<@ sustainability

Article

Impact of Mining on Socioeconomic Status in Puno, Peru

Rene Paz Paredes 1'*10, Roberto Arpi 1 Oliver Amadeo Vilca Huayta 2(), Roberto Chavez Flores 3,
Henry Sucari Turpo !, Roberto Alfaro-Alejo 407, Alcides Huamani

check for
updates

Academic Editor: Michael L. Lahr

Received: 26 March 2025
Revised: 12 June 2025
Accepted: 13 June 2025
Published: 7 November 2025

Citation: Paredes, R.P; Arpi, R.; Vilca
Huayta, O.A.; Chavez Flores, R.;
Sucari Turpo, H.; Alfaro-Alejo, R.;
Huamani, A.; Saravia, H. Impact of
Mining on Socioeconomic Status in
Puno, Peru. Sustainability 2025, 17,
9951. https://doi.org/10.3390/
sul17229951

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

3

1 1

and Hernan Saravia

Departamento de Ingenieria Econémica, Universidad Nacional del Altiplano, Puno 21001, Peru;
rarpi@unap.edu.pe (R.A.); henry.sucari@unap.edu.pe (H.S.T.); ahuamani@unap.edu.pe (A.H.);
hernan.saravia@unap.edu.pe (H.S.)

Departamento de Ingenieria de Sistemas, Universidad Nacional del Altiplano, Puno 21001, Peru;
ovilca@unap.edu.pe

Departamento de Ingenieria de Minas, Universidad Nacional del Altiplano, Puno 21001, Peru;
robertchaf@hotmail.com

Departamento de Ingenieria de Agricola, Universidad Nacional del Altiplano, Puno 21001, Peru;
ralfaro@unap.edu.pe

Correspondence: rpparedes@unap.edu.pe

Abstract

This study examines the direct and indirect effects of mining activities on key socioeconomic
indicators such as per capita income, the Human Development Index (HDI), and education
in the Puno region of Peru, comparing short-term (2015-2019) and long-term (2003-2029)
impacts. Using a random effects panel data model and incorporating spatial autocorrelation,
the study analyzes data from 2003 to 2019 to assess the effects of mining on both mining
and non-mining districts. The results show that in the short term, family income per capita
in mining districts increased by PEN 65.03, while non-mining districts saw an indirect
increase of PEN 80.59. In the long term, the direct impact on mining districts grew to PEN
239.44, with the indirect impact on non-mining districts reaching PEN 352.30. In education,
mining districts experienced a 6.74 percentage point increase in secondary education for 18-
year-olds in the short term, and non-mining districts had a 5.19 percentage point increase,
with both showing positive impacts. Long-term effects showed a smaller increase, with
mining districts at 12.27 percentage points and non-mining districts at 9.71 percentage
points. Regarding the HDI, the direct impact in mining districts in the short term was
an increase of 0.02 points, with a total impact of 0.03 points, while the indirect impact on
non-mining districts was minimal. In the long term, the direct impact on mining districts
grew to 0.09 points, with the total impact reaching 0.10 points, while non-mining districts
showed an increase of 0.10 points as well. The study concludes that mining has significant
short-term impacts, particularly on income and education, but the long-term effects are
more pronounced, especially for income and the HDI, with substantial indirect benefits for
non-mining districts, especially in terms of income. Educational improvements stabilize
over time, and mining’s overall impact on the HDI increases as its economic and social
effects deepen.

Keywords: mining impact; socioeconomic development; per capita income; spatial
analysis; Puno

1. Introduction

The mining sector in Puno, Peru, plays a crucial role in the national economy, particu-
larly in gold production, with artisanal mining significantly contributing to the region’s
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output [1]. However, the impacts of mining extend beyond economic benefits, affecting
health, education, and overall community well-being [1-3]. While mining increases in-
comes in production districts, it also exacerbates income inequality, as non-mining areas
often experience stagnation or decline [2,3]. Furthermore, mining introduces negative
externalities, such as health risks and environmental degradation, with communities near
mining activities reporting poorer health outcomes [4]. These socioecological trade-offs
highlight the need for sustainable policies and equitable benefit-sharing. The study will
use econometric techniques to analyze the socioeconomic impacts of mining at the district
level, drawing insights from other global contexts [2,4].

The mining sector in Puno has seen remarkable growth, with gold production ranking
fourth nationally in Peru. In 2019, the region contributed 9.13 metric tons of fine gold to the
country’s total production of 140.21 metric tons. A significant portion of this output, 68%,
comes from artisanal mining, highlighting the dual nature of the sector in Puno, where
both large-scale and small-scale mining operations coexist, each contributing differently to
the local economy [5].

Mining is a cornerstone of the Peruvian economy, particularly in regions like Puno,
where its influence extends far beyond direct economic benefits. However, much of the
research on mining focuses on its direct economic impact, leaving a significant gap in
understanding its indirect socioeconomic effects—particularly in non-mining districts that
are adjacent to mining areas. This study aims to fill that gap by examining how mining
activities influence both mining and non-mining communities through the use of advanced
econometric techniques and spatial analysis. According to [6], the state’s discourse around
mining in Peru often prioritizes the legitimacy of extractive activities over meaningful
community engagement, emphasizing the need for a deeper examination of mining’s
broader socioeconomic impacts.

Puno, located in southern Peru, is rich in metallic mineral resources, with approx-
imately 60% of its territory designated for mining (Figure 1). This region is known for
producing tin, gold, silver, zinc, and lead, with gold and tin being the primary extracted
commodities. The San Rafael mine, operated by MINSUR, is the only tin producer in
the country, highlighting the strategic importance of mining to Puno’s economy. In 2020,
mineral exports—primarily gold and tin—accounted for 99% of the region’s total exports,
amounting to USD 1.807 billion. In stark contrast, the agricultural and fishing sectors
combined contributed only 1% of total exports.

Despite the positive economic indicators, the benefits of mining are not equally dis-
tributed across the region. While mining-producing districts have experienced significant
increases in income, some non-mining districts have seen stagnation or even declines in
income, leading to a widening income gap. For example, per capita income in the region
increased from 214 Peruvian soles (PEN) in 2003 to PEN 347 in 2019. At the 2025 exchange
rate (1 PEN ~ 0.273 USD), this represents an increase from approximately USD 58.5 to
USD 94.8. However, this growth has not been experienced equally across all districts.
This disparity raises important questions about the equitable distribution of mining rev-
enues and the socioeconomic implications for communities that do not directly engage in
mining activities.

The socioeconomic impacts of mining extend beyond income generation. While min-
ing can create jobs and reduce poverty, it can also result in negative consequences such as
higher unemployment rates, illiteracy, and health issues in some areas. Research conducted
in other mining regions, such as Jordan and Ghana, has highlighted the mixed effects of
mining on local communities, underscoring the need for a more nuanced understanding of
how mining activities affect socioeconomic conditions [7,8].
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Given these complexities, this study aims to measure the impact of mining on the
socioeconomic status of Puno’s population, specifically at the district level. Through the
application of rigorous econometric methodologies, the research provides a comprehensive
analysis of how mining activities shape income levels, educational outcomes, and overall
human development in the region. Understanding these dynamics is critical for policy-
makers and stakeholders who must navigate the challenges and opportunities that mining
presents for Puno’s sustainable and equitable growth [9].

Okm

Figure 1. Geographical location of the Puno region in Peru.

Mining is an activity with significant positive effects on tax income, exports, em-
ployment, investment, and population income, and negative effects on health and the
environment [10,11]. The Puno region, located in southern Peru, has an enormous poten-
tial for metallic mineral resources: 60% of the territory is considered for mining activity.
Metallic mining production is mainly focused on tin, gold, silver, zinc and lead. However,
gold and tin are the main products with the highest extraction. Regarding tin, the San
Rafael mine belonging to the MINSUR company is the only and first producer of tin in the
country [12].

Regarding gold production, the Puno region ranks fourth at the national level, after
Cajamarca, La Libertad, and Arequipa. In 2019, Peru produced 140.21 metric tons of fine
gold (TMF), of which 9.13 TMF was produced in the Puno region (Figure 2).

Gold production in Puno is distributed as follows: 68% (6.2 TMF) is produced by
artisanal mining and 32% (2.93 TMF) is produced by large, medium, and small mining [12].
The mining sector in the Puno region is the main contributor to exports. In 2020, mineral
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exports (gold and tin) contributed 99% (USD 1807 million) of total exports, while the fishing
and agricultural sector exported only 1% (USD 18 million). The value of gold exports
increased from USD 32 million in 2002 to USD 1.452 million in 2020, while the value of tin
exports increased from USD 155 million to USD 355 million, in the same period (Figure 3),
which has been favored by the sustained rise in international mineral prices [13].
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Figure 2. Gold production in Peru by region (in FMT). Source: MINEM [12].
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Figure 3. Gold and tin exports from Puno. Source: SUNAT-ADUNAS [14], MINEM [12].

In the Puno region, between 2003 and 2020, a correlation of 0.74 exists between gold
exports and the Human Development Index (HDI), indicating a moderate to strong positive
relationship. This suggests that as gold exports increase, the HDI in the region tends to
improve as well. This connection may reflect the fact that the revenues generated from gold
exports contribute to improvements in key areas of human development, such as per capita
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income, education, and health. However, it is important to note that while a relationship
exists, other factors may also influence the HDI, and further studies would be needed to
fully understand the nature of this correlation in Puno.

The average per capita family income in Puno increased from PEN 214 to PEN 347
between 2003 and 2019. However, not all districts saw improvement; some stagnated or
decreased. In 2003, the district average was PEN 214 (approximately USD 58.5, at the 2025
exchange rate of 1 PEN ~ USD 0.273), with the poorest district at PEN 196 (~USD 53.5) and
the richest at PEN 289 (~USD 78.9). By 2019, the average was PEN 347 (~USD 94.8), with the
poorest district at PEN 51 (~USD 13.9) and the richest at PEN 1673 (~USD 456.20), widening
the income gap. Mining activity likely contributed to this gap, as mining-producing districts
experienced greater income growth compared to non-mining districts. This income gap
between the districts can be attributed to mining activity; the mining-producing districts
appear to have improved their income levels more than the non-mining ones [11].

Mining can contribute positively or negatively to the socioeconomic level of house-
holds located near a mine [11,15]. Al Rawashdeh et al. [15], in the case of Jordan, show
that the value of mining production in per capita terms increases the unemployment rate,
illiteracy rate, poverty rate, and infant mortality rate and decreases the Human Devel-
opment Index. In other words, mining activities in Jordan do not appear to benefit local
communities compared to what is happening in the country as a whole.

Isung et al. [16] show that small-scale mining activities in Ghana have positive and
negative effects on living standards. In particular, they show a negative effect on agriculture,
children’s education, and the health status of community members. On the positive side,
they show an improvement in employment and a decrease in the incidence of poverty in
the communities over the years. For their part, Aragén et al. [10] show a positive effect of
the Yanacocha mine (a large gold mine in northern Peru) on household income at the local
level, explained by the demand for inputs by the mine.

The environmental pollution resulting from informal mining practices in the Puno re-
gion represents both a significant ecological crisis and a public health concern. Quantitative
evidence gathered by Carpio & Salcedo (2020) [17] demonstrates that mercury concentra-
tions in surface waters, such as the 7.5 pug/L measured in the Lunar de Oro stream at La
Rinconada, far exceed the national safety threshold of 1 ug/L [18]. The sediment mercury
levels were found to be significantly high, posing severe contamination risks, which is
consistent with studies in similar regions. Ticona & Terdn [19] further underscore that
approximately 60% of water samples across mining-affected localities have mercury and
other heavy metal concentrations above regulatory limits, with localities around Aporono
and Untuca showing levels between 4 and 6 ug/L [20]. These measured contaminant
levels illustrate the unregulated discharge associated with informal mining activities and
highlight the urgent need for intervention [17].

The data indicate that mining practices compromise water quality and pose substan-
tial risks to human health and ecosystem sustainability. Regarding supporting studies
in southern Peru, Quiroz et al. [18] emphasize that mining-related contamination—often
assessed through parameters such as the Geoaccumulation Index and Pollution Load
Index—underscores the necessity for remediation efforts and environmental risk assess-
ments in affected regions. Research focusing on high Andean artisanal mining corroborates
these findings, documenting the significant impact of artisanal mining on water, soil, and
overall ecosystem integrity [21]. The convergence of these findings across different regions
of Peru accentuates the urgency to implement stronger regulatory frameworks that are
both preventative and responsive to industrial pollution.

Beyond the strictly scientific measurement of contaminants, this crisis has induced
complex socioenvironmental dynamics. Mamani [22] explored the social perspectives of
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local communities affected by mining-induced pollution, revealing environmental degra-
dation and a profound sense of injustice and risk among residents. These perceptions can
mobilize community engagement to support the development of targeted environmental
management strategies. Additionally, studies have shown that communities” attitudes
toward environmental hazards are crucial for guiding public health interventions and
policy formulations [23]. By integrating quantitative contamination data with qualitative
community insights, a more comprehensive understanding of environmental and public
health challenges can be achieved.

Given these findings, comprehensive environmental management strategies are essen-
tial. Innovative approaches, such as those proposed by Cacciuttolo & Pulido [24], which
discuss remediation techniques including underground mine backfilling, could serve as
potential models for reducing the environmental impacts of mining practices in the re-
gion. Furthermore, predictive and modeling methodologies offer promising avenues for
anticipating contamination trends and optimizing remediation efforts in artisanal and
small-scale mining environments [25]. These integrative strategies exemplify how scientific
assessments and community perspectives can drive more sustainable policy development
in heavily impacted regions.

In the context of China, mining has been a significant driver of industrialization and
urbanization, contributing to foreign investment, exports, and employment—critical factors
for socioeconomic development. However, this economic growth has been accompanied
by environmental challenges such as ecosystem degradation and pollution, which can
affect the quality of life of local communities [26]. Despite the implementation of mining
regulations, issues related to occupational safety and health continue to affect workers [27].
In Australia, gold mining has proven to be a fundamental pillar of the economy, generating
employment and contributing to GDP. However, the economic benefits are not always
equitably distributed. Indigenous communities, in particular, have faced significant chal-
lenges, including land loss and cultural erosion [28]. Moreover, mining has been linked to
public health issues, such as exposure to toxic substances and an increase in mining-related
diseases [29]. Russia, as one of the top gold producers, presents a similar scenario. Min-
ing has driven economic development in remote regions but has also caused social and
environmental conflicts. The extraction of natural resources has led to environmental degra-
dation, affecting the health of local communities and their access to natural resources [30].
Additionally, artisanal and informal mining has grown in Russia, raising additional risks
in terms of safety and sustainability [31]. In Ghana, gold mining has had a dual impact.
On one hand, it has contributed to GDP growth and provided employment; on the other
hand, it has caused deforestation and the loss of agricultural land, eroding the livelihoods
of many communities [3]. The expansion of mining has led to increased conflicts between
miners and farmers, exacerbating food insecurity and poverty in some areas [32]. In this
sense, the objective of the research is to measure the impact of mining on the socioeconomic
level of the population of the Puno region at the district level.

Hypothesis: The long-term socioeconomic impact of mining on regions in the Puno
region, Peru, is primarily positive in terms of income and education but may present
challenges in human development due to environmental degradation and inequality.

Classical resource-based economic theories posit that resource extraction has the
potential to drive significant economic growth within local economies. Research indicates
that mining districts in Puno have observed substantial growth in family income as a direct
result of mining activities, which supports the hypothesis that these activities can serve
as a catalyst for economic development. This is consistent with the findings from Loayza
& Rigolini [11], asserting that mining regions in Peru enjoy higher levels of per capita
consumption compared to their non-mining counterparts [11].
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The economic spillover theory discusses how mining activities not only benefit the lo-
cal mining districts but also positively impact adjacent non-mining areas. Diogens et al. [33]
emphasized that surrounding regions experience economic benefits such as increased de-
mand for goods and services that mining activities generate, leading to unanticipated gains
in family income and educational opportunities [33]. While some studies highlight positive
spillover effects, other research suggests that the benefits may not be evenly distributed
and can lead to regional disparities.

The link between mining activities and educational outcomes can be analyzed through
the lens of Human Capital Theory, which posits that income increases, facilitated by mining,
enhance educational access and attainment. As family incomes rise due to mining jobs,
there is a marked increase in the rate of secondary education achieved in mining districts.
However, Hilmawan & Amalia [34] present a cautionary perspective that suggests the
availability of lucrative mining jobs may discourage investment in higher education over
the long run. As immediate employment takes precedence, younger demographics may
opt for jobs instead of pursuing further education.

The HDI is a comprehensive indicator of development, incorporating income, edu-
cation, and health. While mining positively influences income and education, quality of
life—as measured by the HDI—may only see modest improvements due to adverse effects
associated with mining such as environmental degradation. Diogens et al. [33] underscore
this complex relationship, showing that mining can exacerbate environmental issues and
social inequalities that hinder overall HDI growth. Environmental pollution and the social
disruptions that often accompany mining can negatively affect health outcomes, thereby
diminishing the potential for sustainable human development.

The sustainability of mining practices is a critical concern when considering long-
term socioeconomic impacts. Warner et al. [35] advocate for sustainable strategies to
address the dual challenges of economic growth and environmental integrity [36]. Their
research highlights the necessity of balancing immediate economic benefits against long-
term ecological and social well-being. The study findings suggest that while mining
can significantly enhance local economies, the absence of sustainable practices can lead
to detrimental environmental effects, increased inequality, and regional disparities that
ultimately undermine development efforts.

In summary, the theoretical framework contemplates the hypothesis that while mining
carries the potential for positive economic growth and educational improvements in the
Puno region, the accompanying challenges of environmental degradation and inequality
warrant critical attention. Sustainable mining, alongside equitable distribution of its ben-
efits, is essential for ensuring that the socioeconomic potential is maximized and shared
across communities, thereby fostering long-term sustainable development.

2. Methodology

To measure the impact of mining on the socioeconomic indicators (income and educa-
tion) of the population of the Puno region, the following econometric model is formulated
for panel data [37]:

Yit = Bo+ B1Dit + BoTjy + DTy +uj +e;p  i=1,...,110; t=1,2 (1)

where i denotes the district and ¢ the time (year), is the dependent variable (income or
education); D is a dichotomous variable that takes the value of 1 if the district is a producer
of metallic minerals (treatment group) and 0 otherwise (control group); T takes the value 0
in the year 2003 (before) and 1 in the year 2019 (after); and DT is the interaction variable
between D and T, and they are the random error terms. Finally, By, B1, B2 and ¢ are the
parameters to be estimated.
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The parameter ¢ in Equation (1) measures the impact of the mining company on
some socioeconomic indicators (for example, income or education) between two periods,
as illustrated in Figures 4-6. If denoted by E(y;1—9|D; = 0) and E(y;7—9|D; = 1) the
expected per capita family income of the control group (D; = 0) and of the treatment group
(Dj = 1), respectively, in the period T; = 0; and by E(y; 7—1|D; = 0) and E(y; 7—1|D; = 1)
the expected per capita family income of the control group (D; = 0) and treatment group
(Di = 1) in the period T; = 1. The impact of the program by the difference-in-differences
method [38] results in the following:

84 = [E(yir=1|Di = 1) — E(y;7=0|D; =1)] — [E(y;,7=1|D; = 0) — E(y;,7—0| Di =0)]

.6
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Figure 4. Correlation between gold exports and the Human Development Index in the Puno region:
2003-2020.
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Figure 6. Impact measurement using the difference-in-difference method. Source: Prepared based on
Abadie & Cattaneo [40].

2.1. Random Effects Panel Data Model

The use of panel data in the study of the socioeconomic impacts of mining in the
Puno region is justified for several methodological reasons that enhance the accuracy and
understanding of the phenomenon. Firstly, panel data allow for the analysis of temporal
and spatial variability, facilitating the study of how socioeconomic indicators such as per
capita income, education rates, and the Human Development Index (HDI) evolve over
time across different districts in Puno [1]. Furthermore, this approach enables control over
unobservable effects specific to each district, such as geographical or social characteristics,
which could influence the results, thereby reducing bias present in studies with cross-
sectional data [2]. Another key aspect is that panel data allow for the examination of the
dynamic effects of mining, observing how impacts on income and human development
vary over time [3]. The ability to capture both variability between districts and temporal
variability within the same district increases the efficiency and accuracy of estimates,
improving the robustness of the analysis [4]. Finally, the use of this approach facilitates
a more thorough analysis of public policies implemented in response to mining impacts,
allowing for the evaluation of their effectiveness over time and in different contexts [3].
Thus, the use of panel data not only optimizes the quality of the analysis but also provides
a more comprehensive and accurate understanding of the socioeconomic impacts of mining
in the region.

With the purpose of measuring the direct and indirect impacts of mining on socioeco-
nomic indicators, the following econometric model is proposed (2):

Yit = .Bl + ,BZDlit + ﬁgDzit + ’)/Tit + 61 * (Dl * T)it + &y * (D2 * T)it + 5}/\/ * (Dl * T % W)it+
Wk (D2x T x W)y + e + ;i + et )
eir = AWej + vt

2.2. Random Effects Panel Data Model

The equation is adjusted to account for the fact that the unobserved effects are random
and vary across the units of observation (in contrast to fixed effects, where the unobserved
effects are constant for each unit). The econometric model assumes that area-level effects
are random rather than fixed to account for unobserved factors influencing socioeconomic
outcomes that vary across districts but remain constant over time. This approach allows for
greater flexibility in capturing the heterogeneity between districts, considering that each
district may have unique, time-invariant characteristics such as local culture, geography,
or regional policies. By treating these effects as random, the model can accommodate
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district-level variability and provide more efficient estimates, as long as the random effects
are uncorrelated with explanatory variables. In contrast, fixed effects would assume these
unobserved characteristics are constant for each district, limiting the model’s ability to
capture diverse and dynamic influences on socioeconomic outcomes. The use of a spatial
autocorrelation matrix based on contiguity (where wij = 1 for neighboring districts) helps
capture the direct influence between districts sharing a geographical boundary. This is
particularly important in cases like mining activities, where their impact on one district
can spill over to neighboring districts due to proximity. For instance, mining districts
may drive demand for labor, infrastructure, or services that benefit nearby areas through
migration or development. A contiguity matrix enables the model to consider how the
socioeconomic outcomes of one district (e.g., per capita income, human development) are
influenced by neighboring districts. This method is valuable in regional studies, such as in
Puno, where geographic proximity and economic and social interdependencies shape the
spatial interactions between districts.

yit is the dependent variable for unit i in period t (for example, family income per
capita, the percentage of the population with secondary education, or HDI), ; is the time
effect (or year effect), capturing any changes common to all units (districts) in the same
period, u; is the random effect specific to unit ii, representing unobserved characteristics
that are random and vary between districts, but are constant over time for each unit, e;; is
the error term capturing random fluctuations not explained by the model’s variables, v;;
is also the error term, and D is a binary variable that takes the value of 1 if the district is
mining and 0 if the district is non-mining. This variable is crucial as it allows us to estimate
the direct impact of mining activities on socioeconomic outcomes, such as income, human
development, and educational levels in mining districts. D, is a binary variable that takes
the value of 1 if the non-mining district is within the jurisdiction of a mining province and
0 otherwise. This variable captures the indirect effects of mining, considering the collateral
benefits that non-mining districts may experience due to their proximity to mining activities
(e.g., access to services, infrastructure development, or labor migration from mining areas).
T is a time dummy variable that takes the value of 0 if the data correspond to the year 2003
and 1 if it corresponds to the year 2019. This variable is included to capture temporal effects
and trends in the data over time, reflecting the evolving impact of mining on socioeconomic
indicators as the industry develops or policies change.

w11 W12 w13 cee W1110

w21 w2 wa3 cee W2,110

W= w31 w32 w3z ... W3110
w1101 w1102 W1103 --- W110,110

It is a crucial tool in spatial econometric models, as it captures the relationship between
districts within a specific geographic area, in this case, the 110 districts of the Puno region.
The purpose of this matrix is to account for spatial dependencies, meaning that events or
behaviors in one district can influence neighboring districts due to geographic or economic
proximity. In the context of this study, the matrix W is used to adjust the econometric
model so that correlations between neighboring districts—whether economic, social, or
environmental—are considered when estimating the impacts of mining on socioeconomic
indicators such as per capita income, human development, and education. Each element
wij of the matrix represents the spatial relationship between district ii and district jj. If
wij = 1, it means that districts i and j are neighbors, i.e., they share a physical border or are
geographically close enough to be considered interrelated. If wjj = 0, the districts are not
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neighbors. This binary relationship, where only 1 or 0 is considered, is useful for measuring
the direct influence of one district on another, suggesting that the economic activity (such
as mining) in one district can extend to adjacent districts. In this type of matrix, the rows
and columns represent all the districts in the region, and the matrix W is of size 110 x 110,
as there are 110 districts in Puno. The spatial interactions reflected in the matrix allow the
econometric model to account for “contiguity” or proximity between districts, adjusting
the estimates to reflect how economic activities in one district can have indirect effects on
neighboring districts. For instance, a mining district may generate a demand for labor,
services, or infrastructure that affects neighboring districts, which is captured in the matrix
W. A is the spatial autocorrelation parameter of the errors, and they are error terms of the
model, the parameter J; is the interaction coefficient between T and D1, which measures
the impact of mining on the socioeconomic indicator (per capita income, education, and
HDI), the parameter J; measures the direct impact of mining on the non-mining district,
the parameter 6;” measures the indirect impact of mining on the district mining district, and
0% measures the indirect impact of mining on the non-mining district. In the context of the
Puno region, “non-mining areas” refers to those districts where there is no mining activity
at all. These areas either lack exploitable mineral resources, have environmental restrictions
protecting sensitive ecosystems, or prioritize other economic activities such as agriculture,
livestock, and tourism. Some of these districts do not have the necessary infrastructure for
mining projects, and in other cases, local communities have actively rejected mining due
to its environmental and health impacts. This distinction is important, as it suggests that
the indirect effects of mining, such as economic spillovers or environmental degradation,
are not experienced in these areas. Therefore, the interpretation of indirect effects needs to
consider the absence of mining activity in these districts.

The proposed econometric model for measuring the direct and indirect impacts of
mining on socioeconomic indicators is a complex yet essential framework for understanding
the multifaceted effects of mining activities on local economies. The model incorporates
several key variables, including D1, D2, T, W, and the interaction coefficients, which
collectively allow for a nuanced analysis of how mining influences socioeconomic indicators
such as per capita income, education, and the Human Development Index (HDI). To begin
with, the variable D1, which indicates whether a district is mining or non-mining, serves
as a fundamental binary classification that allows researchers to differentiate between the
socioeconomic conditions prevalent in mining districts versus non-mining districts. This
distinction is crucial, as mining activities can lead to significant economic transformations
in the regions where they occur. For instance, highlight that mining plays a pivotal role in
national economies by contributing to GDP, employment, and infrastructure development,
thereby influencing various socioeconomic indicators [41]. Furthermore, the presence of
mining can create a ripple effect, impacting not only the immediate mining district but also
surrounding areas, as indicated by the variable D2, which captures the influence of mining
on non-mining districts within the same province [42].

The temporal variable T, which differentiates between data from 2003 and 2019, is
particularly important for assessing changes over time. The socioeconomic impacts of
mining are often dynamic, evolving as mining operations expand or contract, and as local
economies adapt to these changes. For example, studies have shown that the economic
benefits of mining can lead to increased public investment in education and health services,
which in turn can enhance the HDI and per capita income in both mining and non-mining
districts [43,44]. The interaction coefficient between T and D1 is critical for measuring the
specific impact of mining over time, allowing researchers to capture trends and shifts in so-
cioeconomic indicators directly attributable to mining activities. Moreover, the inclusion of
a spatial autocorrelation matrix W acknowledges the interconnectedness of socioeconomic
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conditions across geographic boundaries. Spatial econometrics has become increasingly
relevant in understanding how local economic activities, such as mining, can influence
neighboring regions. The importance of spatial dependence in socioeconomic data suggests
that mining activities in one district can have spillover effects on adjacent areas, affecting
employment rates, income levels, and educational outcomes [45,46]. This spatial dimension
is essential for accurately modeling the indirect impacts of mining, as it recognizes that
socioeconomic changes do not occur in isolation but are influenced by broader regional
dynamics. The parameters measuring the direct and indirect impacts of mining on so-
cioeconomic indicators are also vital for understanding the full scope of mining’s effects.
The direct impact parameter quantifies the immediate benefits of mining activities on
the local economy, such as job creation and income generation. In contrast, the indirect
impact parameters assess how these benefits extend to non-mining districts, highlighting
the broader economic interdependencies that exist within mining provinces. Research
has shown that mining can stimulate local economies by increasing demand for goods
and services, thereby benefiting non-mining sectors as well [47]. This interconnectedness
underscores the necessity of employing a comprehensive econometric model that captures
both direct and indirect effects. In conclusion, the proposed econometric model provides a
robust framework for analyzing the socioeconomic impacts of mining. By incorporating
variables that account for both direct and indirect effects, as well as spatial dependencies
and temporal changes, the model enables a thorough examination of how mining influ-
ences key socioeconomic indicators. The insights gained from such analyses are critical for
policymakers and stakeholders seeking to understand the complex relationship between
mining activities and local economic development. As the mining sector continues to
evolve, ongoing research utilizing this model will be essential for informing sustainable
development practices and maximizing the benefits of mining for local communities.

3. Data

For the impact analysis, UNDP data for the years 2003 and 2019 are used for
110 districts of the Puno region (Table 1) shows the descriptive statistics of the variable data
used in the impact measurement.

Table 1. Descriptive statistics of the variables to measure the impact of mining.

2003 2019
Notation Variable
Mean Min. Max. Mean Min. Max.
IDH Human Development Index 0.26 0.18 0.38 0.34 0.13 0.64
yl Per capita household income at the district level 214 196 289 347 51.1 1673
Percentage of the 18-year-old population with
y2 54 15 87 68 46 85
completed secondary school

y3 Years of education of the population > 25 years 5.3 3.6 11.2 6.4 42 11.7

D chhotorr)ops variable 'that 1'der_1t1f1es the 0.14 0 1 0.14 0 1

mining-producing district
T Dichotomous \{arlable that 1d§nt1fles the year of 0 0 0 1 1 1
impact evaluation
DT Interaction variable between D and T 0 0 0 0.14 0 1

Source: UNDP 2021 [39] and MINEM [12].

Table 1 provides descriptive statistics to measure the impact of mining between 2003
and 2019. The data reveal several key trends:

The average family income per capita increased significantly from PEN 214 in 2003
to PEN 347 in 2019. However, the disparity between the minimum and maximum values
widened considerably, indicating that while some districts saw substantial income growth,
others lagged behind or even experienced declines.

The percentage of the 18-year-old population with completed secondary education
improved from 54% in 2003 to 68% in 2019. Moreover, the gap between the maximum
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and minimum values decreased, suggesting a more equitable distribution of educational
attainment across districts.

Finally, the average years of education for the population aged 25 and older showed
only a modest increase, from 5.3 years in 2003 to 6.4 years in 2019. This indicates some
progress in educational attainment, though it remains relatively low.

In summary, while there have been positive changes in income and education lev-
els, the data also highlight growing inequality in income distribution and only modest
improvements in the overall educational level of the population.

4. Results and Discussion
4.1. Impact of Mining on Socioeconomic Indicators in the Long Term: 2003-2029

The results obtained through the panel data method with random effects, using data
from 110 districts of the Puno region for the years 2003 and 2019 and (Table 2) (for the
estimation of the results, Stata 18 https://www.stata.com/ (accessed on 15 May 2023)
software was use), show the following results. Firstly, in relation to the impact of mining
on per capita income, the results show that there is a positive impact of PEN 239.44 in
favor of the metal mining-producing districts (column 1 of Table 2). Secondly, there is a
positive impact of 12.27 points of mining on the percentage of the 18-year-old population
with secondary education (column 2 of Table 2) and an increase of 0.09 points on the HDI
(column 3 of Table 2).

The significant spatial lag terms indicate that there is a strong spatial dependence for
the percentage of the 18-year-old population with secondary education and a moderate
spatial dependence for the Human Development Index (HDI). Specifically, the positive
and significant coefficient for the spatial lag in education (0.46, p = 0.005) suggests that
improvements in secondary education attainment in one district are associated with similar
improvements in neighboring districts. Similarly, the HDI exhibits a weaker but still notable
spatial dependence (0.31, p = 0.064), indicating that higher human development in one
district tends to spill over to adjacent areas. In contrast, no significant spatial dependence
is found for family income per capita, implying that income levels are more localized and
less influenced by neighboring districts in the short term.

Impact on Family Income per Capita. Mining activities resulted in a significant increase
of PEN 239.44 in family income per capita in mining districts. This effect is statistically
significant (p < 0.001), emphasizing the strong economic benefits of mining in these areas.
Non-mining Districts within Mining Provinces: These districts also saw a significant
positive impact, with an increase of PEN 352.30 in family income per capita, showing that
mining activities generate notable spillover effects into surrounding non-mining areas
(p < 0.001).

Impact on Secondary Education (percentage of 18-year-olds with secondary education).
The direct effect of mining in these districts led to an increase of 12.27 percentage points
in the proportion of 18-year-olds with secondary education (p < 0.05), suggesting that
mining activities contribute to improved educational outcomes, possibly through increased
funding or local demand for a more educated workforce. Non-mining Districts within
Mining Provinces: These districts experienced a more modest increase of 9.71 percentage
points in secondary education, suggesting that mining indirectly influences education
levels even in areas not directly involved in the industry (p < 0.05).

Impact on the Human Development Index (HDI). Mining Districts: Mining had a
positive impact on the HDI of mining districts, with an increase of 0.09 points (p < 0.01),
highlighting improvements in overall human development, possibly related to higher
incomes and better access to education and services. Non-mining Districts within Mining
Provinces: The HDI in non-mining districts also showed an improvement of 0.08 points
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(p < 0.001), reinforcing the idea that mining’s economic activities lead to broader develop-
ment benefits in the region.

Table 2. Impact of mining on socioeconomic variables: 2003-2029.

Percentage of 18-Year-Old

Variable Parameter Family Income per Capita Population with HDI
Secondary Education
Constant Bi 215.72 *** 58.12*** 0.26 ***
0.00 0.00 0.00
Mining district (D1) B2 -5.97 —10.09 *** —0.01
0.89 0.00 0.54
Non-mining district of the mining province (D2) B3 -1.72 —8.67 *** —0.01
0.92 0.00 0.31
Year (T) % 25.51 9.71 0.03 ***
0.363 0.00 0.00
Direct impact on the mining district (D T) ) 239.44 *** 12.27 ** 0.09 **
0.00 0.01 0.00
Direct impact on the non'—mining district of the mining 5 2634 971 0.02
province (D, T)
0.65 0.012 0.29
Indirect impact on the mining district (D; TW) s —35.93 —3.47 0.003
0.75 0.67 0.92
Indirect impact on the non-mining district of the W 350,30 #*+ 0.79 0.08 #+*
mining province (D, TW) 2
0.00 0.88 0.00
Spatial lag (We) A 0.98 0.42 #** 0.41 ***
0.98 0.00 0.0
Total impact
Total impact on the mining district o1 +6)Y 211.37 *** 9.55 0.10**
0.00 0.128 0.00
Total impact on the non-miping district of the mining 5t 5;,\, 248.83 10.14 010*
province
constant 0.00 0.32 0.00
Sigma_u 36.39 6.44 *** 0.04 ***
27.78 0.90 0.00
Sigma_e 140.49 *+* 8.42 +** 0.46
9.57 0.57 0.00
Number of obs 216 216 216
Number of groups 108 108 108
Obs per group 2 2 2
Wald chi2 110.71 75.05 112.04
Prob > chi2 0.00 0.00 0.00
Log likelihood —1382 —811.47 303.11
Pseudo R2 0.37 0.34 0.40
Wald test of spatial terms
chi2(3) 20.93 8.75 17.5
Prob > chi2 0.00 0.03 0.00

Note: ***, ** *: significant at the 1%, 5%, and 10% levels, respectively.

Total Impact of Mining in mining districts: The total impact of mining in these districts,
considering both direct and indirect effects, resulted in an increase of PEN 211.37 in family
income per capita and an improvement of 0.10 points in the HDI. While these effects
are still significant, they are somewhat less pronounced than the direct effects of mining
activities. Non-mining Districts: The total impact of mining in non-mining districts within
mining provinces resulted in an increase of PEN 248.83 in family income per capita, a rise
of 10.14 percentage points in the percentage of 18-year-olds with secondary education, and
an improvement of 0.10 points in the HDI. These total impacts suggest that non-mining
districts benefit significantly from mining activities in neighboring districts, particularly in
terms of income and education.

Mining activities in the Puno region have significant positive effects on the socioe-
conomic indicators of both mining and non-mining districts, with a particularly strong
impact on family income. The positive spillover effects of mining on non-mining districts,
in terms of income, education, and development, underscore the broader benefits of mining
for the regional economy and social well-being. The findings highlight the importance of
mining not only as a direct economic driver in mining districts but also as a catalyst for
economic and social improvements in surrounding areas.
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The coefficient for mining districts (D1) indicates that, on average, mining areas tend
to have lower per capita income, with a value of —5.97 for family income per capita. This
suggests that, without accounting for the effects of time or spatial factors, mining districts
exhibit a lower income level compared to non-mining districts. Similarly, the coefficient
of —10.09 for the percentage of 18-year-olds with secondary education indicates that min-
ing districts have a lower percentage of educated youth, with 10.09% fewer 18-year-olds
completing secondary education compared to their non-mining counterparts. The coeffi-
cient for the HDI is —0.01, suggesting that mining districts have minimal improvements
in human development compared to non-mining districts when time and spatial effects
are controlled.

The coefficient for non-mining districts within mining provinces shows slightly better
socioeconomic outcomes than mining districts but still worse than non-mining districts
outside mining provinces. For example, the coefficient of —1.72 for family income per
capita implies that non-mining districts in mining provinces have a slightly lower per
capita income than districts outside mining areas. Similarly, the coefficient of —8.67 for the
percentage of 18-year-olds with secondary education indicates a modest decrease in the
proportion of educated youth in non-mining districts within mining provinces. The HDI
coefficient of —0.01 shows no significant impact on human development in these districts.

The year variable represents the time trend across the data. The positive coefficients
for the year variable reflect an upward trend in all indicators over time. Specifically, the
coefficient of 25.51 for family income per capita suggests an annual increase in income,
while the coefficient of 9.71 for the percentage of 18-year-olds with secondary education
shows that education levels have improved over time. The coefficient of 0.03 for the HDI
indicates a gradual improvement in human development across the study period. These
results suggest that broader socioeconomic changes over time have led to improvements in
income, education, and human development.

The interaction term for mining districts and time (D;T) indicates a significant positive
impact of mining on socioeconomic indicators over time. For family income per capita, the
coefficient of 239.44 shows that mining districts experience substantial income growth due
to mining activities. Similarly, the coefficient of 12.27 for the percentage of 18-year-olds
with secondary education suggests that mining districts see an increase in educational
attainment over time. The coefficient of 0.09 for the HDI suggests significant improvements
in human development in mining districts due to the ongoing effects of mining, showing
the positive role of mining in boosting socioeconomic outcomes.

For non-mining districts within mining provinces, the interaction term (D, T) reveals
less pronounced effects. The coefficient of —26.34 for family income per capita indicates
a slight negative effect on income in these districts, suggesting that while mining areas
may benefit economically, non-mining districts within mining provinces experience a
modest decline. However, the positive coefficients for the percentage of 18-year-olds with
secondary education (9.71) and for the HDI (0.02) imply that mining activity indirectly
boosts educational outcomes and human development in non-mining districts, albeit to a
lesser extent compared to mining districts.

The coefficient for the indirect effect of mining on mining districts (D;TW) shows a
negative impact on socioeconomic outcomes. The coefficient of —35.93 for family income
per capita indicates that while mining districts may benefit from mining, the indirect spatial
effects reduce these benefits, potentially due to externalities such as inflation, resource
depletion, or environmental degradation. Similarly, the coefficients for education (—3.47)
and for the HDI (0.003) suggest that indirect effects from neighboring areas or broader
regional factors negatively affect education and human development in mining districts.
The indirect effects on non-mining districts within mining provinces (D,TW) show positive
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impacts, especially in terms of income and human development. The coefficient of 352.30
for family income per capita indicates a substantial positive impact from mining activities
on income in non-mining districts. The positive coefficients for education (0.79) and
the HDI (0.08) indicate that non-mining districts in mining provinces benefit from the
spillover effects of mining, particularly in improving educational outcomes and human
development indicators. These results highlight the indirect positive influence of mining
on socioeconomic indicators in surrounding districts.

Although incomes in mining areas such as the Puno region have increased due to
mining activities, inequality has also risen, which calls for a deeper reflection on how the
benefits of mining are distributed. Primarily, the largest beneficiaries are the large mining
companies, which control the extraction of valuable resources. While they contribute
through taxes and royalties, most of their profits are not reinvested directly into the region.
Formal mining workers do benefit from relatively higher wages than the local average, but
the number of available jobs is limited, meaning not all residents benefit equally. Addition-
ally, artisanal miners, who make up a significant portion of the population, receive fewer
benefits due to the informality of their work, leaving them outside social protections and
improvements in working conditions. Local communities, on the other hand, experience
some indirect benefits, such as improved infrastructure, but these are limited and do not
reach all rural areas of the region. To achieve a more equitable distribution of benefits, it is
essential to formalize artisanal mining, ensure transparency in the allocation of resources
generated by mining, promote economic diversification to reduce dependence on mining,
and ensure that local communities are actively involved in decision-making about the use
of these resources. Additionally, strengthening local content policies, which encourage
mining companies to source goods and services from the region, can create more economic
opportunities for local residents, thus contributing to a fairer distribution of benefits.

4.2. Impact of Mining on Socioeconomic Indicators in the Short Term: 2015-2019

The impact of mining on socioeconomic indicators in the short term (2015-2019)
(Table 3) shows differentiated effects both in mining districts and in non-mining districts
within provinces where mining activities take place. The data reveal how mining influences
key variables such as family income per capita, secondary education, and the Human
Development Index (HDI), reflecting both direct and indirect effects.

The direct impact of mining on family income in mining districts shows a significant
increase of 65.03 units. This result is highly significant (p < 0.001), indicating that mining
has a strong and positive economic effect in these areas. This effect can be explained by the
increased local economic activity driven by mining: job creation in resource extraction, the
establishment of supporting businesses (such as stores, restaurants, services, transporta-
tion), and increased public and private investment in local infrastructure. All these factors
contribute to higher purchasing power for families in mining areas.

The indirect impact on family income in non-mining districts shows an increase of
80.59 units. This impact is also highly significant (p < 0.001), highlighting that the benefits of
mining extend beyond the areas directly involved in mineral extraction and also positively
affect neighboring communities. This can be explained by various indirect factors, such
as job creation in sectors not directly linked to mining but necessary to support mining
activities (like suppliers of goods and services), the increased local demand for products
and services, or even tourism and trade spurred by the presence of mining workers.

The total impact on family income in mining districts, considering both direct and
indirect effects, is an increase of 57.75 units. This result is highly significant (p < 0.001),
reinforcing the idea that mining has a broadly positive impact on the local economy. While
the direct impact (65.03 units) is greater, the indirect effects contribute to a significant
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overall impact. This suggests that while the direct income increase is important, the broader
economic growth generated by mining also benefits families through enhanced economic
opportunities, even outside direct mining jobs. The total impact on family income in
non-mining districts is an increase of 79.06 units, which is significant (p < 0.001) and
demonstrates that even areas not directly involved in mining benefit from it.

Table 3. Impact of mining on socioeconomic variables: 2015-2019.

Percentage of 18-Year-Old

Variable Parameter Family Income per Capita Population with HDI
Secondary Education
Constant B1 245.78 *** 62.42 *** 0.29 ***
0.00 0.00 0.00
Mining district (D1) B2 236.54 *** —5.72** —0.084 ***
0.00 0.036 0.000
Non-mining district of the mining province (D2) B3 69.89 * —4.86** —0.03 ***
0.098 0.019 0.000
Year (T) % 15.53* 5.48 *** 0.013 ***
0.059 0.00 0.000
Direct impact on the mining district (D;T) ) 65.03 *** 6.74 % 0.022 **
0.005 0.016 0.012
Direct impact on the non'—mining district of the 5 153 519 % 0.007
mining province (D, T)
0.09 0.013 0.27
Indirect impact on the mining district (D; TW) s —7.27 —0.26 0.010
—0.23 0.96 0.49
Indirect impacton the non-mining district of the W 8059 #++ 034 0.03 #++
mining province (D> TW) 2
0.00 0.92 0.005
Spatial lag (We) A 0.288 0.46 *** 0.31*
1.55 0.005 0.064
Total impact
Total impact on the mining district o1 +6)" 57.75*** 6.53* 0.03**
0.00 0.085 0.004
Total impact on t.he_ non—mi_ning district of the 5t 5;,\, 79.06 *+* 5.46% 0,03 ¥+
mining province
Constant 0.00 0.053 0.000
Sigma_u 184.60 *** 6.44 *** 0.078 ***
12.78 0.90 0.00
Sigma_e 36.04 *** 8.42 *** 0.013 ***
2.45 0.57 0.00
Number of obs 218 218 218
Number of groups 109 109 109
Obs per group 2 2 2
Wald chi2 119.05 75.52 160.22
Prob > chi2 0.000 0.00 0.00
Log likelihood —1308 —739.13 394.91
Pseudo R2 0.23 0.21 0.20
Wald test of spatial terms
chi2(3) 12.67 8.54 10.13
Prob > chi2 0.005 0.03 0.017

Note: ***, **, *: significant at the 1%, 5%, and 10% levels, respectively.

This value is relatively close to the direct impact seen in mining districts, suggesting
that the indirect benefits of mining are robust and have a significant effect on neighboring
areas. These impacts may result from increased public investment due to mining revenues,
which could include infrastructure like roads, hospitals, schools, and other services. Ad-
ditionally, the expansion of the labor market in mining districts likely creates demand for
services and products in non-mining districts.

The direct impact of mining on secondary education in mining districts shows an in-
crease of 6.74 percentage points in the proportion of 18-year-olds with secondary education.
This result is significant (p < 0.05) and suggests that mining has a positive indirect effect on
education, possibly through increased resources or educational programs in these areas.
This increase could be due to greater resources available in mining areas, which allow for
improved access to educational programs, scholarships, and initiatives that promote con-
tinued education. Additionally, there may be a rise in demand for technical or vocational
education related to mining, which increases graduation rates among youth.
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The direct impact on secondary education in non-mining districts shows an increase
of 5.19 percentage points. This result is also significant (p < 0.05), indicating that, although
these districts are not directly involved in mining, they benefit from the educational effects
of mining’s indirect influences. This could be related to increased resources or educational
programs triggered by the economic dynamics generated by mining in neighboring areas.
Moreover, the improvement in family incomes in non-mining districts could enable more
families to afford secondary education for their children.

The direct impact on the Human Development Index (HDI) in mining districts shows
an increase of 0.022 points. This increase is small but significant (p < 0.05), suggesting that
mining has a positive, albeit modest, effect on human development in these areas.

This small increase could be related to improvements in income and education, which
are key components of the HDI. However, the positive impact on the HDI might be
counterbalanced by other negative factors associated with mining, such as environmental
degradation or community displacement.

The total impact on the HDI in mining districts is an increase of 0.03 points, which
also suggests a slight positive effect, although small (p < 0.05). This finding indicates that,
overall, the effects of mining are slightly positive for human development in these areas,
but the impact is limited compared to other factors that influence the HDI, such as health
or quality of life.

Finally, the total impact on the HDI in non-mining districts shows an increase of
0.003 points, which is statistically significant (p < 0.001), although very small. This impact
suggests that, while non-mining districts are not directly involved in mining, they still
benefit from the indirect effects of mining, such as improvements in infrastructure, services,
and overall quality of life.

The results suggest that mining has a significant positive impact on mining districts,
both in terms of income, education, and human development, although the effects on the
HDI are modest. What is most notable is that non-mining districts also benefit significantly
from mining, particularly in terms of income and education, reflecting the indirect effects
that mining has beyond the areas directly involved in extraction. This demonstrates that
mining generates economic and social spillover effects, benefiting the broader region,
including areas that are not directly involved in mining operations.

In a similar study, Loayza & Rigolini [11] show that mining districts in Peru have
higher levels of per capita consumption compared to similar districts. Likewise, it showed
that the positive impacts decrease drastically with the administrative and geographical
distance from mining centers. On the other hand, Mancini & Sala [48] show that the positive
impact of mining is mainly in monetary income and employment; on the negative side, the
impacts are related to the use of the land, the environmental impacts, and the impacts on
human health and human rights.

The results obtained from the panel data analysis using random effects for 110 districts
in the Puno region between 2003 and 2019 reveal significant positive impacts of mining
activities on various socioeconomic indicators, including per capita income, educational
attainment, and the Human Development Index (HDI). Specifically, mining districts expe-
rienced an increase of PEN 239.44 in family per capita income, a rise of 12.27 percentage
points in the proportion of the 18-year-old population with secondary education, and an
enhancement of 0.09 points in the HDI. These findings corroborate previous studies that
have documented the economic benefits associated with mining activities, particularly in
resource-rich regions.

The positive impact of mining on per capita income is particularly noteworthy, as it
suggests that mining activities can serve as a catalyst for economic growth in the Puno
region. This is consistent with the findings of Loayza and Rigolini [11], who demonstrated
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that mining districts in Peru exhibit higher levels of per capita consumption compared to
similar districts. The increase in income can be attributed to the direct economic benefits
derived from mining operations, including job creation and increased local spending.
However, it is essential to consider the broader implications of these findings, particularly
regarding income inequality and the distribution of benefits among different socioeconomic
groups [49].

Moreover, the results indicate that non-mining districts within mining provinces also
experienced significant benefits, with an increase of PEN 352.30 in per capita income. This
suggests the presence of positive externalities or spillover effects from mining activities,
which can enhance the economic conditions of surrounding areas. Such findings align
with the work of Mancini and Sala [48], who highlighted that while mining contributes
positively to monetary income and employment, it may also lead to negative consequences
related to land use and environmental degradation. Therefore, while the economic benefits
of mining are evident, it is crucial to balance these with sustainable practices to mitigate
adverse effects on local communities and ecosystems [35].

In terms of educational attainment, the observed increase of 12.27 percentage points in
the percentage of the 18-year-old population with secondary education in mining districts
is significant. This finding suggests that mining activities may contribute to improved
educational outcomes, potentially due to increased household incomes that allow families
to invest more in education. However, it is important to note that the study did not find
a corresponding increase in educational attainment for the population aged 25 years and
older. This discrepancy may indicate that while mining activities can enhance educational
opportunities for younger generations, they may also create economic pressures that
discourage older individuals from pursuing further education [50].

The relationship between mining and education is complex, as evidenced by the
findings of Yamada, Molina, and Veldsquez [51], who noted that resource booms can
slow the accumulation of human capital by increasing the opportunity cost of education.
This phenomenon may be particularly pronounced in mining regions, where lucrative job
opportunities in the mining sector can divert young individuals from pursuing higher edu-
cation. Similarly, Bishop [52] highlighted that mining booms in Australia led to increased
wages for lower-skilled jobs, raising the opportunity cost of education for many young
people. Therefore, while mining may provide immediate economic benefits, it is essential
to consider its long-term implications for human capital development [7].

The increase in the HDI by 0.09 points in mining districts further underscores the
positive impacts of mining on socioeconomic development. The HDI is a composite
measure that reflects not only income but also education and health outcomes. The observed
increase suggests that mining activities may contribute to overall improvements in living
standards. However, it is crucial to recognize that HDI improvements can be influenced
by various factors, including government policies, healthcare access, and community
development initiatives. Thus, while mining can play a role in enhancing the HDI, it should
be part of a broader strategy aimed at sustainable development [8].

The total impact of mining activities, which includes both direct and indirect effects,
reveals a nuanced picture of socioeconomic development in the Puno region. The total
impact on mining districts resulted in an increase of PEN 211.37 in per capita income
and an improvement of 0.10 points in the HDI. In non-mining districts within mining
provinces, the total impact led to an increase of PEN 248.83 in per capita income, a rise of
10.14 percentage points in the percentage of the population with secondary education, and
an enhancement of 0.10 points in the HDI. These findings suggest that mining activities
can generate substantial positive externalities that benefit not only the mining districts but
also the surrounding areas [8].
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However, it is essential to approach these findings with caution, as the positive im-
pacts of mining can be accompanied by significant challenges. Environmental degradation,
social disruption, and the potential for increased inequality are critical issues that must
be addressed to ensure that the benefits of mining are equitably distributed. The work of
Sher [53] highlights the potential negative consequences of mining on educational attain-
ment, particularly in regions where mining employment is prevalent. This underscores
the importance of implementing policies that promote sustainable mining practices and
support community development initiatives [35].

In relation to education, in this study, a positive impact was found on the increase in
the population aged 18 with completed secondary school and not on the years of education
of the population 25 years of age and older; these results are consistent with the findings
of Yamada et al. [51] that show the causal relationship between natural resources and the
accumulation of human capital during the mining resources boom (2004-2006). The authors
point out that booms slow down the process of human capital accumulation by increasing
the opportunity cost of studying and show that the Peruvian mining boom had a positive
impact on the probability of postsecondary school interruption. In addition, the likelihood
of young individuals remaining inactive increased. Along the same lines, Bichop [52] shows
that mining in Australia during the mining boom led to large increases in wages for many
lower-skilled jobs in mining regions, raising the opportunity cost of staying in school or
university for many students, particularly 15-24-year-olds and those in mining areas [52].
For their part, Ahlerup et al. [54], combining Afrobarometer survey data with geocoded
data on the discovery and closure dates of gold mines in Africa, show that, in districts with
a gold mine, adolescents have a significantly lower educational level, which suggests that
households make shortsighted educational decisions when gold mining employment is an
alternative. In countries where small-scale and artisanal mining predominate, at least one
child from each household participates in mining due to poverty [55].

Of 110 districts analyzed in the Puno region, 24.55% are in stratum 1, which have
improved the level of per capita income between PEN 235 and 1471. Most of these districts
are mineral producers; some districts such as Juliaca, Puno, and Azdngaro have a higher
population density and trade predominates. In stratum 2, there are 25.45% of the districts,
which have improved per capita income between PEN 65 and 235; in these districts, the
agricultural sector predominates and to a lesser extent commerce. In strata 3 and 4, there
are 50% of the districts whose income levels have been maintained and even decreased
between 2003 and 2019; in these districts, the agricultural sector predominates strongly
(Table 4 Figure 7).

Table 4. Variation in per capita income between 2003 and 2019.

Varla}tlon 1 pet Stratum Nu.mb.er Percent Predominant Sectors
Capita Income of Districts
(235, 1471 1 27 24.55% Mining, trade, agriculture
(65, 235] 2 28 25.45% Agriculture and trade
(—24, 65] 3 13 11.82% Agriculture
(—512. —24] 4 42 38.18% Agriculture
Total 110 100.00%

The analysis of per capita income variation across 110 districts in the Puno region
between 2003 and 2019 reveals significant disparities in socioeconomic outcomes, particu-
larly influenced by the presence of mining activities. The data indicate that 24.55% of the
districts fall into stratum 1, where per capita income increased between PEN 235 and 1471,
predominantly in mining districts. This suggests that mining activities have a substantial
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positive impact on local economies, particularly in areas where mineral extraction is a
primary economic driver. Districts such as Juliaca, Puno, and Azdngaro, characterized by
higher population densities and active trade sectors, exemplify this trend, highlighting the
interconnectedness of mining and urban economic activities [56].
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Figure 7. Change in per capita income in the Puno region between 2003 and 2019. Source: UNDP
2021 [39].

In contrast, stratum 2, which includes 25.45% of districts, shows a more modest
increase in per capita income, ranging from PEN 65 to 235, with agriculture and trade
being the predominant sectors. This indicates that while mining significantly boosts income
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in certain areas, other districts still rely heavily on traditional sectors, which may not
experience the same level of economic growth. The findings underscore the importance of
diversifying economic activities beyond mining to ensure broader regional development
and mitigate the risks associated with over-reliance on a single industry [57].

Strata 3 and 4, which encompass 50% of the districts, reveal concerning trends where
income levels have stagnated or even decreased between 2003 and 2019. These districts
are primarily agricultural, suggesting that the benefits of mining have not permeated all
areas of the Puno region. The predominance of agriculture in these strata raises questions
about the sustainability of income levels and the potential for economic vulnerability in the
face of external shocks, such as climate change or fluctuations in commodity prices. This
situation aligns with the resource curse theory, which posits that regions rich in natural
resources may experience slower economic growth and poorer development outcomes due
to factors such as corruption, conflict, and neglect of other sectors [58].

The observed variations in per capita income also reflect broader socioeconomic in-
equalities within the Puno region. The concentration of income growth in mining districts
raises concerns about income disparity and social cohesion. As mining activities gener-
ate wealth, it is crucial to ensure that the benefits are equitably distributed among the
population to prevent exacerbating existing inequalities. This is particularly relevant in
the context of the findings by Mancini and Sal [48], which highlight the dual nature of
mining’s impact—while it can enhance monetary income and employment, it may also lead
to negative consequences such as environmental degradation and social disruption [59].

Furthermore, the data indicate that the positive impacts of mining are not uniformly
experienced across all districts. The significant income increases in mining districts con-
trast sharply with the stagnation or decline in income levels in non-mining areas. This
disparity suggests the presence of spillover effects from mining activities that benefit
surrounding districts, yet it also points to the need for targeted interventions to support
those areas lagging in economic development. Policymakers must consider strategies that
promote inclusive growth, ensuring that the economic benefits of mining extend beyond
the immediate vicinity of mining operations [60].

In terms of educational outcomes, the positive impact of mining on the percentage
of the 18-year-old population with secondary education is noteworthy. The increase of
12.27 percentage points in mining districts suggests that higher incomes may facilitate
greater access to education. However, it is essential to contextualize these findings within
the broader educational landscape. The lack of significant improvements in educational
attainment for the population aged 25 years and older raises concerns about the long-term
implications of mining on human capital development. The opportunity costs associated
with mining employment may deter older individuals from pursuing further education [61].

Moreover, the findings indicate that while mining can enhance educational opportuni-
ties for younger generations, it may also create economic pressures that discourage older
individuals from investing in their education. This dynamic underscores the importance of
implementing policies that promote lifelong learning and skill development, particularly
in regions heavily reliant on mining. The potential for mining to divert attention and
resources away from education must be addressed to ensure that the benefits of economic
growth translate into sustainable human capital development [62].

The analysis of per capita income variation in the Puno region highlights the complex
interplay between mining activities and socioeconomic outcomes. While mining has gener-
ated significant income increases in certain districts, the disparities in economic growth
and educational attainment raise important questions about equity and sustainability. Poli-
cymakers must adopt a holistic approach that considers the broader implications of mining
on regional development, ensuring that the benefits are equitably distributed and that
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investments in education and other sectors are prioritized. Future research should con-
tinue to explore the multifaceted impacts of mining on socioeconomic indicators to inform
effective policy interventions that promote inclusive and sustainable development [63].

The future of mining in Peru, alongside global trends, is increasingly oriented toward
sustainable practices, technological innovation, and addressing socioeconomic disparities.
As one of the leading producers of various minerals, particularly copper and gold, Peru’s
mining sector significantly influences its economy, accounting for about 14% of the country’s
GDP and providing substantial export revenues [64]. Despite this economic reliance, the
sector faces serious challenges including environmental degradation, social conflicts, and
demands for responsible mining practices.

Recent studies indicate that the environmental impacts of mining are coming under
closer scrutiny. For instance, the management of mine tailings has emerged as a critical
issue. Innovative strategies like underground backfilling using mine tailings are being
explored as eco-friendlier solutions, thereby reducing the socioenvironmental conflicts often
associated with surface disposal methods [24]. Such approaches not only help mitigate
environmental damage but also aim to foster better relationships with local communities,
which have historically been resistant to mining projects due to past grievances. The
need for sustainable practices is underscored by the repercussions of unchecked mining
operations, particularly the pollution associated with the release of heavy metals into
surrounding ecosystems [65].

Moreover, the dynamics of mining governance in Peru reveal a complex interplay
between corporate interests and community rights. Large-scale mining operations con-
tinue to receive government backing, often at the expense of artisanal and small-scale
miners (ASMs) and local communities that depend on natural resources for their liveli-
hoods [66]. For example, during the COVID-19 pandemic, large-scale mining was exempt
from lockdown measures while ASMs faced severe restrictions, highlighting systemic
inequalities within the sector [67]. The demand for more equitable governance frameworks
has prompted community engagement initiatives where local stakeholders voice their
concerns and aspirations regarding mining activities [68].

On a global scale, the mining sector is undergoing transformation driven by advance-
ments in technology and shifts in market demands. An increasing focus on sustainability
and responsible mining practices is seen worldwide, with countries like Peru being part
of this trend. The incorporation of innovation in mining operations—such as utilizing
advanced drilling techniques and optimizing operational efficiencies—has the potential
to enhance production while minimizing negative impacts [69,70]. Furthermore, the inte-
gration of Corporate Social Responsibility (CSR) initiatives is becoming a vital component
in establishing trust and social capital within mining contexts, helping to reconcile the
tensions that often arise between mining companies and local communities [71].

In summary, the future of mining in Peru and globally is challenged by the dual im-
peratives of sustainable practice and socioeconomic equity. As the industry evolves, it must
reconcile its economic contributions with the urgent need for responsible environmental
stewardship and equitable treatment of affected communities. Continuous innovations
and robust policy frameworks will be key to shaping a mining landscape that contributes
positively to society while mitigating its adverse effects.

The interpretation of the findings from the analysis of mining’s impact on economic
development in the mining districts of Puno reveals a clear distinction between short-term
and long-term effects. In the short term, there is a significant increase in per capita income,
indicating immediate economic improvement in mining areas. This short-term growth is
driven by mining activity, generating both direct and indirect employment and boosting
financial flows in the region.
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The positive short-term effects extend beyond the mining districts, impacting neigh-
boring areas. This suggests that the economic growth driven by mining also benefits
surrounding communities, contributing to an overall improvement in income levels and
access to basic services.

In the long term, the results show that mining’s impact on human development and
inequality reduction becomes more apparent when the generated income is invested in
education, infrastructure, and health. These investments improve Human Development
Indices (HDIs), suggesting that mining profits can significantly enhance living conditions
by providing better access to services and development opportunities. This, in turn, creates
a more skilled workforce, leading to long-term productivity and competitiveness gains.

However, the sustained long-term growth depends on the proper management of
mining revenues. In districts where mining profits have not been properly directed toward
strategic investments, long-term benefits tend to be more limited. This highlights the
importance of public policies that promote economic diversification, ensuring that mining-
dependent areas develop beyond just the mining sector. The findings indicate that mining
has positive effects in both the short and long term. However, for these benefits to be
sustainable, local authorities must manage the generated resources effectively, ensuring
investments are focused on improving social and economic conditions in the long run.
Thus, mining can contribute not only to immediate economic growth but also to structural
transformation that reduces inequality and fosters sustainable, inclusive development.

In Puno, the mining industry plays a crucial role in shaping educational demands,
especially for secondary education. The industry requires a workforce skilled in areas
such as engineering (particularly mining and civil engineering), geotechnical sciences,
metallurgy, and environmental management. Secondary education programs that focus
on technical skills related to machinery operation, mining safety, and environmental pro-
tection are highly valued. Additionally, there is a growing need for training in areas like
sustainable mining practices, which address the increasing focus on environmental and
social responsibility in the mining sector. Programs that integrate theoretical knowledge
with hands-on experience in mining processes, along with certifications in specialized
fields like occupational health and safety or mine surveying, are particularly in demand.
By aligning secondary education with these industry needs, Puno can better equip its
youth with the skills necessary to thrive in the mining sector while fostering sustainable
economic growth.

5. Conclusions

The mining sector has both positive and negative impacts on socioeconomic indicators
in the Puno region. On the positive side, mining significantly contributes to tax income,
exports, employment, investment, and household income. Specifically, the Puno region, rich
in metallic mineral resources, has seen a substantial rise in gold and tin production, with
gold production ranking fourth nationally and tin production being led by the San Rafael
mine, the country’s largest producer. This mining activity has driven the region’s economic
growth, with mineral exports accounting for 99% of total exports in 2020, highlighting the
sector’s central role in the regional economy.

However, the benefits of mining are unevenly distributed across districts. The data
show that while the average family income per capita increased from PEN 214 in 2003
to PEN 347 in 2019, the income disparity between districts widened. Mining-producing
districts experienced more significant income growth, contributing to a growing income
gap compared to non-mining districts. This inequality underscores the need for strategies
to ensure that the economic benefits of mining are more evenly shared across the region.
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In terms of education, mining has had a positive impact on the percentage of the
18-year-old population completing secondary education, which increased from 54% in
2003 to 68% in 2019. Despite this progress, the overall educational attainment for the
population aged 25 and older showed only a modest increase, indicating that while younger
generations may be benefiting from mining-related economic opportunities, long-term
human capital development remains limited.

Overall, while mining has been a catalyst for economic growth in the Puno region,
it has also contributed to widening income inequality and only modest improvements in
educational attainment. These findings suggest a need for policies that address the unequal
distribution of mining’s benefits and promote more inclusive socioeconomic development.

The study reveals a positive impact of mining on per capita income at the district
level in the Puno region between 2003 and 2019, with an increase of PEN 299.83. However,
districts where agriculture predominates have seen stagnation or even a decline in per
capita income levels. This suggests that while mining has boosted incomes in certain areas,
it has also exacerbated economic disparities between districts with different predominant
economic activities.

Regarding education, mining has had a positive effect on the percentage of the 18-year-
old population completing secondary education. However, it has not significantly impacted
the years of education for the population aged 25 and older. The increase in mineral prices
has raised the opportunity cost of studying for young people, leading many to leave school
to work in mining, particularly in regions where mining and poverty are prevalent. This
trend indicates that while mining may provide immediate economic benefits, it may also
hinder long-term human capital development.

Finally, the study highlights that the income gap between mining and non-mining
districts has widened between 2003 and 2019. This growing disparity may contribute
to the social discontent observed in Peru. Therefore, it is crucial for the government to
implement mechanisms to ensure a more equitable distribution of income generated from
mining activities.

6. Recommendations

Promoting Inclusive Economic Development through Regional Policy: In response
to the widening income disparity between mining and non-mining districts in Puno, it is
essential for the government to implement policies that ensure the equitable distribution of
the benefits generated by the mining sector. This could include investing in infrastructure,
public services, and economic diversification programs in non-mining districts to foster
sustainable growth beyond mining. Targeted social programs should be designed to
support communities in agriculture-based regions to mitigate the negative impacts of the
mining sector’s growth on their economies and well-being.

Enhancing Education and Skills Development Programs: While mining has positively
impacted secondary education completion, the modest improvements in educational at-
tainment for the population aged 25 and older highlight the need for educational reforms.
It is recommended that the government, in collaboration with the private sector, invests
in adult education and skills development programs, especially in mining-heavy districts,
to ensure lifelong learning opportunities. Moreover, promoting technical and vocational
education aligned with the mining industry’s needs would help better prepare youth for the
workforce, increasing their employability while addressing the potential loss of long-term
human capital.

Encouraging Sustainable Practices in Mining and Education Integration: To address
the challenges mining poses to long-term human capital development, it is crucial to
integrate education with sustainable mining practices. Schools should include curriculum
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on the environmental and social impacts of mining, alongside skills training specific to the
mining sector’s future, such as green mining technologies and post-mining rehabilitation.
By encouraging responsible mining practices and offering a more holistic approach to
education, the government can help prevent the resource sector from impeding long-term
development while ensuring a skilled workforce for the future of the industry.
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