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A Variational Inequality-based Walkability Assessment Model for
Measuring Improvement Effect of Transit Oriented Development
(TOD)

ABSTRACT

The core strategy of transit oriented development (TOD) is to promote high density mixed land use around railway stations. Case
studies in advanced countries show that provision of policies for comprehensive maintenance of pedestrian facilities around railway
station spheres is being pursued with efficacy. In spite of the importance placed on integrated pedestrian maintenance, domestic
construction of integrated pedestrian infrastructure around railway station spheres lacks direction. Thus, there is a clear need for an
evaluation standard that can provide the foundation for judgments on TOD improvement. This research proposes a network model that
consolidates the interior of the station as well as its surrounding areas to determine the ease of pedestrian flow for effective TOD
evaluation. The model considers the railway station and surrounding areas as an assembled network of pedestrian flow. The path
chosen by the pedestrian is defined as the optimal degree of inconvenience, and expands on Wardrop’s User Equilibrium (1952). To
assess the various circumstances that arise on pedestrian facilities including congestion of the pedestrian pathway, constrained elevator
capacity, and wait at the crosswalk, a variational inequality based pedestrian equilibrium distribution model is introduced.

Key words : Transit oriented development, Integrated pedestrian facilities, Variational inequality, Pedestrian equilibrium
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Fig. 2. Hong Kong Station and Olympic Station
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Fig. 3. Seoul Station
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Fig. 5. Walking Environment of Pedestrian Facilities
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Table 1. Pedestrian Facilities & Related Walking Time Factors

H(TOD) WA aa Xk

3 AEREAI R EY By

Pedestrian Facilities Function of Walking Cost Walking speed(m/sec)

Sidewalk Interaction 1.0

Passage(underground, ground) Interaction 1.0, 1.0
Direct Bridge to Building Interaction 1.0

Elevator(general, high speed) Waiting & Interaction 1.75,3.0
Escalator(one, two stories) Waiting & Interaction 0.5

Stair(upward, downward) Interaction 0.4,0.6
Crosswalk Waiting 1.0
Pedestrian Exclusive Deck Interaction 1.0

source: Shin & Lee (2014)
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Table 2. Evaluation Index of Walkability

Evaluation Index Equation Remarks
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Fig. 7. Alternative with Direct Bridge to Buildings
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Fig. 9. Turning Time of Direct Building Connection Passage
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Table 3. Demand (Pedestrian)

Origin Destination Pedestrian (person)
1 3 100
100
100
100

4
3
4
1 100
2
1
2

100
100
100

B WIWI NN~

Fig. 10. Node Type of Two Facilities




Table 4. Waiting Time(turn ; sec)

i-node j-node k-node ij-facility Jk-facility Waiting time(sec)
9 17 7 Sidewalk E/C(up) 100
6 7 17 Passage E/C(down) 100
16 8 10 Sidewalk Signalized crosswalk 80
11 10 8 Sidewalk Signalized crosswalk 80
17 9 13 Sidewalk Signalized crosswalk 80
14 13 9 Sidewalk Signalized crosswalk 80
Table 5. Used Path (Present Status) Table 6. Used Path(Alternative)

Used path Pedestrian Used path Pedestrians
1->5->6->7->16->8->10->11->12->3 100 1->5->6->7->0->3 100
1->5->6->7->17->9->13->14->15->4 100 1->5->6->7->0->4 100
2->5->6->7->16->8->10->11->12->3 100 2->5->6->7->0->3 100
2->5->6->7->17->9->13->14->15->4 100 2->5->6->7->0->4 100
3->12->11->10->8->16->7->6->5->1 100 3->0->7->6->5->1 100
3->12->11->10->8->16->7->6->5->2 100 3->0->7->6->5->2 100
4->15->14->13->9->17->7->6->5->1 100 4->0->7->6->5->1 100
4->15->14->13->9->17->7->6->5->2 100 4->0->7->6->5->2 100

Fig. 11. Pedestrian Volume of Present Status
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Fig. 12. Pedestrian Volume of Alternative

Table 7. Comparison of Present Status and Alternative

Value of Index Before After
Average Walking
Distance(m) 630(m) 505(m)
Average Walking . .
Time(minute) 19(min) 12(min)
Average Walking

Inconvenience Degree
(min.-Incon.)

35(min.-Incon.)

12(min.-Incon.)

Average Pedestrian-
vehicle confliction
(veh/person-min.)

52(veh/person-min.)

0(veh/person-min.)
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