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Abstract: Climate change may alter tree species’ distribution, which could impact on forest biodiver-
sity. However, frequent and continuous surveys of forests need intense labor and are time-consuming.
The current study utilized SENTINEL-2 images of Geomunoreum to solve this problem as a case
study. Acquired images were converted into various indices, such as the normalized difference
vegetation index (NDVI), which could be an efficient method to examine the diversity in forests over
time. In the current study, the images were obtained in March and April from 2017 to 2021. As a
result of analysis using NDVI images of the study area taken from the satellite, vegetation groups
were classified into evergreen trees and deciduous trees. This implies that NDVI using extracted data
from SENTINEL-2 images could be used for surveying large-scale examinations for tree classification
in order to observe variations caused by climate change in an efficient and cost-effective manner.

Keywords: image analysis; remote sensing; RGB image; satellite image; vegetation survey

1. Introduction

Global warming is threatening life on the earth, because it causes frequent and intense
unanticipated environmental changes, such as drought, precipitation, and storms [1–3].
To mitigate global warming, the management of forests is an effective solutions [4,5]. The
major factor of global warming is CO2, and reducing the gas concentration is essential to
slow global warming [6,7]. Forests hold a significant amount of CO2 and offer a habitat for
many species [8,9].

Forests can be broadly categorized into mixed forests and monocultural forests. A
mixed forest is a forest in which at least two botanical genera trees occur. On the other
hand, only one botanical genera tree occurs in a monocultural forest. A mixed forest is
more efficient than a monocultural forest. Researchers have suggested that mixed forests
could be a larger buffer than monocultural forests against environmental changes [10].
The effect of 20 tree species in subtropical forests in southeast China has been studied,
showing that the total carbon stocks increase 6.4% by adding a tree species. Additionally,
more diverse species live in mixed forests [11] because these environments offer a diverse
environment for life. Additionally, they have strong resistance to various disasters, such as
landslides and wildfire. Initially, mixed forests are strong in landslides. Usually, evergreen
trees are shallow-rooted, whereas deciduous trees are relatively deep-rooted. Therefore,
mixed forests are advantageous in their vast soil retention, which yields resistance to
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landslides [12]. Secondly, mixed forests have resistance to wildfire. Flammability and
resistance to fire are different in each species that comprise the forest. Thus, increasing
the species diversity in forests could reduce the possibility of wildfires [13]. For instance,
admixing broad leaves with conifers increases the resistance to fire more than pure conifer
forest [14]. Their findings are supported by the observation that diverse species complement
ecological trait and allow to reduce fuel and food resources.

Therefore, constructing a mixed forest is an efficient solution to prepare for global
warming threats. Naturally, the composition of the forest achieves a stable state by succes-
sion, where a relatively stable plant community dominates the plant population that suits
each environment [15,16]. Nevertheless, the human management of a forest for climate
change adaptation and mitigation strategies is effective [17]. Therefore, human forest
management is needed.

The first step for creating mixed forests is seizing the vegetation of the target region.
However, direct vegetation surveys are labor-intensive and time-consuming. Additionally,
selecting sample regions for vegetation surveys could lead to erroneous results. Therefore,
deciding the region for the survey has to carried out carefully. Using satellite images is
a reasonable option which replaces direct vegetation surveys or helps select appropriate
sample regions for vegetation surveys.

In this study, the target region was Goemunoreum on Jeju Island. Jeju Island is
covered with 368 monogenetic volcanic cones, called ‘oreum’ in the Jeju dialect [18]. This
region has important geological value, containing well-preserved volcanic landforms [19].
Additionally, its vegetation is reported as a forest composed of warm-temperate plant
species and evergreen broad-leaved forests [18,20].

To confirm the vegetation of Geomunoreum, using the Sentinel-2 normalized differ-
ence vegetation index (NDVI) and RGB images, we distinguished two vegetation groups:
evergreen and deciduous (including grassland). The NDVI is generally recognized as a
good indicator for determining vegetation canopy biophysical properties [21,22]. Some
recent studies have used deep-learning models to classify the region [23–25]. However,
they did not consider specific vegetation groups as in our approach. We focused on the
different biophysical properties between these two groups immediately after winter and
successfully distinguished these groups’ vegetation regions by using NDVI on the sample
region, Geomunoreum.

2. Materials and Methods
2.1. Study Area

The study area was Geomunoreum (33◦45′62′′ N, 126◦72′03′′ E; altitude 456.6 m),
located in Seonheul-ri, Jocheon-eup, Jeju-si, Jeju-do, Republic of Korea, which is one of
most visited places by tourists. The area has been actively surveyed by the government,
and the actual survey data are available. We could compare the actual survey with our
satellite-image-based approach. Figure 1 shows the study area which was obtained by
OpenStreetMap, using QGIS (Quantum Geographic Information System). In this study, we
used the UTM-52N (EPSG:32652) coordinate system. Similarly to other forest areas, the
borders of Geomunoreum are not clear. We used the functionality of QGIS to find a region
bounding points in green. The region was assumed to be the area of Geomunoreum, as
indicated by the purple line in Figure 1. The left bottom region in green did not belong
to Geomunoreum; therefore, we excluded this region. The line between two regions is a
road, which means that it is easy to approach Geomunoreum by car using the road. The
easiness to approach by tourists means that the ecosystems near Geomunoreum can be
harmed, which will eventually affect global warming. It is urgent to monitor the changes
of forests in Geomunoreum over time. Moreover, an automatic and accurate technique for
monitoring the ecosystems of Geomunoreum is required, which will be a future study that
can be performed with the government.
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Figure 1. The study area, Geomunoreum, is located on Jeju Island in South Korea. The width and
height of the study area are 1450 m and 1342 m, respectively.

2.2. Data Collection

Images of Geomunoreum were obtained from the Sentinel hub EO browser, where
Sentinel-2 satellite images are maintained and publicly available. Sentinel hub provides
an Application Programming Interface (API) which enables a program to automatically
download images that Sentinel-2 satellite has obtained, being operated as an Earth ob-
servation task from the Copernicus Program that collects optical images at 10 m to 60 m
resolution over land and coastal seas. It revisits the same place every 10 days. Images
from the Sentinel-2 satellite are processed in level-0, level-1, and level-2, and each level is
classified further into specific categories such as A, B, and C. Different image corrections
are applied to these levels. Only L1C (level-1C) and L2A (level-2A) images are publicly
available. When a satellite captures images over land, it is not easy to handle these images
in the presence of clouds. Thus, we used L2A type images because they were processed
based on L1C images by applying atmospheric corrections. We excluded the days of cloudy
weather where the satellite was unable to capture the land. The images were obtained
from 2017 to 2022. Specific dates are as follow; 12 April 2017, 18 April 2018, 24 March 2019,
23 March 2020, and 24 March 2021.

2.3. Classification of the Vegetation Area by NDVI Value

The envelope of Sentinel-2 satellite images varies according to the resolution. We used
the highest resolution (10 m) which contained spectral bands of 2, 3, 4, 8, TCI (True Colour
Image), etc. We used band 4 (red light, RED) and band 8 (near-infrared light, NIR) images
in order to calculate NDVI, as shown in Equation (1).

NDVI value =
NIR− RED
NIR + RED

(1)

According to the equation, the NDVI value ranged from−1.0 to 1.0. For the study area,
however, no image existed that had an NDVI value of less than 0. This can be understood
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by the fact that the study area was clipped based on OpenStreetMap, in which only the
green region remained.

The study area had four distinct seasons. In this study, evergreen refers to the region
where most tree species keep their leaves during all four seasons; deciduous is the region
where leaves tend to fall off at maturity, usually in autumn; grassland is an area of land
where vegetation is dominated by grasses. In order to examine the classification criteria,
we collected images in winter and summer in the same year. Due to the unavailability
of 2017, 2018, and 2022 in Sentinel hub, only 2020 and 2021 were successfully collected.
Figure 2 shows the comparison of NDVI images in winter in the first column and summer
in the second column for 2020 and 2021. For 2021, the image in August was not available;
therefore, we used the image for September. The green area of the summer image was
subtracted from the winter image to obtain the area of deciduous trees; and the green area
of deciduous trees was calculated from the area of the summer image to determine the
evergreen tree area based on NDVI with confirmation from experts who had screened
this area. After subtraction, the NDVI threshold (0.6) was set based on the results. In
this case, the green area of deciduous trees could contain the grass area. The manual
survey map for Geomunoreum is publicly available from the Korea Forest Service (https:
//map.forest.go.kr/forest (accessed on 21 October 2022)). We confirmed the correctness of
our criteria based on Figure S1 in the Supplementary Materials.
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3. Results and Discussion

Three types of information of Geomunoreum from 2017 to 2021 are depicted in
Figures 3–6; RGB images, corresponding NDVI images calculated from each RGB im-
age, and NDVI histogram where the X-axis represents the NDVI values and the Y-axis
represents the frequency of the values. It was hard to find significant differences over
the years by observing these images. Additionally, in the NDVI value histogram, the
distributions and means of NDVI values were similar for five years. However, the ratio
of color pixels of the evergreen and deciduous areas of the region shows some difference.
We counted these pixels based on the NDVI value threshold, as mentioned in the previous
section. Table 1 indicates that the evergreen area slightly decreased from 61.54% to 59.85%,
and the deciduous area increased from 38.46% to 40.15%. We did not include a map for 2022
because when we downloaded images from Sentinel hub, we found a mismatch between
a downloaded image and a map displayed in Sentinel hub EO browser. In Table S1, each
row corresponds to a date with the left column for an NDVI histogram calculated from the
downloaded image and the right column for a screenshot of an NDVI histogram displayed
in a web browser. As can be seen, the two NDVI histograms in the left and right columns
are almost the same for the first and second row (23 December 2021 and 7 January 2022).
However, from the third row (11 February 2022), we can observe mismatches between the
two histograms. We are unable to ensure the correctness of the data for 2022. Due this issue,
it is not meaningful to apply the proposed method to 2022 data.
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Some internal problems might exist in Sentinel hub for recent data. We tried to
examine the reason from another perspective, assuming that there was no problem in
Sentinel hub. The reason can be understood by the fact that the temperature affects the
NDVI value [26]. Figure 7 shows the average temperature of the study area. The temperate
data were collected from Seonheul Automatic Weather Station (AWS) which is 3 km away
from the study area (Figure 8). As shown in the highlighted months (January and February),
2022 was different from the other years in terms of temperature changes. From 2017 to
2021, February was warmer than January. On the other hand, in 2022, February was colder
than January, which affected the NDVI values. The temperature was highly correlated with
the NDVI value; therefore, the criteria should have reflected the temperature. Thus, the
vegetation composition can be classified based not only on the NDVI value, but also on the
lagged response of the temperature change. At this moment, no further investigation is
possible since not enough data are available. This could be accomplished in future work
when more data are accumulated for these exceptional cases.

Finding these differences from 2017 to 2021, the thing to importantly consider is the
image acquisition date. If the image acquisition date is the summer, the evergreen and
deciduous trees cannot be differentiated by the NDVI value. It is the same in winter.
Additionally, the leaf color change by deciduous trees in fall could impact the goal of
this study which differentiated evergreen and deciduous trees in the forest. Therefore,
early spring, before a deciduous tree forms a bud or new leaf, is the appropriate date for
image acquisition. Figures 3–6 shows NDVI images representing the Geomunoreum’s
evergreen and deciduous area. The evergreen tree occupied the north and west side of
the oreum, in comparative highland, and the deciduous tree occupied the south and east
side, the comparative lowland. Except for some mixed forests in the east region, the mixed
forest had barely been found in the study area. Ko et al. (2011) [20] reported that the
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region comprises deciduous forest, evergreen broad-leaved forest, shrubbery, grassland,
and artificial afforested regions through an actual vegetation survey. Especially in the
artificial afforested region, the major tree species were Cryptomeria japonica, Pinus thunbergii,
and Chamaecyparis obtusa. Additionally, the north and west sides of the oreum showed
monocultural species by C. japonica. Compared with the current study, the region division
by actual vegetation survey was very similar to the results of this study. In addition,
comparing the results with the large-scale vegetation map by the Korea Forest Service [27],
the compartment of each tree region is very similar to Figures 3–6.

Assessing a region’s vegetation is essential to constructing an efficiently mixed forest.
It helps to determine the composition of a mixed forest. For example, in this Geomunoreum
forest, the vast northern region was occupied by evergreen trees, and the deciduous tree
cover was minor (Figures 3–6).
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(NDVI values > 0.6); (b) deciduous (0.6 ≥ NDVI values).

Table 1. The number of pixels and ratio of the evergreen and deciduous area on Geomunoreum for
2017 to 2021.

Evergreen (%) Deciduous (%)

12 April 2017 246,313 (61.54%) 153,912 (38.46%)
18 April 2018 279,296 (69.78%) 120,929 (30.22%)
24 March 2019 249,097 (62.24%) 151,128 (37.76%)
23 March 2020 249,152 (62.25%) 151,073 (37.75%)
24 March 2021 239,550 (59.85%) 160,675 (40.15%)
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Figure 8. The temperature data of the study area were obtained from Seonheul Automatic Weather
Station (AWS), which is 3 km away from the study area.

Therefore, deciduous trees might be needed in this region; some evergreen trees might
be eliminated, and some tall deciduous trees would be implanted in the mixed forest.
The southern region of the forest had the opposite situation (Figures 3–6). Deciduous
trees occupy this region; therefore, this region needs some evergreen trees. This region’s
vegetation is complex. Styrax japonica, Cornus kousa, Carpinus laxiflora, Mallotus japonicus,
Meliosma oldhamii, and Acer palmatum compose the deciduous forest [20]. Additionally, the
grassland region, which was included in the deciduous area, needs direct investigation to
confirm why this region has no tree vegetation. The reason the region remains grassland
could come from the soil construction, environment, or other things.

Most traditional approaches for classifying types of vegetation regions are performed
by manual human efforts, such as direct vegetation surveys; human experts visit a study
area and then explore the area on foot with equipment such as a camera. It would not be
easy to explore an area that cannot be reached by car or walking. Flying a drone could
help monitor the forest that cannot be reached by human experts. However, it also requires
human efforts to operate drones. There may be some areas that human experts miss
if they explore by walking. Moreover, it would not be easy for them to visit the study
area frequently to monitor environmental changes over time. The data-driven approach
proposed in this paper can be a more efficient method than the traditional direct vegetation
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surveys. The novelty of the proposed method comes from the simplicity to see the trends
without screening the given area every time, which can be time- consuming, labor-intensive,
and expensive. Classifying types of forest by considering NDVI values may not be more
accurate than the direct vegetation survey. Moreover, the criteria depend on the temperature
changes. Accuracy can be increased by using more satellite image datasets for different
areas. We do not insist to replace the direct vegetation survey with the proposed approach.
Rather, the automatic method identifies dangerous regions that are further needed for
in-depth investigations such as traditional direct vegetation surveys. The proposed method
enables the monitoring of a large area; therefore, it also helps construct a plan for mixed
forests to prepare for the threat of global warming by reducing the labor needed to perform
direct vegetation surveys. Additionally, considering these data with geological information
would support the successful afforestation and management of forests.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app13010303/s1.
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