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Abstract

Village landscapes within an 80 km radius of Lubumbashi (south-eastern Democratic Re-
public of the Congo) are undergoing rapid spatial transformation driven by subsistence
agriculture, charcoal production, and mining activities. This study analyzes how these
transformations are spatially perceived and organized across five village territories of
the Lubumbashi Charcoal Production Basin using an adapted version of Kevin Lynch’s
perceptual model. Landscape elements were independently identified by trained carto-
graphic observers and by local community members. A comparison of the resulting maps
yields a Sørensen similarity index ranging between 70% and 75% across villages, indicating
strong convergence in spatial interpretation despite differences in expertise. Among the
perceptual components, districts and landmarks account for nearly half of all identified
elements and comprise the most perceptible anthropogenic disturbances. Spatial analysis
shows that areas perceived as negatively impacted represent between 40% and 79% of
total village surfaces. Deforestation associated with post-cultivation fallow dominates in
Makisemu (47.6%) and Texas (64.4%), while woodland degradation linked to charcoal pro-
duction is particularly pronounced in Mwawa (39.0%) and Luisha (25.1%). Mining-related
disturbances, including soil and water alteration, are especially evident in Nsela (24.6%).
These findings demonstrate that Lynch’s framework, although originally developed for
urban systems, can effectively structure perception in diffuse rural woodland environments
when methodologically adapted. Perception-based cartography therefore provides a robust
complementary tool to biophysical monitoring for understanding the spatial footprint of
anthropogenic pressures at the village scale and informing ecosystem restoration strategies.

Keywords: land use; Kevin Lynch; deforestation; forest degradation; pollution; miombo
woodlands; village area

1. Introduction
Forests constitute major centers of biological diversity, harboring a high number of

endemic plant and animal species [1]. Beyond their ecological significance, they supply
essential goods and ecosystem services to human societies, including climate regulation,
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energy from wood biomass, and a broad spectrum of non-timber forest products [2]. Over
the past century, however, rapid demographic expansion—from 1.86 billion people in
1920 to approximately 8 billion in 2022—has markedly increased global demand for forest-
derived resources [3]. This sustained growth in demand has intensified human pressure on
forest ecosystems, leading to widespread deforestation and forest degradation [4].

Although global forests once covered roughly 4 billion hectares—about 30% of the
Earth’s terrestrial surface [5]—an estimated 178 million hectares were lost between 2015
and 2020 [6]. Natural forest decline has been especially severe in tropical regions, where
annual deforestation rates reach approximately 4.5 million hectares in Southeast Asia
and 6.9 million hectares in Central Africa [7,8]. In Central Africa alone, forest cover was
estimated at nearly 300 million hectares in 2010 [9], yet about 18 million hectares have been
lost since 2000. Moreover, annual forest loss increased from 1.36 million hectares during
2005–2015 to 1.79 million hectares during 2015–2020 [2].

Within this regional context, the Democratic Republic of the Congo (DR Congo) holds
a particularly strategic position. In 2020, the country’s forest cover was estimated at nearly
200 million hectares, representing close to 60% of the Congo Basin forests [10]. Despite
this substantial resource base, DR Congo exhibits the highest annual deforestation rate
among Basin countries, estimated at approximately 0.4% between 2001 and 2019 [2]. This
dynamic is largely associated with expanding human activities, compounded by structural
weaknesses in forest governance [11].

The south-eastern part of the country provides a clear illustration of these trends. In
this region, miombo woodlands form the predominant vegetation type [12]. Dominated by
woody species of the genera Brachystegia, Julbernardia, and Isoberlinia, miombo ecosystems
extend across nearly 2.8 million km2 in southern Africa [13] and sustain the livelihoods of
more than 100 million people [14]. In DR Congo, miombo woodlands covered approxi-
mately 232,200 km2—around 11% of the ecoregion—between 2000 and 2010, remaining the
most extensive ecosystem type in the area. In the former Katanga Province, forest cover
declined from over 70% in 2000 to about 43% in 2010 [15]. In addition to supporting rural
economies, these woodlands function as significant carbon sinks and are recognized as
conservation priorities due to their high levels of species diversity and endemism [16].

Nevertheless, miombo ecosystems are increasingly subjected to human-induced dis-
turbances. Activities such as shifting cultivation, charcoal production, mining, and other
subsistence-oriented practices exert growing pressure on woodland resources [17]. These
practices occur within a fragile socio-economic and political context that heightens depen-
dence on forest resources for survival [18], contributing to marked forest regression [4,17].
At the same time, expanding urban centers intensify demand for basic commodities, par-
ticularly fuelwood [19]. The city of Lubumbashi, with an estimated population of nearly
2.5 million inhabitants [20], relies heavily on surrounding forest areas. Indeed, 96% of
households depend on dendro-energy supplied by the Lubumbashi Charcoal Production
Basin (LCPB) [21], defined as the group of administrative entities responsible for charcoal
provision to the city [22]. As a result, both rural producers and urban consumers exploit
forest resources primarily to meet essential needs, often with limited attention to long-term
sustainability [23]. This situation unfolds in a context of weak regulatory enforcement
and economic instability [24], further accelerating deforestation and degradation across an
expanding radius around Lubumbashi [25]. In 2022, deforestation rates within the LCPB
were estimated at −1.51%, nearly six times higher than the national average of −0.26% [4].
Accordingly, anthropogenic activities have been identified as the principal drivers of forest
loss in the rural hinterland of Lubumbashi [26]. However, insufficient monitoring by public
institutions and environmental organizations restricts systematic documentation of these
drivers and associated ecological transformations, thereby limiting the effectiveness of
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management interventions [27]. In such a context, tracking anthropogenic activities and
their landscape impacts is essential for ensuring the sustainable management of miombo
woodlands, which remain central to local livelihoods [28–30].

Various methodological approaches are employed to assess forest change, notably
remote sensing and participatory mapping. Remote sensing offers broad spatial cover-
age and high temporal resolution, enabling continuous monitoring of forest dynamics.
Yet it remains limited in capturing how environmental changes are perceived and inter-
preted by local actors [31]. Environmental perception plays a fundamental role in shaping
how organisms—including human communities—navigate and utilize their surround-
ings [32,33]. Participatory mapping attempts to integrate local knowledge by involving
communities in the identification and description of forest resources within village territo-
ries. However, this approach often entails subjective interpretation and may lack precise
spatial localization [34]. In this respect, Lynch’s perceptual framework, extensively applied
in urban landscape studies [33], provides a structured alternative. Originally developed
in the United States to analyze the urban morphology of cities such as Boston, Jersey City,
and Los Angeles [35,36], the framework is based on five perceptible elements: paths, edges,
nodes, landmarks, and districts [32]. By systematically linking perception to cartographic
representation, it enables a more coherent analysis of landscape structure [36]. A clear
understanding of how communities perceive landscape transformations is therefore essen-
tial for designing and implementing strategies aimed at mitigating human pressure and
reducing its ecological consequences [37–39]. Integrating local perceptions into conserva-
tion initiatives can strengthen stakeholder engagement, foster ownership, and ultimately
support the sustainable management of natural resources [40,41].

Numerous studies conducted in both developed [35] and developing countries [32,33,36]
have demonstrated the relevance of assessing the spatial footprint of anthropogenic activities
through perceptible landscape components derived from Lynch’s theory. Although defor-
estation and forest degradation have been extensively quantified using remote sensing and
biophysical indicators, far fewer studies have examined how rural landscapes are perceived
and spatially structured by local actors. Moreover, Kevin Lynch’s framework—largely con-
fined to urban contexts—has rarely been applied to rural African landscapes characterized
by diffuse spatial organization and subsistence-driven land use systems [37]. This method-
ological gap limits our understanding of how anthropogenic landscape transformation is
perceived at the village scale. The present study addresses this gap by representing the first
systematic attempt to transfer Kevin Lynch’s perceptual framework from urban environments
to rural African village landscapes, while explicitly comparing expert-based and community-
based perceptions. In doing so, it introduces a perception-driven cartographic approach that
complements conventional biophysical assessments of landscape transformation.

The objective of this study is to assess the transferability and applicability of Kevin
Lynch’s perceptual framework to rural miombo landscapes affected by anthropogenic ac-
tivities in south-eastern DR Congo. Specifically, this study addresses the following research
questions: (i) Can Lynch’s perceptual element’s structure a coherent image of rural village
landscapes despite diffuse spatial boundaries? (ii) To what extent do trained experts and
local community members share similar perceptions of anthropogenic landscape transfor-
mation? (iii) Which perceptual elements are most frequently associated with identifiable
anthropogenic disturbances? We hypothesize that, despite functional and spatial differ-
ences between urban and rural contexts, Lynch’s elements can effectively structure the
perceived image of rural landscapes when adapted to village-scale environments.

This paper is organized into five main sections: introduction, materials and methods,
results, discussion, and conclusion.
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2. Materials and Methods
2.1. Study Area

The research was undertaken in the rural zone surrounding the city of Lubumbashi
(Figure 1), located in the south-eastern part of the DR Congo and serving as the administra-
tive center of Haut-Katanga Province.

Figure 1. Location of the Lubumbashi Charcoal Production Basin (different land uses) and of the
villages covered by the present study (stars) distributed over an 80 km radius around the city of
Lubumbashi (the gray polygon in the center) in the province of Haut-Katanga, south-eastern DR
Congo. In the map label (upper left corner), the gray area represents the current Haut-Katanga
Province, while the red line delineates the boundaries of the LCPB. The ‘Other’ class in the map
legend predominantly includes built-up surfaces and bare soil.

The area falls within the Cw category of the Köppen classification, indicating a sub-
tropical climate marked by strong seasonal contrasts. Precipitation is concentrated between
November and March, whereas the period from May to September is typically dry; April
and October function as short transitional phases between these two dominant seasons [42].
Climatic records indicate that mean annual temperatures averaged close to 20 ◦C during
the latter half of the twentieth century, although recent decades have been characterized by
a discernible upward trend in regional temperatures [43]. Annual rainfall reaches approxi-
mately 1200 mm [12], with the highest monthly totals generally observed in January.

Historically, the landscape was largely dominated by miombo woodlands growing pre-
dominantly on ferralsol soils [44]. At the beginning of the twentieth century, this vegetation
type constituted the principal ecological formation of the region [12,45]. Over time, however,
the spatial continuity of these woodlands has been progressively disrupted. Expanding
subsistence agriculture, charcoal-based energy production, and artisanal mining—key com-
ponents of local livelihood systems—have contributed to a steady contraction of forested
areas [17,24].

The socio-economic context further amplifies these pressures. Rural communities in
the Lubumbashi hinterland face persistent economic constraints, with a substantial propor-
tion of households living below the international poverty threshold of US$1.25 per day [46].
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This structural vulnerability reinforces dependence on natural resource exploitation as a
primary survival strategy.

2.2. Methods
2.2.1. Study Design, Sampling Strategy and Data Collection

Field investigations were conducted between 14 July and 15 September 2022 in five cus-
tomary village territories—Luisha, Makisemu, Mwawa, Nsela, and Texas—located within
the rural hinterland of Lubumbashi. In this study, a village area refers to a customary terri-
torial unit under traditional authority where a local community organizes and implements
its production and subsistence activities [47]. All selected sites lie within the LCPB. Their
selection followed a preliminary survey of major charcoal storage points in Lubumbashi,
during which these territories were repeatedly identified as key production zones [24].
In addition, the sites present contrasting degrees of anthropogenic transformation, as
illustrated in Figure 1.

To examine the structure and perceptual organization of village landscapes, a cognitive
mapping approach was adopted [32]. Two complementary dimensions were considered:
(i) landscape legibility, defined as the extent to which spatial elements can be identified
and organized into a coherent structure, and (ii) imageability, understood as the capacity
of a landscape to generate a stable mental representation expressed through recognizable
cartographic forms [48,49].

The analytical framework was based on Kevin Lynch’s theory of spatial perception [35].
Five categories of landscape elements were systematically documented:

- Paths, corresponding to linear features that enable circulation.
- Edges, defined as linear delimitations separating spatial units.
- Nodes, representing points of convergence or intersection.
- Landmarks, punctual features distinguished by their visibility, form, or function and

facilitating spatial orientation.
- Districts, surface units characterized by internal morphological coherence [33,50].

Given the diffuse spatial limits typical of rural territories, the analytical grid was
expanded by incorporating the concept of point-edges, which represent localized markers
serving as territorial boundaries [33] (Figure 2).

Figure 2. Illustration of the elements of Lynch’s approach adapted to a rural area. Paths are illustrated
by a dirt road (a); edges by a river (b); landmarks by a charcoal-production camp within a farm (c);
nodes by a bridge illustrating the crossing between a dirt road and a river (d); point-edges by an old
board between two village areas (e) and districts by deforestation area combined with post-cultivation
fallows (f).
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2.2.2. Expert-Based Landscape Observation

Landscape traversal was conducted by four trained observers with backgrounds in
cartography and landscape ecology. Observations were carried out on foot, by bicycle, or
by motorcycle to document the spatial distribution, visibility, and relationships among
perceptual elements. The limited number of observers was intentional, as the objective was
methodological triangulation rather than statistical representativeness. Individual observa-
tions were consolidated into a synthesized expert-based landscape representation [32].

2.2.3. Community-Based Perception Survey

In parallel, semi-structured individual interviews were conducted with residents (see
Supplementary Materials) to capture locally perceived landscape images [33]. Respondents
were selected based on three criteria: long-term residence within the village territory,
frequent interaction with surrounding landscapes, and active participation in livelihood
activities. These conditions ensured strong spatial familiarity, a prerequisite for perception-
oriented research.

The number of interviewees was determined using the accumulation-curve method for
perceptual elements. Landscape features cited by successive respondents were cumulatively
recorded, and sampling was considered sufficient once the curve reached stabilization for
each Lynch category [36]. Final sample sizes were 12 respondents in Luisha, 9 in Makisemu,
7 in Mwawa, 8 in Nsela, and 9 in Texas (Figure 3).

Figure 3. Lynch perception interview-element accumulation curves for the five village spaces.

2.2.4. Data Analysis

a. Definition of perceived negative impact

For the purposes of this research, “negative impact” refers exclusively to visually
identifiable landscape alterations reported during field observation or interviews. The
analysis does not include laboratory measurements or chemical assessments. Instead, it
focuses on perceptible manifestations of anthropogenic disturbance, such as vegetation
clearance, exposed soil surfaces, modified water appearance, and mining infrastructure.
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b. Comparison of expert and community perceptions

To assess the degree of convergence between expert-derived and community-derived
landscape representations, a comparative analysis of mapped elements was conducted for
each village territory. The Sørensen similarity index (Ss) was used to quantify correspon-
dence (Equation (1); [32]):

Ss =
2a

(2a + b + c)
× 100 (1)

where, a represents the number of shared elements between the expert and collective maps;
b and c correspond to elements present on only one of the two maps.

c. Mapping anthropogenic footprints

Cartographic representations of anthropogenic spatial footprints were generated using
only those elements identified in common by experts and local participants [31,35]. This
choice was guided by the objective of producing coherent and legible maps while avoiding
excessive detail or omission of relevant features (Table 1). Results from the five village
areas were treated as analytical repetitions to test the transferability of Lynch’s framework
to rural woodland contexts.

Table 1. Possible ways of mapping the perceived footprint of human activities on the landscape of
village areas.

Representation Mode Advantages Disadvantages

All elements Representation down to
the last detail

Representation with less
relevant elements, poor

map legibility

Most frequent elements
Elimination of less

perceptible elements,
uncluttered representation

Elimination of infrequent
but relevant elements

Common elements

Representation with
relevant elements, coherent
representation, uncluttered
representation, absence of
uninformative elements

Weak details

d. Participatory GIS and spatial quantification

Spatial delineation of land use units and perceptual districts was carried out using
a Participatory GIS (PGIS) approach [51]. High-resolution QuickBird satellite imagery
available via Google Earth served as the base layer for manual vectorization. Mapping
sessions were conducted collaboratively with trained experts and local stakeholders to
ensure contextual accuracy in feature identification [51,52].

Surface areas corresponding to districts perceived as impacted by anthropogenic activ-
ities were calculated using ArcGIS 10.8 software (Redlands, CA, USA). Relative proportions
were subsequently derived for each village territory to enable inter-site comparison.

3. Results
3.1. Perceptibility of Lynch Elements and Agreement Between Actor Groups

The cartographic analysis indicates that the structural components defined by Kevin
Lynch are clearly identifiable within the rural village landscapes under study. However,
their perceptual prominence varies considerably across categories. Point-edges, edges,
paths, nodes, and districts are generally less frequently identified than other elements. In

https://doi.org/10.3390/geographies6010024

https://doi.org/10.3390/geographies6010024


Geographies 2026, 6, 24 8 of 21

contrast, districts and landmarks collectively represent nearly half of all reported perceptual
elements and are directly associated with visible anthropogenic disturbances.

Across most village territories, trained observers recorded a greater number of Lynch
elements than local community members. Exceptions were observed for specific categories:
point-edges and landmarks in Nsela; paths in Makisemu and Mwawa; nodes in Texas; and
landmarks and districts in Luisha, Makisemu, and Texas. The landscape of Luisha displays
the highest overall number of perceptible elements compared to the other villages.

The comparison between expert-generated maps and collective representations yield
Sørensen similarity indices close to 75% for most element categories and for the village
territories considered as integrated units (Table 2). These results demonstrate substantial
overlap in spatial perception between trained observers and local inhabitants.

Table 2. Elements of the image relating to anthropic activities as perceived by trained experts and
on the collective image of the village areas of Luisha, Makisemu, Mwawa, Nsela and Texas around
the city of Lubumbashi following Ref. [35]’s approach. Comparison of two maps using Sørensen’s
index (Ss). Obs.: elements cited by observers/experts; Coll.: elements of the collective image; a:
elements perceived in common on both maps; b and c: elements perceived only by experts or local
communities, respectively.

Elements
Luisha Makisemu Mwawa Nsela Texas

Obs. Coll. a b c Ss Obs. Coll. a b c Ss Obs. Coll. a b c Ss Obs. Coll. a b c Ss Obs. Coll. a b c Ss

Nodes 6 7 4 2 3 61.5 4 4 4 0 0 100.0 5 3 3 2 0 75.0 5 7 4 1 3 66.7 9 11 7 2 4 70.0
Landmarks 27 31 22 5 9 75.9 13 15 11 2 4 78.6 20 17 14 6 3 75.7 13 18 12 1 6 77.4 13 15 12 1 3 85.7
Point-edges 15 9 8 7 1 66.7 11 10 5 6 5 47.6 8 7 5 3 2 66.7 9 10 7 2 3 73.7 11 9 7 4 2 70.0

Edges 12 9 7 5 2 66.7 8 7 5 3 2 66.7 9 8 7 2 1 82.4 7 5 4 3 1 66.7 7 5 4 3 1 66.7
Paths 10 9 5 5 4 52.6 4 6 4 0 2 80.0 5 7 4 1 3 66.7 3 4 2 1 2 57.1 12 11 8 4 3 69.6

Districts 11 12 10 1 2 87.0 7 9 6 1 3 75.0 8 7 6 2 1 80.0 9 7 6 3 1 75.0 3 4 2 1 2 57.1

Total 81 77 56 25 21 70.9 47 51 35 12 16 71.4 55 49 39 16 10 75.0 46 51 35 11 16 72.2 55 55 40 15 15 72.7

Although point-edges exhibit greater divergence, most landscape components are
consistently identified by both actor groups. In rural contexts, these perceptual elements
correspond to tangible spatial features such as rivers (edges), signposts and boards (point-
edges), dirt roads (paths), crossroads (nodes), farms and charcoal-production camps (land-
marks), and zones characterized by internally homogeneous land use patterns (districts;
Table 3). Overall, the findings indicate the emergence of a stable and coherent perceptual
structure across actor groups, supporting the analytical applicability of Lynch’s framework
in non-urban environments.

Table 3. Understanding of five landscape features by trained experts and local communities in the
Lubumbashi region.

Lynch’s Elements Experts Local Communities

Nodes Road crossings and junctions, bridges Road crossings and junctions, bridges

Land-marks Farm names, Charcoal Production Camps,
Mines, and related facilities

Farm names, charcoal production camps,
Mines, and related facilities

Point-edges Boards, villages Boards, road and river crossings, villages,
termite mounds, large trees

Edges Rivers, roads, paths, power lines, railways,
concession fences

Rivers, streams, roads, paths, valleys,
power lines, railroads

Paths Roads, trails Roads, trails, power lines
Districts Uniform landscape (large area) Uniform landscape (small area)

3.2. Spatial Distribution of Perceived Negative Anthropogenic Impacts

Deforestation—frequently combined with forest degradation and post-cultivation
fallow—constitutes the most prominent negative impact perceived across the village territories
surrounding Lubumbashi. These disturbances are primarily expressed through surface-based
(districts) and point-based (landmarks) elements within the landscape structure.
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The spatial representations provided in Figures 4–6 reveal differentiated patterns
among villages. Luisha and Mwawa are predominantly characterized by deforestation
associated with forest degradation. Makisemu and Texas display landscapes largely shaped
by deforestation linked to post-cultivation fallow dynamics. In Nsela, no single form of
negative impact clearly dominates, reflecting a more heterogeneous configuration. Soil and
river pollution are particularly noticeable in Luisha and Nsela.

With the exception of Luisha, perceived negative impacts extend over nearly three-
quarters of the total area in each village landscape. When aggregated, deforestation com-
bined with post-cultivation fallow and forest degradation accounts for more than half of the
impacted surface in all study sites. Makisemu and Texas show the highest proportions of
land affected by deforestation associated with fallow cycles, whereas Luisha and Mwawa
are more strongly influenced by degradation processes. In Nsela, different disturbance
types are distributed more evenly. Overall, Luisha appears comparatively less affected in
proportional terms (Table 4). Nevertheless, ongoing geological exploration and mineral
discoveries in this area are already generating, and are likely to intensify, pressure on
miombo woodlands. The development of new dirt roads associated with mining further
facilitates access to forest resources and increases human mobility within previously less
disturbed areas.

Table 4. Surface area of different village areas in the Lubumbashi rural area and anthropogenic
impacts. The values in brackets represent the proportions of negative impacts in relation to the
surface area of the corresponding village space.

Anthropogenic Activities Negative Impacts
Village Areas (Hectare)

Luisha Makisemu Mwawa Nsela Texas

Agriculture Deforestation and
post-cultivation fallows 3237.5 (8.0) 6813.0 (47.6) 2387.6 (31.5) 1129.9 (26.0) 4657.0 (64.4)

Charcoal production Deforestation and forest
degradation 10,203.0 (25.1) 1917.5 (13.4) 2946.4 (39.0) 886.9 (20.4) 1025.0 (14.2)

Mining activities Deforestation and
pollution 3002.8 (7.4) 35.8 (0.3) 0.0 (0.0) 1072.8 (24.6) 0.0 (0.0)

Total surface impacted 16,443.3 (40.5) 8766.3 (61.2) 5333.9 (70.4) 3089.6 (70.9) 5682.0 (78.6)
Total village area 40,630.0 14,320.0 7573.0 4355.0 7233.0
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Figure 4. Mapping the perception of anthropogenic activities having a negative impact on the landscapes of Luisha (left) and Makisemu (right) village areas,
according to Ref. [35]’s approach. Districts are areas characterized by anthropogenic activities; edges are roads, trails or rivers used to circumscribe districts; paths
are also roads or trails used by the population; nodes are the crossroads of different paths; point-edges are the crossroads between paths and the limits of village
areas; landmarks are farms, (former) charcoal-production camps and mining sites or other infrastructures related to mining activities.
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Figure 5. Mapping the perception of anthropogenic activities having a negative impact on the landscapes of Mwawa (left) and Nsela (right) village areas, according
to Ref. [35]’s approach. Districts are areas characterized by anthropogenic activities; edges are roads, trails or rivers used to circumscribe districts; paths are also
roads or trails used by the population; nodes are the crossroads of different paths; point-edges are the crossroads between paths and the limits of village areas;
landmarks are farms, (former) charcoal-production camps and mining sites or other infrastructures related to mining activities.
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Figure 6. Mapping the perception of anthropogenic activities having a negative impact on the landscapes of Texas village area, according to Ref. [35]’s approach.
Districts are areas characterized by anthropogenic activities; edges are roads, trails or rivers used to circumscribe districts; paths are also roads or trails used by the
population; nodes are the crossroads of different paths; point-edges are the crossroads between paths and the limits of village areas; landmarks are farms, (former)
charcoal-production camps and mining sites or other infrastructures related to mining activities.
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3.3. Characterization of Perceived Disturbance Types

The qualitative understanding of disturbance indicators reported by experts and local
communities is summarized in Table 5. Perceptual markers of deforestation associated
with post-cultivation fallow include the visible presence of crops, abandoned fields with
reduced fertility, and the dominance of herbaceous vegetation.

Table 5. Understanding of the negative impacts of anthropogenic activities by trained experts and
local communities in the Lubumbashi region.

Negative Impacts Experts Local Communities

Deforestation and post-cultivation fallows
Crop presence,

Abandoned fields
Herbaceous as dominant vegetation

Crop presence,
Abandoned fields (low soil fertility)
Herbaceous as dominant vegetation

Deforestation and forest degradation

Presence of tree pivots
Low tree density

Small-diameter trees (more juveniles)
Presence or traces of grinding wheels

Presence of tree pivots
Small-diameter trees (more juveniles)
Presence or traces of grinding wheels

Deforestation and pollution

Presence of ore fragments,
Presence of metallophyte species, Total

absence of vegetation, Imprint of mining
machinery,

Mining, infrastructure and backfill,
Water loaded with particles

Presence of ore fragments,
Less fertile soils

Total absence of vegetation, footprint of
mining machinery,

Mining, infrastructure and backfill,
Particle-laden water and color change

Forest degradation is identified through the presence of tree stumps, reduced tree
density, a predominance of small-diameter individuals, and traces of charcoal production
equipment. Mining-related disturbances are recognized through exposed ore fragments,
bare soils, visible infrastructure, backfilled excavation areas, and water bodies characterized
by turbidity or color alteration.

Despite differences in technical training, trained observers and community members
largely converge in their interpretation of these visual indicators. The spatial distribu-
tion and typology of perceived impacts confirm that agriculture, charcoal production,
and mining represent the principal drivers structuring landscape transformation at the
village scale.

4. Discussion
4.1. Convergence Between Expert and Community Perceptions and the Transferability of Lynch’s
Framework

The results demonstrate a high level of agreement—approximately 75% similarity—
between expert-derived maps and collective representations (Table 2). Such convergence
suggests that the most frequently identified perceptual elements significantly contribute to the
structural clarity of village landscapes. In other words, these shared elements constitute the core
components shaping spatial legibility at the village scale.

Perceptual discrepancies observed for certain categories can be attributed to differences
in technical training, conceptual familiarity with Lynch’s framework, and varying levels
of spatial literacy among respondents [32,53]. Educational disparities and differential
exposure to cartographic reasoning likely influence how spatial features are categorized
and described.

Among Lynch’s elements, point-edges, edges, paths, nodes, and districts were compar-
atively less salient. This reduced perceptibility is consistent with the limited infrastructure,
sparse road networks, and absence of formal spatial planning typical of rural territories [54].
In contrast, landmarks and districts emerged as the dominant structuring components
directly associated with anthropogenic disturbance.
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This contrasts with findings from urban studies conducted in southeastern DR
Congo [32,33], where paths and nodes were identified as the most visually prominent
elements and were closely linked to human impacts. The divergence can be explained
by structural differences between compact urban systems and spatially diffuse rural en-
vironments. Whereas urban morphology is organized around circulation networks and
intersections, rural landscapes are shaped primarily by expansive land use units and
functionally distinct activity zones.

Seasonal variation and recurrent bushfires, which influence vegetation cover and
visibility in the Lubumbashi region [12,45], may further modulate perceptual salience.
Moreover, the disciplinary background of observers inevitably affects how landscape
components are interpreted and classified.

Although originally conceived to analyze urban forms in highly structured environ-
ments [35], Lynch’s framework has proven adaptable in several southern cities [32,33,36].
Its successful application in this rural context underscores the continuity between peri-
urban and rural spatial systems in rapidly transforming African regions. Importantly, the
present study does not mobilize Lynch’s theory for esthetic analysis, but rather as a tool for
structuring spatial perception of anthropogenic transformation. In subsistence-based rural
systems, perceptual prominence is largely functional, reflecting livelihood activities rather
than recreational or symbolic values.

Alternative perception-based approaches exist [55,56], yet they often focus on identify-
ing environmental degradation without systematically linking perception to clearly defined
structural landscape elements. This limits their capacity to generate coherent cartographic
outputs. By contrast, Lynch’s framework provides a formalized structure that facilitates
spatial comparability and analytical consistency.

4.2. Anthropogenic Drivers of Miombo Landscape Transformation

Across the five village territories, the most visually prominent anthropogenic dis-
turbances consist of deforestation associated with post-cultivation fallow, degradation of
miombo woodlands, and various forms of pollution (Figures 4–6). These transformations
are primarily driven by agricultural expansion, charcoal production, and copper–cobalt
mining activities [17,25].

Agriculture remains a central livelihood strategy in the rural hinterland of Lubum-
bashi [24,25] and more broadly across the DR Congo. Farming systems are predominantly
subsistence-oriented and frequently rely on practices that accelerate soil nutrient deple-
tion [56]. As soil fertility declines, crop yields decrease, prompting itinerant farmers to clear
new areas in search of more productive land [18]. Forested zones, enriched by organic mat-
ter from litterfall, are therefore particularly attractive targets for cultivation, contributing
directly to forest loss and progressive landscape degradation [57,58]. Rapid demographic
growth further intensifies this pressure by shortening fallow periods, thereby reducing the
capacity of ecosystems to regenerate [59]. Over time, this trajectory undermines ecological
resilience and promotes processes of savanization [60].

The expansion of agropastoral concessions in peri-urban zones has amplified these
dynamics. Areas that were previously relatively preserved are increasingly converted for
commercial agricultural purposes. This expansion often displaces economically vulnerable
smallholders toward more remote locations, where subsistence farming extends deforesta-
tion and degradation into previously less disturbed woodland areas. Such patterns are
consistent with findings across developing regions and throughout the miombo ecoregion,
where agriculture is widely recognized as the dominant driver of forest loss [17,61–63].

Energy demand constitutes a second major driver of woodland transformation. In a
context marked by insufficient electrification and limited access to alternative fuels such
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as biogas or biomass briquettes [64], wood energy remains the primary domestic energy
source in the DR Congo. In Lubumbashi, 72% of households rely exclusively on charcoal
for cooking [21], and dependence is even greater in rural settings where electricity access is
minimal. Recurrent bushfires have further reduced fuelwood availability, encouraging a
shift toward charcoal, which is easier to transport and store. As a result, charcoal production
serving both urban and rural markets have become a major factor in deforestation and
forest degradation.

At localized scales, charcoal production generates clear-cut patches, whereas at broader
scales it contributes to diffuse woodland degradation [65]. Initially, producers selectively
harvest species with high calorific value [66]. However, growing demand—particularly
from expanding urban centers—has led to the depletion of preferred species and a gradual
shift toward more indiscriminate tree cutting practices [67]. Within agropastoral conces-
sions, charcoal production is frequently integrated into land-clearing operations prior to
cultivation [68]. It also provides supplementary income through sharecropping arrange-
ments between concession holders and residents, thereby reinforcing extraction pressures.
Combined with agricultural expansion, charcoal production therefore represents one of
the principal drivers of forest transformation in the Lubumbashi hinterland [25]. More-
over, as accessible woodland resources decline, producers increasingly exploit residual
forest patches near settlements, sustaining high levels of degradation [69]. Comparable
dynamics have been documented elsewhere in Central Africa and across the miombo
region [18,61,70,71].

Mining activities introduce an additional dimension of environmental disturbance.
In the Lubumbashi region, intensive copper and cobalt extraction is associated not only
with deforestation but also with soil and water contamination. The full mining cycle—from
exploration and excavation to ore processing and infrastructure development (roads, pits,
tailings facilities, processing plants, and worker settlements)—exerts considerable pressure
on forest landscapes [30]. Mining operations are also linked to atmospheric deposition
of non-ferrous metals and related compounds, contributing to ecosystem fragmentation
and contamination [13,32]. Waste disposal, tailings storage, and effluent discharge further
degrade surrounding soils and waterways [13,72].

Empirical evidence from the Katangan region illustrates the magnitude of these
impacts. Around Kolwezi, mining expansion has led to a 147.2% increase in built-up
mining infrastructure (+7.7 km2), a 104.7% rise in compacted surfaces (+3.35 km2), an
85.4% expansion of bare soil (+33.81 km2), and a 56.2% increase in exposed rock surfaces
(+27.46 km2) [73]. These changes coincided with a 42.5% decline in miombo woodland
cover (−26.38 km2) and widespread water contamination, affecting nearly 91.6% of water
bodies within a 1 km radius of mining sites. The patterns observed in the present study are
consistent with earlier research in the Katangese Copperbelt [13,72] and specifically in the
Lubumbashi area [17], all of which emphasize the substantial ecological consequences of
mining activities.

Finally, the disturbances identified through spatial perception analysis correspond
closely with environmental concerns previously reported by both researchers and local
communities [24]. Deforestation, declining soil fertility, water pollution, and biodiversity
loss consistently emerge as the principal environmental challenges in the rural hinterland
of Lubumbashi.

4.3. Implications for the Restoration of Anthropized Landscapes

The rural hinterland of Lubumbashi is primarily affected by three interrelated forms
of environmental degradation: deforestation linked to post-cultivation fallow systems,
progressive woodland degradation, and contamination of soils and watercourses. Ad-
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dressing these cumulative pressures requires active ecosystem restoration strategies [74,75].
Restoration interventions may include reforestation, enrichment planting within degraded
stands, and phytoremediation of contaminated sites.

Reforestation and forest enrichment can partially offset vegetation loss and struc-
tural simplification caused by agriculture, charcoal production, and mining [76]. When
native miombo species are prioritized, such measures help preserve ecological integrity
by maintaining characteristic forest structure, species composition, and ecosystem func-
tioning. Although many miombo species exhibit relatively slow growth rates [77], certain
taxa—such as Pterocarpus tinctorius Welw. and Combretum collinum Fresen.—have demon-
strated comparatively rapid establishment and suitability for restoration initiatives in the
Lubumbashi region [74].

In areas affected by mining, phytoremediation techniques offer additional opportuni-
ties for ecological rehabilitation. Phytostabilization enables woody plants to immobilize
trace metal elements (TMEs) within the soil matrix while contributing organic inputs
(litterfall, root exudates) and modifying soil physicochemical properties and microbial
activity [78,79]. Experimental evidence from the Lubumbashi region confirms the feasibility
of restoring plant biodiversity on TME-contaminated substrates using adapted woody
species [80].

Rhizofiltration represents a complementary approach for the treatment of surface
waters contaminated by mining effluents. Using accumulator plant species, this method
facilitates the removal or stabilization of dissolved metals originating from mineral extrac-
tion activities [75]. Successful applications have been reported in Europe—particularly in
Portugal—using species such as Canna indica L., Typha latifolia L., and Phragmites australis
(Cav.) Trin. ex Steud., demonstrating the operational potential of this technique [75,81].

However, technical solutions alone are insufficient. Effective restoration requires coor-
dinated engagement among environmental non-governmental organizations, accredited
public institutions, and local communities, even though institutional and logistical con-
straints remain significant in the Lubumbashi region [24]. In addition, restored sites must
be protected from renewed encroachment and recurrent bushfires, which could otherwise
undermine recovery processes [28,82]. When properly safeguarded, restored ecosystems
can deliver long-term benefits to both rural and urban populations by providing essential
ecosystem services, including non-timber forest products, microclimate regulation, and
mitigation of environmental pollution [83].

This study presents several limitations. First, it does not quantify environmental
degradation using biophysical measurements or remote sensing but rather maps spatial
perceptions of landscape transformation. Second, perception-based approaches inherently
involve subjectivity; while this constitutes a methodological constraint, it also forms the
central focus of the analysis. Finally, the findings are context-specific and should be
interpreted as exploratory insights rather than universally generalizable conclusions.

5. Conclusions
This study examined the spatial imprint of human activities on miombo woodlands

at the village scale in the Lubumbashi region through an empirical application of Kevin
Lynch’s perceptual framework across five village territories. The findings demonstrate that
the structural elements defined by this model provide an effective means of organizing
and describing rural landscapes. Cartographic representations generated by trained ex-
perts and collective mental maps produced by local communities show a high degree of
correspondence, with similarity levels approaching 75%.

Among Lynch’s components, districts and landmarks are the only elements consis-
tently associated with anthropogenic disturbance. Landmarks constitute the most reliably
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identified features across both actor groups, reflecting their strong visual salience within
modified environments. The perceptual analysis further indicates that deforestation linked
to post-cultivation fallow, woodland degradation, and soil and river contamination rep-
resent the dominant negative transformations in the rural hinterland of Lubumbashi. In
several villages, deforestation and degradation processes affect a substantial share of total
land surface.

Nevertheless, the outcomes derived from a perception-based approach remain influ-
enced by multiple factors, including familiarity with the theoretical framework, perceptual
sensitivity, educational background, technical training, and seasonal conditions during data
collection. Despite these sources of variability, the overall consistency of results confirms
the relevance of Lynch’s theory for structuring rural landscape analysis.

Beyond its empirical findings, this research illustrates that perception-based analytical
models originally designed for urban environments can be meaningfully adapted to rural
contexts, provided that their conceptual boundaries are clearly defined and adjusted to
diffuse spatial configurations. However, perceptual mapping should not be regarded as a
substitute for quantitative environmental assessment. Visually detectable disturbances do
not necessarily reflect the full extent of ecological or chemical degradation.

Future research should therefore integrate perception-based mapping with remote
sensing, GIS-based spatial modeling, and ecological indicators to strengthen the linkage
between landscape interpretation and measurable environmental change. From a policy
perspective, coordinated reforestation initiatives led by accredited public institutions and
environmental non-governmental organizations—implemented in close collaboration with
local communities—are necessary to mitigate ongoing degradation. Furthermore, the
systematic implementation of post-mining rehabilitation and social mitigation plans (PARS)
is essential to reduce the long-term ecological consequences of mineral extraction in the
Lubumbashi region.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/geographies6010024/s1, File S1: Questionnaire used for individual
interviews.
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