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Landscape Structure and Relationship between Water Quality
and Land Use Pattern in the Watershed of the Wangsuk River in
Gyunggi-do, Korea
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Faculty of Environment and Life Sciences, Seoul Women'’s Universtty, Seoul 139-774, Korea.

ABSTRACT: Land use pattern in the Wangsuk river watershed was investigated on the bases of physiognomic
vegetation maps made from the aerial photograph interpretation and field check. Landscape structure was ana-
lyzed using a GIS program supported by ArcView. Landscape structure depended on the geographical position of
the river, such as the upper, middle and lower river. Watersheds of the upper and middle rivers were dominated by
forests composed of secondary forest and plantation. But agricultural fields dominated that of the middle and lower
river. Urban area and agricultural fields increased in from the upper toward the lower river watersheds. In addition
to, a transformation of agricultural pattern into an institutional agriculture was characteristic in the middle and lower
river basins. Water qualiies of the Wangsuk river were usually better in the order of the upper, middle, and lower
river, but they were fluctuated according to the site. Such fluctuation would due to self-purification of the river and
land use pattermn of the watershed as the non-point source. In this viewpoint, a strategy to manage the water quality

in the level of watershed is urgently required.
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INTRODUCTION

Important among environmental issues is poor water quality
and water scarcity. Fresh water availability is a major factor in
sustainable use of natural resources. The water scarcity is
accentuated by deteriorating water quality. Environmental issues
related the deteriorated water quality and water scarcity are relat-
ed to watershed management. Watershed is a basic hydrologic
unit, and hydrologic and ecological processes govemn the quality
of water resources within the watershed. It is appropriate, there-
fore, that issues related to sustainable management of natural
resources are addressed within the context of watershed man-
agement (Lal 2000).

The pollution sources of the river are classified into two kinds
of the point and the non-point sources. The point sources include
urban sewage, industrial wastewater, wastewater from stock
farming, and so on, which are objects for control as they are dis-
charged from one point or narrow zone. On the other hand, the
non-point sources depend on precipitation characteristics, topog-
raphy, geology, and land use pattern as they are pollution
sources that pollutants are discharged by running water at rain.
Therefore, it is so hard to manage coliectively the non-point
source (Hall 1984). In these days, a standard for treatment of

industrial wastewater and urban sewage is intensified. But there
are no regulations or managing facilities for the non-point
sources in Korea. Furthermore, the river improvement focused
on flood control and water use removed the riparian vegetation,
which play a role as a buffer zone for the non-point source
(Stanne et al. 1996, Kentula 1997, Yao et al. 1997, Lee et al.
1998, Lee et al. 1999).

The amount of pollutants from the point source is divided into
the occurred and the discharged ones, the latter is calculated by
subtracting the amount reduced by the treatment facilities. But in
case of the non-point source, the total occurred amount of poliu-
tants are discharged because there are no treating facilities for
them. In particular, pollutants from the non-point source in the
urbanized area are more important because most of poliutants
on the impermeable pavement are directly flowed into the water
body through run-off without any absorption or filtering process
(Ojo 1990, Chester and Gibbons 1996, Lee et al. 1998). In addi-
tion, agricultural field, in which the institutional farming domi-
nates, resembles the urbanized area (Kim et al. 2000). But the
stable ecosystem, such as a forest discharges less pollutant due
to large absorbing capacity. Therefore, the importance of the
land use pattern getting increased in the management plan of
the water quality (Lal 2000).
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The first aim of this study is to analyze the landscape structure
including land use pattem in the watershed of the Wangsuk river,
which is located eastward of Seoul as a tributary to the Han river.
The other is to discuss relationship between water quality and
land use pattern to get the applicable information for manage-
ment of water quality.

STUDY AREA AND METHODS

The Wangsuk river is located eastward nearby Seoul as a trib-
utary to the Han river. It extends from Jinjeob-eup, Pocheon-gun
to Kuri-si in Kyunggi-do on the administrative region. The upper
part of the river retains the dense forest including the
Kwangreung arboretum and the middle and lower river water-
sheds form the typical rural environment as an open field. The
river plays a significant role as a source of water supply of Seoul
and at the same time is under influences of Seoul because it is
located close to there geographically. Expansion of the urban-
ized area in all lowland flat area of this watershed is due to such
influences. On the other hand, the establishment of the institu-
tional agricultural field and orchard of large acreage in the lower
and middle watersheds also reflect such influences.

Land use pattem was explored based on the physiognomic
map and field checks. Physiognomic map from aerial photograph
interpretation (1:15,000 scale) (FRI 1996) was used to identify
vegetation types and landscape boundaries. The identified land-
scape attributes were overlapped on the topographical maps of
1:25,000 scale. Patches smaller than 625m? were excluded from
this study due to uncertainty of their size and shapes on 1:25,000
maps (Nakagoshi ef al. 1992). Vegetation map was constructed
with ArcView GIS (Geographic Information System), and con-
firmed by field check. Numbers and sizes of the patches in the
vegetation maps were determined with ArcView GIS (ESRI
1996). Analysis on the landscape structure was focused to clarify
the causal factors of fragmentation. Degree that each landscape
element contributed to fragmentation was evaluated by ratios of
the numerical percentage to that by area of each patch. In addi-
tion, we obtained the developmental indices based on the results
of analysis about landscape structure: the ratios of the acreage of
the landscape elements occurred from artificial interference to the
natural ones. Data on water quality were obtained from Cho
(1999).

RESULTS

Land use pattern

Landscape element types were identified as secondary forest,
plantation, agricultural field, urbanized area and others (Fig. 1
and Table 1). Acreage of landscape elements in the upper river
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Fig. 1. A landscape ecological map of the Wangsuk river water-
shed.

watershed was larger in the order of secondary forest (44.8%),
plantation (31.2%), agricultural field (13.8%), urbanized area
(5.5%), and others (4.7%). The order in the middle river water-
shed was secondary forest (32.2%), agricultural field (31.3), plan-
tation (20.4%), urbanized area (10.7%), and others (5.4%). That
in the lower river watershed was agricultural field (55.4%), urban-
ized area (20.1%), secondary forest (18.6%), plantation (4.0%),
and others (1.9%)(Table 1).

The number of patches .

The number of patches in the upper river watershed of the
Wangsuk river was more in the order of plantation (47.3%), sec-
ondary forest (21.7%), agricultural field (17.1%), urbanized area
(10.1%) and others (3.1%). The order in the middie river water-
shed was agricultural field (35.0%), secondary forest (25.5%),
urbanized area (19.0%), plantation (17.5%) and others (3.2%).
That in the lower river watershed was agricultural field (38.4%),
urbanized area (25.4%), secondary forest (23.2%), plantation
(8.3%) and others (4.7%).
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Degree of fragmentation

The number of patches per unit (1,000ha) was 97.2, 149.4,
and 89.8 in the upper, middle and lower river watersheds,
respectively. Mean size of patch was 10.3, 6.7 and 11.1 ha in the
upper, middle and lower river watersheds, respectively.

Ratios of the numerical percentage to that by area of patches
were compared to clarify causal factors of fragmentation. In the
upper river watershed, the ratios were higher in the order of
urbanized area (1.84), plantation (1.52), agricultural field (1.24),
others (0.66), and secondary forest (0.48). The order in the mid-
dle river basin was urbanized area (1.78), agricultural field (1.12),
plantation (0.86), secondary forest (0.79), and others (0.59). That
in the lower river watershed was others (2.47), plantation (2.08),
urbanized area (1.26), secondary forest (1.25) and agricuitural
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Fig. 2. Changes of aquatic environmentai factors from the upper
toward the lower river in the Wangsuk river (modified from Cho
1999). m: main river, b: branch of the main river.
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field (0.69).

Water quality

DO did not indicate remarkable change but BOD and COD
increased from the upper river toward the lower one. Nitrogen
showed different aspects depending on the forms; total (T-N)
and nitrate (NOs) increased but nitrite (NO2) and ammonia (NHs)
tended to decrease with the process of water flow. Phosphorus
concentration increased with water flow.

On the other hand, BOD, COD, ammonia, nitrite, and total
phosphorus were higher in the tributary of the middle river com-
pared with those in the other sites but those of the lower river did
not show such trends. This result implies that the branch stream
is an important pollution source in this river. Water qualities of the
Wangsuk river showed variation depending on the site from the
upper to lower river watersheds (Fig. 2). Such variations are due
to the repeated appearances of the pollution source and the self-
purifying action of the river.

DISCUSSION

Difference in landscape structure among areas

Forests composed of secondary forest and plantation domi-
nated the upper and the middle river watersheds, while agricul-
tural fields dominated the lower one. This difference of land use
depends on the topography of each area considered the fact that
agricutturat fields need flat and wide-open area.

On the other hand, agricultural fields in the middie and the
lower river watersheds showed a big difference from that in the
typical rural areas (Lee 1998, Kim 2000). In view of the percent-
age of the agricultural fields, this area indicates a form of rural
area. But composition of the agricultural fields was very different
as most of them transformed to fields for the institutional agricul-
ture. Such transformation is very significant in terms of environ-
mental conservation as the agricultural fields including rice paddy
possess diverse ecological functions, such as flood control, con-
servation of diverse biota, purification of pollutants, and so on
(Kim et al. 2000).

Urbanized area increased from the upper toward the lower
river watersheds and thereby showed an urban sprawl, such
change was also progressed by occupying agricultural field.
Taking into consideration that this transformation occurred in
refation to a change of the governmental policy, discreetness of
decision makers in the process of deciding a policy is urgently
required.

Degree and cause of fragmentation

As the results of analyses on the number and size of land-
scape patches, fragmentation was more severe in the order of
the middle, upper, and lower river watersheds. This result reflects
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the diverse land use and reflects the recent rapid urbanization in
the middle river watershed. The upper river basin showed similar
tendency but was different in an aspect that forest use through
plantation contributed significantly to fragmentation. Low frag-
mentation in the lower river watershed is related to the develop-
mental restriction in relation to the Green-belt and earlier urban-
ization compared with the other areas.

Causal factors of fragmentation can be explained by ratio of
the numerical percentage to that by area of patch classified by
landscape element. In the upper river watershed, landscape ele-
ments that numerical percentage is larger than that by area were
urbanized area, plantation and agricultural field. Those land-
scape elements in the middle river watershed were urbanized
area and agpricultural field, and all elements except agricultural
field fell under such a criterion in the lower one. This result
showed that artificial interference, such as urbanization and agri-
cultural activities usually caused landscape fragmentation.
Fragmentation in the lower river watershed showed a different
aspect. Agricultural field functions as a matrix and diverse factors
contributed to fragmentation, the factors were artificial ones as
well. But secondary forest appeared as a factor inducing frag-
mentation in this area. Such situation may due to succession of
secondary forest escaped from the excessive forest use as a
result of socio-economic change caused by rapid economic
growth since 1980’s (refer to Kamada and Nakagoshi 1996). In
fact, succession of the secondary forest escaped from human
use was progressed more rapidly in the urbanized area like the
lower river watershed than that in the rural area (Kim 2000).
Such background due to that urbanized area experienced fuel
revolution earlier than the rural area did (refer to Kamada and
Nakagoshi 1996). In this aspect, the number and size of patches
reflects both natural and artificial processes in the human-influ-
enced landscape (Forman and Gordron 1986, Turner 1989,
Forman 1995, Raedeke and Raedeke 1995).

Relationship between water quality and land use pattern
Water quality was usually better in the order of the upper, mid-
dle, and lower river (Fig. 2). But the aspect showed fluctuation
depending on the site when it is subdivided (Park, J. H. unpub-
lished data). Such fluctuation would due to self-purification of the
river and continued discharge of pollutants in each small water-
shed. Examples of self-purification can be also conformed in the
change of nitrogen forms with water flow from tributary of the
middle river toward the lower river (Fig. 2). For example, ammo-
nia and nitrite concentration decreased from tributary of the mid-
dle river watershed toward the lower river one, while nitrate and
T-N increased. These changes are due to nitrification of the
organic pollutants over time after inflow. This nitrification is
regarded as a self-purification as a biological process occurring
in the river. In the present study, we focused on the relationship
between water quality and land-use pattern. We regarded the
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developmental indices obtained from the ratio of urbanized area
and/or agricultural field to the total area as a tool representing
land-use pattern of an area (refer to Table 1). Despite such self-
purification, water quality became worse from the upper toward
the lower river. Water quality in each geographical position was
proportionate to those developmental indices. Taking into con-
sideration on the fact that the river showed a purifying capacity
(Park, J. H. unpublished data) as was mentioned above, this cor-
relation reflects that water quality of a river is closely related to
land-use pattern of the watershed. In this respect, a strategy to
manage the water quality in the level of watershed is urgently
required (Lal 2000).
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