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Vegetation biodiversity is one of the most important indicators to evaluate the sustainability of tropical rainforest. It is commonly
described by three essential variables, i.e. richness, heterogeneity, and evenness. That information is frequently collected from periodic
forest inventory using terrestrial method. However, this effort needs a long-time consuming, high cost, and almost impossible to
implement in the area of tropical rainforest with hard accessibility. This study investigates the potential of remote sensing as an
alternative method for mapping vegetation biodiversity in a tropical rainforest. A hybrid approach of remote sensing using medium and
high-resolution images was developed to recognize the attributes of vegetation biodiversity by considering three parameters derived
from remote sensing data, including canopy density (C), crown diameter (D), and tree density (N). The use of a medium resolution
image aimed to categorize vegetation density using Modified Soil-Adjusted Value Index (MSAVI) while a high-resolution image was
utilized to acquire a more detailed spectrum for determining C, D, and N in every class of vegetation density. The relationship between
C, D, N, and richness, heterogeneity, evenness was explained using hierarchical cluster analysis. Our study discovered the attributes of

vegetation biodiversity in a tropical rainforest could be potentially recognized by combining C, D, and N as predictor variables.
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INTRODUCTION

Sustainable forest management (SFM), particularly in
the tropical rainforest area, becomes an important issue in
many countries, including Indonesia. This effort requires
an amount of data and information related to forest
attributes such as stand structure, species composition,
vegetation biodiversity, soil properties, and timber volume
as the basis of planning determination (Castillo-Santiago et
al. 2010). Among those attributes, vegetation biodiversity
is one of the main indicators to evaluate the balance of
ecosystem in the tropical rainforest (Naidu & Kumar
2016). Moreover, it can also be used to assess the success
of natural regeneration (Khaine et al. 2018).

The availability of data and information about
vegetation biodiversity in a tropical rainforest is regularly
obtained from periodic forest inventory (Pocock et al.
2015). 1t is the principal obligation for every manager,
especially in Indonesia. This activity must be conducted
periodically, one a time in ten years to monitor the
dynamics of forest ecosystems, regarding wood production
and natural regeneration. Most importantly, the use of
periodic forest inventory also aims to identify the
endangered tree species which should be conserved
immediately. Unfortunately, the activity of forest inventory

using field surveys generally requires high cost, long-time
consuming, and almost impossible to conduct in the forest
area with great environmental gradient (Sibona et al.
2017). Consequently, this approach is not capable to
measure vegetation biodiversity for those areas which are
not surveyed directly due to the hard accessibility. In
another side, comprehensive information about vegetation
biodiversity is very required for long-term forest planning.
To answer this challenge, the use of remote sensing may
have a potential for supporting periodic forest inventory in
a tropical rainforest, particularly to recognize vegetation
biodiversity, including richness, heterogeneity, and
evenness.

Several literature has documented the advantage of
remote sensing for supporting forest inventory. A study
done by Bergseng et al. (2015) in the boreal forest,
Norwegia reports the application of remote sensing for
forest inventory requires lower cost and more efficient time
than conducting field surveys. Another study conducted by
Dash et al. (2016) in Pinus radiata plantation, New
Zealand explains the utilization of remote sensing can also
observe the forest area located in site with low
accessibility. Furthermore, a study was undertaken by Liu
et al. (2017) in subtropical forest, China demonstrates that
the activity of data collection using remote sensing is
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possible carried out periodically and capable to detect the
forest disturbance earlier. It also has been obviously
recorded in the previous studies the use of remote sensing
is helpful to estimate forest attributes, such as diameter at
breast height in natural forest, Mongolia (Liu et al. 2018);
basal area of Oak forest in western Iran (Ghahramany et al.
2012); and aboveground biomass of subtropical forest in
China (Du et al. 2014). Similarly to those studies, the use
of remote sensing also provides good accuracy for
facilitating forest inventory in the tropical rainforest. A
study conducted by Margono et al. (2012) demonstrates
that the use of remote sensing has a potential contribution
to monitoring forest degradation periodically in tropical
rainforest, Indonesia. Another study was done by Mitchell
et al. (2017) documents that remote sensing is useful to
assess carbon storage dynamics of tropical rainforest in
Indonesia, Vietnam, Malaysia, and Brazil. However, the
accuracy of data derived from remote sensing relatively
varies depending on type of forest, images resolution,
weather, and selected method (Mauya et al. 2015).

This study investigates the potential of remote sensing
as an alternative method for assessing vegetation
biodiversity in a tropical rainforest. A hybrid approach of
remote sensing using two different images resolution,
namely medium and high, is constructed to identify
vegetation biodiversity, covering richness, heterogeneity,
and evenness, with specific attributes. We proposed a
hybrid approach of remote sensing to obtain more detailed
spectrum for assessing the vegetation condition of tropical
rainforest which grew in the various environmental

gradient. In this case, the use of medium resolution images
was directed to identify the environmental gradient in
tropical rainforests while the utilization of high-resolution
images aimed to derive more detailed visualization for
assessing vegetation performance. We suppose the
vegetation biodiversity in a tropical rainforest can be
recognized from remote sensing data.

MATERIALS AND METHODS

Study area

This study was conducted in a tropical rainforest,
located in East Borneo Province, Indonesia. The
geographic positions of this site were 00°34” to 00°55° N
and 115°10" to 115°34" E (Figure 1). It was managed by a
private company with a total concession area of
approximately 54,405 ha. The effective area for timber
production was around 30,730 ha or equivalent to 56.48%
of total managed area. This site had humid condition with
air humidity ranging from 81 to 86%. The average daily
temperature was 27.1 °C with a mean minimum of 24.3 °C
and an average maximum of 29.9 °C. Annual rainfall
during the last 10 years from 2000 to 2010 reached 2,180
mm year . Topography was relatively flat with slope level
varying from 0 to 8%. The majority of vegetation in the
study area was dominated by family Dipterocarpaceae,
consisting of Shorea sp., Hopea sp., and Dryobalanops sp.
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Data collection

A hybrid approach of remote sensing was constructed
to recognize vegetation biodiversity in the study area,
including richness, heterogeneity, and evenness. The term
hybrid was reviewed from the combination of two different
images used to obtain remote sensing data, namely medium
and high resolutions. This approach was relatively similar
to multi-stage remote sensing which combined several
images with having different resolutions. The utilization of
a medium resolution image aimed to classify vegetation
density using Modified Soil-Adjusted Index (MSAVI).
This index was used since it could minimize the effect of
soil on wvegetation signal (Noorian et al. 2016). It was
helpful to reduce the bias of interpretation related to
vegetation conditions due to the impacts of environmental
aspects, particularly from soil conditions. The assessment
of MSAVI was carried out by the correction process of
radiometric and geometry on LANDSAT 8 (Zhang et al.
2019). Afterward, MSAVI was calculated using vegetation
index transformation by following the equation (Meng et
al. 2016):

MSAVI = (NIR-Red) / (NIR+RED+L) x (I+L) (1)

Where; NIR was the near-infrared band reflectance,
RED stated the red band reflectance from a sensor, and L
indicated the soil brightness correction factor. The outcome
of MSAVI would show a number of variation that was
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assumed to represent the gradient of vegetation in a tropical
rainforest. Afterward, it would be categorized into several
classes by considering the data range. Next, the number of
sampling plots was placed proportionally in every MSAVI
category. Total sampling plot of this study was about 166
units. Every sampling plot had a squared design with its
size around 200 m x 200 m.

After the distribution of sampling plots have been
clearly determined, a high-resolution image was selected to
derive a more detailed spectrum (WORLDVIEW-3). It was
directed to assess the vegetation attributes from remote
sensing data, i.e. canopy density (C), crown diameter (D),
and tree density (N). This process was undertaken by
object-based approach (Figure 2). It was a conventional
method where an object was quantified in a specific size
(Blaschke 2010). In this case, the specific size for image
interpretation referred to the size of sampling plot.
Moreover, a supervised multi-spectral classification using
super vector machine (SVM) method was adopted to
estimate canopy density (Xie et al. 2019) while crown
diameter was computed based on the image interpretation
by relatively crown size (Wagner et al. 2018). A similar
technique was also applied to predict tree density by
observing shape, texture, and color (Fadaei et al. 2010).
Then, the vegetation survey by field survey was carried out
to record the type of species and their actual density.

Figure 2. Detail protocol for interpretation of image attributes using a hybrid approach of remote sensing
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Data analysis

Assessment of vegetation biodiversity in the study site
was measured by three indicators, i.e. richness,
heterogeneity, and evenness. Those indicators were
frequently selected to describe plant biodiversity in many
types of forest ecosystems (Pocock et al. 2015; Naidu &
Kumar 2016). Richness was calculated by Margalef index
(R1) while heterogeneity was computed using Shannon-
Wiener index (H’). In another side, evenness was counted
by Pielou index (E). Detail equation of every indicator was
expressed below:

R1=S-1/In (N) (2)
H’> =-3 (ni/N x In ni/N) 3)
E=H/In (S) 4

Where S was a number of species observed, N
described total plant population, and ni represented a
number population of every species. Next, the attributes of
vegetation biodiversity would be classified into three
groups by considering their data ranges, consisting of low,
medium, and high. Furthermore, we also applied a
hierarchical cluster analysis to evaluate the different
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categories of C, D, and N in every vegetation class which
has been categorized by MSAVI. In this context, we tried
to identify the relationship between C, D, N, and richness,
heterogeneity, evenness in each vegetation class (Figure 3).

RESULTS AND DISCUSSION

Classification of vegetation density became the first
stage of forest inventory using remote sensing since it
could help to describe the environmental gradient in the
tropical rain forest. Summarized results of the observation
clearly demonstrated the different vegetation conditions in
the study area. According to the outcome of MSAVI
values, we classified the vegetation density into three
groups, namely low (<0.30), medium (0.31-0.50), and high
(>0.51). The majority area of study site was occupied by a
medium vegetation class, only a few areas were
categorized as low and high vegetation class (Figure 4).
These results indicated that most of area in the study site
had similar conditions relatively, reviewed from the
vegetation density.
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Several different types of stratification were used to
group canopy density (C), crown diameter (D), and tree
density (N). In this study, four different categories were
selected to stratify canopy density, i.e. C1 (10-30%), C2
(31-50%), C3 (51-70%), and C4 (>70%) (Figure 5a).
While, the classification of crown diameter was conducted
using three groups, including D1 (<10 m), D2 (10-20 m),
and D3 (>20 m) (Figure 5b). We used three distinct classes
to organize three density, namely N1 (<100), N2 (100-
200), and N3 (>200) (Figure 5c). Our study revealed there
were only two categories of canopy density in the study
site, i.e. C3 and C4. More than 80% of area had dense
canopy and were categorized into C4. Meanwhile, a
complete classification was showed by crown diameter and
tree density (Figure 5). Based on these outcomes, this study
noted eight combinations of C, D, and N parameters to
identify the pattern of vegetation biodiversity in the tropical
rainforest (Table 1).

Table 1. Combination of C, D, and N for assessing vegetation
biodiversity in the tropical rainforest

. Mean of MSAVI
CDN categories MSAVI category
C3Di1IN1 0.460 Medium
C3D1N2 0.470 Medium
C4DIN1 0.433 Medium
C4D1IN2 0.429 Medium
C4DIN3 0.440 Medium
C4D2N1 0.443 Medium
C4D2N2 0.411 Medium
C4D3N1 0.336 Medium
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Figure 4. Classification of vegetation density in the tropical
rainforest using MSAVI data range from LANDSAT 8
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Vegetation biodiversity was reviewed from three
aspects, namely richness, heterogeneity, and evenness. We
used three categories to classify those attributes, namely
low, medium, and high based on the range values of every
criterion. Results demonstrated the richness was classified
into low (0.5-1.0), medium (>1.0-2.0), and high (>2.0)
while heterogeneity was categorized as low (<1.5), medium
(1.5-3.5) and high (>3.5). In another side, evenness was
also grouped into low (0.1-0.3), medium (>0.3-0.6), and
high (>0.6). Our study observed the distribution of
vegetation biodiversity was dominated by medium class.
However, there were several areas that had vegetation
biodiversity in low and medium classes (Figure 6).
Interestingly, after the outcome of vegetation density was
combined with vegetation biodiversity, it was clearly seen
that the mean of richness, evenness, and heterogeneity in
every vegetation density class was equal relatively (Table
2). But, the number of species in each class was slightly
different wherein total species in high class was greater
than low class. This study found the combination of CDN
had the potential to recognize the pattern of vegetation
biodiversity in the study site (Table 3). Three different
clusters were constructed with the specific combinations of
CDN that indicated the pattern of vegetation biodiversity.

Our study reported the utilization of a medium
resolution image had a potential to identify the vegetation
biodiversity in the tropical rainforest but it still showed
uncertainty outcomes since the variation of vegetation
gradient was looked similar. We supposed that the high
vegetation density with mixed plant species became the
main factor that influenced the low precision of medium
image interpretation. Several studies also recorded the
identical results where the process classification of stand
productivity in the tropical rainforest with a medium
resolution image showed a homogenous condition
relatively (Li et al. 2011; Hame et al. 2013; Noorian et al.
2016). Therefore, many studies suggested examining the
capability of a high-resolution image for mapping
vegetation biodiversity in the tropical rain forest (Jusoff &
Ibrahim 2009; Kim et al. 2011; Wagner et al. 2018). This
study recorded the application of a high-resolution image
with CDN combination provided better outcomes to
identify the pattern of vegetation biodiversity in the tropical
rain forest. It was obviously demonstrated where every
category of vegetation biodiversity had different CDN
attributes.

Our study revealed that using a high-resolution image
was more capable to map the attributes of a tropical rain
forest than a medium resolution image. It is attributed to a
more detailed spectrum for identification of the vegetation
characteristics (Fadaei et al. 2010; Kim et al. 2011), such
as canopy density, crown diameter, and tree density.
Nevertheless, the use of a medium resolution image could
still be used as an option for forest inventory in the tropical
rain forest by considering a better spectral resolution
(Jusoff & Ibrahim 2009). Moreover, using a medium
resolution image with different types of vegetation index
might have the potential to identify the stand productivity
in the tropical rain forest (Miettinen et al. 2014). Then, we
encourage to conduct another study about the use of hybrid
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remote sensing with the combination of medium and high-
resolution images to recognize the pattern of vegetation
biodiversity in other sites of tropical rainforest as
replications for validating this method.
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Table 2. Mean of richness, heterogeneity, and evenness in every
vegetation class

Clusters S E H’ MSAVI CDN

1 1.11 0.76 115 Low C3D1N2, C4D1IN1,
C4D1N3

2 1.19 0.73 119 Medium C3DIN1, C4DIN2,
C4D2N1

3 1.30 0.63 1.17 High CAD2N2, C4D3N1

In the context of tropical rainforest management,
particularly in Indonesia, every forest managers have an
obligation to conduct periodic forest inventory in every 10
years. This activity commonly needs high cost and long-
time consuming since it covers a large area with great
environmental gradient. In fact, there are many forest sites
which not surveyed due to the hard accessibility.
Consequently, the majority of forest managers in tropical
rainforest can not determine the best planning for
supporting sustainable forest management. By using hybrid
remote sensing, we expect the implementation of periodic
forest inventory in tropical rainforest became better
wherein since it can observe overall concession areas
including sites with having low accessibility.

In conclusion, this study concluded that using a hybrid
approach of remote sensing for tropical rainforest inventory
was potentially able to identify vegetation biodiversity in a
tropical rainforest by adopting three specific indicators,
including canopy density, crown diameter, and tree density.
Therefore, the use of this approach could be considered as
an option method for periodic forest inventory in the
tropical rainforest.
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