in agricultural
sciences, 4(2): 802-791. [In Persian].
Farooq, M., Wahid, A., Kobayashi, N,
Fujita, D., Basra, S.M.A. 2009. Plant
drought stress: effects, mechanisms and
management. Agronomy for Sustainable
Development, 29: 185-212.

Foroughi, H., Naseri
,A.A., Boroomandnasab, S. Hamzeh, S,
scott, B.]. 2018. Presenting a New Method
for Soil-moisture Estimation Using Optical
Remotely-sensed Imagery. Iranian Journal of
Soil and Water Research, 50: 641-
652.(Persian)

Franklin, P, R., Gardner, B., Mitchell, R. L.
(2010). Physiology of crop plants.
Scientific Press. 336pp.

Friedl, M.A., Davis, F.W. 1994, Sources of
variation in  radiometric  surface
temperature over a tall grass prairie.
Remote Sensing of Environment, 48: 1-
17.

GAO, Y., Long, D., Li, Z. 2008. Estimation
of daily evapotranspiration from
remotely sensed data under complex
terrain over the upper Chao river basin
in north China. International Journal of
Remote Sensing, 11(1): 3295-3315.
Ghassemi, F. Jakeman, Al]J., Nix,
H.A.1995. Salinisation Of land and water
resource. Australia, 1:28-35.

Goetz, S.]. 1997. Multi-sensor analysis of
NDVI, surface tempera and biophysical
variables at a mixed grassland site.
International Journal of Remote Sensing,
18: 71-94.

Habibipour, A. 2011. Predicted drought
in Yazd synoptic stations using the
decision tree mode. Master's thesis, Yazd
University.

Hao, F., Zhang, X., Ouyang, W., Skidmore,
A. K, Toxopeus, A. G. 2012. Vegetation
NDVI Linked to Temperature in the
Upper Catchments of Yellow River.
Environmental Modeling & Assessment,
17:389-398.

Huang, Y., Tian, Q,,, Du L., Sun, S. 2013.
Analysis of Spatial-Temporal Variation
of Agricultural Drought and Its Response
to ENSO over the Past 30 Years in the

18.

19.

20.

21.

22.

23.

24.

25.

Huang-Huai-Hai Region. China Terr
Atmos Ocean Sci, 24: 745-759.
Lalehzari, E., Abaspour, A. R. 2017. An
Assessment of the Role of Large
Reservoir Dams on Local Climate using
Remote Sensing Techniques (Case Study:
Baft Reservoir Dam) .GE], 8: 35-43.
Lambin, E.G., Ehrlich, D. 1996.The
Surface Temperature-vegetation Index
Space for Land Cover and Land-cover
Change Analysis. Int. ]. Remote Sensing,
17:463-487.

Lingtong, D., Song, N,, Liu, K,, Hou, J., Hu
Y, Zhu, Y., Wang, L, Guo, Y. 2017.
Comparison of Two Simulation Methods
of the Temperature Vegetation Dryness
Index (TVDI) for Drought Monitoring in
Semi-Arid Regions of China. Remote
sensing, 9: 2-19.

Mattia, F., Satalino, G., Pauwels, V.R.N,,
Loew, A. 2008. Soil moisture retrieval
through a merging of multi-temporal L-
band SAR data and hydrologic modeling.
Hydrology and Earth System Sciences,
5:3479-3515.

McVicar, T.R., Jupp, D.L.B. 1998. The
current and potential operational use of
remote sensing to aid decisions on
drought exceptional circumstances in
Australia: a review. Agricultural System,
57:399-468.

Metternicht, G. I, Zinck, ]. A. 1996.
Modeling salining-alkalinity classes for
mapping salt-affected topsoils in the
semi-arid valleys of Cochabama
(Bolivia). ITC Journal, 1: 125-135.

Mir Yaqubzadeh, M.H., Soleimani, K,
Habib Nejadroshen, M. Shahidi, K,

Abbaspour, K., Akhwan, S. 2013.
Determining and evaluating actual
evapotranspiration using remote

sensing data; A case study of Tamr
watershed, Golestan. Irrigation and
Water Engineering of iran, 15(1): 89-
102. [In Persian].

Moghimi, H., Zare Abadi Igbal, M. 2014.
Qualitative zoning of Herat aquifer (Yazd
province) for agricultural uses using GIS
First National Conference on Application
of Advanced Spatial Analysis Models
(Remote Sensing and GIS) in Land



ol Ken g 3155 o

26.

27.

28.

29.

30.

31.

32.

33.

34.

Preparation. Islamic Azad University of
Yazd Iran, (Persian)

Mohamed, E.S. Abdelraouf Ali, M,
Shirbeny, E.L., Abutaleb, K., Sameh, M
.2019. Mapping soil moisture and their
correlation with crop pattern
usingremotely sensed data in arid
region. The Egyptian Journal of Remote
Sensing and Space Sciences,
doi.org/10.1016/j.ejrs.2019.04.003.
Moran, M. S., Hymer, D. C,, Qj, ]., Sano, E.
E. 2000. Soil moisture evaluation using
multi-temporal synthetic aperture radar
(SAR) in semiarid rangeland.
Agricultural and Forest meteorology,
105:69-80.

Moran, M.S., Peters-Lidard, C.D., Watts
,J-M., McElroy, S. 2004. Estimating soil
moisture at the watershed scale with
satellite-based radar and land surface
models Can. Journal Remote Sens, 30:
805-826.

Nowroozi, M., Tabatabaei, S. H., Nouri, R.
2018. Water use efficiency of wheat
under simultaneous water and salinity
stress conditions by using date palm
leaves biochar. Soil and Water Sciences,
7: 20-36. (Persian)

Penuelas, |., Filella, 1., Biel, C., Serrano, L.,
Save, R. 1993. The reflectance at the
950-970mm region as an indicator of
plant water status. International Journal
of Remote Sensing, 14:1887-1905.
Peters, A.].,, Rundquist, D.C., Wilhite, D.A.

1991. Satellite detection of the
geographic core of the 1988 Nebraska
drought. Agricultural and

ForestMeteorology, 57: 1-3.
Pirasteh-Anosheh, H., Emam, Y
.Kazemeini, S. A, Dehghany, F. 2017.
Effect of Irrigation Water Salinity on Soil
Moisture and Salinity during Growing
Season, Barley Yield and Its Water
Productivity. Journal of Soil Research
(Soil and Water Sciences), 31:155-167
.(Persian)

Price, ].C. 1990. Using Spatial Context in
Satellite Data to Infer Regional Scale
Evapotranspiration. [EEE Transactions
on Geoscience and Remote, 28: 940-948.
Rahimzadeh-Bajgiran, P., Berg, A. A,
Champagne, C., Omasa, K. 2013.
Estimation of soil moisture using
optical/thermal infrared remote sensing

35.

36.

37.

38.

39.

40.

41.

42.

43.

in the Canadian Prairies. ISPRS journal of
photogrammetry and remote sensing,
83:94-103.

Ranjbar Gholam, H., Pirste Anoushe, H.
2014. A look at salinity research in Iran
with an emphasis on improving crop
production. Journal of Agricultural
Sciences of Iran, 17 (2):178-165 [In
Persian].

Ruiz, D., Martinez, V., Cerda, A. 1997.
Citrus response to salinity: Growth and
nutrient uptake. Tree Physio, 17: 141-
150.

Sandholt, 1., Rasmussena, K., Andersenb
,J. 2002. A simple interpretation of the
surface temperature/vegetation index
space for assessment of surface moisture
status. Remote Sensing of Environment,
79:213-224.

Scheftic, W. D., Cummins, K. L., Krider, E.
P.Sternberg, B. K., Goodrich, D., Moran,
S, Scott, R. 2008. Wide-area soil
moisture estimation  using  the
propagation of lightning generated
lowfrequency electromagnetic signals.
20th internationallightning detection
conference, 140-148.

Spaeth, S.c.,, Randau, H.c., Sinclair, T.R,,
Vendeland, ].S. 1984. Stability of soybean
harvest index. Agron Journal,79:482-
486.

Stefanov, W. L. Netzband, M. 2005.
Assessment of ASTER land cover and
NDVI data at multiple scales for
ecological characterization of an arid
urban center. Remote Sensing of
Environment, 99: 31-43.

Su, H., Wood, E.F., Wojcik, R., McCabe, M.
2006. Sensitivity Analysis of Regional
Scale Evapotranspiration Predictions to
the Forcing Data. American Geophysical
Union, Fall Meeting 2007, abstract
#H31A-02.

Tang, H. Li, Z. L. 2013. Quantitative
Remote Sensing in Thermal Infrared:
Theory and  Applications.Springer
Science & Business Media, 1:1-10.

Wan, Z., Wang, P, Li, X. 2004. Using
MODIS land surface temperature and
normalized difference vegetation index
products for monitoring drought in the

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



293 31 i 31 23l b S Cugh 9 (ABlg (3585 9 pbd (S (55900 Camdy (1l

southern Great Plains, USA. International
Journal of Remote Sensing, 25: 61-72.

44. Wang, X, Xie, H., Guan, H., Zhou, X. 2007.
Different responses of MODIS-derived
NDVI to root-zone soil moisture in semi-
arid and humid regions. Journal of
Hydrology, 340:12 24.

45, Sanaei-Neja, S.H., Noori, S., Hashemi nia,
M. 2011.Estimation of
Evapotranspiration  Using  Satellite
Image Data in Mashhad area. Journal
water and soil, 25 (3): 540-547 [In
Persian]

FO-0Y :(00) 10 1€+ ) .ol ulin owitee onidos — ool doliund o)



ol Ken g 3155 o

Y0-0Y:(00) 10 V€Y .ol pulio cwigeo (uid gy — sole doliliad



