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Fig. 1. The position of the study area, land use
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method
Tsmin b« 4 Ts max s 4J RZ s, el Jl
0 Tgmax = —15.806 + 24.014(NDVI) 0.80 25 10 1388
1 Tgmax = —27.965 + 26.974(NDVI) 0.82 26 11 1388
8 Tgmax = —12.646 + 31.294(NDVI) 0.75 24 12 1388
12 Tgmax = —12.17 + 32.464(NDVI) 0.88 26 1 1389
23 Tgmax = —14.351 + 48.056(NDVI) 0.87 25 2 1389
31 Tgmax = —10.957 + 24.014(NDVI) 0.70 25 3 1389
36 Tgmax = —15.111 + 51.066(NDVI) 0.90 24 4 1389
36 Tgmax = —17.66 + 24.014(NDVI) 0.92 24 5 1389
33 Tsmax = —21.41 + 50.034(NDVI) 0.95 24 6 1389
20 Tgmax = —14.707 + 36.753(NDVI) 0.88 23 7 1389
13 Tgmax = —25.141 + 31.035(NDVI) 0.97 24 8 1389
3 Tsmax = —28.648 + 20.768(NDV) 083 24 9 1389
Tsmin b e 4 Ts max e 4 R? Sey ole Ju
0 Tgmax = —20.172 + 26.985(NDVI) 0.72 25 10 1392
1 Tgmax = —19.172 + 27.985(NDVI) 0.88 26 11 1392
8 Tsmax = —21.172 + 29.985(NDVI) 0.90 24 12 1392
17 Tsmax = —18.73 + 37.961(NDVI) 0.93 26 1 1393
25 Tsmax = —16.526 + 47.224(NDVI) 0.98 25 2 1393
34 Tsmax = —12.552 + 49.852(NDVI) 0.85 25 3 1393
34 Tsmax = —22.133 + 50.04(NDVI) 0.79 24 4 1393
37 Tsmax = —20.561 + 53.159(NDVI) 0.92 24 5 1393
25 Tgmax = —38.324 + 18.294(NDVI) 0.90 24 6 1393
21 Tgmax = —17.333 + 35.503(NDVI) 0.94 23 7 1393
6 Tsmax = —7.392 + 18.552(NDVI) 0.80 24 8 1393
1 Tsmax = —7.583 + 14.647(NDVI) 0.83 24 9 1393
Tsmin b« 4 Ts max Lis 4J R s, b Ju
0 Tgmax = —12.903 + 8.293(NDVI) 0.87 25 10 1396
1 Tgmax = —10.526 + 18.053(NDVI) 0.89 26 11 1396
15 Tgmax = —9.842 + 33.925(NDVI) 0.93 24 12 1396
21 Tgmax = —16.318 + 38.044(NDVI) 0.82 26 1 1397
21 Tgmax = —8.621 + 50.785(NDVI) 0.79 25 2 1397
35 Tgmax = —28.565 + 24.014(NDVI) 0.97 25 3 1397
35 Tgmax = —15.111 + 57.339(NDVI) 0.90 24 4 1397
34 Tgmax = —21.303 + 49.982(NDVI) 0.88 24 5 1397
28 Temax = —23.986 + 45.862(NDVI)  0.88 24 6 1397
20 Tgmax = —24.078 + 38.913(NDVI) 0.96 23 7 1397
3 Tsmax = —12.637 + 18.869(NDVI) 0.91 24 8 1397
1 Tsmax = —14.815 + 14.37(NDVI) 0.90 24 9 1397

Table 3. Parameters a (coefficient), b (line slope) and Ts min (minimum temperature), to obtain TVDI using the

second method

Ts MiN o b 4 R2 Ts max ¢Kes 4 RZ e ok Jl
Tsmin = 14.415 + 2.951(NDVI) 0.95 Tsmax = —14.351 + 48.056(NDVI) 083 25 2 1389
Tsmin = 34.283 + 9.230(NDVI) 0.93 Tsmax = —17.66 + 24.014(NDVI) 090 24 5 1389
Tsmin = 21.413 + 8.596(NDVI) 0.91 Tsmax = —16.526 + 47.224(NDVI) 088 25 2 1393
Tsmin = 34.138 + 5.758(NDVI) 0.88 Tsmax = —20.561 + 53.159(NDVI) 095 24 5 1393
Tgmin = 16.332 + 14.694(NDVI) 0.80 Tsmax = —8.621 + 50.785(NDVI) 084 25 2 1397
Tgmin = 31.931 + 6.896(NDVI) 0.84 Tgmax = —21.303 + 49.982(NDVI) 092 24 5 1397
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Fig. 5. Scattering between vegetation index (NDVI) and ground surface temperature (TS) for images in the period
from January 1, 2010 to December 31, 2010 (first method)
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Fig. 5. Scattering between vegetation index (NDVI) and ground surface temperature (TS) for images in the period
from January 1, 2014 to December 31, 2014 (first method)
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Fig. 5. Scattering between vegetation index (NDVI) and ground surface temperature (TS) for images in the period
from January 1, 2018 to December 31, 2018 (first method)
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Fig. 10. Spatial distribution of temperature and vegetation drought index (TVDI) For the second time period.
Colorful red areas correspond to cloud-covered areas (first method)

T T IS P RS PRl PRI R ISP

de g)‘.’.‘ BE) &:A}L) Q‘M ol )‘J)}P-j L;«S Jhtﬁf
S sleciligasyl ool meS Jyl o3l Jle 4 cs

Olsee 55 dl?'Q—i‘l{ Sls 54 d“lcg i Ol (i

slogs B AYAY slogs Sloj o3L 5ol YoNE Jle s

adlaes g s sl & s Jle ol sl asidos

oy



TN

6NN 3TN g LT

ETRIT

T

3TN

3EWA

LA ITen

3

ol olosls o 0T J3las 5 slesls >

383N

480 AVOTE AT 45200 E AGWOTE, WL, A5 A0 A 400
W ¥
e ¢ A | 2 £ a2
¢ &S ¢ = @
3 e 3 a2 .. __\‘. 5 L a2 ‘-""3_: %’ %‘.’ - s
‘3 of ; s N - - ; e -
X L - % L o
‘ % : e T A - 3
3 & e Bk A 2R, Bk \ 3 Yo F
Wy . F @ i H 9 1 o
e, o * ] g3 i 2
- - 3 .
‘-&‘5 TVDI VDI . % > TVDL
= Value Value g Valve
. -m;.-h:lg ¢ Y -n.;yslg ¢ . o High: 1
Km E Law ; E Km EE Lan o ; E Km B Law
asairey W T sreE W Wy s iy sty
Y47 s YO \va¢ e \id W47 wawl YF
4572007 46D AFIUTR AT AT A5TIN0TE SN0 IR

TN

P

I

ATWIN

N

330NN

i 1 Pt
2 g ; H
E 2 E
TVDI TVl
Value Value
o High: 1), - P > o igh: 1
0 & B 0 H L
Km EE Law H H Km el P § ; -0
4520 AV 4G AR AT A, ’ T e oy T
WAY 59,5 YF AFAY sl = YO
450K A0k ALK 452K AST200E WC00E Ay
1
@l 1 ¢
H E e
th ssw‘. P =
- . 4
: H"’ u,_-.
z z z z
: | © g T = H 5
e I =L
2 ] ] ]
¥ T™VDI TV
X Value Value
o High: 1, z o Vigh:l 7
z 2 53 #
o o = rowin | £ il - S rows0[E 5
4?‘1"“"_ l.'I"ll'. A0 ) AFWF AEWHE AE"WE | ASUrOTE 40NE AHOTE
\Y’QVJ,JYF A\ ;\:f Y¥ \\"\VJ_,;JC_& Y¥
ASI00TE R 4GS AST20TE AWOTE AT A5 AN
N N
: e e 3 z e
e £ s ot ¢
N E £ G..F = E £
_ gl s " = ,&g = e L e 1 &
Bz 5 < ; L - b
STl | (VI e e
WS § e o Y. FGl ¢
LT O Ty R Ay : S - .| :
= E Sy e ¥ “rE =
EE Pt > PR
VDI s VDI
2 $-
L = Value = Value
o High: 1 E . e High: 1) o s
b K Sl [EE ’"’ K —lu«n§ ;
AS200E A0 E 4674 ) A5 E AWOTE A4 ) 45720 ANTE RO S

WAV g VY

AV oLT YE

Ay 3T YF

Slodetig bl b &K, 305 Gble .r,..@u,'a;,g&lﬁ(TVDl)@gfuux,u;us,:sdasu@&»@,s.\\dgz

(d)‘ u:_j‘)) .>)|.> d‘.b.aja‘

Fig. 11. Spatial distribution of temperature and vegetation drought index (TVDI) For the third time period.
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Colorful red areas correspond to cloud-covered areas (first method)
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Fig. 12. Spatial distribution of temperature and vegetation drought index (TVDI) The first and second intervals.
High red areas correspond to cloud-covered areas (second method)
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Abstract

Background and Objective Soil moisture is an
important parameter in controlling many processes of
the climate system, one of the basic parameters of the
environment and its direct impact on the plant, animal
and microorganisms, its importance in the global cycle
of water, energy and carbon, the energy exchange
between air and soil is known for its natural water
cycle (especially in the distribution of rain between
surface runoff and infiltration) and the management of
water and soil resources. Soil moisture plays an
important role in the interactive processes between the
atmosphere and the earth and global climate change.
Triangular and trapezoidal methods combining
thermal and visible data are the most commonly used
methods for determining the amount of soil surface
moisture.
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The aim of this study is to estimate the surface
moisture of the soil (TVDI), by the triangular method
in the south of West Azerbaijan province using land
temperature index (LST) and vegetation index
(NDV1), during 2010, 2014 and 2018.

Materials and Methods The present study using
MODIS timing series images, NDVI index and LST
index, to estimate the surface moisture index
(Temperature—Vegetation Dryness Index, TVDI), in
three time periods including; the first time period from
1 January 2010 to 30 December 2010 and the second
period is from 1 January 2014 to 30 December 2014
and the third period is from 1 January 2018 to 30
December 2018. During each period, 12 images were
used on the 15th day of each month. Also, surface
moisture was estimated by two methods, one was to
establish a high regression relationship and remove the
minimum temperature, and the second method was to
establish a high and low regression relationship of the
pixels. To evaluate the accuracy of these two methods,
a regression correlation between the results of these
methods with the soil surface moisture content of the
Agricultural Jihad (30 points) at a depth of 5 to 15 cm
was used.
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The reason for choosing these three years is due to the
difference in high rainfall in some months of the
studied years. This study was conducted in the south
of the province of West Azerbaijan, which is part of
the western region of Iran.

Results and Discussion The evaporative triangle
diagram consisting of the vegetation index and the
surface temperature of the earth in 2010 from January
to December month has seen many temperature
changes. These same changes in the Earth's surface
temperature have caused that the graphs have many
changes. During the 2010 year, according to the chart,
the maximum temperature was August and the
minimum was January, and the maximum vegetation
was May and the minimum was December. In 2014,
the maximum temperature in August and the
minimum in January and the maximum vegetation in
May and the minimum in January and also this year
were relatively warmer and drier than in 2010. The
evaporative triangle chart in 2018 is rainier than the
other two years studied, and the amount of vegetation
and according to the graphs in this year, the maximum
temperature in July and the minimum is January and
the maximum vegetation is May and the minimum in
January. The surface moisture level of the soil in 2010
for the western region of Iran, which is the maximum
moisture level in May and the minimum in August. In
most of the 2010 moisture index maps, the maximum
humidity in the west and the lowest in the South of
this region. The results of the moisture index maps in
2014 this year have been relatively drier than in other
years studied. In 2014 has little rainfall and
vegetation. Humidity changes this year are lower than
in 2010. The maximum and minimum humidity in
2014 was between 0 and 0.6. The maximum humidity
is June and the minimum is August. The TVDI
moisture index maps for 2018 have had more moisture
indicators this year than in the other two years. In
2018, heavy rains caused the vegetation to increase
and the ground temperature to decrease, and this has

led to an increase in the moisture index compared to
2010 and 2014. In 2018, the vegetation reached 0.89.
But in other years it has been studied up to 0.7. This
year, the high humidity is in May and the lowest in
August. The maximum humidity during this year is in
the west and the lower is in the south. The results of
the TVDI index for 2010, 2014 and 2018, using the
second method, the general results of this method are
similar to the first method. Based on the results
obtained from the accuracy of both methods, we
conclude that the accuracy of the first method is better
and generally simpler than the second method. In
2018, in May, according to the first method, the
amount of R? = 0.67, and also according to the second
method, the amount of R* = 0.41.

Conclusion Estimation of surface soil moisture is
essential for the optimal management of water and soil
resources. Surface soil moisture is an important
variable in the water cycle of nature, which plays an
important role in the global balance of water and
energy through its impact on hydrological, ecological
and meteorological processes. Examination of the two
methods used indicates that the first method, which
was also used in this research in general, has higher
accuracy than the terrestrial fields due to the results of
image accuracy. In 2010, the months of May and
August, according to the first method are R? = 0.61
and 0.57. In 2010, the amount of R? according to
terrestrial data and the use of the second method in
May and August are R* = 0.43 and 0.47. Also, in
2018, the value of R? using the first method in May is
0.66. In 2018, the value of R? using the second method
in May is 0.41. The results of the soil surface moisture
index, in this study, showed that this model is able to
estimate the amount of soil moisture in large
geographical areas with acceptable accuracy.

Keywords: Remote sensing, Soil surface moisture,
Land surface temperature (LST), Normalized
difference vegetation index (NDV1), West of Iran
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