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Priority Decision Making for Planning A Long-term Sustainable
High-speed Rail Network using Multi-Attribute Utility Theory

YRY . YN o &

Jinkyung Park - Jin Ki Eom - Jun Lee

Abstract With the growing international consensus regarding sustainable development of transportation, the plan of
transportation infrastructure needs to meet various requirements toward enhancing environmental conditions. Accordingly,
the upcoming long-term plan of high-speed rail network has to be reflecting the sustainability of transportation Systems.
In this paper, we demonstrate an application of methodologies based on multi-attribute utility theory for determining
priorities of sustainable high-speed rail investment. The proposed methodologies identify indicators for sustainable
transportation systems such as economic, environmental, and social ones and then, evaluate priority for planning a
long-term sustainable high-speed rail network by comparing the relative importance among indicators. This will help
transportation agencies to prioritize high-speed rail investment toward sustainable transportation systems.

Keywords : Sustainable Development, Multi-Attribute Utility Theory(MAUT), Decision Making, High-Speed Rail
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¥ Traffic congestion
¥ Mobility

v Infrastructure costs £
v Consumer costs
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¥ Human health
¥ Community cohesion
. v Community fivability

Fig. 1. Sustainable transportation impacts
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Table 1. Sustainable transportation indicators

Economic Social Environmental
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values

Data: Litman(2007).
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« Identify the various criteria and sub-criteria

«Rank the different criteria and sub-criteria in order of importance

« Rate the different criteria and sub-criteria on a scale from 0 to 1, while reflecting the

ratio of relative importance of one criterion over the next

« Normalize these weights i

y
« Determine criteria values for each alternative by using single-attribute utility fn.on |
linear normalized scales i

« Caleulate the utilities for the alternatives by obtaining the weighted linear sum for
the criteria ]

Fig. 2. the MAUT approach
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Fig. 3. High speed rail alternatives
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Table 2. Sustainability goals and performance measures

Sustainability Goals Performance Measures
Al. Improve All. Freeway congestion
Mobility Al2. Vehicle-miles traveled
Economic | A% x;’;‘r‘;“aifmy A21. Total time spent
A3. léllgzltl:nze A31. Construction costs
B1. Increases Bl1. Crash disabilities and
Safety fatalities
B2. Promote B21. Production effects
Social Regional B22. Employment effects

Development B23. Wages effects

B3. Maximize B31. Average rail travel

Equity time
Cl1. Minimize
Greenhouse | Cl11. CO, emissions
Effect
Environmental C21. CO emissions
C2. Minimize ..
Air Pollution C22. NOx emissions

C23. HC emissions

15) Jeon et al(2007) #z.
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Table 3. Raw values of performance measures
Sustainability Performance Measures West-East| West South East Central
All. Average freeway speed(km/hour) 78.66 78.73 78.68 78.67 78.67
Economic Al2. Vehicle miles traveled per capita(vehicle + km/person) 5,725 5,734 5,734 5,743 5,751
A21. Vehicle hours traveled per capita(vehicle - hour/person) 159 174 174 189 189
A31. Construction costs per length(10°won/km) 588 522 538 522 543
BI1. Crash disabilities and fatalities(person) 461 470 470 490 491
B21. Production effects per Construction costs 2.130 2.125 2.097 2.121 2.133
Social B22. Employmént effects per Construction costs(person/lngon) 1.560 1.560 1.561 1.520 1.559
B23. wages effects per Construction costs 0.438 0.429 0.429 0.434 0.432
B31. Average rail travel time(hour) 3.76 4.13 424 428 4.25
Cl1. CO; emissions(g/vehicle + km) 4,966,658 1 5,153,438 | 4,603,997 | 5,579,863 | 7,166,333
Environmental C21. CO emissions(g/vehicle + km) 328,286 | 357,382 | 322,111 | 353,859 | 458,116
C22. NOx emissions(g/vehicle - km) 368,720 | 397,795 | 361,461 | 392,088 | 498,820
C23. HC emissions(g/vehicle + km) 76,254 76,005 66,681 88,348 | 116,163
Table 4. Weights and normalized values
Sustainability Performance Measures Weights | West-East| West | South | East | Central
All. Average freeway speed(km/hour) 0.545 0.999 1.000 | 0999 | 0.999 | 0.999
Economic Al2. Vehicle miles traveled per capita(vehicle - km/person) 1.000 0.998 | 0998 | 0.997 | 0.995
AZ21. Vehicle hours traveled per capita(vehicle + hour/persom) 0.273 1.000 0917 | 0917 | 0.843 | 0.842
A31. Construction costs per length(logwon/km) 0.182 0.887 1.000 | 0.969 | 0.999 | 0.960
B11. Crash disabilities and fatalities(person) 0.667 1.000 0.981 | 0.981 | 0.940 | 0.939
B21. Production effects per Construction costs 0.999 0.996 | 0.983 | 0994 | 1.000
Social B22. Employment effects per Construction costs(person/10°won)|  0.333 0.999 0.999 | 1.000 | 0974 | 0.998
B23. wages effects per Construction costs 1.000 0.981 | 0981 | 0993 | 0.986
B31. Average rail travel time(hour) 0.545 1.000 0910 | 0.887 | 0.879 | 0.885
C11. CO; emissions(g/vehicle - km) 0.273 0.927 0.893 | 1.000 | 0.825 | 0.642
Environmental C21. CO emissions(g/vehicle - km) 0.981 0901 | 1.000 | 0.910 | 0.703
C22. NO, emissions(g/vehicle *+ km) 0.182 | 0.980 0.909 | 1.000 | 0.922 | 0.725
C23. HC emissions(g/vehicle - km) 0.874 0.877 | 1.000 | 0.755 | 0.574
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Table 5. Comprehensive sustainability indexes

Sustainability | Economic | Social E;ZE;T CSOIi!sltI; r;l;;rillsiit;e
Weights 45% 35% 20% 100%
West-East 0.979 1.000 0.933 0.977
West 0.977 0.971 0.894 0.959
South 0.971 0.966 1.000 0.975
East 0.956 0.942 0.838 0.927
Central 0.948 0.945 0.651 0.887

Table 6. Sensitivity of comprehensive sustainability Indexes

Weights(%) Comprehensive Sustainability
Eco.no Social Environ | West- West | South | East |Central
-mic -mental | East

30 20 50 0.960 | 0.934 | 0.984 | 0.894 | 0.799
30 30 40 0967 | 0.942  0.981 | 0.904 | 0.828
30 40 30 0.974 1 0.950 | 0.978 | 0.915 | 0.857
40 20 40 0.965 | 0.943 | 0.982 | 0.906 | 0.828
40 30 30 0.972 | 0.951 | 0.978 | 0.916 | 0.858
40 40 20 0.978 | 0.958 | 0.975 | 0.927 | 0.887
50 20 30 0.970 | 0.951 | 0.979 | 0.918 | 0.858
50 30 20 0.976 | 0.959 | 0.975 | 0.928 | 0.888
50 40 10 0.983 | 0.967 | 0.972 | 0.938 | 0.917
60 10 30 0.967 | 0.952 | 0.979 | 0.919 | 0.859
60 20 20 0.974 1 0.959 | 0.976 | 0.929 | 0.888
60 30 10 0.981 | 0.967 | 0.972 | 0.940 | 0.917
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