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ABSTRACT 

 
The study represented the result of land cover classification on the coastal zone and islands of Southwest 

region of Vietnam using Landsat 8-OLI imagery and sampling sites during 2017. The land cover had been 

classified by using the combination of unsupervised and supervised classification algorithms (ISODATA and 

Maximum Likelihood, respectively). Land cover pattern from 147 sampling sites were initially analyzed and 

used to divided the study area into 6 isolated regions for classification. Land cover complexity was used to 

define appropriate algorithm for each single region, as the ISODATA algorithm was applied for homogenous 

region and Maximum Likelihood for much complex region. Synthetic classification result from 6 isolated 

regions had shown 8 land cover types including mangrove forest, natural forest, plantation forest, aquaculture 

water, paddy rice field, perennial plant farm, residential area and water body. Assessment on 147 sampling 

sites showed the overall accuracy was 86,4% and Kappa coefficient was 0.838. The accuracy was generally 

acceptable for the application of this study to establish 1:50.000 scaled map. 

 

 

1. INTRODUCTION 

 

Land cover is the “observed (bio)physical cover of the Earth’s surface” (Di Gregorio 

and Jansen, 2005), as seen from the ground or through remote sensing, including the 

vegetation (natural or planted) and human constructions (buildings, roads, etc.) which cover 

the Earth's surface. Water, ice, bare rock or sand surfaces count as land cover (FAO, 1997). 

Land cover classification using remote sensing is based spectral reflectance measurement and 

assessment when electromagnetic spectrum interacts to various land cover patterns. Such 

approaches using the pixel-based classification methods have been applied globally on coarse 

spatial resolution satellite images, e.g. AVHRR for 1-degree (DeFries and Townshend, 1994) 

to 1km (Loveland et al., 2000) resolution, or MODIS for 1km resolution (Friedl et al., 2002). 

Apart from it, generations of SPOT and Landsat satellite series are applied extensively for 

mapping land cover pattern of large areas (Roberts et al., 2002; Marceau et al., 1990), while 

finer spatial resolution images such as QuickBird, IKONOS,... are generally handled on small 

scale region using object-based approaches in recent years (Chen et al, 2007; Kux and 

Araújo, 2008). 

The study area is usually referred as part of the Mekong Delta (Leinenkugel et al., 

2014; Perera et al., 2010) and particularly emphasized for the mangrove coverage on the 

Cape of Ca Mau (Tong et al., 2004; Van et al., 2015). The study highlighted the details on 

evaluate the land cover on the coastal zone and island of the Vietnam southwest territory 

using fusion of Landsat 8 OLI and sampling sites.  
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2. DATA USED AND METHODS 

 

2.1 Data used 

 

The study area is situated in the southern part of Vietnam. It is located between 

longitudes 103° 26' E and 105° 21' E, and latitudes 08° 17' N and 10° 35' N (Figure. 1). The 

data used included: 

 

Figure 1. The location of the study area and the sampling sites located on the false color 

composite (bands 5, 4, 3) of Landsat 8 OLI imagery. 

- The Landsat 8 OLI imagery (path 126 and row 53, 54) downloaded from USGS via 

http://glovis.usgs.gov/. Scenes were selected at April 21, 2015, with acquired local time from 

10:19:47am to 10:20:11am. The obtained Landsat data are Level 1 Terrain-corrected (L1T) 

product were pre-georeferenced to UTM zone 48 North projection using WGS-84 datum. 

- Ground truthing information from 147 sampling sites implemented during March - 

April and October - November of 2017 by observe current condition of local land cover and 

positioning using handheld GPS devices within the scope of state project coded VT-

UD.01/16-20 of the Vietnam Aerospace Science and Technology Program (2016-2020). Each 

sampling site is assigned for individual emblem, coordinates positioning, describe present 

surrounding environment and photographed (Figure. 1).  

 

2.2 Methods 

 

2.2.1 Data pre-processing methods 

 

Pre-processing methods are applied to create a database for image classification 

procedure. General framework includes value conversation from original digital number 

(DN) to surface reflectance values. The Landsat 8 data user handbook (2016) provides 

corresponding equations for the value conversation with the entire band spectrum. Finally, 

converted images were clipped and mosaicked to fulfill the study area. 

 

http://glovis.usgs.gov/
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2.2.2 Image clasification methods 

 

The study applied two classification approaches, i.e. unsupervised and supervised 

classification for each isolated region depend on the homogeneous or heterogeneous pattern 

of its land cover. The blending pattern of land cover in each isolated region determines the 

number of applied class. The algorithm for the unsupervised and supervised classification is 

ISODATA and Maximum Likelihood, respectively. 

 

2.2.3 Accuracy evaluation method 

 

In the remote sensing classification, the Kappa coefficient was recommended as a 

standard measurement of classification accuracy. The Kappa coefficient was developed by 

Cohen (1960). To interpret the formula of the Kappa coefficient, the following formulation is 

more useful: 
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Where: 

K:  The Kappa Coefficient    P0: Accuracy of observed agreement 

Pc: Estimate of chance agreement  N: Total number of observations 

M: Number of columns (rows) in the error matrix (number of land cover types) 

nii : Observation in column i and row i  (on the main diagonal of the error matrix) 

ni+: Marginal total of row i   n+i: Marginal total of column i 

The Kappa coefficient is always between 0 and 1 and it is divided into 3 groups:  

K ≥ 0.8: Good agreement; 0.4 ≤ K < 0.8: Moderate agreement; K < 0.4: Poor agreement 

 

3. RESULTS 

 

3.1 Building the interpreted keys 

 

Pre-processed data of 147 sampling sites with corresponding land cover classification 

types of the study area, including main objectives and key criteria, is shown in Table 1. 

Table 1. Interpreted keys of study area. 

ID Land cover types 

False color 

composite 

(bands 5, 4, 3) 

Description 

1 Mangrove forest 

 

Mostly distributed on the Cape of Ca Mau and 

other coastal regions. 

2 Natural forest 

 

Scattering on hilly slope and mountain, islands. 

3 Plantation forest 

 

Mostly distributed in National Parks and other 

region, clearl grid architecture with defined 

boundaries. 

4 Aquaculture water 

 

Generally distributed in Ca Mau province, 

parts of Kien Giang province. Intersected by 

mangroves. 
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5 Paddy rice field 

 

Visualized as blue-gray color on false-color 

composited images, usually bordered by 

perennial vegetation and/or residential areas. 

6 
Perennial plant 

farm 
 

Visualized as red color on false-color 

composited images, distributed as elongated 

bands on both two banks of stream channels. 

7 Residential area 

 

Visualized as bright blue color on false-color 

composited images, condensed on both two 

banks of river channels. 

8 Water body 

 

Other sea, lakes, ponds, streams and channels. 

 

3.2 Classification and accuracy evaluation  

 

Due to large extension, the study area is divided into 6 isolated region (Figure 1) based 

on pre-processing data analysis of 147 sampling sites, in order to reduce memory size of 

input image for later classification process. Moreover, in additional to each object has its 

corresponding characteristics as identified in the Table 1, the segmentation into isolated 

regions is a supportive technique to boost the progress and minimize error during 

classification process. Land cover blending pattern and characteristics are the key criteria for 

picking a proper classification approach. Consequently, isolated regions tagged A4, A5, and 

A6 have the considerably homogeneous vegetation covers, including natural forest and 

perennial plant; isolated region A1 is mostly mangrove and fish farms, therefore they are 

classified by the unsupervised classification using ISODATA algorithm in order to produce 

result at higher accuracy. The supervised classification method using Maximum Likelihood 

algorithm is applied for isolated regions tagged A2 and A4 due to theirs complicated 

heterogeneous pattern. Finally, the classified types of each isolated region are composed into 

a synthetic classification map of land cover for the study area. 

In the Table 2, land cover types including mangrove, natural forest, plantation forest 

and perennial plant have the relatively similar spectrum characteristics as red color in the 

false-color composited images and it might affect the accuracy of the classification process. 

Direct and indirect image interpretation using image architecture and geographical 

distribution laws, respectively - are implemented to distinguish them, e.g. thick mangrove 

forest usually has finer texture and distributed only on the coastal zone, natural forest 

disperses on hilly/mountain area, and perennial plant appears as paired bands along stream 

banks. Another misidentification error is fish farms and harvested paddy fields which share 

the fairly similar spectrum characteristics. At the image acquiring time (April 2015), 

harvested paddy fields on high and dry terrain were visualize as color shown in Table 2, 

while lower and flooded fields were completely identical to fish farms. This identification 

issue was corrected and enhanced using the ground truthing information collected from the 

fieldtrip in October - November 2017 during vegetative phase of paddy rice and literature 

maps. 

Statistic of confidential level and calculated Kappa coefficient value for 147 sampling 

sites showed as Table 2. Evaluated result shows the overall accuracy is 86.4% and Kappa 

coefficient value of 0.838 which is sufficient for land cover mapping for the study area 

(Figure 2). 
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Figure 2. Land cover map of the study area. 

Table 2. Statistical result and calculated Kappa coefficient.  

  Classified Data 

R
ef

er
en

ce
 D

a
ta

 

 (1) (2) (3) (4) (5) (6) (7) (8) Total 

Mangrove forest (1) 9 0 0 1 0 1 0 0 11 

Natural forest (2) 0 21 0 0 0 6 0 0 27 

Plantation forest (3) 0 0 6 0 0 0 0 0 6 

Aquaculture water (4) 1 0 0 14 2 0 0 0 17 

Paddy rice field (5) 0 0 0 0 25 2 0 0 27 

Perennial plant farm (6) 0 2 1 0 0 23 4 0 30 

Residential area  (7) 0 0 0 0 0 0 25 0 25 

Water body (8) 0 0 0 0 0 0 0 4 4 

Total 10 23 7 15 27 32 29 4 147 

Where N = 147 

0

9 + 21 + 6 + 14 + 25 + 23 + 25 + 4
P  =  = 0.864

147
 

(10*11) + (23*27) + (7*6) + (15*17) + (27*27) + (32*30) + (29*25) + (4*4) 3458
P = = = 0.16

2 21609147

   c
 

 0.864 - 0.16
K =  = 0.838

1 - 0.16
 

 

4. CONCLUSIONS 

 

The paper presents the land 

cover classification based on 

spectrum characteristics of 

Landsat 8 OLI and preliminary 

evaluation on vegetation cover 

distribution of 147 sampling sites 

for area partition into 6 isolated 

regions in order to improve 

classification accuracy and 

reduce input image size. The 

unsupervised classification 

approach using ISODATA 

algorithm was applied for 

homogeneous pattern area in the 

isolated regions tagged A1, A4, 

A5 and A6, meanwhile the 

supervised classification 

approach using Maximum 

Likelihood algorithm was used 

for heterogeneous pattern area in 

isolated region A2 and A3. 
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Land cover classification process was performed on each isolated region independently 

using corresponding image interpretation keys. Single classified land cover type was post-

processed and joined together for the study area with 8 main types: mangrove forest, natural 

forest, plantation forest, aquaculture water, paddy rice field, perennial plant farm, residential 

area and water body. Confidential level assessment on classification results of 147 sampling 

sites showed overall accuracy is 86.4% and Kappa coefficient value is 0.838, which is 

suitable for land cover mapping of the study area. 
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