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1 Introduction

David Ricardo (1817) �rst explained how productivity differences in the "original and indestruc-

tible powers of the soil" are fully capitalized into differences in land rents across sites. George

(1879), Tiebout (1956), Arnott and Stiglitz (1979), and others extended this insight to explain how

the economic value of all local site characteristics, from weather to local taxes � broadly termed

"amenities" � are capitalized into land rents. Amenities come in two kinds, although some are

a mixture of both: consumption amenities increase household welfare, raising quality of life, and

production amenities lower �rm costs, raising productivity. Estimates of amenity values based

on land-rent differences are used to measure the incidence of taxes, the bene�ts of government

spending, the costs of pollution, and other important economic prices.

The values of local amenities are also re�ected in prices other than land rents, such as housing

costs, as housing services are produced from local land and other inputs. Across cities, values are

also re�ected in local wages, as �rms pay less in areas with consumption amenities and more in

places with production amenities. Using duality theory, Roback (1982) elegantly demonstrates

the dependence of wages, land rents, and housing costs on local amenity values in a three equation

model where labor and capital are mobile in a general equilibrium setting. However, in applica-

tion, she and other researchers have relied exclusively on a simpli�ed two-equation model, which

equates housing directly with land. The richer, three-equation model � where the third equation

models the production of housing from land and other factors � has never been applied empirically,

despite being much more realistic.1

While data for housing costs are readily available, data on land rents are notoriously rare.2 As

demonstrated below, three issues have to be considered when land rents, or the value of amenities
1For instance, a comprehensive review of the quality-of-life literature in Gyourko et al. (1999), makes extensive

use of the Roback framework, but makes no mention of this third equation.
2Davis and Polumbo (2007) try to infer the costs of land rents across metropolitan areas by subtracting construction

costs, obtained from R.S. Means, from observed housing data. While insightful, this methodology implicitly assumes
that there are no other costs, such as expenditures to overcome regulatory burdens, to producing housing other than
construction and land costs, and that housing productivity does not vary across metropolitan area. Rappaport (2008)
uses a 3-equation model, similar to the one here without taxation, but only to simulate the effect of productivity
differences on population density across cities.
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that affect them, are estimated from housing-cost data. First, the cost-share of land in housing

services is less than one and the share of income spent on housing services is greater than the share

of income received from residential land. Thus, a 10-percent difference in local housing costs

between two cities does not correspond to a 10-percent difference in land rents. Second, non-

land input costs, such as labor, vary across cities and should be subtracted from housing values

before using the remaining value to infer the value of land. Third, because of differences in the

natural and regulatory environments, the housing production sector in different cities may vary

in ef�ciency, so that land rents may be overestimated in cities with relatively inef�cient housing

sectors.3

These three issues reappear in measures of local �rm productivity from the two-equation

model, seen in Beeson and Eberts (1989), Rauch (1993), Dekle and Eaton (1999), Rudd (2000),

Gabriel and Rosenthal (2004), Glaeser and Saiz (2004), Shapiro (2006), and Deitz and Abel

(2008).4 Local �rm productivity is measured through the cost of local factors, such as land and

labor, as only highly productive �rms can be pro�table in cities with high factor costs, assuming

a competitive equilibrium with mobile �rms and trade across cities. However, by using housing

costs as a direct measure of land costs, the productivity estimates in these studies put too much

weight on wages and too little weight on housing costs when determining the costs of local factors,

and may be biased upwards in cities where housing-productivity is low. The model presented here

not only helps eliminate these problems, but also considers the effect of productivity differences

in housing production, as these affect wages and housing costs very differently than productivity

differences in the production of goods tradable across cities.

The three-equation model predicts how consumption and production amenities affect wages,

housing costs, and land rents differently. Because of its realism, the model may be calibrated to

the U.S. economy to provide new and exact predictions of these effects � an exercise the two-
3Roback does note that "In general, the housing price gradient will not capture the full valuation of the amenities.

An adjustment for the differences in wages must be included." (p.1266) To my knowledge, this adjustment has not
been applied empirically. Rudd (2000) separates housing costs from land rents, but housing costs are divided into land,
utilities, and structures.

4Tabuchi and Yoshida (2000) use actual data on land rents, although this is later con�ated with housing services.
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equation model is not amenable to. Although land-rent differences are not typically observed, they

fully capitalize differences in the value of all amenities when federal tax distortions are absent. It

is estimated that only a quarter of the value of consumption amenities is re�ected through lower

wages, with the rest re�ected in higher housing costs, or costs-of-living more generally. Amenities

that lower the production costs of goods tradable across cities are re�ected in higher wages and

housing costs, and these may capitalize over 100 percent of their value. In contrast, amenities

that lower the production costs of goods not tradable across cities are re�ected in lower wages and

housing costs, which negatively capitalize a portion of their value..

Interestingly, federal income taxes break the fundamental insight that land-rent differences

should fully capitalize differences in amenity values. As demonstrated in Albouy (2008a), ameni-

ties that raise wages also raise federal income tax liabilities. As a result, production amenities

for traded goods are effectively taxed and their values are undercapitalized into local land rents;

consumption amenities and production amenities for non-traded goods are effectively subsidized

and their values are overcapitalized. Thus, federal taxes create a wedge between the economic

value of an amenity and the value that is capitalized into local land rents, with the difference equal

to the federal �scal externality generated by that amenity. The effect of an amenity on federal

tax revenues needs to be added to its effect on local land rents in order to determine the amenity's

full social value. Hence, the full value of a city's amenities, which re�ects its land's social value,

depends not only on its land rents, which re�ects its land's private value, but also on its local wage

level. Since production amenities raise wages while consumption amenities lower them, the former

are effectively taxed, while the latter are effectively subsidized.

The importance of these theoretical insights is illustrated in three empirical applications. The

�rst revises estimates from Haughwout (2002) of the value of public infrastructure in central cities,

based on the two-equation Roback model. Based on the model here, revised estimates are 147

percent larger than Haughwout's original estimates, and raise the possibility that the marginal

bene�ts of public infrastructure may indeed exceed their marginal costs.

The second application estimates inter-city differences in land rents, �rm-productivity, quality-

3



of-life, federal-tax burdens, and total amenity values across cities in the United States using wage

and housing-cost data from the 2000 Census, assuming that there are no differences in housing-

productivity.5 An appealing feature of these calculations is that they are visible through graphs.

The standard deviation in the value of consumption amenities across cities is 5.1 percent of income,

which is less than the standard deviation in the value of production amenities of 8.4 percent of

income. However, because federal taxes reduce the impact of production amenities on land rents,

these vary more because of consumption amenities.

The third, more exploratory, application examines the cross-sectional relationship between in-

dividual amenities and estimates of �rm productivity, land rents, federal tax burdens, and other

measures from the second application. Productivity increases with city size and education levels,

in line with the estimates found in Rosenthal and Strange (2004) and Moretti (2004). A new,

thought-provoking, result is that productivity is strongly correlated with sunniness and proximity

to a coast, while it is negatively correlated with hot climate, even controlling for latitude. Al-

though estimates of land rents and �rm-productivity may be biased upwards in cities with low

local housing-productivity, an index of residential land-use regulations is not signi�cantly corre-

lated with these measures. Households are effectively taxed for living in sunny or coastal cities, or

cities with a large or well-educated population. Accordingly, the value of these amenities are not

fully capitalized into land rents. Meanwhile, life in hot and rural areas is effectively subsidized.

2 Model Set-up

To explain how prices vary with amenity levels across cities, I adapt the three-equation general

equilibrium model of Roback (1980, 1982), where the less-known third equation models the pro-

duction of goods that are not traded across cities. Federal income taxes are also included, as in

Albouy (2008a). The national economy is closed and contains many cities, indexed by j, which

trade with each other and share a homogenous population of mobile households. These households
5Quality-of-life and federal tax differences across cities are examined in much greater depth in Albouy (2008a,

2008b); land-rent, �rm-productivity, and total-amenity-value differences are emphasized here.
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consume a numeraire traded good, x, and a non-traded "home" good, y, with local price, pj . In

application, the local price of home goods is equated with the local cost of housing services.6

Cities differ in three attributes: quality of life, Qj , which raises household utility; the level of

productivity in the traded-good sector, AjX , or "trade-productivity," and the level of productivity in

the home-good sector, AjY , or "home-productivity." All of these attributes depend on a vector of

city amenities, Zj = (Zj1 ; :::; Z
j
K), natural or arti�cial, according to some unknown functionsQj =eQ (Zj), AjX = fAX (Zj), and AjY = fAY (Zj). For a consumption amenity, e.g. safety or clement

weather, @ ~Q=@Zk > 0; for a trade-production amenity, e.g. navigable water or agglomeration

economies, @fAX=@Zk > 0; for a home-production amenity, e.g. �at geography or the absence of
land-use restrictions, @fAY =@Zk > 0. It is also a possible that a single amenity affects more than
one attribute, or affects an attribute negatively. The use of this notation provides an accounting

system that isolates the different effects of an amenity, depending on how it is valued separately by

households, traded-good �rms, and home-good �rms.

It is worth noting that amenities may be endogenous to quantities in the model, and that this

poses different problems when measuring values than when using comparative statics to predict

the effect of an amenity change. For example, an increase in population, N j , may lead to greater

pollution, lowering Qj . If a city were to receive a theme-park, improving Q, this would raise N ,

raising pollution, and indirectly decreasing Q. The value of the theme-park could be measured

empirically by controlling for pollution, although the value when accounting for pollution exter-

nalities should not control for pollution. Both direct and indirect of amenities have to be taken

into account when using comparative statics to determine the causal effect of an amenity on the

attributes and prices in a city.

Firms produce traded and home goods out of land, capital, and labor. Within a city, factors are

mobile and receive the same payment in either sector. Land, L, is �xed in supply in each city at Lj ,

and is paid a city-speci�c price rj . Capital,K, is fully mobile and is paid the price �{ everywhere.

The supply of capital in each city is denoted Kj , with the national level of capital �xed at KTOT ,
6Non-housing goods are considered to be a composite commodity of traded goods and non-housing home goods.

Multiple home-good types are considered in Appendix A.4.
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thus
P

jK
j = KTOT . Households, N , are fully mobile, have identical tastes and endowments,

and each supplies a single unit of labor. Because households care about local prices and quality-

of-life, wages, wj , may vary across cities. The total number of worker-households is �xed at

NTOT , so
P

j N
j = NTOT . Households own identical diversi�ed portfolios of land and capital,

which pay an income R = 1
NTOT

P
j r

jLj from land and I = �{KTOT

NTOT
, from capital. Total income,

mj � R + I + wj , varies across cities only as wages vary. Out of this income households pay a

federal income tax of � (m), which is redistributed in uniform lump-sum payments. Deductions

and state taxes are discussed further in Albouy (2008a).7

Household preferences are modeled by a utility function U (x; y;Q), that is quasi-concave over

x and y, and increasing in Q. The expenditure function for a worker in city j is e(pj; u;Qj) �

minx;yfx + pjy : U (x; y;Qj) � ug. Q is assumed to enter neutrally into the utility function and

is normalized so that e(pj; u;Qj) = e(pj; u)=Qj , where e(pj; u) � e(pj; u; 1): Since households

are fully mobile, their utility must be the same across all inhabited cities, so that higher prices or

lower quality-of-life must be compensated with greater after-tax income:

e(pj; �u)=Qj = mj � �(mj) (1)

where �u is the level of utility attained nationally by all households.8

Operating under perfect competition, �rms produce traded and home goods according to the

functions Xj = F jX(L
j
X ; N

j
X ; K

j
X ;A

j
X) and Y j = FY (L

j
Y ; N

j
Y ; K

j
Y ;A

j
Y ), where FX and FY are

concave and exhibit constant returns to scale. All factors are fully employed: LjX + L
j
Y = Lj ,

N j
X +N

j
Y = N

j , andKj
X +K

j
Y = K

j . Unit cost in the traded-good sector is cX(rj; wj;�{;AjX) �

minL;N;KfrjL + wjN + �{K : AjXF (L;N;K) = 1g. For simplicity, let cX(rj; wj;�{;AjX) =
7In general results are robust to elastic labor and land supply so long as the new units supplied are equivalent to the

old units (Roback 1980). Furthermore, results do not change signicantly with international capital �ows or if federal
tax revenues are used to purchase tradable goods.

8The model generalizes easily to a case with heterogenous workers that supply different �xed amounts of labor
if these workers are perfect substitutes in production, have identical homothetic preferences, and earn equal shares
of income from labor. Additonally, the mobility condition need not apply to all households, but only a suf�ciently
large subset of mobile marginal households (Gyourko and Tracy 1989). Appendix A.3 discusses how the model's
predictions are affected with multiple household types with different preferences and labor skills.
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cX(r
j; wj;�{)=AjX where c(r; w; i) � c(r; w; i; 1).9 A symmetric de�nition holds for the unit costs

in the home-good sector, cY . As markets are competitive, �rms make zero pro�ts in equilibrium,

so that for given output prices, more productive cities must pay higher rents and wages to achieve

zero pro�ts. Thus in equilibrium, the following conditions hold in all cities:

cX(r
j; wj;�{)=AjX = 1 (2)

cY (r
j; wj;�{)=AjY = p

j (3)

For households, denote the share of gross expenditures spent on traded goods and home goods

as sjx � xj=mj and sjy � pjyj=mj; denote the shares of income received from land, labor, and

capital income as sjR � R=mj , sjw � wj=mj , and sjI � I=mj . For �rms, denote the cost

shares of land, labor, and capital in the traded-good sector as �jL � rjLjX=X
j , �jN � wjN j

X=X
j

and �jK � �{Kj
X=X

j; denote equivalent cost shares in the home-good sector as �jL; �
j
N , and �

j
K .

Finally, denote the shares of land, labor and, capital used to produce traded goods as �jL � L
j
X=L

j ,

�jN � N
j
X=N

j , and �jK � K
j
X=K

j . Assume, as is likely, that home goods are more cost-intensive

in land relative to labor than traded goods, both absolutely, �jL � �
j
L, and relative to labor, �

j
L=�

j
N �

�jL=�
j
N , implying that �

j
L � �

j
N .

3 The Relationship between Wages, Rents, Productivity, and

Housing Costs

3.1 Prices and Amenities in Equilibrium

To analyze the effect of city attributes on prices, assume that the three attributes, Q;AX , and AY

may be treated as continuous variables. The equilibrium conditions (1), (2), and (3) implicitly

de�ne the prices wj ,rj , and pj as a function of Qj; AjX , and A
j
Y . These conditions may be log-

9As shown in Appendix A.3 Non-Hicks-neutral productivity differences have similar impacts on relative prices
across cities, but not on relative quantities.
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linearized to express a particular city's price differentials in terms of its city-attribute differentials,

each relative to the national average. These differentials are expressed in logarithms so that, for

any variable z, ẑj = ln zj � ln �z �= (zj � �z) =�z, approximates the percent difference in city j of

z relative to the geometric average �z. Letting E be the expectations operator over cities, then

E[ẑj] = 0.

Log-linearized versions of (1), (2), and (3) describe how prices co-vary with city attributes.

�sw(1� � 0)ŵj + syp̂j = Q̂j (4a)

�Lr̂
j + �N ŵ

j = ÂjX (4b)

�Lr̂
j + �N ŵ

j � p̂j = ÂjY (4c)

These equations are �rst-order approximations around a nationally-representative city and so the

share values are national averages. Equation (4a) measures local quality-of-life , Q̂j , from how

high the cost-of-living, syp̂j , is relative to after-tax nominal income, sw(1 � � 0)ŵj . Equation

(4b) measures local trade-productivity, ÂjX , from how high the labor costs, �N ŵj , and land costs,

�Lr̂
j , are in traded-good production. Equation (4c), measures local home-productivity, ÂjY , from

how high the labor costs, �N ŵj , and land costs, �Lr̂j , are in home-good production relative to

the home-good price, p̂j . Stated in reverse, cities are inferred to have low home-productivity if the

price of home goods is high relative to the local input costs. Together, these equilibrium conditions

state that the relative value of a city's amenities is measured by the implicit willingness-to-pay of

households and �rms for all of the city's amenities.

With accurate data on wage, housing-cost, and land-rent differences across cities, as well as

knowledge of the economic parameters at the national level, the system of equations (4) can be

solved for Q̂j; ÂjX , and Â
j
Y . Without data on land rents, r̂j , quality-of-life, Q̂j , can still be

calculated, but trade-productivity, ÂjX , and home-productivity, Â
j
Y , cannot be separately identi-

�ed. A linear restriction on the relationship between the three unobservables � land-rents, trade-

productivity, and home-productivity � must be imposed to measure these variables.
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3.2 Inferring Land Rents

3.2.1 Linear Estimates

As land rents are typically unobserved it is worth considering how land-rent differences may be

inferred from wage and housing-cost differences. Solving equation (4c) for r̂j , the land-rent

differential is given by

r̂j =
1

�L

�
p̂j � �N ŵj + ÂjY

�
(5)

Analyzing this formula, land-rent differentials differ from housing-cost differentials because of

three effects:

Land-share effect: For given wages, the land-rent differential is 1=�L times the home-good price

differential, as land costs make up only a fraction, �L, of total home-good prices.

Labor-cost effect: In high-wage areas, the labor-cost component of the home-good price, �N ŵj ,

needs to be subtracted, as it is not part of the land cost.

Home-productivity effect: Home-good prices in cities with high home productivity understate

the cost of local factors. Therefore, land rent in a city with higher home-productivity

is greater than in a city with lower home-productivity with the same observed wage and

home-good price. This effect is the most dif�cult to account for since home-productivity is

unobserved.

Because home-productivity cannot be observed, land-rent differentials are estimated here by as-

suming that there are no home-productivity differences across cities, i.e. ÂjX = 0, for all j. This

assumption causes land rents to be overestimated in cities with low home-productivity. In previ-

ous studies, where researchers have equated housing with land, they have implicitly assumed that

�L = 1, �N = 0, and ÂjY = 0 for all j; the current model imposes no such restrictions, but retains

them as a special case.
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3.2.2 Quadratic Estimates

The inferred land rent from equation (5) is based on a �rst-order approximation around the national

average. This poses a problem if the cost shares of land or labor vary substantially across cities

due to variations in factor prices. This can be addressed by taking a second-order approximation

of equation (3) around the national average, and rearranging to solve for the inaccuracy of the

�rst-order approximation:

p̂� �Lr̂j � �N ŵj + ÂjY =
1

2
�N�L

�
1� �NLY

� �
ŵj � r̂j

�2
+
1

2
�K

h
�N
�
1� �NKY

� �
ŵj
�2
+ �L

�
1� �LKY

� �
r̂j
�2i (6)

�NLY is the (Allen-Uzawa) partial elasticity of substitution between labor and land, with other

partial elasticities similarly de�ned. The �rst term on the right-hand side captures the substitution

between labor and land, and the second, between capital - which has a constant price - and the

other two factors.

If ÂjY = 0, then using (6) to solve for r̂j in terms of p̂j and ŵj produces a quadratic estimate

of land-rent differentials. If the elasticities of substitution are less than one, as is likely, then

the cost-share of land increases with land rents. Since the land-share effect depends inversely

on the cost-share of land, the quadratic approximation of r̂j is then concave in p̂j , as the land

share effect decreases with r̂j . At the central point where p̂j = ŵj = 0, the quadratic and linear

approximations formulas are tangent, and thus the concave quadratic approximation lies below the

linear, with the difference increasing in the square of p̂j . Therefore, the linear estimates overstate

land-rent differences for p̂j > 0, and understate differences for p̂j < 0. Additionally, the cost-

share of labor increases with ŵj and decreases with r̂j , causing the need for additional adjustments

for the labor-cost effect. As seen below in Figure 3 (and Appendix Figure A1), plausible quadratic

estimates are not very different from the linear estimates, and thus for theoretical simplicity �rst-

order approximations are used in the analysis below.10

10There are three partial (Allen-Uzawa) elasticities of substitution in production for each combination of two factors,
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3.3 Inferring Trade-Productivity

With land-rent data, trade-productivity differences can be measured directly from (4b). Without

land-rent data, trade-productivity differences can be obtained from wage and home-good prices by

substituting (5) into (4b):

ÂjX =
�L
�L
p̂j +

�
�N � �N

�L
�L

�
ŵj +

�L
�L
ÂjY (7)

This formula differs from the previously-used formula for trade-productivity in the two-equation

model, which imposes ÂjX = �Lp̂j+�N ŵj , because of the same three effects that cause home-good

prices and land rents to differ:

Land-share effect Home-good price differentials are weighted by �L=�L, which is greater than

�L, since housing-cost differentials understate land-rent differentials, holding wages con-

stant.

Labor-cost effect Wage differentials are weighed by (�N � �N�L=�L), which is less than �N , to

account for the fact that higher wages lead to higher housing costs. Failing to make this

adjustment double-counts the labor-costs included in the home-good price differential, p̂j .

Home-productivity effect In cities with high home-productivity, home-good prices understate the

cost of local land, so that trade-productivity estimates are also understated.

The last effect implies that, when only wages and home-good prices are observed, low home-

productivity may be confused for high trade-productivity, as both are positively associated with

wages and home-good prices. The magnitude of this effect depends on the cost-share of land in

the traded-sector relative to that in the home-sector, �L=�L.

where �LNY �
�
@2cY =@w@r

�
= (@cY =@w � @cY =@r) is the partial elasticity of substitution between labor and land in

the production of Y , etc. Approximation of the cost share is given by

�jL =
��L
�
1 +

�
��N
�
1� �NLY

�
+ ��K

�
1� �LKY

��
r̂j � ��N

�
1� �NLY

�
ŵj
	

where the �� terms are used to represent average cost shares in the economy. In the case where ŵj = 0 and �LKY =

�NLY = �Y , then (6) can be rearreanged to show r̂j = p̂j=��L�
�
1� ��L

�
(1� �Y )

�
r̂j
�2. The second term describes

how the quadratic approximation is below the linear when r̂j 6= 0.
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To cement intuition, it is helpful to consider two extreme cases between which the correct

measure lies. In the �rst case, traded goods are made without land, i.e. �L = 0, and so trade-

productivity is proportional to the wage level, ÂjX = �N ŵ
j . This case, commonly assumed,

appears to be reasonable as �L in modern production is small. But according to (7) it is the

ratio �L=�L that matters, and this ratio may be much larger than �L if �L is close to zero. Also,

the variation in p̂j is often large relative to the variation in ŵj , meaning it may give substantial

information about ÂjX . In the second case, the cost shares in both sectors are the same, i.e. �L = �L,

and �N = �N , in which case trade-productivity is given by ÂjX = p̂j + ÂjY . Holding home-

productivity constant, trade-productivity can be inferred directly from home-good prices since

these exactly re�ect the input costs of traded-good �rms. At the same time, differences in home-

productivity have a strong confounding effect on measures of trade-productivity, since the latter

are measured only from home-good prices.

4 The Capitalization of Amenity Values

4.1 Capitalization without Federal Income Taxes

The effects of differences in quality of life, trade-productivity, and home-productivity on local land

rents, home-good prices, and wages are determined by inverting the system of equations (4). For

greater comparability across equations, each differential is multiplied by its share of income, so

that the equations are expressed as the change in land, labor, and home-good values relative to total

income. To begin, assume that there is no federal income tax, setting � 0 = 0, so that the inversion

yields

sRr̂
j
0 =

ljdrj

m
= Q̂j + sxÂ

j
X + syÂ

j
Y � 
̂j (8a)

swŵ
j
0 =

dwj

m
= � �L

�N
Q̂j +

1� �L
�N

sxÂ
j
X �

�L
�N
syÂ

j
Y (8b)

syp̂
j
0 =

yjdpj

m
=
�N � �L
�N

Q̂j +
1� �L
�N

sxÂ
j
X �

�L
�N
syÂ

j
Y (8c)
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where the subscript "0" is used to denote price differentials in the absence of federal taxes and

lj = Lj=N j is the land-to-labor ratio. Equation (8a) is obtained by summing up (4a), sx times

(4b), and sy times (4c), and simplifying, which reveals that the ŵj and p̂j terms sum to zero; it

expresses the classic result that differences in land values completely capture the value of amenity

differences, denoted 
̂j , re�ected in quality of life, trade-productivity, and home-productivity, each

properly weighted to express their contribution to welfare.11

By the zero-pro�t condition for traded-good �rms, (4b), wage differences compensate �rms

for rent differences, as well as trade-productivity differences, by ŵj0 = �(�L=�N)r̂
j
0 + Â

j
X=�N =

[(1=�N)sxÂ
j
X � (�L=�N)
̂j]=sw, leading to (8b). Thus wages rise with trade-productivity and fall

with quality-of-life and home-productivity. Since traded-goods are relatively labor-intensive, �N >

�L, wage decreases undercapitalize the value of consumption and home-production amenities.

Wage increases may overcapitalize the value of trade-production amenities if the fraction of land

in home goods, 1� �L, is greater than �N .12

By the mobility condition (4a), with � 0 = 0, home-good price differences compensate for

wage differences, as well as quality-of-life differences, according to, syp̂0 = swŵ
j
0 + Q̂

j =

(1=�N)sxÂ
j
X+ Q̂

j� (�L=�N)
̂j , leading to (8c). It implies that consumption amenities are under-

capitalized into local home-good values, while trade-production amenities may be overcapitalzed.

Furthermore, home-good prices negatively capitalize the value of home-production amenities, but

only partially.13

11The linearized version of (8a) is Ljdrj = N jdQj+XjdAjX +p
jY jdAjY = N

jd
j . Ljdrj is the change in land
value, N jdQj is the improvemnt in quality-of-life across the resident population, XjdAjX is the decrease in costs in
local production of tradables, and pjY jdAjY is the decrease in costs of the local production of non-tradables.
12Note that 1=�N = 1=[1 � (1 � �N )] =

P1
k (1� �N )

k, expresses a multiplier effect accounts for the feed-
back effect of higher land rents on wages through the local labor market, similar to Tolley (1974). A rise in land-
values by r̂j , directly raises home-good prices by �Lr̂j , raising overall cost-of-living by sy�Lr̂j . To compensate
households, �rms raise wages by 1=sw times this amount, (sy=sw)�Lr̂j , raising home-good prices indirectly by
�N (sy=sw)�Lr̂

j = (1� �N )�Lr̂j , and leading to further feedback effects.
13Roback (1982, p. 1265) reports a linear analogue to equation (8c) in her equation 9, expressed in derivatives of

cost and indirect utility functions. Roback states that the effect of improvements in quality-of-life on non-traded prices
is ambiguous, although this is not true if non-traded goods are relatively land intensive, an assumption which could be
used to support Roback's assumption that the determinant in equation 9 (��) is greater than zero.
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4.2 Accounting for Federal Taxes

Introducing federal taxes on labor income, setting � 0 > 0, changes the capitalization formulas so

that differences in land rents no longer fully re�ect differences in amenity values. The mobility

condition (4a) can be rewritten as swŵj � syp̂j = � 0swŵ
j � Q̂j , which states that differences in

pre-tax real incomes higher federal taxes or lower quality of life. It is useful to express this federal

tax differential, d� j=m � � 0swŵj , as a fraction of total income, as it has an effect identical to�Q̂j .

Differences in federal tax burdens are driven by differences in local wage levels, which are driven

by differences in amenities. Since positive federal tax differentials enter the mobility condition

in the same way as negative quality-of-life differentials, the wage differential in the presence of

federal taxes, ŵj , can be determined as a function of the wage differential without federal taxes,

ŵj0; by substituting into (8b):

swŵ
j = swŵ

j
0 +

�L
�N

d�j=mz }| {
� 0swŵ

j =
1

1� �L
�N
� 0
swŵ

j
0 (9)

Wage differentials with federal taxation are a multiple of wage differentials in the absence of

federal taxes. Thus, as federal taxes are higher in cities with higher wages according to equation

(8b), they are higher in cities with higher trade-productivity, lower quality-of-life, and lower home-

productivity:

d� j

m
= � 0swŵ

j = � 0
1

1� �L
�N
� 0

�
� �L
�N
Q̂j +

1� �L
�N

sxÂ
j
X �

�L
�N
syÂ

j
Y

�
(10)

Dividing equation (10) by � 0 gives the counterpart to (8b) with federal taxes: the capitalization of

any amenity into wages is merely augmented by the factor 1= (1� � 0�L=�N) > 1.

With the observation that positive federal tax differentials are capitalized into prices like nega-

tive quality-of-life differentials, substituting (10) into (8a) describes how amenities are capitalized
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into land values under federal taxation.

sRr̂
j = sRr̂

j
0 �

d� j

m
=

1

1� �L
�N
� 0

�
Q̂j +

�
1� 1

�N
� 0
�
sxÂ

j
X + syÂ

j
Y

�
(11a)

The second equality implies that consumption and home-production amenities are capitalized by

more than their value, as these lead to lower federal taxes, while trade-production amenities are

capitalized by less than their value, as these lead to higher federal taxes.14 Capitalization into

home-good prices is then given by

syp̂
j =

1

1� �L
�N
� 0

�
�N � �L
�N

Q̂j + (1� � 0) 1� �L
�N

sxÂ
j
X � (1� � 0)

�L
�N
syÂ

j
Y

�
(12)

With federal taxes, home goods capitalize the value of consumption amenities by a greater amount

and production amenities by a lesser amount.

4.3 The Total Value of Amenities

Rearranging the �rst equality of (11a) we can write that differences in the total economic value

of amenities, 
̂j , equals the value captured by local land rents, sRr̂j , plus the value captured by

federal-tax payments, d� j=m:


̂j = sRr̂
j +

d� j

m
= sRr̂

j + � 0swŵ
j (13)

Thus, federal taxes introduce a wedge between the value of amenities capitalized into land rents,

and the total economic value of those amenities. The effect of an amenity on federal tax revenues,

which appears through wages, needs to be added to its effect on land rents in order to obtain the

full economic value of that amenity.

When land rents need to be inferred through wages and housing costs, the empirical counterpart
14The tax system is further complicated by the presence of deductions in the tax code for owner-occupied housing,

as well as state taxes, which exhibit a federal-like component in so far as wages vary within states. These further
complications are incorporated, but not discussed, as their effects are fairly small � Albouy (2008a) contains further
details.
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of (13) can be obtained by substituting in (5) to obtain an expression for 
̂j:


̂j =
sR
�L
p̂j+

�
� 0sw �

sR�N
�L

�
ŵj+

sR
�L
ÂjY =

1

1� �L

n
sy(p̂

j + ÂjY ) + [�
0 (1� �L) + �N � 1] swŵj

o
(14)

Unlike the rent-differential equation, (5), it is theoretically unclear whether wage-levels should

enter positively or negatively into the total-value estimate as the negative labor-cost effect is coun-

tered by a positive federal-tax effect.

5 Applying the Model

5.1 Calibration

The above model may be applied empirically by calibrating the parameter values of the model

based on expenditure and cost share data at the national level. Because of various accounting

identities, there are only six free parameters to choose, although doing so requires reconciling

various, somewhat con�icting, sources.

Looking �rst at income shares, Krueger (1999) makes the case that sw is close to 75 percent.

Poterba (1998) estimates that the share of income from corporate capital is 12 percent, and thus

sI should be higher, and is taken as 15 percent. This leaves 10 percent for sR, which is roughly

consistent with estimates in Keiper et al. (1961) and Case (2007). 15

Turning next to expenditure shares, Albouy (2008a), Moretti (2008), and Shapiro (2006) �nd

that housing costs can also be used to approximate non-housing cost differences across cities.

The cost-of-living differential is given by syp̂j , where p̂j is equal to the housing-cost differential

and sy is equal to the expenditure share on housing plus an additional term to capture how a one

percent increase in housing costs predicts a b = 0:26 percent increase in non housing costs. In

the Consumer Expenditure Survey (CEX), the share of income spent on shelter and utilities, shous,
15.The values Keiper reports were at a historical low. Keiper et al. (1961) �nd that total land value was found to be

about 1.1 times GDP. A rate of return of 9 percent would justify using sR = 0:10: Case (2007), ignoring agriculture,
estimates the value of land to be $5.6 trillion in 2000 when personal income was $8.35 trillion.
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is 0.22, although, the share of income spent on other goods, soth, is 0.56, with the remaining 0.22

spent on taxes or saved (Bureau of Labor Statistics 2002). Thus, the coef�cient on on housing costs

is equal to sy = shous + sothb = 0:22 + 0:56� 0:26 = 36 percent. This leaves sx at 64 percent.

The remaining choices for the cost shares are chosen to be consistent with the expenditure

and income shares. �L appears to be small: Beeson and Eberts (1986) use a value of 0.027,

while Rappaport (2008) uses a smaller value of 0.016. Valentinyi and Herrendorff (2008) estimate

the land share of tradeables at 4 percent, although their de�nition of tradeables differs from the

de�nition here. A value of 2.5 percent is used here. Following Carliner (2003) and Case (2007),

the cost-share of land in home-goods, taken as housing costs, �L, is taken at 23.3 percent: this

is slightly above values reported in McDonald (1981), Roback (1982), and Thorsnes (1997) to

take into account an increase in land-cost shares over time seen in Davis and Palumbo (2007).

Together with the expenditure shares, these cost shares imply that �L is 17 percent and sR is 10

percent, which is consistent with the above choices. This appears reasonable since the remaining

83 percent for home goods includes all residential land and a signi�cant portion of commercial

land.16

The last choice simultaneously determines the cost shares of labor and capital in the two pro-

duction sectors. As separate information on �K and �K , is unavailable, both cost-shares of capital

are set equal to 15 percent to be consistent with sI . Accounting identities then determine that �N

is 82.5 percent, �N is 62 percent, and �N is 70.4 percent.

5.2 Predicted Capitalization Effects

The parameter values calibrated for the model may be substituted directly into the capitalization

formulas in section 4 to demonstrate how prices should capitalize amenity differences across cities
16These proportions are roughly consistent with other studies. In the base calibration of the model, 51 percent of

land is devoted to actual housing, 32 percent is for non-housing home goods, and 17 percent is for traded goods,
including those purchased by the federal government. Keiper et al. (1961) �nd that about 52.5 of land value is in
residential uses, a 22.9 percent in industry, 20.9 percent in agriculture. Case (2007), ignoring agriculture, �nds that in
2000 residential real estate accounted for 76.6 percent of land value, while commercial real estate accounted for the
remaining 23.4 percent.
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in the U.S. economy. Table 1 reports how an increase in quality of life, trade-productivity, or home-

productivity equivalent to a one-percent income should affect land rents, wages, housing costs,

federal taxes and total amenity values, measured as a percent of total income. The coef�cients

in Table A ignore federal taxes, as in (8), while the coef�cients in B take into account relevant

federal and state taxes and deductions, corresponding to the results in (10), (11a), (12), with minor

adjustments to account for the tax deductibility of some housing expenditures (Albouy, 2008b).

In the tax-free numbers, land rents re�ect dollar-for-dollar the economic value of amenities,

regardless of whether they affect households or �rms. Three quarters of the value of quality-of-life

differences are capitalized into higher home-good prices, with the remaining quarter re�ected in

local wages. Wages and home-good prices overcapitalize the value of trade-production amenities

by almost 20 percent. The value of home-production amenities is negatively capitalized into wages

and home-good prices, with a one-percent increase in AY reducing p by 0.23 percent.

The differences in the coef�cients in Panel A and in Panel B are due to federal taxes. The

incidence of federal taxes on cities may be understood by observing how attributes affect the tax

differential. Most interestingly, trade-production amenities are effectively taxed at a rate of 42

percent, since these have a powerful effect on wages. As a result, land rents capitalize only 58

percent, and home-good prices 87 percent of the value of these amenities, while wages capitalize

an even higher 129 percent to compensate for the higher taxes. On the other hand, consumption

amenities are subsidized at a rate of 10 percent, and home-production amenities at a rate of 8

percent, which is captured in higher land rents and mainly in higher home-good prices. These

effects are small since these amenities have only a weak effect on wages.

5.3 Reassessing the Value of Public Infrastructure

Haughwout (2002) applies the two-equation model to estimate the marginal bene�t of public cap-

ital investments using housing-cost and wage data from 1971 to 1992 for a sample of 36 large US

cities. This public capital stock includes roads, parks, sewer systems, and public buildings, and by

the year 2000 has a replacement value of $428 billion, according to the perpetual inventory tech-
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nique described in Haughwout and Inman (1996). Haughwout �nds that public infrastructure has

a positive value, but that on the margin this bene�t is less than its cost. Furthermore, Haughwout

determines that public infrastructure bene�ts households more than �rms. A problem with this

method is that it equates housing values with land values: the estimated effect of public infrastruc-

ture on housing values in percentage terms is multiplied by a measure of average land values, to

determine how public infrastructure is capitalized into land values. This procedure ignores the

land-share, labor-cost, and federal-tax effects discussed above.

Haughwout's estimates of the effect of public infrastructure on housing costs and wages are

presented in columns 1 and 2 of Table 2. The estimates in panel A depend on regression speci�ca-

tions which control for natural amenities, such as weather, as well as local taxes and services; the

less precise estimates in panel B control for state and year effects. The estimated total values per

dollar of public infrastructure inferred from the housing effects are in column (5), with columns

(3) and (4) separating the values for households and �rms using the wage effect. The estimates in

Panel A from Haughwout's model �nd that public infrastructure investments are worth 60 cents

per dollar on the margin, with 39 cents going to households and 21 cents going to �rms. The

estimates in Panel B �nd a total value of only 30 cents, with a 39 cent gain to households, and a 9

cent loss to �rms.

The revised estimates of the value of public infrastructure use Haughwout's housing-cost and

wage effects, but recalculate the values based on the calibrated model here, rather than the calibra-

tion implicit in his model.17 The revised total value estimates are larger than the originals by 147

percent: in Panel A the marginal value of a dollar of public infrastructure is $1.48, passing the cost-

bene�t test (assuming the marginal cost of public funds is less than $1.48), while in Panel B, the
17The revised model is benchmarked to the Haughwout estimates by assuming that the share of income from wages,

sw, in both models is equal to 75 percent. Using other information from Haughwout's estimates (available upon
request), the implicit calibration in his model can be inferred as sy = 0:124; sR = 0:173; �L = 0:055; �N = 0:856,
�L = 1, and � 0 = 0. Total income (Nm) is equal to the wage bill $51,960 million divided by sw = 0:75, to $69,280
million. Taking a value sw < 0:75, in the Haughwout calibration leads to a larger total income and larger inferred
values in the revised estimates. If the shares of income from land are set equal, so that sR = 0:1 in Haughwout's
model, would produce a total income value of $119, 965 million, creating estimates that are 72 percent higher. In
order to to be conservative and since land values are likely to be a larger source of income in central cities this other
estimate is not presented.
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estimate is $0.74, falling short of the $1 benchmark, albeit not in a statistically signi�cant sense.

These difference from the original estimates is due primarily to correcting for the land-share effect.

The correction from the labor-cost effect is fairly small, as public infrastructure has little effect on

wages. In both revised estimates it appears that most of the bene�ts accrue to households, with

the change from the original estimates driven by an increase in the home-good expenditure share,

sy. In sum, public infrastructure investments appear to improve welfare signi�cantly mainly by

improving quality of life, rather than raising �rm productivity. Thus the effects on taxable income

are small, and the government will not recoup most of its investments. It should be noted that

these value estimates may be a lower bound, as they do not include any spillover effects which

may bene�t jurisdictions outside of the central cities where the public infrastructure is located.18

6 Differences across U.S. Cities

In this application, the relative value of every American city's entire bundle of amenities is esti-

mated using wage and housing-cost data. This value is decomposed into productivity and quality-

of-life components, as well as the values appropriated locally by land and federally by taxes.

6.1 Data and the Estimation of Wage and Housing-Cost Differentials

Wage and housing-cost differentials are estimated using the 5 percent sample of Census data from

the 2000 Integrated Public Use Microdata Series (IPUMS). Cities are de�ned at the Metropolitan

Statistical Area (MSA) level using 1999 OMB de�nitions. Consolidated MSAs are treated as a

single city (e.g. San Francisco includes Oakland and San Jose), as well as all non-metropolitan

areas within each state. This classi�cation produces a total of 290 areas of which 241 are actual

metropolitan areas and 49 are non-metropolitan areas of states. More details are provided in

Appendix B. The 5 percent Census sample is used in its entirety, guaranteeing the precision of
18This effect is especially true locally, as local wages do not rise. Also note that because home-productivity effects

are unobserved, it is hard to know how these bias the estimates. If public infrastructure improves home-productivity,
which seems likely, then the revised estimates are too low.
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the wage and price and differentials: the average city has 14,199 wage and 11,119 housing-cost

observations; the smallest city has 1,093 wage and 817 housing-price observations.

Inter-urban wage differentials, wj , are calculated from the logarithm of hourly wages for full-

time workers, ages 25 to 55. These differentials control for skill differences across workers to

provide an analogue to the representative worker in the model. Thus, log wages are regressed

on city-indicators (�wj ) and on extensive controls (Xw
ij ) � each fully interacted with gender �

for education, experience, race, occupation, industry, and veteran, marital, and immigrant status,

in an equation of the form lnwij = Xw
ij�

w + �wj + "
w
ij . The estimates �wj are used as the wage

differential, and are interpreted as the causal effect of city characteristics on a worker's wage.

Identifying these differentials requires that workers do not sort across cities according to their

unobserved skills. This assumption may not hold completely: Glaeser and Maré (2001) argue that

up to one third of the urban-rural wage gap could be due to selection, suggesting that at least two

thirds of wage differentials are valid, although this issue deserves greater investigation. At the

same time, it is possible that the estimates could be too small, as some control variables, such as

occupation or industry, could depend on where the worker locates. An overstated wage differential

will bias productivity upwards and quality of life downwards.

Both housing values and gross rents, including utilities, are used to calculate housing costs.

Following previous studies, imputed rents are converted from housing values using a discount

rate of 7.85 percent (Peiser and Smith 1985), with utility costs added, to make the imputed rents

comparable to gross rents. To avoid measurement error from imperfect recall or rent control, the

sample includes only units that were acquired in the last ten years. Housing-cost differentials are

calculated in a manner similar to wage differentials, using a regression of housing costs on �exible

controls (Y ji ) � interacted with renter-status � for size, rooms, acreage, commercial use, kitchen

and plumbing facilities, type and age of building, and the number of residents per room. This

regression takes the form: ln pji = Y ji �
p + �j + "ji . The coef�cients �j are used as housing-cost

differentials. Proper identi�cation of housing-cost differences requires that average unobserved

housing quality does not vary systematically across cities. An overstated price differential will bias
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both productivity and quality of life upwards.19

Data on amenities are taken from various sources. Amenities may be divided into two cat-

egories. The �rst are natural site-speci�c characteristics such as climate and geography, which

are considered to be exogenous to a city's inhabitants. These include inches of precipitation, heat-

ing degree days and cooling degree days per year (City and County Databook 2000), sunshine

out of the fraction possible (National Oceanic and Atmospheric Association 2008), and whether a

metropolitan area is adjacent to a major coast (Atlantic, Paci�c, Gulf or Great Lake). The second

category of amenities are those that depend on a city's inhabitants. Only three types of arti�cial

"amenities" are included here. The �rst two, population and the share of population with college

degrees, are not standard amenities, per se, but are rather fundamental determinants of ameni-

ties. The third, is the Wharton Residential Land-Use Regulatory Index, or WRLURI, provided by

Gyourko et al. (2007), which is used to control for housing-productivity differences.

6.2 Estimating Land-Rent, Quality-of-Life, and Firm-Productivity Differ-

ences

6.2.1 Comparison with Previous Research

Land rents, trade-productivity, and quality-of-life differentials are estimated fromwage and housing-

cost differentials using equations (5) (4a), (7), (14), calibrated with the parameters chosen in Sec-

tion 5.1, yielding the following relationships, for what I term the "adjusted model:"

r̂j = 4:29p̂j � 2:76ŵj (+4:29ÂjY )

Q̂j = 0:35p̂j � 0:51ŵj

ÂjX = 0:11p̂
j + 0:79ŵj (+0:11ÂjY )


̂j = 0:42p̂j � 0:01ŵj (+0:42Âj)

19This issue may not be grave as Malpezzi et. al. (1998) determine that housing-cost indices derived from the
Census in this way perform as well or better than most other indices.
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The terms in parentheses correspond to the bias that results from not having identi�ed home-

productivity. Places with high home-productivity have their land rents and trade-productivity

biased downwards, although the downward bias is much more severe in the inference of land

rents.20

These relationships differ substantially from those typical of the previous literature (e.g. Bee-

son and Eberts, 1989), using the simpler two-equation model, which I term the "unadjusted model."

This model effectively sets �L = 1, �N = 0; and ÂjX = 0, � 0 = 0, and typically sw = 1 and

sy = 0:25, leading to the following formulae:

r̂j = p̂j

Q̂j = 0:25p̂j � ŵj

ÂjX = 0:025p̂
j + 0:825ŵj

Note, that this characterization does not obey the income identities in the model here, as it assumes

that land and capital income are paid to non-resident owners. Thus there is no direct analogue to


̂j , although as a fraction of resident income this could be calculated as 0:27p̂j .

The differences between the two estimation procedures can be explained in a graph of wages

and housing costs by solving for the curves that have average land rents, quality-of-life, and �rm-

productivity. This produces an iso-rent curve across cities with average rent, a mobility condition

for households across cities with average quality-of-life, and a zero-pro�t condition for �rms across

cities with average �rm-productivity. These curves are graphed for the adjusted model in Figure

1A and for the unadjusted model in Figure 1B.

In the adjusted model the slope of the iso-rent curve is positive, accounting for the labor-cost

effect. Thus, cities with the same housing costs should have higher land rents in low-wage cities

than in high-wage cities. The land-share effect is illustrated with the second, thinner, iso-rent

curve, which corresponds to a rent-differential of 0.25: in the unadjusted model, the higher iso-rent
20Note that the inclusion of state taxes in the actual calculations cause some deviations from these simpli�ed for-

mulas, which are regression-derived approximations.
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curve intercepts the housing-cost axis at 0.25, while in the adjusted model, it intercepts the axis at

0.0575.

The mobility condition is upward sloping as this re�ects the rate at which housing costs must

increase as wage levels increase to keep the households indifferent between cities. As explained

in Albouy (2008b), the slope in the adjusted model is smaller as it accounts for federal taxes,

differences in the cost-of-living outside of housing, and non-labor income sources.

The slope of the zero-pro�t condition is downward sloping as it graphs the rate at which housing

costs, proxying for land costs, must fall with local wage levels in order for �rms to break even.

The adjusted model has a lesser slope since the land-share and labor-cost effect imply that land

rents drop more rapidly with falling housing costs and rising labor costs than actual housing costs.

Note that an iso-value curve, tracing out the points where cities have the same total amenity

value can also be drawn, although in both models the curve is remarkably �at. This is true by

assumption in the unadjusted model, but by coincidence in the adjusted model, as the labor-cost

effect and the federal-tax effect in (14) are of opposite and almost equal size according to the

calibration. Interestingly, if land rents were on the vertical axis instead of housing costs, the iso-

value curve would unequivocally be downward sloping in the adjusted model for � 0 > 0.

6.2.2 Graphing Differences across Cities

A graph of wage and housing cost differences across U.S. metropolitan areas, complete with these

adjusted curves, is presented in Figure 2. This �gure presents the key data in the estimation of

land rents, quality-of-life, trade-productivity, and total amenity values. It also displays the curves

presented in Figure 1A to make the calculation of those quantities more transparent.

The average iso-rent curve separates the high-rent cities above it from the low-rent cities below

it. A city's inferred land-rent differential is proportional to its distance from this curve. These

land-rent differentials are graphed in Figure 3, which also graphs a line for how the inferred land

rents change with housing costs if wages are held constant at the national average. For a given

housing-cost differential, the vertical distance to this line represents the land-share effect and the

24



vertical distance from this line to a city marker represents the labor-cost effect. Empirically,

the land-share effect is more important for inferring land rents than the labor-cost effect. Because

housing costs and wages are positively correlated, the labor-cost effect tends to �atten the observed

land-rent/housing-cost gradient.

Figure 3B graphs the quadratic land-rent estimates (numerical values are given in Appendix

Table A) using the formula in (6), assuming �NLY = �KLY = �NKY = 0:67.21 The �gure also graphs

a curve showing how inferred land rents change with housing costs, holding wages at the national

average, accounting for the land-share effect. As explained in section 3.2.2, the quadratic estimates

differ most from the linear estimates where housing costs are furthest from zero. Yet, even at these

extremes, they differ by only 20 percent. While arguably more accurate, these quadratic estimates

are generally similar to the linear estimates.

Quality-of-life and trade-productivity estimates are graphed in Figure 4. Their estimation

can be understood graphically through a change in coordinate systems, where the average mobility

condition and the average zero-pro�t condition in Figure 2, in the space of wages and housing costs,

give the axes to the new coordinate system in Figure 4, in the space of productivity and quality-of-

life. Since quality-of-life is constant across the average mobility condition, and trade-productivity

increases with the distance rightward along this curve, it corresponds to the horizontal axis for

trade-productivity. Since trade-productivity is constant across the average zero-pro�t condition,

and quality-of-life is increasing with the distance upwards along this curve, it corresponds to the

vertical axis for quality-of-life. The average iso-rent and iso-value curves also pass through this

change of coordinates, with their downward slope illustrating how rents and values increase with

both quality-of-life and trade-productivity.
21These substitution elasticities are based off of estimates in McDonald (1981) and Thorsnes (1997). A graph

showing the iso-rent curves for different rent values in both the linear and quadratic case is shown in Appendix Figure
A.
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6.3 The Most Productive and Valuable Cities

Table 3 lists the estimated wage, housing-cost, land-rent, quality-of-life, trade-productivity, federal-

tax, and total-amenity-value differentials for a selected list of the largest and most valuable cities,

as measured by the total amenity value. The same quantities are also reported by Census region

and city size, as measured by population, ranked by the total value of their amenities. A complete

list of these quantities for all cities and non-metro areas of states, are given in Appendix Table A;

these quantities are shown aggregated by state in Appendix Table B.

According to these results, the metropolitan area with the most valuable land in the United

States is the San Francisco Bay Area, as it combines the fourth highest quality-of-life with the �rst

highest trade-productivity. This is followed by a number of smaller, resort-like, but economically

vibrant cities such as Santa Barbara, Honolulu, and San Diego, and the large coastal powerhouses

of New York, Los Angeles, Boston, Seattle, and Chicago (counting the Great Lakes as a coast).

Note that by putting more weight on housing costs, the trade-productivity estimate for Los Angeles

is higher than that for Detroit, even though the latter has higher nominal wage levels.

Further down the list are smaller cities in less crowded areas such asWest Virginia, Mississippi,

and North and South Dakota. The estimates suggest that an acre of land in San Francisco is 230

times more valuable than an acre in McAllen, TX, which has the lowest land value of all cities,

and that an acre in the most valuable state, Hawaii, is worth 24 times an acre in the least valuable

state, North Dakota.

6.4 Explaining the Variation of Prices across Cities

Based on the theoretical model, the observed or inferred variation in housing costs, wages, and

land rents can be derived from the inferred variation in quality of life and �rm productivity. For

example, using equation (8a), variation in total amenity values can be decomposed as

var(
̂j) = var(Q̂j) + s2xvar(Â
j
X) + 2sxcov(Q̂

j; ÂjX)
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From this formula it is possible to infer whether variance in total amenity values is due primarily

to quality-of-life or productivity differences. This is assessed by comparing the two variance

terms alone, since if the variation of either quality-of-life or �rm productivity is eliminated, the

covariance term collapses to zero. Note that this analysis takes these amenity values as �xed, and

is therefore more useful for measurement purposes than for determining how an exogenous change

in the amenity distribution will change the distribution of land rents. The latter may be subject

to feedback effects, such as population �ows. For instance, a higher quality-of-life in a city will

attract a greater number of people, which should increase trade productivity through agglomeration

economies.22

Results of the decomposition are given in Table 4. Panel A, which accounts for the effect of

federal taxes, re�ects the existing situation. It reveals that while both quality-of-life and pro-

ductivity each play large roles in determining land rents, quality-of-life differences are slightly

more important than productivity differences. On the other hand, productivity differences are a

more important determinant of value differences across cities. This is seen in Figure 4, which is

scaled so that a one-centimeter increase in quality-of-life has the same impact as a one-centimeter

increase in productivity: population-weighted, the spread of cities along the horizontal axis, mea-

suring quality-of-life, is greater than along the vertical axis, measuring quality of life. Thus, if

federal tax revenues are added back in to local land values to determine the total amenity value of

cities, productive amenities are a greater source of value differences across cities than consumption

amenities.

Using a similar decomposition reveals that wages are driven almost entirely by productivity

differences. Closely mimicking total value differences, housing-cost differences are in�uenced

by both quality-of-life and home-productivity differences, but are in�uenced more by productivity

differences. Panel B presents a counterfactual distribution of rents, wages, and housing-costs if

federal taxes were made geographically neutral, but amenities across areas remained �xed. It
22This decomposition is different than the one in Beeson and Eberts (1989) and Deitz and Abel (2008), who decom-

pose each differentials into its productivity and quality-of-life component. Such a decomposition is hard to interpret
since each component may have a different sign. For instance, 116 percent of San Francisco's wage differential of
0.21 is explained by its higher productivity and -16 percent is explained by its higher quality of life.
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shows that productivity differences would become even more important in the determination of

land rents and housing costs.23

6.5 The Relationship with Observed Amenities

The last empirical exercise considers the relationship between the observed amenities described at

the end of Section 6.1, and the measured differentials. This exercise involves running a series of

regressions of these differentials on the amenity vector. First consider a series of regressions of

wages and housing costs on a vector of amenities (Zj1 ; :::Z
j
K):

p̂j =
X
k

Zjk�kp + "
j
p; ŵ

j =
X
k

Zjk�kw + "
j
w

Next, consider regressing quality-of-life and �rm productivity on the same vector of amenities:

Q̂j =
X
k

Zjk�kQ + "
j
p; Â

j
X � Â

j
Y

�L
�L
=
X
k

Zjk�kA + "
j
A

The second-term on the right-hand side of the productivity equation �ÂjY �L=�L accounts for the

fact that trade-productivity estimates may contain home-productivity effects. This motivates using

the Wharton Residential Land-Use Regulatory Index in the amenity vector. Similarly, local land

values, federal revenues, and total amenity values can then be regressed on the amenities

r̂j � ÂjY
1

�L
=
X
k

Zjk�kR + "
j
R;
d� j

m
=
X
k

Zjk�k� + "
j
�

The second term on the right-hand side of the land-rent equation�ÂjY =�L, accounts for the poten-

tial bias in measured land rents due to home-productivity. Finally, there is a regression for total
23While the decomposition tells us that productive amenities are more important in determinig wages and housing

costs, while consumption amenities are more important in determing land rents, it is not clear from the analysis which
is more important in affecting household location choice. If consumption amenites are predominant, it can be said that
in general "jobs follow people," while if production amenities are predominant, then "people follow jobs." Analysis
from Appendix A.2 suggests that both consumption and production amenities are important, although it is dif�cult
ascertain precisely given limitations of the model in dealing with quantities.
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amenity value


̂j � ÂjY
sR
�L
=
X
k

Zjk�
R + "
j



which includes a similar bias component. The coef�cient �
� gives the full economic value of a

one-unit increase in amenity k.

Because of the many empirical caveats � including omitted variable bias, simultaneity, multi-

collinearity, and small sample problems � this exercise is not expected to produce well-identi�ed,

conclusive results. Rather, it serves to illustrate how the estimates are interrelated, and to aid

further analysis.24 Nevertheless, the results are provocative and somewhat consistent with the

previous research.

The relationships between trade-productivity and total amenity value with population size are

graphed in Figures 5 and 6. Controlling for other amenities in Table 5, the elasticities of wages,

�rm-productivity, and economic value with respect to population size are 5.3, 4.9, and 2.8 per-

cent, respectively, consistent with those surveyed in Rosenthal and Strange (2004) and Melo et al.

(2009). Furthermore, greater population size does not appear to come at the expense of lower

quality of life.

Both productivity and quality of life appear to be positively impacted by the share of the pop-

ulation with a college degree: a ten percent increase in the college share (2.3 standard deviations),

leads to a 6.2-percent increase in productivity, similar to the �ndings in Moretti (2004) based on

more rigorous methods. The corresponding number for quality of life is 4.3 percent. In terms of

overall value, high human capital in a city appears to contribute as much to quality of life as it does

to productivity, reinforcing �ndings in Shapiro (2006) based on instrumental-variable estimates in

a growth model.

The coef�cient on the regulatory land-use index is potentially interesting, as it should put a

speci�c number on the cost of land-use regulation. In practice, this variable has positive coef�-

cients in the productivity and land-rent regression, as predicted, but it is not signi�cant in either
24Since all of these equations involve the same regressors, there are no ef�ciency gains to estimating them simul-

taneously through a system of seemingly unrelated regressions (SUR), and therefore they are simply estimated using
ordinary least squares (OLS).
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regression. This suggests that differences in home-productivity are not seriously biasing these

estimates, although these cursory estimates may deserve further probing.

Also novel are the estimated relationships between the natural amenity variables and produc-

tivity. These results show that sunshine and proximity to a coast may have substantial effects on

�rm productivity. The effect of a coast might be explained through lower transportation costs and

the bene�ts of being a transshipment center. The effects of sunshine are striking � recall that

heat enters separately. The reasons for this effect could be biological, although it deserves fur-

ther examination. Hot summers, as measured through cooling-degree days appears to be bad for

productivity, perhaps lending credence to a theory at least as old as Montesquieu (1752) that heat

may inhibit the ability of humans to work. This has been reinforced in recent engineering stud-

ies that indoor as well as outdoor workers are substantially less productive at temperatures barely

above room temperature (Engineering News Record, 2008). Nevertheless, how this estimate can

be so large in the presence of modern air-conditioning raises questions about its validity. Yet the

estimate is robust to including various other controls, such as latitude.

Overall, population size, education level, sunshine, and proximity to an ocean coast all appear

to be bene�cial to both households and �rms, and thus have very high economic values. While

cold winters, expressed through heating-degree days, are bad for households, overall the degree-

day measures suggest that making a warm day one-degree hotter is worse for the economy than

making a cool day one-degree colder. If these results are truly accurate and robust, then this �nding

could re�ect serious welfare consequences for the United States if climate change causes summers

to become hotter. Households may also lose welfare if they are exposed to lower levels of sunshine

if they move North to escape rising temperatures.

How the total value of amenity differences across cities is distributed between local land rents

and federal tax payments is also interesting. In general, larger federal revenues are collected

in areas with greater trade-productive amenities. Thus, the federal government effectively taxes

households for living in a city that is large, well-educated, sunny, or near the coast, while at the

same time it effectively subsidizes life in hot places. Failure to include the value of amenities col-
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lected in federal revenues would lead to underestimates of the total value of productive amenities.

The most important of these "amenities" is city size: high population levels are so heavily taxed

that it is possible for cities to be too small, rather than too large, contrary to previous �ndings (e.g.

Fenge and Meier, 2001).

7 Conclusion

This research establishes that land rents and local productivity may indeed be inferred from local

housing and labor costs if the cost-structure in the housing and tradeables market is known, and

if local-housing productivity is not an important confounding factor. These inferred land rents

should be combined with federal tax revenue estimates when determining the total value of a city's

amenities. This total includes the value to �rms, which results in higher income, and the value

to households, which does not. The techniques outlined above not only help to determine the

private and social value of an area's land, but also provide a more complete framework to value

the bene�ts of social investments, such as in public infrastructure or greenhouse-gas abatement.

The techniques also make it clear that obtaining data on actual land rents would help to make

amenity-value estimates more accurate, and make it possible to distinguish amenities that lower

the production-costs of goods traded across cities from amenities that raise the production-costs of

goods that are not.

Not only can this model be used to improve valuation techniques for amenities, but it also

provides a basis for several avenues of further thought. The observation that city amenities lead to

�scal externalities through federal tax payments raises the need to consider other externalities that

occur across cities. For instance, Glaeser and Kahn (2008) �nd that there are large differences in

the amount of carbon that cities produce: cities that produce less carbon per capita are of greater

value to society than those that produce more, although this value is not priced into local land rents.

Second, the analysis raises issues about how the population is distributed optimally across space:

it appears that social welfare would rise if the effective supply of land could be increased in the
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most valuable areas. This might be accomplished by streamlining land-use regulations in coastal

cities, particularly in California, where amenities are abundant, federal tax revenues are high, and

carbon emissions are low. Finally, the static spatial model of local labor markets developed here

may help to develop a theoretical foundation for an even richer dynamic model to understand how

household location decisions respond to changes in employment and consumption opportunities

over time.
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Amenity Type Quality of Life Trade 
Productivity

Home 
Productivity

(1) (2) (3)

Panel A: Federal Taxes Geographically Neutral
Land Rents 1 00 1 00 1 00

TABLE 1: PREDICTED EFFECT OF AMENITIES ON THE VALUE OF LAND 
RENTS, WAGES, AND HOME-GOOD PRICES, WITH AND WITHOUT FEDERAL 

Normalized Percent Increase in Value from a One-
Percent Increase in Amenity Type

Land Rents 1.00 1.00 1.00
Wages -0.23 1.19 -0.23

Home-Good Prices 0.77 1.19 -0.23

Panel B: With Federal Income Taxes
Land Rents 1.10 0.58 1.08

Wages -0.25 1.29 -0.25
Home-Good Prices 0.85 0.87 -0.17

Federal Tax Payment -0.10 0.42 -0.08



Household Trade Total Federal 
Housing Costs Wages Valuation Quality of Life Productivity Value Taxes

(1) (2) Procedure (3) (4) (5) (6)

Panel A: Cross-Sectional Estimates with Controls
Original 0.39 0.21 0.60

0.23 0.003 (0.06) (0.04) (0.07)
(0.02) (0.002)

Revised 1.22 0.26 1.48 0.01

TABLE 2: ESTIMATES OF PUBLIC INFRASTRUCTURE VALUES USING THE ORIGINAL TWO-EQUATION 
MODEL AND THE REVISED THREE-EQUATION MODEL

Value per Dollar of Public Infrastructure
in Public Infrastructure on

Effect of a 1 Std. Dev. Increase

(0.18) (0.04) (0.18) (0.01)

Panel B: With City and Year Effects
Original 0.39 -0.09 0.30

0.12 -0.016 (0.10) (0.10) (0.15)
(0.05) (0.009)

Revised 0.74 0.00 0.74 -0.06
(0.14) (0.11) (0.18) (0.03)

Values taken from rows 2 and 4 in Table 4 of Haughwout (2002).which give the highest and lowest estimates of the value
of public infrastructure. The figures in this table give the value of $4,640 million increase in public infrastructure; to
normalize this to the value of a dollar of public infrastructure, all of the estimates are divided by this figure. Column 4
reports what percentage of infrastructure investments is returned in federal taxes and is not capitalized into land values.
The revised calibration is benchmarked to the Haughwout (2002) calibration by assuming that the income share of wages
is 75 percent in both calibrations.



Population 
Size Wages

Housing 
Costs

Inferred Land 
Rent

Quality of 
Life

Trade-
Productivity

Federal Tax 
Differential

Main city in MSA/CMSA
San Francisco, CA 7,039,362 0.27 0.75 2.48 0.13 0.29 0.07 0.32
Santa Barbara, CA 399,347 0.11 0.67 2.55 0.18 0.16 0.02 0.28

Salinas, CA 401,762 0.09 0.53 2.05 0.14 0.13 0.02 0.22
Honolulu, HI 876,156 -0.01 0.49 2.13 0.18 0.05 0.00 0.21

San Diego, CA 2,813,833 0.06 0.44 1.72 0.12 0.10 0.01 0.18
New York, NY 21,199,865 0.22 0.42 1.24 0.04 0.21 0.05 0.18

Los Angeles, CA 16,373,645 0.13 0.40 1.36 0.07 0.14 0.03 0.17
Boston, MA 5,819,100 0.14 0.35 1.12 0.05 0.14 0.03 0.15
Seattle, WA 3,554,760 0.08 0.28 0.97 0.06 0.09 0.02 0.12

Chicago, IL 9,157,540 0.14 0.22 0.57 0.01 0.13 0.04 0.09
Denver, CO 2,581,506 0.05 0.20 0.74 0.05 0.06 0.01 0.09

Portland, OR 2,265,223 0.03 0.17 0.63 0.05 0.04 0.01 0.07
Washington, DC 7,608,070 0.13 0.17 0.35 -0.01 0.12 0.03 0.07

Miami, FL 3,876,380 -0.01 0.13 0.57 0.05 0.01 0.00 0.06
Phoenix, AZ 3,251,876 0.03 0.10 0.33 0.02 0.03 0.01 0.04
Detroit, MI 5,456,428 0.14 0.09 0.02 -0.04 0.11 0.04 0.04

Philadelphia, PA 6,188,463 0.12 0.07 -0.02 -0.04 0.10 0.03 0.03
Minneapolis, MN 2,968,806 0.09 0.06 0.00 -0.02 0.07 0.03 0.03

Atlanta, GA 4,112,198 0.08 0.02 -0.15 -0.03 0.06 0.02 0.01
Dallas, TX 5,221,801 0.07 0.01 -0.15 -0.03 0.06 0.02 0.00

Cleveland, OH 2,945,831 0.01 -0.04 -0.19 -0.02 0.00 0.00 -0.01
T FL 2 395 997 0 06 0 05 0 07 0 01 0 05 0 01 0 02

TABLE 3: WAGE, HOUSING COST, LAND RENT, QUALITY-OF-LIFE, PRODUCTIVITY, FEDERAL TAX, AND TOTAL AMENITY VALUE 
DIFFERENTIALS, 2000

Adjusted Differentials Total 
Amenity 

Value

Amenity Values

Tampa, FL 2,395,997 -0.06 -0.05 -0.07 0.01 -0.05 -0.01 -0.02
Houston, TX 4,669,571 0.07 -0.08 -0.52 -0.06 0.05 0.02 -0.03
St. Louis, MO 2,603,607 0.01 -0.09 -0.42 -0.03 -0.01 0.00 -0.04

Pittsburgh, PA 2,358,695 -0.04 -0.17 -0.63 -0.04 -0.05 -0.01 -0.07

Census Division
Pacific 45,042,272 0.10 0.36 1.28 0.08 0.12 0.02 0.15

New England 13,928,540 0.07 0.18 0.58 0.03 0.07 0.02 0.07
Middle Atlantic 39,668,438 0.08 0.11 0.25 0.00 0.07 0.02 0.04

Mountain 18,174,904 -0.05 0.02 0.20 0.03 -0.04 -0.01 0.01
South Atlantic 51,778,682 -0.03 -0.06 -0.17 0.00 -0.03 -0.01 -0.02

East North Central 45,145,135 0.00 -0.09 -0.40 -0.03 -0.01 0.00 -0.04
West South Central 31,440,101 -0.08 -0.21 -0.68 -0.03 -0.08 -0.02 -0.09
West North Central 19,224,096 -0.11 -0.25 -0.78 -0.03 -0.11 -0.03 -0.10
East South Central 17,019,738 -0.12 -0.30 -0.96 -0.04 -0.12 -0.03 -0.12

MSA Population
MSA, Pop > 5 Million 81,606,427 0.16 0.32 0.95 0.03 0.16 0.04 0.14

MSA, Pop 1.5-4.9 Million 55,543,090 0.03 0.05 0.13 0.00 0.03 0.01 0.02
MSA, Pop 0.5-1.4 Million 40,499,870 -0.03 -0.07 -0.22 -0.01 -0.03 -0.01 -0.03

MSA, Pop < 0.5 Million 36,417,747 -0.09 -0.15 -0.41 -0.01 -0.08 -0.02 -0.06
Non-MSA areas 67,354,772 -0.14 -0.28 -0.83 -0.03 -0.14 -0.04 -0.12

United States 281,421,906 0.13 0.29 0.94 0.05 0.13 0.03 0.12
total

Wage and housing price data are taken from the U.S. Census 2000 IPUMS. Wage differentials are based on the average logarithm of hourly wages for
full-time workers ages 25 to 55. Housing price differentials based on the average logarithm of rents and housing prices for units moved in within the last
10 years.  Adjusted differentials are city-fixed effects from individual level regressions on extended sets of worker and housing covariates. 

standard deviations 



Variance Quality-of-Life Productivity Covariance
(1) (2) (3) (4)

Panel A: With Federal Taxes
Land Rents 0.883 0.362 0.264 0.373

Wages 0.018 0.016 1.148 -0.165
Housing Costs 0.085 0.173 0.480 0.347

TABLE 4:  VARIANCE DECOMPOSTION OF QUALITY-OF-LIFE AND PRODUCTIVITY 
EFFECTS ON PRICE DIFFERENTIALS ACROSS CITIES

Variance Decomposition
Fraction of variance explained by

g
Tax Differential 0.001 0.023 1.166 -0.198

Total Value 0.015 0.179 0.472 0.350

Panel B: Federal Taxes Geographically Neutral
Land Rents 1.486 0.179 0.472 0.350

Wages 0.016 0.016 1.146 -0.162
Housing Costs 0.126 0.097 0.611 0.293

Tax Differential 0.000
Total Value 0.015 0.179 0.472 0.350
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Figure 2: Housing Costs versus Wage Levels across Metro Areas, 2000
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Figure 4: Estimated Productivity and Quality of Life, 2000
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Figure 5: Productivity and Population Size
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Appendix

A Additional Theoretical Details

A.1 System of Equations
The entire system consists of fourteen equations in fourteen unknowns, with three exogenous pa-
rameters: Q;AX , and; AY , with superscripts j supressed. The �rst three equations (1), (2), and (3)
determine the prices of land, labor, and the home good, r; w and p. With these prices given, the
budget constraint and the consumption tangency condition determine the consumption quantities
x and y,

x+ py = w +R + I � �(w) (A.1)
(@U=@y) = (@U=@x) = p (A.2)

whereR and I are given. Changes in output (X; Y ), employment (NX ; NY ; N ), capital (KX ; KY ),
and land use (LX ; LY ) are determined by nine equations in the production sector: six statements
of Shepard's Lemma

@cX=@w = NX=X; @cX=@r = LX=X; @cX=@i = KX=X (A.3)
@NY =@w = NY =Y; @cY =@r = LY =Y; @cY =@i = KY =Y (A.4)

and three equations for total population, the land constraint, and total home-good production per
capita

NX +NY = N (A.5)
LX + LY = L (A.6)

Y = yN (A.7)

A.2 Quantity Changes
A.2.1 Consumption

The budget constraint (A.1) and tangency condition (A.2) can be log-linearized to yield

sxx̂+ sy (p̂+ ŷ) = swŵ �
d�

m
(A.8)

x̂� ŷ = �Dp̂ (A.9)

Subtracting (4a) from (A.8), sxx̂+ syŷ = �Q̂ and substituting in (A.9) yields

ŷ = �sx�Dp̂� Q̂ (A.10)
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In the simple case without taxes p̂y = 1
sy

�
�N��L
�N

Q̂j + 1��L
�N
sxÂ

j
X

�
and so we can see that home-

good consumption is decreasing in both productivity and quality of life.

ŷ = �sx
sy

1� �L
�N

�DsxÂ
j
X �

�
sx
sy

�N � �L
�N

�D + 1

�
Q̂

A.2.2 Production

In the production sector, differentiating and log-linearizing the Shepard's Lemma conditions (A.3)
and (A.4) gives six equations of the following form

N̂X = X̂ � ÂX + �L�LNX (r̂ � ŵ) + �K�NKX (̂{� ŵ) (A.11)

These expressions make use of partial (Allen-Uzawa) elasticities of substitution. Each sector has
three partial (Allen-Uzawa) elasticities of substitution in production for each combination of two
factors, where �LNX � (@2c=@w@r) = (@c=@w � @c=@r) is the partial elasticity of substitution be-
tween labor and land in the production of X , etc. Because productivity differences are Hicks-
neutral, they do not affect these elasticities of substitution. Log-linearizing the constraints (A.5),
(A.6), and (A.7)

�NN̂X + (1� �N)N̂Y = N̂
�LL̂X + (1� �L)L̂Y = 0

N̂ + ŷ = Ŷ

Substituting in (4b), (4c), and (A.10), setting ÂY = 0, and rearranging gives a system of nine
equations in nine unknowns. If partial elasticities within sectors are equal, �NLY = �LKY = �NKY =
�Y , as in CES production, then these equations taken on the matrix form below:26666666666664

1 0 0 �1 0 0 0 0 0
0 1 0 �1 0 0 0 0 0
0 0 1 �1 0 0 0 0 0
0 0 0 0 1 0 0 �1 0
0 0 0 0 0 1 0 �1 0
0 0 0 0 0 0 1 �1 0
�N 0 0 0 1� �N 0 0 0 �1
0 �L 0 0 0 1� �L 0 0 0
0 0 0 0 0 0 0 1 �1

37777777777775

266666666666664

N̂X
L̂X
K̂X

X̂

N̂Y
L̂Y
K̂Y

Ŷ

N̂

377777777777775
=

266666666666664

(�X � 1) ÂX � �Xŵ
(�X � 1) ÂX � �X r̂
(�X � 1) ÂX
�Y (p̂� ŵ)
�Y (p̂� r̂)
�Y p̂
0
0

�sx�Dp̂� Q̂

377777777777775
The quantities on the right-hand side of the equation are already derived from the observed data.
The solution for N̂ is given by

N̂ =
1

sR

�
�L�X (r̂ � ŵ) + �Y

�
�L
1� �N
�N

(p̂� ŵ) + (1� �L) (p̂� r̂)
�
+
�N � �L
�N

�
�Dsxp̂+ Q̂

��
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Note that p̂; ŵ, and r̂, are determined by Q̂, and Â, according to the capitalization formulas in
Section 4.
According to the calibrated model where �Y = �X = 0:667; the numerical solution to this

equation is simply.
N̂ = 1:82Q̂+ 1:36ÂX

According to Table 3, the standard deviations of Q̂ and ÂX are 0:051 and 0:131: multiplied by the
respective coef�cients in the equation produces 0.094 and 0.179. This suggests that both qual-
ity of life and productivity are important determinants of population location decisions, although
productivity appear to be slightly more important. However, these predictions cannot be taken
too literally given the that the model's predictions for quantity differences are quite sensitive to its
assumptions, such as �xed land supply. Furthermore, quality of life may and productivity most
certainly depends on the population size of a city.

A.3 Multiple Household Types
Assume there are two types of fully mobile households, referred to as "a" and "b," and that some
members of each type lives in every city. The mobility conditions for each type of household are

ea(p; wa; u;Qa) = 0

eb(p; wb; u;Qb) = 0

The two zero-pro�t conditions are generalized with unit-cost functions that have factor-speci�c
productivity components.

cX(wa=AXa; wb=AXb; r=AXL;�{=AXL) = 1

cY (wa=AY a; wb=AY b; r=AY L;�{=AY K) = p

The terms AXa and AXb give the relative productivity of each worker type in the city. Log-
linearizing these equations:

syap̂� swaŵa = Q̂a
sybp̂� swbŵb = Q̂b

�Naŵa + �Nbŵb + �Lr̂ = ÂX

�Naŵa + �Nbŵb + �Lr̂ = ÂY

where � is used to denote the cost-shares of each factor, and �aÂXa+�bÂXb+�LÂXL+�KÂXK �
ÂX and �aÂY a + �bÂY b + �LÂY L + �KÂY K � ÂY . The additivity of these effects proves that
differences in productivity have the same �rst-order effects on prices regardless of the factor they
augment directly when weighted by the cost-share of that factor.25

25This is more general than the models seen in Roback (1988) and Beeson (1991), who assume swa = swb = 1 and
�L = 1.
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Let the share of total income accruing to type a worker be �a = Nama= (Nama +Nbmb),
with the other share �b = 1� �a, and de�ne the following income-weighted averages

sy � �asya + �bsyb; sx � 1� sy; &y � �asya=sy
Q̂ � �aQ̂a + �bQ̂b; sw � �aswa + �bswb; ŵ � �a

swa
sw
ŵa + �b

swb
sw
ŵb

�a =
sx�Na

sx�Na + sy�Na
; �b =

sx�Nb
sx�Nb + sy�Nb

; �N �
1

sy
[sya�a�a + syb�b�b]

Then it is possible to show that the following capitalization formulas hold.

sRr̂ = Q̂+ sxÂX + syÂY

swŵ = �
�L
�N
Q̂+

1� �L
�N

sxÂX �
�L
�N
syÂY +

��
�a
�N

� 1
�
�aQ̂a +

�
�b
�N

� 1
�
�bQ̂b

�
syp̂ =

�N � �L
�N

Q̂+
1� �L
�N

sxÂX �
�L
�N
syÂY +

��
�a
�N

� 1
�
�aQ̂a +

�
�b
�N

� 1
�
�bQ̂b

�
Except for the terms in square brackets, "[]", these terms are otherwise identical to equations (8a),
(8b), (8c). The bracketed term explains that wage and housing-cost differences increase in the
quality-of-life of the labor type that is relatively more represented in the traded-good sector, or
decreasing in the quality-of-life of the labor type more represented in the home-good sector. The
wage of a-types resembles the average wage except that it is lower in places a-types prefer relative
to b-types.�

sy
sya

�
swaŵa = �

�L
�N
Q̂+

1� �L
�N

sxÂX �
�L
�N
syÂY +

�
�b
�N

�
Q̂� sy

sya
Q̂a

��
The model assumes that both types of households live in each city. This assumption is easier to
maintain if the type of labor they supply are imperfect substitutes in production.
Factor-speci�c productivity differences do have �rst-order effects on quantities in the model.

For example, in the case where partial elasticities of substitution across factors within sectors are
equal, the relative employment of a-types relative to b-types is

N̂a � N̂b = ��X (ŵa � ŵb) + (�X � 1)
�
ÂXa � ÂXb

�
A.4 Multiple Home Goods
Suppose now that there is one type of household but two types of goods, 1 and 2, such as residential
housing and local services. The four equilibrium conditions, using obvious de�nitions, are written.

e(p1; p2; u)=Q = m

cX(w; r;�{)=AX = 1

cY 1(w; r;�{)=AY 1 = p1

cY 2(w; r;�{)=AY 2 = p2
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Log-linearizing these equations produces

sy1p̂1 + sy2p̂2 � swŵ = Q̂
�N ŵ + �Lr̂ = ÂX

�N1ŵ + �L1r̂ � p̂1 = ÂY 1
�N2ŵ + �L2r̂ � p̂2 = ÂY 2

If we de�ne an aggregate shares, prices, and home-productivity appropriately

sy � sy1 + sy2: �L �
sy1
sy
�L1 +

sy2
sy
�L2

p̂ � sy1
sy
p̂1 +

sy2
sy
p̂2; ÂY �

sy1
sy
ÂY 1 +

sy2
sy
ÂY 2;

then the main results generalize:

sRr̂ = Q̂+ sxÂX + syÂY

swŵ = �
�L
�N
Q̂+

1� �L
�N

sxÂX �
�L
�N
syÂY

syp̂ =
�N � �L
�N

Q̂+
1� �L
�N

sxÂX �
�L
�N
syÂY

Now a question is whether one using only one home-good price, e.g. the one for residential
housing, may be biased.26 The bias is then given by

syp̂1 � syp̂ =
�N (1� �L) (�L1=�L � 1)� �L (1� �N) (�N1=�N � 1)

�N

�
Q̂+ sy2ÂY 2

�
+
1� �L
�N

[�N (�L1=�L � 1) + (1� �N) (�N1=�N � 1)] sxÂX

+

�
�N [1 + (1� �L) (�L1=�L � 1)]� �L (1� �N) (�N1=�N � 1)

�N
�
�
sy
sy1

��
sy1ÂY 1

If �L1 = �L and �N1 = �N , then this collapses to �syÂY !.

B Data and Estimation
United States Census data from the 2000 Integrated Public-Use Microdata Series (IPUMS), from
Ruggles et al. (2004), are used to calculate wage and housing price differentials. The wage
differentials are calculated for workers ages 25 to 55, who report working at least 30 hours a week,
26 weeks a year. The MSA assigned to a worker is determined by their place of residence, rather

26The capitalization into a speci�c home-good is.sy1p̂1 =
�
�N��L
�N

�
h
�L2 � �N2 �L�N

i��
Q̂+ sy2ÂY 2

�
+�

1��L
�N

�
h
�L2 + �N2

1��L
�N

i�
sxÂX +

�
� �L
�N
�
h
�L2 � �N2 �L�N

i�
sy1ÂY 1
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than their place of work. The wage differential of an MSA is found by regressing log hourly wages
on individual covariates and indicators for which MSA a worker lives in, using the coef�cients on
these MSA indicators. The covariates consist of

� 12 indicators of educational attainment;

� a quartic in potential experience, and potential experience interacted with years of education;

� 9 indicators of industry at the one-digit level (1950 classi�cation);

� 9 indicators of employment at the one-digit level (1950 classi�cation);

� 4 indicators of marital status (married, divorced, widowed, separated);

� an indicator for veteran status, and veteran status interacted with age;

� 5 indicators of minority status (Black, Hispanic, Asian, Native American, and other);

� an indicator of immigrant status, years since immigration, and immigrant status interacted
with black, Hispanic, Asian, and other;

� 2 indicators for English pro�ciency (none or poor).

All covariates are interacted with gender.
This regression is �rst run using census-person weights. From the regressions a predicted

wage is calculated using individual characteristics alone, controlling for MSA, to form a new
weight equal to the predicted wage times the census-person weight. These new income-adjusted
weights are needed since workers need to be weighted by their income share. The new weights
are then used in a second regression, which is used to calculate the city-wage differentials from
the MSA indicator variables. In practice, this weighting procedure has only a small effect on the
estimated wage differentials.
Housing price differentials are calculated using the logarithm reported gross rents and housing

values. Only housing units moved into within the last 10 years are included in the sample to ensure
that the price data are fairly accurate. The differential housing price of an MSA is calculated in
a manner similar to wages, except using a regression of the actual or imputed rent on a set of
covariates at the unit level. The covariates for the adjusted differential are

� 9 indicators of building size;

� 9 indicators for the number of rooms, 5 indicators for the number of bedrooms, number
of rooms interacted with number of bedrooms, and the number of household members per
room;

� 2 indicators for lot size;

� 7 indicators for when the building was built;

� 2 indicators for complete plumbing and kitchen facilities;

� an indicator for commercial use;

vi



� an indicator for condominium status (owned units only).

A regression of housing values on housing characteristics and MSA indicator variables is �rst run
using only owner-occupied units, weighting by census-housing weights. A new value-adjusted
weight is calculated by multiplying the census-housing weights by the predicted value from this
�rst regression using housing characteristics alone, controlling for MSA. A second regression is
run using these new weights for all units, rented and owner-occupied, on the housing characteristics
fully interacted with tenure, along with the MSA indicators, which are not interacted. The house-
price differentials are taken from the MSA indicator variables in this second regression. As with
the wage differentials, this adjusted weighting method has only a small impact on the measured
price differentials.
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State Name Population Wages
Housing 

Costs Linear Quadratic Value Rank Value Rank Value Rank
 Hawaii 1,211,717 -0.010 0.431 1.877 1.555 0.159 1 0.038 10 -0.004 0.183 1
 California 33,884,660 0.134 0.435 1.493 1.271 0.083 2 0.152 2 0.031 0.18 2
 New Jersey 8,416,753 0.189 0.350 0.980 0.880 0.023 12 0.186 1 0.044 0.142 3
 Massachusetts 6,353,449 0.103 0.277 0.901 0.815 0.043 7 0.111 4 0.024 0.114 4
 Connecticut 3,408,068 0.153 0.244 0.624 0.574 0.005 19 0.147 3 0.036 0.099 5
 Washington 5,894,780 0.030 0.165 0.625 0.565 0.043 8 0.042 9 0.007 0.069 6
 New York 18,976,061 0.093 0.166 0.454 0.355 0.009 17 0.091 6 0.022 0.067 7
 Colorado 4,300,832 -0.007 0.157 0.693 0.634 0.060 4 0.011 15 -0.002 0.067 8
 District of Columbia 571,753 0.129 0.165 0.351 0.339 -0.011 0.120 0.031 0.066
 Alaska 626,187 0.059 0.127 0.382 0.366 0.013 16 0.060 7 0.014 0.052 9
 Maryland 5,299,635 0.109 0.129 0.250 0.237 -0.013 27 0.100 5 0.026 0.051 10
 Oregon 3,424,928 -0.042 0.089 0.497 0.461 0.054 5 -0.023 19 -0.011 0.039 11
 Nevada 2,000,306 0.061 0.079 0.170 0.156 -0.005 23 0.056 8 0.014 0.031 12
 New Hampshire 1,234,816 0.003 0.062 0.258 0.241 0.021 14 0.009 16 0 0.026 13
 Rhode island 1,048,463 0.022 0.048 0.148 0.135 0.006 18 0.022 13 0.005 0.02 14
 Arizona 5,133,711 -0.030 0.036 0.238 0.225 0.029 10 -0.020 18 -0.007 0.016 15
 Illinois 12,417,190 0.045 0.013 -0.069 -0.158 -0.020 29 0.037 11 0.011 0.004 16
 Delaware 783,216 0.046 -0.002 -0.137 -0.146 -0.026 32 0.036 12 0.011 -0.002 17
 Florida 15,986,890 -0.065 -0.019 0.098 0.077 0.028 11 -0.053 26 -0.016 -0.006 18
 Utah 2,230,835 -0.061 -0.047 -0.034 -0.040 0.016 15 -0.053 27 -0.015 -0.018 19

TABLE B: LIST OF STATES RANKED BY TOTAL AMENITY VALUE

Federal 
Tax 

Differential

Total Amenity 
ValuesLand Rents Quality of LifeAdjusted Differentials Trade-Productivity

, ,
 Virginia 7,080,588 -0.016 -0.051 -0.173 -0.214 -0.009 25 -0.018 17 -0.004 -0.021 20
 Vermont 608,387 -0.158 -0.068 0.146 0.131 0.061 3 -0.132 37 -0.038 -0.024 21
 Michigan 9,935,711 0.033 -0.080 -0.436 -0.493 -0.046 46 0.018 14 0.008 -0.035 22
 New Mexico 1,818,615 -0.144 -0.119 -0.114 -0.165 0.035 9 -0.126 36 -0.034 -0.046 23
 North Carolina 8,047,735 -0.073 -0.115 -0.290 -0.313 -0.002 22 -0.070 29 -0.017 -0.046 24
 Georgia 8,186,187 -0.015 -0.125 -0.495 -0.554 -0.036 39 -0.026 20 -0.003 -0.053 25
 Wisconsin 5,357,182 -0.054 -0.133 -0.419 -0.468 -0.018 28 -0.057 28 -0.013 -0.055 26
 Minnesota 4,912,048 -0.024 -0.147 -0.565 -0.661 -0.039 42 -0.035 21 -0.005 -0.062 27
 Ohio 11,353,531 -0.024 -0.148 -0.566 -0.637 -0.039 41 -0.035 22 -0.005 -0.062 28
 Texas 20,848,171 -0.034 -0.155 -0.571 -0.664 -0.037 40 -0.044 24 -0.008 -0.065 29
 Pennsylvania 12,275,624 -0.027 -0.161 -0.616 -0.706 -0.043 44 -0.039 23 -0.006 -0.068 30
 South Carolina 4,013,644 -0.099 -0.177 -0.485 -0.531 -0.010 26 -0.097 30 -0.023 -0.072 31
 Maine 1,275,357 -0.166 -0.188 -0.347 -0.371 0.022 13 -0.151 41 -0.04 -0.074 32
 Indiana 6,081,521 -0.039 -0.185 -0.683 -0.792 -0.045 45 -0.051 25 -0.009 -0.077 33
 Idaho 1,294,016 -0.143 -0.209 -0.500 -0.531 0.003 20 -0.135 38 -0.034 -0.084 34
 Montana 902,740 -0.246 -0.242 -0.356 -0.380 0.047 6 -0.221 48 -0.059 -0.095 35
 Tennessee 5,688,335 -0.100 -0.231 -0.713 -0.811 -0.028 35 -0.104 31 -0.023 -0.095 36
 Missouri 5,595,490 -0.110 -0.245 -0.746 -0.844 -0.028 33 -0.113 33 -0.026 -0.1 37
 Louisiana 4,469,586 -0.105 -0.251 -0.787 -0.929 -0.033 37 -0.110 32 -0.024 -0.103 38
 Wyoming 493,849 -0.183 -0.270 -0.651 -0.698 0.002 21 -0.173 43 -0.043 -0.108 39
 Iowa 2,923,345 -0.146 -0.300 -0.883 -1.008 -0.028 34 -0.148 40 -0.034 -0.123 40
 Kansas 2,687,110 -0.138 -0.301 -0.910 -1.035 -0.033 38 -0.141 39 -0.032 -0.123 41
 Alabama 4,446,543 -0.112 -0.309 -1.014 -1.231 -0.050 47 -0.121 34 -0.026 -0.127 42
 Kentucky 4,040,856 -0.110 -0.321 -1.072 -1.312 -0.055 48 -0.122 35 -0.025 -0.133 43
 Nebraska 1,709,804 -0.181 -0.329 -0.911 -1.054 -0.020 30 -0.178 44 -0.043 -0.134 44
 Arkansas 2,672,286 -0.186 -0.346 -0.968 -1.118 -0.023 31 -0.184 45 -0.044 -0.141 45
 Oklahoma 3,450,058 -0.186 -0.365 -1.051 -1.242 -0.030 36 -0.186 47 -0.044 -0.149 46
 South Dakota 753,887 -0.249 -0.402 -1.033 -1.179 -0.009 24 -0.239 50 -0.059 -0.162 47
 Mississippi 2,844,004 -0.164 -0.403 -1.275 -1.602 -0.055 49 -0.172 42 -0.038 -0.166 48
 West Virginia 1,809,034 -0.175 -0.444 -1.419 -1.760 -0.064 50 -0.186 46 -0.041 -0.183 49
 North Dakota 642,412 -0.230 -0.464 -1.354 -1.658 -0.041 43 -0.231 49 -0.054 -0.189 50
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Figure A1: Linear versus Quadratic Inference of Land-Rent Differentials
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