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ABSTRACT: Vegetation mapping has been mostly carried out using remote sensing imagery. Vegetation index 

and forest cover density (FCD) transformation were frequently used for this purpose. The FCD transformation 

assumes that the vegetation index is less able to distinguish structural composition-related density, so that new 

approach involving several indices at once has been introduced.  Meanwhile, radiometric correction is also strongly 

required for any spectral transformation including FCD. This study aimed to compare the effect of two kinds of 

radiometric correction on the vegetation structural composition in Arjuno-Welirang volcanic areas. East Java, 

Indonesia.  Landsat 8 OLI image dataset which includes blue to mid-infrared and thermal bands were used to 

generate the FCD models. The Landsat dataset was treated with two kinds of radiometric correction, namely 

atmospheric correction with FLAASH and additional topographic correction using SCS+C. To derive FCD map, 

we transformed the original image dataset into Advanced Vegetation Index (AVI), Soil Brightness Index (BI), 

Shadow Index (SI), and Thermal Index (TI) images. We also added NDVI for a comparison. All indices were 

combined in three stages to derive the FCD models. All inputs made use of atmospheric corrected images in one 

treatment, and additional topographic correction in another one. Field surveys were carried out to produce two 

independent types of vegetation density and structural composition data for classification reference and for of FCD 

estimate accuracy assessment.  This study found that in very rough mountainous terrain conditions such as in the 

study area, the FCD transformation was less able to produce maps of structural vegetation composition, since the 

accuracies obtained were only about 30%. However, the use of topographic correction was able to increase the 

accuracy from 29.92% (with atmospheric correction only) to 32.53%. The less accurate estimates of the vegetation 

density and structural composition mainly occurred on the slopes with 40-56% steepness. 

 

1. INTRODUCTION 

 
Remote sensing is able to extract the characteristics of biophysical parameters in land-cover/land-use and vegetation 

studies to build new information in the scope of ecology (Jensen, 2015, Hidayati et al., 2018; Danoedoro, 2019; 

Tesfaye and Awoke, 2021). Many studies of vegetation by mapping have used remote sensing as a data source, 

including mapping the density of the vegetation canopy. (Xue and Su, 2017; Bera et al., 2020). The information 

extraction process can be carried out using digital interpretation and analysis, both with multispectral classification 

(Dimyati et al., 2018) and spectral transformations such as vegetation index and Forest Canopy Density (FCD) 

(Sukarna, 2008; Hartoyo et al., 2019; Abdollahnejad et al., 2020). The FCD transformation was built in the late 1990s 

(Rikimaru et al., 2002) with the assumption that the vegetation index is less able to distinguish structural composition 

with respect to the density of the vegetation canopy, such as paddy fields with mature or mature rice can have a higher 

index value than high density forest (Himayah et al., 2016). FCD uses four biophysical indices and then combines 

them to obtain information on canopy structure and density.  

 

Radiometric correction of remotely sensed images is very important for analyzes that utilize spectral transformations 

(Chavez, 1996; Jensen, 2015) such as FCD and vegetation indices, because mathematical transformations using  either 

uncorrected or corrected input data can give different possible results (Danoedoro et al., 2015; Dewa and Danoedoro, 

2017; Umarhadi et al., 2018). Radiometric correction in general includes simple corrections that rely on information 

from within the image only (Mather and Koch, 2011), or calibration to spectral radiance, atmospheric correction to 

at surface reflectance, and even correction of the influence of topographic position (Mather and Koch, 2011; Jensen, 

2015; Umarhadi and Danoedoro, 2019). By considering the aforementioned studies, this study aimed to compare the 

effect of two kinds of radiometric corrections, i.e. atmospheric correction to at surface reflectance and topographic 

correction, on the results of  vegetation structural composition mapping using FCD transformation in area with 

mountainous topography. 
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2. STUDY AREA: 

 

The study area is located in the Arjuno-Welirang volcanic complex, East Java Province, Indonesia. The study area 

includes volcanic landforms located at the peak, upper slope, middle slope, and part of the footslopes. The slopes range 

from 0-140% and have  elevations between 400-3393 m above sea level. The Arjuno-Welirang area has several forest 

ecosystems, namely hilly dipterocarp forest, upper dipterocarp forest, mountane forest, and ericaceous forest (Tahura 

Raden Soerjo, 2020). The research location also includes protected and production forest areas, as well as plantation 

forests. The predominant vegetation were in the form of tree stands, namely mountain pine (Casuarina junghuniana). 

The Arjuno-Welirang volcanic area has variations in the percentage of canopy cover and in the distribution of structural 

composition. Figure 1 shows the location of the study area. 

 
Figure 1. Study Area, Arjuno-Welirang Volcanic complex 

 

3. METHODS  

 

This study made use of Landsat 8 OLI image dataset which is the most suitable source of data for the FCD modeling, 

due to its complete spectral bands, ranging from blue up to thermal infrared (Rikimaru et al, 2002).  The research 

stages included pre-processing in the form of radiometric correction, which consists of (a) atmospheric correction to 

at-surface reflectance and (b) correction of topographic influence. After that, each data at different level of correction 

was processed using FCD transformation to produce forest cover density map, which is related to variation in 

structural composition. Finally, accuracy comparison of the results was undertaken to see the difference in the effect 

of the two correction levels. We carried out the accuracy assessment by using independent data field observation and 

measurement. 

 

3.1 Image Pre-Processing  

 

We made use of Landsat 8 OLI/TIRS image dataset, which was recorded on June 13, 2020.  This dataset includes all 

bands for FCD transformation processing, i.e.  blue up to middle infrared and thermal channels. The image pre-

processing stage was radiometric correction on Landsat 8 OLI images with two different treatments, namely 

atmospheric and topographic corrections. The atmospheric correction was applied using Fast Line-of-Sight 

Atmospheric Analysis of Spectral Hypercubes (FLAASH) algorithm. The algorithm was chosen because it suppresses 

atmospheric influences such as ozone, aerosols, water vapor in accordance with the study area (Guo and Zeng, 2012;  

Jensen, 2015; Prieto-Amparan et al., 2018). For the topographic correction, we  used the Sun-Canopy-Sensor+C 

(SCS+C) method, which considers various aspects of mountainous topography and canopy structure, and tends to have 

more stable results (Umarhadi and Danoedoro, 2020). Therefore, the input data used for topographic correction was 

the atmospherically corrected image as well as aspect and slope data generated from the ALOS-PALSAR DSM that 

was resampled to 30 meters pixel size.  The aspect and slope were used to produce the illumination value, so that the 

coefficient C could be obtained, and then was applied to the following equation (Riano et al., 2003): 

 𝜌𝐻 =  𝜌𝑇 (
cos α cos 𝜃𝑍 + 𝑐

𝐼𝐿+𝑐
) (1) 

(ρH = corrected at surface reflectance value, ρT = uncorrected at surface reflectance value, α= slope angle, ϴZ =solar 

zenith angle, c = c coefficient, IL = illumination) 
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3.2 Forest Canopy Density Transformation 
 

The atmospherically- and topographically-corrected images were saved in 8-bit format and then converted to TIFF 

format. FCD transformation utilizes four biophysical indices (Rikimaru et al., 2002), namely Advanced Vegetation 

Index (AVI), Bare Soil Index (BI), Shadow Index (SI), and Thermal Index (TI). The four indices were derived to 

produce the FCD model using several steps. First, the AVI and BI produced Vegetation Density (VD); while second 

the SI and TI derived Scaled Shadow Index (SSI). The process of generating the VD dan SSI made use of Principal 

Component Analysis (PCA) and took the PC1s from the two separate processes as VD and SSI respectively. The 

combination of the results of VD and SSI generated  the FCD model with a value range of 0-100%. Based on Rikimaru 

et al. (2002), the indices involved in the FCD transformation were developed using the following equations, where 

Red, Green, Blue, NIR, and SWIR are the blue, green, red, near-infrared and middle infrared spectral bands of the 

Landsat 8 OLI respectively: 

 

 AVI = √(𝑁𝐼𝑅 × (256 −  𝑅𝑒𝑑) × (𝑁𝐼𝑅 − 𝑅𝑒𝑑) + 1)3
 (2) 

 

 BI = 
((𝑆𝑊𝐼𝑅 + 𝑅𝑒𝑑) − (𝐵𝑙𝑢𝑒 + 𝑁𝐼𝑅))

((𝑆𝑊𝐼𝑅 + 𝑅𝑒𝑑) + (𝐵𝑙𝑢𝑒 + 𝑁𝐼𝑅))
 (3) 

 

 SI = √((256 −  𝐵𝑙𝑢𝑒) × (256 −  𝐺𝑟𝑒𝑒𝑛) × (256 − 𝑅𝑒𝑑))3
 (4) 

 

According to Rikimaru et al. (2002),  whose work had been adopted by Himayah et al. (2016) and  Ismail, et. al. 

(2017) the thermal index for FCD transformation was obtained from the thermal band, which was converted to 

spectral radiance Lλ first and then generated to radiant temperature TI:  

 

 Lλ = (Gain × DN) + Bias (5) 

 

 TI = 
𝐾2

𝑙𝑛
 ((

𝐾1

Lλ
) + 1)  K2/ln ((K1/Lλ)+1) (6) 

 

(Lλ = radiance, Gain = Lmax – Lmin / DNmax – DNmin, DN = Digital Number, Bias = Lmin, T = Land surface 

temperature (oC), K1 = Thermal band 1 constant value K2 = Thermal band 2 constant value) 

 

3.3 Accuracy and Structural Composition Assessment 
 

Field work activities consisted of obtaining information on both vegetation canopy density and structural 

composition, which would be used as the basis for FCD classification and accuracy assessment. The vegetation 

canopy density information was obtained using bottom-up photography (Umarhadi et al., 2018; Danoedoro et al., 

2020) to distinguish the percentage of vegetation and non-vegetation objects.  In addition to the bottom-up 

photography of the canopy density, the data collection was also assisted with interpretation using Google Earth 

imagery.  The accuracy assessment made use of 32 samples that were taken independently.  We used Standard Error 

of Estimate (SEE) based on the 95% confidence level  for estimating the accuracy of the FCD model, as shown in 

equation (7).  

 𝑆𝐸𝐸 = √
∑ (𝑦′−𝑦)2𝑛

𝑖

𝑛 − 2
  (7) 

 

(y’ = pixel value of vegetation index, y = field data, n = number of samples, i = i-th sample) 

 

4. RESULTS AND DISCUSSION 

 

4.1.  Atmospheric and Topographic Corrections 

 

The results of atmospheric and topographic corrections showed differences in the distribution of spectral values that 

can be observed visually. Figure 2 shows that the atmospherically corrected image (Figure 2a) has a clearer three-

dimensional impression which is seen in the difference in color and hue of the valley and hill lines. The shadow effect 

reinforces this impression. There was an influence from sunlight causing different hues on the same object for the west 

and east sides of the slopes. The topographically corrected image (Figure 2b) does not show a three-dimensional 

impression and is no longer affected by the sunlight. The same objects on the west and east sides, as well as hills and 

valleys, have hue and color that tend to be heterogeneous. The results of the topographic correction also clarify the 

difference between vegetation and open soil objects. 
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(a) (b) 

Figure 2. Landsat 8 OLI Imagery 654 composite in (a) atmospheric correction and (b) topographic correction 

4.2. Forest Cover Density Modeling 

 

The derivation of VD was controlled by the vegetation index selection, which was then correlated with soil brightness 

index BI. For atmospherically corrected images the correlation between NDVI and BI was 0.742 and for 

topographically corrected images it was 0.82. Therefore, the  NDVI is used as input for making VD. All indices which 

were used to build the FCD models were presented in Figure 3, while the results of setting the minimum and maximum 

ranges for each object in FCD Mapper v2 produced FCD models as shown in Figure 4.  

 

 
 

Figure 3. Example of Landsat 8 OLI-based indices that were used for deriving FCD model. In this picture, all indices 

were processed using atmospheric correction only. 
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(a) (b) 

0 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 

 

Figure 4. Comparison of FCD models using (a) atmospherically corrected and (b) topographically corrected images. 

The color bar in the bottom depicts the FCD classes related to vegetation canopy density and structural composition. 

 

The ITTO/JOFCA (2003) classification has a range of 11 classes from 0 to 100% based on information on canopy 

density and vegetation structure composition. Figure 4 shows the results of the FCD transformation on both images 

with different levels of correction, with a white circle border indicating a savanna object and a black circle representing 

a cloud object. Based on the ITTO/JOFCA classification, there are differences in the classification results between 

atmospheric corrected images (Figure 4a) and topographically corrected images (Figure 4b). The effect of the 

correction in the form of different object hues between the east and west sides for vegetation objects is clearly visible 

in the classification results of the FCD model.  Classification with a density value of 0% is more in atmospheric images 

than topographic images. The mountain peak in the form of a savanna is clearly visible in both images and has a 

classification with a density of 0%. However, in the topographically corrected image, the area of the savanna is 

narrower and has an edge with a classification of 1-40%. Classification with a density of 61-100% is also more varied 

in topographically corrected images. This is influenced by the effect of sunlight on the atmospheric corrected image. 

Before being corrected the topography of the west side has a darker hue, so that the vegetation and soil objects are less 

classified in the atmospheric image.   

 

4.3. Accuracy Assessment 

 

Based on the SEE calculation, this study found that the value of the atmospherically corrected FCD model is 29.16 

while the topographically corrected FCD one reached 28.07. All values are in percent.  These calculated SEE values 

indicated that the topographically corrected image has a smaller error than the topographically uncorrected one. As 

viewed from the maximum accuracy obtained by both models, we also found that the FCD maps could only reach 

relatively low accuracy, i.e. 29.92% for the atmospherically corrected model and 32.53% for the topographically 

corrected one.  These findings were parallel with the results of the SEE calculation.  Table 1 depicts the results. 

 

Table 1. Result of SEE and accuracy assessment of the FCD models 

 

Methods Sum (y’-y)2 SE Max Error Min Error Max Accuracy (%) 

Atmospheric 

Correction 
25509.06 29.16 134.48 70.08 29.92 

Topographic 

Correction 
23645.4 28.07 129.47 67.47 32.53 
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Table 2 provides information on the structural composition and range of percentage of canopy density in the field, as 

compared to the class range of the ITTO/JOFCA classification.  This information is given for atmospherically- and 

topographically corrected FCD models. Class 1 in the FCD model explains that the canopy density is 0% with no 

canopy cover. If seen in the table, some conditions in the field with canopy cover have canopy percentage values, but 

most of the FCD results for atmospheric and topography give class ranges starting from 1.  This was certainly not in 

accordance with conditions in the field. Besides, the structural composition, which is only in the form of canopy 

cover, reached the maximum value of 89.31%; but when it was classified in the FCD model, the category fell down 

into class 10. However, both atmospherically- and topographically corrected FCD models gave a class range from 1 

up class 11, which was not in accordance with the reality in the field.  

 

Mismatches also occurred in varying structural compositions without canopy cover, namely built-up area with grass. 

Conditions in the field gave a canopy density of 0% but the atmospherically corrected FCD model classified it as 

class 5, which means there were vegetation canopy with shrubs at 31-40% density; while the topographically 

corrected FCD model categorized it as class 3, or vegetation canopy with 11-20% density, although the pixel was still 

dominated by grass. Thus, in this case, the topographically corrected FCD model shows condition that was closer to 

the reality in the field. 

 

Table 2. Comparison between field data (structural composition and canopy density) and the results of the FCD 

transformation, for both atmospherically-  and topographically corrected images 

 

 

The accuracy assessment of the atmospherically corrected FCD transformation showed that its accuracy was 

relatively low, which is less than 30%. The FCD model which provides information on canopy density and structural 

composition in this study was not able to accommodate the study area condition, which has a rugged mountainous 

topography. Atmospheric correction was less able to suppress the influence of topographic aspects so that the resultant 

accuracy was lower. After the topographic correction, the FCD model’s accuracy only increased by 2.61% (to 

32.53%).  However, the topographic correction was able to accentuate the difference between vegetation and open 

soil objects in the image, so that the AVI and BI indices used in the FCD could work better. 

In addition, the FCD transformation classified the canopy density and structural composition into 11 different classes. 

Based on Table 2, it can be seen that the results of the FCD transformation were not always in accordance with the 

conditions in the field. Objects without vegetation canopy in the field as well as objects with structural compositions 

that have vegetation coverage in the form of grass, herbs, and shrubs often misclassified. This was because some 

vegetation objects such as plants in rice fields or horticulture were categorized as high density vegetation in the FCD 

model. This can be considered as a shortcoming of the FCD classification results. 

Another problem was that the FCD classes tended to be overestimate as compared to the canopy cover measurement 

in the field, so that the canopy density was classified to the highest class or 11 or very dense. In fact, based on the 

results in the field, the densest canopy cover only reached class 10, which is in the range of 81-90%. This shows that 

FCD modeling using FCD Mapper requires knowledge of the real conditions in the field to determine the right model 

set (Mon et. al., 2012). Comparison between the FCD modeling results different levels of correction, it can be seen 

FIELD REFERENCE FCD MODELING RESULTS USING: 

Field Data Structural 

Composition 

Field Data Canopy 

Percentage 

atmospheric 

correction 

topographic 

correction 

Class Range Class Range 

Herb 0 1 1 

Built-up area 0 1 1 - 5 

Built-up area and grassland 0 5 3 

Built-up area and shrubs 0 1 1 – 4 

Built-up area, herb, and shrubs 0 1 1 

Tree canopy 23.69 – 89.31 1 – 11 1 – 11 

Tree canopy and herb 8.4 – 82.67 1 – 11 1 – 11 

Tree canopy and grassland 33.07 11 11 

Tree canopy and shrubs 36.29 – 79.36 1 – 10 1 – 11 

Tree canopy, herb, and grassland 21.47 – 68.56 1 – 11 1 – 11 

Tree canopy, herb, grassland, and 

shrubs 
30.75 – 35.76 1 – 3 6 – 8 

Tree canopy, shrubs, and herb 23.95 – 68.38 1 – 11 1 – 9 

Tree canopy, shrubs, and grassland 7. 94 – 51.83 1 – 11 1 – 6 
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that the topographically corrected image has a more heterogeneous classification range than that with atmospheric 

correction. This also proved that the topographic correction process could provide without being affected by 

topographic aspects and the direction of sunlight. The topographically corrected FCD models also have classes that 

closer to the real conditions in the field, thus providing higher accuracy.  

The finding previously mentioned was in accordance with the results obtained by Himayah (2016), whose found that 

the use of topographic corrections could increase the accuracy of FCD models from 73.5% to 85.57% and from 72.3% 

to 85.04% with two different dates of recording.  However, the Himayah’s work showed a big difference in accuracy 

as compared to this study’s result.  The difference in topographic roughness between two study areas might be one 

of the reasons.  In addition, based on the error analysis of the slope steepness in the study area, the inaccuracies for 

canopy density and structure composition estimate were the most common when the objects are on slopes with a 

range of 40-56%.  It is also important to note that the distribution of samples could not be ideally achieved due to the 

difficult access to the very rugged terrain. 

5. CONCLUSION 

 

FCD transformation at different levels of radiometric correction gave different accuracy results. The Landsat 8 OLI 

dataset that was only corrected with respect to the atmospheric effect reached an accuracy of 29.92%, while the 

topographically corrected dataset performed a higher accuracy of 32.53%. The results of structural composition 

classification using those two correction levels were  quite different as compared to the real conditions in the field, 

although the topographically corrected-based FCD model was better able to represent canopy density and structural 

composition in the study area with mountainous terrain. Inaccuracies of the classified pixels mostly found in vegetated 

areas at the steeper slopes.  
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