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This study analysed how the Covid-19
pandemic has affected pre-existing regional
economic disparities in Mexico by comparing
economic recovery between tourism and non-
tourism regions. Using a blend of econometrics
and machine learning methods, this study
examines major economic variables, such as
gross domestic product, unemployment rate
(UR), and foreign direct investment (FDI),
between 2018 and 2023. This approach
combines synthetic control method, random
forest, and hierarchical clustering to address the
differential regional recovery given economic
structural variations.

Findings highlight a glaring economic
dichotomy: the southeast and southwest
regions of the USA that mainly are reliant on
tourism experienced massive economic
shocks and much longer recovery timelines
owing to their dependence on tourism and
informal labor markets. Conversely, more
diverse economies, such as the northeast,
maintained a more stable recovery through
consistent FDI, which fostered some level of
economic protection. SHAP and random
forest analyses revealed that UR and FDI are
key drivers of economic  recovery.
The unemployment rate negatively impacts
tourism-dependent regions, whereas foreign
direct investment fosters recovery in non-
tourism-dependent regions.

These results indicate the need for economic
diversification to act as a buffer from external
shocks. Effective regional policies should
work toward decreasing the reliance on
tourism in vulnerable regions while making
those areas more competitive for investment,
thereby contributing to a more balanced
recovery. Such an approach may cultivate
structural resilience, thereby reducing the
negative impact of future shocks and more
broadly controlling for economic growth
across Mexico.
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Introduction

The Covid-19 pandemic caused a considerable global economic shock that altered
growth patterns and disrupted long-standing stability. In Mexico, the pandemic
exposed weaknesses in the public health system and exacerbated economic disparities
between regions through health system privatization. Lockdown measures, supply
chain disruptions, and international trade interruptions had varying effects across
Mexico, potentially widening existing economic and social gaps.

Over many years, the structural differences between north and central Mexico
have been deeply investigated by scholars and policymakers, highlighting regional
disparities in Mexico. Similarly, the economic dynamism of these regions, relating to
their involvement in global value chains and a broad industrial base, is contrasted
against the reliance of the southern regions on tourism and low-level informal labor,
resulting in a cycle of poor economic performance over time. The Covid-19 pandemic
has deepened the existing inequalities and made the economic recovery process
complex, highlighting the need to figure out what lies behind the different ratios of
€CONOmicC recovery across regions.

This study aimed to analyse discrepancies in key economic indicators, such as
regional gross domestic product (GDP), employment, and gross value added (GVA),
that may impact the post-pandemic systemic recovery from 2020 to 2023.
A methodological approach that incorporates a combination of reasoning, evidence,
observation, difference-in-difference methods, and autodidactic algorithmic systems
was developed. This methodological integration enables the observation of the
immediate impacts of the pandemic on regional economies and the identification of
non-linear patterns influencing mid-term recovery.

In finance, these events are commonly analysed using the event study
methodology. However, this concept has been expanded here to evaluate the
macroeconomic consequences of the pandemic (event). This method enables the
identification of deviating developments visible as differences between expected
economic growth (EG), derived from pre-Covid-19 trends, and actual EG.
The synthetic control method (SCM) provides a rigorous framework to assess
differences in how regions respond to health crises by constructing a synthetic
counterfactual that closely mirrors the characteristics of regions that were less
exposed to the health crisis. This allows for a precise comparison between areas that
experienced substantial economic shocks and those whose structural attributes
insulated them from major disruptions. Finally, through machine learning algorithms
(random forest and clustering), complex patterns can be identified, grouping regions
based on their recovery trajectories.

The remainder of this paper is organized as follows: the relevant literature presents
a review of regional inequality and economic recovery. Then a detailed explanation of
the methodology is provided, focusing on econometric and machine learning
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approaches, followed by the presentation and analysis of the results. Finally, the
conclusions and suggestions for future research are presented.

Review of the literature

The regional inequalities in Mexico have been a recurring theme in academic
literature, with great differences between the north and south (Castafieda 2024,
Monroy-Gémez—Villagémez-Ornelas 2024). While the northern regions (i.e., those
that have been more industrialized and integrated into global value chains) have
displayed greater economic dynamism than their southern counterparts, the latter
have mainly relied on the dependence of the primary sector, informal employment,
and tourism (Le6n-Cruz et al. 2024, Medina-Rivas et al. 2022, Mendoza-Veldzquez et
al. 2020, Preciado—Torrero 2021).

Before the pandemic, these differences were evident in GDP, the state
competitiveness index, and the employment rate (IMCO 2023). However,
the Covid-19 pandemic has worsened pre-existing inequalities, particularly in states
dependent on tourism and informal work, such as the southern states (Casado 2021).

Numerous academic studies have investigated the effects of the pandemic. Kim
et al. (2023) reported that the upturn in the most industrialized parts of the world has
been faster than in less diversified regions, as they have been able to adjust to shifts
in global demand and a rebound in international trade. Gleaming alongside statistics
on the recent rebound of manufacturing jobs, regions that are less economically
diversified are emerging more slowly from their malaise, highlighting the need for
public policy built around infrastructure and economic development in these sectors.

The use of event studies in economic analysis facilitates the evaluation of the
impact of abnormal events on macroeconomic variables. This approach is commonly
employed in financial studies; however, recent studies have adapted this method to
add new variables, such as the Covid-19 pandemic effect (Borusyak et al. 2024,
Cheruiyot 2020, Zhang—Tian 2024). In addition, the difference-in-difference method
has been the mainstay of public policy analysis to assess the different impacts of
treatment (Bianchi et al. 2023, Kumar et al. 2023, Thakur—Das 2022). This method is
used in this study to investigate the effects of the pandemic in multiple regions of
Mexico.

In the regional economy, machine learning techniques have shown good efficacy
in demonstrating non-linear relationships between complex patterns and large
volumes of data. Among these techniques, random forest and cluster analysis have
proven to be effective tools for capturing non-linear relationships between economic
variables and understanding the behavior of the economy in crisis scenarios
(Goulet 2020). This study employed these different methodologies in combination to
provide a holistic picture of the inequalities present during Mexico’s post-pandemic
economic recovety.
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Methodology

Event study with abnormal variations

The study employed a standard financial event study methodology to identify
unexpected changes in important regional macroeconomic drivers, e.g., regional
GDP, employment, and GVA. The Covid-19 pandemic represents the exogenous
event of interest, which suddenly occurred in March 2020, altering productive systems
wortldwide, including the Mexican economy. The analysis period spanned from the 1st
quarter of 2018 until the 4™ quarter of 2023 to fully capture the impact dynamics and
recovery process. This long-term context allows to capture not only the short-term
impact of the shock but also the heterogeneity in recovery dynamics across regions.

Definition of the event

The economic repercussions of the pandemic were modeled as an external shock to
the economy, with its effects examined over the quarters following its onset. This
study provides a valuable framework for analysing economic recovery across different
geographical regions and assessing vatiations in post-pandemic revival among states.

Analysis periods

To compare the periods before, during, and after the event, three phases were
analysed:

Before the event (2018—2019): This phase is a baseline that provides the average
of trends in the economy, which will inform predictions of what behavior would have
looked like.

During the event (2020): This stage defines the immediate effects of the
pandemic, featuring sharp drops in key economic indicators.

After the event (2021-2023): In this phase, the growth rates are modeled
differently by region to assess the distinct recovery paths that may occur based on
economic structure and ability to adapt.

Calculation of abnormal variations

Abnormal variations (AVs) are defined as observed growth minus estimated growth
for individual regions, where the latter is an estimate of projected growth based on
historical trends before the Covid-19. Mathematically, these variations are expressed
as follows:

VI = Ry — E(Ry) M
where VI;; denotes the unexpected variation for region 1 in time t; Ry, is the observed
real EG, and E(R;;) is the estimated EG.
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SCM

SCM is an analytical method for evaluating the treatment effect on a group by
constructing a synthetic version of the treated unit through a weighted combination
of untreated units. It is used to create a counterfactual for each studied region,
enabling a direct, like-for-like compatison of economic performance between
affected regions and those with greater structural resilience.

The SCM model is designed to minimize differences in the pretreatment period
between the treated unit and the synthetic control (SC) unit. To achieve this, it
employs an automatic penalization function that reduces discrepancies in the
matching process.

min Y, (Y;, — Zj;tinY}'t)z + AZj,k(WjY}'t — Wi Yy)? @
where Y;; represents the value of the outcome variable for the treated region i at time t;
w; denotes the weights assigned to each control unit j that build the counterfactual,
and A is the penalty coefficient that balances the difference between the treated unit
and the SC.

Validity and robustness of the SC model

Temporal and spatial placebo tests were conducted to verify the reliability of the
estimates:

Placebo over time: This analysis involves varying the treatment period to a time
prior to the pandemic (e.g., 15t quarter of 2018) and checking whether or not the
counterfactual and treated unit are significantly different before the actual event. If
no substantial divergence is observed before 2020, it confirms the reliability of the
counterfactual estimates and strengthens the validity of the model.

Space placebo: “Treatment” is (falsely) assigned to regions less affected than the
treated region. The effects estimated from the SC in the treated region can be
compared with a distribution of placebo or counterfactuals. Therefore, this approach
can provide at least a measure of relative significance of the impact of the pandemic
on the treated region.

Penalized and differentiated SC model

Penalized SCM was used to optimize the adjustment by introducing a penalty
coefficient that balances the accuracy of the synthetic control unit before and after
the correction process. Meanwhile, differentiated SCM was independently applied to
analyse variables where trends over time are more relevant than absolute levels. This
approach enables the estimation of economic recovery effects without imposing
unrealistic linearity assumptions on the underlying economic relationships.
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Machine learning

Given the significant complexity and non-linearity that drives the regional economic
recovery process, this study employed advanced machine learning techniques to
identify critical factors and classify regions by their recovery trajectories — random
forest and clustering.

Random forest

The random forest algorithm was used to identify the most significant variables that
explain the differences in the recovery speed between regions. This non-parametric
technique allows to model complex interactions between variables without the need
to assume predetermined linear relations.

Clustering

Clustering analysis was employed to group regions according to their post-pandemic
economic behavior, allowing to identify common patterns between regions that
rapidly recovered and those that experienced a persistent lag in their recovery.

Data

The data used in this study were obtained from reliable official sources, such as the
National Institute of Statistics and Geography, the Bank of Mexico, and
the Secretariat of Finance and Public Credit. Quarterly data series were used, from
the 15t quarter of 2018 to the 4% quarter of 2023, which allows to accurately capture
fluctuations in the key indicators of EG and employment throughout the analysis
period.

Results

Before proceeding with volatility modeling using the GARCH model and an AV
equation, it is necessary to confirm whether the analysed time series — foreign direct
investment (FDI), unemployment rate (UR), and economic growth (EG) — are
stationary. Stationarity is a fundamental condition that must be met to ensure that
fluctuations in the series remain stable over time. If stationarity is not achieved,
uncontrolled temporal trends may lead to spurious results, compromising the
reliability of the model.

To assess stationarity, the augmented Dickey—Fuller (ADF) unit root test was
conducted on each series. The findings indicated that EG exhibited stationarity at the
level form (i.e., without differencing), as evidenced by a P-value of 3.79¢—15, which
was well below the conventional threshold of 0.05. This result confirms the rejection
of the null hypothesis of the ADF test, indicating that EG is stationary in its original
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form. In contrast, the time series analysis of FDI and UR revealed that neither variable
exhibited stationarity in their raw form. The P-values for FDI and UR were 0.727 and
0.160, respectively, exceeding the conventional threshold of 0.05. Consequently, the
null hypothesis could not be rejected, suggesting that these variables require
differencing to achieve stationarity.

As the FDI and the UR did not exhibit stationarity, both seties were differentiated
once, applying the transformation of first-order differences. This technique is
commonly employed to convert non-stationary series into stationary ones, eliminating
long-term trends and allowing fluctuations to be more stable over time.

After differentiation, the ADF test was again applied to the transformed series.
The results indicated that both differentiated series were stationary, with P-values of
2.61e—09 and 4.66e—26 for the differentiated series of FDI and UR, respectively,
confirming that both series are stationary in their first differences (see Table 1).

Table 1
ADF test results
Variable Statistical ADF P-value Result
FDI (at level) —1.068 0.7275 non-stationary
Unemployment rate (in level) —2.336 0.1605 non-stationary
Economic growth (in level) —9.092 3.79¢—15 stationary
FDI (differentiated) —6.773 2.61e—09 stationary
Unemployment rate (differentiated) —13.952 4.66e—26 stationary

With the three time series transformed into stationary, it was possible to proceed
to the next step of the analysis, which included modeling of conditional volatility
using the GARCH model and calculation of AVs. This validation ensures that the
results obtained in later stages of the analysis are based on stable series and that the
econometric assumptions of the model are robust.

GARCH model results

The GARCH model was used to implement the volatility dynamics of the major
economic variables affected by the pandemic, namely, FDI, UR, and EG. It enables
modeling of conditional volatility in financial and economic series such that a measure
of changeability to exogenous shocks, such as Covid-19, is available. The following
information summatrizes the results of the model for each variable.

Results of the GARCH model

The main features provided by the GARCH model for all the time series are presented
in Table 2. As the coefficients of ARCH (@) and GARCH () represent the temporal
dependence of volatility on each variable, their sum (@ + ) shows how long the
impact of a given volatility will last.
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Table 2
Summary of the GARCH model results
Variable Average () | « (ARCH) | B (GARCH) PCE:(IT?)CC Remarks
High persistence
Economic growth —1.0132e+07 0.3453 0.6547 1.000 in volatility,
(in level) (P=0.797) | (p<0.001) | (p<0.001) ' indicating long-
term effects
Persistently high
. . 3.8881e—04 0.0100 0.9700 volatility, although
FDI (differendated) | " " 601y | (p=0.878) | (p < 0.001) 0980 1 the contribution
of a is low

Less-persistent
volatility and

Unemployment rate 0.5610 0.7050 0.2950 1.000 more subject to
(differentiated) P =0151) | (p=0.016) | (p <0.001) short-term
fluctuations

The overall persistence (¢« + B) in all variables is close to 1, recommending that
volatility shocks are persistent, which is particularly true due to the high dependence
of FDI and UR on previous shocks. This persistence implies a lasting reaction in these
series to the uncertainty created by the pandemic, indicating considerable stabilization
difficulties in the short and medium terms.

Summary of the results of the GARCH model

The analysis of conditional volatility reveals significant fluctuations in the time series
throughout the study period. Figure 1 presents the per-series behavior:

FDI: The volatility of FDI exhibited very high peaks at the onset of the pandemic,
suggesting heightened uncertainty surrounding foreign direct investment in Mexico
during this period. These peaks reflect the sensitivity of FDI to external factors and
global uncertainty, particularly in sectors highly interconnected with international
capital flows. Over time, volatility gradually stabilizes, indicating that investment
flows are adapting to a new market equilibrium.

UR: The conditional volatility of the unemployment rate (UR) shows a sustained
increase following the crisis, with a gradual return to stability rather than an immediate
correction. This pattern mirrors the slow adjustment dynamics of the labor market,
which typically lags behind other economic sectors in recovering from shocks. The
persistent volatility in UR suggests underlying structural weaknesses in the labor
market, exacerbated by the crisis, with a slow and delayed recovery.

EG: EG has cyclical volatility dynamics, where its cyclical peaks reflect repeated
efforts at recovery. These cycles may be associated with stimulus fiscal and monetary
policies or unbalanced recovery between sectors of the economy. This lower
persistence in volatility suggests that while individual shocks to this variable remain
persistent, the effects of each shock on recovery tend to be less persistent than those
for any of the other variables examined.
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Figure 1
Conditional volatility of regional macroeconomic variables
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The GARCH model results indicate that the response of all economic variables to
the pandemic shock varies over time and in terms of volatility persistence.
The coefficient of standard deviation shows high persistence in FDI and UR,
suggesting that the effects of the pandemic are long-lasting (Camino-Mogro—Armijos
2022). In contrast, EG exhibits a more cyclical behavior, fluctuating around its mean
and stabilizing over time without enduring long-term effects.
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Cumulative abnormal returns (CAR) and statistical tests

Several statistical tests were applied on the CAR of each variable (#test, adjusted
Patell, generalized rank test, and permutation test) to analyse their significance. Using
previously derived results, we can determine whether the CAR values are significantly
different from zero and study their sign and magnitude over various hotizons in terms

of economic recovery.

Table 3
Summary of cumulative abnormal returns (CAR) and statistical test results

. . Pos Number of
Variable Test Statistic P-value  |CAAR value CAR® CARs
~test 5.025 2.36e—05 1.041 26:4 30
FDI adjusted Patell 5111 | 3.20e—07 - - -

abnormal .

variation generalized rank 0.000 - - - -
permutation test 1.041 0.995 - - -
Unemployment | -t 3406 | 1.95¢-03 0.809 21:9 30
rate adjusted Patell 3.464 5.33e—04 - - -
abnormal generalized rank 0.000 - - - -
vatiation permutation test | 0.809 0.315 - - -
Heonomic Ftest —12250 | 548e-13 | 2745 0:30 30
growth adjusted Patell —12.459 0.000 - - -
abnormal generalized rank 0.000 - - - -
variation permutation test | —2.745 0.426 - - -

a) Pos CAR (positive CAR): indicates the number of observations with positive abnormal returns versus negative
ones in the sample.

The FDI showed positive skewness in the CAAR values. A positive to negative
ratio of 26:4 implies that the trends on FDI recover from early pandemic hiccups.
This type of behavior is consistent with existing literature where FDI adjusts relatively
quickly to new market conditions after shocks owing to its high degrees of flexibility,
particularly in the case of sectors and flow types that attract the highest proportion of
international capital (Micheli 2020). The recovery is statistically significant,
as indicated by the large P-values (<0.001) in the # and adjusted Patell tests.
These statistical tests are useful in event studies to assess the crisis and post-crisis
effects on an unstable economic series (Krawczyk et al. 2023, Moudud-Ul-Huq et al.
2020).

The UR also has a positive CAR (CAAR = 0.809) and a positive to negative ratio
of 21:9 in CARs. This shows a rebound in the labor market, but with less fluctuation
compared with FDI. Both the 7 and adjusted Patell tests are statistically significant
(P < 0.01), indicating a reduction in the abnormal variability that provides post-crisis
stabilizing dynamics.
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The negative CAAR (—2.745) and the positive-to-negative ratio of 0:30 in CARs
indicate an unfavorable response for EG as this important indicator is either moving
slowly toward recovery or is unable to fully recover compared with other indicators.
This negatively significant result is highly statistically significant in all tests (P < 0.001),
indicating that EG remains considerably below its pre-crisis levels, highlighting the
prolonged impact of the economic downturn. Thus, prolonged crises and external
shocks can make EG more sensitive (Chu et al. 2023, Lee 2024), particulatly with
regard to the structural constraints of domestic demand and production.

In summary, the results indicate that the recovery of FDI and UR has been
statistically significant and positive, suggesting that these indicators have successfully
adapted to the new market conditions. In contrast, EG exhibits a pronounced
negative trend, implying that the broader economy has been more severely impacted
by the pandemic, possibly due to structural constraints in production and
consumption recovery.

This divergence in recovery rates among economic indicators aligns with findings
from international studies on post-crisis economic recoveries, which show that FDI
and UR tend to stabilize more quickly than EG due to their distinct underlying
structures (Crescenzi—Ganau 2024, Sainchez—Cuadrado-Roura 2024).

Given the presence of structural barriers to growth, policy measures should not
remain as temporary relief strategies but should instead be integrated into a broader
framework aimed at fostering long-term economic improvement and addressing the
persistent state of negative growth observed in this study.

The effect of the pandemic on the regional economic disparities in Mexico

To consolidate the results about the post-pandemic economic recovery in Mexico, a
comparison was made between a tourism-dependent region and one with a less
tourism-dependent economy. This comparison allows for the evaluation of the
differential effects of the pandemic in regions with different economic structures,
particularly in terms of vulnerability and resilience to external shocks (Ding et al. 2024,
Fabio-Pietro 2020, Sakyi-Nyarko et al. 2022).

Figure 2 presents the evolution of EG in the Southwest region and its SC over the
analysis period: We found evidence that the EG in this region significantly decreased
relative to a counterfactual estimate after the pandemic. It is characteristic of this
behavior that the dependence on tourism thereby amplifies effects on external shocks
as it does not have an economy capable of diversifying and cushioning such a blow
(Charfeddine—Dawd 2024, Falk et al. 2023, Langer—Schmude 2023).
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Figure 2
Economic recovery trends: southwest region vs. synthetic control
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Note: the economic recovery of the southwest region compared to its synthetic control, constructed from a
weighted combination of other regions to assess the pandemic's impact.

Table 4 presents the weights assigned to each region such that they can be
combined to create the SC and allow us to understand the nature of the
counterfactual. The weights represent the optimal combination of less tourism-
dependent regions selected by the model to replicate the economic trajectory that the
southwest region would have followed in the absence of Covid-19. This supports the
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argument that the region's existing economic structute, along with its varying levels
of resilience compared to the control regions, contributes to its heightened
vulnerability during crisis events (Kitsos et al. 2023, Wang et al. 2023).

Table 4
Weights of the regions in the synthetic control of the southwest region

Region Weight
North-central 0.138935
Central-southern 0.141018
Northeast 0.144671
Northwest 0.142181
Western 0.139827
Eastern 0.119119
Southeast 0.174249

Also, the root mean squared error of prediction (RMSPE) in the pre-pandemic
and post-pandemic periods supports the correctness of the model. Specifically, the
RMSPE after the intervention (i.e., the pandemic shock) is significantly lower than
the RMSPE before the intervention, for which the actual EG and equilibrium growth
deviated, as shown in Table 5. This increase in RMSPE indicates the substantial
impact that the pandemic had on the economic stability of the region. (Fan et al. 2024,
Glebocki Keefe—Hepp 2024).

Table 5
Root mean squared prediction error (RMSPE) for the southwest region
Unit Pre_rmspe Post_rmspe Post/Pre
Southwest region 6.597686 2.087529 0.316403

Table 6 presents a summary of the major economic indicators for the southwest
region compared with its synthetic counterfactual. The outcomes show significant
differences in the EG, UR, and FDI. However, they also confirm how reliant the

region’s economy is on external shocks.
Table 6
Comparison of the economic variables between the southwest region and

its synthetic counterfactual

Variable Southwest region Synthetic . WMAPE Importance
southwest region
EG 6.570 0.230 6.340 0.52
UR 0.020 0.060 0.040 0.20
FDI 1.9355e+08 1.1845¢+09 9.9103e+08 0.28

Figure 3 comparison of RMSPE in the post-pandemic and pre-pandemic periods
across different regions to assess model performance. In this graph, the southwest
region exhibits the lowest RMSPE ratio, indicating that deviations after the
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intervention are more stable. This result is crucial for validating the robustness of the
synthetic estimate for the southwest region compared to other less affected regions
or those with different production structures.
Figure 3
Comparison of post-pandemic RMSPE ratios across
the treated and placebo regions

Central-southern region

Western region

Northeast region

North-central region

Northwest region

Eastern region

Southeast region

Southwest region

0 5 10 15 20 25
postpetiod RMSPE/preperiod RMSPE

Note: “treated regions” refer to those directly affected by the intervention (i.e., the pandemic shock), while
“placebo regions” are used as controls in the synthetic control method.

Figure 4 presents a comparison of the actual growth rate of the real GDP in the
non-tourism-dependent northeast region and its synthetic counterfactual on the
entire analysis period. After the onset of the pandemic in 2020, the observed GDP
growth rate (represented by the blue line) declined significantly, diverging from pre-
pandemic trends. The synthetic counterfactual (represented by the red dotted line)
illustrates the projected economic trajectory that the northeast region would have
followed in the absence of the pandemic.

However, the deviation of the northeast region from the counterfactual is less
pronounced compared to tourism-dependent regions, indicating that its economy was
less vulnerable to the pandemic shock — likely due to its more diversified economic
structure. The point and cumulative effects show that, although there was an initial
drop in economic growth (EG), the region demonstrated a steady recovery in
subsequent quarters. This suggests a greater capacity for economic adjustment and
resilience, allowing it to absorb the crisis impact more effectively than tourism-
dependent regions.
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Figure 4
Graph of the northeast region vs. synthetic control
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Table 7 shows the weights allocated to each region while creating the synthetic
counterfactual for the northeast region. The weights represent a balanced
combination of economic diversity and low tourism dependency. This selection by
the model enables the construction of a counterfactual trajectory that simulates how
the northeast region's economy would have evolved over time in the absence of the
pandemic. This reinforces the model’s robustness by providing a strong basis for
comparison. These results align with the more balanced economic structure of this
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region, further supporting the idea that lower tourism dependence contributes to
greater economic stability and resilience against external shocks, such as those
induced by the pandemic.

Table 7
Weights of the regions in the synthetic control of the northeast region

Region Weight
North-central 0.142840
Central-southern 0.142841
Northwest 0.142842
Western 0.142840
Eastern 0.142825
Southeast 0.142865
Southwest 0.142947

Table 8 presents the RMSPESs for the pretreatment and post-treatment periods in
the northeast region. The higher post-treatment RMSPE compared to the
pretreatment RMSPE indicates that the pandemic had a significant impact on the
region’s economic performance. However, this effect was notably smaller than in
tourism-dependent regions, where economic disruptions were more pronounced.
The relatively mild divergence in RMSPE suggests that the northeast region’s more
diversified economy provided greater resilience to external shocks.

Table 8
Root mean squared prediction error (RMSPE) for the northeast region
Unit Pre_ RMSPE Post_ RMSPE Post/Pre
Northeast region 1.541139 5.041737 0.316403

Table 9 presents the comparative values of the main economic variables for the
northeast region and its synthetic counterfactual. The difference in EG is significant,
whereas the differences in UR and FDI are not statistically significant. The WMAPE
and relative importance analysis indicate that EG had the greatest weight in estimating

the pandemic's effects on the northeast region.
Table 9

Comparison of economic variables between the southwest region and
its synthetic counterfactual

Variable Northeast region Synthetic . WMAPE Importance
northeast region
EG 1.6 0.76 2.59 1.0
UR 0.04 0.06 0.03 0.0
FDI 1.859626¢+09 9.613063e+08 1.109442e+09 0.0

Figure 5 compares the RMSPE ratios of placebo regions, plotted against each
other for the same markets (MSEPS values are presented in their natural logarithms).
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The central-southern region exhibits the highest post-pandemic to pre-pandemic
RMSPE ratio, indicating that its economic trajectory has significantly diverged from
the synthetic counterfactual since the pandemic. In contrast, the northeast region
shows a more moderate increase in this ratio, suggesting that while the pandemic
impacted its growth, its lower reliance on tourism provided some degree of resilience
against the economic shock. This evidence supports the idea that economies with
greater sectoral diversification tend to be more resistant to crises (Trippl et al. 2024).

Figure 5
Comparison of the post-pandemic RMSPE ratios across
the treated and placebo regions
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Our results provide evidence of a clear post-pandemic economic divide between
tourism- and non-tourism-dependent regions in Mexico. The different economic
paths of tourism regions, particularly the southwest, indicated their susceptibility to
external shocks. Conversely, regions where the economy is more diversified, such as
the northeast, steadily and resiliently adjusted to the post-pandemic environment.
Economic diversification can provide a buffer against global shocks and the
economic impact of lockdown measures, but such benefits are by no means
guaranteed, highlighting the need for policies to develop structural resilience in
regions with high direct or indirect domestic exposure (Crescenzi—Ganau 2024,
Trippl et al. 2024).

Regional analysis of post-pandemic economic recovery

The variable importance analysis and SHAP method were used to assess the impact
of UR and FDI on EG in Mexico's regions after the pandemic. Figure 6 presents the
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feature importance analysis, showing that UR had the greatest effect in tourism-
dependent regions, as these areas are more sensitive to external shocks
(e.g., southwest region) (Lee 2023, Martinez Rodriguez—Moreno 2023, Monterrubio
2022). Contrarily, in the northeast, a region less affected by tourism dependence on
external income and expenditures, the growth effects of unemployment are smaller.
Figure 7 illustrates the SHAP wvalues, confirming that in these areas, higher
unemployment values have a more significant negative impact on growth.

Figure 6
Importance of variables in the random forest model
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Figure 7
SHAP values to evaluate the impact of variables on model predictions
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FDI promotes economic recovery in regions independent of tourism. In these
areas, FDI reduces the negative impact of the pandemic, increasing resilience to future
shocks (KKammoun—Ben Romdhane 2024, Ngo 2024). In contrast, tourism-
dependent regions, which are less attractive to FDI, experience a slower recovery in
economic growth (Anuradha et al. 2024). These findings indicate the need to diversify
the economies in tourism-dependent regions to reduce their vulnerability. Policies
that attract investment and strengthen other economic sectors would help improve
the recovery and economic stability of these regions.
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Comparative analysis of hierarchical clustering and random forest for regional
economic recovery

The hierarchical clustering dendrogram for 2020 and 2021 shows how the regions in
Mexico clustered into groups with similar responses (economically) as the pandemic
unfolded. The separate cluster of the southeast and southwest regions in 2020
(see Figure 8) indicates the vulnerability of these tourism-dependent regions to
pandemic-associated economic shocks. Clusters of separated regions, such as the
northeast and some in central-southern regions, may indicate more resilience over
this period owing to diversification.

Figure 8
Hierarchical clustering of regions
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A small change in clustering by 2021 (see Figure 8) suggests tentative signs of
recovery among tourism-dependent regions, particularly the southwest region, which
appears to be shifting toward economic patterns more characteristic of diversified
regions. This shift could indicate that these regions are gradually adapting to new
economic conditions, possibly through diversification or an increase in foreign
investment inflows. This historical trend highlights the importance of economic
structure for regional resilience, as more diversified regions tend to experience a
smoother recovery path.

Conclusions

The onset of the Covid-19 pandemic and its residual effects have already taken a
severe toll on economies worldwide, including Mexico. The effects of the health crisis
on regional economic inequality in the country have drawn attention as a result of this
study. Using an econometric and machine learning approach, the relative importance
of different factors in explaining the regional economic recovery was examined,
emphasizing that UR and FDI are key determinants of EG. The findings present
important implications to better understand the differences in the response to an
unprecedented crisis and to establish public policies that reduce vulnerability to
external shocks in the future.

The economic structure of each region has been crucial for their post-pandemic
resilience, and this is the first takeaway. More diverse economies, such as the northeast
region, quickly recovered steadily and strongly due to their minimal reliance on
tourism and their ability to draw foreign investment. This is because the industrial
and manufacturing sectors in these regions are part of global value chains that enabled
them to recover more swiftly after the global demand shocks and the resumption of
international trade. In contrast, regions that demonstrated high reliance on tourism,
such as the Southeast and Southwest regions tended to be more susceptible to the
impacts of tourism activity loss and the precariousness of informal jobs,
a considerable aspect of their economy.

Meanwhile, the random forest and SHAP analyses revealed that the two important
vatiables observed in regional economic recovery are UR and FDI. For tourist
regions, the UR exerted a notable drag on EG, which shows how protracted
unemployment and job volatility throttled recovery. In contrast, FDI played a crucial
role in sustaining economic recovery and mitigating the adverse effects of the
pandemic in more diversified economies, where it contributed to maintaining and
enhancing sectoral diversification. This implies that a region’s attractiveness for
investment is a key factor in its economic resilience, particularly during crises.

The hierarchical clustering approaches implemented in 2020 and 2021 identified
groups of regions based on their economic response to the pandemic, particularly
distinguishing between tourism-dependent economies and those with more
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diversified structures. In 2020, some tourism-dependent regions clustered closely
together, indicating that the economic shock had a similarly severe impact across
these areas. By 2021, the southwest region exhibited eatly signs of improvement as it
moved toward clusters of more diversified economies. This shift suggests that certain
tourism-dependent regions have begun adapting to evolving economic conditions —
either by diversifying their economic activities or by attracting FDI into non-tourism
sectofrs.

These results highlight the importance of maintaining and expanding economic
diversification policies in regions affected by the pandemic. Overdependence on
highly sensitive sectors, such as tourism, limits resilience to global shocks. The
pandemic has demonstrated that regions with more diversified economies
experienced a lower overall economic impact and exhibited significantly greater
adaptive and resilient capacities. Therefore, it is essential that regional policies go
beyond short-term recovery efforts and focus on reducing structural economic
weaknesses by encouraging investment in diverse sectors and promoting job
formalization.

To sum up, although the economic recovery from the pandemic has not been
homogeneous in Mexico, structural characteristics regarding regions have been key to
its development. Development policies should focus on reducing economic
dependence on highly vulnerable sectors, such as tourism, and fostering conditions
that attract investment in activities that generate formal and stable employment.
In an economic context, the pandemic experience leaves a fundamental teaching
about building a much stronger and more diversified regional economy that allows
various regions of the country to cope with external shocks in a more resilient and
stable manner. These efforts would lead not only to faster and more sustainable
recovery but also to fairer and more balanced development in the long run.
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