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Despite its ecological significance and UNESCO Biosphere Reserve status,
the Gerês-Xurés Transboundary Biosphere Reserve (GX), spanning the border
region between northern Portugal and southern Galicia (Spain), faces increasing
socio-environmental challenges. However, existing research rarely addresses
the interdependences of the social and physical spaces in peripheral regions
of protected natural areas. Drawing on Pierre Bourdieu’s concept of social
space, this study analyses the spatial distribution and classification of objectified
capital footprints in the GX region. The analysis is based on the most recent
available data on road networks, nocturnal luminosity, building density, and
carbon monoxide emissions (2022–2024), including a longitudinal series for
nocturnal radiance (2014–2024). By spatially mapping these variables and
integrating spatial quantitative methodologies with ethnographic fieldwork,
the study identifies distinct spatial clusters characterized by varying degrees
of connectivity, industrialization, and urbanization. The results underscore
significant socio-environmental asymmetries and highlight the value of
integrating sociological and spatial analyses to link air pollution emissions in
physical spaces with competitive dynamics in social spaces. Although currently
situated on the periphery of major capital-intensive zones, the GX region is
increasingly impacted by tourism-related pressures in some areas, emphasizing
the need to reinforce established policy responses.
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1 Introduction

The spatial distribution and influence of objectified capital, understood as tangible

expressions of social and economic activities, have increasingly become critical areas

of enquiry due to their role in shaping environmental, social, and developmental

outcomes. Understanding these dynamics is essential for addressing contemporary

environmental challenges and promoting sustainable development, particularly in

regions characterized by complex socio-environmental interactions. Despite the extensive

sociological literature addressing environmental inequalities, spatial infrastructures, and

socio-economic dynamics (Bourdieu, 1988, 2018; Lebaron, 2015; Wacquant, 2023; Pereira,

2024), several gaps remain unaddressed. First, these studies have predominantly focused

on urban environments and national contexts rather than on protected areas such as
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Gómez et al. 10.3389/frevc.2025.1463694

FIGURE 1

Six clusters of capital footprints in the whole area of interest (Pontevedra, Ourense, Vila Real, Braga, and Viana do Castelo). GX, Gerês-Xurés
Transboundary Biosphere Reserve.

road length, with an average of ∼3,532m (−84% test value).

Altogether, they surpass 83% of grids for the whole area, that

is, for the combined area of Braga, Vila Real, Viana do Castelo,

Pontevedra, and Ourense. Low objective capital footprints

dominate the area, and these grids reunite mainly the more

unlit and unconnected areas in the region.

(2) + connected and industrialized areas (Clusters 3 and 6;

variations of blue in Figure 1). Cluster 3 has an important

proportion of road length within it, exceeding the 10-km

average (65% test value), along with significant fractions

of CO emissions (36% test value) and nightlight radiance

(36% test value). Cluster 6 exhibits a composition similar

to Cluster 3, but nightlight radiance plays a crucial role

(81% test value) as does the building area (66% test value).

Additionally, it exposes more pronounced but elevated

values for CO emissions (29% test value), compared to

Cluster 3, as well as a significant road length (24%

test value).

(3) + illuminated and concentrated areas (Clusters 4 and 5;

variations of red in Figure 1). Clusters 4 and 5 have a similar

concentrated composition, although Cluster 5 prevails in the

centers of cities. Above all, Clusters 4 and 5 stand out for the

high significance of nightlight radiance (107% and 119% test

values, respectively), building areas (75% and 68% test values,

respectively), and road length (10% and 15% test values,

respectively). Both clusters have minor levels of CO emissions,

unlike Clusters 3 and 6. These grids include mainly the centric

areas of cities.

The predominance of high values across the analyzed variables

is particularly evident along the coastal strip of northern Portugal

and southwestern Galicia (Figure 1). In addition, the most

illuminated, concentrated, connected, and industrialized areas are

predominantly located in the western sector of the region (Figure 2;

the Supplementary material provides further detail). Northern

Portugal and southwestern Galicia share a coastal configuration,

relegating the areas of nature conservation and lesser development

toward the eastern side of their limits. In contrast, the+ connected

and industrialized areas (Clusters 3 and 6) surround the city centers

and are characterized by high levels of road lengths, CO emissions,

and light radiance. However, these areas also link to each other

across the islands of more + illuminated and concentrated areas
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FIGURE 2

Annual average nightlight radiance per cluster within the Gerês-Xurés Transboundary Biosphere Reserve (GX; there is no Cluster 5/6 within the GX).

(Clusters 4 and 5), functioning, in many cases, as gateways for

industrial activity (Figure 1).

3.2. Classes of objectified capital footprints
in the GX

The GX is currently located outside the high-density areas of

capital footprints (Figure 1). A weak presence of CO emissions,

total building area, nightlight radiance, and the shortest road

length is observed in its cluster volume composition. Nevertheless,

the average nightlight radiance in the GX has continuously

increased, gaining more strength in 2022 (see Supplementary

Figure S7; Gomez and Miño, 2024c,d). That is, different classes

of areas in the GX have fragmented foci of electrical nightlights.

The ethnographic exploration of these foci indicates that these

fragmented peaks align with tourism points and concentrations

of bars, restaurants, and hotels, mainly in the more illuminated

and concentrated grids of Arcos de Valdevez, Ponte da Barca,

and Melgaço.

In the GX, as well as in the surrounding area, nightlight

radiance volumes decrease in one of the more illuminated and

concentrated areas (Cluster 4). However, between 2020 and 2022,

a clear upward trend of annual average nightlight radiance

was very noticeable in the GX, especially in Clusters 1 and 2.

Similarly, there was a slight uptick in the same period in the

more connected and industrialized classes (Clusters 3 and 6;

Figure 2).

4 Discussion

The analysis conducted identified three primary classes

of objectified capital footprints in the region: (1) unlit and

unconnected areas, (2) connected and industrialized areas,

and (3) highly illuminated and concentrated urban areas.

These classifications provide a nuanced characterization of the

spatial differentiation in northern Portugal and southern Galicia,

highlighting varying levels of infrastructural and industrial

development with their spatial interrelationships. Building on

Bourdieu (1979) notion of “objectified” as one of the states of

any capital, this study conceptualizes roads, buildings, night-time

luminosity, and CO emissions as tangible, spatially registered

manifestations of capital competencies in the region. Indeed, the

objectification state implies a physical realization of any capital—

whether cultural, economic, political, or otherwise—by production

and accumulation efforts. The general hypothesis of the broader

research points out that the physical space is strongly hierarchical

because the social space is too. Therefore, the possible homologies

(and heterologies) between both spaces can be explored spatially

by analyzing specific footprints directly or indirectly related to

the active main capitals in contemporary societies. Subsequent

phases of this research endeavor to integrate the socio-economic

composition of each microzone, the spatial distribution of a

broader list of recognized air pollutants, and the prevailing social

processes in different areas. Finally, the nature protection policies

in the GX region have effectively preserved the area with minimal

traces of industrial activity. Therefore, continuing these measures

Frontiers in Environmental Economics 06 frontiersin.org

https://doi.org/10.3389/frevc.2025.1463694
https://www.frontiersin.org/journals/environmental-economics
https://www.frontiersin.org


Gómez et al. 10.3389/frevc.2025.1463694

would be advisable, particularly in the GX’s transition zones,

where nocturnal tourist enterprises predominate and the resident

population is higher—specifically in the more illuminated and

densely populated areas.
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