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Abstract

Using a Markov switching panel, this research analyzes business cycle dynamics in 23 
Colombian cities and metropolitan areas. First, we find heterogeneous values by identify-
ing expansion and recession growth rates using employment and economic covariables. 
Second, cluster analysis groups cities with shared economic patterns and key explanatory 
factors. Finally, we examine how historical recessions propagate across these clusters. 
The findings highlight diverse growth rates and common recession factors, providing 
a comprehensive view of urban economic dynamics. This approach contributes to more 
effective policy formulation by considering regional variability in economic cycles.
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Fluctuaciones de los ciclos económicos regionales 
en ciudades colombianas: identificación 

de tasas de crecimiento, propagación 
de recesiones y análisis de clústeres

Resumen

Utilizando un panel de conmutación de Markov, esta investigación analiza la dinámica 
del ciclo económico en 23 ciudades y áreas metropolitanas de Colombia. Primero, se 
identifican las tasas de crecimiento en expansión y recesión mediante covariables eco-
nómicas y de empleo. Segundo, el análisis de clústeres agrupa ciudades con patrones 
económicos compartidos y factores explicativos clave. Por último, se examina cómo las 
recesiones históricas se propagan entre estos clústeres. Los resultados destacan la diver-
sidad en las tasas de crecimiento y factores comunes en recesiones, brindando una visión 
integral de la economía y facilitando una formulación de políticas urbanas más efectiva.

Palabras clave: ciclo económico; dinámicas regionales; análisis de clústeres; recesión 
económica.
Clasificación JEL: C55, E32, R11, R12, O54.

Dinâmica dos ciclos econômicos regionais 
em cidades colombianas: identificação 
de taxas de crescimento, propagação 

de recessão e análise de clusters

Resumo

Utilizando um painel de Markov-switching, nesta pesquisa, é analisada a dinâmica 
do ciclo econômico em 23 cidades e áreas metropolitanas da Colômbia. Primeiro, são 
identificadas as taxas de crescimento em expansão e recessão, com base em covariáveis 
econômicas e de emprego. Em segundo lugar, a análise de cluster agrupa cidades com 
padrões econômicos similares e fatores explicativos relevantes. Por fim, é examinado 
como as recessões históricas se propagam entre esses grupos. Os resultados evidenciam 
a diversidade nas taxas de crescimento e os fatores comuns às recessões, oferecendo uma 
visão abrangente da economia e contribuindo para a formulação de políticas urbanas 
mais eficazes.

Palavras-chave: ciclo econômicos; dinâmica regional; análise de clusters; recessão eco-
nômica.
Classificação JEL: C55, E32, R11, R12, O54.
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Introduction

Compared  to  other  countries  with  similar  landmass  and  populations,
Colombia exhibits a stunning array of cultural and geographic variations
(Hudson & Library of Congress, 2010). This diversity likely translates into
regional  economies  with  differentiated  economic  structures.  As  a  result,
these economies may exhibit varying responses to economic shocks rather
than a uniform national pattern.
  Despite existing literature on identifying regional clusters in Colombia,
these  studies  remain  inconclusive.  This  is  likely  due  to  the  variation  in
methodologies, geographic units of analysis, and data employed across the
studies. Besides, a significant portion of research on the behavior of regional
economies in Colombia lacks a proper methodology for cluster identifica-
tion. These studies often rely on traditional definitions of regions based on
shared geographical characteristics, which can introduce selection bias into
the results by failing to account for economic factors during the regional
clustering process. Furthermore, research in Colombia that simultaneously
focuses  on  the  endogenous  characterization  of  regional  clusters  and  the
behavior of the regional business economic cycle is scarce. This is despite
the significant development of regional business cycle research in recent
decades across the globe, with the irruption of supranational entities such
as the European Union, or in some cases, in countries where their economy
is approached as a set of interconnected regional economies, as in the case
of the United States (Hamilton & Owyang, 2012), and the United Kingdom
(Fingleton et al., 2012).

  This study aims to comprehensively analyze Colombian regions’ eco-
nomic cycles, specifically focusing on cities and metropolitan areas. Accord-
ing to projections, in 2024, these areas are home to slightly more than half
(50.35  %)  of  the  country’s  population  (dane,  2023b).  The  importance  of
urban  studies  in  Colombia  stems  from  the  establishment  in  2012  of  the
National  Planning  Department’s  Cities  Mission,  as  outlined  in 
document  Conpes  3819.  This  document  established  the  institutional
foundation  for  analyzing  the  development  of  Colombia’s  cities  (conpes,
2014).1  It  also  projects  that  by  2050,  urban  centers  will  house  86%  of  the
Colombian  population,  solidifying  their  position  as  the  country’s
economic growth engine.

1	 A conpes document is prepared by the Consejo Nacional de Política Económica y 
Social, an advisory body to the government on the country’s economic development. 
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Unlike previous research, it takes a novel approach by first endog-
enously identifying clusters of urban entities. This clustering is based on 
analyzing changes in employment growth rates (a key dependent variable 
of the economic cycle) alongside other measurable characteristics of each 
city and M.A. To our knowledge, this study is the first to allow for the 
possibility that regions may belong to multiple clusters. This approach 
provides a more accurate representation of economic complexity and the 
interconnectedness between these units of analysis. Furthermore, the study 
will establish the average growth rates during both the contraction and 
expansion phases of the economic cycle for each city and M.A. Additio
nally, it will analyze the inflow and outflow behavior within these clusters 
during recessionary periods. These analyses aim to reveal the underlying 
patterns observed in certain cities. To achieve this, we leverage labor occu-
pation data from the National Administrative Department of Statistics of 
Colombia from the moving quarter of January-March 2007 to April-June 
2023. This dataset covers 23 cities and metropolitan areas and serves as 
an input for the Markov-switched panel approach developed by Hamilton 
and Owyang (2012). Employing Bayesian methodologies, this approach 
incorporates cross-sectional and longitudinal time-series dimensions for 
comprehensive analysis.

Our analysis using the chosen methodology revealed three key find-
ings. First, cities where the logistics and accommodation sectors employ 
a significant portion of the workforce tend to be more resilient during 
economic downturns. Conversely, cities and metropolitan areas with a 
high industry concentration exhibit lower volatility in both growth and 
recessionary periods. These characteristics explain the observed heteroge-
neity in growth rates across different economic cycles in various cities and 
metropolitan areas.

Second, the model identified four clusters, revealing that most cities and 
metropolitan areas belong to multiple clusters with varying probabilities. 
This suggests that most cities and metropolitan areas follow a similar busi-
ness cycle, though not exclusively.

Third, the data show that cities and metropolitan areas experience reces-
sions more frequently than the nation. Additionally, the Great Recession of 
2008 initially impacted on all cities and metropolitan areas, though some 
recovered before it officially ended. In contrast, the Covid-19 pandemic trig-
gered a recession that affected all cities and metropolitan areas and persisted 
throughout its duration. In both cases, the data suggest that contractions 
in cities and metropolitan areas began before the national recession dates 
recognized in economic literature.
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The findings of this study bear significant implications for regional 
economic policy. As Beraja et al. (2019) point out, it is essential to consider 
both regional and aggregate fluctuations to comprehensively understand 
national business cycles, given the notable disparities in economic condi-
tions among regions. In Colombia, as observed in their analysis, divergent 
responses are noted at the regional level compared to the national economy 
regarding the recurrence and duration of business cycles. Highlighting the 
role of employment types in cities in shaping local economic cycles, exam-
ining these varied regional responses becomes crucial. In this regard, it is 
important to consider the specific characteristics of each region’s business 
cycle behavior when formulating economic policies. Doing so would enable 
governments to implement differentiated strategies of countercyclical mea-
sures during recession times in specific cities. As a basis for this approach, it 
is proposed to begin with factors that allow some cities to be more resilient 
or to recover more swiftly from recessionary periods. Simultaneously, efforts 
should be made to enhance these characteristics in cities that possess them.

The rest of this document is structured as follows: Section 2 discusses 
regional business cycles and presents clustering studies in Colombia. Section 
3 outlines a Bayesian Markov-switching model for regional business cycle 
analysis. Section 4 describes the employment data, covariates, and seasonal 
adjustment methodology. Section 5 scrutinizes the obtained results. Section 
6 discusses the results and provides economic recommendations based on 
the findings, while Section 7 concludes these findings.

Literature Review

Regional business cycles

In recent decades, the study of regional cycles has gained increasing signifi-
cance due to the ongoing formation of supranational organizations (e.g., the 
European Union) and the emerging perspective that countries are part of 
interconnected regional economies (Hamilton & Owyang, 2012). A central 
basis concerning the treatment of regional economies was postulated by 
Barro et al. (1991) based on the neoclassical growth model. They sought to 
understand regional economic convergence, indicating that poorer econo-
mies grow faster than richer ones, thus reducing regional disparities over 
time. Factors such as labor and capital mobility can influence the speed of 
convergence. Their findings indicate that achieving gradual convergence 
may require significant time.



Dynamics of Regional Business Cycles in Colombian Cities

Revista de Economía del Rosario. Vol. 27. No. 1. Enero-Junio 2024. 1-45

6

After studying regional economic cycles in the United States, Carlino 
and Sill (1997) highlighted how economic theory approaches regional fluctu-
ations. They identified two distinct lenses through which these fluctuations 
are viewed. The traditional perspective suggests that regional economic 
changes are temporary. At the same time, an alternative viewpoint posits 
that the duration of these changes can be extended depending on the region 
and the nature of encountered shocks. Their study involved distinguish-
ing cycles from trends across eight regions and identifying a core group 
characterized by closely correlated economic cycles. They concluded that 
the observed regional cyclical variations have significant implications for 
regional economic policies due to varying levels of volatility among the 
regions and their differing reliance on economic cycles.

According to Cárdenas et al. (2015), New Economic Geography (neg) 
studies highlight the presence of economies of scale in specific regions, 
promoting economic development. This development subsequently impacts 
employment levels. Furthermore, according to equilibrium and disequi-
librium theories, differences in unemployment rates are attributed  to 
constraints on labor mobility and the presence of incentives specific 
to particular areas. These perspectives emphasize the role of labor mobility 
constraints and regional incentives in shaping disparities in unemployment 
rates.

Empirical results support the existence of this phenomenon at various 
scales; for example, Wall (2007) employed a Bayesian approach to identify 
turning points in Japan’s business cycles between 1976 and 2005, revealing 
regional differences in growth rates during periods of expansion and reces-
sion. Based on the Index of Industrial Production, the study highlights a 
decline in average growth and rate variations. This suggests the influence 
of regional industrial composition. The regional economies approach also 
applies to cities; illustrating this, Owyang et al. (2008) treat them as cross-
sections with similar characteristics. The analysis highlights differences in 
economic characteristics that influence employment growth during high 
and low phases.

Hamilton and Owyang (2012), across multiple studies, identified notable 
variation in the expansion and recession phases of business cycles in the 
United States, with similar findings for U.S. states, particularly in regions 
heavily reliant on oil production and agriculture, which were more sus-
ceptible to economic downturns compared to others. In the U.K., Fingleton 
et al. (2012) found differences in the resilience of 12 U.K. regions from 1971 
to 2010. For this, they used a vector error correction model (vecm), finding 
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that the interlinkages of these regional economies are revealed in how they 
react to and recover from recessionary shocks.

In the case of the European Union, it is important to analyze not only at 
the national level but also at the subnational level. For instance, Gadea-Rivas 
et al. (2018) researched 213 European Union regions, focusing on sectoral 
employment to understand the regional composition and utilizing the 
percentage of manufacturing employment as a proxy for industrialization. 
They also considered the number of establishments and population in their 
assessment of economic policies. Conversely, Wang et al. (2023) used the 
business cycle of Chinese provinces using industrial linkage as a reference 
to validate their resilience in the economic cycle, finding differences in the 
timing of recession between them and the national economy.

In the Latin American context, a study by Haddad et al. (2002) in Brazil 
used a general equilibrium analysis approach to examine the economic 
interconnections between regions. The research highlighted the imbalances 
in international trade among regions, which could be due to the implemen-
tation of regional trade agreements. These agreements may also worsen 
the differences between states over time. Kondo (2022) also investigated 
regional cycles in Mexico by studying the indirect spatial effects through 
a Markov switching model for a data panel. The study focused mainly on 
Mexican states that showed an increased synchronization with the country’s 
overall economic cycle.

The Link between Economic Cycles and Employment

Multiple studies have linked some employment rates used as a dependent 
variable in the economic cycle (Zuccardi, 2002; Bohórquez et al., 2009; Ham-
ilton & Owyang, 2012; Gadea-Rivas, 2018). This relationship was pointed out 
by Rissman (1999), who highlighted the importance of investigating how 
fluctuations in regional employment affect the economic cycle, developing 
a model that uses a Kalman filter to infer a common factor that differen-
tially affects different regions. She concluded a significant relationship 
exists between employment at the regional level and the business cycle in 
the United States.

Bohórquez et al. (2009) assert that, within the business cycle theory, 
researchers have identified various relationships among variables like 
consumption, investment, and employment across the temporal dynam-
ics of gdp. These relationships take shape within concepts such as rational 
expectations and Walrasian equilibrium. Beraja et al. (2019) clarify the 
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connection between employment and the business cycle, treating employ-
ment as a sensitive indicator to economic fluctuations. Their study, span-
ning both aggregate and regional data analysis, confirms that changes in 
domestic demand in the United States significantly impact national-level 
employment. The employment growth rate proves to be a practical tool for 
examining regional business cycles. Utilizing a Neo-Keynesian model, the 
researchers identify ordinary equations between regional and aggregate 
economies during the Great Recession, emphasizing the equality of wage 
Phillips curves under specific assumptions. Incorporating regional data 
into the overall model enhances the understanding of wage dynamics, 
uncovering notable variations in the flexibility of wages within the context 
of employment and the business cycle.

Studies on Regional Economies in Colombia

A review of the academic literature on regional economic analysis in Colom-
bia reveals a lack of economic convergence among its regions and inconsis-
tencies in defining similar economic areas. This lack of convergence stems 
from variations in methodological approaches, the regions studied, and the 
characteristics of the datadata characteristics employed. One of the earliest 
studies was conducted by Barón (2002), who utilized the level of deposits 
in the financial system as input data. The data was collected quarterly for 
24 departments, employing a process know as varclus, available in the sas 
statistical software, to group the variables into hierarchical clusters.2 How-
ever, it is important to note that this method was exploratory and descriptive 
rather than inferential. Zuccardi (2002) also attempted to characterize a set 
of clusters applied to cities. To do so, he used the labor occupation growth 
rates of seven metropolitan areas in Colombia between 1986 and 2000, evalu-
ating their average annual growth level. He employed a cohesion force that 
captured the degree of co-movement between national economies, finding 
that the areas did not converge in an equilibrium relationship.

Bohórquez et al. (2009) investigated how employment rates link cities 
and the national economy. Using unrestricted var models, they analyzed 
employment cycles in 13 metropolitan areas. This revealed two key findings. 
First, they identified cities with more adaptable employment trends, catego
rized as either less influenced by national factors or more synchronized 

2	 Their methodology identified seven clusters, but when two departments were 
identified as independent clusters, the author finally decided to add them to the already 
established clusters.
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with other cities. Second, the study explored how geographic proximity 
and population exchange influence regional interdependencies. They disco
vered that larger cities often precede or influence the employment cycles of 
smaller, nearby cities. In some cases, the cycles of larger cities could even 
accurately predict employment patterns in the smaller cities they impact.

Quintero Otero and González (2012) investigated the impact of monetary 
policy in the Caribbean, Central Andean, and Pacific regions of Colombia, 
using geographical criteria to define these regions beforehand. They used 
panel data of quarterly gdp at the national level and the annual growth of 
the cyclical component of regional gdp between 2002 and 2010. Their find-
ings show that monetary policy shocks affect the economic cycle in these 
regions in a non-uniform manner, with the Caribbean region being the 
most affected. They found that monetary policy has a differential impact in 
regions with greater export openness and those with greater importance in 
the mining sector. However, no differential effect was observed in depart-
ments with high industrial production. The methodology overcame the 
limitation of the annual regional data series by employing direct projections 
instead of the standard structural vector autoregression approach. Cárdenas 
et al. (2015) analyzed structural factors impacting unemployment in 23 cities 
and metropolitan areas using multiple-factor analysis for multiple contin-
gency tables (mfact). They employed 185 variables to identify underlying 
factors influencing employment differences, focusing on age structure and 
labor participation incentives. Their approach revealed five axes via Ward’s 
criteria, showing that cities with high unemployment did not consistently 
share the same structure, contrary to prior studies. However, the study 
lacked assumptions about the multivariate distribution under the mfact 
model, limiting statistical inferences. Six distinct clusters emerged, each 
with unique characteristics, highlighting the diversity in unemployment 
determinants. These clusters did not exhibit a shared geographic distribu-
tion, except for a cluster comprising some cities along the Colombian Carib-
bean coast, which had low unemployment rates, high labor participation, 
and large household sizes.

Meanwhile, Gómez Sánchez et al. (2022) focus on analyzing Colombia’s 
regional cycles, dividing the country into four geographically continuous 
regions in their view, with a fifth region covering areas with the highest eco-
nomic activity (Bogotá D.C., Valle del Cauca, and Antioquia). Their objective 
is to highlight the importance of the relationship between regional business 
cycles and manufacturing productivity in Colombia. Using a methodological 
approach that combines econometric models such as the system of general 
methods of moments, the Kalman filter, and varx models, they conclude 
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that there is a pro-cyclical and non-contemporaneous causal relationship 
from productivity to gdp in the more developed regions. In contrast, in 
other regions, the relationship is counter-cyclical and non-contemporary, 
indicating that economic policy should support the manufacturing sector 
with subsidies, access to capital, and promotion of international trade to 
improve competitiveness.

Romero (2023) analyzed historical departmental gdp data in Colombia 
to examine regional inequalities. She found that national gdp historically 
concentrated in departments in the inter-Andean valleys, mountains, and 
Caribbean coast. Over a century, these departments dominated national 
production, especially in oil-producing areas, while border departments 
showed marginal growth. Romero identified a pattern of weak convergence 
and divergence since the 1990s and a procyclical relationship between public 
spending on education and health and regional production. She used nine 
data points between 1918 and 2019, employing a methodology that extrapo-
lates production-related variables and incorporates dane data from 1985 to 
2019. The Colombian Departmental Competitiveness Index 2023 (Cheyne 
García, et al., 2023), not only evaluated the competitiveness of the country’s 
33 first-order territorial entities but also grouped them into clusters. To 
achieve this, strategic quadrants were created to identify the potential and 
strengths of each entity, using the Departmental Competitiveness Index 
(idc) and the Weighted Growth Index (icp), which involved 108 indicators 
grouped into 13 pillars. Based on these analyses, Ward’s hierarchical cluster 
classification and the k-means method were applied to identify six diffe
rent clusters. Three of these clusters shared geographic continuity, while 
three did not. Additionally, the study indicated the specific strengths and 
weaknesses of each cluster.

Methodology

The methodology developed by Hamilton and Owyang (2012), which has 
gained recognition for its effectiveness in analyzing panel data with covari-
ates, utilizes an exploratory method. This approach has been applied in 
various studies characterizing regional business cycles (Hernández-Murillo 
et al., 2017; Kondo, 2022; Wang et al., 2023). Unlike predefined groups, geo-
graphic units are clustered based on their own economic characteristics. 
This allows researchers to identify shared features and analyze regional 
recessions specific to each resulting cluster. This approach has revealed sig-
nificant variations in the expansionary and recessionary phases of regional 
economic cycles across US states.
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Hamilton and Owyang (2012) defined co-movement in the commonal-
ity of regions based on regional clusters derived from employment growth 
rates. They delineated the business cycle as discrete transitions between 
expansion and recession phases. The methodology involves a probabilistic 
framework based on time series models and stochastic processes, empha-
sizing Bayesian inference.

The practical application utilizes Gibbs sampling to sequentially gener-
ate values for variables of interest, such as latent states, transition matrices, 
and structural parameters. A cross-validation approach is employed to 
evaluate model performance, addressing steps such as regime generation 
and parameter updating using Markov chain Monte Carlo. This methodo
logy facilitates data grouping into regional clusters, considering the correla-
tion between employment growth rates and covariates. The probability of 
belonging to each cluster is modeled as a logistic variable, and inference is 
drawn based on the observed regional correlations in employment growth.

Markov model and Bayesian analysis

This section presents the Hamilton and Owyang (2012) approach for iden-
tifying clustered business cycles and determining endogenous divisions 
within clusters.

Let ytn denote the employment growth rate in region n at time t, and 
yt represents an (N × 1) dimensional vector comprising all employment 
observations for the N geographic regions at time t. Additionally, let st be an 
(N × 1) dimensional vector following a Markov chain containing recession 
indicators, where stn = 1 when region n is in recession and stn = 0 when it is 
in expansion. Consider Eq. 1:

𝑦𝑦! = 𝜇𝜇" + 𝜇𝜇# ⊙ 𝑠𝑠! + 𝜀𝜀! 
 

(1)

During expansion phases, μ0 signifies the mean employment growth in 
region n on average, and μ0 + μ1 represents the mean growth experienced 
during recession phases. The operator ⊙ denotes the Hadamard product, a 
mathematical operation entailing the pairwise multiplication of correspond-
ing elements. According to the model, recession phases are proposed as the 
main driver of changes in job creation within regional units. The error term 
εt is modeled to conform to a normal distribution with mean zero and vari-
ance Ω as outlined in Eq. 2. Another assumption is that the Ω is diagonal, 
which reduces the number of variance parameters. This is necessary for the 
algorithms used in the analysis.
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(2)

The model suggests that simultaneous economic downturns drive cor-
related employment growth across regions. While assertive, this perspective 
offers insight into how the business cycle spreads regionally. Addressing the 
model’s complexity, arising from the substantial number of states and intri-
cate relationships requires additional simplifications; hence, a cluster-based 
approach is employed. The premise posits that the recession process can be 
grouped into a small number of clusters K << 2N, alongside an aggregate 
indicator zt ∈ {1, 2, …, K} that indicates if a recession is happening in cluster 
k at a given time t. Determining these cluster patterns involves considering 
a hnk cluster index, where the nth component equals 1 if region n is affiliated 
to cluster k, and 0 otherwise. All the regions belonging to cluster k are in 
recession when zt = k. Regional dynamics are delineated through Eq. 3:

𝑦𝑦! ∣ 𝑧𝑧! = 𝑘𝑘 ∼ 𝑁𝑁(𝑚𝑚", 𝛺𝛺) 
 

(3)

Describing mk, as in Eq 4:

𝑚𝑚! = 𝜇𝜇" + 𝜇𝜇# ⊙ ℎ! 
 

(4)

In a Markov-switching model, states h1, …, hK are crucial for inference 
but estimating them from data is challenging. We set priors: hK = 0 (expan-
sion) and hK-1 = 1 (recession). Other states (idiosyncratic) are grouped as κ = 
K – 2. The values of h1, …, hK are unobserved but influence the probability 
distribution of the observed data {𝑦𝑦!}!"#$  

 
. Subsequently, the existence of a 

vector  xnk  with dimensions (Pk  ×  1) of covariates influencing whether a region
n  experiences a recession  zk  =  k  is treated through a logistic model in Eq.  5:

𝑝𝑝(ℎ!") =

⎩
⎪
⎨

⎪
⎧ 1
[1 + exp(𝑥𝑥!"# 𝛽𝛽")]

 if ℎ!" = 0

exp(𝑥𝑥!"# 𝛽𝛽")
[1 + exp(𝑥𝑥!"# 𝛽𝛽")]

 if ℎ!" = 1
 

 

(5)
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The parameter βk is interpreted as a logistic clustering parameter for 
the entire population. Realizing Eq. 5 is impossible at this stage because 
the values hk are unavailable. Therefore, latent variables ξnk and ψnk, are 
introduced, defined as follows: ξnk = x'nkβk + 2ψnk enk, where ψnk ∼ KS and enk 
∼ N(0,1). The variable ξnk takes on a logistic distribution with a mean deter-
mined by x'nkβk. The cumulative distribution function of ξnk is given in Eq. 6:

𝑃𝑃𝑃𝑃(𝜉𝜉!" ≤ 𝑧𝑧) =
1

1 + 𝑒𝑒𝑒𝑒𝑒𝑒(𝑥𝑥!"# 𝛽𝛽" − 𝑧𝑧)
 

 

(6)

Therefore, it is found Eq. 7:

Pr(𝜉𝜉!" > 0) =
exp(𝑥𝑥!"# 𝛽𝛽")

1 + exp(𝑥𝑥!"# 𝛽𝛽")
 

 

(7)

In simpler terms, if consider ξnk generated from N(x'nkβk, λnk) distribution 
where λnk = 4ψ2

nk for ψnk ∼ KS and set hnk to 1 when ξnk > 0, it is like saying 
that hnk was determined based on the probability specified in Eq. 5. In the 
realm of data analysis, the objective lies in deriving Bayesian posterior 
inferences for both population parameters and unobserved latent variables. 
Within this study, these variables are categorized into distinct groups. The 
regional economic growth is represented by the indicator θ = {μ0,μ1,Ω} and a 
transition probability matrix P. There are also two types of latent variables 
exist: a vector z = (z1, …, zT)' indicating recession clusters at each date, and 
h = {h1, …, hκ} indicating the affiliation of each geographic region, where hk 
= (h1k, …, hNk)' characterizes regions in cluster k. Variables ξk = (ξ1k, …, ξNκ)' 
and λ k = {λ1k, …, λNκ}' are auxiliary variables determining hk, as per Eq. 8:

ℎ!" = #1  if 𝜉𝜉!" > 0
0  otherwise  

 
𝜉𝜉!" ∣ 𝛽𝛽", 𝜆𝜆!" ∼ 𝑁𝑁(𝑥𝑥!"# 𝛽𝛽", 𝜆𝜆!") 

 

(8)ℎ!" = #1  if 𝜉𝜉!" > 0
0  otherwise  

 
𝜉𝜉!" ∣ 𝛽𝛽", 𝜆𝜆!" ∼ 𝑁𝑁(𝑥𝑥!"# 𝛽𝛽", 𝜆𝜆!") 

 

Where ξnk ∣ βk, λnk ∼ N(x'nk βk, λnk), λnk = 4ψ2
nk and ψnk ∼ KS. All unobserved 

variables related to cluster memberships are represented by H = {h,ξ,λ}, in 
this context ξ = {ξ1, …, ξκ}, λ = {λ1, …, λκ}, and β = {β1, …, βκ}  signifies the 
collection of logistic coefficient vectors. Subsequently, Bayesian inference 
is employed for parameter estimation. To initiate this process, a series of 
initial assumptions are required by the model, as detailed in Table 1:
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Table 1. Foundations for Estimating Parameters

Parameter Prior Distribution Hyperparameter

Average employment growth [𝜇𝜇!", 𝜇𝜇#"]$�� 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀)�� 𝑚𝑚 = [0.5, −1]$����𝑀𝑀 =	 𝐼𝐼%�� ∀𝑛𝑛��

�����
�������������	����𝜀𝜀&�� 𝜎𝜎"'%�� 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2;�� 𝑣𝑣 = 0; 𝛿𝛿 = 0�� ∀𝑛𝑛��

𝑃𝑃�� 𝐷𝐷(𝛼𝛼)�� 𝛼𝛼( = 0�� ∀𝑖𝑖��

𝛽𝛽)�� 𝑁𝑁(𝑏𝑏), 𝐵𝐵))�� 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼*��

∀𝑘𝑘��

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$����𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

Variance of 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃  𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼)  ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 Transition probability matrix  𝑃𝑃  𝐷𝐷(𝛼𝛼)  𝛼𝛼(  =  0  ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 
Logistic clustering parameter

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 

[𝜇𝜇!", 𝜇𝜇#"]$ 𝑁𝑁(𝑚𝑚, 𝜎𝜎%𝑀𝑀) 𝑚𝑚 = [0.5, −1]$; 𝑀𝑀 =	 𝐼𝐼% ∀𝑛𝑛 

Variance of 𝜀𝜀& 𝜎𝜎"'% 𝛤𝛤 7
𝑣𝑣
2 ,

𝛿𝛿
2; 𝑣𝑣 = 0; 𝛿𝛿 = 0 ∀𝑛𝑛 

𝑃𝑃 𝐷𝐷(𝛼𝛼) 𝛼𝛼( = 0 ∀𝑖𝑖 

𝛽𝛽) 𝑁𝑁(𝑏𝑏), 𝐵𝐵)) 𝑏𝑏 = 0*; 𝐵𝐵 =
1
2 𝐼𝐼* 

∀𝑘𝑘 
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Note:  The  number  of  covariates  is  denoted  by  p,  which  is  the  dimension  of  the  vector  x;  n  ∈  {1,  …, N}
corresponds  to the geographic region;  k  ∈  {1, …,  K} signifies the quantity of  clusters; normal priors  are 
established for both  μ  and  β, inverse gamma priors for  σ2

n, and a Dirichlet  distribution serves as the prior 
for  P.

  The  simulation’s  growth  assumptions  involve  an  average  annual 
employment growth rate of 0.5% during expansion, with a probable range 
from  -0.5%  to  1.5%.  Conversely,  the  average  employment  growth  in  a 
recession is expected to range from -2% to 0%. These figures approximate 
Colombia’s labor participation growth rate between 1983 and 2014, as Arango 
et al. (2016) summarized.
  The  following  steps  generate  the  joint  distribution  of  variables,  lay-
ing  the  foundation  for  modeling.  Subsequently,  the  discussion  delves  into
generating  random  samples,  providing  detailed  explanations  on  obtaining
the  necessary  values.  This  process  encompasses  generating  fundamental
parameter  samples,  transition  matrices,  and  latent  states  of  the  model,
addressing  essential  issues  like  identifiability,  and  handling  uniqueness
problems  in  parameter  estimations  and  transition  matrices.  The  estimation
of  the  model  depends on a  predetermined number of  clusters,  denoted as
K,  posing  a  typical  model  selection  challenge.  This  strategy  utilizes  k-fold
cross-validation and the marginal likelihood function to establish  K.
  The dataset  Yt  is split  into  R  =  2 folds for cross-validation. Evaluation
utilizes  a  score  measuring  the  discordance  between  observations  and
predictions,  employing  an  entropy  loss  function.  The  score  is  computed
for each block,  aiming to minimize it  by weighing the difference with the
inverse of  the covariance matrix.  The selection of  the cluster  count aims to
minimize  this  overarching  score  across  all  cross-validation  iterations.  We
will set the range of clusters range from  K =  2  to K =  5 to be the minimum
and  maximum  number  of  clusters  tested.  For  each  value  of  K,  the  Gibbs
sampler  will  be run for  2,500 iterations.  An initial  set  of  25,000 iterations
will be discarded as they represent a warmup phase.
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Data

While other works have explored the utilization of  gdp  as a more suitable
dataset to validate growth or decline in the economic cycle, as evidenced
in several research studies (Barón, 2002; Hamilton & Owyang, 2012; Kondo,
2022; Wang et al., 2023), challenges arise in obtaining this data, often due
to a lack of information or limitations in the number of observations. In
Colombia,  the  National  Administrative  Department  of  Statistics  (dane,
by its Spanish acronym) only publishes annual departmental  gdp  values
since 2005, with coverage excluding some departments. Consequently, the
employment growth rate emerges as the alternative proxy, aligning with
the literature indicating a robust correlation between employment growth
and the economic cycle, as mentioned in the literature review. However, the
availability of employment growth data at the departmental level in Colom-
bia is limited to annual records starting from 2001, making it challenging
to study due to a scarcity of observations.  3  Considering this limitation, we
use labor occupation data from 23 cities and metropolitan areas, offering
advantages with its monthly provision corresponding to a moving quarter,
spanning  January-March  2007  to  April-June  2023.  This  approach  yields
more  observations  than  the  limited  annual  records  and  encompasses  23
departments out of 32, ensuring a comprehensive dataset derived from the
Integrated Household Survey conducted by  dane  (2023a).4

  The panel data set used was the rate of employment growth in employ-
ment defined by ratio  9:

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸	𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 	
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸	𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿	𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  

 

(9)

3	 Information on departmental gdp and employment rates, calculated by dane, 
is available at https://t.ly/OA5Jq and https://t.ly/bS8B7, respectively.

4	 Technical information on the Integrated Household Survey (geih for its 
abbreviation in Spanish) is available in Spanish at https://t.ly/tsXRT. The cities and 
metropolitan areas covered include Bogotá, Medellín M.A. (Medellín, Barbosa, Bello, 
Caldas, Copacabana, Envigado, Girardota, Itagüí, La Estrella, and Sabaneta), Cali M.A. 
(Cali and Yumbo), Barranquilla M.A. (Barranquilla and Soledad), Bucaramanga M.A. 
(Bucaramanga, Floridablanca, Girón and Piedecuesta), Cartagena de Indias, Manizales 
M.A. (Manizales and Villamaría), Pereira M.A. (Pereira, Dosquebradas, and La Virginia), 
Cúcuta M.A. (Cúcuta, Villa del Rosario, Los Patios, Puerto Santander and El Zulia), 
Armenia, Florencia, Ibagué, Montería, Neiva, Pasto, Popayán, Quibdó, Riohacha, Santa 
Marta, Sincelejo, Tunja, Valledupar, and Villavicencio.

https://t.ly/OA5Jq
https://t.ly/bS8B7
https://t.ly/tsXRT
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This rate is calculated as the number of people divided by the labor force, 
which includes all working-age individuals who are employed or actively 
seeking employment.5 The employment growth rate is given by ratio 10:

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸	𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ	𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 	
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸	𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟	𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦	1
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸	𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟	𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦	0 − 1 (10)

The model also requires a set of covariates associated with each city 
and M.A. that characterize the pre-event probability of belonging to a 
given cluster. For this purpose, we identify four specific covariates: the 
percentages of individuals employed in manufacturing industries, financial 
and insurance activities, logistics and accommodation activities, and the 
registered companies per 1000 inhabitants.6 The selection of the manu-
facturing employment share is based on its role as a primary indicator of 
a city’s productive capacity. In contrast, opting for personnel engaged in 
financial and insurance activities reflects a locality’s economic dynamism 
concerning financial investment, which is crucial for resource allocation 
and assessing the city’s ability to mobilize capital. These two factors align 
with the choices made by Hamilton and Owyang (2012). Furthermore, the 
employment proportion in logistics and accommodation, which covers 
the transportation and storage sector and the accommodation and food services 
sector, contributes to better classification and clustering since these sec-
tors often concentrate in specific cities. Finally, the number of companies 
per inhabitant is a relevant metric as it diversifies the economic structure, 
reduces dependence on specific sectors, and strengthens the city’s ability 
to adapt to economic changes.

	

	

     

  

  

   

  5  dane  defines the employment rate,  or  Tasa de Ocupación (TO),  as the ratio of
employed people to the working-age population (15 years or older). However,  this
definition includes working-age individuals who are not actively seeking employment,
which can distort the actual employment picture. To address this, the use of ratio  9  is
adopted, focusing specifically on those actively employed or actively seeking work. This
approach aligns with  dane  calculation of the unemployed population (Unemployed /
Labor Force). Note that this employment rate serves as a measure of the demand for
employment.

  6  Percentages of employed population in each sector were extracted from the Inte-
grated Household Survey (dane, 2023a), depicting monthly averages from the moving 
quarter (January-March 2015 to April-June 2023). Calculating the number of companies 
per 1,000 inhabitants involved dividing registered companies in each city/metropolitan 
area from the Business Statistical Directory Bulletin 2019-2021 (dane, 2022) by the 2021 
population forecast from the country’s latest census (dane, 2023b) and then multiplying 
the result by 1,000.
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Seasonal adjustment of the data

The data provided by dane are not seasonally adjusted, requiring the 
removal of seasonal effects. We implement the X-13ARIMA-SEATS method, 
a statistical technique for seasonal adjustment and time series analysis 
created by the U.S. Census Bureau — the government agency responsible 
for generating demographic and economic data for the United States.7 This 
method decomposes the time series into trend, seasonality, and irregula
rity components using iterative techniques of centered moving averages. It 
provides a seasonally adjusted series along with quality tests and statistics. 
A comprehensive validation process was conducted for each of the 23 series 
to ensure the robustness and reliability of these adjusted series. This valida-
tion included tests for normality of the residuals with the Doornik-Hansen 
test, linearity of residuals with the Ljung-Box test on squared residuals, 
and independence of seasonal residuals with the Ljung-Box test on their 
autocorrelation. These tests address critical assumptions for subsequent  
analysis.

Covid-19 seasonal effects

The Covid-19 pandemic has significantly altered the behavior of various 
economic indicators. Consequently, addressing its impact on data seasonal 
adjustment becomes imperative. To accomplish this, we will adopt the 
intervention analysis methodology proposed by Foley (2021). This method 
is designed to address distinct anomalies in series data and is employed 
to mitigate the effects of non-seasonal events on the seasonal pattern of 
economic data. Figure 1 shows the four most common anomalies or outli-
ers in a series.

7	 More information about the X-13ARIMA-SEATS method is available at https://t.
ly/YyXsN.

https://t.ly/YyXsN
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Figure 1. Main types of outliers

Source: Own elaboration based on Foley (2021).
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Additive Outliers (AO) are values that deviate significantly from the 
typical series pattern, usually at isolated points or the final point of a time 
series. Temporary Changes (TC) indicate a transient series shift, characte
rized by an immediate change followed by a swift return to the original 
state, often due to factors like holidays or one-time events. Level Shifts 
(LS) suggest a sudden and sustained baseline alteration, often from struc-
tural changes such as policy adjustments or economic shifts. Linear ramps 
(RP), used for modeling gradual trends over time, resemble LS but allow a 
smoother transition between levels (Foley, 2021). For the seasonal adjustment 
of data and the detection of outlier anomalies, we utilize the open-source 
seasonal adjustment software JDemetra, developed by the European Union 
Statistics Agency–eurostat–and the package developed for R software, 
RJDemetra.8 While the statistical package automatically identifies outliers, 
Foley (2021) and statistical agencies stress the importance of manual identi-
fication during the Covid-19 pandemic.9 The software frequently overlooks 
these effects. Consequently, all Covid-19 phase outliers underwent manual 
analysis for each series, focusing on outlier characteristics, and were then 
incorporated into the seasonal adjustment model based on the most suitable 
outlier type determined through series analysis. This meticulous approach 
ensures thorough outlier detection and incorporation, as recommended by 
experts.

Figure 2 exemplifies this process by showcasing a manual adjustment to 
the time series for the city of Santa Marta during the pandemic. Our manual 
inspection revealed four outliers corresponding to distinct observation 
periods and one level shift, whereas the automated system only detected a 
single outlier within the displayed timeframe. Given the widespread impact 
of Covid-19 across the areas studied, its inclusion in the research analysis 
is crucial for capturing the complete picture.

8	 Additional information about the software JDemetra+ is available at https://
jdemetra-new-documentation.netlify.app/. Details about the JDemetra package for the 
R software can be found at https://t.ly/6gQkL.

9	 Particularly helpful in understanding seasonal management in the context of 
the Covid-19 pandemic were the lectures given by Eurostat statistical agencies (archived 
version available at https://tinyurl.com/rbhy9fk4), and Latin American national statisti-
cal agencies, available at https://t.ly/lZFbH.

https://jdemetra-new-documentation.netlify.app/
https://t.ly/6gQkL
https://t.ly/lZFbH
https://tinyurl.com/rbhy9fk4
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Results

Employment growth by city and metropolitan area

Figure 3 depicts seasonally adjusted average employment growth across 23 
cities and metropolitan areas. Notably, the pre-pandemic period exhibited 
stable growth, maintaining an average close to zero. Growth and decline 
variations were generally modest, rarely exceeding three percentage points, 
except for the city of Quibdó, which notably emerged as the most volatile 
during this period.

The impact of Covid-19 on the data series becomes apparent starting 
from the moving quarter of January-March 2020, intensifying notably in 
the March-May 2020 quarter, coinciding with the initiation of the manda-
tory national quarantine in Colombia.10 Throughout the quarantine, the 
most significant moving quarterly decrease in the average of all cities, at 
-6.05%, occurred in March–May 2020. Conversely, the peak average growth 
for all cities, at 2.99%, occurred four months later in July–September 2020. 
Neiva exhibited both the lowest and highest values in growth and decrease, 
recording -11.35% and 11.75%, respectively, and displayed the highest vola-
tility among all cities. In contrast, Quibdó demonstrated countercyclical 
behavior, growing during the March-May 2020 quarter when other cities 
decreased and experiencing a decrease in the June – August 2020 quarter 
amid generalized growth—a pattern consistent with cities characterized 
by high rates of labor informality (Gómez, 2013). A gradual convergence 
toward pre-pandemic levels is observed from the December 2021–February 
2022 quarter, three months after the end of the mandatory quarantine in 
Colombia.

Growth coefficients in periods of expansion and recession

According to the employed methodology, the iterations yield average growth 
rates for expansion periods denoted as (μ0) and recession periods denoted 
as (μ0 + μ1) in each city. Additionally, the methodology calculates the rate of 
residual variance (σ2) in the growth rates. Figure 4 shows these coefficients.

10	 The national mandatory quarantine in Colombia started on March 25, 2020, 
according to Decreto 457 de 2020 (retrieved from https://t.ly/lvcda), and concluded on 
August 30, 2021, as declared by Resolución 844 de 2020 (retrieved from https://t.ly/Toii4).

https://t.ly/lvcda
https://t.ly/Toii4
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Average growth coefficient in the expansion

Average growth coefficient in recession
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Average residual coefficient in growth rates

Figure 4. Average growth coefficients of 23 cities and metropolitan 
areas of Colombia11

Source: Own elaboration.

Concerning the growth rate during the expansion, no typical geographic 
pattern is observed, with an average of 1.14% growth among all entities. 
The city of Barranquilla exhibits the lowest growth value at 0.13%, closely 
followed by Quibdó with 0.16% and Manizales with 0.22%. The noteworthy 
underperformance of Barranquilla is significant, especially considering its 
prominent role as an industrial pole in the country (Otero-Cortes et al., 2023). 
However, it is crucial to note that this city has consistently been characte-
rized by an informality rate exceeding the national average. Additionally, 
despite the observed dynamism in the city’s industrial sector, the jobs gen-
erated exhibit significant deficiencies in job security, wages, and benefits 
(Otero-Cortes et al., 2023); this may be attributed to the fact that the labor 

11 The map delineates the territorial boundaries of each city or metropolitan area 
in red. The same color is applied to the department it belongs to. For Bogotá D.C., the 
urban extension is outlined, in the same color for the capital district extension.
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supply in Barranquilla has experienced higher growth than the demand 
for employment (Galvis-Aponte et al., 2019). In Quibdó, the low growth rate 
is possibly explained by persistent unemployment rates and the reception 
of a displaced population in an already precarious labor market (Robledo-
Caicedo, 2019). In Manizales, as per the analysis conducted by Guarín (2017), 
it is evident that, from a productivity-oriented perspective of the industrial 
system, the city has witnessed a decline in the vitality of coffee plantation 
activity. Historically, this sector served as the engine of its economy. This 
decline has resulted in a lack of diversification and sophistication in the 
productive apparatus, limiting the generation of quality jobs during periods 
of economic growth.

Among the cities displaying greater dynamism during expansion 
periods, Florencia leads with a remarkable growth rate of 2.62%. Regret-
tably, there is a lack of academic studies supporting the city’s boom during 
expansion periods or analyzing employment dynamics within. However, 
some studies highlight its high unemployment rate at the national level, 
surpassing the average of the 23 major cities and exhibiting a general upward 
trend (Robledo-Caicedo, 2020). Notably, Florencia serves as the capital of one 
of the departments most affected by the internal conflict in Colombia. Thus, 
it is plausible to theorize that the city’s economy experiences remarkable 
growth concurrently with the materialization of peace agreements reached 
by the government with the insurgency (Rivera & Echeverri, 2020). Next, 
the city of Armenia boasts a commendable growth rate of 2.22%. Despite 
limited literature addressing Armenia’s dynamic growth, Barrantes (2021) 
emphasizes the persistent issue of unemployment in the city over the years. 
It is crucial to note that Armenia and five other jurisdictions enjoy income 
tax benefits for new companies engaged in specific activities, facilitated 
through a special regime known as Zona Económica y Social Especial (Special 
Economic and Social Zone).12 However, precise figures regarding its impact 
on employment generation or its contribution to the increased formation 
of companies in this city remain elusive (Barrantes, 2021). In addition to 
the regions benefiting from this scheme, Armenia’s central geographical 
position within the golden “triangle of the country” (a term coined to rep-
resent an imaginary triangle among the three largest cities in Colombia) is 

12	 In addition to Armenia, the cities with this condition are Quibdó, Buenaventura, 
and Barrancabermeja, as well as the departments of Guajira, Norte de Santander, and 
Arauca. See Decreto 2112 de 2019 at https://t.ly/O80F6 and an update about the regimen 
at https://t.ly/o0-kE.

https://t.ly/O80F6
https://t.ly/o0-kE
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noteworthy.13 Cali ranks third in average growth in expansion cycles, with 
2.07%. As noted by González and Mora (2011), the city has distinguished 
itself by recurrent cycles of economic acceleration and deceleration, incor-
porating into its labor force not only residents of its metropolitan area but 
also residents of surrounding municipalities in the region. According to 
Ortiz and Uribe (2007), Cali has historically been characterized as labor-
intensive; therefore, it can more easily benefit from the ample supply of 
available jobs during periods of economic growth. A discernible pattern is 
generally observed in these cities, aligning with studies correlating higher 
unemployment rates and increased employment generation due to demand 
shocks (Bartik, 2015).

When evaluating the average coefficients during recessionary periods, 
an overall average growth coefficient of -0.14 is identified across all enti-
ties. Despite this, five cities exhibit positive growth (Popayán, Pereira M.A., 
Riohacha, Monteria, and Santa Marta), albeit all very close to 0% (less than 
0.03%). Among the remaining 18 cities, 13 fall within the range of [-0.1%, 
0%). Ibagué stands out with the lowest growth coefficient of -0.96%, attri
buted to its elevated unemployment rates compared to the national average, 
higher overall participation rate and low economic growth (Ayala-García, 
2014). Manizales follow this with -0.60% and Quibdó with -0.58%. Further-
more, a positive correlation of 0.31 is observed between the proportion of 
people employed in logistics and accommodation services and the growth 
coefficient during recessionary periods; this suggests that cities with a 
higher focus on tourism may exhibit greater resilience during these times 
compared to other cities.

The growth rates mentioned earlier should be assessed in conjunction 
with the residual variability rates of the coefficients. Among the cities, only 
Quibdó (1.58%) and Ibagué (1.16%) surpass the 1% variability assumption. 
Considering Quibdó’s historically volatile growth rates, the mentioned 
figure does not appear notably abnormal. However, it sheds light on the 
nuanced low growth of Ibagué during the recessionary periods. Conversely, 
Bogotá D.C. (0.27%), Barranquilla M.A. (0.30%), and Medellín M.A. (0.36%) 
exhibit the lowest volatility. Notably, Bogotá D.C. and Medellín M.A. stand 
out with employment rate growth during expansion periods (0.72% and 
0.79%, respectively). Furthermore, their growth coefficients are close to 0 
in recession periods (-0.02% and -0.001%, respectively), indicating a more 

13	 Definition of the Colombian “golden triangle”–obtained from U.S. Department 
of Commerce (2021), Santiago de Cali Profile. Retrieved from https://t.ly/YB6MX.

https://t.ly/YB6MX
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stable long-term employment growth than other cities. Historically, Bogotá 
D.C. maintained economic growth rates above national averages until the 
mid-2000s, and while its growth rate has decreased, it has followed a stable 
trajectory (Guzman et al., 2017). In the case of Medellín, despite not having 
lower unemployment rates compared to other cities, studies indicate higher-
quality employment and lower informality rates (Sanchez, 2013). These fac-
tors, coupled with the city’s high industrial density and market potential 
(Cárdenas et al., 2015), may contribute to a lower loss of labor occupation 
during economic downturns, underscoring Medellín’s strengths. Supported 
by a negative correlation of -0.50, cities with higher proportions of people 
employed in manufacturing industries exhibit lower variability in growth 
rates, indicating greater stability in the growth rate of these cities.

Identified Clusters

The modeling process identifies clusters of cities and metropolitan areas 
that share a tendency to synchronize their economic cycles. Four clusters, 
which are not mutually exclusive, are delineated based on this shared 
behavior. It is important to note that this likelihood varies across clusters. 
In our analysis, a city is categorized as belonging to a cluster if its affilia-
tion probability exceeds 0.5.

Cluster 1 encompasses 18 cities with a probability of belonging that 
exceeds 80%. These cities include Bogotá D.C., Medellín M.A., Cali M.A., 
Bucaramanga M.A., Pasto, Pereira M.A., Cúcuta M.A., Montería, Villavicen-
cio, Florencia, Popayán, Valledupar, Neiva, Riohacha, Santa Marta, Armenia, 
Cartagena, and Sincelejo. Additionally, Tunja has a probability exceeding 
50%. Notably, 19 out of the 23 cities analyzed are present within this cluster, 
indicating a high level of inclusion and suggesting a generalized behavior 
across most cities. As for Cluster 2, only nine cities surpass 80%: Cali M.A., 
Bucaramanga M.A., Florencia, Valledupar, Popayán, Bogotá D.C., Tunja, 
Manizales M.A. and Pereira M.A. Furthermore, three cities—Medellín M.A., 
Quibdó, and Cartagena—exceed 50%. This cluster excludes most Caribbean 
cities and some southern cities. Cluster 3 exhibits uniform behavior with all 
cities having a probability of participation in this cluster above 80%. Cluster 
4 identifies 15 cities with a probability of belonging that surpasses 80%, 
including Cali M.A., Florencia, Valledupar, Armenia, Cartagena, Pasto, Santa 
Marta, Montería, Pereira M.A., Villavicencio, Popayán, Riohacha, Cúcuta 
M.A., Neiva, and Sincelejo. It is important to note that this cluster does not 
encompass several cities in the central region of the country and the city 
of Barranquilla and Quibdó. Figure 5 visually represents these clusters on 
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a map, highlighting the probability that each city or metropolitan area is 
associated with a specific cluster.

Cluster 1

Cluster 2
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Cluster 3

Cluster 4

Figure 5. Cluster affiliation probabilities identified in 23 cities  
and metropolitan areas14

Notes: A city or M.A. is assigned to a cluster if it has a posteriori affiliation probability greater than 0.5 
for that cluster. Source: Own elaboration.

14 The map delineates the territorial boundaries of each city or metropolitan area 
in red. The same color is applied to the department it belongs to. For Bogotá D.C., the 
urban extension is outlined, in the same color for the capital district extension.
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The first and third clusters exhibit a more national character, as most 
cities either belong to the same cluster or have a high probability of belong-
ing. Therefore, extracting correlations with covariates in these cases is not 
feasible. In Cluster 2, a correlation of 0.41 is observed with the proportion 
of people employed in financial and insurance activities and -0.39 with the 
proportion of people employed in logistics and accommodation activities; 
this aligns with the low probability of including cities in the Caribbean 
region, whose economies are heavily reliant on tourism. For Cluster 4, a 
correlation of -0.58 is found with the proportion of people employed in 
financial and insurance activities and 0.54 with the probability of belonging 
to logistics and accommodation. In broad terms, this cluster hosts cities with 
a low proportion of workers in the financial sector, dependence on sectors 
related to tourism and logistics, and a lower concentration of firms (with 
an average of 18.78 compared to 24.99 in cities not included in this cluster).

Despite these differences, 19 cities share at least two clusters, and six cities 
simultaneously belong to all clusters. Therefore, interpreting the results of the 
cluster groupings should be done cautiously, as there might be some unifor-
mity among some cities composing them, with variations in the probability of 
belonging to a specific cluster. While Clusters 2 and 3 show some geographical 
continuity, our investigation focuses on the city and M.A. level. Here, economic 
disparities and city-specific characteristics may differ from those of higher-
ranking subnational entities. Additionally, as Duranton (2015) highlighted, 
the road traffic conditions within the country significantly influence trade 
within urban centers. This underscores that the economic characteristics of 
these cities are more pivotal than the actual volume of trade between them. 
These findings are further supported by research conducted by the Colombian 
System of Cities, which underscores the relative isolation between these cit-
ies and indicates that their economies lack significant specialization (conpes, 
2014). Therefore, this continuity cannot be directly compared with previous 
studies on subnational administrative regions. Given the considerations above, 
the results of our study differ from the more exclusionary cluster patterns 
observed in the United States by Hamilton and Owyang (2012) in their state-
level study. Instead, our findings exhibit more similarities to the province-level 
results in China, as reported by Wang et al. (2023).

Clustered business cycles

Figure 6 presents the mean probabilities of national expansion, national 
recession, and recession occurrence for each identified cluster, estimated 
using Markov panel switching with the data incorporated into the model. It 
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is crucial to emphasize that “national expansion” and “national recession” 
denote shared states experienced by all cities. Two distinct recession events 
unfolded in Colombia throughout the study period, each associated with 
pivotal economic occurrences: the Great Recession from the subprime mort-
gage crisis and the Covid-19 crisis from 02/01/2020 to 04/01/2020 (Arango 
et al., 2016; Fedesarrollo, 2020; Posada, 2020).15
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15	 Alfonso et al. (2011) defined the Great Recession dates, utilizing a weighted diffu-
sion index across various sectors. The beginning of the Covid-19-induced recession was 
determined by Fedesarrollo (2020) and its conclusion by Posada (2020), referencing the 
end of the U.S. cycle recession. This aligns with findings by Hernández (2023), utilizing 
the Bry-Boschan algorithm with Colombia’s quarterly real GDP cycle.
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Figure 6. Posterior Probabilities of aggregate regimes

Notes: Posterior Probabilities are monthly, reflecting the moving quarter. Shaded areas align with the 
periods identified as national recessions according to the nber methodology. Source: Own elaboration.

Cities in cluster 1 consistently undergo prolonged and recurrent reces-
sionary periods. However, the onset of the Covid-19 pandemic has altered 
the established similarities in the behavior of the country’s cities. Before this 
event, only four cities—Quibdó, Manizales M.A., Barranquilla M.A., and 
Ibagué—did not follow the same recessive economic cycle. This behavior is 
interesting because although the average growth rates of the city analyzed 
are the lowest among the entities studied, it has experienced more sustained 
growth over time than other cities. This phenomenon explains, to a large 
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extent, the economic growth of Barranquilla in recent years (Otero-Cortes 
et al., 2023), as well as the countercyclical behavior of Quibdó in contrast 
to most other cities. Post- Covid-19, the model identifies three additional 
clusters. Cluster 2 consists of cities that undergo an additional moving 
quarter of the Covid-19 recession compared to other cities, while nearly half 
of the cities emerge from this recession. Notably, several cities in the Colom-
bian Caribbean are excluded from this cluster. 16 Cluster 3, demonstrating 
behavior akin to a national recession, with all cities in this cluster having 
a probability of belonging exceeding 90%, persists for three consecutive 
moving quarters starting in early 2022. This occurrence can be viewed as 
an extension of the national recession that began in February–March 2022. 
In Cluster 4, two distinct recessionary periods emerge. However, cities such 
as Quibdó, Medellín M.A., Bucaramanga M.A., Barranquilla M.A., Bogotá 
D.C., Tunja, Ibagué, and Manizales M.A. deviate from the recessive behavior 
associated with this cluster, spanning nine moving quarters.

Examining the cluster’s behavior during national crisis events reveals 
that the impact of the Great Recession is evident in all cities during the 
moving quarter from December 2007 to February 2008, sustaining until 
February 2008 to April 2008. However, cities in cluster 1 continued to be 
in a recessionary state until the moving quarter of May-July 2009. In the 
Covid-19 crisis, despite cluster 1 cities already being in a recession, it is 
theorized that this extension is unrelated to the pandemic’s nature, given 
its unexpected nature. The widespread impact of this crisis on all cities 
was detected from January 2020 to March 2020, continuing until April-June 
2020. Only cluster 2 cities experienced an additional quarter of recession. 
Subsequently, a prolonged expansion period for all cities unfolded in the 
following moving quarter from July-September 2020 to January-March 2021.

Regime Transition Probabilities and Logistic Coefficients Analysis

Table 2 presents the regime transition probabilities denoted as pij, illustrat-
ing the likelihood of the economy transitioning from one regime at time t, 
to another at t + 1. The transition probabilities between different clusters 
are not feasible. For instance, suppose zt = 1 in quarter t; this signifies that 
only cities or metropolitan areas (M.A.) included in cluster 1 would be in 

16	 The cities not belonging to Cluster 2, and thus not following the recessionary 
trend in the moving quarter of May–July 2020, include Monteria, Pasto, Riohacha, Santa 
Marta, Cúcuta, M.A. Barranquilla, M.A. Armenia, Ibagué, Sincelejo, Villavicencio, and 
Neiva.
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a recession. It has been predetermined that these cities and M.A. cannot 
emerge from the recession, and a distinct subset of cities and M.A. begins 
a recession at t + 1. To achieve this, the constraint pij = 0 is enforced, elimi-
nating such transitions’ possibility.

Table 2. Estimated transition probabilities

From 
National 

Expansion

From 
National 

Recession

From 
Recession 
in Clus-

ter 1

From 
Recession 
in Clus-

ter 2

From 
Recession 
in Clus-

ter 3

From 
Recession 
in Clus-

ter 4

To National 
Expansion

0.78 0.00 0.00 1.00 0.00 0.00

To National 
Contraction

0.00 0.44 0.11 0.00 0.34 0.23

To Recession in 
Cluster 1

0.00 0.44 0.89 0.00 0.00 0.00

To Recession in 
Cluster 2

0.00 0.09 0.00 0.00 0.00 0.00

To Recession in 
Cluster 3

0.00 0.03 0.00 0.00 0.66 0.00

To Recession in 
Cluster 4

0.22 0.00 0.00 0.00 0.00 0.77

          
  

  

         
          

    
  

         
  

  

         
          

    
  

         
  

  

         
          

 

    
  

Note:  Boldface indicates the restrictions on transition probabilities that  p     ij  = 0 where  i,  j    ∈  {1,  …,  K} and
i  ≠  j     . Source: Own elaboration

    Based on the findings, it is observed that the probability of transition-
ing from a state of national recession to a state of expansion, or vice versa,
is zero. Consequently, national expansions and contractions do not unfold 
sequentially; instead, they typically originate in specific cities and metro-
politan areas before gradually extending to encompass all the examined 
cities and metropolitan areas. Cluster 1 displays the highest likelihood of 
staying in the same regime. Cluster 2, having only one expansion quarter,
has  an  absolute  probability  of  transitioning  into  the  expansion  regimen.
Clusters  3  and  4  exhibit  a  greater  likelihood  of  experiencing  national 
downturns compared to cluster1. Our results indicate that downturns are 
expected to persist with a high probability in the subsequent period across 
all clusters, except for cluster 2.
    Table 3 presents the posterior means of the logistic coefficients βk asso-
ciated  with  each  idiosyncratic  cluster  k,  with  highlighted
   entries indicating instances where at least 68% of the calculations yielded 
consistent
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directionality compared to the inferred mean. These results allow us to 
identify patterns in the probability of belonging to each cluster. The inter-
pretation of the logistic coefficients βk is that for holding all other variables 
constant, a one-unit increase in the corresponding covariable associated 
with βk is linked to an increase in the logarithm of the odds regarding 
covariable membership.

Table 3. Estimated logistic coefficients

Cluster 1 
β1

Cluster 2 
β2

Cluster 3 
β3

Cluster 4 
β4

Constant -0.09 0.08 0.03 0.01

Number of companies per capita -0.10 0.06 0.41 -0.42

Proportion of employees in manufacturing 
industries 

0.02 0.07 0.42 -0.09

Proportion of employees in logistics and 
accommodation

0.23 -0.16 0.43 0.69

Proportion of employees in financial and 
insurance activities

0.31 0.47 0.09 -0.13

Note: Boldface signifies that zero is outside at least 68 percent coverage interval. Source: Own elaboration.

In the examination conducted, it is highlighted that the number of com-
panies per capita hurts the likelihood of belonging to Cluster 1. In contrast, a 
higher proportion of employees in the logistics and accommodation sectors 
positively affects the probability of affiliation with this cluster. Conversely, 
within Cluster 2, a higher concentration of employees in logistics and accom-
modation sectors results in a negative impact. In contrast, a greater presence 
of employees in financial and insurance activities shows a positive associa-
tion. Regarding Cluster 3, the number of companies per capita, alongside 
the proportion of employees in manufacturing industries and logistics and 
accommodation, positively influences the probability of belonging to this 
cluster. In Cluster 4, company density has a negative influence, while the 
proportion of employees in the logistics and accommodation sectors exerts 
a stronger influence than Clusters 1 and 3.

Discussion

The results highlight the variability in employment growth rates between 
growth and recession phases across Colombia’s different cities and metro-
politan areas. Four distinct clusters with differentiated behaviors during 
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recessions were identified. However, an analysis of the duration of reces-
sions and the cities and metropolitan areas within these clusters reveals 
a tendency toward national synchronization. Clusters 1 and 3, including 
most cities, exhibit longer recession durations than the other clusters. This 
suggests a similar pattern of behavior among cities and metropolitan areas 
during recessions and expansions despite different growth rates in each 
phase. This indicates that recessions have a generalized national impact, 
with brief exceptions during the analyzed period, likely due to the centra
lized nature of Colombia’s economic and fiscal policies, which are uniform 
and not tailored to local specificities. Nevertheless, differences in growth 
rates during recession and expansion periods reflect the significant influ-
ence of each city or metropolitan area’s specific economic characteristics, 
such as sectoral composition and business density, on their capacity for 
recovery and growth.

Given these findings, it is evident that there is a need for policies that 
balance employment growth dynamics across the country. Therefore, we 
propose some recommendations aimed at addressing regional disparities 
in employment growth and enhancing the economic resilience of cities and 
metropolitan areas during recessions and expansions

Policy approaches for urban employment growth

According to the results of the 2023 Departmental Competitiveness Index 
of Colombia (Cheyne García, et al., 2023), reducing the asymmetry between 
different territorial entities requires initiatives focused on improving 
productivity in the country. This increase in productivity should lead to 
greater demand for labor and improved wages (oecd, 2022). In the results 
section of this document, we found that cities with better job quality exhibit 
less volatility in their growth rates. Therefore, it is crucial to implement 
measures that promote regional competitiveness and attract investment in 
quality, stable employment through domestic or foreign entrepreneurship 
or investment.

Measures to improve the labor market across regions include employ-
ment incentives for marginalized groups, as implemented by the District 
Secretary of Economic Development of Bogotá; financial support for 
entrepreneurs provided by the Government of Quindío; and technical and 
financial assistance offered by the Chamber of Commerce of Huila (Cheyne 
García, et al., 2023). Although these regional initiatives are commendable, 
they often depend on the priorities of the officials in office, making their 
continuity uncertain. Although these regional initiatives are commendable, 
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they often depend on the priorities of the officials in office, making their con-
tinuity uncertain. To ensure a more long-term impact and prevent widening 
employment disparities between cities, it is essential to implement national 
policies that promote job growth and reduce the high level of informality. 
A critical strategy is to continue decreasing non-wage costs, as was done 
in the 2012 tax reform, which reduced taxes on companies and encouraged 
short-term employment generation (Fedesarrollo & acrip, 2014). This was 
complemented by Law 2010 of 2019, which decreased income taxation and 
encouraged investment by reducing the cost of capital (Farné, 2020).

Additionally, policies should leverage the demographic dividend of 
Venezuelan immigration (Miranda & Cienfuegos, 2022), as this popula-
tion has a higher percentage of economically active individuals than the 
Colombian population (oecd, 2022). For instance, policies could prioritize 
the settlement of this population in cities with older populations, such as 
those in the coffee-growing axis (conpes, 2014). Closing gender gaps in 
cities is also essential to promote formality and female participation in 
employment. In September 2021, the labor participation rate was 73.9% for 
men compared to 55.4% for women (oecd, 2022). Programs like Manzanas 
del Cuidado, which supports women, traditionally home caregivers, to access 
quality jobs, could be replicated in other cities. This program allows women 
to spend more time in stable jobs and less time in precarious ones, provid-
ing greater labor flexibility (Buitrago & Del Busto, 2023).

Finally, an indirect strategy for the employment generation could 
involve granting greater fiscal autonomy to each city and department in 
the country. Colombia has operated as a centralist state since adopting the 
1886 constitution (Soto, 2003). The 1991 constitution provided legal tools 
for the state to delegate tax setting and collection to subnational entities. 
Fiscal decentralization measures implemented in the early 1990s led to a 
significant increase in regional deficits by the mid-1990s (Iregui Bohorquez 
et al., 2001), culminating in a crisis and a generalized slowdown by the 
end of the decade (Bonet, 2004). Although the Organic Law of Territorial 
Ordering (1454 of 2011) helped clarify competencies, in 2012, subnational 
entities’ tax revenues only represented 28.5% of the total (oecd/uglg, 2016). 
Many state transfers are inflexible in resource management due to specific 
destination requirements (Iregui Bohorquez et al., 2001). Therefore, many 
cities and departments lack the resources and competitive policies that could 
arise from greater fiscal autonomy. This underscores the importance of the 
academic and political discussion on fiscal autonomy, which has gained 
popularity among both politicians (dnp, 2023) and academics (Estupiñan 
Achury, 2018) (oecd, 2019).
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Conclusions

We utilized a Markov panel regime-switching model to analyze the growth 
rates of 23 cities and metropolitan areas in Colombia. This methodology 
allowed us to identify the average expected growth rates for recession and 
expansion cycles, highlighting significant heterogeneity in the observed 
rates. During expansions, growth rates peaked at 2.6%, while in recession 
periods, they fell to -0.96%. The analysis reveals that cities with a higher 
proportion of their population employed in logistics and accommodation 
activities show greater resilience during economic downturns. Conversely, 
cities with high employment rates in manufacturing industries experience 
less volatile growth rates during recessions and contractions.

Four distinct clusters of cities were identified, one existing before the 
Covid-19 pandemic and three emerging subsequently. While two of these 
clusters show geographic continuity, they are coincidental as they corre-
spond to cities rather than subnational units. Throughout the study period, 
the behavior of these clusters during previous national crises, such as the 
Great Recession of 2008 and the Covid-19 pandemic, was analyzed. In both 
cases, a national recession was followed by a subset of cities emerging first 
from the downturn. Notably, it was only after the Covid-19 pandemic that 
a period of national expansion was observed.

It is crucial to implement measures that promote regional competitive-
ness and attract investment in quality and stable jobs, whether through 
entrepreneurship or domestic and foreign investment. Examples include 
incentives to promote employment among populations facing labor market 
barriers, programs to enhance productivity and innovation skills in entre-
preneurship, financial support for entrepreneurship, and technical and 
financial assistance provided by various entities. Additionally, national 
policies should promote job growth and reduce high levels of informality in 
cities. Effective strategies include reducing non-wage costs and leveraging 
the demographic dividend of Venezuelan immigration. Finally, greater fiscal 
autonomy for each city and department should be considered to promote 
competitive policies and ensure sufficient resources for local management.

The obtained results serve as the groundwork for future investigations, 
aiming to explore the specific characteristics of cities that exhibit greater 
dynamism during economic growth and those that demonstrate greater 
resilience during periods of contraction. We briefly describe some of these 
characteristics, but it is essential to acknowledge that other aspects may be 
involved. This comprehensive understanding could enable the identification 
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of characteristics or strategies employed by these cities, allowing govern-
ments to replicate them in applicable cities and sectors. Furthermore, certain
cities can more effectively recover from national recessions than others. The
limited literature on regional spreads emphasizes the necessity of investigat-
ing the spread of recessions with additional covariates; this highlights the
importance of further research to comprehend the dynamics of economic
fluctuations at a regional level.
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Appendix

Table 4. Average growth coefficients and Cluster 
membership probabilities for each city

Cluster 4

0.0004

0.032

1

0.01

0.0204

0

1

0.9988

0.9868

0

0.9992

1

0.9988

0.0004

1

0.9976

1

0.3124

0.9788

0.9896

1

1

0.9744

Cluster 3

0.946

0.9984

1

0.9924

1

0.9748

0.9836

1

1

0.9972

0.9928

0.9964

1

0.9328

1

0.994

1

0.9752

1

0.998

0.9228

1

0.9984

Cluster 2

0.9708

0.7952

1

0.0144

0.9996

0.9448

0.3108

0.9388

0.0144

0.0072

0.46

0.6024

0.0004

0.9448

0.9972

0.9888

0.9904

0.7248

0.0004

0.092

0.0684

0.01

0.0064

Cluster 1

1

1

1

0

1

0

1

1

1

0

1

0.9992

1

0.5416

1

1

1

0.0536

1

1

1

1

1

σ2

0.2677

0.3594

0.4558

0.2959

0.4631

0.4768

0.4805

0.5523

0.6101

1.1570

0.5010

0.6478

0.4531

0.6634

0.8681

0.7499

0.4772

1.5801

0.7279

0.7840

0.4482

0.8574

0.5316

μ0 + μ1

-0.0157

-0.0011

-0.0421

-0.3844

-0.0315

-0.5951

-0.0182

0.0204

-0.0347

-0.9575

0.0020

-0.0123

-0.0237

-0.2352

-0.0927

0.0326

-0.0441

-0.5769

-0.0490

0.0099

0.0004

-0.0831

-0.0007

μ1

-0.7365

-0.7931

-2.1133

-0.5165

-1.2685

-0.8135

-1.1314

-1.4594

-1.4746

-1.2693

-0.7220

-0.9294

-1.6469

-0.8378

-2.7113

-1.5878

-1.4183

-0.7324

-1.7893

-0.9119

-1.0166

-2.3023

-1.0796

μ0

0.7209

0.7920

2.0712

0.1321

1.2369

0.2184

1.1132

1.4798

1.4399

0.3118

0.7240

0.9171

1.6232

0.6026

2.6185

1.6203

1.3743

0.1555

1.7403

0.9218

1.0170

2.2192

1.0789

City

Bogotá D.C.

Medellín M.A.

Cali M.A.

Barranquilla M.A.

Bucaramanga M.A.

Manizales M.A.

Pasto

Pereira M.A.

Cúcuta M.A.

Ibagué

Montería

Cartagena

Villavicencio

Tunja

Florencia

Popayán

Valledupar

Quibdó

Neiva

Riohacha

Santa Marta

Armenia

Sincelejo

Source: Own elaboration.
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