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Abstract: According to the guidelines of the Nagoya Protocol, species are now recognized as ‘re-

sources’ and owned by each country, thereby emphasizing the significance of biological resources 

and the importance of the continuous efforts made to systematically manage them. Despite these 

efforts, climate change, which influences climatic factors such as temperature and precipitation, is 

expected to negatively impact the struggle for conservation of biological resources by affecting spe-

cies’ habitats. We aimed to devise methodologies that could be utilized for the management of bio-

logical resources, especially valuable tree species, that are experiencing difficulties due to climate 

change. First, changes in habitat of the northern-region plant Needle fir (Abies holophylla) due to of 

climate change were estimated using the BIOMOD2 package in R under the RCP8.5 scenario. Sec-

ond, the time period of management was estimated based on the change in habitat area over time. 

It is expected that 30% of the current habitat of A. holophylla will be lost by 2030 and 50% will be lost 

by 2042. Third, four management zones (maintenance, reduction, dispersal, and non-habitat areas) 

were derived by comparing habitats according to the period of management required. In this case, 

we compared the present and the time point at which 30% habitat loss (2030) is expected to occur. 

After that, the management steps that can be taken for each management zone were suggested. Our 

results show the impact of climate change, especially change in Bio1 (annual mean temperature) 

and Bio13 (precipitation of wettest month), on species distribution patterns and have potential ap-

plicability in biological resource management. We have specified the suitable point of time, area, 

and direction of management in this study, which will contribute to climate change management 

planning and policy-making. By doing so, we hope that when a management policy on biological 

resources is applied, by dividing the four management zones, policymakers will be able to apply a 

cost-efficient policy. 
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1. Introduction 

Global warming, a representative example of climate change, is an increase in the 

average temperature of the sea and the Earth’s surface. From 1906 to 2005, the global av-

erage temperature rose by 0.74 ± 0.18 °C [1]. In South Korea, the average temperature 

increased from 1912 to 2017 by 1.4 °C, which is approximately twice the global average 

temperature change [2]. During the last glacial maximum (LGM), which occurred approx-

imately 20,000 years ago, the temperature was lower than 5 °C [3]. The rate of climate 

change is gradually accelerating, and the global temperature is expected to rise by more 
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than 2 °C for Representative Concentration Pathways (RCP) 4.5 and 4 °C for RCP8.5 by 

the end of the 21st century [4]. 

Climatic factors such as temperature and precipitation affect species habitats, and 

climate change influences organisms that are adapted to the natural environmental con-

ditions. Plant species are more vulnerable to climate change than animal species because 

they lack mobility and resistance to temperature changes, and the risk to plant species in 

areas having high levels of plant diversity and endemism is significantly higher [5], which 

has forced these species to move northward toward higher elevations [6]. Therefore, con-

servation measures are urgently required to increase the external adaptation potential of 

endemic biota. 

Most countries import the raw materials that are obtained from plant species, which 

are used in the cosmetic and pharmaceutical industries for making anti-aging, anti-cancer, 

or anti-inflammatory agents; for example, in South Korea, approximately 80% and 54.4% 

of the cosmetic and pharmaceutical sectors, respectively, import a significant portion of 

their biological source material [7]. Therefore, conservation of domestic species, which are 

important biological resources, is necessary. 

To maintain biological resources for a long term, it is necessary to determine the di-

rection and urgency of conservation by identifying the characteristics of each biological 

resource, investigating the current distribution area, and predicting the future distribution 

area (due to climate change). Nowadays, research is being conducted to understand the 

impact of climate change and devise conservation strategies targeting domestic medicinal 

plants and cultivated crops [8,9]. In South Korea, previous researchers have mainly fo-

cused on Korean Abelia (Abeliophyllum distichum) and Korean fir (Abies koreana), because 

very few of these plants are left in the wild and their distribution area is expected to de-

crease further owing to climate change [10,11]. Studies have also been conducted on spe-

cies showing similar biological characteristics, such as evergreen broadleaf trees of the 

family Lauraceae and warm-temperate evergreen broadleaf trees [12,13]. The present 

study was conducted on Abies holophylla, a near threatened species according to the Inter-

national Union for Conservation of Nature (IUCN) Red List [14], which considers the 

threat from factors such as logging and forest fires, not climate change. 

One of the policies implemented to conserve biological resources is the species status 

assessment (SSA) framework under the United States Endangered Species Act (ESA), 

which predicts change in species distribution or population size by identifying the spe-

cies’ ecological characteristics and integrating scenarios such as loss of connectivity and 

habitat due to disasters [15,16]. The second policy is the habitat conservation plan (HCP), 

which analyzes the environmental impact of infrastructural projects or geographical 

changes on the species and provides suggestions on the prevention and mitigation of the 

negative effects [16,17]. However, the HCP allows “incidental take permits” for threat-

ened or endangered species; questions are being raised on its effectiveness in species pro-

tection [18]. Further, the disadvantages of these policies are that the SSA is not involved 

in policy-making and the HCP does not predict the large-scale impact of developmental 

projects because it only focuses on the target project site and its vicinity. 

The existing reports and policies are focused on analyzing habitat change trends, ma-

jor factors influencing climate change, and extinction of target species, not on the manage-

ment of biological resources. Therefore, the purpose of this study was not only to identify 

habitat change trends under climate change, but also to devise a biological resource man-

agement plan. The pattern of habitat change over time was derived using the species dis-

tribution model (SDM) for plants growing in northern regions that are negatively affected 

by global warming. We attempted to formulate a biological resource management plan 

for species affected by climate change by defining an appropriate unit period (time period 

of management) and classifying management areas for biological resource conservation. 
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2. Materials and Methods 

2.1. Study Area 

The study site, South Korea, is a peninsula protruding from the eastern tip of the 

Eurasian continent with a total area of 100,210 km2, is surrounded by the sea on three 

sides, and borders North Korea at 33°–38° N and 125°–131° E (Figure 1). Located in the 

mid-latitude region of the northern hemisphere, it has a temperate climate of four seasons, 

with hot and humid summers due to the influence of the North Pacific air mass, cold dry 

winters because of the Siberian air mass, and relatively short spring and fall seasons. The 

average annual precipitation is 1292 mm, of which about 41% is concentrated in the sum-

mer months, especially in July and August [19]. The average annual temperature was 12.6 

°C in the past (1912–1941) and is 14.0 °C at present (1988–2017), suggesting an average 

temperature increase of about 1.4 °C in this time period; the lowest and highest tempera-

tures also rose by 1.1 °C and 1.9 °C, respectively, indicating an overall rise in temperature 

[2]. 

 

Figure 1. Study area. 

2.2. The Target Species 

We selected 100 plant species that grow in the northern region from the list ‘300 Tar-

get Plants Adaptable to Climate Change in the Korean Peninsula’ [20]; among them, 

woody plant species with at least 100 coordinates were selected based on the third and 

fourth National Ecosystem Survey (NES) data (2006–2018) provided by the National In-

stitute of Ecology. The NES, which was initiated in 1986, is a nationwide survey that in-

cludes endemic as well as alien and invasive species. It contains reliable data assembled 

using information gathered from GIS-DB, such as details about presence and habitat of 

the species, and is registered under the Global Biodiversity Information Facility (GBIF). 

Finally, based on a review of previous studies, the species A. holophylla was selected 

because of its economic importance (Table 1). A. holophylla is the evergreen tree of the 

conifer family of Pinaceae. It has needle-shaped leaves and cylindrical fruits. With its 

flowers blooming in late April and fruits ripening in early October, this representative 

tolerant tree grows very slowly for the first seven or eight years but grows with an in-

creasing growth rate afterwards, even well in the shade of other trees [21,22]. A. holophylla 

inhabit the same areas with various plants: conifers such as Korean pine (Pinus koraiensis), 

Sword fern (A. nephrolepis), and Olga Bay larch (Larix gmelinii (var. olgensis)), and broad-

leaved trees such as Mongolian oak (Quercus mongolica), Manchurian ash (Fraxinus mands-

hurica), and Erman’s birch (Betula ermanii) [14]. 
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Table 1. The information of the species used for research. 

Scientific Name 
Growth 

Form 
Characteristic 

Use 
Number of Points 

Direct Indirect 

Abies holophylla Maxim. Tree 
Evergreen 

coniferous 

Timber 

Landscape tree 

Antioxidant 

Antibacterial 

Neuroprotective 

127 

A. holophylla has been designated “near threatened” by the IUCN, and the main threat 

is unrestricted logging. It is classified as “threatened” on applying criterion A2d of the 

IUCN Red List. It is distributed throughout northeastern China, southeastern Siberia, and 

South Korea, and generally inhabits mountainous areas (10–1200 m above sea level in 

high-latitude areas and 500–1500 m above sea level in low-latitude areas) with cold cli-

matic conditions (characterized by heavy precipitation in summers and dry winters), 

which remain covered with snow for most of the year [14]. 

Most plant species are not able to adapt swiftly to the climate-driven changes in their 

habitat [23]. In particular, the genus Abies is under threat from climate change because the 

seed dispersal length is short (approximately 100 m), and the time it takes to reach the 

reproductive stage is long (approximately two years) [24,25]. 

2.3. Species Distribution Model (SDM) 

The BIOMOD2 package in R was designed for modeling species distribution using 

species presence/absence data. The package uses 10 modeling methods (generalized linear 

model [GLM], generalized additive model [GAM], generalized boosting model [GBM], 

multiple adaptive regression splines [MARS], flexible discriminant analysis [FDA], clas-

sification tree analysis [CTA], random forest [RF], artificial neural network [ANN], surface 

range envelop [SRE], and maximum entropy [MaxEnt]), and is capable of ensembling sin-

gle models, as well as generating predictions on future climates through a future climate 

projection function. In this study, seven of the models (GLM, GBM, MARS, FDA, CTA, 

RF, and ANN) were used to estimate species distribution, and ensembles were developed 

using models with a true skill statistic (TSS) value greater than 0.6 [26]. 

GLM is a linear regression model [27,28], while GBM is a machine learning technique 

that learns in the direction that approaches the actual value using the mean as an initial 

estimate [27,29]. MARS is a linear regression technique that can model nonlinearity [28]. 

FDA is also called linear discriminant analysis, as it is a combination of linear regression 

models and uses optimal scoring to transform response variables so that linear separation 

of the data can be performed [28]. CTA is a prediction model that utilizes decision trees to 

link observations and targets for an item [27,28]. RF is a machine learning-based ensemble 

technique that uses decision trees [27,30], and ANN is a machine learning technique that 

derives results based on the strength of connection between variables [31]. 

2.4. Variables 

The environmental variables used to predict the species distribution were selected 

considering the ecological characteristics mentioned in the previous studies on A. holo-

phylla [14,32], and were classified into climatic and topographical factors. All environmen-

tal variables were unified as grids in units of 30 arcseconds (approximately 1 km) corre-

sponding to the location of the climate data source. 

Raw data on measured values of environmental variables corresponding to climatic 

factors were provided by the Korea Meteorological Administration. The current climate 

represents the years 2000–2019, and the future climate is the raster dataset, which was 

statistically downscaled using the modified Korean parameter-elevation regressions on 

the independent slopes model (MK-PRISM) technique coupled with the HadGEM3-RA 

model. HadGEM3-RA is a dynamic regional climate model downscaled from HadGEM2-



Forests 2022, 13, 1559 5 of 14 
 

 

AO, developed by the Hadley Center in the UK, and is used as a national standard sce-

nario by the Korea Meteorological Administration [33]. 

There is no doubt that Shared Socio-economic Pathways (SSPs) is the most up-to-date 

scenario, but there has been no study of which SSPs correspond to the current state. How-

ever, in RCPs, as the current and near-future climatic conditions are similar to the RCP8.5 

scenario (based on the 5th report of Intergovernmental Panel on Climate Change [IPCC]), 

this scenario was selected [34]. The values of climatic variables fluctuate annually, so the 

moving average method, which represents a single year, is used to average figures over a 

certain period of time [26,35,36]. Here, a 25-year moving average was estimated by calcu-

lating the average of values recorded at a single point in time, and at 12 years before and 

after that point. 

Variables corresponding to climatic factors were generated using the Biovars func-

tion in R. BioClim consists of 19 variables derived from measurement of precipitation, 

lowest temperature, and highest temperature; thus, some variables (showing similar 

tendencies) are multicollinear. We attempted to avoid multicollinearity by using principal 

component analysis (PCA) analysis to represent the total climatic factor. Six bioclimatic 

variables were examined in this study: Bio01, Bio02, Bio04, Bio12, Bio13, and Bio14 (Table 

2). 

The topographic factors comprised four variables: aspect, slope, distance from roads, 

and distance from water. Aspect and slope were calculated using elevation data (World-

Clim 2.1) provided by WorldClim (https://www.worldclim.org/, 16 December 2021). The 

distance from roads was calculated using data on the national standard node link pro-

vided by the National Transport Information Center of the Ministry of Land, Infrastruc-

ture, and Transport (MOLIT, Sejong, Korea), and the distance from water was calculated 

using the river map provided by the Water Resources Management Information System 

(WAMIS (http://www.wamis.go.kr/, 26 February 2022)). 

Table 2. Environmental variables used for the prediction of suitable habitat. 

Category Variables Explanation Unit 

Topographic 

Factors 

Aspect Compass direction that a slope faces Degree 

Slope Angle of inclination to the horizontal Degree 

Distance from road 

(D_road) 
Represents distance from road km 

Distance from water 

(D_Water) 
Represents distance from water km 

Meteorological 

Factors 

Bio 01 Annual mean temperature °C 

Bio 02 
Mean diurnal range 

(mean of monthly values [max − min]) 
°C 

Bio 04 Temperature seasonality (standard deviation × 100) °C 

Bio 12 Annual precipitation mm 

Bio 13 Precipitation of wettest month mm 

Bio 14 Precipitation of driest month mm 

2.5. Evaluation Method 

TSS was used for the evaluation of data. Our results indicated that the area under 

curve (AUC) of the receiver operating characteristic (ROC) curve violated the AUC theory 

when pseudoabsence data was used in place of true-absence data, and single measure-

ment methods such as calculation of Kappa value, taking omission and commission errors 

into consideration, exhibited the same problem [37]. Due to the above-mentioned prob-

lems in the estimation of AUC and Kappa values, TSS is commonly used to verify the 

predictions of species distribution models [38–40]. Overall, TSS, AUC, and Kappa were 

used as auxiliaries to confirm that the results were explanatory. 



Forests 2022, 13, 1559 6 of 14 
 

 

2.6. Time Period of Management and Management Area 

To determine the time period for biological resource management, first, the potential 

habitat was defined, and second, the criteria to define the time period were set. Habitat 

was defined based on the probability distribution map, which was obtained from a previ-

ously performed BIOMOD2. The probability distribution map shows the probability of 

distribution of the species in each cell, and habitat is defined by identifying a threshold 

that is derived by modeling or dividing a particular interval. Out of all the accuracy veri-

fication methods mentioned above, we decided to use TSS, in which the accuracy was 

limited to the threshold; therefore, we used the threshold value of TSS derived through 

modeling. 

The five evaluation criteria (A to E) of the IUCN Red List were used to define the 

time period of management. The criterion A is based on population reduction and is sub-

divided into four categories, from A1 to A4 [41]. In this study, we wanted to predict the 

future based on the current distribution, hence, it fulfilled the A3 criterion. To fall under 

one of the categories of threat in criterion A, certain thresholds representing population 

reduction must be met. In the rest of the steps (A2, A3, and A4), except for A1, the species 

is classified as critically endangered (CR) if it loses more than 80% of its population, en-

dangered (EN) if the loss is more than 50%, and vulnerable (V) if the loss is more than 

30%. We could not apply the IUCN standard directly because our study was geograph-

ically limited to South Korea. Therefore, we modified the IUCN category targeting the 

world to be more suitable for South Korea. In this process, the decrease in population, 

which was the criteria of IUCN, was replaced by the decrease in habitat area. Even though 

we replaced the variable, we also thought the quantitative criteria defined by the IUCN 

as a global standard could be applied to South Korea. The point where the habitat loss 

rate reached 30% or more, based on IUCN category vulnerability (Vulnerable [V]), was 

considered as the time period of biological resource management. 

As the habitat of a species changes along with change in the climate, it is necessary 

to establish a biological resource management zone to manage biological resources. Bio-

logical resource management areas are classified into “maintenance areas” where habitats 

are maintained now and will be maintained in the future, “reduction areas” where habi-

tats exist now but disappear in the future, “dispersal areas” where an area that is not cur-

rently a habitat will become a habitat in the future, and “non-habitat areas” that are not 

habitats in the present or the future (Figure 2). 
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Figure 2. Flow chart depicting designation of management area using time period of management 

derived from the habitat definition and designation criteria (IUCN, 2019) [41]. 

3. Results and Discussion 

3.1. Analyzing Habitat Changes under Climate Change 

The TSS value of the current distribution model of A. holophylla, calculated using 

BIOMOD2, was 0.703, indicating high accuracy of the presence and absence models. The 

Kappa value was 0.534, indicating that the classification is unlikely to be coincidental. The 

AUC value of the ROC (0.915) showed that the model was well-predicted and statistically 

reliable (Table 3). The cutoff value was 500 or more in all cases, confirming that the model 

predicts a high value of habitat suitability, despite using the existing method for 

classification of distribution probabilities that divides them into different sections. 

Overall, AUC and Kappa values validated the research methodology, and accuracy of the 

results was verified using the threshold value of TSS. 

Table 3. Results of BIOMOD2 evaluation of Abies holophylla. 

 Value Cutoff Sensitivity Specificity 

KAPPA 0.534 774 52.128 95.732 

TSS 0.703 547 90.426 79.675 

ROC 0.915 548 90.426 79.878 

Variable importance differed for each model used in the ensemble (Table 4). Since 

the final result was an ensemble calculated using the simple average method based on the 

results of each model, the variable importance was also represented by a simple average. 

These values are depicted using a bar graph (Figure 3). 
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Table 4. Variable importance table derived from BIOMOD2 modeling results. The sum of the vari-

able importance values was normalized to 1 for each model. Values showing the highest importance 

in the single model are highlighted using a blue color, and values showing the second highest im-

portance are highlighted using a green color. 

 GLM GBM MARS FDA CTA RF ANN Mean 

Bio01 0.43754 0.39607 0.32398 0.33512 0.30557 0.32716 0.02244 0.27548 

Bio02 0.09345 0.03747 0.05830 0.06528 0.02506 0.04174 0.00121 0.04402 

Bio04 0.03407 0.06926 0.10987 0.12500 0.10938 0.11041 0.04643 0.08280 

Bio12 0.04271 0.04802 0.08437 0.08548 0.08171 0.08070 0.09299 0.07687 

Bio13 0.26916 0.24901 0.24913 0.24280 0.30999 0.19547 0.24424 0.25679 

Bio14 0.01076 0.01010 0.03293 0.02187 0.01596 0.01888 0.01406 0.01809 

Aspect 0.00636 0.01339 0.00560 0.00820 0.01425 0.01212 0.07739 0.02522 

Slope 0.05025 0.12619 0.09309 0.09007 0.11238 0.13836 0.00856 0.07392 

D_road 0.03975 0.02222 0.02918 0.01823 0.02570 0.03693 0.26439 0.08339 

D_water 0.01594 0.02827 0.01353 0.00796 0.00000 0.03822 0.22830 0.06341 

 

Figure 3. Bar plot showing values of variable importance. 

As a result of the modeling, it was found that Bio01 (annual mean temperature) and 

Bio13 (precipitation of the wettest month) had a significant influence on the distribution 

of A. holophylla. In particular, Bio01 was observed to show the highest influence by most 

of the single models except CTA and ANN; according to CTA, it showed the second 

highest influence. These results corresponded to the results obtained in previous studies 

showing that A. holophylla generally lives in areas having cold climates and heavy 

precipitation in summers [14]. The distance from the road variable showed the third 

highest influence, which validates the findings of previous studies that pollution caused 

by sulfur dioxide causes serious damage not only to fir trees but also to seedlings [42,43]. 

Based on the distribution of A. holophylla, the value of each variable corresponding to 

the current state was derived and compared with the general environmental 
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characteristics of the species coordinates and South Korea (Table 5). There could be errors 

in comparing only the average value, so we attempted to analyze with the boxplot, which 

is made from normalized data (Figure 4). 

Table 5. The average values of each environmental variable. In case of A. holophylla, the value of the 

environmental variable was extracted using the coordinates, and in case of South Korea, the average 

value of the environmental variable itself was shown. 

Variable Bio01 Bio02 Bio04 Bio12 Bio13 Bio14 Aspect Slope D_road D_water 

Unit °C °C °C mm mm mm Degree Degree km km 

A. holophylla 9.3 10.8 1003.5 1426.9 392.0 20.1 160.3 4.9 2.1 1.7 

South Korea 11.8 11.0 992.5 1367.5 333.1 21.8 181.1 3.2 1.9 1.5 

 

Figure 4. Bar plot showing the distribution of value of normalized environmental variables. Since 

the units and values of each environmental variable were different, they were normalized and ex-

pressed as one boxplot. 

The habitat of A. holophylla showed lower temperatures on average, and the average 

annual precipitation was relatively high. In case of aspect, the figures in the table showed 

a tendency to prefer the southeast, but when compared with the boxplot, the distribution 

of the data was relatively homogeneous, indicating that aspect had little effect. The 

distance from the road variable was found to be relatively distant compared to the South 

Korea average, which is thought to be because A. holophylla is affected by air pollution, as 

mentioned above. 

3.2. Determining Time Period of Management 

Fir trees are northern-region plants and their habitat is expected to slowly decline 

under RCP8.5. The current habitat area estimated using BIOMOD is 19,540 km2, 

accounting for approximately 20% of the total land area in South Korea. The models 

predicting habitat changes by 2050 showed that there would be a continuous decline from 

the current conditions. 

The management period was determined by considering the trends of habitat change 

rather than by examining the habitattable area at a specific point in time. In the case of A. 

holophylla, it is predicted that more than 30% of the habitat will be lost by 2030 (about 8.2 
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years later), and more than 50% by 2042 (about 19.9 years later; Figure 5). Thus, it is 

necessary to establish a conservation plan with short-term goals for 2030 and mid- to long-

term goals for 2042. 

 

Figure 5. Change in habitat of Abies holophylla under RCP8.5 scenario. The gray dotted line repre-

sents habitat change trend and the red dotted line represents 30% loss of habitat from the present 

habitat area. 

3.3. Management Area Classification 

The management period provides a target time-point for the process of species 

conservation, and the classification of the management area is necessary for determining 

where and how to manage the biological resources. In order for policies on biological 

resource management to be effectively implemented, management areas should be 

classified while appropriate management measures should be applied for each 

management area. If a uniform method is applied to all areas, cost-effectiveness could 

decrease. 

We have suggested four management areas: maintenance area, reduction area, 

dispersal area, and non-habitat area. The maintenance area is an area where habitats are 

maintained from the present to the future. The reduction area refers to an area where it is 

now a habitat, but not in the future. The dispersal area is now a non-habitat but is expected 

be habitat area in the future. The non-habitat area is an area where A. holophylla cannot 

inhabit from now to the future. 

The species distribution model predicted that due to climate change, the current 

habitat area is expected to decrease by more than 30% by 2030 (approximately 8.2 years 

later). In the management area classification, the habitat at the current time and the habitat 

at the management period (Y2030) were compared. As for the classification of habitats, 

the probability map derived as a modeling result was converted to a binary map, which 

divided into habitat/non-habitat based on the threshold of the TSS. After that, four 

management areas were derived by overlapping the current and future binary maps. 

Comparison of the current habitat (Y2022) with the habitat in the time period of 

management (Y2030) revealed that the maintenance area was 13,340 km2 (14.01% of the 

current habitat), the reduction area was 6272 km2 (6.59%), and the dispersal area was 901 

km2 (0.95%). More than 50% decrease by 2042, that is, about 19.9 years later (Y2042), was 

predicted, where the maintenance area was 10,333 km2 (10.85%), the reduction area was 

9279 km2 (9.74%), and the dispersal area was 385 km2 (0.40%) (Table 6). 
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Table 6. Cross table for deriving management area where 1 indicates habitat area and 0 indicates 

non-habitat area (Unit: km2). 

 
Y2030 Y2042 

1 0 1 0 

Y2022 
1 13,340 6272 10,333 9279 

0 901 74,708 385 75,224 

3.4. Formulation of Plans for the Management Area 

The four management areas were maintenance, reduction, dispersal, and non-habitat 

areas. The findings of the previous studies and our study showed that according to the 

distance from the road variable, sulfur dioxide contained in the smoke emitted from cars 

might affect the distribution of A. holophylla. Therefore, an environment similar to its 

habitat must be created by suppressing road development projects and regulating the 

access of vehicles in the management areas, except for non-habitat areas. 

The management plans for each management area are as follows: 

In the case of the maintenance area, the following two management directions can be 

suggested for maintaining the habitat from now to the time period of management. The 

first involves a non-intensive management method because in this case, the habitat is 

maintained without any special management required. Second, because the area is a high-

quality habitat that lasts for a long time, it is conserved as a source of species diffusion. 

Assuming one maintenance area patch as an island, based on the island biogeography 

theory, it is possible to increase diversity and stability within the patch and conserve it 

[44], or to designate it as a protected area to insulate it from habitat disturbance [45]. 

In the reduction area, the current habitat becomes a non-habitat area in the time 

period of management. Considering that the factors having a significant influence on the 

distribution of A. holophylla are average annual temperature and precipitation in the 

wettest month, it is believed that the area has changed to a non-residential area due to 

climatic factors. Because it is impossible to create an environment similar to the species’ 

habitat by controlling climatic factors, considering realistic aspects, the individuals should 

be shifted to maintenance or dispersal areas [46], or their genetic resources should be 

collected for breeding purposes (e.g., seeds and seedlings). 

The dispersal area is a non-habitat currently, but in the time period of management, 

it changes into a habitat. The habitat of a species is affected not only by climate, but also 

by soil and atmospheric conditions. For A. holophylla, more than 90% of the seeds are 

known to be dispersed within a radius of 50 m [47], and if the density of the tree-crown is 

not high, natural dispersal is known to occur well [48]. We can expect natural dispersal in 

the dispersal area, but we must consider ways to help the dispersal of A. holophylla because 

the spread distance of seeds does not keep up with the pace of climate change. In the case 

of soil, the depth less than 30 cm to bedrock and the composition containing gravel were 

known to be an obstacle to root growth, negatively affecting vertical growth, although it 

is known that poor soil environment negatively affects the proliferation of side roots and 

tiny roots even when sufficient depth is given [49]. Therefore, selecting an excellent area 

could be a important process to conservation. After that, an environment suitable for the 

habitat should be created through the actions such as identifying and removing the 

habitats of invasive and foreign species that hinder the growth of A. holophylla. In addition, 

ex-situ conservation can be achieved by planting seedlings in this area. 

Non-habitat areas are areas where there is a very low probability that the species is 

inhabiting at present, and where it will not be found in the future as well, so it is 

unnecessary to devise a separate conservation plan for these areas. 

Various factors are considered from a human point of view when establishing 

policies. We noted the need for species conservation in the area of responding to climate 

change and the importance of economical species due to the Nagoya protocol effect. In 

other words, the above four management areas are not only applicable to economically 



Forests 2022, 13, 1559 12 of 14 
 

 

importance species such as A. holophylla, but are also applicable methods that can be used 

to conserve other species, from rare species to common species. However, there is a need 

to set a management method for each management area according to the characteristics 

of the target species. 

4. Conclusions 

A. holophylla, called the needle fir, grows in the northern regions of South Korea. Alt-

hough it has a limited habitat in northeast Asia, the species is “near threatened.” The spe-

cies A. koreana and A. spanish belonging to the same genus, are also designated as “near 

threatened” species and show regional distribution. In this study, our aim was to suggest 

a time period of management for the protection and conservation of northern-region 

plants and to propose some methods of management. The management method used for 

the conservation of one species, A. holophylla, can be extrapolated for management of the 

sympatric species of this plant. 

Evaluation of management methods that have a reliable and consistent threshold as 

well as international relevance is difficult. It is difficult to apply the thresholds (e.g., cutoff) 

that were used in this study to other regions or compare them with other research meth-

ods, because the thresholds may vary from region to region. However, the target species 

is also distributed in northeastern China and southeastern Russia, which are geograph-

ically close to South Korea; therefore, it is expected that the threshold value can also be 

applied there. The connectivity between these countries will be considered in the follow-

up studies for the preservation of this species. 

Fir trees are expected to lose more than 30% of their total habitat by 2030 and approx-

imately 50% of their total habitat by 2042, owing to a continuous decrease in habitat in 

South Korea (under RCP8.5). Therefore, the long-term preservation of their habitat is nec-

essary. By comparing current and future habitats, management areas were identified and 

appropriate conservation plans for each management area were proposed. However, con-

sidering the limited budget and real-life situation, a comprehensive management plan 

that includes the sympatric species would be a more effective strategy than the strategy 

that targets a single species. 

The limitation of this study was that we considered only the climate-change factor. 

In future, threat factors such as natural disasters, logging, or additional factors that reduce 

population size must be examined. Nevertheless, the results are meaningful and can be 

used for establishing a plan for effectively managing the endangered species that are in-

fluenced by climate change. 
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