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Abstract. Landsat-8 has various channels that function to identify an object. The vegetation 

index algorithm which is based on remote sensing involves several bands and can describe the 

percentage of canopy and density of vegetation. More than 100 vegetation index algorithms 

and each can be used in accordance with the research objectives. In this paper we will discuss 

the utilization of Landsat-8 metric data with the parameters of Normalized Difference 

Vegetation Index (NDVI) and Normalized Burn Ratio (NBR) and several parameters in metric 

data with various features to produce indications of rapid land change, especially to detect 

changes in tree cover area to lose tree cover and vice versa. For this purpose, the annual 

Landsat-8 metrics data is located in Riau Province. To compare both NDVI and NBR 

parameters, the trial and error method is used and the results are compared visually to the two 

different images of the year. The result is that the NBR parameters with a maximum-70 feature 

and the threshold for tree cover loss and tree cover gain respectively more than -0.1 provide 

tangible results in looking at the tree cover changes in Riau Province. In the analysis, other 

information is needed, for example, a map of the Forest Area to see further whether the 

changes that occur are in the forest area or not, which will certainly provide different treatment. 

1. Introduction 

The Landsat-8 remote sensing data, which were launched in 2013, have a temporal resolution of 16 

days, therefore approximately 23 data will be produced annually. Considering the high volume of data, 

its utilization shall be optimized, among others by establishing metric data in the form of the annual 

time series data made based on layers with various parameters such as Red, Green, Blue, Normalized 

Difference Vegetation Index (NDVI), Normalized Burn Ratio (NBR), NIR, SWIR, etc. A feature is 

made in each of these parameters, among others: minimum, maximum, mean, median, regression, 

standard deviation, etc. Therefore, if the metric data have 7 parameters and each parameter has 7 

features, a total of 49 data will be ready for analysis depending on the research objective.  

Law Number 21 of 2013 concerning Space Activities states that the Agency is obliged to provide 

cloud-free remote sensing data and establish standardization of national remote sensing processing 

methods. To achieve this, a research was conducted to identify rapid land cover change, the results 

could be used as references and used to support the updating of annual land use and land cover which 

are one of the responsibilities of the Indonesian Ministry of Environment and Forestry (MoEF). 
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Therefore, in this case, LAPAN provides annual mosaic Landsat data and metric Landsat data. 

LAPAN also jointly conducts research to obtain information on indications of land cover change, 

especially changes in tree cover area that will help identify changes in land cover. 

Information on changes in land cover is considered to be very important information in supporting 

sustainable national development in Indonesia. Remote sensing technology refers to technology that 

has good temporal and spatial resolution for rapid acquisition with broad coverage, and has spectral 

resolution with certain characteristics that are able to identify the conditions of objects on the surface 

of the earth [1, 2, 3]. 

From the description above, by utilizing the availability of Landsat-8 data, this research aims to 

determine the model for the rapid identification of land cover changes using Landsat-8 metric data to 

obtain indications of tree cover changes. The output is information on tree cover loss, tree cover gain, 

and unchanged land. Tree cover loss is the removal of tree canopy due to human or natural causes, 

including fire and it does not always equal with deforestation [4]. Tree cover gain refers to an increase 

in vegetation canopy in an area as a result of human intervention or natural growth. Information about 

tree cover changes can be applied to identify devegetation and revegetation. 

Large areas are difficult to monitor conventionally, because they are considered ineffective and 

efficient. One of the steps for identifying sustainable land use changes in a large area is by utilizing 

remote sensing technology. Based on temporal and spectral resolutions, remote sensing data can be 

used to extract several geo-biophysical parameters. The parameters used in this research are NDVI and 

NBR.  Hansen [5] states that from the collection of composites, a number of metrics are calculated for 

each band and NDVI. These characterize vegetation attributes such as greenness, phenology and 

surface temperature. In an iterative process with linear model trees, metrics are retained or eliminated 

based on their predictive ability. Therefore, the metric method is the right method for operational 

issues and consistency issues. 

2. Material and Method 

2.1. Study Area 

The study area is Riau province, considering that this province has dynamic land use changes which 

are partly due to the fact that Riau is prone to forest fires [6, 7]. Riau Province is one of the richest 

regions of Indonesia in terms of natural resources, especially forests. However, another factor causing 

a dynamic land use change in this province is the rampant deforestation which has significantly 

reduced its forest area. Land conversion also takes place at a significant scale, with an average of 

160,000 hectares of forest being cleared every year [8].  

  

 
Figure 1. Study area in Riau Province in Sumatera Island Indonesia 

 

The total area for Riau province is 87,023.66 km², which stretches from the slopes of the Bukit 

Barisan to the Strait of Malacca. Riau has a wet tropical climate with average rainfall ranging between 
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2000-3000 millimetres per year, and the average rainfall is approximately 160 days per year. Riau is 

currently one of the richest provinces in Indonesia and is rich in natural resources, 

particularly petroleum, natural gas, rubber, palm oil, and fibres plantations. Extensive logging and 

plantation development in Riau has led to a massive decline in forest cover, and associated fires have 

contributed to haze across the larger region. The study area is shown in red box in figure 1. 

2.2. Data 

The data used in this research are the Landsat-8 metric data (two years data) for Riau Province, the 

first data are the data for 2016 and 2017 while the second data is the data for July 2016-June 2017 and 

July 2017-June 2018. The characteristics of the Landsat-8 data are shown in Table 1.  

 

Table 1. Landsat-8 characteristics 

Band Wavelength Useful for mapping 
Resolution 

(m) 

Band 1 – Ultra Blue 

(Coastal Aerosol) 

0.435 - 0.451 Coastal and aerosol studies 30 

Band 2 – Blue 0.452 - 0.512 Bathymetric mapping, distinguishing soil 

from vegetation, and deciduous from 

coniferous vegetation 

30 

Band 3 – Green 0.533 - 0.590 Emphasizes peak vegetation, which is 

useful for assessing plant vigor 

30 

Band 4 – Red 0.636 - 0.673 Discriminates vegetation slopes 30 

Band 5 - Near Infrared 

(NIR) 

0.851 - 0.879 Emphasizes biomass content and 

shorelines 

30 

Band 6 - Short-wave 

Infrared (SWIR) 1 

1.566 - 1.651 Discriminates moisture content of soil and 

vegetation; penetrates thin clouds 

30 

Band 7 - Short-wave 

Infrared (SWIR) 2   

2.107 - 2.294 The improved moisture content of soil 

and vegetation and thin cloud penetration 

30 

Band 8 - Panchromatic 0.503 - 0.676 15 meter resolution, sharper image 

definition 

15 

Band 9 – Cirrus 1.363 - 1.384 Improved detection of cirrus cloud 

contamination 

30 

Band 10 – TIRS 1 10.60 – 11.19 The 100-meter resolution, thermal 

mapping and estimated soil moisture 

100 * (30) 

Band 11 – TIRS 2 11.50 - 12.51 The 100-meter resolution, Improved 

thermal mapping and estimated soil 

moisture 

100 * (30) 

Source: [9]  

 

The metric data used has NDVI and NBR parameters and each has standard deviation, regression 

coefficient, and max-70 i.e. a maximum of 70% clear pixels NBR, as a determining factor in the 

identification of tree cover change.  

2.3. Method 

Research stages generally selecting suitable parameters and features to show the tree cover change in 

the 2016 and 2017 data, determining the threshold for the two years to show tree cover loss and tree 

cover gain, applying the threshold on the data for July 2016-June 2017 and July 2017-June 2018, and 

the of spatial information indicating land cover changes. The metric data to be examined are NDVI 

and NBR, where; 

https://en.wikipedia.org/wiki/Petroleum
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Rubber
https://en.wikipedia.org/wiki/Palm_oil
https://en.wikipedia.org/wiki/Southeast_Asian_haze
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Those formulas use Red, NIR and SWIR bands, where their characteristics can be seen in Table 1. 

Vegetation is an important component in monitoring ecosystem dynamics [10]. NDVI and NBR 

were selected for this research, NDVI was selected because this vegetation index can show changes in 

the vegetation area [10] and can differentiate vegetation, non-vegetation [11, 12] also in open or 

developed areas [13]. On the other hand, NBR in accordance with its name is widely used for the 

detection of former forest/land fires [14, 15, 16] and [17] uses NBR although he believes that the 

Linear Spectral Mixture Model method is better for his case. The research flowchart is shown in figure 

2. 

 

 Multi Temporal Metrict Landsat-8 Data

Parameter selection:NDVI or NBR

Feature selection

Determination of the threshold

Indicated good result?

Apllied in Riau Province

Y

Indicated good result?

The threshold for identify tree cover change in Riau Province

Y

NBR is better than NDVI Select NDVINSelect NDVI Y

N

Apllied in the other area in

 Riau Province 
N

 

Figure 2. Research flow chart 

 

3. Result and Analysis 

Figure 3 shows the 2016 and 2017 Landsat-8 mosaic images. These two images visually show that 

there is a change in either the tree cover loss (shown by the red circle) or the tree cover gain (shown by 

the blue circle) in a number of locations. This research compares the NDVI and NBR parameters that 

can provide a significant indication of tree cover change. Once selected, the feature and threshold will 

be determined to obtain an indication of changes in vegetation by identifying the changes that occur. 

Key and Benson, 1999 and 2006 in Warner et al (2016) stated that the NBR index which uses the Near 

Infrared Radiance (NIR) and Shortwave Infrared (SWIR) spectral is highly correlated with the field 

data, especially in forest vegetation compared to other indices. He also mentioned that the use of NIR 

and SWIR spectral is also very appropriate for differentiating burnt and unburned land. The decreasing 
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tree canopy and water content after a fire can be well responded by the SWIR spectrum which 

increases its reflectivity. 

 
(a) 

 
(b) 

Figure 3. 2016 Landsat-8 mosaic image (a) and 2017 Landsat-8 mosaic image (b) 

 

Figure 4 shows results for NBR and NDVI in the 1-year metric data. The visual analysis of the 

NBR parameter provides a clear picture of the tree cover change, hence the NBR parameter is selected 

to differentiate the changes in multitemporal data.  

 

 
(a) 

 
(b) 

Figure 4. Application of the NBR (a) and NDVI (b) vegetation index in the Landsat-8 mosaic image 

 

The next step is to select the right feature that provides a good illustration of the change. For that, it 

was tried again by looking visually with the various features applied to NBR such as regression, 

standard deviation, and NBR max-70. Visually, figure 5 shows that the NBR Max-70 indicates 

significant land changes. Hence, the parameters and features of the NBR Max-70 are set as metric data 

used for determining the indication of tree cover change. The next step is analysing the threshold value 

to show tree cover loss and tree cover gain.  

 

 
(a) NBR-Regression 

 
(b) NBR-Std Deviation 

 
(c) NBR-Max70 

Figure 5. Comparison between the results of NBR-regression (a), NBR-standard deviation (b),  

and NBR-Max70 (c) 

 

NBR-Stddev NDVI-Stddev 
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The threshold is determined by trial and error approach. Each change is compared against the 

composite RGB Landsat image shown in Figure 3, hence the places where the changes occur (red and 

blue circles) provide a correct indication of tree cover loss and tree cover gain. Figure 6 shows RGB 

Landsat-8 composite images and the results are subject to the NBR-Max70 formula. The left image is 

for 2016 and the right image is for 2017.  

 

     
(a) 2016 Landsat image and NBR-Max70 (b) 2017 Landsat image and NBR-Max70 

Figure 6. Landsat image RGB composite and NBR-Max70 image for 2016 (a) and 2017 (b) 

 

The histogram on the bottom of the Landsat image at Figure 6, the NBR-Max70 image shows that 

the color of the water body in the image is shown in dark blue, then the vegetation is shown in light 

blue to yellow, and open land is shown in red. To analyse the changes in the 2-year data, the two years 

are overlaid, and the threshold will be identified for each change, namely the tree cover loss and the 

tree cover gain. From the trial and error analysis, the threshold for both is > -0.1. Figure 7 is the result 

of changes from 2016 to 2017. 

 

 
2016 Landsat-8 image 

 
2017 Landsat-8 image 

 
NBR-Max-70>-0.1 

 

Notes: 

 : Tree cover loss 

 : Tree cover gain 

 : No changes 

Figure 7. The tree cover change from 2016 to 2017 as indicated  

by the tree cover loss and the tree cover gain with each threshold > -0.1 

 

Based on the trial, the stated threshold applies to other data, namely for the data of July 2016-June 

2017 and June 2017- June 2018 as shown in figure 8.  

 

 
Landsat-8 Image  

July 2016-June 2017 

 
Landsat-8 Image  

July 2017-June 2018 

 
NBR-Max-70>-0.1 

 

Notes: 

 

 : Tree cover loss 

 : Tree cover gain 

 : No changes 

Figure 8. Tree cover change for July 2016-June 2017 and July 2017-June 2018  

is indicated by tree cover loss and tree cover gain with each threshold > -0.1 

 

This model in other locations in Riau Province is shown in figure 9 that tree cover loss and tree 

cover gain much had happened in the oil palm plantation area. 
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Landsat-8 Image  

July 2016-June 2017 

 
Landsat-8 Image  

July 2017-June 2018 

 
NBR-Max-70>-0.1 

 

Notes: 

 

 : Tree cover loss 

 : Tree cover gain 

 : No changes 

Figure 9. Tree cover change in other locations for July 2016-June 2017  

and July 2017-June 2018 is indicated by tree cover loss and tree cover gain 

 

 
Landsat-8 Image  

July 2016-June 2017 

 
Landsat-8 Image  

July 2017-June 2018 

 
NBR-Max-70>-0.1 

 

Notes: 

 

 : Tree cover loss 

 : Tree cover gain 

 : No changes 

Figure 10. Tree cover change in Riau Province for July 2016-June 2017  

and July 2017-June 2018 is indicated by tree cover loss and tree cover gain 

 

Figure 10 shows the result of the application of the model established in other years in Riau 

Province. The research results show that the tree cover change with the NBR feature Max-70 metric 

data parameter and threshold > -0.1 for each output, i.e. the tree cover loss and the tree cover gain 

produce good results. 

The resulting information can be used to identify, among other things, deforestation and replanting 

in the areas of oil palm plantation. 

4. Conclusion 
Land cover changes can be identified from two annual Landsat-8 metric data using the NBR and 

feature max-70 parameters. The threshold for each tree cover loss and tree cover gain is more than -

0.1. This threshold applies to all years of change in Riau Province.  

The information about tree cover loss and tree cover gain can be used to identify the deforestation 

and the replanting in plantation area as input to analysis rehabilitation on critical land. 

Further suggestions will be tested for all of Sumatera and will also be analyzed to identify other 

thresholds for across Indonesia. 
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