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Abstract

This paper develops a differentiated pricing strategy over each segment of expressways based on the second-best pricing
method for reducing congestion. To this end, a bi-level problem is proposed, in which the upper level of the modd is
formulated to determine toll level of each segment for minimizing traffic congestion, whereas the lower level of the model
is formulated as a variable demand assignment problem. The sengitivity analysis based agorithm is took placed to find
optimal solutions of upper level modd. An application of the proposed model uses the modified Sioux-Falls network. The
results show that the segment-based differentiated pricing strategy performs better than the existing uniform pricing
strategy in reducing traffic congestion. This study can be applied as a demand management method to relieve disutility of
excessively congested segments of expressways.
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Table 1. Link characteristics of modified Sioux-Falls network
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Figure 1. Modified Sioux-Falls network
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Table 3. Derivatives of objective function with respect to initial

Origin Destination d, (trip) link tolls
1 10 1500 Line 1 87/ ou® Line 2 02/ou®
2 10 2000 Link #2 0.89 Link #4 4.02
4 10 1500 Link #6 1.02 Link #16 3.44
8 10 2000 Link #10 -7.96 Link #21 -148.73
13 10 2000 Link #39 3.52 Link #25 -87.97
14 10 2000 Link #40 -126.81 Link #51 3.66
19 10 1500 Link #71 2.64 Link #58 2.20
20 10 2000 Link #76 352 Link #61 7.10
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Table 4. Optimal toll results for Sioux-Falls network

Table 5. Comparison of upper-level objective function values

(unit: Won/km) under different scenarios
Section Initial toll Final toll (unit: Minutes)
Lfne 1 Segment 1 40.0 60.8 Scenario Tota! travel Total user Net value
Line 1 Segment 2 40.0 463 time benefit
Line 2 Segment 1 40.0 51.6 Uniform (initial) 458,999 1,335,049 -876,050
Line 2 Segment 2 40.0 457 pricing
Differentiated 451,672 1,329,596 -877,834
pricing
65 Social optimum 457,781 1,336,915 -879,133
pricing
60
= -875500
5 55
= BTB000 e
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0
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Iteration Number
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Figure 2. Variation of toll level for each section
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Figure 3. Variation of upper-level objective function value with
iterations
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Table 6. Comparison of results for before and after applying
differentiated pricing

Measures of . . Differentiated
effectiveness Jruirerts oty pricing
Total demand (trip) 7,996 7,935
Total travel time of 292,852 273,643
expressway (min.)
Total travel time of 166,147 178,119
national road (min.)
Total travel time (min.) 458,999 451,762
v/c of congested link 0.52 0.45
for line 1 (link #40)
v/c of congested link 1.00 0.87

for line 2 (link #21, 25)
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