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1. Introduction

A change in a transportation network
in turn tends to generate changes in the
spatial structure of accessibility and in
land use patterns ultimately (Davidson,
1977). Therefore the issue of the impact
of transportation changes on spatial orga-
nization has been raised frequently in re-
gional and/or transportation related stud-
jes. The subway system in Seoul has un-
dergone several stages, expanding at sev-
eral phases, since its construction in 1974.
It is likely that the accessibility of individ-
ual nodes in the subway network will be
affected by the changes in the network in
response to the addition of new linkages.
As a consequence, the spatial structure of
land values will be changed, since
accessibility is a main factor in the gene-
ration of the land value. Certain centers
will be advantaged by the change in the
spatial structure of nodal accessibility,
while others will be disadvantaged rela-
tively. In addition, these changes will be
reflected on the land use pattern and the
intensity. Therefore, accessibility can be
one of the most useful concept for the
study of spatial structure of a region, if 1t
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can be calibrated appropriately. Various
numerical indicators of the accessibility
and the measurement models have been
suggested in theoretical analysis and used
in empirical investigation and planning.
However, there are some conceptual con-
fusion as well as gaps between the verbal
definitions of the concept and the numeri-
cal indicators. It may be related with the
nature of accessibility. The concept of
accessibility itself is related variously to
the concepts of nearness, proximity, ease
of spatial interaction, potential of oppor-
tunities for interaction, or potentiality of
contacts with activities or supplies
(Weibull, 1980, p.54). The measurement
of accessibility needs to be differentiated
according to the purpose of study as well
as the types of transportation systems,
since the characteristics of each transport
system can be significantly different.

The objective of this study is to exam-
ine the changes in the spatial structure of
accessibility in Seoul which will be collat-
eral with the expansion of subway net-
work. A new algorithm of graph theoretic
accessibility measurement developed by
Lee (K. Lee, 1995) is applied on this prob-
lem. The graph theoretic analysis is appro-
priate  for  computing the  nodal
accessibility in a urban subway network,
in which the characteristics of each link
are almost uniform, and thus it is proper
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to abstract the network as a graph. From
this we attempt to suggest the direction of
changes in the spatial structure of land
value and land use pattern in Seoul.

2. Subway Systems in Seoul

1) Transformation of the subway net-
work
The subway network in Seoul has been
transformed at several phases, since it has
been constructed in 1974. The Line One
has been constructed in 1974. Ten years
later, the Line Two has been constructed
and the Line Three and the Line Four
have been constructed at the following
year. This subway network has been set-
tled down as one of the major mass trans-
its while operating for almost ten years
with the partial extension. Four more lines
are currently on the construction and an-
other four lines are planned to be complet-

{passengers)

ed in the year of 2001. The total length of
subway system in Metropolitan Seoul area
would be 398km, when these lines are
completed. In this study we compare the
spatial structure of nodal accessibility in
two phases. These two transformation
phases are classified as follows : The first
phase is from the construction of Line One
until the construction of Line Two, Line
Three, and Line Four; the second phase
begins with the completion of Line Five,
Line Six, Line Seven, and Line Eight.

The subway traffic volume has been in-
creased dramatically during the first
phase. And the modal share has also been
increased continuously. Figure 1 and Fig-
ure 2 show the trend of changes in the
subway traffic volume and the modal
shares in Seoul, respectively. It is antici-
pated to be increased up to three quarters
of the total traffic volume in the second
phase.
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Figure 1. Trend of Subway Traffic Volume
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Figure 2. Trend of Modal Shanes in Seoul

2) The behavioral characteristics of sub-
way traffic
Accessibility concerns physical and tem-
poral constraints on behaviour of individu-
als and thus is an aspect of the freedom of
action of individuals (Weibull, 1980).
Actually travelling behavior shows quite
different patterns in accordance with
transport systems. Therefore, the identifi-
cation of the characteristics of a particu-
lar transport system is needed in acc-
essibility measurement modelling. A num-
ber of studies (Koenig, 1978, p.1; see also
Vickerman, 1974; Koenig, 1977) pointed
out that the concept of accessibility is as-
sociated with appreciation of the type and
quality of transport systems as well as ap-
preciation of the availability of satisfacto-
ry potential destinations with respect to a
given need (e.g. looking for an employ-
ment place, shopping, leisure, etc.), which
can be reached from a location using a
particular transportation system (Burns

and Golob, 1976, p.175; see also Karlvist,
197 ; Black and Conroy, 1977). The con-
figurations of such characteristics may be
reflected on the behavioral responses of
people for the particular transport system
and affected by such attributes of a trans-
port system as route distance, travel time,
travel cost, supply capacity, assortment,
operation hours, congestion, queuing time,
and location in relation to other activities
or supplies.

In order to investigate the characteris-
tics of intra-urban subway traffics, we
have performed a questionnaire survey on
450 persons in this study. The most impor-
tant factor they consider to take subway
is time. The number of stations between
the origin and the destination does not af-
fect particularly the decision making for
taking subway. This propensity appears
prominently when they are alined on the
same line in particular. On the other hand,
most respondent manifested quite big psy-
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chological strain imposed on transfer to
different lines. The majority of respondent
give score around 70 as the weight for the
psychological strain imposed on transfer
to other lines. People may not take only
the shortest paths between nodes, when
they take intra—urban subway. There-
fore, Shimbel’'s method (Shimbel, 1953),
which excluded all other paths except the
shortest one, may not be appropriate for
the calibration of nodal accessibility in an
intra-urban subway network. These two
characteristics of subway traffic should be
taken into account in modelling the the
accessibility measurement scheme in a
subway network.

3. Nodal Accessibility Measure-
ment Scheme in Subway Net-
works

Since the characteristics of each transport
system will be significantly different, the
measurement of accessibility may need to
be differentiated according to the type of
transportation systems. When examining
a transportation network for evidence of
the spatial organization of an area, there-
fore, we need an appropriate accessibility
measurement which is available to ac-
count the traffic characteristics of the par-
ticular transportation system. A large
number of numerical indicators of
accessibility have been suggested in vari-
ous research fields with different purpos-
es.

The graph theoretic analysis has been
utilized frequently as a measurement
scheme of the nodal accessibility in a
transportation network (Garrison, 1960;
Nystuen and Dacey, 1961; Berge, 1962;
Kansky, 1963; Muraco, 1972; Murayama,
1994). It is possible to describe and ana-
lyze the spatial organization of a transpor-
tation network in using graph theory. In
particular, the graph theoretic analysis 1s
appropriate for the accessibility measure-

ments of track transportation network,
such as rail and subway networks of
which the characteristics of each link are
almost uniform and thus proper to
abstract as a graph and represent by a
matrix. In determining nodal accessibility
by the graph theoretic analysis proce-
dures, the distance matrix is topological,
andr thus distance is defined as the num-
ber of linkages between nodes. Taaffe and
Gauthier (1973) claimed this definition of
distance is reasonable when the concern is
strictly with the structural properties of a
network, or when one has only a mini-
mum amount of information available
about that network. In particular, this def-
inition of distance is reasonable for intra-
urban subway network. The resulting
accessibility matrix of the network does
not alter structural relationships between
nodes compare to nodal accessibility cali-
brated by the valued graph analysis in
intra-urban subway network, because the
lengths between stations are almost even
in urban subway networks and the char-
acteristics of each link are almost identi-
cal.

A new algorithm of graph theoretic
accessibility measurement developed by
Lee(1995) is utilized in this study. Two
new concepts are introduced in this algo-
rithm, which allow to consider the charac-
teristics of intra-urban subway traffics.
The first one is the concept of inconven-
ience of transfer which is one of the most
influential factors in intra-urban subway
traffics. All nodes have been treated iden-
tically in the existing graph theoretic
accessibility measurements. As mentioned
above, most respondents felt quite big psy-
chological strain in transferring to differ-
ent lines. This indicates that the mebility
can be reduced, if the passenger have to
transfer the subway line on the way to
the destination. Thus it should be noticed
that transfer nodes give significantly dif-
ferent influence on the traffic behavior in
an intra-urban subway system. In order



to take into account such transfer influ-
ence of a sequence of linkages, an weight-
ing method is introduced in this model,
which is in sharp contrast with existing
graph theoretic accessibility measurement
models: In the latter, all nodes were treat-
ed identically. The second one is the selec-
tive inclusion of some indirect connection
paths in determination has been pointed
out to be the major shortcoming of graph
theoretic accessibility measurements. In
the other extireme, therefore, Shimbel
(1953) introduced the shortest path proce-
dure to eliminate counting of all redun-
dant paths. However, in an intra-urban
subway network, it is not expected to be
proper to count only the shortest path be-
tween nodal pairs or to account indirect
connection via the scalar-weighted multi-
plication procedure. Passengers are
usually involved more than the shortest
path between nodal pairs in using surface
transportation modes, particularly in tak-
ing the intra-urban subway. It is thus de-
sirable to take into account probable paths
selectively in the calibration of nodal
accessibility. Namely, in the determination
of nodal accessibility, some indirect con-
nection paths should be included, while
others should not be. The new algorithm is
programmed to include effective indirect
connections paths efficiently during the
matrix multiplication procedure.

In addition to these two new concepts,
the distance decay relationship is also in-
troduced into the analysis. The weighting
procedure for discounting indirect connec-
tions, which was introduced by Garrison
(1960), 1s modified in this model. A major
difficulty in the scalar-weighted multipli-
cation procedure is how to determine the
appropriate value of the scalar. In the
Garrison study, the value 0.3 was chosen
arbitrarily, without justification. However,
this value is apparently too small for the
intra-urban subway traffic, where the
number of stations between nodes is not
an important factor and the distance-
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decay effect is not so high. We thus adopt
the value 0.7 for the scalar, which is the
result of the questionnaire survey.

The calibration procedure of the genera-
lized accessibility measurement of an intra
-urban subway networks is the following:
To determine nodal accessibility, the sub-
way network abstracted as a graph, and
information on the relationship between
pairs of nodes is recorded in a matrix.
Since the cell entries of the matrix may be
information on the presence or absence of
linkages between a nodal pair, zero or one
is assigned (C.n=1, or 0 according to
whether there 1s direct connection be-
tween node m and node n). There may
exist several routes with different linkag-
es between node m and node n., if there
exist several other nodes li in between.
This can be taken into account by writing
the connection between nodes m and = in
the form:

Cw= 3
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where p 1s the number of transfers along
the route and t is a scalar(0 < t < 1)
measuring the ineffectiveness of a trans-
fer. There are restrictions in the summa-
tion:L#m, [;#n, and L;# [; for i#j This
scheme 1is different from the existing
graph theoretic analysis in which succes-
sive matrices are derived by multiplying
the original connection matrix. In this
way the redundant paths such as loops
can be excluded. Accordingly, the total
connectivity between nodes m and n may
be expressed as

R

max

Twe = 2 s Cw
k=1 mn

where s is a scalar (0 < s < 1) measur-
ing the distance decay effect. Thus the
factor s* represents the decrease of con-
nectivity with the number k of nodes on
the path; k... denotes the diameter of the
network.

Finally, the accessibility of node m can
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be obtained by summing the total connec-
tivity T, over all n:

Am = Z Tmn

n

This expression takes into account indi-
rect connections of relevance as well as
all direct ones between the nodes of the
network, and gives the accessibility of a
given node with respect to other nodes in
the network. The larger the value of the
row sum, the greater the accessibility of
the node. Such a large value imply high
accessibility in the structural sense that
the node has a high level of centrality in
the network. Although this measurement
of accessibility depends only on the pres-
ence or absence of connections between
nodal pairs, it is sensitive to the presence
of spatial clustering of nodes in the net-
work.

4. Comparison of Spatial Patterns
of Nodal Accessibility

Using the formula developed in the pre-
ceding section, we compute the the nodal
accessibility in the subway network of
Seoul for the two phases and analyze the
spatial structure in this section. is calcu-
lated for two phases of the subway net-
work in Seoul and the spatial structures
are analysed in this study. For the estima-
tion of intra-urban accessibility, the whole
subway network extended into the metro-
politan Seoul area is considered. The inclu-
sion of such a large area in the analysis is
necessary, since the subway network is
connects these surrounding regions. We
assume that the rest of the elements such
as land use policy, housing policy, and
other transport related policies are deliber-
ately kept unchanged for the period of
this study, to provide a cetris paribus char-
acter to the analysis. This method thus
allows to evaluate the accessibility differ-
ence among places and across time peri-
ods. The larger the value for a place, the

more advantageous its position, not only
for subway transport but also for efficient
economic activity. It is a more favourable
place to which to make business trips,
with which to exchange information, and
to which to deliver goods. It is also possi-
ble to estimate the land value growth in
any zone, if the relationship between the
land value and accessibility is known. Ex-
amining the changes in the spatial struc-
ture of accessibility due to the proposed
subway network, we can also forecast the
direction of changes in the structure of
intra-urban land use.

The spatial patterns of nodal
accessibility in two phases are fairly dif-
ferent. Figure 3 and Figure 4 show the
spatial structures of nodal accessibility for
two phases illustrated in three dimension.
The nodal accessibility values in the sec-
ond phase are increased dramatically
overall as compared with those in the first
phase. There exist even more than ten
times increase in the highest nodal
accessibility, even though the increase
tend to decline as one moves outward
from the center.

The future linkages of intra-urban sub-
way network would greatly be greatly dif-
ferent from the existing linkages. The spa-
tial structure of nodal accessibility in the
first phase is revealed to draw an almost
concentric pattern, spreading from the
center toward the north, southwest, and
southeast. Nodes centrally located in the
subway network generally demonstrate
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Figure 3. Spatial Structure of Nodal

Accessibility in the First Phase Subway Network
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Figure 4. Spatial Structure of Nodal Acc-

essibility in the Second Phase Subway Network
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high accessibility in both phases. These
features become consolidated in the sec-
ond phase subway network. However,
high accessibility in both phases. These
features become consolidated in the sec-
ond phase subway network. However
thescope of central area having high
accessibility values is to be extended sig-
nificantly compared with the existing sub-
way network. Although the absolute value
of nodal accessibility in the southern part
of the Han River also increases much, the
increase in the northern part is remark-
able. This may contribute markedly to the
economic growth of the northern part of
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Figure 5. Accessibility Rank Map in the First Phase Subway Network
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Figure 6. Accessibility Rank Map in the Second Phase Subway Network

the city in the future. This feature is also
exposed in the accessibility rank maps
(see Figures 5 and 6).

Whereas the concentration of high rank
nodes in the central area, located in the
north of the Han River, is reinforced in
the second phase subway network, the
nodes in the southern part are relegated
to lower ranks relatively.

5. Conclusion

It is necessary to explore the accessibility
structure in intra—urban planning when

changes are expected in the transporta-
tion network, since a change in transport
network, of itself, tends to generate
changes in the spatial structure of
accessibility and ultimately in the land use
pattern.

Therefore, accessibility can be the most
useful concept for the study of spatial
structure of a region, if it can be calibrat-
ed appropriately. Through the use of the
newly developed accessibility measure-
ment scheme, the nodal accessibility in the
subway network of Seoul has been calcu-
lated for two phases and the spatial struc-



ture has been analyzed. In particular the
new scheme takes into account the trans-
fer influences of a sequence of linkages
and the selective inclusion of paths be-
tween nodes. It has been found that the
spatial patterns of nodal accessibility In
two phases are rather different: For ex-
ample, the nodal accessibility in the pro-
posed subway network displays dramatic
increase on the whole. The highest nodal
accessibility in the network is expected to
increase more than ten times, even though
such increase tends to be weakened for
nodes located away from the center. Thus
the future inkages of the intra-urban sub-
way network are expected to be quite dif-
ferent from the existing linkages.

The spatial structure of nodal
accessibility in the proposed subway net-
work exhibits an almost concentric pat-
tern, while it displays spread patterns
from the center toward the north, south-
west, and southeast directions. Nodes lo-
cated close to the center of the network in
general demonstrate high accessibility in
both subway networks, which becomes
consolidated in the proposed subway net-
work. The scope of such central area
having high accessibility value is to be ex-
tended significantly, compared with the
existing subway network. Improvement of
accessibility in the northern part of the
Han River is noticeable in the proposed
subway network, which may contribute
markedly to the economic growth of the
northern part of the city in the future.
The concentration of high rank nodes in
the central area which is located in the
north of the Han River is reinforced in the
proposed subway network. On the other
hand, the nodes in the southern part are
relegated to relatively lower rank.

This study helps to provide insight on
the direction of urban development, and
highlights the potential of areas in relation
with the urban development. It is of rele-
vance to examine the changes in the spa-
tial structure of accessibility for the pur-
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pose of forecasting the direction of chang-
es in the spatial structure of accessibility
for the purpose of forecasting the direc-
tion of changes in the structure of the
intra—urban  land use, since the
accessibility of a place affects directly the
land use. The results of this study may be
useful in estimating the spatial structure
of land values and in anticipating the
intra-urban land use pattern with pro-
posed extension of the subway system.
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ABSTRACT

Changes in transport are reflected in
the accessibility of a place, which is denot-
ed as the inherent advantageous charac-
teristic of a place with respect to overcom-
ing spatial friction, and affect the land use
ultimately. A composite accessibility mea-
surement scheme is developed and applied
to the subway network in Seoul, which
has been expanded at several pheses since
it has been constructed in 1972. Changes
in the transport network are reflected in
the spatial structure of accessibility and
affect ultimately the land use pattern.
Therefore, it is of relevance to examine
the changes in the spatial structure of
accessibility, which allows to forecast the
direction of changes in the land use pat-
tern.



