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The value of a statistical life (VSL) may be revealed by home buyers, assum-
ing that consumers reveal their willingness to pay for clean air amenities, that
life-saving is the principal amenity, and that consumers are informed of the
marginal risk of death due to air pollution. The �rst assumption is the basis of
a number of hedonic housing studies, many of which fail to reveal a willingness
to pay for clean-air amenities. Considering the markets that do reveal a plau-
sible willingness to pay, the VSL magnitudes imply that home-buyers either
grossly overestimate the marginal risk of death or they are less concerned with
life-saving than with other environmental amenities. In either case, housing
markets do not reveal a credible VSL. (JEL H0, I1, R21)
Keywords: VSL; Value of a Statistical Life; Hedonic Housing Studies; Air

Pollution.

Despite broad acceptance of the role of government in programs to ensure public safety,
there is considerable disagreement about how to compute the bene�ts of such programs.
Against this backdrop, those who make and implement public policy are faced with the
macabre task of placing a monetary value on a human life.
Schelling (1968) championed the notion that life-saving need not be morally motivated,

moving computation of the value of a statistical life (VSL) into the purview of positive
economics. Following Schelling, market-based studies have tended to focus on either labor
markets or goods markets.1
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1There is also a body of literature on non-market approaches to VSL. See, for example, Jones-Lee
(1982).
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This paper considers valuation from the housing market. The VSL is derived from the
marginal risk of death from air pollution (MROD) and from the marginal willingness to pay
for a home with reduced air pollution (MWTP). The VSL for nine urban areas � Boston,
Chicago, Kansas City, Los Angeles, Milwaukee, New York, San Francisco, St. Louis and
Washington � is calculated using epidemiological MROD data and MWTP from eighteen
hedonic studies. These VSL values have means ranging from -$8 million to $164 million.
Negative values and wide ranges are the result of uncertainty in the hedonic MWTP studies,
while the overall magnitudes can be attributed to very small MROD values. The MROD,
MWTP and VSL for Pittsburgh are compared with those from a previous study by Portney
(1981). Taken with the historical context of the earlier results, the comparison suggests
that the earlier VSL was overstated, and was probably more a result of exogenous forces
than consumer preference.

1. Background

Market-based VSL studies typically examine either a labor market or a goods market. In
labor markets, the equilibrium wage for a hazardous occupation incorporates the worker's
willingness-to-accept (WTA) price for an increase in the probability of death. Early labor-
market studies include those by Smith (1974) and Thaler and Rosen (1975). For a lengthy
list of labor market studies as well as an excellent historical overview see Viscusi and Aldy
(2003).
Goods-market studies relate the VSL to a consumer's willingness-to-pay (WTP) for

quality-of-life improvements, such as automobile safety features and reduced health risks
from air pollution. Markets studied include automobile safety equipment (Blomquist, 1979;
Carlin and Sandy, 1991; Blomquist et al., 1996), automobiles (Atkinson and Halvorsen,
1990; Dreyfus and Viscusi, 1995), smoke detectors (Dardis, 1980; Garbacz, 1989), housing
(Bailey et al., 1963; Portney, 1981; Smith and Huang, 1995; Gayer et al., 2000), cigarettes
(Ippolito and Ippolito, 1984), and bicycle helmets (Jenkins et al., 2001).
This paper examines consumer WTP for reduced air pollution in multiple housing mar-

kets within the United States and the VSL based on the pollution-related mortality rate
in that market. The results are compared with Portney's housing-market VSL from 1981.

2. The Housing Market and VSL

The three most important attributes of real estate are location, location and location
(Barron's Educational Series, Inc., 2000). Hedonic housing studies face the daunting task
of separating how much each of these contributes to the value of a home. Additionally,
there are intrinsic ine�ciencies in the housing market2. Despite these hurdles, however,

2Housing is neither homogeneous nor completely di�erentiated, there is imperfect information, trans-
action costs are high, and most consumers participate in very few transactions.
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researchers have endeavored to �nd evidence of a consumer-revealed WTP for cleaner air
and other environmental amenities.
Assuming that life-saving overshadows any other expected bene�t from cleaner air, con-

sumers' marginal willingness to pay (MWTP) for cleaner air is also their MWTP for a
reduction in the marginal risk of death (MROD) due to air pollution. Portney's approach
is to invert the MROD, giving the population for which, statistically, one life is saved with
a marginal reduction in pollution. This population's total annualized MWTP is inferred
as the VSL. Portney observes that household MWTP is the WTP so that no member of
the household die from pollution, meaning that household MROD is the marginal risk of
any one household member dying.3 That is

V SL =
ρ •MWTP

MRODhousehold

where

ρ = interest rate
MWTP = MWTP for a reduction in pollution

MRODhousehold = household MROD from a reduction in pollution

MWTP data in this paper are taken from Smith and Huang (1993). MROD data are
taken from the Internet-based Health and Air Pollution Surveillance System (iHAPSS)4

and three associated papers: Samet et al. (2000), Bell et al. (2004), and Dominici et al.
(2005). The following sections describe these data, then use them to compute the VSL for
the nine study areas for which there are both MWTP and MROD data.

2.1. Marginal Willingness to Pay (MWTP) for Reduced Air
Pollution

Smith and Huang survey thirty-seven housing price and pollution hedonic studies con-
ducted between 1964 and 1978. Their meta-analysis produces a model of MWTP for a
reduction in air pollution that is intended to combine disparate market valuations into a
single model and facilitate extrapolation to other markets. Smith and Huang cite eighteen
studies covering nine metropolitan areas for which there are also iHAPSS data: Boston,
Chicago, Kansas City, Los Angeles, Milwaukee, New York, San Francisco, St Louis and
Washington. These studies are listed in Table 1, along with four composite studies for
which iHAPSS includes all of the component metropolitan areas. The metropolitan areas
included in these studies are shown in Table 2. VSL values will be computed for these
study areas.

3See Appendix C
4http://www.ihapss.jhsph.edu iHAPSS is funded by the Health E�ects Institute

(http://www.healthe�ects.org) and is hosted and maintained by the Department of Biostatistics at
the Johns Hopkins Bloomberg School of Public Health.
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Table 1: Studies from Smith and Huang (1995) used in this paper (ID from the source).

ID Study Metropolitan Area
3 Bender, Gronberg and Hwang (1980) Chicago
5 Nelson (1978) Washington
6 Anderson and Crocker (1971) Washington
6 Anderson and Crocker (1971) Kansas City
6 Anderson and Crocker (1971) St. Louis
7 Smith (1978) Chicago
8 Krumm (1980) Chicago
11 Li and Brown (1980) Boston
13 Polinsky and Rubinfeld (1977) St. Louis
15 Palmquist (1984) Multiple cities
16 Brookshire et al (1979) Southern California Air Basin
20 Palmquist (1982) Multiple cities
21 Palmquist (1983) Multiple cities
22 Atkinson and Crocker (1982) Chicago
24 Brookshire et al. (1982) Los Angeles
27 McDonald (1980) Chicago
28 Berry (1976) Chicago
29 Jackson (1979) Milwaukee
31 Appel (1980) New York
32 Soskin (1979) Washington
37 Brucato et al (1990) Los Angeles
37 Brucato et al (1990) San Francisco
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Table 2: Composite studies from Smith and Huang (1995) used in this paper.

Study Metropolitan Areas
Palmquist (1984) Miami, Houston, Atlanta, Denver, Seattle,

Louisville, Oklahoma City

Brookshire et al. (1979) Los Angeles and Orange counties

Palmquist (1982) Minneapolis, Houston, Dallas, San Francisco, Mi-
ami, Los Angeles, Portland, Chicago, Philadel-
phia, Atlanta, Anaheim, Washington, Cincinnati,
San Bernardino, Indianapolis, St. Louis, Balti-
more, Detroit, Denver, Tacoma

Palmquist (1983) Chicago, Los Angeles, Philadelphia, San
Bernardino, Portland, Denver, Detroit, Dal-
las, Washington, Indianapolis, Houston, St Louis,
Cincinnati, San Francisco

The meta-model estimates a MWTP for reduced air pollution in Pittsburgh of $124.50
(2007 dollars) per µg/m3 total suspended particles (TSP) (Smith and Huang, 1995, Table
3). Portney's source for MWTP estimates $44 (2007 dollars) per µg/m3 TSP (Spore, 1972,
page 99)5. This is a log-linear model that regresses 1970 Census homeowner-valuations
against property attributes by census tract for Allegheny County (for which Pittsburgh is
the urban center). Property attributes include air quality (dustfall and SO2), household
demographics (income, household size), physical attributes (house size, age, lot size), and
neighborhood attributes (distance from city center, distance from major highway, taxes,
race, substandard housing, open space).

2.2. Marginal Risk of Death (MROD) from Air Pollution

Gregor (1977), Portney's source of MROD data, infers a causal relation between elevated
TSP and increased mortality for Allegheny County. Schwartz and Dockery (1992) �nd a
signi�cant increase in same-day and next-day mortality associated with increased levels of
TSP for Philadelphia between 1973 and 1980. Additionally, they �nd signi�cant associa-
tions between elevated TSP and cause of death, speci�cally chronic obstructive pulmonary
disease, pneumonia, and cardiovascular disease. The Health E�ects Institute funded the
Particle Epidemiology Evaluation Project in 1994 to further evaluate the Philadelphia re-
sults along with similar studies of Central Utah; St. Louis, Missouri; Eastern Tennessee;

5200 1970 dollars for a 5 ton/square mile/month reduction in dustfall. This is converted to TSP based
on the mean dustfall in 1969 of 33.908 tons/square mile/month (Spore, 1972, Table 2-B), a mean TSP in
1969 of 164.8 µg/m3 (U. S. Enivronmental Protection Agency, 1969) and a de�ator of 5.34.(U. S. Bureau
of Labor Statistics, 1968�2007).
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Birmingham, Alabama; and Santa Clara County, California.(Samet et al., 1995)
Ultimately, the Particle Epidemiology Evaluation Project was unable to make unequiv-

ocal the connection between TSP and mortality, citing two speci�c problems: how mea-
surement errors in large-area TSP monitoring impact individual dosimetry, and the e�ect
of mortality displacement (Samet et al., 1997). Mortality displacement - moving forward
by a day or two a death that would have occurred in the absence of elevated air pollution
- is observed following the London Fog of 1952 and other catastrophic air pollution events
(Beaver, 1953). Some authors suggest that increased mortality associated with air pollu-
tion may be attributed entirely to mortality displacement, or harvesting, as they call it
(Schimmel and Murawski, 1976).
The Health E�ects Institute initiated the National Morbidity, Mortality, and Air Pollu-

tion Study in 1996 to address the shortcomings of the Particle Epidemiology Evaluation
Project (Samet and Zanobetti, 2000, page 5). The study began with 20 cities and grew
to include the 100 largest cities in the U.S. by the time the data and results were made
available online in the form of iHAPSS. To address measurement error, the authors incor-
porate error corrections based on studies of the relationship between large-area ambient
measures of pollution and the exposure of individuals who may spend much of their life
indoors (Samet and Zanobetti, 2000, page 7). To address mortality displacement e�ects,
two time-series approaches are used (Samet and Zanobetti, 2000, page 44). The objective
is to eliminate short-time-scale a�ects (mortality displacement) and long-time-scale e�ects
(seasonality, viral outbreaks, improved treatments,) leaving mortality attributable solely
to elevated air pollution.
The iHAPSS data span the period from 1987 to 1994. Comparing iHAPSS data with

Gregor's requires unit conversions and aggregation. Gregor reported the MROD in terms
of TSP, while iHAPSS uses PM10, the measure of airborne particles smaller than 10µm.
Although the EPA uses a standard conversion from TSP to PM10 of 0.55, the actual ratio
in Pittsburgh varies from 90 percent in 1986 (the second year for there are PM10 data)
to 57 percent in 2000. Gregor reports MROD by age group and gender for the white
population only6, and there are two aggregation issues as a consequence. First, iHAPPS
does not break down mortality rates by gender or race. Second, although iHAPSS subjects
are divided into three age groups, no age-speci�c results are reported, presumably because
�...previous univariate analysis strati�ed according to age showed no age-associated trend.�
(Samet et al., 2000, p1744) Weighting Gregor's age and gender speci�c marginal rates by
the relative populations in Allegheny County based on the 1970 Census, the overall MROD
is 2.00 per 100,000. The comparable iHAPSS result is 0.27347 per 100,000.

6Gregor states that this is because only nine percent of Allegheny County was non-white in 1970.
According to the 1970 Census, nearly 21 percent of Pittsburgh was non-white, meaning that less than four
percent of suburban Allegheny County was non-white. What Gregor was witnessing was that non-whites
were not participating - or could not participate - in the market for cleaner suburban air.

7Marginal rate of 0.2198 percent per µg/m3 PM10 (Samet et al., 2000) converted to TSP based on
mean annual ratio of PM10 to TSP of 0.60 (U. S. Enivronmental Protection Agency, 1987-1994) and total
death rate of 74.6 per 100,000 (Samet et al., 2000).
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The Gregor model is linear, while the iHAPSS model is log-linear. Also, both air quality
and mortality rates are quite di�erent between the two study periods. The mean annual
TSP for Allegheny County was 149.4 µg/m3 between 1968 and 1972 (Gregor's data), while
it was 56.07 µg/m3 between 1987 and 1994 (iHAPSS data)8. The overall annual death
rates per 100,000 for Allegheny County in 1970 and 1990 were 975 and 313, respectively.
As mentioned at the beginning of this section, the measure of interest is household

MROD, which can be approximated as the sum of each household member's MROD9.
According to the 1970 Census, mean household size in Allegheny County was 3.1. Using
Gregor's data, the age and gender makeup of the household may be considered. Using
either study, for a household of three, household MROD is simply three times the mean
individual MROD.

2.3. Computing VSL

Smith and Huang provide ranges of MWTP, while the MROD data from iHAPPS are given
as mean and standard error. These ranges are re�ected in the calculated VSL values shown
in Table 3. The outer range gives a lowest bound on VSL by dividing the lower bound on
MWTP by mean plus standard error MROD, and a highest bound by dividing the upper
bound on MWTP by mean minus standard error MROD. The inner range has bounds at
mean MWTP divided by mean plus-or-minus standard error MROD. Mean VSL is mean
MWTP divided by mean MROD. These ranges are depicted graphically in Figure 1.

Of the 22 calculations presented in Table 3, two yield a negative mean VSL. Of the
remaining mean VSL values, nine are below $12M, while the remaining eleven range from
$22.13M to $164.02M. Chicago, the most-represented city in the study, has mean VSL
values in all three groups, including both the negative values. The composite studies
straddle the $12M demarcation, as do the Washington studies. For comparison, in their
meta-analysis of occupational risk models, Viscusi and Aldy found a VSL range from $6.6M
to $9.2M (2007 dollars) for U.S. samples.

3. The Signi�cance of the Housing-Market VSL

With values ranging from large negative numbers to positive in�nity, the VSL calculations
shown in Table 3 fail to support the assertion that life-saving is the principal component
of consumers' home-buying preference for environmental amenities. Table 4 shows the
population, rate of death, and median household income for the urban areas studied. The
small size of the data set precludes drawing de�nitive conclusions, but regression found

8TSP data from U. S. Enivronmental Protection Agency.
9See Appendix C

7



T
ab
le
3:

V
S
L
C
al
cu
la
ti
on
s

M
W
T
P
a

M
R
O
D

b
V
S
L
c

C
it
y

m
in

m
ea
n

m
ax

m
ea
n

st
d
er
r

lo
w
er

m
ea
n

u
p
p
er

B
os
to
n

4.
91

12
.2

7
19
.6

4
0.
00
02
4

0.
00
01
2

0.
35

1.
31

4.
24

C
h
ic
ag
o

29
0.

55
35

8.
00

42
5.

45
0.
00
02
0

0.
00
00
8

29
.2

5
40
.8

2
67
.5

6
C
h
ic
ag
o

21
0.

91
23

1.
00

25
1.

09
0.
00
02
0

0.
00
00
8

17
.2

3
26
.3

4
47
.3

8
C
h
ic
ag
o

52
.7

3
52
.7

3
52
.7

3
0.
00
02
0

0.
00
00
8

4.
31

6.
01

9.
95

C
h
ic
ag
o

66
5.

82
66

5.
82

66
5.

82
0.
00
02
0

0.
00
00
8

54
.3

9
75
.9

2
12

5.
64

C
h
ic
ag
o

−
43

6
−

72
.7

3
29

0.
55

0.
00
02
0

0.
00
00
8

−
35
.6

2
−

8.
29

54
.8

3
C
h
ic
ag
o

−
2.

51
−

2.
51

−
2.

51
0.
00
02
0

0.
00
00
8

−
0.

2
−

0.
29

−
0.

47
K
an
sa
s
C
it
y

29
.8

2
43
.6

4
57
.4

5
0.
00
02
2

0.
00
01
2

2.
21

4.
99

14
.3

9
L
os

A
n
ge
le
s

27
1.

27
27

1.
27

27
1.

27
0.
00
02
2

0.
00
01
0

27
.5

5
40
.3

6
75
.4

3
L
os

A
n
ge
le
s

25
5.

82
30

1.
18

34
6.

55
0.
00
02
2

0.
00
01
0

25
.9

8
44
.8

1
96
.3

7
M
il
w
au
ke
e

10
02
.5

5
10

02
.5

5
10

02
.5

5
0.
00
01
3

0.
00
01
7

71
.2

4
15

9.
8

∞
P
al
m
q
u
is
t
(1
98
4)

0.
73

15
8.

27
31

5.
82

0.
00
02
2

0.
00
00
5

0.
08

22
.1

3
55
.8

3
P
al
m
q
u
is
t
(1
98
2)

−
16

2.
73

17
.6

4
19

8.
00

0.
00
02
2

0.
00
00
3

−
18
.6

6
2.

32
30
.5

5
P
al
m
q
u
is
t
(1
98
3)

−
13

8.
36

20
.3

6
17

9.
09

0.
00
02
2

0.
00
00
4

−
15
.3

7
2.

66
28
.5

1
N
ew

Y
or
k

28
9.

09
31

8.
45

34
7.

82
0.
00
02
7

0.
00
01
3

16
.9

1
27
.2

3
55
.2

5
S
an

F
ra
n
ci
sc
o

90
9.

45
90

9.
45

90
9.

45
0.
00
01
8

0.
00
01
1

67
.3

8
11

0.
01

29
9.

56
S
o.

C
al
.
A
ir
B
as
in

10
49
.4

5
10

49
.4

5
10

49
.4

5
0.
00
02
2

0.
00
00
8

11
9.

4
16

4.
02

26
1.

87
S
t.

L
ou
is

30
.9

1
45
.1

8
59
.4

5
0.
00
02
2

0.
00
01
1

1.
4

3.
09

8.
26

S
t.

L
ou
is

64
.9

1
66
.9

1
68
.9

1
0.
00
02
2

0.
00
01
1

2.
94

4.
58

9.
57

W
as
h
in
gt
on

0
13

83
.6

4
27

67
.2

7
0.
00
02
3

0.
00
01
1

0
10

3.
01

40
6.

07
W
as
h
in
gt
on

−
8.

91
14

9.
45

30
7.

82
0.
00
02
3

0.
00
01
1

−
0.

44
11
.1

3
45
.1

7
W
as
h
in
gt
on

13
4.

36
13

4.
36

13
4.

36
0.
00
02
3

0.
00
01
1

6.
7

10
19
.7

2

a
M
W
T
P
(m

a
rg
in
a
l
w
il
li
n
g
n
es
s
to

p
ay
)
in

2
0
0
7
d
o
ll
a
rs

p
er

µ
g
/
m

3
re
d
u
ct
io
n
in

P
M

1
0
.
F
ro
m

S
m
it
h
a
n
d

H
u
a
n
g
w
it
h
0
.5
5
co
n
ve
rs
io
n
fr
o
m

T
S
P
to

P
M

1
0
(S
m
it
h
a
n
d
H
u
a
n
g
,
1
9
9
5
,
T
a
b
le
3
).

b
M
R
O
D
(m

a
rg
in
a
l
ri
sk

o
f
d
ea
th
)
in

d
ea
th
s
p
er

d
ay

p
er

µ
g
/
m

3
in
cr
ea
se

in
P
M

1
0
.
F
ro
m

B
el
l
et

a
l.
(2
0
0
4
).

c
V
S
L
(v
a
lu
e
o
f
a
st
a
ti
st
ic
a
l
li
fe
)
in
m
il
li
o
n
s
o
f
2
0
0
7
d
ol
la
rs
.
C
o
m
p
u
te
d
fr
o
m
th
e
ch
a
n
g
e
in
th
e
p
ro
b
a
b
il
it
y

(a
s
a
re
su
lt
o
f
a
o
n
e
µ
g
/
m

3
ch
a
n
g
e
in

P
M

1
0
p
o
ll
u
ti
o
n
)
o
f
a
t
le
a
st

o
n
e
d
ea
th

a
m
o
n
g
a
h
o
u
se
h
o
ld

o
f
th
re
e

p
eo
p
le
a
ll
w
it
h
th
e
sa
m
e
p
o
ll
u
ti
o
n
-r
el
a
te
d
m
o
rt
a
li
ty

ri
sk
s.

A
n
n
u
a
li
ze
d
u
si
n
g
a
n
ei
g
h
t
p
er
ce
n
t
in
te
re
st

ra
te

(1
9
9
5
F
re
d
d
ie
M
a
c)
.

8



Figure 1: VSL Ranges. The thick vertical line is the mean VSL. The thick horizontal
line is plus or minus one standard error in MROD about the mean. The thin
horizontal line is the extent from the minimum MWTP divided by mean MROD
plus one standard error, to maximum MWTP divided by mean MROD minus
one standard error. The numeric superscripts refer to ID in Table 1.
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Table 4: Population, ROD and median household income (1990).

City populationa
deaths
per dayb

ROD
per

100,000

median
household
incomec

Boston 689,807 4.0 0.57987234 $49,096
Chicago 5,376,741 34.9 0.64909208 $54,564
Kansas City 912,667 5.5 0.60262944 $50,102
Los Angeles 9,519,338 44.6 0.46851997 $58,392
Milwaukee 940,164 6.6 0.70200518 $46,538
Palmquist (1984) 11,633,357 56.1 0.48223398 $49,465
Palmquist (1982) 43,153,482 227.9 0.52811497 $53,872
Palmquist (1983) 33,592,751 179.8 0.53523452 $52,761
New York 8,931,737 58.3 0.65272858 $52,826
San Francisco 776,733 5.4 0.69521959 $55,801
SoCal Air Basin 12,365,627 54.6 0.44154655 $62,603
St. Louis 348,189 3.4 0.97648116 $32,495
Washington 572,059 5.1 0.89151643 $51,314

aPopulation from Smith and Huang (1995).
bDeaths per day from Bell et al. (2004).
cMedian household income from U. S. Census Bureau (1995), stated in 2007 dollars.

no signi�cant relationship between VSL and population, rate of death, median household
income, or any combination of them.

It is instructive to examine Portney's results in a) a VSL context and b) a market context.
At the time he reported VSL values of $376k to $541k, published VSL values ranged from
$452k to $1.24M. Over the next two decades, however, market-based studies pushed the
upper end of the scale to $11.9M, leaving Portney's result at the lowest end of the range
(Figure 2). Furthermore, Portney argues that it is appropriate to report household VSL
(see Section 2.2), for which he reports a VSL of $140k.
Portney, however, used 1970 TSP data to convert Spore's 1969 dust-fall data. TSP

values were 35 percent higher in 1969 than 1970. Based on 1969 data, Portney's individual
VSL range is $283k to $406k, with a household VSL of $75k.10 Using 1969 TSP data,
Portney's individual VSL range is well below that of Thaler and Rosen.
The market context is an extension of the broader historical context. The inset in Figure

3 illustrates population trends for Pittsburgh and suburban Allegheny County throughout
the twentieth century. The period from 1930 to 1970 saw the �ight to the suburbs, some
of which, presumably, was motivated by consumer preference for clean air environmental
amenities. By 1970, however, that trend was overtaken by the �ight from the Rust Belt -

10See Appendix A.
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industry and jobs were leaving the region in large numbers.

In reference to the work of Ridker and Henning (1967b) - upon which all subsequent
hedonic housing studies are based - Freeman (1971) criticizes two aspects of these studies.
First, that it's not possible to isolate a preference for clean-air amenities ceteris paribus
given that air pollution levels are changing. Second, that the models do not isolate demand
factors from supply factors. This second point is the motivation for the composite studies
by Palmquist (1982, 1983, 1984). It is clear from Figure 3 that ceteris paribus does not
apply, either in terms of air pollution levels or in terms of housing-market equilibrium,
although it could be argued that the population exodus diminishes the impact of supply
factors.
Finally, there is no evidence that consumers possess MROD information or that they act

on it if they do. Considerable research has shown that information on air quality a�ects the
preference of home-buyers for clean-air amenities (Oberholzer-Gee and Mitsunari, 2006).
The increasing availability of air quality information for Allegheny County in the 1970s
depicted in Figure 3 is evidence that home-buyers had this information. It is unknown,
however, if there was general knowledge of Gregor's MROD results at the time. To assert
that home-buyers acted on that information is to argue that, in the midst of a rapidly
collapsing local economy, their preference for clean-air amenities was driven by a 0.00008
percent reduction in the absolute risk of death, or the 0.009 percent marginal reduction it
represents.

4. Conclusion

Hedonic housing-market studies reveal both large variation and large uncertainty in home-
buyers' willingness to pay (WTP) for clean-air amenities. These variations and uncer-
tainties propagate to the value of a statistical life (VSL). VSL values - which range from
large negative numbers to positive in�nity - do not vary signi�cantly based on urban area
attributes such as population, risk of death or median household income. Furthermore, the
marginal risk of death (MROD) from air pollution is small: from 0.0013 percent to 0.0027
percent per µg/m3 PM10 for the urban areas discussed. That life-saving is the principal
component of home-buyer preference for clean-air amenities - the rationale for computing
VSL from these data - appears unlikely. Finally, the apparent early success of computing
the VSL from housing-market data may be an artifact of exogenous historical trends.
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Figure 2: VSL Comparison. $459k is the average of $541k for a white female under 45
and $376k for a white male under 45 (Portney, 1981). Present value of lifetime
earnings from Census Bureau report CPS 2007, Table 1. All values in 2007
dollars.
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Figure 3: Allegheny County particulate air pollution and the number of EPA monitoring
stations from 1957 to 2009. (The single TSP station before 1973 and after 2006 is
in downtown Pittsburgh and is indicated as city. For periods in which there are
data from more than one station, all monitoring stations in Allegheny County
are averaged and indicated as county avg. In addition to EPA monitors,Spore
(1972) reports that Allegheny County Bureau of Air Pollution Control operated
52 dust-fall monitoring stations in 1969 and Gregor (1977) reports the county
operated four TSP monitors in 1968, going up to 14 in 1972. Inset: Allegheny
County and Pittsburgh population from 1900 to 2000. The di�erence is indicated
as suburbs.
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A. The VSL for Pittsburgh: Gregor and Spore

Portney's source of home value as a function of air quality (Spore, 1972) reported marginal
property costs of up to $200 (in 1970 dollars) for dustfall of 5 tons per square mile per
month. This is 15 percent of the 1969 mean dustfall (Spore, 1972, Table 2-B), which
extrapolates to a change of 24 µg/m3 in total suspended particles (TSP). Portney, however,
uses 18 µg/m3, which is 15 percent of 121.8, the mean TSP for 1970.
Portney's approach is to assume that the inverse of the risk of death (MROD times a

15 percent reduction in TSP) yields the population for which one statistical life is saved.
This population is multiplied by the annualized MWTP for a 18 µg/m3 reduction in TSP
to get a revealed VSL.
Portney's source of MROD data gives MROD (risk of death per 100,000 per year per

µg/m3 TSP) of 0.349 for females under 45 years of age, and 0.500 for males under 45
(Gregor, 1977, Table 6). Risk of death for an 18 µg/m3 reduction in TSP in each case:

∆RODfemale<45 = 18× 0.349
100,000

= 6.28× 10−5

∆RODmale<45 = 18× 0.500
100,000

= 9.00× 10−5

Inverting gives populations of

Pfemale<45 = 1/6.28× 10−5 = 15, 900

Pmale<45 = 1/9.00× 10−5 = 11, 100

These are the populations in which one statistical life is saved with an 18 µg/m3 reduction
in TSP.
With a WTP of $335 per household Spore (1972, p 99) for an 18 µg/m3 reduction in

TSP annualized at 10 percent (1978 Freddie Mac rate), this is an annual WTP of about
$34. The VSL for a single home buyer is

V SLfemale<45 = $34× 15, 900 ≈ $541, 000
V SLmale<45 = $34× 11, 100 ≈ $376, 000

Portney points out that any bene�ts from a choice of home location accrue to all members
of the household. The reduction in household ROD for a family of husband, wife and male
child resulting from an 18 µg/m3 reduction in TSP is the sum of their individual MRODs11:

6.28× 10−5 + 9.00× 10−5 + 9.00× 10−5 ≈ 2.43× 10−4

The number of households for which a statistical life is saved with an 18 µg/m3 reduction
in TSP is

1/2.43× 10−4 ≈ 4, 120

and a statistical life saved is valued at

11See Appendix C
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$34× 4, 120 ≈ $140, 000

in 1978 dollars12 or $445,000 in 2007 dollars13. This is about 37 percent of the occupational-
risk VSL found by Thaler and Rosen (1975).
Based on Gregor's results and 1970 census data, the population-weighted mean MROD

for the total population is 2.00 per 100,000 per µg/m3. If the average household is made
up of three random individuals, the household MROD is 6.00 per 100,000 per µg/m3. For
an 18 µg/m3 reduction of TSP, the population for which a statistical life is saved is 926
households, yielding a VSL of $31,500 in 1978 dollars, or $100,100 in 2007 dollars.
As pointed out at the beginning of this appendix, the appropriate marginal change in

TSP is 24 µg/m3. In this case, the VSL is $406k for white women under 45 and $283k for
white men under 45, for a random three-member household VSL of $75k (2007 dollars).

B. The VSL for Pittsburgh: iHAPSS and Smith and

Huang

The iHAPSS Bayesian estimator for the MROD in Pittsburgh is 0.2198 percent for an
increase of 10 µg/m3 PM10. The mortality rate for Pittsburgh from Samet et al. (2000) is
1028 per 100,000 per annum.

0.002198 1028
100,000

reduction in risk

10 µg/m3 reduction in PM10

= 2.26× 10−6 per µg/m3 reduction in risk

The reduction in household risk of death for a family of three is three times this14, or
6.78× 10−6 per µg/m3 reduction in PM10.
This must be expressed in terms of TSP to compare it with the results from Portney

(Appendix A). The EPA assumes that PM10 constitutes 55 percent of TSP. That is, in
1994, an 18µg/m3 reduction in TSP was equivalent to approximately 9µg/m3 reduction in
PM10. The change in ROD is

∆ROD = 9×
(
2.26× 10−6

)
= 2.03× 10−5

This is 8.4 percent of Gregor's estimate. If this represents a real reduction, it may re�ect
a non-linear relation of mortality to TSP (which decreased from 149.4 µg/m3 to 56.07
µg/m3 between the 1968-1972 average and the 1987-1994 average). Additionally,Gregor's
model is for Allegheny County only, during a period of high pollution, while the iHAPSS
model is national. Some of the di�erence may also be an artifact of the change from

12Portney's result is slightly di�erent, an apparent e�ect of truncating the risk reduction for women
under 45 at 6Ö10−5. This leads to a VSL for a single woman under 45 of $567,000, and a household VSL
of $142,000.

13Portney quotes all dollar amounts as adjusted to 1978. This paper adjusts those dollar amounts to
2007 dollars using a CPI de�ator of 3.18 (U. S. Bureau of Labor Statistics, 1968�2007).

14See Appendix C
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tracking TSP to tracking PM10, which went from 78 percent of TSP in 1985, the �rst year
for which there are PM10 data for Allegheny County, to 55 percent in 1994.
The MWTP for Pittsburgh is $124.50 per µg/m3 TSP in 2007 dollars (Table ??) or

$159.60 per µg/m3 PM10, based on the 1985 ratio. Thus, annualized at the 1985 Freddie
Mac rate of 13 percent

V SL = 0.13
$159.60

2.26× 10−6
= $9, 180, 000

This is consistent with the results for the meta-study cities (Table 3) and nearly sixty-�ve
times greater than Portney's (Appendix A).

C. Calculating household MROD

The risk that at least one member of the household dies is

RODhousehold = 1−
∏
i

(1−RODi)

Thus, the marginal change in household risk of death is

MRODhousehold =
∑
i

MRODi

∏
j 6=i

(1−RODj)

Treating individual risk of death probabilities as very small, (average ROD for the cities
in this study is 0.00228), results in the simpli�cation

MRODhousehold ≈
∑
i

MRODi

The mean MROD for the cities in this study is 0.0002145. For a household of three with
identical ROD and MROD, this approximation introduces less than 0.5 percent error.
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