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Abstract: The tyranny of distance in terms of its effect oadian earnings and housing costs is
examined for rural and urban U.S. counties. Fivstdevelop a series of distance metrics for ansarea
remoteness from multiple tiers of the urban hidrar&econd, we consider geographical access offbuye
and sellers through market-potential measuresdypicthose used in empirical studies of the New
Economic Geography. The results reveal penaltie®obit 5 to 9% for median earnings and 12 to 17%
for housing costs due to remoteness from the coeddtiers of the urban hierarchy. Differences inkaar
potential also influence factor prices, but theffeces are generally smaller than those producedrbgn
hierarchy distances. Thus, it appears that empiests of New Economic Geography models need to
consider sources of agglomeration spillovers beyaggtegate market potential. Visually depictingsthe
results using maps illustrates that urban hieradistgnce penalties dominate in the western Ul the
influence of market potential and urban hierarcteyabout equal in the East.
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1. INTRODUCTION

An enduring empirical regularity across space & tages and land prices tend to decline with
greater distances from large urban core areas.pHitiisrn applies whether examining land prices or
wages within a given urban area or between thetamds and successively larger urban centers.
Explanations for spatial differences in wages amdiIprices generally revolve around location respsn
of households and firms to spatial variations iodorctivity and amenities.

In the New Economic Geography (NEG), producersam$umers co-locate to exploit plant-level
scale economies and to minimize trade transpontatists. Head and Mayer (2004a) note that empirical
efforts to assess the NEG have focused on fivegsitipns. Related to factor-price gradients isfitst
proposition that greater local market potentiaeaifactor prices (and production). This predicison
supported by numerous studies (Davis and Weing@03; Hanson, 2005; Head and Mayer, 2004b;
2006; Ottaviano and Pinelli, 2006; Redding and \bbes 2004).

Aggregate and undifferentiated market potentialyéacer, may be limited in fully reflecting the
nature of agglomeration spillovers because it sm¢gonsider the spatial nature of urban conceatrsit
and especially the position of these concentratiotise urban hierarchy. There are compelling reaso
consider factor returns within the rich contexpodcise geographical location and with respedb¢o t
urban hierarchy. In particular, classical CentiacE Theory (CPT) predicts that successively higher
orders of service (with higher demand thresholds¥iest available at successively higher levaksr$) of
center. Thus, the industry structure varies adiess where centers at each tier perform all tinetions
of the lower-tiered centers plus new ones for whiithdemand thresholds are first met at that Tikee.
resulting hierarchical urban system can affectdiaptices in a much more rich and nuanced maniagr th
predicted by simple market potential in NEG modAlsnore complete study of factor-cost gradientsrove
space then requires a spatial and urban-hierarahyef of reference.

While the systematic nature of the urban hieraishyell-trodden ground in terms of determining
rank and size patterns, empirical studies of shspilovers on factor prices are largely abseraggnthal
and Strange, 2006). Most research has generaliyiagd localized housing costs and wages with réspec
to the central business district in a given urb@aglLucas and Rossi-Hansberg, 2002), while other

studies examined how city size affects wages (@lassd Maré, 2001). Exceptions include Brilhart and



Koenig's (2006) assessment of European core-pasipis@ge gradients and Eaton and Eckstein’s (1997)
examination of hierarchical city-size effects omtaun capital formation, factor returns, and
hierarchically-derived international developmentéfgs. Yet, there is an absence of studies exagini
the gradients of factor prices across the urbarafikical system.

Agglomeration benefits related to urban scale idelaccess to material and labor inputs by
businesses, as well as to cultural, recreational cansumer services by households, all of whiclr be
direct relation to the specific tier in the urbaerbrchy (Christaller, 1933; Krugman, 1996). Likewi the
size of urbanization economies (Jacobs, 1969) dimtuhuman capital externalities (Glaeser, 1998, a
related to urban size. These spatial externalitigdy that productivity andceteris paribuswages and
land rents are directly related to urban tier. Iremtthey suggest potentially different rates tdratation
of spillover effects across space depending oti¢hef the urban center from which the spillovarse.

For any area then, part of its productivity (dis)attage is due to its proximity (remoteness) to
higher tiers (or larger cities) within the urbaetarchy, and part is due to its aggregate and
undifferentiated market potential. Market potenéiatl distance/proximity are not entirely indeperi@an
the size and spacing of centers in the urban luleyarelate to the purchasing power in market arées.
market potential, measured by population or inc@within a broader region), does not explicitly
consider the spatial distribution of that populatemd alone, may be an incomplete measure of
agglomeration spillovers. For example, whethenamievel of market potential is generated by saver
smaller cities or one large mega center may bengolitant consideration. Further, market potent@ta
predicts smooth factor return gradients while higvizal effects generate discrete changes withén th
gradient (Brilhart and Koenig, 2006). Also, in dlvestablished urban system, diminished transport
costs imply that other factors such as knowledgksgprs associated with the specific size of citieay
dominate those associated with market access (€laed Kohlhase, 2004).

In this paper we systematically investigate howdrighical geographic proximity and market
potential contribute to differences in householchiggys and housing costs. Our key contributiomé t
we explicitly consider both the role of hierarchidestance and standard (NEG-type) market potential
effects. Our findings reveal spatial patterns imegys and housing costs that are systematicdbyer to

remoteness from successively higher tiers of thamhierarchy, with distance effects for housingtgo



being greater than those for median earnings. Tihegative hierarchical distance effects are intedi
to the standard market potential effects.

We also find that standard market potential effexdssistent with positive agglomeration
spillovers, are on average smaller and less pesmvaisan the urban hierarchy distance effects. Thus,
standard market potential is not sufficient to capthe more specifically delineated effects of
remoteness from agglomeration effects. Undiffeegatl market potential may be more relevant for
explaining factor price gradients in densely pofdaegions such as in Western Europe than for less
uniformly densely populated regions. The resultggest that a country’s trade and development petter
may be influenced, not only by market potential, ddao by the structure of its urban hierarchy,
especially for the highest-order services whicheselon knowledge spillovers (Glaeser, 2007).

2. REMOTENESS AND THE SPATIAL DISTRIBUTION OF FACTO R PRICES

Numerous studies have linked the spatial distrisugf factor prices (and production) to the
distribution of demand or access to markets (Dans Weinstein 2003; Hanson, 2005; Head and Mayer,
2004b; Redding and Venables, 2004). From NEG, greafarket access reduces transport costs to final
consumers and intermediate suppliers, which aldtiyg@zonomies of scale to the firm, facilitates
agglomeration economies and raises factor prices.concentration of economic activity is equally
consistent with explanations other than marketsg@@osenthal and Strange, 2001).

For example, urbanization economies of Jacobs (196t as knowledge and technological
spillovers vary with city size. Cultural urban ariters and specialized producer services also may on
be available in the largest of cities (though adearongestion effects also may be prevalent) (6taes
1997). Brulhart and Koenig (2006) found city-sizege effects associated with capital cities across
Europe, while Eaton and Eckstein (1997) discovigrgize effects on human capital formation anddact
returns. These alternative explanations may domisi@ndard market potential measures in importance
for agglomeration and factor price determinatioeK2 and Eaton, 1999; Fingleton, 2006; Glaeser and
Kohlhase, 2004). A broader context that allowstifierinfluence of both market potential and altaxmat
explanations is one which explicitly considers tierarchical nature of the urban system, with
successively higher orders of function availableuncessively higher tiers (Christaller, 1933) Xty

to theparticular city at aparticular tier may matter for both firm and household logatiiecisions.



2.1 Equilibrium Representation of Remoteness and Ftor Prices

Our empirical approach is informed by the spateieyal equilibrium framework of Roback (1982)
in which both household and firm location decisians represented. Location characteristics which
enhance firm profitability (market demand and ciqe®ximity to larger centers) have a positive efffe
on wages and land rents. Factor prices also aeetaff by household preferences for access to carsum
services and urban amenities successively avaigligher tiers of center, though there may be
offsetting congestion effects. Considering the ciomath firm and household preferences, where
households also view closer proximity to agglomeratenters as beingn net,utility-enhancing, closer
proximity will unambiguously increase rents. Théeet on wages, however, depends on the relative
magnitudes of firm (labor demand) and househohlibflaupply) evaluations of distance effelts.

Figure 1 illustrates the potential factor priceeett a la Roback of distance from markets and from
larger cities (undifferentiated by urban tier, fmw). For each location, at a given distance, istyut
curves V() are upward sloping because higher land rents teelkd offset by higher nominal wages to
leave the household equally well-off. Likewise,rthexists an isocost curve Lihat is downward
sloping because higher rents require lower wagésaie costs unchanged. Thus, an equilibrium
combination of w and r exists for each location.

At some arbitrary distance tb the set of higher urban tiers, the equilibriwage and rental rates
equalw, andr, at point A, where the corresponding isocost andtilty curves intersect. Assuming that
locations at a greater distance from markets ad frigher-tiered cities have lower profit potental
greater distance,ahifts the isocost curve leftward. In the absesfdeousehold effects, equilibrium
wages and rents decline tg and p at Point B? Allowing for only firm distance effects, increased
distance would thus result in successive equililoridne southwest direction from the initial
equilibrium—i.e., both wages and rents decline.

The impact of increased distance on the isoutlityve is less clear, as households more likely

experience some offsetting positive effects ofadise. If distance exertsatnegative influence, say for

Y1f householdspn net perceive closer proximity (due to congestion machenties) as utility-eroding, closer
proximity will unambiguously lead to higher wageat khe effect on rent is ambiguous.
“Ottavanio and Pinelli (2006) similarly show how Nip@dictions can be cast within a Roback frameviork
reggons of Finland, but they do not consider oftwssible explanations for agglomeration.
From NEG notions of agglomeration shadows, to tterd that the firnbenefitsfrom reduced spatial price
competition, the leftward shift would be moderated.



example, because of reduced accessibility to uabaanities, V() also shifts leftward (as shown in Figure
1), further reducing rents, but partially offseffithe wage decrease represented by B. At poiriteC, t
firm-induced negative wage effects dominate thetipeswage effects from the household (supply side)
effects, to produce a net reduction in the wage fatcontrast (not shown in Figure 1), if remotmne
were household attractive, such as through avoelaharban congestion costs, Miould shift

rightward, further reducing wages, but making teeeffect on rents ambiguous.

2.2 Conceptualizing the Role of Distance across théban Hierarchy

The interregional net agglomeration effects depmmthe tiers (sizes) of urban centers, and the
distance between these centers and the interaeiigns. The theoretical basis for assessing how
distance affects location patterns, and the reguhierarchy of cities, follows from Central Pladeeory
(Christaller, 1933). Across the hierarchy of citiagglomeration economies are expected to be gtaate
the highest-tier centers. The lowest tier may aff@ly the most basic services such as a gasobtierst
The next higher urban tier would offer all of trexnsces in the lowest tier plus other higher-ordere
services such as big box stores. The third tierlavoffer all of the services found in the secorat plus
additional higher-ordered business services suelt@suntants, attorneys and software consultams. A
so on up the urban hierarchy (e.g., see the reletdulligan, 1984).

Households and firms in the hinterlands and loweetl cities must traverse the distance to the
nearest higher-tiered cities to access higher-ageefices, urban amenities, higher-paying jobs, and
lower-cost products (i.e., factors related to aggioation economies). A non-metro area, situatemaie
distance from each of (say) 4 higher tiers in tieeanchy will find its equilibrium wages to be i a
reflection of agglomeration spillovers from eaclittd 4 higher-tiered urban centers. We expect wages
(and land rents), reflecting firm agglomerationremmies, to be greatest in the top tier of the urban
hierarchy, declining across the tiers to the loiegt| of the hierarchy. Local (hon-metro) factoicps
will be influenced by the non-metro area's proxynd the nearest urban center through spillovech s
commuting opportunities as well as input-outpukdiges. If the nearest center is already at theesigh
tier of the urban hierarchy, we expect no additieam#duences from other urban centers.

However if the nearest urban center to a givenmetro locatiorni is a tier 3 center, for example,

agglomeration economies consistent with a tierrBerewill influence factor prices in the non-metro



locationandthere will be an added influence resulting from tilon-metro area's remoteness from the tier
4 center. The remoteness effect of the tier 4 ceaflects only access to thecrementakervices found
at tier 4. For instance, if a business locate@daatlioni needs a patent attorney (assumed to be available
at tier 4 or higher), the business needalso travel to a tier 4 city to purchase gasolinbasic office
supplies (available in thedosertier 3 city). They would travel to a tier 4 cityly for services that are
unavailable in a (closer) tier 3 city. Thus, tottap the influence on factor prices of marginallepers
from agglomeration economies uniquely presentérntigr 4 center, only thecrementaldistance to the
tier 4 center should be included. Finally, sinceheiacrementally higher-tier city need to be aceddsr
only the subset of services that agt available in closer lower-tiered cities, Centride Theory
generally implies that marginal distance costsideavhen moving up the urban hierarchy.

The distance penalties in terms of lower factotgsifor community in tierj of n tiers of cities in
the urban hierarchy can be formally expressed l&si®. Each consecutive higher-tier urban ategr(,
t+2...n) has successively higher orders of services, mdran amenities, additional agglomerating
externalities and higher factor prices. Consistgtti a marginal cost measure, the incremental ‘li¢na
then is related to thdifferencein the distances to platel and place, both measured from placeFor
eachi, beyond the own levglof urban centelj€t n), let the incremental distance to the nearest highe
tier t place equatl' and the marginal factor price “penalty” assodatéth greater incremental distance
from a tiert place equals'. The different values of' across tiers show that the total distance response
has multifaceted segments (not just one linearorespacross the urban hierarchy)

The total factor price penalties for a given comityunin thejth tier can then be depicted as:

(1) Penalty = .d"' ",
where the summation is over j+1 to then" tier. The penaltyerm reflects the total cumulative
disadvantage in terms of lower factor prices dudistance measured across all urban tiers.

Figure 2 illustrates the distance penalty for atmni that is assumed to be at the lowest tier (tier
0), in a 4 tier urban hierarchy. Locatibis situated distance érom the next higher level (tier 1) center;
distance dfrom a tier 2 center (incremental distange-a}); distance gfrom tier 3 (incremental distance
d; — d); and distancedrom tier 4 (incremental distancg-d ). The terms show the respective

marginal factor price penalties. Consistent witmi€a Place Theory, the figure shows the marginal



penalties declining with successively higher urbers (though this is empirically verified), Represents
the cumulative (reduced) factor price penalty &anoteness from the urban system.

Figure 2 reflects the nonlinear and discrete nattidistance effects in the urban hierarchy and the
intervening effects of more proximate higher-tieveldan areas that are below the highest tier.
Specifically, in addition to the level of agglomeoa economies (and factor price effects) at ai@aler
tier t, remoteness from an even higher tier would camrgdded penalty, but that additional disadvantage
is onlyincrementallygreater than penalties already incurred at closations.

2.3 Empirically Defining the Urban Hierarchy

We empirically operationalize distances acrossithan hierarchy as follows. For a rural county not
part of an urban center, we include first the distafrom the population-weighted county centeh# t
population-weighted center of the nearest urbatecédefined as a metropolitan area (MA) or mictidgo
area (MICRO)). For a county that is part of a MApart of a MICRO, this first distance is measumrednf
the population-weighted center of the county togbpulation-weighted center of ibsvn urbanarea’
Because MAs and MICROs are often composed of nhelltipunties defined by a 25% commuting
threshold into the urban core, MAs and MICROs cafude multiple suburban counties (U.S. Office of
Management and Budget, 2000), e.g., metro Atlarntaeaextreme contained 29 counties in 2008hin an
urban area, the distance effects reflect a hastr@imetropolitanconsiderations that affect local factor
prices, including congestion, local land use, amdrg. Given our interest inter-urban area effects, we do
not focus on thisvithin-urban area variable when considering distancelfiena

Beyond the nearest/own urban center of any sizénelede the incremental distances to more
populous higher-tiered urban centers as describedkaFirst, we include the incremental distanoenfthe
county to reach an MAWe also include variables that measure the inaneahdistance segments to reach

an urban center of at least 250K, at least 500Kaafehst 1.5 milliof. The largest urban tier generally

“A micropolitan area is roughly defined as the cg(ias) that contain a city of between 10,000-50,800 other
counties with tight commuting links. A MA is similg defined for counties that surround a city ofestst 50,000.
We use the 2003 metro/micropolitan area definitimnallow us to use MICROs (first defined in 20@3d to
include counties in the metro sample if they haeémgimg commuting linkages. We desire a spatialbalr
definition of MAs to isolatevithin MA effects due to commuting patterns versusr urban center interactions due
other factors—with inter-MA effects being our foc@ee the Census Bureau MA and micropolitan dedimstat
www.census.gov/population/www/estimates/metrodeflht

°For example, for a county already located in a ¥h&, incremental value to reach an MA (of any sizelild be
zero because it already is a MA county. Populati@ighted county centroids are from the U.S. Cemausau. The
MA population categories use 1990 population.

®If the county is already nearest to a MA that thei larger than or equal to its own size categibgn the
incremental value is zero. For example, if the ¢gsmearest urban center of any size is already 880,000




reflects national and primary regional centers 30@K-1.5m category reflects sub-regional tiers|, tue
smaller-sizes are lower-tiered centers. We alssidenother nonlinearities in the empirical anaysyond
those introduced by allowing distance effects ffedacross urban tiers.

For any location theumof the (incremental) distances equals the distemaeeVA of at least 1.5
million people; we are measuring, in segmentsct® of reaching the neardsghesttiered city. Figure 2
shows that theffectof this distance is disaggregated by segmentadi tervening tier city, yielding an
overall non-linear relationship, i.e., distancesef§ vary depending on which urban tier is beingsittered.

Figure 3 illustrates the distance measurement€#éobon County, a rural Wyoming county
containing about 8,500 residents. It's nearestrugraa is Albany County (a MICRO), containing titg ¢
of Laramie, located 129kms away. The nearest MBasper, located 143kms away, an incremental
distance of 14kms (143-129). Because Casper isall B, with about 67 thousand people, Carbon
County residents and businesses will also be inflad by agglomeration economies in the nearestiarg
MA of at least 250K, which is Ft. Collins, Coloradeith population just at 250 thousand. Ft. Collims
210kms from Carbon County, but the incrementabdict to agglomeration economies not present in
Casper is 67kms (210-143). The nearest MA of &t 8a0K, the next higher tier above Ft. Collins, is
Denver, Colorado, with roughly 2.5 million peopzenver is 282kms away from Carbon County, an
incremental distance of 72kms (282-210). Becauser&ehas over 1.5 million people, it is considered
the top urban tier and there are no added factoe pistance penalties (incremental distance tchrea
MA of at least 1.5 million equals zero). Yet in siivity analysis, we also assess whether distatwcdse
three largest U.S. MAs matter (Chicago, Los Angedesl New York).

Corresponding to Figure 2, the following distanapply to Carbon County; & 129 (Laramie-
Rawlins), d= 14 (Casper-Laramie)gd 67 (Fort Collins-Casper) and d 72 (Denver-Fort Collins).
Reflecting the urban hierarchy, factor prices im@a County are 'discounted’ relative to thosedraimie
as a result of the distanceid Figure 2 that must be traversed to access Liatsagglomeration benefits.
Likewise, they are further discounted until theht@gt urban tier (Denver) is reached.

2.4 Aggregate Market Potential

A long-standing representation of market accetiseigoncept of market potential introduced by

people and 40kms away, then the nearest urbanréed@kms away and the two incremental distandeegafor
nearest MA of any size and the nearest MA> 25041@oth equal to zero.



Harris (1954), typically measured by a proxy faatanarket demand inversely weighted by distana#. N
being explicitly derived from any theoretical modelarket potential is interpreted as a reduced-form
measure of market access to suppliers and custghteasl and Mayer, 2006). An alternative measure of
market access is explicitly derived from NEG, whadtounts foreal price effects of potential
competitors (Head and Mayer, 2004a; Hanson, 20Q4).atheoretical measures of market demand are
commonly used and appear to perform well comparele explicitly derived measures that account for
NEG real price effects. For U.S. counties, Knafj0@) finds a correlation of 0.95 between a ‘Harris’
measure of market potential and a NEG measureppilisn access which accounts for real regionalepric
differences. This is not surprising for the U.Scdugse its internal openness would be expectectbtte
less regional price variation in traded goods, Itegin smallreal price differentials in the underlying
theoretical measureGiven the close similarities, we use a market medevariable akin to Harris.

Although the effects of market potential and praknm the urban system are related, they can
yield different theoretical predictions. Considee following two scenarios where we assume thd rura
populations are identical. In the first, there @ave cities of 250K each, one located 100kms tonibreh
and the other 100.1kms to the south (and no oty urban centers). In the second scenario, there
one city of 500K located 100kms to the north (andther nearby urban center). All else equal, the
market potential is virtually the same in both so@s assuming similar income across these cities.
However, in our urban system approach, the firshado leads to the nearest urban center of &t leas
250K being 100kms away and it is farther yet tehe@n urban center of at least 500K in which tihgda
center has higher-order services and infrastrugiuge, airports). In the second scenatrio, it i§ on
100kms to reach an urban area of at least 500Kewets, which would give the county a different dact
price effect than in the first scenario in the urlsgstem approach.

In sum, when we include both the hierarchy-spedifitances and market potential variables, we are
assessing the extent to which the standard uneliffetted market potential measures alone are atkequa

in capturing the urban agglomeration spillover @feon factor prices. Factor prices should smoothly

"When examining European data, Head and Mayer (2@@6}hat the Harris measure of market potential
produced results similar to the theoretical measfireal market potential, while Head and Mayer02) find the
measure of real market potential to underperforentHhrris measure. The Harris measure of markenpatenight
also be thought of as an instrument for real mgpkétntial of NEG, but should be cautiously intetpd (Head and
Mayer, 2004a). Hanson (2005) also uses a Harrisaneathough he adds other variables to reflect F&&@ures.
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diminish as distance reduces market potential afldttionalurban hierarchy effects should appear as
discrete shifts in the factor price gradients dejpggmon an area’s proximity to varying urban tiers.
2.5 Descriptive Statistics: The Urban Hierarchy, Maket Potential, and Factor Prices

To illustrate how distance affects factor retufrigures 4a and 4b show the simple relationships
between U.S. nonmetropolitan county household egsrand housing costs, and distances from eaabf tier
the urban hierarchy. Our measures of earnings aensitg costs are from Census 2000 and are desanibed
the next section. The figures show that nonmetroiegs and housing costs generally consistentlirdec
with distance from all higher tiers of urban aréldse gradients appear steeper at shorter distances,
flattening out at greater distances, in which ttaglgnt for nearest urban area ends at a shostande than
the others. Yet, over significant ranges of distathe gradients are approximately linear. A sinplice
pattern emerges for smaller MAs when consideristadce to higher-tiered urban areas (not shown).

These declines also could be interpreted as censistth the factor price declines found to be
associated with declining market potential (Han2®95). Thus, to assess whether we can empirically
distinguish urban hierarchical distance effectafroarket potential as suggested by our discussion i
Section 2.4, Table 1 reports correlation coeffitsdsetween our urban hierarchy distances and mesastir
market potential. As fully described in Sectioriddowing Hanson (2005), we measure market potehtia
total personal income within surrounding concenirigs at varying distances from the county.

The correlation coefficients in Table 1 reveal éixpected negative relationships between distances
from higher-tiered urban areas and the market fiataneasures. The low absolute values indicate tha
these are distinct measures. Even when examininguib-samples of counties used in the empirical
analysis, the largest negative correlation is (ngi2 shown). Though these results support the itapoe of
urban hierarchy, there could be multiple intervgrfactors underlying the results in Figures 4a4mdor
which we now turn to regression analysis.

3. ECONOMETRIC IMPLEMENTATION

Our sample consists of over 3,000 U.S. countieslding those in Alaska and Hawaii), which we
separate into four sub-samples. The first sub-saucghtains nonmetropolitan counties (i.e., not pha
MA), including sparsely populated rural areas, teyand small cities of less than 50,000. In a ¢yose

related second sub-sample, we remove countiebéhatig to micropolitan areas (MICRO) from the
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nonmetropolitan sample to form a “rural” subsampPemoving counties with tight links to the small
cities (10,000-50,000) that comprise MICROs allmsdo assess whether the nonmetro sample
accurately represents rural areas. The final tvoessumples are those that are parts of MAs aredis wit
less than 250K (“small” MAs) and those that aragaf MAs of more than 250K (“medium” and “large”
MAs).2 ° The 250 thousand population threshold is seldmeduse it creates two approximately equal
sized metro samples—though in sensitivity analysiag 500 thousand as the threshold yields almost
identical conclusions. We refer to both MAs and RITs as urban centers in our discussion.

We expect different equilibrium relationships betweemoteness and factor prices across these four
sub-samples, such that pooling them would creatgpticated nonlinearities and heterogeneities. For
instance, compared to a small urban center, a coraity’s wages and land rents would be affected
differently by proximity to its medium and high+tesl urban centers because rural areas have eediffer
industry composition than urban counties (e.g.,niEsand Rossi-Hansberg, 2007). Places in each
subsample likely also have different transport tethgies, commuting patterns, and congestion levels

The natural logs of median 1999 county earning&foployed residents (EARN) and median 2000
housing costs (HCOST) are the primary dependeidhlas. Both variables are derived from U.S.
Census 2000 SF3 files. Although our theory indisda@d rents should be examined, housing costs
should be a good proxy for land rents becauseadhtierences in quality-adjusted residential hnogs
prices result primarily from differences in thelumbed land values (Davis and Palumbo, 2006).

The variable HCOST is defined as the log of weidtaeerage median gross rent ($ per month) of
owner and renter-occupied housing units for 200&bft&I et al., 2003). For owner-occupied units,
median housing prices are converted into imputediairent using a discount rate of 7.85% (Peisdr an
Smith, 1985). The monthly average of this amouon@iwith the median monthly rent for the renter-
occupied units, weighted by the shares of owneg-ranter-occupied houses, is our median housing cos

variable. Using median values implies that bothethelent variables capture the typical worker/regiden

8Counties have the advantage that their bordersatraffected by recent growth experiences (sudfiAs). We
follow the U.S. Bureau of Economic Analysis in mieggindependent cities with the surrounding couotform a
more functional region (mostly in Virginia). Fortlyree mostly small rural counties are omitted authé lack of
economic data. See Partridge and Rickman (200&aimiple details.

e use aggregate county-level data because indivadnsus level housing and earnings data do mbaico
geo-identifiers for the two-thirds of counties tha¢ nonmetropolitan, which would preclude analg$ithem (i.e.,
we would be forced to only consider metropolitagea)). Examples of studies that use individual woakel
housing data include Bloomquist et al. (1988) amdbiil and Rosenthal (2004). Studies like ours titiire
aggregate-level data to capture finer spatial tietelude Head and Mayer (2006) and Hanson (2005).
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earnings and housing cost, consistent with theessmtative individual approach in Sectiof! 2.

Following the quality-of-life literature (Gyourkd al., 1999) and some empirical NEG studies
(Redding and Venables, 2004), we assume that #tebkparnings and housing cost relationships hbld
all periods of time. This study differs from typi¢gedonic quality-of-life studies in that spatiabgimity
rather than natural amenities is our primary foduss spatial emphasis could create two complicatio
First, at the county level, some of the workforod &ousing “quality” variables may be correlatedhwi
urban distance and market potential, creating wallinearity. Second, endogeneity bias could be
introduced if some of the explanatory variablescareelated with the residual, which could occuh#ére
are omitted factors that influence earnings anlémrsing costs and these omitted factors are also
correlated with our local measures of the workfand/or the housing stock.

The empirical approach consists of examining adteve specifications to assess robustness and
econometric concerns. We begin with a parsimoninodel that includes only measures of distance,
fixed-location measures such as climate, deepdatige county’s own and regional population, aradest
fixed effects. This implicit reduced-form model igates multicollinearity and alleviates endogeneity
concerns because these explanatory variables agersus or predetermined. Subsequently, we add
market potential variables, forming the base mademerous other models are then estimated to assess
the sensitivity of the base model results. Paytiateviewing our results, the key distance and etark
potential conclusions are not altered by the extersensitivity analysis, which should greatly wiéde
any concerns that econometric misspecification diggethe results.

We specify hedonic equations for the log of me&iamings (EARN) and the log of housing costs
(HCOST). Except for the distance measures, mosteoéxplanatory variables are from the U.S. Census
Bureau SF3 file (details in Appendix Table 1). &cke of the four sub-samples, for countipocated in

states, the base parsimonious county earnings and hoasstgequations are:
(2) EARNy= '+ “GEOGu+ “AMENITY s+ "+ Y,
(3)HCOST.= "+ "GEOGw+ "AMENITY o+ " P

The GEOG vector contains distance measures to differertt itiethe urban hierarchy (see Section 2.3),

®Median earnings are the preferred measure over ptssible measures. For instance, per-capita incgould
not exactly capture the notion of wages becauselitdes capital income. Likewise, besides notesenting the
medianworker, the average wage per job in the county couldrbetly skewed, especially in rural areas with
seasonal and part-time work. For example, this oreasould count a situation of a person workingie full-time
job and two infrequent part-time jobs as three uaippbs that would likely average a relatively lasage (and
because it is place of work, it would not refleotramuting opportunities that affect the median woyke
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lagged (NEG) market potential variables, and oidugged variables reflecting the scale of the cdanty
region; theAMENITY vector contains measures of natural amenitiebstate fixed effects; account for
common factors within a state. A key advantagées$é¢ specifications is the exogenous/predetermined
nature of the explanatory variables. The regressi@fficients are, ,and ; and is the residual.

In addition to the distance and market potentigbides described in Section 2, BEOG vector
includes the county’s population. If the countp#st of an urban area, we include the total urben-a
population (MICRO or MA), we use population of thearesturban area in the nonmetro samples. In
sensitivity analysis, we include the incrementadydation of higher-ordered urban centers beyond the
nearest urban area. County size measured in souilaseis also included. Greater county size suggest
lower employment density and more space to cortdtausing. It also implies greater distamgthin the
county to reach higher-order services and custothatsnay affectvithin-region agglomeration spillovers.

Market potential is represented by aggregate haldéhcome in surrounding 100-200, 200-300,
300-400, and 400-500km rings measured from thelptipo-weighted center of the county, which
allows for a flexible functional for: We use lagged (1989) measures of market poteatialtigate any
direct endogeneit}? We do not include aggregate income within 100krthefcounty of interest because
this would introduce endogeneity by definition las targest component of household income is eashing
one of our dependent variables. Many NEG studiedasiy remove the own region or the own country
in calculating market potential to mitigate thisicern (Redding and Venables, 2004; Head and Mayer,
2006; Knaap, 2006). In our case, the own countyladion and population of the own or nearest urban
center account for more localized market potential.

To avoid omitted variable bias, we control for puil causes of labor supply shifts and other locat
attributes that may affect firm location (Finglet@904). NaturaRMENITIES , reflecting ‘'first nature'
location effects, are measured by four climateaidess, a 1 to 24 scale variable related to topdgrap
percent water area, and three indicators repreggioitation within 50kms of the Pacific Ocean, Atla

Ocean, and Great Lakes. State fixed effects acdoustate factors such as settlement period, polic

YA county’s household income was included in a ifris own population-weighted centroid fell in théing. A
500km limit follows Hanson’s (2005, p. 20) conclusithat the effects of shocks to market potentiaély extend
beyond 400km. Another way would be to inverselyghéineighboring county income by the distance ftben
county, but our approach is more flexible becausala/not have to find an optimal weighting scheme.

20 addition to possible correlation in measurenentr, there is a possibility that there is an oediffactor or
shock that contemporaneously increases wages arginigoprices in both the county and the broad regidich
creates endogeneity bias. Lagging the market dateneasure 10 years avoids such direct endogeneity
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differences, or natural resource availability. Withte fixed effects included, the other regression
coefficients are interpreted as average respoosesthin-state changes in the explanatory variables.

The county residual is assumed to be spatiallyetaird with neighboring counties in which the
strength of the correlation is inversely relatethdistance between the two counties. We use a
generalized method of moments (GMM) procedure ealyee t-statistics that are robust to general farins
cross-sectional spillovers or spatial autocorrefa(Conley, 1999; Rappaport, 2002).
4. EMPIRICAL RESULTS

Descriptive statistics for the full sample are megw in Appendix Table 1, while those for selectal-
samples are reported in Appendix Table 2. Table@#&ains the base EARN regression results for amsint
located in nonmetropolitan areas, rural areas,|$vizs (< 250K population), and large MAs (> 250K),
whereas Table 2B contains the corresponding baségéor HCOST. In both the household earnings and
housing costs models, Chow tests strongly indittetethe nonmetropolitan, small and large MA models
should be estimated separately (respectively, F414=.0001; F=15.73, p=.0001).

We first describe the results of the parsimonioosli@hthat includes only urban hierarchical distance
lagged population, amenity, and state fixed effélttss is followed by a second (the ‘base’) speatiion
that also includes the market potential variategtion 4.2 then reports the size of the urbaratuby
distance penalties and market potential effectsdieg an extensive discussion of sensitivity asialy
4.1 Regression Results

Columns 1-4 in both Tables 2A and 2B show the te$tdm our most parsimonious model. Across
the nonmetropolitan, rural, and both MA samplestadtice to higher-tiered urban centers is assoaiathd
lower earnings and housing costs. Distance sigmifig affects both median earnings and housing @sst
evidenced both by the individual t-statistics fog tlistance variables, and the F-statistics diattemn of
the table for the joint significance of all of diate coefficients and the joint significance ofyahle
incremental distance variables. The results als@iamilar across the nonmetropolitan and matching r
sub-sample, suggesting that nonmetro countiesmabiodepict the ‘hinterlands.’

Regarding the sizes of the coefficients, housirgjscare most associated with urban hierarchy
distance. For every km farther away a nonmetraggolibunty is from its nearest urban center, median

earnings fall by about 0.08%, while median housiosts decline about 0.23%. Yet, we find that camti

*The bandwidth is 200kms, after which we follow ceniion and assume no correlation in county residual
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located in both small and medium-sized MAs (witssléhan 1.5 million 1990 population) are more défdc
by greater incremental distance from their higienetl urban areas than are nonmetropolitan coufties

Although our focus is not on thetra-urban area distance variables (e.g., distandestognter of own
metro variable for a suburban county), the two Nnples indicate the expected strong statistically
significant inverse relationship between housingtig€and distance to the urban core. Conversely, for
median earnings, distance to the own urban catistically significant (negative) only in thede MA
sample. The own county and nearest/own MA populataefficients suggest that while larger population
in the immediate area increases earnings and lgossts in nonmetropolitan counties, these loadlize
effects are more ambiguous in MAs. One tentativelkesion is that in MAs, the positive gains froneager
market potential are at least somewhat offset bgragffects such as congestion or spatial commetiti
Median earnings in counties located in nonmetrasaead small MAs are inversely associated withrequa
miles at the 10% level, while medium and large MAi$ing costs are negatively associated, suggesting
heterogeneity imvithin regionagglomeration/congestion effects of local distance

Becoming our base model, columns 5-8 in each taplert the results after adding the market
potential variables to the parsimonious modelss(cb¥). This model addresses the key questiornetiver
actual distances to tier-specific urban centerg laany factor price effects beyond proximity to aggite
larger customer and input markets, however spatigtributed. Jointly, the incremental distancaalae
coefficients remain highly significant across allif models, being especially robust in the MA sasipl
though the magnitude and statistical significarfadbe coefficients for the nonmetropolitan earniagsl
housing cost regressions are marginally smaller ifnaolumn 1.

In terms of Figure 1, the negative coefficientsidoth housing costs and earnings indicate thategrea
distances result in successive equilibria locatedhsvest of the initial equilibrium. That is, eithe both
firms and households incur negative distance eff@th those of firms being greater than for hootas)
or b) negative distance effects experienced bysfane greater than net positive effects for houdsho

Consistent with NEG predictions on productivity gomdfits, the market potential coefficients suggest

14t the distance terms do not accurately reflectialctravel time, this measurement error would bi@sdistance
coefficients towards zero—working against findingtistically significant distance effects.

*Although actual distance does not capture our gt@ai notion of anarginalor incremental cost to reach a
next higher-tiered city, using actual distanceplate of incremental distance still results indistance coefficients
being jointly significant, though the individual efficients are measured with less precision. Thisat surprising
because these measures have much more multicoifired it is a long distance to reach a MA of atst 500K, it
is by definition going to be a long distance toctea MA of at least 1.5m.
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that greater neighboring aggregate household indmtveeen 100-200kms and 300-400kms are statisticall
significant and positively related to nonmetro hogsosts and median earnings, with a similar pafte

the rural results. Likewise, own-county populati®positive and significant. Surprisingly, for thiA
samples, the market potential coefficients are igdiganegatively related to median earnings andshay
costs. Taken together, the aggregate householtheeariables are jointly significant in the
nonmetropolitan and rural samples, but only forrtieglium/large MA sample are they significant for
housing costs. This suggests that the urban higragmoximity effects are more consequential in @ffey
median earnings and housing costs than are theetnaotential variables.

4.2 Cumulative Urban Hierarchy Distance Penaltiesl dlarket Potential Impacts

Table 3 presents the combined distance penaltiesddian earnings and housing costs, measured at
the mean distances (Appendix Table 2), i.e., tlneutative effects of being farther away from highered
urban areas. For each case, we report two dispgradty estimates: 1) a ‘conservative’ measureubes
only distance coefficients that are statisticaliyngicant at the 10% level; and 2) a measure tisat all of
the distance coefficients regardless of their greniof the individual coefficient estimates. The&t urban
hierarchy distance penalty is the summation agedesant higher-tiered urban area coefficiéhor the
two MA samples, the penalty does not include teadce to the own-MA center, since that isrdira-
urban areaeffect!’ We are interested in accessibility to higher-cedeservices in the nearest higher-tiered
urban areas—notithin a given urban area (say between the suburbs arqgtititipal city).

Parsimonious and Base Distance Model$able 3 reports the size and the robustness afistence
penalties for variations of the specification teess the sensitivity of the overall conclusions @istance
penalties are first reported for our most parsimoesimodel in Row 1 (shown in cols 1-4 of Tablesa?i
2B). For this case, the typical nonmetropolitanntgat the mean distance from its urban tiers basta
7.6% lower median household earnings and 19.8%rlbaesing costs than an otherwise equal county

immediately adjacent to its highest-tier city @etjess of considering only coefficients significanthe

®The results correspond to taking the coefficierasnfTable 2A multiplied by the means from Appendlable
2 and summing the result to obtain a distance efteEo account for the log-linear specification, \a&e
100(exp()-1) to convert the figure into percentages. Fameple, for the nonmetro median-earnings distance
penalty when using all coefficients, the resultsespond to taking the sum of —7.7E-04(41.07) £38(55.4) —
2.5E-04(66.8) — 1.4E-04(42.89) — 8.4E-05(89.03) thieeh taking the exponential of the sunto convert to -7.58
percentage points.

"W e include this impact in the nonmetro sample fdEROs. In MICROs, this has little practical influmn
because the distance to the nearest urban areeignzmost cases. This follows because the typid&RO is one
county, or distance to its nearest urban area weglél zero. The rural sample provides a good casgrabecause
MICROs are omitted and the distance to the nearbsin area (either a MICRO or a MA) is usually mlariger.
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10% level or using all coefficients). Moreover gilhcases, the t-statistics fall in the 5 to 9 grepuggesting
the distance-penalties are precisely estimated.

A pattern in Row 1 that generally applies for ott@ses is that the two sets of metropolitan digtanc
penalties for earnings are greater than the caynelipg penalties for the rural and nonmetropolitan
samples, but the urban distance penalties areanmalnagnitude for housing costs. The relativalgé
distance penalties for the urban sample suggdstvlea medium-sized MAs have industry compositions
that benefit from proximity to urban services foundgubsequently larger metro areas. The distance
penalties generally are similar regardless of wdrete use all the distance coefficients or onlgéhtnat
are significant at the 10% level.

Thebasemodel’s (including market potential variables) akies are shown in Row 2, which are
derived using results from cols 5-8 of Tables 2A-2Be distance penalties are modestly reducectin th
rural and nonmetro samples, but they are approgigndte same in the two MA samples. Specificalig, t
base results suggest a distance penalty for mdahanmetropolitan areas in the 5% to 8% rangdewihe
penalty is estimated to be 13% to 17% for housosgst For MAs, the earnings distance penalty is
estimated to fall in the 8% to 9% range, whilesiin the 12% to 15% range for housing costs. In, shese
results illustrate that proximity to the countyfsesific higher-tiered urban areas has strong effinett are
distinct from the effects of simple market potelnsaggesting that tests of NEG models that focug on
market potential are missing other forms of aggl@tmen spillovers, some of which may even be caests
with elements of the NEG (i.e., NEG market potémtiadels may understate spatial spillovers).

Nonlinearities in Distance SegmentsAs our first appraisal of the sensitivity of thsu#és, Row 3
adds to the base model (Row 2) quadratic termalifof the distance variables to assess whethawialty
for added (within-segment) nonlinearities changashase conclusions. We further consider potential
nonlinearities by then adding cubic terms for &lhe distance terms to the model described for Raav
produce the results in Row 4. The square and ¢ebits are jointly significant at the 1% level. Tdubic
model’s adjusted Fstatistics always exceeds thef& the quadratic model, which in turn exceeds tha
from the base model (not shown). For both medianirgs and housing costs, the distance penaltesi¢T
3) are larger when considering these nonlineari@specially the cubic results), though the in@eadess

notable for the large MA sample. Thus, our baseltsappear to understate the distance penaltges. A



18

shown in Table 4, the corresponding market potegtiects are not affected (described below).

As expected, the nonlinear models suggest distaaea declining marginal effect. For example, when
using all the coefficients, the nonmetropolitartatise penalty using the cubic model is 18.7% when
examining distances measuredvéite their mean level versus 10.8% when consideringuies measured
at their mean values, while the corresponding valoethe median housing costs are 44.3% and 30.1%.
While our main conclusions are unaffected, thepeaps to be declining marginal transportation costs
less congested or more remote environménts.

Conversely, many empirical international trade istsidise a power distance function—log distance—
rather than an exponential function (or linearatise) to measure distance costs (Head and May@&ap0
Yet, there are theoretical problems with the pdiarection when there are relative low transportatiosts
and short distances, as in our cdd¢onetheless, Row 5 investigates the effect obpg the linear
distances with their log values. First, unlike tase where the square and cubic models improved the
adjusted Rover the base model, the log distance specificd¢io to smaller Rvalues in 6 of the 8 base
EARN and HCOST specifications (not shown). Compaoetie base model, the distance penalty estimates
are smaller using log distance, which is not saipgi given that it produced an inferior fit. An eption is
the rural earnings distance penalty is about 508efausing the log distance, which is one of treesa
where the adjusted’Rmproved over the base specificatfdn.

Sorting and related effectsOne of the reasons for higher urban factor retwgsgecially earnings,
is sorting of higher-skilled workers into urbanaseCombes et al. (forthcoming) find that sortimgm
important explanation for wage agglomeration efferting French data, though Glaeser and Maré (2001)

find more modest sorting effects using U.S. datae ©f the likely causes for the sorting of highbility

®Though our general pattern of results are not téteasing the cubic model, it would require repayti5
distance coefficients (for the linear and nonlineams) per model. We choose not to use it as ase Imodel to
keegrthe volume of reported results manageable.

PTheoretically supporting the choice of the exporsmlistance function, Sen and Smith (1995; p. Fit) that
the realized spatial interactions are almost alvemysirately approximated by an exponential distéuncetion
(linear distances when the dependent variablelsgriorm). For example, the power function implibat wage
levels(not log wages) are related to distance d thrahgHollowing function d ( >0). However,asd 0, d

. Thus, even when there is small distance cqdtsere will still be ‘overwhelmingly’ greater adirtion at shorter
distances than at greater distances (Sen and SiRb, p. 94). In our model, this is quite probléimbecause
counties are regularly neighbors and transportatmts are relatively small. Conversely, in int¢iorzal trade,
relative transportation (and transactions) costsbeamuch larger and distances are almost alwagé gneater.

%ollowing a ‘nonparametric’ approach used by Eatnd Kortum (2002), we also used 5 different catiegor
distance groupings for each urban tier for a gtatal of 25 different distance categories (not shpun this case,
the estimated distance penalties were comparabibabis reported for the quadratic and cubic tesiflet, the
resulting adjusted Fstatistics tended to be less than the quadraticahic cases. The categorical distance results
further suggest that if anything, our base mod#iBsance penalty estimates are on the low side.
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workers into larger urban areas is underlying aggi@ation effects of thicker labor markets which
improve firm-worker matches, as well as providadratonsumption opportunities.

By controlling for various education and demograpitiributes, we can assess the role of sorting in
the impact of urban access on earnings’ distancalfies. For similar reasons, we also add housing
attributes in the housing cost specification. Asady noted, caution should be exercised whendimgdu
the labor and housing quality measures becausdnbkision may increase the potential for endodgne
bias and multicollinearity. For this reason we édesthese measurafier first estimating the parsimonious
models that should be free of these econometricezan. In assessing the role of sorting, we estéimat
models that employ deep lags of the “quality” measuo obtain predetermined variables to elimioate
mitigate potential endogeneity. We compare thelteaging 2000 values of the quality measures.
Robustness across the parsimonious, and the 198 and 2000 specifications, would be compelling
evidence that our key conclusions are not drivearhitted variables, endogeneity bias, or multioeiirity.

The full model estimates are reported in Row 6 gilire attributes measured in 1990 and in Row 9
using 2000 measures (see the notes to Tables &8 and Appendix Table 1 for variable definitioRs).

For both the 1990 and 2000 full models, the nononad rural results are almost entirely unaffetigd
adding these variables (with the very minor exaeptif nonmetro housing cost results), suggestiag th
sorting behavior does not explain their distanasafiees. Conversely, small MA and large MA distance
penalties are about halved when including thesibatits. The results suggest that factor pricédAs

are affected by access to higher-ordered urbars #neaugh sorting of higher-ability workers. For
example, higher-ability workers may be more likelylocate in smaller and medium-size MAs if thexe i
closer access to (even) larger urban areas. Fugbkearch should examine this issue more closely,
especially in other countries with differing mobyjlrates.

Other Specification ChangesWe next estimate additional specifications to assd®ther the results
are sensitive to potential factors such as muliiearity. First, Row 7 removes all of the marketgmtial
variables from the model reported in Row 6, whiawRB removes all of the distance terms from the ehod

used in Row 6. Rows 10-11 report the correspongiiadels shown in Rows 7-8, using instead 2000 values

ZTo control for labor quality, we include either D9®r 2000 average county-level measures of fivéarac
composition variables, percent married, six agkidigion variables, percent female, percent wittadilities, and four
education variables (see Appendix Table 1 for tgtaihe average county-level housing quality messinclude the
1990 (or 2000) median number of rooms, age of thectire, the ratio of bedrooms to total rooms, share
housing units that are mobile homes, and the sheéitessomplete plumbing and kitchen.
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of the workforce and housing quality variables. @aned to the fully specified models, omitting tharket
potential variables (rows 6 and 9) has a very mimitwience on the distance penalty estimates indRbw
and 10 (penalty estimates show very modest incsdaseural and nonmetro housing costs). Thesdtgsesu
again indicate that actual geographical positioaroérea with respect to its urban hierarchy has an
influence on factor prices independent of markétpioal.

The distance penalties also may be understatbdri is an even higher urban tier above the current
1.5 million resident tier. To consider this podii Row 12 reports the results when we add inenetal
distances to Chicago, Los Angeles, and New Yorkui@ing they represent an even higher tier) to ése b
model?” The corresponding regression coefficients on Itig-3” distance variables were significant at the
10% level or better in all cases except the norovietusing cost model (not showi)The resulting
distance penalties reported in Row 12 are larger the base estimates in Row 2, especially fokthe
samples. In particular, these results suggestatger metropolitan areas such as Cleveland ave als
penalized by lower factor returns due to a lackaaessibility to one of the big-three Americanesii
Moreover, they also suggest that the base estiraatkgstate the distance penalties.

The model reported in Row 13 adds to the base ntbdéhcremental population of each of the urban
tiers to compare (1) the relative roles of incretakpopulation versus incremental distances todrigjered
urban areas and (2) whether incremental populatiers the market potential results described bé&tow
Compared to the base case, these results suggeshdémges in population of the higher-orderednurba
areas do not greatly alter the distance penaliyatis nor do they affect the market potentiallte$t

Row 14 reports distance penalties when changingake model to incorporate 1970 measures of the

population variables, including using a 1969 measfimarket potential, to assess whether using even

deeper lags of the relevant explanatory variatffestethe results. These results are comparalifeote

#2sing the Carbon County example in Figure 3, bez&os Angeles is 1,295kms away, the incremental
distance to reach Los Angeles is 1,013kms aftetraciing the 282 kms to reach Denver.

#We conduct sensitivity analysis using the earl@99 definitions that mostly use 1980s commutinggpas to
establish boundaries for the then existing (1998sMlong with any new MAs that were defined durihg 1990s.
These results generally yielded similar findingmugh the resulting distance effects and markedniiat effects
were somewhat smaller using the older definition.

#ror example, if the nearest/actual urban cent&@5i®00 people (MICRO), the next closest urban ceiste
670,000 population, the third closest urban ceist&.5million, then the incremental population @arest MA is
645,000, the incremental population of a MA that260,000 is 0, the incremental population of a 300,000 is
0, and the incremental population of a MA thattiseast 1.5 million is 1.83million (i.e., 2.5 mitih minus 670,000).

We also calculated the penalties from a model dhaits the lagged 1990 county population and neactssl
total urban population from the base model in Raw @ssess whether their inclusion affects thdteegither through
multicollinearity or omitted variable bias). Yegtkistance-penalty results are not different frbentiase (not shown).
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reported in Row 2, again indicating that underlyémglogeneity is not affecting the distance penakults.

In summary, estimated distance penalties for tise bazodel are economically consequential and
precisely estimated. Extensive sensitivity analgajgports the conclusions from the base model atgsn
in which if anything, adding further nonlinearitieslicates that the base figures are conservatively
estimated. The urban hierarchy distance effectly apgardless of whether the market potential \dem
are included in the model, showing how more firdgiineated urban access measures produce
agglomeration spillovers that are distinctly diéfist from aggregate market potential.

Market Potential Effects. Akin to Table 3, Table 4 reports the effects orlize earnings and
housing costs of the four market potential varigiaen measured at their mean levels. The market
potential effects tend to be smaller than the dsgenalties. For both the nonmetro and rural Esnp
market potential is associated with a 0 to 4% &meedn median earnings. Housing costs appear to be
influenced more, with the corresponding responsging between 4 and 9% when the distance variables
are included and 9-15% when they are not (igndhiegapparently misspecified log-distance resulisgse
results are consistent with the home market pediigticts of NEG, but the relatively small magnitude
compared to the distance penalties indicateshiatpatial placement of the urban population nsattere.

In the two MA samples, the market potential effectsgenerally statistically insignificant, espégia
for small MAs. In fact, when evaluated at the mefthe market potential variables, median earnarngs
average housing costs often exhibit a declineerMih samplesindeed, the results suggest small or
negative effects even when omitting the urban hibsadistance variables, though the market potentia
effects appear to be overestimated for housing easén omitting the distance terms (in Rows 8 apd®

Regarding MAs, the market potential results areegaly consistent with agglomeration shadows, but
not other NEG effects found in other studies. Tadfter accounting for favorable effects of beitmgser to

higher-tiered urban areas, added spatial competiéfbected by greater market potential appearsdace

%As described above, Row 14 reports the estimates whing 1970 measures of the population variables—
including a 1969 measure of market potential. Tlhagket potential results are similar to those regzbim Row 2 for
the base model. We further consider whether undergndogeneity in the market potential results aféecting the
results by estimating an IV model that used 1958ufadion at specific distances as an instrument &9 market
potential. For example, we used the 1950 populati@ounties located 400 to 500kms to predict 1989ket
potential 400-500kms away. lllustrating that 19%@lation is a strong instrument, first-stage pdealfor the null
hypothesis that its coefficient equals zero wettéeb¢han .0001. Yet, given our expectation thatrtiarket potential
results are likely positively biased, it was somat\gurprising that in the case of median earnitihgs|V small MA
market potential effect approximately equaled thgsetdistance penalty, while for large MAs, the I&rket potential
effect was estimated to be approximately zero—rdtta negative and significant. Neverthelessgtmeral pattern
was that distance to specific urban tiers stillteratmore than overall measures of market potential
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factor returns in MAs with greater than 500K resigdgin 1990). The relative magnitude of these ittpa
also suggests that while market potential affeataiegs and housing costs, distance to the urleaarchy
appears to have more consequential effects. Thamsitters whether the market potential/poputatg
concentrated into larger cities as suggested bwadaptation of the urban hierarchy approach veasus
situation of having the same market potential bith wopulation being more uniformly dispersed in
multiple smaller cities (a distinction not appareniarket potential as typically calculated). Thus
agglomeration spillovers appear to have much broageacts than just the scale of the market, and
appear to be transmitted differently dependingomation and position in the urban system.

4.3 Mapping the Effects of Urban Hierarchy Distaacel Market Potential

The estimated total distance effects on medianimgsrand housing costs by county are mapped in
Figures 5 and 6, with similar county estimatesnfarket potential in Figures 7 and 8. These areve@ri
from the base model shown in columns 5, 7, andBables 2A and 2B. Conservatively, they use only
the distance and market potential coefficients #natsignificant at the 10% level multiplied by theact
county distances or the exact market potentialfaihmlving the discussion in footnote 16. Yet, asatb
in Section 4.2, these distance penalties are liketjerstated due to other nonlinearifies.

In general, distance from higher tiers in the urb&marchy has large negative impacts on earnings
and housing costs centered in the Great Plainsre@ndonmetropolitan Rocky Mountain west, with more
isolated strong impacts occurring in Maine, thediaas and central Appalachia. In the Northern Grea
Plains, distance penalties of 12 to 40% on medaaniregs and 33 to 50% on housing costs are not
uncommon. By definition of central places, thestatice penalties are zero in MAs with more than 1.5
million people in our base mod&IThey also are generally small in the Mid-Atlarrégion and in an
area roughly extending from New York City to Chioag

Recall from row 2 of Table 4, that market potenitias less influence on MA county earnings and

housing costs than proximity in the urban hieraréfst, for nonmetropolitan counties, it is not Sisimg

Z’Only the effects of distance to higher-tiered urbegas and to market potential are mapped. Thizégn
agglomeration economies associated with very Iowaket potential effects and very local distandeat$. Yet, as
noted above, we expect that these localized efeetselatively small, especially in MAs (as reftst by the mixed
own-market potential and own-distance effects aapkiby the population and square miles coefficlents

%Recall from Row 12 of Table 3 that the estimatesiatice penalties are even larger when using Chic¢ango
Angeles, and New York as the highest urban tieis Would also imply that all urban areas with o%€s million
population (except the big three) would have satlisé penalty due to remoteness from these threm anteas.
Take the Cleveland MA for example, when includihg big three as the highest tier, Cleveland woakkha
median earnings distance penalty of about -10%aarmresponding housing cost penalty of -20% dudisiance
from Chicago (New York is slightly more distant).
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that the largegpositivemarket potential effects are in the eastern Hati® country. For example,
compared to a hypothetical county with no markeéptal, nonmetropolitan counties in the Mid-Atlient
region and in a band running roughly from Chicagdlew York have median earnings that are about 8
to 30% greater while housing costs are about BD% greater. Conversely, with a handful of excegtjo
market potential has a smaller influence in theteresU.S. with its lower population densities.

Overall, the market potential effects and distgoeealties are of about equal size in the Eashii t
case, market potential appears to have slighthelaimpacts on median earnings, while distance has
slightly larger impacts on housing costs. Yet ia trestern U.S., distance has a much greater ingpact
both earnings and housing costs, with discretaapamps in the gradients evident. As noted above,
explanation for stronger market potential effentthie East is significantly greater population dkgns
while remoteness is more important in the moresghaipopulated West. This pattern could partly
underlie the strong market potential and correspmnNEG findings in explaining spatial differendas
more densely populated Western Europe, while sanblasions are not correspondingly universal in
other geographic settings (especially if thererattonal border effects). In particular, in lesaskdy
populated areas, agglomeration economies appéartransmitted more through urban hierarchal effect
via access to higher-tiered cities. Thus, bothdygfadmpacts can be important, but their overdllgnce
appears to depend on the spatial distribution @ktirrounding population.

5. CONCLUSION

We investigated the spatial dimensions of the dateants of equilibrium differentials in land and
labor costs across the urban hierarchy. Our apprdeswy from a number of theoretical and empirical
pursuits. One, NEG emphasizes the importance efsado customers and suppliers and its impact on
factor returns. Two, models in the tradition of Rok (1982) articulate wage-rent trade-offs for
households and firms in their location decisionghk latter models, the net effect of agglomeratio
land rents and wages is indeterminate dependirtbeorelative strength of labor demand influences by
firms and supply responses by households. Thirayghic spillovers from agglomeration centers need
to be considered inasmuch as commuting and inpiirds produce influences that extend well beyond
the centers of economic activity. Finally, urbaarhichical effects on the factor price gradienty ma

reveal influences beyond those predicted by NECGkatgrotential.
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Our results show significant, and hierarchicallpeedent, distance penalties for both median
earnings and housing costs. This pattern holdalfdour community types—non-metro, rural, small
MAs and large MAs. These results are robust tatdition of market potential variables as well Hgeo
specifications. Distance from urban centers irdl&tpenalty on earnings and housing costs, ane ther
an incremental penalty for remoteness from suceslgshigher tiers in the urban hierarchy. By
examining both earnings and housing costs, we adedhat the proximity to higher tiers in the urban
hierarchy is attractive for firms, which dominates/ potential aversion to urban congestion or
attractiveness of remoteness that households niapiext he market potential effects are generadisl
significant than the distance effects, though tleffeets are stronger for nonmetropolitan areas.

These cumulative distance penalties across alhuibes show that the factor price penalties for
remoteness are greater for housing costs thanddiam earnings and are confined to a relativelyttig
and consistent band of 6-9% lower earnings and025-Bwer housing costs. Somewhat surprisingly, the
cumulative penalties are somewhat larger for themthan the rural samples, even though there would
be fewer higher tiers over which the penaltiesssm@imulated. This could suggest that firms in senall
MAs are more influenced by factor prices in larg@tropolitan areas—i.e., they are more economically
integrated, such that greater distance imposegearlmarginal penalty.

Maps showing visual representation of the resutdion the expected large negative impacts of
remoteness in the Great Plains as well as in sedtt@n-metro counties generally. The price of
remoteness—or the tyranny of distance—is up to #0fbedian earnings, and up to 50% in terms of
housing costs. Similarly the positive market patdrffects are evident in the more densely popdlat
eastern U.S., a finding consistent with the stashtG predictions, suggesting they may be most
germane in more densely populated settings inojudiestern Europe.

In summary, the overall results suggest that utberarchical distances are more important than
market potential; it matters whether the nearbyupaton is concentrated into large cities or morergy
distributed into smaller cities. Thus, the urbagr&ichy provides a valuable framework for undeditamn
the spatial patterns in factor price differenti#lature research is needed to better understanuathes

of the economic linkages between firms across tharuhierarchy and the role of households.
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Table 1: Correlation between Urban Hierarchy Distanand Market Potential Measures*

Aggregate Incon Aggregate Incom Aggregate Income 3(- | Aggregate Incom

_ 10C-200 Kilometer 20C-300 Kilometer | 400 Kilometer 40C-500 Kilometer
Bf;?ggflj‘rb A 0.25 0.25 0.22 10.20
Bles;?ggf I\}I(etropolite Aree 025 025 0.22 0.19
neremertal Distance 0.25 0.26 0.28 0.28
nerementa) Distance: 0.18 0.10 0.10 0.07
neremental Distance 0.19 0.16 0.12 0.10

*Market potential is measured by aggregate houskinocbme within the reported concentric rings sunding the county following Hanson (2005).
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Table 2A: Dependent variable: log(median earnirg#9lin $)

Distance Base = Distance + Market Potential
\Variables Non-metro Rural Small Large Non-metro Rural Small Large
MA 250k MA>250k MA 250k MA>250k
Intercept 10.115%** 10.144*** 9.94 3+ 10.070%** 10.101%*** 10.135%*** 9.978*** 10.218***
(72.36) (71.20) (32.49) (30.81) (74.29) (71.90) (33.91) (33.94)
Dist to nearest urban | -7.7E-04*** -9.3E-04*** N N -6.8E-04*** -8.5E-04*** N N
center (-6.19) (-6.23) (-5.46) (-5.60)
Dist to the center of N N 3.4E-04 -2.0E-Q3*** N N 4.3E-04 -2.1E-Q3***
own metro (0.95) (-4.65) (1.22) (-5.59)
Inc dist to a MA -3.0E-04**+* -1.8E-04 N N -2.1E-04* -1.3E-04 N N
(-2.87) (-1.60) (-1.94) (-1.18)
Inc dist to MA>250k -2.5E-04*** -2.0E-04*** -5.1E-04*** N -1.8E-04*** -1.6E-04*** -4.8E-04*** N
(-4.10) (-3.20) (-4.01) (-2.85) (-2.60) (-3.77)
Inc dist to MA>500k -1.4E-04** -1.4E-04* -4.0E-04*** -1.1E-Q3*** -6.1E-05 -9.6E-05 -3.8E-04*** -1.1E-Q3***
(-2.07) (-1.83) (-3.61) (-7.61) (-0.87) (-1.21) (-3.46) (-7.62)
Inc dist to MA>1500k -8.4E-05* -1.2E-04** -3.9E-04*** -5.0E-04*** -2.1E-05 -7.4E-05* -3.8E-04*** -5.2E-04***
(-1.67) (-2.50) (-4.24) (-3.19) (-0.43) (-1.67) (-3.91) (-3.36)
Market potential within N N N N 4.6E-Q7*** 2.8E-07** 6.9E-08 -4.15E-08
100-200 km 1989 (4.59) (2.17) (0.41) (-0.25)
Market potential within N N N N 7.2E-09 2.4E-08 1.3E-07 -2.7E-07
200-300 km 1989 (0.12) (0.29) (0.97) (-1.34)
Market potential within N N N N 1.6E-07** 1.0E-07 -4.6E-08 -5.3E-09
300-400 km 1989 (2.20) (1.10) (-0.24) (-0.02)
Market potential within N N N N 1.1E-07 1.4E-07 -4.9E-08 -2.2E-07
400-500 km 1989 (1.26) (1.37) (-0.35) (-1.52)
County Population 1990 8.6E-07*** 2.6E-06*** 1.0E-07 -2.7E-08** 7.2E-Q7*** 2.6E-06*** 1.2E-07 -2.8E-08***
(3.99) (7.33) (1.21) (-2.04) (3.69) (6.98) (1.39) (-2.37)
Pop of nearest/actual 7.4E-08* 7.0E-08** 8.3E-08 1.0E-08 7.2E-08* 7.0E-08** 7.0E-08 8.0E-09
urban center 1990 (1.85) (2.06) (0.47) (1.04) (1.76) (1.96) (0.38) (0.79)
County area (sq miles) -8.3E-06** -1.7E-06 -1.3E-05* -9.5E-06 -7.3E-06** -9.0E-07 -1.4E-05* -9.1E-06
(-2.36) (-0.40) (-1.72) (-1.57) (-2.16) (-0.21) (-1.80) (-1.61)
IAmenities/Ocean Y Y Y Y Y Y Y Y
Adj. R 0.36 0.41 0.31 0.45 0.37 0.41 0.30 0.46
Sample size 1972 1300 416 640 1972 1300 416 640
F-stats
All distance vars = 0 16.32%** 13.80*** 9.20%** 37.36** 10.68*** 9.65%+* 8.04*+* 38.96*+*
Incremental dist =0 10.76*** 5.71%+* Q.47+ 54.38*** 4.67%** 2.86*** 7.52%* 56.61***
Market potentials = 0 N N N N 7.78*** 2.42%** 0.28 1.80

Notes: Robust t-statistics following Conley (1988 Rappaport (2004) are in the parentheses. A**and * indicate significant at 1%, 5%, and 108%els
respectively. Y=included, N=not included. Rural 81672 micropolitan area counties from the non ensaimple. For variable descriptions, see the taxkt a
Appendix Table 1. All models further include théldaving Amenities/Ocean variables: Jan sun hows,témp, July humidity, July temp; USDA topography
score, % water area in the county, and three italisdor being located within 50kms of one of thee& Lakes, Pacific Ocean, and Atlantic Ocean.
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: log(weighted averagdian house rent 2000 in $/month)

Distance Base = Distance + Market Potential
\Variables Non-metro Rural Small Large Non-metro Rural Small Large
MA 250k MA>250k MA 250k MA>250k
Intercept 8.373*+* 8.486*** 7.161** 7.186*** 8.359*** 8.462*+* 7.246** 7.513%*
(25.66) (21.60) (15.24) (12.89) (26.35) (21.87) (16.84) (15.70)
Dist to nearest urban | -2.3E-03*** -1.7E-03*** N N -2.2E-Q3*** -1.4E-03*** N N
center (-9.26) (-4.96) (-8.50) (-4.14)
Dist to the center of N N -2.8E-03*** -4.0E-Q3*** N N -2.7E-03*** -4.1E-Q3***
own metro (-3.58) (-5.55) (-3.42) (-6.54)
Inc dist to a MA -6.5E-04*** -5.2E-04* N N -4 5E-04** -3.3E-04 N N
(-3.10) (-1.92) (-2.16) (-1.27)
Inc dist to MA>250k -6.9E-04*** -6.3E-04*** -1.1E-03*** N -5.5E-04*** -5.0E-04*** -1.1E-03*** N
(-5.27) (-4.19) (-5.42) (-4.15) (-3.41) (-5.16)
Inc dist to MA>500k -5.3E-04*** -6.0E-04*** -5.4E-04*** -1.7E-Q3*** -4.0E-04*** -4 5E-04*** -5.3E-04*** -1.7E-Q3***
(-3.75) (-3.45) (-2.63) (-6.89) (-3.00) (-2.81) (-2.46) (-6.80)
Inc dist to MA>1500k | -2.3E-04** -2.5E-04** -4 .8E-04*** -6.8E-04*** -1.2E-04 -1.0E-04 -5.2E-04*** -7.1E-04***
(-2.25) (-2.00) (-3.20) (-3.00) (-1.35) (-0.92) (-3.27) (-3.22)
Market potential within N N N N 6.8E-07*** 9.3E-Q7*** -1.9E-08 -1.2E-07
100-200 km 1989 (3.68) (3.53) (-0.08) (-0.42)
Market potential within N N N N 2.1E-07 1.8E-07 5.5E-08 -4.9E-07
200-300 km 1989 (1.42) (0.88) (0.18) (-1.43)
Market potential within N N N N 3. 7TE-Q7*** 6.2E-Q7*** 5.8E-08 -2.7E-07
300-400 km 1989 (2.55) (3.44) (0.19) (-0.80)
Market potential within N N N N -1.6E-08 1.8E-07 -2.8E-07 -4.0E-07
400-500 km 1989 (-0.11) (1.05) (-1.07) (-1.44)
County Population 1990 3.0E-06*** 7.5E-06*** 7.5E-Q7** -6.8E-08*** 2.8E-06*** 7.3E-06*** 7.6E-Q7*** -6.9E-08***
(6.79) (6.34) (3.26) (-2.98) (6.03) (6.16) (3.20) (-3.31)
Pop of nearest/actual 1.9E-07** 1.6E-07* -1.1E-07 2.4E-08* 2.0E-07** 1.7E-07* -1.6E-07 2.1E-08
urban center 1990 (2.16) (1.83) (-0.52) (1.75) (2.23) (2.93) (-0.84) (1.38)
County area (sq miles -4.9E-06 -7.6E-06 -2.9E-06 -2.2E-Q5*** -3.4E-06 -4.1E-06 -4.7E-06 -2.1E-Q5***
(-0.76) (-0.72) (-0.28) (-2.82) (-0.53) (-0.40) (-0.44) (-3.07)
IAmenities/Ocean Y Y Y Y Y Y Y Y
Adj. R 0.64 0.63 0.61 0.59 0.64 0.64 0.61 0.59
Sample size 1972 1300 416 640 1972 1300 416 640
F-stats
All distance vars = 0 47 55%+* 17.54%** 11.64%** 36.53** 36.67** 10.35*** 10.26*** 38.26***
Incremental dist =0 24.26%*+* 13.57%** 14.52%** 47.77** 12.67** 7.21%* 12.09%** 50.14***
Market potentials = 0 N N N N 8.36*** 7.51%** 0.56 2.28**

Notes: Robust t-statistics following Conley (1988 Rappaport (2004) are in the parentheses. A**and * indicate significant at 1%, 5%, and 108%els
respectively. Y=included, N=not included. Rural 81672 micropolitan area counties from the non ensaimple. For variable descriptions, see the taxkt a
Appendix Table 1. All models further include théldaving Amenities/Ocean variables: Jan sun hows,témp, July humidity, July temp; USDA topography
score, % water area in the county, and three italisdor being located within 50kms of one of thee& Lakes, Pacific Ocean, and Atlantic Ocean.
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Table 3: Distance Penalties Evaluated at the Maatabres

Non-metrc Rura Small MA 250,000 po Large MA > 250,000 pc

Models Coeff sig (10% All coeff |Coeff sig (10% All coeff |Coeffsig (10% All coeff |Coeffsig (10% All coeff

Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean t-stat
Median Earnings
(1) Dist -7.58 (-8.03) | -7.58 (-8.03)| -8.35(-8.02)| -9.05 (-7.91)| -8.85(-5.28)| -8.85 (-5.28)| -8.53 (-8.89) | -8.53 (-8.89)
(2) Base = (1) + mkt potential -5.04 (-6.33) | -5.47 (-5.20)| -6.73 (-6.44)| -7.67 (-6.02) | -8.51 (-4.70)| -8.51 (-4.70)| -8.82 (-9.08)| -8.82 (-9.08)
(3) Base + sq distance -9.52 (-7.00) | -9.70 (-6.28) | -16.85 (-8.68) -17.42 (-8.33) -15.20 (-5.95) -15.01 (-6.20) -12.93 (-7.32) -12.33 (-8.34)
(4) Base+sq dist+cubic dist | -12.58 (-7.79) -10.81 (-5.67) -25.84 (-4.70) -22.13 (-7.04) -19.02 (-4.82) -17.66 (-5.47) -15.02 (-5.47) -13.91 (-7.61)
(5) Base with log(distance) | -3.08 (-4.49)| -2.92 (-3.81) | -13.67 (-8.08) -14.00 (-8.17) -6.61 (-4.72)| -6.61 (-4.72)| -6.05 (-7.92)| -6.05 (-7.92)
(6) Full90 = (2) + 1990 vars | -7.02 (-10.11) -7.02 (-10.11) -8.42 (-8.68)| -8.42 (-8.68)| -6.22 (-5.86)| -6.22 (-5.86) | -4.06 (-7.87)| -4.06 (-7.87)
(7) Full90 — market potential| -7.73 (-12.11) -7.73 (-12.11) -8.51 (-9.56)| -8.51 (-9.56)| -6.31 (-6.41)| -6.31 (-6.41) | -3.86 (-7.48)| -3.86 (-7.48)
(8) Full90 — distance n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(9) Fulloo = (2) + 2000 vars | -6.11 (-9.41)| -6.11 (-9.41)| -7.03 (-7.57)| -7.03 (-7.57)| -4.77 (-5.53)| -4.77 (-5.53) | -3.84 (-8.83)| -3.84 (-8.83)
(10) Fullo0 — market potential-7.17 (-12.09) -7.17 (-12.09) -7.72 (-9.10)| -7.72 (-9.10)| -5.09 (-6.29)| -5.09 (-6.29)| -3.69 (-8.49)| -3.69 (-8.49)
(11) FullOO — distance n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(12) Base with inc dist to BIG310.26 (-5.38) -11.14 (-5.02) -12.38 (-5.23) -13.03 (-5.27) -19.51 (-3.72) -19.51 (-3.72), -20.32 (-5.05)| -20.32 (-5.05)
(13) Base + inc MA pop -4.58 (-5.60) | -4.41 (-3.88)| -5.71 (-5.44)| -6.59 (-4.82)| -8.63 (-4.37)| -8.63 (-4.37)| -8.86 (-9.07)| -8.86 (-9.07)
(14) Base with 1970 ve -5.44 +6.89 | -5.94+5.76 | -7.31+7.01 | -8.46 -6.70 | -8.47 -4.83 | -8.47 -4.83 | -9.24 -9.73 | -9.24 -9.73
Housing Cos
(1) Dist -19.81 (-12.19)-19.81 (-12.19)-19.59 (-8.91)| -19.59 (-8.91) -14.49 (-6.41) -14.49 (-6.41) -12.07 (-7.97) -12.07 (-7.97)
(2) Base = (1) + mkt potentigh15.53 (-10.69) -16.46 (-9.57) -13.18 (-6.91) -15.17 (-6.13) -14.65 (-6.03) -14.65 (-6.03), -12.45 (-8.15)| -12.45 (-8.15)
(3) Base + sq distance -27.58 (-12.37)-27.32 (-11.45)) -28.38 (-8.46)| -30.29 (-7.77) -24.73 (-7.42) -24.29 (-7.67) -17.37 (-6.20) -16.80 (-7.17)
(4) Base+sq dist+cubic dist | -31.06 (-9.05)-30.96 (-10.64) -31.22 (-6.04) -37.11 (-6.43) -32.66 (-8.36) -32.99 (-8.30) -21.85 (-5.04) -19.48 (-6.70)
(5) Base with log(distance) | -9.51 (-8.15)| -9.29 (-7.13)| -18.95 (-6.45) -21.07 (-6.26) -12.71 (-6.80) -12.71 (-6.80) -8.24 (-6.70)| -8.24 (-6.70)
(6) Full90 = (2) + 1990 vars |-14.03 (-11.93)-14.93 (-10.73)-16.13 (-9.07) -16.76 (-8.22) -12.00 (-6.62) -12.00 (-6.62) -7.14 (-6.42)| -7.14 (-6.42)
(7) Full90 — market potential|-18.01 (-14.47)-18.01 (-14.47)-19.54 (-10.66)-19.54 (-10.66) -11.47 (-6.81) -11.47 (-6.81) -6.65 (-6.04)| -6.65 (-6.04)
(8) Full90 — distance n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(9) Fulloo = (2) + 2000 vars | -8.27 (-7.99) | -9.33 (-6.92)| -10.83 (-6.23) -11.46 (-5.78) -6.36 (-3.69)| -6.36 (-3.69) | -5.16 (-4.85)| -5.16 (-4.85)
(10) Fullo0 — market potential- -11.59 (-9.44) -11.59 (-9.44) -13.27 (-7.33) -13.27 (-7.33)| -5.87 (-3.64)| -5.87 (-3.64) | -4.79 (-4.53)| -4.79 (-4.53)
(11) FullOO — distance n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(12) Base with inc dist to BIG38.13 (-10.86) -22.71 (-6.28) -23.03 (-7.07) -24.37 (-5.21) -29.28 (-4.28) -29.28 (-4.28),-34.39 (-5.86 ) -34.39 (-5.86
(13) Base + inc MA pop -14.67 (-9.51) -15.33 (-8.22) -12.50 (-6.19) -14.45 (-5.44) -11.86 (-5.41) -12.95 (-4.97) -12.49 (-8.17)| -12.49 (-8.17)
(14) Base with 1970 ve -17.67 -12.29]-18.64 -11.00| -17.00 -7.87; | -17.98 -7.31' | -14.90 -6.29' | -14.90 -6.29' | -13.10 -8.79' | -13.10 -8.79

t-stat refers to the significance of the untransied linear combination obtained from the "lincondhumand in STATA.
Median Earnings models description

(1) Dist: includes 5 distance variables, plus 1880nty pop, 1990 pop in the nearest urban cerdgagaly sun hours, January temp, July humidity, tiryp, topography score,
% water area, proximity to Great Lakes, Pacific @gend Atlantic Ocean, county area and state fffetts.
(2) Base: (1) + 4 market potential variables define 1989 aggregate household income within 100k80®00-300 km, 300-400 km, and 400-500 km rimgsfthe county
centroid; (3) = (2) + 5 quadratic distance termd$; 5 (2) + 5 quadratic and 5 cubic distance tel®s= similar to (2) but distance variables aréoigs;

(6) Full9o: (2) plus 5 ethnicity vars, 6 age-distiion vars, 4 education vars, % female, % maraed, % with a work disability, all measured in 1990

(7) = (6) — market potential variables defined2i (8) = (6) —

(10) = (9) -

5 distance variables; (9) Full0B) plus same set of additional variables in (6) snead in 2000
market potential variables defineddj (11) = (9) — 5 distance variables; (12) =@&h incremental distance to the nearest BIG3 giffew York, Chicago, Los

Angeles); (13) = (2) + 4 incremental MA pop 199t pop of the nearest MA, inc pop of MA>250,00@ pop of MA>500,000, and inc pop of MA>1.5 miliee footnote 24.
(14) = similar to (2) but pop variables are meagunel970 and 1989 agg hh inc variables are regladth 1969 BEA personal incomes within correspondiings.
Housing Cost model$Same set of variables as above except Full9GrafidO, which are explained as follows: Full90: (s age of housing units, shares of 1-5 bedramurhs

of total rooms, share of mobile units, share of plate plumbing and share of complete kitchen faedj all measured in 1990. FullO0: (2) plus mediamber of rooms, age of
housing units, shares of 1-5 bedrooms out of totins, share of mobile units, share of completenping and share of complete kitchen facilities nadlasured in 2000.
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Table 4: Market Potential Effects at the Mean Mafeatential

Non-metrc Rura Small MA 250,000 po Large MA > 250,000 pc

Models Coeff sig (10% All coeff |Coeffsig (10% All coeff |Coeffsig (10% All coeff |Coeffsig (10% All coeff

Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean (-stat | Mean t-stat
Median Earnings
(1) Dist n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(2) Base = (1) + mkt potentidl 3.24 (4.81) | 4.44 (3.68) | 0.94 (2.52) | 3.30(2.52) 0.00 (0) 0.38 (0.1) 0.00 (0) -5.83 (-1.76)
(3) Base + sq distance 3.21(4.75) | 4.43(3.68) | 0.76 (2.06) | 2.73(2.11) 0.00 (0) 2.29 (0.61) 0.00 (0) -4.12 (-1.27)
(4) Base+sq dist+cubic dist | 2.92 (4.34) | 4.03(3.36) | 0.76 (2.06) | 2.56 (1.98) | 1.77(1.25) | 3.15(0.83) 0.00 (0) -4.31 (-1.35)
(5) Base with log(distance) | 5.61 (6.27) | 6.03(5.17) | 0.98 (2.77) | 3.44(2.75) | 4.29(2.16) | 4.45(1.20) 0.00 (0) -3.11 (-0.90)
(6) Fulloo = (2) + 1990 vars | 0.75(3.28) | 1.41(1.78) 0.00 (0) -0.16 (-0.16) 0.00 (0) -0.61 (-0.28) | -4.79 (-4.56) | -5.70 (-3.46)
(7) Full90 — market potential n.a. n.a. n.a. n.a. n.a. n.a n.a. n.a.
(8) Full90 — distance 3.19(4.89) | 3.69(4.71) | 0.97(3.59) | 2.29(2.38) | 1.27(1.91) | 1.24(0.55) | -3.68 (-3.31) | -3.94 (-2.25)
(9) Fullo0 = (2) + 2000 vars | 1.06 (4.97) | 1.67 (2.26) | 0.67 (2.51) | 0.76 (0.81) | -1.76 (-2.23) | -0.93 (-0.54)| -3.96 (-4.33)| -4.22 (-2.97)
(10) Full00 — market potential n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(11) FullOO — distance 3.26 (5.77) | 3.70(5.08) | 2.34(4.15) | 2.78(3.03) | -0.09 (-0.09)| 0.62 (0.35) | -0.63 (-0.85)| -2.40 (-1.57)
(12) Base with inc dist to BIG3 1.42 (2.98) | 2.30 (1.66) 0.00 (0) 1.56 (1.07) 0.00 (0) -5.37 (-1.22) | -7.37 (-3.37)| -10.31 (-2.91)
(13) Base + inc MA pop 2.89 (4.14) | 3.89(3.18) | 0.89 (2.07) | 2.99 (2.24) 0.00 (0) -0.50 (-0.13) 0.00 (0) -5.45 (-1.62)
(14) Base with 1970 ve 3.22 (5.36 4.57 (4.30 0.82 (2.42 3.19 (2.83 2.17 (1.69 4.11 (1.20 0.00 (0 -4.30 -1.45
Housing Cos
(1) Dist n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(2) Base = (1) + mkt potentigl 6.03 (5.07) | 7.30(3.44) | 8.48(5.37) | 11.55(4.19) 0.00 (0) -2.29 (-0.45) 0.00 (0) -13.28 (-2.60)
(3) Base + sq distance 6.44 (5.49) | 8.04(3.84) | 7.78(5.01) | 10.66 (3.94) 0.00 (0) 0.74 (0.15) 0.00 (0) -11.41 (-2.25)
(4) Base+sq dist+cubic dist | 6.13 (5.20) | 7.38(3.51) | 7.64(4.89) | 10.30(3.79) 0.00 (0) 4.12 (0.79) 0.00 (0) -11.61 (-2.30)
(5) Base with log(distance) | 11.58 (7.71)| 12.65 (6.00)| 9.41(6.10) | 13.36 (4.99)| 2.15(1.41) | 4.01(0.78) 0.00 (0) -9.50 (-1.75)
(6) Full90 = (2) + 1990 vars | 7.43 (6.00) | 8.79 (5.15) | 6.77 (5.23) | 9.18 (4.07) 0.00 (0) -6.13 (-1.69) | -7.79 (-3.52) | -12.42 (-3.59)
(7) Full90 — market potential n.a. n.a. n.a n.a. n.a. n.a. n.a. n.a.
(8) Full90 — distance 14.78 (8.71)| 14.78 (8.71)| 14.53 (6 61)| 14.53 (6.61) 0.00 (0) -0.51 (-0.13) | -4.05 (-2.62) | -9.03 (-2.49)
(9) Fullo0 = (2) + 2000 vars | 4.47 (5.25) | 6.62 (4.34) | 7.18(4.21) | 6.83(3.35) | -2.60 (-1.71)| -6.79 (-2.09) | -8.50 (-4.10) | -12.50 (-3.84)
(10) Fullo0 — market potential n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(11) FullOO — distance 9.64 (6.53) | 9.64 (6.53) | 9.63(5.87) | 10.07 (5.18) 0.00 (0) -4.08 (-1.27)| -4.35 (-3.04) | -10.57 (-3.18)
(12) Base with inc dist to BIG34.73 (3.58) | 4.55(1.87) | 6.83(4.04) | 7.97 (2.63) 0.00 (0) -10.39 (-1.75) -17.13 (-4.10) -21.89 (-4.13)
(13) Base + inc MA pop 5.59 (4.54) | 6.65(3.08) | 8.55(5.20) | 11.61 (4.13) 0.00 (0) -4.87 (-0.98) 0.00 (0) -11.97 (-2.31)
(14) Base with 1970 ve 5.73(5.34 7.47 (3.93 7.21 (5.05 | 10.51 (4.3¢ 0.00 (0 1.81 (0.38 0.00 (0 -11.15 -2.44

t-stat refers to the significance of the untransied linear combination obtained from the "lincondhumand in STATA.

Median Earnings models descri

ption

(1) Dist: includes 5 distance variables, plus 1880nty pop, 1990 pop in the nearest urban cerdgagaly sun hours, January temp, July humidity, tiryp, topography score,
% water area, proximity to Great Lakes, Pacific @gend Atlantic Ocean, county area and state fffetts.
(2) Base: (1) + 4 market potential variables define 1989 aggregate household income within 100k80®00-300 km, 300-400 km, and 400-500 km rimgsfthe county
centroid; (3) = (2) + 5 quadratic distance term$; 5 (2) + 5 quadratic and 5 cubic distance tei®s= similar to (2) but distance variables aréoigs;

(6) Full9o: (2) plus 5 ethnicity vars, 6 age-distiion vars, 4 education vars, % female, % maraed, % with a work disability, all measured in 1990

(7) = (6) — market potential variables defined2j (8) = (6) —

(10) = (9) -

5 distance variables; (9) Full0B) plus same set of additional variables in (6) snead in 2000
market potential variables defineddj (11) = (9) — 5 distance variables; (12) =@&h incremental distance to the nearest BIG3 giffew York, Chicago, Los

Angeles); (13) = (2) + 4 incremental MA pop 199t pop of the nearest MA, inc pop of MA>250,00@ pop of MA>500,000, and inc pop of MA>1.5 miliee footnote 24.
(14) = similar to (2) but pop variables are meagunel970 and 1989 agg hh inc variables are regladth 1969 BEA personal incomes within correspondiings.

Housing Cost model$Same set of variables as above except Full9GrafidO, which are explained as follows: Full90: (s age of housing units, shares of 1-5 bedramurhs
of total rooms, share of mobile units, share of plate plumbing and share of complete kitchen faedj all measured in 1990. FullO0: (2) plus mediamber of rooms, age of
housing units, shares of 1-5 bedrooms out of totins, share of mobile units, share of completenping and share of complete kitchen facilities nadlasured in 2000.
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Figure 1: Distance Effect on Spatigulibrium Distribution of Wages and Rent
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Figure 2: lllustration of Urban Hierarchy Distarféenalties
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Figure 3: Empirical Example of Urban Hierarchy Rmoity: Carbon County, Wyoming
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Notes: Carbon County Wyoming is a rural countynigrest urban area is Laramie, a micropolitan 528&ms away. The
nearest metropolitan area is Casper, the neareésipoétan area of at least 250,000 populationd@Q.is Ft. Collins, and
the nearest metropolitan area of at least 500,0p0Qlption and/or 1.5 million population (in 19968)Denver. The black
portion of the arrows shows the distance to the édiately lower tier and the grey cross-hatchedvasioows the
incremental distance we control for. For examplasgger is 143kms, which is decomposed into the 123kat was the

distance to Laramie (the lower tiered city) andrbdkhat it isncrementallyfarther than Laramie. See the text for more
details.
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Figure 4a: Distance and Nonmetropolitan County Med\nnual Earnings ($) 1999*
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Figure 4b: Distance and Nonmetropolitan County Madilousing Costs ($/month) 2000
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*The figures report the relationship between mediamings and median housing costs in nonmetrgpcditeas with
respect to distance to various higher-order urlbaasa These are defined as the nearest MA of arysarest
MA>250,000 populationnearest MA>500,000 population, and the nearest M3xiillion population.



Figure 5: Distance Penalties (%) for Median Eargaih§99

Note for reviewers: Color maps are in the pdf versin.
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Figure 6: Distance Penalties (%) for Housing C8680

Note for reviewers: Color maps are in the pdf versin.
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Figure 7: Market Potential Effects (%) for Mediaar&ings 1999

Note for reviewers: Color maps are in the pdf versin.



40
Figure 8: Market Potential Effects (%) for Housi@gsts 2000

Note for reviewers: Color maps are in the pdf versin.



Appendix Table 1. Variable Definitions and DesaxigtStatistics (full sample)

\Variable Description Source Mean St. dev
Dependent Variable:
log(median earnings 1999)Log of annual median earnings in 1999 (in dolléosthe (2000 Census| 9.89 0.18
employed 16+ pop.
log(wtd av med rent 2000) |Log of weighted average median gross house refiafdo|2000 Census| 6.18 0.37
per month) of owner and renter occupied housintsuni
2000. For owner occupied units, imputed annual ient
calculated as 7.85% of median house value. Monthly
average of that amount along with the median mgnthit|
for the renter occupied units are used to calculate
weighted average median rent, with weights beieg th
shares of owner and renter occupied houses.
Note that here are no official U.S. cost of living data ss|
(in levels) at even the state level—let alone atdbunty
level. Yet, research by the U.S. Department of égture
suggests that aside from housing cost differentiteer
cost differences for noheusing goods and services ten
offset one another across urban and rural enviratsne
(Jolliffe, 2006a, 2006k
Distance variable!
Dist to nearest/actual Lan |Distance (in km) between centroid of a county C-RERL 34.61 32.4¢
center (micropolitan or population weighted centroid of the nearest urlertear, if
metropolitan area, CBSA) [the county is not in an urban center. It is theadise to the
centroid of its own urban center if the county im@mber
of an urban center (in km
Inc dist to a metr Incremental distance to the nearest/actual metitapchredAuthors’ est 36.6¢ 49.0¢
in kms (see text for detai
Inc dist to metro>25( Incremental disance to the nearest/actual metropolitan |Authors’ est 56.2¢ 97.27
with at least 250,000 population in 1990 in kmse (&t
for details
Inc dist to metro>50( Incremental distance to the nearest/actual metitapahreiAuthors’ est 40.67 66.8¢
with at least 500,000 population in 1990 in kmse (&t
for details
Inc dist to metro>150( Incremental distance to the nearest/actual metitapchredAuthors’ est 89.77 111.4°
with at least 1,500,000 population in 1990 in kise(text
for details
Amenity/Ocean
January Sun hot Mean January sun hol ERS, USD/ 151.4: 33.21
January tem Mean January temperature (degre ERS, USD/ 32.9¢ 12.0%
July humidity Mean July relative humidity (% ERS, USD/ 56.1°f 14.4¢
July temg Mean July temperatu (degree F ERS, USD/ 75.9( 5.3t
Topograph Measur A 1to 24 score 24 reflects the most mountainoterrair  [ERS, USD/ 8.8 6.5¢
Percent watt Percent of county area covered by wi ERS, USD/ 4.61 11.2¢
Proximity to Great Lake 1 if county centroids within 50km of Great Lak Authors’ esi 0.04 0.1¢
Proximity to Pacific Ocee |1 if county centroid is within 50km of Pacific Ogt Authors’ esi 0.02 0.1
Proximity to Atlantic Ocea |1 if county centroid is within 50km of Atlantic Oak Authors’ esi 0.0¢ 0.2¢
County are County area in square mi ERS, USD/ | 1011.1¢ | 1331.8
Market Potential Economic
Agg hf inc within 10(-200 |Aggregate household income between 100 and 20 1990 Census| 48687.31 | 58938.6!
km ring 1989 (mill.$ radii from county centro Authors’ est.
Agg hf inc within 200-300 |Aggregate household income betwi200 and300 km 1990 Census¢| 73681.01 | 74018.8!
km ring 1989 (mill.$ radii from county centro Authors’ esi
Agg htinc within 300-400 |Aggregate hotehold income betwee300 and400 km 1990 Census| 95508.5: | 83471.5
km ring 1989 (mill.$ radii from county centro Authors’ esi
Agg ht inc within 400-500 |Aggregate household income betw400 and500 km 1990 Census| 112480.8. | 92163.9
km ring 1989 (mill.$ radii from county centro Authors’ est
Population/Scale 199
County pop 19¢ County population 199 1990 Censt | 81806.9- | 268955.0.
Pop of nearest/actual urb (1990 Population of the nearest/actual urban ct Authors’ est | 375588.8 [1381874.5
center 199 measured as a micropolitan or metropn area
Labor Market Measures(Demography) 199
% African American 19¢ % of 1990 population Africe-Americar 1990 CensL 8.6( 14.32
% Native American 19¢  [% of 1990 population that are Native Ameri 1990 CensL 1.44 5.5¢
% Hispanic 199 % of 1990 population Hispar 1990 CensL 4.3 10.9¢
% Asiar-Pacific 199! % of 1990 pop Asian and Pacific islands or 1990 CensL 0.5¢ 1.2¢




% Other ethnicity 19¢ % of 1990 pop. with other race backgro 1990 CensL 1.8C 4.57
% 7-17 years 19¢ % of 1990 population-17 year 1990 CensL 16.7¢ 2.3¢
% 1€-24 years 19¢€ % of 1990 population 1-24 year 1990 CensL 9.1¢ 3.4
% 2E-54 years 19¢ % of 1990 population -54 year 1990 CensL 39.7¢ 3.71
% 55-59 years 19¢€ % of 1990 ppulation 559 year 1990 CensL 4.5¢€ 0.7
% 6(-64 years 19¢ % of 1990 population ¢-64 year 1990 CensL 4.7C 0.9¢
% 65+ years 19¢ % of 1990 population 65 years and ¢ 1990 CensL 14.9% 4.3¢
% High school grad 19¢  |% of 1990 population 25 years ¢ over that are hig 1990 Censt 34.3¢ 6.1Z
school graduat:
% with some college 19! |% of 1990 population 25 years and over that hawees {1990 CensL 16.3¢ 4.5C
college educatic
% with associate degrt % of 1990 population 25 years and over ttave ar 1990 Censt 5.3¢ 2.1C
199(C associate degr
% College grad 19¢ % of 1990 population 25 years and over that ~year 1990 Censt 13.4: 6.4¢
college graduat
% Female 19¢ % of 1990 population that are fem 1990 CensL 51.02 1.61
% Married 199 % of 1990 population that are marr 1990 CensL 59.12 6.28
% with disabilities 199 % of 1990 1-64 pop with a work disabili 1990 CensL 9.5t 2.8¢
Labor Market Measures (Demography) 200
% African Americar200C  |% of 2000 population Africe-Americar 2000 CensL 8.7¢ 14.4¢
% Native Americar200C % of 2000 population that are Native Ameri 2000 Censt 1.52 5.8¢
% Hispanic200( % of 2000 population Hispar 2000 Censt 6.12 12.0¢
% Asiar-Pacific200( % of 2000 pop Asian and Pacific islands or 200C Censu 0.81 1.5¢
% Other ethnicity200( % of 2000 pop. with other race backgro 2000 Censt 2.57 4.8¢€
% 7-17 years200( % of 2000 population-17 year 2000 Censt 16.5( 2.02
% 1€-24 years200( % of 2000 population 1-24 year 2000 Censt 8.8¢ 3.32
% 2E-54 years200( % of 2000 population -54 year 2000 Censt 41.17 3.51
% 5E-59 years200( % of 2000 population £-59 year 2000 Censt 5.21 0.84
% 6(-64 years200( % of 2000 population ¢-64 year 2000 Censt 4.5C 0.9¢
% 65+ year2200( % of 2000 poulation 65 years and o\ 2000 Censt 14.82 4.1C
% High school gra200C  |% of 2000 population 25 years and over that arb 2000 Censt 34.7¢ 6.52
school graduat:
% with some colleg200( |% of 2000 population 25 years and over that hawee:  [2000 Censt 20.4C 4.3¢
college ducatiot
% with associate degrt % of 2000 population 25 years and over that hav 2000 Censt 5.7C 1.9¢
200c associate degr
% College gra200( % of 2000 population 25 years and over that -year 2000 Cenus 16.4: 7.67
college graduat
% Female200( % of 2000 population that are fem 2000 Censt 50.5( 1.9C
% Married200( % of 2000 population that are mart 2000 Censt 57.7( 5.41
% with disabilities200( % of 2000 1-64 pop with a work disabili 2000 Censt 11.9¢ 3.20
House characteristics 199
House age 19¢ Age of housing unit in 1990 (yea 1990 CensL 26.0¢ 9.57
Share 1 bedroom 19 Sharcof 1 bedroom house to total rooms 1 1990 CensL 0.0¢ 0.0
Share 2 bedroom 19 Shareof 2 bedroom house to totaloms 199 1990 Censt 0.32 0.0¢
Share 3 bedroom 19 Shar« of 3 bedroom house to total rooms 1 1990 CensL 0.4 0.0¢
Share 4 bedroom 19 Shar of 4 bedroom house to total rooms 1 1990 CensL 0.12 0.04
Share 5 bedroom 19 Shar(of 5 bedroom housto total rooms 19¢ 1990 CensL 0.02 0.0z
Share mobile homes 1€ [Share of mobile units to all housing units 1 1990 CensL 0.14 0.0¢
Share complete plumb 1€ [Share with complete plumbing facility 1¢ 1990 CensL 0.97 0.02
Share complete kitchen 10 [Share with complete kitchen facility 1€ 1990 CensL 0.9¢ 0.0z
House characteristics200(
Mediar rooms 200 Median number of rooms 20 2000 CensL 5.44 0.4C
House age 20( Age of housing unit i200( (years 2000 Censt 31.4C 10.62
Share 1 bewoom 200! Shart of 1 bedroom house to total ro0i200C 2000 Censt 0.0¢ 0.04
Share 2 bedroom 20 Shareof 2 bedroom house to total ro0i200C 2000 CensL 0.3C 0.0¢
Share 3 bedroom 20 Shart of 3 bedroom house to total ro0i200C 2000 Censt 0.4 0.07
Share 4 bedroom 20 Shar of 4 bedroom house to total rooi200( 2000 Censt 0.1 0.0t
Share 5 bedroom 20 Shar(of 5 bedroom house to total rooi200( 2000 Censt 0.02 0.0z
Share mobile homes 2C  [Share of mobile units to all housing ur200( 2000 Cinsu: 0.1f 0.1
Share complete plumb 2C [Share with complete plumbing facili200( 2000 Censt 0.9¢ 0.0z
Share complete kitchen 2([Share with complete kitchen facili200C 2000 Censt 0.9¢ 0.0z
Number of counties 3028

Notes: The metropolitan/micropolitan definitiondldav from the 2003 definitions. ERS, USDA = Econarflesearch Services,
U.S. Department of Agriculture; C-RERL = Canadad&®conomy Research Lab, University of Saskatchewan




Appendix Table 2: Mean and Standard Deviationpérentheses) of Major Variables by Population

Group
\Variables Non-metro Rural Small Large
MA 250k MA>250k
Dependent variable:
log(median earnings 1999 in $) 9.82 9.80 9.93 10.08
(0.14) (0.13) (0.14) (0.17)
log(wtd av med rent 2000 in $/month) 6.04 5.97 6.31 6.51
(0.32) (0.33) (0.26) (0.32)
Dist to the nearest urban center 41.07 59.91 n.a. n.a.
(36.52) (30.56)
Dist to the center of own metro n.a. n.a. 17.76 28.60
(18.61) (19.52)
Incremental distance to a MA 55.40 43.47 n.a. n.a.
(51.67) (49.93)
Incremental distance to MA>250,000 66.80 76.02 93.23 n.a.
(106.20) (115.19) (93.26)
Incremental distance to MA>500,000 42.89 45.32 36.89 36.29
(66.07) (68.95) (59.07) (73.34)
Incremental distance to MA>1,500,000 89.03 83.45 78.54 99.37
(111.10) (106.24) (115.44) (139.88)
No. of observatior 1972 1300 416 640

Notes: The categories are determined using 2008 putitan and metropolitan area definitions. Sesetdxt for

more details.




