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Table 3: Specifications of market access

transportation costs, market size population NL

geodetic distance MA(g,pop) MA(g,nl)
driving distance MA(d,pop) MA(d,nl)

distance of each city to the center of the country; and a measurement of ranking of the
city’s size within its country. These instruments perform well in a first stage, and pass
Sargan’s test of overidentifying restrictions.

Our results stem from cross sectional variation: we analyze the impact of MA in the
population growth of different cities exposed to the negative population shock, controlling
for country effects and clustering errors at the country level. As such, unless we expect
cities within the same country to adapt to a market economy at different speeds, we
expect our results to be robust even in the context of different transition speeds between
countries.

To further control for different cities being disproportionately affected by unobserved
factors, like sectoral composition, in their transition to a market economy, we construct a
dummy variable to identify places officially classified as a monotown (list obtained from
Kuzmenko, Soldak 2010) in Soviet times for Russia (data only available for this country).
We do not find a significant effect of this variable (these results available upon request).

3.2 Constructing Market Access Measures

We construct MA following equation (1) and restricting inclusion to cities in the same
country. Table 3 shows the four versions of MA constructed: First, market size, nk (t),
is measured using city population. Population is measured by each administrative unit
(generally municipalities) obtained from official sources, for municipalities as small as
1,000. Despite having a shorter time frame than comparable datasets, our larger scope
allows for conclusions to be applicable to the whole urban system population distribution6.

Alternatively, we use NLs as a proxy of economic activity to capture market size.
Henderson et al. (2011) discuss the benefits of using this data and present evidence
of its validity as a proxy. NLs data provide a globally consistent data set that is
comparable, across countries. Also, it is sampled uniformly (Henderson et al. 2012),
and its measurement error is not related to development levels. Finally, NLs provide
information about economic activity at levels of geographical disaggregation for which
economic data is generally absent, which is the case of cities in ECA. We perform tests
similar to those in Henderson et al. (2012) using subnational Gross Regional Domestic
Product (GRDP) and find robust positive correlations that support the use of NLs (Table
C.1).

There are two issues that affect the NL based measurements. First, the captured
NL footprint, cannot be separated between municipalities whose NL emissions touch in
space, forming agglomerations. We follow Roberts et al. (2015) to determine footprints
and agglomerations7 and use agglomerations as our observation level when dealing with
municipalities in them. Since agglomerations are groupings of cities who work as a single
functional entity, we expect any type of agglomeration benefits and spillovers to be shared
as well. Second, the algorithm has a lower performance when identifying dimmer NLs in
smaller places. As a consequence, some smaller cities included in the total sample are left
out in the sample that has NLs available data (NLs sample). The average size of the city
in the NLs sample is 100,670, compared to an average population of 64,470 in the total
sample. The NLs sample is nearly half the size of the total sample.

Second, we use different measures of distance as a proxy of transportation costs for
exports to other cities. Most literature uses geodetic distance calculated as distance

6As a contrast, Henderson, Wang (2007) build a data set on all metro areas over 100,000 from 1960
to 2000; the UN Statistics Division has a dataset since 1950, for cities only with more than 300,000
inhabitants.

7We identify a total of 352 agglomerations composed of a total of 2,358 cities.
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between points on an oblate spheroid (Vincenty 1975), an approximation of the earth,
ignoring any actual road system8. A more realistic measure, as suggested by Lall et al.
(2004) and Combes, Gobillon (2015), is actual driving distances, which we construct using
Open Source Routing Machine (OSRM) and OpenStreetMap9.

4 Results and discussion

Table 4 shows the results of regressions of the model specified in equation 2. In the
main specification that constructs MA using population, the estimated impact of MA
is negative. A possible explanation for this effect is real income differences that result
after a negative population shock and the effect these have in the influence of MA on
population flows. The two main effects of a negative population shock discussed in
Quintero, Restrepo (2017) are: First, frictions in the dynamics of productivity tend to
maintain differences in nominal wages between large and small cities shortly after the
shock, because productivity depends on the historical accumulation of production and
knowledge. At the same time, housing prices decline in both cities due to the reduction
in demand and the short run durable housing stock (Brueckner 2000). This changes the
real incomes and creates incentives for labor to reallocate from smaller to larger cities
(originally more productive but more expensive). The induced movement of population
will be particularly strong for cities with larger MA because they have those larger, more
productive, labor markets nearby for the fleeing population. Because of these income
differences, and because smaller cities will have a relative higher MA10 in a fixed system
of cities, this result would also predict concentration of population in fewer larger cities
after a negative population shock, which is consistent with the evidence11.

The effect after instrumentation is only significant for the MA measures that use
population, not our robustness test that uses NLs. One possible explanation comes from
the interpretation of the channel through which MA impacts population growth. Our
results suggest that the population flow is determined by being near populated places
more than being near places with large economic activity. It could be the case that it
is the access to large labor markets that matters the most, as opposed to just economic
activity, which could be determined more by capital in cities focused on capital intensive
or extractive industries.

Another possible interpretation of the difference in the results could come from the
changes in the sample of cities used (see discussion in Section 3.2). The NLs sample of
cities is smaller and concentrated in larger cities. If the negative effect of MA is mainly led
by smaller cities, then our measurement of MA with NLs would not be appropriate, and
we should rely on the population-based measurements. This result is in agreement with
Greenstone et al. (2010), which discusses that the effect of MA is larger for smaller cities
because they rely more on outside markets. Yet, results are robust to using either geodetic
distance or driving distance, which makes the former preferable for this application given
its much lower cost to calculate.

The role of local market size changes significantly when using measures with NLs and
population. In specifications 1-4 a larger local market is associated with lower population
loss, as predicted in the Brezis, Krugman (1997) model. The effect is not significant
for the MA measure that uses NLs. As before, it could be the case that either local
agglomeration economies are led by population size and not the magnitude of the economy,
or that the effects are different because of sample selection implied by the nature of NL
measurement. Finally, the effect of belonging to a formerly communist country is also
different in the different specifications. Cities in former communist countries lost, on

8High altitudes imply errors in this approach. In the cities in our dataset, this does not seem to be an
issue. Only Tajikistan and Kyrgyztan have few small towns with altitudes higher than 3.2 km, but their
populations are lower than 5,000 (hence, very low weight in any MA calculation).

9Google maps data undergoes more strict validation but could not be used for the whole sample
because of query volume restrictions. Calculation code is available from authors. Subsamples were tested
in Google maps and no significant changes were found.

10In a system of N cities, the largest city j will only have access to smaller markets −j, while the other
cities will have access to the large market j.

11See appendix section A
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Table 4: The market access (MA) definitions follow notation in Table 3. The dependent
variable is the annual population growth between year 2 and 3

MA(G,pop) MA(D,pop) MA(G,nl) MA(D,nl)
(1) (2) (3) (4) (5) (6) (7) (8)
OLS IV OLS IV OLS IV OLS IV

Market
local mkt 0.034* 0.036* 0.034* 0.038* 0.002 -0.000 0.003 0.007

(13.41) (12.97) (13.40) (12.42) (0.63) (-0.12) (1.14) (1.10)
mkt access -0.002 -0.072* -0.001 -0.071* -0.013* 0.006 -0.011* -0.022

(-0.62) (-2.66) (-0.37) (-2.64) (-2.57) (0.31) (-3.94) (-1.17)
Population Fundamentals
nat. pop ∆ 0.007* 0.005* 0.007* 0.005* 0.009* 0.010* 0.010* 0.009*

(16.60) (6.68) (16.64) (6.13) (12.72) (11.28) (13.08) (11.92)
net migration 0.020* 0.023* 0.020* 0.025* 0.007* 0.005 0.010* 0.015+

(17.72) (13.94) (17.54) (11.68) (3.16) (1.43) (4.17) (1.76)
Former 0.142* 0.097* 0.143* 0.101* -0.055* -0.045* -0.063* -0.075*
communist (16.34) (4.95) (16.57) (5.50) (-3.20) (-2.39) (-3.66) (-2.54)

Constant -0.461 0.018 -0.485 -1.015 0.117 0.097+ -0.050 -0.200
(-10.26) (0.09) (-10.74) (-4.90) (2.25) (1.72) (-0.78) (-0.76)

Observations 5392 5381 5388 5377 2376 2368 2373 2365
R2 0.136 0.070 0.136 0.060 0.177 0.170 0.180 0.174
Adjusted R2 0.135 0.068 0.135 0.059 0.174 0.167 0.177 0.170

Notes: t statistics in parentheses; +: p < 0.10, *: p < 0.05

average, more population when considering the NLs sample, which could be again driven
by sample selection. Other variables included have the expected values.

In conclusion, we present evidence suggesting that having higher MA – when operating
in an environment of population decline – is detrimental to city population growth. The
impact is negative for the MA measure that uses population as a proxy for market size,
our preferred specification. We use a comprehensive sample of cities in Eastern Europe
and Central Asia, which allows us to capture the effect on cities in all ranges of the city
size distribution. Even in countries where all cities are losing population, this result
suggests that cities with higher MA would lose relatively more. Our results contrast with
the positive effects of MA found in the literature, which are estimated in a context of
population growth. In times of population decline, nearby large markets could instead
act as a push factor, as the remaining population see them as possible labor markets.

Future work should analyze the heterogeneity of the effects in cities of different sizes.
Evaluating the causal impact of local market sizes in a context of decline is another
interesting area to elaborate on the results of this letter.
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A Concentration

Besides population decline, the region has presented concentration of population in fewer
larger cities, which is precisely the prediction of Brezis, Krugman (1997) as a response
to such a negative population shock. GINI coefficients for most ECA countries in table
5, for both population and night lights (NLs), support this. Only two countries show
decreases in the population concentration, and the average growth in concentration is
0.51% per year overall.

Table A.1: Concentration of Population and Economic Activity

Population GINI Change NLs GINI Change
year 1 year 2 year 3 year 1 year2 year 3

Serbia 0.507 0.507 0.7 + 1.81% 0.564 0.558 0.785 + 1.87%
Kazakhstan 0.508 0.542 0.651 + 1.34% 0.64 0.725 0.739 + 0.74%
Russia 0.608 0.629 0.758 + 1.17% 0.756 0.795 0.834 + 0.49%
Bulgaria 0.628 0.68 + 0.83% 0.768 0.776 0.782 + 0.09%
Belarus 0.668 0.713 + 0.67% 0.831 0.837 0.804 – -0.15%
Albania 0.696 0.718 0.756 + 0.41% 0.77 0.783 0.814 + 0.27%
Poland 0.712 0.735 + 0.32% 0.854 0.856 0.799 – -0.31%
Tajikistan 0.61 0.629 + 0.31% 0.671 0.706 0.796 + 0.89%
Moldova 0.656 0.708 0.688 + 0.23% 0.775 0.768 0.787 + 0.07%
Kyrgyz Rep. 0.644 0.676 0.671 + 0.20% 0.799 0.797 0.811 + 0.07%
Romania 0.622 0.63 0.641 + 0.15% 0.679 0.695 0.685 + 0.04%
Ukraine 0.737 0.735 0.744 + 0.05% 0.834 0.891 0.814 – -0.11%
Uzbekistan 0.674 0.652 0.65 – -0.17% 0.826 0.817 0.82 – -0.03%
Georgia 0.674 0.672 0.64 – -0.24% 0.709 0.763 0.774 + 0.44%

Notes: Estimated for the sample of cities which have both NLs and population data. Year 1, 2 and 3
refer to 1989, 1999, and 2010 (or the latest year available). In some countries one of these years might
be different for one or two years. Table 1 shows specific years for the data available for each country.
Change refers to the average annual change.
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B Transition to Market Economies

Notes: The Economic Freedom Index measures how economically free societies are, where freedom is
understood as no government obstruction to the free movement of labor, capital, and goods (The Heritage
Foundation 2018)

Figure B.1: Economics Freedom Index

Notes: The Ease of Doing Business Index measures how fair and friendly economies are to medium and
small private firms (The World Bank 2018)

Figure B.2: Ease of Doing Business Index
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C Using NLs as a proxy of economic activity

Table C.1: NLs as proxy of economic activity

Country Log NLs Constant Observations R2

Albania 1.24** -0.48 12 0.80
Belarus 1.25** -6.43 6 0.84
Bulgaria 1.17*** -6.04*** 140 0.72
Georgia 0.88* -1.19 7 0.6
Germany 0.72*** 0.95*** 1,980 0.41
Kazakhstan* 0.50** 21.20*** 28 0.13
Kyrgyz Republic 0.92*** 0.21 7 0.66
Poland 0.61*** 0.87*** 325 0.94
Romania 1.07*** -4.92*** 210 0.67
Russia 0.33*** 6.82*** 456 0.98
Serbia* 1.26*** -1.87 25 0.83
Tajikistan* 0.92*** 13.17*** 8 0.99
Turkey 1.40*** 0.21 52 0.74
UK 0.56*** 2.56*** 840 0.28
Ukraine* 0.85*** -0.69 135 0.5
Uzbekistan 1.01*** 1.94 39 0.95

Notes: Column 2 shows the coefficient of a regression of log region GDP on log region aggregate NLs.
Test is performed for for 16 of the 17 ECA countries analyzed (Moldova does not produce subnational
GDP data). Robust standard error in parentheses. ***: p < 0.01, **: p < 0.05, *: p < 0.1. Countries
with asterisks use raw nighttime lights; remaining countries used radiance calibrated nighttime lights.

c© 2018 by the authors. Licensee: REGION – The Journal of ERSA, European
Regional Science Association, Louvain-la-Neuve, Belgium. This article is distri-

buted under the terms and conditions of the Creative Commons Attribution, Non-Commercial
(CC BY NC) license (http://creativecommons.org/licenses/by-nc/4.0/).
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Abstract. This paper is the base text for the speech of the then EIB Vice President1

Mr. Pim van Ballekom at the ERSA Congress in Groningen, on August 2017. This text
represents his and the Bank’s views on the topic “Social Progress for Resilient Regions”.
Although in his speech he deviated from the prepared speech to react on topics raised by
the other speakers, this text and its contents remain valid.

Ladies and gentlemen,

I am delighted having the opportunity to address you today at the Policy Day of the
ERSA Congress in Groningen.

You might be wondering what the EIB is doing here, as we are a bank and therefore not
necessarily known to produce science. We do however support not only scientific projects,
but also urban and regional development, by means of financing, advisory services and
technical assistance. And as much as we would like for the world to be different, not a lot
of things can get done without money, so banks like us will still be needed in the future.

It is good to bear in mind that the EIB is public bank, owned by the 28 member
states. We are operating on the basis of policies, guidelines and recommendations of the
European Union (Council, Commission and Parliament), indeed we are one of the EU
institutions. And since cohesion, urban and regional development are topics high on the
EU agenda, it is per definition a core activity of the EIB. In fact, achieving a balanced
development of the European Union is the oldest operational priority of the EIB.

The challenges for Regions and Cities

The White Paper on the Future of Europe (European Commission 2017) makes a powerful
statement about the current state of the European integration and its uncertain future.
Regions and cities have to deal with the continuing consequences of the financial, the
economic, and the migration crisis. They have to master the concrete economic, social,
demographic and environmental demands of globalisation, technological change and digital
transformation at local level. By doing so they make significant contributions to a wide
range of EU objectives and priorities, ranging from the promotion of jobs and growth,
integration of migrants and support for climate action.

The Paris Climate Agreement (see, for example, European Commission 2015) and the
Sustainable Development Goals – to name but two – provide an impetus for regions and
cities to move towards sustainable development. Effects on regional development from

1Mr. van Ballekom’s term as Vice President of the EIB ended January 2018.
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natural causes are equally important as those of economic and financial causes and can,
in the worst case, reinforce each other.

Regional and urban sustainability are critically linked to how communities recover
when they are affected by disasters. Investment in capacity to prevent, prepare, manage
and reduce climate and other various types of risks, is therefore essential for building
resilient regions and cities. Also essential is strengthening the capacities of governments
to plan and implement the recovery processes to deliver an effective response. The EIB is
eager to support urban investment programmes in various ways.

Linking regional and urban lending to cohesion policy

A major part of the EIB activities supporting regions and cities falls under the Bank’s
policy objective of “cohesion”. As said, the support of the European Cohesion policy has
been at the heart of EIB operations since its foundation in 1958. It remains central to
the task of the EIB that the Bank should continue to facilitate the financing of projects
in less-developed regions.

The EIB’s strong and continued commitment to support cohesion policies is well
documented by our past lending. In the last 10 years (2007-2016) more than 200 billion
euros of loans have been provided under the cohesion objective. In my opinion this
will remain an objective in the foreseeable future. The more so because of budgetary
constraints, national and European. In all policy domains you can identify a shift from
grants and subsidies to loans and guarantees. In the new financial framework for the
years 2020 and beyond, it is my safe guess that this trend will continue. In fact, the
current aim of the European Fund for Strategic Investments (EFSI) is to find alternative
ways of financing public needs

Framework Loans

The EIB has continuously helped European regions and cities to finance their integrated
regional and urban development strategies through what we call ‘framework loans’. This
is a flexible instrument, which allows supporting hundreds or even thousands of smaller
projects that the Bank would be unable to finance if they were stand-alone projects.
Indeed, though we are a “big” bank in terms of our balance sheet, we only have about
3.000 employees. I know that sounds like a lot, but if you serve 28 EU member states
and many projects outside the EU, it is quite modest.

Framework loans fill the gap by covering – under one credit line for a region, province
or city – smaller projects across a whole spectrum of sectors: Research and development,
transport, broadband, regional and urban mobility, water and wastewater treatment,
energy efficiency, healthcare, education, cultural heritage among others. On this basis,
the EIB agrees with the region or city a set of upfront project criteria. These are the
basis for approving projects in a 3-5 year investment period on an ongoing basis. This
approach gives regions and cities the flexibility to handle necessary adaptations in their
investment programmes if needed.

Regions and cities that benefit from European Structural and Investment Funds
(ESIF) use EIB Framework Loans in particular to pre-finance their national co-financing
obligations. These dedicated Framework Loans, called Structural Programme Loans, are
important enablers for ESIF based investment across the EU.

In order to give you a better understanding of how regions and cities benefit from the
framework loan product, let me give you a few practical examples:

• In Greece, the Bank provided several Structural Programme Loans, which co-
financed the European Structural Funds. The loans supported over 120.000 small
projects across the country, including schools, archaeological museums, tourism,
vocational training, research, environmental programmes and water and waste
projects. They also supported small and medium-sized companies, the backbone of
the Greek economy. All these being part of the Integrated Territorial Development
Plans.
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• In Italy, we are helping to set up a dedicated Framework Loan to support post-
disaster reconstruction and rehabilitation investments in 16 Regions, which have
been affected by a series of extreme weather events over the last five years. The
investments contribute to the sustainable restoration of livelihoods in the affected
areas. It is important to mention that reconstruction will respect new urban planning
rules and risk prevention measures to ensure resilience against repetitive events.

• Following the floods in Madeira (2010) and the earthquakes in Murcia, Tuscany and
Emilia-Romagna, the Bank supported the sustainable and resilient reconstruction of
infrastructure, livelihoods and the economy by dedicated comprehensive multi-sector
post-disaster Framework Loans.

But although the EIB is a bank, there are other ways in which we are able to assist
projects in cohesion regions. Our advisory services, for example, help local authorities
prepare projects better, in order to have an increased change of attracting EU and other
funding. Especially under the EFSI, the European Fund for Strategic Investments, central
pillar of the so-called Juncker Plan, our possibilities in this area have much increased.
For more information on this, contact the “EIAH”, the European Investment Advisory
Hub, at http://eiah.eib.org/.

Financing the Urban Agenda

The Pact of Amsterdam sets out the key challenges for urban areas in the EU. The
pact calls specifically on the EIB to support its implementation through our lending,
co-financing and advising activity. Talking to European cities – many of which are also
EIB borrowers – about their financing needs leads us to at least 3 broad conclusions.

1. There are many new demands facing cities and most of them – like providing housing
to refugees, tackling climate change and enhancing disaster resilience – are typically
not revenue generating, thus they depend directly on the national or city budget,
or grant funds, for financing.

2. Many cities in Europe are debt-constrained, and need to make more effective use of
their debt capacity. Ways to do this include financial instruments or using private
sector vehicles to achieve public goals, but this often puts the challenge on the
banks and other lenders because of the higher levels of risk.

3. Cities need access to knowledge and information about financing possibilities, but
they do not necessarily need new instruments or facilities. What they need is a
more concerted way to help them navigate the vast array of existing facilities and
instruments and find out which can best support them.

This is where the EU’s one stop shop for cities provides value and that is where we
are working with the Commission on the financing component. Examples of urban
projects that the EIB has financed include the redevelopment of city centres, the creation
of smart districts and eco-quartiers and the modernisation of transport and municipal
infrastructure in cities across Europe.

Conclusions

Regions and cities have to cope with numerous challenges, which require an integrated
response in the shape of Integrated territorial development. It is short term as well as
long term demands. Economic resilience and resilience against natural disasters, as well
as against the effects of climate change are two sides of the same coin. Cohesion policy is
the EU’s main instrument for responding to uneven development across the Union. The
EIB has a good track record in this respect and will continue to assist cities and regions
alike, wherever possible, in order to fulfil common European goals. Please remember that
the European Investment Bank belongs directly to all member states, therefore it is also
YOUR bank.

I thank you for your attention.
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Abstract. Over the last several years, the Longitudinal Employer-Household Dynamics
program at the US Census Bureau has partnered with state labor market information
offices to produce a collection of extremely rich datasets based on linked employer-
employee records. These datasets, available free for download from the program website,
offer exceptionally detailed information on a number of topics of interest to regional
scientists, including migration, local labor market dynamics, and the spatial distribution
of employment. This article describes the different publicly available datasets, the process
by which these data are generated, and examples of research in regional science that is
already using these data.

1 Introduction

Regional science is becoming an increasingly data-intensive field. More and more, scholars
require highly detailed and comprehensive information about regional economies in order
to accurately characterize them. This change requires moving beyond the traditional data
sources that regional scientists have used, and incorporating new datasets, often compiled
from administrative records.

One new data source of interest to regional scientists studying the United States
(US) is the data produced by the Longitudinal Employer-Household Dynamics (LEHD)
program at the US Census Bureau. Based on a unique collaboration between the Census
Bureau and labor market information offices in all 50 states, the LEHD provides scholars
and the public with free access to highly detailed information produced from linked
employer-employee insurance records at an unprecedented spatial resolution.

2 The LEHD Infrastructure Files and main data products

At the core of the LEHD data project are the LEHD Infrastructure Files. These confidential
files are constructed by linking state unemployment insurance records with the Quarterly
Census of Employment and Wages, the Decennial Census, and other administrative and
survey datasets. The result is a set of longitudinal files that track individuals who are
covered by unemployment insurance over time. The Infrastructure Files themselves are
confidential, but available at Federal Statistical Research Data Centers to scholars with
proposals accepted by the Census Bureau. The Infrastructure Files have been used
extensively in scholarly papers within labor economics and to study topics of interest to
regional scientists such as the spatial mismatch hypothesis (Andersson et al. 2018) as well
as trends in migration (Hyatt et al. 2016).
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While the Infrastructure Files offer an extremely powerful tool for studying labor
market dynamics at all spatial scales, they may be impractical to access for many
researchers, particularly those based in Europe. To provide easier access to much of
the information collected through the LEHD program, the program offers three publicly
available datasets downloadable from its website. These are the Quarterly Workforce
Indicators (QWI), the LEHD Origin-Destination Employment Statistics (LODES), and
the Job-to-Job Flows dataset (J2J).

2.1 Quarterly Workforce Indicators

The QWI is the flagship data product produced by the LEHD program. The QWI
provides quarterly (i.e. four times per year) employment and earnings information at
the county level. The power of the QWI data comes from the ability to cross tabulate
these statistics by a variety of industry, firm, and employee characteristics. The data
are disaggregated into 4-digit NAICS Industry Groups, a detailed classification with
categories such as “Communications Equipment Manufacturing” and “Vegetable and
Melon Farming.” The data can be further disaggregated by firm characteristics, such as
firm age and firm size, and by employee demographic characteristics, including education
level, gender, and race. With the QWI data, it is possible to answer question such as
“are women and men working in Silicon Valley web startups paid similar amounts?” or “is
the manufacturing decline in Cleveland affecting workers of all races similarly?” More
comprehensively, one could ask, “which counties have the largest gender gaps in tech?” or
“where are manufacturing startups located?”

The total time span covered by the QWI data varies based on when each state joined
the program. Data for all states is available from Q1 2010 to Q2 2016. For many states,
including California, Oregon, Washington, Illinois, North Carolina, and Maryland, data
extends back until the early 1990s. The available date ranges for each state are posted at
https://qwiexplorer.ces.census.gov/loading status.html.

2.2 LEHD Origin-Destination Employment Statistics

The LODES data compliment the QWI. Whereas the QWI data provide extremely
detailed job characteristics at a relatively large level of geography, the LODES data
provide limited job characteristics at very fine geographic resolution. Data are provided
by census block, the smallest nationally-defined spatial unit, which correspond to city
blocks in size. The LODES data are provided state by state in three files. The Workplace
Area Characteristics (WAC) file provides information on the jobs located in each block.
In addition to the total count of jobs located in that block, the WAC file gives the count
of jobs in each of the 20 2-digit NAICS sectors, in each of three income categories, and by
employee race, ethnicity, age, sex, and education level. This dataset is perhaps the most
comprehensive and detailed publicly available data on the spatial location of employment
throughout the US.

The Residential Area Characteristics (RAC) file mirrors the WAC file, but provides
characteristics for the workers who live in each block rather than those who work there.
The RAC file can be used to determine the rough industry or education breakdown of
the residents living in a particular census block.

Finally, the Origin-Destination (OD) file provides information on commuting patterns.
For each pair of census blocks, the OD file gives the total count of workers who commute
between them, i.e. a person that lives in census block A and works in census block B. The
OD file also provides limited information on the characteristics of both the workers and
their jobs, including three industry categories, three income categories, and three worker
age categories. The OD file is similar in purpose to the data in the Census Transportation
Planning Package (CTPP), and can be analyzed similarly. The main difference is that
the LODES OD file contains less demographic information but a much higher sample
size and much finer spatial resolution. Compared to the CTPP, the LODES data show
longer commutes and a smaller fraction of within-county commutes, likely in part because
of differences in the sampling frame and in part because of the difficulties in assigning
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workers in some multi-establishment employers to particular establishments described
below (Graham et al. 2014, Green et al. 2017).

Each of these files is provided for all states and all available years. Note that certain
state-year combinations are not available, though data for all 50 states are available for
the years 2011-2013. Separate versions of the three files are available for all jobs, private
sector jobs only, and federal government jobs only. “Primary job” versions of the files are
also available that include only one job per worker, the job from which they earned the
most money during the second quarter of each year. The baseline specification for most
analyses will be all primary jobs.

In addition to downloading the raw data files, scholars and analysts can interac-
tively extract data and conduct analysis on custom areas using the OnTheMap tool at
https://onthemap.ces.census.gov.

2.3 Job-to-Job Flows

The third major dataset available from the LEHD program is the Job-to-Job Flows (J2J).
This innovative dataset, still in its beta version, provides information on how people
transition between jobs as well as between employment and nonemployment. A third to
half of all hires in the United States involve movements between employers rather than
from nonemployment (US Census Bureau 2017). These movements between employers
are important for job-employee matching – on average, such movements involve an 8%
increase in earnings – and are particularly sensitive to the economic climate (Fallick et al.
2012). The J2J data allow detailed study of job transitions, including topics of great
interest to regional scientists such as the relationship between job change and migration.

The J2J data consist of two types of files. The main files provide tabulations of hires
and separations to other jobs and to nonemployment by geography (state or Metropolitan
Statistical Area), firm demographic characteristics (size and age), NAICS 2-digit sector,
and worker demographic characteristics. These are provided as both raw counts and as
rates, and in both raw and seasonally adjusted form (because hiring has strong seasonal
patterns, many analyses will benefit from seasonal adjustment). The second set of files
consist of origin-destination data, and report flows of workers moving between industry-
geography combinations by firm and worker demographics. Further details about the J2J
data and the data creation process are provided in the technical paper “Job-to-Job Flows:
New Statistics on Worker Reallocation and Job Turnover” (Hyatt et al. 2017).

J2J data are available quarterly for most states from Q2 2000 until Q1 2018. The
data can also be accessed interactively through the Job-to-Job Flows Explorer at
https://j2jexplorer.ces.census.gov.

3 Creation of the LEHD files

The LEHD dataset is created through a partnership between the Census Bureau and state
employment agencies. The core of the dataset is constructed by linking unemployment
insurance records, which contain information on the job tenure and payment of employees,
with firm-level data from the Quarterly Census of Employment and Wages. Details of the
exact procedure are described in the academic papers about the creation of the datasets
(Abowd et al. 2004, 2009a).

3.1 Coverage

The LEHD data includes all jobs covered by unemployment insurance and select federal
government jobs. It excludes, most notably, self-employed individuals and federal em-
ployees working in defense-related agencies. While the exact proportion of private jobs
covered by unemployment insurance is not known, the BLS estimated in 1997 that roughly
95% of private sector jobs are covered by unemployment insurance and thus included
in the LEHD data (US Bureau of Labor Statistics 1997). The proportion covered by
unemployment insurance may have declined with the rise of contract and contingent labor
(Kalleberg 2000). Details on the exact jobs that are not covered by state unemployment
are provided in (Stevens 2007). Details on the coverage of federal jobs are provided
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at http://lehd.ces.census.gov/doc/help/onthemap/FederalEmploymentInOnTheMap.pdf
and http://lehd.ces.census.gov/doc/help/onthemap/LODESDataNote-FedEmp2015.pdf.

3.2 Anonymization

Procedures are used to protect the anonymity of people covered by the LEHD files. In
the QWI, LODES WAC, and J2J files, a multiplicative “fuzz factor” is generated for each
employer and each establishment. This factor distorts the true estimates by a minimum of
c and a maximum of d percent, where c and d are kept confidential (Abowd et al. 2009a).
The fuzz factor assigned to each establishment is permanent, with the same factor used
across different years and iterations of the data (Abowd et al. 2012). Further information
on the details of the multiplicative noise generation process as applied to each of the
datasets are available in the technical papers describing each of the datasets (Abowd et al.
2012, Abowd, McKinney 2016, Abowd et al. 2009a, Hyatt et al. 2017).

A more extensive anonymization process is used for the LODES RAC and OD files.
Here, a full set of “synthetic data” is produced that attempts to preserve the statistical
properties of the true data without actually being based on that data. Details of the
construction of this synthetic data are described in (Abowd et al. 2012). Computer
scientists have attempted to de-anonymize this data, and have described the limitations of
the anonymization procedures used (Golle, Partridge 2009, Machanavajjhala et al. 2008).

3.3 Caveats

There are certain limitations to the LEHD datasets. First, as described above, the
LEHD datasets do not fully cover the entire workforce, specifically lacking employees in
defense-related industries.

Second, the geocoding of jobs to blocks in the LODES data is imperfect. Attempts are
made to assign jobs at the establishment level, such that the jobs at a particular branch
of a multi-branch company are located in the block containing that branch. However, this
is not always possible. This difficulty is most prominent in the case of local government
agencies like school districts and public transportation agencies. The jobs at such agencies
are often assigned to the block containing their headquarters. This results in some blocks
in the dataset having unreasonably high employment levels. The block containing the
Brooklyn Municipal Building and the New York City Board of Education, for example, is
listed as having 173,449 jobs in 2014. Studies of employment counts or density, especially
those that use metrics sensitive to outliers, should take care to either drop or top-code
these observations. Additionally, in certain types of jobs, such as home health aides,
construction workers, and bus drivers, much of the work is performed at a location
physically separate from the office, so even if employees are correctly assigned to the block
containing their offices, this may not accurately reflect where the work is being done.

Third, the LODES data are not directly comparable across years, particularly at high
geographic resolution. Improvements are continuously being made to the geocoding and
job assignment algorithms, and these improvements are not typically applied backwards to
previous data releases. The continuous improvement process means that the assignment
process used in one year is not usually the same as the process used in the next year.
In some cases these changes result in the movement of large numbers of jobs among
neighboring blocks from year to year. Because of the continuously evolving algorithms,
using the LODES data for longitudinal analysis at high spatial resolutions is not advised.

4 Examples of LEHD data use

The LEHD data products have begun to be used in a number of applications. The first
applications were in labor economics without a geographic or spatial focus. For instance,
Abowd et al. used the LEHD infrastructure file to examine how the relationship between
technology and demand for skills varied within and across firms (Abowd et al. 2007). A
number of studies have examined job to job mobility and flows into and out of employment
(Abowd et al. 2009b, Abowd, Vilhuber 2011, Fallick et al. 2012, Haltiwanger et al. 2018).
Some studies have examined earnings inequality (Abowd et al. 2018). There has also
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Figure 1: Screenshot from “Where Are the Jobs?”, a web visualization of the LODES Work-
place Area Characteristics data (http://www.robertmanduca.com/projects/jobs.html)

been increasing use of the LEHD data to study entrepreneurship (Goetz et al. 2015).
Quarterly Workforce Indicators data have been used to study the effects of changes in
the minimum wage (Dube et al. 2016).

Within regional science, the LODES origin-destination data have been used exten-
sively to study commuting patterns and mobility (Horner, Schleith 2012, Horner et al.
2015, Kim 2014, Kneebone, Holmes 2015, Levinson, El-Geneidy 2009, Owen, Levinson
2015, Schleith, Horner 2014, Schleith et al. 2016). One aspect of this research includes
studying vulnerability to emergencies (Kermanshah, Derrible 2016). The Workplace Area
Characteristics files have been used to describe neighborhood character (Folch et al. 2017)
and to identify business districts (Manduca 2018). The LODES data have also been used
for web visualization, including the “Where Are The Jobs?” web maps (Manduca 2015).

The restricted use LEHD infrastructure files have been used to study spatial mismatch
(Andersson et al. 2018), migration (Hyatt et al. 2016), and agglomeration (Freedman
2008). There is still a great deal of opportunity remaining for research using both the
public and confidential data files.

5 Conclusion

The LEHD data products represent an impressive example of government agencies working
across jurisdictions to create a truly new and rich source of information about regional
economies. Although both the confidential and public versions of the data are being
used more and more, there remains a huge amount of opportunity for future research.
Regional scientists in the United States, Europe, and beyond should take advantage of
this detailed and rich source of data.
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Abstract. This resource gives a brief overview of a website and playlist of YouTube
videos using open source software (R, GeoDa, and QGIS) designed to help get scholars
up and running with analyzing their own data using Spatial Econometrics. Sample data,
handouts, code, and map files are provided for ease of replication. The course covers the
basics of integrating data into a spatial data set, contiguity and spatial correlation, doing
basic spatial regressions in GeoDa, and doing more sophisticated specification tests and
regressions in R.
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1 Introduction

The internet has drastically improved the ability to provide quality distance-learning
opportunities over the past decade. The explosion of MOOCs and high-quality educational
videos hosted on YouTube have reduced the need for professionals to travel to a certain
place in order to learn or refresh their skills in mathematics or data analysis. While there
are still many opportunities for taking these courses at various conferences or universities,
there are cheaper high quality substitutes becoming available. Specifically when it comes
to Spatial Econometrics, there are many opportunities to travel for face-to-face instruction
(Table 1), and the author of this article benefitted greatly from a short course offered by
Luc Anselin at UI-UC in 2003. However, these courses can easily cost well over $5,000
when the tuition, travel, and lodging are factored in. In this paper we introduce one
complete, yet continuing series of free resources that are available.

2 Overview of the course

The core of the course is comprised of 12 YouTube videos, between 15 and 41 minutes
long. These videos use screen capture technology (Burkey 2015), rather than videos
of a professor in front of a typical classroom. All of the videos and materials are free
of charge, posted at http://spatial.burkeyacademy.com. The software used is also all
freely available1, making the course very accessible to faculty and students alike. Each

1One file is an Excel File, but is also works in some open source applications such as LibreOffice/Open
Office.
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Table 1: Examples of Short Courses related to Spatial Econometrics and Spatial Data
Analysis

Location Recent Offerings Cost

Regional Research Institute, Summer, 1 Week, $3,000 + lodging,
West Virginia University, USA 2016-2019 travel (2018)

Spatial Econometrics Advanced Summer, 4 weeks, e 2,300-3,300 + lodging,
Institute, Università Cattolica 2018 travel (2018)
del Sacro Cuore of Rome

ICPSR, University of Michigan, Summer, 1 Week $1,700-3,200 + lodging,
USA travel (2018)

NARSC Workshop, San Anto- 1 Day, before the $95 in addition to the
nio, TX, USA start of the 2018 cost of attending

NARSC Conference NARSC Conference

video has an accompanying handout, dataset, Excel file, or text file containing code, as is
appropriate.

3 Brief outline of the course

Though additions to the series will continue to be made based on viewer feedback, the core
12 videos (plus an additional 9-minute brief “Welcome” video) form a complete, though
basic introduction to Spatial Econometrics. It is assumed that the viewers are familiar
with cross-sectional econometrics and basic matrix notation. Some basic familiarity with
map files and R would be helpful, but not required.

3.1 Introduction to thinking spatially with some econometric models

The first video outlines some of the major Spatial Econometric Models and how to think
about spatial interaction/spillover in basic terms. The video and handout also discuss
some of the major researchers who developed the models, and give some references for
books and journal articles where viewers can find more information. In this section we
introduce the following models:

OLS Model

y = Xβ + ε (1)

The OLS model does not contain a spatial relationship, but is often used as a starting
place. Anselin (1988) favored the Lagrange Multiplier approach to specification searches.
Starting with OLS, Anselin derived 5 Lagrange Multiplier statistics that help determine
if the (possibly misspecified) OLS model points toward the Spatial Lag, Spatial Error, or
SARMA models, though he suggested that the SARMA model was probably never the
correct specification.

Measuring “neighbors” with a Spatial Weights Matrix, W , allows us to mathematically
specify how spatial relationships among regions might be structured. Regions might be
related with their neighbors in three different ways:

1. The value of y in a region might impact (or be related to) the value of y in a
neighboring region

2. The values of X’s in a region might affect (or be related to) the value of y in a
neighboring region

3. The residuals ε might affect (or be related to) the residuals in a neighboring region
(spatial heteroskedasticity or spatial autocorrelation)
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Manski Model

y = ρWy +Xβ +WXθ + u u = λWu+ ε (2)

The Manski Model builds in all three types of spatial relationship. If θ = 0 then Manski
becomes the Kelejian-Prucha Model:

Kelejian-Prucha, SARAR, Cliff-Ord, SAC model

y = ρWy +Xβ + u u = λWu+ ε (3)

Or if λ = 0, we get the Spatial Durbin Model (SDM), which involves lagged y and
spatially-related residuals. LeSage, Pace (2009) favor starting with this specification (or
the Spatial Durbin Error Model, discussed in the last of the core videos), and then using
Likelihood Ratio techniques to test to see if the model should be restricted to a simpler,
nested model.

Spatial Durbin Model
y = ρWy +Xβ +WXθ + ε (4)

If ρ = 0, then this becomes the

Spatially Lagged X (SLX) Model

y = Xβ +WXθ + ε (5)

If θ = 0, then (4) degenerates into the Spatial Lag Model

Spatial Lag, Spatial Autoregressive (SAR)

y = ρWy +Xβ + ε (6)

If θ = −ρβ, then (4) simplifies into the spatial error model (because λ = ρ in this case)2.

y = ρWy +Xβ +WX[θ = −ρβ] + ε

y = ρW [Xβ + ε] +Xβ +WX[−ρβ] + ε

y = ρWXβ + ρWε+Xβ +WX[−ρβ] + ε

Spatial Error (SEM)

y = Xβ + u u = λWu+ ε, where ε ∼ i.i.d. (7)

Of course, setting all of the spatial parameters (λ, ρ, and the vector of θ’s) to zero will
restrict the model back to OLS.

3.2 GIS basics

The next two videos give a brief introduction to using QGIS (QGIS Development Team
2018). The focus is on how to download a SHP file mapping a set of regions, open it in a
GIS program, edit it by removing regions that may not be of interest, and add additional
data for the regions to be analyzed. Users are provided with a ZIP file to download that
contains the map files and extra data to import for practice with the video.

3.3 Understanding the idea of contiguity and spatial correlation

A video focusing on contiguity and spatial correlation (Moran’s I) follows, along with a
downloadable spreadsheet file. In this file the viewers help to complete small contiguity
and weights matrices by hand, using a simple set of regions. The users are shown how
simple row standardization can be done. This spreadsheet allows users to change data
values in each region, and dynamically see how the value of the spatial correlation changes
as the user creates different patterns in the data.

2The lines below – although not mathematically correct – provide intuition for why the SEM is nested
with the SDM. For the correct (though possibly less intuitive) derivation, see LeSage, Pace (2009, pp.
51-52).
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Figure 1: Part of the “Nested Models” Handout

3.4 ESDA, making and visualizing spatial weights for spatial data with GeoDa

The next four videos in the series use GeoDa’s fantastic visualization tools (Anselin
et al. 2006) to do basic Exploratory Spatial Data Analysis (ESDA), create and export
spatial weights matrices, calculate spatial correlations, and do basic spatial regressions
and specification tests. The strengths and weaknesses of GeoDa are discussed, and the
user is encouraged to also learn R for spatial data analysis in the remaining videos.

3.5 R for spatial data analysis and regression

In the final four videos of the sequence, the user is introduced to R, and many of the
common packages used for spatial data manipulation and analysis (especially spdep
(Bivand, Piras 2015, Bivand et al. 2013). The first two videos focus on getting data into
R and creating contiguity matrices. Viewers are shown how to read in spatial data, create
weights matrices, import weights created in GeoDa, export weights, and plot contiguity
relationships.

The final two videos in the core of the series explore ways to perform a spatial
specification search and estimate many of the common spatial econometric models in R.
The difference between Lagrange Multiplier (LM) tests and Likelihood Ratio (LR) tests
are discussed. In summary, the LM tests begin with estimating a nonspatial OLS model
and calculating the score, indicating the rate of improvement in the model fit as we relax
the constraints making the model nonspatial. Anselin derived five LM tests: One for the
SEM and SAR (with a robust version for these, attempting to filter out some propensity
for a false positive between these two models), and a test for a SARMA Model3.

The benefit to the LM approach is that only the OLS model needs to be estimated
before calculating the LM statistics. However, this method of spatial specification search
is very limiting, because only three types of models can be considered. Thus, many spatial
econometricians favor the LR approach, because any model can be tested to see if a
simpler, nested model may be more appropriate (See Figure 1). The LR statistic is also
very easy to calculate after running the two models to be compared:

LRstat = − 2(Lrestricted − Lunrestricted) ∼ χ2(# restrictions) (8)

Ho: restricted model is true

LeSage (2014) suggests running the SDM if a global specification is needed, and if a
local structure is needed, first run the Spatial Durbin Error Model (SDEM):

y = Xβ +WXθ + u, u = λWu+ ε (9)

3A SARMA is similar to a Kelejian-Prucha model, with a more quickly-decaying spatial impact.
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Figure 2: Snapshot of the Spatial Econometrics Cheat Sheet (Burkey 2018)

This model is “local” because it does not contain a lag y term; so while neighbors
affect each other, this effect does not propagate throughout the entire space. Links to the
data, commands, and handouts are included, along with a two-page spatial econometrics
in R reference sheet with commands and tips (Figure 2).

4 Conclusion

While this web page and YouTube series are not a perfect substitute for a short course, it
is hoped that it helps to introduce Spatial Econometrics to a wider audience, and serve as
a resource for those who cannot afford to take a face to face course. The author welcomes
any suggestions and corrections from the academic community. The author hopes to add
some interviews with leading researchers in the field to this series of videos, as well as
add additional topics of interest.

Acknowledgement

Thanks to Stephanie Kelly for editorial assistance.

References

Anselin L (1988) Spatial Econometrics: Methods and Models. Kluwer Academic Publishers,
Dordrecht. CrossRef.

Anselin L, Syabri I, Kho Y (2006) Geoda: An introduction to spatial data analysis.
Geographical Analysis 38[1]: 5–22. CrossRef.

Bivand RS, Hauke J, Kossowski T (2013) Computing the Jacobian in Gaussian spatial
autoregressive models: An illustrated comparison of available methods. Geographical
Analysis 45[2]: 150–179. CrossRef.

REGION : Volume 5, Number 3, 2018

http://dx.doi.org/10.1007/978-94-015-7799-1
http://dx.doi.org/10.1111/j.0016-7363.2005.00671.x
http://dx.doi.org/10.1111/gean.12008


R18 M.L. Burkey

Bivand RS, Piras G (2015) Comparing implementations of estimation methods for spatial
econometrics. Journal of Statistical Software 63[18]: 1–36. CrossRef.

Burkey ML (2015) Making educational and scholarly videos with screen capture software.
REGION 2[2]: R2–10. CrossRef.

Burkey ML (2018) The mother of all R spatial econometrics handouts. Available from
http://spatial.burkeyacademy.com

LeSage JP (2014) What regional scientists need to know about spatial econometrics. The
Review of Regional Studies 44[1]: 13–32

LeSage JP, Pace RK (2009) Introduction to Spatial Econometrics. CRC Press, Boca
Raton, FL. CrossRef.

QGIS Development Team (2018) QGIS geographic information system. Open source
geospatial foundation project. http://qgis.osgeo.org

A list of the videos with descriptions and links to the supplementary material can be
found at http://spatial.burkeyacademy.com.
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