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ABSTRACT

This study aimed to monitor and evaluate the impact of fires on the appearance of the land surface in open and
flat agricultural areas using spectral indices and Landsat8 Operational Land Imagery (OLI) satellite images. A
representative area, covering 250.34 kmz2, was selected in Nineveh Governorate in Iraq lies between latitudes (43°
20’ 0-43° 32’ 30) N and longitude (36° 25’ (~36° 11’ (/) E on June and July 2019 in order to determine the burned
area on the land, and use the resulting spectral signature to generalize it to the rest of the study area. Data from
the American Landsat satellite, GIS software, and spectral indicators for vegetation covers, such as the
Normalized Difference Vegetation Index (NDVI), the Soil-Adjusted Vegetation Index (SAVI), and the
Normalized Burning Ratio index (NBR), were used to extract the results. Then, the Land Surface Temperature
index (LST) and the difference Normalized Burning Ratio index (ANBR) were used to measure the validity of the
results and the severity of the fires, respectively. After using and performing corrective processing of the spectral
indices, applying the three indices and determining the difference between them for a short period of time, it was
possible to discover the areas of fires and the proportions of their effects. The NDVI results showed that the area
affected by very severe degradation increased due to the fires to 39.29%, while the LST increased from 47.70 to
48.39 degree. The study concluded that the area of fire spread can be determined when there is a discrepancy in
the pattern of spatial data that are close in date of capture and by using spectral indices.
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INTRODUCTION

The most important feature of the land surface in
flat areas is the cultivation of field crops in
addition to the presence of forest plants and others,
which are considered pastoral lands. What the most
affects these lands is the increase in the
phenomenon of desertification as a result of
unsustainable  human  activities such  as
overgrazing, urban expansion, poor irrigation
systems, fires, deforestation, and others (13). Field
crops are important sources of human life and a
strategic storehouse for sustainable stability in the
world (15). Some of them are considered among
the most important fodder crops, which are
considered the mainstay of livestock and sheep,
and they have a major role in the agricultural
economy, as livestock represent one of the basic
food resources for humans. Wheat and barley are
considered the first cereal crops on the list of field
crops (25), and they are considered the main crops
for most of the world’s population, as they are
considered the basic material for making bread and
animal fodder. This importance is offset by their
need for soil and plant management, which is
relatively easier compared to other crops. These
crops go through several different growth stages
(1, 3). Each of these stages-like other crops-is
accompanied by some risks, diseases and harsh
environmental conditions, through which farmers
must know what these risks are and how to contain
them and be aware of them in advance. If these
symptoms can be controlled in the crop's life cycle,
the vast areas in which the crop is grown,
especially crops that depend on rain-fed
agriculture, make these risks a cause in guantities
with great economic potential (2). Perhaps the
maturity period of wheat and barley crops, which
represents the complete drying of the plant after
expelling the ears, is one of the most sensitive and
dangerous periods in the life cycle of the crop (3),
as it is the period in which the plant is parched and
has a high plant density and in very hot seasons,
especially in dry and semi-arid areas, which makes
it susceptible to rapidly spreading fires, especially
since the degree of burning of plants at this stage
will be low. Fires in agricultural fields affect the
availability of nitrogen in the soil, and it is known
that it is a decisive factor for soil fertility. The
causes of fires that can be monitored on the surface
of the Earth are many, some of which are due to
burning open fields, which is a method widely
used to remove crop residues from agricultural
lands (15). Or farmers’ mistakes during harvesting,
and cigarette butts that are discarded negligently,
as well as agricultural harvesting machines that
may be the cause of the combustion process
because the exhausts of these machines are hot and
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may send out small fiery masses or sparks that may
not be noticed by those in charge of harvesting, in
addition to the overlapping of these vast fields, and
other fires caused by nature, such as lightning. Its
proximity to barren lands covered by dry and dense
forests, which have the same causes of burning
wheat and barley crops. As well as the causes that
may be intended for individual or social disputes
and conflicts. The extent of fires, the speed and
spread of their damage over the land area as a
result of their impact and the surrounding areas,
and their risks cannot be easily known, so there
was a need for remote sensing and to take
advantage of the special development and the
enormous change in temporal, spatial and spectral
characteristics. Remote sensing satellites have
the ability to quickly identify fire locations by
analyzing satellite observations of the same
area and over multiple time periods covering
fire events for that period (26). High temporal
resolution satellites such as EOS/MODIS and
NOAA/AVHRR are able to accurately identify
burned areas and their temporal changes,
although they have low spatial resolution,
while medium resolution satellites such as the
Landsat series are able to accurately detect
burned areas with spatial resolution (30
meters). One of the most important Earth
observation satellites for this purpose is the
latest Landsat generation, Landsat 8, whose
OLI sensor can capture multispectral images
covering several spectral bands  of
wavelengths, where the near-infrared (NIR)
range (0.85-0.88 um) is often used. Two
shortwave infrared (SWIR) bands (1.57-1.65
um and 2.11-2.29 pum) were used to identify
burned areas. Vegetation indices are critical
for collecting significant information about
plant health, density, and distribution from
remotely sensed data (19). EVI, GDVIZ2,
NDSI, SI, and OSAVI, each with its spectral
sensitivity,  provide information  about
vegetation status and stress variables (5).
These indicators are useful in identifying land
cover types, monitoring vegetation behavior,
and analyzing environmental changes (17).
Also the vegetation indicators were used for
classification and monitoring agricultural lands
(4,24). For discrimination purposes, the
following criteria and guidelines were used:
The Normalized Difference Vegetation Index
(NDVI) to indicate the intensity of vegetation
in an area, as well as the Soil Adjusted
Vegetation Index (SAVI) which is a factor-
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corrected soil in the NDVI formula (21). Land
surface temperature (LST) is defined as the
thermal emission from the surface, including
the tops of canopies in vegetated areas and
bare soils. It is a crucial factor in atmospheric
sciences, reflecting surface, atmosphere
interactions and energy fluxes. LST serves as a
good index of energy balance at the Earth’s
surface and provides important information
about physical characteristics and climate,
influencing various environmental processes.
Many researchers have studied LST and
vegetation indices (18). LST is also a major
index for crop or forest fires. Fire-induced
environmental changes resulted in a variance
in LST values (7). The aim of this research is
the possibility of identifying and estimating
burned areas in addition to the Earth's surface
temperature using spectral indicators from
remote sensing data and geographic
information systems. This approach enhances
the accuracy of fire assessments, enabling
more effective management and mitigation
strategies for agricultural lands affected by
fire.

MATERIALS AND METHODS

Study area: A study area was chosen to
represent lands. It has a ground cover that is

susceptible to burning quickly and can be
easily monitored in satellite data, such as the
wheat and barley crops in Nineveh
Governorate, located east of the city of Mosul,
the center of the governorate, which is located
between two latitudes (43° 20’ 0) - (43" 32). '
30) E and longitude (36° 25’ 0) - (36° 11’ 0).
The study area, spanning 250.34 kmz, included
a representative field test site selected to
directly assess the burned area. This enabled
the generalization of the observed spectral
signature from the known site to the entire
study region. This area, called the Nineveh
Plain, is a rain-fed wheat and barley growing
area and is considered one of the best areas in
Nineveh Governorate in terms of land
settlement, soil type and lack of rain-fed
agriculture due to the semi-arid climate
according to the Ko&ppen classification of
climate zones in Nineveh Governorate. Figure
(1) shows the study area and the classification
of the soils of the study area according to the
Food and Agriculture Organization within the
classification of the Vertisol class, which is
characterized by a high percentage of clay and
CaCOg, according to Table.1 (13,16).

Study Area
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Figure 1. Location of the study area for the province of Nineveh
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Table 1. Soil properties in the study area

Properties Unit Surface Subsurface
(0-30 cm) (30-60 cm)
Sand 16 15
Silt (%) 29 28
Clay 55 57
Bulk Density (ng/m3) 1.65 1.76
Gravel Content (%) 4 5
Organic Carbon 0.75 0.45
pH 7.6 8.1
CECclay 75 73
CECeui (cmolkg) 44 43
BS% 100 100
CaCO:s (%) 2.5 3.9
ESP 1 3
Salinity (Ece) (dS/m) 0.2 0.3

Remote Sensing Data

Satellite image: A Landsat 8 OLI satellite
images was chosen. Two shortwave infrared
(SWIR) bands (1.57-1.65 pum and 2.11-2.29
um) were used to identify burned areas on (9-
7-2019), and this period is very close to the
period when the true fire occurred. Another
image was chosen on (23-06-2019), which is
the period before the fires broke out. The area
through field detection, as shown in Figure (2).
ArcGIS was used to process and display the
data (12).

Image Processing: Initially the Landsat 8
OLI- Operational Landsat Imager images were
converted from DNs to reflectivity using_] the

equations published by USGS Landsat 8.
Image processing of band was conducted base
on'equation 1 and 2, as shown below:
Py=Mp x Qca+ A, @
Where: pA'= TOA (Top of Atmosphere)
planetary reflectance, without solar angle
correction.

Mp= Band-specific multiplicative rescaling
factor from the metadata (REFLECTANCE
MULT BAND x, where x is the band number);
Qca= Quantized and calibrated standard
product pixel values (DNs);

A,= Band-specific additive rescaling factor
from the metadata.
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Figure 2. Satellite image of study area in two periods

Then, TOA reflectance with a correction for
the sun angle was calculated using the Eq. (2):

l’
L (2)
sin Ogg

Where: RA= TOA planetary reflectance; Osg=
Local sun elevation angle; which provide in
degrees in the metadata (SUN_ELEVATION).
Both equations were applied using ERDAS
software.

Spectral Indices: For the
discrimination, the following
evidence have been used:
Normalized Difference Vegetation Index
(NDVI): which typically captures chlorophyll
concentration to characterize the state of plant
health, and to indicate the intensity of
vegetative growth in an area. It is used to track
forest regrowth and restoration to a healthy
state, as it is sensitive to changes in vegetation
and has been shown to accurately detect leaf
disturbances ending in forest disturbances (6).
It is easily computed using the reflection
image display in the red and infrared bands,
and hence Landsat 8 OLI (Operational Land
Imager) images in spectrum bands 4 and band
5, it can be used to compute NDVI, allowing
to detect the state of vegetation areas (forests,
grasses, groves, ...) as well as to characterize

ﬂ,=

purposes  of
indicators and
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water (oceans, seas, lakes, rivers, ...) and soil
(rocks, buildings Roads (27). TOA
transformation of the original data was used to
calculated of NDVI as in Eq. (3).

NDVI = (pBand 5 — pBand 4) / (pBand 5 +
pBand 4) A3)

Where: B5 = near infrared band; B4=Red band
Soil Adjusted Vegetation Index (SAVI): It
incorporates a soil correction factor into the
NDVI equation, whereby SAVI is applied in
the NDVI correction of the effect of soil
brightness in areas with low vegetation cover
(14). Eq. (4)

SAVI = ((pBand 5 — pBand 4) / (pBand 5 +
pBand 4 + 0.5)) * (1.5) ..(4)

Where, pBand 5 = Surface Reflectance of near
infrared band; pBand 4= Surface Reflectance
of Red band, and L= value may be applied to a
wide range in vegetation densities (0.5, 1.0,
1.5)

Normalize Burn Ratio —NBR: It is the ratio
between near infrared with SWIR short
infrared rays confined within range (2.08-2.35
um), to determine the burning areas after the
fire and to provide a quantitative measure of
the burning intensity (22) Eq. (5)

NBR = (pBand 5 — pBand 7) / (pBand 5 +
pBand 7) &)

-------------------------------
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Where pBand 5 = Surface Reflectance of near
infrared band and pBand 7 Surface
Reflectance of SWIR-2: Shortwave Infrared 2
Differenced Normalized Burn Ratio
(dNBR): It is measured change in NBR, and
related in size to the environmental change
induced by the fire in terms of the severity of
fire impact on pre-existing plant communities
(22). As well as, to isolate the burned areas
from the unburned and to provide a
quantitative measure of change dNBR
calculated by subtracted post-burn NBR
dataset from pre-burn NBR dataset according
to equation (5) as in Eq. 6 (8).
dNBR = NBRDrefire - NBRDostfire (6)
Where, NBR= Normalized Burn Ratio before
fire and post fire.
The intensity of the fire in the area can be
known through the dNBR values according to
Table (2) (29).

Table 2. Severity of the burn according to

dNBR values
Burn Severity dNBR
Unburnt -0.10-0.10
Low severity 0.10- 0.27
Medium severity 0.27 - 0.44
High severity 0.44 - 0.66
Very high severity > (.66

Land Surfaces Temperature (LST): is an
important variable in the physics of terrestrial -
surface processes that controls heat and water
flow at the interface between the Earth's
surface and the atmosphere. The LST is an
important parameter in the interaction between
the Earth's surface and the atmosphere
(9,20,28). Remote sensing space data provides
the only possible way to acquire high-
precision LST in the spatial and temporal

domain worldwide. The land surface
temperature was used according to steps as
following:

LA=ML*Qcal + AL ...... (7)

LA=Spectral radiance(W/(m2*sr*um)) .. (8)
ML.: Radiance multiplicative scaling factor for
the band RADIANCE_MULT_BAND_n from
the metadata)
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AL = Radiance additive scaling factor for the
band (RADIANCE_ADD_BAND n from the
metadata).

Qcal = Level 1 pixel value in DN

— K
TB = ( ) )-273.15 ceeiiiiinnnenns 9
TB=Top of atmosphere  brightness

temperature (C°) where

K1, K2: Band-specific thermal conversion
constant from the metadata
(K1_CONSTANT_BAND 10, where x is the
thermal band number) Band-specific thermal
conversion constant from the metadata
(K2_CONSTANT_BAND_x, where x is the
thermal band number).

LA= TOA spectral radiance (Watts/ (m2 * srad
* im))

NDVI-MinNDVI
Pv

— 2
- [MaxNDVI—MinNDVl]

Pv: Vegetation proportion.
€=0.004 xPv+0.986
€: Emissivity

LST

e (11)

TB
1+(LAX T2t ) XLN(e)
RESULTS AND DISCUSSION
Table (3) shows the selected criteria, based on

which the area's degradation is divided into

b))

four  categories  starting  with  (very
sever degradation) and ending with (slightly
degradation) (23,28). The
indicator NDVI shows amounted to about

(16.98%) from the total area affected by
degradation very severely, which increased
suddenly in about sixteen days to
(39.29%). This percentage cannot increase in
this short period in the usual environmental
changes unless there is an intervention of a
large human factor or the effect of the fires
that actually occurred in that period, and there
was actually a fire according to the field
inspection conducted by the researchers during
that period, as shown in Figure (3).
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Table 3. Values and percentages of some selected indicator in the study.

degradation 625.14 2.50

very sever
degradation
sever
degradation
moderate
degradation
slightly
degradation

9835.74  39.29

3511.44 14.03

7799.49 31.16

3884.40 15.52

DEGRADATION  NDVI % SAVI % NBR %
DEGREE 23/6/2019

Very sever 4250.43 16.98 317466 12.68 382500 15.3
degradation

Sever 12630.24 5046 11839.32 47.30 9237.96 36.9
degradation

moderate 752769 30.07 946395 37.81 824859 33.0
degradation

slightly

555.57 222 372168 14.9
09/07/2019
9718.65 38.83 9371.97 37.5

3773.25 15.07 5598.81 224

6083.91 2431 578196 23.1

545535 21.79 427203 17.1

*The degree of degradation are classified according to (28)
Whereas, sever degradation decreased from
50.46% in the first image to 14.03% in the
second image, and this difference does not
explain the improvement in the condition of
the region, but rather indicates the transfer of a
large proportion of S.D. to V.S.D. Moderate
degradation was almost constant for the semi-
arid regions, in which distances between the
plants were not affected by the fires greatly
when compared to field crops planted with
densities and completely dry, and this explains
the almost constant proportions. While slightly
degradation percentage increase explained by
the restoration of some plants to their

areas. These interpretations do not differ much
with respect to the results of the SAVI index
value, as they were close to the results of the
NDVI index value, as shown in Figure (4). For
the purpose of increasing the interpretation of
the region further, a comparison of NDVI
index values for 560 pixels chosen for the
same area for both images, which shown, as in
Figure (5), the general decline in the NDVI
values for the region in the second image.
According to Table (4), (11), this decrease is
explained area transformation into barren land
or plant remains The NDVI values for most
points in the second image ranged between
0.140 and 0.025
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Figure 3. NDVI classification of the study area: a. NDVI on 23-6-2019 b. NDVI on 9-7-2019 c.
Classification of four categories of degradation on 23-6-2019 and d. Classification of four
categories of degradation on 9-7-2019
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Figure 5. NDVI values for selected points

Table 4. Indicative values of NDVI index in
different land cover types

Twpe of Land WDWI (scale from -1 to
Cover 1}
Thick Vegetation 0 500==NDWI==1
Medium Vepetation 0. 140-==NDWVT=0.500
Scarce Vegetation 0.0 ==NDWVI=0 140
Bare ground 0.025==NDWVI=0.020
Clouds 0 H2==NDVI=0.025
Ice and snow S G==NDVT=0. 002
Water -1==NDWVI=-0.048

For distinguishing whether these areas were
actually burned, and because not all changes in

1964

land cover can be caused by fires (28), the
NBR index and dNBR were used, which were
calculated according to equation (5). As a
result, most of the area was burned with
varying severity. The dNBR values for
unburned areas are close to zero, while the
values for burned areas are positive or strongly
negative, depending on whether the fire
disturbs or actually enhances the productivity
at the site (22). As shown in Figure (6).
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Figure 6. dNBR values for selected points

Table (5) shows the values of the parameters
used to calculate the land surface temperature
index (LST), according to equation (11). The
results showed that the average and standard
deviation of the LST were (47.70 and 1.21)
respectively before the fire, while the LST
values for the average and standard deviation
after the fire were (48.39 and 2.59)
respectively, as it is noted from the values that
there was a noticeable increase in the

temperature of the Earth’s surface, as shown
by previous articles (11), which is due to two
reasons, one of which is the impact of the
study area was affected by the heat of the fire,
and secondly, the surface of the Earth gained
more heat due to the presence of black plant
residues resulting from the fire, which
increased the absorption of sunlight and thus
raised the temperature of the Earth’s surface,
as shown in Figure (7).

Table 5. Parameters values used to calculate land surface temperature index

Statis. min max mean Std. deviation

2019/06/23

Ly 11.05 14.06 12.83 0.2

B 36.66 54.88 47.68 1.21

PV 0.00 1.00 0.08 0.03

e 0.99 0.99 0.99 0.00

LST 36.67 5491 47.70 1.21
2019/07/09

Ly 10.69 14.25 12.95 0.44

B 34.27 55.97 48.37 2.59

PV 0.00 1.00 2.25 0.04

e 0.99 0.99 0.99 0.00

LST 34.28 56.00 48.39 2.59
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Figure 7. LST values for Study Area. (a) 23-6-2019 (b) 9-7-2019

CONCLUSION

Spectral evidence based on satellite data has
been used in this study to detect and assess
burned agricultural lands. A number of
specialized indicators are used to isolate the

1965

condition of healthy vegetation, such as NDVI,
and the effects of soil with vegetation, such as
SAVI, in addition to more specialized
evidence. On fire, such as NBR, which not
only diagnoses the burned area but also allows
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diagnosis of fire severity through dNBR. The
ground surface temperature (LST) index was
also used as evidence that the fire had actually
occurred. The NDVI results showed that the
area affected by severe deterioration due to
fires increased to 39.29%, while the LST
increased from 47.70 to 48.39 degrees. The
study concluded that agricultural indices can
be used to detect the location and severity of
fires. This approach enhances the accuracy of
fire assessments, enabling more effective
management and mitigation strategies for
agricultural lands affected by fire.
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