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Abstract

This paper evaluates the use of commuting zones as a local labor market definition.
We revisit Tolbert and Sizer (1996) and demonstrate the sensitivity of definitions
to two features of the methodology: a cluster dissimilarity cutoff, or the count of
clusters, and uncertainty in the input data. We show how these features impact em-
pirical estimates using a standard application of commuting zones and an example
from related literature. We conclude with advice to researchers on how to demonstrate
the robustness of empirical findings to uncertainty in the definition of commuting zones."
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1 Introduction

Local labor markets are an important unit of analysis in economics and are a basis of many
place-based public policies. Theoretical papers emphasize the characteristics of local labor
markets including common wage and rent levels (Roback, 1982; Moretti, 2011) as well as
common job-finding and unemployment rates (Head and Lloyd-Ellis, 2012; Schmutz and
Sidibé, 2014). Theory often assumes fixed costs for transferring jobs or workers between labor
markets, so imbalances can persist across labor markets for some time. For empirical analysis,
researchers interested in estimating the effect of some local, exogenous shock on labor market
outcomes must decide how to define the set of affected jobs or workers. Researchers examining
labor markets in the United States often turn to one of several standard geographic definitions
that are widely known and compatible with publicly available economic data, including:
states (Blanchard and Katz, 1992; Wozniak, 2010; Kennan and Walker, 2011), metropolitan
areas (Bound and Holzer, 2000; Card, 2001; Notowidigdo, 2020; Diamond, 2016), and counties
(Monte, Redding and Rossi-Hansberg, 2018; Foote, Grosz and Stevens, 2019).

Another labor market definition preferred for some research topics is commuting zones, or
clusters of locations with strong home-to-work commuting ties amongst one another. For the
United States, commuting zones consist of counties aggregated together using hierarchical
clustering of flows data (Tolbert and Sizer, 1996) (henceforth, T'S). Commuting zones are
similar to metropolitan areas in that they are meant to capture economic integration that does
not necessarily conform to regional political boundaries, such as states (Office of Management
and Budget, 2000, 2010). Unlike metropolitan areas, commuting zones have no urbanized area
size requirements and span the entire United States, allowing researchers to measure effects
for the entire country rather than just the set of metropolitan areas (or the complements
of metropolitan areas within a state). Commuting zones have been used in a number of
influential papers in the labor economics literature, including Autor, Dorn and Hanson
(2013), Chetty et al. (2014), Amior and Manning (2018), Restrepo (2015), and Yagan (2016).
Hierarchical clustering and other methods have been implemented with similar data in other
countries both for official statistics and research purposes.t

Despite their widespread use, the methodology underlying commuting zone definitions and
its impact on empirical estimates has not received much scrutiny, and researchers typically
do not assess how sensitive their findings might be to commuting zone design, measurement,
and uncertainty.

Our research contributes to the understanding of empirical analyses that use commuting
zones and similarly defined areas. First, we demonstrate that commuting zone definitions are
sensitive to both a dissimilarity threshold choice in the clustering process, which governs the
number of clusters, and to uncertainty in the underlying worker flows data, which governs
the strength of ties between pairs of counties. Our findings suggest that researchers should
evaluate the sensitivity of their results when using commuting zones. Second, we show with
two empirical examples how these methodological issues impact estimates that use U.S.
commuting zones as a local labor market definition. We propose a methodology for evaluating
robustness of results using analysis areas defined by flows data. The code underlying the

IFor surveys and summaries of local labor market definitions and clustering methods, see Casado-Diaz
and Coombes (2011) and Franconi, Ichim and D’Al6 (2017). For a recent implementation of the TS method
in Portugal, see Afonso and Venéancio (2016).



empirical example (Foote, Kutzbach and Vilhuber, 2020) can be applied to any such flow
data, as long as measures of uncertainty are available.

Our analysis relates to the literature on the modifiable areal unit problem (MAUP), and
more specifically, the concern that model estimates using spatial data may be sensitive to the
shape or size of geographic analysis areas. Investigations of MAUP in different contexts have
come to varied conclusions, for example, Fotheringham and Wong (1991) find that aggregation
and shape variation can significantly alter results, while Briant, Combes and Lafourcade
(2010) find that measurement and model specification issues are of first order importance
relative to area size, with area shape being the least important. Empirical papers that use
commuting zones rarely address either the issues of zone definition (e.g. by controlling for
cross-zone commuting) or MAUP issues more broadly (e.g. by checking robustness to different
spatial units).? We demonstrate the consequences for multivariate analysis of uncertainly in
the definition of areas defined by commuting flows data. This paper goes beyond the MAUP
studies cited above by examining not only the sensitivity of estimates to area shape and
size, but also examining the role of assumptions in zone definition underlying variation in
definitions.?

2 Commuting Zone Data and Methodology

The Economic Research Service (ERS), an agency under the U.S. Department of Agriculture
for which commuting zones were originally developed, distributes definitions on its website.*
Commuting Zones (CZ) are especially relevant for the economic analysis of rural areas, a
focus of ERS, because they include all counties, not just urban counties.

To describe the CZ method, we rely on a graph-theoretic model of commuting flows,
where each county is a node and edges measure the intensity of commuting between nodes.
We review two design components: the dissimilarity matrix, which measures how “far” nodes
are from one another, and the clustering method, which decides how nodes are assigned to
groups.

2.1 Data

TS generate the commuting zones using flows from the 1990 Journey to Work (JTW) data
(U.S. Census Bureau, 2017a), which tabulates the commuting information from the 1990

2Niedzielskia, Horner and Xiao (2013) investigate MAUP issues in commuting flows, but focus on sensitivity
of summary measures (for excess commuting), rather than a multivariate analysis as with the studies cited
above. Other studies also consider the optimal definition of traffic analysis zones, but that is a much smaller
spatial scale and a different focus than analysis of local labor markets. Afonso and Venéncio (2016) report
having checked for robustness of results with a lower average-linkage commuting flow threshold.

3Briant, Combes and Lafourcade (2010) evaluate an area defined by commuting flows, but for comparison,
they use either arbitrary spatial units of the same size or larger spatial units defined using different criteria.

4ERS released commuting zone definitions based on 1980, 1990, and 2000 commut-
ing data. All three definitions are available at http://www.ers.usda.gov/data-products/
commuting-zones-and-labor-market-areas.aspx as of 2020-09-30. For an analysis of the histori-
cal methodology, including the use of expert opinion, see Fowler, Rhubart and Jensen (2016).
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Census long-form (U.S. Census Bureau, 1992b).° County-to-county flows were estimated for
3,141 county equivalents for persons age 16 and older who reported being employed in the
week prior to April 1, 1990.6

2.2 Methodology

The dissimilarity matrix, d, is a representation of the relative distance between all pairs of N
counties. One can calculate d, where an entry d;; is the dissimilarity of county ¢ from county
j, as follows:
dy=1— .fij‘i‘fji (1)
min(rlf;, rif;)

In the above equation, f;; is the flow of commuters who live in county ¢ and work in
county j and fj; is the opposite flow. The resident labor force in county i is rlf; = ;\7:1 fij
(including f;;), with a corresponding calculation for county j. Normalizing flows with the
minimum resident labor force of a pair upweights the association of outlying areas with
metropolitan cores. Note that disimilarity is symmetric, so d;; = dj;.

After constructing this dissimilarity matrix, T'S use it as an input into their clustering
method, the average-linkage hierarchical clustering algorithm (PROC CLUSTER in SAS
software).” At the cluster level, the dissimilarity for a pair of clusters, Cx and C, is calculated
as the average of dissimilarity among all pairs of counties between the clusters, written:

> dij, (2)
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1

Dy —
KL Ne NV,

where d;; is calculated as in Equation 1 and Nk and Ny, are the count of nodes, or counties
in this case, in each cluster.

The hierarchical clustering method uses the dissimilarity matrix in the following way.
To begin, every county is its own cluster, so d;; = Dgy. The algorithm finds the lowest
value of dissimilarity and combines those two counties together, forming a new cluster. It
then recalculates a dissimilarity value between the new cluster and all other clusters. The
process continues joining clusters (including singletons with only one county) with the lowest
dissimilarity Dy, until all nodes are clustered. The designer may set a stopping threshold
by choosing a maximum “cutoff height” H. If Dg; > H then K and L do not merge.®

5Journey to Work data on county to county commuting flows are available for the 1990 Census, the
2000 Census, and 5-year samples of the American Community Survey at https://www.census.gov/hhes/
commuting/data/commutingflows.html.

SEmployment status is based on responses to the question “Did this person work at any time LAST
WEEK?” Place of work is geocoded using the response to “At what location did this person work LAST
WEEK?” Residence location is compiled from the mailing frame of the Census.

"The hierarchical clustering for this paper using PROC CLUSTER was generated using SAS software,
Version 9.2 of the SAS System for Unix. Copyright ©2009 SAS Institute Inc. SAS and all other SAS Institute
Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.

8To visually illustrate how the clustering algorithm works, Appendix Figure 9 displays the results of the
clustering procedure for different values of H, focusing just on counties in California. In the top left-hand
corner, at a height of H = 0.80, only a few counties have joined. As we increase the height to 0.88 and to 0.96,
more counties are joined together. Finally, at a height of 1, almost all the counties have merged together,


https://www.census.gov/hhes/commuting/data/commutingflows.html
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TS processed the 1990 JTW data with this procedure, setting H to 0.98. We refer to the
resulting set of commuting zones for 1990, published in Tolbert and Sizer (1996) and available
today as Economic Research Service (2012), as “TS1990".

2.3 Our Replication

To assign each county to a unique cluster, TS processed the 1990 JTW data with the
procedure outlined above. They set cluster height, H, to 0.98, divided the country into six
overlapping regions, and performed the clustering algorithm separately in each region (due
to computational constraints). Afterwards, they manually resolved conflicts in overlapping
regions. These decisions have consequences for users. First, while the height cutoffs across
regions are the same, a step in the algorithm that normalizes distances to unit mean will
operate differently across regions, re-normalizing the dissimilarity matrix for each region.
As a result, zones in the Northeast have different connectivity than zones in the South.
Second, even with overlap allowances, some clusters may be constrained. Third, overlaps
induce some undocumented subjectivity, since conflicts in cluster assignment for counties in
the overlapping regions are inevitable. Eighteen states fall within overlapping regions and
Arkansas is in four regions.

Rather than follow their methodology of dividing the country into regions, which required
a subjective expert review, we run the hierarchical clustering algorithm on the entire country
(we exclude Alaska and Hawaii). We choose a height cutoff, 0.9385 (compared to 0.98), that
most closely replicates their original zones in terms of size distribution, though it results in
755 zones (compared to 741).°

The TS1990 zones and our replication thereof (which we will refer to as FKV1990) are
depicted in Figure 1. Table 1 provides summary statistics. As would be expected given the
difference in cluster count, the allocation of counties to clusters varies across the definitions.
Our replication has more evenly sized clusters with fewer clusters made up of a single county.
There are some notable large clusters in our replication, mostly in sparse areas (e.g. Montana;
Northern California and Eastern Oregon).!® These large clusters serve to underline the main
weakness of the hierarchical clustering methodology - counties are forced to merge eventually,
even if the links are relatively weak.!!

forming one large cluster and a few much smaller clusters.

9We find that the clustering algorithm, when attempting to produce the same cluster count as TS1990
with a national run, retains a residual cluster that spreads across many states. Only with the lower cluster
height, and more clusters, does the residual cluster break up. We leave evaluation of alternate clustering
methods for future work, with the emphasis in the present analysis on the sensitivity of estimates to zone
definitions. We also note that this residual cluster is a feature of the hierarchical procedure, which selects
new clusters based only on their incremental optimality. We show an example of such a map, using a cutoff
of 0.945, in Figure 10 in the Appendix.

10Tt should be noted that TS1990 also has some large zones, including some in Nevada, Idaho, and California.

1 One leading alternative clustering method is spectral clustering, in which a user specifies a number of
clusters desired, and the algorithm minimizes total within-cluster distance.



Figure 1: Replication of Commuting Zones from TS: County Mapping

Commuting Zones - TS1990 Replication of Commuting Zones - FKV1990

Notes: In TS1990, the clustering procedure was done on six overlapping regions and then reconciled; in
FKV1990 (author’s calculations using the 1990 Census Journey to Work Tables), we performed the clustering
procedure nationally. Full-size maps are available in the online appendix. See text for details.

Table 1: Replication of TS1990 Commuting Zones: Summary Statistics

TS1990 FKV1990

Mean Cluster Size 4.24 4.16
Median Cluster Size 4 4
SD Cluster Size 2.50 1.62
Number of Clusters 741 755
Number of Singletons 62 12
Cross-Commuting as Share of Population  0.060 0.107
Share of Population Mis-matched 0.17

Notes: Both TS1990 and FKV1990 are based on Journey to Work
tabulations from the 1990 Census. Summary statistics for TS1990
are from Table 8 of TS.

3 Design Sensitivity

While commuting zones are used by researchers as a convenient measure of local labor markets,
they have a number of shortcomings for empirical research that are not regularly discussed
in the literature. In this section, we evaluate the sensitivity of commuting zone definitions,
focusing on two aspects of the TS methodology. First, we show that there is substantial
ambiguity over the choice of when to stop merging the clusters, and that small changes in
the chosen cutoff height can affect the number and size of the clusters. Second, we show that
if there is uncertainty in the input data, the resulting commuting zone definitions can vary
substantially. Overall, this uncertainty and subjectivity in the commuting zone definitions
contributes to conventional standard errors understating the true level of uncertainty in the
estimates, which we show when we return to this issue with our empirical replication in the
next section.



Figure 2: Effect of Cluster Height on Number of Clusters
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Note: Authors’ calculations using methodology described in Section 2. A higher cutoff
results in fewer clusters. The solid line is the number of clusters at a given cutoff and uses
the left axis; the dashed-and-dotted line is the share of counties in a different commuting
zone from our replicated zones, FKV1990, and uses the right axis. The red-dashed vertical

line indicates the cutoff value for our replication, H*.

3.1 Choosing Cluster Height

One sensitive feature of the methodology used by TS is choosing the cutoff value above which
no clusters can form, or the maximum dissimilarity, which determines the number of clusters.
Tolbert and Killian (1987) describe the algorithm for choosing a cutoff value as follows (see
page 15): “As a rule of thumb, a normalized average distance of 0.98 was considered sufficient
distance between sets of counties to treat them as separate [Labor Market Areas].” The
article does not provide an analysis of the sensitivity to changing the cutoff marginally up
or down. TS, in an effort to minimize methodological differences between commuting zones
for 1980 and 1990, use the same cutoff with no further evaluation for the 1990 data. In this
subsection, we investigate how sensitive the clusters for our replication are to the choice of
the cutoff value.

Figure 2 shows the number of clusters that form at various height cutoffs using the 1990
flows data, with the vertical line indicating the cutoff value we chose to replicate T'S1990,
H* =0.9385. As the cutoff rises, the number of clusters falls. Increasing or decreasing the
cutoff has implications for the number of resulting clusters. Decreasing H to 0.9375 increases
the number of clusters by 29, while using a cutoff of 0.93995 causes the number of clusters to
decrease by 20. We also plot the share of the population that is in a different cluster than
the replicated clusters, to illustrate how assignment changes further away from the cutoff. As
we noted earlier, one particular issue with the methodology is that for cutoffs to the right of
the vertical line, a large residual cluster forms, which contributes to the steeper slope in the
share of the population mismatched.

Another way to measure the appropriateness of the cluster height is to measure the share
of commuting flows that occur between clusters. If the clusters approximate local labor
markets, those values should be lower, indicating internal cohesion and minimal overlap with



Figure 3: Cluster Height and Share Workers Commuting Between Clusters
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Note: Authors’ calculations using methodology described in Section 2. The solid line shows
how the across-clusters average of the share of workers commuting outside of the cluster
where they reside varies with the cluster height cutoff (greater height corresponds with fewer
clusters). The red-dashed vertical line indicates the cutoff value for our replication, H*.

outside areas (though if clusters are too large, they may encompass unrelated labor markets).
Using the 1990 JTW data, we compute the share of total commuting flows whose destination
is outside the cluster, average these values across all clusters, and plot these values by height
cutoff in Figure 3. As the cutoff increases, the clusters get larger and there is less cross-cluster
commuting. At the upper limit of the cutoff, with very few clusters, the value will tend
towards zero.

This figure, taken together with Figure 2, shows some of the features of the cutoff decision.
There is no discontinuity and no empirical guidance or broad consensus in the theoretical
literature.'? TS do not discuss their criteria for choosing these cutoffs.'?

3.2 Sensitivity of Clustering Results to Underlying Error

Next, we analyze the extent to which the outputs of the TS methodology are sensitive to
errors in the commuting flows data used for clustering. First, recall Equation 1 for the
entries of the dissimilarity matrix. If f;; is measured without error, then the distance between
counties ¢ and j is also measured without error. However, if the flows are measured with
error, €;;, then observed flows may be defined as fij = fij + €. In this way, our observed rl fis
rl f;, and Jij would also include error. We show this expression below (assuming without loss
of generality that rif; < rlf;):

12Decisions on clustering methods, clustering counts, and validation criteria depend on the application
and are inherently somewhat subjective. Because clustering is an unsupervised method, there may be no
indication of the ideal number of clusters (Halkidi, Batistakis and Vazirgiannis, 2001).

13Other designers have made different sizing choices. For example, Employment Areas in France, also
based on commuting flows, are much smaller and would be equivalent to splitting the United States into over
4,700 units (Briant, Combes and Lafourcade, 2010)
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Even if Ele;;] = 0, that does not imply that E[d;;] = d;;. Furthermore, we cannot rely
on the limit properties of the error distribution, because we only have one realization of
the commuting flow, which is calculated from survey responses. Additionally, we know that
€5/ fi; is larger for small flows. Errors will increase d;; for some small counties and decrease it
for others. Because of the hierarchical nature of the clustering method, this error will affect
the formation of all other clusters in the data.

To demonstrate how this measurement error affects the outcome of the clustering procedure,
we project the published margins of error (MOE) from the 2009-2013 ACS Journey to
Work data (U.S. Census Bureau, 2017b) onto the 1990 Journey to Work data (for which
no uncertainty measures were published).!> We resample these MOEs to obtain different
realizations of the commuting zones in the following way:

1. For each origin-destination pair (7,j), we draw ¢; from a normal distribution with
mean 0 and standard deviation MOE;;/(1.645), since the MOE is scaled to be the 90%

confidence interval.'®

2. Calculate the new flow value, ﬁj = fi; + €5, with negative values set to zero.'”

3. Re-calculate each dissimilarity matrix entry a@j

4. Re-run the hierarchical clustering procedure, still using the FKV1990 cutoff.

141n addition, because heights are normalized in the procedure, the dissimilarities of all clusters will change
relative to the cutoff.

15To project MOEs from the ACS to 1990 flows, we calculate a ratio, M OE;;/ fi;, representing the degree
of uncertainty for a flow in the ACS. To reflect the range of MOEs across similarly sized flows, we calculate
the mean and standard deviation of these ratios within flow size bins, defined by 1990 flow percentile, of:
0-50; 50-90; 90-95; 95-99; and 99+ (see Appendix Table 4). For each 1990 flow, we draw from the distribution
of ratios calculated with the ACS in the corresponding bin. Note that the Census long-form is designed to
be a one-in-six sample for one year, while the ACS data covers 5 years with a one-in-fifty sample each year.
The smaller sample size of ACS typically results in higher margins of error for comparable statistics. The
uncertainty implied by our implementation likely overstates the underlying MOEs in the 1990 flows. For
more information on the construction of the ACS MOEs, see U.S. Census Bureau (2014, pages 10-12).

6In doing this, we assume that €;; L €;;Vk, for simplicity. In reality, it is likely that corr(e;;, €;) < 0,
which means in our setting that we are understating the error by treating them as independent. In the
Journey to Work data, there are likely some origin-destination pairs that are not reported due to the sample
design. In our current resampling approach, we only resample from non-zero flows in the data. A more
complete approach could model the likelihood that a zero reported is actually a positive flow, and resample
accordingly, but that is beyond the scope of this paper. For more detail on the 1990 Decennial Census sample
design, consult U.S. Census Bureau (1992a).

1765 percent of flows are not statistically different from zero and are at risk to be censored, but these tend
to be small flows and account for only 1.7 percent of jobs.



Figure 4: Results from Re-sampling Commuting Flows
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Notes: Results from the resampling procedure described in Section 3.2. In subfigures (a) and (b),
the red vertical line corresponds to the value from our benchmark commuting zones, FKV1990, as
described in Section 2. Subfigure (c¢) gives the distribution of mismatch from resampling compared
with FKV1990.

5. Store the re-sampled clusters for sensitivity analysis.

We iterate over this procedure 1,000 times in order to obtain distributions for these
statistics, which are shown in Figure 4, where the red-dashed vertical lines are the values for
our replication, FKV1990, obtained using the published 1990 data. The figures show that the
average cluster size varies considerably from the result that the published figures would yield
and that the realized outcome is not near the median for the number of clusters or mean
cluster size. Additionally, the median share of the population that is mismatched is about
4% of the US population.'®

4 Empirical Sensitivity

In the previous section, we showed that there are two margins on which clustering method-
ologies are sensitive: uncertainty in the input data and the choice of the number of clusters.
However, these issues are only important for applied research to the extent that the uncer-
tainty impacts empirical estimates in a significant way. In this section, we assess the impact
of the uncertainty in commuting zones for two specific empirical examples. First, we estimate
a model relating changes in local labor demand on receipts of unemployment insurance in
the same local area, and assess the sensitivity of the estimated parameter to variations in the
definitions of the local area. Second, we conduct a replication of Autor, Dorn and Hanson
(2013) on the effect of trade competition on job loss, and assess the sensitivity of the estimated
parameters, and their conclusions, to variations in the definition of commuting zones.

18To get a sense for how robust these re-sampling results are over time, we replicate the analysis reported
in Figure 4 using the 2009-2013 ACS data. This has the additional advantage of using the MOEs specifically
constructed for the data, rather than projecting them onto the 1990 commuting flows. The results are shown
in Figure 13 in the Appendix. Mismatched population is actually higher, with a median of almost 5% of the
population and a large right tail. The distributions of clusters and counties (panels a and b) are tighter when
using the JTW 2009-2013 data, but the average number of clusters (panel a) is smaller and the mean cluster
size (panel b) is higher than the values in Figure 4, which reflects higher integration between counties during
this time period.

10



4.1 Case Study 1: Unemployment Receipt and Labor Demand

We measure labor demand in 1990 commuting zones using a standard Bartik (1991) measure:'?

Emprs 1990
Demandg; = Z _—

log(Emps;) — log(Emps— 4
g EmpK,1990< g(Emps.) g(Emps,i-1)) (4)

Equation (4) states that demand for area, or cluster, K in year ¢ is a weighted sum
over all industry sectors s, where the weights are the original (1990) industry shares
of employment in an area. National changes in employment for an industry, denoted
(log(Empsy) — log(Emps—1)), affect areas according to the original intensity of employment
in each area.

To measure the components of Equation (4), we use the Bureau of Labor Statistics’
Quarterly Census of Employment and Wages for 1990-2015 (Bureau of Labor Statistics,
2020) to compute average annual employment for each of the twenty NAICS industry sectors.
We measure the total receipts of unemployment insurance using the Bureau of Economic
Analysis’s Regional Economic Accounts data (Bureau of Economic Analysis, 2019).

Our estimating equation is

log(UI Receipts) ks = aDemand 1 + Vi + 0t + €kt (5)

where Demandg; is measured according to (4), and yx and &; are area and year fixed effects.
We first estimate (5) for the commuting zone definitions TS1990 and FKV1990, with 25 years
of data across each set of commuting zones. We then present estimates using the various
realizations of commuting zones based on the results from Section 3.

4.1.1 Results of Estimating Equation

Table 2: Effect of Labor Demand on Unemployment Receipt

Using TS1990 CZs  Using FKV1990 CZs

Demand;; -7.0163 -8.3953
(0.9660) (0.7419)

N 18441 18700

R-squared 0.984 0.978

Notes: Table from author’s calculations, based on Equation 5.
Column 1 uses TS1990 commuting zone definitions, Column 2 uses
FKV1990 commuting zones as described in Section 3. Standard
errors in parentheses are clustered at the commuting zone level. All
coeflicients are significant with p-values less than 0.01.

Results in Table 2 show that when labor demand increases, unemployment receipts
fall.?Y To scale our results, a one standard deviation change in labor demand (0.02) causes

9Bound and Holzer (2000), Notowidigdo (2020) and Autor, Dorn and Hanson (2013) use this measure of
labor demand; the latter two papers estimate the effects of demand shocks on uptake of public assistance.

200bservations approximately equal the product of 25 years by the number of clusters in each definition. A
few observations are missing due to missingness in certain states for the early period in the BEA data.

11



Figure 5: Differences in Effect Based on Cluster Cutoff
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Note: Author’s estimates of v in Equation (5) while varying the cluster height cutoff. The solid red line gives
the point estimate of o for a given cluster definitions at each height, the gray area denotes the 90 percent
confidence interval. The red dashed line is the reference point estimate for clusters using the benchmark
definition FKV1990 at H* = 0.9385.

unemployment receipts to fall by approximately 14-16 percent. The magnitude of the point
estimate varies depending on which set of commuting zone definitions are used but the
difference is not statistically significant.

4.1.2 Sensitivity to Chosen Cutoff

To demonstrate how the cutoff choice affects estimates of o from Equation (5), we use the
clusters generated based on cutoffs between 0.9 and 0.97. The count of clusters in this range
falls from 1,423 to 303, so observations drop and the standard errors rise with the cluster
height cutoff. Again, we note that for values of H slightly larger than H* = 0.9385, a large
cluster forms that is not consistent with our interpretation of local labor markets. For this
reason, we take the estimates for cutoff values below H* to be more reasonable.

Figure 5 shows that the estimated magnitude of & increases as the cutoff height H
increases (the number of clusters declines). With a greater number of clusters at lower cutoffs,
commuting zones may be underbounded, or not large enough to capture the relevant local
labor market for resident workers (see Figure 3). Variables describing commuting zones
would then be measured with error, which would lead to attenuated parameter estimates. As
clusters are consolidated, the magnitude of the effect increases, but then levels off.

12



Figure 6: Distribution based on Realizations of CZs
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Note: Histogram plots estimates of 5 from Equation 5, based on commuting zone realizations as
outlined in Section 3. Red vertical dashed line in Panel (a) shows estimate f for FKV1990 commuting
zones. Histogram plots t-statistics derived from estimating Equation (5), based on commuting zone
realizations as outlined in Section 3. In Panel (b), blue vertical dashed line is t-statistic using
FKV1990, and gray vertical lines are the 2.5th and 97.5th percentiles of the t-statistic distribution.

4.1.3 Sensitivity to Errors in Flows Data

To investigate how sensitive the results are to different commuting definitions, we re-estimate
(5) using 1000 realizations of commuting zones (see Section 3.2).

The distribution of & from this exercise is plotted in Figure 6 panel (a). The red vertical
line indicates the value &(FKV1990) = —8.3953 obtained with the FKV1990 CZs. In
this particular example, the distribution is symmetric with the coefficient centered on the
distribution, but as the next example shows, that is not always the case.

Another way to summarize the results of this exercise is to look at the distribution of
t-statistics, which incorporates information about the standard error of & into the analysis as
well, and comparing that distribution to the critical values.

Figure 6 panel (b) shows the distribution of t-statistics obtained from estimating Equation
(5). The blue vertical dashed line is the original t-statistic, and the light gray vertical lines
are the 2.5th and 97.5th percentiles. Clearly, in this application the result is still significant,
because the entire confidence interval of t-statistics is less than the critical value (—1.96).

Importantly, the estimated t-statistic from the original regression (blue vertical line) is not
the median of the distribution, which warrants caution on the part of the researcher, because
the zones that are used by the researcher may represent an outlier in terms of statistical
significance. This exercise demonstrates that there is additional uncertainty induced by the
construction of the commuting zones that is not addressed in empirical estimates that use
these definitions, which may overstate the precision of results.

4.2 Case Study 2: The China Syndrome

Autor, Dorn and Hanson (2013) estimate the impact that increased trade competition from
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China had on manufacturing employment in the United States. The identifying variation used
in their analysis is differences in industrial composition across (T'S1990) commuting zones,
which varies the exposure of workers to import penetration following China’s entry into the
World Trade Organization in 2001. We replicate the analysis, assessing the robustness of the
result to variations in the definition of the commuting zones. While we find that the overall
result is robust, we show that the magnitude of employment effects varies substantially and
non-monotonically with the number of clusters.?!
The main estimating equation in Autor, Dorn and Hanson (2013) is:

ALY = v+ B1AIPWyr + B2 Xt + €it (6)

where AL} is the decadal change in manufacturing employment in commuting zone ¢ following
year t, AI PW,; is the import exposure growth measure, and X;; are control variables. All
regressions are weighted by population share of the commuting zone.

4.2.1 Replication Results

Since we use slightly different data sources to measure manufacturing employment, we first
establish a baseline replication, comparting to the main estimates from Autor, Dorn and
Hanson (2013, their Table 2). Table 3 shows a comparison of original headline estimates to
variations in data sources in our replication.?? Each cell in the table is a coefficient from a
different regression. For simplicity, we show estimates for the time period 1990-2000 only.
The first column shows estimates from Autor, Dorn and Hanson (2013, Table 2, Column
1). Columns 2-5 show estimates of the same model, replacing the import exposure measures
(Column 2), the estimates of the change in manufacturing employment and the weights
(Column 3), and the clustering variable (TS1990 instead of state, Column 4, and FKV1990,
Column 5).

In Autor, Dorn and Hanson (2013), the interquartile range of import exposure growth
is approximately $1000. Their estimates (in column 1) imply a reduction in manufacturing
employment of 0.88 percentage points, while our estimates imply a decrease of 0.87 percentage
points. The difference is not statistically significant. Overall, the estimates are robust,
giving us confidence that we are properly replicating their initial findings. We now turn to
demonstrating how these estimates are affected by the concerns with the commuting zone
definitions themselves.

4.2.2 Sensitivity to Chosen Cutoff

In Section 3.1 we showed that the decision of where to stop the clustering process was rather
arbitrary, since there is no clear guidance on what cutoff is most appropriate. To demonstrate
how the cutoff choice affects the estimate of 3; from Equation 6, we generate clusters based
on cutoffs between 0.9 and 0.97 and estimate the model using the resulting clusters.

21We want to acknowledge that Autor, Dorn and Hanson were incredibly helpful in the process of replicating
their paper, both in providing data and helping to troubleshoot, as well as being receptive to this exercise.

22We use county level manufacturing employment from the decennial census (Minnesota Population Center,
2016), while Autor, Dorn and Hanson (2013) map the PUMS data at the PUMA level into the commuting
zone using David Dorn’s crosswalk.
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Table 3: China Syndrome Replication and Comparison, 1990-2000

ADH Estimate Our RHS Our LHS and Weight CZ Clustering Using FVK1990

AIPW,., -0.8875 -0.8871 -0.8748 -0.8748 -0.8725
(0.1812) (0.1811) (0.1527) (0.1243) (0.0628)

Notes: Table from author’s calculations, using data from Autor, Dorn and Hanson (2013) and constructed data,
based on Equation 6. Column 1 is Table 2, Column 1 from ADH (2013). Column 2 replaces their measure
of import exposure with ours. Column 3 replaces their measure of change in manufacturing employment and
CZ-specific weights with ours. Columns 4 and 5 cluster by commuting zone, rather than state. Column 4 uses
TS1990 commuting zones and Column 5 uses the FKV1990 commuting zones. Standard errors are in parentheses.
All coefficients are significant with p-values less than 0.01.

Figure 7: Differences in Effect Based on Cluster Cutoff

-6 -4q

Effect

Effect for IQR

-1.2
-1.2

9 92 96 98 9 92 96 98

.94 .94
Cluster Height Cutoff Cluster Height Cutoff

(a) Effect by Cutoff Height (b) Effect by Cutoff Height, Scaled by IQR

Note: Author’s calculations based on replication of Tolbert and Sizer’s method. Panel (a) shows estimates of
B1 from Equation 6 for different definitions of commuting zones based on height cutoff, while Panel (b) shows
estimates of 31 scaled by the difference in exposure between the 25th and 75th percentile commuting zone.
The horizontal line in Panel (a) is the main estimate from Autor, Dorn and Hanson (2013)

Figure 7 displays the results of this exercise. Panel (a) shows the raw coefficient, and
Panel (b) shows the coefficient scaled by the interquartile range of AI PW,;;, which changes
depending on the cutoff. In Panel (a), the red dashed line is the estimate from Autor, Dorn
and Hanson (2013).

Our results show that there is some variation in the estimate based on the cutoff value.
As with Figure 5, estimates using more clusters have lower standard errors, but are also
lower magnitude, possibly due to attenuation bias. Around the cutoff value that most closely
replicates T'S1990, the estimate is the most negative. However, cutoff values marginally
higher or lower give different results, which reinforces the point we made with Figure 2 - the
number of clusters that merge is incredibly dense near the cutoff for commuting zones, so
that any change in the cutoff changes the commuting zone definitions non-negligibly. This
density causes estimates using commuting zone observations to change near the cutoff. Given
the sensitivity of estimates to the chosen cutoff, best practices would be to report estimates
for a broad range of cutoffs. In this particular example, the estimates are not statistically
distinguishable, but this may not be the case in all applications.
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Figure 8: Distribution of Effect, 1990-2000
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Note: Histogram in Panel (a) plots estimates of 8; from Equation 6, based on commuting zone
realizations as outlined in Section 2. Histogram in Panel (b) plots t-statistics derived from estimating
Equation 6, based on commuting zone realizations from Foote, Kutzbach and Vilhuber (2020). Blue
vertical dashed line is t-statistic using FKV1990, and gray vertical lines are the 2.5th and 97.5th
percentiles of the t-statistic distribution.

4.2.3 Sensitivity to Errors in Flows Data

Next, we show how the estimates are affected by variation induced by resampling the
commuting flows based on the implicit distribution from the margins of error in flows. We
use the same resampling outcomes as Section 3.2.

We use these different commuting zone definitions to aggregate counties and then estimate
Equation 6. These estimates are graphed in Figure 8, which shows the distribution of the
estimated effect for the 1990-2000 period. The red vertical dashed line in Panel (a) shows
the estimate under the standard commuting zone definitions. The estimates are somewhat
dispersed, and the standard deviation is 0.015, which implies that the standard errors are
understated by about 20% (comparing to standard error in column 5 of Table 3). Additionally,
the distribution is not centered on the red line, which implies that the conventional estimate
of the effect overstates the true effect.

Another way to display these results is to show the resulting distribution in t-statistics,
which incorporates information on both the coefficient and standard error; we show this
distribution in Panel (b) of Figure 8. The blue vertical dashed line is our originally estimated
t-statistic, and the two gray vertical lines are the 2.5th and 97.5th percentile of the estimated
t-statistics.

While the estimates from Autor, Dorn and Hanson (2013) remain significant when using
all the realizations of commuting zones, this exercise demonstrates that there is additional
uncertainty induced by the construction of commuting zones that is not addressed in empirical
estimates that use these definitions, which may overstate the precision of results.
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5 Solutions and Conclusion

Numerous influential papers in labor economics have used commuting zones as an alternative
definition to local labor markets. However, researchers typically do not evaluate how the
methodology used to construct commuting zones may impact their findings, nor have there
been any evaluations of the sensitivity of commuting zones to design feature more generally.
Our paper contributes to this literature by analyzing this methodology and its implications
for empirical applications.

We document that the commuting zone design methodology is sensitive to uncertainty
in the input data and parameter choices and we demonstrate how these features affect
the resulting labor market definitions. Furthermore, we demonstrate that the underlying
uncertainty of the commuting zone definitions affects empirical estimates that use them as a
unit of analysis.

We propose two ways to convey this additional uncertainty. First, to capture the sub-
jectivity of the cutoff choice, researchers should display results for a variety of different
cluster counts resulting from a range of cutoff values. This point is particularly important for
researchers applying the methodology from (Tolbert and Sizer, 1996) to new datasets or for
characterizing labor markets outside the United States, given that cluster counts are subjec-
tive and that results can differ considerably based on the chosen cutoff. Second, to capture
the underlying uncertainty in the commuting flow data used as an input, researchers should
re-estimate results using multiple realizations of commuting zones, and thereby incorporate
uncertainty due to the underlying error in the measurement of flows. To assist researchers
in implementing these robustness checks, Foote, Kutzbach and Vilhuber (2020) provide the
code underlying the analyses reported in this article, which can easily be adapted to other
contexts. If using U.S. commuting zones, researchers can download two datasets that provide
commuting zone realizations (for the cutoff and resampling methods) and follow the steps
outlined in the README file posted with the code.?

Our findings are relevant for empirical labor economics as well as other fields using
commuting zones and could be extended to area definitions based on other flows data (e.g.
trade, commodity, or finance flows). Researchers can validate results by examining either the
distribution of parameter estimates or the distribution of t-statistics for the estimates, as
described in the previous section.?*

BIn addition to Foote, Kutzbach and Vilhuber (2020), the most recent code can be found at
github.com/larsvilhuber/MobZ/.

24Researchers might also use an alternative flows dataset to define local labor markets. For example, hiring
outcomes data give the flow of workers acceding into new jobs by geographic origin and destination. For more
information, see the Job-to-Job flows data produced by the Census Bureau’s Longitudinal Employer-Household
Dynamics program at https://lehd.ces.census.gov/data/.
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Tables and Figures Appendix

Figure 9: Clusters in California at Incremental Height Cutoffs

Height = 0.8 Height = 0.88

Height = 0.96 Height =1
Notes: The above graphs are generated using the methodology outlined in Section 2,
using 1990 Census Journey to Work data. More detail is in the text in Section 2.3.

Table 4: Summary Statistics of Ratio of MOE to Flows

Mean 25th Pctile 50th Pctile 75th Pctile

All counties 1.236 0.845 1.370 1.600
Flows <100 1.432 1.148 1.500 1.636
Flows 100-1000 0.444 0.301 0.414 0.549
Flows 1000-10000 0.131 0.087 0.124 0.169
Flows 10000+ 0.037 0.024 0.036 0.049

Notes: Author’s calculation using Margins of Error and total flows
from 2009-2013 5-year ACS Journey to Work data. See Section 3.2
for usage details.
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Figure 10: Hierarchical Clustering, Cutoff = 0.945

Notes: The above cluster mapping was generated using the methodology outlined in
Section 2, using 1990 Census Journey to Work data, with a height cutoff of 0.945,
which is above FKV1990. The dispersed set of light blue counties are all in the same
cluster, even though parts of the cluster are non-contiguous; there are 292 counties
in that cluster.

Table 5: Summary statistics for empirical example

TS 1990 CZs Replicated FKV1990 CZs

Log UI receipts 9.23 9.59
(1.89) (1.54)

Bartik; 0.006 0.006
(0.022) (0.022)

Notes: For details on construction and source, see Section 4. Stan-
dard deviations in parentheses.
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ONLINE APPENDIX (not for publication)

Full-size maps

Figures 11 and 12 show full size versions of the maps of commuting zones and replicated
commuting zones reported in the paper.
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Figure 11: Replication of Commuting Zones, FKV1990
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Robustness check for sampling procedure

We replicate the analysis reported in Figure 4 using the 2009-2013 ACS data. This has the
additional advantage of using the MOEs specifically constructed for the data, rather than
projecting them onto the 1990 commuting flows. The results are shown in Figure 13.
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Figure 13: Results from Re-sampling Commuting Flows, JTW 2009-2013
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Notes: Results from the resampling procedure described in Section 3.2, using the JTW data from
2009-2013.
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