
Proceedings of International Conference on Planning, Architecture and Civil Engineering, 07 - 09 February 2019,      
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh 

1 

 
 
 
 

Land Use and Land Cover Classification of Coastal Districts of 
Bangladesh in a 10m Resolution of Sentinel-2 Satellite Image 

 
 
 
S. ISLAM1, A. H. TANIM2, M. R. A. MULLICK3 

 
1Research Assistant, Center for River, Harbor and Landslide Research Center, CUET, Bangladesh 
(islamsamiul07@gmail.com) 
2Research Lecturer, Center for River, Harbor and Landslide Research Center, CUET, Bangladesh (ahtanim@cuet.ac.bd) 
3Professor, Department of Civil Engineering, CUET, Bangladesh (reazmullick@cuet.ac.bd) 
 
 
 
Abstract 
 
Land Use and Land Cover (LULC) classification are vital for environmental and ecological applications. 
Sentinel-2 is a new generation land monitoring satellite with the advantages of finer spectral capabilities; wide 
coverage and very good spatial and temporal resolution.Sentinel-2 imagery were used for LULC and further 
tested for LULC classification of coastal districts of Bangladesh. The study site is noted for being one of the 
most vulnerable areas for coastal hazards. For the purpose of the study, LULC images were generated using the 
pixel-based Maximum Likelihood Classification (MLC) method. The RGB and NIR bands of Sentinel-2 were 
used for classification and comparison. Total 19 images were used for LULC. The images were handled by 
SNAP v6.0 and ArcGIS 10.3 software. Farther, the classified LULC were validated visually using high-
resolution Worldview-2 satellite. The overall accuracy of Kappa statistics was found 0.89. The classified map 
represented a good quality classified image for the coastal districts of Bangladesh. In the classified image 
cropland was most dominated land use (26.51%) and the least LULC was sandy land (3.74%). In general, using 
the Sentinel-2 satellite images for LULC can meet the requirements of coastal regional applications and can be 
used to obtain more precise information and decision making for that particular region.  
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1 Introduction 
 
The interaction between the land and the ocean is a dynamic process that occurs within the coastal zones produce 
diverse land use. A number of studies depicted that there is a massive change in the Land use and Land cover 
(LULC) especially to urban land in Southeast Asia (Zhao et al., 2006 ; Inoue et al., 2010). The coastal zone is 
directly affected by the flows and currents of the rivers into the sea, by breakers and tides and all these factors 
like many beaches, sandbars, marshland, and mangrove have been formed (Cuong et al., 1992). Particularly for 
low lying delta-like Bangladesh coast, there are numerous tidal inlet, mangrove forests, and coastal sedimentary 
deposits. For effective coastal management the LULC information is effective for vulnerability assessment. 
Satellite images that detail the precise information of Land Use Land Cover (LULC), has advantages over each 
other in terms of the spatial resolution, temporal resolution, spectrum resolution and the radiometric resolution 
(Al-Wassai and Kalyankar, 2013). There are more than 50 satellites are gathering LULC information but many 
of them are not publically available. Among the freely available satellite data; Landsat, MODIS, NASA Earth 
Observation (NEO), NOAA, LANCE, VITO and ESA’s Sentinel Data are mostly used. Most commonly used 
Landsat satellite image has spatial resolution of 30m. For details LULC information, recently launched (22 May 
2015) Sentinel-2 provides reasonable classification accuracy as it provides spatial resolution of 10m and its 
radiometric resolution is 16-bit where Landsat has 8-bit.  The revisit time (temporal resolution) of Sentinel-2 is 
10 days; whereas it’s currently 16 days for Landsat-8. But regional scale LULC mapping there are difficulty 
remained in parameterization, image correction, mosaicking etc. To establish SNAP-GIS integrated approach for 
image classification 
 
2 Study Area 
 
Bangladesh coast exposed to the head Bay of Bengal, a low lying, and micro to macro-tidal coastal environment. 
The coastline stretches about 580 km along diverse geo-morphologically Ganges-Brahmaputra-Meghna (GBM) 
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delta. The coast has a formation of unconsolidated clay, silt and sand mostly formed during the Quaternary 
period. The study area encompasses 16 districts administrative boundaries with area covered about 45826 sq. km, 
31% of the total land area of Bangladesh. Approximately 36 million people dwell in this area with an average 
population density of 800 per sq. km (BBS, 2011). The coastal part of the study area subjected complex 
oceanographic and hydrologic condition i.e. high river discharge from GBM, sedimentation, tide and wind and 
mangrove swamp forest well known as ‘Sundarban’(Jakobsen et al., 2002). Therefore Bangladesh coasts 
contained complex landuse class including coastal sediment, Mangrove forest, grass land, sparse vegetation etc.  

                                                                                                                                                                                                                     

Figure 1. Study area 
 
3 Materials and Methods 
3.1 Landuse and land cover feature extraction 
To carry out the present study for the assessment of the extraction of the LULC features of the coast of 
Bangladesh, remote sensing and ArcGIS were used. The optical images of Sentinel-2 (10m and 20m) covering 
the study area were obtained from Copernicus Sentinel Imagery archive (https://scihub.copernicus.eu/). For 
covering the LULC of the study area, total 19 Sentinel-2 satellite images were retrieved. Due to minimum cloud 
coverage, January and February 2018 images were used. The overall properties of Sentinel-2 images are shown 
in  and process diagram is demonstrated in Fig. 2.  
Table 1 and process diagram is demonstrated in Fig. 2.  

Table 1: Properties of Sentinel-2 Images 
 

Parameter Range 
Product Footprints T45QVE – T46QDK 

Retrieved time 8/01/2018 to 22/02/2018 
Level 2A 

cloud cover 0- 10% 
Solar zenith angle 0-70º 

Sensor view angle 0-10º 
Relative azimuth angle 0-180º 

Ground elevation 0- 2.5 km 
Visibility 5- 120 km 

Water vapor, summer 0.4- 5.5 cm 
Water vapor, winter 0.2- 1.5 cm 

3.1. Surface Reflectance 
Sentinel 2A four bands respectively B02, B03, B04 and B08 can produce RGB color image. Additionally 10m 
resolution native bands B02, B03 and B04, with available surface reflectance at 20m resolution “red edge” bands 
B05, B06, B07, the NIR band B8A and the two Shortwave Infrared (SWIR) bands B11 and B12can be used to 
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produce LULC map. The 60m resolution “coastal and aerosol” band B01 and the band B09 Water Vapor 
absorption region was not applied as they contained no LULC information.  

3.2. Sen2-Cor processing step 
Remote sensing data contains deficiencies from the atmosphere or sensor. The required image correction 
involves in Sentinel 2A are radiometric, atmospheric and geometric correction (Lin, 2013). The images were 
radiometrically and geometrically corrected by the Sen2Cor toolbox of SNAP software. It performs the 
atmospheric, terrain and cirrus correction through the Top-of-Atmosphere (TOA) process.  For atmospheric 
correction four different tasks were performed: Aerosols Optical Thickness (AOT), Water Vapor retrieval (WV), 
terrain retrieval and corrected Bottom of Atmosphere (BOA) for all the bands of Sentinel-2.  
 

Figure 2. Methodology flow chart 
 

3.3. Parameterization of atmospheric correction  
Sen2Cor atmospheric correction algorithm relies on the APDA (Atmospheric Pre-corrected Differential 
Absorption) algorithm (Schläpfer et al., 1998) to retrieve the Water Vapor content from the image. This 
algorithm uses a ratio between band B8A and band B09. The quantification value to convert Digital Numbers to 
Water Vapor column in cm is equal to 1000. The AOT dynamic has been stretched to emphasize and highlight 
the slight AOT variations within the image. In this particular case where sufficient Dense Vegetation Pixel 
(DDV) is available, the AOT variations are on the order of +/- 0.005. The quantification value to convert Digital 
Numbers to AOT is equal to 1000. Sen2-Cor was parameterized as follows: 
 

Table 2: Parameterization of image correction 
 

Parameters Selected type Reason  

Parallelization Auto Processor automatically select the 
atmospheric condition 

DEM usage No As there was not used any supplementary 
DEM for 

Aerosol type Rural ‘Rural’ option is for large area or 
continental 

Cirrus correction Yes Default option was selected as ‘Yes’, 
because cirrus correction is needed for 

image pre-processing 
 
After correction of sentinel images, all the coarse bands i.e., 20m and 60m resolution were resampled to 
10m×10m spatial resolution and composite the bands using ArcGIS 10.3. These images cannot be analyzed as 
until mosaicking for homogenous characterization of all discrete images. Then acquired 19 images were 
processed for mosaicking using 16-bit unsigned integer pixel type to avoid wrong interpretation of LULC. After 
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mosaicking, the land use classification was conducted. Maximum Likelihood approach was used in supervised 
classification. Different key interpretation elements like color, size, shape, tone, texture, and pattern were 
identified for delineating different land use pattern. Finally the study area was classified into eight different 
classes: mangrove, dense vegetation, low vegetation, water body, grassland, cropland, sand with water and built-
up area. Finally, accuracy assessment was conducted using the kappa coefficient technique (Eq. 1). 
 

4 Results and Discussion 
 
Thus, the result describes the different LULC feature classes with overall classification accuracies of 90.00% and 
overall Kappa co-efficient statistical value was found 0.89. The information of LULC is an essential source for 
coastal planning and decision making.  

4.1. Assessment of LULC 
The spatial distribution of the major land use and land cover classes in the study area for the recent year i.e., 
January 2018 is shown in Figure 4. The study area was classified into eight different land classes. They were 
Mangrove forest, highly dense vegetation, less dense vegetation, cropland, water body, sandy land and built-up 
area. 

 Croplands are mainly associated with the agricultural lands and fellow lands. It is the major land class in this 
study area (26.51%).  

 The second most dominated land class is less dense vegetation. It included all types of vegetation (except 
mangrove area) located in a dispersed way. The density here is estimated by the visual identification of the 
classified image. The spatial extent of this land use is estimated at 11537 sq. km. (23.02%).  

 The highly dense vegetation distributed at 4.03% mainly in hill track regions. Mangrove forest along the 
coastline of Bangladesh is the largest mangrove forest in the world (Iftekhar and Islam, 2004). It consists of 
woody and other natural vegetative covers. The mangrove along the coastal area plays an important role to 
reduce the damages and protect the coastal ecosystem, human lives by acting during extreme natural events 
like the cyclone, storm surge, coastal flood hazard etc. (Misra and Balaji, 2015). The estimated spatial 
extended of this mangrove forest is 5077 square km (7.14%). 

 The river and water bodies are also prevailed at significant portion (23%). All the major rivers of Bangladesh 
are discharged to the Bay of Bengal. The tributaries of different rivers were better detracted whereas 30m 
resolution Landsat imagery are difficult to find out.   

 Built-up refers to the land areas where human habitation covered by buildings, infrastructures and other 
utilities associated with livelihood activities (Adeel, 2010). In this study, tourist spots, port, settlements, 
industrial area, roads, rail line etc. are included in build-up area land class. Total build-up area was found by 
LULC process about 7.81% of the total study area. The built-up area is directly proportional to the growth of 
the population of this study area and the increase of better accessibility of daily human needs will accelerate 
the growth of the built-up area.  

 Sand cover comprises sandy beaches, embryo dunes, fore dunes, sand dunes and associated landforms within 
the Nearshore area and char land. The total area of this class is estimated at 3.74% of the total study area. 
Misra and Balaji, (2015) have stated that along the coast of Bay of Bengal; shoaling, diffraction and 
refraction are disturbed by the structures. It also causes erosion on the down drift and accretion on the up-
drift side. In the long run, this may induce severe erosion and accretion. 

 Grassland area appears in light green tone on classified image mostly found along with the dry beds of the 
rivers and their tributaries. Grassland areas are changed seasonally and in a decade. Total 5% area of the 
study region comes under the category which is almost 2000 sq.km. The whole 2000 sq.km area is not fully 
grassland; it is mixed used with grassland.  

 

4.2. Accuracy Assessment 
Accuracy is well defined as the level or degree to which the map is produced to agree with the reference map or 
ground information (Olofsson P, 2013). Total 2000 independent random field validation sample points spread 
over the entire study area were considered for the accuracy assessment. 250 points for each land class were taken 
from high-resolution Google Earth imagery which is a QuickBird image. After collecting the sample dataset, it 
was compared with the classified LULC map. Finally, the overall classification accuracy and kappa coefficient 
was determined by measuring and cross-checking the extract information with the help of confusion matrix 
(Kuhn, 2005). The overall accuracy was 0.9 and Kappa coefficient was 0.89 which indicated a very good LULC 
classification. 
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Figure 3. Proportion of different LULC 
class in study area 

Figure 4. LULC map of the coastal districts of Bangladesh 
 

 
The kappa coefficient (K) equation is following:  
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Where, r     = number of row in cross classification table, Xii   = number of combinations along the diagonal, Xi+ = 
total observation in row I, X+i = total observation in column I, N   = total number of cells 

5 Conclusion 
 
The LULC information in the study area was extracted using the Sentinel-2 optical imagery. Maximum 
Likelihood Classifier (MLC) algorithm of supervised classification technique was applied in ArcGIS 10.3. In this 
study, MLC method provides reasonable classification accuracy which is 0.9 in the kappa coefficient indicate 
high classification accuracy. In the study region, Sentinel-2 satellite data has a potential for LULC mapping and 
spatial database generation which considerably accurate and 10m resolution. Sentinel-2 has also a better 
temporal resolution of 10days than Landsat satellite (16 days). As a result, mapping of different LULC i.e., built-
up land, vegetation detection, water body delineation etc. has more climatic information. Established GIS-SNAP 
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LULC classification method could provide guidance to conduct study for image processing of LULC study. As 
the LULC is a resilience indicator for socio-economic vulnerability, it is expected to incorporate the findings in 
coastal vulnerability assessment of the region.  
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