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Abstract. Forests are cleared to expand residential areas and plantations or change 

the allocation of forest land to non-forest (deforestation). This study aims to create 

a map of the condition of the forest area and find out the areas affected by 

deforestation and determine the rate of change in the forest area in the Taba 

Penanjung District forest area. First data on Landsat 8 images geometric correction 

performed to position image data so that it matches the actual coordinates and 

performing Radiometric Correction is used to correct if an error or distortion occurs 

due to imperfect operation and sensors. NDVI Method is the method used for 

comparing the greenness of vegetation in satellite imagery, which uses band 4 

(Red) and band 5 (NIR), which is processed by ArcMap software. The results of 

this study produced a map of the condition of forest areas and the area of land 

affected by deforestation. Forest turn-over rates were described in the annual trend 

from 2013 to 2018. Furthermore, this research shows that deforestation in the Taba 

Penanjung district has happened in 58% of the total area of 23, 747 ha.  Although 

the deforestation has decreasing value in 2015 by 1.6%, it showed that there were 

increasing values in deforestation rate in 2014, 206, 2017 by 1.4%, 1.9%, and 9.5% 

respectively from the total area of 23, 747 ha. 
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1. INTRODUCTION 

 

Deforestation in Indonesia has increased in recent years. The entire area under the 

moratorium has lost 2.5 million ha of primary forest since 2002 to 2012 [1], [2]. In 

the seven years before the moratorium was announced (2005-2011) total 

deforestation in these areas was 800,000 ha [3]. In the seven years since its entry 

into force (2012-2018), total deforestation has reached 1.2 million ha [4], [5]. The 

average annual deforestation rate in these areas is 97,000 ha for the period 2005-

2011, rising to 137,000 ha for 2012-2018. Although there was a significant decrease 

in deforestation in 2018 compared to previous years for that period (fell to 112,000 

ha for that year), this rate of deforestation is still higher than the average 

deforestation in these areas before the moratorium entered into force. This shows 

that the recent public claims about improved governance in protected areas (such as 

areas under the moratorium) are premature claims [6]. 

During the period 2017-2018, Greenpeace found that there was a slight increase 

in the loss of primary forest in Papua in the moratorium area. Therefore, a 

moratorium is not an effective tool for consolidating deforestation reduction. In 

addition, during the moratorium period (2011 - 2018), data showed that total 
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deforestation in the moratorium area reached 1.2 million ha, while Indonesia's total 

deforestation (inside and outside the moratorium area) reached 4.38 million ha. This 

condition showed that deforestation in the moratorium area is equivalent to 27.4% of 

the total deforestation that occurred in Indonesia [7]. Furthermore, the rate of 

deforestation or forest damage in Bengkulu is already quite high, namely 231.157.75 

hectares of the total forest area of 924,631 hectares, both protection forests, 

conservation and production forests [3],. Based on data from the Bengkulu Province 

Forestry Service alerts earlier, the condition of our forests is worsened by the 

number of forest encroachment activities, illegal logging, land conversion and forest 

fires. Research like [8], [9] also confirmed that there is a problem in forest 

management in Sumatra, especially Bengkulu, so it can’t achieve the best approach 

in managing the forest in Bengkulu.  

Taba Penanjung is one of the districts at Bengkulu Province where the area is 

around 14.838 ha. Based on data, 71 % of forest area in Bengkulu was damaged. It 

is located approximately 30 km from Bengkulu city center, the location is shown in 

Figure 1. Taba Penanjung forest is the upper stream river region of Bengkulu 

Province which guarantees water quality in the downstream. Worse, the condition of 

Taba Penanjung forest is currently run into degradation and it is no longer has a 

function as it should be. Here, we showed the how forest is changed over Taba 

Penanjung District in Bengkulu with the method of NDVI to see the trend of the 

expanding area of deforestation. 

 

FIGURE 1. Taba Penanjung District 

2. MATERIAL AND METHODS 

The Indonesian Forest Zone is determined by the Minister of Forestry in the form 

of a ministerial decree concerning the selection of forest areas and changes in the 

Province. The appointment of forest areas includes areas that are part of the Nature 
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Reserve Area (KSA) and Nature Conservation Area (KPA). Based on Law No. 41 of 

1999 concerning Forestry, forest areas divided into Conservation Forests, Protection 

Forests and Production Forests [10]. In another hand, deforestation is the process of 

removing natural forests by logging for timber or changing the designation of forest 

land to non-forest. It can also be caused by intentional or natural forest fires [11]. 

Gaveau et al., (2009) and Kimberly M & Lisa M (2009) showed that the biggest 

factor that causes deforestation are plantation conversion, illegal logging, forest fire, 

use of firewood. Deforestation detection has been an emerging issue to halt the 

process of forest turns over to protect the sustainable ecology. Some technology 

approach already been used to help the process [14], [15]. Remote sensing is one of 

science or art to identify, observe and measure an object without direct contact with 

the object that involved technology for processing it. The process that occurs in it 

includes the detection and measurement of different wavelengths of radiation 

reflected or emitted from a particular object or material, with which it can be 

identified and categorized in class/type, existing material and spatial distribution 

[16], [17]. Geometric Correction to position image data so that it matches the actual 

coordinates, while doing Radiometric Correction is used to correct if there is an 

error or distortion caused by imperfect operation and sensors [18]. 

The 8 Landsat is the latest satellite consists of two science instruments - 

Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS). These two 

sensors provide seasonal coverage from the global mainland with a spatial resolution 

of 30 meters (visible, NIR, SWIR); 100 meters (heat); and 15 meters (panchromatic) 

[19], [20]. It includes the preprocessing scheme to provide the better result of 

classification. In this research we used NDVI approached to see the classification 

land use over the area. The Normalized Difference Vegetation Index (NDVI) method 

is a method used to compare the greenness of vegetation in satellite images, the 

NDVI method using band 4 (Red) is used to distinguish slopes and vegetation and 

band 5 (NIR) to emphasize the biomass content. NDVI is formulated as follows [21], 

[22]: 

NDVI =  Band 5 (NIR) – Band 4 (Red)        (1) 

            Band 4 (Red) + Band 5(NIR) 

Map layout (Layout) is the last job after inputting data, changing data, analyzing 

data, adding labels, and setting legendary table of contents [23]. Thematic maps are 

a special map designed and presented to show specific themes that are connected to 

a specific geographical area. Thematic maps commonly used in planning include 

cadastral maps (ownership limits), legal land use map design (Zone Map), land use 

maps, population density maps, slope maps, geological maps, rainfall maps and 

agricultural productivity maps [24], [25].  

Taba Penanjung is one of the critical areas in the Air Bengkulu sub-watershed. 

The various land uses in this area affect the watershed and the sustainability of the 

downstream areas. Recently, this area has become a destination for toll road 

construction because of its strategic position. In addition, this area has long been a 

coal mining area which affects waste pollution and sedimentation in rivers. 

Therefore, it is very important to know how the land is used in this area from year to 

year to become the basis for government policy in developing and developing this 

area without endangering the sustainability of other regions [26]. The images used in 

this research were the chain of image from Landsat 8, which already equipped by the 
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cirrus band to reduce the cloud cover over the area of this research. The tile images 

of P125R63 were downloaded for each year to be processed with NDVI. The data 

were collected with the parameter of cloud coverage less than 30% to improve the 

accuracy of NDVI method. The method of NDVI was chosen because its ability to 

defined the density of canopy cover from the plantation in Remote Sensing image 

[21], [22]. This could be the benefit to determine the land cover inside the area of 

interest in this project. Thus would be the future research to see the forest turn over 

on the site. Research such as [27], [28] have proof the efficiency value of this 

method to process remote sensing image.  

This study will utilize remote sensing data, namely Landsat 8 Image data 

downloaded on the Landsat 8 official website, namely https://earthexplorer.usgs.gov 

which is useful for data analysis of points of forest affected by deforestation using 

the Normalization Method Differences in Vegetation or NDVI Indices (Normalized 

Difference Vegetation Index). Can be seen the workflow in this study in Figure 2. 

The required data in this research is Landsat 8 image of Taba Penanjung form 2013 

to 2018. Landsat image has 9 OLI bands and 2 thermal bands, to get the best results 

in image processing accordingly merging several bands. The next step is geometric 

correction and radiometric correction to make the image more representative by 

improving pixel values by considering atmospheric disturbance factors as the main 

source of error using the histogram approach. The input data used in this process is 

the GCP point georeference of the 6 Landsat 8 band image. To get a representative 

map the next step is image cutting followed by the Normalized Difference 

Vegetation Index (NDVI) to analyze vegetation on the earth's surface. The next step 

is image classification process, which is grouping all pixels into groups so that it can 

be interpreted as a specific property. After all the steps are taken, then make a map 

of the distribution of vegetation density with information that is overlaid with 

vegetation maps. Preprocessing was done by using the software of Er-Mapper to 

make the images from the satellite ready to be processed. The band 6, 5, and 4 were 

choose to be composited by the software. Each of bands from the year of 2013, 

2014, 2015, 2016, 2017, and 2018 were proceed to be used for further process. 

Geometric corrections are performed to avoid geometric distortion of the distorted 

image. This can be achieved by determining the relationship between the image 

coordinate system and the geographic coordinate system using calibration data from 

sensors, position and altitude from measurement data, ground control points, 

atmospheric conditions, and so on. The method chosen should be appropriate after 

considering the geometric distortion characteristics and available reference data. 

Unknown parameters defining the mathematical equation between the image 

coordinate system and the geographic coordinate system should be determined using 

calibration data and/or ground control points. Here we are going to use a polynomial 

approach to process the image. The accuracy of the geometric corrections must be 

tested and verified. If the resulting accuracy does not meet the criteria, the method or 

data used should be tested and corrected in order to avoid mistakes. Images that have 

been identified with features on Earth should be produced using resampling and 

interpolation techniques. When the geometric or geometric reference data of the 

sensor is known or measured, theoretically or systematically, geometric distortion 

can be avoided. In general, a systematic correction is sufficient to eliminate all errors 

https://earthexplorer.usgs.gov/
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FIGURE 2. Flowchart of research work 

Radiometric Calibration is the first step that must be done when we are 

processing satellite image data. The main purpose of this radiometric calibration is 

to convert the data in the image which is (generally) stored in the form of a Digital 

Number (DN) into radiance and / or reflectance, or also to brightness temperature 

(for Infrared Thermal channels). Radiometric correction is done because there is an 

error by the sensor and the sensor system on the detector response and the influence 

of a stationary atmosphere. Radiometric correction is carried out to correct or 

distortion caused by imperfect operation and sensors, attenuation of electromagnetic 

waves by the atmosphere, variations in data angles, variations in the angle of 

elimination, angles of reflection and others that may occur, data transmission and 

recording. There are two groups in the implementation of radio metrics namely 

radiometric calibration and. Radiometric calibration is the first step that must be 

taken when processing satellite image data. The main result of radiometric 

calibration is to convert the data in the image stored in the form of a digital number 

(DN) into radiance and / or reflectance. In addition, this radiometric calibration can 

change the digital number to the brightness temperature. In radiometric calibration, 

there are two ways based on increasing data, namely: the first method uses gain and 

offset, the data required is the radiance or reflectance multiple rescaling factor 

(GAIN) and additive rescaling factor offset then the second method uses the 

maximum and minimum radian or reflectance values. Vegetation index is the 

amount of green value of vegetation obtained from digital signal processing of 

brightness value data from several satellite sensor data channels. The process of 
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comparing the brightness of the red light channel (red) and the near infrared light 

channel is carried out for vegetation monitoring. The phenomenon of absorption of 

red light by chlorophyll and reflection of near infrared light by the mesophyll 

network found on leaves will make the brightness values received by satellite 

sensors on these channels much different. On non-vegetation land, including water 

areas, residential areas, open vacant land, and areas with damaged vegetation 

conditions, will not show a high (minimum) ratio value. In contrast, in very tightly 

vegetated areas, with healthy conditions, the ratio of the two canals will be very high 

(maximum). The comparison value of the red light channel brightness with near 

infrared light or NIR / RED, is the value of a vegetation index (simple ratio) that is 

no longer used. This is because the value of the NIR / RED ratio will give a very 

large value for healthy plants. 

3. RESULT AND DISCUSSION 

Classification results of Landsat 8 image in the forest area of Taba Penanjung 

district: 

 

FIGURE 3. Results of Classification of Land Cover of Deforestation of Forest 

Areas in Taba Penanjung District In (a) 2013, (b) 2014, (c) 2015, (d) 2016, (e) 2017 

and (f) 2018 

In Figure 3 shows the results of classification using Landsat 8 image data from 2013 

to 2018, in figure 3 (a) of the 2013 classification results, (b) 2014 classification 

results, (c) 2015 classification results, (d) year classification results. 2016, (e) the 

results of the 2017 classification, and (f) the results of the classification in 2018. The 
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results of the analysis showing the extent of each classification and knowing the 

land cover of each classification can be seen in Table 1. 

TABLE 1.  

The results of analysis Lansat 8 image from 2013-2018 
 

Year Image Pixel Density 

Image 

Pixel 

Amount 

Classific

ation 

Color 

Information Field 
Large 

(Ha) 

2013 

-0.189453721-0.17971028 
16543 

(6%) 
Red 

Bald & Water 

Land 
1,489 

0.17971028 - 0.279224054 
53135 

(20%) 
Orange 

Rice fields & 

bushes 
4,782 

0.279224054 - 0.391578315 
33661 

(13%) 
Yellow 

Shrubs, shrubs 

and fruit trees 
3,029 

0.391578315 - 0.487881967 
68036 

(26%) 

Light 

Green 

Gardens (Rubber 

& Palm Oil) 
6,123 

0.487881967 - 1 
92469 

(35%) 

Dark 

Green 

Trees, shrubs and 

shrubs 
8,322 

TOTAL 263,896  23,745  

2014 

-0.235642567 - 0.193067117 
5749 

(2%) 
Red 

Bald & Water 

Land 
517 

0.193067117 - 0.32809379 
15698 

(6%) 
Orange 

Rice fields & 

bushes 
1,413 

0.32809379 - 0.41248546 
49740 

(19%) 
Yellow 

Shrubs, shrubs 

and fruit trees 
4,477 

0.41248546 - 0.476623129 
98919 

(37%) 

Light 

Green 

Gardens (Rubber 

& Palm Oil) 
8,903 

0.476623129 - 1 
93738 

(36%) 

Dark 

Green 

Trees, shrubs and 

shrubs 
8,436 

TOTAL 263,844   23,746  

2015 

-1 - 0.174509804 
7995 

(3%) 
Red 

Bald & Water 

Land 
720 

0.174509804 - 0.318039216 7995 (6%) Orange 
Rice fields & 

bushes 
1476 

0.318039216 - 0.429803922 
50095 

(19%) 
Yellow 

Shrubs, shrubs 

and fruit trees 
4509 

0.429803922 - 0.499607843 
101024 (38 

%) 

Light 

Green 

Gardens (Rubber 

& Palm Oil) 
9092 

0.499607843 - 1 
88335 

(33%) 

Dark 

Green 

Trees, shrubs and 

shrubs 
7950 

TOTAL 263,847   23,746  

2016 

-0.174449891 - 0.210215376 
11190 

(4%) 
Red 

Bald & Water 

Land 
1007 

0.210215376 - 0.317791256 
24279 

(9%) 
Orange 

Rice fields & 

bushes 
2185 

0.317791256 - 0.40254801 
63624 

(24%) 
Yellow 

Shrubs, shrubs 

and fruit trees 
5726 

0.40254801 - 0.474265263 
78085 

(30%) 

Light 

Green 

Gardens (Rubber 

& Palm Oil) 
7028 

0.474265263 - 1 
86666 

(33%) 

Dark 

Green 

Trees, shrubs and 

shrubs 
7800 

TOTAL 263,844   23,746  

2017 
-0.158734471 - 0.188304466 

13898 

(5%) 
Red 

Bald & Water 

Land 
1251 

0.188304466 - 0.312474361 20680 Orange Rice fields & 1861 
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(8%) bushes 

0.312474361 - 0.411173508 
42909 

(16%) 
Yellow 

Shrubs, shrubs 

and fruit trees 
3862 

0.411173508 - 0.481218065 
97269 

(37%) 

Light 

Green 

Gardens (Rubber 

& Palm Oil) 
8754 

0.481218065 - 1 
89088 

(34%) 

Dark 

Green 

Trees, shrubs and 

shrubs 
8018 

TOTAL 263,844   23,746  

2018 

-0.146711633 - 0.171256905 
15812 

(6%) 
Red 

Bald & Water 

Land 
1,423 

0.171256905 - 0.294550827 
26707 

(10%) 
Orange 

Rice fields & 

bushes 
2,404 

0.294550827 - 0.401621865 
37187 

(14%) 
Yellow 

Shrubs, shrubs 

and fruit trees 
3,347 

0.401621865 - 0.482736288 
74046 

(28%) 

Light 

Green 

Gardens (Rubber 

& Palm Oil) 
6,664 

0.482736288 - 0.680655479 
111580 (42 

%) 

Dark 

Green 

Trees, shrubs and 

shrubs 
10.042 

TOTAL 263,843   23,747  

In Figure 4 shows the results of the analysis of Landsat 8 images from 2013-

2018 which have been carried out by the classification process of NDVI Method, the 

data shows that in 2013 dominated 35% of Very Solid Vegetation Classification 

with an area of 8,322 Ha, 2014 dominated by Vegetation classification Solid with a 

percentage of 37% with an area of 8,903 Ha, in 2015 dominated by classification of 

Solid Vegetation with a percentage of 38% with an area of 9,092 Ha from a total 

area of 23,746 Ha, in 2016 dominated by classification of Very Solid Vegetation 

with a percentage of 33% with an area of 7,800 Ha, 2017 dominated by 

classification Solid Vegetation with a percentage of 37% with an area of 8,754 Ha, 

in 2018 dominated by classification of Very Solid Vegetation with a percentage of 

42% with an area of 10,042 Ha, the following results of data in graphical form can 

be seen in Figure 4. 

 
FIGURE 4. Results of Analysis of Deforestation 
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3.1.GROUND CKECKING 

In the process of checking the field it is useful to determine the success rate of the 

method used, namely the NDVI method and also useful to be a limitation in 

calculating the area of forest and non-forest. Ground check is done by checking the 

area based on Landsat 8 imagery with the actual conditions and record on land 

changes. The method is simply picking the point on the classification process and 

checks the truth on the area based on the position in latitude and longitude on the 

ground. The following are the results of checking the field in the area of Taba 

Penanjung Subdistrict in Table 2. All of the definition of the classification refers to 

the standard process of MoEF of Indonesia, including the definition of forest and 

tree [10]. 

TABLE 2.  

Ground Checking Result 

 
No. Location Figure Image Information 

1. Tj. Raman 

village 

  

y: -3.742715 

x: 102.50115 

Image Classification: 

Bald land 

Field: Coal mining 

2. Tj. Raman 

village 

  

y: -3.73003 

x: 102.458738 

Image Classification: 

Very rare vegetation 

Field: Rice fields 

3. Tj. Raman 

village 

  

y: -3.726213 

x: 102.458926 

Image Classification: 

Rare vegetation 

Field: Rubber plantation 

 

4. Lubuk Sini 

village 

  

y: -3.703153 

x: 102.505679 

Image Classification: 

Solid vegetation 

Field: Trees, shrubs and 

bamboo plants. 
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5. Tj. Raman 

village 

  

y: -3.72886 

x: 102.482878 

Image Classification: 

Very Solid Vegetation 

Field: Tree/forest. 

 

In Table 3 the results of checking the fields show the results of checking that is 

in the real field, by random sampling, then each point that has the coordinates 

coordinated then the coordinates obtained are entered into the Google Earth 

Software. The results of checking this field are as follows. 

 

TABLE 3.  

Field Check Results 

No. Classification Color Type of Land in Field 

1. Red Water, Bald Land, mine coal mine 

2. Orange Bush and Rice Field 

3. Yellow Shrubs, shrubs and fruit trees (Coconut tree, rambutan) 

4. Light Green Palm plantation & rubber plantation 

5. Dark Green Trees and shrubs 

 

The stipulation of the Minister of Forestry Regulation on Procedures for 

Reducing Emissions from Deforestation and Forest Degradation (REDD) stipulates 

that: 

1. Article 1 paragraph 1: Forest is an ecosystem unit in the form of a stretch of 

land containing biological natural resources dominated by trees in the fellowship 

of their natural environment, which cannot be separated from one another. 

2.  Article 1 paragraph 2: Deforestation is the permanent change of forested 

areas to non-forested caused by human activities. 

 

Then from the above provisions and supported by the results of checking the 

fields in Table 3, it was found that forest areas used classification of Very Solid 

Vegetation, whereas for non-forest areas using the limitation of classification of 

Bald Land, vegetation was very rare, vegetation was rare, vegetation was dense, 

determination of classification limits was obtained. from the ground check analysis. 

The following is a graph of the results of the rate of change in forest and non-forest 

area in the Taba Penanjung district forest area. 
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FIGURE 5. Graph of forest and non-forest areas 

In Figure 5 shows the results of the area of forest and non-forest areas. In the 

calculation of forest and non-forest areas there are still shortcomings, such as the 

data used, namely Landsat 8 image data in the Taba Penanjung district area, there 

are still thick clouds, thin clouds which affect the results of the calculations carried 

out, which of the regions the cloud covered means there is still land that cannot be 

analyzed by ArcGIS Software because of the closure of a forest or land area by the 

cloud and affects the process of data analysis performed on ArcGIS Software using 

the NDVI method. 

4. CONCLUSION 

This research have been succeed to establish Thematic Map of forest conditions 

in the Taba Penanjung district area from 2013-2018. For that period, we found 

thatthe area of forest land affected by deforestation in the forest area of the district of 

Taba Penanjung is 13,750 Ha. Forest turn-over rates were described in the annual 

trend from 2013 to 2018. Furthermore, this research shows that deforestation in the 

Taba Penanjung district has happened in 58% of the total area of 23, 747 ha.  

Although the deforestation has decreasing value in 2015 by 1.6%, it showed that 

there were increasing values in deforestation rate in 2014, 206, 2017 by 1.4%, 1.9%, 

and 9.5% respectively from the total area of 23, 747 ha. Furthermore, this research 

also found that there is no reforestration activity during this period of time. This 

research still can be expand to a braoder solution for further decion maker and 

policy. We recommend some research that can be expand from this research are: 

(a)This result still contains area with cloud covered that could be leads to different 

group of the land cover classification, involving the algorithm to reduce the cloud 

would be useful for further research; (b) Some latest classification methods have 

been published while this paper in progress of publication. Further research direction 

could be the using of another method to improve the result of classification with 

Remote Sensing image. (c) This data has limited chunk of the years, further research 

can be processing with additional year backward and forward. 
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