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Abstract  

    Deriving land cover information from satellite data is one of the most common 

applications employed to monitor, evaluate, and manage the environment. This 

study aims to detect the land cover/land use changes and calculate the areas of 

different land cover types in Baghdad, Iraq, for the period from 2015 to 2020, using 

Landsat 8 images. The supervised Maximum Likelihood Classification (MLC) 

method was applied to classify the images. Four land cover types were obtained, 

namely urban, vegetation, water, and barren soil.  Changes in the four land cover 

classes during the study period were observed. The extent of the urban, vegetation, 

and water areas was increased by about 7.5%, 9.5%, and 1.5%, respectively, 

whereas the barren soil area was decreased by about 18.5%. This study shows that 

the MLC classifier is a very effective method to map land cover classes. 

 

Keywords: Remote Sensing; Maximum Likelihood; Supervised Classification; 

Land Cover. 

 

 بعد عن الاستشعار تقنية باستخدام التغيير لاشتقاق الأرضي الاستخدام/الأرضي الغطاء خرائط رسن

الجغرافية الوعلوهات ونظام  

 

 ليلى قيس عباس
 بغداد ، بغداد، العراقجامعة يشدسة، كلية ال،  سداحوالىشدسة 

 ƕƬǘ˱ǁä  
من بيانات الأقسار الرشاعية يعد من اىم و الاستخدام الارضي  اشتقاق معلهمات الغطاء الأرضي    

 التطبيقات الذائعة لسراقبة وإدارة البيئة .ىذه الدراسة تيدف الى كذف التغيرات في الغطاء الأرضي  في مديشة
.اضافة الى حداب مداحات أنهاع مختلفة من الغطاء الأرضي 5151الى  5102بغداد للفترة السستدة من 

 Maximumطريقة   قد طبقت. landsat 8رة الدراسة وباستخدام صهر القسر الرشاعي ضسن فت
Likelihood Classifier  في ترشيف الرهر الى اربع مشاطق غطاء ارضي و ىي السشاطق الحزرية

الدراسة الشتائج أظيرت التغيرات في الأصشاف الأربعة خلال فترة  ،الغطاء الشباتي ،السياه والرحراء القاحلة.
% ،مشاطق السياه 5.2% ، الغطاء الشباتي ازداد بشدبة 5.2وكسا يلي : السشاطق الحزرية ازدادت بشدبة 

 % من السداحة الكلية لسشطقة الدراسة.2..0% و الرحراء القاحلة نقرت بشدبة بشدبة  0.2ازدادت بشدبة 
فعالة في ترشيف خرائط الغطاء  أداة  Maximum Likelihood Classifierىذه الدراسة أظيرت ان طريقة 

 .و الاستخدام الأرضي الأرضي
1. Introduction  

    Over the past years, remote sensing data have been considered as a vital source to map the 

land use/ land cover (LULC), manage the natural resources, and monitor the environment. 
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Various satellite data sources were used in previous land cover classification studies to 

achieve historical trends of the changes in land cover [1]. 

Characterization of LULC over large areas is an essential task in any environmental, cultural, 

and political study because it provides a baseline for governments to take over and monitor 

policies that seek sustainable livelihoods in harmony with ecosystems. Remote sensing (RS) 

and geographic information system (GIS) currently provide new tools for advanced 

ecosystem management [2]. Remote sensing data, coupled with image processing, make it 

possible to identify and map the land cover system and to assess and monitor the resources at 

different spatio-temporal scales and on both global and regional levels [3]. Change detection 

is the process of identifying the differences in the state of an object (or phenomenon) by 

observing it at different times [4]. Change detection is a very essential process to monitor and 

manage urban development and natural resources because it provides a quantitative analysis 

of the spatial distribution of the population of interest [5]. Many automated digital image 

classification techniques have been developed and applied for organizing image datasets into 

classes, based on their spectral properties, using the similarity of spectral characteristics of 

each land surface. Supervised classification learning algorithms are used, for example, to 

classify pixels based on their spectral properties (reflectance values or Digital Number) with 

the selection of training data for each class, which are manually defined by the interpreter [6]; 

[7]. This approach is commonly used in the land classification using remote sensing. MLC 

method is one of the common supervised classification methods that was originated from the 

electrical engineering field of study [8]. 

The expected population increase in Iraq during the coming years and the increase in the 

average human life will possibly lead to the phenomenon of overcrowding in the major cities 

in the country. This is especially true in Baghdad, the capital, which has been clearly 

subjected to increased numbers of workforce newly-opened factories, workshops, etc. This 

would undoubtedly lead to serious environmental and economic impacts on humans and the 

environment at the same time. The estimates indicate that the population of the city exceeded 

6 million people, which led to an increase in the level of population density in the unit area. 

The residents often find other areas to live in or establish various projects, including 

commercial, industrial, and service projects. Because of that, the city expanded at the expense 

of green spaces that were planned to remain green to achieve environmental balance, reduce 

the level of pollution, achieve economic balance, and maintain an appropriate level of food 

production. Consequently, this caused serious economic, social, environmental, and security 

problems. 

This study aims to detect the land cover change in Baghdad, Iraq during the period from 2015 

to 2020. In addition, we calculate the areas of the different land cover types using Landsat 8 

images and supervised MLC. 

2. Materials and Methods 

2.1 Study area 

   The study area is located in the center of Iraq, represented by Baghdad Governorate (the 

capital of Iraq), which is the smallest of Iraq's governorates by area. However, it is ranked 

first among the governorates of Iraq in terms of population, being populated by about 8.4 

million in 2016. Baghdad governorate is located between latitudes 32° 48' – 33° 45' N and 

longitudes 43° 50' - 45° 00' E, as shown in Figure 1. Baghdad is distinguished by the passage 

of the Tigris River through it, dividing it into the two parts of Karkh and Rusafa. 

Administratively, the governorate is divided into many districts, which are further divided 

into sub-districts. Municipally, it is divided into 9 municipalities, which have responsibility 

for local issues [9]. Baghdad is one of the capitals of the world that has suffered from the 

phenomenon of urban growth since the beginning of the fifties of the twentieth century [10]. 

It has faced a growing migration from the countryside to the city due to the peasants leaving 
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their lands to escape from feudalism. A large population waves migrated to it from other Iraqi 

cities for economic, social, and political reasons, which was accompanied by a parallel 

increase of births. 

 
Figure 1-The map of Baghdad city representing the location of the study area. 

  

2.2 Dataset 

Landsat-8 satellite images with spatial resolution of 30m, obtained from U.S. Geological 

Survey (USGS), were used in the study, . The data were collected on yearly basis on March of 

2015 to March 2020 (Table 1). Over the last 40 years, Landsat data provided one of the most 

valuable datasets for mapping and monitoring the Earth's surface [11] and [12].  

 

Table 1- showing the description of the Landsat 8 scenes used in this study. 

Path/Row Date Bands Resolution (m) 

168/37 3/2015 Multispectral 30 

169/37 3/2015 Multispectral 30 

168/37 3/2020 Multispectral 30 

169/37 3/2020 Multispectral 30 

2.2 Maximum likelihood classifier  

     Supervised classification algorithms are usually divided into two major approaches, 

namely parametric and non-parametric classifications. The traditional parametric methods 

(e.g., MLC and Minimum-Distance) are based on statistical assumptions, such as the normal 

distribution of data. This assumption, unfortunately, is not always satisfied with the data. 
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Calculating the area for each class 

Classifingy the Image using MLC method 

Extracting Signature (About 30 for each class) 

Pre-processing (Mosaic; Clip; Band composite) 

Downloading Landsat 8 Images 

Despite having the constraints of statistical assumption, the MLC is considered among the 

most established algorithms for land cover change detection studies [13] and [14]. 

MLC was originated from the electrical engineering field of study [8]. The MLC algorithm is 

based on the assumption that the statistics for each training class in each band should be 

following Gaussian distribution, i.e. bell-shaped distribution. Mean and variance is calculated 

from each training class to form the probability distribution of each pixel in an image. An 

unknown pixel will be assigned to a specific class if it has the highest probability of belonging 

to that class. A sufficient number of training data should be required for calculating the mean 

and variance of each class [15]. 

In this study, the MLC method was used to extract four land cover/land use types using 

ArcGIS 10 based on Landsat 8 images. The methodology flowchart is shown in Figure 2. 

 

Figure 2 - The methodology flowchart for this study. 

 

3. Results and Discussion 

The change detection analysis is a beneficial method to describe the changes in each land 

cover category. In this study, the MLC classification method was applied and the land cover 

was classified into four classes, namely vegetation, water, urban area, and barren soil. ArcGIS 

10.5 software was used to classify the Landsat 8 images, calculate the percentage of the total 

area for each class, and produce the final map shown in Figures 3 and 4. The results obtained 

using the MLC method show that there are noticeable and visible changes in land cover in the 

study area for the period 2015-2020. An increasing trend in vegetation, urban area, and water, 

and reduction in barren soil area were recorded. Table 2 illustrates the percentage area of each 

land cover class. 

For the year 2015, the percentage of each class was as follows: Urban area represents 35.3%, 

vegetation represents 26.7 %, water represents 1.5%, and barren soil represents 36.5 % of the 

total studied area. While, for the year 2020, the percentages were as follows: Urban area 

represents 42.8%, vegetation represents 36.2%, water represents 3%, and barren soil 

represents 18%. Table 2 illustrates the changes in the four land cover classes during the study 

period, which are as follows: urban area increased by about 7.5%, vegetation area increased 

by about 9.5%, water area increased by about 1.5%, and barren soil decreased by about 18.5% 

of the total study area. This study showed that MLC classifier is a very effective method to 

map the land cover classes. Studying and analyzing the land cover changes could be very 

useful to make plans for sustainable development. 
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Table 2-Area and percentage each class, each year in study area with difference between them 

class 

2015 2020 change  

Area (Km2) percentage Area (Km2) percentage Area (Km2) percentage 

Urban area 1824 35.3% 2212 42.8% 388 7.5% 

Vegetation 1382 26.7% 1874 36.2% 492 9.5% 

Water 77 1.5% 145 3% 68 1.5% 

Barren soil 1891 36.5% 943 18% -948 -18.5% 

Total 5174 100% 5174 100%   

 

 

Figure 3-Classification of land cover/ land use for Baghdad city at 2015. 
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Figure 4-Classification of land cover /land use for Baghdad city at 2020. 

 

4. Conclusions 

     Detecting the change in land cover/land use is considered a major field where remote 

sensing is applied to monitor and manage environmental activities. This study demonstrates 

the capability of remote sensing and GIS to capture spatiotemporal data. An attempt was 

made to capture as accurately as possible four lands cover classes as they change through time 

between 2015 to 2020. 

The results show changes in the four land cover classes during the study period; the urban 

area increased by about 7.5%, vegetation area increased by about 9.5%, water area increased 

by about 1.5%, and barren soil decreased by about 18.5% of the total study area. This study 

showed that MLC classifier is a very effective method to map the land cover/land use classes. 
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