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SUMMARY

This dissertation explores the spatial dimensions of economic modeling through three

distinct yet interconnected papers, each employing interdisciplinary approaches to shed light

on various aspects of labor, trade, and networks.

The �rst paper investigates the heterogeneous impacts of the COVID-19 pandemic on

domestic trade �ows in Colombia. A novel trade exposure measure is constructed using an

iterated factor analysis approach that integrates the spatial characteristics of municipalities.

By employing a spatial autoregressive estimation technique, I demonstrate the presence

of spatial spillovers. The analysis reveals substantial heterogeneity in the impact of the

pandemic across municipalities, highlighting the importance of considering spatial factors

and utilizing appropriate econometric methods in understanding trade dynamics during

global shocks.

The second paper develops a methodology to assess regional discrepancies and labor

mobility in response to the CHIPS and Science Act. It quanti�es occupational requirement

suf�ciency by comparing the skill pro�les of different occupations. Using this measure in

conjunction with the generalized two-part fractional regression model, which allows for

examining factors associated with the occurrence and extent of occupational transitions

while accounting for the bounded nature of transition probabilities, regional labor supply is

estimated. The analysis demonstrates the presence of regional variations in skill composition,

highlighting the importance of considering spatial factors in the design and implementation

of industrial policies.

The third paper introduces a new economic distance measure based on population and

nightlights data that can be operationalized at any level of aggregation and can compute

internal distance measures. This measure is constructed using granular spatial data and

geographic information systems techniques and provides a scale-agnostic approach for

incorporating distances in trade models. The paper applies this novel distance measure to two

xvi



distinct cases: a cross-sectional analysis of trade �ows within the United States and a panel

data analysis of global trade �ows. The time-varying nature of the proposed distance measure

allows it to account for shifts in population and economic activity distributions, introducing

responsiveness in the measure of distance used in trade analyses. The performance of

this measure across the analyses considered, along with its compatibility with various

trade �ow considerations, underscores its potential to contribute to a more comprehensive

understanding of trade patterns.
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CHAPTER 1

OVERVIEW

The spatial dimensions of economic phenomena have long been recognized as crucial

factors in understanding the complex dynamics of domestic trade patterns, labor markets,

and economic networks. As the world becomes increasingly interconnected and economic

shocks propagate across regions, it is imperative to develop interdisciplinary approaches

that integrate spatial analysis, data science techniques, and economic modeling to gain a

more comprehensive understanding of these phenomena. This dissertation contributes to

this endeavor by presenting three distinct yet interconnected papers that explore the spatial

dimensions of economic modeling in the context of trade, labor, and networks.

The �rst paper, titled “Effect of COVID-19 on Domestic Trade Flows: A Spatial Autore-

gressive Approach to Estimate the Response of Colombian Trucking Flows,” investigates

the heterogeneous impacts of the COVID-19 pandemic on domestic trade �ows in Colombia.

By constructing a novel trade exposure measure that integrates spatial characteristics and

employing a spatial autoregressive estimation approach, this paper demonstrates the impor-

tance of considering spatial factors in understanding trade dynamics during global shocks.

The analysis reveals that municipalities with higher trade exposure experienced signi�cant

disruptions in domestic trade, and spatial dependence played a crucial role in shaping the

economic response to the pandemic. This paper highlights the value of incorporating spatial

econometric models in trade analysis and provides insights for policymakers in designing

effective strategies to mitigate the impacts of future economic shocks.

The second paper, “Build It and They Will Come? US Regional Labor Composition &

Readiness to Meet Skill Demand Shocks from CHIPS and Science,” develops an innovative

methodology to assess regional discrepancies and labor mobility in response to the CHIPS

and Science Act. By quantifying occupational requirement suf�ciency and estimating

1



regional labor supply based on occupational transition rates and wage distributions, this

paper offers a novel approach to understanding the readiness of regional labor markets

to meet the skill demands created by industrial policy. The analysis uncovers signi�cant

regional variations in skill composition and wage competitiveness, emphasizing the need for

spatially targeted training and recruitment initiatives to address potential skill gaps. This

paper contributes to the literature on labor economics and spatial analysis by providing a

framework for assessing the alignment between regional labor supply and policy-induced

demand shocks.

The third paper, “Trade in the Spotlight: Enhancing Gravity Model Predictions with

Nightlights and Population-Weighted Distance Measures,” introduces a new economic

distance measure based on population and nightlights data that can be operationalized at

any level of aggregation and can compute internal distance measures. This time-varying

distance measure accounts for shifts in population and economic activity distributions,

potentially improving the accuracy and adaptability of gravity models in trade analysis. By

incorporating spatial factors and leveraging granular data sources, this paper contributes to

the advancement of trade modeling and highlights the importance of considering the dynamic

nature of economic geography in understanding trade patterns. The strong performance of

this measure across different estimation approaches and its compatibility with various trade

�ow considerations underscore its potential to provide a more comprehensive understanding

of the determinants of international trade.

The unifying theme that emerges from these three papers is the critical role of spa-

tial traits in shaping economic outcomes and the value of interdisciplinary approaches in

capturing these dynamics. By integrating spatial analysis, data science techniques, and

economic modeling, this dissertation demonstrates how incorporating spatial dimensions

can lead to more nuanced and accurate insights into labor market dynamics, trade patterns,

and economic networks. The novel methodologies and �ndings presented in these papers

have important implications for policymakers, researchers, and industry stakeholders, high-

2



lighting the need for spatially informed decision-making and the development of targeted

strategies to address economic challenges.

In conclusion, this dissertation makes signi�cant contributions to the understanding

of the spatial dimensions of economic modeling by presenting three innovative papers

that employ interdisciplinary approaches to shed light on various aspects of labor, trade,

and networks. By demonstrating the importance of spatial traits in shaping economic

outcomes and providing novel methodologies for capturing these dynamics, this work lays

the foundation for future research and policy initiatives that recognize the complex interplay

between space, economics, and data science.
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CHAPTER 2

EFFECT OF COVID-19 ON DOMESTIC TRADE FLOWS: A SPATIAL

AUTOREGRESSIVE APPROACH TO ESTIMATE THE RESPONSE OF

COLOMBIAN TRUCKING FLOWS

2.1 Introduction

The COVID-19 pandemic has had immense socioeconomic impacts on countries worldwide.

To slow the spread of the virus and mitigate economic contagion, many governments

imposed strict border closures, creating a natural experiment in which the effects of a

country's sudden disconnection from global markets can be measured. This paper examines

the evolution of domestic trade �ows in Colombia following the implementation of border

closures and other national-level COVID-19 spread-mitigating policies in March 2020,

using a novel dataset containing granular information on truck-based trade. By focusing

on the period before and after these policies were put in place, I aim to shed light on the

ways in which a country exposure to a global shock can impact its internal trade dynamics.

Understanding these changes is important for policymakers and researchers, as it can inform

future responses to global crises and their impact on domestic economies.

Colombia's diverse and rugged geographic pro�le across its 1,123 municipalities in�u-

ences the structure of its domestic trade network. These geospatial factors likely affected

Colombia's domestic trade �ows before COVID-19, but the sudden global shock increased

the importance of domestic trade and the salience of geospatial factors' effects on trade

patterns. Colombia's geographic properties and economic strength make it a highly sig-

ni�cant node in the trade network between South America and the rest of the world. As

such, examining the impact of COVID-19 on Colombia's domestic trade �ows can provide

insights into the resilience and adaptability of trade networks in the face of global crises.
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In this paper, I use the terms “domestic trade exposure” and “domestic trade networks”

when referring to domestic trade/interregional trade within Colombia and “international

trade exposure” when referring to international trade. I construct a trade exposure measure

that integrates key geospatial characteristics of Colombian municipalities and compare

them across observed changes in freight trucking patterns. Trucking is representative of the

internal dynamics of Colombia's domestic trade, as it accounts for approximately 81% of

all cargo trade in Colombia, with rail and inland river transport accounting for the rest of

domestic freight transport (Arellana et al., 2020).

I investigate the connection between geospatial factors, trade exposure, and domestic

trade patterns of Colombian municipalities following the implementation of COVID-19

spread-mitigation measures. The central research question that I aim to answer is: How did

the pre-pandemic trade exposure of Colombian municipalities affect their domestic trade

�ows in response to the COVID-19 shock? Drawing on insights from the literature and my

analysis of the data, I hypothesize that municipalities with higher levels of trade exposure

likely experienced more signi�cant disruptions to their domestic trade �ows following the

implementation of containment policies. Furthermore, I expect that these impacts will

exhibit a degree of spatial dependence, with the trade �ows of neighboring municipalities

in�uencing each other. To test these hypotheses, I construct a measure of municipal trade

exposure using factor analysis, and I estimate a spatial autoregressive model that captures

the effect of COVID-19 on domestic trade �ows. By employing these methodological

approaches, I aim to provide insight into the ways in which trade exposure and geospatial

factors interact to shape domestic trade dynamics in the context of a global pandemic.

This paper makes three contributions to the literature. First, by modeling the impact of

sharp disconnections from international markets, it helps identify features that may amplify

or suppress the trade-reducing impact of a global pandemic. This is important given the

increasing interconnectedness of global trade networks and the potential for future crises to

disrupt these networks. Second, by comparing domestic trade �ows between Colombian
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municipalities across the border closure, it allows for a deeper understanding of the ways

in which various geospatial features can in�uence localized trade behaviors. This can

inform policies aimed at promoting regional economic resilience and adaptation in the face

of external shocks. Third, by incorporating geospatial characteristics that correspond to

municipal-level trade exposure and utilizing micro-level freight transportation panel data, it

represents a novel approach to the study of these issues that has not been formally considered

in the literature to date. This methodology can potentially be applied to other contexts and

regions, opening up new avenues for research on the relationships between trade, geography,

and economic resilience.

Colombia provides a valuable opportunity to study the impact of trade disruptions

in a developing country context. The Colombian government's strict regulations and

transparency with regard to data collection, coupled with the availability of rich datasets from

a centralized data-collecting entity, the National Administrative Department of Statistics

(DANE), facilitate this research. Moreover, Colombia's decentralized government structure

divides power between the regional and local levels, even as the president retains the

authority to impose national-level measures. This adds a layer of local versus national

complexity to the analysis of the implementation of COVID-19 spread-mitigation policies.

Understanding the nature and implementation of these policies is important for assessing

their impact on domestic trade �ows. By taking into account these institutional and political

factors, this paper provides a more comprehensive analysis of the ways in which COVID-19

has shaped domestic trade dynamics in Colombia.

To conduct this analysis, I obtain detailed location data for a range of factors that

are likely to affect municipality-level trade exposure, and I use this data to generate six

key geospatial variables for each of Colombia's municipalities. These variables capture

various dimensions of trade exposure, including proximity to transportation infrastructure,

connectivity to international markets, and the presence of natural resources. I then employ

a spatial autoregressive estimation strategy with panel data to estimate trade �ows within
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Colombia, and I compare the results to those obtained from a standard pooled OLS analysis.

This approach allows me to account for the spatial dependence between municipalities and

to estimate the impact of COVID-19 on domestic trade �ows. The �ndings suggest that

the sudden border closures contributed to heterogeneous changes across municipalities,

with the nature and extent of these changes varying depending on the net balance of trade

status of each municipality. These results highlight the complex nature of the relationship

between trade exposure, geospatial factors, and domestic trade �ows in the context of a

global pandemic, and they underscore the importance of considering these factors in future

research and international, national, and regional policy discussions.

2.2 Literature Review

The research presented in this paper builds on four strands of literature: intranational freight

trade, Colombian freight framework, shock responses of freight trade, and spatial estimation.

These areas share some degree of thematic overlap, but the nature of their approaches differ

given their regions and subjects of interest. I begin by highlighting articles found in the

literature related to the study of interregional trade. I then present a review of selected papers

that look at interregional trade and the freight network in Colombia. I continue by discussing

literature focusing on shock responses of freight trade, along with a brief summary of the

direction of COVID-19-shock-related research in trade. Lastly, I conclude by discussing the

state of the spatial estimation literature.

2.2.1 InterregionalTrade

To motivate the analysis of the impact of a trade shock on domestic interregional trade, it

is important to have an understanding of what the accepted “business as usual” trends of

intranational trade are. I review papers that consider interregional trade, some of which

consider trade via freight trucks. These papers highlight different approaches and decompose

the role distance plays, identify the mechanisms and trends present in the interregional
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trade setting, and motivate the importance of incorporating spatial characteristics when

considering trade patterns. The intent of this section is to highlight the variety of approaches

that have been implemented in this area of study.

The relationship between distance, trade costs, and interregional trade has also been

extensively studied in the literature. These studies suggest that distance measures that incor-

porate granular administrative levels play a signi�cant role in the regional agglomeration

economies. Hillberry and Hummels (2008) consider the case of interregional trade within

the United States to study why geographic frictions do matter when studying trade patterns.

While their work does not directly correspond to the work presented in this paper, it is a

seminal analysis that has been the basis for many subsequent interregional trade studies.

Hillberry and Hummels (2008) present a decomposition of U.S. shipments and identify

that “spatial frictions matter over even very short distances” (p. 541). They �nd that the

trade–distance relationship of the intranational trade in the U.S. is driven primarily by the

extensive margin.1

Extending from the Hillberry and Hummels (2008) consideration, D�́az-Lanchas et al.

(2022) present a closely related analysis of trucking within Spain to examine trade agglom-

erations found within countries. The proposed measure of transport cost thresholds, which

shapes these trade agglomerations, is the distance of trade routes, calculated using micro-

level trucking �ow data at the municipal administrative level and incorporating distance

measures of truck routes.

The next set of literature focuses on border effects. Agnosteva et al. (2019) propose

using a decomposition approach via a two-step procedure of the standard gravity model

to assess the effects of Unexplained Trade Barriers (UTBs) measuring intra-regional, in-

terregional, and international trade frictions. The authors employ an empirical analysis on

intra-provincial trade in Canada, and �nd that intra-provincial trade frictions are large as

well as “substantially heterogeneous across Canada's provinces” (Agnosteva et al., 2019,

1Speci�cally, the authors state “establishments ship only to geographically proximate customers” (Hillberry
and Hummels, 2008, p. 528).
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p. 33).

Waugh (2010) extend the discussion by considering the asymmetry of trade frictions

between regions vis-�a-vis exporter-varying trade costs. The authors �nd that poor regions

tend to face greater interregional export trade costs as compared to relatively af�uent regions,

arguing that these trade frictions are signi�cant and affect regional market access and wage

inequality.2 This work provides the theoretical basis for integrating relative export costs into

the standard gravity model.

Another set of factors in the literature are characterized as spatial spillovers. Tsekeris

(2017) propose a dynamic spatial panel model to understand channels through which changes

in transportation conditions of a region affect its ability to trade, as well as spillover effects

affecting the abilities of neighboring regions.

Next, Adam et al. (2021) use GPS data on Belgian freight trucking at the national-

level-speci�cally location and �nd that truck �ows within a country are correlated with the

industrial landscape of a country. The �ndings suggest that there are potential links be-

tween geospatial and behavioral or compositional factors captured by micro-level economic

transportation data.

The papers discussed above re�ect the current understanding of intranational trade

patterns and highlight the ongoing discourse regarding the impacts of border effects and trade

frictions on intranational trade. My work extends this understanding by examining the role of

a region's logistical position within a country and its effect on regional trade �ows following

a global trade shock. While Agnosteva et al.'s �nding of heterogeneous trade frictions

within Canada is implicitly assumed in my analysis, as each municipality's trade patterns

are affected by those of their neighboring municipalities, I do not focus on the methods of

measuring trade frictions, although I do consider them as measured by average distance

traveled between origin-destination pairs at the monthly level. Tsekeris's work on the

relationship between agglomeration via spatial spillovers and �rms' choices of commodity

2Following Waugh (2010), Yu et al. (2022) examine the interregional trade in the context of China.
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types and modes of transport provides a theoretical foundation for the consideration of

spatial lags in the estimation of intranational trade �ows, which I incorporate in my research.

Furthermore, I consider the role of accessibility to foreign trade on domestic trade �ows,

while they examine the impact of domestic transport on foreign exports in Greece. Although

Adam et al. (2021) present geospatial data of port locations within Belgium, their analysis

does not explicitly incorporate the effect of these points. In contrast, my work incorporates

the spatial effects of trade logistics points and network compositions in the estimation of

intranational trade.

2.2.2 COVID-19andtheCaseof Colombia

The COVID-19 pandemic has presented a unique opportunity to study the effects of a global

shock on trade �ows. This paper contributes to the growing body of literature on this topic

by focusing on the impact of the pandemic on interregional trucking �ows in Colombia. The

choice of Colombia is motivated by the richness of its economic data and the increasing

attention it has received in the literature on domestic trade.

Economic shocks, such as the COVID-19 pandemic, have repercussions on trade net-

works at both the international and domestic levels. However, responses to such shocks can

vary across regions within a country due to local characteristics. Joshi and Mahmud (2021)

argue that regional differences in economic factors within a country, such as those leading to

specialization, trade, and risk diversi�cation, shape the structure of domestic trade networks.

This paper builds on this idea by considering municipal-level heterogeneity in Colombia.

Prior to the COVID-19 pandemic, several studies had examined the trucking trade

framework in Colombia. Vasco Correa (2012) compares the allocative ef�ciencies of rail

and truck transport systems in Colombia, identifying rail as the more ef�cient method for

resource allocation. The authors note that, while rail is more ef�cient than freight trade in

Colombia, the country's rail systems account for a negligible share of all trade. Duranton

(2015) explores the relationship between the presence of major roads and both the level
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and composition of trade in Colombian cities. Their �ndings suggest that greater road

connectivity could signi�cantly affect trade and welfare, providing a motivation to include

road density in similar analyses.

Further, the COVID-19 pandemic affected Colombian domestic and international trade

markets differently. Partridge et al. (2017) split the effects of trade shocks into international

and domestic categories and compared their impacts on regional labor markets in the United

States. They found that domestic trade shocks tend to have a greater impact on local labor

market outcomes than international trade shocks. This paper addresses this heterogeneity in

domestic trade shocks due to COVID-19 by incorporating case counts in Colombia.

Tatano and Tsuchiya (2008) present a framework for estimating the economic losses due

to seismic transportation network disruption using a spatial computable general equilibrium

(SCGE) approach. Their �ndings underscore the importance of transportation network

disruption on a regional scale. This paper extends this approach to the context of a pandemic,

where the disruption is not to the physical infrastructure but to the movement of goods due

to containment measures.

Bachmann et al. (2015) demonstrate the feasibility of estimating regional trade �ows

using transportation survey data by creating a balanced multi-regional input-output model

based on a commercial vehicle survey and limited supplementary data available at the

regional level. Their approach is critical to the structure of the model used in this paper,

which uses similar origin-destination intranational truck-based commodity �ow data in

Colombia to examine the changes in inter-municipal trade �ows related to COVID-19 cases.

Several studies have examined the unprecedented impact of COVID-19 on freight trade

and transportation systems. Lu et al. (2021) examine the pandemic's impact on China's

maritime transport industry and �nd that it caused a signi�cant decline in shipping demand

and container throughput, leading to disruptions in global supply chains. Loske (2020)

analyze the effect of COVID-19 on global supply chains and argued that the pandemic has

exposed the vulnerabilities of just-in-time supply chain models, emphasizing the need for
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more resilient supply chains and diversi�ed supply chain sources. Ho et al. (2021) study

global container shipping and report a signi�cant decline in demand for containerized goods,

further exacerbated by supply chain disruptions and equipment shortages.

In the context of Colombia, Calatayud et al. (2022) investigate the Colombian trucking

and transportation networks, assessing their potential as vectors for the spread of viral

pathogens like COVID-19. The authors �nd a direct correlation between the number of

con�rmed COVID-19 cases and the signi�cance of a municipality as a node within the

Colombian economic network. They propose a risk-based approach for policymakers to

implement containment measures in high-risk areas of the trucking network. Gonzalez

et al. (2022) �nds signi�cant economic implications associated with implementing such

controls on transportation hubs in Colombia. They �nd that transportation restrictions led to

a signi�cant decreasing in freight activity in Colombia, with total freight volume declining

sharply to 40% of pre-pandemic expected levels. These studies highlight the importance

of considering the heterogeneity of infrastructure across Colombian municipalities when

assessing the spread of both viral and economic contagion. I expand on this by incorporating

municipal-level information, including COVID-19 cases, inter-municipal truck activity, and

infrastructural indicators.

Next, Arellana et al. (2020) examine the impacts of sudden COVID-19 mitigation

policies in Colombia on air, freight, and urban transportation behavior. The authors con�rm

a decline in trade frequency as a result of COVID-19 spread-mitigating policies. Haddad

et al. (2020) present a novel methodology for quantifying the daily economic costs of

COVID-19 spread-mitigation policies, which were adopted by the regional and national

governments of Brazil and Colombia. Bonet-Morón et al. (2020) measure economic losses

of pandemic-related lockdown in Colombia, using an input-output model. Haddad et al.

(2021) employ a similar approach to assess the daily economic costs of Brazil's COVID-19

spread-mitigation policies. Chen et al. (2020) investigate the economic impact of national

COVID-19 response policies on regional-level income effects in China by using truck �ow
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data. These papers served as a motivation for my analysis, emphasizing the economic

relevance of analyzing the geospatial patterns of trade and the impacts of unanticipated trade

shocks.

2.2.3 SpatialModels

Incorporating spatial considerations in the estimation of interregional trade �ows has been

an essential development in the literature. Early studies recognized the importance of

geographical factors, such as distance, transportation costs, and border effects, which can

in�uence trade �ows (Anselin, 1988). Additionally, spatial dependence can arise due to

the distribution of economic activity and the potential for spatial spillovers or externalities

(Rey and Montouri, 1999). The literature highlights how understanding and accounting for

spatial interactions has become increasingly important in this area of research.

Anselin (1988) introduces the concept of spatial autocorrelation and proposes the use of

spatial lag and error models for the analysis of spatially dependent data. This work provides

the theoretical foundation for future subsequent research in interregional trade �ows. Abdel-

Rahman and Anas (2004) discuss the role of spatial interactions in interregional trade

and transportation, emphasizing the necessity of incorporating spatial interdependencies

when estimating trade �ows. Recently, spatial econometric methods have been employed

to capture nuanced spatial dynamics in interregional trade �ows. Lesage and Fischer

(2008) provide a comprehensive introduction to spatial econometrics, discussing spatial

autocorrelation, spatial weights matrices, and spatial regression models, all of which are

relevant to the estimation of interregional trade �ows. In particular, they extend the standard

spatial autoregressive models by incorporating origin, destination, and origin-to-destination

dependencies, leading to the adoption of spatial autoregressive dependencies in gravity

model regressions.

More recent research continues to explore the incorporation of spatial considerations into

trade �ow estimations. Alaḿa-Sabater et al. (2013) incorporate the locations of logistical
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platforms in regions into their analysis of Spanish interregional trade �ows. This method of

incorporating various spatial traits of regions has motivated further advancements in spatial

econometric modeling. Jin et al. (2021) quantify the border effects of different border types

on intra-urban travel connections in China, using a spatial interaction model.

The use of spatial econometrics not only improves the accuracy of trade �ow estimates,

but also provides insights into the spatial dynamics of regional economies, making it

an indispensable tool for policymakers and researchers interested in promoting regional

economic development.

2.3 Data

The data used in this analysis are publicly available from various agencies of the Colombian

government, which I identify in this section. For clarity, I group the types of data used into

three categories by theme: data concerning truck �ow (Subsection 2.3.1), data related to

the trade exposure variable (Subsection 2.3.2), and additional data (Subsection 2.3.3). All

geospatial data used in this paper are presented using the MAGNA-SIRGAS projection,

following Resolution 471 of 2020 of the Agust�́n Codazzi Geographical Institute (IGAC)

enacted on May 14th, 2020.3 In this paper, I rely on administrative boundary geospatial data

provided by DANE for municipality, departmental, and national boundaries.

2.3.1 TruckingData

The primary dataset for my analysis is obtained from the Registro Nacional Despacho de

Carga (RNDC)4 of Colombia (Ministerio de Transporte, 2021). It provides information on

the frequency and value of goods transported in cargo shipments by trucks between pairs

3As of the writing of this article, a copy of the of�cial declaration from the Government of Colombia (in
Spanish) can be found at this web address: https://antiguo.igac.gov.co/sites/igac.gov.co/�les/normograma/
resolucion471 de 2020.pdf.

4For a comprehensive overview of the role of freight transportation in Colombia's economy, see Prato
et al. (2021). The authors also describe how the RNDC is compiled, which directly informs the trucking data
used in this analysis.
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of population centers in Colombia.5 The data includes transaction-level details on origin

municipality, destination municipality, date, shipment weight, number of trips taken, and

value of shipments. I utilize data from October 2018 to December 2020.6 Figure 2.1 depicts

the in�ow and out�ow changes across municipalities from 2019 to 2020. Trucking data is

aggregated at the month-municipality level to account for natural short-term idiosyncratic

trade �uctuations.

The operationalized dataset employed in this analysis consists of both components from

the original data and several transformations. First, the transaction-level observations are

aggregated to the month-by-municipality level. Second, the value of shipments into and

out of each municipality represents the total value of municipal exports and imports. Third,

I use the municipalities of origin and destination to compute trade out�ow, trade in�ow,

and net trade �ow values. Fourth, I calculate the pre-pandemic municipality-level balance

of trade status from the net municipal trade �ows from periods prior to March 2020. This

measure is utilized to classify municipalities as domestic exporters or importers using a

dummy-indicator variable. A municipality with a net export greater than its import during

the considered period is classi�ed as a net exporter.

5Although RNDC requires freight truck drivers to maintain and report GPS routing data for all shipments
since February 2019, this information is not publicly available. In this analysis, I use the generalized origin-
destination data.

6I limit the scope of my analysis to December 2020 because this period experienced more stringent
COVID-19 spread-mitigating policies.
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Figure 2.1: Map highlighting which municipalities experienced declines in trade �ows and
which experienced increases, comparing the 2nd quarter of 2020 to that of 2019.
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Table 2.1 presents descriptive statistics of key variables used in the analysis. The log

of total out�ow value has a higher mean (12.17) compared to the log of total in�ow value

(16.80), suggesting that on average, municipalities export more than they import. The trade

exposure measure shows considerable variation across municipalities, ranging from -4.01 to

2.27, with a mean of 0.06. Average monthly radiance, used as a proxy for economic activity,

varies widely from -0.06 to 45.27, with a mean of 0.89. About 37% of the observations

are from the COVID-19 period, and 17% of municipalities are classi�ed as net exporters.

Regarding trade exposure components, 7% of municipalities share their borders with other

countries, 15% are in seaport service areas, and 49% are in airport service areas. Road

density and river coverage show relatively low means (0.19 and 0.01 respectively) but with

considerable variation across municipalities. For reference, Colombia has a total of 1,122

municipalities and 32 departments, along with a capital district. In this analysis, I consider

1,087 municipalities, representing the capital district (Bogotá) and 31 departments.7

7I exclude island municipalities, such as San Andrés and Providencia.
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Table 2.1: Monthly-Municipality Level Descriptive Statistics

Variable Mean SD Min Max

Log(Total Value Out�ows) 12.17 8.14 0.00 26.19

Log(Total Value In�ows) 16.80 4.44 0.00 25.76

Log(Net Trade Flows) -0.52 0.54 -1.00 1.00

Trade exposure measure 0.06 0.71 -4.01 2.27

Average monthly radiance 0.89 2.48 -0.06 45.27

COVID-19 dummy 0.37 0.48 0.00 1.00

Net exporter dummy 0.17 0.37 0.00 1.00

Number of contiguous countries 0.07 0.27 0.00 2.00

Number of airports in service area 0.49 0.66 0.00 3.00

Number of seaports in service area 0.15 0.36 0.00 1.00

Number of road tolls in service area 0.71 1.10 0.00 7.00

Road density 0.19 0.17 0.00 1.40

River coverage 0.01 0.01 0.00 0.16

Number of businesses (count) 1,103.17 13,769.91 0.00 422,993.00

Indigenous reservation density 0.04 0.13 0.00 0.99

% of households with access to electricity 0.87 0.17 0.00 1.00

Observations = 65,220

2.3.2 TradeExposure

There are three sets of components of the trade exposure measure that I incorporate into my

model. The �rst set of components capture the exposure of municipalities to international

trade; this set is designed to capture the extent to which municipalities are exposed to inter-

national trade. The set is constructed using the proximity of municipalities to international

airports and sea trade ports.

Figure 2.2 highlights the locations of interest used in the computation of the interna-
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tional trade exposure measures.8 This measure captures the exposure and connectivity of

municipalities to international trade and trade networks. In the context of trade disruptions,

we would expect to see greater impact and adjustment taking place in municipalities with

greater international trade exposure and connectivity. For instance, during the pandemic,

Colombia suspended the collection of tolls for domestic freight vehicles moving within the

national territory to reduce barriers to interregional trade and compensating for increased

barriers to international trade (Arellana et al., 2020).9

Figure 2.2: Map of point features used in the construction of the trade exposure measure.

8For context, I provide maps of the road and river networks in Colombia in Figures A.2.4 and A.2.5 of the
Appendix, respectively.

9Similarly, Fang and Guo (2022) �nd that China's implementation of a toll-free highway policy signi�-
cantly offset the pandemic's impact on domestic freight volume and price. The authors also �nd that the effect
of the toll-free policy has a temporary effect, that was moderated by COVID-19 infection rates and distance.
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The second set of components is designed to capture the exposure of a municipality to

interregional trade within Colombia. The set is constructed using data on the presence of

tolls as well as computed river coverage and road densities within municipalities.10 Road

density within a municipality captures how accessible a municipality is both internally and

between regions, and the use of such a measure has been accepted in the literature as a

measure for freight trade barriers (Duranton, 2015); we may apply similar logic to the use

of river coverage as an indicator of a municipality's river network access.

The third set is designed to capture the remoteness of a municipality. It is proxied by the

percent of households' with access to electricity in a municipality, number of businesses

operating in a municipality, density of indigenous reservation land allocation, and proximity

to neighboring countries. I use the Electric Power Coverage Index (ICEE) in Colombia,

which describes the number of households - users who have electricity service - relative to

the total number of homes, and is expressed as a percentage for each municipality. I obtain

data on the number of businesses from Infraestructura Colombiana de Datos Espaciales

(ICDE). To obtain a static measure of trade exposure for this analysis, I use the number of

businesses in each municipality as an additional indicator of a municipality's participation

in economic activity in Colombia. I acquire data on formalized indigenous reservations in

Colombia from the Agencia Nacional de Tierras (ANT). The data consisted of polygons for

each reservation. To compute the reservation density for each municipality, the polygons

were split by municipality boundaries and the cumulative area of the reservation polygons

was computed for each polygon and taken relative to the municipality area to compute the

density.

I obtain spatial location data used to capture trade exposure from multiple Colombian

governmental agency sources. I obtain airport concession and road toll location geodata from

the National Comprehensive Highway Information System (SINC) which contains public

data from the Ministerio de Transporte de Colombia (Ministry of Transport of Colombia) as

10I exclude elevation due to the likely correlation to other factors (placement of airports, seaports, roads,
and administrative boundaries).
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of 2017 (Ministerio de Transporte de Colombia, 2020). SINC provides data for 46 airport

concessions in Colombia.11 The road toll data consists of 110 road toll concessions in

Colombia. I identify seaport locations by the port concession data made available through

ESRI from the National Infrastructure Agency of Colombia (ANI). In total, there are 61

seaport concessions in Colombia, which are clustered in nine areas of mainland Colombia.12

SINC also provides data on road concessions in Colombia. There are multiple tiers

of road concession types. I focus my analysis on two types: national and departmental

road networks. There are 988 municipalities in the departmental road network and 645

municipalities in the national road network. With this data, I construct a road density

measure for each municipality, which is computed as the ratio of total road lengths in a

municipality to the total area of the respective municipality. River coverage is computed

by extracting 713 river polygons from the World Bank Group (2017) polyline data on river

outlines for Colombia and taking the ratio of square kilometers of river to square kilometer

of the total area.

I also develop several spatial indicators using Geographic Information Systems (GIS)

techniques. There are likely to be spatial spillover effects, known as edge effects in GIS,

in trade exposure across municipalities. Edge effects capture the potential bias that arises

from spatial analysis, as “analysis con�ned within a bounded study region may well be

biased because of the ignorance of the outside of the study region” (Yamada, 2009, p. 61).

Edge effects are likely to arise when considering infrastructure service areas.13 Figure 2.3

presents the locations of six airports around the department of Cundinamarca. While the

116 municipalities of Cundinamarca do not have airports within their administrative bound-

aries, we see that two major airports located in Bogotá, D.C. are centrally located within

11For context, according to the U.S. Department of Commerce's International Trade Administration,
“Colombia's major airports are all operated via concession agreements” (Colombia - Infrastructure)

12This data captures seaport locations but not river port locations, as the two are subject to different
regulations regarding Public-Private Partnerships (PPP); this is a limitation of my analysis, as rivers are a mode
of trade used in Colombia.

13For instance, an airport located in one municipality that is used by adjacent municipalities that are within
the proximate service area of the airport.
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