
interaction of residents and firms generates positive spillovers.

We evaluate these competing views by asking whether the zoning wedges we measure

are systematically related to neighborhood comparative advantage. We find that the sys-

tematic component of zoning is more consistent with the Jacobs view than with the tradi-

tional Euclidean view: neighborhoods with a comparative advantage in production tend to

receive more residential zoning, while neighborhoods with stronger residential amenities

tend to receive more commercial zoning. Although this systematic component supports

mixed-use development, it explains only a small fraction of observed zoning wedges. The

much larger residual component dominates, so the overall effect of zoning in American

cities is not to promote efficient land use, but to increase the segregation of residential and

commercial activity across neighborhoods. This is the source of the apparent tension be-

tween our two main findings: zoning is not, on net, designed to segregate, yet its dominant

effect is to do so anyway, because the large unexplained component of zoning swamps the

modest mixing-oriented signal.

This paper contributes to the literature on land-use regulation and urban misalloca-

tion. A large empirical literature has documented how zoning restricts housing supply and

raises housing prices; see Glaeser and Gyourko (2002), Glaeser et al. (2005), and Saiz (2010).

A related literature has emphasized how these local constraints generate spatial misallo-

cation and reduce aggregate output; see Herkenhoff et al. (2018) and Hsieh and Moretti

(2019). However, this literature has focused primarily on building constraints, such as den-

sity limits, height restrictions, and minimum lot sizes, instead of constraints that regulate

the allocation of land and space between residential and commercial activities.

Our paper is also related to the theoretical literature on the urban allocation of land

to commercial vs. residential activities, including Fujita and Ogawa (1982) and Lucas and

Rossi-Hansberg (2002) on equilibrium allocations, and Rossi-Hansberg (2004) on optimal

allocations. In particular, Rossi-Hansberg (2004) analyzes how zoning can improve welfare

by correcting externalities associated with urban land use. Relative to this literature, our

contribution is mostly empirical. We measure the effect of actual zoning as a gap in the

shadowprice of commercial vs. residential space in a given neighborhood. We then evaluate

whether these price gaps align with the neighborhood characteristics that would justify

zoning intervention.

The specific quantitative framework we use builds on Allen et al. (2015) and Fajgelbaum

and Gaubert (2020). More broadly, our paper relates to the quantitative spatial literature
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studying the economic consequences of zoning.1 While this literature has largely mirrored

the empirical literature to focus on building constraints, we focus on residential-commercial

use restrictions, an area where related work remains relatively thin.

The closest work to ours is Allen et al. (2015), who study optimal zoning in a model fea-

turing productivity and amenity spillovers and apply their framework to Chicago data. Also

closely related are Martynov (2022) and Rollet (2025), who incorporate use constraints into

quantitative spatial models. However, their primary focuses lie elsewhere: Rollet (2025)

emphasizes the fixed costs of redevelopment in the American context and Martynov (2022)

highlights how limits on floor area ratios interact with spillovers. Relative to these three

studies, our innovation is to compare U.S. cities with Taipei, where mixed-use development

is pervasive and residential-commercial zoning is substantially less restrictive. This com-

parison provides a benchmark for measuring the absolute magnitude of zoning distortions,

rather than the effects of marginal changes to existing regulations.

The remainder of the paper proceeds as follows. Section 2 presents the model and its

implications for the spatial allocation of space and activity. Section 3 describes the property-

and neighborhood-level data for Taipei and U.S. cities, followed by discussions on zoning

institutions in Taipei and on evidence supporting its treatment as effectively unzoned in

Section 4. In Section 5, we document patterns of neighborhood specialization in American

cities and estimate the dispersion in themarginal product of land across uses. Section 6 then

uses these estimates to quantify the welfare costs of zoning. In Section 7, we extend the

analysis to incorporate externalities and evaluate the effectiveness of zoning in addressing

them. Section 8 concludes.

2 Effect of Zoning on Space and Labor Allocation

This section introduces residential and commercial zoning in a model of a city with hetero-

geneous neighborhoods. In the absence of zoning, neighborhood specialization is driven

by comparative advantage in productivity relative to residential amenities. Zoning creates

wedges between residential and commercial uses that distort this allocation. The goal is

to characterize how comparative advantage and zoning jointly determine the allocation of

residents, workers, and space across neighborhoods.

1See, for example, He (2024), Liao (2026), Peng (2023), Song (2025), and Veloso (2020).
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The production technology in neighborhood is

where and denote commercial space and effective labor, and is the productiv-

ity at neighborhood . Cost minimization implies that the relative demand for labor and

commercial space is:

(1)

where and denote the local wage and the price of commercial space. Using this

condition, and choosing the production output as the numéraire, the dual of the production

technology is:

(2)

There is a unit measure of workers living in the city, and each worker is endowed with

one unit of time. The timing of the location choices is as follows. In the first stage, every

worker chooses a neighborhood to reside in. Labor income of a worker who lives in

neighborhood andworks in neighborhood is where is the worker’s idiosyncratic

efficiency units from working in neighborhood , and is the remaining time available

for work after accounting for the commuting cost between and . In the second stage, each

worker living in neighborhood chooses a neighborhood to work in by solvingmax

with the realized draws of . We assume ’s are drawn from a Fréchet distribution

with shape parameter and scaling parameter where is the gamma

function. The expected income of a person living in is

where . The first term denotes the expected wage income; the second

term denotes property income.2

Worker utility is given by

2Property income is given by . This formulation assumes property income is the
same for all people regardless of where they live. Think about a mutual fund that owns all properties in the
city, and all residents of the city own equal shares of the mutual fund.
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where is consumption of the numéraire good, is residential space, and is the amenity

at neighborhood . In equilibrium, the total residential space in . Utility

maximization implies the following demand for residential space per resident:

(3)

where is the price of residential space. We assume workers are ex ante the same. As

people are free to choose their residential locations, the expected indirect utility must be

equalized across locations in equilibrium:

(4)

where denotes average utility.3

We abstract away from other uses of space beyond residential and commercial, and take

the total endowment of space as given. In a laissez-faire equilibrium, the relative supply

of floor spaces is increasing in the laissez-faire relative price free free, with a constant

elasticity and a constant supply shifter :

supply

supply
(5)

This reduced-form supply curve can be interpreted as the aggregate outcome of heteroge-

neous parcels that differ in their suitability for residential and commercial use.4

Wemodel zoning as a quantity restriction on the ratio of floor spaces: .

When the equilibrium falls within , then the equilibrium price gap is simply

the laissez-faire price . However, when zoning binds, the floor space prices adjust such

that the relative demand meets the zoning restriction. We denote the resulting price gap

3This assumption, together with the equal property income assumption, guarantees that market allo-
cations are welfare maximizing in the absence of externalities; see Allen et al. (2015) and Fajgelbaum and
Gaubert (2020).

4See Appendix B for a microfoundation. Note that in the extreme case where , supply becomes
perfectly elastic, and the two types of space become perfect substitutes, implying that is a constant across
neighborhoods, . Our formulation allows the two types of space to be imperfect substitutes, implying that

varies across neighborhoods.
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between the price of commercial vs. residential space as:

where is the shadow relative price of commercial space to residential space and

is the additional price gap induced by zoning. Since the relationship between the price gap

and the relative quantity is one-to-one, denotes pro-residential zoning and

is pro-commercial zoning.

The free mobility condition (4) implies that the local wage (2) can be rewritten as:

(6)

The local wage is increasing in local productivity and decreasing in local amenities

and the extent of pro-residential zoning (higher ).

The key implication of the model is that, absent zoning, neighborhood specialization is

determined by comparative advantage in production vs. residence. We now characterize

how productivity, amenities, and zoning affect the distribution of employment, residents,

and space across neighborhoods.

We start with the distribution of residential vs. commercial space. Combining the first-

order conditions for production and consumption (1) and (3), we get:

(7)

The left-hand side is the ratio of residential to commercial space. The terms on the right-

hand side are the Cobb-Douglas parameters in production and utility (first term), the ratio

of income to wages in the neighborhood (second term), the price gap between commer-

cial and residential space (third term), and the ratio of residential population to (effective)

employment of the neighborhood (fourth term).

Next, we solve for the distribution of employment. Workers’ workplace choices in the

second stage imply that the probability that a resident of chooses to work in is .
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The employment of location (in efficiency units) is then:

(8)

In the absence of commuting costs, the employment share is proportional to because

(8) becomes

(9)

Referring back to the equation for the local wage (6), the employment share of the neigh-

borhood is increasing in its comparative advantage in production relative to residential

amenities and in the extent of pro-commercial zoning (lower ), with elasticity .

Combining (3), (4), the resource constraints implied by (5),5 and , the residen-

tial share of a neighborhood is equal to , where

(10)

In the absence of commuting cost, expected income is the same in all neighborhoods and

given by6

(11)

Further assume that and . In this case, equations (6) to (11) imply:

where and are positive.7 The residential share of a neighborhood is increasing in

5The neighborhood-level resource constraint is .
6This is obtained by noting that property income

. The first equality follows from the first-order conditions for firms (1) and workers (3).
The second equality follows from (8).

7 and .
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local amenities and pro-residential zoning. It is decreasing in local productivity and

pro-commercial zoning.

In sum, in the absence of zoning and commuting costs, the distribution of employment

and residents is entirely driven by the distribution of across neighborhoods. Neigh-

borhoods with a comparative advantage in production (high ) are more specialized in

production. There are more workers than residents, and more space is allocated for com-

mercial uses compared to residential uses. On the other hand, neighborhoods with a com-

parative advantage in residential amenities (low ) are more specialized in residence.

More space is allocated for residential use, and there are more residents than workers.

With zoning, the allocation of space between commercial and residential use and the ra-

tio of workers to residents is not only driven by the distribution of . Pro-residential zon-

ing ( ) increases the share of residents and lowers the share of workers; pro-commercial

zoning ( ) results in more workers and fewer residents.

Finally, in the full model with commuting costs, the residential share also depends on

local income which is increasing in the neighborhood’s proximity to neighborhoods with

high wages. In addition, local employment also depends on its proximity to populated

neighborhoods.

The forcing variables in the model are , , and . In this subsection, we describe

how we will infer these variables from data on the distribution of employment, residential

population, and commercial vs. residential space across neighborhoods.

To make clear the intuition behind the inference exercise, consider the model without

commuting cost. We proceed in four steps.

First, we infer employment in effective units from data on the share of workers :

(12)

Note that . This reflects the effect of selection: the productivity of an average

worker declines as more workers choose the neighborhood.

Second, we infer the price gap from the residential space per resident relative to the

commercial space per worker:
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where the second equality follows from (9), (11), and (12). Intuitively, pro-residential zoning

( ) increases the space-to-labor ratio for residential use compared to commercial use,

and vice versa. The key assumption is that the expenditure share on housing is the same

in all neighborhoods.

Third, we infer the distribution of local amenities from data on residential population

and space use. Specifically, the equation for residential population (10) can be expressed as:

The intuition is that, conditional on the allocation of space in the neighborhood, neighbor-

hoods with more residential amenities (high ) attract more residents.

Fourth, we rewrite the equation for the employment distribution (8) as:

The intuition is that, conditional on and , more productive neighborhoods (higher )

attract a larger share of employment.

With and at hand, we can solve for the laissez-faire relative price by computing

a counterfactual equilibrium where . Then we can isolate the zoning wedge from

the inferred price gap .

In the full model with commuting costs, we need to take two additional things into

account. First, employment in a neighborhood also depends on its distance to populated

residential neighborhoods. Second, local income also varies across neighborhoods de-

pending on each neighborhood’s distance from high wage neighborhoods, and this variable

also matters for the distribution of residential population and for the inference of from

the space to labor ratio for commercial vs. residential use. Appendix C details the inference

procedure in the full model with commuting costs.

For the empirical implementation, four parameters need to be determined: .

First, we use , following Ahlfeldt et al. (2015). We use the gravity equation

in commuting flows to estimate . Specifically, the model implies that

log log log log

where is the number of workers living in and working in . After replacing the terms
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for the residential and workplace locations with residence and workplace fixed effects, we

get the following estimating equation:

log log resi work (13)

where resi and work are residence and workplace fixed effects, respectively. We estimate

equation (13) using data on block-group-level commuting flows and commuting times for

2016.8 The estimated ranges from to across U.S. cities. The average of the

estimated is applied to Taipei, as there is no neighborhood-level commuting

flows data available.

To estimate , we make use of Taipei’s institutional feature where the use of floor space

is unconstrained.9 The absence of use-zoning implies that . Equation (5) then implies

the following estimating equation:

log log log (14)

The left-hand side is the inferred price gap between residential and commercial land.

Importantly, we do not need to know to measure in Taipei. We can then estimate

by running a 2SLS regression, instrumenting log with log using data on

Taipei’s neighborhoods. For all cities, we use the estimated for calculating the

wedges in each neighborhood.10

3 Data

This section describes the data used to calculate , , , and in each neighborhood

in U.S. cities and in Taipei, as well as how the commuting times are calculated. We first

describe the geographic units of our analysis.

8We estimate using a Poisson PseudoMaximum Likelihood estimator city by city. The data on commuting
flows is from LODES for all U.S. cities and neighborhoods in our sample for 2016. The data on working time

is calculated as commuting time (See Appendix D).
9See Section 4 for more discussion on Taipei’s lenient zoning.

10We assume . Since our object of interest is the dispersion of log across neighborhoods, this as-
sumption is made without loss of generality because will only affect the mean of log but not its dispersion.
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For U.S. cities, we focus on MSAs with populations exceeding 1 million. For Taipei, the

metropolitan area consists mainly of Taipei City and New Taipei City; hence, we focus on

data from these two administrative cities.11 We consider a neighborhood a geographic unit

that can potentially encompass a variety of activities while remaining within walking dis-

tance and being supported by available data. For the U.S., a census block is obviously too

small. The average area sizes of a census tract and a census block group are and

square kilometers, respectively. Thus, census block groups best approximate our require-

ment for neighborhoods. For Taipei, the smallest administrative units are indeed called

“neighborhoods,” and their average area size is square kilometers, which is also well

within walking distance.

Because counties, which are rather coarse administrative units, are used as the build-

ing blocks for MSAs, a typical MSA includes some rural areas. To ensure that we examine

“urban” neighborhoods only, we restrict our attention to census block groups with a pop-

ulation density exceeding 1,000 residents per square kilometer or an employment density

exceeding 500 workers per square kilometer. For Taipei, we restrict our attention to neigh-

borhoods with a population density exceeding 2,000 residents per square kilometer or an

employment density exceeding 1,000 workers per square kilometer. This is because ur-

ban Taipei is in a basin, and the thresholds are set such that most neighborhoods in the

mountains are excluded. After incorporating these restrictions, there are 1,247 neighbor-

hoods in Taipei. For the U.S., we arrive at 34 MSAs by applying these restrictions; in a

median U.S. city, i.e., Atlanta and San Diego, there are 1,058 and 1,068 census block groups,

respectively.12

Our key data are property-level data on the near-universe of commercial and residential

properties in the U.S. provided by Cotality, a major real-estate data provider. The backbone

of these data is local tax records complemented with property appraisals (from lenders and

11All 12 administrative districts of Taipei City are included, but 10 rural districts of New Taipei City are
dropped. There are 31 districts in total, with a population of 6.2 million.

12The density thresholds reduce the average number of neighborhoods in a U.S. city by about . City
populations are calculated using this narrower definition of an MSA, and there are 36 MSAs with populations
exceeding 1 million. For data consistency, we also drop neighborhoods where our data show positive em-
ployment but zero commercial space, or positive population but zero residential space. We drop Pittsburgh
and Riverside from our sample because their fractions of neighborhoods with such data inconsistency are too
high (more than 40%).
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insurance companies). We use Cotality’s information on land use, property floor area, and

the property’s geographic coordinates. We then aggregate the property-level data into total

floor area for commercial and residential use in each census block group.

The residential population and the employment in each census block group are obtained

from the LEHD’s Origin-Destination Employment Statistics (LODES).We drop employment

in public administration, education, recreation, transportation, warehouses, and industrial

uses, as their associated space is not in the commercial or residential categories.

Turning to Taipei, we use the universe of property tax records obtained from Taiwan’s

Ministry of Finance, which provides property-level information on total floor area, the

breakdown of floor area by use, and neighborhood location. Since it is common for a prop-

erty to have multiple uses and each use is charged a different tax rate, it is important for

the Ministry of Finance to get this information correct. We drop the floor areas of non-

commercial, non-residential uses, then aggregate the floor space in Taipei into commercial

and residential uses for each neighborhood.

We obtain the residential population for each Taipei neighborhood from the Ministry

of the Interior’s Household Registration Records. Our employment data are from the micro

data of the Industry and Service Census by the Directorate General of Budget, Accounting

and Statistics. This census is a complete enumeration of all establishments conducted every

five years. It also provides the location and the four-digit industry of each establishment,

from which we compile total employment in each neighborhood.

We use the year 2016 for all the above-mentioned data for U.S. cities and Taipei.13 Sum-

mary statistics for every city are provided in Appendix Table A.1.

Since the time remaining for work is 1 minus commuting time, we need to calculate

the neighborhood-level commuting times. For Taipei, where a non-negligible fraction of

commuters uses public transit, we consider both private and public transit modes in this

calculation. For U.S. cities, we consider only the private transit mode (driving), as public

transit accounts for only a small fraction of commuters in most cities.

To obtain driving times in the U.S. and in Taipei, we use the Open Source Routing Ma-

chine, a routing tool based on OpenStreetMap. Bilateral travel times for public transporta-

tion in Taipei are obtained from a public transportation routing API provided by Taiwan’s

Ministry of Transportation and Communications. Then, we use a standard discrete-choice

13This year is chosen because of the availability of Taiwan’s Industry and Service Census.
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model to calculate the average commuting time for Taipei. See Appendix D for full details

of the commuting time calculation.

4 Flexible Zoning in Taipei

In this section, we provide institutional details about Taipei’s zoning and argue that Taipei

essentially lacks binding zoning separating residential and commercial uses. Establishing

this institutional fact is important because we will use Taipei as a benchmark for our esti-

mates of in the absence of zoning.

Unlike most U.S. cities, Taipei does not impose a strict separation between residential and

commercial activities. In practice, mixed-use development is common, and most neigh-

borhoods permit both housing and employment activities. This feature makes Taipei a

useful benchmark for understanding how land and space are allocated when residential-

commercial zoning constraints are weak. Appendix E provides additional details on the

history and spatial organization of zoning in Taipei.

The key feature of Taipei’s zoning system is that residential and commercial desig-

nations do not correspond to exclusive uses. The dominant residential zoning categories

permit a wide range of commercial activities, including retail, restaurants, offices, and per-

sonal services. Residential use is also generally permitted in commercial zones.14 As a

result, both housing and employment activities are allowed in most parts of the metropoli-

tan area.

The prevalence of these permissive categories implies that a large share of themetropoli-

tan area can be used for either residential or commercial purposes. Of the land zoned for

residential or commercial purposes, 69 percent is residentially zoned, and the vast majority

14In Taipei City, there are four basic residential zones (R1–R4) and four basic commercial zones (C1–C4).
The numbering primarily reflects density limits; the larger the number, the looser the building constraints.
Commercial zones generally allow residential uses unless otherwise stated in some specific plans. For resi-
dential zones, the numbering also reflects the type of commercial activities permitted. While the R1 category
is close to exclusively residential, it accounts for only a small share of residentially zoned land. The dominant
R3 category permits a broad range of retail and service activities, including restaurants, offices, and finan-
cial services, while R4 is even more permissive. Operating commercial establishments in residential zones
is subject to certain conditions—primarily restricting businesses to the first or second floors and requiring
adjacent lanes to meet specific width requirements. In practice, however, these width thresholds are easily
satisfied. New Taipei City employs a slightly different zoning system, which is even more permissive than
Taipei City’s. For more details, see Taipei City Government (2021) and New Taipei City Government (2019).
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of this land falls within categories that permit substantial commercial activity. New Taipei

City applies even weaker use restrictions. Taken together, these regulations imply that

zoning places relatively weak constraints on the allocation of space between residential

and commercial uses.

The institutional discussion above suggests that residential and commercial activities can

coexist in most parts of Taipei. We now examine whether these legal flexibilities translate

into weak use constraints in practice.

Using the universe of property-level data from the Departments of Land Administration

in Taipei City and New Taipei City and combining the zoning code information that we

compiled from government documents, we calculate each property’s floor area in each of

the following three categories: restricted to residential use, restricted to commercial use,

or can be used for either purpose. Having property-level data is important, as it is common

for zoning to differ between different floors within the same building. We then aggregate

these property-level floor areas in the three categories to the neighborhood level.

The data reveal three facts that suggest zoning places relatively weak constraints on

land use in Taipei.

First, commercial-only zoning is rare. Commercial-only space accounts for only 3.8

percent of total floor space in themetropolitan area. Moreover, 85 percent of neighborhoods

contain no commercial-only space, and only 1.8 percent of neighborhoods have more than

30 percent of their floor space restricted to commercial use.

Second, the majority of the space in Taipei is zoned for flexible use, which means it can

be used either for commercial or residential purposes. The left panel in Figure 1 shows the

distribution of the share of flexible space across neighborhoods. The majority of neigh-

borhoods dedicate most of their space to flexible use, reflecting the prevalence of zoning

categories that permit both residential and commercial activities. The figure also shows

that flexible use space is dispersed across Taipei’s neighborhoods. There are essentially no

neighborhoods in which less than 25% of the space is zoned for flexible use.

Third, because of the dominance of flexible use zoning, actual space use is only weakly

related to zoning allocations. The right panel in Figure 1 plots the share of floor space used

for residential purposes against the share restricted to residential use. If zoning were bind-

ing, neighborhoods with more residentially restricted space would exhibit correspondingly

higher residential use, and the observations would lie close to the 45-degree line. Instead,

14



Figure 1: Flexible Use Zoning in Taipei
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Notes: The left panel shows the share of floor space in each neighborhood zoned for flexible use. The right
panel shows the share of space used for residential purposes (y-axis) vs. the share zoned as residential use
only (x-axis). The dashed line is the 45-degree line.

neighborhoods with similar zoning allocations display dramatically different residential

shares. In particular, among neighborhoods with little or no residential-only space, actual

residential use ranges from roughly 10 percent to almost 100 percent. More generally, ac-

tual residential use substantially exceeds residential-only zoning in most neighborhoods.

These patterns indicate that zoning places only weak constraints on the allocation of space

between residential and commercial activities. The weak relationship between zoning allo-

cations and realized use suggests that most variation in residential and commercial activity

reflects market forces rather than zoning constraints.

Figure 2 provides complementary evidence from changes over time in the share of resi-

dential space in Taipei and in American cities. Residential shares in Taipei change substan-

tially across neighborhoods over a five-year period (2014–2019), indicating that space can

be reallocated between residential and commercial uses in response to changing economic

conditions. Such adjustments would be difficult to reconcile with binding use constraints

but are consistent with a zoning system that permits considerable flexibility in land use. In

contrast, the vast majority of neighborhoods in an American city see little change in the

share of residential space.
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Figure 2: Distribution of Change in Residential Share of a Neighborhood
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Notes: The figure shows the change in the share of residential space in a neighborhood over five years (2014–
2019). “US Average” is the average of 34 U.S. MSAs.

5 Specialization in American Cities

In this section, we use data on the allocation of space between residential and commercial

use and the allocation of workers and residents across neighborhoods to infer two driving

forces in the model: (1) the distribution of the price wedge between commercial and res-

idential uses across neighborhoods; (2) the distribution of comparative advantage ,

also across neighborhoods.

In the model, the specialization of neighborhoods, both in terms of commercial vs. res-

idential space and in terms of workers vs. residents, is driven by comparative advantage in

production vs. amenities ( ) and by the price wedge between residential and commercial

space . We therefore begin by showing the net effect of these two forces on the extent of

specialization of space and workers vs. residents.

We begin by visualizing the specialization of neighborhoods in residential vs. commer-

cial space in Figure 3 (left panel). The figure plots the distribution of of

each neighborhood, normalized so that the maximum of this index is and the minimum

is .15 This index is at a maximum when all the space in the neighborhood is residen-

tial space. Its minimum is when all the space in the neighborhood is used for commercial

15The index is defined as , where is the total residential space in
the city and is the total commercial space.
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purposes. The index is zero when commercial and residential use are allocated in the same

proportion as the city.

Figure 3: Distribution of Specialization of Neighborhoods: Taipei vs. U.S.
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Notes: The left panel shows the distribution of in each neighborhood, normalized so that the
maximum is 1 (complete specialization in residential space) and the minimum is -1 (complete specialization in
commercial space). The right panel shows the distribution of in each neighborhood, normal-
ized so that the maximum is 1 (neighborhood only has local residents) and the minimum is -1 (neighborhood
only has workers). The kernel density in both panels is weighted by the sum of residents and employment

in the neighborhood. “US Average” is the average of 34 U.S. MSAs.

The figure clearly shows the segregation of land use (residential vs. commercial) be-

tween neighborhoods in American cities. Note the mass of the distribution at , corre-

sponding to neighborhoods where the space is entirely residential, and the mass at ,

corresponding to neighborhoods where space is entirely commercial. Also note the con-

trast with Taipei, which does not show a similar bimodal distribution. We return in Section

7 to ask whether this segregation reflects deliberate planning or the absence of it.

The right panel in Figure 3 shows the distribution of the specialization of neighborhoods

in terms of residents vs. workers. The figure plots the distribution of of each

neighborhood, again normalized so that the maximum of this index is and the minimum

is .16 When a neighborhood only has residents, the index is , and when a neighborhood

only has workers, the index is . When a neighborhood has the same number of workers

and residents, the index is zero.

Here again the specialization of neighborhoods in American cities, this time in terms

16The index is defined as , where is the total number of residents
in the city and is the total number of workers.

17



Figure 4: Aggregate Specialization Index in Residential vs. Commercial Space
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of residents vs. workers, is quite remarkable. The bimodality of the index is evident. The

distribution has substantial mass in both tails, and the contrast with Taipei is clear.

Figure 4 shows the overall degree of neighborhood specialization in a city. For each

city, this aggregate specialization index in terms of space use is calculated as the sum

of the absolute value of the index shown in the left panel of Figure 3 divided by 2, i.e.,

. This statistic thus ranges from (every neighborhood is mixed use

in terms of space) to (every neighborhood is completely specialized in terms of space).

The index is for the average American city; the highest is in Chicago and the low-

est is in Austin. The same index for Taipei is , which is lower than the American

city that is the least specialized (Austin).

In the model, the distribution of space (commercial vs. residential) and people (workers

vs. residents) between neighborhoods is driven by two forces: the dispersion of comparative

advantage (A relative to B) between neighborhoods and commercial vs. residential zoning,

as captured by the dispersion of . We now proceed to decompose these two forces.

Remember drives a wedge between the residential floor space per resident and com-

mercial floor space per worker. We therefore start by showing the distribution of the gap in

floor space per person in the two uses between neighborhoods. Figure 5 (left panel) shows

that the dispersion of this gap is significantly wider in American cities compared to Taipei.

Table 1 (column 2) shows the 90-10 gap in the price gap implied by the dispersion in the

space-to-worker ratio for commercial vs. residential uses. The 90-10 gap in is in the

average American city and in Taipei.

Table 1: 90-10 Gap in Local Space per Capita and Prices, Commercial vs. Residential

Price Gap
log log log

Average U.S. City 2.175 2.227 0.749
Taipei 1.020 0.966 0.443

Notes: The table shows the 90-10 Gap in log , log , and
log across neighborhoods in each city. The average U.S. city
is the average of 34 U.S. MSAs.

The dispersion in the price gap in American cities comes from dispersion in the

laissez-faire price gap, , and the zoning wedge, . Here, we impute from estimates of

log of each city’s neighborhoods and estimated from Taipei data following equation

19



Figure 5: Distribution of Space per Capita and Price Wedge (Residential vs. Commercial)
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Notes: The left panel shows the distribution of log in each neighborhood. The right panel shows the
implied distribution of log across neighborhoods imputed from equation (7). “US Average” is the average of
34 U.S. MSAs.

(14). The right panel in Figure 5 shows the dispersion of . We make two points. First, the

dispersion of is significantly smaller than the dispersion of the price gap. This is because

isolates the effect of zoning from the price gap driven by differences in the relative demand

for commercial vs. residential land. Second, the dispersion of in American cities is larger

than that in Taipei. The 90-10 gap in is in the average American city and in

Taipei (last column in Table 1).

Figure 6 shows the 90-10 gap in in all U.S. cities. The U.S. city with the most dispersion

in is Las Vegas, and the city with the least dispersion is Philadelphia. Still, the dispersion

of in the American city with the least dispersion (Philadelphia) is higher than in Taipei.

Our inference of zoning wedges requires a value for the elasticity of space-use adjust-

ment, , which we estimate using neighborhood-level data from Taipei and impose on U.S.

cities. A natural concern is that space-use adjustment may be more or less elastic in U.S.

cities than in Taipei. To assess the importance of this assumption, we repeat the analysis

using values of equal to one-half and twice our baseline estimate. The inferred dispersion

of zoning wedges changes little under either alternative calibration.17 Intuitively, changing

affects not only the supply response of space use but also equilibrium quantity demanded,

so laissez-faire relative prices respond much less than the supply equation alone would

suggest. As a result, the inferred dispersion of laissez-faire relative prices—and hence zon-

17Cutting by one half lowers the 90-10 gap in in the average U.S. city from 0.749 to 0.744. Doubling
raises the 90-10 gap from 0.749 to 0.772.
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Figure 6: 90-10 Gap in log
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ing wedges—is locally insensitive to plausible changes in .

Althoughwe interpret the higher dispersion in in American cities as reflecting zoning,

it is possible that it captures other forces. We therefore ask whether the inferred wedges

behave as binding zoning constraints should.

The key observation is that zoning shows up as only when it works against mar-

ket forces. Consider a neighborhood with high residential amenities . In the absence of

zoning, such a neighborhood would naturally attract residents and residential space. A pro-

residential zoning rule would therefore be largely irrelevant. By contrast, a pro-commercial

zoning rule would have to overcome strong market incentives favoring residential use and

would therefore generate a large negative value of log . An analogous argument applies to

productivity. In neighborhoods with high productivity , market forces favor commercial

activity, so a binding pro-residential zoning constraint requires a large positive value of

log .

Figure 7 shows exactly this pattern. Across virtually all U.S. cities, is negatively re-

lated to residential amenities and positively related to productivity. Thus, the inferred

wedges are largest precisely in neighborhoods where zoning would need to work hardest

against market forces. This is what we would expect if captures binding zoning con-

straints rather than measurement error or other sources of neighborhood heterogeneity.

In Taipei, where residential-commercial zoning is largely absent, these relationships are

substantially weaker than American cities.

6 The Effects of Effective Commercial-Residential Wedges

The previous section showed that neighborhoods in American cities exhibit substantially

greater dispersion in effective commercial-residential wedges than neighborhoods in Taipei.

We now ask how these wedges affect the spatial allocation of economic activity. Using the

estimated productivity, amenities, and wedges, we conduct counterfactual exercises that

reduce the dispersion in wedges in each American city to the level observed in Taipei,18

and examine the resulting changes in neighborhood specialization and welfare.

Taipei provides a natural benchmark because residential-commercial use restrictions

are minimal. The dispersion in estimated wedges in Taipei therefore provides an empiri-

cal estimate of the baseline dispersion in an effectively un-zoned city. Our counterfactual

18To do so, for each American city, we reduce the standard deviation of wedges to that of Taipei while
preserving the mean.
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Figure 7: Coefficients from Regression of log on log and log
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Notes: The figure shows coefficients from regression of log on log and log . All variables are normalized
to have a standard deviation of for every city. The dashed line is the negative 45-degree line.

reduces the dispersion of wedges in each American city to this level while preserving the

cross-neighborhood ranking of wedges, yielding a conservative estimate of the effects of

residential-commercial zoning.

Figure 8 shows the effect of reducing the dispersion of wedges to that of Taipei on the

specialization of neighborhoods in American cities. The left panel shows the specialization

of neighborhoods in the average American city in terms of residential vs. commercial space.

For comparison, the figure replicates the actual distribution of the specialization of neigh-

borhoods in terms of space use as in Figure 3. The right panel shows the specialization

of neighborhoods in terms of residents vs. workers. Again, the figure replicates the actual

distribution of the share of residents vs. workers in each neighborhood. Both figures show

that the bimodal distribution in the data disappears under the no-zoning counterfactual.

Figure 9 shows the aggregate specialization index of each MSA under the no-zoning

counterfactual plotted against the specialization index measured in the data, where the

aggregate specialization index for each city is calculated as in Figure 4. Each point in the

figure is the aggregate specialization index for one U.S. city. The left panel shows this

number for specialization in terms of residential vs. commercial space. The right panel

shows this number for specialization in terms of residents vs. workers.
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Figure 8: Counterfactual Specialization of Neighborhoods in American Cities with No-Zoning
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Notes: The figure shows the counterfactual specialization of neighborhoods when the dispersion of in each
city is set to that in Taipei (see text for details). For comparison, the figure also shows the actual specialization
of neighborhoods observed in the data. The left panel shows the city-wise normalized distribution of

; the right panel shows the city-wise normalized distribution of in each neighborhood.
Both panels weight each neighborhood by the sum of residents and employment in the neighborhood.
The figure shows the average distribution across neighborhoods in 34 American MSAs.

The left panel shows that for all U.S. cities, the points lie below the 45-degree line.

That is, under the no-zoning counterfactual, every U.S. city would be less specialized in

residential vs. commercial space compared to what is observed in the data. The pattern

is less stark in the right panel, which shows the aggregate specialization index in terms of

residents vs. workers. Themajority of U.S. cities lie below the 45-degree line, indicating that

the no-zoning counterfactual implies more mixed neighborhoods. Only one city, Chicago,

would be slightly more segregated in terms of residents vs. workers under the no-zoning

counterfactual.

We end by estimating the effect of eliminating zoning (setting the dispersion of in each

American city to that of Taipei) on aggregate welfare. The welfare gains from eliminating

residential vs. commercial zoning are in the average American city. This number

ranges widely between cities depending on the distribution of , , and across neighbor-

hoods. The city with the largest welfare loss from zoning is Chicago (30.3% welfare loss).

The welfare loss is still substantial in the city with the smallest welfare loss (San Jose, with

a 2.6% welfare loss).
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Figure 9: Aggregate Index of Specialization with No-Zoning
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Notes: The figure shows the aggregate index of specialization of each city under the no-zoning counterfactual
(y-axis) vs. the actual index of specialization of each city (x-axis). The left panel calculates the index of each
MSA as ; the right panel shows in each MSA. The dashed lines
are 45-degree lines. The dotted lines indicate the specialization index of Taipei.

7 Is Zoning Well Targeted?

The previous sections showed that zoning wedges are large and materially affect the spe-

cialization of neighborhoods. Whether these wedges are socially costly, however, depends

on why zoning exists in the first place. A common justification is that zoning corrects

externalities that private markets fail to internalize.

This observation suggests a simple question: do the zoning patterns wemeasure resem-

ble the zoning a planner would choose to address externalities? To answer this question, we

consider two leading views of urban externalities. The traditional rationale for Euclidean

zoning emphasizes negative spillovers from commercial activity, such as congestion, noise,

and pollution. In contrast, Jane Jacobs (1961) argues that mixed residential and commercial

uses generate positive externalities through local services, pedestrian activity, and neigh-

borhood vitality. We derive the implications of each view for the optimal pattern of zoning

across neighborhoods and compare those predictions to the zoning wedges inferred from

the data.

We allow for these externalities by augmenting the model such that local amenity is
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given by

(15)

where . Here implies positive externalities from mixed use, whereas

implies negative externalities from mixed use. The rest of the model is unchanged.

We have two results of optimal zoning to report for themodel with externalities.19 First,

the of the relationship between the planner’s choice of and free free is negative

when and positive when . In words, when there are negative externalities from

mixed use, a planner wants more segregated neighborhoods. And when the externalities

are positive, the planner wants neighborhoods to become more mixed.

Second, a social planner will set optimal zoning such that is a function of the compar-

ative advantage of a neighborhood, as measured by the share of employment and residents

under laissez-faire, free free. This is the case regardless of the precise model of external-

ities, so any deviation of from free free is a deviation from optimal zoning. Therefore,

the slope of the relationship identifies whether zoning promotes mixing or segregation,

while the unexplained variation measures the extent of zoning that cannot be rationalized

by the externality model. We now examine these predictions empirically.

Figure 10 shows the scatterplot of with respect to free free in New York and Taipei.

Two facts are evident. First, there is a positive relationship between and free free in New

York. This is consistent with a model where urban planners in New York are attempting

to internalize positive externalities from zoning (as in Jane Jacobs), and inconsistent with

the view that planners are trying to internalize negative externalities frommixed neighbor-

hoods. Second, there is a large dispersion of from the positive relationship between and
free free in New York. Importantly, the dispersion is much larger in New York compared

to Taipei. This suggests that even when planners in New York are setting zoning rules to

create more mixed neighborhoods, this is dominated by zoning that is poorly targeted. The

net effect is that poorly targeted zoning fails to internalize positive externalities, on top of

the welfare losses from zoning we measured in the previous section.

This pattern is not unique to New York. To demonstrate that this tension between

mixing intent and noisy execution is a widespread feature of American urban planning,

Figure 11 plots the regression results across all 34 American cities. The left panel shows

the from a regression of log on log free free and the right panel shows the coefficient

from the regression. The right panel shows that the coefficient relating zoning wedges to

19See Appendix F for details on how the optimal price wedges of all neighborhoods are computed.
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