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Abstract: Forest ecosystems deliver ecosystem services (ESs) that are essential for the well-
being of local communities. These services necessitate a clear understanding of their per-
ception among community members in order to facilitate informed and sustainable for-
est management decisions. This study aimed to explore the relationship between forest
ESs and local communities by identifying community preferences for key ESs and exam-
ining how socio-economic factors influence this perception. Data was collected through
participatory methods, including focus group discussions, key informant interviews, and
a household survey involving 453 respondents. The data was analyzed using descriptive
statistics and binary logistic regression. We identified firewood, rainfall attraction, air qual-
ity, and wildlife habitat as the most acknowledged services in their respective ES categories.
Land ownership, education level, Community Forest Association membership, and labor
migration significantly influenced service recognition. These findings highlight critical ar-
eas for intervention, including livelihood enhancement, cultural heritage preservation, and
improved community outreach programs. The outcomes of this research are expected to
contribute to the sustainable management of forest ecosystems.

Keywords: community perception; socio-economic factors; forest ecosystems services;
Kakamega Forest Ecosystems; conservation efficiency

1. Introduction

Forests are known for the provision of both tangible and intangible benefits that are
essential to human well-being and health [1]. These benefits, collectively referred to as
ecosystem services (ESs), encompass a wide range of contributions that forests make to
society [2]. According to the Millennium Ecosystem Assessment, the ESs are classified
into four main categories [2]. Provisioning services refer to tangible benefits derived from
forests, such as firewood, grazing grass, construction poles, and water. These resources are
utilized to meet both the subsistence and commercial needs of households [3,4]. Regulating
services are intangible benefits that result from the forest’s role in moderating ecosystem
processes, including climate regulation, flood control, air purification, and pollination [5].
Supporting services are fundamental ecological processes necessary for the functioning of
forest ecosystems, such as rainfall attraction [6]. Lastly, cultural services encompass non-
material benefits that foster a sense of place and cultural identity within local communities.
These include recreation, religious and spiritual values, and environmental education [7].
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The community perception of ESs is crucial in shaping conservation behavior and
fostering local stewardship. When communities recognize and value the benefits they de-
rive from forests, they are more likely to engage in efforts to protect and conserve forest
ecosystems [8]. Moreover, understanding community perception is essential for inform-
ing context-specific policy and management decisions [3], enhancing environmental edu-
cation and outreach initiatives [9], promoting equity and inclusion [10], supporting trade-
off assessments and conflict resolution processes [10], and strengthening the evaluation
and monitoring of changes within forest ecosystems [11,12]. Accordingly, integrating com-
munity perspectives into forest policy and participatory forest management (PFM) frame-
works has become a key strategy across the Global South, including Kenya.

At the same time, the socio-economic characteristics of communities are critical in
understanding the perception of ESs. The characteristics help identify who benefits from
these services, how they benefit, and why their valuation of ESs may differ. For example,
community attributes such as income level, land ownership, and livestock holdings in-
fluence the degree to which households rely on services like grazing grass, firewood, and
food provisioning [13-15]. Household-level factors, including age, length of residence, and
education level, shape ES recognition, particularly for ESs related to cultural/spiritual val-
ues and environmental awareness. These ESs are often transmitted through traditional
ecological knowledge [16]. Proximity to markets also affects livelihood strategies and,
consequently, the use and perception of ESs [17]. Gender plays a significant role in ES
awareness, as women —being the primary collectors of water and firewood —tend to have
a greater awareness of provisioning services [16]. Membership in forest user associations
enhances the understanding of ESs through access to extension services and participation
in user groups [18]. Additionally, larger households typically have greater resource needs,
leading to increased awareness and dependence on ESs [19]. Labor migration influences
household economic priorities: for instance, remittances may allow families to purchase
firewood instead of relying on forest collection, thereby altering ES utilization patterns [20].

The existing literature highlights community perceptions of ESs in relation to various
factors. These factors include the diverse occupations of community members [19,21,22],
affiliation with forest associations [18], proximity to forest areas [23,24], and membership
in different socio-cultural groups [25]. The literature also highlights the influence of socio-
economic characteristics on the acknowledgment of ESs. The examined factors include
income [18,19], livestock ownership [23], level of education [13,26,27], age [26,28], land
ownership [29], forest association membership [30], gender of the household head [31],
length of residence [19], and distance to markets [32]. Despite these insights, significant
knowledge gaps remain. Most existing studies analyze socio-economic drivers in isola-
tion, often focusing on a single ES category. Furthermore, few have investigated the in-
fluence of labor migration—a growing phenomenon in rural Africa—on community per-
ceptions of ESs [33]. Migration can shift household labor dynamics and resource needs,
potentially reducing dependence on forest-based services through remittances or reshap-
ing cultural ties to the land. Additionally, there is limited empirical evidence from western
Kenya, particularly the Kakamega Forest Ecosystem (KFE), which presents a unique socio-
ecological context.

The KFE is Kenya’s only remnant of the once-extensive Guineo-Congolian rainforest
and is home to rich biodiversity and critical ESs. In recent years, however, forest access and
use patterns have been significantly altered due to increasing population pressure [34], the
installation of an electric fence [35], and the national charcoal ban [36]. At the same time,
the implementation of PFM and the role of community forest associations (CFAs) in forest
governance have introduced new socio-political dynamics, including issues of elite capture
and uneven benefit distribution [37]. Additionally, Kakamega County has experienced
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high rates of migration. These dynamics directly or indirectly affect the ESs accessed and
valued by local communities. The KFE is managed through a PFM approach [38], which
involves collaboration between the Kenya Forest Service and local CFAs. These CFAs op-
erate through various user groups granted rights to access specific resources, including
honey harvesting, timber and firewood collection, grass harvesting and grazing, medici-
nal plant harvesting, sand harvesting, and ecotourism and leisure activities. These factors
make Kakamega Forest a compelling site for investigating how socio-economic character-
istics influence the recognition of diverse ESs [34,38].

In light of the identified knowledge gaps, this study investigates how socio-economic
factors influence the acknowledgment of ESs among communities living around Kakamega
Forest. Specifically, it aims to (1) identify the ecosystem services acknowledged by local
communities and (2) examine how socio-economic variables (e.g., income, education, land
ownership, length of residence, age, CFA membership, migration) influence ES recognition
across provisioning, regulating, supporting, and cultural categories.

2. Materials and Methods
2.1. Study Area

The KFE is located in the western region of Kenya, situated between latitudes 0°15' S
and 0°21" S and longitudes 34°40’ E and 34°57' E [39]. The KFE encompasses a pro-
tected area of 133 km?, which includes near-natural forests, secondary forests, and planted
forests [40]. The forest is home to 350 plant species, including some of the continent’s
finest softwood and hardwood varieties [41]. The KFE is divided into four management
zones to balance the needs of the surrounding community with visitor access while pri-
oritizing conservation. These zones are the livelihood support zone, the potential utiliza-
tion zone, the protection zone, and the core zone [42,43]. The local communities have
access to the livelihood support zone and potential utilization zones, while the core zone
and protected zones are near-natural forests with management activities aiming mainly at
biodiversity conservation.

The forest is surrounded by a population of approximately half a million people, with
an average household density of five people per household [44]. It spans several sub-
counties in Kakamega County, namely Navakholo, Lurambi, Shinyalu, and Malava (see
Figure 1). The communities living around the forest engage in a variety of livelihood ac-
tivities, including livestock keeping, farming, small businesses, tea leaf picking, and tour
guiding [34,45]. For the purposes of this research, all sub-counties surrounding the KFE
were included.

2.2. Methods Utilized

Participatory approaches were utilized in this research as outlined below (see Figure 2).
Informed consent was obtained from all individual participants included in the research.
As this study is part of a PhD research project, ethical approval for the methodology was
obtained from the PhD supervisory committee at the implementing university prior to the
commencement of fieldwork. Participants were thoroughly informed about the purpose
of the study, their right to withdraw at any point without consequence, and the assurance
of confidentiality concerning their responses.
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Figure 1. Map of the study area.
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Focus group discussions (FGDs): Three FGDs were conducted in the sub-counties of
Navakholo, Shinyalu, and Malava. Lurambi was excluded due to overlapping representa-
tion with Shinyalu within the CFA. Each FGD involved 8-10 participants, including both
CFA and non-CFA members, ensuring gender balance through snowball sampling. The
primary objective of the FGDs was to identify the ESs that participants derived from the
forest. Discussions lasted between 45 and 90 min.

Key informant interviews (Klls): Seventeen KlIs were conducted with key resource per-
sons, including forest managers from Malava and Shinyalu, three executive members of
the CFA, and three Kenya Forest Service rangers from each sub-county. All participants
had more than three years of experience in their respective roles. The aim of the KlIs was
to validate and supplement the ESs identified during the FGDs. The interviews lasted be-
tween 30 and 45 min.

Household survey: The questionnaire for the household survey was developed based
on insights gathered from the FGDs and KlIs. It consisted primarily of closed-ended ques-
tions (see Appendix A.1). The survey was designed to be completed in approximately
15 min and was printed in both English and Kiswahili. For respondents who were not
comfortable with these languages, research assistants provided support by translating
into the local “Luyha” language. Research assistants were trained by the lead author on
proper questionnaire administration. See Appendix B.1 for the socio-economic profile of
the respondents.

Stratified sampling was used to select households for the survey. The sample size was
calculated with a 5% margin of error and a 95% confidence level [46]. Households were
selected using the transect method [47] across all four sub-counties using roads. Accord-
ing to the 2019 census report, the total number of households surrounding the KFE was
551,909 [44]. The required sample size was initially calculated as 384 households but was
adjusted to 453 to ensure better representation. The head of each willing household was
provided with a questionnaire, while unwilling households were skipped and replaced
with the next willing participant.

2.3. Variable Selection and Conceptual Framework

The selection of variables was guided by the Murray—Rust conceptual framework for
socio-ecological systems [48], FGDs and Klls, and literature relevant to the research ob-
jectives. These variables have been shown to influence household resource use, decision-
making, and livelihood outcomes, as documented in the previous literature. For example,
income is a key determinant of household purchasing power and the ability to invest in
improved livelihoods [27,31]. It serves as a critical indicator of economic well-being and
affects households’ consumption choices regarding ESs. Education enhances access to infor-
mation and improves households’ capacity to recognize and utilize regulating and cultural
ESs [26]. The gender of the household head influences labor division and access to ESs, mak-
ing this variable particularly important for understanding rural natural resource use [19].
Market proximity affects dependence on provisioning ESs, with remote households more
likely to rely on tangible ESs such as firewood and grazing grass [3,13]. Household size is
another important factor, as larger households generally have a greater demand for ESs,
leading to a higher likelihood of ES acknowledgment [19]. Land and livestock ownership are
indicators of wealth, influencing access to and dependence on provisioning ESs, particu-
larly in rural settings [23]. Forest association membership increases exposure to ES-related
discussions and is likely to influence the acknowledgment of ESs, as it provides greater
access to forest management resources and information [18,49]. CFA refers to a legally rec-
ognized community-based organization formed by local forest-adjacent communities to
participate in the co-management and conservation of forests under PFM [43]. CFA mem-
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bership was operationalized as a categorical variable based on self-reported affiliation with
CFA/forest user groups formally recognized under the Forest Conservation and Manage-
ment Act (2016). Age and length of residence may impact traditional ecological knowledge
and the level of experience with forest changes, thereby shaping perceptions of cultural
ESs [7]. Finally, labor migration refers to the movement of people from Kakamega county
to another region for employment. This influences both labor availability and household
income, often leading to a reduced dependence on forest-based ESs, as remittances provide
alternative sources of livelihood [50]. In our research, labor migration was operationalized
as a numeric variable, calculated by dividing the number of household members working
outside Kakamega County by the total number of working members (see Appendix A).
The conceptual framework guiding the research is presented below in Figure 3.

.......................................................................

Human/Social Spatial/Institutional
capital access

Level of education

Female . 4
household head A NonCRA + Length of residence
Age mesmbers » CFA membership
- members
Household size « Provisioning
» Regulating
» Supporting
x‘- Cultural “
Economic capital
« Income
« Land
ownership
« Livestock
ownership
« Labor
migration

Key areas of intervention

.......................................................................

« Market distance

Figure 3. Conceptual framework utilized in this research.

2.4. Data Analysis

Data from the FGDs and KlIs were analyzed using a qualitative grid incorporating ESs
based on the MEA framework, alongside socio-economic factors that may influence com-
munity perceptions of ESs. The household questionnaire data were imputed into Microsoft
Excel, where a binary coding system was applied: “1” was used for selected ESs and “0”
for unselected services. Descriptive statistics, specifically percentages, were employed to
summarize the acknowledged ESs. To assess the impact of various socio-economic factors
on the likelihood of acknowledging different categories of ESs, binary logistic regression
was performed in SPSS 22. The independent variables were coded as follows: categor-
ical variables included the gender of the household’s head (1 = male, 2 = female), land
ownership, CFA membership, and livestock ownership (1 = yes, 2 = no). Market distance
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was categorized as follows: 1 =0-2 km, 2 =2-4 km, 3 =4-6 km, 4 = 6-8 km, 5 =89 km,
6=9-10km, 7 = >10 km. Household income was coded as 1 = 0-5000, 2 = 5001-10,000,
3 =10,001-20,000, 4 = 20,001-30,000, 5 = 30,001-40,000, 6 = 40,001-50,000, 7 = 50,000-60,000,
8 =>60,001, and length of residence was coded as 1 = <20, 2 = 20-30, 3 = 30-40, 4 = 40-50,
5=>50. Continuous variables such as age, household size, and labor migration were used
in their natural numeric form. The dependent variables were the four ES categories: pro-
visioning, supporting, regulating, and cultural services (coded as 1 for selected and 0 for
not selected). The dependent variables were derived by categorizing all provisioning, reg-
ulating, and cultural ESs into four distinct variables (see Figure 4). These socio-economic
factors were entered as covariates in the model. The Hosmer-Lemeshow test was used to
evaluate the model fit. The selection of the socio-economic variables for the model was
guided by prior empirical studies and theoretical frameworks relevant to ES recognition
among forest-dependent communities (see Section 2.3). Variables (wealth categories) were
excluded if they exhibited multicollinearity, indicated by a variance inflation factor greater
than 5. Data visualization and analysis were conducted using Microsoft Excel and R Stu-
dio/2024.04.2+764. The results were presented in tables, with appropriate notations to clar-
ify the relationships between variables.
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Figure 4. Socio-economic factors and their influence on ES acknowledgment.

3. Results and Discussion
3.1. ES Acknowledgment

The FGD identified 11 provisioning ESs. The acknowledgment of these ESs was as-
sessed through the questionnaires. Access to these provisioning services was found to
be influenced by CFA membership, as the various user groups within the CFA regulate
access to different resources [51]. Firewood was the most widely acknowledged provision-
ing ES, with the highest proportion of recognition (see Figure 4). This was likely due to its
availability and convenience as a fuel source, a trend observed in other countries such as
Vietnam and Bangladesh [3,52]. Grazing grass and food were the next most acknowledged
services, with 68% of participants recognizing them. This may be attributed to land-use
pressures in Kakamega, which necessitates that livestock owners use the forest for grazing.
Indigenous vegetables, wild fruits, and mushrooms are commonly harvested by local com-
munities to meet daily dietary needs [53]. Additionally, medicinal plants, such as the bark
of Prunus africana, are used to treat ailments such as urological symptoms and prostate
cancer, providing readily available relief to the local communities [54].
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Charcoal received relatively low acknowledgment compared to firewood, likely due
to the 2018 charcoal ban imposed in Kenya [36]. Interestingly, some provisioning ESs that
could potentially enhance households’ livelihoods, such as PFM schemes (Plantation Es-
tablishment and Livelihood Improvement Scheme —PELIS), poles, income-generating ac-
tivities (IGAs), and honey from beekeeping, are also poorly acknowledged. This could
be attributed to the phenomenon of elite capture within the CFA in Kakamega. Research
by Ongugo on CFAs in Kenya highlighted the presence of elite capture, where resource
benefits are disproportionately directed to a few individuals, limiting broader community
access [37]. The implications include inequitable access to forest resources, which under-
mines the fundamental objectives of community-based forest management and leads to a
loss of trust and reduced participation in the CFA. A similar situation has been observed
in Tanzanian PFM programs [55].

Regarding regulating ESs, air quality received the highest acknowledgment due to
the forest’s role in filtering pollutants. The FGDs revealed that the natural forest acted as
a filter for fine dust particles, which the local communities often inhale from the red soil
(murram) roads. Climate regulation was also recognized, particularly for its contribution
to temperature and weather stability, which indirectly supported agricultural production.
Flood protection is moderately acknowledged, likely due to the heavy rains experienced
in Kenya between March and May 2024. The forest helped prevent soil erosion and land-
slides, in contrast to other parts of the country, where similar rainfall caused significant
damage [56]. Pollination is the least acknowledged regulating service, particularly in terms
of enhancing the production of provisioning services such as honey. This could be linked to
the low uptake of beekeeping by local communities, which may have otherwise increased
their recognition of this service. This outcome contrasts with findings from the Omo bio-
sphere, where local communities also demonstrated relatively low acknowledgment of
regulating ESs [57].

Within the cultural ES category, wildlife habitat received the highest acknowledg-
ment. This service is particularly valuable for ecotourism, with Kakamega Forest serving
as a prime location for bird watching. Environmental education is the second most ac-
knowledged cultural service, as it provides students from various schools across the coun-
try with opportunities to enhance their understanding of ESs. This finding contrasts with
research in Benin, where environmental education received 84% acknowledgment [27].
Spiritual and religious value was acknowledged by 45% of households, recognizing the
forest as a source of places for worship and sacred sites, particularly those used for rites
such as circumcision. This outcome differs from that of Gouwakinnou'’s study, where this
service was acknowledged by 62% of respondents [27]. Recreation, the least acknowledged
cultural service, was recognized for offering spaces for cultural activities, such as bull fight-
ing on Saturdays in Shinyalu. In the supporting ES category, rainfall attraction was the only
service acknowledged during the FGDs. This service is vital for the region’s agricultural
lands, which rely heavily on rainfall. Given that the area is predominantly agricultural,
households in the region are highly sensitive to this supporting service, further highlight-
ing its importance for local livelihoods [45].

3.2. Socio-Economic Factors Influencing ES Acknowledgment

Figures 5-9 present the ESs alongside their significant predictors, while Appendix C
provides an overview of the ES categories and their corresponding predictors as well as
separate tables for each of the four ES categories with their respective predictors.
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correlation).
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Figure 7. Factors influencing ES acknowledgment.
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3.2.1. Provisioning ESs

Overall, income was not found to be a significant predictor of provisioning ESs (see
Appendix C.1). This finding is consistent with Nyangoko’s research in Tanzania, where
household income was also not a significant predictor of provisioning ESs [31]. However,
several specific provisioning services, including firewood, food, IGAs, sand provision, bee-
keeping, and water, showed a significant decrease in the likelihood of acknowledgment
with the following odds ratios for a unit increase in income: 93%, 55%, 71%, 63%, 68%,
and 68%, respectively (see Figure 5 and Appendix C.2). In contrast, charcoal had a signif-
icant 4.5-fold increase in the likelihood of acknowledgment. This outcome suggests that
as income increases, households may reduce their dependence on forest resources, opting
for charcoal, which, although more expensive than firewood, is often used to meet daily
energy needs.

Land ownership was a significant predictor of provisioning ESs, with a 95% decrease in
the likelihood of acknowledgment for a unit increase in the predictor (see Appendix C.2).
Services such as grazing grass, food, PELIS, and IGAs showed significant decreases in
acknowledgment, with odds ratios of 10%, 94%, 96%, and 97%, respectively. This trend
could be attributed to households farming their land to meet both subsistence needs and
income generation. Conversely, charcoal and water had a significant 14- and 7-fold in-
crease in the likelihood of acknowledgment, likely to reflect the need for water to support
farming activities on their land. These findings align with research in Bangladesh and In-
donesia, where secure land ownership was found to increase acknowledgment of ESs such
as water [23,58].

Livestock ownership was not a significant predictor of provisioning ESs. However, ser-
vices such as grazing grass and IGAs showed significant increases in acknowledgment,
with an odds ratio of 62% and a 19-fold increase, respectively. This could be attributed to
the competing demands of land use as households balance their need for food and live-
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stock fodder, often turning to the forest to meet these needs. This finding aligns with Li’s
global research [59].

The level of education was not a significant predictor of provisioning ESs, aligning with
findings from research in Benin [27]. However, IGAs exhibited an 8-fold increase in the
likelihood of acknowledgment, while water showed a 78% decrease in the likelihood of ac-
knowledgment. This outcome suggests that higher education levels often increased aware-
ness of economic opportunities related to ESs, such as tree nursery establishment, which
depends on piped water from harvested rain rather than natural river sources.

Regarding the household head, this variable was not a significant predictor of provision-
ing ESs, which contrasts with findings from Nyangoko’s study in Tanzania [19]. However,
the household head was a significant predictor for specific services such as sand provi-
sion and beekeeping (honey), with decreasing likelihood odds of acknowledgment of 77%
and 91% for a unit increase in the predictor. This may be due to sand harvesting being
a physically labor-intensive activity that female-headed households may be less likely to
engage in. Beekeeping, on the other hand, involves risky practices, such as working with
volatile African bees and tree climbing, which may deter female-headed households from
participating in this ES.

Market distance was not a significant predictor overall. However, PELIS products
(maize and beans) showed a significant relationship, with increasing distance to markets
leading to a 34% decrease in the likelihood of acknowledgment. This could be attributed
to high transportation costs and poor road infrastructure, which reduce the economic via-
bility of accessing these resources for households farther from the market.

Length of residence was a significant predictor of provisioning ESs, with a 4% increase
in the likelihood of acknowledgment. This finding aligns with research from the Rufiji
Delta [19]. Specific provisioning ESs such as grazing grass, food, PELIS, poles, sand provi-
sion, and beekeeping (honey) also showed significant increases in acknowledgment, with
odds ratios of 6-fold, 22%, 18%, 19%, 21%, and 22%, respectively. This outcome can be
attributed to long-term residents having a deeper understanding of forest resources, par-
ticularly those that are abundant for food and grazing grass. Additionally, longer resi-
dence allows for the establishment of social networks with local governing bodies (CFAs),
which can help residents access opportunities for harvesting resources from plantations or
utilizing PELIS lands when available.

CFA membership was also a significant predictor of provisioning ESs, with a 28% in-
crease in the likelihood of acknowledgment (see Appendix C.2). CFA membership was a
significant predictor for several provisioning services, including food, IGAs, beekeeping
(honey), and PELIS, with an increase in likelihood odds of 57%, 12%, 6%, and a 2-fold
increase, respectively. This could be attributed to the availability of user groups within
the CFA structure, which provides members with access to various resources and income-
generating opportunities related to ESs. These findings align with research conducted
in Nepal and Ethiopia [60,61]. These research findings indicate that CFA membership
has economically and nutritionally empowered participating households. However, this
also presents the risk of excluding non-members from accessing forest benefits, potentially
widening disparities between members and non-members and undermining equitable re-
source sharing. Another key implication relates to decentralized governance, with CFAs
actively involved in the management and allocation of forest resources. Nonetheless, if
the distribution of benefits is unequal, it raises concerns about accountability, representa-
tion, and the risk of elite capture—particularly if wealthy or influential households dom-
inate decision-making processes and control access to PELIS plots or income-generating
opportunities within the CFA. Interestingly, CFA membership was associated with a 51%
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decrease in the likelihood of acknowledgment of firewood, suggesting that non-CFA mem-
bers might be more likely to engage in illegal firewood collection from the forest.

Overall, age was not a significant predictor for provisioning ESs, which is consistent
with findings from research in Indonesia [23]. However, age was a significant predictor for
poles, with a 5-fold increase in the likelihood of acknowledgment. This could be attributed
to older household heads, who are often in positions of leadership or organization during
harvesting activities due to their financial stability, thereby creating more opportunities
for direct benefits.

Household size was generally not a significant predictor for provisioning ESs, which
aligns with research from Tanzania [19]. However, grazing grass and beekeeping (honey)
are exceptions, where household size was a significant predictor, showing an 8-fold and
6-fold increase in the likelihood of acknowledgment, respectively. This can be attributed
to larger households requiring more resources to meet daily needs, resulting in more live-
stock and, consequently, a greater reliance on grazing. Larger households also have the
necessary labor to herd livestock and harvest honey from the forest.

Labor migration as a predictor was not a significant factor for overall provisioning ESs,
indicating a trend toward decreased likelihood of acknowledgment. However, it was sig-
nificant for medicinal plants and food, with a 67% and 57% decrease in the likelihood of
acknowledgment, respectively. This outcome can be explained by the increase in house-
hold income from remittances, which likely provides households with greater access to
healthcare and market-based food options. These findings align with Shrestha’s research
in Nepal, where remittances contributed to reduced dependence on provisioning ESs [50].
This outcome may result in the gradual exclusion of remittance-receiving households from
traditional knowledge systems and communal access to resources. As their reliance on
subsistence resources—such as forest food and medicinal plants—diminishes, their level
of engagement in communal practices declines. As a result, these households may become
less involved in the governance and decision-making processes of the CFA.

3.2.2. Regulating ESs

Income was not a significant predictor of overall regulating ESs, which aligns with
findings from other tropical region studies [13,19]. However, it exhibited a general de-
creasing trend in the likelihood of ES acknowledgment. Similarly, income was not a signifi-
cant predictor for any of the individual regulating ESs but consistently showed a negative
association. This could be attributed to the intangible and long-term nature of regulating
services—such as pollination and climate regulation —that are harder to quantify and mon-
etize. As household income increases, families may prioritize short-term, tangible benefits
(such as PELIS products, poles, or charcoal) over the less immediately visible advantages
of regulating services.

Land ownership emerged as a significant predictor for overall regulating ESs, with a
6% increase in the likelihood of acknowledgment. This finding was in line with research
conducted in Brazil [62]. Among the specific ESs, air quality was significantly influenced
by land ownership, showing a 9% increase in the likelihood of acknowledgment. This
may be due to larger landowners practicing agroforestry, where tree cover helps filter air
pollutants, thereby improving air quality.

Livestock ownership was not a significant predictor of regulating ESs overall, although
a positive trend was observed. At the individual ES level, it was not a significant predic-
tor either. Interestingly, it showed a negative trend in relation to flood protection and air
quality. This could stem from the fact that increased livestock numbers can lead to more
intensive forest grazing, which in turn hampers forest regeneration and degrades regulat-
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ing services like air filtration and soil stabilization. This outcome supports the findings
from Li’s global meta-analysis on ESs [59].

Level of education was a significant predictor for regulating ESs overall (see Figure 7),
with a fivefold increase in the likelihood of acknowledgment as education levels rose. This
finding aligns with results from Lima’s study in Brazil [62]. Education significantly influ-
ences all four types of regulating ES: pollination —10-fold increased likelihood of acknowl-
edgment; flood protection —24-fold; climate regulation—41-fold; air quality —4-fold. This
strong association may be attributed to better-educated households being more likely to
engage in environmental groups, access informational resources, and adopt sustainable
land-use practices like agroforestry. These practices enhance their understanding and ap-
preciation of ecosystem functions.

Gender of the household head was not a significant predictor of overall regulating ES ac-
knowledgment, aligning with findings from other tropical studies [19]. However, a nega-
tive trend was observed, particularly in relation to flood protection. Female-headed house-
holds were 84% less likely to acknowledge flood protection ESs. This may reflect systemic
gender disparities, where traditional norms in the region restrict women’s control over
land-use decisions— particularly those that influence flood mitigation, such as terracing or
buffer zone maintenance.

Market distance was also not a significant predictor for overall regulating ESs or for
the individual ES categories. Nevertheless, a consistent negative trend was noted. This
may indicate that households located closer to market centers exert greater pressure on
forest resources and may rely less on natural regulating services. In contrast, households
situated further from markets might depend more heavily on the forest-based regulation
of natural processes, such as flood control, due to limited infrastructure and accessibility.
These findings are in line with other regional studies [23]. The lack of statistical signifi-
cance, however, may reflect the stronger influence of other predictors such as education.

Length of residence was not a statistically significant predictor of overall regulating ESs,
but it did exhibit a positive trend with ES acknowledgment. This finding aligns with other
research conducted in tropical contexts [19]. Notably, length of residence was a significant
predictor for pollination and flood protection, with 28% and 30% increases in the likeli-
hood of acknowledgment, respectively. This may be attributed to the greater ecological
knowledge and seasonal familiarity possessed by long-term residents, who better under-
stand the role of pollinators such as bees and butterflies and recognize how forest cover
mitigates flooding risks.

CFA membership was also not a significant predictor for overall regulating ESs but
similarly showed a positive trend in acknowledgment (see Appendix C.3). This outcome
is consistent with Mengist’s findings in the Kaffa Biosphere Reserve [61]. CFA member-
ship was a significant predictor for pollination, with a 13% increase in the likelihood of
acknowledgment. This may be due to the influence of beekeeping user groups within the
CFA structure, which enhances members’ awareness and appreciation of this specific ES.
The outcome suggests a narrow governance focus, indicating that the CFAs may require
capacity building to broaden their scope beyond provisioning and economic ESs toward
a more inclusive and sustainable approach to governance that also prioritizes the manage-
ment of regulating ecosystem functions.

Age was not a significant predictor of overall regulating ESs or of any of the individ-
ual ES categories, though a positive trend in acknowledgment was observed. This result
corresponds with research from Brazil [62]. Interestingly, a negative trend was observed
in relation to air quality. This may be due to older community members becoming desensi-
tized to indoor air pollution —especially from traditional cooking with firewood —leading
to lower acknowledgment of this ES. In contrast, the positive associations with other reg-
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ulating services may reflect older individuals’ direct reliance on forest-regulated environ-
mental stability, such as flood and temperature control.

Household size was not a statistically significant predictor for overall regulating ESs,
though it demonstrated a positive association with acknowledgment of these services. This
finding was consistent with Gouwakinnou’s research in Benin [27]. Notably, household
size was a significant predictor for climate regulation, with a fivefold increase in the likeli-
hood of acknowledgment. This may be attributed to the heightened vulnerability of larger
households to climate-related shocks, particularly in regions reliant on rainfed agriculture,
where more household members translate into greater food security demands.

Labor migration was also not a significant predictor of overall regulating ESs but
showed a negative association with their acknowledgment. This outcome aligns with find-
ings from Mexico [63]. Specifically, flood protection and climate regulation were signifi-
cantly associated with labor migration, with 43% and 46% decreases in the likelihood of
acknowledgment, respectively, for each unit increase in the predictor. This trend may re-
flect the behavioral shifts driven by remittances, such as the acquisition of household assets
like livestock. Such assets can increase grazing pressure in forested areas, thereby dimin-
ishing the forest’s capacity to deliver regulating services. The research findings suggest a
potential risk of elite capture within the CFA if asset-abundant households derive greater
benefits from resources compared to less affluent households, thereby exacerbating exist-
ing inequalities and undermining equitable resource access.

3.2.3. Supporting ESs

Land ownership emerged as a significant predictor for supporting ESs, with an eight-
fold increase in the likelihood of acknowledgment for rainfall-related ESs with each unit
increase in land ownership. This could be attributed to larger landowners’ reliance on rain-
fed agriculture and agroforestry practices to enhance their livelihoods. This finding aligns
with similar outcomes reported in Bangladesh [58].

Conversely, livestock ownership was not a significant predictor of supporting ESs. This
may be explained by the ecological degradation associated with overgrazing, which re-
duces plant biomass, hinders vegetation regrowth, and depletes soil quality —factors that
disrupt the evapotranspiration cycle essential for rainfall generation. This observation sup-
ports Li’s findings, which linked livestock activities to soil degradation and reduced forest
regeneration capacity [59].

Interestingly, the level of education did not significantly predict acknowledgment of
supporting ESs. This may be due to limitations in educational curricula and extension
services, which often emphasize biodiversity conservation, economic forestry products,
and soil management rather than the ecological mechanisms behind supporting ESs such
as rainfall generation. This outcome aligns with findings from similar studies conducted
in the tropics [19,27].

Female-headed household structure was not a significant predictor of supporting ESs and
exhibited a negative association with the acknowledgment of rainfall ESs. This could be
attributed to the prioritization of immediate and tangible needs —such as water and food —
by women, particularly in female-headed households, which may limit their engagement
with more abstract or indirect services like rainfall regulation. This finding aligns with
evidence from Ethiopia [61].

In contrast, the length of residence was a significant predictor of supporting ESs, with
an 11% increase in the likelihood of acknowledging rainfall ESs per unit increase in years
of residence (see Appendix C.1). This contrasts with findings from Benin [27]. The ob-
served outcome may be due to long-term community residents possessing deeper ecologi-
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cal knowledge and longer observational histories, enabling them to more readily associate
deforestation with declining rainfall patterns.

CFA membership was not a significant predictor of supporting ESs, contrasting with
findings from the Kaffa Reserve in Ethiopia [61]. This could be attributed to the organiza-
tional focus of the CFA, which primarily supports provisioning ES user groups. While tree
planting may occur within the CFA, rainfall regulation is not perceived as a direct or tangi-
ble benefit of membership, potentially reducing its influence on member acknowledgment
of supporting ESs.

3.2.4. Cultural ES

Income and land ownership are not significant predictors of overall cultural ES or any
of the four subcategories of cultural ESs. However, both variables demonstrate a neg-
ative association with cultural ESs. This may be attributed to the communal and cul-
turally embedded nature of these services, which are often shared collectively and not
dependent on wealth or private ownership. These findings are consistent with those of
previous studies [13,19,28].

The level of education was also not a significant predictor of overall cultural ESs, al-
though it shows a positive association. This outcome aligns with other research
findings [28]. However, education level was a significant predictor for specific cultural ESs,
namely wildlife habitat and environmental education, with 14-fold and 5-fold increases
in the odds of acknowledgment, respectively. This could be explained by the tendency of
more educated individuals to better understand and appreciate the long-term significance
of such services, linking them to cultural heritage, biodiversity, and intergenerational well-
being, despite their intangible nature.

Similarly, having a female-headed household was not a significant predictor of overall
cultural ESs, though it indicated a positive association. This outcome aligns with findings
from South Africa [13]. Notably, female-headed households showed a non-significant neg-
ative association with acknowledgment of wildlife habitat and environmental education.
This may be due to the increased burden of childcare, farming responsibilities, domes-
tic labor, and adult labor shortages, especially in cases where the husband is deceased.
These constraints are likely to reduce the time and resources available to engage with non-
material cultural ESs, shifting focus toward the household’s immediate and tangible needs.

Length of residence was a significant predictor for overall cultural ESs, with a 20% in-
crease in the likelihood of ES acknowledgment (see Appendix C.4). This finding was con-
sistent with Nyangoko’s research [19]. Additionally, the length of residence was a significant
predictor for wildlife habitat and spiritual/religious value ESs, with 19% and 34% increases,
respectively, in the likelihood ratio of acknowledgment. This may be attributed to the in-
tergenerational transfer of traditional ecological knowledge. Additionally, long-term resi-
dents are more likely to inherit and preserve cultural and spiritual relationships with the
forest, including knowledge of sacred sites and wildlife. These insights are supported by
Were’s study in the KFE, which highlights the role of songs, stories, and rituals in convey-
ing ecological and cultural knowledge [64].

Interestingly, CFA membership was not a significant predictor of overall cultural
ESs, although it shows a positive association. This outcome contrasts with findings from
Ethiopia [61]. CFA membership was also not a significant predictor for any of the four
cultural ES subcategories. Moreover, the predictor exhibited a negative association with
environmental education and spiritual and religious value ESs. This may be due to the
CFA’s primary focus on provisioning ESs, which may lead members to place less empha-
sis on non-material and cultural dimensions of forest benefits.
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Household size was not a significant predictor for overall cultural ESs but demonstrated
a positive association with ES acknowledgment. This outcome aligns with previous re-
search findings from Benin and Tanzania [27]. However, household size was a significant
predictor for environmental education ESs, with a 10-fold increase in the odds of acknowl-
edgment. This may be attributed to larger households having more school-aged children,
who are likely to participate in educational trips to the KFE, thereby increasing their expo-
sure and appreciation of this ES.

Labor migration, on the other hand, was a significant predictor for overall cultural ESs,
with a 53% decrease in the likelihood ratio of acknowledgment for every unit increase in
the predictor. This could be attributed to reduced physical presence and interaction with
the forest among migrating household members, leading to weakened cultural ties and
recognition of these ESs. Interestingly, labor migration was also a significant predictor for
environmental education ESs, with a 14% increase in the odds of acknowledgment. This
may be explained by the fact that remittances from migrants are often used to support
education, including school excursions to the KFE. Conversely, labor migration was a sig-
nificant negative predictor for spiritual and religious value ESs, with a 26% decrease in
the likelihood odds of acknowledgment. This could reflect the erosion of generational and
cultural knowledge, as younger migrants move to urban centers and disconnect from tradi-
tional practices and sacred forest sites, deepening the socio-cultural disparities. The mixed
impacts of labor migration on cultural ESs highlights growing equity and governance chal-
lenges. While remittances can improve households” welfare and access to education, they
may also weaken spiritual connections to the forest, potentially undermining long-term
stewardship, especially when migrant households are underrepresented in the CFAs. To
address this, inclusive governance approaches are needed to effectively engage mobile
populations and safeguard cultural ecosystem values as essential community benefits.

4. Conclusions and Recommendations

The aim of this research was to assess the relationship between ESs and local commu-
nities to support improved PFM. It explored the factors influencing the acknowledgment
of various ESs in the KFE, underscoring the complex interplay between socio-economic
factors, household dynamics, and environmental services.

Firewood emerged as the most widely acknowledged ecosystem service overall for
supporting the energy needs of the households, and also as the leading provisioning ESs.
Rainfall attraction was the most acknowledged supporting ESs for supporting agricul-
tural production, mainly that of maize, beans, and sugarcane. Air quality was the most
recognized regulating ESs for filtering the fine dust particles from the murram roads in
Kakamega County. Wildlife habitat was the most acknowledged cultural ESs for holding
recreational and educational value.

While economic factors like land ownership were influential in shaping the recognition
of provisioning services, non-material values tied to cultural and regulating services were
more strongly influenced by long-term residence and educational opportunities. These
findings also highlight the importance of community-based forest management structures,
like CFAs, in shaping access to and acknowledgment of forest resources, particularly provi-
sioning services. Provisioning ES perception was influenced by land ownership and length of
residence, with CFA membership playing a significant role in the acknowledgment of specific
provisioning services under CFA user groups. For regulating ESs, education level emerged
as a key predictor, with more educated households showing increased recognition of reg-
ulating ESs. When it comes to cultural ESs, length of residence emerged as a significant
predictor, suggesting that households with a longer history in the area possess greater tra-
ditional ecological knowledge of resources such as medicinal plants, sacred groves, and
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spiritual significance. The perception of supporting ESs was influenced by the length of
residence and land ownership. While some relationships were in line with previous studies,
other outcomes revealed unique dynamics within the context of Kakamega Forest.

This study is among the first to empirically demonstrate the dual impact of labor
migration on ecosystem service perception, suggesting that remittance economies may
weaken traditional ecological knowledge while supporting formal education pathways.

CFA membership, length of residence, labor migration, and education emerged as the
most consistent predictors across multiple ES categories, highlighting them as key lever-
age points for intervention. This indicates the following areas of intervention based on
the results.

e  Livelihood activities: creation of eco-based businesses (honey and medicinal plants)
with a strong linkage to the market to ensure premium prices of the products, as well
as the involvement of youths in these businesses to prevent outmigration.

e Preservation of cultural heritage: safeguarding cultural ESs through community pro-
grams such as forest walks and storytelling in schools to preserve cultural links.

e Enhance outreach programs: peer learning via CFA networks and involving long-term
residents to create awareness of intangible ESs.

The study has certain limitations, including temporal constraints, as it provides only a
snapshot in time. Socio-economic factors and perceptions of ESs may evolve with changes
in policies, economic pressures, and climate. Also, a potential bias from CFA-dominated
responses should be mentioned. Future research should consider conducting longitudinal
studies on households (gendered impacts or the evolving role of CFAs under changing
governance structures, integrating ecological data with perceptions studies, etc.). How-
ever, this research offers valuable insights into the socio-economic factors that influence
ES perceptions, providing key areas of intervention for researchers and policymakers. It
also paves the way for the community-informed sustainable management of the KFE and
beyond. The findings highlight the nuanced influence of socio-economic factors—such as
labor migration, education, and CFA membership—on the recognition and stewardship of
all four ES categories. In regions across Africa and the Global South, where participatory
dynamics are at play, these findings underscore the importance of developing inclusive
forest policies that reflect the diverse socio-economic conditions of the local forest com-
munities. Strengthening participatory governance structures to safeguard both tangible
and intangible forest benefits is not only vital for local sustainability but also critical to
achieving broader conservation and equity goals, as outlined in the Social Development
Goals framework.
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PELIS Plantation Establishment and Livelihood Improvement Scheme

KFE Kakamega Forest Ecosystem
PFM Participatory forest management
FGD  Focus group discussion

KII Key informant interview

IGAs  Income-generating activities

Appendix A

Appendix A.1. Questionnaire Used in Household Survey
Section 1: Income and Wealth of the Households

1.  How much money do you make from your source(s) of income monthly (KES)?

0-5000 [J 5001-10,000 [J 10,001-20,000 [J 20,001-30,000 [J 30,001-40,000 1 40,001-50,000 1

50,001-60,000 [J >60,001 [J

2. Do you own a piece of land?

Yes [0 No [

3. Do you own any livestock?

Yes [J No

4. Benefits of Kakamega Forest

Identified

Select If You Acknowledge

Firewood

Grazing grass

Medicinal plants

Food

PELIS

Rainfall

Recreation

IGAs

Poles

Charcoal

Pollination

Flood protection

Wildlife habitat

Sand provision

Climate regulation

Bee keeping
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Identified Select If You Acknowledge

Environmental education

Air quality

Spiritual and religious use

Water

Section 2: Demographic Information

5. Gender
Male [0 Female [
6. Age

7.  Level of education

No formal education [J Primary education [J Secondary education [ College/tertiary ed-
ucation [] University (Bachelor/Master/PhD) [

8. What is the size of your household?
9. How many members of the household work?
10. Distance from the market.

0-2 km 0 24 km [J 4-6 km [J 6-8 km [J 8-9 km [J 9-10 km [ >10 km [J
11. Length of residence (years).
<20 0 20-30 O 30-40 [0 40-50 L0 >50 O

12.  How many members of the household work outside the town?
13. Do you belong to any CFA/forest user group?

Yes [INo [J
Appendix B
Appendix B.1. Socio-Economic Profile of the Respondents
Attributes Category Respondent Percentage (Total)
0-5000 40.2
5001-10,000 25.2
10,001-20,000 185
Income (KES) (I euro = KES 135.57) LI 71
30,001-40,000 5.5
40,001-50,000 29
50,001-60,000 0.2
>60,000 0.4
Yes 81.5
Land ownership
No 185
Yes 84.3
Livestock ownership
No 15.7
Yes 39.7
CFA membership
No 60.3
No formal education 82
Primary education 48.1
Level of education Secondary education 30.5
College/tertiary education 9.7

University education 3.5
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Appendix C. Socio-Economic Factors Influencing ES Acknowledgment
Appendix C.1. Overall Categories of ESs

Provisioning ESs Regulating ESs Supporting ESs Cultural ESs

Variables B SE Sig  Exp(B) B SE Sig  Exp(B) B SE Sig Exp(B) B SE Sig  Exp(B)
Income 027 068 07 077  —082 072 026 044 085 057 0.14 233 043 06 048 053
Land

, 305 032 001* 005 28 133  004* 106 435 106 0001* 868 —18 117 012 016
ownership
Livestock o 021 011 1124 05 143 073 165 158 120 019 48 193 135 015 687
ownership
Level of 172 099  0.09 5.6 1.72 11 001* 556 006 088 095 194 116 091 020 3.9
education
Female
household ~ —171  0.05 0.1 018 012 12 092 089 -113 093 0.23 032 052 104 062 168
head (HH)
Market
' —02 068 077 08 -173 073 006 018 0.1 0.59 0.87 11 -022 062 072 0.8
distance
Length of
. 004 005 09 104 079 084 034 145 222 071  0002* 111 1.6 072 003* 120
residence
CFAmem- o0 011 003* 128 063 11 056 188 12 0.86 0.16 33 021 091 081 124
bership
Age —065 023 042 056 012 111 091 189 035 086 0.68 143 025 094 079 128
HO‘;?;’:OM 0.86 066 046 237 007 129 096 107 019 098 0.84 121 072 105 049 205
Labor
e 027 043 053 031 —071 042 009 049 033 034 0.34 072  —076 034  003* 047
migration

Constant 1.50 0.74 0.04 4.5 2.78 0.86 0.001 16.08 2.0 0.67 0.003 7.41 1.58 0.69 0.02 4.86

*—significant variable at p <0.05.

Appendix C.2. Provisioning ESs

Firewood Grazing Grass Medicinal Plants Food

Variables B SE Sig  Exp(B) B SE Sig  Exp(B) B SE Sig Exp(B) B SE Sig  Exp(B)
Income 271 071 <0001 007 —054 053 031 059 012 047 0.79 113 —137 049 001 045
Land

A 070 1547 064 202  —236 097 002 09  —083 094 0.38 044 -283 101 001 006
ownership
Livestock =4 03 147 040 029 435 099 <0001 162 075 098 045 212 034 106 075 141
ownership
Levelof  , 0 121 009 013 032 082 07 137 138 074 006 39 —104 08 02 036
education
Female
household 0315 121 0.8 137  -131 085 012 027 -086 078 0.27 043 —063 085 046 053
head (HH)
Market
' —074 07 03 048  —094 052 007 039  —043 048 0.37 065 —042 052 042 066
distance
Length of

. 068 075 037 198 176 058 001 58 007 053 0.89 193 152 059 001 122
residence
CFA mem-

. ~071 102 048 049 221 0.8 027 111 099 071 016 269 045 074 005 157
bership

Age 032 101 075 138 084 076 027 043 047 072 0.51 160 045 075 055 157
HO‘;?Z‘OM 194 121 011 697 207 094 003 791 126 085 0.14 354 069 088 043 2.0
Labor
o —052 04 02 060 —007 032 08 093 -111 028 <0001 033 084 029 0004 043
migration
Conmstant ~ 3.07 081 <0001 2152 093 058 011 254 —021 054 0.7 081 224 059 <0001 941
Hosmer

and 0.08 0.40 0.06 0.38
Lemeshow

Test
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PELIS IGAs Poles Charcoal

Variables B SE Sig  Exp(B) B SE Sig  Exp(B) B SE Sig Exp(B) B SE Sig  Exp(B)
Income —067 058 024 051 —124 058 003 029  —046 049 0.35 063 149 046 0001 445
Land

) -33 127 001 004 -359 133 001 003  -039  1.02 07 068 264 094 0005 14.04
ownership
Livestock = (01 128 099 099 296 118 001 194  —002  1.05 0.99 010 —098 098 032 038
ownership
Level of 099 094 029 2.7 211 098 003 827 058 079 047 178  —088 072 022 042
education
Female
household  —129  1.03 021 028 -073 1.0 047 048  —-07 086 0.41 05 013 078 08 114
head (HH)
Market
' —041 061 005 066 045 0.6 045 157 012 051 0.82 112 —059 004 021 0.55
distance
Length of

i 17 067 001 118 092 066 017  1.04 17 055 0002 119 034 052 051 171
residence
CFA mem-

) 933 089  <0.001 233 628 09 <0001 112 121 073 0.1 03 123 0.69 0.8 343
bership

Age 127 097 019 357 028 094 076 133 171 08 0.03 55 137 071 05 3.95
H"‘;?Ze:dd 079 107 046 22 21 109 056 812 067 092 047 195 —054 083 052 058
Labor
S —008 035 082 092 —032 036 037 072 014 03 0.65 115 038 028 017 146
migration
Constant 069 065 029 2.0 ~12 068 008 03  -113 058 0.05 032 —097 053 007 038
Hosmer

and 0.49 0.15 0.16 07
Lemeshow

Test

Sand provision Beekeeping (honey) Water

Variables B SE Sig Exp(B) B SE Sig Exp(B) B SE Sig Exp(B)
Income ~1.0 047 003 037 -114 057 0047 032 —113 045 0.01 032
Land —085 096 038 043 068 114 055 1.98 2.0 0.96 0.04 7.35
ownership
Livestock

X 068 097 049 197 -18 133 016 015 —041 09 0.67 0.67
ownership
Level of

; 098 076 02 267 122 092 019 339 -153 073 0.04 0.22
education
Female
household  —147 083 004 023 -24 108 003 009 —10 078 021 037
head (HH)
Market —022 049 065 08  —042 06 048 066 —078 047 0.09 0.46
distance
Lengthof o2 055 0003 121 154 063 002 122 0.7 053 0.19 15
residence
CFAmem- o0 071 008 129 276 08 0001 106 067  0.69 0.33 1.95
bership

Age 093 073 021 253 —071 086 041 049  —-004 071 0.96 0.96
Ho‘;?i“’ld 0.7 087 042 202 466 115 <0001 643 044  0.84 0.6 155
Labor
e —03%8 029 02 069 085 033 001 234  —015 028 0.6 0.86
migration
Constant ~ —029 054 06 075 —186 068 0006 016 119 053 0.02 33
Hosmer

and
Lemechow 0.93 0.07 0.62

Test
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Appendix C.3. Regulating ESs
Pollination Flood Protection Climate Regulation Air Quality
Variables B SE Sig Exp(B) B SE Sig Exp(B) B SE Sig Exp(B) B SE Sig Exp(B)
Income —032 048 051 073  —009 045 084 091 —03 046 0.51 074 —014 055 058 0.87
Land
. 055 099 058 1.57 006 093 095 1.94 0.74 0.93 1.42 148 241 1.06  0.02 1.09
ownership
Livestock 183 1.0 006 626 —078 095 042 046 165 096 009 519 —012 11 091  0.89
ownership
Level of 236 082 0004 106 316 076 <0001 237 372 078 <001 414 129 086 013 364
education
Female
household ~ —0.03 084 098 098 —1.86 079  0.02 0.16 0.04 0.79 0.96 1.04 0.6 095 053 1.82
head (HH)
Market
. —096 051  0.06 038 —029 047 054 075  —079 047 0.09 045 —034 057 055 0.71
distance
Length of
i 129 055 002 1.28 121 053 002 13 05 0.53 0.35 161 071 063 026 1.49
residence
CFA
. 207 072 0004 113 0.15 07 0.84 1.16 0.34 07 0.62 171 077 082 035 2.16
membership
Age 06 074 042 1.82 0.53 07 0.45 17 0.63 071 0.37 189  —123 09 017 029
HO‘;:Z‘OM 1.07 0.9 023 292 118 08 017 325 165 085 005 522 153 097 011 463
Labor
e —026 03 0.39 077 —057 028  0.04 057 —061 028 0.03 054 —046 032 015 0.63
migration
Constant ~115 057  0.04 032 —085 054 012 043  -138 054 0.01 025 136 063 003 3.88
Hosmer and
Lemeshow 0.16 0.90 0.21 0.07
Test
Appendix C.4. Cultural ESs
Wildlife Habitat Environmental Education Spiritual and Religious Value Recreation
Variables B SE Sig Exp(j3) B SE Sig Exp(3) B SE Sig Exp(B) B SE Sig Exp(B)
Income —029 046 053 075 —072 045 0.49 049  —048 045 0.28 062  —001 046 0.98 0.99
Land
) —~165 093 008 019 —015 091 0.86 086 —059 091 0.52 055 019 092 0.83 0.82
ownership
Livestock 03 096 039 23 —073 093 044 048  —006 094 095 094 013 095 08 114
ownership
Level of 265 075 <0001 142 162 072 003 505 135 072 006 026 017 073 08 085
education
Female
household ~ —1.0 078 02 037 —055 077 047 0.58 0.04 0.77 0.96 103 009 078 091 1.01
head (HH)
Market
. —032 047 05 073  —084 046 0.07 043  —023 046 0.62 079  —04 048 04 0.67
distance
Length of
! 1.65 054 0002 119 076 052 0.14 147 1.09 0.52 0.04 134 083 052 0.11 1.44
residence
CFA mem-
; 1.26 07 0.07 354  —075 068 0.27 047  —117 068 0.80 084 037 0.7 0.6 1.44
bership
Age .02 071 0.15 2.77 037  0.69 0.6 1.69 0.22 0.69 1.75 1.8 044 069 0.53 1.65
Ho‘gi“ﬂd 037 084 066 069 238 08 0005 108 225 085 008 945 089 084 029 243
Labor
o —02 028 048 0.82 013 028 0.03 114  -03 028 0.02 074  —006 028 0.83 0.94
migration
Constant ~ —024 053 065 079  —027 052 0.6 0.76 0.35 0.52 05 142 —-029 053 0.58 0.75
Hosmer
and 0.08 0.61 0.81 0.73
Lemeshow

Test
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