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ABSTRACT

The global warming caused by consumption of fossil fuel and energy has been interested. Therefore, several policies and regulations
have been discussed to reduce greenhouse gas emission and effective energy consumption. The construction industry that takes 45%
of energy consumption makes efforts to develop green construction methods and materials and reuseable energy. However, there is no
common definition to calculate greenhouse gas and database in the construction industry. Especially, transportation infrastructure like
road, railway, harbor, and airport consumes 21% energy of construction facilities. Therefore, this paper develops the causal relationship
to define performance of sustainable road construction and maintenance. The performance indices are grouped into economic, social,
and envirionmental impacts. Then, the causal map is developed based on survey results of construction experts. This will provide the
baseline to evaluate the performance of sustainable construction and to establish the objective goals.
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Table 1. Sustainablity Indicators

Sustainability Goals Performance Indicators

Economic

- Portion of budgets devoted to transport

Economic - Per capita congestion delay
productivity - Efficient pricing(road, parking, insurance,
fuel, etc)
. - Per capita transport energy consumption
E ffi . .
NETEY CHICIENEY | per capita use of imported fuels
L - Availabili lity of afft 1
Affordability vai .abl ity @d qu.a ity o. a orda.b e modes
(walking, cycling, ridesharing, public transport)
Social
- Transport system diversity
Equity/fairness |- Portion of destination accessible by people

with disabilities and low incomes

- Per capita traffic casualty rates

Safety, security (injury and death)

and health - Human exposure to harmful pollutants
- Portion of travel by walking and cycling
Community - Quality of road and street environments
development - Walkability and bikability
Environment

- Per capita emissions of greenhouse gases
(CO», CHs, CFCs, etc)

- Per capita emissions
(PM, VOCs, NOx. CO, etc)

- Aiir quality standards and management plans

Climate stability

Prevent air
pollution

Prevent noise

pollution - Traffic noise levels

*VTPI, “Well Measured Developing Indicators for Sustainability and
Livable Transport Planning, 2012.
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Table 2. Indicators for Road Construction and Maintenance

Activity Outcome Indicators

Output Indicators Activity Indicators

Habitat disruption and land
take for road and right-of way

- States reporting highway related
wetland losses

- Cumulative land area covered by road

- New road mileage and lane mileage
constructed

- Percent of surface waters degraded
from land development projects

Emission during construction
and maintenance

- Change in surrounding water quality
conditions near typical construction site

- Energy used in construction

- States reporting road salting as a
significant source of ground water
contamination

Releases of deicing
compounds

- Data unavailable

- Quantity of road salt used

- River miles, lakes, and ocean shore

High iy
1ghway runo miles impaired by urban runoff

- Quantity of oil and grease loading via
road runoff

- Percentage of roads that are paved

* EPA, “Indicators of the Environmental Impacts of Transportation”, 1996.

Table 3. Transportation Indicators

Transportation Indicators Indicator set

- Vehicle travel
Traffic volume - Public transportation volumes

- Walking and cycling

Network reliability - Congestion and travel time reliability

- GDP
- Freight volume
- Transport workforce

Freight/transport
industry

- Social connectivity
- Access to a vehicle
- Accessibility of public transport

Access and perceptions
of transport

Travel patterns - Household travel

- Accident occurrences

Safety and security - Deaths and injuries
- Social cost of accidents
Public health - Air quality

- Infrastructure size
- Infrastructure quality

Infrastructure and
investment

- Climate change
- Water quality
- Sector energy use

Environmental

- Price indices
- Affordability of transport

Transport-relater
price indices

) e AwE PHow 24T
(EPA, 1996).
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Table 4. Causal Map Concept

Causal relation connection Meaning
Ay N*E The increase in Yariable A increases
variable B
A N B The decrease in yarlable A decrease
variable B
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Table 5. Economic Performance Items

Category Subcategory Indicator

Total traffic cost

Economic -
Population and workers

Internet service percentage

Mobili
v Public service within 10 minutes

Usage rate of walk, bicycle, public

Economic .
transportation

performance
item

Volume of traffic
(car, public transportation etc)

Accessibility Average freight rate of movement

Average travel time and distance

Freight transport record

Passenger transport record
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Table 6. Social Performance Item

Category Subcategory Indicator

Faimess Traffic price to income ratio

Per cost of the traffic accident
Social Satisfaction of traffic system

performance Livability Use walk and bicycle rate

item Commute to school by walk

Social Convenience of transit transfer

welfare Quality of pass in disadvantaged
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Total traffic _
cost

Population and
workers

Internet service
percentage

Average freight rate ||

of movement
Public service

within 10 minutes

/

Average travel time
and distance

Passenger
transport record

K
Volume of:
traffic " ———— Use walk, bucycle,

public transportation

Fig. 1. Causal Map for Economic Performance

Commute school
by walk

Satisfaction of
traffic accident

Use walk and
bicycle rate

Social

Traffic price to
welfare

income ratio

Quality of pass in

B disadvantaged
Convienience of 8

transit tranfer

Per costof the
traffic accident

Fig. 2. Causal Map for Social Performance
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Environment
Performance
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Community
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Road pavement
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Alternative energy
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Fig. 3. Causal Map for Environmantal Performance
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