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ABSTRACT:  Greenbelts were designated by the Korean government in 1971 in 14 large cities to prevent 

uncontrolled urban expansion. Recently, deregulation of the greenbelt system has resulted in further develop-

ment, but the ecological role of greenbelts has not been fully considered when decisions about urban manage-

ment are being made. We examined the ecological roles of the greenbelt system in the Seoul metropolitan area 

and prepared sustainable management and improvement plans based on our analysis of landscape characte-

ristics using satellite images covering a ～30-year period. The loss of forest cover during this period in the 

greenbelt areas was lower than that in the areas outside and inside of the greenbelt. Fragmentation of forest 

cover was correlated with the pattern of loss of forest cover. The NDVI of the greenbelt remained steady at 90% 

of that in outside of the GB for three decades. This suggests that the greenbelt system has performed its primary 

roles well. However, the remaining green space was not adequate to provide a sink for air pollutants even when 

the greenbelt area was included. We discuss how the negative effects of urbanization can be reduced through 

sustainable management and restoration to promote ecological functioning in greenbelts and urban landscapes.
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INTRODUCTION

The Korean government designated greenbelts (hereafter abbre-

viated as GB) in 14 large cities in 1971, as strongly restricted deve-

lopment areas to protect green spaces and to prevent uncontrolled 

urban expansion. The area designated as GB covers 5,397 km2, 

which comprises 5.4% of the total land area in South Korea (Lee 

et al. 2000). The GB surrounding Seoul have been referred to as 

one of only a few successful landscape management tools in Asian 

megacities (Yokohari et al. 2000). Similar GB systems have also 

been created in America, Australia, China, France, German, Great 

Britain, Japan, New Zealand, Netherlands and several countries in 

Southeast Asia (Thomas 1970, Schabel 1980, Yokohari et al. 2000). 

Humans used traditional living methods and landscape manage-

ment for thousands of years (Holzner 1983), but have altered the 

Earth’s landscape more in the past 50 years than in any other time 

in history. Urbanization is occurring worldwide on a massive scale 

(Alig and Healy 1987, Meyer and Turner 1992), and has brought 

various alterations to our abiotic and biotic surroundings (Grimm et 

al. 2008a, Grimm et al. 2008b, Pavao-Zuckerman and Byrne 2009). 

Changes in land cover due to urbanization and industrialization 

have resulted in degradation of natural environments via water, soil 

and air pollution, and by removing the conversion of natural land-

scapes to other habitat types. The complex and cumulative effects 

of these changes have resulted in the structural and functional 

simplification of urban ecosystems, especially vegetation, and those 

effects are rapidly spreading into suburban and rural areas. Urbani-

zation is also closely associated with climate change (Grimm et al. 

2008b). 

Korea has pursued rapid industrialization since the 1960s. Seoul, 

which covers 605 km2 and is inhabited by > 25% of the South 

Korean population, has been a metropolitan area since the 1970s 

and is well-known as a representative Asian metropolitan area 

(Yokohari et al. 2000). Land use in the Seoul metropolitan area has 

changed as the population has increased and industrialization has 

led to ongoing conversion of agricultural and forested lands to 

built-up areas (Lee et al. 2000, Lee et al. 2001, Kim et al. 2003). 

The GB system has not been immune to these changes. For exam-

ple, KRIHS (Korea Research Institute for Human Settlements; 

1983) reported that natural resources such as forests and valleys 

near large cities make excellent areas for recreation or sports. How-

ever, further development of that land cannot be achieved in Seoul 

due to the GB policy. The Seoul region experiences greater demand 
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for residential area and leisure activities than other regions in Ko-

rea, and hence more space for construction and recreational parks 

is urgently needed (KRIHS 1983). Accordingly, the KMC (Korean 

Ministry of Construction; 1989) prepared guidelines for the utiliza-

tion of greenbelts for recreational parks and distributed them to 

local governments. These guidelines, which describe desirable site 

conditions for different types of recreational parks, stipulates that 

the sites should be selected after a comprehensive consideration of 

several factors such as geographical conditions, land tenure, land 

use and carrying capacity, but consider only human demands and 

benefits without any consideration of the various ecological func-

tions of the GB, such as air purification, urban heat island mitiga-

tion, conservation of biodiversity and natural habitats, etc. Quanti-

fying ecosystem services in a spatially explicit manner can help to 

make decisions about natural resource use in a more effective, 

efficient and appropriate manner (Nelson et al. 2009). Recently, 

deregulation of the greenbelt system has resulted in additional 

development in GB areas. 

To date, no evaluations of the ecological functions of GB or 

sustainable landscape management plans for GB in urban areas have 

been prepared. But Park et al. (1996) evaluated the GB in Seoul 

using remote sensing for 8 of the 25 years of the GB history, a pe-

riod too short to allow any firm conclusions, and Lee et al. (2001) 

analyzed landscape patterns, including stand dynamics and the spe-

cies composition of vegetation, in GB. Kim et al. (1989) also eluci-

dated the relationships among several forest types in GB. 

Environmental policies in South Korea require consideration of 

landscape-level phenomena because those policies are closely asso-

ciated with human activities and landscape ecology addresses the 

impacts of these activities on a larger scale (Turner et al. 2001). 

Adaptive analysis and integration of ecological information are 

required to initiate effective plans for the restoration and improve-

ment of urban forests and for the establishment of sustainable ma-

nagement plans for urban areas. 

In this study, we clarify the roles of Greenbelt systems in Seoul 

in prevention of landscape degradation and urban sprawl. We also 

propose a sustainable management plan for GB based on landscape 

and restoration ecological principles. 

METHODS

Study Area

The study area is the GB areas in the city of Seoul, the capital 

of Korea, which is located in central Korea, and its surrounding 

areas. The study area is classified as a cool temperate forest zone. 

The 30-year mean annual precipitation and temperature in Seoul are 

136.9 cm and 12.2℃, respectively. The mean temperature in Seoul 

is about 0.7℃ higher than that (11.5℃), of the adjacent big cities 

Incheon, Suwon, and Chuncheon (Korea National Statistical Office 

2002). The study area ranges from N37° 6' 4" to N54' 2", and from 

E126° 33' 7" to E127° 30' 32" and from 10 m to 780 m above sea 

level. The GB areas surround Seoul and many satellite cities, 

including Incheon city, with an appearance similar to that of a large 

donut (Fig. 1). In order to analyze the effects of the GB, the study 

area was divided into three zones: the interior areas surrounded by 

the greenbelt (IGB), areas within the GB, and areas on the exterior 

of the greenbelt (EGB) (Fig. 1). The EGB were determined using 

GIS software using the buffer function with a 10 km average width 

of the GB (Park et al. 1996). 

Image Processing 

The boundaries of the GB were based on 1:50,000 national 

topographical maps published in 1977. The effects on the quantity 

and quality of habitat on both sides of the GB was examined using 

satellite imagery. Quantitative assessment was carried out by analy-

zing changes in forest cover in IGB, GB, and EGB during the last 

30 years. Qualitative changes were assessed by examining land-

scape fragmentation and the Normalized Difference Vegetation In-

dex (NDVI). 

Satellite image interpretation was carried out using ERDAS 

IMAGINE 8.6 and Arcview GIS 3.3. Satellite images taken in four 

different years were used for analysis. The earlier images (1975 and 

1983) were from Landsat MSS (Multispectral Scanner, Path/Row 

124-34 for 1975 and 116/34 for 1983) and those from 1992 and 

2001 were from Landsat TM (Thematic Mapper, Path/Row 116-34) 

and Landsat ETM (Enhanced Thematic Mapper, Path/Row 116/34) 

data, respectively. Images from 1983, 1992, and 2001 were taken 

on June 3, and that from 1975 was taken on June 20, so we assumed 

that plant phenology in those four images was similar. Images were 

geometrically corrected by TM projection on 1:50,000-scale national 

topographic maps and resampled to 30 m × 30 m pixel size (the 

total area differed among the images). The root mean square error 

was controlled to within one pixel. For each image, we picked >15 

ground control points (GCP) obtained from digitalized topographic 

maps (e.g. play ground, large intersections, peak of Mt. Nam in 

1:50,000 topographical map), and constructed subsets for the IGB, 

GB, and EGB polygons.  

Landscape Analysis 

Land cover data were produced from each image using a super-

vised classification method to analyze change in forest area in the 

approximately 30 years since the GB were designated. Areas were 

classified into five types of aquatic areas, paddy fields, upper fields, 

urbanized areas and bare ground, and forest. Greenhouses were 
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Fig. 1. Map showing the study area (upper) and changes in land cover classes in the study area over ～30 years (lower). 
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classified into the urbanized class. Cover types were separated by 

determining the spectral distance between the class signatures. For 

land cover classification of satellite images, accuracy was verified 

to > 90% (Lillesand and Kiefer 1994) using 15 ground truth data 

(e.g., bridges, play grounds, large intersections, the peak of Mt. 

Nam in 1:50,000 topographical map) per classes. For the images 

from 1975 and 1983, visual interpretation of the original satellite 

data by the authors was also used to aid in the classification. 

A cohesion index (range between 0 and 1) for the forest cover 

was obtained using FRAGSTATS 3.3 (McGarigal and Marks 1995). 

This index is used to determine landscape fragmentation and to 

measure the degree of aggregation or connectedness of focal pat-

ches (Schumaker 1996, Gustafson and Parker 1992, Saura and Mar-

tinez-Millan 2001). The equation to obtain the index is as follow 

(McGarigal and Marks 1995): 
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Where pij = perimeter of patch ij in terms of number of cell sur-

faces, aij = area of patch ij in terms of number of cells, and A = 

total number of cells in the landscape (McGarigal and Marks 1995). 

NDVI was used to monitor changes in area of forest cover (Jen-

sen 1996, Lyon et al. 1998, Mass 1999, Woodcock et al. 2001). NDVI 

is based on the ratio of the maximum absorption of radiation in the 

red spectral band to the maximum reflection of radiation in the near 

infrared spectral band. NDVI values range between -1.0 and +1.0 

with those approaching +1.0 indicating the presence of dense vege-

tation cover (closed canopy forest). Mean NDVI values were calcu-

lated for forested areas of the IGB, GB and EGB, which were ex-

tracted from the land cover data. Because NDVI is affected by daily 

climate conditions and the acquisition time for the satellite data, we 

calculated values (%) of the IGB and GB relative to the NDVI of 

the EGB (referred to as 100%). 

Quantitative Evaluation on the Buffering Functions of GB

The buffering function of the vegetation in the GB was evaluated 

in terms of the capacity for filtering several air pollutants (CO, SO2, 

NOx and CO2). This evaluation informs us not only about the 

ecological role of the GB but also may suggest causal factors under-

lying forest changes in the IGB and some parts of the GB. Source 

data for air pollutants were obtained from the Korea National 

Statistical Office (2002). The filtering function of vegetation in the 

study area were calculated from Lee (2005) by multiplying forest 

area in 2001 by the absorption capacities per unit area (ha) per year 

for CO (2.2 ton ha-1 yr-1), SO2 (0.24 ton ha-1 yr-1), NOx (0.46 ton

ha-1 yr-1) and CO2 (6.4 ton ha-1 yr-1) for forests. 

RESULTS

Quantitative Landscape Changes

The area of land classified as urbanized continuously increased 

over time, changing from 45,601.7 ha in 1975 to 178,261.2 ha in 

2001 (Table 1). Conversely, agricultural land area (paddy and upper

Table 1. A comparison of land cover changes over the ～ 30 years 

since GB designation in the GB around the Seoul Metro-

politan area and its surrounding areas, the IGB and EGB. 

Cover type IGB (ha) GB (ha) EGB (ha) Total (ha)

1975

Aquatic area 3,261.3 5,748.4 3,211.7 12,221.4

Paddy field 13,991.9 27,830.7 29,373.5 71,196.0

Upper field 7,843.8 14,792.7 19,309.2 41,945.7

Urbanized area 35,338.6 4,862.3 5,400.8 45,601.7

Forest 18,024.6 101,394.5 147,309.6 266,728.7

Total (ha) 78,460.1 154,628.6 204,604.8 437,693.5

1983

Aquatic area 2,854.8 6,749.2 3,005.4 12,609.4

Paddy field 7,097.8 18,883.8 22,672.9 48,654.4

Upper field 12,617.3 19,800.4 28,071.2 60,489.0

Urbanized area 41,068.4 8,068.1 7,156.6 56,293.2

Forest 14,821.7 101,127.1 143,698.7 259,647.5

Total (ha) 78,460.1 154,628.6 204,604.8 437,693.5

1992

Aquatic area 2,554.9 4,503.9 2,811.9 9,870.7

Paddy field 2,413.8 16,790.6 28,860.9 48,065.3

Upper field 620.1 7,082.5 12,072.5 19,775.1

Urbanized area 60,366.0 26,012.0 32,617.1 118,995.1

Forest 12,524.9 100,276.1 128,303.0 241,104.0

Total (ha) 78,479.8 154,665.0 204,665.4 437,810.2

2001

Aquatic area 2,421.3 3,638.3 1,700.9 7,760.4

Paddy field 589.7 7,811.1 15,369.3 23,770.1

Upper field 184.7 2,152.1 5,478.2 7,815.0

Urbanized area 64,085.1 47,550.8 66,625.3 178,261.2

Forest 11,199.0 93,512.8 115,491.7 220,203.5

Total (ha) 78,479.8 154,665.0 204,665.4 437,810.2
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fields) decreased from 113,141 ha in 1975 to 31,585 ha in 2001. 

The percentage of forest cover and the pattern of forest loss was 

different in different areas (Fig. 2). The forest cover in the IGB 

declined from 23.0% in 1975 to 18.9% in 1983, 16.0% in 1992, 

and 14.3% in 2001, while those in the EGB were 72.0% in 1975, 

70.2% in 1983, 62.7% in 1992, and 56.4% in 2001, and only 5% 

of forested area in the GB was lost over the study period, with 

forest cover decreasing from 65.6% in 1975 to 60.5% in 2001. 

Changes in the forested area relative to that in 1975 were also 

analyzed. The forest cover in the IGB was reduced to 82.2% of the 

original value in 1983, 69.5% in 1992, and 62.1% in 2001. Those 

in the EGB declined to 97.5% of the 1975 value in 1983, 87.1% 

in 1992, and 78.4% in 2001 (Fig. 3), whereas the decrease in the 

GB was slight: 99.7% of the original value in 1983, 98.9% in 1992, 

and 92.2% in 2001. 

Changes in the Landscape and Vegetation Qualities 

Changes in the cohesion index, by which the degree of landscape 

fragmentation can be evaluated, were marked in the IGB, but 

negligible in the GB and EGB (Fig. 4). The NDVI increased for 

about ten years after GB designation but has tended to decrease 

since 1983 (Fig. 5). The value of the NDVI in the IGB relative to 

that in the EGB was 53.5% in 1975, 71.0% in 1983, 67.2% in 1992, 

and 53.7% in 2001. The value of the NDVI in the GB relative to 

that in the EGB has remained >90%: it was 90.2% in 1975, 93.1% 

in 1983, 90.5% in 1992, and 91.9% in 2001. 

Buffering Function of GB

The absorption capacities of forests for various pollutants gene-

Fig. 2. Changes in the forest cover ratio in the greenbelt interior (IGB), 

exterior (EGB) and in the greenbelt itself (GB) around Seoul 

in the last three decades.

rated in Seoul are shown in Table 2. There was insufficient vege-

tation in the IGB to absorb pollutants, resulting in a severe imba-

lance between sources and sinks of pollution, indicated by negative 

values. The imbalance was most pronounced for CO2. 

DISCUSSION  

Long-term changes in spatial land use patterns and the resulting 

biotic and abiotic responses such as changes in forest cover, forest 

fragmentation, NDVI and the buffering function of forests were 

analyzed in the GB and the surrounding areas in the Seoul metro-

politan area. Integration of such ecological information into urban 

Fig. 3. Changes in the forested area compared to that of 1975 in the 

greenbelt interior (IGB), exterior (EGB) and the greenbelt itself 

(GB) around Seoul in the last three decades.

Fig. 4. Changes in the cohesion index for forest cover in the greenbelt 

interior (IGB), exterior (EGB) and the greenbelt itself (GB) 

around Seoul in the last three decades.
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Fig. 5. Comparisons of the relative NDVI of the greenbelt interior (IGB), 

exterior (EGB) and the greenbelt itself (GB) around Seoul by 

the period at about 10-year intervals.

policy, planning, design, and management strategies is complex, but 

from a landscape ecological point of view, integration of ecological 

data into urban policy is one of the key management and research 

priorities (Wu and Hobbs 2002).  

Effects of the Greenbelt System on a Landscape Level 

In the IGB and EGB, forest cover has decreased continuously 

and substantially during the 30 years since GB designation. Forest 

loss in the IGB was due to expansion of the existing urban area 

and forest loss in the EGB was to construction of new cities. Change 

Table 2. Quantitative comparisons between air pollution sources in Seoul (2000) and the absorption capacities of greenery spaces in the GB and 

its surrounding areas, the IGB and EGB

Environmental factors
Sink (ton / ha-1 yr-1)

IGB (S1) IGB+GB (S2) IGB+GB+EGB (S3)

CO 24,637.8 230,365.8 484,447.7 

SO2 2,687.8 25,130.8 52,848.8 

NOx 5,207.5 48,691.0 102,394.6 

CO2 71,673.6 670,155.2 1,409,302.3 

Balance between source and sink Source (ton/yr, S) S1 - S S2 - S S3 - S

CO 156,955.0 -132,317.2 73,410.8 327,492.7 

SO2 7,091.0 -4,403.2 18,039.8 45,757.8 

NOx 83,762.0 -78,554.5 -35,071.0 18,632.6 

CO2 30,881,541.0 -30,809,867.4 -30,211,385.8 -29,472,238.7 

of forest cover in the EGB revealed a movement of urban functions, 

such as residence and industry, to the urban outskirts. Those land- 

use changes are closely associated with environmental problems, 

and this trend has been notable in the Seoul Metropolitan area in 

recent years (Kwon et al. 2004, You 1998). 

Forest cover in the GB decreased less than that in the IGB and 

EGB during the study period. Conservation of forest in GB was 

usually due to restrictions on construction to essential public facili-

ties, such as highways and local roads, and to public services in-

cluding educational establishments, etc. (Park et al. 1996). A shift 

in agricultural techniques from conventional farming in paddy and 

upper fields to modernized farming using greenhouses was also 

notable. 

Patterns of fragmentation of forest cover over the last ～30 years 

corresponded well with the observed decreases in forest cover. 

Landscape fragmentation affects abundance and spatial patterns of 

native habitats, and often results in additional habitat loss and frag-

mentation (Skole et al. 1994, Turner et al. 1994, Sinclair et al. 

1995, Matlack 1997, Cooperrider et al. 1999). The GB and EGB 

showed little habitat fragmentation during the study period, but in 

the IGB, fragmentation of natural forested areas was severe as the 

total forested area decreased to about 60% of total area. Lee et al. 

(2008) suggested a restoration plan to address the urban environ-

mental problems occurring due to the uneven distribution of green 

space. The plan seeks to connect remnant forest patches using linear 

landscape elements, such as restored urban rivers or streams and 

footpaths along roadsides by applying restoration ecological princi-

ples. 

Increases in forest cover during the early part of the study period 

were due to vegetation growth resulting from government nature 
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conservation policies, and the subsequent decrease is probably due 

to various environmental stresses related to urban expansion. The 

NDVI of the GB, which remained at ～about 90% of that of the 

EGB, hardly changed during the study period. However, the NDVI 

of IGB has declined as low as ～70% of that of EGB. The NDVI 

of the IGB increased until 1983 but has been decreasing conti-

nuously since then. Increases in the NDVI in the early 1980s are 

attributable to the recovery of degraded forests since the 1970s (Lee 

et al. 2001). The subsequent reduction in the NDVI since the 1980s 

is probably due to urban expansion and to reductions in forest vi-

tality caused by chronic air pollution and acid rain since the 1980s 

(Kim 2005, Ryu and Lee 1992). Additionally, the heat island effect 

and temperature inversions due to the lack of green space in the 

urban center compared with that in the suburbs and beyond, and the 

trapping of air pollutants related to the microclimatic changes 

(Miller 1997, Lee et al. 2008) may also have led to decreases in 

the NDVI. Conversely, the NDVI in the GB was sustained at a 

consistent proportion of that of the EGB during the study period. 

From this result, it can be inferred that the GB and the EGB are 

within the same range in terms of urbanization effects. Patterns of 

long-range transport of air pollutants such as NOx, SOx, and O3 also 

support that inference (Cox et al. 1975, Apling et al. 1977). 

Environmental degradation resulting from urbanization affects 

the public functions of forests, such as air filtering, water retention, 

etc. Imbalances between sources of air pollutants and the filtering 

or public functions of forest (i.e., as a pollution sink) is severe in 

the Seoul metropolitan area (Table 2). An increased number of 

sources and a concurrent decrease in the environmental capacity of 

forests in urban environments to absorb pollutants causes various 

problems such as heat island effects, forest decline, climate change 

and human disease. In addition, such imbalances can result in un-

expected effects in other ecosystem components in urban and su-

rrounding areas. Without alternatives to this undesirable situation, 

truly sustainable management for urban ecosystems is still far away. 

The establishment of GB areas has succeeded in its original goals, 

which include preventing uncontrolled urban expansion and preser-

ving natural environments from various environmental stresses in 

suburbs. If properly managed, GB could also contribute to impro-

ving the urban environment via the performance of diverse ecolo-

gical functions. 

Implications for Natural Resources Management 

One of the most critical steps in preserving biological communi-

ties is the establishment of legally designated protected areas. Pro-

tected areas can be established in a variety of ways, but the two 

most common mechanisms are government action (often at a na-

tional level but action can also occur at a regional or local level) 

and purchases of land by private individuals and conservation orga-

nizations (Primack 1995). 

The GB system, designated by government decree in 1971, has 

two major purposes: prevention of uncontrolled urban expansion 

and preservation of the environment in the suburbs. The IUCN (The 

World Conservation Union) has developed a system of classification 

for protected areas, ranging from minimal to intensive use of the 

habitat by humans (IUCN 1984, McNeely 1995): strict nature re-

serves and wilderness areas, national parks, national monuments and 

landmarks, managed wildlife sanctuaries and nature reserves, pro-

tected landscapes and seascapes, resource reserves, natural biotic 

areas and anthropological reserves, and multiple-use management 

areas. In this classification system, GB zones are roughly equivalent 

to “protected landscapes and seascapes” or “resource reserves.” That 

is, they occupy an intermediate position between truly protected 

areas and managed areas (Primack 1995).  

For sustainable management, 1) GB can be divided into three 

zones-the core area, a buffer area and a transition area-by imitating 

a Multiple Use Module (MUM) (Noss and Harris 1986). Enhance-

ment of the connectedness of green space is also a desirable goal 

for future GB management. 

In GB areas in this study, there was less loss of forest as a na-

tural landscape element over the last 30 years than in IGB and EGB 

areas (Fig. 3), which shows that the GB designation contributed to 

quantitative conservation of green space. However, based on the 

NDVI, the quality of green space in the GB is worse than that in 

the EGB, which is undoubtedly due to the effects of a big city, 

Seoul. Moreover, several new cities were constructed newly in the 

EGB, which contributed to fragmentation of the GB. Air pollutants 

from those cities will also influence the GB and EGB and are likely 

to cause forest decline in GB as the case in IGB.  

Both ecological functions and environmental carrying capacity 

should be considered when planning for the conservation of func-

tions in GB areas. The GB and its surrounding areas are composed 

of various landscape elements that are natural or semi-natural, such 

as plantation areas, and artificial elements. Each component has its 

own natural or socio-economical functions and needs. Therefore, 

suitable management plans that consider its function are required 

(Groom et al. 2006). The uses of core areas of GB, which are ge-

nerally composed of natural areas including Q. mongolica and 

Pinus densiflora forests on the upper slopes, ridges and peaks (Lee 

et al. 2001), should be limited to activities such as climbing and 

hiking.

Buffer areas surrounding the core areas consist of various plan-

tations and are usually established in lower elevations at the feet of 

mountains. The ecological importance of plantations is generally 

lower than that of natural forests. However, conversion of planta-
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tions to natural forests via succession is ongoing in Korea in recent 

years. This vegetation change has been achieved by a kind of passive 

restoration, as opposed to unassisted restoration (Lee et al. 2002, 

2004), but enrichment planting designs may considerably hasten the 

natural process in plantations in low areas. Therefore, in the future, 

the ecological functioning of the buffer areas may reach that of the 

core areas.

Agricultural fields in lower and hilly areas, an element of the 

transition zone in the GB that has received high development pre-

ssure, perform various ecological functions, such as diminishing 

edge effects by increasing the physical distance from industrial or 

residential areas and connecting remnant lowland forest patches. 

Agricultural landscape elements prevent isolation of natural land-

scape elements, which are embedded in artificial landscapes as 

remnant patches. Unfortunately, the conversion of traditional agri-

culture to greenhouse agriculture prevents agricultural lands from 

performing these functions (Lee et al. 2001, Lankoski 2003, Lee et 

al. 2008).

Control of landscape development and improvement of landscape 

connectedness by connecting green landscape elements within the 

GB and among the IGB, GB, and EGB are essential elements of 

landscape management plans designed to improve ecological func-

tioning within metropolitan landscapes, and restoration planning on 

a landscape level is necessary (see Lee et al. 2008). The ecological 

quality of the GB will be determined by the ecological balance in 

the urban area, including the GB. The primary step to enhance the 

ecological function of the urban space would be reintroduction of 

green space in the urban center, which lacks vegetation. Accor-

dingly, we recommend that a network of green space be introduced 

to recover a balanced ecological structure and functioning in the 

metropolitan area. Atmospheric sources of air pollution must also 

be reduced, and management plans should consider the loss of fo-

rest cover in the EGB in the process of construction of new cities, 

which also discharge pollutants.

GB areas play critical roles as a kind of buffer zone that helps 

to restrict urban sprawl. However, in this study, the GB had a lower 

NDVI than the EGB and the area near to the urban center displayed 

symptoms of forest decline or adaptation of plant communities to 

environmental changes (Lee et al. 2008). In order to prevent ex-

pansion of the damaged area, additional buffer zones are needed 

around both existing urban areas in the IGB and newly constructed 

cities in the EGB. Reduction of the NDVI in the IGB and GB (Fig. 

5) due to excessive forest use, various pollutants discharged from 

the many satellite cities constructed in the EGB, and isolation of 

the GB by urban expansion in the EGB and the IGB indicate the 

need for the introduction of a system such as MUM for sustainable 

management of the area.

ACKNOWLEDGMENTS

This study was partially supported from the research fund of 

Seoul Women’s University. 

LITERATURE CITED

Alig RJ, Healy RG. 1987. Urban and built-up land area changes in the 

United States: An empirical investigation of determinants. Land-

scape Ecol 63: 215-226.

Apling AJ, Sullivan EJ, Williams ML, Ball DJ, Bernard RE, Derwent 

RG, Eggleton AEJ, Hampton L, Waller RE. 1977. Ozone concen-

trations in south-east England during the summer 1976. Nature 

269: 569-573. 

Cooperrider A, Garrett LR, Hobbs NT. 1999. Data collection, manage-

ment, and inventory. In Ecological Stewardship: A Common Re-

ference for Ecosystem Management (Johnson NC, Malk AJ, Sex-

ton WT, Szaro R, eds). Elsevier Science Limited, Oxford, UK, pp 

604-627. 

Cox RA, Eggleton AEJ, Derwent RG, Lovelock JE, Park DH. 1975. 

Long-range transport of photochemical ozone in north-western 

Europe. Nature 255: 118-121. 

Grimm NB, Faeth SH, Golubiewski NE, Redman CL, Wu J. 2008a. 

Global change and the ecology of cities. Science 319: 756-760. 

Grimm NB, Foster D, Groffman P, Grove JM, Hopkinson CS, Nadel-

hoffer KJ, Pataki DE, Peters DPC. 2008b. The changing land-

scape: ecosystem responses to urbanization and pollution across 

climate and societal gradients. Front Ecol Environ 6: 264-272, 

DOI 10.1890/070147. 

Groom MJ, Meffe GK, Carroll CR. 2006. Principles of Conservation 

Biology. Sinauer Associates, Sunderland, Massachusetts, USA.

Gustafson EJ, Parker GR. 1992. Relationships between landcover pro-

portion and indices of landscape pattern. Landscape Ecol 7: 101- 

110. 

Holzner W. 1983. Man's impact on the vegetation in Japan and Central 

Europe - A comparison. In: Man's Impact on Vegetation (Holzner 

W, Werger MJA, Ikushima I, eds). Dr W Junk Publishers, The 

Hague, Netherlands, pp 341-357.

IUCN (International Union for the Conservation of Nature and Natural 

Resources). 1984. Categories, objectives and criteria for protected 

areas. In National Parks, Conservation and Development: The Role 

of Protected Areas in Sustaining Society (McNeely JA, Miller KR, 

eds). Washington, DC, IUCN/Smithsonian Institution Press. 

Jensen JR. 1996. Introductory Digital Image Processing: A Remote Sen-

sing Perspective. Prentice Hall, Upper Saddle River, New Jersey, 

USA. 

Kim DS, Mizuno K, Kobayashi S. 2003. Analysis of urbanization 

characteristics causing farmland loss in a rapid growth area using 

GIS and RS. Paddy Water Environ 1: 189-199. 

Kim JH, Kang YS, Lee SW, Cho KH, Kim YT, Ha SH, Min BM. 

1989. Dynamics of plant communities under human impact in the 

green-belt nearby Seoul. Korean J Ecol 12: 209-218. (In Korean 

with English abstract)

Kim JH. 2005. Atmospheric acidic deposition: State of acid rain in 



August 2009 Roles of Greenbelt Systems in an Urban Landscape 215

Korea and the world. Korean J Ecol 28: 169-180. (In Korean with 

English abstract)

Korea National Statistical Office. 2002. Korea Statistical Yearbook. 

Korea National Statistical Office, Daejeon. (in Korean)

KRIHS (Korea Research Institute for Human Settlements). 1983. A 

Study on the Development Plan of Citizens’Recreational Parks in 

the Large Cities, Research Report 83-9. Korea Research Institute 

for Human Settlements. (in Korean) 

KMC (Korean Ministry of Construction). 1989. Guidelines for the Pro-

vision and Management of Citizens’Recreational Park Sites in the 

Green Belt. Korean Ministry of Construction. (in Korean) 

Kwon OS, An DH, Kim WH. 2004. Spatial distributions of the am-

bient levels of air pollutants in Seoul metropolitan area. Environ 

Resour Econ Rev 13: 83-119. 

Lankoski J. 2003. The environmental dimension of multifunctionality: 

Economic analysis and implications for policy design. Agrifood 

Research Reports 20, MTT Economic Research, Agrifood Re-

search Finland, Helsinki: MTT Economic Research.  

Lee CS, Cho HJ, Yi H. 2004. Stand dynamics of introduced black 

locust (Robinia pseudoacacia L.) plantation under different distur-

bance regimes in Korea. For Ecol Manage 189: 281-293. 

Lee CS, Hong SK, Moon JS, You YH. 2001. Landscape structure in 

the greenbelt zone around the Seoul, the metropolis of Korea. Ko-

rean J Ecol 24: 385-394. 

Lee CS, Lee AN, Cho YC. 2008. Restoration planning for the Seoul 

metropolitan area, Korea. In Ecology, Planning, and Management 

of Urban Forests: International Perspectives (Carreiro MM, Song 

YC, Wu J, eds). Springer, USA, pp 393-419. 

Lee CS, You YH, Robinson GR. 2002. Secondary succession and na-

tural habitat restoration in abandoned rice fields of central Korea. 

Restor Ecol 10: 306-314.

Lee CS. 2005. The benefits of urban forest. Nat Conserv, spring issue, 

28:40-49. (In Korean)

Lee DG, Yun SW, Jheon SW, Jung WC. 2000. The analysis of on the 

actual condition of internal and external land-use trends by establi-

shing greenbelt. J Korea Planners Association 35: 155-173. (In 

Korean with English abstract)

Lillesand TM, Kiefer RW. 1994. Remote Sensing and Image Interpre-

tation. 3rd ed. John Wiley & Sons, New York, New York, USA. 

Lyon GJ, Yuan D, Lunetta RS, Elvidge CD. 1998. A change detection 

experiment using vegetation indices. Photogramm Eng Remote 

Sens 64: 143-150. 

Mass JF. 1999. Monitoring land-cover changes: a comparison of change 

detection techniques. Int J Remote Sens 20: 139-152. 

Matlack GR. 1997. Land use and forest distribution in the hinterland 

of a large city. J Biogeogr 24: 297-307. 

McGarigal K, Marks BJ. 1995. FRAGSTATS: spatial pattern analysis 

program for quantifying landscape structure. General Technical 

Report PNW-GTR-351. USDA Forest Service, Pacific Northwest 

Station, Portland, Oregon. 

McNeely JA (ed). 1995. Expanding Partnerships in Conservation. Island 

Press, Washington DC. USA.  

Meyer WB, Turner BL. 1992. Human population growth and global 

land- use/cover change. Ann Rev Ecol Syst 23: 39-61. 

Miller RW. 1997. Urban Forestry; Planning and Managing Urban Green-

spaces, 2nd ed. Prentice Hall, Upper Saddle River, New Jersey. 

Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron DR, 

Chan KMA, Daily GC, Goldstein J, Kareiva PM, Lonsdorf E, 

Naidoo R, Ricketts TH, Shaw MR. 2009. Modeling multiple eco-

system services, biodiversity conservation, commodity production, 

and tradeoffs at landscape scales. Front Ecol Environ 7: 4-11, DOI 

10.1890/080023. 

Noss RF, Harris LD. 1986. Nodes, networks, and MUMS: preserving 

diversity at all scales. Environ Managet 10:299-309. 

Park CH, Suh DJ, Suh CW. 1996. An evaluation of the green belt of 

Seoul metropolitan region by utilizing NDVI derived from TM 

data. J Korean Soc Remote Sens 12: 245-256.  

Pavao-Zuckerman MA, Byrne LB. 2009. Scratching the surface and 

digging deeper: exploring ecological theories in urban soils. Urban 

Ecosyst DOI 10.1007/s11252-008-0078-3.

Primack RB. 1995. A Primer of Conservation Biology. Sinauer Asso-

ciates, Sunderland, MA. 

Ryu CH, Lee KJ. 1992. The effect on the plant community decline by 

the air pollutant & acid rain in the metropolitan area. Korea Inst 

Landscape Architect 20: 80-94. (in Korean with English abstract) 

Saura S, Martinez-Millan J. 2001. Sensitivity of landscape pattern 

metrics to map spatial extent. Photogramm Eng Remote Sens 67: 

1027-1036. 

Schumaker NH. 1996. Using landscape indices to predict habitat con-

nectivity. Ecology 77: 1210-1225. 

Shabel HG. 1980. Urban forestry in the federal republic of Germany. 

J Arb 6: 281-286. 

Sinclair ARE, Hik DS, Schmitz OJ, Scudder GGE, Turpin DH, Larter 

NC. 1995. Biodiversity and the need for habitat renewal. Ecol 

Appl 5: 579-587. 

Skole DL, Chomentowski WH, Salas WA, Nobre AD. 1994. Physical 

and human dimensions of deforestation in Amazonia. BioScience 

44: 314-322. 

Thomas D. 1970. London’s Green Belt. Faber and Faber, London. 

Turner BL, Meyer WB, Skole DL. 1994. Global land use/land cover 

change: toward an integrated program of study. Ambio 23: 91-95. 

Turner MG, Gardner RH, O’Neill RV. 2001. Landscape Ecology in 

Theory and Practice: Pattern and Process. Springer-Verlag, New 

York, USA. 

Woodcock CE, Macomber SA, Pax-Lenney M, Cohen WB. 2001. Moni-

toring large areas for forest change using landsat: generalization 

across space, time and Landsat sensors. Remote Sens Environ 79: 

194-203. 

Wu J, Hobbs R. 2002. Key issues and research priorities in landscape 

ecology: An idiosyncratic synthesis. Landscape Ecol 17: 355-365. 

Yokohari M, Takeuchi K, Watanabe T, Yokota S. 2000. Beyond green-

belts and zoning: A new planning concept for the environment of 

Asian mega-cities. Landscape Urban Plan 47: 159-171. 

You HZ. 1998. The change of spatial structure and environmental 

problems in Seoul metropolitan area. Geogr J Korea 32: 105-118. 

(in Korean with English abstract)

(Received July 20, 2009; Accepted August 19, 2009)


