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ABSTRACT

Agriculture is the most important and most dependent economic activity and influenced by climatic
conditions as the climate elements represented by solar radiation, temperature, wind and relative
humidity. Therefore, is necessary that analyze and understand the relationship between climate and
agriculture. The aim of this study to assessment the relationship between land surface temperature
(LST) and normalized difference vegetation index (NDVI) for three regions of Diyala Governorate in
Iraq (Al Muqgdadya, Baladrooz, and Baquba) by through using of remote sensing techniques and
geographic information system (GIS).The Normalized difference vegetation index NDVI and land
surface temperature (LST) were used in two of the Landsat-5 ETM + and Landsat-8 OLI satellite
imagery during the years 1999 and 2019. The results showed that increased in NDVI and decreased in
LST for 2019, while for 1999 increased in LST and decreased in NDVI for the three regions. Finally,
the regression was used to obtain that correlation between LST and NDVI. It was concluded that the
correlation coefficient between NDVI and LST is negative, where the strongest correlation was 0.76
for Baquba and weakest correlation was 0.55 for Mugdadyia.
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INTRODUCTION

Remote detecting information has become a
significant wellspring of data for considering
vegetation on territorial, mainland and
worldwide scale (21). Remote sensing is a
concise means of both effort, money and time
as well as the possibility of using it on a wide
range of areas (13). The largest advantage of
remote sensing data is their synoptic and
repetitive coverage of a region that lets near
real time, year round and repetitive
researches and thus is very useful for the
spatial-temporal patterns understanding of
different physical properties such as vegetation
cover and surface heat (15). Studying
vegetation using remote sensing data required
for different vegetation indices. Vegetation
indices are a numerical indicators simple,
who obtain directly from remote sensing
photographs, such as normalized difference
vegetation index (NDVI) is one of the most
commonly important used vegetation index,
which depend on the absorption of radiation
by vegetation in the red band and its
reflectance in near-infrared (NIR) band (16,8).
Land-surface temperature (LST) may be
defined as the emission thermal from the
surface, comprising the top of the canopy for
vegetated surfaces as well as other surfaces
(such as bare soils). LST is an important factor
in the atmospheric sciences as it collect the
product of all surface-atmosphere reaction and
fluxes energy between the land and the
atmosphere. Therefore, LST is a good index of
the balance energy at the Earth’s surface (24).
LST have ability provide important
information about the physical characteristic
of the surface and climate which plays a role
in numbers environmental processes (5). Many
researchers have studied LST and vegetation
indices for example, Eder Paulo Moreira
studied in the year 2016 topographic effect on
spectral vegetation indices from Landsat TM
data in an agricultural region of Brazil in the
south of Minas Gerais State, the results
indicated that vegetation indices are less
sensitive to topographic effect than the
uncorrected spectral band. Among vegetation
indices, NDVI and RVI were less sensitive to
topographic effect than EVI and SAVI. All
vegetation indices showed to be fully
independent of topographic effect only after
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correction. It can be concluded that the
topographic correction is required for a
consistent reduction of the topographic effect
on the vegetation indices from rugged terrain
(21). The paper Sara Afrasiabi Gorgani, Mahdi
Panahi and Fatemeh Rezaie, 2013 studies the
correlation between the Normalized Difference
of Vegetation Index (NDVI) and Land Surface
Temperature for urban area of Mashhad, using
a satellite images from Landsat 5 TM and
Landsat 7 ETM+, the results showed that the
correlation between NDVI and LST and
regression coefficient from NDVI to LST is
negative (7). In 2018 Nusrat Parveen and
Abdull Ghaffar stadies spatial and temporal
relationship between NDVI and land surface
temperature of Faisalabad city from 2000-
2015, the results indicated that the vegetation
area decreases from 34 to 14.3 percent with
average increase in LST mean from 39.8 to 44
degree Celsius from 2000-2015 (19). In 2002
k. ichii, a. kawabata and y. yamaguchi
analysed  the  relationship between the
normalized different vegetation index (NDVI)
and climatic variables on a global scale using
the Pathfinder AVHRR Land NDVI data set,
and observed climate data for the period 1982—
1990 and they concluded that there is a
significant correlation between interannual
NDVI and temperature variation in the
northern mid- to high latitude areas between
spring and autumn, and a significant
correlation was also identied between the
NDVI, temperature and precipitation in
northern and southern semiarid regions (10).
In 2016 Varinder Saini , Manoj K. Arorab and
Ravi P. Gupta studied relationship between
surface temperature and SAVI using data
collected by the Thematic Mapper (TM),
Enhanced Thematic Mapper Plus (ETM+) and
Optical land imager (OLI) and thermal
infrared sensor (TIRS) from 1991 to 2013 in a
coal mining area in India, they concluded that
peak SAVI values are in areas having dense
vegetation and peak surface temperature
values correspond to areas under fire and these
show an obvious negative correlation (17).
The study aims to apply a model for
calculating land surface temperature and
normalized difference  vegetation index
(NDVI) and find the relationship between
them.
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MATERIALS AND METHODS

The governorate of Diyala is located in
eastern-central Irag, bordering Iran  and
sharing internal boundaries  with the
governorates of Baghdad, Salah Al-Din,
Sulaymaniyah and  Wassit it is located
approximately 57 km? northeast of the
governorate’s capital of Baghdad "figure 1".
Its area is about ( 17.685 km 2 ) and it
includes 6 districts, including the governorate
center Baquba district (12). Iraq is located in
the range of semi-tropical latitude in the
Northern  Hemisphere (11), so Diyala
Governorate is located within the moderate
warm range in the northern half, which makes
its climate transitional between the desert
climate and the Mediterranean climate, which
is a continental climate characterized by
drought and high temperatures in the summer
and low with little rain in winter and

characterized by a large temperature range
between night and day and between summer
and winter and relatively humidity is low in
summer and its high in winter With little
seasonal rain and prevailing northwest winds
for most of the year (9). Average temperatures
in Irag range from 50 C° in summer, and in
winter range 0 C°. Most of the rainfall occurs
between December and April and the annual
rainfall rate is "100-180 mm" (1), so in the
study area the average annual temperature is
22.8°C and the average annual rainfall is 186
mm (18). Agriculture has traditionally been
one of the main economic activities in Diyala.
The governorate is famous for its production
of dates and citrus, and livestock and poultry
farms are also to be found in the governorate.
The Khanagin area is the location of an oil
field and an oil refinery (15).=

.
N 5 .
Khanngin
# ALKRaliy {
AbMuqdadive

Bupue Balsdrooy

Figure 1. The location of study area

Remote Sensing Data and Processing

Satellite data of Landsat is the most commonly
used data for both vegetation and surface
temperature related studies. The satellite data
have been downloaded from the United States
Geological Survey (USGS) image catalogue.
The Landsat 5 data of 14/3/1999, with the
bands "3, 4, 6", and Landsat 8 data of
21/3/2019, with the bands "4, 5, 10" were used
in this study. Information Systems (GIS) is a
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computer-based system that collect, enter,
process, analyze, display, and output spatial
and  descriptive information  for specific
goals, and help in planning and decision-
making regarding agriculture, city planning,
and expansion of housing, this system
includes entering geographic information
(maps, aerial photos, space visuals) and
descriptive (names and tables), processing
them (correcting them wrongly), storing,
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retrieving, querying, analyzing spatial and
statistical analysis, and displaying them on a
computer screen or on paper in the form of
maps ,reports, and graphics (22). In this study,
the ArcGIS 10.4.1was used. Then the
extraction for study area will be made on all
images. After this there are 6 steps to calculate

land surface temperature (LST) and
normalized difference  vegetation index
(NDVI):

Step 1. The images can be converted to Top of
Atmospere (TOA) radiances using the
following expression (4):

LA=MLQcal + AL ......... 1

where LA = TOA spectral radiance
[Watts/(m2*srad*um)]; ML = band-specific
multiplicative rescaling factor
"RADIANCE_MULT_BAND"; AL = band-
specific additive rescaling factor
"RADIANCE_ADD_BAND"; Qcal =

quantized and calibrated standard product
pixel values (DN).

Step 2. The effective at sensor brightness
temperature ( in Kelvin) is obtained from the
spectral radiance using approximation formula

(6):

The calibration constants K; and K, btained
from Landsat user's manual are given in the
Table 1 below

Table 1. calibration constants for the bands

used
Landsat  The bands used K, K,
Landsat5 6 607.76 1260.56
Landsat8 10 774.8853 1321.0789

Step 3. Calculated NDVI from the values of
reflectance of radiation in near-infrared
spectral bands and the absorption of radiation
in the red spectral band as the following
formula (23,2):

NIR - pred
NDV| = 2= pred
PNIR + pred

For Landsat5 NIR=band 4 , Red=band 3
For Landsat8 NIR=band 5, Red=band 4
Step 4. Calculated vegetation proportion (Pv)

according to Carlson and Ripley (6):
Py :( NDVI-NDVImin

2
NDVImax—NDVImin)

Where NDVI is the NDVI value of a pixel
Step 5. Determination of ground emissivity ()
by the following equation (20):

€ = 0.004-Pv +0.986
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Step 6. The final Land Surface Temperature
(LST) is calculated by following equation (3):

TB

LST = 1+()L%)*ln(s)
where, A is the central band wavelength of
emitted radiance which is calculated in the
step 1, p = h*c/o (1.438*%10-2 m*K) with: ¢ is
the Boltzmann constant (1.38*10-23 J/K), h is
the Planck's constant (6.626*10-34 J*s), c is
the light velocity (2.998*108m/s).

RESULTS AND DISCUSSION

NDVI and LST indices were computed,
which obtained for multi temporal landsat
TM and ETM+ images. Landsat images
which obtained were only completely
covering three regions of Diyala governorate
in Iraqg so, the area of interest were extacted
for three regions (Al Muqdadya, Baladrooz
and Baquba). "Figure 2" shows the NDVI
maps of 1999 and 2019 for the three regions,
it is clearly shown that all images the NDVI
for the year 2019 are much higher than the
NDVI for the year 1999 in the three regions.
From Magdadya city the NDVI value is
ranges between (-0.56 and 0.72) for the year
1999 and it ranges from (-0.27 to 0.58) for
the year 2019. Whereas the NDVI ranges
from (-1 to 0.73) for 1999 and for 2019 it is
(-0.31 to 0.60) for Baladrooz. Moreover, for
Baguba NDVI was calculated between
(0.72 and -0.50) for 1999 and it's between
(0.57 and -0.24) for 2019.

NDVI For Mugdadya For 1999

NDVI muqdadya 2

Value
High : 0.727273
0510 20

- Low : -0.566667 - K

NDVI For Muqdadya For 2019

NDVI_muqdadya 1

Valee
High : 0586034

. Low : 02735
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NDVI For Baladrooz For 1999 3". The vegetation cover area increased for
2019 compared to 1999 for the three regions
(table 2).

NDVI For Muqgdadya For 1999

NDVI_BALAD 2

Value
- High : 0.733333

. 0 20 40 8

Low : -1

NDVI For Baladrooz For 2019
Reclass NDVI

INoNDVI
B NDVI

Figure 3. Classification of NDVI

0 5 10
1]

NDVI For Muqdadya For 2019
NDVI baladrooz 1

Value
High : 0.600472

. Low : -0.316765 s = =i 80l\'m

Figure 2. NDVI values for Muqdadya,
Baladrooz and Baquba for 1999 and 2019

it

Reclaws NDVI
NDVI For Baquba For 1999 No NDVI

. NDVI [ '.- » !‘1,

NDVI_baquba 2

Value
- High : 0.721519

5 10 20,
Low : -0.509434 _=_(Lm

NDVI For Baquba For 2019
. Reckass NDVI

No NDVI 0 s =
.l Vi — "—"kﬂl

NDVI_baquba_1
Val

ue
- High : 0.57901

0 0
. Low : -0.248399 A P

Followed Figure 2
The study area was classified into two
classes a vegetation cover area and non- Reclass NDVI

Nu NDVY

vegetation area for 1999 and 2019 "figure B o crease in NDVT o I N
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NDVI For Baquba For 1999

Reclass NDV1
No NDV1 0 5 W ":I 2
. NDVI —

Continued Figure (3)

NDVI For Baquba For 2019

Reclass NDVI
No NDV1
B oV

Continued Figure (3)

Table 2. Area of vegetation cover

Region 1999 2019
km? km®
Muqdadya 409.6017 940.0338
Baladrooz 1046.34 3971.223
Baquba 188.4051 291.8376

While "figure 4" showing the LST maps of
1999 and 2019 and display the minimum
and maximum temperature of the three
regions. The mean of LST is estimated
between (42.16 and 22.49) C° in 1999 and
it's between (37.82 and 24.39) C° in 2019
for Mugdadya. While Baladrooz have ranges
(23.19 - 39.83) C° in 1999, (13.52 - 33.76)
C° in 2019. In addition, the LST mean for
Baqguba ranges from (23.83 to 42.16) C° in
1999, (24.32 to 38.62) C° in 2019. It was
clearly shown that in all images the lowest
temperature because of the presence of
vegetation density for 2019 in the three
regions.
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Mean LST For Mugdadya For 1999

Mean LST 1999

mmin h:42.1
gh : 42,16
- 050 20

S Low : 22,4973 - —

ity

Mean LST 2019

Value
my High : 37.8246

Mean LST For Mugdadya For 2019

0S50 20

S Low : 243988 - —

Mean LST For Baladrooz For 1999

Mean LST 1999

Value
my High : 33.7673

¥ Low : 13.2567

Mean LST For Baladrooz For 2019

Mean LST 2019

Value
w— High : 39.8376

S Low : 23,1932

Figure 4. LST values for Mugdadya,
Baladrooz and Baquba for 1999 and 2019
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Mean LST For Baquba For 1999

&

Mean LST 1999

Value
ww High : 42,1601

0 510 20

Luow : 23,8381 — w—

Mean LST For Baquba For 2019

&

Mean LST 2019

Value
s High : 38.6286

Low : 243222

Followed Figure (4)

Correlation is a statistical method used to
assess a possible linear association between
two continuous variables, it can range from
-1 to +1 (table 3) (14). The correlation
coefficient between LST and NDVI were
computed for 1999 and 2019 for study area.
The results are presented in (table 4). Its
range from (0.58 — 0.60) for 1999 and from
(0.55 — 0.76) for 2019. The maximum
correlation value was (0.76) in Baquba and
the minimum correlation value was (0.55) in
Mugdadya
Table 3. The Interpreting the size of a
correlation coefficient (14)

Size of Correlation Interpretation

0.9t01.0(-0.9to-1.0) Very high positive (negative)
correlation
High positive (negative)
correlation
Moderate positive (negative)
correlation
Low positive (negative)
correlation
Negligible positive (negative)
correlation

0.7 t0 0.9 (-0.7 t0 -0.9)

0.5t00.7 (-0.5 to -0.7)
0.3t0 0.5 (-0.3 to -0.5)
010 0.3 (0 to -0.3)
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Table 4. The correlation coefficient values
of study area

Region 1999 2019
R? R R? R
Mugqdadya 0.34 0.58 0.3012 0.55
Baladrooz 0.393 0.63 0.4616 0.68
Baquba 0.356 0.60 0.5811 0.76

From the "figure 5" it is clear that negative
correlation values were observed between
LST and NDVI in all the three regions for
1999 and 2019. This means that areas with
lower vegetation cover are experiencing
higher land surface temperature and vice
versa. From this it can be inferred that
vegetation has a cooling and regulating
effect on the surface temperature of an area.
Studies showed that vegetated surface can
contribute significantly to human comfort
and better health conditions by decreasing
the land surface temperature even by 13°C
(25).

Mugqgdadya 1999

W b
O

¥v=-7.94x + 33.578
R*=034

w
4

W W
W h -

LST*C
[ TR
4 \D -

h

0.8

Mugdadya 2019

= 7.7181x + 32,113
R*=03012

o ¥y

LST *C

04 0.6

IST°C
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Baladrooz 2019

v =-11,441x + 33,638
R*«0.4616

LST °C

0.4

0.6

Baquaba 1999

y = -8.7234x+ 34.242

LST°C

0.8

Baquba 2019
3
37
s
33
31
29
27
25

¥y =-10.976x + 33.528
R*=0.5811

LST °C

03
NDV1

0.4 0.3 0.6

Figure 5. The relationship between LST
and NDVI

CONCLUSION

Nowadays, satellite data are becoming
important for various applications in different
fields including in environmental and
ecological ~ studies.  This  study  has
demonstrated that the recent advancements in
remote sensing and GIS technologies provide
powerful tools for mapping and detecting
changes in LST and NDVI. In this study, land
surface temperature (LST) and normalized
difference vegetation index (NDVI) have been
calculated for 1999 and 2019 for three regions
in Irag using Landsat images. The results show
that there is increasing in NDVI and
decreasing in LST for 2019 for the three
regions and vice versa for 1999. The strong
negative correlation between LST and
vegetation is found, this relationship in fact
varies with location, season, and vegetation

type.

800

REFERENCES

1. Adeeb, H. and Y. Al-Timimi, 2019, GIS
techniques for mapping of wind speed over
Iraqg, Iraqi Journal of Agricultural Sciences. 50
(6) : 1621-1629.

2. Agapiou, A., D. G. Hadjimitsis, and D. D.
Alexakis, 2012, Evaluation of broadband and
narrowband vegetation indices for the
identification of archaeological crop marks,
Remote Sensing,. 4 : 3892-3919

3. Artis, D. A. and W. H. Carnahan, 1982,
Survey of  emissivity variability in
thermography of urban areas, Remote Sensing
of Environment, 12 : 313-329

4. Chander, G. and B. Markham, 2003,
Revised landsat-5 TM radiometric calibration
procedures and postcalibration dynamic
ranges, IEEE Transactions on Geoscience and
Remote Sensing, 41 : 2674-2677

5. Dousset, B. and F. Gourmelon, 2003,
Satellite multi-sensor data analysis of urban
surface temperatures and landcover, ISPRS
Journal of Photogrammetry and Remote
Sensing, 58 : 43-54

6. Giannini, M., O. Belfiore, C. Parente, and
R. Santamaria, 2015, Land surface temperature
from landsat 5 TM images: comparison of
different methods using airborne thermal data,
Journal of Engineering Science and
Technology Review, 8 (3) : 83-90

7. Gorgani, S. A., M. Panahi, and F. Rezaie,
2013, The Relationship between NDVI and
LST in the urban area of Mashhad, Iran, in
International Conference on Civil Engineering
Architecture  and Urban  Sustainable
Development

8. Huete, A., Huete, 1988, AR A soil-adjusted
vegetation index (SAVI), Remote Sensing of
Environment, 25 : 295-309

9. Hussain, P. a., 2019, The Impact of climate
on human comfort in Diyala governorate,
Anbar University Journal for Humanities, 1 (3)
: 305-331. In arabic

10. Ichii, K., A. Kawabata, and Y. Yamaguchi,
2002, Global correlation analysis for NDVI
and climatic variables and NDV1 trends: 1982-
1990, International Journal of Remote
Sensing, 23 : 3873-3878

11. Jawad, T., O. Al-Taai, and Y. Al-Timimi,
2018, Evaluation of drought in Iraq using dsi.
by remote sensing, Iragi Journal of
Agricultural Sciences, 49 (6) : 1132-1145



Iragi Journal of Agricultural Sciences —2021:52(4):793-801

Al-Jbouri & Al-Timimi

12. Mohammed, P. H. , 2017, The Impact of
climate on the distribution of natural plants in

Diyala governorate, Diyala Journal of
Humanitarian Research, 73 : 578-596. In
arabic

13. Muhaimeed, A.S., lbrahim, A., and R. K.
Abdulateef. 2017. Using of remote sensing for
monitoring geomorph_  ological temporal
changes for Tigris river in Baghdad city. Iraqgi
Journal of Agricultural Sciences. 48 (1): 215-
221.In arabic

14. Mukaka, M. M.,2012, A guide to
appropriate use of correlation coefficient in
medical research,Malawi Medical Journal, 24
(3): 69-71

15. Owen, T., T. Carlson, and R. Gillies, 1998,
An assessment of satellite remotely-sensed
land cover parameters in quantitatively
describing the climatic effect of urbanization,
International Journal of Remote Sensing, 19 :
1663-1681

16. Rouse, J., R. Haas, J. Schell, and D.
Deering, 1974, Monitoring vegetation systems
in the Great Plains with ERTS, NASA Special
Publication, vol. 351, p. 309

17. Saini, V., M. K. Arora, and R. P. Gupta,
2016, Relationship ~ between  surface
temperature and SAVI using landsat data in a
coal mining area in India, in Land Surface and
Cryosphere Remote Sensing |11

18. Saleh, A. M., 2015, Relationship between
vegetation indices of landsat-7 ETM, MSS
data and some soil properties: case study of

801

Baqgubah, Diyala, Irag, 8 : 18-31

19. Siddique, N. P. and A. Ghaffar, 2019,
Spatial and temporal relationship between
NDVI and land surface temperature of
faisalabad city from 2000-2015, European
Online Journal of Natural and Social Sciences,
8 : 55-64

20. Sobrino, J. A., J. C. Jiménez-Mufioz, and
L. Paolini, 2004, Land surface temperature
retrieval from landsat TM 5, Remote Sensing
of Environment, 90 : 434-440

21. Valeriano, M. d. M., I. D. A. Sanches, and
A. R. Formaggio, 2016, Topographic effect on
spectral vegetation indices from landsat TM
data. is topographic correction necessary?,
Boletim de Ciéncias Geodésicas, 22 : 95-107
22.Vine, M. F., D. Degnan, and C. Hanchette,
1997, Geographic information systems: their
use in environmental epidemiologic research,
Environmental Health Perspectives, 105 : 598-
605

23. Vlassova, L., F. Pérez-Cabello, M. R.
Mimbrero, R. M. Lloveria, and A. Garcia-
Martin, 2014, Analysis of the relationship
between land surface temperature and wildfire
severity in a series of landsat images, Remote
Sensing, 6 : 6136-6162

24. Wan, Z., 1996, Land surface temperature
measurements form EOS MODIS data

25. Orsolya, G., Z. Tobak, and B. van
Leeuwen, 2016, Satellite based analysis of
surface urban heat island intensity, Journal of
Environmental Geography, 9 : 23-30.



