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Abstract

The COVID-19 pandemic caused an unprecedented economic crisis, intensify-

ing poverty levels in Latin America, particularly in Chile. This study examines the
short- and long-term socioeconomic impacts of COVID-19 on income poverty in
Chile, focusing on regional disparities, rurality, ethnicity, educational attainment, and
immigration. Using data from the Chile National Socioeconomic Characterization
Survey (CASEN) for 2017, 2020, and 2022, we analyzed poverty trends across the
pre-pandemic, pandemic, and post-pandemic periods. We employed spatial cluster-
ing techniques with Local Moran’s | to detect poverty hotspots and applied logistic
regression models to identify key sociodemographic factors associated with these
hotspots. Our results reveal stark regional disparities, with disproportionately higher
poverty rates among rural populations, Indigenous communities, and individuals with
lower education levels or immigrant backgrounds. The proportion of individuals in
poverty hotspots rose from 6.8% in 2017 to 8.6% in 2020, before slightly declining to
7.7% in 2022. Although emergency monetary subsidies helped reduce overall poverty
from 10.8% in 2020 to 6.5% in 2022, these measures were insufficient to address
deep-rooted structural inequalities. Our findings underscore the urgent need for
targeted, long-term policies that go beyond temporary financial assistance and tackle
systemic disparities linked to rurality, ethnicity, education, and immigration. Such
measures are essential for achieving sustainable poverty reduction and fostering
inclusive economic growth in Chile.
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Introduction

The COVID-19 pandemic precipitated an unprecedented global economic crisis,
underscoring the profound impact pandemics can have on economic stability, social
structure, and inequalities. Historically, such crises have disrupted supply chains,
reduced labor forces, altered consumer behaviors, intensified inequalities, and
reshaped regional economies [1]. Latin America, as one of the most economically
unequal regions in the world, faced a particularly severe economic contraction
during the pandemic, with a sharp increase in poverty rates and worsening socio-
economic disparities [2]. Structural determinants of poverty—such as labor market
informality, unequal access to education and healthcare, and geographic dispari-
ties—exacerbated the crisis, disproportionately affecting vulnerable populations [3].
Recovery efforts in 2021 and 2022 were uneven, with persistent challenges in labor
market inclusion.

Chile is a compelling case due to its robust statistical system, enabling precise
poverty analysis across different pandemic phases. Unlike other Latin American
countries with data limitations, Chile’s high-quality datasets facilitate a granular
assessment of socioeconomic trends. Furthermore, Chile’s socioeconomic land-
scape presents a paradox. While it boasts one of the region’s most advanced social
safety nets and economic development levels, it grapples with significant struc-
tural inequalities. These disparities were exacerbated during the COVID-19 crisis,
as certain groups—including Indigenous populations, informal workers, and rural
communities—faced disproportionate economic hardship despite government relief
measures. While Chile’s fiscal stimulus and social assistance programs successfully
reduced extreme poverty post-pandemic, they were insufficient to fully address pre-
existing socioeconomic inequities [4,5]. However, its social insurance system differs
significantly from that of its neighbors in terms of coverage, financing, and crisis
response. While Chile relied on pension withdrawals and temporary cash transfers,
Argentina and Brazil implemented wage subsidies and unemployment benefits,
providing stronger employment protection [6]. Argentina’s Asignacion Universal por
Hijo (AUH) and Brazil’s Auxilio Emergencial played key roles in mitigating poverty,
particularly among informal workers [7]. In contrast, Chile’s pension fund withdraw-
als, though providing immediate relief, may have long-term consequences for retire-
ment security. Uruguay’s more comprehensive contributory social insurance scheme
proved more resilient [8].

Before the pandemic, Chile experienced varied poverty-level trends across its
regions, reflecting the complex interplay of economic activities and development pol-
icies. The northern mining regions, buoyed by high global demand for copper, saw
robust economic growth and reduced poverty rates [9]. In contrast, the Araucania
southern region, with its large Indigenous population and less industrialized econ-
omy, experienced economic stagnation and increasing poverty levels. The central
regions, including the capital, Santiago, faced fluctuating fortunes due to industrial
growth and urban challenges [10].

This study not only examines how the socioeconomic impacts of COVID-19 on
income poverty manifested in Chile but also considers how these findings extend to
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other Latin American countries and beyond. Chile’s experience reflects broader regional patterns, such as the vulnerability
of informal workers and marginalized communities, and offers lessons for countries with less developed social insurance
systems. Furthermore, the analysis is relevant to nations with more advanced social protections, underscoring the impor-
tance of addressing structural inequalities, including rurality and ethnicity, to complement social safety nets.

During the pandemic, especially in 2021, various social assistance programs were provided to low-income families,
particularly monetary subsidies. As a result, poverty measured by income decreased from 10.8% in 2020 to 6.5% in 2022
[11]. However, despite the reduction in poverty, the profound economic crisis during COVID-19 highlighted and intensi-
fied the spatial heterogeneity of poverty within Chile, with regions with substantial informal economies and weaker social
safety nets being the hardest hit. This pattern aligns with broader findings across Latin America, where emergency social
assistance programs had varying coverage and effectiveness, particularly among informal workers, who faced significant
challenges accessing benefits [12].

Chile’s experience offers valuable insights for other countries, both within and beyond Latin America, that face similar
socioeconomic challenges. For nations with weaker social safety nets, the Chilean case underscores the importance
of targeted fiscal stimulus and direct transfers to mitigate economic shocks. Conversely, for high-income nations with
more robust welfare systems, Chile highlights the need for long-term policies beyond temporary financial assistance and
addressing the structural roots of poverty, particularly in marginalized communities. Moreover, Chile’s comprehensive and
high-quality data infrastructure on poverty and mortality provides a rare opportunity to systematically study the socioeco-
nomic impact of the pandemic. This makes Chile not only a model for countries with similar welfare structures but also a
valuable case study for nations that lack reliable data to assess poverty dynamics in crisis periods. By leveraging such
high-resolution data, this study offers insights that can inform data-driven policy decisions in countries where monitoring
poverty changes remains a challenge.

This study analyzes the impact of COVID-19 on income poverty in Chile, with a particular focus on regional disparities,
rurality, ethnicity, educational attainment, and immigration. By leveraging data from the Chile National Socioeconomic
Characterization Survey (CASEN) for 2017, 2020, and 2022, we assess pre-pandemic, pandemic, and post-pandemic
poverty trends and explore spatial clustering of poverty rates using Local Moran’s | statistic. Additionally, logistic regres-
sion models are used to identify factors associated with the likelihood of living in poverty hotspots. Our findings provide
critical evidence on how Chile’s social policies shaped poverty outcomes during and after the pandemic, highlighting the
persistent structural inequalities that must be addressed to achieve long-term poverty reduction.

Materials and methods
Data

The Chile National Socioeconomic Characterization Survey (CASEN), administered by the Ministerio de Desarrollo Social
(Ministry of Social Development), is essential for formulating social policy in Chile [13]. Established in 1990 and con-
ducted biennially or triennially, CASEN employs a probabilistic, stratified, and multistage sampling method, ensuring a
representative cross-section of national, regional, and urban-rural populations. This method captures a broad spectrum of
demographic segments, including vulnerable groups such as children, the elderly, immigrants and Indigenous populations.
Survey modules comprehensively gather data on critical social determinants, including education, employment, income,
health, housing conditions and household and family structure. These are periodically updated to reflect new social policy
priorities, such as digital access and environmental concerns. The main objective of the CASEN survey is to estimate
poverty and income distribution, as well as to evaluate how the most relevant social and economic programs and policies
reach the population.

For this study, we analyzed poverty data at the municipality (comuna) level from the 2017, 2020, and 2022 CASEN
surveys (S1 Table). Selecting the years 2017, 2020, and 2022 allows us to capture pre-pandemic, pandemic, and post-
pandemic trends, providing a comprehensive overview of how socioeconomic conditions have evolved over this period.
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Poverty is defined as having an income level below a threshold deemed necessary to achieve a minimum standard of
living. The units of analysis for the survey are households and individuals. The household sample sizes for the 2017,
2020, and 2022 surveys were 70,948, 62,911, and 72,056 households, respectively, corresponding to 216,439, 185,437,
and 202,231 individuals. The sample includes the calculation of the expansion factor, and all analyses must be conducted
using this expansion factor, ensuring that the results are representative of the population residing in private households
nationwide. Although the survey is not representative at the municipal level, the SAE (Small Area Estimation) methodology
estimates income poverty at the municipality level. The Fay-Herriot (FH) SAE methodology is widely employed to enhance
the precision of estimates for small geographic or demographic areas with limited sample sizes. It relies on a model that
combines direct survey estimates with administrative data using regression models with random effects [14].

The rich data from CASEN facilitates in-depth analysis of poverty trends and income distribution, thereby serving as a
cornerstone for public policy aimed at social development and poverty alleviation. Moreover, it enables policymakers and
researchers to track progress, identify vulnerable groups, and allocate resources more efficiently. Furthermore, the infor-
mation derived from CASEN has become a technical support tool for the design and evaluation of public plans and poli-
cies. Adhering to strict ethical standards, CASEN ensures respondent anonymity, with microdata made publicly available
to maintain transparency and support independent research. While this study primarily focuses on income-based poverty,
alternative approaches such as the Multidimensional Poverty Index (MPI) have been used in other contexts to capture
poverty across multiple deprivations, providing a more holistic measure of socioeconomic hardship [15].

Fiscal stimulus and regional assumptions

Chile implemented a fiscal stimulus program during the pandemic to protect employment and businesses and provide
monetary transfers to vulnerable populations. While this program is acknowledged as an important contextual factor, its
regional allocation and impact were not explicitly incorporated into the analysis due to the lack of disaggregated data on
fiscal transfers at the regional level. Consequently, we do not consider a differential impact of the fiscal stimulus pro-
gram across regions, which represents a potential limitation. This simplifies the interpretation of regional results but may
obscure the heterogeneity in program implementation. Future research could benefit from using Difference-in-Differences
(DiD) methods that account for spatial spillovers, as fiscal policies may have indirect effects on neighboring regions that
influence local economic recovery [16]. We discuss this limitation further in the discussion section and emphasize the
need for future research using granular data on fiscal transfers to examine their regional effects.

Spatial clustering of poverty rates

We employed a methodology which is widely applicable for analyzing regional disparities in poverty and social inequalities
in diverse settings. Specifically, we used the univariate Local Moran’s | statistic to evaluate the trend in spatial clustering
of poverty rates in the years 2017, 2020, and 2022 at the municipality level in Chile, utilizing GeoDa [17]. We applied
queen’s contiguity weights for the spatial weighting method, considering neighboring municipalities with a common bound-
ary. Subsequently, we identified and displayed significant local indicators of spatial association (LISA) clusters on the
maps of Chile, classified as high-high (referred to as Hotspot), high-low, low-high, and low-low (referred to as Coldspot).
For example, the high-high (Hotspot) cluster indicates municipalities with high rates of poverty surrounded by other munic-
ipalities with high poverty rates. Similarly, the high-low cluster represent municipalities with high poverty rates that are
adjacent to municipalities with low poverty rates. Low-high clusters indicate municipalities with low poverty rates adjacent
to high poverty rate municipalities. In contrast, low-low (Coldspot) clusters indicate municipalities with low poverty rates
surrounded by other low poverty rate municipalities. We used a significance level of 0.05 and a permutation test with 999
permutations to assess the statistical significance of our results. All the spatial analysis and mapping tasks were per-
formed using GeoDa and QGIS software. GeoDa was used to calculate spatial statistics and identify LISA clusters, while
QGIS was employed to visualize the spatial distribution of the clusters on detailed maps.
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Multivariable analysis

To identify the magnitude of each factor associated with the risk of being in the Hotspot category and to analyze the dif-
ferences in these risks, a logistic regression model was implemented for the years 2017 (pre-pandemic) and 2022 (post-
pandemic). The dependent variable is coded as 1 if the person lives in a municipality classified as a hotspot and 0 if they
belong to the low-low, low-high, or high-low clusters. The independent variables included in the model were all those used
in the bivariate analysis: sex, age groups, area of residence, immigration status, belonging to an Indigenous group, and
education level (Table 2). While we acknowledge the fiscal stimulus program as a contextual factor, it was not included as

a variable in the regression analysis due to the unavailability of detailed data on its regional distribution and effects.
Statistical analyses were conducted using STATA V15 and SPSS V25 software.

Results

Cluster analysis

The analysis identified four clusters based on municipality-level poverty for each year considered. These clusters rep-
resented 60.2%, 45.4%, and 58.9% of the surveyed population in 2017, 2020, and 2022, respectively, and more than a
third of the municipalities included in the analysis (41% in 2017 and 2022, and 33% in 2020). The Low-high and High-low
clusters included a small number of municipalities each year, with the majority concentrated in the High-high (Hotspot)
and Low-low (Coldspot) clusters, which are the primary focus of our analysis (Table 1).

The High-high (Hotspot) cluster maintained around 50 municipalities in all three surveys, with the proportion of its

population rising from 6.8% in 2017 to 8.6% in 2020 and then decreasing to 7.7% in 2022. The poverty rate within the

Hotspot was 19.3% in 2017, 17% in 2020, and 13.2% in 2022. In contrast, the Low-low (Coldspot) cluster included more
municipalities than the Hotspot cluster in 2017 and 2022, representing over 40% of the population in those years (48.2%
in 2017, 33.7% in 2020, and 45.8% in 2022), with poverty rates consistently below national figures (5.3%, 8%, and 4.2%

in 2017, 2020, and 2022, respectively).

Spatial Distribution of Clusters

The clusters’ spatial distribution and variation before, during, and after the COVID-19 pandemic revealed significant

regional disparities. As shown in Fig 1, in 2017, Coldspot clusters were identified in the northern region (known for large-

scale copper mining), the central region (including the national capital and main ports), and the southernmost part of

Chile (a region with high tourism potential and oil production). The Hotspot clusters in 2017 were predominantly in the

Table 1. Cluster characterization of different poverty clusters (High-high (Hotspot), Low-low (Coldspot), Low-high, and High-low) across the

years 2017, 2020, and 2022.

Type cluster N° communes Population Poverty (%)

2017 2020 2022 2017 2020 2022 2017 2020 2022
High-high (Hotspot) 52 50 56 1,212,785 1,687,947 1,532,379 19.3% 17.0% 13.2%
Low-low (Coldspot) 73 50 69 8,575,738 6,593,427 9,107,151 5.3% 8.0% 4.2%
Low-high 7 1 7 750,713 250593 821,605 9.4% 11.8% 8.4%
High-low 1 6 1 181,785 344793 241,909 14.5% 13.2% 13.5%
Total included 133 107 133 1,072,1021 8,876,760 11,703,044 7.3% 10.0% 5.9%
Not statistically significant communes 190 216 201 7,082,069 10665850 8,170,635 10.5% 11.5% 7.4%
Islands without neighbors” 1 1 1 4,342 3189 4,894 N/A N/A N/A
Total CASEN 324 324 335 17,807,432 19,545,799 19,878,573 8.6% 10.8% 6.5%
“Puquelddn island.
https://doi.org/10.1371/journal.pone.0323409.t001
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Fig 1. Spatial Distribution of Poverty Clusters in Chile (2017, 2020, 2022). The geographical distribution of poverty clusters in Chile over three years:
2017, 2020, and 2022. Our analysis focuses on High-high (Hotspot) and Low-low (Coldspot) clusters based on the concentration of poverty within the
municipalities.

https://doi.org/10.1371/journal.pone.0323409.9001

central-southern regions, where a high concentration of the Mapuche ethnic group resides, and poverty rates have per-
sistently been high over time.

These consistent geographic patterns in poverty continued during and after the pandemic. However, starting in 2020,
a new Hotspot cluster emerged in the northernmost part of the country, an important immigration hub and entry point into
Chile, both legally and illegally.

Conversely, from 2020 onwards, the Coldspot cluster disappeared from the northern region (copper mining area),
remaining only in the capital and southern regions.

Temporal variation of cluster characteristics

The analysis of the sociodemographic characteristics of these clusters revealed some differences and highlighted social
determinants (Table 2). There were no significant sex differences in both clusters throughout the period. All other charac-
teristics showed statistically significant differences.

In the Hotspot clusters, the proportion of people aged over 65 was higher than in Coldspot clusters (16% vs. 12.7% in
2017, 15.5% vs. 12.6% in 2020, and 14.5% vs. 11.9% in 2022), while the proportion of working-age adults (25-64 years)
was lower (49.5% vs. 52.7% in 2017, 50.1% vs. 54.2% in 2020, and 52.6% vs. 56.5% in 2022).

A higher share of the Hotspot cluster lives in rural areas (39.9% vs. 3.6% in 2017, 26.8% vs. 5.4% in 2020, and 25.5%
vs. 3.6% in 2022). However, comparing prevalences from 2017 to 2022, there was a decrease in rurality within Hotspot
clusters while it remained stable in Coldspot clusters.

The Hotspot clusters had a consistently lower share of immigrants than the national average (0.4% vs. 6.6% in 2017,
1.4% vs. 8.5% in 2020, and 4.9% vs. 12.3% in 2022). Nevertheless, the increase in the prevalence of the foreign popula-
tion between 2017 and 2022 was significantly higher in Hotspot clusters compared to Coldspot clusters.

Hotspot clusters had a higher proportion of Indigenous people than the national average across all three survey years
(20.6% vs. 6.5% in 2017, 22.8% vs. 8.2% in 2020, and 23.2% vs. 6.6% in 2022). The share of the population having only
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primary education were higher in Hotspot clusters than in the national average (36.2% vs. 18.3% in 2017, 28.1% vs. 14%
in 2020, and 26.1% vs. 13.4% in 2022). Conversely, the percentages of individuals with higher education were lower in
Hotspot clusters than in the nation as a whole (21% vs. 38% in 2017, 27.6% vs. 46.1% in 2020, and 26.1% vs. 47.5%

in 2022). Between 2017 and 2022, there was a decrease in the prevalence of primary education (prevalence ratio=0.7 in
both clusters) and an increase in higher education (prevalence ratios of 1.2 in Hotspot and 1.3 in Coldspot clusters).

Multivariable analysis

Two multivariable models were developed, one for 2017 and the other for 2022, to jointly analyze the sociodemographic
determinants and obtain adjusted odds ratios (OR) for the likelihood of belonging to the Hotspot cluster each year. While
the share of immigrants in a municipality significantly reduced the likelihood of belonging to the Hotspot cluster in both
years, all other variables, significantly increased the likelihood of belonging to the Hotspot cluster (Fig 2). The most influ-
ential variables were rurality and Indigenous status. However, while the influence of rurality decreased (OR=4.48 in 2017
and OR=2.37 in 2022), the influence of Indigenous status increased (OR=2.04 in 2017 and OR=2.54 in 2022), becom-
ing the most significant factor in 2022. The protective factor of the share of immigrants was lower in 2022 than in 2017
(OR=0.13in 2017 and OR=0.73 in 2022). This is consistent with the increased prevalence of the foreign population in the
hotspot between 2017 and 2022 (give these shares here).

Discussion

The key findings of this study highlight the complex impact of the COVID-19 pandemic on poverty in Chile. The analysis
revealed that while Chile experienced a significant reduction in income poverty from 2020 to 2022 due to various mone-
tary subsidies and social assistance programs, regional disparities persisted. Chile’s social insurance system, one of the
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Fig 2. Adjusted Odds Ratios for Determinants of Hotspot Cluster Membership (2017 and 2022). Adjusted odds ratios (OR) for various sociode-
mographic determinants influencing the likelihood of a municipality being classified as part of a High-high (Hotspot) cluster in 2017 and 2022.

https://doi.org/10.1371/journal.pone.0323409.9002
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most developed in Latin America, played a crucial role in mitigating poverty through emergency cash transfers (Ingreso
Familiar de Emergencia, IFE), pension withdrawals, and wage subsidies. These interventions helped reduce poverty from
10.8% in 2020 to 6.5% in 2022. However, their effectiveness was not uniform across all regions and demographic groups,
with similar concerns raised in Argentina, where the pension system experienced substantial strain during the pandemic
[18]. Rural areas, regions with high labor informality (e.g., Araucania and northern border zones), Indigenous populations,
and migrant communities faced disproportionate economic hardship due to barriers in accessing formal social protections.
Our spatial analysis highlights persistent poverty hotspots in these areas, suggesting that while national-level trends show
poverty reduction, localized vulnerabilities remain.

Despite Chile’s well-developed social safety net—the strongest in Latin America by many measures [1]—the pandemic
highlighted its limitations in fully mitigating the economic impacts for marginalized populations. Indigenous communi-
ties, rural residents, and informal workers, who already faced systemic disadvantages, were disproportionately affected,
reflecting broader trends observed in other Latin American countries [2]. Unlike high-income countries with comprehen-
sive wage subsidies and reinforced social security programs (e.g., Germany and Scandinavian nations), Chile’s response
relied more on temporary financial assistance than long-term structural social protections. The widespread use of pension
withdrawals, while providing immediate economic relief, may have long-term consequences for financial security, particu-
larly for lower-income populations. In contrast, European countries prioritized employment protection schemes, ensuring
greater income stability during the crisis. This distinction underscores the limitations of Chile’s social insurance framework,
which provided short-term poverty alleviation but did not sufficiently address structural inequalities.

The results of this study allow for the analysis of the impact of the COVID-19 pandemic on the magnitude of income
poverty in Chile. Although the country had been experiencing a sustained decrease in poverty rates [11], 2020 saw an
increase of nearly 10% due to gross domestic product (GDP) contraction and massive job losses [19]. This pattern was
also observed throughout Latin America and the Caribbean, which was identified as the most affected developing region
by the pandemic [20]. The World Bank’s 2022 report on poverty and shared prosperity emphasizes that such disruptions
disproportionately impact the most vulnerable populations and highlights the importance of correcting course through
targeted policy interventions that promote sustainable economic growth and social equity [21].

The unemployment rates in Chile for the years 2017, 2020, and 2022 highlight the economic fluctuations and impacts
of the COVID-19 pandemic. In 2017, the unemployment rate was 6.7%, reflecting a relatively stable economic period. By
2020, due to the economic disruptions caused by the COVID-19 pandemic, including widespread job losses and business
closures, the unemployment rate increased by 4 percentage points to 10.6%. By 2022, as the economy began to stabilize
and recover from the pandemic’s impacts, the unemployment rate fell to 7.8% but did not reach the pre-pandemic level
at 6.7% [22]. The lessons from Chile’s response, including implementing fiscal stimulus programs and monetary transfers
[23-25], provide valuable insights for other countries with less developed social insurance systems. However, Chile’s
high-quality socioeconomic data provides a unique opportunity to analyze these poverty dynamics in greater detail. Many
countries in the region lack the granular data necessary to assess the localized effects of the pandemic on poverty, mak-
ing Chile a valuable case study for understanding how targeted fiscal policies interact with structural inequalities.

Nevertheless, our study primarily examines disparities by region and their demographics, with our findings pointing to
broader implications for designing future policies. Given the uneven impact of Chile’s social insurance measures, future
interventions should focus on improving accessibility for rural, Indigenous, and migrant populations by expanding formal
protections beyond emergency cash transfers. Targeted investments in education, healthcare, and employment oppor-
tunities are critical for reducing intergenerational poverty, particularly in rural and Indigenous communities. Additionally,
integrating informal workers into the formal economy through policy incentives and labor protections would enhance
economic resilience in future crises.

Additionally, the results from this study are relevant to countries with more developed social insurance systems. While
such systems may offer better short-term protection against income shocks, the persistence of structural inequalities, such

PLOS One | https://doi.org/10.1371/journal.pone.0323409 May 7, 2025 9/14




PLO\Sﬁ\\.- One

as those related to ethnicity and rurality, can undermine the long-term effectiveness of social protections. For instance,
the disproportionate burden borne by Indigenous populations and rural communities in Chile demonstrates that even
advanced social systems must adopt a multidimensional approach to tackle these challenges. Policymakers in other set-
tings can draw from these findings to design interventions that complement existing safety nets by addressing structural
inequalities at their root. These results highlight that equitability and fairness—while political choices—must be operation-
alized through evidence-based policies that target systemic barriers to progress.

Our study’s results also allow for a deeper examination of more structural aspects of poverty, identifying factors in the
three analyzed periods, such as rurality, ethnicity, and immigration. The relationship between rurality and poverty is not
new; CEPAL recognizes the higher incidence of poverty in rural areas as a structural characteristic of Latin America and
the Caribbean due to lower wages and higher informality [20]. The impact of the pandemic on the evolution of various
forms of rural poverty has also been noted [26]. In Chile, the reduction in rural-urban poverty disparities observed during
the pandemic suggests that temporary measures helped mitigate these inequalities. However, as seen in other countries,
structural challenges related to rural livelihoods, including limited access to education and healthcare, require long-term
strategies for sustainable progress [11].

A similar situation occurs with Indigenous peoples. The share of the population identifying with an Indigenous ethnicity
was higher in the Hotspot cluster and consistently showed higher poverty rates. However, since 2020, a reduction in the
gap has been observed (reaching 8.8% vs. 6.2% for Indigenous and non-Indigenous groups in 2022) [25]. This temporary
reduction in disparities is likely attributable to pandemic-related support programs targeting the most vulnerable popu-
lations. However, as evidenced by studies from other countries, such measures are insufficient to address the systemic
disadvantages faced by Indigenous communities. The Chilean case highlights the global importance of designing policies
prioritizing long-term structural change for Indigenous populations [11].

A third determinant, emerging more strongly since 2020, is immigration. While the proportion of immigrants was
higher in the Coldspot cluster than in the Hotspot, the significant increase observed in the latter must be analyzed
considering recent migration patterns, marked by intraregional migration and crises in Haiti and Venezuela [27,28],
which led to an increase in the migrant population, a change in the countries of origin, and a worsening of the pov-
erty gap. Before 2017, the immigrant population was characterized by lower poverty levels than the Chilean popula-
tion; since then, the situation has reversed [29]. Additionally, an unequal socioeconomic impact of the pandemic has
been observed, worsening conditions for Venezuelan, Haitian, and Peruvian immigrants [30]. In 2022, the income
poverty rate for foreign-born individuals nearly doubled that of native-born Chileans (11% vs. 6%) [31]. The Chilean
experience demonstrates the need for inclusive social policies that address the specific vulnerabilities of immigrant
populations, particularly during times of crisis, a lesson applicable to other nations managing large-scale migration
flows.

Poverty hotspots are distinguished as areas where poor municipalities are surrounded by other poor municipalities,
creating a cycle of vulnerability and social marginalization [32]. One of these hotspots is located in the central-southern
region of the country, while a second emerged in the far north starting in 2020. Given the previously discussed character-
istics of poverty, it is unsurprising that both hotspots are located in areas with a significant presence of Indigenous peo-
ples, predominantly the Aymara in the north and the Mapuche in the central south [13,33]. The central-southern hotspot is
particularly characterized by high rurality, compounded by a dense Indigenous presence, geographic isolation, and limited
access to social services. This setting exacerbates social exclusion and economic hardship. Moreover, the ongoing con-
flict between the Chilean state and the Mapuche people over Indigenous land rights continues to deepen these disparities,
further entrenching economic and social inequalities in the region [34,35].

In the north, the presence of Indigenous peoples, historically linked to migration from neighboring countries, has been
compounded in recent years by the settlement of immigrants from more distant places such as Colombia and Venezuela.
Their often illegal entry has also led to significant conflicts, even requiring a military presence in the area [36]. This recent
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migration, associated with higher poverty and social insecurity, may explain the emergence of part of the Hotspot cluster
from 2020 and the disappearance of the Coldspot cluster in the area [27,29].

We acknowledge a limitation in our analysis regarding the implementation of Chile’s fiscal stimulus program, designed
to protect employment and businesses and provide monetary transfers to vulnerable populations. Specifically, the analy-
sis assumes homogeneity in the impact of monetary transfers across regions, as disaggregated data on these transfers’
precise allocation and regional effects were unavailable. This assumption may have overlooked potential heterogeneities
in program implementation and its influence on observed poverty outcomes. Future research should aim to explore the
differential impacts of fiscal policies at a more granular level, incorporating regional data where available. Such analyses
could clarify how fiscal stimulus programs interact with structural inequalities to influence poverty outcomes during crises.
Furthermore, the binary poverty indicator has limitations, as it fails to capture the social gradient of deprivation. The Mul-
tidimensional Poverty Index (MPI) assesses poverty across education, health, and living standards, offering a broader per-
spective but requiring extensive non-income data often unavailable at the municipal level [37—-39]. Despite its constraints,
income-based poverty measurement remains widely used for comparability across regions and policy alignment [40,41].
In Chile, the SAE methodology enhances municipal-level estimates, ensuring spatial precision.

Household surveys have several strengths. Firstly, they allow for the collection of detailed data at the individual and
family levels, providing a comprehensive view of the socioeconomic conditions of the studied populations [42]. Addition-
ally, the 2—3 year periodicity of these surveys, like CASEN in Chile, facilitates tracking changes over time, allowing for
trend analysis and evaluation of public policy impacts [43]. Another key strength is their ability to capture various variables,
enabling multidimensional and in-depth analyses of household welfare and income [44]. However, there are also weak-
nesses, the main one being self-report bias, where data can be inaccurate [45]. In addressing gross and net response
rates and potential non-response biases, it is essential to note that the household surveys utilized in this study, like the
CASEN survey in Chile, typically achieve high response rates, ensuring robust data quality. The CASEN survey, for
instance, is known for its comprehensive approach and efforts to minimize non-response bias through rigorous follow-up
protocols and the use of weighting adjustments to account for any remaining biases. Despite these measures, poten-
tial non-response bias can still exist, particularly among hard-to-reach populations such as those in remote rural areas
or among recent immigrants. To ensure the representativeness of the samples, the survey employs stratified sampling
methods to match the population’s key characteristics, such as age, sex, ethnicity, and geographic location. This approach
allows for a representative snapshot of the population, facilitating accurate analysis of socioeconomic conditions.

Overall, our results highlight the need for a multidimensional approach to poverty alleviation that goes beyond imme-
diate financial assistance. Long-term solutions must focus on enhancing education, healthcare, employment opportuni-
ties, and social security, particularly for the most vulnerable populations such as rural residents, Indigenous peoples, and
immigrants. Policies should aim to promote inclusive economic growth and strengthen social protections to build a more
resilient society capable of handling future crises. Our work also underscores the importance of secondary data sources
from representative household surveys of the country’s population that collect information on socioeconomic status, living
conditions, and access to various public plans and policies. This data is crucial for monitoring the evolution of social and
economic situations and living conditions in countries, especially those in developing stages.

Chile’s experience highlights the need to expand formal social protections to better cover informal workers and
migrants, ensuring equitable access to economic support during crises. Strengthening rural development policies—
through investments in infrastructure, education, and employment opportunities—is crucial to addressing persistent
poverty hotspots. Compared to high-income nations that implemented robust labor protections and automatic stabilizers,
Chile’s pandemic response was more reactive, relying on temporary financial aid rather than long-term structural inter-
ventions. Moving forward, policymakers should prioritize comprehensive social insurance reforms that enhance eco-
nomic resilience, reduce labor market informality, and integrate data-driven decision-making to better target vulnerable
populations.
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In conclusion, our analysis underscores the importance of integrating these insights into actionable, long-term policy
frameworks. Addressing poverty requires shifting from short-term financial aid to systemic reforms prioritizing equity and
resilience. This includes improving data collection to better understand regional and demographic disparities, fostering
inclusive economic growth, and ensuring that public policies explicitly address the root causes of inequity. Such steps are
essential not only for Chile but for other nations grappling with similar challenges.
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