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Using Decision Science to Promote Reasoned 
Responses to Health, Safety, and 

Environmental Risks

Because improvement of outdoor air quality

is a key priority for both the federal government

and for some local regulatory agencies,

standards limiting tail-pipe emissions by motor

vehicles in general and urban transit buses in

particular are steadily becoming more stringent.

To address regulatory and public concern

over emissions, transit agencies across the

United States have been investigating the

effectiveness and feasibility of alternative

propulsion systems for these vehicles.

Alternative propulsion systems represent

various changes to engine design, fuel, and

exhaust treatment. In this issue of Risk in

Perspective,we discuss a recent Harvard

Center for Risk Analysis (HCRA) study that

evaluates two of the most common alternative

technologies now in use for urban transit buses

- emission controlled diesel (ECD) and

compressed natural gas (CNG). For each of

these technologies, we quantify both the health

benefits and resource costs. We find that CNG

has a modest edge over ECD in terms of its

health benefits. However, CNG comes at a

substantial cost relative to ECD. The complete

study appeared in the April 15, 2003 issue of

Environmental Science and Technology. Our

analysis draws on a wide range of information

in the scientific literature, and was guided by

input from an advisory panel that included

members from academia, industry, and public

transit agencies.
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Introduction

Alternative Propulsion Technologies Evaluated
We consider a scenario in which a

hypothetical transit agency purchasing new

buses can choose among three propulsion

technologies - conventional diesel (CD), ECD,

and CNG. We estimate the health benefits of

ECD and CNG by comparing the morbidity

and mortality impacts of their emissions to the

morbidity and mortality impacts of CD

emissions. In particular, we estimate how much

opting for ECD or CNG instead of CD would

higher for EPA ($7.6 million) than for several

other agencies (FAA - $23,000, CPSC -

$68,000, NHTSA - $78,000, OSHA - $88,000).

When compared within the domain of other

clean-air policies, investments in ECD and

CNG do not look as expensive. For example,

results from another HCRA analysis suggest

that controls on stationary air-pollution sources

(e.g.,power plants) save lives at a cost ranging

from tens of thousands to a million dollars per

life year. Mobile source controls (e.g.,motor

vehicles) cost from tens of thousands to four

million dollars per life year saved. For ECD,

the return per dollar invested falls within both

of these ranges, while the return for CNG falls

within the range of CE ratios for mobile-source

programs only, and is towards the high end of

this range.

Of course, economic efficiency is not the

only issue that a transit agency must consider in

choosing among alternative propulsion

technologies. There are aesthetic considerations

(diesel buses are often said to be noisy and to

generate a strong, unpleasant odor), and safety

issues (CNG can explode, while diesel fuel can

cause environmental damage if a spill occurs).

Moreover, although aggregate population risks

may be small, individual impacts may be

comparatively large for those who live or work

near locations where buses operate. It must also

be kept in mind that our results are imprecise,

as indicated by the wide range of plausible

results described earlier.

Nonetheless, cost is an important issue.

Spending more for each new alternative-

technology bus may delay the process of

replacing older, dirtier buses if a transit-

agencyÕs budget is limited. Alternatively, if the

number of buses to be purchased is fixed, a

more expensive technology drives up the

purchase price, potentially taking resources

from other investments. For example, spending

may be reduced for other mass transportation

priorities, such as improving or extending

service. A model developed for the American

Public Transportation Association suggests that

such reductions depress public transit ridership,

as people tend to switch to private vehicles in

response to a decrease in the quality of public

transit service. Increased use of private vehicles

increases congestion and air pollution and

offsets intended gains. 

The increased use of private vehicles is one

potential Òadverse side effectÓ of spending on

alternative-technology buses. Understanding

whether this and other side effects offset the

benefit of investing in cleaner buses depends on

quantifying the technologyÕs costs and benefits,

which is the goal of the type of analysis

described in this issue of Risk in Perspective.

While there are other factors that influence such

decisions, consideration of economic efficiency

- the health return per dollar invested - is an

important part of the discussion.

*Bubble area is proportional to QALYs lost for each technology.  Cost for CNG ($15
million per year) is for areas with low land costs. For areas with high land costs, the
annual incremental cost is $21 million.

Discussion
As illustrated in Figure 2, the reduction in health

damages afforded by CNG compared with ECD is

modest and comes at a substantial increase in resource

costs. However, while cost-effectiveness provides an

indication of the relative efficiency of investing in either

of these technologies to improve health, it does not by

itself indicate which investment, if either, is desirable in

an absolute sense. Conceivably, the gains of both ECD

and CNG may both be too small to justify their costs.

Alternatively, it is possible that even though the

reduction in health damages achieved by CNG is more

expensive than the reduction achieved by ECD, this

savings of 2.3 QALYs per year may be worth the added

annual cost of $13 million (low land cost areas) to $19

million (high land cost areas). 

Figure 2: Annual Health Damages and Incremental Costs for a Fleet of 1,000 Buses*

One way to address this issue is to compare these

technologies with other investments that improve public

health. Doing so suggests that both ECD and CNG are

expensive. QALYs can be saved at a lower cost by

investments in the medical prevention of coronary heart

disease and cancer, reduction of motor-vehicle injury

trauma and fatalities, and the prevention of infectious

disease. However, CE ratios for public-health

investments often differ substantially across domains.

For example, an analysis conducted by HCRA in the

1990s found that the median cost per QALY saved for

regulations considered by different agencies were much
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