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Abstract 

Deriving land cover information from earth observation satellite data is 

one of the most common applications for environmental monitoring, 

evaluation, and management. Land cover mapping using remotely sensed data 

is more effective when using a robust classification method. In this study, the 

Maximum Likelihood Classification (MLC) method is applied to remote 

sensing data from the European Space Agency’s new Sentinel-2 satellite 

program, which was launched in 2015. MLC method and Sentinel 2 data for 

the date 28 Feb 2019, with a spatial resolution of 10 m were used to in 

capturing land cover utilizing ArcGIS 10.5 software. Four land cover classes 

were recognized in Babil, namely water, vegetation, urban area, and bare soil. 

The results showed that the MLC method is an effective technique with few 

chances of misclassification. The area and percentage for each class were 

calculated; water 107 km
2
 (2%), vegetation 1387 km

2
 (26%), urban area 1866 

km
2
 (35%), and bare soil 1937 km

2
 (37%). This study expected to help the 

urban planners and decision-makers for future development in the study area.  

Keyword: Land cover, Classification, Remote sensing, GIS. 
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(  ّبٍبًبث القوز الصٌبػً MLCرسن خزائظ الغطبء الأرضً ببستخذام طزٌقت التصٌٍف الوْجَ )

(Sentinel-2فً هحبفظت بببل ) 

 الخلاصت

ٌؼذ استخلاص هؼلْهبث الغطبء الأرضً هي بٍبًبث الأقوبر الصٌبػٍت لزصذ الأرض أحذ أكثز 

ست غطبء الارض ببستخذام البٍبًبث التحسس التطبٍقبث شٍْػًب للزصذ ّالتقٍٍن ّالإدارة البٍئٍت. اى درا

الٌبئً أكثز فبػلٍت ػٌذ استخذام طزٌقت تصٌٍف قٌْت. فً ُذٍ الذراست، تن استخذام طزٌقت التصٌٍف 

التببغ لْكبلت الفضبء الأّرّبٍت، ّالذي تن   Sentinel-2( ػلى بٍبًبث القوز الصٌبػMLCًالوْجَ )

، هغ 2103شببط  22للتبرٌخ  Sentinel 2ّبٍبًبث    MLC. تن استخذام طزٌقت 2102إطلاقَ فً ػبم 

تن  ArcGIS 01.2أهتبر فً التقبط الغطبء الأرضً ببستخذام بزًبهج  . 01الذقت الوكبًٍت الببلغت 

التؼزف ػلى أربؼت طبقبث للغطبء الأرضً  فً هحبفظت بببل، ًُّ الوٍبٍ، الغطبء الٌببتً، الوٌطقت 

( ًُ طزٌقت ًبجحت MLCِزث ًتبئج التصٌٍف أى طزٌقت التصٌٍف )الحضزٌت ّالتزبت الؼبرٌت. أظ

كن 011ّفؼبلت. تن حسبة الوسبحت ّالٌسبت الوئٌْت لكل صٌف؛ الوٍبٍ 
2

 40821(، الغطبء الٌببتً  2) 

كن
2

كن  40222(، الوٌطقت الحضزٌت  22) 
2

كن  40381(، التزبت الوجزدة  82) 
2

4(. ستسبػذ  81) 

 ٌبع القزار هي أجل التطٌْز الوستقبلً للوحبفظت.ُذٍ الذراست الوخططٍي ّص

 الغطبء الأرضً، التصٌٍف، التحسس الٌبئً، ًظن الوؼلْهبث الجغزافٍت. الكلوبث الوفتبحٍت: 

1. Introduction 

Deriving land cover and land use (LCLU) information from remotely 

sensed data has become a critical component for effective environmental 

monitoring, evaluation, and management. Accurate and up-to-date land cover 

information is essential to understand and assess the consequences of 

environmental change. Characterizing LCLU over large areas is a fundamental 

task in any environmental, cultural and political study since it provides a 

baseline for governments to undertake and monitor policies that look for 

sustainable livelihoods in harmony with the ecosystems. Remote sensing in 

synergy with image processing makes possible the identification and mapping 

of the land cover system, and then, the assessment and monitoring of the 
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resources at different temporal and spatial scales (Rogan and Chen, 2004). 

After almost four decades of earth observation and development of powerful 

algorithms in mapping LULC, the research continues adapting new approaches 

that lead to its update to be operationally efficient and benefit from the massive 

data available through new technology with open data policy (Gomez et al., 

2016). 

 The recent operation of the satellites Sentinel 2A and 2B of the 

European Union's Earth observation program Copernicus can play a crucial 

role in the new and future generation of LULC maps (Gomez et al., 2016). 

With an increase of the revisit frequency and better spatial resolution imagery -

as never before- the research can improve the lack of production of global and 

regional LULC maps with a _ne scale and up-to-date information. In this 

context, the availability of intra-annual maps can be central in a broad 

spectrum of applications such as forest _re propagation (Navarro et al., 2017), 

crop monitoring (Vuolo et al., 2018), inundation mapping (Kordelas et al., 

2018), and climate change models (Radoux et al., 2014). However, increasing 

the continuity in a time of the characterization of the land cover system over 

large areas by using this new technology can also lead to new operational 

challenges. Especially, in making operationally efficient its production while 

its consistency and accuracy keep high quality (Radoux et al. (2014). The 

synergy of earth observation and image processing has made possible the 

monitoring and identification of the land cover system at a global and regionals 

scale (Rogan and Chen, 2004). Despite the early experience of thematic 

mapping with Sentinel 2 imagery (data from 2015), it has shown potential in a 

different number of applications. Specifically, in the production of a new 

generation of land cover maps on a regional scale and up to date information 

(Kordelas et al. (2018), Vuolo et al. (2018), Navarro et al. (2017)). 
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Traditionally, remote sensing image classification is an automatic 

approach of making LULC mapping where the level of human intervention 

may vary depending on the classification procedure (Rogan and Chen (2004), 

Inglada et al. (2017)). In this context, unsupervised procedures (K means, 

SOM) are attractive for an automatic definition of classes boundaries in 

comparison with supervised classifiers that require the construction of training 

data (Mather and Tso, 2016). However, in the context of classification over 

large areas, high dimensionality, and fast reproduction, unsupervised methods 

can lose effectiveness due to the time-consuming post-processing and 

complexity in the interpretation of clusters (Chen and Gong, 2013). Therefore, 

the better experience with supervised classification over large areas with high 

dimensionality. 

MLC is one of the most commonly supervised classification methods. 

MLC was originated from electrical engineering field of study (Nilson, 1925). 

MLC algorithm is based on statistical assumptions that the statistics for each 

training class in each band should be following Gaussian distribution or 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 belonging to 

that class. A sufficient number of training data should be required for 

calculating the mean and variance of each class (Richards and Richards, 1999). 

Since the first initiation of Landsat satellite in the 1970s, the MLC algorithm 

has become a popular approach for the environment and earth scientists in 

monitoring and deriving physical earth information from remotely sensed data. 

Detecting land cover/land-use changes was probably the most widely used this 

classification technique (Dewan and Yamaguchi, 2009). 



  - كلية التربية الأساسيةالعلمي الافتراضي الدولي الاول / مؤتمر العدد خاص )     الاكاديمية مجلة ميسان للدراسات  

 ( البحث العلمي في ظل الجوائح والازمات  تحديات الواقع وافاق المستقبل )   (0101 -حزيران  – 00 / 01جامعة ميسان( )

 

 
 

This study aims to map the land cover using Maximum likelihood 

classification method and the high-resolution Sentinel 2 data (10 meters) for 

Feb 2019 in Babil governorate.  

 

 

 

2. Methodology 

2.1 Study area 

Babil governorate is one of the provinces in central Iraq (Fig. 1), located 

about 100 km south of Baghdad (Al Khalidy et al., 2010). Its considerate as the 

fifth most populous province in Iraq, with an estimated population of about 

2,200,000, according to the estimates of 2017 (Iraqi Ministry of Planning 

2017). The governorate covers an area of about 5337 km2, which represents 

about 1.2 percent of Iraq. Administratively, it is divided into five main districts 

includes Hilla, Al-Mahawil, Al-Musayyib, Al-Hashimiyah, and Al-Qasim 

(Chabuk, et al., 2019). Babil governorate shares its internal borders with 

Baghdad, Al-Anbar, Karbala, Najaf, Al-Diwaniya and Wasit governorates. 

Babil has many archaeological sites that are tourist attractions, such as, the 

ruins of the ancient city of Babylon, and is believed to contain large reservoirs 

of gas and oil, precious metals, which strengthens the economy of the 

governorate. 
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Figure 1: Location of the study area. 

2.2 Sentinel 2 Imagery 

In this study, Sentinel-2 image was used for the date 28 Feb 2019 with 

10 m spatial resolution. The instruments consider 13 spectral bands in the 

visible, near-infrared and short wave infrared spectral range. The images were 

downloaded by using the online system Copernicus Open Access Hub 

developed by ESA. The imagery was utterly free. The Sentinel-2 mission 

developed by the European Space Agency (ESA) comprises two satellites 

(Sentinel-2A and Sentinel-2B) operating in the same orbit (786 km) launched 

in 2015 and 2017, respectively. A revisit time of 5 days for each satellite can 

be achieved. Sentinel-2 satellites provide high resolution (10 m, 20 m, and 60 
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m) multi-spectral imagery (13 spectral bands) with the swath width of 290 km 

(Feilhauer et al., 2014).  

2.3 Maximum likelihood classifier (MLC) 

 The maximum likelihood classifier is a statistic-based technique, which is 

one of the most widely used classifiers for land cover classification (Erbek et 

al., 2004). According to Richards and Richards (1999), the algorithm is based 

on Bayes’ theorem to calculate the likelihood of every pixel. The MLC 

assumes that each class in each band is normally distributed, and calculates the 

probability distribution if a given pixel belongs to a specific land cover class. A 

given user can define a threshold at which one pixel is assigned to unclassified 

if the probability of that pixel is below the threshold. Due to its simplicity and 

popularity, there are many open-source and commercial software packages 

supporting this classification algorithm such as ArcGIS and QGIS. In this 

study, ArcGIS 10.5 software was used to produce classified land cover maps, 

the methodology flow chart illustrated in Figure 2. 

 

Figure 2: The methodology flowchart for this study. 

 

3. Results and Discussion 
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The Sentinel-2 multi-spectral image was used to map land cover using 

MLC approach in ArcGIS 10.5 software. The input variables include band2, 

band 3, and band 4. After that, use the combination of Sentinel-2 data. Figure 3 

shows the classification result using Sentinel-2 multi-spectral image in Babil 

governorate. Four signature was identified, namely water, urban area, bare soil, 

and vegetation. There are more than 30 training sites collected for each class. 

Then, four land cover classes were identified using the MLC method. The 

results of the classification gave the land cover image for the study area. 

Finally, the area for each chapter class that separately according to the pixel 

geometry and the statistical distribution of pixels in the study area was 

calculated. The area for each class illustrated in Table 1, as well as, the 

percentage was shown in the pie chart (Figure 4). 
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Figure 3: Classification results using MLC and Sentinel 2 data. 

 

Table 1: Area for each land cover class. 

Class Percentage Area (Km
2
) 

Water 2% 107 

Vegetation  26% 1387 

Urban area 35% 1866 

Bare soil 37% 1973 

Total area 5333 Km
2
 

 

Figure 4: Percentage for each land cover class. 

4. Conclusion 

This study illustrates the capability of the Remote Sensing data in 

mapping the land cover. An attempt was made to map as accurate as possible 
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the land cover classes using Sentinel 2 data with a spatial resolution of 10 m, 

namely water, vegetation, urban area, and bare soil.  The results showed that 

the MLC method is an effective technique with few chances of 

misclassification. The area and percentage for each class were calculated; 

water 107 Km
2
 (2%), vegetation 1387 Km

2 
(26%), urban area 1866 Km

2
 

(35%), and bare soil 1937 Km
2
 (37%). The classified images provide detail 

information to understand the land use and land cover of the study area. This 

study expected to help the urban planners and decision-makers for future 

development in the study area. 
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