F=273%3%] 33(3): 1~17, 2005. 8.
Journal of the Korean Institute of Landscape Architecture 1

Ang ABELY7 PPE

A2

i-otl

AT WHAEINEID TA|ZZEHE
An Advanced Methodology of Landscape Character Assessment
Kim, Keun-Ho

Researcher, School of Planning and Landscape & Centre for City and Regiohal Ecology,
Oxford Road, Manchester, M13 9PL, England

ABSTRACT

HozA 849 B RE% UFE AL o] Lol

259 A&7tsd wHY Fo B
AZET. ol 2& BAES A AN FFAQ AR Furt DAt BFe A, BA
e AT B2 AW W, VY £ GEH 5 B B A o)Ak 53 AYo) ¥
AR T HAE 2T I FFOEAE A 243 9RE YUY HH o}F o]
oA le EE BE RE NG ZRAES 99 87 9% Wt YVROE A BB 9%
F7bh R7ET Ty o)A Azt 4B 9% FrkE BA AA Aue IRE AR JuTE
AT, 55 G AT FoAAME AR AE TPY HAE oA ETh B AFE o9
2 BANSS THHTL OF 430l B ALV5T 3B AYS AT B4H FF 40 JuE
AZE) AA, A2 SAT 4B DY S 9SG AW o1BY A5 AFS Wne
A% 54 B7h PEES AASEE T BHo] gk o) WHES Ba A% B4 FrhA 12717
A% B4 F3op) e BRAAL 2R B, 2D 544 Y, 4% 540 234 39S
2 5 QE ML 9Y 5 BRI Aesanh 24 25k Fa% 29 @A AL, ¥X 34 9
W7, 9 T2 0L Sol 22 0L GHeE yEuth A A oAy Wrh Al B4
DE A9 $E B B 48 AGelA FAY AE P A7 R0k 4 A9 A% 54
FHAAE AAH AR TGP AT B0 FAZ U WA B4 2B B4 49 S
WE TP 7 ofF WStth WS AE dolEs B A oYY AF ALOR A% BAY
EEAY 254, s Aol AF37] YE A%, AHA BFA T2 A B4, o 2
AE Y FAEE Bl AL o B BE 38 A A5 22 $ol ANHJAD

Comresponding author. Keun-Ho Kim, Namhwa Apartment 102-603, Hwajeong-dong, Seo-gu, Gwangju 502-240
South Korea, Tel: +82-62-361-1311, E-mail: manchester99@hanmail.net



of A7AN ANE ABY FH 54 F7H PEEL Bo A T AW Fu} NS5
ABAYE T 1 A 2 BEHIY + YA ARA TR 1 23 And BB B
Bh BB ASI5 4B ARL AT VLR Y 5 A ACE ARUD.

Key words: Landscape Heterogeneity Index, Landscape Character, Landscape Assessment, Biodiversity

I. Introduction

One of the most important factors currently driving
worldwide landscape change is urbanisation, and this
can cause severe environmental problems such as air,
soil and water pollution as well as the loss of bio-
diversity (Lawton, 1989; Ehrlich and Wilson, 1991:
World Bank, 1992: White, 1994: Pivo, 1996; Rabi-
novitch, 1998: Lee et al, 1999: Antrop, 2000; Goudie,
2000). South Korea is no exception, The South Korean
population is expected to increase fo 47 million by
2030 from 25 million in 1960, while the percentage of
urban residents is expected to rise to more than 90%
in 2030, compared with only 28% in 1960 (UN, 1998).
As a consequence, urban areas have greatly ex-
panded, leading to irreversible loss of agricultural land,
a further degradation of air and water quality, as well
as degradation of urban fringe landscapes, causing
significant adverse effects on landscape character”
and biodiversity (Cho, 2001). There is, therefore, an
urgent need to deal with these environmental pro-
blems and to adopt policies for more sustainable urban
landscape development, especially, in city regions. It is
suggested that comprehensive landscape assessment
for the whole temitory of large urban regions is
required to support this process. ,

In South Korea, landscape assessments are currently
required as part of planning applications, but are
limited to the visual impacts of developments as part
of environmental impact assessments (EIA) (Yoo,
1997). Therefore, these assessments provide only a

fragmentary picture of the landscapes within any local
authority area. Moreover, the approach to nature
conservation is also limited. In the first half of the
1990s, nature conservation was only concerned with
the protection of ecologically important sites. This
approach has been of limited success, as the reserves
were often too small to provide for all of the habitat
requirements of many species, such as foraging for
animal species (OECD, 1997). Yet South Korea ratified
the Convention on Biological Diversity in 1994, and the
concept of ecological networks was formally introduced
in South Korea in 1995 to protect and improve its
ecosystems (OECD, 1997). Although South Korea's
environmental policies are moving towards modern
nature conservation, using principles of landscape
ecology, it still lacks scientific information on landscape
structure and function as a basis for developing spatial
strategies for biodiversity conservation.

What methods and tools are suitable for providing
the required information on landscape character and
biodiversity in order to support planning for sustain-
ahility? Effective protection of the environment and
the prudent use of natural resources are key objectives
of sustainahility (Swanwick and Land Use Consul-
tants, 2002). These objectives can be achieved through
sustainable landscape planning. It is suggested that
landscape character assessment developed in the
United Kingdom can be used as a tool for sustainable
landscape planning because it provides comprehensive
landscape information, It replaced previous very limited

approaches to landscape assessment conserving the
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natural beauty of the land and the public’'s enjoyment
of it. The term ‘landscape assessment’ was first used in
the 1980s, as a broad definition, encompassing the
many different ways of looking at, describing, ana-
lysing and evaluating landscape (Swanwick, 1998:
Makhzoumi and Pungetti, 1999). For instance, evalua-
ting the landscape in terms of what makes one area
‘different’ or ‘distinct’ from another, as opposed to
what makes one area "better than another’ (the 1970s
view) (Swanwick and Land Use Consultants, 2002).
However, these methods of landscape assessment pay
little attention to the character of landscapes. Iden-
tifying and conserving the distinctive character of a
landscape is imporfant for long-term sustainability.
Landscape character assessment considers that land-
scapes arise as the result of interactions between na-
tural factors and human activities, and emphasises
landscape character rather than landscape quality or
value (Swanwick, 1998: Swanwick and Land Use
Consultants, 2002). While it is believed that landscape
character assessment can provide a suitable spatial
framework for landscape character conservation stra-
tegies, it does not directly provide the detailed quan-
titative information on the ecology of landscapes,
which is necessary for biodiversity conservation, This is
an important issue in the study area, where ur-
bansation is rapid and biodiversity is threatened by
habitat loss and fragmentation.

Therefore, this paper suggests an advanced metho-
dology of landscape character assessment by intro-
ducing quantitative measures of biodiversity potential.
This paper introduces this methodology, presents the
resulfs, and discusses ifs potential as a useful tool for
sustainable landscape planning to allow the effective
protection of distinctive landscape character and bio-
diversity in Gwangju city region.

Il. Methodology

1. Study Area

Gwangju city region was chosen for the study. The
local authority covers 501 square kilometers and has a
population of 1.4 million, Urban land use increased by
1,982 ha between 1995 and 2002, At the same period,
the area of agricultural lands and woodlands dra-
matically decreased by 2,036 ha (Gwangju City, 2002).
It is feared that these changes will result in a decrease
of biodiversity and irreversible changes of landscape
character and deterioration of environmental conditions.

2. Towards an Advanced Methodology

The methoddlogy adopted for this study used
standard landscape character assessment to identify
distinctive landscape character units” and types”, and
to describe their key characteristics, as well as the
main forces of change. This method was then com-
plemented by caleulating an index of landscape hete-
rogeneity to provide information on the spatial eco-
logical structure and to quantify the biodiversity
potential in the study area. The methodology deve-
loped by this research consisted of five steps(Fig. 1).

Step 1: In this step, the background data was
collected to provide a context and to prepare the
necessary map analysis and data overlays for the first
draft map of landscape character units and types. To
delineate the first draft landscape character units and
types, each of the natural (landform, water features,
vegetation areas) and human features (built-up areas,
agricultural land use patterns) was mapped using a
set of criteria originally proposed by the Countryside
Agency for the United Kingdom and adopted for this
study. Single feafure maps from the output of the
first step were then overlaid and a draft character
map was produced, delineating those areas which
showed characteristic combinations of similar features,
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Step 1 ' Desk study
I 1
Natural attributes Human attributes
® [andform ® Built-up areas
® Water features ® Agricultural land use
® Vegetation areas patterns

l I

First draft map of landscape character units

QOutput and types
Step 2 Fieldwork
Step 3 Analysis and presentation
—\]
[ \V |
Map of landscape Description of landscape Identlflca.tlo.n of key
character units and harac- " d characteristics and
Output -~ types (Scale of 1: charac.er unis an main forces of
25,000) types change
|
Step 4 Landscape ecological analysis
Landscape matrix Whole landscape
(Landscape heterogeneity) (Scale of 1: 25,000)

7

Informing landscape character and biodiversity
for sustainable landscape planning

Step 5

Fig. 1. Research steps.

Step 2: The aim of fieldwork was to verify and derived from the desk study, in order to modify errors,
amend the draft landscape character units and types to provide descriptive information on the landscape
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characters identified, to collect information on the
aesthetic and perceptual aspects of the identified
landscapes, and to Inform subsequent analytical de-
cisions. This study used photographs to document the
landscape character units and types during fieldwork,
but other cataloguing methods may well be suitable to
summarise the characteristics of identified areas in a
meaningful way.

Step 3: The third step was to bring fogether the
findings from the desk study and the field survey and
to present the results of the landscape character
assessment at the city-regional level. For each of the
landscape character types, the results included a list of
their key characteristics and features, their distribution
in Gwangju, a description of their physical charac-
teristics and the main forces or pressures for change
that may affect their character,

Step 4: The term biodiversity means different
things to different people, such as a list of species,
heterozygosity and a variety of species and vegetation
(Lee et al, 2004). As many ecologists and planners
define the term of diversity, it means the abundance
of each species or other entity (Noss, 1983), Forman
and Godron(1986) suggested that the total species
diversity is higher in heterogeneous landscapes that
provide many ecosystem types. Although the reasons
for this are far from clear, this is generally accepted
by many authors, who emphasise the importance of
using a quantitative approach to assess landscape
heterogeneity as a measure for biological diversity
(Odum, 1959: Hansson, 1977: Noss, 1983; Meente-
mever and Box, 1987: Forman, 1995: Sklenika and
Lhota, 2002). Thus, this research assumed that land-
scape heterogeneity allows landscapes to maintain
structure and ensure resilience and long-term sus-
tainability. High heterogeneous landscape is taken to
mean, in this study, more species diversity and more
stability. To measure diversity of landscapes, there are
several types of indices, such as a diversity index, a

richness and an evenness index. Gwangju city did not
have specific ecological data, such as vegetation types
and coverage, for the whole case study area, There-
fore, alternative methods were sought to indirectly
estimate the biodiversity potential from alternative
existing data sources. Thus, this research used the
Shannon Diversity index (diversity index) as a surro-
gate measure for biodiversity potential because land
cover data, such as land cover type, numbers and size
of habitat patches obtained from maps and aerial
photographs at the scale of 1:25,000. The formula it
uses is-

SHDI=— gl — PilnPi

where s = number of land cover types; P = propor-
tion of area in land-cover k.

For land cover classification to measure biodiversity
potential, three main classes and 13 sub-classes of land
cover were distinguished (Table 1), The three main
classes were urban land, agricultural land and semi-
natural land, These were further subdivided into
thirteen classes. The land cover types were based on a
land use classification used in the study region, but
modified to reflect the observed land cover,

This study concentrated mostly on the built-up
areas, where a distinction was made between seven

Table 1. Land cover classification for measuring biodiver-
Sity potential

Level 1 Level 2

Apartment blocks: Commercial land:
Industrial land: Modern settlement:

Urban land Traditional seftlement:
Managed open space:
Unmanaged open space

Agricultural land Arable land: Trregular rice field:

Regular rice field

Sermi-natural land Reservoir: River: Woodland
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urban types. Fewer categories were used for the 1. Landscape Character  Assessment
surrounding countryside. As this study was particularly :
interested in the surrounding peri-urban landscapes, it The landscape character assessment of Gwangju

was decided to reduce the overall number of land cover distinguished 46 landscape character units on the basis
types to seven by combining the urban land cover of their particular combinations of natural and human
features, These units were -grouped into 12 landscape
character types (Fig. 2).

l. Results . Table 2 shows the general information collected for

categories info one:

»

0 4 8 12 Kilometers +

Fig. 2. Twelve landscape character types

Legend
Highlands: Lowland Urban fringe:
Bl ryatural wooded mountains BEH iIndustrial land

Open valley regular rice fields [[[TT] Irregular arable land

Bl vocoded irregular arable land EEE open irregular rice fields
Lowlandsa: (C0 open regular rice fields
[ core urban land ; 7] wooded irregular arable land
Open arable land 1-46 Number of character unit
River basins

Wooded arable land

i 4
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the 12 landscape character types. Wooded mountains
{Landscape character type No, 1) located in the east
and west of the study area are the single largest
character type with 47% of the total area, followed by
urban fringe areas characterised by irregular rice fields
(No. 9). The urban character type covered 13% of
the study area. Although the number of individual
units for landscape character type No. 7 (Urban fringe
with industrial land) was as high as 7, this type
covered just 3% of the total area, The other landscape
character types were only represented by a few units
and covered small areas,

The main forces of change observed in the whole
study area were urban developments such as housing
and industry, modification of field patterns and
riverfront recreafion developments. In the case of
landscape character types Nos. 4, 7, 8, 9 and 11, the
most profound change was housing and industrial
development. Over one million people live in these
landscape types and generate increasing demands for
transport, jobs, water supply and housing. Demo-
graphic and household changes over the last decade
have led to an increased demand for additional
dwellings. A need to improve the quality of the road
infrastructure is recognised as a key requirement for
€Conomic development. in the study area. Its imple-
mentation would lead to further development of new
housing and roads and increase the pressure on
greenspace in the character type No. 4. The landscape
character types Nos. 7, 8, 9 and 11, which are located
on the edge of the urban core areas, have also been
under increased pressure from new developments.
Woodlands and arable lands adjacent to urban areas
were particularly under pressure from developments,
such as massive apartment blocks and business parks,
the construction of majpr roads, as well as the
extension of public transport infrastructure. These
developments have a strong impact on landscape
character.

In the case of landscape character types Nos. 5. 9, 10
and 12, the main force of change was the modification
of field patterns. Korean traditional agricultural land-
scapes were characterised by irregular small fields and
surrounded by small scale woodlands, However, mo-
dern agricultural policies designed to increase agricul-
tural productivity have changed traditional field pa-
tterns into large scale field patterns. This has led to
the removal of woodlands.

The research found that the main force of change
was riverfront and tourist developments in the
landscape character types Nos, 1, 2, 3, 5 and 6. The
potential to change and improve the terraced agri-
cultural land and intensify its use was limited in the
highland landscape character types such as Nos, 1 and
3. The most profound change in these types has been
tourist development. Although these landscape cha-
racter types are one of the least changed within the
study area, there are developmient pressures these
days, Especially, the low mountains are particularly
exposed to new building developments on the edge of
the mountains, At present, this development is res-
tricted to some extent, because, historically, Gwangju
contrals the bdevelopments by designating all moun-
tain areas as greenbelt. However, there are increasing
pressures to construct larger tourist hotel develop-
ments as well as new roads, The highland landscape
character types are especially vulnerable to any new
development proposals, particularly around Gwangju
Lake and the historic estates. With the increased
demand for water recreation activities, there have
been waterfront development pressures in the land-
scape character types Nos. 2, 5 and 6 in the study
area. The field survey identified few signs of change
in the landscape type No. 5, except around the
reservoirs due to the increased demand for water
recreation. In the case of landscape character types
Nos. 2 and 6, the extraction of sand and gravel from
the Youngsan and Hwangrong Rivers, to 'regulate the
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rivers flow and for use as a construction material in
the past, has destroyed an undisturbed landscape.
Other changes around the rivers include road im-
provements and bridge construction, Generally, how-
ever, they have seen little recent change and are less
likely to be subjected to development pressures, in
comparison with other landscape character types.
However, as the Gwangju axis of urban development
moves to the west, there are more pressures for
waterfront developments, such as waterfront parks
and riverbed uses along the Youngsan and Hwang-
rong Rivers.

Fig. 3 shows the different land cover types which
dominated and influenced each landscape character
type. Landscape character types Nos, 4 and 7 were
dominated by urban land cover, modern settlement
and industrial land, with more than 80% of each res-

pectively. In the case of landscape character types Nos.
1 and 11, one land cover type, woodland, was the
dominant land cover type, with a cover of more than
50% of the surface area. These woodlands mostly
consisted of pine (Pinus densiflora and Pinus rigida),
alder (Alnus @ponica) and oak (Quercus acutissima).
Most woodlands were larger than Sha and well
connected, The second most abundant land cover type
was arable land and irregular rice field land for the
two landscape types respectively.

In landscape character types Nos. 5, 8, 9, 10 and 12,
agricultural land was the dominant land cover type
with more than 60 % of the total area. Semi-natural
land such as woodland was the second most important
land cover type in these landscape character types.
These woodlands were differentiated from those found
in the highland mountains, Woodlands in these land-
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Fig. 3. Proportions of land cover in the 12 landscape character types.

Legend: l:l Urban land, [2 Agricultural land,

Semi-natural land
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scape character types mainly consisted of the pine
community (Pinus densiflora). Most of the smaller
sized woodlands (less than 1 ha) were scattered in the
areas, and these small distributions of woodland with
irregular arable land created a unique landscape type.
Agricultural (Nos, 5, 10 and 12) and urbanised (Nos. 8
and 9) activities have dissected the woodland habitats
for many plant and animal species into small isolated
patches, Finally, a rich mix of agricultural and
semi-natural land patches was present in landscape
character types Nos. 2, 3 and 6.

2. Index of Landscape Heterogeneity

Fig. 4 shows the results of landscape heferogeneity

for the 46 landscape character units. Landscape
character units Nos, 31 (value = 1.55), 27 (151), 33
(1.48), 19 (1.48) and 9 (1.48) had the highest values
of landscape heterogeneity. Units Nos. 31, 27, 33 and 9
were rural areas with agricultural land cover of over
60% and semi-natural land cover of approximately
20% of the total area, In landscape character type No
19, semi-natural areas covered more than 40% of the
land and urban land covered 31% of the total area.
Landscape character units with high values of
heterogeneity were mostly found in the rural and
urban fringe areas. This was the case, for instance, for
landscape character units Nos. 31 (1.55), 33 (1.48), 9
(148), and 45 (147) in the agricultural areas, and
Nos. 27 (151) and 19 (1.48) in the urban fringe -areas,

Value
—
)

o8 —=THHHHHHHAHAHHTE

Landscape character type No.

b &S Q! b T
- NN N - OO A= 0
‘ 7 ’ 8 ’ 9 ‘, 10 1 11 '12

Fig. 4. Value of fandscape heterogeneity for the 46 tandscape
Legend

No. 1: Highland natural wooded mountains
No. 2: Highland open valley regular rice fields
No. 3: Highland wooded irregular arable land
No. 4: Lowland core urban land

No. 5: Lowland open arable land

No. 6: Lowland river basins

character units.

No. 7: Lowland urban fringe industrial land

No, 8: Lowland urban fringe irregular arable land

No. 9: Lowland urban fringe open irregular rice fields
No, 10: Lowland urban fringe open regular rice fields

No. 11: Lowland urban fringe wooded irregular arable land
No, 12: Lowland wooded arable land
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with a mix of different land cover types. In contrast,
landscape character units, such as Nos. 15, 18, 30, 23
and 10 had low values of landscape heterogeneity in
the study area. In these landscape character units, one
land cover type predominated. For instance, urban land
had a surface cover of more than 90% in landscape
character units Nos, 15, 18, 23 and 30, whereas regular
fields covered more than 90% of the surface area in
character units Nos, 22 and 28.

The index of landscape heterogeneity showed that
the 12 landscape character types had different hete-
rogeneity values (Fig. 5). Three broad groups of land-
scape character types were distinguished in terms of

heterogeneity. Firstly, landscape character types had a
relatively high heterogeneity value in the rural (Nos. 5,
12, 3 and 6) and urban fringe areas (Nos. 8 and 11),
where semi-natural and agriculfural land cover to-
gether was predominant (Table 3). Secondly, land-
scape character types Nos. 1 (0.94), 9 (0.87), 2 (0.85)
and 10 (0.80) had intermediate values of the hetero~
geneity index. Human dominated agricultural land
patches (regular rice fields) predominated in land-
scape character types Nos. 2, 9 and 10, and semi-
natural land cover patches predominated in landscape
character type No.l. Thirdly, landscape character types
Nos, 4 (0.48) and 7 (0.1) had low values of landscape

1.6('/
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ost”
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No7 No4 Nol10 No2 No2 Noil

No6 No.i1l No8 No3 Noi2 Nob

L.andscape character type

Fig. 5. Value of landscape heterogeneity for the 12 landscape character types in the study area.

Legend

No. 1: Highland natural wooded mountains No.
No. 2: Highland open valley regular rice fields No,
No. 3: Highland wooded irregular arable land No.
No. 4: Lowland core urban land No.
No. 5 Lowland open arable land No.
No. 6: Lowland river basins No.
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: Lowland urban fringe industrial land

. Lowland urban fringe irregular arable land

: Lowland urban fringe open irregular rice fields
10:
11:
12:

Lowland urban fringe open regular rice fields
Lowland urban fringe wooded irregular arable land
Lowland wooded arable land
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Table 3. Proportions of the 7 main land cover types and the values of landscape heterogeneity in the

character types of the study area

12 landscape

Proportion of land cover types (%)
Urban . . . Index
Landscape character type No, fand Agricultural land Sermi-natural land of
Total heterogeneity
Urban | Arable | Inegular | Regular | p o | River | Woodland
land land | rice land | rice land
1: Highland natural wooded mountains | 332 [ 1197 | 1016 | 073 | 114 | 046 | 72| 100 094
2¢ Highland open valley regular 145 | 184 | 53| w2z | o | 5% | 3| 100 085
rice fields
3: Highland wooded irregular arable land| 487 | 1399 | 2067 | - 000 | 2048 |, 000 | 3099 | 100 147
4: Lowland core urban land 90.07 394 1.24 154 0.28 1.27 1.66 100 048
5: Lowland open arable land 319 | 4150 | 1988 | 159 | 549 | 0% | 129 | 100 155
6: Lowland river basins 600 | 840 | 2718 | 590 | 000 s252 | 000 100 123
7: Lowland wban fringe industrial land | 9820 | 019 | 000 | 000 | 059 | 038 | 05 | 100 00
8: Lowland urban fringe wooded 09 | 4361 | 1w | 227z 1] om| 29| 100 143
irregular arable land
9: Loviand urban fringe open imegular | o0 | 650 | zres | g76 | 06 | a7 | o7 | 100 087
rice fields
10+ Lowland urban fringe open regular | 10 1 450 | g 1 7833 | 009 | 125 14| 100 080
rice fields
11+ Lowand urban fringe irregular 1520 | 1741 821 208 108 | 149 | 5363 100 134
arable land
12: Lowland wooded arable land 448 | BO7T | 1993 | 823 | 15| o066 | 3012 | 100 149

heterogeneity. A single land cover type (urban land
cover) strongly predominated in these landscape
character types. Thus, the rural and urban fringe
landscapes were likely to have a higher value than the
urban landscapes.

V. Discussion and Conclusion

In this paper, landscape character assessment, de-
veloped and widely used in the United Kingdom, has
been further developed and applied to a study of the
Gwangju city. In other studies carried out elsewhere,
such as in England and Hong Kong, the methods of
analysis were based on just one aspect of landscape,

landscape character, while Germany and the United
States have used more ecologically based approaches
(McHarg, 1969; Haber, 1990; Bastian and Rder, 1998;
Countryside Agency and Scottish Natural Heritage,
1999: Steiner, 1999: Planning Department, 2001a:
2001b: Swanwick and Land Use Consultants, 2002;
German Federal Agency for Nature Conservation,
undated). In that sense, this study offers a perspective
suggesting how landscape character assessment can be
further developed to provide the ecological information
required for sustainable landscape planning.

The landscape character assessment of Gwangju
identified 46 landscape character units. These 46
Tndscape character units were then classified into 12
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landscape character types, This study elucidated key
characteristic features and the main forces of change
of adverse effect on landscape character (see Table 2).
The index of landscape heterogeneity derived from
land cover data was calculated to quantify biodiversity
potential and different values were observed between
landscape character types. From the results of this
study, it is concluded that an advanced methodology of
landscape character assessment offers the potential for
use as a tool in sustainable landscape planning, aimed
towards the effective protection of the environment
and the prudent use of natural resources. The reason is
that it provides more comprehensive information on
landscapes to assist policy makers to protect and
enhance the landscape character and the ecological
conditions, The following section attempts to demon-
strate how this tool can be used to identify the specific
needs for sustainable landscape planning in different
landscape character types. To do this, this section
summarises the three landscape character types as
examples.

Firstly, in the case of landscape character type No. 4
(the urban landscape), this landscape was charac-
terised by an open, flat and monotonous landform and
dominated by intensive modern residential and co-
mmercial land cover in a grid pattern. Future urban
developments, such as more construction for housing
and infrastructure, are likely to have a further nega-
tive impacts on the landscape character and ecological
condition of this landscape type. The value for the
index of landscape heterogeneity was the lowest in
the study area. For sustainable landscape planning to
provide effective protection of the landscape character
and increase biodiversity, there is a need to strictly
protect the natural landscape elements and introduce
more natural land cover types to enhance both the
landscape character and ecological conditions in this
landscape type. The role of cities as a habitat for
wildlife has been increasingly recognized in other parts

of the world (Vh-Pikkki ef al, 2004). However,
Gwangu City is a very densely builf-up urban area,
and greenspace covers only small areas. It is inten-
sively used and managed as islands within the urban
fabric. Therefore, it is suggested that the low bio-
diversity value accurately reflects the biodiversity po-
tential of Gwangju city. Preservation of the semi-
natural land cover that is left in urban areas, and
provision of more greenspace, are required for im-
proving the landscape character and biodiversity
potential of the whban landscape. Singapore, where
great efforts have been underfaken to introduce a
coherent greenspace network, could provide an ex-
ample of how this can be achieved in densely built-up
urban areas in an Asian context (Briffe, 2001; Ong,
2003).

Secondly, In the case of landscape character type
No. 5 (the agricultural landscape), this landscape do-
minated by agricultural land cover types was charac-
terised by an open gently sloping landform and an
open irregular terraced arable field at the edges of the
mountain areas, A modification of arable field patterns
and demands for water recreation and waterfront
developments have had adverse effects on this land-
scape character. In this landscape, protection of na-
tural landscape features, such as natural land forms,
and cultural features, such as traditional field patterns
and reservoirs, is required. This landscape character
type had intermediary values of landscape hetero-
geneity. While the habitat value of paddy rice fields
in these landscapes will be low due to modern farming
practices, they still contain a certain amount of semi-
natural land cover such as woodlands and water
surfaces. However, the woodlands are often frag-
mented and subject fo disturbance from surrounding
fields. Increasing the cover and size of woodlands, and
establishment of habitat corridors between the wood-
lands and less intensive farming on the surrounding
fields, would be important tasks to improve the eco-
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logical conditions in these landscapes.

. Thirdly, in the case of landscape character type No.
11 (the urban fringe landscape), this landscape was
characterised by irregular and enclosed, small to
medium-scale terraced arable fields often bordered by
woodlands and some high rise modern settlements at
the edge of core urban area. Both housing expansion
from adjoining urban areas and a conversion of wood-
lands and arable fields into urban land uses have had
an adverse effect on this landscape character. The
effect of land cover changes is likely to result in the
loss of distinctive urban fringe landscape character and
make the urban fringe landscape more monotonous like
urban landscapes. This landscape had the highest
values of landscape heferogeneity. The biodiversity
potential may still be high but due to the rapid land-
scape change in particular, woodlands are lost and the
remaining woodlands -are becoming increasingly iso-
lated. The index value does not capture these dyna-
mics, as it is only based on data from one particular
point in time. However, this landscape character type
was the most dynamic landscapes in the study area. In
particular, woodlands and other semi-natural land
covers, which are amongst the most important for
biodiversity, are under strong pressure from urban
developments. Therefore, a programme needs to be
made to preserve the features that provide ecological
stability to urban fringe landscapes, such as the
woodlands. It is suggested that their preservation
should be complemented by the development of ha-
bitat corridors to enhance species dispersal between
otherwise isolated habitats,

Despite its success this study has some the limi-
tations. This research suggests further work to be
carried out to develop a better methodology of land-
scape character assessment. Firstly, some problems can
be noted in classifying the landscape character units
and types. In particularl there is a lack of information
to complete a better léndscape character assessment at

present. Some factors such as geology, soills and
historical dimensions of a landscape are needed to
provide more information on the characteristics of
landscape and an understanding of the whole land-
SCape.

Secondly, the particular challenge here is that
information on habitats and wildlife is still very limi-
ted in the study area. Therefore, in this study an
indirect method had to be devised using land cover
data. It does not directly provide information on the
quality of these surfaces, for instance as a habitat
(vegetation types, species composition and numbers,
rare and endangered species). Land cover may look
similar in different landscape character units and
types, but its quality may be very different due to the
specific combination of ecological factors (e.g. geology,
solls and climate), land management and history.
Therefore, it should be validated where possible by
data from habitat and wildlife surveys.

" Thirdly, the index of landscape heterogeneity did
not capture the importance of the mountain landscape.
These areas are rather homogeneously covered by
woodlands, Therefore, the value of landscape hetero-
geneity was comparatively low. However, these wood-
lands are generally considered as the most important
areas for biodiversity conservation- in South Korea
(OECD, 1997), because they include a range of
different woodland types with habitats for specialized
woodland species. Therefore, using the index of land-
scape heterogeneity alone is of limited value, and more
detailed knowledge on the different types of landscape
analysed is required to understand what the indicator
actually means. The index of landscape heterogeneity
may be of limited value for comparison across land-
scape types. Rather, it may be more suitable for
comparison between landscape character types of the
same landscape types, and it can be of more value in
monitoring landscape change (Antrop and Eetvelde,
2000; Sklenika and Lhota, 2002). In other words, once
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established, landscape character and ecological quanti-
tative data can enable the generation of new infor-
mation for the comparative evaluation of alternatives.
Fourthly, the index of landscape heterogeneity is
also scale dependent and sensitive to criteria used for
land cover classification, For instance, the urban land-
scape types appeared to be rather homogeneous at the
broad scale of this study, but they may be highly
heterogeneous, due to a diversity of different land uses
and spatial structures, when looked at in more detail.
Furthermore, many studies indicate that landscape
metrics are sensitive to criteria used for land cover
classification (Gustafson, 1998: Li and Wu, 2004
Wickham et al, 1997). For instance, the Shannon
Diversity index is sensitive to the number of different
land cover types and the proportional distribution of
the area among patch types. This index increases as
the number of different land cover types increases. A
high number of seven land cover types were dis-
tinguished in urban areas whereas only three types
were distinguished in agricultural and semi-natural
areas respectively in this study. Thus, urban land-
scapes have a high value of landscape heterogeneity
due to the variety of urban land cover types. This
problem raises the question of how many land cover
types should be distinguished to predict the degree of
biodiversity? To rather accurately reflect biodiversity
potential, this study was decided to reduce the overall
number of land cover types to seven by combining
the urban land cover categories into one. Thus,
classifying land cover types was somewhat arbitrary.
Previous studies clearly show that the most important
source of error is misclassification and error in metrics
are not greater that data error itself (Wickham et al,
1997). Systematic methods such as Normalized Di-
fference Vegetation Index, Vegetation Index, Ratio
Vegetation Index are suggested to minimize misclassi-
fication (Elvidge and Chen, 1995; Johnston, 2001).
Fifthly, the index of landscape heterogeneity mea-

sured a dimension of landscape composition. However,
landscape ecology stresses the importance of the spa-
tial configuration of landscapes. For example, species
dispersal is enhanced in a landscape when suitable
habitats such as woodlands in the study area are
closely neighbored (Opdam ef al, 1993). A variety of
landscape ecological metrics have been suggested to
assess various aspects of landscape configuration, such
as patch distance, patch shape and patch context,
that provide a more complete picture of the biodi-
versity potential of the different landscape types
(Romme, 1982: Forman et al, 1986: O'Nell et al,
1988: Turner, 1989; Baker and Cai, 1992: Forman,
1995; McGarigal and Marks, 1995: Hargis et al,
1998: Gustafson, 1998: Cook, 2002). Taken together,
these landscape metrics may then provide yet more
valuable information for sustainable landscape pla-
nning, to make proposals for key habitats to be con-
served, necessary (re-)establishment of further habi-
tats and the development of habitat corridors,

Finally, the approach presented here can only be
considered as a first step towards a more compre-
hensive landscape analysis for sustainable landscape
planning, Having acknowledged the limitations of this
study, the results suggest that landscape character
assessment has considerable potential to be used as a
tool for sustainable landscape planning fo protect
landscape character and biodiversity. While the app-
roach was tested in one particular South Korean city
region, Gwangju city, the method developed is argued
to be generic and therefore should also be applicable to
other city regions in South Korea, and indeed else-
where.
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the study and improve this paper.

Annotation 1. A distinct and recognisable pattern of elements

that occur consistently in a particular type of
landscape. Particular combinations of geology.
landform, soils, vegetation, land use, field pa-
tterns and human settlement create character.

Annotation 2, Landscapes with broadly similar patterns of

geology, soils, vegetation, land use, settlement
and field patterns. Landscapes belonging to a
particular type - for example an ‘Upper Dale’
landscape - may be found in many different
places.

Annotation 3. Unique types - geographically discrete exam-

9.

10.

ples of a particular landscape unit. For example
‘Upper Teesdale’ is a character type belonging
to the ‘Upper Dale’ type.
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