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ABSTRACT: 

 

The aim of this study is to conduct accuracy analyses of Land Use Land Cover (LULC) classifications derived from Sentinel-2 and 

Landsat-8 data, and to reveal which dataset present better accuracy results. Zonguldak city and its near surrounding was selected as 

study area for this case study. Sentinel-2 Multispectral Instrument (MSI) and Landsat-8 the Operational Land Imager (OLI) data, 

acquired on 6 April 2016 and 3 April 2016 respectively, were utilized as satellite imagery in the study. The RGB and NIR bands of 

Sentinel-2 and Landsat-8 were used for classification and comparison. Pan-sharpening process was carried out for Landsat-8 data 

before classification because the spatial resolution of Landsat-8 (30m) is far from Sentinel-2 RGB and NIR bands (10m). LULC images 

were generated using pixel-based Maximum Likelihood (MLC) supervised classification method. As a result of the accuracy 

assessment, kappa statistics for Sentinel-2 and Landsat-8 data were 0.78 and 0.85 respectively. The obtained results showed that 

Sentinel-2 MSI presents more satisfying LULC images than Landsat-8 OLI data. However, in some areas of Sea class Landsat-8 

presented better results than Sentinel-2. 

 

 

1. INTRODUCTION 

Generating LULC image has gained importance in recent years 

for sustainable land management, landscape ecology and climate 

related researches (Turner et al., 2001; Pielke et al., 2011). 

Besides, temporal changes in LULC give us information about 

proper planning and use of natural resources and their 

management (Mejía and Hochschild, 2012). Thus, accurate and 

up to date LULC information is always crucial for a sustainable 

environment. Furthermore, it is important to monitor LULC 

changes periodically in fast growing cities since the urban 

climate can change by the uncontrolled and irregular expansion 

in the cities.  

 

Remote sensing technology is an effective way to monitor the 

changes on Earth. Satellite images have been widely used to 

retrieve LULC images. In particular, various algorithms have 

been developed, and improved accuracies have been obtained 

with the advances in remote sensing technologies and sensor 

types. Sentinel-2 MSI and Landsat-8 OLI are recently operational 

new generation Earth observation satellites, and thus in this case 

study these satellites were selected as data sources. Many studies 

have been conducted using only Sentinel-2 data, only Landsat-8 

data and both together, and so many methods have been applied 

to investigate which method gives better the accuracy results 

(Elhag & Boteva, 2016; Liu et al., 2015; Jia et al., 2014; Pirotti 

et al., 2016; Topaloglu et al., 2016; Marangoz et al., 2017). The 

aim of this study is to generate LULC images from Sentinel-2 

MSI and Landsat-8 OLI data using pixel-based MLC supervised 

classification method, and to reveal which LULC image presents 

better accuracy results. 

 

2. STUDY AREA 

The study area, Zonguldak is located on the coast of Western 

Black Sea region of Turkey (Figure 1). Zonguldak has rugged 
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terrain and it is one of the main coal mining areas in the world. 

Furthermore, it is an important industrial region including four 

thermal power plants, and one of the biggest iron and steel plant 

in Europe. Thus it is important to monitor LULC changes in this 

region. 

 

 
 

Figure 1. Study Area Zonguldak, Turkey (Landsat-8 RGB) 

  

3. MATERIAL AND METHOD 

Sentinel-2 MSI and Landsat-8 OLI data, acquired on 6 April 

2016 and 3 April 2016 respectively, were used as satellite 

imagery in the study. Common bands of those two dataset namely 

Red (R), Green (G), Blue (B) and Near Infrared (NIR) were used 

in the process of classification. The spectral bands and Ground 

Sampling Distance (GSD) values of both satellites are as 

presented in Table 1. 

 
Landsat-8 Specifications Sentinel-2 Specifications 

Bands Wavelength 

(micrometers) 

GSD 

(m) 

Bands Central 

Wavelength 

(µm) 

GSD 

(m) 
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Band 1 0.43 - 0.45 30 Band 2 0.490 

10 
Band 2  0.45 - 0.51 30 Band 3 0.560 

Band 3 0.53 - 0.59 30 Band 4 0.665 

Band 4 0.64 - 0.67 30 Band 8 0.842 

Band 5 0.85 - 0.88 30 Band 5 0.705 

20 

Band 6 1.57 - 1.65 30 Band 6 0.740 

Band 7  2.11 - 2.29 30 Band 7 0.783 

Band 8 0.50 - 0.68 15 Band 8a 0.865 

Band 9 1.36 - 1.38 30 Band 11 1.610 

Band 10 10.60 - 11.19 30 Band 12 2.190 

Band 11 11.50 - 12.51 30 Band 1 0.443 

60  Band 9 0.945 

Band 10 1.375 

 

Table 1. Spectral bands and GSD values of datasets 

 

Before the image classification process, pre-processing steps for 

satellite images were implemented. RGB and NIR bands of two 

datasets are common and thus these four bands were considered 

for layer stacking. For Landsat-8 data, band 2, band 3 band 4 and 

band 5 were layer stacked and then clipped so as to include the 

study area. After clipping, Landsat-8 pan-sharpened image was 

created using High Pass Filtering (HPF) pan sharp algorithm in 

ERDAS software package. Pan-sharpening process was used to 

make familiar the GSD of two datasets. For Sentinel-2 data, the 

same pre-processing steps were implemented except for pan-

sharpening using SNAP software developed by European Space 

Agency (ESA) and its partners. 

 

Five general LULC classes including Water Body, Settlement 

Area, Bare Land, Forest and Vegetation were utilized in this case 

study. For each LULC class, at least 15 samples were collected 

and used for the classification of both images in ERDAS. Same 

training samples were used for both data sets. 

 

MLC is the most common classification method introduced in the 

literature (Benedictsson et al., 1990), and uses the statistics for 

each class in each band as a normally distributed function and 

computes the likelihood of a given pixel belongs to a specific 

category based on the following equation (Elhag & Boteva, 

2016): 

 

g
i
(x) = lnp(wi) -

1

2
ln|Σi| -

1

2
(x-mi)

TΣi
-1(x-mi) 

Where; 

i = class 

x = n-dimensional data (where n is the number of bands) 

p(wi) = probability that class wi occurs in the image and is 

assumed the same for all classes 

|Σi| = determinant of the covariance matrix of the data in class wi 

Σi-1 = its inverse matrix 

mi = mean vector. 

 

4. RESULTS 

Classified Landsat-8 and Sentinel-2 images are presented in 

Figure 2. Due to the spatial resolution of the datasets, general 

classes namely Water Body, Settlement Area, Bare Land, Forest 

and Vegetation were considered as LULC classes.  

 

 

 

 
 

Figure 2. LULC images of the study area; a) Landsat-8 derived 

LULC, b) Sentinel-2 derived LULC 

 

After generating LULC images, accuracy assessment for both 

images was carried out using 460 stratified random points. In 

Table 2, accuracy assessment report is presented. As a result of 

stratified random point evaluation Sentinel-2 derived LULC 

image have higher kappa value (0.85) and overall accuracy 

(88.74%) than Landsat-8 derived LULC. This is just a general 

evaluation, thus these results can vary when using different 

classification methods and statistics for accuracy assessment. 

 
 Landsat-8 LULC Sentinel-2 LULC 

 
User’s 

Accuracy 

Producer’s 

Accuracy 

User’s 

Accuracy 

Producer’s 

Accuracy 

Water Body 97.78 99.44 100.00 100.00 
Settlement 

Area 
70.37 82.61 82.61 90.48 

Bare Land 43.75 36.84 50.00 30.00 

Forest 80.65 78.13 82.71 92.44 

Vegetation 75.58 72.22 84.93 72.94 

Overall 

Accuracy 
83.91 % 88.74 % 

Kappa 

Coefficient 
0.78 0.85 

 

Table 2. Accuracy assessment results for LULC images 

 

5. CONCLUSION 

In this study, LULC images were obtained from Landsat-8 and 

Sentinel-2 data sets using pixel based MLC method, and the 

results were evaluated using accuracy assessment by 400 random 

points. As a result of accuracy assessment, Overall accuracy and 

Kappa coefficient for Landsat-8 derived LULC and Sentinel-2 

derived LULC were 83.91 %, 0.78 and 88.74 %, 0.85 

respectively. Although it seems that Sentinel-2 represents LULC 

better than Landsat-8 generally, this situation can change if 

different classification methods and statistics are used. Although 

a) 

b) 
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overall accuracy for Sentinel-2 derived LULC is better than 

Landsat-8 derived LULC. If some of the parts of the LULC 

images are considered, pan-sharpened Landsat-8 can offer better 

results for some areas in Sea class than Sentinel-2 as it is clear 

from Figure 2. 

 

LULC images are crucial for fast grown cities in order to 

understand the dynamics of urban growth. Satellite imagery is 

one of the main resources to monitor the changes on Earth, 

especially new generation Earth observation satellites such as 

Landsat-8 and Sentinel-2 can be obtained freely, and LULC 

images can be produced in a good temporal resolution. Temporal 

analyses of LULC help city planners and decision makers to 

improve the standards of the cities. 
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