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MEASURING BENEFITS FROM AIR POLLUTION CONTROL: 
WHERE DO WE STAND? 

What Do We Know about Benefits of Reduced 
Mortality from Air Pollution Control? 

By SHELBY GERKING AND WILLIAM SCHULZE* 

According to conventional wisdom, the 
main benefit of environmental regulation is 
improved health. Thus, research into the 
benefits of air pollution control has sought 
primarily to determine the extent to which 
morbidity and morality rates decline when 
air quality improves. Given a knowledge of 
this relationship, benefits of air pollution 
regulations can be estimated using the eco- 
nomic analysis of safety programs devel- 
oped by such investigators as E. J. Mishan, 
Richard Thaler and Sherwin Rosen, V. 
Kerry Smith, and Brian Conley. The con- 
ceptual framework developed by these 
authors values small changes in risk using a 
willingness-to-pay measure, rather than the 
lost productivity (or earnings) from early 
death, and therefore avoids the numerous 
theoretical problems associated with the 
latter approach. However, the distinction 
between these two approaches to benefit 
estimation reaches far beyond purely theo- 
retical considerations. For similar safety 
programs, estimates based upon willingness 
to pay measures are about ten times 
higher than those based upon productivity 
changes.' 

Although progress has been made in val- 
uing the benefits of improved health, the 
mortality effects of air pollution are less well 
understood, in spite of the claims of several 

statistical studies that a clear linkage exists. 
This paper argues that extraordinary diffi- 
culties are present in statistical epidemiol- 
ogy which have yet to be resolved. These 
difficulties arise in part because of problems 
in obtaining desirable data. Potential sources 
of information include first, controlled ex- 
perimental data from either animal experi- 
ments or clinical trials, and second, uncon- 
trolled data on human health and exposures 
in the real world. The first data source is of 
little use since the principle scientific ques- 
tions are the health effects of long-term low- 
level exposures to air pollution which are 
impossible to simulate in a laboratory en- 
vironment. Most biomedical authorities re- 
ject the notion that the health effects of 
high-level short-term exposures to air pollu- 
tion can be extrapolated to low-level long- 
term exposures. An analogy can be made to 
use of table salt. Large sudden doses are 
deadly, while long-term low-level doses are 
necessary in the human diet. 

This situation leaves the use of uncon- 
trolled real world data on human health and 
exposures as the only game in town. Of 
course, economists have been quick to re- 
cognize the similarity of this epidemiological 
problem to many in economics which have 
been studied using statistical tools such as 
regression analysis. Use of ordinary least 
squares to attempt to account for uncon- 
trolled factors and isolate the independent 
contribution of air pollution to human 
mortality has become quite popular (see 
work by Lave and Seskin, G. C. McDonald 
and R. C. Schwing, Allen Kneese and 
Schulze, Crocker, et. al.). However, with only 
a few exceptions, these studies have been 
unsophisticated in their application of 
econometric methods and have failed to look 
for, or cope with, a variety of potentially 
serious statistical problems. 

*Associate professors, department of economics, 
University of Wyoming. We would like to thank the 
Environmental Protection Agency and, in particular, 
Alan Carlin for support for this research under con- 
tract R805059010. All remaining errors and conclusions 
are our sole responsibility. 

'For example, Lester Lave and Eugene Seskin use 
about $30,000 as an average value of a life saved in 
increased productivity based on the work of Dorothy 
Rice in 1968. In contrast, T. Crocker et al. use $340,000 
as the willingness to pay for an expected life saved 
based on the work of Thaler and Rosen. 
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The plan of the paper is to list a few of 
these problems in the next section and then 
to show how these problems can signifi- 
cantly affect estimated effects of air pollu- 
tion on health using a data set consisting of 
mortality rates, air pollution levels and other 
variables for sixty U.S. cities.2 Comments 
on policy implications are made in the con- 
clusion. 

I. Statistical Problems 

The aim of this section is to outline some 
of the major statistical research problems 
that remain to be overcome in estimating 
the impact of air pollution on human health. 
These problems arise largely because the 
process by which air pollution affects health 
is not yet completely understood. As a 
result, any statistical specification of this 
relationship for the purpose of regression 
analysis is subject both to uncertainty and 
question. Most importantly, since the true 
model is not known with any degree of 
precision, the power of classical tests of 
hypotheses regarding the role of air pollu- 
tion in causing illness or premature death is 
greatly diminished. To at least some extent, 
statisticians have faced difficulties of this 
general nature in virtually all areas of inves- 
tigation. However, important environmental 
management decisions regarding air pollu- 
tion control have been based, in part, upon 
regression equations where small changes in 
model specification appear to produce com- 
paratively large changes in implications. 

Because theoretical knowledge regarding 
the connection between air pollution and 
health is so inadequate, empirical efforts to 
identify this relationship must be interpreted 
with caution. Intuitively, there are at least 
three important types of specification error 
that should be thoroughly investigated prior 
to accepting present estimates for policy 
purposes: errors in functional form; omitted 
variables; and simultaneity. Clearly, these 
problems are not an exhaustive list of statis- 
tical difficulties in air pollution epidemiol- 
ogy research. Nevertheless, as will be argued 

momentarily, they do appear to lie at the 
root of many of the conflicting sets of esti- 
mates that have been obtained by other 
investigations. Each of these problems will 
now be considered in turn. 

Economic and epidemiological theory 
provides few insights into the most ap- 
propriate functional form for a regression 
equation used to measure the impact of 
changes in air quality on human health. 
This situation is rather unfortunate since the 
true relationship between health and its de- 
terminants may be strongly non-linear. For 
example, the health consequences of changes 
in variables such as cigarette smoking, pro- 
tein consumption, as well as air pollutants 
are likely to depend not only on the magni- 
tude of the change, but also upon the levels 
of the variables themselves. Yet little is 
known about exactly how to specify these 
functional relationships. The issue of correct 
function form is important because benefit 
estimates are frequently obtained from sim- 
ple equations where a mortality rate (or its 
natural logarithm) has been regressed on air 
pollution measures together with other ex- 
planatory variables (or their natural loga- 
rithms). In particular, these regressions are 
used to obtain the desired benefit estimates 
by making hypothetical changes in the air 
quality variables and then noting the effect 
on the health measure. Obviously, benefit 
estimates obtained by this procedure may 
be seriously biased unless these simple lin- 
ear or log-linear functional specifications are 
accurate to a useful degree of approxima- 
tion. 

A second important consequence of the 
lack of information on the true air quality- 
health relationship involves the issue of 
omitted variables. As Henri Theil has shown, 
the error of mistakenly excluding variables 
from an otherwise correctly specified regres- 
sion equation causes the estimated coeffi- 
cients on all remaining included regressors 
to be biased and inconsistent. This issue is 
not unique to statistical work in the area 
under study; however, it seems particularly 
critical here because of apparent conflicts 
over the empirical determinants of mortal- 
ity. On the one hand, previous investigations 
have shown significant adverse health ef- 

2For a more complete examination of this data set, 
see Shultze, et al. 
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fects resulting from cigarette smoking and 
certain dietary habits. Nevertheless, when 
Smith analyzed thirty-two possible specifi- 
cations of a regression equation (which are 
similar to those used by Lave and Seskin) 
where the dependent variable was the rate 
of mortality by SMSA and the explanatory 
variables were selected from among: 1) 
median age; 2) percent nonwhite; 3) popula- 
tion density; 4) temperature; and 5) par- 
ticulates, little evidence of an omitted varia- 
bles problem was found to be present. The 
RESET test, devised by James Ramsey, re- 
jected the null hypothesis of a zero mean 
vector for the disturbance in only five of the 
thirty-two cases, while the RASET test failed 
to reject this null hypothesis in all cases. 
Because these tests were performed at the 10 
percent level of significance and because 
their results may be unique to the particular 
data set employed, the appropriate role for 
other intuitively relevant variables in 
mortality rate estimating equations legiti- 
mately remains the subject of debate. Nev- 
ertheless, these results do lend support to 
the Lave and Seskin estimates of the impact 
of air pollution on health in the face of 
charges by other investigators including 
Crocker et. al. that they have omitted key 
mortality determinants. 

Third, even though the results of Smith's 
RASET and RESET tests argue to the con- 
trary, the estimation of an appropriately 
specified air pollution and health relation- 
ship may require the use of simultaneous 
equation estimation methods. Human deci- 
sion making may cause the link between 
these two classes of variables to be consider- 
ably more complex than can be captured by 
a single equation. As an illustration, suppose 
that increases in medical care are effective 
in reducing mortality but that mortality rates 
exert an influence over where medical doc- 
tors and others in the health care field choose 
to locate. In this situation, a medical care 
variable should be included as an explana- 
tory variable in a regression equation to 
explain the variation in mortality rates. Sim- 
ple ordinary least squares estimation, how- 
ever, may lead to biased and inconsistent 
estimates of all regression coefficients since 
the medical care variable would be corre- 

lated with the disturbance term even if the 
number of observations were arbitrarily 
large. A simultaneous equations estimation 
technique would be more appropriate in 
order to explicitly handle the problems 
created by this correlation. 

In addition to the three factors just dis- 
cussed, two less tractable, but no less im- 
portant, research problems should be men- 
tioned. First, as discussed by McDonald 
and Schwing, the variables used to measure 
air pollutants are often highly correlated 
with other explanatory variables. Because 
these pollutants are generated as joint prod- 
ucts, in most cases, with other goods pro- 
duced by the economic system, this situa- 
tion should not be surprising. If the linear 
association between explanatory variables is 
high, separating the independent contribu- 
tion of each to explaining the variation in 
mortality rates becomes difficult. McDonald 
and Schwing proposed a ridge regression 
estimator as a means of circumventing this 
problem. Ridge regression methods, how- 
ever, are not entirely defensible as they rep- 
resent a rather arbitrary, purely statistical 
solution to the multicollinearity problem and 
introduce a bias into the coefficient esti- 
mates that would not otherwise be present. 
(For a more complete critique of ridge re- 
gression procedures, see G. Smith and G. 
Campbell, together with various rejoinders 
to their paper.) Second, regression models 
are not highly sensitive and sophisticated 
research tools, particularly when the data 
used to estimate them contain measurement 
error. Such models may represent the best 
statistical tools available to social scientists. 
Nevertheless, they may not be up to the task 
of discerning the effect of air pollution on 
health when, in a correctly specified equa- 
tion, other explanatory variables may be of 
much greater importance. 

II. An Example 

In this section, two tentative statistical 
models are presented in order to illustrate 
the importance of the problems relating to 
omitted variables and simultaneity that were 
raised in the previous section. Issues relating 
to such matters as the choice of functional 
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TABLE 1 DESCRIPTION OF DATA AND EMPiICAL ESTIMATES 

Empirical Estimatesa 

MORT MORT MDPC MORT 
Variable Year Units Mean S.D. (1) (2) (3) (4) 

MORT 1970 Deaths/1000 11.283 2.161 5.823 
Total Mortalityb (1.392) 

MDPC Medical Doctors 1970 MDs/ 100,000 162.8 54.2 -.087 
per Capitab (-5.764) 

NONW 1969 Fraction .226 .154 2.997 9.996 2.349 
Nonwhite Population (2.403) (6.389) (2.365) 

MAGE Median Age 1969 Years 28.82 2.74 5.73 .789 .626 
of Population (8.665) (13.617) (11.510) 

DENS 1969%o> 1.5 .022 0.013 12.940 49.794 18.217 
Crowding in Homes persons/room (.881) (3.934) (1.447) 

COLD 1972 no. days temp 86.9 47.7 0.21 .0175 
Cold Weather < 00C (4.468) (3.421) 

CIGS 1968 packs/yr/cap 165.8 23.25 .041 .00034 
Cigarette Consumption (4.693) (.526) 

PROT Animal Protein 1965 g/yr/cap 28,128. 1,603.4 .003 .00047 
Consumption (5.032) (1.466) 

CARB Carbohydrate 1965 g/yr/cap 123,490. 3,623.0 -.0001 -.00013 
Consumption (-2.366) (-1.871) 

SFAT Saturated 1965 g/yr/cap 16,315. 976.3 .0016 -.00068 
Fatty Acids (4.161) (-2.616) 

INCM 1969 $/yr/house- 10,763. 1,060. .00925 -.000747 
Median Income hold (1.143) (-5.003) 

EDUC 1969% >25 yrs 55.3 7.4 .704 -.028 
Education (.616) (-.893) 

S02X 1970 mg/mr3 26.92 22.2 .009 -.068 .070 .00118 
Sulfur Dioxide (1.059) (-4.594) (.192) (.141) 

PART 1970 mg/mi3 102.30 30.11 .011 -.015 -.514 .000184 
Suspended Particulates (2.006) (-2.051)(-2.085) (.0374) 

NO2X 1969 ppm .076 .034 1.436 -11.081 -87.228 5.415 
Nitrogen Dioxide (.271) (-2.332) (-.381) (1.238) 

Constant -7.719 -131.48 15.969 7.290 
Degrees of Freedom 53. 47. 53. 46. 
R2 .692 - - .853 
Estimation Method OLS 2SLS 2SLS OLS 

It-statistics are shown in parentheses. 
bPredicted values, MORT or MDPC, are employed if these variables are used as explanatory variables in an 

estimated equation. 

form and multicollinearity are not explicitly 
treated here, although they are certainly not 
less critical subjects for analysis. The first of 
these models, both of which are estimated 
using aggregate data on total mortality rates 
and other variables from sixty U.S. cities, is 
specified in the equation shown below. 

(1) MORT=F(NONW, MA GE, 

DENS, S02X, PART, N02X) 

The exact definitions of all variables appear- 
ing in this equation, which are similar to 

those used by Smith, and Lave and Seskin, 
are presented in Table 1. In equation (1), 
variations in total mortality rates (MORT) 
are explained using variables measuring 
percent nonwhite (NONW), median age 
(MAGE), crowding (DENS), as well as the 
air pollutants (SO2X, PART, and N02X). 
Ordinary least squares (OLS) estimates of 
this equation are presented in column (1) of 
Table 1 and t-statistics are presented be- 
neath each coefficient estimate. These find- 
ings suggest that SMSAs with more older 
age residents, more nonwhites, and higher 
air pollution levels (especially in the form of 



232 AEA PAPERS AND PROCEEDINGS MAY 1981 

particulates) have, in a statistical sense, sig- 
nificantly higher mortality rates at the 5 
percent level. Examining only this equation, 
then, leads to the conclusion that air pollu- 
tion kills people and that appropriate public 
policy measures should be taken to mitigate 
this hazard. 

Rather different conclusions, however, are 
obtained from the statistical estimates of the 
second model. This model is specified in 
equations (2) and (3) and the exact defini- 
tions of all variables appearing there are 
given in Table 1. 

(2) MORT=g(MDPC, NONW, MA GE, 

DENS, COLD, CIGS, 

PROT, CARB, SFAT, 

S02X, PART, N02X) 

(3) MDPC=h( MORT, INCM, EDUC, 

S02X, PART, N02X) 

Essentially, this structure builds upon equa- 
tion (1). Equation (2) explains variations in 
MORT using variables including NONW, 
MAGE, and DENS, as well as S02X, 
PART, and N02X. But in addition, equa- 
tion (2) also allows explicitly for the possi- 
bility that mortality rates are affected by 
cold temperatures (COLD) and by such 
lifestyle factors as cigarette smoking (CIGS), 
and diet (PROT, CARB, and SFAT), and 
by availability of medical care as measured 
by medical doctors (MDs) per capita 
(MDPC). Equation (3), then, hypothesizes 
that the location of MDs is determined by 
total mortality rates, SMSA income 
(INCM) and education (EDUC) levels as 
well as by the air quality variables. 

Equations (2) and (3) are simultaneous in 
that variations in MORT are determined, in 
part, by variations in MDPC and vice versa. 
Due to this fact, and because under the 
order condition both equations appear to be 
identified, two-stage least squares (2SLS) is 
used as an estimation method. The esti- 
mates of these two structural equations are 
given in columns (2) and (3) of Table 1. 
With the exception of the coefficients on the 

air pollution variables, estimates of the slope 
parameters in equation (1) possess signs that 
might be expected on intuitive grounds. In- 
creases in MDPC and in CARB contribute 
significantly to reductions in mortality rates, 
while colder SMSAs with more older-age 
residents, more nonwhites, more crowd- 
ed housing conditions, and where more 
cigarettes are consumed tend to have higher 
mortality rates. These results suggest that 
holding constant the linear influence of medi- 
cal doctors per capita, lifestyle variables mea- 
suring such factors as smoking and dietary 
habits exert a significant influence on total 
mortality rates; a finding that is of interest 
since variables of this type were ignored in 
specifying equation (1). On the other hand, 
the statistically significant but negative coef- 
ficients on the air pollution variables are 
rather more of a puzzle and cannot be com- 
pletely explained. Nevertheless, a partial 
account of why this anomolous result has 
occurred will be offered momentarily. In the 
meantime, consider the estimates of the slope 
parameters of equation (3). According to 
these estimates, all but one of which are not 
statistically significant at conventional levels, 
medical doctors apparently avoid locating 
in SMSAs where particulate levels are high. 

Additional insights into these results can 
be obtained by examining the estimates of 
the reduced form equation for MORT, 
which are shown in column (4) of Table 1. 
As indicated in the table, these estimates 
were obtained by applying ordinary least 
squares to an equation where MORT was 
specified to be a function of all exogenous 
variables in the structural model presented 
previously. There are two aspects of these 
estimates that are particularly worth noting. 
First, the estimates of the reduced form 
coefficients, unlike the structural coeffi- 
cients, do not hold constant the linear in- 
fluence of medical care and are interpreted 
as total, rather than partial, derivatives. In 
other words, the structural coefficients do 
not fully capture the fact that medical care 
may ameliorate the negative health effects 
of cigarette smoking, cold weather, crowded 
living conditions, and so forth. This 
ameliorative effect can only be determined 
by comparing the reduced form to the 
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structural form coefficients. As is evident, 
such a comparison reveals that the coeffi- 
cients on the socioeconomic and lifestyle 
variables are all smaller in the reduced form 
than in the structural form; a result suggest- 
ing that some ameliorative effects of medi- 
cal care may indeed be present. Second, in 
the reduced-form mortality equation, the 
coefficients on the air pollution variables 
are positive. How can this result be 
explained? Although increased medical care 
would appear to reduce total mortality rates, 
doctors, according to the structural equation 
estimates, prefer not to live in polluted 
areas. Consequently, the reduced-form coef- 
ficients, which take this behavior into 
account, are large than their counterparts in 
the structural form. This observation, 
clearly, does not explain why the structural 
air pollution coefficients are negative. How- 
ever, it does suggest that using reduced-form 
equations to measure the benefits of im- 
provements in air quality may be somewhat 
misleading. In spite of the results from the 
structural model, reductions in air pollution 
may well reduce mortality rates. Neverthe- 
less, as the reduced-form equation indicates, 
a portion of the reduction in mortality rates 
may result from improvements in medical 
care. 

III. Conclusion 

Existing statistical work on the mortality 
effects of air pollution has been interpreted 
to imply that control of stationary sources 
such as powerplants (which emit S02 and 
particulates) is justified while auto emission 
controls (particularly these for nitrogen 
oxides) are unjustified. These conclusions 
may be unwarranted for two reasons. First, 
as shown in the preceding section, the esti- 
mated effects of air pollution on human 
health are highly sensitive to model specifi- 
cation. With little or no a priori theoretical 
rationale for choosing one specification over 
another, a determination of the true health 
effects of air pollution is impossible. Future 
research, with primary data that is both 
collected specifically for the purpose of 
analyzing the health effects of air pollution 
and aimed at coping with the kinds of statis- 

tical problems identified here, may provide 
more convincing estimates. At the present 
time, however, relatively little is known 
about the effects of long-term low-level air 
pollution exposures on human mortality; 
certainly not enough to make benefit projec- 
tions for policy purposes. 

Second, the really important benefits from 
air pollution control may actually lie in the 
nonhealth area. For example, a recent study 
of the Los Angeles Basin suggested that a 30 
percent reduction in ambient pollution levels 
(principally nitrogen oxides and related oxi- 
dant) would be worth nearly $1 billion per 
year to local residents (see D. Brookshire et 
al.). This study, using both a traditional 
hedonic property value study and survey 
questionnaires, concluded that a major frac- 
tion of perceived benefits were derived from 
the aesthetic (visibility and quality of life) 
benefits of reduced air pollution. Similarly, 
studies of the benefits of air pollution con- 
trol in recreation areas such as the national 
parklands of the Southwest suggest that visi- 
bility and related nonhealth benefits are of 
principle concern. While supposed effects of 
air pollution on human mortality provide 
decision makers with an easy justification 
for control policies (often on ethical rather 
than economic grounds), economists ought 
to be concerned with all sources of benefits 
from pollution control on efficiency grounds. 
Serious doubt over the health effects of air 
pollution implies that less emphasis should 
be placed on health effects in making policy 
decisions. 

REFERENCES 

D. Brookshire, "Experiments in Valuing Pub- 
lic Goods," in V. Kerry Smith, ed., Ad- 
vances in Applied Micro-economics, JAI 
Press, forthcoming. 

B. Conley, "The Value of Human Life in the 
Demand for Human Safety," Amer. Econ. 
Rev., Mar. 1976, 66, 54-57. 

T. Crocker et al., Methods Development for 
Assessing Air Pollution Control Benefits, 
Vol. 1, EPA-600/5-79-00/a, Feb. 1979. 

A. V. Kneese and W. Schulze, "Environ- 
ment, Health and Economics-The Case 
of Cancer," Amer. Econ. Rev. Proc., Feb. 



234 AEA PAPERS AND PROCEEDINGS MA Y 1981 

1977, 67, 26-32. 
L. B. Lave and E. P. Seskin, "An Analysis of 

the Association Between U.S. Mortality 
and Air Pollution," J. Amer. Statist. As- 
soc., June 1973, 68, 284-90. 

Lester B. Lave and Eugene P. Seskin, Air Pollu- 
tion and Human Health, Baltimore 1977. 

G. C. McDonald and R. C. Schwing, "Instabili- 
ties of Regression Estimates Relating Air 
Pollution to Mortality," Technometrics, 
Aug. 1973, 15, 463-81. 

E. J. Mishan, "Evaluation of Life and Limb: 
A Theoretical Approach," J. Polit. Econ., 
July/Aug. 1971, 79, 687-705. 

J. B. Ramsey, "Classical Model Selection 
Through Specification Error Tests," in 
Paul Zarembka, ed., Frontiers in Econo- 
metrics, New York 1974. 

W. Schulze et al., "Mortality, Medicine, and 
Lifestyle," mimeo., Univ. Wyoming, Jan. 
1980. 

G. Smith and G. Campbell, "A Critique of 
Some Ridge Regression Methods," J. 
Amer. Statist. Assoc., Mar. 1980, 75, 74- 
81. 

R. S. Smith, "The Feasibility of an 'Injury 
Tax Approach' to Occupational Safety," 
Law, Contemporary Problems, Summer- 
Autumn 1974, 38, 730-44. 

V. K. Smith4 "Mortality-Air Pollution Rela- 
tionships: A Comment," J. Amer. Statist. 
Assoc., June 1975, 70, 341-43. 

R. Thaler and S. Rosen, "The Value of Saving 
a Life: Evidence from the Labor Market," 
in Nestor E. Terleckyji, ed., Household 
Production and Consumption, Nat. Bur. 
Econ. Res. Stud. in Income and Wealth, 
Vol. 40, New York 1975. 

H. Theil, "Specification Errors and the 
Estimation of Economic Relationships," 
Rev. Int. Statist. Inst., No. 1-3, 1957, 15, 
41-51. 


	Article Contents
	p. 228
	p. 229
	p. 230
	p. 231
	p. 232
	p. 233
	p. 234

	Issue Table of Contents
	The American Economic Review, Vol. 71, No. 2, Papers and Proceedings of the Ninety-Third Annual Meeting of the American Economic Association (May, 1981), pp. ii-v+vii+1-482+i-xxii
	Front Matter [pp. ii-435]
	Richard T. Ely Lecture
	Economics and Political Economy [pp. 1-10]

	Inventories and Macroeconomics
	Inventories and the Structure of Macro Models [pp. 11-16]
	Investment in Finished Goods Inventories: An Analysis of Adjustment Speeds [pp. 17-22]
	Merchant Wholesaler Inventory Investment and the Cost of Capital [pp. 23-29]

	Applied Marxian Analyses of Stagflation
	Capital-Labor Conflict and the Productivity Slowdown [pp. 30-35]
	Industrial Conflict and its Implications for Productivity Growth [pp. 36-41]
	A Conflict Theory Approach to Inflation in the Postwar U.S. Economy [pp. 42-47]

	Economics of Slack Capacity
	Capacity Utilization Measures: Underlying Economic Theory and an Alternative Approach [pp. 48-52]
	Stochastic Equilibrium and Capacity Utilization [pp. 53-57]
	Long-Run Changes in the Workweek of Fixed Capital [pp. 58-63]
	Slack Capacity: Productive or Wasteful? [pp. 64-69]

	The Impact of Inflation on Labor Force Participation and the Distribution of Household Income
	Female Labor Supply in the Context of Inflation [pp. 70-75]
	A Times-Series Analysis of Women's Labor Force Participation [pp. 76-80]
	The Economic Risks of Being a Housewife [pp. 81-86]

	Resource Allocation in the Local Public Sector
	The Roles of Jurisdictional Competition and of Collective Choice Institutions in the Market for Local Public Goods [pp. 87-92]
	On Local Finance and the Tiebout Model [pp. 93-98]
	Capitalization and the Median Voter [pp. 99-103]

	Issues in Government Economic Regulation of Transportation in the 1980's
	Antitrust Standards and Railway Freight Pricing: New Round in an Old Debate [pp. 104-109]
	The Nature, Effectiveness, and Importance of Motor Common Carrier Service Obligations [pp. 110-115]
	The Role of the Interstate Commerce Commission in the 1980's [pp. 116-121]

	Economics of Affirmative Action
	Is Equal Opportunity Enough? [pp. 122-126]
	Affirmative Action and Its Enforcement [pp. 127-133]

	The Monetarist Contribution to Macroeconomics
	Monetarist Principles and the Money Stock Growth Rule [pp. 134-138]
	Monetarist, Keynesian, and New Classical Economics [pp. 139-144]
	Stabilization, Accommodation, and Monetary Rules [pp. 145-149]

	The Economics of Recessions
	What is Left of the Multiplier Accelerator? [pp. 150-154]
	Bankruptcy, Liquidity, and Recession [pp. 155-159]
	Estimated Effects of the October 1979 Change in Monetary Policy on the 1980 Economy [pp. 160-165]

	Models for Antitrust
	The Allocation of Landing Rights by Unanimity Among Competitors [pp. 166-171]
	Investment Decisions with Economies of Scale and Learning [pp. 172-177]
	Contestability and the Design of Regulatory and Antitrust Policy [pp. 178-183]
	Potential Competition May Reduce Welfare [pp. 184-189]

	Testing in Economics
	The Revised Test of Understanding College Economics [pp. 190-194]
	Specification and Development of New Pre-College Tests: BET and TEL [pp. 195-199]

	Distributional Issues in Public Policy
	Social Welfare Dominance [pp. 200-204]
	Arbitration and Conflict Resolution in Labor-Management Bargaining [pp. 205-210]

	A Critical Look at Rational Expectations in Practice
	Estimation and Control of Rational Expectations Models [pp. 211-216]
	Capital Mobility and Devaluation in an Optimizing Model with Rational Expectations [pp. 217-221]
	The Determinants of the Variability of Stock Market Prices [pp. 222-227]

	Measuring Benefits from Air Pollution Control: Where Do We Stand?
	What Do We Know about Benefits of Reduced Mortality from Air Pollution Control? [pp. 228-234]
	Measuring the Benefits from Reduced Morbidity [pp. 235-240]
	Valuing Health Risk [pp. 241-245]

	Monetary Theory: Implications for Monetary Policy
	Federal Reserve System Implementation of Monetary Policy: Analytical Foundations of the New Approach [pp. 246-252]
	Monetary and Fiscal Policies in an Open Economy [pp. 253-258]
	Rational Expectations and the Conduct of Monetary Policy [pp. 259-267]

	Sustainability Analysis
	Economies of Scope [pp. 268-272]
	Sustainability and the Entry Process [pp. 273-277]
	On the Political Sustainability of Taxes [pp. 278-282]

	Incomes Policy: What Did We Learn in the 1970's?
	U.S. Incomes Policies in the 1970's--Underlying Assumptions, Objectives, Results [pp. 283-287]
	Government Intervention in the Inflation Process: The Econometrics of "Self-Inflicted Wounds" [pp. 288-294]
	Equity and Tradeoffs in a Tax-Based Incomes Policy [pp. 295-300]

	Models of Labor Market Equilibrium
	Implicit Contracts, Moral Hazard, and Unemployment [pp. 301-307]
	Contractual Models of the Labor Market [pp. 308-313]

	The Productivity Growth Slowdown
	Technical Change, Returns to Scale, and the Productivity Slowdown [pp. 314-319]
	Public Regulations and the Slowdown in Productivity Growth [pp. 320-325]
	The Productivity Growth Slowdown and Capital Accumulation [pp. 326-331]

	Application of Theory to the Economics of the Arts
	Cultivation of Taste, Catastrophe Theory, and the Demand for Works of Art [pp. 332-334]
	Economic Theory and the Positive Economics of Arts Financing [pp. 335-340]
	Supply Decisions of Professional Artists [pp. 341-346]

	Inflation, Money Creation, and Government Revenue
	Revenue Implications of Money Creation under Leviathan [pp. 347-351]
	Inflation, Bank Profits, and Government Seigniorage [pp. 352-355]
	Who Should Control the Money Supply? [pp. 356-361]

	Behavioral-Micro Approaches to Inflation
	The Inflation Process: Where Conventional Theory Falters [pp. 362-367]
	The Inflation Process: A Micro-Behavioral Analysis [pp. 368-373]

	Youth Employment: New Perspectives
	Increasing Unemployment and Changing Labor Market Expectations Among Black Male Teenagers [pp. 374-378]
	Federal Minimum Wage Laws and the Employment of Minority Youth [pp. 379-384]

	Freight Transport Regulation and Market Imperfections
	Market Structure and Concentration in the Regulated Trucking Industry [pp. 385-388]
	Price Distortions and Second Best Investment Rules in the Transportation Industries [pp. 389-393]
	Railroad Regulation, Deregulation, and Workable Competition [pp. 394-398]

	Law and Economics in an Environment with Imperfect Information
	Information and the Law: Evaluating Legal Restrictions on Competitive Contracts [pp. 399-404]
	The Economics of Privacy [pp. 405-409]
	Information Remedies for Consumer Protection [pp. 410-413]
	A Note of Efficiency vs. Distributional Equity in Legal Rulemaking: Should Distributional Equity Matter Given Optimal Income Taxation? [pp. 414-418]

	Inflation and the Tax System
	Inflation and the Tax Treatment of Firm Behavior [pp. 419-423]
	Private Pensions and Inflation [pp. 424-428]
	Inflation, the Stock Market, and Owner-Occupied Housing [pp. 429-434]

	Proceedings of the Ninety-Third Annual Meeting
	Minutes of the Annual Meeting Denver, Colorado September 6, 1980 [pp. 436-437]
	Minutes of the Executive Committee Meetings [pp. 438-442]
	Report of the Secretary for 1980 [pp. 443-446]
	Report of the Committee on Elections [p. 447]
	Report of the Treasurer for the Year Ending December 31, 1980 [p. 448]
	Report of the Finance Committee [pp. 449-451]
	Report of the Managing Editor: American Economic Review [pp. 452-464]
	Report of the Managing Editor: Journal of Economic Literature [pp. 465-467]
	Report of the Director Job Openings for Economists [pp. 468-469]
	The Committee on the Status of Women in the Economics Profession [pp. 470-477]
	Report of the Representative to the National Bureau of Economic Research [pp. 478-479]
	Report of the Committee on U.S.-Soviet Exchanges [p. 480]
	Report of the Committee on Economic Education [p. 481]
	Report of the Economic's Institute Policy and Advisory Board [p. 482]

	Back Matter [pp. i-xxii]



