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INTRODUCTION 

Various air pollution control measures and strategies are proposed for solving air 

pollution problems in U.S. cities. In determining which control measures are to be 

implemented, their benefits and costs have to be estimated and compared. Those 

measures with the greatest net benefits should be implemented first. Thus, a need 

exists for quantifying the monetary value of air pollution reductions achieved by 

various control measures. 

In particular, various clean transportation technologies are currently proposed 

for solving urban air pollution problems. These clean technologies usually bear high 

private costs - the costs paid directly by private users. However, if the monetary value 

of emission reductions achieved by these clean technologies is taken into account, they 

may become cost-competitive against conventional transportation technologies. To 

evaluate various transportation technologies from the point of view of social cost 

accounting, society must consider societal costs that include both private costs and 

external costs created by environmental pollution. Estimation of monetary values 

associated with air pollution is essential when determining social costs of various 

technologies. 

Studies have been conducted to  estimate the monetary value of air pollutant 

emissions in some U.S. regions, but such values are lacking for many regions. Because 

of the differences in air quality status and population exposed among regions, emission 

values should differ considerably. Application of emission values estimated for one 

region to another region without any adjustment is inaccurate. Region-specific 

emission values need to be estimated. 

Two general methods can be used to estimate emission values - namely, the 

damage estimate method and the control cost estimate method. In this paper, the 

theoretical basis of major assumptions associated with each method are presented. 

Based on emission values for some U.S. regions estimated by past studies, emission 

values then are estimated as functions of air pollutant concentrations and total 
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population. Finally, with the established emission value functions, emission values are 

estimated for various U.S. regions. 

BACKGROUND 

Marginal Damage Values and Marginal Control Costs 

Figure 1 illustrates the damage associated with air pollutant emissions and the 

cost of achieving a given emission reduction level. In the figure, E,, represents the 

uncontrolled emission level; E, represents the current emission level; and E, represents 

the ideal emission standard. Although E, is intended to be set at the point where 

marginal cost equals marginal damage, standards rarely fall to  this point in practice, 

because many other factors determine emission standards and because there are 

uncertainties in estimating emission costs and damages. 

By definition, at a given level of emissions, marginal control cost is the cost of 

controlling one additional unit of emissions; marginal damage is the damage done by 

one additional unit of emissions; average control cost is the total control cost divided by 

the total amount of emissions controlled; and average damage is the total damage 

caused by emissions divided by the total amount of emissions. In particular, at the 

current emission level of E,, marginal control cost is MC,; marginal damage is MD,; 

average control cost is area D divided by (E, - EJ; and average damage is the sum of 

areas A, B, and C, divided by E,. At the ideal emission standard, marginal control cost 

MC, is equal to  marginal damage MD,; average control cost is the s u m  of areas B and 

D divided by (E, - Es); and average damage is area A divided by E,. Note that even if 

the emission standard E, is met, emission damage is not completely eliminated. 

Rather, at the emission standard, the sum of emission control cost and emission 

damage is minimized. 

In principle, less expensive control measures are implemented first. The last 

control measure (that is, the marginal control measure) thus imposes higher control 

costs than the previously implemented measures, producing the upward curve of the 
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marginal control cost curve as emission levels decrease. As a result, marginal control 

cost always exceeds average control cost. On the other hand, the damage caused by the 

last unit of emissions usually increases as emission level increases, producing the 

upward curve of the marginal damage curve as emission level increases. Thus, 

marginal damage exceeds average damage. If emission levels are reduced from the 

current level E, t o  the ideal emission standard E,, marginal control cost is increased 

from MC, to  MC,, and consequently, average cost is increased. However, at the same 

time, marginal damage is decreased from MD, to MD,, and consequently, average 

damage is decreased. 

A 

E 

E, Pollution 

Figure 1. Marginal Emission Control Cost and Marginal Emission Damage at Three 

Emission Levels 
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The above illustration indicates important consequences of estimated emission 

control costs and emission damage values. Marginal control cost estimated at the 

current emission level is lower than that estimated at the emission standard, and 

consequently, the same holds true for average control cost. On the other hand, 

marginal damage value estimated at the current emission level is higher than that 

estimated at the emission standard, and the same is true for average damage value. At 

a given level of emissions, average control cost is always lower than marginal control 

cost, and average emission damage is always lower than marginal emission damage. 

Thus, it is important to  identify what items are estimated in a study (control costs or 

damage values and marginal or average) and at what emission level (the current 

emission level or the emission standard). 

Methods of Estimating Air Pollutant Emission Values 

Two general methods can be used to estimate air pollutant emission values - a 

damage value estimate method and a control cost estimate method. These two methods 

are presented below. 

The Damage Value Estimate Method 

The damage value estimate method is to directly estimate monetary values of 

damage caused by air pollutant emissions. The method involves seven steps: 

identification of emission sources; estimation of emissions; simulation of air pollutant 

concentrations in the atmosphere; estimation of exposure of humans and other objects 

to  air pollutant concentrations; identification of physical effects of air pollutant 

concentrations on humans and other objects; economic valuation of physical effects; and 

calculation of dollars-per-ton emission values' (Fkgional Economic Research, Inc., 1990). 

' Some other classifications of estimating steps may be used for the damage value estimate method. For 
example, Hall e t  al. (1989) classified the method into four steps: estimation of air quality, estimation of 
human dosage of air pollutants, estimation of human response to various levels of pollution, and economic 
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Emission sources in a region are usually identified by the air quality control authority 

in the region and are classified as point sources or area sources (which, in turn, are 

classified as stationary or mobile sources). Emissions from point sources and stationary 

sources can be estimated from reported emissions by source operators or by means of 

mission factors and activity levels. Emissions from mobile sources can be estimated by 

means of vehicle grams-per-mile emission factors and the level of their activity (such as 

vehicle miles traveled). Uncertainties and inaccuracies exist in identifying emission 

sources and estimating emissions. 

Air pollutant concentrations in the atmosphere are a result of the processes of air 

pollutant dispersion, reaction, and residence, complicated by meteorology and 

topography. The processes of dispersion, reaction, and residence of air pollutants in the 

atmosphere result in nonlinear relationships between air pollutant emissions and 

concentrations, necessitating use of sophisticated computer modeling. Models to  

simulate human exposure to  air pollution are usually based on the assumption that an 

individual's time-integrated exposure is the product of the air pollutant concentrations 

in a specific set of micro-environments and the time spent by the individual in those 

micro-environments. Because of the diverse activities of individual persons, to  

accurately simulate human exposure is complicated and difficult. Simplified exposure 

models are usually used to  quantify some major tendency of human exposure. 

Air pollution effects include human health effects, material damages, agricultural 

damagedeffects, visibility effects, and physical aesthetic effects. Human health effects 

of air pollution include both mortality and morbidity. To determine air pollution effects 

on human health, most researchers use risk assessment methods to  generate dose- 

response relationships. Air pollution damages to vegetation (agriculture, forestry, and 

ornamental plants) include foliar injury, reduced yield, and slowed growth. Statistical 

methods can be used to establish relationships between actual yield or growth of 

valuation of human response. Note that this definition leaves out effects on property, crops, and other plants 
and animals. Harrison et al. (1992) classified the method into five steps: estimation of emissions, simulation 
of air pollutant concentrations, estimation of exposure to air pollution, identification of physical effects from 
exposure, and valuation of the effects. 
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vegetation and air pollution concentrations. Laboratory and field studies can be 

conducted to estimate relationships between material damages and air pollution. In 

practice, it is difficult to  establish reliable relationships, because moisture, sunlight, 

and other environmental factors complicate the relationships. Because of the difficulty 

in determining and quantifying all air pollution effects, past air pollution damage 

studies usually have not included all applicable air pollution effects, causing 

underestimation of actual air pollution damage values. 

Determination of the monetary values that individuals place on adverse air 

pollution effects is a key element in estimating air pollutant values. Values of adverse 

health effects of air pollution can be related to medical expenses, loss of work, 

discomfort, and inconvenience that result from adverse health effects. Two general 

methods can be used to estimate values of health effects: the cost-of-illness method and 

the willingness-to-pay or willingness-to-accept method (Hall et al., 1989). To value 

adverse air pollution effects on agriculture, market dollar values of agricultural 

products can be assigned to the loss of agricultural production due to air pollution. For 

forests, commercial timber value may be estimated from the timber market. The value 

of recreational use of a forest can be estimated by means of the contingent valuation 

method or the travel cost of going to a substitute recreational site. Dollar values of 

material damages can be estimated from costs of increased maintenance and 

replacement of materials or from costs of preventing or averting expected pollution 

effects. Aesthetic effects of air pollution are primarily visibility effects; these values 

can be estimated by means of the contingent valuation method or the hedonic price 

approach. 

The damage value estimate method has been used by some organizations. In 

1987, ECO Northwest conducted a study for the Bonneville Power Authority t o  

estimate emission values of nitrogen oxides (NO,), sulfur oxides (SO,), and particulate 

matter (PM) emitted from a generic, 1,300-MW coal-fired power plant. In 1989, Hall et 

al. conducted a comprehensive study to estimate damage values associated with 

violating ozone and PM,, ambient air quality standards in the South Coast Air Quality 

Management District. In 1990, the Center for Environmental Legal Studies of Pace 
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University reviewed and analyzed existing studies on estimating air pollutant 

externalities (Ottinger et al, 1991). The Pace University researchers did not devise 

their own estimates. Instead, they assessed values estimated in a variety of studies 

and proposed "starting values" for air pollution damages. Since 1989, the California 

Energy Commission (CEC) has been conducting studies to  estimate air pollution 

damage values (CEC, 1989; 1990; 1993). The CEC intends to include emission values 

in justifying power-plant siting decisions. The National Economic Research Associates 

conducted studies for Southern California Edison and the Nevada Power Company to 

estimate emission damage values in the South Coast Air Basin and in Southern 

Nevada (Harrison et al., 1992; National Economic Research Associates, 1993). For a 

detailed review of these studies, see Wang et al. (1994). 

The damage value estimate method seems logical and theoretically sound. In 

practice, however, the method suffers from the necessary assumptions and 

simplifications and from the tremendous uncertainties involved in each of the 

estimating steps. The compounding effect of the uncertainty involved in each 

estimating step can result in much less accurate estimates of damage values. Some air 

pollution effects are often excluded, causing underestimation of damage values. 

Scientific disputes exist concerning the principles and theories of air quality modeling, 

air pollution effect determination, and air pollution effect valuation. Outside the 

discipline of economics, philosophical uneasiness exists when one attempts to  place 

dollar values on such items as human life. Also, the complex methods involved in each 

of the damage estimate steps makes the damage estimate method time-consuming and 

resource-intensive. 

The Control Cost Estimate Method 

The control cost estimate method is based on the assumption that emission 

standards or air quality standards are established at the ideal level, where the 

marginal damage is equal to the marginal control cost (see Figure 1). Supposedly, the 

control cost required t o  meet predetermined air quality standards imposed by 
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legislators "reveals" the value that society places on the emissions being controlled 

(thus, the method is sometimes known as the revealed preference method). Therefore, 

the estimated marginal control cost to  meet an emission standard represents the 

marginal damage value of air pollution when the standard is met. 

Two major steps are involved in the control cost estimate method - identification 

of marginal control measures and estimation of dollars-per-ton control costs for 

identified control measures. Often, an implementation list of control measures is 

developed for a region by the air pollution control authority in the region.. The last 

measure in the list can be treated as the marginal control measure. However, such an I 
implementation list may not be available for some regions. For these regions, marginal 

control measures have to  be determined, which is often a difficult and subjective task. 

Selecting one control measure over another can have significant impacts on the 

estimation of marginal control costs. 

Calculation of control costs for a control measure requires data on costs and 

emission reductions associated with the control measure over its lifetime. Cost 

estimation must include initial capital cost, operation cost, maintenance cost, and other 

cost components. 

control deterioration over the lifetime of the equipment. If a control measure reduces 

emissions for more than one pollutant, the cost of the measure needs to  be allocated 

among the pollutants reduced. 

Estimation of emission reductions needs to  account for emission 

In calculating lifetime average control costs, discounting is usually applied to  cost 

items. However, whether discounting should be applied to emission estimates is 

unsettled. Many past studies on estimating emission control costs applied discounting 

to cost items only, leaving emissions undiscounted. It is recommended here that 

discounting be applied to  both costs and emissions in order to  put control cost estimates 

into the sphere of economic cost-benefit analysis (since emission reductions here 

represent benefits of control measures). 

Several past studies used the control cost estimate method to  estimate emission 

values. The CEC has been estimating emission values for each of California's air 

basins by means of the control cost estimate method, as well as the damage estimate 
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method (CEC, 1989; 1990; 1993). The New York State Energy Office conducted 

estimates of emission values for power plants in the state of New York (New York State 

Energy Office, 1989; 1991). JBS Energy Inc. conducted a study to estimate emission 

values for the Independent Energy Producers of California (Schilberg et al., 1989). The 

Tellus Institute conducted a study to estimate emission values for southern California 

and for the northeastern United States (Bernow and Marron, 1990). The Tellus 

estimates were widely used by individual state public utility commissions (PUCs) in 

their utility resource planning and acquisition process (for example, see Public Service 

Commission of Nevada, 1991; Massachusetts Department of Public Utilities, 1992). 

The Oregon Public Utility Commission has estimated emission values for the state of 

Oregon (Oregon Public Utility Commission, 1993). For a detailed review of these 

studies, see Wang et al. (1994). 

Relative to the damage value estimate method, the control cost estimate method 

is easy to  carry out and does not involve many estimating steps and assumptions. 

However, the method suffers from the unrealistic assumption that legislatures and/or 

regulators establish emission and air quality standards virtually on the basis of costs 

alone. In reality, emission and air quality standards are established through a highly 

political process, and costs are only one of the many factors to be considered. Although 

some argue that the method assumes a composite control cost to  represent economic, 

political, and social implications, such a composite cost concept implies that political 

and social implications can be interpreted in the economic sphere, which troubles 

others deeply. In practice, marginal control cost is rarely equal to  marginal damage. 

Thus, it is improper to treat the estimated marginal control cost as the value for 

emission damage. Nevertheless, the estimated marginal control cost represents the 

opportunity cost of meeting standards. That is, if some other control measures are 

implemented, the most costly control measure can be avoided. It is this "avoided 

opportunity cost'' concept that the authors prefers t o  adopt for interpreting the values 

estimated with the control cost estimate method. 

DEVELOPMENT OF EMISSION VALUES FOR VARIOUS U.S. AREAS 
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Approach 

Emission value estimates must be chosen for societal cost-benefit analysis of the 

projects that cause air pollutant emissions; emission values in nonattainment areas 

cannot be zero, while emission values in attainment areas might be treated as being 

zero. Many state PUCs have either adopted or proposed to  incorporate emission values 

in utility resource planning and acquisition. (For state PUC actions incorporating air 

pollution externality costs in utility resource planning and acquisition, see Houston 

Lighting and Power Company, 1993; Ottinger et al., 1991; and Cohen et al., 1990). 

Ideally, to generate region-specific emission values, damage estimate models 

should be run for a particular region to estimate damage values applied to the region, 

or emission control costs should be estimated from the control measures and their costs 

applied to  the region. However, limited resources prevent such detailed, accurate 

estimates for individual regions. In practice, emission values estimated for one region 

are often used for another region, without any adjustment. 

Emission values are detemnined by air quality status and population exposed and 

so may vary considerably among regions. This paper proposes a simplified method to  

develop region-specific emission values. With the method, emission values are 

estimated as functions of air pollutant concentrations and total population. While it is 

known that air pollutant concentrations directly affect emission values, total population 

affects emission values indirectly. For damage-based emission values, total population 

determines how many people will be exposed to air pollution, thereby determining the 

magnitude of air pollution health damage values - the most significant air pollution 

damage in most cases. For cost-based emission values, total population in a region 

partly determines the number of emission sources in the region. The more population, 

the more human services are required, and the more human activities there will be; 

both of these conditions mean more emission sources. Thus, it costs a high-population 

region more to  meet air quality standards than it does in a low-population region, 

everything else being equal. 

In this section, data on emission values, air pollutant concentrations, and total 
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population are presented. Then, with the presented data, a regression analysis is 

conducted to  establish emission value estimating functions. Finally, the established 

functions are applied to some U.S. regions to  estimate emission values there. Although 

the emission values estimated with the regression relationships may not be as accurate 

as the estimates obtained with the damage value estimate method or the control cost 

estimate method, the values estimated for a particular region in this way are better 

than the values estimated for other regions but used in the particular region. 

To allow the freedom of choosing between damage-based and cost-based emission 

values, two sets of regression relationships are established: one set is for estimating 

damage-based values, and the other set is for estimating control-cost-based values. 

Data Used in Regression Analysis 

Emission values estimated in some previous studies are used in establishing 

regression relationships. Among the various past studies on emission value estimates, 

only a few have produced original estimates of emission values. Such studies include 

those conducted by ECO Northwest, the CEC, the New York State Energy Office, the 

Tellus Institute, and the National Economic Research Associates. Erniss ion values 

estimated in these original studies are used here in the regression analysis. 

In 1987, ECO Northwest conducted a study for the Bonneville Power Authority 

to estimate values of air pollutant emissions from a generic, 1,300-MW coal-fired power 

plant. The study assumed six sites for the generic power plant. Two sites were west of 

the summit of the Cascade mountain range (one site was near a large city and the 

other near a medium-size city); three sites were east of the Cascade mountain range 

(near a large-, medium-, and small-size city, respectively); and one site was in eastern 

Montana, near a small city. The study included air pollution damages to  human health 

(mortality and morbidity), agricultural crops, materials, visibility, ecosystems (forest 

and lakes), livestock, and timber. On the basis of the ECO Northwest study, the 

Bonneville Power Authority adopted dollars-per-ton emission values for N O ,  SO,, and 

PM for the areas east and west of the Cascade mountain range (Bonneville Power 
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Authority, 1991). 

range are used here for the regression analysis. 

Emission values adopted for the areas west of the Cascade mountain 

Since 1989, the California Energy Commission has been estimating emission 

values by means of the damage value estimate method and the control cost estimate 

method (CEC, 1989; 1990; 1993). With respect to  control-cost-based values, the CEC 

was concerned that "taking the highest marginal control costs from any sector may not 

represent the public's true willingness to pay for additional emission reductions in the 

electricity sector." (Buell et al., 1991, p.6). In addition, the CEC maintained that the 

marginal control cost for a source classification may often be overestimated. Because of 

these reasons, when selecting marginal control measures, the CEC decided to 

arbitrarily exclude the control measures with costs over $100,000 per ton. 

With respect to  damage-based values, Regional Economic Research, Inc., the 

CEC's contractor, developed an air quality valuation model to  estimate emission 

damage values (Regional Economic Research, hc., 1990; 1991; 1992a; 1992b). The 

model included emission estimation, air quality simulation, estimation 01' physical 

effects of air pollution, and monetary valuation of air pollution effects. Estimation of 

emission damage values included human health effects (mortality and morbidity), 

visual aesthetic effects, material effects, forest-related aesthetic effects, and agricultural 

effects. 

The CEC has estimated damage- and control-cost-based emission values for each 

of California's air basins. Emission values estimated in 11 California air basins are 

used here for the regression analysis. 

In 1989, the New York State Energy Office estimated emissions values for the 

state of New York by means of the control cost estimate method (New York State 

Energy Office, 1989). In determining costs of marginal control measures, the agency 

used average costs of low- and high-cost measures that were applied t o  a 200-MW coal- 

fired power plant. The agency maintained that low-cost measures reflected control in 

attainment areas and high-cost measures reflected control in nonattaiment areas. 

Their estimated values are used here to  represent control-cost-based values for the 

greater New York metropolitan area. 
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In 1990, the Tellus Institute of Boston conducted a study to estimate emission 

values by means of the control cost estimate method (Bernow and Marron, 1990). The 

Tellus researchers suggested that the control cost estimates could be surrogates for 

damage values of emissions. They estimated emissions values for southern California 

and for the northeastern United States. In determining marginal control measures, 

they took the measures with the highest control costs necessary for complying with 

emission and air quality standards. The Tellus-estimated values for the northeastern 

United States are used here t o  represent control-cost-based values for eastern 

Massachusetts. 

The National Economic Research Associates completed a study to  estimate 

emission damage values in southern Nevada (1993). In the study, changes in air 

pollutant concentrations were estimated in terms of emissions from given hypothetical 

power plants located in and out of the Las Vegas valley. The study assumed that 

emissions from the power plants would affect a surrounding area of 100 km by 100 km. 

The study included air pollution effects of human mortality and morbidity, visibility, 

material and agricultural damages, and acid deposition damages to  ecosystems. The 

estimated emission values are used here to represent damage-based values for the Las 

Vegas area. 

In 1990, the Center for Environmental Legal Studies of Pace University 

conducted a study to  review and analyze existing studies on air pollution. externalities 

(Ottinger et al., 1991). The Pace University study included emission values estimated 

only with the damage value estimate method. The study did not conduct its own 

damage value estimates. Instead, it assessed values estimated in a variety of studies 

and proposed a "starting point" for each identified air pollution effect. The values 

proposed by the Pace University study are used here to  represent damage-based values 

for the northeastern United States. 

On the basis of the above studies, emission values estimated for 15 U.S. regions 

are used in the regression analysis. Data on air pollutant concentrations and total 

population in the 15 regions are obtained from the U.S. Environmental Protection 

Agency (EPA) (EPA, 1990; 1991; 1992). To take into consideration zero wnission values 
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for normal background concentrations in the regression analysis, an observation with 

zero emission values under normal background air pollution concentrations is assumed 

(the observation is named as an intercept). To give enough weight to  the intercept, it is 

used in the regression analysis five times. Table 1 presents the database used for the 

regression analysis. 

15 



Table 1. Data for Regression Analysis between Emission Values and Air Pollutant Concentrations and Population 

Emission Values Estimated with the Damage 
Estimate Method (1989 dollars, $'ton) 

Region /I 
CA South Coast Basin" 

CA San Joaquin Valley" 

CA S.F. areanab 

CA Sacramento Valley" 

CA Ventura Co. * 

CA Santa Barbara"," 

CA North Central Coast" 

CA San Diego" II 5559 I 98 I 1 I 14228 I 2676 

CA North Coast"" 11 791 I 467 I 0 I 551 I 1500 

CA Southeast Desert""' 11 439 I 157 I 0 I 680 I 1500 

CA O3 att. and PM,, Vio.".' 

OR West of Cascade Range' 

Eastern Massachusetts' 

Greater New York Areah I1 1640 I NA I NA I 3170 I 4060 
~ 

Las Vegas Valley' 11 210 I 0 I NA I 1350 I 280 
~ ~ 

Intercept! 0 0 0 0 0 

Emissic 
Cost E 

NO, 

26400 

9100 

10400 

9100 

16500 

9100 

9100 

18300 

1 Values Estimated with the Control 
,timate Method (1989 dollars, $%on) 

Air Pollutant Concentration ' 

6OOO 3500 2900 5700 19700 0.17 0.036 76 0.003 10 225 

0.012 4403 

2460 I 5300 I 820 I 5330 I 603 11 0.16 I 0.043 I 45 I 0.017 I 10 I 11417 

6450 I 1120 I 820 I 5280 I 1480 11 0.10 I 0.034 I 65 I NA I ~ 13 I 647 
~ 

0 0 0 0 0 0.07 0.09 16 0.001 1 0 
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a Emission values estimated with the damage estimate method and with the control cost estimate method for California air basins are from the CEC (1993). 

e Emission values estimated by the CEC for the South Central Coast Air Basin are adopted for Santa Barbara. 

(e.g., EPA, 1990; 1991; 1992). EPA presents its measurements for each MSA nationwide. The other set is California Air Resources Board's (CUB'S) 
measurements. CARB presents its measurements for each county in the state (see Regional Economic %search, Inc., 1992a). In establishing regression 
relationships, we used EPA's air pollutant concentration measurements. There are no EPA measurements in the North Coast Air Basin or in the Southeast 
Desert Air Basin. We used EPA and CARB measurements available for other California air basins to establish regression relationships between EPA 
measurements and CARB measurements. We then used the established relationships to estimate EPA measurements from CARB measurements for the North 
Coast and Southeast Desert Air Basins. 
e The ozone attainment and PM,, violation areas in California include four counties - Mendocino, Siskiyou, Modoc, and Lassen. Portions of Placer and El 
Dorado counties belonging to these areas were not considered here. The CEC-estimated emission values for this area with the control cost estimate method, 
but not with the damage estimate method. We selected the lowest damage-based values among the California air basins as the damage-based values for the 
ozone attainment and PM,, violation area. EPA measurements of air pollutant concentrations for this area were estimated with the established relationships 
between EPA measurements and CARB measurements (see footnote d). 

The damage-based values are from ECO Northwest's study for the Bonneville Power Authority (1991). The cost-based values are from Oregon Public Utility 
Commission's estimates (1993). The area includes Portland, Salem, Eugene-Springfield, and Medford. Air pollutant concentrations are population-weighted 
concentrations from the four MSAs. 
g The damage-based values are from Pace University's estimates (Ottinger et al., 1991). The cost-based values are from Massachusetts Department of Public 
Utilities' estimates (1992). The area includes Boston, Brockton, Fall River, Fitchburg-Leominster, Lowell, New Bedford, Salem-Gloucester, and Worcester. Air 
pollutant concentrations in the area are population-weighted averages among the eight MSAs. 

The damage-based values are from Pace University's estimates (Ottinger et al., 1991). The cost-based values are from New York State Energy Office (1989). 
The area includes New York, Nassau-Suffolk, and Poughkeepsie. Air pollutant concentrations in the area are population-weighted averages among the three 
MSAs. 

The damage-based values are National Economic Research Associates' estimates (1993). The cost-based values are based on the Public Service Commission 
of Nevada's estimates for the entire state (1991). 

This is a hypothetical data point to represent the intercept of a regression relationship. To give enough weight to this data point, it was presented in the 
regression analysis database five times. The air pollutant concentrations for the intercept point were based on the lowest values among California's counties 
for each pollutant. The estimated concentrations are intended to represent background air pollutant concentrations. 

values presented here are average values for the period 1989-91. 

The San Francisco area includes San Francisco metropolitan statistical area (MSA) and Oakland MSA. 

Two sets of air pollutant concentration measurements are available. One set is EPA's measurements presented in its air quality and emission trends report 

Data on air pollutant concentrations and total population for each MSA are from EPA's air quality and emission trends report (EPA, 1990; 1991; 1992). The 
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Regression Analysis 
I *  

Various functional forms were tried in establishing the regression relationship 

for a particular pollutant. The most statistically significant functional form of the 

variables was generally chosen as the final regression relationship for the particular 

pollutant. However, in some cases, theoretical expectations for signs of coefficients 

caused adoption of models with less "goodness of fit" (Le., smaller R2>. For some 

pollutants, the constant term was found not to  be significant. For those cases, the 

constant term was forced to be zero. Although some coefficients for air pollutant 

concentrations and/or population were found not to be statistically significant, these 

relatively insignificant coefficients were occasionally kept in the regression 

relationships because simple theory implies that both air pollutant concentrations and 

population affect emission values. The established regression relationships for emission 

values are presented below. 

Damape-Based Emission Values 

Damage-based emission values for each pollutant were regressed against various 

combinations of and various functional forms for air pollutant concentrations and total 

population. The regression relationships found between emission damage values and 

air pollutant concentrations and total population are given below. The statistics of 

these relationships are presented in Table 2. Note that emissions values here are 

expressed in 1989 constant dollars. 

ln@JOx,ciamage) - 7.83 + 0.311 Inbop) + 1.26 ln(ozone) (1) 

ln@OGdamage) - 5.11 + 0.406 ln(pop) + 0.87 ln(ozone) (2) 

PMIO,damage - 2.24 x pop + 182 ln(PMl0) (3) 

Sox,damage - 2940 + 0.388 x pop + 336 ln(SO3 (4) 

- 
- 
- 

I - 
~ 

I 

where: 

18 



Nox,damage 

R O G d a m a g e  

PMIO,damage 

Sox,damage 

POP 

ozone 

PMlO 

so2 

= NOx damage value ($/ton), 

= ROG damage value ($/ton), 

= PMlo damage value ($/ton), 

= SO, damage value ($/ton), 

= total population (in io3), 
= highest second daily maximum 1-hr ozone concentration (ppm), 

= highest arithmetic mean PM,, concentration @g/m3), and 

= highest arithmetic mean SO, concentration (ppm). 

Table 2. Statistics of Damage-Based Value Regression Relationships 

Variable NO, ROG 

R2 0.91 0.875 0.557 1 0.832 

Stan. Error of Constant 1.86 2.93 N/A 836 

Stan. Error of Population 0.047 0.078 0.492 0.0663 

Stan. Error of Pollutant 0.79 1.25 600 295 

b o n g  the cited original studies, only the CEC study estimated CO damage 

values for California's air basins. The CEC estimated a per-ton value of $3 for the 

South Coast Air Basin, $1 for both the San Francisco Bay area and San 'Diego, and $0 

(i.e., zero value) for other California air basins. The CEC estimates imply virtually zero 

CO damage value. The zero value certainly underrepresents the actual damaging 

effects of CO in most urban areas. The CEC study estimated CO damage values on the 

basis of power-plant CO emissions. CO disperses rapidly and is not a problem at great 

distance from the source. While power plants and people are not close together, 

however, motor vehicles and people are usually close together. Thus, CO emissions 
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from motor vehicles are probably far more damaging than those from power plants. 

Control-Cost-Based Emission Values 

Control-cost-based emission values for each pollutant were regressed against 

various combinations of total population and concentrations of air pollutants. The 

regression relationships found between control cost-based emission values and 

population and air pollutant concentrations are given below. Table 3 presents statistics 

for these regression relationships. Note that emissions values here are expressed in 

1989 constant dollars. 

ln(NOx,cosS = 5.47 + 0.598 Inbop) + 0.413 ln(ozone) 

ln@OGc0,J = 5.68 + 0.588 ln(pop) + 0.544 ln(ozone) 

-1.06 + 0.444 ln(pop) + 1.50 ln(PM,,) - 
lnPMlo,co93 - 
l n ( S 0 x , c o s J  

COcost 

NOx,cost 

ROGcost 

PMl0,COSt 

SOx,cost 

COcost 

where: 

POP 

POP, 

ozone 

PMIO 

co 

= 0.481 ln(pop) + 1.28 ln(PM,J 

0. 243 x pop, + 173 x CO - - 

= NO, control cost ($/ton>, 

= ROG control cost ($/ton), 

= PM,, control cost ($/ton), 

= SO, control cost ($/ton), 

= CO control cost ($/ton), 

= total population (in io3), 
= total population (in IO'), 

= highest second daily maximum 1-hr ozone concentration (Ppm), 

= highest arithmetic mean PM,, concentration (pg/m3), and 

= highest second max nonoverlapping 8-hr CO concentration (ppm). 
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Table 3. Statistics of Control-Cost-Based Value Regression Relationships 

Variable NO, ROG 

R2 0.953 0.963 

Stan. Error of Constant 2.17 2.01 

Stan. Error of Population 0.055 0.052 

Stan. Error of Pollutant 0.919 0.855 

PMIO sox GO 

0.983 0.547 

0.485 

0.031 

0.379 

0.042 0.126 

0.085 

Results: Emission Values Estimated for Various U.S. Metropolitan Areas 

With the regression relationships established, both damage-based and control- 

cost-based emission values are estimated for some U.S. metropolitan arei3S. The 

estimated emission values are presented below. 

Input Data Used with the Regression Relationships 

Table 4 presents data on air pollutant concentrations and population in 17 U.S. 

metropolitan areas. Air pollutant concentrations and population for each of the 

metropolitan areas were obtained from the EPA (1990; 1991; 1992). These data are 

used with the above regression relationships to estimate emission values for these 

metropolitan areas. The 17 selected areas include all nine nonattainmerit areas 

specified in the 1990 Clean Air Act Amendments for introducing reformulated gasoline 

(Baltimore, Chicago, Denver, Houston, Los Angeles, Milwaukee, New York, 

Philadelphia, and San Diego). The Boston, Sacramento, San Francisco, and Las Vegas 

metropolitan areas are included here for comparisons between the regression estimates 

given here and the estimates in the original studies. The Atlanta, New (Means, San 
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Joaquin Valley (California), and Washington, D.C., metropolitan areas are included 

here because vigorous air pollution control measures are currently proposed in these 

areas. In practice, one can select his/her own target metropolitan areas and use the 

above regression relationships to  estimate emission values for the target areas. 

Table 4. Input Data Used with Regression Relationships" 

Metropolitan Total Ozone (highest PMl0 (highest SO, (highest CO (highest 
Area Population 2nd daily max. arithmetic arithmetic 2nd max. non- 

(109 1-hr concen., mean concen., mean concen., overlapping 8- 
P P d  pig/m3) P P d  hr concen., 

P P d  

Source: EPA 1990; 1991; 1992. The data presented here are  averages of three years (1989-1991). 
The New Orleans area includes the  greater area of New Orleans and Baton Rouge. 
The San Joaquin Valley of California includes Bakersfield, Fresno, Merced, Modesto, Stockton, and 

The San Francisco Bay area includes both San Francisco and Oakland. 
Visalia-Ware. 
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Estimated Emission Values 

Figures 2 - 3 present comparisons between original estimates and regression 

estimates for seven metropolitan areas where emission values have been estimated. 

The seven areas are Boston, Las Vegas, Los Angeles, New York, Sacramento, San 

Diego, and San Francisco. With respect to  the damage-based emission values, 

regression-estimated values for SO, are close to the original estimates in the seven 

areas except Los Angeles, where regression-estimated value is significantly lower. For 

NO,, regression-estimated values in the four California areas are considerably lower 

than the original estimates. For reactive organic gases (ROG), regression-estimated 

values in Sacramento and Los Angeles are significantly underestimated. For PMlo, 

regression-estimated values in San Diego, San Francisco, and Los Angeles are 

significantly underestimated, while the value in New York is significantly 

overestimated. In general, the regression relationships tend to underestimate damage- 

based emission values in California cities. 

With respect to  the control-cost-based values, regression-estimated values for 

NO, are close to the original estimates except in New York, where emission value is 

significantly overestimated. For ROG, differences between regression estimates and 

original estimates are small except in New York and Los Angeles, where the regression 

relationship significantly overestimates values. For PMlo, values in New York, Los 

Angeles, and San Diego are overestimated, while values in Las Vegas and Boston are 

underestimated. For SO,, the value in New York is significantly overestimated, while 

values in San Francisco and Sacramento are underestimated. For CO, differences 

between regression estimates and original estimates are small except in Sacramento 

and Los Angeles, where values are significantly underestimated. 

The regression relationships given above rely on original estimates, so it is 

recommended that when available, original emission values should be used. The 

purpose here is not to supplant a more careful study, but rather to  provide working 

values that will be useful until studies are completed for the various locations currently 

with no estimates. 
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(a) Damage-Based Emission Values for NO, 
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(b) Damage-Based Emission Value for ROG 

Figure 2. Comparison Between Regression Estimates and Original Estimates: 

Based Emission Values (emission values are in 1989 constant dollars) 

Damage- 
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(d) Damage-Based Emission Values for SO, 

Figure 2 (cont.) 
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Figure 3. Comparison Between Regression Estimates and Original Estimates: Control- 

Cost-Based Emission Values (emission values are in 1989 constant dollars) 
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27 



10,m 

0Orig.Estimate 1 
IRegres. Estimate 

8.000 - 

6,000 - 

4,000 - n 
(e) Control-Cost-Based Emission Values for CO 

Figure 3. (Cont.) 

Table 5 presents emission values estimated by using the established 

relationships for the 17 nonattainment areas. Not surprisingly, there are significant 

variations in emission values across the 17 areas. Damage-based emission values vary 

from $1,000 to more than $9,000 for NO,; $500 to $2,300 for ROG; $2,200 to  $20,000 

for PM,,,; and $1,700 to $4,500 for SO,. Control-cost-based emission values vary from 

$4,400 to $32,500 for NO,; $3,700 to  $31,300 for ROG; $1,900 to  $9,600 for PM,,,; 

$3,300 to $15,600 for SO,; and $870 to $2,900 for CO. Estimated damage-based 

emission values are usually lower than estimated control-cost-based values for each 

pollutant except PM,,. This outcome probably is caused by the underestimation of 

damage values in previous original studies, where not all air pollution effects were 

included in damage value estimates. 
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Table 5.  Estimated Emission Values for Seventeen U.S. Regions ($/ton, 1989 dollars)” 

Area 
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a Original estimates of emission values are available for some areas presented here. In the table, the bolded 
seven areas have original estimates. The original estimates for these areas are presented in Figures 2 - 3. 

Qualifications 

The estimates calculated for emission values are based on the established 

regression relationships, which are, in turn, based on previously estimated emission 

values. In the regression analysis, the selection of independent variables; (population 

and air pollutant concentrations here) and regression functional forms affected the final 

relationships. Compared with original estimates for a given region, regression 

estimates are rather rough and can only indicate the magnitude that emission values 

might have for the region. Caution must be taken in using the regression estimates. 

One can select either damage-based emission values or control-cost-based 

emission values. As indicated earlier, both the damage estimate method and the 

control cost estimate method have their advantages and disadvantages. One should be 

aware that selection of either damage-based emission values or control-cost-based 

emission values could have significant consequences. 

Past estimates of emission values were based primarily on stationary source 

emissions. Therefore, the established regression relationships, based on these past 

studies, rely on stationary source estimates. With respect to damage-based emission 

values, since many major stationary sources are located away from the core of a 

metropolitan area, while emissions from motor vehicles may occur primarily in or near 

the core of the metropolitan area, damage-based values for mobile source emissions are 

likely to  exceed those for stationary source emissions; This is especially true for mobile 

source CO emissions, because CO emissions in street canyons pose extensive population 

exposure. With respect to  cost-based emission values, very few control measures for 

mobile source emissions have been included in the original studies. Again, the 

established regression relationships are based primarily on emission control costs 

estimated for stationary sources. Emission values based on stationary source control 

costs may be higher or lower than those based on both stationary and mobile source 
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control costs. 

Some past studies estimated emission values for greenhouse gases. These 

studies usually estimated emission values for CO, by means of the control cost estimate 

method. Emission values for other greenhouse gases were usually calculated by using 

the estimated CO, value and the global warming potentials of other greenhouse gases 

relative to  that of CO,. Wang et al. (1994) summarize the past estimates of CO, 

emission values and propose a value of $15/ton for CO, emissions. 

CONCLUSIONS 

Two general methods of estimating monetary values of air pollutants are 

presented in this paper. The damage estimate method directly estimates air pollutant 

damage values by simulating air quality, identifying health and other welfare impacts 

of air pollution, and valuing the identified impacts. Although the method is 

theoretically sound, many assumptions are involved in each of its estimation steps, and 

uncertainty exists in each step. The control cost estimate method estimates the 

marginal emission control cost, which represents the opportunity cost offset by emission 

reductions from some given control measures. 

Studies conducted to estimate emission values in U.S. regions used either the 

damage estimate method or the control cost estimate method. Taking emission values 

estimated for some U.S. air basins, this paper establishes regression relationships 

between emission values and total population and air pollutant concentrations. On the 

basis of the established relationships, both damage-based and control-cos t-based 

emission values are estimated for 17 major U.S. urban areas. 

Although the emission values estimated by means of the regression relationships 

may not be as accurate as the estimates obtained by applying the damage estimate 

method or the control cost estimate method to a region, they are superior to values 

adopted for the region on the basis of ad hoc selection of estimates in other regions. 

Ideally, emission values should be estimated for each specific region. Therefore, it is 

suggested that original estimates should be used for a region if they are available. 
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