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APPLICATION OF STOCHASTIC CHOICE MODELING TO 
POLICY ANALYSIS OF PUBLIC GOODS: A CASE STUDY OF 

AIR QUALITY IMPROVEMENTS 

Edna Loehman and Vo Hu De* 

I. Introduction 

ONE of the outstanding issues of applied wel- 
fare economics is how to obtain appropri- 

ate welfare measures for policy analysis of 
changes in public goods when market demand 
information is not available. Surveys and elec- 
tions provide alternative forums for revealing 
preference information. Recently, Randall and 
Stoll (1980) discussed the use of willingness to 
pay as a welfare measure and Brookshire, Ran- 
dall, and Stoll (1980) demonstrated use of a sur- 
vey to obtain willingness to pay information. 
Here, we also measure willingness to pay for 
public goods using survey data but we use an 
alternative questionnaire design and different es- 
timation methods. 

To analyze the survey data obtained, we use a 
stochastic model of choice. The basis for 
stochastic choice models is that there is random- 
ness in observed choice behavior. Because of 
uncontrollable factors in survey execution and 
unobservable characteristics of survey respon- 
dents, the stochastic model is particularly appro- 
priate for analysis of choices obtained from a 
survey.' By estimating parameters in a distribu- 
tion function representing probability of choice, 
the stochastic model can be used to explain and 

predict choice probabilities for individuals in a 
population. 

Choice data obtained from our survey are 
"paired comparisons" of changes in a public 
good with changes in income. Here, we use the 
stochastic model to predict the probability of a 
person being willing to pay an amount of money 
rather than experience a decrease in a public 
good. A "representative" bid curve is then ob- 
tained by defining indifference (similar to Davis, 
DeGroot, and Hinich, 1972) to be a probability of 
one-half. 

In comparison, the method used by Brook- 
shire, Randall, and Stoll (1980) requires that a 
respondent identify an exact maximum willing- 
ness to pay bid; because of the bidding proce- 
dure, use of a trained interviewer is needed. Be- 
cause of our simpler questionnaire design, our 
type of survey can be distributed by mail rather 
than administered by interviewers. A mail survey 
is cheaper to administer and eliminates variation 
in responses due to influence of interviewers on 
respondents. However, the method is still sub- 
ject to other types of "biases" discussed by 
Brookshire et al. (1979), such as the free rider 
problem. 

In addition to differences in surveying tech- 
niques, the comparison between the resulting 
willingness to pay function and that obtained by 
methods used by Brookshire, Randall, and Stoll 
(1980) has to do with estimation properties. In 
one case, an arbitrary functional form is hypoth- 
esized for a bid curve and individual bids are 
assumed to be normally distributed about a mean 
bid. In the other case, an arbitrary form is spec- 
ified for a distribution function relating to choice 
behavior. 

To demonstrate use of the stochastic model to 
estimate willingness to pay from survey data, we 
present an analysis of air pollution control for the 
Tampa Bay area of Florida. The succeeding sec- 
tions describe the policy problem, survey design, 
choice model, and analysis. 

Received for publication November 29, 1978. Revision ac- 
cepted for publication February 11, 1982. 

* Purdue University and Virginia State University, respec- 
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This work was an extension of work performed at the 
University of Florida as part of a project under ICAAS di- 
rected by Dr. Alex Green. The authors thank Dr. Marvin 
Shaw for help in questionnaire design, Dr. Robert Emerson 
for advice regarding econometric methods and Dr. Shaul 
Ben-David (University of New Mexico) for assistance in 
computations. Computations were performed at the Univer- 
sity of New Mexico. 

I Deacon and Shapiro (1975) used a stochastic choice 
model to explain choices made by voters in elections concern- 
ing public good choices. McFadden (1973, 1976) also used the 
stochastic model of choice to estimate parameters in a rep- 
resentative utility function. 
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STOCHASTIC CHOICE MODELING AND PUBLIC GOODS 475 

H. Policy Problem and Survey Design 

Two policy alternatives concerning the public 
good of producing air quality were evaluated. 
One potential policy evaluated was to control 
power plant emissions in the entire Tampa Bay 
area of Florida ("control all") at a cost of $98 
million and a reduction of power plant emission 
of 83%. An alternative policy was to reduce 
emissions from plants in the urban areas only 
("control urban") at a cost of $23 million and a 
reduction in total emissions of 39W. 

To evaluate these policies, we assume that 
willingness to pay to avoid air pollution may be 
associated with willingness to pay to avoid health 
effects (e.g., asthma, bronchitis, emphysema, 
heart and lung problems) related to pollution. 
Since respondents might not have been familiar 
with these diseases, they were asked to consider 
more familiar characteristics of the diseases 
(e.g., coughing, sneezing, shortness of breath). 
The health effects on the questionnaire are de- 
scribed in terms of types of symptoms, duration 
of symptoms (1, 7, 90 days), and severity (mild 
or severe). "Severe" refers to restricted activity 
with possible bed confinement. 

The survey was designed to provide observa- 
tions of individual choices between decreased 
income and increased health effects related to 
pollution. Odor and haze were also included as 
examples of aesthetic and psychological effects. 

The survey is similar to others of the willing- 
ness to pay type (e.g., Brookshire et al., 1980). 
However, to reduce the cost of obtaining varia- 
tion in income and health status among respon- 
dents, the survey was distributed by mail. There- 
fore, rather than being able to determine the 
exact bid of willingness to pay for each respon- 
dent, a more standardized approach had to be 
used. Instead of giving an exact value, respon- 
dents chose the highest value they were willing to 
pay from a standardized list. For each health 
effect, a range of dollar amounts from $0 to $1000 
is used to provide enough "spread" for low and 
high income respondents and diversity in seri- 
ousness of health effects. A typical choice ques- 
tion on the questionnaire is of the form: 

To avoid one day per year minor head congestion, 
the most I would pay is: 

$0 $.50 $1 $2 $10 $15 $50 $120 $250 $ 1000 per year. 

The respondent circled the highest value that 
he/she was willing to pay. 

For each given dollar amount, the response to 
the question is similar to a "paired comparison" 
between less income and worse health. The 
paired comparison method has been utilized in 
marketing and psychological studies and is con- 
sidered to be a reliable method of obtaining re- 
sponses since the choices required are relatively 
simple 2 

Since health status and household income are 
hypothesized to affect choice_behavior, ques- 
tions about these were included on the question- 
naire. Questions about other factors which may 
affect choice, such as age and insurance, were 
also included. 

The questionnaire was mailed in May 1977 to 
1,800 people selected randomly in the Tampa 
Bay area; the return response was 404. The re- 
turn responses were tested and found to be rep- 
resentative of the Tampa Bay population but in- 
cluded a slightly higher proportion of higher in- 
come persons. 

III. Stochastic Choice Model and 
Willingness to Pay 

On the survey, the respondent is asked to 
compare a situation with worse health to one 
with less income and choose the lesser of the two 
"'evils." This choice may be modeled as follows. 
Define the indirect utility function as 

U(M, Px, D) = Max U(x, D) (1) 

subject to Pxx c M 

where x are private goods at a cost Px, M is 
income of the consumer, and D is the initial 
health status. Let m denote the decrease in in- 
come and d the increase in days of illness. The 
respondent makes a choice corresponding to the 
larger utility level. The maximum willingness to 
pay is the amount E such that 

U(M - E, Px, D) = U(M, PX, D + d). (2) 

E is the "equivalent variation" for a given 

2 There is good evidence from previous research that re- 
sponses to questionnaires of this type are reasonably valid; 
see Stouffer et al. (1950) and Shaw and Wright (1967). 

The questionnaire was distributed to a sample of 47 persons 
drawn randomly from a college population and readminis- 
tered to the same persons after three weeks. Test-retest 
correlations ranged from 0.82 to 0.95, averaging 0.86. 
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476 THE REVIEW OF ECONOMICS AND STATISTICS 

change in public good.3 The respondent is better 
off choosing the public good decrease for any 
payment larger than E. As d is varied, a bid curve 
(Bradford, 1970) is obtained; the exact position 
of this bid curve depends on income, health 
status, and other socioeconomic factors. 

We use a zero-one variable to denote choice 
between increased illness and decreased income 
and assign 

z = lifE?m (3) 
z = 0 if E < m. 

If a person with socioeconomic characteristics S 
is selected randomly from a population, the 
probability that the person will choose to pay m 
rather than have health effect d is denoted by 
P(m, d, S): 

P(m. d, S) = prob(z = Ilm, d, S). (4) 

Following McFadden (1973, 1976) we hypothe- 
size that choices observed on the survey can be 
explained using a "representative" utility func- 
tion; for individuals sampled from a population, 
choices are represented by utility functions 
which are distributed about a representative util- 
ity function for the population. Here, we use the 
indirect utility function to represent choices be- 
tween income and health; from the theory, 
choices will be affected by income and health 
status. Thus, if U denotes the individual's indi- 
rect utility function and V the "representative" 
indirect utility, 

U(M, D) = V(M, D) + E(M, D) (5) 

where E(M, D) denotes the stochastic effect. 
McFadden (1973) showed that under a set of 
axioms, the choice probabilities may be defined 
in a particular way in terms of values of the 
representative utility for each alternative. In par- 
ticular, for two alternatives 

P(m, d, S) = prob(V(M - m, D) 
- V(M, D ?-f d) > E(M, D + d) 
-E (M - m, D)) 

= exp[V(M - m, D)]/exp[V(M 
- m, D)]+ exp[V(M, D + d)]. 

(6) 
The distribution function is in fact the logistic 
distribution function 

F(v) = 1/1 + exp(-v) (7) 

evaluated at 

v=V(M-m,D)- (VM,D+d). (8) 

The logistic model has been validated as an ap- 
propriate choice model for binary choices by Cox 
(1970). The "paired comparison" method used 
here is a case of binary choices. 

Following Davis, DeGroot, and Hinich (1972), 
we define a preference relation between two al- 
ternatives A and B as 

APB< = > Prob(UA> UB) > 1/2. (9) 

Thus, a proposal will be preferred to an alterna- 
tive if and only if the value of the representative 
utility is higher. Indifference (lack of preference) 
between two alternatives then corresponds to a 
choice probability equal to one-half. Similar to 
willingness to pay for the individual, "represen- 
tative" willingness to pay is defined from an in- 
difference relation using the representative utility 
function.4 

IV. Estimation 

In order to predict the probability of choice 
and representative bid curve, a functional form 
must be hypothesized for the utility difference. 
From the choice theory, relevant variables are 
the money payments (m), health effects (D), in- 
come (M), health status (d), and other socioeco- 
nomic characteristics. Rather than specifying a 
linear utility function as McFadden (1976) did, 
following Theil (1969) we specify a nonlinear 
functional form for the utility difference. Theil 
used a logarithmic form based on the characteris- 
tics of alternative choices to estimate the utility 
difference. The specification of the utility differ- 
ence used here is 

v = ao + a1 ln m + a2 ln d + a3 ln M 
+ a4 ln D + a5S (10) 

where S denotes socioeconomic characteristics 
other than income and health. Taking the logit 
transformation and substituting (10) provides the 
model for estimation: 

I Willig (1976) gave a similar definition of equivalent varia- 
tion for price changes for private goods and Randall and Stoll 
(1980) gave a similar definition for commodity changes. 

4 By specifying a functional form for the utility function, it 
is theoretically possible to specify the stochastic relationship 
between the representative bid and individual bids. For ex- 
ample, for a constant marginal utility of income, the distribu- 
tion of the bids is also logistic and the representative bid is the 
mean of the individual bids. 
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ln l = (ao + a1 ln m + a2 ln d + a3lnM 

+ a,4nD+ c5S). (11) 

Hypothesized signs for the parameters may be 
derived from theory assuming that the represen- 
tative utility function has properties 

Vd < O, Vn > O, Vrn C Vd 0, Vmd - 0 

similar to those of an individual utility function 
(here D is measured in days of illness). Then, 
using the definition of the distribution function, 
we obtain that the probability of preferring a 
payment (mi) to avoid an increase in days of 
illness (d) will increase with income, increase 
with days of illness, decrease with the amount of 
payment, and increase with worse initial health 
status. 

The representative bid curve E is obtained 
from setting the choice probability equal to one- 
half: 

E = kd62M6:3D64 (12) 

where Si = - (ai/al) > 0. The choice prob- 
abilities may be represented in terms of the rep- 
resentative bid as 

P(m, d, S) = 1/1 + (m/E>-a. (13) 

Thus if the representative bid exceeds the re- 
quired payment the choice probability will be 
greater than one-half. 

A separate choice probability estimation com- 
bining data on number of days and dollar bids 
was made for each symptom and severity combi- 
nation. Individual data and maximum likelihood 
estimation could.have been used but there would 
have been about twelve thousand observations 
for each estimation. To reduce the number of 
data inputs, respondents were grouped; income 
and health status were used to define groups 
since these factors were hypothesized to deter- 
mine choice behavior. Table 2 shows income and 
health categories used to define groups. Propor- 
tions 7r of persons in each group willing to pay 
each amount listed on the questionnaire were 
used to estimate choice probabilities. Propor- 
tions were obtained by cumulating responses for 
each dollar amount listed on the questionnaire; 
that is, a person willing to pay at most ten dollars 
to avoid illness would also be willing to pay less 
than ten dollars to avoid the same illness. 

Log 7r/(I - 7r) is approximately normally dis- 
tributed (Cox, 1970); thus the method of ordinary 
least squares (OLS) can be applied to estimate 
parameters. However, group size and standard 
deviations of bids vary by group. Therefore, we 
used generalized least squares (GLS) to estimate 
parameters; the OLS estimates give initial pa- 
rameter estimates for the GLS procedure. The 
generalized least squares method used followed 
the method of Walker and Duncan (1967).5 GLS 
estimates obtained are very similar to the initial 
OLS estimates. 

Table 1 gives the results of OLS estimation 
used here for hypothesis testing. In each equa- 
tion the coefficients of m, d, M and D all have the 
hypothesized sign.The t-statistics for m, d, and 
M are all significant beyond the 99%c level. The 
coefficients for health status D are significant 
above the 95% level only for severe shortness of 
breath. 

Other socioeconomic variables included in the 
analysis were "percentage employed," "per- 
centage retired" and "percentage insured." 
These variables affect demand because of their 
effect on the real price of illness. The sign of the 
employment variable indicates that as "percent- 
age employed' increases, there is a larger prob- 
ability of willingness to pay a given amount; this 
variable is significant at the 99%c level for all 
effects, indicating the larger opportunity cost of 
illness for the employed population. The sign of 
the "percentage retired' variable indicates that 
retired persons are willing to pay more than un- 
employed persons with the same income, indicat- 
ing a wealth effect. The insurance variable was 
most significant in the case of severe illness; as 
the percentage with insurance increases, the will- 
ingness to pay decreases since insurance is a 
"'substitute" for preventative health activities. 
The ""percentage female" dummy variable tests 
whether there are differences in attituide, apart 
from income and employment characteristics, 
which may be due to gender. The ""percentage 
female" variable was not significant except in the 
case of odor and haze. "'Age" was not used as a 
socioeconomic variable because it is correlated 

' Use of OLS after correcting for differences in group vari- 
ances and group sizes has been termed the minimum chi 
squared approach by Berkson (1955). Amemiya (1974) has 
shown the equivalence of these approaches and maximum 
likelihood. 
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TABLE I.-OLS REGRESSION RESULTS-DEPENDENT VARIABLE IS LOG OF THE ODDS" 

Symptom 
Coefficients 

Equation In m In d In M In D % Retired % Female % Insured % Employed C R2 

SSB -0.7106 0.2809 0.4301 0.0464 2.9435 -0.1397 -1.9471 2.1251 -3.1291 
(-42.09) (15.04) (5.59) (2.02) (4.25) (-0.62) (-5.74) (4.24) (-4.37) .874 

MHC -0.8654 0.2805 0.3087 0.0444 1.1857 0.3031 -0.6987 0.9904 -2.3686 
(-41.95) (13.14) (3.53) (1.69) (1.51) (1.17) (-1.85) (1.72) (-2.89) .878 

SHC -0.7976 0.2496 0.2032 0.0464 2.0208 -0.0278 - 1.3534 1.8090 -1.0966 
(-44.14) (12.85) (2.48) (1.93) (2.82) (-0.11) (-3.94) (3.44) (-1.45) .879 

MCS -0.8761 0.3274 0.2345 0.0529 1.6784 0.0511 -0.4891 1.2969 - 2.2366 
(-39.49) (13.99) (2.45) (1.86) (1.98) (0.18) (-1.19) (2.11) (2.52) .869 

0 -0.7891 0.2742 0.3169 -0.0105 2.0662 1.0585 -0.4191 1.2993 -3.5108 
(36.87) (12.17) (3.39) (-0.38) (2.53) (3.83) (-1.05) (2.19) (-4.02) .848 

MSB -0.8065 0.2599 0.3010 0.0118 2.9355 0.0789 -1.1225 2.0280 -2.6799 
(-42.70) (12.56) (3.39) (0.46) (3.88) (0.31) (-3.08) (3.68) (-3.23) .877 

H -0.7637 0.2872 0.3287 0.0318 2.2899 0.9006 -0.3322 1.3728 -3.8998 
(-34.18) (12.34) (3.47) (1.10) (2.71) (3.27) (-0.82) (2.23) (-4.45) .835 

SCS -0.7914 0.2757 0.3899 0.0346 2.6803 0.3048 - 1.4973 1.7944 -3.0782 
(-41.39) (13.25) (4.48) (1.35) (3.57) (1.24) (-4.11) (3.26) (-3.80) .872 

Note: SSB = severe shortness of breath SCS = severe coughing and sneezing/eye irritation 
MSB = minor shortness of breath MCS = minor coughing and sneezing/eye irritation 
SHC = severe head congestion 0 = odor 

MHC = minor head congestion H = haze 
tn= amount of money to be paid d= increase in days of illness 
M = income D = initial health index (a greater value indicates worse health). 

odds" = probability of a vote in favor of paying rn to avoid d 
divided by one minus this probability 

with variables already in the analysis (income, 
health, employment status). 

V. Policy Analysis and Aggregation 

The air pollution example here illustrates the 
use of a stochastic choice model for policy analy- 
sis and some of the problems encountered. Pol- 
icy analysis requires prediction of preferences 
regarding a change in a public good for levels 
which could be different than those presented on 
a questionnaire. The methods described above 
can be used to predict choice probabilities and 
willingness to pay for any level of changes in a 
public good using estimated parameter values. 
The validity of the prediction, as with any eco- 
nomic analysis, depends on how far the change is 
outside the ranges on the questionnaire. 

For the two air pollution control policies given 
above, expected health effects were computed 
using dose response relations. The bid for the 
expected health effect was used in the policy 
analysis; this corresponds to an assumption of 
risk neutrality. We did not obtain option values 
on the questionnaire (willingness to pay to avoid 

risk). If risk aversion holds, then the predicted 
bids are too low.6 

To apply the bid curves obtained above for 
policy analysis, two aggregation problems are 
encountered. The first is a problem of aggrega- 
tion over goods. Since there are several health 
effects related to air quality changes, an aggre- 
gate willingness to pay value is needed. In gen- 
eral, this will not be the same as the sum of 
willingess to pay for each effect separately. Also, 
as discussed by Chipman and Moore (1980) for 
price changes, different values may be obtained 
depending on the ordering of the effects consid- 
ered. For the purpose of policy analysis, we ig- 
nore these problems and estimate the aggregate 
bid by adding the bids for each separate effect. 
These procedures correspond to an assumption 
of constant marginal utility of income and a util- 

6 In order to evaluate pollution controls, both the relation- 
ship between emissions and ambient air quality levels and 
ambient levels and health effects are needed. Average ages 
for income and health groups, data by census tract on num- 
bers of persons in each group and pollution levels by tract 
were also required. A more complete description of these 
details are given in Loehman et al. (1979). 
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ity function which is separable in the separate 
health effects. 

Another aggregation issue has to do with rank- 
ing social policies by comparing costs of a policy 
with total benefits where total benefits are esti- 
mated as the sum (over all individuals) of will- 
ingness to pay. In order to estimate total willing- 
ness to pay for a reduction in pollution, here we 
multiply the representative group bids by the 
number of persons in each group and add over 
groups. It can be shown that using the sum of 
willingness to pay over individuals to rank social 
outcomes corresponds to use of a social welfare 
function with welfare weights inverse to the mar- 
ginal utility of income (Loehman, 1978). 

Table 2 shows the result of the policy analysis 
described above for the two control scenarios, 
" ' control all" and " ' control urban. " For compari- 
son to willingness to pay to avoid health effects, 
we have also given the estimated cost by income 
group (allocated in proportion to electricity use) 
required to implement the pollution control poli- 
cies. Note that the "control all" option results in 
negative net benefits for all socioeconomic 
groups whereas the ""control urban" policy re- 

sults in positive net benefits for all but three 
groups .7 

The model given here may also in theory be 
used to predict the probability of preference for a 
given policy as compared with another policy 
and the probabilities could then be used to rank 
policies. From (13), estimation of the preference 
probability requires the ratio of payment to will- 
ingness to pay raised to a power (a1). We have 
not utilized this method here because willingness 
to pay for each separate health effect has a dif- 
ferent coefficient associated with it. In addition 
to this aggregation problem, there would also be 
a problem of transitivity of probabilistic prefer- 
ences when more than two choices are being 
compared, similar to that discussed in voting lit- 
erature. 

VI. Conclusion 

This paper demonstrates the applicability of 
the stochastic choice method for the purpose of 

TABLE 2.-POLICY ANALYSIS OF Two POLLUTION CONTROL POLICIES BY SOCIOECONOMIC GROUPS 

" Control Urban" "Control All" 

Willingness to Pay Willingness to Pay 
Expected Health Effects Expected Health Effects 

Socioeconomc .Severe Minor Cost of Severe Minor Cost of 
Socioeconomic Short- Eye Control Short- Eye Control 

Group Severe ness of Irrita- ($ per Severe ness of Irrita- ($ per 

Incomea Healthb Cough Breath tion Total person) Cough Breath tion Total person) 

1 1 1.97 5.11 0.85 7.93 6.57 2.08 5.35 0.85 8.28 28.29 
2 1 1.79 4.85 0.87 7.51 7.71 1.85 5.09 0.94 7.89 31.43 
3 1 2.13 6.00 0.98 9.11 10.00 2.21 6.30 1.06 9.57 41.71 
4 1 2.92 8.30 1.17 12.39 11.14 3.06 8.64 1.17 12.86 45.71 
1 2 1.66 4.76 0.87 7.30 6.57 1.76 5.00 0.95 7.67 28.29 
2 2 1.39 4.88 0.98 7.26 7.71 1.52 5.10 0.98 7.60 31.43 
3 2 2.36 7.32 1.11 10.78 10.00 2.44 7.69 1.20 11.33 41.71 
4 2 2.81 9.11 1.25 13.16 11.14 2.91 9.56 1.35 13.82 45.71 
1 3 2.48 8.00 1.11 11.59 6.57 2.62 8.37 1.11 12.10 28.29 
2 3 2.61 8.54 1.22 12.36 7.71 2.73 8.89 1.22 12.85 31.43 
3 3 3.02 10.03 1.33 14.38 10.00 3.17 10.45 1.33 14.95 41.71 
4 3 3.58 12.37 1.49 17.44 11.14 3.76 12.89 1.49 18.13 45.71 

Total $6,169,390 $5,189,870 Total $6,450,290 $21,759,340 

a Income groups defined by household income from the 1970 Census of Population as follows: 
( I 1) 0-2,500 
(2) 2,500-5,000 
(3) 5,000-10,000 
(4) More than 10,000. 

b Health groups defined by annual days of illness as follows: 
(I) less than 7 days 
(2) between 7 days and 3 months 
(3) more than 3 months. 

7 There are health and aesthetic benefits associated with 
these policies which are not included in the analysis. Thus, 
the numbers given here do not provide a complete benefit- 
cost analysis. 
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performing policy analysis of changes in public 
goods using survey data. Although air quality 
control policies have been analyzed here, the 
methods used are also applicable to other public 
good valuation problems given the appropriate 
model of choice and choice data. 

The policy problem studied here involved rela- 
tively simple choices between changes in a public 
good and disposable income; more complex 
tradeoff situations with tradeoffs among several 
public goods could also be analyzed with a prop- 
erly designed survey. 

A survey can provide a public forum in which 
preferences about public goods are revealed. 
Though not widely used by economists as a 
source of information, surveys may be consid- 
ered as a potential source of choice and prefer- 
ence information when market data or election 
data are not available. To implement the method 
given here for analysis of public good issues, 
economists will need to work closely with 
psychometricians in order to develop appropriate 
survey instruments. On the other hand, as dem- 
onstrated by this paper, survey instruments need 
to be designed according to appropriate eco- 
nomic models of individual choice if measure- 
ment of economic concepts is a concern. 

REFERENCES 

Amemiya, Takeshi, "The Maximum Likelihood Estimator 
vs. the Minimum Chi-Square Estimator in the General 
Qualitative Response Model,' Technical Report No. 
136, Institute for Mathematical Studies in Social Sci- 
ences, Stanford University, June 1974. 

Berkson, Joseph, "Maximum Likelihood and Minimum x2 
Estimates of the Logistic Function," Journal of the 
American StatisticalAssociation (Mar. 1955), 130-62. 

Bradford, D. F., "Benefit-Cost Analysis and Demand Curve 
for Public Good," Kyklos 23 (1970), 775-791. 

Brookshire, David S., Allan Randall, and J. R. Stoll, "Valu- 
ing Increments and Decrements in Natural Resource 
Service Plans," American Journal of Agricultural 
Economics 62 (Aug. 1980), 478-488. 

Brookshire, David, Ralph C. d'Arge, and William D. 
Schulze, "Methods Development for Assessing 
Tradeoffs in Environmental Management," Volume 
II, Report #EPA-600/6-79-001b, U.S. Environmental 
Protection Agency, Feb. 1979. 

Chipman, James S., and James C. Moore, "Compensating 
Variation, Consumers Surplus, and Welfare," Amer- 
ican Economic Review 70 (1980), 933-949. 

Cox, D., Analysis of Binary Data (London: Ballentyne Co., 
1970). 

Davis, Otto, M. H. DeGroot and M. T. Hinich, 'Social 
Preference Orderings and Majority Rule," Economet- 
rica 40 (Jan. 1972), 147-157. 

Deacon, Robert, and Perry Shapiro, "Private Preference for 
Collective Goods Revealed Through Voting on Ref- 
erenda," American Economic Review 65 (Dec. 1975), 
943-955. 

Loehman, Edna T., "Consumer Surplus and Cost-Benefit 
Comparisons for Collective Goods," informal note, 
SRI International, Nov. 1978. 

Loehman, Edna T., et al., "Distributional Analysis of Re- 
gional Benefits and Cost of Air Quality Control," 
Journal of Environmental Economics and Manage- 
ment 6 (Sept. 1979), 222-243. 

McFadden, Daniel, 'Conditional Logit Analysis of Qualita- 
tive Choice Behavior," in P. Zarembka (ed.), Fron- 
tiers in Econometrics (New York: Academic Press, 
1973). 

,iThe Revealed Preferences of a Government Bu- 
reaucracy: Empirical Evidence," The Bell Journal of 
Economics 7(1) (Spring 1976), 55-72. 

Randall, Alan, and John E. Stoll, "Consumer's Surplus in 
Commodity Space," American Economic Review 70 
(June 1980), 449-455. 

Shaw, M. E., and J. M. Wright, Scales for Measurement of 
Attitudes (New York: McGraw-Hill, 1967). 

Stouffer, S. A., et al., Measurement and Prediction (Prince- 
ton: Princeton University Press, 1950). 

Theil, Henri, 'A Multinomial Extension of the Linear Logit 
Model," International Economic Review 10 (Oct. 
1969), 251-259. 

Walker, S., and D. B. Duncan, 'Estimation of the Probability 
of an Event as a Function of Several Independent 
Variables," Econometrica 54(1) (1967), 167-179. 

Willig, Robert D., "Consumer's Surplus without Apology," 
American Economic Review 66 (Sept. 1976), 589-597. 

This content downloaded from 128.173.125.76 on Wed, 19 Feb 2014 15:53:23 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 474
	p. 475
	p. 476
	p. 477
	p. 478
	p. 479
	p. 480

	Issue Table of Contents
	The Review of Economics and Statistics, Vol. 64, No. 3 (Aug., 1982), pp. 361-540
	Front Matter
	The Productivity-Inflation Nexus in Canada, 1963-1979 [pp. 361-367]
	Multimarket Contact and Economic Performance [pp. 368-375]
	Intraindustry Structure and the Ease of Strategic Change [pp. 376-383]
	On the Firm's Production, Capital Structure and Demand for Debt [pp. 384-393]
	The Estimation of a Hybrid Cost Function for a Railroad Firm [pp. 394-404]
	Price-Cost Margins in Producer Goods Industries and "The Importance of Being Unimportant" [pp. 405-412]
	Stochastic-Dynamic Limiting Pricing: An Empirical Test [pp. 413-422]
	Estimates of the Disequilibria in Poland's Consumer Markets, 1965-1978 [pp. 423-431]
	An Empirical Demand and Supply Model of Multilateral Trade [pp. 432-441]
	Taxation and On-The-Job Training Decisions [pp. 442-449]
	Earnings Mobility: Permanent Change or Transitory Fluctuations? [pp. 450-456]
	Life-Cycle Job Choice and the Demand and Supply of Entry Level Jobs: Some Evidence from the Air Force [pp. 457-465]
	A Generalized Input-Output Model of an Economy with Environmental Protection [pp. 466-473]
	Application of Stochastic Choice Modeling to Policy Analysis of Public Goods: A Case Study of Air Quality Improvements [pp. 474-480]
	Relative Risk Aversion Revisited [pp. 481-487]
	Ridge Regression under Alternative Loss Criteria [pp. 488-494]
	Notes
	Employer Size and Wages [pp. 495-501]
	Inequality in the Lifetime Earnings of Women [pp. 501-504]
	The Effects of Regulation on Executive Compensation [pp. 505-509]
	The Tobit Model, Hours of Work and Institutional Constraints [pp. 510-515]
	The Mystery of the Multiplying Marks: A Modification of the Monetary Model [pp. 515-519]
	The Cost of Capital and the Market Power of Firms: A Comment [pp. 519-523]
	The Cost of Capital and the Market Power of Firms: Reply and Correction [pp. 523-525]
	The Effect of the Changing Size and Composition of Government Purchases on Potential Output: A Comment [pp. 525-527]
	The Effect of the Changing Size and Composition of Government Purchases on Potential Output: A Reply [pp. 527-528]
	The Structural Effects of State Regulation of Retail Fluid Milk Prices: A Comment [pp. 529-534]
	The Structural Effects of State Regulation of Retail Fluid Milk Prices: A Reply [pp. 534-536]
	Urban Income Distribution and the Urban Hierarchy-Equality Hypothesis: A Comment [pp. 537-540]

	Back Matter





