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Abstract

Understanding forest-cover change and its drivers is vital for global forest management
and policy development. This study analyzed perceptions of historical drivers behind
land-use/land-cover change (LULCC) and forest change in gazetted forests from 1966
to 2022 to evaluate the impact of human activities around the gazetted forest reserves,
comparing three forests in Nasarawa State, North Central Nigeria. Data were collected
through questionnaires, interviews, and focus group discussions. Three gazetted forests
(Doma, Risha, and Odu) were sampled to represent the three geopolitical zones of the state.
SPSS IBM version 29, NVivo 1.7, and Python 3 were used for data analyses to generate
statistics and identify coherent themes across the forests. Results show that changes
were perceived to be triggered by sixteen drivers (direct and indirect) related to social,
economic, environmental, policy/institutional, and technological elements. Agricultural
expansion, lumbering, and charcoal production were the most reported direct drivers,
while population growth, poverty, and government policies were the most perceived
indirect drivers. The results showed variations in human activities across forest sites. For
example, agricultural expansion, lumbering, and grazing were more widespread, while
construction and settlement activities differed between forests. The Risha forest community
saw agriculture expansion ahead of other drivers, Doma forest people saw population
growth above other drivers, and the Odu forest community saw lumbering aiding other
drivers that led to change. Implementation of policies focusing on these key drivers must
match local perceptions and priorities to engage people in forest conservation. These efforts
could ensure effective forest protection that is vital for achieving global biodiversity and
climate targets and safeguarding local livelihoods. The specific drivers of changes in each
forest need to be targeted in conservation efforts.

Keywords: land-use drivers; local perceptions; forest conservation policy; human±environment
interactions; Africa
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1. Introduction

Human-caused alterations of the Earth’s surface frequently lead to the destruction
of forests and woodlands, as well as the degradation of forested areas [1±3]. The primary
issues surrounding forest conservation and livelihood change are attributed to land use
and human interactions [4±6]. These human activities are linked to deforestation and
forest degradation, which work against the protection of forests and their management
systems [7,8]. Assessing these factors is vital for the effective local, regional, and global
development of environmental settings [9,10]. The impact of land-use change and its
driving factors has been shown to negatively affect forest cover and biodiversity, which
has important implications as biodiversity sustains the livelihoods that people depend on
to survive [11±13].

It is important to evaluate drivers that contribute to changes and degradation in for-
est cover and to protect areas, drawing on the local perspective [10,14]. This approach
ensures that interventions are relevant to the specific context, garner community support,
address root causes, and adapt to changing conditions, ultimately leading to better out-
comes for both forests and local people who depend on them, often directly, for their
livelihoods [15,16]. Incorporating a local perspective enables the consideration of both
environmental and human aspects of forest management.

Forests play a crucial role as valuable resources, providing a diverse array of ecosystem
services, including timber, food, fuel, and non-timber bioproducts [17]. Additionally, they
contribute to the maintenance of ecological functions, including carbon storage, nutrient
cycling, water and air purification, and preservation of wildlife habitats, which are essential
for promoting human well-being and supporting life [18±20]. Human activities have led
to a 60% decrease in ecosystem services globally, according to the Millennium Ecosystem
Assessment [21], reiterated by [14,22]. As the primary means of subsistence for people
living in poverty, they rely heavily on these services, so often lose out the most in terms of
ecosystem change and degradation [23±25].

According to the Millennium Ecosystem Assessment [21], when a driver of change
has an evident influence, it is referred to as a ªdirect driverº. When it underlies or leads
to a ªdirect driver,º it is referred to as an ªindirectº (underlying) driver. Direct drivers
have a clear and straightforward cause-and-effect relationship with observed changes.
They comprise activities or actions that directly affect forest cover and land use, such as
agriculture, urban expansion, mining, logging, livestock grazing, and forest fires, among
others [2,26,27]. Indirect drivers encompass complex political, socioeconomic, cultural, and
technological interactions [13,27±29]. Other indirect drivers of deforestation include cor-
ruption, inadequate governance, population growth, climate change, and ambiguous land
tenure arrangements [15,30,31]. According to Geist and Lambin [32] and the Millennium
Ecosystem Assessment [21], changes in these drivers influence not only land cover but also
forests, although the drivers and their impacts differ regionally. In most developing nations
in Latin America, Asia, and Africa, the key driver of deforestation is the conversion of
forest land to agriculture (commercial and subsistence), linked to activities such as logging,
charcoal, collecting fuelwood, forest fires, and livestock grazing [10,33,34].

While the Millennium Ecosystem Assessment [21] provides a useful lens for cate-
gorizing ecosystem changes and drivers, this study also draws on broader theoretical
frameworks, particularly land system science and political ecology, to provide a more
comprehensive analysis of the complex human±environment interactions influencing forest
change. Land system science emphasizes the spatial, ecological, and social dynamics of
land-use transitions, helping identify feedback between human activities and environ-
mental outcomes [13,27,28]. Political ecology foregrounds issues of power, governance,
inequality, and historical legacies in shaping land-use decisions and forest management
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practices [35]. By integrating these perspectives, this study situates local land-use patterns
within larger political±economic and institutional contexts, thereby enhancing under-
standing of the root causes and structural constraints that shape forest degradation and
conservation outcomes.

According to Global Forest Watch, Nigeria has approximately 20 million hectares
of forest area, with about 200,000 hectares lost annually in recent years. The country
has lost nearly 95% of its forest cover, primarily because of aggressive deforestation,
which occurred at a rate of 5% annually from 2010 to 2015 [36]. Demand for land
and scarcity of fuelwood further intensify deforestation, even within protected forest
reserves, broadly driven by agricultural growth, increasing population, and resource
exploitation [33,37,38]. While previous research in Nigeria has been conducted on land-
use and land-cover change (LULCC) and its drivers using remote sensing and survey
data [37±39], there has been limited research on the current drivers of protected and forest
reserve changes, particularly in the North Central region of the country [39±41]. Although
remote sensing data and Geographic Information System (GIS) applications have been
used to quantify the extent of changes in land use and forest in many regions [41±44], they
cannot explain the rationale behind the anthropogenic drivers that are felt or perceived by
stakeholders in forest communities. Understanding perceptions is important to understand
how local communities feel about changes in the forests, and this can help to identify impor-
tant entry points for forest conservation actions. Gaining understanding about perceived
drivers of forest change requires both quantitative and qualitative approaches.

Overall, the integration of qualitative and quantitative approaches in this study allows
a more comprehensive understanding of forest degradation and conservation in Nigeria.
It makes a unique contribution by providing insight into the perspectives of Nigerian
forest communities, an aspect that remains underexplored, and highlights the strategic
role of gazetted forest reserves in both national conservation and policies to tackle climate
change. By situating research within broader global discourses, the study contributes
to ongoing efforts aligned with the Sustainable Development Goal (SDG) 15: Life on
Land and Convention on Biological Diversity (CBD). Specifically, it supports the objec-
tives of halting biodiversity loss, promoting the sustainable use of terrestrial ecosystems
and land use, and integrating local communities into conservation plans [22,45±52]. To
strengthen its relevance, we integrate comparative analyses of deforestation drivers across
African forest reserves to contextualize its findings within the broader literature on West
African deforestation [33,36,40].

The overall aim of the work is to evaluate the perceived drivers of forest change (both
direct and indirect) using an empirical perspective at the local community level, including
those populations living close to three gazetted forest reserves. The research questions are
as follows:

(i) What are the socioeconomic characteristics of the sampled households from commu-
nities living near the gazetted forest reserves?

(ii) What are the perceived direct and indirect drivers of forest change in forest-dependent
communities, and how do these differ across the three forested regions in the state?

2. Research Design and Methods

This section describes the geographical setting of the research area, the methods used,
the procedures employed, and the techniques used to gather and analyze data. This study
was conducted in Nasarawa State, Nigeria (Figure 1).
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Figure 1. Map of Africa with Nigeria showing Nasarawa State, its Local Government Area adminis-
trative boundaries, and geo-political zone subdivisions.

Nasarawa State is home to 41 officially recognized forest reserves, which were es-
tablished and charted in 1966 with legal documentation (Figure 2), although some were
proposed without complete legal authorization [53]. Due to varying years of official recog-
nition, not all were mapped. These reserves are distributed across Nasarawa North, South,
and West Senatorial Districts (Figures 1 and 2), with the majority located in the southern
region, followed by the northern and western areas, respectively. They were officially rec-
ognized under the Benue Plateau State of Nigeria, gazetted supplement part B to Northern
Region gazetted No.8, vol. 2, 1966. While this recognition meant that local residents were
prohibited from clearing vegetation, forest communities retained resource access rights
while preserving the forest cover. They were allowed to gather water, thatching grass, dead
wood, stones, fruits, and medicinal plants that are important to their culture. However,
resource extraction remains restricted to personal domestic use and not for commercial
purposes, with a view to ensuring no harm to the vegetation cover [53].

Three forests, Doma, Risha, and Odu, were chosen to represent each geopolitical zone:
Doma in the south, Risha in the north, and Odu in the west (Figure 2). This selection ensured
a comprehensive approach and considered ecological similarity, cultural significance, and
geographic distribution, representing various ecological zones and forest types of different
sizes with comparable biodiversity [54±59]. The selection of forest sites also sought to
avoid areas known for their security threats, including kidnapping risks, farmer±herdsmen
conflicts, inter-community crises, and cultural barriers. Prior to the field visits, consultations
were held with Nigerian security services to obtain relevant security information before
travelling to the area, making our final site selections, and commencing data collection.
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Figure 2. Nasarawa State map showing the gazetted forest reserve distribution for 1966. This was an
extraction from the Nasarawa shapefile from the Ministry of Environment, Abuja, and Nasarawa
Geographic Information Service, 2020.

2.1. Data Source and Methodology

The study employed a mixed-methods research design [60,61], combining household
surveys, key informant interviews (KII), and focus group discussions (FGD) to understand
the perceived historical drivers and human activities that contribute to the trajectory of the
gazetted forest reserve change in the study area (Table 1).

Table 1. Data collection methods and sampling for the Household Questionnaire Surveys, KIIs, and
FGDs used in the study.

Method Type of Respondent
Sample Size and Number
of Participants

Sampling Approach

Interviews Four Groups’ Stakeholders

Local leaders
Local people
Policymakers
Experts
Total

15
15
5
5

40

Snowball sampling method

FGDs Four Group Stakeholders

Local leaders
Local people
Policymakers
Experts
Total

15
15
5
5

40

Snowball sampling method

Household
Questionnaire

Three Communities
Local to the Selected
Forest Reserves

Doma Forest Reserve
Risha Forest Reserve
Odu Forest Reserve
Total

84
84
84

252

Multi-stage sample method

2.1.1. Household Survey

The survey comprised a set of structured questions specifically designed to gather com-
prehensive insights and perspectives from the local communities living near the selected
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forest reserves. It was difficult to obtain precise figures and population data on the villages
and communities surrounding the forest reserves, resulting in challenges in establishing a
valid sample size and ensuring representativeness. A multi-stage sample approach was
used to choose household survey respondents [62,63]. This involved selecting respondents
in a series of stages, typically narrowing down from larger, more general groups to smaller,
more specific groups, resulting in an overall sample size of 252 (Table 1). The survey was
conducted in the Hausa language during the wet season in June and July 2022.

2.1.2. Key Informant Interviews (KIIs)

Interviews were conducted to gather in-depth insights from individuals with signifi-
cant knowledge, experience, and expertise in forest use, management, and conservation.
Forty stakeholder participants were recruited through snowball sampling with the help of
community heads and local contacts.

The local community groups were selected based on their experience with forest
resource use, understanding of land-use changes, and active involvement in forest-related
activities (Tables 1 and 2). Semi-structured interviews were conducted in English and
Hausa, allowing participants to share their perspectives on the drivers, human activities,
and benefits of ecosystem services provided by gazetted forests. The Hausa responses were
later translated into English for analysis. These interviews provided valuable qualitative
data for understanding the complexities of historical drivers and human activities in the
local communities around the gazetted forest area.

Table 2. Stakeholder groups involved in KII and FGDs and their description.

Stakeholder Groups Description of the Stakeholder Group

Local people

These are the forest users in the
communities; they interact frequently with
the forest for resources to derive
immediate benefits for their livelihoods
within their forest communities, and
include farmers, hunters, charcoal
producers, and timber contractors.

Local leaders

These stakeholders are responsible for
protecting their local environment through
management of forest use, land ownership
and disputes, and local regulations. This
group includes Traditional Rulers, Village
Heads, Youth Leaders, Women Leaders,
and Market Leaders.

Government officials

These are government custodians who
monitor and analyze forest uses, generate
funds for the government, maintain
forest-designated areas, record forest
activities, and take legal action against
forest law violations. The participants
from this group were from the Nasarawa
State Ministry of Environment and
Natural Resources.
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Table 2. Cont.

Stakeholder Groups Description of the Stakeholder Group

Experts

These are independent experts who
advocate for forest and land use for
sustainability and advise the government
and the people to understand forest policy
implementation strategies, considering
their impact on the environment, and
particularly the importance and role of
forests in environmental sustainability.
This group includes land-use planners,
environmentalists, geographers, and
foresters in academic and
forestry institutions.

2.1.3. Focus Group Discussions (FGDs)

To complement the household surveys and key informant interviews, eight FGDs were
conducted with community members from the same stakeholder groups that participated
in the KIIs (Tables 1 and 2).

FGDs were conducted to foster deeper engagement and dialogue, enabling participants
to share their perceptions and experiences, and to evaluate the historical drivers and the
trajectories of human activities leading to changes in the gazetted forest reserves and their
ecosystem services. The same participants from the KIIs were invited to participate in
the FGDs, ensuring continuity and cost-effectiveness of participant recruitment. Their
prior familiarity with the topic facilitated deeper engagement, allowing the validation
and triangulation of the findings. This approach has proven valuable for understanding
community dynamics, social norms, and areas of stakeholder consensus or divergence.

The discussions were conducted in both English and Hausa to accommodate par-
ticipants’ language preferences. Ethical approval for the study was obtained from the
Environment and Geography Department Ethical Review Committee of the University of
York, UK (REF: DEGERC/RES/24032022/1), prior to the commencement of the research.
Informed consent was obtained from all participants prior to data collection. For illiterate
participants, the consent process was conducted verbally in the presence of a witness,
and their consent was recorded either through a thumbprint or verbal confirmation doc-
umented by the research team. The number of authorizations was recorded to ensure
ethical transparency and compliance with institutional guidelines. Informed consent was
also obtained from all participants for audio recordings. Field notes were taken to capture
nonverbal cues, contextual factors, and other relevant observations. This strategy provided
a comprehensive dataset that facilitated a detailed and nuanced analysis of participants’
responses. The audio recordings were subsequently translated from Hausa into English
and transcribed for analysis.

2.2. Data Analysis

Quantitative data from the household survey were analyzed using the statistical
packages for social science (SPSS) IBM Version 29, and qualitative data derived from KIIs
and FGDs were coded and analyzed using NVivo software. The process was conducted
in two stages. The initial stage of coding produced numerous categories without limiting
the number of codes, which is in line with the grounded theory style approach proposed
by Charmaz [64] and further elaborated by Ganesha [60]. Emerging ideas were identified,
relationship diagrams were developed, and frequently cited keywords were utilized to
formulate key themes aligned with the study’s research objectives. In the second stage, the
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initial codes were refined through elimination, amalgamation, or subdivision of categories,
with emphasis placed on recurring concepts and broader thematic patterns [64]. Direct
quotations from participants were used to substantiate and support the narrative within
the research storylines based on the categories underpinning each theme.

3. Results

This section addresses each of the research questions in turn, first characterizing the
respondents in the household questionnaire survey and then integrating the qualitative
and quantitative data across the FGDs, KII, and household questionnaire survey.

3.1. Socioeconomic Characteristics of Surveyed Respondents Across the Three Study Forests in
Nasarawa State

Across the three forest communities, the sample was predominantly male (84%),
indicating male-dominated involvement in forest-based decision-making roles. This may
also be linked to cultural limitations that restricted the interaction of women with male
surveyors. The 36±55 age group represented the largest proportion (47%), followed by
56±75 (24%) and 18±35 (23%), with 6% aged 76 and above; 92% of respondents were
married, while single, widowed, and divorced individuals made up 8%; and 95% of
respondents were non-salaried, indicating the dominance of informal economic activities
(Appendix A Figure A1).

Comparing across the three forests (Doma, Risha, and Odu), non-salaried earners
constituted 98%, 96%, and 90%, respectively, with agricultural activities most prevalent in
Risha and Doma (81%). Common crops included yam, maize, cassava, and guinea corn.
Income levels were generally low, with 67% earning less than NGN 40,000 monthly (34%
between NGN 21,000 and NGN 40,000 and 33% below NGN 20,000). Only 12% earned
above NGN 61,000 (USD 40) per month. In this study, a household is defined as a group of
people living together in the same compound and sharing living arrangements. The major-
ity of households were relatively large, with 31% comprising 5±6 members, 23% having
7±8 members, and 24% consisting of >8 members. Farming was the primary occupation
(72%), while 24% combined farming with trading, artisanal work, civil services, or fishing.
Educational attainment varied: 30% had secondary education, 22% held university degrees,
20% had National Certificate in Education (NCE) qualifications, 14% had only primary
education, and 6% had no formal education.

These demographic and economic conditions are significant for understanding pat-
terns of forest use, pressure on natural resources, and the adaptive capacity of local
communities. These findings underscore widespread poverty and informal livelihoods,
highlighting significant pressures within the communities surrounding the gazetted
forest reserves.

3.2. Forest Change

Participants described significant changes across the landscape over the past 60 years,
with dense, biodiverse forests in the 1960s gradually transforming into degraded landscapes
with a loss of biodiversity (Table 3). The direct and indirect drivers of this change were
identified by participants and are described in turn.
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Table 3. Overview of stakeholder perspectives from the content analysis of FGDs on forest reserve
changes and drivers.

Forest Reserve 1960±2000 2001±2022
Key Drivers of
Change

Processes of Change

Doma

Dense, biodiverse
forests with tall trees
and abundant
wildlife. Minimal
degradation.

Significant
deforestation,
biodiversity loss, and
near disappearance
of reserves.

Population growth,
agricultural
expansion, logging,
charcoal production,
bushfires,
overgrazing, weak
policy enforcement.

Loss of vegetation cover,
economic exploitation,
lack of reforestation,
habitat destruction,
invasive species, and
inadequate enforcement.

Risha

Rich vegetation,
wildlife, and water
bodies with strong
government control.

Near-total
forest-cover loss,
ecosystem
disruption, species
extinction, water
body depletion.

Agricultural
expansion,
timber/charcoal
extraction, firewood
harvesting, and
overgrazing.

Land clearing, hunting,
changing cultural
attitudes towards
conservation, and
economic pressures.

Odu

Intact forests with
strong traditional
laws limiting
exploitation.

Accelerated
degradation, habitat
loss, soil erosion,
reduced resilience.

Logging, agricultural
expansion,
urbanization, timber
extraction,
overgrazing, weak
governance, and
climate change.

Shift from traditional
conservation to
unsustainable
exploitation, changing
cultural attitudes towards
conservation, population
pressure, and economic
reliance on
forest resources.

3.3. Perceived Direct Drivers of Change

Community perceptions of the direct drivers that contribute to the gazetted forest
reserve change in their community are quantified based on analysis of the household survey
data (Figure 3). Multiple options were given to respondents so that they could select any
number of possible drivers of change. Across the Doma, Risha, and Odu forest reserves,
key direct drivers, including agricultural expansion, timber logging, fuelwood/charcoal
production, and grazing, were consistently identified through household surveys, KIIs,
and FGDs. However, their intensity, sequence, and perceived significance varied by site.

Figure 3. Comparative responses across the three forest communities on the perceived major direct
drivers of gazetted forest change.
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3.3.1. Lumbering

The extraction of timber was identified as the first step in forest clearance, preceding
agriculture (Doma Stakeholder FGDs). Lumbering was perceived as a direct form of degra-
dation across all three reserves, conducted for both commercial and non-commercial timber
purposes, targeting valuable species including Iroko (Milicia excelsa), Obeche (Triplochiton

scleroxylon), Gmelina (Gmelina arborea), Mahogany (Khaya spp.), Opepe (Nauclea diderrichii),
and African Copaiba (Copaifera mildbraedii). This affects forest quality, composition, and size,
leading to a decrease in forest cover: ªThe practice of timber extraction has persisted for decades,

focusing on economically valuable tree species like Iroko, mahogany, obeche, shea butter trees. These

trees have been harvested to meet the substantial demand for timber exports, serving diverse appli-

cations abroad and within local communities. This industry includes forest-dwelling individuals

and private commercial enterprises, generating revenue for governmental bodies. Consequently,

these logging operations have significantly altered the designated forest reserveº (Doma Local
People KII 003, June 2022). FGD participants further noted that as the population grows,
the demand for timber for construction increases, driving unsustainable practices. One
local stakeholder reiterated that ªLumbering is one of the key contributors to human activities

that lead to the degradation of the forest reserve in this area. People are often felling or cutting down

trees in and around protected forest areas, particularly to obtain timber for construction materials

such as roofing houses. Over time, this persistent practice not only depletes tree populations but also

undermines efforts to maintain the ecological balance and biodiversity within this reserveº (Risha,
Local people KII 004, June 2022) (Appendix B, Table A2).

3.3.2. Agricultural Expansion

All respondents indicated agriculture expansion as a major driver of change (Figure 4
and Scheme 1). Increasing demand for farmland and settlements as the population grows
has led to an expanding agricultural frontier. Within Doma, farming began in the 1970s,
with crops including yam, maize, guinea corn, and beans. Risha Forest Reserve saw rapid
agricultural expansion after 2001, resulting in the near-total loss of forest cover: ªThe forest

reserve has changed due to agricultural expansion because we are farming there. We farm crops like

yam, groundnut, melon, maize, guinea corn, beans, and soya beans and so onº (Risha Local leaders
KII 001, June 2022) (Appendix B, Table A2). While Odu also has high deforestation rates
due to agriculture, farmers practice shifting cultivation as a traditional method, abandoning
farms after a period of time to enable the forest to regenerate. However, degradation is still
pervasive: ªAgriculture has contributed to forest changes here since the 1970s, as we depend on

farming and forest resources for income and survival, with no alternative livelihoodsº (Odu, Local
Community members, KII 003, June 2022).

 

Figure 4. Population trends in the study area (Nasarawa state) over the period 1966±2020. Source:
website: https://www.nationalpopulation.gov.ng, accessed on 4 October 2022).

https://www.nationalpopulation.gov.ng
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(ai) (aii) 

(bi) (bii) 

(cii) (ci) 

(di) (dii) 

Scheme 1. Evidence of identified land-use activities around the gazetted forest reserves in the study
sites. From top right: (ai,aii) clearing primary forest land for agriculture activities and settlement in
Odu Forest; (bi,bii) agriculture cultivation and fuelwood cultivation in Doma Forest; (ci,cii) clearing
of forest area for farming activities and cultivation in Risha Forest Reserve; (di,dii) grazing activities
in Doma and construction along Risha Forest Reserve. Source: Fieldwork July 2022.

3.3.3. Charcoal and Firewood

Fuelwood collection and charcoal production are essential for the generation of house-
hold energy and additional income, particularly as energy costs rise (Expert FGD). Specific
tree species are used: ªLocal communities frequently harvest trees, such as Vitellaria paradoxa
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(shea tree), Daniellia oliveri (African Copaiba balsam tree), and Prosopis africana, for firewood

and high-quality charcoal due to their dense wood and high calorific value. This targeted harvesting

has significantly contributed to the depletion of forest cover and resources in the reserve, driven by

domestic use and economic necessitiesº (Doma, local community leader KII 004, June 2022). Ob-
servations during fieldwork confirmed the ongoing exploitation of the forest for fuelwood
and charcoal production (Scheme 1).

3.3.4. Grazing

Grazing by livestock was cited by 81% of respondents in Doma, 90% in Risha, and
69% in Odu (Figure 3). FGDs revealed that herders allow livestock to graze on croplands
and grasslands and cut some specific tree species to feed their livestock within the reserve,
which reduces forest cover and changes grassland composition. Cattle trampling and
the cutting of branches for fodder further exacerbate the problem. Additionally, herders
have been reported to clear forested areas to build camps, adding to the deforestation
pressures noted by both the local people and lead stakeholders (Appendix B, Table A1). KII
participants from the local community in Doma elaborated and confirmed that ªGrazing by

herdsmen contributes to the destruction of the forest reserve; they move into the forestry area and

cut down the trees and grasses to feed their animals’, this reduces the composition and size of the

forest reserves; their activities affect forest growth and coverº (Doma, Community member KII
003, June 2022). Grazing on farmland can cause conflict. It is important to note that herders
were not included as participants in these FGDs because of their inaccessibility, which
precluded the opportunity to gain insight into their perspectives regarding the impact of
their activities on forest degradation.

3.3.5. Construction and Settlement

Construction and settlement were perceived as less important in driving forest change
across the three reserves. Respondents in Doma considered construction (referring to the
physical building and related infrastructural development in the state) to be a significant
driver of change, and Doma had the highest construction response (47%). Construction
is often encompassed within lumbering, as it is often difficult to identify whether timber
is being extracted for local construction or regional/national sale. Seventy-six percent of
respondents in Doma identified settlement, which involved the establishment or expansion
of communities in a given area, as one of the major drivers, while only a few in Risha and
Odu mentioned it.

3.4. Perceived Indirect Drivers of Change

Themes derived from analysis of qualitative KII and FGD data indicate interconnected
indirect drivers, such as population increase, poverty, climate change, corruption, gover-
nance, government policies, insecurity, land grabbing, and migration, which interplay with
the direct drivers.

3.4.1. Population Growth

The majority of KII and FGD participants perceived that the population of the area
had increased over the study period: ªPopulation growth has significantly impacted forest

cover and ecosystem change, interacting with other environmental pressures and direct drivers. For

example, the demand for livelihood sources is influenced by population growth. Prior to 1960, the

population that led to extraction and degradation remained low. However, since 2000, deforestation

has escalated, largely driven by rapid population growth within the state and local communitiesº
(Doma Local people, KII 002, July 2022). Another participant further explained in Risha
that ªDue to population increase around this area, people started claiming ownership and
open agricultural land for farming purposes around 1998 to date that led to significant
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forest-cover change of the forest reserves area.º (Risha forest, Local person 003, (Female)
KII July 2022). One of the expert stakeholder participants added that ªDue to the consistent

ever-increasing human population in this area, it results in increasing demand from people for other

land use and human activities for livelihood, which is the key driving force of the forest changeº
(Expert KII 004, June 2022).

Statistical data showing the population of each gazetted forest community was not
available. State-level population data in the period 1986 to 2020 were nevertheless analyzed
(Figure 4). These secondary data show the population grew by 75% between the years
1986 and 2020, rising from 939,471 to 2,895,432 individuals, with this rapid growth driven
by birth rate trends and migration. During this period, the average annual increase was
2.5% (https://www.nationalpopulation.gov.ng, accessed on 4 October 2022). This suggests
perceptions of population growth are supported by the statistics, at least at the state level.

3.4.2. Poverty

Poverty is considered to be an indirect driver of change: ªPoverty is one of the major

drivers that led to changes in the forest reserves: we expand our agricultural land in the forest

to get our livelihood since we have no good way of getting food or money to surviveº (KII Risha
Local person 005, June 2022). A community leader in Doma emphasized that ªPoverty

is a significant driver of changes in the forest reserve. People exploit this forest to sustain their

livelihoods and meet economic needs, with community members often clearing parts of the forest to

access and utilize its resourcesº (KII Doma Local person 005, June 2022). A government official
explained, ªOne of the main reasons for changes to the forest reserve is poverty and this is a fact. The

fact is that community members need money for their livelihoods and economic survival, which leads

them to clear the forest around them for resource access and useº (KII Government official 005,
June 2022). Poverty has also increased forest degradation in the study area due to increased
demand for fuelwood and other domestic uses because these communities depend heavily
on natural resources to meet their daily needs. Government officials and experts also
emphasized policy failures, poor governance, corruption, and weak enforcement as critical
factors influencing forest degradation.

According to the National Bureau of Statistics (NBS), Nasarawa State recorded a
multidimensional poverty incidence of approximately 57% as of the 2022 Multidimensional
Poverty Index (MPI) report, indicating that the majority of the population lacks access
to basic needs such as healthcare, education, and sustainable livelihoods. Such high
poverty levels compel local communities to rely heavily on forest resources for fuelwood,
timber, and non-timber products, often with limited awareness or capacity for sustainable
management practices. Thus, addressing poverty and strengthening governance and
enforcement mechanisms are essential for effective forest conservation and sustainable
livelihood development in both the forest communities in this study and in Nasarawa State
more widely.

3.4.3. Poor Governance and Corruption

Poor governance includes issues such as corruption and the embezzlement of funds,
which adversely affect the performance of the forest conservation sector. This is exem-
plified by the detrimental consequences of management and monetary issues, as well as
the accelerating violation of natural resource conservation laws, which greatly influence
changes in the forest reserves of the area. This was particularly the case in Doma: ª[In the
past], the government [did] take good care of the reserves but now less attention is given, so people

go into the reserves and cut down trees in the reserve any time without any proper permissionº
(Doma local people KII 005, June 2022).

https://www.nationalpopulation.gov.ng
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Government policies governed the establishment of Protected Areas (PAs) and forest
reserves that were intended to help reduce overall forest loss and degradation, limiting the
areas in which concessions could be granted. However, many PAs and reserves were poorly
managed with limited resources and capacity, resulting in implementation failure. This is
recognized by stakeholders: ªGovernment policies are often contributing to deforestation in forest

reserves. This is because these policies are not always implemented in a manner that aligns with

the needs of the people for conservation. For instance, Nigeria’s high cost of natural gas, cooking

gas, and kerosene has led to a situation where poor residents in forest communities are forced to

resort to forests for their energy needs. This has resulted in the degradation of the ecosystem and

a change in the forest coverº (Government official KII 002, June 2022). Policy interventions
that recognize and reinforce traditional land stewardship while plugging enforcement gaps
could enhance forest outcomes.

Poor governance and policies were also perceived as influencing corruption by forest
officials in the study area. For instance, bribes are reportedly necessary when obtaining
permits or documents and to secure access to forest reserves for farming, timber, and other
uses, as well as to obtain agricultural concessions in these reserves. In some cases, domestic
companies may even pay bribes to subcontract and overharvest logging concessions. Local
community members and government officials are allegedly involved, for example in
Risha: ªThe government forest officers assigned to monitor, manage, and enforce the forest laws

against encroachments in this forest reserve encourage the community and even foreigners by

collecting small bribes from them and then allowing them to enter the forest and degrade it for timber

extraction, agricultural, and other uses, which leads to a high rate of cutting forest trees and a

change in the forest reservesº (Risha local people KII 004, June 2022). Together, the direct and
indirect drivers that were identified encapsulate the multifaceted and dynamic pressures
that contribute to forest degradation and change, and emphasize the systemic nature of
the challenges.

3.4.4. Climate Change

In terms of perceptions of disasters and climate change, more than 70% of respon-
dents in the three forest communities considered that these drivers had contributed to
changes. Both experts and Government officials noted the impacts of climate change, policy
inconsistencies, and inadequate reforestation efforts. Over the years covered in this study
(1986±2020), Nasarawa State experienced significant climate variability with an overall
trend of increasing temperatures and fluctuating rainfall (Figures 5 and 6). These changes
may have implications for the region’s forest cover, agricultural activities, ecosystem ser-
vices, and overall sustainability of the gazetted forest reserve, particularly as climate change
and variability are often viewed as a risk multiplier for poverty.

3.5. Unique Issues Within Each Forest Reserve

While the three forest reserves, Doma, Risha, and Odu, share common direct and un-
derlying drivers of forest degradation, several unique site-specific issues emerged from the
household surveys, KIIs, and FGDs. Risha and Doma were perceived to exhibit the highest
levels of agricultural expansion and forest degradation in the reserve, as evidenced by all
data sources, while Odu’s forest community perceived cultural control of the traditional
land-use pattern of shifting cultivation. In the Risha and Doma reserves, individuals on
the agricultural frontier actively cleared land for permanent agriculture, as perceived by
the community. In Doma, community practices show minimal species-selective harvest-
ing, increasing the risk of over-exploitation of vulnerable species. Moreover, the area has
limited community-based forest management structures, presenting an opportunity for
introducing participatory governance models.
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Figure 5. The study area’s annual rainfall trend for the period 1986±2020 (Lafia Station). Source:
Nigeria Meteorological Agency, Abuja, 2022.

 

Figure 6. The study area’s annual temperature trend over the period 1986±2020 (Lafia Station). Source:
Nigeria Meteorological Agency, Abuja, 2022.

Risha exhibits severe governance failures and explicit corruption, with many cases
of bribery for illegal timber extraction and farming spaces within the reserve, while weak
institutional enforcement has resulted in accelerated deforestation in the area. Unlike Odu,
Risha lacks strong informal controls or traditional norms that could mitigate unsustainable
practices. Drivers within the Odu forest showed the most divergence from those in Doma
and Risha. Forest degradation is slower in Odu, with sociocultural norms and community-
led practices mitigating negative impacts. For example, the Odu community revealed that
land was initially cleared for valuable timber, with agriculture subsequently encroach-
ing, while various drivers and processes (e.g., population growth, poverty, and grazing)
gradually contributed to the change in the degraded forest, leading to rapid agricultural
expansion over decades. The Odu forest benefited from stronger informal oversight and
traditional norms, contributing to ecological resilience. Odu is currently experiencing forest
regeneration, as observed during fieldwork and reported by stakeholders. This has been
attributed to the continued use of traditional agricultural practices, which emphasize fallow
periods, thereby facilitating natural forest recovery. The case of Odu offers several key
insights for forest conservation and management, such as shifting cultivation, but it is not
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wholly sustainable and may present more forest-compatible land-use alternatives than
permanent agriculture, particularly under moderate population pressure.

In addition, the Odu forest community shows greater ecological awareness, with
selective harvesting of certain species, suggesting local knowledge can inform sustainable
harvesting guidelines and displays evidence of natural forest regeneration, supported
by community norms and informal governance structures. These findings suggest that
hybrid governance models that integrate formal authority with empowered community
institutions that reflect local realities could support positive forest futures. Poor governance
and weak policy implementation nevertheless exacerbated deforestation in all reserves,
with these underlying drivers perceived more widely in Risha and Doma (Appendix B,
Tables A1±A4). Addressing these drivers requires targeted interventions for conservation
and management, including improving governance, providing alternative livelihoods, and
promoting sustainable land-use practices.

4. Discussion and Implications

The intricate relationship between social and biophysical processes that drive land-use
changes, particularly those affecting forest cover, is influenced by a combination of direct
and underlying factors, often stemming from human activity [8,65]. This dynamic was
evident in the current research, where most participants from gazetted forest communities
attributed forest change primarily to this interplay between socioeconomic factors and bio-
physical processes. Most of the historical drivers and human activities that drive gazetted
forest change were similar across the three gazetted forests. However, perceptions dif-
fered regarding construction and settlement drivers in terms of their contribution to forest
change across the three sites surveyed. Each group’s viewpoint is rooted in its interaction
with and dependence on forests, as well as its capacity for control over forest resources.
These differences are shaped by distinct ecological conditions, cultural orientations, and
governance structures, which influence how communities interact with and perceive forest
resources. The literature suggests that communities located near more degraded reserves
may be more likely to emphasize direct drivers of deforestation and forest degradation,
such as agricultural expansion, fuelwood collection, and logging (see [65]). In contrast,
communities situated closer to relatively intact forest areas may more frequently highlight
indirect drivers, including poverty, weak enforcement of forest protection laws, and limited
livelihood alternatives. These differences underscore the importance of understanding
differences in local perspectives and the importance of incorporating local voices into other
technical analyses. This is particularly relevant in the Nigerian context, where it is often
challenging to access and adequately represent the views of local communities due to
logistical, socio-political, and institutional barriers. Local contexts, both ecological and
institutional, mediate not only the extent of forest change but also how that change is
understood by the people most affected by it.

A critical insight from this study is the prominence of indirect drivers in the local
narratives. While direct drivers, such as illegal logging and agricultural encroachment, are
visible and immediate, communities often emphasize underlying socioeconomic factors,
including poverty, unemployment, land tenure insecurity, and lack of government presence,
as less visible, more fundamental causes [27,66]. These indirect drivers are both chronic
and systemic, making them more difficult to address through technical fixes alone. Their
strong influence suggests that addressing forest degradation in Nasarawa State and similar
contexts requires integrated development and governance reforms, not just environmen-
tal regulations. Importantly, the differences between communities reflect differentiated
ecological, cultural, and governance contexts, which should be further explored to better
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understand localized forest management dynamics. Tailoring interventions to these unique
contexts may enhance the effectiveness of conservation and policy strategies [65,67].

Understanding socioeconomic drivers and forest changes reveals how incentives and
constraints shape human interactions with forest ecosystems. This study highlights the
socioeconomic drivers of forest change in Doma, Risha, and Odu, with findings consistent
with those of previous studies, such as Sahuri et al. [66], which reported changes in the
Bukit Suligi Protected Forest Area. Communities around the forest reserves in the study
area experience economic challenges (poverty), which may affect the exploitation of forest
resources across the three forest reserves. With 81% of respondents being farmers, this
creates pressure on gazetted forests through extensive clearing. Agricultural expansion,
fuelwood/charcoal production, and lumbering, driven by poverty and population growth,
created a deforestation cycle.

These observations underscore the need to recognize that indirect drivers, such as
poverty and weak governance, often hold equal or greater weight than direct drivers, such
as agricultural expansion, in shaping forest change. These underlying forces structure
the incentives and institutional capacity available to manage or resist forest exploitation.
However, Wibowo et al. [35] suggested that socioeconomic activities, when managed
properly, can have positive outcomes, suggesting the dual nature of these activities in
protecting forests.

Agricultural expansion remains the primary perceived driver of deforestation, par-
ticularly in Risha and Doma, consistent with findings across Africa and globally [5,67±70].
However, Odu’s forest community revealed cultural controls of the traditional land-use
pattern of shifting cultivation for agriculture, offering potentially important lessons. Tra-
ditional practices, such as shifting cultivation, while not wholly sustainable, may present
more forest-compatible land-use alternatives compared to permanent agriculture in Doma
and Risha, particularly under moderate population pressure.

These patterns highlight the need to balance food production with conservation
through strategies such as buffer zones and integrated national policies. Integrating these
findings with practical strategies for initiatives such as reducing emissions from deforesta-
tion and degradation (REDD+) and currently ongoing national reforestation initiatives in
Nasarawa State that leverage local knowledge systems could ensure more equitable and
effective forest conservation. These findings have practical implications. For effectiveness,
these programs must integrate local knowledge into planning, considering community
needs, strengthening local governance by empowering community-based forest manage-
ment, addressing indirect drivers through strategies that tackle poverty and improve
livelihoods, and ensuring inclusiveness by involving marginalized groups in decision-
making. Monitoring systems should also be implemented to enable communities to assess
forest change and intervention, while alternative livelihoods, agroforestry, and tree farming
could reduce reliance on forest resources and support sustainable development [70±72].

Lumbering activities have been identified as a key direct driver of forest-cover change,
as evidenced by research in Ghana, Kenya, and Malawi [8,71,73]. Our findings align
with research by [71] in Western Kenya, which found that timber demand led to illegal
chainsaw logging of indigenous trees, causing forest degradation in protected areas. This
consistency across studies shows the widespread impact of lumbering on forest reserves.
However, promoting sustainable wood products through tax incentives, regulations, and
awareness campaigns could foster demand for certified timber and encourage eco-friendly
practices aligned with the SDGs. Charcoal and fuelwood use significantly contributes to
forest degradation, a trend reported across Africa. Studies by [8,72±78] have shown that
fuelwood and charcoal demands drive forest-cover change, impacting forest cover and
biodiversity. While communities recognize negative impacts, poverty drives continued
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reliance on these practices [78,79]. Improved charcoal technology in Nepal has resulted in
reduced fuelwood consumption and positive conservation impacts [80]. Transitioning to
clean cooking fuels and subsidizing alternatives are crucial for protecting forests [79±82].
Subsidies for cookstoves can minimize tree cutting [82]. Expanding energy options and
creating forest reserves for biodiversity and community livelihood sustainability can help
preserve forests [83±85].

Grazing practices were found to exacerbate forest degradation in this study, as doc-
umented in previous research [5,8,83±87]. Inadequate grazing systems contribute to en-
vironmental issues, including drought, climate change, erosion, and species extinction.
Grazing within protected areas affects wildlife habitats, species behavior, and soil degra-
dation [87,88]. Implementing strict grazing control, quotas, and monitoring programs is
crucial for biodiversity conservation and sustainable forest management [89,90].

Findings that infrastructure development and settlement expansion drive forest change
align with studies documenting forest loss as a result of urbanization [1,12,91±93]. Urban
growth has encroached on forest reserves [94]. Infrastructure must be provided while
minimizing the environmental impacts to reduce habitat fragmentation and biodiversity loss
through approaches such as environmental assessment [65,95,96]. Land allocation and non-
timber forest products can also support conservation efforts during urbanization [81,97,98].

Research links weak governance and poor policy implementation to illegal logging
in PAs [26,99±102], an important finding across the three forest communities in this study.
Although Morales-Hidalgo et al. [103] have reported PA growth, declining tropical primary
forests indicate that designation as a PA alone is insufficient. Conservation success requires
addressing governance challenges [19,100]. In Africa, corruption among officials enables
forest exploitation [27,104±106], while poverty and inadequate monitoring worsen these
issues [1,107,108]. These findings emphasize the importance of integrated conservation
approaches that focus on improving forest governance. For example, despite similar drivers
of degradation across all three forests in this study, respondents in the Odu forest perceived
stronger informal oversight and traditional norms, contributing to ecological resilience.
These findings suggest the potential for hybrid governance models that integrate formal
authority with empowered community institutions.

Although not reported as a major driver of deforestation in our findings, the literature
shows that forest communities can face security threats, leading to vegetation clearing
around protected reserves. Ladan’s [109] study observed this, with forests being cleared
owing to security threats. Lunstrum and Ybarra [110] reported a similar decline. These
threats restrict conservation activities and damage forest reserves. Official policies may
displace local forms of protection and increase resource exploitation. Addressing security
threats is vital for PA sustainability [111,112] and needs to be considered as part of overall
governance reforms.

Climate change threatens biodiversity and protected forests, although it does not
primarily drive targeted forest change. Secondary data showed decreased rainfall and
increased temperatures, though local communities saw other drivers (particularly agri-
cultural expansion) as more important. Research indicates climate change could cause
over 70% species loss in PAs [113]. It affects habitat fragmentation and species distri-
bution [114,115]. Protected areas may also inadequately buffer climate impacts [83,89],
making adaptive strategies essential [84,116]. The implementation of the Nigerian Forest
Policy (2020) could support more sustainable forest management practices [84,117], but
climate change aspects also need adequate consideration within forest conservation efforts.

The relationship between proximate and underlying drivers of forest decline is com-
plex. Researchers have conducted studies using various indicators to establish cause-and-
effect linkages between these factors and human activity in protected forest areas [2,84].
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Forest-cover loss affects forest composition, biodiversity, and ecosystems, while climate
change amplifies these effects. As the population grows and activities such as defor-
estation and urbanization increase, the negative impacts on forests also increase [10,107].
These drivers create impacts, including plant and animal species extinction, in the study
area [2,118]. LULCC dynamics in gazetted forest reserves have various implications. Forest-
cover loss has increased pressure on the remaining forest patches due to agricultural ex-
pansion, lumbering, charcoal production, and grazing, hindering natural regeneration [24].
Forest conversion can contribute to the loss of high-conservation-priority indigenous tree
species [119,120]. This loss can occur through the direct removal of trees or by modifying
the environment in ways that are unsuitable for these species. Our study shows that indi-
viduals in Nasarawa forest reserve communities continue to use forest resources even when
no closed-canopy forest remains. This indicates the importance of degraded forest stands to
livelihoods, while other stakeholders’ perception of these lands as being worthless drives
deforestation. As local experiences of these drivers affect forest-dependent communities,
the consequences worsen. Intervention strategies are needed to safeguard forested areas
and prevent negative environmental and socioeconomic consequences. While international
agreements, such as the 2030 Agenda on Sustainable Development and the Paris Agreement
on Climate Change mitigation, aim to minimize deforestation and degradation, countries
must prioritize forest conservation in national policies. The governmental bodies in charge
of the gazetted forest in Nasarawa State need to acknowledge the key drivers and human
activity patterns that have led to the degradation of this gazetted forest, to develop policies
that incorporate the forest use needs of the local population. For example, Indonesia has
implemented policies related to various human activities and the drivers associated with
community land-use titles, including Hutan Hak, Hutan Adat, Hutan KeMasyarakatan,
Hutan Desa, and Hutan Tanaman Rakyat [119], which help reduce forest-cover loss and
retain the ecological integrity of the protected forest. It is crucial to conduct more research
of this nature to determine whether local communities in Nasarawa State and Nigeria can
possess agency in shaping their environment and whether governing bodies are genuinely
prepared and intend to incorporate their voices, desires, and aspirations into meaningful
policy changes.

5. Conclusions

The comparative analysis presented in this study shows that while all three forest
reserves in Nasarawa State face similar challenges, context-specific sociocultural, ecological,
and governance dynamics influence the drivers of change and the trajectories of each forest.
Odu demonstrates a more hopeful pathway shaped by traditional practices and emerging
shifts toward more sustainable land use, offering a foundation for designing localized
participatory conservation strategies.

Drivers of forest change across all three gazetted forests included agricultural ex-
pansion, lumbering for fuelwood/charcoal production, population growth, poverty, and
government policies, although the intensity varied. Risha and Doma showed the highest
perceived levels of agricultural expansion of forest degradation, whereas Odu’s forest
revealed cultural controls of traditional shifting cultivation around the reserve.

The six decades of LULCC in the gazetted forest reserves in Nasarawa State were
primarily driven by interactions between direct and indirect drivers. Despite geographical
variations, drivers and land use were similar across the three gazetted forests. Local
people influenced LULCC dynamics in response to the need to meet their survival and to
pursue their livelihoods, with similar patterns expected in other subsistence agriculture
areas. Implementing policies that focus on these key drivers is necessary to prevent
unfavorable LULCC shifts in forest reserves and other PAs in north-central Nigeria. Forest
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protection is crucial for biodiversity, climate goals, and local livelihoods, given limited
land resources. Land-use change impacts future generations, making sustainable forest
management essential for sustainable societies. Understanding the local contexts that
influence forest-cover changes helps to identify interventions that support forest protection
and local development. These can be integrated into existing initiatives such as REDD+. It
is also imperative to ensure local perspectives are taken into account and that successful
traditional practices are integrated into meaningful forest conservation action.
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Appendix A

Figure A1. Household Survey on Socioeconomic Variables of the Gazetted Forest Reserves Study
Communities in Nasarawa State.
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Appendix B

Table A1. Doma key stakeholder quotes identifying perceived drivers of forest change in the study
area from 1966 to 2000 (the past) and from 2001 to 2022 (the present), based on data from KII.

Participants’ Group Key Response (s) Agriculture

Local People

ªThe forest reserve has undergone substantial changes primarily due to the expansion of
agricultural activities, as it has become a site for farming. Local communities cultivate a variety
of crops in the area, including yam, groundnut, melon, maize, guinea corn, beans, soya beans, and
others. This agricultural activity has contributed to the transformation of the forest landscape,
reflecting a shift in land use driven by local livelihoods and subsistence needs.º (Doma Local
People KII 001, June 2022)

Local Leaders

ªAgriculture is the major driver for the forest changes in this area because trees have been cut
down to give space for farming activities since the 1960s until date; it is the source of livelihood
for our communities, which is why we exploit these forest reserve resources and cultivate crops
within the area. We, the community, have no alternative sources of income for our livelihoods. We
depend on the forest reserve for our source of income and livelihood.º (Doma Local leaders KII
001, June 2022)

Key response (s) poverty

Local people
ªPoverty is a significant driver of changes in the forest reserve. People exploit this forest to
sustain their livelihoods and meet economic needs, with community members often clearing parts
of the forest to access and utilize its resources.º (KII Doma Local person 005, June 2022).

Key response (s) Lumbering

Local people

ªThe practice of timber extraction has persisted for thousands of years, focusing on economically
valuable tree species like Iroko, mahogany, ebeche, shea butter trees. These trees have been
harvested to meet the substantial demand for timber exports, serving diverse applications abroad
and within local communities. This industry includes forest-dwelling individuals and private
commercial enterprises, generating revenue for governmental bodies. Consequently, these logging
operations have significantly altered the designated forest reserve.º (Doma Local People KII
003, June 2022)

Key response (s) Fuelwood/Charcoal

Local Community Leaders

ªLocal communities frequently harvest trees, such as Vitellaria paradoxa (shea tree), Daniellia
oliveri (African Copaiba balsam tree), and Prosopis africana, for firewood and high-quality
charcoal due to their dense wood and high calorific value. This targeted harvesting has
significantly contributed to the depletion of forest cover and resources in the reserve, driven by
domestic use and economic necessities.º (Doma, local community leader K II 004, June 2022)

Key response (s) Grazing

Local people

ªGrazing by herdsmen contributes to the destruction of the forest reserve; they move into the
forestry area and cut down the trees and grasses to feed their animals’, this reduces the
composition and size of the forest reserves.; Their activities affect forest growth and cover.º
(Doma, Community members KII 003, June 2022)

Key response (s) Population

Local Community Leaders

ªPopulation growth has significantly impacted forest cover and ecosystem change, interacting
with other environmental pressures and direct drivers. For example, the demand for livelihood
sources is influenced by population growth. Prior to 1960, the population that led to extraction
and degradation remained low. However, since 2000, deforestation has escalated, largely driven by
rapid population growth within the state and local community areas.º (Doma, local community
leader KII 005, June 2022)

Key response (s)
Government policies/Governance

Local people
ªBefore now, government do take good care of the reserves but now less attention is given, so
people go into the reserves and cut down trees in the reserve any time without any taken proper
permission.º (Doma local people KII 005, June 2022).

Key response (s) Settlement/Construction

Local Leader

ªResidential building is among other land uses that contribute to the change of the forest reserve
because the first need of a man is shelter. Our people build within the forest reserve area before
using the resources available on the reserves such as agriculture, timber and with the increasing of
human population people clear forest area for more building.º (Doma local leader, 002,
June 2022)
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Table A1. Cont.

Participants’ Group Key Response (s) Agriculture

Key response (s) Migration

Local People

ªPeople migrate from rural to rural areas for a greener pasture. For example, people migrate to
our community in Doma, and we allow them to live with us, contributing to the pressure we
receive on our forest cover and the forest resources for a livelihood. This help in contributing to
the change in the forested area.º (Doma local person KII 002, June 2022)

Key response (s) Corruption

Local leaders

ªThe government forest officers assigned to monitor, manage, and enforce the forest laws against
encroachments in this forest reserve encourage the community and even foreigners by collecting
small bribes from them and then allowing them to enter the forest and degrade it for timber
extraction, agricultural, and other uses, which leads to a high rate of cutting forest trees and a
change in the forest reserves.º Doma local leader KII 003, June 2022)

Table A2. Risha key stakeholder quotes identifying perceived drivers of forest change in the study
area from 1966 to 2000 (the past) and from 2001 to 2022 (the present), based on data from KII.

Participants’ Group Key Response (s) Agriculture

Local People

ªAgriculture activities have been the primary driver of forest changes in this reserve. Since the
1970s, extensive tree cover has been cut down to give space for farming activities. These practices
are deeply intertwined with the livelihoods of local communities, as agriculture serves as the
primary source of income and sustenance for many families. The community’s reliance on forest
resources is rooted in a lack of alternative economic opportunities, leading to the exploitation of
the forest reserve for both agricultural cultivation and other livelihood needs.º (Risha Local
people KII 001, June 2022).

Community Leaders
ªThe forest reserve has changed due to agriculture expansion because we are farming there. We
farm crops like yam, groundnut, melon, maize, guinea corn, beans, and soya beans and so on.º
(Risha Local leaders KII 001, June 2022)

Key response (s) Lumbering

Local people

ªLumbering is one of the key contributors to human activities that lead to the degradation of
forest reserve in this area. People often felling or cut down trees in and around protected forest
areas, particularly to obtain timber for construction materials such as roofing houses. Over time,
this persistent practice not only depletes tree populations but also undermines efforts to maintain
the ecological balance and biodiversity within this reserve.º (Risha, KII 004, June 2022)

ªValuable tree species, including mahogany, iroko, and others less commonly recognized, were
heavily exploited by the community and the government for timber to meet housing, roofing, and
construction demands. This large-scale deforestation significantly reduced forest cover, disrupting
the ecological balance. The loss of these trees has had cascading effects on biodiversity, including
wildlife displacement and depletion of other valuable species. As a result, these trees are now
scarce around the reserve, highlighting the long-term consequences of unsustainable logging
practices.º (Risha, KII 002, June 2022)

Key response (s) Charcoal production

Local leaders

ªMost of our people ªindigenesº cut down trees to produce charcoal and firewood; also, the trees
provide us with construction materials which we construct our houses and also sell to generate
income for ourselves and our families, and I think it could be a crucial driver for the gazetted
forest reserve changes.º (Risha Community Leader KII 004, June 2022)

Key response (s) Population growth

Local People
ªDue to population increase, people started claiming ownership of land for farming purposes
around 1998 to date of the forest reserves area.º (Risha forest, Local person 003, (Female) KII
July 2022)

Key response (s) Poverty

Local people
ªPoverty is one of the major drivers that led to changes in the forest reserves: we expand our
agricultural land in the forest to get our livelihood since we have no good way of getting food or
money to survive.º (KII Risha Local people 005, June 2022)
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Table A2. Cont.

Participants’ Group Key Response (s) Agriculture

Local leaders

ªWe can say poverty serves as a key driver of changes in forest reserves, as economically
disadvantaged communities often resort to clearing forests to meet immediate needs. This includes
expanding agricultural land to grow crops for subsistence and income generation, as well as
extracting resources from forests to support livelihoods. These activities are frequently undertaken
to ensure economic survival in the face of limited alternatives.º (KII Risha Local leader 005,
June 2022)

Key response (s) Government policies/Governance

Local people

ªThe government forest officers assigned to monitor, manage, and enforce the forest laws against
encroachments in this forest reserve encourage the community and even foreigners by collecting
small bribes from them and then allowing them to enter the forest and degrade it for timber
extraction, agricultural, and other uses, which leads to a high rate of cutting forest trees and a
change in the forest reserves.º (Risha local people KII 004, June 2022)

Table A3. Odu key stakeholder quotes identifying perceived drivers of forest change in the study
area from 1966 to 2000 (the past) and from 2001 to 2022 (the present), based on data from KII.

Participants’ Group Key Response (s) Agriculture

Local People
ªAgriculture has contributed to forest changes here since the 1970s, as we depend on farming and
forest resources for income and survival, with no alternative livelihoods.º (Odu, Local
Community members, KII 003, June 2022)

Community Leaders

ªAgriculture is the major driver for the forest changes in this area because trees have been cut
down to give space for farming activities since the 1960s until date; it is the source of livelihood
for our communities, which is why we exploit these forest reserve resources and cultivate crops
within the area. We, the community, have no alternative sources of income for our livelihoods. We
depend on the forest reserve for our source of income and livelihood.º (Doma Local leaders KII
001, June 2022)

Key response (s) Lumbering

Local Community Members

ªTrees like mahogany, iroko and so on I don’t know their names, were selected and massively cut
out for timbers for houses, roofing and other constructions, affecting trees cover in the forest and
even wild animals and other valuable trees, now hardly you seem them in the forest.º (Odu,
Community members, KII 002, June 2022)

Local Community leaders

ªThere was an extensive exploitation of forest resources particularly trees such as mahogany,
iroko, Parkia biglobosa, Gmelina, opepe and others whose names I cannot recall were selectively
and extensively harvested for timber used in housing, roofing, and other construction purposes.
This has significantly reduced tree cover in the forest, adversely affecting wildlife and other
valuable tree species. Today, these trees are scarcely found in the forest.º (Odu, Local People,
KII 002, June 2022)

Key response (s) Fuelwood/Charcoal

Local Community Members

ªSome of our people cut down trees for firewood and charcoal, targeting specific trees, which has
depleted forest covers and resources from this reserve. For instance, tree species such as Vitellaria
paradoxa (commonly known as shea tree), Daniellia oliveri (African Copaiba balsam tree), and
Prosopis africana are frequently harvested for high-quality charcoal due to their dense wood and
high calorific value. The widespread cutting and burning of these trees for charcoal for domestic
use and economic gain.º (Odu, Local Community members K II 005, June 2022)

Community leaders
ªOur people cut and burn some of the tree species for charcoal; there are specific trees that we have
for producing charcoal, and this may have contributed to the reduction of the forest.º (Odu,
Community leader K II 003, June 2022)

Key response (s) Grazing

Local people

ªAnimals have been grazing around the reserve by Fulani [Herdsmen] over the parcel of land
within the forest reserve area. The cattle and cows’ footsteps are overstepping the forest by feeding
on the grass within the reserve area and cutting down branches of trees for their animals to feed
on, and at times they even cut down the trunks for grazing purposes. Again, they cut down the
trees to build their camps (houses), and now they are even going to the roots to uproot the trees.º
(Odu, Local people KII 001, June 2022)

Local leaders
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Table A4. Government and expert KII key stakeholder quotes identifying their perceived drivers of
forest change in the study area from 1966 to 2000 (the past) and from 2001 to 2022 (the present), based
on data from KII.

Participants’ Group Key Response (s) Agriculture

Government officials

ªFarmlands are expanded in the reserve areas, and even the government has allowed Tungiya
farming in the reserve, which was supposed to be protected. As such, most people begin to farm
again around the area. Before the farm, they clear trees by cutting off trees’ vegetation cover and
even burning them, which degrades the forest cover and also destroys soil organisms on the forest
lands, which affects the growth of the forest trees in this forest reserves area.º (Government
official KII 003,) June 2022)

Experts

Key response (s) Lumbering

Government official
ªAs forest communities population increases, people are erecting structures, they fell trees to
produce timber to roof their houses, so this has contributed to the decline of the forest reserve in
this area.º (Government official, KII 002, June 2022)

Experts

ªLogging activities have been there for thousands of years now, targeting some particular
economic trees. They have been cut down due to high demand for these timbers’ export for
different uses and for the communities’ uses. This activity involves both the individual in the
forest communities and the private commercial that generate revenue for the government, which
has a significant impact on the gazetted forest change in these areas.º (Expert KII 001,
June 2022)

Key response (s) Poverty

Government official
ªThe one major activity for the forest reserve change is just poverty and that is the fact, the
community members need money for livelihoods and economic means which result to clear forest
around them for the resources uses.º (KII Government official 005, June 2022)

Key response (s) Population growth

Experts

ªPopulation around this forest reserve areas has changed from 1959 till today in the forest
communities. For example, the increased expansion and urbanization comes in; as a result, some
of the villages that are used to be 300 square meters now will be 3000 square meters, also likely
500 people then, but today the population of the same place may be like 3500 persons, so as such,
with human population increases, settlements growth is bound to occur, and settlements growth
means encroaching into other land uses that were not residential, because the first need of a man
is shelter, and in a shelter and then production which is within the forest reserve to extract raw
material for the production of housing, timbers and leading to other activities as increasing human
population results to increasing demand from people for other land use and human activities for
livelihood which is the key driving forces of the forest change.º (Expert KII 004, June 2022)

Key response (s) Government policies/Governance

Government Official

ªGovernment policies are often contributing to deforestation in forest reserves. This is because
these policies are not always implemented in a manner that aligns with the needs of the people for
conservation. For instance, Nigeria’s high cost of natural gas, cooking gas, and kerosene has led to
a situation where poor residents in forest communities are forced to resort to forests for their
energy needs. This has resulted in the degradation of the ecosystem and a change in the forest
cover.º (Government official KII 002, June 2022)

Key response (s) Settlement/Construction

Government official

ªRoad construction and housing development, particularly around forest reserves like Doma and
Risha, has increased due to growing socio-economic activities requiring infrastructure. This has
led to significant degradation of these reserves through logging and timber use, causing extensive
deforestation and heavily degrading parts of the forest for settlement and infrastructure
development.º (KII Government official 005, June 2022)

Expert

ªRecently, road construction in Nasarawa State has tended to increase around some forest
reserves linked to socio-economic activities that lead to the demand of facilities such as stores,
houses, and built-up products to help with socio-economy activities. This utilization of wood logs
and timbers for construction affects our forest reserves. For Example, Doma road opens to Yalwa,
which passes through the forest reserves, and massive destruction of forest for the road
construction was done. This has greatly affected some portion of the forest in this area.º (Expert
KII 002, June 2022).

Key response (s) Insecurity thread

Expert
ªSome of these forests are the hiding place for criminals in the hiding zone. These people cut down
vegetation cover around their communities to see their surroundings clearly for defence
purposes.º (Expert KII 001 June 2022)



Land 2025, 14, 1450 25 of 29

References

1. Makunga, J.E.; Misana, S.B. The Extent and Drivers of Deforestation and Forest Degradation in Masito-Ugalla Ecosystem, Kigoma
Region, Tanzania. Open J. For. 2017, 7, 285±305. [CrossRef]

2. Dibaba, W.T.; Demissie, T.A.; Miegel, K. Drivers and implications of land use/land cover dynamics in Finchaa Catchment,
Northwestern Ethiopia. Land 2020, 9, 113. [CrossRef]

3. Seyam, M.M.H.; Haque, M.R.; Rahman, M.M. Identifying the land use land cover (LULC) changes using remote sensing and GIS
approach: A case study at Bhaluka in Mymensingh, Bangladesh. Case Stud. Chem. Environ. Eng. 2023, 7, 100293. [CrossRef]

4. Deng, M.; Hu, F.; Ma, W.; Yang, W.; Luan, X. Drivers and Dynamics of Forest and Grassland Ecosystems in the Altai Mountains:
A Framework for National Park Conservation. Land 2024, 14, 48. [CrossRef]

5. Oduro Appiah, J.; Agyemang-Duah, W.; Sobeng, A.K.; Kpienbaareh, D. Analysing patterns of forest cover change and related
land uses in the Tano-Offin forest reserve in Ghana: Implications for forest policy and land management. Trees For. People 2021,
5, 100105. [CrossRef]

6. Eludoyin, A.O.; Iyanda, O.O. Land cover change and forest management strategies in Ife nature reserve, Nigeria. GeoJournal 2019,
84, 1531±1548. [CrossRef]

7. Arcidiaco, L.; Corongiu, M. Analysis of LULC Change Dynamics That Have Occurred in Tuscany (Italy) Since 2007. Land 2025,
14, 443. [CrossRef]

8. Phiri, M.; Nyirenda, H. Assessment of land use change in the Thuma forest reserve region of Malawi, Africa. Environ. Res.

Commun. 2022, 4, 015002. [CrossRef]
9. Munthali, M.G.; Kindu, M.; Adeola, A.M.; Davis, N.; Botai, J.O.; Solomon, N. Variations of ecosystem service values as a response

to land use and land cover dynamics in central Malawi. Environ. Dev. Sustain. 2022, 25, 9821±9837. [CrossRef]
10. Amoah, A.; Korle, K.; Kwablah, E.; Asiama, R.K. Sustaining Protected Forests and Forest Resources in Ghana: An Empirical

Evidence. J. Sustain. For. 2022, 42, 967±985. [CrossRef]
11. Keenan, R.J.; Reams, G.A.; Achard, F.; de Freitas, J.V.; Grainger, A.; Lindquist, E. Dynamics of global forest area: Results from the

FAO Global Forest Resources Assessment 2015. For. Ecol. Manag. 2015, 352, 9±20. [CrossRef]
12. Ahammad, R.; Stacey, N.; Eddy, I.M.S.; Tomscha, S.A.; Sunderland, T.C.H. Recent trends of forest cover change and ecosystem

services in the eastern upland region of Bangladesh. Sci. Total Environ. 2019, 647, 379±389. [CrossRef] [PubMed]
13. Diep, N.T.H.; Nguyen, N.T.; Diem, P.K.; Nguyen, C.T. Benefits and Trade-Offs from Land Use and Land Cover Changes Under

Different Scenarios in the Coastal Delta of Vietnam. Land 2025, 14, 1063. [CrossRef]
14. Meijaard, E.; Abram, N.K.; Wells, J.A.; Pellier, A.S.; Ancrenaz, M.; Gaveau, D.L.A.; Runting, R.K.; Mengersen, K. People’s

Perceptions about the Importance of Forests on Borneo. PLoS ONE 2013, 8, e73008. [CrossRef]
15. Zhang, M.; Chen, S.; Liu, W. Disentangling the complexity of regional ecosystem degradation: Uncovering the interconnected

natural-social drivers of quantity and quality loss. Land 2023, 12, 1280. [CrossRef]
16. Moutouama, F.T.; Biaou, S.S.H.; Kyereh, B.; Asante, W.A.; Natta, A.K. Factors shaping local people’s perception of ecosystem

services in the Atacora Chain of Mountains, a biodiversity hotspot in northern Benin. J. Ethnobiol. Ethnomed. 2019, 15, 38.
[CrossRef]

17. Ahrens, D.; Benedikter, S.; Giessen, L. Rethinking Synergies and Trade-Offs at the Forest-Sustainable Development Goals (SDGs)
Nexus A Systematic Review. Sustain. Dev. 2025, 1±2. [CrossRef]

18. Capitani, C.; Van Soesbergen, A.; Mukama, K.; Malugu, I.; Mbilinyi, B.; Chamuya, N.; Kempen, B.; Malimbwi, R.; Mant, R.;
Munishi, P. Scenarios of Land Use and Land Cover Change and Their Multiple Impacts on Natural Capital in Tanzania. Environ.

Conserv. 2019, 46, 17±24. [CrossRef]
19. Sotirov, M.; Pokorny, B.; Kleinschmit, D.; Kanowski, P. International forest governance and policy: Institutional architecture and

pathways of influence in global sustainability. Sustainability 2020, 12, 7010. [CrossRef]
20. Scullion, J.J.; Vogt, K.A.; Drahota, B.; Winkler-Schor, S.; Lyons, M. Conserving the Last Great Forests: A Meta-Analysis Review of

the Drivers of Intact Forest Loss and the Strategies and Policies to Save Them. Front. For. Glob. Change 2019, 2, 62. [CrossRef]
21. Assessment, M.E. Ecosystems and Human Well-Being: Wetlands and Water; World Resources Institute: Washington, DC, USA, 2005.
22. Yang, W.; Dietz, T.; Kramer, D.B.; Ouyang, Z.; Liu, J. An integrated approach to understanding the linkages between ecosystem

services and human well-being. Ecosyst. Health Sustain. 2015, 1, 1±12. [CrossRef]
23. Carpenter, A.; Peponis, J. Poverty and connectivity. J. Space Syntax 2010, 1, 108±120.
24. Cantarello, E.; Lovegrove, A.; Orozumbekov, A.; Birch, J.; Brouwers, N.; Newton, A.C. Human impacts on forest biodiversity in

protected walnut-fruit forests in Kyrgyzstan. J. Sustain. For. 2014, 33, 454±481. [CrossRef]
25. Jew, E.K.K.; Burdekin, O.J.; Dougill, A.J.; Sallu, S.M. Rapid land use change threatens the provisioning of ecosystem services in

Miombo woodlands. Nat. Resour. Forum 2019, 43, 56±70. [CrossRef]
26. Fasona, M.J.; Akintuyi, A.O.; Adeonipekun, P.A.; Akoso, T.M.; Udofia, S.K.; Agboola, O.O.; Ogunsanwo, G.E.; Ariori, A.N.;

Omojola, A.S.; Soneye, A.S.; et al. Recent trends in land-use and cover change and deforestation in south±west Nigeria. GeoJournal

2020, 87, 1411±1437. [CrossRef]

https://doi.org/10.4236/ojf.2017.72018
https://doi.org/10.3390/land9040113
https://doi.org/10.1016/j.cscee.2022.100293
https://doi.org/10.3390/land14010048
https://doi.org/10.1016/j.tfp.2021.100105
https://doi.org/10.1007/s10708-018-9936-6
https://doi.org/10.3390/land14030443
https://doi.org/10.1088/2515-7620/ac473c
https://doi.org/10.1007/s10668-022-02461-w
https://doi.org/10.1080/10549811.2022.2123824
https://doi.org/10.1016/j.foreco.2015.06.014
https://doi.org/10.1016/j.scitotenv.2018.07.406
https://www.ncbi.nlm.nih.gov/pubmed/30086490
https://doi.org/10.3390/land14051063
https://doi.org/10.1371/journal.pone.0073008
https://doi.org/10.3390/land12071280
https://doi.org/10.1186/s13002-019-0317-0
https://doi.org/10.1002/sd.3372
https://doi.org/10.1017/S0376892918000255
https://doi.org/10.3390/su12177010
https://doi.org/10.3389/ffgc.2019.00062
https://doi.org/10.1890/EHS15-0001.1
https://doi.org/10.1080/10549811.2014.901918
https://doi.org/10.1111/1477-8947.12167
https://doi.org/10.1007/s10708-020-10318-w


Land 2025, 14, 1450 26 of 29

27. Lim, C.L.; Prescott, G.W.; De Alban, J.D.T.; Ziegler, A.D.; Webb, E.L. Untangling the proximate causes and underlying drivers of
deforestation and forest degradation in Myanmar. Conserv. Biol. 2017, 31, 1362±1372. [CrossRef] [PubMed]

28. Guerra, A.; Roque, F.d.O.; Garcia, L.C.; Ochao-Quintero, J.M.O.; Oliveira, P.T.S.; Guariento, R.D.; Rosa, I.M.D. Drivers and
projections of vegetation loss in the Pantanal and surrounding ecosystems. Land Use Policy 2020, 91, 104388. [CrossRef]

29. Chunwate, B.T.; Yahaya, S.; Samaila, I.K.; Ja’afaru, S.W. Analysis of Urban Land Use and Land Cover Change for Sustainable
Development: A Case of Lafia, Nasarawa State, Nigeria. J. Geogr. Inf. Syst. 2019, 11, 347±358. [CrossRef]

30. Rheynaldi, P.K.; Endri, E.; Minanari, M.; Ferranti, P.A.; Karyatun, S. Energy price and stock return: Evidence of energy sector
companies in Indonesia. Int. J. Energy Econ. Policy 2023, 13, 31±36. [CrossRef]

31. Wehkamp, J.; Aquino, A.; Fuss, S.; Reed, E.W. Analyzing the perception of deforestation drivers by African policy makers in light
of possible REDD+ policy responses. For. Policy Econ. 2015, 59, 7±18. [CrossRef]

32. Geist, H.J.; Lambin, E.F. Proximate Causes and Underlying Driving Forces of Tropical Deforestation Tropical forests are disappear-
ing as the result of many pressures, both local and regional, acting in various combinations in different geographical locations.
Bio Sci. 2020, 52, 143±150.

33. Hosonuma, N.; Herold, M.; De Sy, V.; De Fries, R.S.; Brockhaus, M.; Verchot, L.; Angelsen, A.; Romijn, E. An assessment of
deforestation and forest degradation drivers in developing countries. Environ. Res. Let. 2012, 7, 044009. [CrossRef]

34. Chirwa, P.W.; Mahamane, L.; Kowero, G. Forests, people, and environment: Some African perspectives. South. For. 2017,
79, 79±85. [CrossRef]

35. Worboys, G.L.; Lockwood, M.; Kothari, A.; Feary, S.; Pulsford, I. Protected Area Governance and Management; ANU Press: Canberra,
Australia, 2015; pp. 207±250. [CrossRef]

36. Food and Agriculture Organization of the United Nations. Global Forest Resources Assessment 2020: Terms and Definitions (FRA

2020); FAO: Rome, Italy, 2020. Available online: https://www.fao.org/3/I8661EN/i8661en.pdf (accessed on 6 May 2022).
37. Moussa, S. Impact of Land Use and Climate Change on Vegetation Dynamics of Doma Forest Reserve in Nasarawa State, Nigeria.

Ph.D. Thesis, WASCAL, Accra, Ghana, September 2015.
38. Fasona, M.; Adedoyin, B.; Sobanke, I. Status and Drivers of spatial change of forest reserves and protected areas in the Selected

State of Southwest Nigeria: A case study of Ogun, Osun and Oyo state Nigeria. Osun Geogr. Rev. 2020, 3, 54±69.
39. Olorunfemi, I.E.; Fasinmirin, J.T.; Olufayo, A.A.; Komolafe, A.A. GIS and remote sensing-based analysis of the impacts of land

use/land cover change (LULCC) on the environmental sustainability of Ekiti State, southwestern Nigeria. Environ. Dev. Sustain.

2020, 22, 661±692. [CrossRef]
40. Geidam, K.K.; Adnan, N.A.; Alhaji Umar, B. Analysis of Land Use Land Cover Changes Using Remote Sensing Data and

Geographical Information Systems (GIS) at an Urban Set up of Damaturu, Nigeria. J. Sci. Technol. 2020, 12, 24±37. [CrossRef]
41. Adedeji, O.H.; Tope-Ajayi, O.O.; Abegunde, O.L. Assessing and Predicting Changes in the Status of Gambari Forest Reserve,

Nigeria Using Remote Sensing and GIS Techniques. J. Geogr. Inf. Syst. 2015, 7, 301±318. [CrossRef]
42. Gong, P.; Li, X.; Wang, J.; Bai, Y.; Chen, B.; Hu, T.; Liu, X.; Xu, B.; Yang, J.; Zhang, W.; et al. Annual maps of global artificial

impervious area (GAIA) between 1985 and 2018. Remote Sens. Environ. 2020, 236, 111510. [CrossRef]
43. Thasi, K.; Martin, T.; Gueguim, D. Spatial and temporal dynamics of anthropogenic threats on the biodiversity of Virunga

National Park. Int. J. For. Anim. Fish. Res. 2021, 5, 10±17. [CrossRef]
44. Federal Department of ForestryÐFederal Ministry of Environment. National Forest Reference Emission Level (FREL) for the Federal

Republic of Nigeria; FDF±FME: Abuja, Nigeria, 2019; pp. 1±5.
45. Inuwa, N.; Adamu, S.; Sani, M.B.; Modibbo, H.U. Natural resource and economic growth nexus in Nigeria: A disaggregated

approach. Lett. Spat. Resour. Sci. 2022, 15, 17±37. [CrossRef]
46. Atim, G.; Gbamwuan, A. Farmer-Herder Conflicts and the Socio-Economic Predicaments of Women in North Central Nigeria.

Adv. Soc. Sci. Res. J. 2022, 9, 90±105.
47. Chunwate, B.T.; Yerima, S.Y.S.; Samuel, A. Analysis of land-use conflict between farmers and pastoralists in Gwagwalada Area

Council of Abuja, Nigeria. Glob. J. Sci. Front. Res. H Environ. Earth Sci. 2021, 21, 49±55. Available online: https://journalofscience.
org/index.php/GJSFR/article/view/2952 (accessed on 6 May 2022).

48. Madu, I.A.; Nwankwo, C.F. Spatial pattern of climate change and farmer±herder conflict vulnerabilities in Nigeria. GeoJournal

2021, 86, 2691±2707. [CrossRef]
49. Ogu, M.I. Resurgent violent farmer-herder conflicts and ‘nightmares’ in Northern Nigeria. NILDS J. Democr. Stud. 2020, 1, 109±131.

Available online: https://ir.nilds.gov.ng/handle/123456789/179 (accessed on 6 May 2022).
50. Okoli, A.C.; Atelhe, G.A. Nomads against natives: A political ecology of herder/farmer conflicts in Nasarawa state, Nigeria. Am.

Int. J. Contemp. Res. 2014, 4, 76±88.
51. Ihemezie, E.J.; Dallimer, M. Stakeholders’ perceptions on agricultural land-use change, and associated factors, in Nigeria.

Environments 2021, 8, 113. [CrossRef]
52. Agidi, V.; Hassan, S.; Baleri, T.; Yilgak, J. Effect of Inter-annual Rainfall Variability on Precipitation Effectiveness in Nasarawa

State, Nigeria. J. Geogr. Environ. Earth Sci. Int. 2018, 14, 1±21. [CrossRef]

https://doi.org/10.1111/cobi.12984
https://www.ncbi.nlm.nih.gov/pubmed/28856773
https://doi.org/10.1016/j.landusepol.2019.104388
https://doi.org/10.4236/jgis.2019.113021
https://doi.org/10.32479/ijeep.14544
https://doi.org/10.1016/j.forpol.2015.05.005
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.2989/20702620.2017.1295347
https://doi.org/10.22459/PAGM.04.2015
https://www.fao.org/3/I8661EN/i8661en.pdf
https://doi.org/10.1007/s10668-018-0214-z
https://doi.org/10.30880/jst.2020.12.02.003
https://doi.org/10.4236/jgis.2015.73024
https://doi.org/10.1016/j.rse.2019.111510
https://doi.org/10.22161/ijfaf.5.1.2
https://doi.org/10.1007/s12076-021-00291-4
https://journalofscience.org/index.php/GJSFR/article/view/2952
https://journalofscience.org/index.php/GJSFR/article/view/2952
https://doi.org/10.1007/s10708-020-10223-2
https://ir.nilds.gov.ng/handle/123456789/179
https://doi.org/10.3390/environments8110113
https://doi.org/10.9734/JGEESI/2018/40005


Land 2025, 14, 1450 27 of 29

53. Benue Plateau State Government. Forest Law; Gazetted No. 8; Unpublished Government Document; Forestry Department Archive:
Makurdi, Nigeria, 1972; Volume 2.

54. Ahungwa, G.T.; Umeh, J.C.; Muktar, B.G. Empirical analysis of food security status of farming households in Benue state, Nigeria.
OSR J. Agric. Vet. Sci. 2013, 6, 57±62.

55. Fabolude, G.O.; David, O.A.; Akanmu, A.O.; Nakalembe, C.; Komolafe, R.J.; Akomolafe, G.F. Impacts of anthropogenic
disturbance on forest vegetation cover, health, and diversity within Doma forest reserve, Nigeria. Environ. Monit. Assess. 2023,
195, 1270. [CrossRef] [PubMed]

56. Buba, T. Impact of Different Types of Land Use on Pattern of Herbaceous Plant Community in the Nigerian Northern Guinea
Savanna. J. Agric. Ecol. Res. Int. 2015, 4, 151±165. [CrossRef]

57. Valcourt, N.; Walters, J.; Carlson, S.; Safford, K.; Hansen, L.; Russell, D.; Tabaj, K.; Kroner, R.G. Mapping drivers of land conversion
among smallholders: A global systems perspective. Agric. Agric. Syst. 2024, 218, 103986. [CrossRef]

58. Saidu, S.; Yahaya, T.I. Spatio-temporal Variations in Mean Heavy Rainfall Days over the Guinea Savanna Ecological Zone of
Nigeria. Sahel J. Geogr. Environ. Dev. 2020, 1, 1±13.

59. Abdulaziz, H.; Johar, F.; Majid, M.R.; Medugu, N.I. Protected area management in Nigeria: A review. J. Teknol. (Sci. Eng.) 2015,
77, 31±40. [CrossRef]

60. Ganesha, H.R.; Aithal, P.S. How to Choose an Appropriate Research Data Collection Method and Method Choice Among Various
Research Data Collection Methods and Method Choices During Ph.D. Program in India? Int. J. Manag. Technol. Soc. Sci. 2022,
7, 455±489. [CrossRef]

61. Shrestha, K.; Shakya, B.; Adhikari, B.; Nepal, M.; Yi, S. Ecosystem services valuation for conservation and development decisions:
A review of valuation studies and tools in the Far Eastern Himalaya. Ecosyst. Serv. 2023, 61, 101526. [CrossRef]

62. Gao, H.; Xiao, Y.; Van Koppen, C.S.A.; Ouyang, Z. Local perceptions of ecosystem services and protection of culturally protected
forests in southeast China. Ecosyst. Health Sustain. 2018, 4, 299±309. [CrossRef]

63. Muhati, G.L.; Olago, D.; Olaka, L. Land use and land cover changes in a sub-humid Montane Forest in an arid setting: A case
study of the Marsabit forest reserve in northern Kenya. Glob. Ecol. Conserv. 2018, 16, e00512. [CrossRef]

64. Charmaz, K. ªWith constructivist grounded theory you can’t hideº: Social justice research and critical inquiry in the public sphere.
Qual. Inq. 2020, 26, 165±176. [CrossRef]

65. Mammides, C.; Ma, J.; Bertzky, B.; Langner, A. Global Patterns and Drivers of Forest Loss and Degradation Within Protected
Areas. Front. For. Glob. Change 2022, 5, 907537. [CrossRef]

66. Sahuri, S.; Fikri, S.; Fikri, D.; Armi, I. An Identification of Deforestation in Protected Forest Areas Using Land Cover mapping (A
Case Study of Bukit Suligi Protected Forest). South East Asian J. Adv. Eng. Technol. 2023, 1, 1±9.

67. Kayombo, C.J.; Ndangalasi, H.J.; Mligo, C.; Giliba, R.A. Analysis of Land Cover Changes in Afromontane Vegetation of Image
Forest Reserve, Southern Highlands of Tanzania. Sci. World J. 2020, 2020, 7402846. [CrossRef] [PubMed]

68. Martini, E.; Pagella, T.; Mollee, E.; van Noordwijk, M. Relational values in locally adaptive farmer-to-farmer extension: How
important? Curr. Opin. Environ. Sustain. 2023, 65, 101363. [CrossRef]

69. Pancholi, R.; Yadav, R.; Gupta, H.; Vasure, N.; Choudhary, S.; Singh, M.N.; Rastogi, M. The role of agroforestry systems in
enhancing climate resilience and sustainabilityÐA review. Int. J. Environ. Clim. Change 2023, 13, 4342±4353. [CrossRef]

70. Ankomah, F.; Kyereh, B.; Ansong, M.; Asante, W. Forest management regimes and drivers of forest cover loss in forest reserves in
the high forest zone of Ghana. Int. J. For. Res. 2020, 2020, 8865936. [CrossRef]

71. Kimutai, D.K.; Watanabe, T. Forest-cover change and participatory forest management of the lembus forest, Kenya. Environments

2016, 3, 20. [CrossRef]
72. Orimoogunje, O.O. Forest cover changes and land use dynamics in Oluwa forest reserve, Southwestern Nigeria. J. Landsc. Ecol.

2014, 7, 25±44. [CrossRef]
73. Jeminiwa, O.R.; Jeminiwa, M.S.; Taiwo, D.M.; Dauda, M.; Olaotilaaro, S.O. Assessment of Forest Degradation Indices in Mokwa

Forest Reserve, Niger State, Nigeria. J. Appl. Sci. Environ. Manag. 2020, 24, 1351±1356. [CrossRef]
74. Sedano, F.; Silva, J.A.; Machoco, R.; Meque, C.H.; Sitoe, A.; Ribeiro, N.; Anderson, K.; Ombe, Z.A.; Baule, S.H.; Tucker, C.J.

The impact of charcoal production on forest degradation: A case study in Tete, Mozambique. Environ. Res. Lett. 2016, 11, 12.
[CrossRef]

75. Ekpo, A.S.; Mba, E.H. Assessment of Commercial Charcoal Production Effect on Savannah Woodland of Nasarawa State, Nigeria.
J. Geogr. Environ. Earth Sci. Int. 2020, 24, 74±82. [CrossRef]

76. Alhassan, J.; Ofosu, A.; Iddrisu, S.; Kofi Garsonu, E. Wood fuel producers’ insight on the environmental effects of their activities
in Ghana. J. Sustain. For. 2023, 42, 607±623. [CrossRef]

77. Neupane, M.P.; Bhatta, K.P.; Ghimire, S. Charcoal production as a means of forest management, biodiversity conservation and
livelihood support in Nepal. J. Agric. Sci. Technol. B 2017, 7, 187±193.

78. Felix, L.; Houet, T.; Verburg, P.H. Mapping biodiversity and ecosystem service trade-offs and synergies of agricultural change
trajectories in Europe. Environ. Sci. Policy 2022, 136, 387±399. [CrossRef]

https://doi.org/10.1007/s10661-023-11802-9
https://www.ncbi.nlm.nih.gov/pubmed/37792066
https://doi.org/10.9734/JAERI/2015/16680
https://doi.org/10.1016/j.agsy.2024.103986
https://doi.org/10.11113/jt.v77.6526
https://doi.org/10.47992/IJMTS.2581.6012.0233
https://doi.org/10.1016/j.ecoser.2023.101526
https://doi.org/10.1080/20964129.2018.1546126
https://doi.org/10.1016/j.gecco.2018.e00512
https://doi.org/10.1177/1077800419879081
https://doi.org/10.3389/ffgc.2022.907537
https://doi.org/10.1155/2020/7402846
https://www.ncbi.nlm.nih.gov/pubmed/32508539
https://doi.org/10.1016/j.cosust.2023.101363
https://doi.org/10.9734/ijecc/2023/v13i113615
https://doi.org/10.1155/2020/8865936
https://doi.org/10.3390/environments3030020
https://doi.org/10.2478/jlecol-2014-0014
https://doi.org/10.4314/jasem.v24i8.7
https://doi.org/10.1088/1748-9326/11/9/094020
https://doi.org/10.9734/jgeesi/2020/v24i230204
https://doi.org/10.1080/10549811.2022.2053162
https://doi.org/10.1016/j.envsci.2022.07.004


Land 2025, 14, 1450 28 of 29

79. Salisu, A.T.; Barau, A.S.; Carr, J.A.; Chunwate, B.T.; Jew, E.K.K.; Kirshner, J.D.; Marchant, R.A.; Tomei, J.; Stringer, L.C. The
forgotten bread oven: Local bakeries, forests and energy transition in Nigeria. Reg. Environ. Change 2024, 24, 40. [CrossRef]

80. John, E.; Bunting, P.; Hardy, A.; Roberts, O.; Giliba, R.; Silayo, D.S. Modelling the impact of climate change on Tanzanian forests.
Divers. Distrib. 2020, 26, 1663±1686. [CrossRef]

81. Del Socorro, L.F. Guardians of the green: An essay on the impacts of climate change on forest ecosystems and its mitigation.
Davao Res. J. 2023, 14, 108±112. [CrossRef]

82. Kariuki, R.W.; Western, D.; Willcock, S.; Marchant, R. Assessing interactions between agriculture, livestock grazing and wildlife
conservation land uses: A historical example from east Africa. Land 2021, 10, 46. [CrossRef]

83. Antoneli, V.; Thomaz, E.L.; Bednarz, J.A. The Faxinal System: Forest fragmentation and soil degradation on the communal
grazing land. Singap. J. Trop. Geogr. 2019, 40, 34±49. [CrossRef]

84. Chen, X.; Shang, X.; Fan, F.; Zheng, Y.; Zhao, L.; Sun, H.; Li, S.; Zhang, L. Impacts of livestock grazing on blue-eared pheasants
(Crossoptilon auritum) survival in subalpine forests of Southwest China. Integr. Conserv. 2023, 2, 201±213. [CrossRef]

85. MacKinnon, K.; Richardson, K.; MacKinnon, J. Protected and other conserved areas: Ensuring the future of forest biodiversity in
a changing climate. Int. For. Rev. 2020, 22, 93±103. [CrossRef]

86. Chen, Y.; Xu, E. The Spatiotemporal Change in Land Cover and Discrepancies within Different Countries on the Qinghai±Tibet
Plateau over a Recent 30-Year Period. Land 2023, 12, 1797. [CrossRef]

87. Matlhodi, B.; Kenabatho, P.K.; Parida, B.P.; Maphanyane, J.G. Evaluating land use and land cover change in the Gaborone dam
catchment, Botswana, from 1984±2015 using GIS and remote sensing. Sustainability 2019, 11, 5174. [CrossRef]

88. Mucova, S.A.R.; Leal Filho, W.; Azeiteiro, U.M.; Pereira, M.J. Assessment of land use and land cover changes from 1979 to 2017
and biodiversity & land management approach in Quirimbas National Park, Northern Mozambique, Africa. Glob. Ecol. Conserv.

2018, 16, e00447.
89. Jellason, N.P.; Robinson, E.J.Z.; Chapman, A.S.A.; Neina, D.; Devenish, A.J.M.; Po, J.Y.T.; Adolph, B. A systematic review of

drivers and constraints on agricultural expansion in sub-Saharan Africa. Land 2021, 10, 332. [CrossRef]
90. Ojiija, F.; Swai, E.; Mwakalapa, E.B.; Mbije, N.E.J. Impacts of emerging infrastructure development on wildlife species and habitats

in Tanzania. J. Wildl. Biodivers. 2024, 8, 365±384.
91. Alamgir, M.; Campbell, M.J.; Sloan, S.; Suhardiman, A.; Supriatna, J.; Laurance, W.F. High-risk infrastructure projects pose

imminent threats to forests in Indonesian Borneo. Sci. Rep. 2019, 9, 140. [CrossRef]
92. Ojija, F.; Nicholaus, R. Impact of Climate Change on Water Resources and its Implications on Biodiversity: A Review. East Afr. J.

Environ. Nat. Resour. 2023, 6, 15±27. [CrossRef]
93. Fischer, J.; Riechers, M.; Loos, J.; Martin-Lopez, B.; Temperton, V.M. Making the UN decade on ecosystem restoration a social-

ecological endeavour. Trends Ecol. Evol. 2021, 36, 20±28. [CrossRef]
94. Joppa, L.N.; Pfaff, A. Global protected area impacts. Proc. R. Soc. B Biol. Sci. 2011, 278, 1633±1638. [CrossRef]
95. Robson, J.P.; Klooster, D.J. Migration and a New Landscape of Forest Use and Conservation. Environ. Conserv. 2019, 46, 1±8.

[CrossRef]
96. Kaplan-Hallam, M.; Bennett, N.J. Adaptive social impact management for conservation and environmental management. Conserv.

Biol. 2018, 32, 304±314. [CrossRef]
97. Ward, C.; Stringer, L.; Holmes, G. Changing governance, changing inequalities: Protected area co-management and access to

forest ecosystem services: A Madagascar case study. Ecosyst. Serv. 2018, 30, 137±148. [CrossRef]
98. Domínguez, L.; Luoma, C. Decolonising conservation policy: How colonial land and conservation ideologies persist and

perpetuate indigenous injustices at the expense of the environment. Land 2020, 9, 65. [CrossRef]
99. Bertzky, B.; Corrigan, C.; Kemsey, J.; Kenney, S.; Ravilious, C.; Besançon, C.; Burgess, N. Protected Planet Report

2012: Tracking progress towards global targets for protected areas. IUCN and UNEP-WCMC. 2012. Available online:
https://www.protectedplanet.net/system/comfy/cms/files/files/000/000/220/original/Protected_Planet_Report_2012.pdf
(accessed on 6 May 2022).

100. Duguma, L.A.; Atela, J.; Ayana, A.N.; Alemagi, D.; Mpanda, M.; Nyago, M.; Minang, P.A.; Nzyoka, J.M.; Foundjem-Tita, D.;
Ntamag-Ndjebet, C.N. Community forestry frameworks in sub-Saharan Africa and the impact on sustainable development. Ecol.

Soc. 2018, 23, 21. [CrossRef]
101. Olaniyi, O.E.; Akinsorotan, O.A.; Zakaria, M.; Martins, C.O.; Adebola, S.I.; Oyelowo, O.J. Taking the edge off host communities’

dependence on protected areas in Nigeria. IOP Conf. Ser. Earth Environ. Sci. 2019, 269, 012039. [CrossRef]
102. Plata-Rocha, W.; Monjardin-Armenta, S.A.; Pacheco-Angulo, C.E.; Rangel-Peraza, J.G.; Franco-Ochoa, C.; Mora-Felix, Z.D.

Proximate and underlying deforestation causes in a tropical basin through specialized consultation and spatial logistic regression
modeling. Land 2021, 10, 186. [CrossRef]

103. Brandt, J.S.; Butsic, V.; Schwab, B.; Kuemmerle, T.; Radeloff, V.C. The relative effectiveness of protected areas, a logging ban, and
sacred areas for old-growth forest protection in southwest China. Biol. Conserv. 2015, 181, 1±8. [CrossRef]

https://doi.org/10.1007/s10113-024-02194-8
https://doi.org/10.1111/ddi.13152
https://doi.org/10.59120/drj.v14i1.114
https://doi.org/10.3390/land10010046
https://doi.org/10.1111/sjtg.12258
https://doi.org/10.1002/inc3.36
https://doi.org/10.1505/146554820829523943
https://doi.org/10.3390/land12091797
https://doi.org/10.3390/su11195174
https://doi.org/10.3390/land10030332
https://doi.org/10.1038/s41598-018-36594-8
https://doi.org/10.37284/eajenr.6.1.1063
https://doi.org/10.1016/j.tree.2020.08.018
https://doi.org/10.1098/rspb.2010.1713
https://doi.org/10.1017/S0376892918000218
https://doi.org/10.1111/cobi.12985
https://doi.org/10.1016/j.ecoser.2018.01.014
https://doi.org/10.3390/land9030065
https://www.protectedplanet.net/system/comfy/cms/files/files/000/000/220/original/Protected_Planet_Report_2012.pdf
https://doi.org/10.5751/ES-10514-230421
https://doi.org/10.1088/1755-1315/269/1/012039
https://doi.org/10.3390/land10020186
https://doi.org/10.1016/j.biocon.2014.09.043


Land 2025, 14, 1450 29 of 29

104. Munthali, M.G.; Davis, N.; Adeola, A.M.; Botai, J.O.; Kamwi, J.M.; Chisale, H.L.W.; Orimoogunje, O.O.I. Local perception of
drivers of Land-Use and Land- Cover change dynamics across Dedza district, Central Malawi region. Sustainability 2019, 11, 832.
[CrossRef]

105. Nerfa, L.; Rhemtulla, J.M.; Zerriffi, H. Forest dependence is more than forest income: Development of a new index of forest
product collection and livelihood resources. World Dev. 2020, 125, 104689. [CrossRef]

106. Morales-Hidalgo, D.; Oswalt, S.N.; Somanathan, E. Status and trends in global primary forest, protected areas, and areas
designated for conservation of biodiversity from the Global Forest Resources Assessment 2015. For. Ecol. Manag. 2015, 352, 68±77.
[CrossRef]

107. Ladan, S.I. Forests and Forest Reserves as Security Threats in Northern Nigeria. Eur. Sci. J. 2014, 10, 120±142.
108. Lunstrum, E.; Ybarra, M. Deploying difference: Security threat narratives and state displacement from protected areas. Conserv.

Soc. 2018, 16, 114±124. [CrossRef]
109. Isyaku, U. What motivates communities to participate in forest conservation? A study of REDD+ pilot sites in Cross River,

Nigeria. For. Policy Econ. 2021, 133, 102598. [CrossRef]
110. Miranda, L.S.; Imperatriz-Fonseca, V.L.; Giannini, T.C. Climate change impact on ecosystem functions provided by birds in

southeastern Amazonia. PLoS ONE 2019, 14, e0215229. [CrossRef] [PubMed]
111. MacKinnon, K.; Dudley, N.; Sandwith, T. Natural solutions: Protected areas helping people to cope with climate change. Oryx

2011, 45, 461±462. [CrossRef]
112. Ranius, T.; Widenfalk, L.A.; Seedre, M.; Lindman, L.; Felton, A.; Hämäläinen, A.; Filyushkina, A.; Öckinger, E. Protected area

designation and management in a world of climate change: A review of recommendations. Ambio 2023, 52, 68±80. [CrossRef]
113. Senganimalunje, T.C.; Chirwa, P.W.; Babalola, F.D.; Graham, M.A. Does participatory forest management program lead to efficient

forest resource use and improved rural livelihoods? Experiences from Mua-Livulezi Forest Reserve, Malawi. Agrofor. Syst. 2016,
90, 691±710. [CrossRef]

114. Bhatt, R.P. Impact on Forest and vegetation due to human interventions. In Vegetation Dynamics, Changing Ecosystems and Human

Responsibility; IntechOpen: Rijeka, Croatia, 2022. [CrossRef]
115. Indarto, J.; Mutaqin, D.J. An overview of theoretical and empirical studies on deforestation. J. Int. Dev. Coop. 2016, 22, 107±120.

[CrossRef]
116. Tanner-McAllister, S.L.; Rhodes, J.; Hockings, M. Managing for climate change on protected areas: An adaptive management

decision making framework. J. Environ. Manag. 2017, 204, 510±518. [CrossRef]
117. Areo, O.S.; Omole, A.O.; Ayodeji, A.F.; Adewale, A.; Lukeman, O.G.F. Modern forest operation techniques in Nigeria: Challenges

and solutions. Aust. J. Sci. Technol. 2023, 7, 76±82.
118. Scheren, P.; Tyrrell, P.; Brehony, P.; Allan, J.R.; Thorn, J.; Chinho, T.; Katerere, Y.; Ushie, V.; Worden, J.S.; Oliveira Cruz, C.; et al.

Defining Pathways towards African Ecological Futures. Sustainability 2021, 13, 8894. [CrossRef]
119. Tesfaye, G.; Teketay, D.; Fetene, M.; Beck, E. Regeneration of seven indigenous tree species in a dry Afromontane forest, southern

Ethiopia. Flora-Morphol. Distrib. Funct. Ecol. Plants 2010, 205, 135±143. [CrossRef]
120. Veach, V.; Moilanen, A.; Di Minin, E. Threats from urban expansion, agricultural transformation and forest loss on global

conservation priority areas. PLoS ONE 2017, 12, e0188397. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su11030832
https://doi.org/10.1016/j.worlddev.2019.104689
https://doi.org/10.1016/j.foreco.2015.06.011
https://doi.org/10.4103/cs.cs_16_119
https://doi.org/10.1016/j.forpol.2021.102598
https://doi.org/10.1371/journal.pone.0215229
https://www.ncbi.nlm.nih.gov/pubmed/30973922
https://doi.org/10.1017/S0030605311001608
https://doi.org/10.1007/s13280-022-01779-z
https://doi.org/10.1007/s10457-015-9826-6
https://doi.org/10.5772/intechopen.105707
https://doi.org/10.15027/39231
https://doi.org/10.1016/j.jenvman.2017.09.038
https://doi.org/10.3390/su13168894
https://doi.org/10.1016/j.flora.2008.12.006
https://doi.org/10.1371/journal.pone.0188397
https://www.ncbi.nlm.nih.gov/pubmed/29182662

	Introduction 
	Research Design and Methods 
	Data Source and Methodology 
	Household Survey 
	Key Informant Interviews (KIIs) 
	Focus Group Discussions (FGDs) 

	Data Analysis 

	Results 
	Socioeconomic Characteristics of Surveyed Respondents Across the Three Study Forests in Nasarawa State 
	Forest Change 
	Perceived Direct Drivers of Change 
	Lumbering 
	Agricultural Expansion 
	Charcoal and Firewood 
	Grazing 
	Construction and Settlement 

	Perceived Indirect Drivers of Change 
	Population Growth 
	Poverty 
	Poor Governance and Corruption 
	Climate Change 

	Unique Issues Within Each Forest Reserve 

	Discussion and Implications 
	Conclusions 
	Appendix A
	Appendix B
	References

