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Abstract
Wildfires have an important role in the ecological process affecting ecosystems at multiple 
spatial scales. MCD64A1 500  m burned area product is used in this study to document 
trends of fire events from 2001 to 2019. The research aims to analyze the trend of burned 
areas in the country. Iraq is selected as study area of the research because of dramatically 
increasing the number of fires in the country. The study found that the lowest amount of 
burned areas were located in the center and southwest, while northeast and north faced 
most of the fires. The trend of burned areas in Iraq was an increase of 71.7 km2 per year, 
and, principally, in the last years, burned areas increased by 1363 km2. The most extensive 
burning areas occurred in the Ninawa Governorate (29%). In 2019, burned areas increased 
to around eight times compared to the yearly average. During 2019, one of the highest 
classes which contain burned area is “Cropland, rainfed” with 4366  km2 burned. High 
maximum air temperature and wind speed are the main factors that contribute to increas-
ing burned areas; however, high precipitation and air pressure lead to a reducing amount of 
burned areas. The rapid increase of fires in the country as a result of burn crop field resi-
dues will lead to worsening air pollution and likely decrease forest area in the future.
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1 Introduction

Wildfires have an important role in the ecological process affecting ecosystems at multiple 
spatial scales. Recent research has concluded that wildfires have become larger in the world 
over the last decades (Miller and Safford 2012). The burned area could lead to the demoli-
tion of vegetation cover with effects on hydrological processes, plant composition and soil 
erosion (Lasko 2019). Wildfires release numerous particles and an enormous number of 
greenhouse gasses such as carbon dioxide  (CO2), carbon monoxide (CO), coarse  (PM10), 
fine-particulate matter (PM). Estimating the burned area is the most important criterion 
that is utilized to calculate biomass destroyed in wildfire (Andela and Van Der Werf 2014). 
The carbon monoxide released to the atmosphere about 32% from burned biomass areas, 
and the carbon dioxide is around 40%. This situation leads to worsening global warming 
(Pathfinder 2007).

Burned area is not only that factor used to calculate biomass consumed, but it also 
depends on pre-existing biomass and burning efficiency (Pathfinder 2007; Zhu et al. 2017). 
Estimation of burned land surface is required to disclose many ecological and scientific 
challenges such as understanding disturbance-driven changes in ecosystem function car-
bon fluxes (Randerson et  al. 2012). The burned land cover impacts on the atmospheric 
chemistry and human health and additionally have effect on the strength of climate-carbon 
cycle feedbacks (N Andela et al. 2017). Wildfires emit around 1.6–2.8 PgC year−1 into the 
atmosphere; this amount equals about 20–30% of present-day fossil fuel burning emission 
(Kloster et al. 2012).

Remote sensing is an important approach to monitoring wildfires. Remotely observation 
data were used to estimate burned area (Mangeon et  al. 2015). Compared to field-based 
measurement approaches, remote sensing techniques have many advantages such as cover-
age of large areas, being noninvasive, collection of data in less accessible regions and cost 
effectiveness (Leblon et al. 2012). Some disadvantages of this method are optical remote 
sensing in cloudy conditions, difficulty in observing burned areas that are smaller than the 
resolution of the sensor and false detection of burned areas by inundation and dark rocks 
(Tansey et al. 2004).

The Moderate-Resolution Imaging Spectroradiometer (MODIS) is used for the activ-
ity of fire product which depends on daily surface reflectance imagery from the Terra and 
Aqua satellite platforms (Lasko 2019). The MODIS data give diurnal data in 36 spectral 
bands, and there are three different spatial resolutions (Mangeon et  al. 2015). There are 
many factors that contribute to forest fires, some of them related to climatic condition. Ert-
ugrul et  al. (2019) established a relationship between 1977, 1985 and 1986 fire seasons 
and the climate values in Çanakkale Region in Turkey. The location of fire look out towers 
analysis as one approach to monitor forest fires in Turkey (Kucuk et al. 2017).

Distribution of vegetated land in Iraq includes forest cover, located in the north and 
northeast of the country. Other area is divided between agriculture area and pasture. Wheat 
and barley are the main crops cover the most agriculture area in the country (Malinowski 
2002). The most fire accident accrues during hot and dry season. However, forests also 
suffer from wildfires, man-made and natural disturbances (Rahimi et  al. 2020). In many 
countries, the forest and farmland fire problem has been evaluated and protected; however, 
many countries have not given attention to the problem of wildfires. Iraq is one such coun-
try, which is suffering from wildfires. In this study, we quantitatively estimate the amount 
of biomass burning from a global burned area product in Iraq. The objective of the research 
is to determine the trend of burned area in Iraq from 2001 to 2019 and select the main 
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climatic factors that contribute to wildfires. The study also investigates at the Governorate 
scale because the overall country picture is not consistent across the country.

2  Materials and methods

2.1  Study area

Iraq shares a border with Jordan and Syria in the west, Saudi Arabia and Kuwait in the 
south, the Islamic Republic of Iran in the east and Turkey in the north as shown in Fig. 1. 
The area of Iraq is about 438,320 km2. A mountainous area is located on the north and 
the east of Iraq, where elevations of 3550 m above sea level are reached. Iraq has also the 
desert area in the south and the west, which covers around 40% of all land (Malinowski 
2002).

The country consists of eighteen governorates, which are divided into two parts. Erbil, 
Dohuk and Sulaymaniyah Governorates are gathered in a federal region in the northern 
part of Iraq, while the other fifteen provinces are located in central and southern Iraq. 
Farmland in Iraq is estimated at 115,000 km2, which accounted for around 26% of the total 
area of the country. The remaining areas are not viable for agricultural use and there are 
some areas located on the extreme northern border with Turkey and Iran is covered by 
forest and woodlands. The total area that cultivated in Iraq is about 60,000 km2, of which 
almost half is located in northern Iraq under rainfed conditions, and permanent grassland 
covers about 35% (Al-haboby et al. 2017).

Fig. 1  Location of the study area
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The climate of Iraq is principally subtropical semiarid type, with a Mediterranean Cli-
mate in the north and northeastern mountainous area. Precipitation in the study area is 
seasonal which starts from November to April in the north and northeast of the country 
(Hameed 2013), while in the middle and south of the country it starts from December to 
February. Mean annual precipitation is recorded as 216 mm. It starts from 100 mm in the 
south and reaches 1200 mm in the northeast. The temperature in winter is around 16 °C 
dropping to 2 °C at night. The summer season is dry and hot with a shade temperature of 
43 °C during July and August (Metz 1990).

2.2  Data

MODIS “MCD64A1” data of burned areas were used in this study (Table  1). Regard-
ing the climatic data, specific humidity was selected from CFSV2 (Saha et al. 2011) and 
we used ERA5 data (Copernicus Climate Change Service (C3S) 2017) for other climatic 
elements, namely, air temperature, maximum air pressure, specific humidity, wind speed 
and total precipitation. Data to each Iraq extracted by use shapefile of countries used from 
“LSIB 2017: Large Scale International Boundary Polygons, Simplified.”

The climatic data and LAI and NDVI indices of the study area were extracted through 
using Google Earth Engine (GEE) Platform and then downloaded to a local computer. 
Extracted data were used for analysis and creating graphs. Wind speed is calculated by 
using Eq. (1) from u component and v component of wind.

2.3  Methodology

Monthly burned area data came from the MODIS MCD64A1 version 6 burned area prod-
uct, collected for each year from 2001 to 2019 using Earth Engine Code Editor (Gorelick 
et al. 2017). “Burned area” product detects post-fire characteristics such as removal of veg-
etation and ash, while “active fire” products detect fires during the time of overpass of a 
satellite (modis-fire.umd.edu 2020). In the current research, we preferred to use the first 
one, which detects the negative effect of the fire on the land such as forest, while the sec-
ond deals with the energy that release from the fire such as temperature. The study selected 
the year 2001 as start of study period because “MCD64A1” product in GEE was avail-
able from November 2000. Then, “BurnDate” layer of the product was selected and the 
data were clipped to the shapefile of the Iraqi border. Annual data were prepared based on 
median of monthly images. Then, burned pixel numbers were extracted for entire study 
area and each governorate. Finally, burned pixels were converted to areas in  km2. Statisti-
cal outputs such as yearly trend and trend during the period (trendp) were computed by 
using Eq.  (2), Theil–Sen approach (TSA) in “zyp” package in R (Bronaugh et al. 2009). 
The significance of the trend was examined by using a Kendall test (Yue et al. 2002) Eq. 3.

where b is the estimation of the slope of the trend and xl is the l th observation.

(1)ws = sqrt((u_com ∗ u_com) + (v_com ∗ v_com))

(2)b = Median

(
xj − xl

j − l

)
∀l < j
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where x1, x2 … xn represent n data points, xj  represents the data point at time j, and S is the 
Mann–Kendall test.

Finally, we assessed relationship between monthly burned areas in Iraq and monthly 
climatic variables and LAI and NDVI vegetation indices. Pearson correlation coefficient 
(Eq.  4) was used to display linear relationship. Results of relationship were displayed 
as scatter plot. P value in the figure demonstrated statistical significance of association. 
Regression line, confidence interval and 95% prediction interval were added to the graph.

where x is variables and y is monthly burned areas. The R value near + 1 means a strong 
positive relationship; a value near − 1 demonstrates a strong negative relationship. Zero 
degree means non-relationship between variables.

3  Results

3.1  The trend of fires in Iraq

Spatial and temporal variability in burned area is considered in the north, northeast, 
south and southeast regions (Fig. 2). Although fire and burnt areas can be condensed or 
even absent from the west and southwest, the rate of fires and burned areas had a gradual 
increase of about 1363  km2 (p =0.034) from 2001 to 2019, especially in the last years. 
The study found that the trend of burned area increases in study area at different extents 
between the years 2001 to 2019. There was a total fire site escalation by the rate of 
71.74 km2 per year in the period of the study.

During the period of the study, the highest amount of burned areas (16,180  km2) 
occurred only in 2019, while the smallest quantity of burned areas occurred during 2012 
(508 km2). The average of burned area in Iraq from 2001 to 2018 was 2010 km2 per year. 
In other words, only in 2019 burned areas increased to around eight times of average of 
burned amount as a reason for numerous crop field fire incidents (Fig. 3).

Some detected burned areas in Iraq were cross-border and related to fires in neighboring 
countries of Iraq. Cross-border burned areas in Iraq usually occurred in the east part with 
Iran and in the north and northwest with Turkey and Syria. The reason is these parts are 
mostly covered by forest, grass or agriculture. In contrast, cross-border fires not occurred 
in the west and south part of Iraq, which located Syria, Jordan, Saudi Arabia and Kuwait in 
these sides of the border. The reason behind it is that mostly these parts of the country are 
desert.

(3)s =

n−1∑
i=1

n∑
j=i+1

sign(xj − xi)

sign
�
xj − xi

�
=

⎧
⎪⎨⎪⎩

1 if xj − xi > 0

0 if xj − xi = 0

−1 if xj − xi < 0

(4)R =

∑
(x − x̄)(y − ȳ)�∑
(x − x̄)2

∑
(y − ȳ)2
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During 2001, cross-border fires occurred between Iraq and Iran close to “Khanaqin” and 
in the north part, burned area crossed border with Syria near “Mahmudia.” During 2007, a 
cross-border fire occurred in the east of Iraq close to “Maidan District.” During 2012, also 
cross-border fires were recorded in the north part with Syria near “Walid” border. During 
2013, some of cross-border fires were recorded with Iran near to “Ahwaz” province in Iran. 
During 2015, cross-border burned area was detected in the north part of the country near 
Turkey border in “Amedi.” During 2017, a big cross-border burned area was detected with 
Iran near “Halabja.” During 2019, burned area was detected in “Bldrwz” district with Iran 
border and the northwest near “Iahribia” border close to “Hasaka” city in Syria.

Fig. 2  Spatial distribution of 
total fires in Iraq from 2001 to 
2019

Fig. 3  The trend of burned areas 
 (km2) in Iraq from 2001 to 2019
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3.2  The trend of fires in Iraqi Governorates

The average annual fires had increased in fifteen out of eighteen Governorates. The high-
est increased trends during the period of the study were found in Missan (240.7 km2, 
p =0.015), Sulaymaniyah (188.7  km2, p =0.112) and Erbil Governorates (128.8  km2, 
p =0.096). In contrast, in Kerbala and Muthanna Governorates burned area did not 
increase and in Basrah the trendp was negative (− 15.8  km2, p =0.939). It means the 
governorate saw a decrease in fire event rates and burnt areas (Fig. 4e). During 2019, 
the most increase of burned areas occurred in Ninewa Governorate. It increased from 
284 km2 as average to 6822 km2. In SalahAlDin, it increased from average of 60 km2 
increased to 2587 km2 and the third highest increase of burned areas in 2019 occurred 
in Diyala Governorate (Fig. 5).

During nineteen years of the study period, Ninewa, Sulaymaniyah and SalahAlDin 
Governorates faced most burned areas with 29, 9.1 and 8.9%, respectively. In contrast, 
fires with a contribution of less than 1% occurred in Anbar, Baghdad, Muthanna, Babil 
and Kerbala Governorates (Fig. 6).

Fig. 4  The trend of burned areas  (km2) in Iraqi Governorates from 2001 to 2019
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3.3  Burned areas in Iraq based on land cover classes

Figure  7 shows 21 land cover classes in Iraq based on CCI-LC 2018 data. Table  2 
shows burned areas in  km2 for each class in Iraq during 2019. In the table, the first 
highest class, which contains burned area with 8553  km2 of burned area, is “Bare 
areas.” Burned areas in this class are mostly located in Nainawa, SalahAlDin and 
Diyala Governorates. The reasons for detected burned areas in this class may be use 
of some areas changed and the incorrect class descriptor in some cases as Fig. 8 dem-
onstrates. Figure  9 displays the correct detection of burned area in Iraq by MODIS 
through comparing Landsat images before and after the fire. The second highest 
burned area class is “Cropland, rainfed” with 4366 km2. The third and fourth classes in 
order of containing highest burned area are “Herbaceous cover” and “Mosaic natural 
vegetation” classes with 1866 and 203 km2, respectively.

Fig. 4  (continued)
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3.4  Relationship between monthly burned area and variables

In Fig. 10, by using “208” points, each of which represents a month from January 2001 
to December 2019, Pearson correlation coefficient is used to assess linear relation-
ship between monthly burned areas and climatic variables and vegetation indices that 
represent fuel of fire. Figure 9 demonstrates that a significant (p value < 0.001) weak 
inverse relationship confirmed between monthly burned areas and sea level air pres-
sure and total precipitation. The effect of low air pressure on decrease in burned areas 
is perhaps explained by low oxygen density in this condition which is necessary for fire. 
Low burned areas are associated with high amount of precipitation and air pressure. 
Relationship of burned areas is positive with maximum air temperature, specific humid-
ity, Palmer Drought Severity Index (PDSI), wind speed. It means high wind and maxi-
mum temperatures lead to an increasing amount of burned areas in the country. The 
highest inverse Pearson correlation appeared with PDSI (R = 0.29; p value < 0.001) and 
then both max air temperature and wind speed (R = 0.27; p value < 0.001). Significant 
relationship is not found between amount of burned area and LAI and NDVI indices 
because burned areas occurred in different vegetation conditions in Iraq.

Fig. 5  Comparison of burned areas in 2019 to an average of 2001 to 2018 for each Iraqi Governorates
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4  Discussion

Over the last two decades, fires are more recurrent and the amount of burned area 
increased per year in the northeast and southeast of Iraq. However, the Muthanna, Ker-
bala and Basrah Governorates did not display an increase. One possible reason is hav-
ing security conditions in the southern governorates, and these governorates are mostly 
desert and have a slight vegetation and agriculture. The study findings of increasing 
trends in the rate of fires and burned areas are comparable to results of the other studies 
in different places. For instance, Westerling (2016) and Dennison et al. (2014) observed 
that tendencies in wildfire and burnt areas were most significant in all forest kinds from 
1984 to 2006.

The results of this study have determined that the least fire-affected areas were in the 
western, center and southwestern parts of the country as the land is typically barren and 
without vegetation. These areas are Babil, Baghdad, Kerbala and Muthanna Governo-
rates. Contrastingly, the areas, which experienced the most fire events, were located in the 
northeast and north of Iraq. These areas had forested mountainous areas and agricultural 
lands. These areas were Ninawa, Kirkuk, Sulaymaniyah and SalahAlDin Governorates. In 
particular, the Ninawa experienced 29% of entire burned areas in Iraq during the study 
period. This outstanding fire rates can be a result of various wheat farms that were burnt by 
various means throughout the study period. Also, drought and hot temperatures are major 

Fig. 6  Percentage of the burned area of each governorate during period 2001 to 2019
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reasons for the ignition of most fires. Iraq experiences high temperatures at the end of 
spring and during summer, which encouraged many fire breakouts in the areas. The detec-
tion of burned area is synchronous with crop harvesting periods. Furthermore, due to the 
deficiency of awareness among population, some of these fires might have begun. During 
2019, Ninawa, SalahAlDin and Diyala Governorates presented great area burned. Whereas 
more burned areas associated with high maximum temperature and low precipitation, cli-
mate change will worsen this problem in the future.

Besides, one of the most significant factors that affect fire rates in the study area is the 
political and security aspect. After 2014, the combating with the Islamic State of Iraq 
and Syria (ISIS) group resulted in the destruction of many areas, especially the north and 
northwestern places of the study area which resulted in the loss and burning of many agri-
cultural lands. The land ownership conflict between different nationalities in Iraq is another 

Fig. 7  Land cover of Iraq based on “CCI-LC” 2018 data
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reason that led to the incident of burning fields, especially during 2018 and 2019. The 
increase in the rate of burned area will eventually have a negative effect on the environment 
and human society through risks of increasing air pollution, decreasing biodiversity and 
decreasing green space within forests in the country. Fires in Iraq should continue to be 
monitored, and the burned area statistics should be reported to relevant agencies responsi-
ble for planning, health and development.

5  Conclusions

Wildfire leads to destroying biomass that could be calculated by estimating burned areas. 
Monitoring the trend of the burned areas and assessing factors that contribute to wildfires 
is an important criterion of earth observation on the global and local scales. The study 
found that the highest amount of burned areas were located in northeast and north of Iraq. 
The trend of burned areas in Iraq was an increase of 71.7 km2 per year during the study 
period. In 2019, burned areas increased to around eight times compared to the yearly aver-
age. One of the highest classes, which contain burned area, is “Cropland, rainfed.” Among 
assessed climatic elements, high air temperature and wind speed are the main factors that 
contribute to increasing burned areas, while high precipitation and air pressure lead to a 
reducing amount of burned areas.

Table 2  Burned areas in Iraq for each land cover classes during 2019

Classes Area  (km2)

Cropland, rainfed 4366
Herbaceous cover 1866
Cropland, irrigated or post-flooding 3
Mosaic cropland (> 50%)/natural vegetation (tree, shrub, herbaceous cover) (< 50%) 91
Mosaic natural vegetation (tree, shrub, herbaceous cover) (> 50%)/cropland (< 50%) 203
Tree cover, broadleaved, deciduous, closed to open (> 15%) 0
Tree cover, needle-leaved, evergreen, closed to open (> 15%) 0
Tree cover, mixed leaf type (broadleaved and needle-leaved) 0
Mosaic tree and shrub (> 50%)/herbaceous cover (< 50%) 5
Mosaic herbaceous cover (> 50%)/tree and shrub (< 50%) 0
Shrubland 20
Deciduous shrubland 1
Grassland 46
Sparse vegetation (tree, shrub, herbaceous cover) (< 15%) 59
Sparse herbaceous cover (< 15%) 4
Shrub or herbaceous cover, flooded, fresh/saline/brackish water 0
Urban areas 15
Bare areas 8553
Consolidated bare areas 3
Unconsolidated bare areas 0
Water bodies 18
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The rapid increase of fires in the country as a result of burn crop field residues will 
lead to worsening air pollution and likely decrease biomass in the future. While more 
burned areas associated with high maximum temperature and low precipitation, climate 
change will worsen this problem in the future. Increasing burned areas in the country lead 
to increase in air pollution and decrease in biomass area. As the highest portion of burned 
areas occurred in rainfed cropland class, it has negative effects on food security in the 
country.

The research has limitations which some of them related to the data used in the obser-
vation such as false detection in the dark pixels and not detect small fires because of the 

Fig. 8  Example of burned culti-
vated land in Nainawa Governo-
rate classified under “Bare areas” 
in CCI-LC 2018

Fig. 9  Example of correct detected burned area by MODIS in Belula, Iraq, during July 2018. a Landsat 
image before the fire, b detected burned area by MODIS, c Landsat image after the fire displays effect of 
burned area
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moderate resolution of the MODIS product compare to “PROBA-V 330 m” burned area 
product or event products from Landsat or Sentinel-2. Other limitations are related to lack 
of availability of ground measurements of the burned area by the government to compare 
with the remotely sensed estimate to establish the accuracy of the product. More research 

Fig. 10  Relationship between monthly burned area in Iraq and monthly maximum air temperature above 
2 m (a), specific humidity height above ground (b), Palmer Drought Severity Index (c), sea level pressure 
(d), total precipitation (e), wind speed at 10 m (f), LAI (g) and NDVI (h). Each plot represents a month 
from 2001 to 2019
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should be performed to better understand factors of increasing burned areas in Iraq by tak-
ing into account the socioeconomic situation and the reduction in agricultural fires with 
increased mechanization.
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