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The Spatial Variation of Wages in U.S. Cities and States 

By William E. Carlson*

 

 

Driving through American cities, I developed the informal impression that businesses are 

almost everywhere, and that every city has multiple high-density employment centers.  

Since most urban economics research is based on the monocentric city model, which 

assumes that jobs are concentrated in a single central business district (CBD), I sought a 

way to reconcile the conventional explanations with my experience.  As an economist, I 

asked three questions: 

1. Does econometric evidence support my impression that jobs are dispersed 

throughout cities? 1 

2. If cities are polycentric with distributed employment2, what model should I use to 

analyze the effects of productivity shocks? 

3. How do city structures affect urban wages? 

This paper presents evidence that jobs are distributed throughout cities and that even after 

controlling for worker attributes, job attributes and firm attributes, job and residence 

locations are statistically significant in explaining the annual earnings of workers. 

 

The model presented in this paper proposes a new way to think about optimization 

decisions by firms and households.  In this model, wages are a continuous function of 

                                                 
* Emmanuel College and Clark University (Carlson@alum.mit.edu).  I am grateful for comments 
from Richard Adelstein, Anna Belova, John Brown, Wayne Gray and Junfu Zhang. 
1 Redfern (2007) demonstrated that Los Angeles is polycentric. 
2 White (1999) provides an overview of the literature that describes urban areas in which 
employment is decentralized and employment locations are exogenous. 
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geographic location.   Wage surfaces evolve slowly, because they are caused by past 

investments in capital assets3, or by unique attributes of a location4.  Wage surfaces are 

continuous; because (with the exception of an international border) there is no barrier to a 

worker’s commuting a little further to earn a higher wage.  Both workers and firms assess 

whether they should relocate, so the possibility of moving assures utility equilization for 

workers and profit equilization for firms, at least in the long-run. 

  

Firms need a mix of workers, some skilled and highly paid, others with fewer skills and 

paid much less.  When many firms cluster together in a business center, households with 

diverse preferences and widely varying incomes compete for housing in the commuting 

region.  The opportunity cost of time spent commuting is highest for the workers who 

earn the most per hour, but the situation is more complicated than saying that the most 

highly paid workers live closest to their jobs.  Some of them may choose to commute 

further in order to live in a nicer neighborhood, have more land, or have a better quality 

house5.  The housing market is incomplete, in that not all attributes of houses are 

available in all locations.  All that is known is that workers with the most money get first 

choice of where to live. 

 

As will be shown, wages vary greatly within cities.  There are at least three reasons why 

one worker is paid more than another.  The Neoclassical explanation is that the more 
                                                 
3 Capital assets include buildings and equipment, workers’ human capital, firms’ organizational 
capital, public infrastructure and the societies’ social capital. 
4 This explanation of wage rigidity is in addition to the explanations from the literature that 
discusses “sticky wages”.  Probably the most closely related explanation is Greenwald and 
Stiglitz’s (2003) comment that inter-temporal worker retention considerations play an important 
role in wage-setting. 
5 Brueckner and Colwell (1983) is one of several articles that explore the relationship between 
geographic location and housing attributes. 
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highly paid worker is more productive.  The Internal Labor Market (ILM) reason6 is that 

a large firm has chosen to invest in selected workers’ careers.  The urban economics 

explanation7 is that one worker commutes further, or pays a higher rent to live close to 

the job, and must be compensated for those costs.  These effects are not mutually 

exclusive – any particular worker may receive wage premiums for unobserved productive 

attributes, for the match with the firm’s expected future needs, compensation for 

commuting and compensation for the local cost of living8.  Since wages for 

econometrically equivalent workers vary with micro-geographic location within a city, 

there are wage gradients, meaning that the derivative of wages with respect to location is 

non-zero. 

 

Carlson (2009) presents a variant of the standard urban model that explains wage 

gradients9 for homogeneous workers.  To explain the wage premium paid by a highly 

productive firm, he uses the metaphor of a gold mine.  The gold mine may be literally a 

mine, but it is more likely to be a large firm or cluster of firms that benefit from 

economies of scale10..  What matters is that the marginal revenue product of a worker is 

disconnected from her next best employment opportunity.  The existence of a 

                                                 
6 Doeringer (1986) and Doeringer and Piore (1971) show that wage setting in large firms is very 
different from a market-based model.  Instead, there is an ILM that is governed by administrative 
rules and customs 
7 See Eberts and McMillen(1999) for a review of this literature. 
8 Brueckner, Thisse and Zenou (2002) analyze job matching for local labor markets in relation to 
where workers live. 
9 Eberts (1981) and Madden (1985) are probably the first to demonstrate that jobs are distributed 
and that wage gradients exist.  McMillen and Singell (1992) measured intraurban wage gradients.  
Timothy and Wheaton (2001) used micro-data from the 1990 Census to show that 
“observationally equivalent workers have wages that vary substantially across employment zones 
within a metro area.” 
10 The study of economies of scale dates at least as far back as Adam Smith in The Wealth of 
Nations (1776), and has continued through Paul Krugman (2009).  See Eberts and McMillen 
(1999) for a review of localization and urbanization economies of scale. 
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metaphorical gold mine is the result of good fortune, either natural resource endowments 

or market dynamics that give the employer pricing power.   

 

Independent of why a metaphorical gold mine exists at a location, if it requires a large 

work force and capital to be productive, it will be willing and able to pay a premium 

wage to attract the workers it needs.  Firms in a CBD (the gold mines) are often 

monopsonists11 in their labor markets, so they pay the minimum wage that attracts the 

workers they need.  The standard urban model explains the existence of rent gradients; 

Carlson’s gold mine model explains why rent gradients create wage gradients. 

 

The key innovation in the gold mine model is that not all jobs are located in the central 

business district12. Local labor services and capital construction require distributed 

employment.  Each household demands local labor services13 that must be consumed at 

or near where they live.  Furthermore, capital investment is labor intensive14, so both 

residential construction and business investment require labor at specific locations.  Since 

(at least in theory) the workers have the option of commuting if any firm offers higher 

                                                 
11 Manning (2003) emphasizes the importance of monopsony and monopsonistic competition in 
labor markets. 
12 Wheaton (2004) is an updating of the monocentric city model to take into account decentralized 
employment.  He presents new empirical evidence to show that in U.S. cities, actual employment 
is almost as dispersed as residences. 
13 Kelley and Williamson (1987) claimed to have the first development model to stress the 
importance of non-tradable goods as an influence on spatial cost-of-living differentials.   
14 Phelps (1994) emphasizes that capital investment is labor intensive and plays a central role in 
structural slumps. 
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wages, the wage at any location is the maximum of the wage that can be earned by 

working locally or commuting, net of commuting costs15.   

 

According to the basic gold mine model, wages in a monocentric city are determined 

outside-in, based on the commuting cost from the urban fringe to the city center.  The 

gold mine does not pay its workers their marginal revenue products.  It decides how 

many workers it wants, and pays the wage necessary to convince the infra-marginal 

worker on the urban fringe to make the commute.  The premium wages paid by the firms 

in the CBD create a housing rent gradient, as is formalized in standard urban models.  As 

shown in the gold mine model, there is a corresponding exponential variation in wages, 

with wages peaking at the center and declining smoothly to the fringe.  Importantly, the 

distributed demand for local labor services increases the size of the urban region and 

increases the wages in the CBD. 

 

The situation is only slightly more complicated if a city is polycentric.  In that case, each 

productive firm or cluster of productive firms creates a wage peak.  Imagine a tent 

supported by multiple poles.  The surface of the tent is analogous to the wage level at 

each micro location.  Wages fall between the peaks, but still remain well above the level 

in the surrounding countryside. 

 

The next section of this paper formalizes the model of wages that vary continuously with 

micro-geographic location.  The gold mine model is not described, since it is so much 

                                                 
15 Lee (1987) shows the extent of employment decentralization in Bogota and Cali, Columbia, for 
four major industry groups.  Finance is heavily concentrated in the CBD; manufacturing, 
commerce and services are fairly evenly distributed, with slightly more jobs in the outer rings. 
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like other urban models.  The remainder of the paper demonstrates that the expected 

wage gradients are found in 2005 American Community Survey Public Use Micro-

sample (ACS-PUMS) data, and makes suggestions for future research.  The fact that 

wages vary with micro-location implies that a new approach to economic modeling is 

needed that has large firms and spatial persistence in its microfoundations. 

 

I. Model Set-Up 

A finding that location dummies are statistically significant in wage regressions can be 

viewed as rejection of the assumption that it is easy to move production to minimize 

costs.  If large firms are no more than collections of workers who relate to each other 

through market transactions, then it would be easy to move elements of the production 

process to lower cost areas with no loss in productivity.  On the other hand, if it is costly 

to break the connections among firms, workers and geographical locations, then in 

equilibrium wages and prices will vary substantially among locations, both between cities 

and among micro-locations within a city. 

 

By paying premium wages, firms can increase the sizes of their labor pools.  The wage 

premium attracts workers who must commute from further away.  Willingness to 

commute as a function of the wage offered defines the labor supply curve.  Hence, in the 

inverse labor supply function, the proxy for labor quantity is commuting time16.   

 

                                                 
16 The real situation is more complicated, because as Manning (2003) points out, modern labor 
markets are “thin”. 
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The inverse labor demand curve also relates wages to commuting distance.  The firm 

determines how many workers it wants for each type of job17, as a function of the wage it 

must offer.  The desired number of workers can be mapped onto a commuting region.  In 

the short run, the labor pool consists of the qualified workers who already live in the 

commuting region.  Most of these potential workers are currently employed; but they can 

be enticed to change jobs, by a sufficiently attractive combination of wages, benefits and 

working conditions.  In the longer-run, a firm can draw workers from the national and 

international labor markets, if it is willing (and able) to pay relocation costs, either 

through direct reimbursement or indirectly through higher wages.   

 

As discussed in Carlson (2009), each cluster of highly profitable firms also creates a 

derived demand for the local labor services its employees need and for housing.  

Examples of local labor services are home maintenance, restaurant meals, and medical 

services.  Often tradable goods are bundled with local labor services, such as the advice 

and customer support that employees of a department store provide to complement the 

tradable products sold by the store.  The cost of these services, which is proportional to 

the local wage rate, varies with spatial location.  Thus, the premium wages attributable to 

the possibility of commuting to a large profitable firm also raise the wages of all workers 

in the commuting region, even those who provide competitive local services.  

 

If the most highly paid executives and engineers live in a community thirty minutes from 

a CBD, their demand for local services creates another high wage attractor for labor, 

                                                 
17 By job type, I mean similar workers are needed to perform each job of the type.  Similarity of 
workers is based on experience, education and interest.  In the tables, I refer to job type as 
“occupation”. 
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centered on their expensive residential community.  This phenomena is one of the reasons 

why cities tend to be polycentric.  Another reason is that firms in the CBD tend to create 

satellite operations on the urban periphery, to benefit from lower labor costs while 

keeping the operations close enough for convenient oversight18. 

 

Equilibrium is achieved through the adjustment of asset prices.  When houses are 

expensive, rents are high.  When it costs a premium rent to live within commuting 

distance of a good job, the income net of housing cost is equalized with the income in 

other urban and rural settings.  Thus, as is standard in urban models, a spatial equilibrium 

is characterized by utility equalization at all residential locations where similar workers 

choose to live.  My models assume that utility maximization is conditional on the 

distribution of housing prices, jobs and wages, and expectations about how those levels 

will change in the future.   

 

There will be spatial sorting of the labor pool, because the more productive (better paid) 

workers get first choice of where they want to live.  While wages are partially explained 

by observable worker attributes, actual wages reflect worker attributes that are omitted 

from standard wage regressions, perhaps because they can’t be measured.  These omitted 

attributes have a significant effect on the value of the worker to the employer.  When a 

firm decides how much of its economic profits to share with the employees, it must 

consider the cost of losing unique skills, and must realize that any employee in that job 

                                                 
18 Renkow and Hoover (2000) is a recent study of commuting, migration, and the dynamics of 
population shifts between urban and rural settings. 
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will have to live in the commuting region and pay rent19 for a place to live.  Thus, the 

owners of local residential real estate benefit from economic profits earned by local 

firms, as long as those firms cannot easily move their operations to a less expensive site. 

 

Labor Supply   

Because transaction costs to change residence are high, workers search first for a new job 

that is within commuting distance of their current residence.  Therefore, we expect the 

error terms in standard wage regressions to be correlated with residence location.  The 

spatial sorting is on many dimensions.  As discussed above, there is income sorting, 

based on the matches between workers and firms.  This income sorting causes housing 

price gradients and wage gradients.  Surrounding each high productivity firm will be 

workers who, through selection, training and experience, are a good fit for the firm’s 

needs20.  This spatial sorting is persistent, because of relocation costs, because even firms 

in the same industry will tend to use slightly different processes, and because over time 

houses are remodeled or replaced to fit the income levels of their occupants.   

  

The short-run inverse labor supply equation defines the minimum wage a worker will 

accept, given her current residence and human capital.  The minimum annual earnings a 

worker will accept is a function of hours worked, compensation for commuting, 

individual worker attributes, including especially education and experience, attributes of 

                                                 
19 In the U.S., about two-thirds of households live in dwellings they own.  National income 
statistics and the consumer price index are based on the equivalent rent for owner-occupied 
dwellings; see Poole, Ptacek and Verbrugge (2005). 
20 Glaesser and Mare (2003) argue that wage premiums emerge over time, because cities are 
engines for growing human capital. 
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the job, and a shift factor for the cost of living at the residence location.  The shift factor 

not only models the local cost of living, but it also absorbs the effects of historical sorting 

on unobserved worker attributes.  This shift factor is the concrete representation of the 

wage surface for this econometric study.  In the short-run, it is reasonable to assume that 

residence locations are fixed.  When firms are hit by market shocks, the first response is 

for workers to change jobs and commuting patterns.  Over time, people relocate, and the 

housing stock adjusts to improve efficiency. 

 

I use the natural log of annual earnings as the dependent variable.  As explanatory 

variables, I use functions of hours worked per week and the one way commuting time in 

minutes, because those are the variables that are available in the dataset, along with an 

extensive set of the usual variables used in wage regressions.  Note that wage regressions 

often use the natural log of the hourly wage as the left hand (dependent) variable.  If that 

is a correct model, then it should be deducible from the coefficients in the model I 

estimated.  I chose not to derive a proxy21 for the hourly wage, and instead I use hours 

worked per week as one of the many determinants of annual earnings. 

 

The labor supply equation defines the minimum annual earnings that a worker with 

particular attributes will accept.  In this system, it has the following form: 

  [ ]( , ), , , , , * ...(1=Lnearn f C Hrs Commute Person HH Job Residence J Commute )

                                                 
21 For example, a typical approach is to estimate hours per year as 50 weeks per year times 
usual hours worked per week.  Then a wage per hour can be estimated as annual earnings 
divided by estimated hours per year. 
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Lnearn is the natural log of total labor income during the previous twelve months, 

whether derived from wages or from self-employment.  The data on self-employment 

income has been transformed, by setting negative values equal to zero22.  The function 

C(•) relates hours worked and commuting time to earnings.  Hrs is the “usual” hours that 

the survey respondents reported that they worked per week during the past twelve 

months.  Commute is the one-way travel time to work, in minutes.  The vector Person  

characterizes the individual, the vector HH  describes the household, and Job  describes 

the job, including J, which is a vector of dummy variables identifying the standard 

occupation code (“soc”).  Residence  is a vector of dummies that identify the “PUMA” of 

residence23.  The intersection of the job category and commuting time (“J*Commute”) 

incorporates the fact that people who work in well paying jobs are probably less willing 

to commute. 

 

The most complicated model considered used a third order Taylor series expansion of the 

two dimensional function C(Hours, Commute).  Hence, the linear regression equation 

included hours, hours squared, hours cubed, commute, commute squared, commute cubed, 

hours*commute, hours* commute squared, and commute * hours squared.  In the end, I 

decided to represent C(Hours, Commute) as [a*ln(hours)+b*ln(commute)].  The Taylor 

series representation does not gain enough explanatory power to justify its complexity.  I 

also dropped the interaction term, J*commute , because when the model was applied to 

                                                 
22 The goal is to eliminate the effects of capital income and investment, to the extent that doing so 
is possible.  Negative self-employment income in a particular year is usually an indication of 
investment in the business. 
23 PUMAs are the small geographic areas for which the 5% and 1% samples of all U.S. 
households are collected in the American Community Survey. The minimum population of a 
PUMA is 100,000.  
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Massachusetts data in the 2005 ACS-PUMS dataset, the coefficients were not statistically 

different from zero. 

 

Labor Demand   

 

The inverse labor demand equation is the following: 

[ ]( , ), , , , * , * ...(2)=Lnearn g T Hrs Commute Person Job POW Localserv POW Industry Commute  

As in the labor supply equation, the function T(•) represents the combined effect of hours 

worked and commuting time on earnings.  Person describes the individual, and Job  

describes the job.  POW (an abbreviation for “place of work”) is a vector of dummies that 

indicate the PUMA where the job is located.  The coefficients on POW estimate the 

differences in relative wage levels at job locations.  The Job dummies are included, 

because firms can consider individual (unobservable) attributes when selecting for 

promotion.  The Industry dummies reflect the fact that firms both select the workers who 

are the best match to the industry, and they train them.  Industries that pay the highest 

wages get first choice of workers. 

 

Localserv is a dummy that selects a set of relatively low paying local services jobs.  

Finally, the labor demand equation must take account of the fact that efficient firm sizes 

vary by industry.  After exploring a variety of specifications, I decided to approximate the 

commuting function, T(Hrs, Commute) with ln(Hrs) in the labor demand equation, 

ignoring commuting time.  I also dropped the interaction terms industry*commute  and 
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localserv*POW .  With this dataset, I could not reject the hypothesis that the coefficients 

on these variables equal zero.  I still believe that with a different dataset, I will be able to 

prove that these interactions matter24. 

 

II. Regression Results 

This paper presents an empirical study of seven states that contain the largest U.S. 

Metropolitan Statistical Areas (MSAs), plus the farm state of Iowa.  The data comes from 

the American Community Survey Public Use 1% Micro-Sample (“ACS-PUMS”), which 

is collected every five years by the U.S. Census Bureau.  The most recent data available 

is for 2005.  This sample is organized geographically into Public Use Micro Areas 

(“PUMAs”).  Each PUMA is a section of a city, a town, or two or more adjacent towns25.  

Due to privacy concerns, the Census Bureau has transformed some records in a way that 

maintains the validity of aggregate statistics, but that may invalidate statistical results for 

small geographical areas.  For this study, I viewed this uncertainty as an additional source 

of measurement error, and hence as one of the many factors that contribute to the random 

error term in regressions.  Because the ACS-PUMS dataset provides information about 

personal characteristics, household characteristics, job characteristics and wages for 

individuals, the “ecological fallacy” is not a concern26.   

                                                 
24 The data experimentation summarized in this section was performed using Massachusetts 
data.  As discussed next, results for the other seven states have not been compromised by such 
data mining. 
25 The Census data uses a set of PUMA identification numbers and state identification numbers.  
For example, Massachusetts is state “025”.  I constructed a global PUMA_ID by concatenating 
the state ID onto the within state PUMA number.  For Massachusetts, I then determined the 
names of the cities and towns within each PUMA, by using the Census provided equivalence 
table that relates PUMA boundaries with a map of the political boundaries. 
26 The ecological fallacy can occur when inferences about individual behavior are made based on 
data about aggregates.  As discussed by Freedman (1999), this fallacy occurs if the statistical 
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To define the model, I experimented with data for Massachusetts.  The 1% ACS-PUMS 

dataset for Massachusetts contains 28,864 workers.  Each ACS-PUMS record contains a 

primary weight, and a set of eighty (80) alternate weights27.  Using the primary weights, 

the estimated Massachusetts population in 2005 was 6,200,944, of whom 3,032,075 

(48.9%) were employed28.  4% of the employed workers report an employment location 

in another state or in a foreign country. 

 

As discussed in Carlson (2009), a variety of different models have been estimated for 

Massachusetts.  I chose Massachusetts to explore the data, because I have knowledge of 

the local geography and economy.  This process can, of course, be criticized as data 

mining.  That is why I used the Massachusetts data to choose a preferred model, and then 

I evaluated that model in terms of its ability to explain data on the other states.   

 

The two-equation model discussed in the previous section was estimated using Stata’s 

2SLS command.  Two vectors of independent variables shift the labor supply equation 

and therefore identify the labor demand: attributes of the household and residence 

location. Similarly, the following vectors of independent variables shift the labor demand 

equation and identify labor supply: job location and industry dummies.  The rationale is 

that residences that provide access to better paying jobs command higher rents.  How 

                                                                                                                                                 
behavior of a demographic group depends on the area of residence.  Thanks to Steve Ross for 
bringing this issue to my attention. 
27 According to the Census Bureau, parameter estimates using the standard weights are 
unbiased.   The recommended way to estimate error bounds is to use the alternate weights.   
28 According to the Census Bureau’s “Quick Facts”, the Massachusetts population in 2006 was 
6,437,193, which is 3.8% higher than the estimate I got by taking the weighted sum of the records 
in the 1% ACS-PUMS sample for the previous year. 
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valuable that access is depends on characteristics of the household, and the kinds of jobs 

to which each person aspires.  Rents strongly affect the local cost of living, and hence the 

reservation wages demanded by the residents.  Rents also reflect geographic sorting of 

workers, based in part on unobservable attributes.  People choose where to live, taking 

into account how much they expect to be able to earn and the kinds of jobs that will be 

accessible to them.   

 

Similarly, more productive firms are located in particular places.  Whether their location 

is a historical accident, the result of natural resource endowments, caused by 

transportation efficiencies, or the result of agglomeration economies, the fact is that firms 

in some locations pay more than similar firms located elsewhere.  Hence the maximum 

wage a firm will pay is shifted by the coefficient on the relevant place of work dummy.   

 

Each worker offers (supplies) labor to the circular commuting region surrounding her 

house, which includes the firm with which she is currently matched.  Each firm attracts 

(demands) labor from the circular commuting region surrounding its facility location.  

Included in that region are the residences of its current employees. 

 

A final issue that must be discussed is estimation of standard errors, and the 

determination of the statistical significance of coefficients.  Sample design for the ACS-

PUMS is sophisticated and complex.  Each record contains a sampling weight that must 

be applied in estimations.  The sample design also reflects stratification and clustering.  

ACS-PUMS data includes a set of alternate weights that the Census Bureau recommends 
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be used in a particular way to estimate standard errors.  I used unweighted data for 

Massachusetts to choose the preferred model.  I then applied the preferred model using 

weighted data for all eight states. To estimate standard errors, I used the procedure 

recommended by the Census Bureau.  Results of these weighted regressions are reported 

in the remainder of this paper.   

 

Table 1 summarizes the results from estimating the inverse labor supply and demand 

equations.  An expanded version of table 1 is presented in Carlson (2009).  The four page 

summary table consists of two pages for each of two groups of states.  In all cases, the 

dependent variable is lnEarn, and the two additional endogenous variables are lnHours 

and lnCommute.  All other variables are treated as exogenous.  The labor supply equation 

models a worker’s employment decision looking outwards from her residence.  The labor 

demand function predicts the maximum wage a firm will pay. 

 

The R2 for the labor supply and demand equations29 are reported at the top of Table 1.  

For most states, this model explains a substantial portion of the variation in earnings.  

The greatest explanatory power is for Michigan, where the labor supply equation explains 

44.8% of the variation in earnings, and the labor demand equation explains 58.6% of the 

variation.  The labor supply equation for Texas has the least explanatory power, among 

these sixteen equations, at 29.8%.  The labor demand equation with the least explanatory 

power is for Georgia, at 38.0%, followed closely by Texas at 42.0% and California at 

42.7%.    

 
                                                 
29 Stata does not report an adjusted R2 for the 2SLS command. 
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Estimated Wage and Price Surfaces 

One of my key claims is that workers sort into residences based on the spatial distribution 

of firms.  The validity of this claim is supported by the results using unweighted data in 

table 2 and weighted data in table 3.  Table 2 reports the results of F-tests that reject the 

hypothesis that the coefficients on all location dummies equal zero.  Table 3 reports the 

actual magnitudes of the effects of location on annual earnings. 

 

As reported in Table 1, the regression equations control for a conventional set of worker 

attributes, including education, age and household characteristics.  Furthermore, a job 

type dummy has been included to absorb variation that is signaled by the fact that the 

worker has been selected to perform a particular kind of job.  For example, selection as 

an executive is worth about a 52.3% increase in annual earnings offered by 

Massachusetts firms30, all else equal.  In addition, the model has controlled for working 

hours, and for job attributes such as being self-employed, having to report to work 

between 7:00am and 9:30am, and jobs providing a local service.  Finally, the model has 

controlled for commuting time. 

 

Table 2 reports the results of F-tests that all coefficients on residence location dummies 

equal zero in the labor supply equation, and that all coefficients on job location dummies 

equal zero in the labor demand equation.  To the extent that the occupation and industry 

dummies have absorbed unobserved productive attributes of the worker, the coefficients 

on residence dummies should reflect local cost of living differences, and coefficients on 

                                                 
30 Results for the additional explanatory variables are reported in Carlson (2009).  The actual 
increase for being in a job with the title of executive is exp(0.5229) = 1.69, or a 69% increase. 
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job location dummies should reflect productivity premiums of firms that are at the 

location.  For all eight states, the hypothesis that the coefficients on residence location 

and job location equal zero (tested independently) can be rejected at a 99.9% confidence 

level.   

 

Wages at an urban center create a wage gradient in relation to wages at the edge of the 

commuting region.  The wage surface is relatively smooth, not a step function, because 

workers require both local services and construction labor where they live31.  Workers 

who provide local services achieve the same utility as workers who commute, so the cost 

of commuting creates a smooth wage surface that matches the rent surface.  The extent to 

which the large observed differences are due to unobserved productive attributes32 of the 

worker versus differences in local wage gradients and local cost of living is left as a topic 

for future research. 

 

Correlation of Residence and POW Coefficients 

The coefficients on the location of residence dummies should be positively correlated 

with the coefficients on the job location dummies.  The reason is that people who live 

near a high paying job will be forced to pay a high rent for their house, so they will 

demand a high wage.  I tested this expectation by using a regression to explain the 

coefficients on place of residence by the coefficients on place of work plus a constant.  

                                                 
31 In the real world, the distinction is between services “near” to home versus services “near” the 
place of work.  The model has been simplified, by assuming wages are earned at two points: the 
place of work and the place of residence, and further that all locations in a PUMA are the same. 
32 For example, is a waiter working in a restaurant in the urban center delivering higher quality 
service than a waiter working in the suburbs, or is he paid more simply because of the local cost 
of housing and commuting?  
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For all states, the coefficient on the POW coefficients is positive and significantly 

different from zero.  The values, reported in the right two columns of Table 2, range from 

0.508 in Massachusetts to 0.843 in New York. 

 

Magnitudes of Earnings Differences 

The coefficients on the location variables are statistically significant, but are they 

important in practice?  Table 3 addresses this question. The left three columns show the 

range between the minimum and maximum wage levels.  The smallest range for 

employers’ willingness to pay based on the PUMA containing the job site, is the 28% 

premium in Iowa.  The largest ranges are factors of 2.0 in New York and 3.58 in Texas. 

 

Another measure of the spread is to identify the PUMAs such that 25% of PUMAs have a 

larger wage premium (coefficient) and the PUMAs such that 75% of the PUMAs offer a 

larger premium.  Wage spreads between the 75% PUMAs and the 25% PUMAs are in the 

10% to 20% range. 

 

Thus, people who live in some PUMAs can expect to earn substantially higher nominal 

wages than people who live elsewhere in the same state.  Similarly, people who work in 

some PUMAs earn substantially more than people who work in other PUMAs in the same 

state.  These nominal wage premiums are absorbed by higher prices for housing and local 

services.  The locations of jobs that pay more are highly correlated with the locations of 

houses whose owner-occupants expect to earn a premium wage.  These relationships are 

consistent with expectations, as discussed in the next section. 
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III. High Productivity Firms and Wage Peaks 

To better understand my results, I did further analysis on the situation for Massachusetts.  

According to the 2005 County Business Patterns data, firms with 10,000 or more 

employees employed 27% of U.S. workers, and firms with at least 500 employees 

employed 50% of U.S. workers.  The average establishment size in 2005 was 51.8 

employees for firms having more than 10,000 employees, and 54.2 for firms having 500-

999 employees33.  Thus, the average establishment was not very large in comparison to 

the size of urban labor markets, but even relatively small firms concentrate groups of fifty 

or more workers into individual facilities.  The largest firms operate many facilities 

(establishments) in geographically dispersed locations. 

 

I checked the regression results for Massachusetts to confirm that large firms have 

significant facilities in the PUMAs with the largest wage premia.  Boston includes the 

CBD used in conventional monocentric city models.  Industries with large facilities in 

Boston include finance, healthcare and education.  All else equal, a job in Boston pays 

7.9% more than an equivalent job in Worcester.  Jobs in Cambridge, across the river from 

the Boston CBD, pay the similar wage premium of 9.0%.  Cambridge is the center of the 

biotechnology industry in Massachusetts, with Biogen Idec, Novartis, Genzyme, 

Millennium Pharmaceuticals, Vertex Pharmaceuticals, Wyeth, and Shire Pharmaceuticals 

included in a list of the top 25 Cambridge employers in 2007. 

 

                                                 
33 2005 County Business Patterns data. 
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As shown in Table 4, the highest wage peak in Massachusetts is not in the Boston-

Cambridge CBD; it is in Metrowest.  Employers in Framingham-Natick pay 13.8% more 

than employers in Worcester, and employers in the PUMA that includes Wellesley pay 

12.5% more.  Framingham-Natick is home to the headquarters of three large companies: 

Bose Corporation, Staples and TJX.  Other major employers include Lifeline, Natural 

Microsystems, Perini, Genzyme, ADEESA and MetroWest Medical Center.   

 

Wellesley is an example of a town that provides a very high quality but expensive 

lifestyle.  People who live in Wellesley expect a 14.8% higher wage, even higher than the 

12.5% premium paid by firms located in Wellesley.  Within Boston, residents of Beacon 

Hill and Back Bay demand a 10.7% premium, relative to equivalent workers who live in 

Worcester.  People who live in other Boston neighborhoods (Brighton-Allston, 

Dorchester-South End, and Roxbury-Mattapan) are willing to accept lower wages than 

econometrically equivalent workers in Worcester. 

 

The theory presented in this paper is about matching unique workers with unique places 

to live and with jobs in unique firms, conditional on spatially dependent wage levels and 

living costs.  Individual examples are not sufficient to prove a theory, and much work 

remains to be done.  Nonetheless, it is reassuring that every time I have investigated the 

details lying behind a peak in the wage distribution, I have found a cluster of famous 

firms that are leaders in their respective industries.  The internal operations of these firms 

seem to fit Adelstein’s (2005) description of firms as evolving multilateral contracts. 
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Modern economies are hybrid combinations of large firms and smaller producers.  The 

County Business Patterns data suggests that large firms that benefit from significant 

economies of scale, and that impose a hierarchical decision process on their employees 

employ about half of all U.S. workers.  Wages in these large firms are determined in 

internal labor markets that manage worker careers over one to four decades. 

 

Firms are often built around fixed facilities that are difficult or impossible to relocate.  

The average facility employees about fifty workers; many facilities are much larger.  If a 

firm wants to relocate a team of fifty people, the move will be expensive, and critical 

members of the team may be lost.  Wage inertia and geographic fixity are inherent 

attributes of modern economies.  The empirical section of this paper has demonstrated 

that job location and residence location are significant determinants of annual income.  

The empirical results are consistent with the view that the U.S. economy is a hybrid 

combination of large firms producing tradable products and small firms providing local 

services. 

 

 

IV. Conclusion 

In all states studied, which include the largest U.S. MSAs plus the rural state of Iowa, 

there is less than a 0.1% probability that annual earnings of a worker are independent of 

where she works and where she lives, even after controlling for attributes of the worker, 

the job, and the industry.  This econometric result cannot be reconciled with the 

assumptions of “perfect” competition, since the labor cost differentials are so large that 
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firms would rapidly move and decentralize if they could.  On the other hand, the result is 

consistent with the alternate hypothesis that a large fraction of U.S. jobs (roughly half) 

are in large firms that benefit from significant economies of scale and that are price 

setters in their product and labor markets. 

 

This research has demonstrated that urban wage gradients exist and are significant.  The 

fact that wages vary with micro-location implies that a new approach to economic 

modeling is needed that has large firms and spatial persistence in its microfoundations. 
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