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Abstract: Habitat changes in temperate forests are more vulnerable to climate change than tropical or
boreal forests. This study assessed forest habitat suitability and diversity to determine the impact
of climate change on the Korean Peninsula. We used the MaxEnt (Maximum Entropy) species
distribution model, three key climate indices, and two representative climate change scenarios,
using short and long-term data. Two of the three key climate indices related to temperature were more
capricious than the precipitation-related index in the future. In the baseline prediction, both statistical
and qualitative validation using the actual vegetation map showed excellent results. Regarding
forest habitat suitability, northward migration and substantial increase were definitely distinctive in
warm temperate evergreen forest. On the other hand, subalpine forest areas decreased significantly
due to climate change; the suitable area for Representative Concentration Pathways (RCP) 8.5 2070s
decreased by more than half. With regard to forest habitat diversity, regions with high diversity
declined due to climate change. In the RCP 8.5 scenario, areas where all three forest types are
suitable no longer appeared; however, in the case of RCP 4.5 2050s, suitable areas for two forest types
increased, which implies climate change is not only negative in terms of diversity. As this negative
prediction of future change is discouraging, active mitigation and adaptation are required to prevent
these changes. The sustainability of future ecosystems is still dependent on our efforts.

Keywords: climate change impact; forest habitat suitability; forest habitat diversity; Korean
Peninsula; MaxEnt

1. Introduction

In the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (AR5),
climate change impacts are expressed as unequivocal facts, and forests and ecosystems in temperate
regions have been suggested to respond more sensitively [1]. The boundary between the tropics and the
temperate zone is expected to migrate northward, and climate variability will increase in the temperate
regions where seasonality is high [2–4]. In accordance with recent knowledge, ecosystem changes in
temperate regions, particularly mid-latitude regions, are noteworthy. The habitat suitability of forest
ecosystems is defined according to various environmental factors, such as climate, topography, distance
from water-flow, and type of rocky outcrop [5,6]. Although some species are heavily dependent
on specific factors such as groundwater or drought stress, the overall species distribution is most
dependent on climate, especially on the macro scale [6,7]. In other words, the climate is a basic factor
for forest ecosystems, above other environmental factors such as soil characteristics and land use [7,8].
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Many recent studies have indicated that forest habitats are changing globally or locally in response to
changing climate [6,7,9].

The habitat suitability of a forest can be understood as a concept similar to the potential species
distribution of a forest, in that it analyzes the area favorable for plant growth [10–12]. Many studies
using future climate data that predict changes in forest habitat suitability or species distribution due to
climate change have been performed at national and regional levels [13–15]. The species distribution
model (SDM) is the most commonly used tool to predict these changes. SDM finds suitable growth
areas for the changing environment through the past occurrence data of species. The representative
tools for the SDM are maximum entropy (MaxEnt), generalized linear model (GLM), generalized
additive model (GAM), and random forest (RF) [11,16–18].

With the increased awareness of the importance of biodiversity, the diversity of forest ecosystems
is also being continually discussed [19,20]. Specifically, many studies have shown that forest variety
can be reduced in response to climate change, and the results of recent monitoring in past decades
have supported this [21,22]. For instance, species turnover occurs when subtropical species shift to
current temperate regions or temperate species shift to current boreal regions by climate change. In this
process, species that fail to adapt or fail to migrate become extinct and biodiversity decreases [19–21].
However, quantitative studies on diversity changes in forest species or habitats are lacking, and very
few studies have used spatial prediction. There has been a lack of consideration of the changes in
diversity resulting from habitat changes.

The Korean Peninsula has a densely forested area with various species, ranging from subtropical
evergreen forests to alpine forests [14,23], and is evidently experiencing the impacts of climate change
on forest habitats. To be specific, recent studies have shown that pine trees, the major species,
are expected to decline, and subalpine forests in the mountains have already declined [13,24]. However,
existing studies have not much dealt with forest habitat suitability and diversity simultaneously.
The purpose of this study is to assess the forest habitat suitability and diversity under climate change
in the Korean Peninsula. To this end, we use the MaxEnt model, which is the most widely used SDM
model, and predict future changes using two representative climate change scenarios, and short and
long-term data. Ultimately, this study tries to suggest the necessity of active adaptation to climate
change and importance of greenhouse gas reductions for forest habitats conservation.

2. Data and Methods

2.1. Study Area

This study covers the entire Korean Peninsula, including South Korea and North Korea (Figure 1).
The Korean Peninsula is approximately 1100 km in length from south to north and approximately
300 km in width from east to west; the total area is approximately 220,000 km2 [25]. The Korean
Peninsula corresponds to the mid-latitude region (33–43◦ N) and is located in the east of the Asian
continent; it belongs to the temperate monsoon climate, which is affected by seasonal winds [26]. It is
characterized by climatic characteristics of hot, humid summers and cold, dry winters. Geographically,
the high-altitude highland of the Gaema Plateau is located in the northeast, and the plains are situated
around the west coast [27]. An altitude of the Gaema Plateua region is more than 1500 m with the
mountains over 2000 m, and the mountain ranges located along the east coast to the southern part of
South Korea (Figure 1). Halla Mountain, 1950 m high, is located in Jeju Island, the southernmost part
of the Korean Peninsula.
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Figure 1. Study area ((a): forest species sites used in this study, (b): administrative boundary with
topographical information).

The Korean Peninsula is generally temperate, and temperate forests are present, but subtropical
evergreen forests are found on the southern coast, and subalpine forests are distributed in mountainous
areas [24,28]. Although the urbanization rate is very high in South Korea, and many forest areas have
been deforested and converted into cropland in North Korea, forests still have the highest land coverage
in the Korean Peninsula [29]); in South Korea, more than 60% of land cover is forest, and approximately
58% of North Korea is forest [30]. In this forest habitat study, research was conducted across the whole
area, without distinguishing land cover types.

2.2. Forest Habitat Suitability, Diversity, and Forest Species Data

Habitat suitability of each forest type is influenced by climate, soil condition, topography,
land use, and socioeconomic conditions; of these, climatic condition is the most basic factor underlying
suitability [11,23]. The concept of forest habitat suitability assessed in the present study is evaluated
for each forest type as suitability in terms of climatic conditions in a spatial unit, and only considers
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climatic factors. Many previous studies have also found a forest habitat suitable area, or forest potential
distribution, using only major climate variables [13,14,17,18,24].

Forest habitat diversity is assessed by overlapping areas of forest habitat suitability. The more
overlapped areas of forest habitat suitability, the higher the habitat diversity. Many previous studies
have shown that the diversity of forest ecosystems is higher in two or more types of overlapped
vegetation [22,31]. According to the forest type, the lowest habitat diversity is where there are no
suitable regions, and the higher habitat diversity is commonly found where there are two or more
suitable regions.

For assessing the forest habitat suitability and diversity, we grouped the forest species on the
Korean peninsula into three forest types. In this study, we trained the model to predict the distribution
of these three forest types rather than individual species. As shown in Section 2.1, temperate forests
are the most widely distributed forests in the Korean Peninsula, with warm temperate evergreen
forests and subalpine forests being distributed locally. In the Korean peninsula, the terms alpine forest
and subalpine forest are used interchangeably, but it is known that subalpine forest is more generally
distributed. Thus, we grouped them into terms and categories of subalpine forests. In this study,
forest suitability and diversity were assessed for three forest types, and representative species were
selected for each forest type:

• Warm temperate evergreen forest: Camellia japonica L., Castanopsis sieboldii (Makino) Hatus,
Quercus acuta Thunb., Machilus thunbergii Sieb. & Zucc., and Pinus thunbergii Parl.

• Temperate forest: Pinus densiflora Siebold & Zucc., Quercus dentate Thunb., Quercus variabilis
Blume, Castanea crenata Siebold & Zucc., Robinia pseudoacacia L., Quercus mongolica Fisch. ex Ledeb.,
Zelkova serrate (Thunb.) Makino, Acer mono Maxim., Quercus acutissima Carruth., Carpinus laxiflora
(Siebold & Zucc.) Blume, Quercus serrate Murray, and Carpinus tschonoskii Maxim.(Betulaceae)

• Subalpine forest: Abies koreana E.H.Wilson, Abies nephrolepis (Trautv. ex Maxim.) Maxim.,
and Taxus cuspidate Siebold & Zucc.

For the species distribution modeling, we required species occurrence data for each forest species.
In the case of South Korea, much information can be obtained about forest species, but only very limited
information is available for North Korea. In order to simulate a balanced distribution for the entire
Korean peninsula, we excluded South Korea’s precise data, and all the data for each species were taken
from the Global Biodiversity Information Facility (GBIF) database. GBIF collects biodiversity data
from all over the world, and provides them as spatial information, including information on species
distribution in North Korea. The distribution of each forest type was estimated using information
on the distribution of about 20 species belonging to that forest type over 79 locations (Figure 1).
As Figure 1 and Figure 5 show, the GBIF data we used are mostly consistent with the actual vegetation
of South Korea.

2.3. Climate Data

Climate data used in this study were obtained from the WorldClim database (http://www.
worldclim.org/ Accessed on 5 April 2017). The WorldClim database collects global climate data
for basic climatic factors, and provides downscaled data of up to a 30-arcsec resolution [32].
Future downscaled climate data for each Representative Concentration Pathways (RCP) scenario,
and up to a 30-arcsec resolution per typical Global Climate Model (GCM) are also available. In the
present study, we used the basic (maximum, minimum, and average temperature, and precipitation)
climatic data of 1970–2000 (WorldClim version 2) for past weather data. For future climate data,
we used the short-term future (2040–2060) and long-term future (2060–2080) basic climate data for the
RCP 4.5 and 8.5 scenarios of HadGEM2-AO GCM. Based on climate data, 1970–2000 was defined as
the baseline period, the short-term future as the 2050s, and the long-term future as the 2070s. All the
data were processed and converted to a 1 km2 spatial resolution.

http://www.worldclim.org/
http://www.worldclim.org/
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The climate variables used to determine habitat suitability and diversity for the three forest types
were taken from the climate index suggested by Choi et al. [13]. They used the Minimum Temperature
of the Coldest Month Index (MTCI), the Warmth Index (WI), and the Precipitation Effectiveness
Index (PEI) to predict the potential species distribution for forested areas. Prediction of potential
forest distribution in the Korean Peninsula using these three climate indices has already been verified
through being applied to various studies since Choi et al. [13,14,23,24]. In this study, the MTCI was
employed [33] following the logic of Neilson [34], converting the MTC (Minimum Temperature of the
Coldest month) using Equation (1):

MTCI = ((MTC − tmid)/(thi − tmid)) × 100. (1)

The MTCI is an important temperature-related index which is a significant factor used to explain
the vegetative limit of tree species [34,35].

The WI is an important thermal index also associated with the effective heat of vegetation [35];
therefore, WI has been used to predict potential vegetation distribution and spatial movement [36].
The WI was calculated using Equation (2), which determines the annual sum of the positive differences
between monthly mean temperature and 5 ◦C:

WI = Σ(t − 5) (2)

where t is the monthly mean temperature >5 ◦C.
The PEI is an index devised by [37], which is based on the principle that both precipitation

and evaporation are important for the growth of natural vegetation. As an index representing the
long-term efficiency of precipitation, it is calculated as the sum of 12 monthly PE ratios (monthly
precipitation/monthly evaporation):

PE ratio (i) = 0.165 × (Pi/(Ti + 12.2))10/9, (3)

where i is the number of the month (from 1 = January to 12 = December), Pi is the normal monthly
precipitation in mm, and Ti is the normal monthly temperature in ◦C. All temperatures <−2 ◦C are
given the value −2 ◦C, and PE ratios >40 are counted as 40 [38]. In this study, PEI was applied because
it affects vegetation distribution indirectly by influencing the productivity of vegetation [13].

These three powerful bioclimatic variables can predict the forest habitat more effectively
than general climate variables [13,14,24]. Since only the core variables are used, the problem of
multicollinearity caused by similar variables can be prevented [39,40].

2.4. MaxEnt Modeling and Classification

The MaxEnt model is a non-linear model used to make predictions or inferences from incomplete
information based on statistical mechanics. It has been used to estimate the probability distribution of
maximum entropy by evaluating the contrasts between observations and background variables [41].
The model is known to be highly accurate with a statistically significant value [42,43]. MaxEnt has a
number of significant advantages, including the capacity to analyze complex response functions by
combining various function types (e.g., linear, quadratic, product, threshold, and hinge; [44]).

The MaxEnt model has been used for various species distribution modeling studies including
forest habitats, and in many cases, these have focused on the Korean peninsula [15,28,45]. In this study,
MaxEnt model 3.3.3 version (Developed by Steven J. Phillips: Florham Park; NJ, USA) was used and
data was processed with ArcGIS 10.3 version (ESRI Inc.: Redlands, CA, USA). We replicated the runs
15 times using the subsample method, and the random test percentage was set to 25. The averaged
value of 15 outputs was used for the main result. For the maximum iterations, 5000 circuits were set,
and the results were calculated and analyzed using a logistic output format. We trained the model
of each forest type through MaxEnt with evenly distributed tree species occurrence data in the entire
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Korea Peninsula. Thus, the geographical extent of this study can be regarded as the whole area of the
Korean Peninsula.

The Natural Break (Jenks) Classification method was used to classify the probability distribution
of the forest type calculated using the MaxEnt model; it identifies break points by picking the class
breaks that best group similar values and maximize the differences between classes [46]. The values are
divided into classes whose boundaries are set, which are relatively large jumps in the data values [46,47].
The results of each species distribution model estimated with a probability value between 0 and 1 are
classified into two classes by the Natural Break method: a high value region is designated as suitable
and a low value region as non-suitable. In order to explain the change in forest habitat suitability
of each forest type according to climate change, priority is given to areas where suitability overlaps,
in the order of subalpine forest, warm temperate evergreen forest, and temperate forest. It gives
priority to the forest type, which is distributed in a more restrictive region in the Korean peninsula,
and overlapping areas are shown according to this priority. For analyzing the area where multiple
forest habitat suitabilities overlap, we presented the forest habitat diversity result separately.

2.5. Evaluation of Model Performance

Statistical methods and qualitative methods were used to verify the suitability of each forest type
estimated by the model. First, Area Under the Curve (AUC) of Receiver Operating Characteristic (ROC)
curves was used as a statistical method. The AUC represents the probability that a randomly chosen
forest species occurrence exceeds that of randomly choosing an absence. The AUC value is within the
range (0.5–1.0), where the minimum value represents the performance of a random prediction and the
maximum value correspond to a perfect prediction. The AUC value ranged between: 0.5–0.69, poor;
0.7–0.79, reasonable; 0.8–0.89, excellent; and >0.9, exceptional [48].

For qualitative evaluation, an actual vegetation map produced by the Ministry of Environment,
Korea was used. The actual vegetation map is a representative map of the forest species distribution
of South Korea, in the form of a map created using high resolution satellite imagery and aerial
photographs, and corrected by field surveys and remote sensing techniques. The natural forest on
the actual vegetation map is divided into the three forest types classified in this study, and their
performance is evaluated by overlapping with the habitat suitability map simulated in this study.

3. Results and Discussion

3.1. Calculating Three Climate Indices

Calculation of the three key climate variable, revealed that the future change and variation in
temperature-related variables was large. In the MTCI results using the minimum temperature of the
coldest month, the range area from 0 to −30, which was only distributed in the southern region, is
predicted to increase northward as the future approaches. This means that climate conditions will
be changed to widely distribute warm temperate plants. In the baseline period, the value was found
to be greater than zero in the southern part of the Korean Peninsula; in the future, the MTCI value,
which showed a low value from −60 to −90 in the mountainous region of South Korea, changed to
−30 to −60 in most cases. Spatial changes in MTCI, which have a large impact on the growth limitation
of vegetation, can change the vegetation in both subalpine and coastal forests (Figure 2).

The WI calculated from the cumulative value of mean temperatures gradually increased as
with MTCI, but the distribution was slightly different. Because WI considers the possible growth
temperature of vegetation, high altitude mountain areas and plains regions were clearly distinguished,
and the difference according to altitude was larger than the difference between north and south
(latitude). In the baseline period, there were very few areas with high WI values above 150, but in
RCP 4.5 2070s, Seoul in the middle of the Korean Peninsula was above WI 150, and in RCP 8.5 2070s,
it extended to some parts of North Korea (Figure 2).
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The PEI calculation that accounted for the ratio of meteorological water content on land, showed
no significant difference compared to the temperature indices. The highest change in PEI was observed
in the Gaema Plateau, in the northern part of the Korean Peninsula, where the evapotranspiration
amount was lowest compared with the precipitation level. There is also a tendency for the effective
precipitation rate to decrease due to the increase in evapotranspiration in the South Korean interior,
northwest coast, and northeast coast (Figure 2).

As in previous studies that used climate change scenario data, the distribution of temperature
indices was prominent, and was even higher in RCP 8.5 than in the RCP 4.5 scenario [25,49]. RCP 4.5
2070s and RCP 8.5 2050s exhibited a similar level of variation, and the largest change was seen in RCP
8.5 2070s.

Figure 2. Three climate indices calculated for baseline and future periods.

3.2. Estimating Baseline Forest Habitat Suitability

The estimation of habitat suitability of the three forest types for the baseline period was similar
to that of many previous research studies and surveys [16,17,50,51]. In the case of warm temperate
evergreen forest, suitable areas were found in Jeju Island and the southern coast of the Korean Peninsula
(Figure 3). Temperate forests were most suitable for the entire peninsula, but non-suitable for northern
mountains (Figure 3). In the real environment, temperate forests are indigenous to most parts of the
peninsula. In the case of subalpine forests, most of the main highlands of South Korea and most of the
North Gaema Plateau were suitable areas (Figure 3). As a result of overlaying all suitable forest type
areas, the only non-suitable area was found in the northern part of North Korea. This area is also the
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boundary between the temperate forest and the subalpine forest [52], and it is likely that the lack of
forest occurrence points in North Korea affected our result.

Figure 3. Results of forest habitat suitability by type at the baseline period.

3.3. Evaluation of Model Performance

3.3.1. Evaluation Using AUC and ROC

AUC and ROC curves were examined to evaluate the statistical accuracy of the forest habitat
modelling. AUC values obtained with a high overall statistical confidence were 0.975 for the warm
temperate evergreen forest, 0.748 for the temperate forest, and 0.958 for the subalpine forest (Figure 4).

Figure 4. Evaluating habitat modeling performance using ROC and AUC ((a): warm temperate
evergreen forest; (b): temperate forest; (c): subalpine forest).

Compared to the warm temperate evergreen and subalpine forests, temperate forest exhibited a
relatively low accuracy, which was interpreted as a result of the low spatial correlation with location
information due to the nature of temperate forests being distributed over a wide area.

In the context of an AUC value of MaxEnt output, a reasonable level is >0.7, and an exceptional
level is >0.9; the overall statistical accuracy was more than reasonable and mostly exceptional.

3.3.2. Evaluation Using the Actual Vegetation Map of South Korea

Comparison with the actual vegetation map of South Korea showed that the present distributions
of the target forest types were included within the predicted suitable area (Figure 5). In the case of
warm temperate evergreen forests, actual forests were located at Jeju Island and the south coast area
of the Korean Peninsula, and some islands of the southwestern coast area. All these were included
within the predicted range of suitable areas by this study. In the case of temperate forests, 12 species
were compared, and our predicted range of suitable areas for temperate forest was the whole of South
Korea. However, the actual distribution of temperate forests throughout the entire Korean Peninsula,
and the whole of South Korea, confirmed that we can be confident in our results. The three sub-alpine
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forest species were present in Mt. Halla in Jeju Island, Mt. Jiri in the southern region, and the eastern
mountainous regions (Mt. Seolak, Mt. Odae, Mt. Taebaek, etc.). The actual subalpine forest areas also
showed a tendency to match our results precisely. In all three forest types, the actual forest ranges
and the predicted suitable areas overlapped, and all the actual forest locations were included in the
predicted ranges. The results of this study were expected to be broader than the actual ranges because
of the potential habitat suitability. Even though only climate indices were used, our baseline habitat
suitability results for the three forest types simulated the distribution of actual vegetation well, so this
approach proves to be sufficient for future prediction.

Figure 5. Comparison with actual vegetation maps for evaluation of habitat modeling performance
((a): warm temperate evergreen forest; (b): temperate forest; (c): subalpine forest).

3.4. Climate Change Impact on Forest Habitat Suitability

The climate change scenarios impacted on the habitat suitability of all three forest types. In the
RCP 4.5 scenario 2050s, the warm temperate evergreen forest extended smoothly to the northern
area. The temperate forest was almost similar to the baseline period. In the case of subalpine forest,
South Korea and North Korea appeared different; in South Korea, the Jeju Island reduced a suitable area
for subalpine forest only, while other regions were almost the same as in the baseline period; however,
the Gaema Plateau in North Korea, decreased the area suitable for subalpine forest significantly. In the
RCP 4.5 2070s scenario, the warm temperate evergreen forest was more northward, extending widely
to the northern Hwanghae-do Province of North Korea, and beginning to spread inland in South
Korea. The temperate forest was fairly similar to the baseline period, as in the 2050s, but the subalpine
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forest began to decrease gradually in South Korea. In particular, in South Korea, non-suitable areas
began to appear because the temperate forest suitable area had extended northward (Figure 6).
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In the RCP 8.5 scenario 2050s, suitable areas for the warm temperate evergreen forest are
increasingly found to the north, and the distribution of the subalpine forests gradually decreases; this is
broadly similar to the distributions seen in RCP 4.5 2070s. The largest change compared to the baseline
period was observed in RCP 8.5 2070s, and a suitable area for warm temperate evergreen forests began
to appear on the east coast of North Korea. The suitable area for warm temperate evergreen forest
became widespread in the interior of South Korea, and the subalpine forest greatly decreased in South
Korea. Notably, only a small fraction remained in RCP 8.5 2070s in Jeju Island, where the subalpine
forest rate was greatest at the baseline period (Figure 6).

A large difference can also be seen when comparing the size of the area. The suitable area for
subalpine forest, which accounted for 17.18% of the total area of the Korean Peninsula at the baseline
period, was only 7.37% at RCP 8.5 2070. In contrast, the warm temperate evergreen forest habitat
suitable area, which was only 3.68% at the baseline period, increased more than five times to 19.21% in
RCP 8.5 2070s (Table 1). The habitat suitable area for temperate forest also decreased by approximately
5.5% compared to the baseline, suggesting that major vegetation changes can be predicted for the
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Korean Peninsula. This result indicates that South Korea is in danger of eventually losing its subalpine
forest, and that warm temperate evergreen forests are likely to encroach into North Korea due to
climate change.

Table 1. Habitat suitable area statistics of each forest type and period, km2 (%).

Forest Type Baseline RCP 4.5 2050s RCP 4.5 2070s RCP 8.5 2050s RCP 8.5 2070s

Evergreen 8372 (3.68) 22,302 (9.79) 28,100 (12.34) 27,254 (11.97) 43,731 (19.21)
Temperate 149,811 (65.79) 139,074 (61.08) 138,652 (60.09) 132,375 (58.14) 137,245 (60.28)
Subalpine 39,128 (17.18) 26,938 (11.83) 24,907 (10.94) 29,906 (13.13) 16,779 (7.37)

Non-suitable 30,383 (13.34) 39,380 (17.29) 36,035 (15.83) 38,159 (16.76) 29,939 (13.15)

In terms of altitude and latitude, it can be seen that the habitat suitability area shifts to higher
places as the climate changes. In the case of warm temperate evergreen forests, it gradually goes
northward up to a high latitude around the low-altitude area. Temperate and subalpine forests, on the
other hand, are shifting to increasingly higher altitudes in order to find suitable areas for growth as the
climate changes dramatically. As this phenomenon expands, especially in the RCP 8.5 scenario 2070s,
the suitability area of the subalpine forest in South Korea becomes highly fragmented and the habitat
is expected to be destroyed in most areas.

3.5. Converting to Forest Habitat Diversity Analysis under Climate Change

In terms of habitat diversity, there are currently areas where the three forest types overlap on Jeju
Island in the southern part of the Korean Peninsula (Figure 7). Though it is only a small area, it can
be classified as having a high diversity. There are also areas on the southern coast, and in the central
mountainous region of the Korean Peninsula, where conditions suitable for temperate forest-subalpine
forest and temperate forest-warm temperate evergreen forest overlapped.

When climate change effects were analyzed, the RCP 4.5 scenario in the 2050s produced an area
where the three forest types could co-exist on Jeju Island, but this had disappeared by the 2070s and
was not present at all in the RCP 8.5 scenario. The size of the suitable area that could support two
different forest types in the RCP 4.5 scenario had increased by the 2050s, but it decreased after that
period. In the RCP 8.5 scenario in the 2070s, the size of the suitable area for two forest types fell
significantly, and for the first time, areas that were unsuitable for all three forest types appeared in
South Korea. This habitat modeling did not simulate individual species, but these results indicate that
future climate change could alter the Korean environment and reduce ecosystem biodiversity.

Overall, suitable areas with a highest forest habitat diversity, which could support three different
forest types, are expected to disappear in the future and suitable areas supporting two forest types are
also expected to decline significantly from 6.12% (baseline period) to 2.76% (RCP 8.5 2070s) (Table 2).

Table 2. Habitat diverse area statistics of each type and period, km2 (%).

Diversity Baseline RCP 4.5–2050s RCP 4.5–2070s RCP 8.5–2050s RCP 4.5–2070s

Not suitable 30,383 (13.34) 39,926 (17.53) 36,035 (15.83) 38,159 (16.76) 29,939 (13.15)
1 suitable 183,099 (80.41) 159,309 (69.97) 181,911 (79.89) 177,624 (78.01) 191,466 (84.09)
2 suitable 13,925 (6.12) 28,304 (12.43) 9748 (4.28) 11,911 (5.23) 6289 (2.76)
3 suitable 287 (0.13) 155 (0.07) - - -
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3.6. Implications of Forest Suitability and Diversity Assessment Attributable to Climate Change

Most previous studies on future forest distributions in the Korean Peninsula show detailed
changes based on individual species changes, whereas this study predicted overall changes through
representative forest types [13,16,17,24,53]. Nevertheless, our results on habitat suitability of subalpine
forest showed a decrease as in Koo et al. [52]’s study, habitat suitability of warm temperate forests
increased as in studies of Park et al. [16] and Koo et al. [28], and spatial distributions also showed the
same patterns. This suggests that the same results can be achieved by simulating group level forest
types, without taking into account the growth characteristics of individual species, and this may be
effective in studying regions where data is lacking, such as North Korea.

In this study, we proposed a method to evaluate habitat diversity through the overlap of habitat
suitability. Although this method is simple, Jeju Island, which is known to have the highest ecosystem
diversity, gave the highest level of confidence in the results. Indeed, biogeographically, biodiversity
is highly likely to be greatest at the boundary between subtropical and temperate zones, or between
the temperate zone and the alpine zone [20,21]. Jeju Island is the only latitude where subtropical and
temperate vegetation overlap in the Korean Peninsula, and subalpine forest is distributed in the high
mountains. The concept of this study is based on these theories.

Changes in habitat diversity, as well as habitat suitability of forest types, due to climate change
can have a significant impact on the conservation of biodiversity on a regional scale. While these forest
habitats do not have a direct impact on human food or industry, they can reduce the provisioning,
regulating, supporting, and culture functions provided by ecosystems and can lead to the destruction
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of ecosystems through infestation by pests or alien species [19,54–57]. This negative prediction of
future change is disappointing, and means that active mitigation and adaptation to prevent these
changes are required. If changes are maintained at the RCP 4.5 level, in the 2050s, Jeju Island should
still be a suitable area for three forest types, and the suitable area for two forest types in South Korea
will be greater than at present. Even if the habitat suitable areas change, subalpine forests such as
Abies koreana and Abies nephrolepis should be found in major mountain areas through the management
of conservation species under the RCP 4.5 scenarios [23,24,58]. In other words, the sustainability of
future ecosystems is still dependent on our efforts.

Despite these implications, our study has some limitations. First, since only one GCM and SDM
were used, the uncertainties of the data and models remained. However, since our results are highly
similar with the results of other ensemble studies, it is considered that it is enough to explain future
conditions [16,17,28]. Also, SDM studies at the macro or regional level have structural limitations that
do not reflect microclimate variability or specific small-scale habitat attributes. Therefore, our results
might be useful to interpret the regional scale rather than small habitat scale.

4. Conclusions

Close assessment of the impacts of climate change has significant implications for the specific
impacts of greenhouse gas (GHG) mitigation, and the level needed for adaptation to climate
change. Changes in habitat suitability by forest type, and subsequent changes in habitat diversity,
were confirmed by two climate change scenarios. Three climate indices and MaxEnt models were used
for this purpose, and quantitative and qualitative evaluations were conducted. First, the results of
the three climate indices showed significant variation in the those related to temperature. Both the
statistical and the qualitative validation using the current actual vegetation map showed excellent
results. In terms of forest habitat suitability, a substantial increase and northward migration of warm
temperate evergreen forest areas was prominent, and the subalpine forest decreased significantly due
to the effects of climate change. The subalpine forest habitat suitable area for RCP 8.5 2070s decreased
to less than half that of the baseline period, while warm temperate evergreen forest habitats increased
by more than five times. In terms of forest habitat diversity, regions with a high diversity declined
due to the impact of climate change. In the RCP 8.5 scenarios, suitable areas for all three forest types
did not appear at all; however, in the RCP 4.5 2050s, suitable areas for two forest types increased, i.e.,
this was not negative in terms of diversity. This study highlights the necessity of adapting to climate
change, and the importance of greenhouse gas reduction to minimize the impact on habitat change
and diversity throughout forests and ecosystems.
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