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Abstract

Background: Baekdudaegan was designated in 2005 as a protected area to prevent destruction and conserve.
However, there are many disturbed and destroyed areas. The total disturbed area amounts to 25.9 km2 (0.94%),
including 13.4 km2 (0.49%) in the core area and 12.5 km2 (0.45%) in the buffer area. This study aims to classify the
vegetation types established in the disturbed areas and diagnose the current conditions for ecological restoration
in the forest ecosystem.

Methods: We surveyed the vegetation in the disturbed areas of Daegwallyeong and Chupungryeong and the
surrounding natural areas. The survey conducted from July to September 2015 targeted a total of 54 quadrats by
Braun-Blanquet method (Daegwallyeong, 22; Chupungryeong, 32). We also investigated the height and coverage of
each layer. We classified the vegetation types based on the field data and analyzed the ratio of life form and the
exotic plants, species richness, and vegetation index (Hcl). The Normalized Difference Vegetation Index (NDVI) was
calculated from rapideye satellite imagery in 2014 and 2015.

Results: Vegetation types were classified into 11 groups according to the criteria that included successional sere
or plantation at first, followed by developmental stage and origins. As a result of the analysis of the survey data,
species richness, vegetation index (Hcl), ratio of tree plants, and the NDVI tended to increase, while the ratio of
the exotic plants tended to decrease with the time since disturbance. These indicators had the classified values
according to the vegetation types with time since the disturbance.

Conclusions: These indicators can be effectively used to diagnose the conditions of the present vegetation in the
disturbed area of the Baekdudaegan area. In addition, the NDVI might be effective for the diagnosis of the disturbed
status instead of the human efforts based on the higher spatial resolution of satellite imagery. Appropriate diagnosis
of the disturbed forests in the Baekdudaegan area considering the established vegetation types is essential for the
elaboration of restoration plans. In addition, restoration target and level should be different according to the disturbed
status of restoration site.
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Background
According to the Society for Ecological Restoration
International Science & Policy Working Group (2004),
ecological restoration is practiced to assist the recovery
of a degraded, damaged, or destroyed ecosystem, which
is the most commonly used definition worldwide. For
the successful ecological restoration, survey and analysis
of a restoration site are essential. After the obvious diag-
nosis of the degraded site, it is possible to set up a clear
target, goals, and objectives (Rieger et al. 2014).
Baekdudaegan refers to the mountain ranges linked

from Mt. Baekdu in the Democratic People’s Republic of
Korea to Mt. Jiri in the Republic of Korea. This notion
was firstly used by Doseon, a monk in the Goryeo dyn-
asty. Afterwards, it was systematized and concretized
through several documents, such as Taekriji by Jung
Hwan Lee, Seonghosaseol by Ik Lee, and Sangyeongpyo
by Gyeong Jun Shin in the Choseon dynasty (Lee and
Kwon 2002).
The Baekdudaegan protected area was designated and

notified by the Korea Forest Service in 2005 as one of
the core ecological axes in the Republic of Korea. The
purposes of designation are to prevent undiscerning de-
struction of the environment and conserve the natural
environment (National Law Information Center 2015). It
includes five provinces, six cities, and five counties. The
total area increased from 263,427 ha in 2005 to 275,646 ha
in 2016 (Korea Forest Service 2016). Baekdudaegan is one
of the three main axes of Korean Peninsula along with the
Demilitarized Zone (DMZ) and the coastal belt (AKECU
2010). It plays the important roles as biodiversity hotspots
and ecological corridors of wildlife species (Korea Forest
Service 2008).
In spite of the status of the protected area, there are

many disturbed areas. The total damaged area amounts to
25.9 km2 (0.94%), including 13.4 km2 (0.49%) in the core
area and 12.5 km2 (0.45%) in the buffer area (National
Institute of Ecology 2015). Several studies addressed the
damaged status (Cho 2012; Choi et al. 2014; Kwon and
Lee 2003; Kwon et al. 2004; Lee et al. 2007a; Oh and Lee
2003) and restoration (Ahn et al. 2009; Daegu Gyeongbuk
Development Institute 2008; Kim et al. 2008). These
studies were mostly subjected to survey on the trial deteri-
oration and studies on the diagnosis of the vegetation after
disturbance or degradation are rare.
Several studies on the diagnosis using several indica-

tors have been conducted in South Korea. For instance,
Myung et al. (2002) diagnosed the stream vegetation
through the diversity of plant community, exotic plant
species, actual vegetation map, and vegetation profiles.
Similarly, Kim (2009) developed the index consisting of
vegetation diversity (the number of plant communities),
ratio of exotic and annual plant species, vegetation pro-
files, and species richness (the number of plant species).

Furthermore, Nam (2015) studied species diversity, ratio
of exotic plant and annual plant species, and vegetation.
These studies were usually performed in the streams or
rivers, but rarely addressed a forest ecosystem. Mean-
while, the first attempt to suggest a restoration practice
according to the restoration level based on the damage
degree from air pollution in South Korea was made by
Kim et al. (2015) who selected vegetation types and
damage degree as indicators.
This study aims to classify the vegetation types

established in the disturbed areas and diagnose the
current conditions for making use of ecological res-
toration after disturbances in the forest ecosystem.

Methods
Study area
From the time-series analysis by using the landuse
maps in 2003 and 2013, we selected two study areas
that were the most disturbed and destroyed (National
Institute of Ecology 2015) (Fig. 1). One is Daegwallyeong
in Pyeongchang county, Gangwon province (latitude N
37° 42′~N 37° 46′ and longitude E 128° 40′~E 128° 44′),
and the other is Chupungryeong in Gimcheon city,
Gyeongsangbuk province (latitude N 36° 11′~N 36°
12′ and longitude E 127° 59′~E 128° 03′). The mean
annual precipitation and temperature during 30 years
(1981~2010) were 1898.0 mm and 6.6 °C at
Daegwallyeong Weather Station and 1187.1 mm and
11.7 °C at Chupungryeong Weather Station, respect-
ively (Korea Meteorological Administration 2015).
Daegwallyeong and Chupungryeong belong to the
middle province as a floristic region and the cool
temperate broad-leaved forest as a plant formation
(Lee and Yim 1978).

Disturbance characteristics
Restoration attempts to return an ecosystem to the
original state (Society for Ecological Restoration Inter-
national Science & Policy Working Group 2004) and the
power of an ecosystem to do so is called resilience
(Connell and Slatyer 1977; Greipsson 2011). Vegetation
starts to recover naturally when the anthropogenic distur-
bances ceased or are neglected (Egler 1952). The main dis-
turbance types were pastures in Daegwallyeong and fields
in Chupungryeong (National Institute of Ecology 2015). In
Daegwallyeong, Samyang pasture was developed from
1972 around 850~1400 m above the sea level (Noh et al.
2013). In addition, the wind power generators have been
recently set up after the intact forests in this area were
destroyed. Meanwhile, the main disturbance type was the
fields in Chupungryeong (National Institute of Ecology
2015). Mostly, the fields that were far from the cities or
difficult to access showed the tendency to be abandoned.
Reduced agricultural activities resulted in forest recovery.
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In this study, we surveyed the vegetation in the following
five disturbance types that are abandoned or neglected:
quarry, fields, paddy fields, and pastures, and plantations.
We did not include the sites which are now in use after
disturbances. In addition, the reason why we included the
plantations is the positive effects of their ecological restor-
ation reported in previous studies (Kim et al. 2013a;
Lee et al. 2004a; Shin 2005).

Vegetation survey
We investigated the vegetation survey using the Braun-
Blanquet method (Braun-Blanquet 1964) in the dis-
turbed area and surrounding natural area as a reference.
The vegetation survey conducted from July to Septem-
ber 2015 targeted a total of 54 quadrats, including 22
quadrats in Daegwallyeong and 32 quadrats in Chupun-
gryeong. The quadrant size was 2 m × 2 m dominated by
herbs, 5 m × 5 m dominated by shrubs, and 10 m × 10 m
or 15 m × 15 m dominated by trees. We also investigated
the height and coverage of herb, shrub, subtree, and tree
layers.
All plant species that appeared in each plot were iden-

tified by Lee (2014) and exotic plant species were identi-
fied by Park (2009) and Lee et al. (2011). Unidentified
plants in the fields were collected and identified in the
laboratory.

Data analysis
We divided the vegetation structure into the herb, shrub,
subtree, and tree layers, which means the state of vegeta-
tion development. Then, the ratio of herbs, shrubs, and
subtrees or trees was analyzed among the vegetation
types. In addition, based on the surveyed data of the
height and coverage of each layer, we calculated the

vegetation index (Hcl) (formula 1) (Lee et al. 2004b).
Additionally, we divided it by 100.

Hc= ¼
X

H= � Vclð Þ Hl : height of layer mð Þð Þ ð1Þ

The differences of vegetation index among vegeta-
tion types were tested with one-way ANOVA (SPSS,
version 20.0).

Satellite analysis
To analyze the vegetation recovery according to vege-
tation types, Normalized Difference Vegetation Index
(NDVI) was calculated from rapideye satellite imagery
of Daegwallyeong in 2015 and Chupungryeong in 2014.
NIR is the wavelength value of the near-infrared ray
and RED is the wavelength value of the red visible
ray.

NDVI ¼ NIR − REDð Þ= NIR þ REDð Þ
The value of NDVI ranged from −1 to 1, theoretically.

The areas not covered with vegetation have the value
close to 0. Meanwhile, the areas that are well developed
with vegetation have the value close to 1 (Norman et al.
2014). Relative values to the highest value of the NDVI
were compared.

Results
We categorized the vegetation types into 11 groups
based on the field data. We made a division into three
levels. Level 1 was mainly divided by successional sere
including xerarch succession and hydrarch succession,
plantation, and natural area as a reference. Level 2 was
classified by developmental stages including herb, shrub,
subtree, or tree according to the status of vegetation

Fig. 1 Maps showing the study areas
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development. Level 3 was divided by origins of species
such as exotic or indigenous characteristics (Table 1).
Each type was expressed by remarks of Table 1 hereafter.
Rank-abundance curve according to the vegetation

types is shown in Fig. 2. The number of species of the
disturbed areas tended to increase with the lapse of time
since abandonment or restoration practice such as plan-
tation. The number of species in natural areas ranged
from 44 to 84. In addition, the number of species in P2
and H3 was almost similar to the corresponding number
in the natural areas. The number of species in X types
(X1, X2, and X3) was lower than that of H types (H1,
H2, and H3).
Vegetation index (Hcl), which was calculated by the

mean coverage and height of tree, subtree, shrub, and
herb layers, was high in the natural areas, and the values
of P2 and H3 were similar to the corresponding values
in the natural areas. However, the mean of P2 and H3
was still far from that of the natural area (see Fig. 4). A
division of stratification through the value of mean and
the distribution range of Hcl were clearly observed.
In the result of analysis on the growth form of plant

species, percentages of tree species increased and those
of herb species decreased with time since abandonment
or restoration practice such as plantation. The percent-
age of tree species in X3 and P2 tended to be similar to
that of N types (N1, N2, and N3) than to other types.
However, H types (H1, H2, and H3) did not obviously
show that tendency (Fig. 3). By contrast, the ratio of
exotic plants was high in X1 and P1 and decreased with
time since abandonment or plantation. On the other
hand, ratio of exotic plant species emerged in H3
(Fig. 5).
NDVI of each type, extracted from rapideye satellite

imagery, is shown in Fig. 6. As the result of comparison,

it also increased with time since abandonment or planta-
tion. The value of P2 and H3 types tended to be similar
to N types (N1, N2, and N3). However, standard devi-
ation showed a high value. As a result of one-way
ANOVA test, there are significant differences at the
0.001 level among vegetation types (see Table 2).

Discussion
An ecological restoration project involves several de-
velopmental processes, such as planning, design, im-
plementation, and aftercare. Each step includes major
actions, such as an initiate project, site analysis,
SWOT-C, refined goals and objectives, project scope,
concept design, project plans, installation, monitoring,
remediation, project close-out, and projects added to
the ongoing program (Rieger et al. 2014). It is a cost-
effective way based on the site analysis and diagnosis
evaluation to improve restoration effects (Lee et al.
2005; Lee et al. 2007b).
Vegetation can be easily surveyed to provide valuable

information about disturbances and environmental pro-
cesses (Amoros et al. 2000). In the present study, we
classified the vegetation types for making use of restor-
ation practice in the forest ecosystem. We analyzed five
indicators related to vegetation development to diagnose
the disturbed forest ecosystem in Daegwallyeong and
Chupungryeong, namely, species richness; vegetation
index (Hcl); the ratio of the exotic species and that of
the herb, shrub, and tree species; and NDVI. These indi-
cators were used in numerous studies related to forest
recovery after disturbance. Specifically, species richness
(namely, the number of species) was used by Kim et al.
(2013a, b), Lee et al. (2002), Lee (2006), and Lindborg
and Eriksson (2004); vegetation index was employed by
Lee et al. (2004b) and Lee (2006); the ratio of exotic spe-
cies was used by Kim et al. (2013b); the ratio of annual
herbs or tree species was employed by Burt and Rice
(2009), Grime (2001), and Lee (2006). Finally, Cai et al.
(2015), Leon et al. (2012), and van Leeuwen (2008) used
NDVI. Sizeable differences in the most indicators were
observed between X1 and N types (N1, N2, and N3). In
addition, our results confirmed that most indicators of
H3 and P2 have similar conditions to those of N types
as references (see Figs. 2, 3, 4, 5 and 6). However, the ra-
tio of the exotic plants in H3 was exceptional. Generally,
exotic species disappear when trees make a crown and
provide a shade (Korea National Park Research Institute
2014). Although Salix koreensis, which is the dominant
plant in H3, developed to the tree layer and made a
shade, the ratio of exotic species emerged, while H1 and
H2 did not (see Fig. 5). Exotic species that invaded in
H3 were just two: Erigeron annuas and Bidens frondosa.
It was assumed that E. annuas was invaded temporarily
from the surrounding areas according to the decrease of

Table 1 Categorization of the vegetation types into 11 groups
based on the field data

Level 1 Level 2 Level 3 Remark No. of plots

Xerarch
succession

Herb Exotic X1 14

Indigenous X2 6

Shrub Indigenous X3 4

Hydrarch
succession

Herb Indigenous H1 3

Shrub Indigenous H2 3

Subtree/Tree Indigenous H3 3

Plantation Shrub Exotic/indigenous P1 3

Subtree/Tree Exotic/indigenous P2 4

Natural area Tree Indigenous
(Quercusmongolica)

N1 9

Indigenous
(Q. serrata)

N2 3

Indigenous
(Q. acutissima)

N3 3
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soil water contents since the time after abandonment. In
addition, we assumed that B. frondosa was a remnant
from the early stage of abandoned paddy fields. Many
previous studies reported that B. frondosa showed up or
was dominant in paddy fields in South Korea (Lee 1997;
Kim et al. 2011). However, B. frondosa has heliophilous
seeds (Shin et al. 1999). They might disappear when the
vegetation development go on and make a shade more
densely. Meanwhile, the ratio of exotic species in N1,
N2, and N3 types showed up slightly. Exotic plants that
were entered into the intact natural forests were mainly
Robinia pseudoacacia and Larix kaempferi which are the
major afforestation tree species in South Korea. We
found only very few of them in the intact natural forests.
It is supposed that these exotic plants invaded from the
surrounding plantations.

Meanwhile, the vegetation index (Hcl) was developed
to estimate the vegetation developmental processes in
the area severely disturbed by fire. It well explained the
development of vegetation stratification. It was proved
that the vegetation index showed a high correlation with
the time since fire disturbance (Lee et al. 2004b). Pro-
cesses and speed of the vegetation development after
disturbance might vary according to the disturbance
types and location conditions. However, most disturbed
areas are under the vegetation development immediately
after the disturbances ceased (Egler 1952). Therefore,
the vegetation index is an effective indicator for con-
firming the vegetation developmental processes, as it is
calculated by the height and coverage of each layer. We
confirmed that the vegetation index showed the low
values in the early developmental stage with herb layers

Fig. 2 Rank-abundance curve obtained from the vegetation data according to the vegetation types

Fig. 3 Comparison of the composition ratio by growth form of plant species according to the vegetation types. H herb, S shrub, T tree)
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(X1, X2, and H1) ranging from 0.5 to 2.1. That of the
later developmental stage with subtree or tree layers
(H3 and P2) showed higher values ranging from 5.6 to
22.3. These results are similar trend with those re-
ported by Lee et al. (2004b). Therefore, studies on the
quantification of the vegetation index and analyzing its
correlation with the time since disturbance are needed
in the future.
The NDVI has been shown to be the most effective

index to quickly and simply identify the vegetated area
and its condition (Agone and Bhamare 2012). It has
been widely used to monitor vegetation (Benedetti and
Rossini 1993; Kinyanjui 2011; Meneses-Tovar 2011;
Wessels 2005) and to find the historical information of
vegetation cover changes (Peters et al. 2002). Very low

values of NDVI (0.1 and below) were observed in the
barren areas, such as rocks, sand, or snow, while mod-
erate values (0.2 to 0.3) were observed in shrub and
grassland areas. In addition, high values (0.6 to 0.8) cor-
respond to temperate and tropical rain forests (Weier
and Herring 2000). Therefore, there is a correlation
between vegetation types and various sites (Meneses-
Tovar 2011). In fact, field survey is the most accurate
way to identify the disturbed status. However, it is diffi-
cult to cover broad areas, because this approach is
time-consuming, expensive, and requires more people
who can conduct the field survey (Alshaikh 2015). In
an attempt to make use of the NDVI for the diagnosis,
in the present study, we tried to diagnose the disturbed
status by comparing the values of NDVI calculated
from rapideye satellite imagery. Our results confirmed
the effect of NDVI. Specifically, H3, P2, N1, N2, and
N3 which are types dominated by the tree or subtree
layer had higher values than other types. However, the
difference between herb dominated types (X1, X2, and
H1) and shrub dominated types (X3, H2, and P1) was
not significant (see Fig. 6). It can be inferred that the
damaged area sampled from the field was narrow and
the spatial resolution of rapideye satellite imagery is
low to detect spatial variability (Wessels 2005). There-
fore, in further research, a higher spatial resolution of
satellite imagery is necessary and the number of sam-
ples should be sufficient. In addition, the NDVI from
the low resolution of satellite imagery is suitable for a
broadly degraded area.
The indicators suggested in the present study are

broadly applicable for other disturbed areas, including
many disturbance types in a forest ecosystem. However,

Table 2 Results of one-way ANOVA for vegetation index calculated
from the vegetation coverage and height

Vegetation types N Mean Std F p

X1 14 1.1 0.6 37.102 0.000*

X2 6 1.3 0.3

X3 4 0.8 0.1

H1 3 1.0 0.1

H2 3 3.3 1.5

H3 3 11.7 1.0

P1 3 2.6 0.2

P2 4 11.7 7.3

N1 9 14.3 3.1

N2 3 14.2 1.0

N3 3 18.0 1.8

*p < 0.001

Fig. 4 Comparisons of vegetation index (Hcl) according to the vegetation types
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specific indicators for the each disturbance type should
be chosen. In addition, a more precise survey should be
practiced for a restoration project of a specific area. For
a successful restoration, a restoration plan based on the
accurate survey and diagnosis of the degraded area in
the Baekdudaegan has to be proposed. In addition, res-
toration target and level should be different according to
the disturbed status of restoration site.

Conclusions
An ecological restoration project involves several de-
velopmental processes, such as planning, design, im-
plementation, and aftercare. Diagnosis evaluation of
degraded forest considering the established vegetation
types is essential for the elaboration of restoration
plans. In the present study, we classified the vegetation

types according to the developmental stages, species
composition, and characteristics of dominant species.
Species richness, vegetation index (Hcl), the ratio of
tree plants, and NDVI tended to increase, but the ratio
of exotic plants tended to decrease with the time since
abandonment. In addition, we confirmed a correlation
between vegetation types and the values of the NDVI.
Therefore, we suggested the five indicators for diagnosis.
These indicators are applicable for broadly degraded areas,
including many disturbance types in a forest ecosystem.
However, specific indicators for each disturbance type
should be chosen. In addition, a more precise survey
should be practiced for a restoration project of a specific
area. A restoration plan based on the correct diagnosis of
the degraded area in the Baekdudaegan area has to be pro-
posed for successful restoration.

Fig. 5 The ratio of exotic plants to the total number of species of the each vegetation type

Fig. 6 Relative NDVIs according to the vegetation types from the rapideye satellite imagery
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