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Abstract

Addressing the pressure that population growth puts on the

environment has become a high-level policy priority.

Less discussed is the role of population decline in either

enhancing or degrading the natural environment, and how

the its reshaping can help new forms of de-peripheralization

and de-marginalization. A long-term trajectory of marginali-

zation and peripheralization of depopulating places can be

reversed in certain situations by adopting a more holistic

and sustainable analytical and policy framing. To do this,

here we integrate different types of diagnosis frameworks.

The first, based on factors that the literature indicates as

factors leading to negative effects of depopulation, for

which the revitalization of such places is suggested, and the

second, proposed in this paper, which adds the integrity of

the ecosystems involved in places undergoing depopulation

processes. Our findings suggest that as we add ecosystem

integrity factor to observations, in some cases, revitalization

is possible even in the localities displaying the potentially

negative effects of depopulation decrease. This suggests

that whereas in some places a policy-managed abandon-

ment may be appropriate to release human pressures over
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such degraded ecosystems, in other cases, revitalization

may be a viable alternative for such settlements.

K E YWORD S

depopulation, ecosystem integrity index, marginalization,
peripherality, supply and demand of ecosystem services

1 | INTRODUCTION

Recently, the United Nations (UN) called for an urgent Decade on Ecosystem Restoration from 2021 to 2030 that ‘aims

to prevent, halt and reverse the degradation of ecosystems on every continent and in every ocean, which can help to

end poverty, combat climate change and prevent a mass extinction’ (UNEP, FAO, 2020). Global crises face at least two

major challenges. On the one hand, deep poverty and marginalization occur in many regions of the world, and on the

other, depletion and degradation of natural environment have passed thresholds in many regions of our planet.

Marginalization is a phenomenon that is expressed in the relegation of an individual or group to conditions

of disadvantage, exclusion, or inferiority, that is, to the margins or periphery of their context. Marginalization is a

multidimensional phenomenon that includes economic and financial (Dimitrov, 2016; Murakami & Hamaguchi, 2021;

Tagai et al., 2018); cultural, political, or institutional (Baah et al., 2019; Melgaço, 2021; Molla, 2018), demographic

(Dimitrov, 2016; Heffner & Latocha, 2020; Tagai et al., 2018); and environmental and ecological (Fuerst-Bjeliš, 2020;

Kousis, 1998; Levers et al., 2021; Malin et al., 2019; Nayak et al., 2014) dimensions.

In this study we understand depopulation as a manifestation of marginalization that can be deepened by the

inability of the remaining inhabitants to satisfy their demand for the services that ecosystems can provide them.

The links between population decline and ecological responses are documented in the literature (Agnoletti

et al., 2019; Angelstam et al., 2021; Benayas et al., 2007; Brandolini et al., 2018; García-Ruiz & Lana-Renault, 2011;

Lasanta et al., 2015; Martínez-Abraín et al., 2020; Plieninger et al., 2014, 2015; Rimal et al., 2019; Rodrigo-Comino

et al., 2018; Sitzia et al., 2010; Uchida & Ushimaru, 2014; Van Leeuwen et al., 2019). Population decline often leaves

settlements partially or entirely derelict, with complex ecological and environmental consequences. In some cases,

the ecological effects are conceived as being positive, given that nature may reclaim these largely abandoned places,

with re-wilding processes occurring naturally. In other cases, depopulation in regions with arid climate, traditional

agriculture systems, or in mountainous areas is associated with negative environmental effects, including land aban-

donment. We call arid climates, presence of traditional agricultural systems, and location in mountainous areas as

Factors of Negative Ecological Effects of Depopulation (FNEED).

The aim of this study is to explore the possibilities of ecological restoration and reversal of marginalization in

regions with diverse conditions of ecological integrity where marginalization derived from depopulation. We apply

the concept of ecosystem integrity (Conabio-Geoportal, n.d.; Mora, 2017) as a variable depending to some degree

on the presence of FNEED, and as a variable with the potential to inform the capacity of ecosystems to provide their

services demanded by the remaining inhabitants in depopulated settlements. We examine the extent to which the

balance between the capacity of ecosystems to provide services to inhabitants in depopulating areas offers

opportunities for helping regions undergoing peripheralization and marginalization to revitalize. Our approach allows

us to propose a diagnostic guide that could help designing public policy recommendations for the revitalization of

settlements undergoing depopulation.

Mexico was selected as a case study. Mexico is a country that has recently gone from decades of high population

growth to fertility rates just above replacement levels, and with an expected long-term national population decline for

the remainder of the current century. Today, population decline is a phenomenon that is experienced in all parts of

Mexico. There are currently 199,390 settlements in the country (INEGI, 2020), and about 36% of them showed a
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population decline during the period 2000–2020, and 16% of settlements have been completely abandoned and offi-

cially classified as ‘in walls or ruins’ or ‘vacated’ (INEGI, 2021). The detailed patterns of localized population decline in

Mexico are seen to cover many different regions, natural environments, and types of geographies (Castillo-Rivero et al.,

2021), and Mexico provides an interesting test case for examining the ways and the extent to which depopulation is

associated with marginalization, peripheralization, or ecological recovery.

We combine indices capturing information on the ecological integrity of local ecosystem with information on

the demand for ecosystem services by local residents. We do this in different topographical and physiographic

contexts facing depopulation to investigate the potential for local ecological revitalization as a means of reversing

socioeconomic peripheralization and marginalization. We find that even in places with classic physiographic features

associated with depopulation and socioeconomic peripheralization and marginalization, there are notable cases in

which ecological recovery is perfectly viable. This gives grounds for plausible policy approaches aimed at local

revitalization based on ecological principles.

To examine these issues, the rest of the article is organized as follows. The second section presents a conceptual

framework framed around the current literature and evidence. In the third section, we present the methods

employed in this research and outline the distinctiveness and novelty of the approach adopted. In the fourth section,

the results are presented, and in the fifth section, we provide some conclusions of this study.

2 | CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW

2.1 | Demographics and ecosystems

The changes in ecosystems derived from human intervention are undeniable, and population growth and rapid

urbanization processes in the world have played a key role in this. However, global population growth trends point

to demographic decline by mid-century and for the rural areas by 2020 (Coleman & Rowthorn, 2011; UN, 2018),

bringing an end to a period of almost uninterrupted worldwide population growth for about three centuries

(Cilluffo & Ruiz, 2019; Lutz & Gailey, 2020; Lutz et al., 2001). The mechanics of decline can be traced to a prolonged

reduction in fertility nearly everywhere in the world, to a greater or lesser extent depending on the region, so by

mid-century, the structural changes will be well on their way to turning growth into decline for many parts of the

world (Harper, 2016; Reher, 2007).

These complex demographic trends give rise to different implications in terms of relationships between

population change and the pressure humans exert on ecosystems, either due to their intervention and alteration of

ecosystems or to their abandonment or cessation of such interventions. The ecological impacts of human

intervention and the alteration of ecosystems are very clear. Between 1960 and 2000, the world population doubled

to 6 billion people, which led to increasing demand for ecosystem services and modification of the planet’s biomes.

While tropical dry forests have been the most affected by agricultural conversion, temperate grasslands, broadleaf

forests, and Mediterranean forests have also been converted to agricultural use by up to 35% (MA, 2005). The pres-

sures on ecosystems due to agricultural conversion have contributed to climate change, and have also resulted in

being sources of contamination for water bodies due to the deposition of synthetic fertilizers and pesticides and the

implementation of irrigation systems, as well as causing the loss and fragmentation of the habitats of animal and

plant species (Hardelin & Lankoski, 2018, IPBES, 2018). In addition, the increase in demand for meat and other ani-

mal products has led to the intensification and continuous extension of the use of the world’s pastures for livestock
in marginal land areas in bioclimatic and edaphological terms, with triggered desertification, wood encroachment,

and deforestation (Asner et al., 2004).

The increased demand for products derived from agriculture and forestry has resulted in a loss of 13 million

hectares of forests per year, equivalent to the size of Greece (Jenkins & Schaap, 2018; UN, 2022). In addition, the

deterioration of the drylands has resulted in the desertification of 3.6 billion hectares equivalent to more than 20%
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of the total area of the terrestrial globe (Jenkins & Schaap, 2018). Deforestation and desertification have led to

climate change, and thus have had a regressive impact on the fight against extreme poverty, given its negative impact

on the lives and livelihood of millions of people worldwide. In the same vein, urbanization processes in the world

have had adverse effects on the ecosystems within cities through the increase of built-up areas and nitrogen

deposition that promotes eutrophication, soil acidification, and poor air quality (Decina et al., 2020), as well as

encroaching into rural areas (MA, 2005). Climate change and land use change are estimated to be the main causes of

global biodiversity loss by 2050 (OECD, 2012).

However, as mentioned before, negative ecological impacts have been observed from the other side of the

demographic coin, that is, from scenarios in which there is a cessation of human intervention in ecosystems.

Traditional extensive small-scale agricultural systems, sustained for centuries, are home to a high diversity of plant

and animal species. About 90% of all farms in the world are traditional agricultural systems and cover 60% of the

planet’s arable land (Queiroz et al., 2014). In Latin America, examples of such traditional land-use systems are the

cultivation of cocoa or milpa; in Japan Santoyama landscapes, and in Europe oak wooden pastures. Scholars show

that the depopulation and consequent abandonment of these traditional agricultural systems leads to the loss of

biodiversity, esthetic and cultural landscape values, and sources for sustainable livelihood for remaining populations

(Angelstam et al., 2021; Benayas et al., 2007; Lasanta et al., 2015; Plieninger et al., 2014).

Other ecological impacts have been documented, such as greater susceptibility to fires due to the lack of land

management, soil erosion, alterations in carbon sequestration and the hydrological cycle (Lasanta et al., 2015), and

the degradation of natural wildlife refuges resulting in wild animals moving into human settlements (Martínez-Abraín

et al., 2020). Although the adverse effects of agricultural land abandonment depend on the specific geographical,

socioeconomic, and political contexts, in general stronger adverse effects occur, mainly in extensively deforested

areas, regions with arid climates, and mountainous areas (Benayas et al., 2007; García-Ruiz & Lana-Renault, 2011;

Sitzia et al., 2010).

2.2 | Ecosystem integrity index

An important element of our approach involves linking an ecological integrity index to the issue of depopulation.

Figure 1 sketches out a simple schema that links depopulation as a situation of marginalization with the ecosystem

integrity of the locality. Demographically vulnerable localities in arid, mountainous, or traditional agricultural areas

are also often vulnerable to low levels of ecosystems integrity, in which the local demand for ecosystem services

cannot be provided by the local ecosystems. In these cases, depopulation means that these localities can find

themselves becoming increasingly peripheral and marginalized in the ecological dimension, deepening the

generalized situation of marginalization.

In our research linking depopulation to socioeconomic peripheralization and marginalization, we employ an

ecosystem integrity index (EII), which, according to Semarnat (2015), captures the ‘conditions in which ecosystems

are found, not only in their quantity (land-cover) but in their quality (in terms of the integrity of their components,

interactions, and processes)’. The ecological integrity of ecosystems is a characteristic resulting from processes and

mechanisms that sustain complex ecological interactions, including predator–prey hierarchies. The concept of an EII

is understood as a latent and complex variable, which is based mainly on spatial information and theoretical models

of ecological hierarchies (Mora, 2017). When ecological degradation occurs, the ecological hierarchy is interrupted,

and the EII can be used to help identify the presence of those interruptions due to ecosystem degradation.

In Mexico, the National Commission for the Knowledge and Use of Biodiversity (CONABIO) provides an

EII measure (Conabio-Geoportal, n.d.; Mora, 2017) specific to the ecological features of Mexico. The theoretical

model and analysis framework of the EII is based on data on the interactions of the predator–prey systems for

239 species of mammals in Mexico as a function of the changes registered in their potential habitat and their

current conditions (Mora, 2017). Methodologically, the ecological integrity model includes a spatial analysis based
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on geographic information and expert knowledge on predator–prey interactions. Through a niche-based species

distribution model (SDMs), the major variables were defined to build the conceptual framework used in the

theoretical model and subsequently serve for hypothesis testing through a structural equation model (SEM).

The SEM estimates the values of the latent hypothesized unobservable variables that add important information to

the analysis of the ecological interactions and to the overall knowledge of ecological integrity (Mora, 2017).

We then link these data to demographic data at the local and regional levels, in very different topographical and

physiographic contexts.

3 | METHODS

To detect regions with FNEED, we analyzed the spatial distribution of depopulating settlements within different

types of ecosystems existing at the national scale in Mexico. For identifying mountainous areas in Mexico, we

used the polygons data available in a special dataset called El Relieve como atractivo natural (Conabio, 2008).

The ecosystems were associated with land covers that obey different ecological and anthropogenic units, using the

Union Layer classification, which integrates in a single digital layer information on the distribution of the vegetation

covers according to the National Institute of Statistics and Geography (INEGI) Land Use and Vegetation classification

system (INEGI, 2017). Then, through literature review, we identify their services (Balvanera et al., 2009)

(See Annex A1).

To identify depopulating settlements, we used census data for 2000 and 2020 (INEGI, 2000, 2020) with the

dataset from the Historical Archive of Geostatistical Locations to identify disappeared settlements, officially declared

as ‘in ruins or walls’ or ‘unoccupied’ (INEGI, 2021); and the national point vector georeferencing framework.

We selected settlements in which population decreased from 2000 to 2020. All identified depopulating settlements

were intersected with Union Layer classification from INEGI corresponding to the year 2017 in a new layer to iden-

tify the land use/covers in each selected settlement using a geographic information system (GIS) (INEGI, 2017).

The set of depopulating settlements existing in 2020 were intersected with land use/cover layer corresponding to

the year 2017 (INEGI, 2017).

F IGURE 1 Marginalization. Demographic and ecological dimensions through low ecosystem integrity.
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3.1 | Study area

On the local scale, we selected 37 settlements within three provinces with different physiographic characteristics:

(1) Eje Neovolcánico, (2) Sierra Madre Occidental, and (3) Sierra Madre Oriental. These three provinces represent

contrasting ecological (Figure 2) and demographic characteristics (Table 1).

The Eje Neovolcánico province, in the center of the country, has large chains of volcanos, the highest peaks of

the country, and is more than 5,000 m above sea level (MASL). This physiographic province extends from the western

coast of the Pacific Ocean to the eastern coast of the Gulf of Mexico. This province has the largest number of settle-

ments and population in the country (Table 1). This might be one of the reasons why this physiographic province has

the highest levels of ecosystem degradation. Apart from settlements, its predominant land cover is arable land.

The Sierra Madre Oriental province is a narrow mountainous system formed mainly by folded sedimentary rocks

and extending from the northeast and lying parallel to the Gulf of Mexico until it reaches the center fringe of the

country. Although its territorial extension is slightly more than one-third greater than the Eje Neovolcánico province,

the density for both its settlements and population is only 27%, and 6%, respectively, compared with that of the Eje

Neovolcánico province, reflecting lower levels of local ecological degradation. Its predominant land cover is

shrubland.

The Sierra Madre Occidental province is the most extended mountainous system of the country, ranging from

the northwest and traversing across all of the western side of Mexico. Its mountains range from 2,440 MASL to

3,500 MASL, constituting the western sheer steep edge of the central and arid plateau of the country. It is the least

populated province among the selected ones. This province also has the lowest degrees of ecological degradation in

comparison with the most populated Eje Neovolcánico province. The predominant land cover is forest.

3.2 | Linking ecosystem services supply and demand, land covers, and ecosystem
integrity

Following the approach of Burkhard et al. (2012), we develop a supply matrix (Annex A3) that spatially links the land

use/cover units of each studied settlement with ecosystem services (Annex A1). To approach the ecosystem capacity

to provide such services, the EII was identified for each settlement (Conabio-Geoportal, n.d.; Mora, 2017) (Table 2).

Each matrix cell is filled with colors. High values (red) are assigned when the EII is equal to or greater than 70%; inter-

mediate values (yellow) are assigned when the EII is equal to or greater than 50% and less than 70%; low values

(orange) are assigned when the EII is less than 50%; the cell is empty when the ecosystem did not provide the service

(Table 2). Since a vector of settlements is punctual, and considering how restrictive it is to assign the EII only to a

vector point, we have added an extra qualification considering a broader spatial vision. Because the studied settle-

ments are distributed in three physiographic provinces in which one type of land cover dominates – agriculture,

scrubland, or forest (Figure 2) – each studied settlement was also linked to the EII of the dominant land cover.

3.3 | Demand for ecosystem services

To capture the local demand for ecosystem services, we did 132 face-to-face interviews in 37 settlements following

the methods presented in Elbakidze et al. (2017). The respondents were randomly approached, and their gender and

age were balanced as much as possible during the process of data collection. The interview manual was developed

using Survey Monkey software (www.surveymonkey.com). The respondents were asked to select the ecosystem ser-

vices that they considered important for their well-being from a predetermined list of ecosystem services using four

options: important, slightly important, not important at all, and do not know (Annex A2). The ecosystem services clas-

sification was based on the Millennium Ecosystem Assessment (MA, 2005), including provisioning, regulating, and

6 CASTILLO-RIVERO ET AL.
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supporting services. We deliberately did not provide any definition for the term ‘well-being’. Instead, each respon-

dent had their full freedom to interpret it as they perceived it. To avoid any confusion regarding meanings of listed

ecosystem services, each ecosystem service was clearly introduced to respondents with explanations and examples.

In Table 2 we present the features of the demand matrix linking the settlements visited for the fieldwork and

ecosystem services locally demanded (Annex A3). As with the supply side, each cell is color coded. High values are

depicted as red and are assigned when the respondent said that the ecosystem service was important for their well-

being, intermediate values are depicted as yellow and were assigned when the respondent said that the ecosystem

service was slightly important for their well-being, and low values depicted as white were assigned when the respon-

dent said that the ecosystem service was not important at all for their well-being.

The demand of ecosystem services, as revealed by the stated preferences of the fieldwork interviewees, was

contrasted with supply of ecosystem services, estimated by the EII variable (Figure 4). In the case of our matrices,

when it is said that the supply is greater than the demand, or vice versa, it refers to the fact that the capacity of

the local ecosystems to supply is greater/lower than the importance assigned to them by local inhabitants for their

well-being. After obtaining the matrix of the balance between supply of and demand for ecosystem services from

Table 2, these balances have been contrasted for each settlement as to whether they present FNEED or not.

3.4 | Factors for negative ecological effects of depopulation (FNEED)

As already mentioned, the factors widely discussed in the literature in which depopulation has shown negative eco-

logical effects due to land abandonment (FNEED) are traditional agroecosystems, arid climate, and mountainous

areas. Each of these key geographical vulnerabilities are widely present in Mexico.

TABLE 1 Demographics of selected physiographic provinces.

Province Area (km2) Settlements
Settlement density
(per 100 km2)

Total
population

Population density
(per km2)

1. Eje Neovolcánico 158,516.1009 35,647 22 51,704,959 326

2. Sierra Madre Oriental 220,200.0741 14,054 6 4,638,681 21

3. Sierra Madre

Occidental

354,466.8085 22,284 6 3,115,037 9

TABLE 2 Combinations of categories of supply and demand for ecosystem services for the depopulating
settlements visited in fieldwork.

8 CASTILLO-RIVERO ET AL.
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3.5 | Traditional agriculture

In Mexico, traditional agriculture is composed of the milpa. The milpa is a traditional polyculture system, whose main

species is corn, accompanied by species such as zucchini, beans, chilies, and tomatoes. In addition, around 300 edible

plants, some domesticated and some wild, have been registered as all dependent on the Mexican milpa system. Each

species reaches different heights when growing and spread out differentially. Corn grows upward, zucchini to the

sides, beans and edible herbs occupy the intermediate spaces, and other edible plants are interspersed or on the

margins of the milpa. This structure allows the species to not compete with each other, maintaining an optimal soil

fertility, a better fixation of its nutrients, and a greater possibility of biological control of pests. The milpa provides

habitats for many animal and plant species, constituting an ecosystem rich in genetic and cultural resources, and

serves as the food base for millions of Mexican families (Conabio, 2016). Given the great diversity of climatic condi-

tions in the country, and the vast species cultivated, the milpa is characterized as regularly rainfed agriculture, but of

differing durations. In this work, we consider annual, permanent, or semi-permanent rainfed agriculture milpa.

3.6 | Arid climate

In Mexico, the arid and semi-arid climates are classified with an average annual rainfall of 300 mm to 600 mm, having

two variants: a warm one with an average annual temperature greater than 18 �C and a cold one with lower temper-

atures. The very arid climate regions register average temperatures of 18 �C to 22 �C, with extreme cases of more

than 26 �C, and with annual rainfalls of 100 mm to 300 mm on average (García, 1988; Semarnat, 2010;

Vidal-Zepeda, 2005).

3.7 | Hills and mountains

Approximately one-third of Mexico is flat, and more than the half of the national territory is above 1,000 MASL

(García-Martínez, 2008). Svarichevskaya (1978) classifies mountains into a scale for an entire continent: the

highest (over 5,000 m), high (3,000 m to 5,000 m), intermediate (2,000 m to 3,000 m), and low (1,000 m to

2,000 m); hills (600 m to 1,000 m), intermediate (300 m to 600 m), and low (up to 300 m) (Svarichevskaya, 1978

cited in Conabio, 2008; Lugo-Hubp, 1989). A very significant share of Mexico is therefore characterized by land-

scapes ranging from low to high mountainous areas.

4 | RESULTS AND DISCUSSION

4.1 | National scale

We show proportions of depopulating settlements considering FNEED in Mexico. According to the literature, when

depopulation occurs in zones with traditional agriculture, some negative consequences can occur, such as soil ero-

sion, loss of biodiversity and homogenization of the landscape, and loss of esthetic and cultural landscape values and

sources for sustainable livelihood for remaining populations (Agnoletti et al., 2019; Angelstam et al., 2021; Benayas

et al., 2007; Brandolini et al., 2018; Lasanta et al., 2015; Plieninger et al., 2014, 2015; Uchida & Ushimaru, 2015;

Van Leeuwen et al., 2019). About 29% of the Mexican settlements in depopulation were located in these kinds of

territories (Table 3).

The adverse effects can be deepened when land abandonment in such territories is accompanied by arid climate

and location in mountainous areas; in such cases, depopulation leads to soil erosion, changes in the hydrological cycle

CASTILLO-RIVERO ET AL. 9
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and freshwater supply, and increased fire frequency. About 21% of the settlements in depopulation are located in

territories with traditional agriculture in mountainous areas. About 6.5% are located in territories with traditional

agriculture and arid climate, and 4.2% are located in areas that meet all these characteristics.

As Figure 3 shows, depopulating settlements are scattered all over Mexico. Each of the types of vulnerable

topographies and geographies outlined above are present across whole swathes of Mexico, such that the

peripheralization and marginalization vulnerabilities examined in the paper affect many parts of the country.

These settlements are at risk of becoming more peripheral both in demographic and ecological terms given the

negative effects of depopulation and the vulnerability of the local ecosystems and their likely inability to provide for

the remaining populations. As shown in Figure 3, they are spread across vast areas of Mexico and are not confined

to any one particular part of the country.

At the same time, as we see in Figure 4, many of the areas that are also characterized by weak and vulnerable

ecosystem integrity tend to be in the central regions of Mexico, both mountainous regions at altitude and low level

and coastal regions, as well as some areas in the northern arid regions. Both depopulation (Castillo-Rivero et al.,

2021) and ecosystem vulnerability are features of many parts of Mexico and are not evident solely in a small number

or types of places.

4.2 | Local scale

In our fieldwork, the respondents demanded a wide range of ecosystem services; this is why the matrices for the

ecosystem services demanded by the respondents in the studied settlements are generally full (Annex A3). However,

the matrices of service supply provided by local ecosystems are quite pallid due to the high level of ecosystem degra-

dation in and around the studied settlements, especially in the Eje Neovolcánico province. In this province, 88% of

respondents’ selections of ecosystem services as ‘important’ or ‘slightly important’ for their well-being were linked

to ecosystems with low supply capacity (EII ≥ 0 < 50%). About 17% of respondents’ selections were linked to eco-

system with low supply capacity in the Sierra Madre Occidental province, and 7% in the Sierra Madre Oriental

(Annex A3).

Out of 37 studied settlements, 35 presented FNEED, and 21 out of those 35 settlements showed negative

supply and demand ratios. In these 21 settlements, the condition of demographic marginalization is reinforced by

ecological marginalization. The other 14 settlements showed only positive ratios, even though all FNEED features

were present in some of them (in 6), namely traditional agriculture and being both arid and mountainous. In these

settlements, the situation of demographic marginalization is not deepened by ecological marginalization. We also

observed that there were two settlements with no FNEED features, even though one also showed negative supply

and demand ratios, while the other showed positive ratios (Figure 5).

The differences between the provinces studied should be noted. Practically all of the 13 out of 14 settlements

that presented FNEED and positive supply–demand ratio belong to the province with intermediate levels of

TABLE 3 Depopulating settlements with FNEED in Mexico (2000–2020), %.

FNEED %

Traditional agriculture 29

Traditional agriculture and mountainous zones 21

Traditional agriculture and arid climate 6.5

Traditional agriculture and mountainous zones and arid climate 4.2

Abbreviation: FNEED, Factors of Negative Ecological Effects of Depopulation.

Source: INEGI (2017). Conabio (geographic metadata catalog) based on Lugo-Hubp et al. (1992).
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population density and low settlement density, in comparison with the other physiographic studied provinces

(Table 1), and whose dominant land cover is shrubland –the Sierra Madre Oriental. This difference suggests that in

this province, although its settlements presented FNEED, depopulation has not been translated into ecosystem deg-

radation. These cases point out the existence of important factors accompanying the presence of FNEED that can

influence the integrity and capacity of its ecosystems to offer their services. These factors may be related with

regional density of settlements and population, regional dominant land cover, and probable rates of population

F IGURE 5 Negative supply and demand ratio. Diagnoses of depopulation effects.

CASTILLO-RIVERO ET AL. 13
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decline (the duration period, long or short, in which depopulation has been crossing the region, in the case in which

depopulation is a young phenomenon there, and its ecological impacts not having been manifested yet).

4.3 | A diagnosis guide for public policy

To propose a diagnostic guide, the attributes of each settlement are observed. Such attributes obey two fundamen-

tal aspects: on the one hand, the presence of FNEED, and on the other hand, the balance between supply and

demand of ecosystem services (ES). The basic recommendations for those settlements presenting FNEED is revitali-

zation, meanwhile for those with negative supply and demand ratios there is an opportunity for ecological

restauration. The analysis of the ES supply–demand ratio shows that there are various cases in which an ecologically

led revitalization option looks entirely plausible. However, for settlements that are located in areas with FNEED and

display a negative balance as well, the recommendation would depend on the specific features in each particular

case. This is because a revitalization option is compromised by ecosystem degradation and its low capacity to deliver

the ecosystem services demanded. In some cases, this ultimately results in a deepening of the peripheralization and

marginalization of the settlements in question. Table 4 sets out the combinations of FNEED features, the supply

and demand characteristics of the locality’s ecosystem integrity, and the likely diagnoses and policy

recommendations.

In Figure 5 we show the diagnoses link to recommendations for the studied cases. The y-axis shows the percent-

age of scores when the supply of ES was less than the demand, per settlement (see balance matrix in Annex 3). On

the x-axis, we show the situation of all the settlements, presenting FNEED or not. Each point represents each settle-

ment. The settlements that are in the upper part of the figure are those with a high percentage of cases with a nega-

tive balance between supply and demand. As observed, most of these cases are of settlements with FNEED that lie

in category 3 of Table 4. On the other side, the lower part of the figure contains the settlements with a low percent-

age or zero cases with a negative balance between supply and demand. These settlements lie in category 1 of

Table 4, for which revitalization is recommended.

As seen in Figure 5, the majority of the fieldwork localities facing population decline are areas in which

depopulation and socioeconomic peripheralization are also places where ecological degradation is also a resulting

key feature. The future for these places is uncertain at best, and in all likelihood, increasingly problematic both

demographically and ecologically. At the same time, there are a small number of localities where the possibilities

for revitalization, including ecological responses, are very realistic. These are grouped at the foot of Figure 5.

These insights of differential socioeconomic–ecological trajectories have been driven by linking empirical

measures of EII to the perceptions and insights of local inhabitants derived from fieldwork interviews. This

multi-methods approach provides a way forward for policymakers to consider priorities and opportunities for

revitalization and redevelopment on sustainable grounds in places experiencing peripheralization and

marginalization.

TABLE 4 Diagnoses guide and policy recommendations.

Category Supply and demand ratio FNEED Diagnoses Recommendations

1 S ≥ D Yes Depopulation can negatively impact Revitalization

2 S ≥ D No Depopulation has no negative

impacts

Opportunity for ecological

restoration

3 S < D Yes Depopulation can negatively impact Uncertain

4 S < D No Depopulation has no negative

impacts

Opportunity for ecological

restoration

Abbreviation: FNEED, Factors of Negative Ecological Effects of Depopulation.
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5 | CONCLUSIONS

This article addressed two dimensions of regional and local peripheralization and marginalization, namely demo-

graphic decline and ecological degradation, and explored how they can be mutually reinforcing by introducing the

concept of ecosystem integrity. At the national scale we explored most notable factors that tend to be associated

with negative ecological impacts (FNEED) on places. At the local scale, we identified that the ecosystems in

depopulating settlements with FNEED tend to present lower levels of ecological integrity, and the supply of ecosys-

tem services tends to be lower than the demand. We proposed a diagnostic guide for public policy intended to point

to the possibilities of ecological restoration and the reversal of peripheralization and marginalization in a depopula-

tion context.

At the local scale the importance of other factors emerges in different contexts that accompany the presence of

FNEED. In this study, those different contexts were marked by the different characteristics of provinces under analy-

sis. We found that the population and density of settlements, as well as dominant land cover, which reflect some of

the differentiating characteristics between the studied provinces, can play an important role in how the FNEED influ-

ences ecosystem integrity within the depopulating contexts. Fieldwork research specific to a country or set of

regions is necessary to better understand these factors in different places and how they might contribute to the

deepening or ameliorating of demographic marginalization and peripheralization.

In general, however, we conclude that the joint observation of population decline together with ecological integ-

rity and the supply–demand balance of ecosystem services opens the new way for considering more integrative

policies in these complex environments facing demographic peripheralization and marginalization. If depopulation

has negative effects on the integrity of the local ecosystems, then these local ecosystems will lose their capacity to

supply the services needed by local inhabitants for their well-being, thus deepening the demographic

peripheralization and marginalization in which the remaining populations live.
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Tagai, G., Bernard, J., Šimon, M., & Ko�os, B. (2018). Two faces of peripherality: Labour markets, poverty, and population

dynamics in Hungary and Czechia. Regional Statistics, 8(2), 19–45. https://doi.org/10.15196/RS080204
Uchida, K., & Ushimaru, A. (2014). Biodiversity declines due to abandonment and intensification of agricultural lands: Pat-

terns and mechanisms. Ecological Monographs, 84(4), 637–658. https://doi.org/10.1890/13-2170.1
Uchida, K., & Ushimaru, A. (2015). Land abandonment and intensification diminish spatial and temporal β-diversity of grass-

land plants and herbivorous insects within paddy terraces. Journal of Applied Ecology, 52(4), 1033–1043. https://doi.org/
10.1111/1365-2664.12443

UN. (2018). 2019 revision of world population prospects. United Nations Department of Economic and Social Affairs.

UN, United Nations. (2022). The sustainable development goals report 2022.

UNEP and FAO. (2020). Strategy of the UN decade on ecosystem restoration. Nairobi and Rome. Draft 6 February 2020.

CASTILLO-RIVERO ET AL. 17

 17577802, 0, D
ow

nloaded from
 https://rsaiconnect.onlinelibrary.w

iley.com
/doi/10.1111/rsp3.12706 by Statens B

eredning, W
iley O

nline L
ibrary on [17/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1038/35087589
https://doi.org/10.1038/35087589
https://doi.org/10.1080/23251042.2019.1608420
https://doi.org/10.1080/23251042.2019.1608420
https://doi.org/10.1016/j.biocon.2020.108860
https://doi.org/10.1080/17535069.2019.1655091
https://doi.org/10.1080/13600818.2021.1880559
https://doi.org/10.5751/ES-06656-190273
https://doi.org/10.5751/ES-06656-190273
https://www.oecd.org/env/indicators-modelling-outlooks/49846090.pdf
https://www.oecd.org/env/indicators-modelling-outlooks/49846090.pdf
https://doi.org/10.1016/j.biocon.2015.05.014
https://doi.org/10.1016/j.biocon.2015.05.014
https://doi.org/10.1371/journal.pone.0098355
https://doi.org/10.1371/journal.pone.0098355
https://doi.org/10.1890/120348
https://doi.org/10.1890/120348
https://doi.org/10.1007/s10680-007-9120-z
https://doi.org/10.1016/j.ecoser.2019.100963
https://doi.org/10.1016/S1002-0160(17)60441-7
https://doi.org/10.1016/S1002-0160(17)60441-7
https://doi.org/10.1016/j.foreco.2010.01.048
https://doi.org/10.1016/j.foreco.2010.01.048
https://doi.org/10.15196/RS080204
https://doi.org/10.1890/13-2170.1
https://doi.org/10.1111/1365-2664.12443
https://doi.org/10.1111/1365-2664.12443


Van Leeuwen, C. C., Cammeraat, E. L., de Vente, J., & Boix-Fayos, C. (2019). The evolution of soil conservation policies

targeting land abandonment and soil erosion in Spain: A review. Land Use Policy, 83, 174–186. https://doi.org/10.1016/
j.landusepol.2019.01.018

Zepeda, R. V. (2005). Las Regiones Climáticas de México. Instituto de Geografía. UNAM.

How to cite this article: Castillo-Rivero, L., Elbakidze, M., McCann, P., & Sijtsma, F. J. (2023). Depopulation

and ecological degradation, two dimensions of marginalization, and peripheralization. Ecosystem integrity as

an assessment factor in local revitalization. Regional Science Policy & Practice, 1–22. https://doi.org/10.1111/

rsp3.12706

APPENDIX A: ECOSYSTEM SERVICES, AND ASSOCIATED LAND USE AND LAND COVERS

18 CASTILLO-RIVERO ET AL.

 17577802, 0, D
ow

nloaded from
 https://rsaiconnect.onlinelibrary.w

iley.com
/doi/10.1111/rsp3.12706 by Statens B

eredning, W
iley O

nline L
ibrary on [17/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.landusepol.2019.01.018
https://doi.org/10.1016/j.landusepol.2019.01.018
https://doi.org/10.1111/rsp3.12706
https://doi.org/10.1111/rsp3.12706


APPENDIX B: SURVEY QUESTIONS AND GENERAL FEATURES OF RESPONDENTS

CASTILLO-RIVERO ET AL. 19

 17577802, 0, D
ow

nloaded from
 https://rsaiconnect.onlinelibrary.w

iley.com
/doi/10.1111/rsp3.12706 by Statens B

eredning, W
iley O

nline L
ibrary on [17/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



APPENDIX C: SUPPLY, DEMAND, AND BALANCE MATRICES

20 CASTILLO-RIVERO ET AL.

 17577802, 0, D
ow

nloaded from
 https://rsaiconnect.onlinelibrary.w

iley.com
/doi/10.1111/rsp3.12706 by Statens B

eredning, W
iley O

nline L
ibrary on [17/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



CASTILLO-RIVERO ET AL. 21

 17577802, 0, D
ow

nloaded from
 https://rsaiconnect.onlinelibrary.w

iley.com
/doi/10.1111/rsp3.12706 by Statens B

eredning, W
iley O

nline L
ibrary on [17/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



22 CASTILLO-RIVERO ET AL.

 17577802, 0, D
ow

nloaded from
 https://rsaiconnect.onlinelibrary.w

iley.com
/doi/10.1111/rsp3.12706 by Statens B

eredning, W
iley O

nline L
ibrary on [17/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Depopulation and ecological degradation, two dimensions of marginalization, and peripheralization. Ecosystem integrity as a...
	1  INTRODUCTION
	2  CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW
	2.1  Demographics and ecosystems
	2.2  Ecosystem integrity index

	3  METHODS
	3.1  Study area
	3.2  Linking ecosystem services supply and demand, land covers, and ecosystem integrity
	3.3  Demand for ecosystem services
	3.4  Factors for negative ecological effects of depopulation (FNEED)
	3.5  Traditional agriculture
	3.6  Arid climate
	3.7  Hills and mountains

	4  RESULTS AND DISCUSSION
	4.1  National scale
	4.2  Local scale
	4.3  A diagnosis guide for public policy

	5  CONCLUSIONS
	REFERENCES
	APPENDIX A ECOSYSTEM SERVICES, AND ASSOCIATED LAND USE AND LAND COVERS
	APPENDIX B SURVEY QUESTIONS AND GENERAL FEATURES OF RESPONDENTS
	APPENDIX C SUPPLY, DEMAND, AND BALANCE MATRICES


