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ABSTRACT 

This research has been undertaken to improve our understanding of stakeholders’ knowledge and 

perception about ecosystem services (ES), which provides a valuable means of gaining insight into the 

opportunities and constraints that face ES management in a multiuser landscape. Land use preferences are 

influenced by a variety of motives, attitudes, and values intrinsic to every individual’s decisionmaking. 

Knowledge can affect attitudes and behavioral intentions, and a positive attitude toward the environment 

has been found to predict conservation practices. Using primary data collected from a village survey of 

102 villages in Nigeria between November 2012 and February 2013, this study assesses local 

communities’ awareness, perceptions, and knowledge of a broad range of ES and examines the key 

factors that explain the variations in the level of awareness across communities, with a special focus on 

land uses within landscapes. We found that exposure to forest and lowland floodplains was positively 

correlated with people’s level of awareness of ES, highlighting the importance of direct experience and 

local context in shaping people’s perceptions toward ES. Such considerations should be taken into 

account when designing policies aimed at addressing natural resources and environmental management 

issues. While provisioning services were generally well recognized, consistent with findings of previous 

studies, a majority of the sampled villages also appreciated spiritual values as a cultural service. 

Communities’ awareness and knowledge about regulating and supporting ES were generally very low, 

including those services that are important for maintaining the stability and productivity of 

agroecosystems (for example, pollination and biological pest control), warranting a greater role for 

agricultural extension to play in influencing community levels of awareness of ES in Nigeria. 

Furthermore, incorporating new concepts and topics about ES into the primary school curriculum will 

better educate people about the importance of ES. Finally, our assessment of communities’ attitudes 

toward payments for environmental services suggests a need to respect local communities’ preferences, 

norms, and traditions when designing policies that encourage natural resources management. 

Keywords:  ecosystem services, awareness, knowledge, perception, rural community, forest, Nigeria  
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1.  INTRODUCTION 

The concept of ecosystem services (ES) is increasingly being used in natural resources and environmental 

decisionmaking (Hauck et al. 2013; Lamarque et al. 2011; TEEB 2010) and policy fields including 

sustainable agricultural intensification and poverty reduction (for example, the Ecosystem Services for 

Poverty Alleviation program of the UK). It has been deemed helpful in communicating the benefits of 

ecosystem management to diverse stakeholder groups (Reid et al. 2006) and enabling a comprehensive 

evaluation of the impacts of policies and technologies. A necessary condition for integrating the concept 

into policy and decisionmaking is a sound assessment of perceptions of ES that incorporates the diversity 

of stakeholder perceptions, knowledge, and preferences (Hauck et al. 2013) regarding the ways ES 

contribute to human well-being and livelihoods and the natural resource base that underlines the service 

provision. 

Decision analysis studies with input from sociology and psychology indicate that land use 

preferences are influenced by a variety of motives (including financial and nonfinancial), attitudes, and 

values intrinsic to every individual’s decisionmaking (Morris and Potter 1995; Rogers 2003; Willock et 

al. 1999). Knowledge can affect attitudes and behavioral intentions (Willock et al. 1999). Farmers who 

have the relevant knowledge and information may appreciate the fact that indiscriminate use of chemical 

insecticides can damage the populations of beneficial insects that provide important pollination and 

natural pest control services to their crop production. Such beliefs, if held with conviction and strength, 

will result in specific behaviors that minimize negative effects associated with indiscriminate 

agrochemical use (Willock et al. 1999). A number of studies have demonstrated that a positive attitude 

toward the environment is predictive of conservation practices (see review in Willock et al. 1999). 

Specifically regarding ES, Poppenborg and Koellner (2013) examined how the knowledge of four 

services—primary production, flood regulation, water purification, and biodiversity—influences farmers’ 

crop choices, in a South Korean watershed. They found that farmers’ decisions to plant perennial crops 

are most often accompanied by positive attitudes toward ES. 

Perspectives of people about the benefits they derive from their interactions with ecosystems are 

influenced by the ecological features of the landscapes where they are located (Urgenson, Prozesky, and 

Esler 2013) as well as their values, beliefs, and socioeconomic and cultural statuses and attributes 

(Cowling et al. 2008; Willock et al. 1999; Hein et al. 2006; Vermeulen and Koziell 2002). Cognitive 

awareness and appreciation are also shaped by physical exposure to or experience with the environment. 

For example, Muhamad et al. (2014) and Sodhi et al. (2010) found that people living close to forests tend 

to have higher appreciation for ES in West Java, Indonesia. Abram et al. (2014) observed marked spatial 

variations in rural local people’s values and perceptions of ES in the forested regions of Borneo. 

Understanding stakeholders’ knowledge and perception about ES, from different contexts, provides a 

valuable means of gaining insight into the opportunities and constraints that face ES management in a 

multiuser landscape (Urgenson et al. 2013). This is necessary to facilitate the implementation of strategies 

that are aimed at improving the capacity of the poor to draw vital ES from landscapes.  

Demand is growing for managing ES provided by alternative land uses to enhance local 

livelihoods and well-being, ultimately contributing toward conservation objectives and poverty reduction 

(Muhamad et al. 2014). Additionally, the sustainable development and Green Economy efforts, which 

emphasize integration and balanced consideration of social, economic, and environmental objectives 

(Zaccai 2012), have raised the need for better understanding of ES. Research on local farmers’ perception 

of ES and land uses that provide these services can provide insights into the interplay of the innate 

linkages between humans and their environment (Urgenson et al. 2013). This in turn can facilitate fuller 

integration of ES information into planning and management and contribute toward identifying ways to 

improve land use management and designing effective incentives for promoting ES provision.  
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Using primary data collected from a survey of 102 rural communities in Nigeria between 

November 2012 and February 2013, this study aims to (1) assess local communities’ awareness and 

knowledge of a broad range of ES and identify land uses within the respective landscapes that provide the 

ES; (2) explore local communities’ perceptions of ES in relation to importance to their livelihoods and 

attitude toward payment for environmental services (PES) as a management strategy; (3) examine the 

association between awareness level and land uses within landscapes; and (4) gain understanding of the 

socioeconomic factors that explain the variations in the level of awareness across communities.  
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2.  REVIEW OF LITERATURE AND KNOWLEDGE GAPS  
ADDRESSED BY THE STUDY 

Despite the importance of stakeholders’ perceptions and knowledge of ES to their management and 

conservation strategies, the concept of ecosystem services has received limited research interest, 

especially in developing countries. A number of studies have looked at stakeholder perceptions of ES, 

mostly focusing on limited geographic regions (such as European countries), limited land use systems (for 

example, grassland and forest), or a narrow range of ES (Lamarque et al. 2011), with the exceptions of 

Muhamad et al. (2014) and Martín-López et al. (2012), who considered multiple interlinked services. 

Furthermore, a number of methodological limitations, such as nonrandom sampling, reliance on basic 

statistical tests, and reliance on statistical techniques for searching for the best-fitting models without 

systematically controlling for confounding factors, limit the generalizability of the findings of previous 

studies. 

In this section we highlight relevant literature on people’s perception and awareness of ES and 

point to the research gaps that this study contributes to. Lamarque et al. (2011) explored stakeholder 

perceptions of grassland ES in relation to knowledge on soil fertility and biodiversity in European 

mountain regions. Lugnot and Martin (2013) combined a literature review of 39 scientific articles and 

interviews with eight farmers and three farm advisors in a French region, characterized by a diversity of 

livestock production systems, to assess stakeholders’ knowledge about ES provided by biodiversity and 

whether this knowledge agrees with the scientific results. Both studies focused on ES provided by 

biodiversity, reflecting the emphasis on biodiversity conservation by the EU agro-environmental policy. 

Hauck et al. (2013) used a suite of tools including policymaker interviews, focus group 

discussions with policymakers from the European Commission and member states, and an online 

questionnaire survey of 52 representatives of organized groups to capture a regional perspective regarding 

ES in three European regions. While familiarity with the ES concept varied widely among the 

respondents, agricultural food production was the dominant service identified across the three regions, 

consistent with the finding of Rodriguez et al. (2006) that provisioning services were usually valued most. 

Although some differences were seen concerning the importance of ES across regions, respondents from 

all three areas agreed that the services of aquaculture; biochemical, medical, and genetic resources; and 

aesthetic and spiritual use of landscapes and the gain of scientific knowledge and education were of very 

low importance. In recognition of the difficulties associated with the identification of the importance and 

value of ES by stakeholders, Hauck et al. (2013) submitted that cultural background and previous 

exposure to natural disasters such as floods influence people’s preference for services.  

Few peer-reviewed studies have assessed perceptions or knowledge of regulating or supporting 

ES by African farmers. Munyuli (2011) assessed farmers’ perceptions and knowledge of the importance 

of pollination services in coffee production in Uganda, using a stratified random sample of 120 small-

scale coffee growers from 26 study sites selected to represent a range of habitat types with varying 

degrees of anthropogenic disturbances and management intensities. The study found that more than 90 

percent of the farmers were not aware of the role of bees in coffee yield and that farmers were not willing 

to manage their lands to protect pollination services, primarily because they considered pollination service 

an unsolicited “free service” or “public good.” Farmers were not aware of the role of seminatural habitats 

serving as reservoirs for pollinators in the surrounding of coffee fields. Farmers who sprayed herbicides to 

control weeds were not aware that herbicides had negative impact on bees. However, they were aware of 

such ES delivered in the coffee–banana farming system as shading. A logistic regression analysis found 

that awareness of pollination services was associated with age, coffee farming experience, regular contact 

with extension services, and mode of acquisition of the coffee field. In addition, tribe and the 

agroecological zone may also have an effect: While knowledge of pollination was limited among the 

Baganda ethnic group in central Uganda, farmers living in the mountainous region communities in 

western Uganda were more aware of the value of pollinators. Similarly, Kasina et al. (2009) showed that 

most farmers in western Kenya were not aware of the importance of pollination for crop production and 
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recommended a review of the extension program to incorporate aspects on the positive effects of bees for 

pollination and how to increase bee pollination. Focusing on extension staff in the North West Province, 

South Africa, Oladele (2012) found that the level of knowledge about ES varied widely among a sample 

of 100 extension officers and recommended that extension services should change from a generalist 

approach to a specialist approach. 

Nigeria’s ecosystems are diverse, encompassing semiarid savanna ecosystems in the north and 

tropical forest ecosystems in the south. The land degradation problem is widespread and of critical 

concern in Nigeria (Titilola 2008). Overgrazing and other forms of rangeland-degrading practices 

increase soil erosion and reduce fodder yield and consequently livestock productivity and carbon 

sequestration. Eboh et al. (2005) estimated that fodder yield in 2003 was 10–20 percent lower than its 

yield in 1985 and that the annual cost of fodder yield loss was equivalent to 1.9 percent of the 2003 gross 

domestic product of the country. Likewise, the low use of fertilizer and organic soil fertility management 

practices leads to soil nutrient depletion, loss of soil carbon, and persistently low crop yield. Deforestation 

in Nigeria is about 3.7 percent, the third highest rate in the region after Comoros (9.3 percent) and Togo 

(5.1 percent) (FAO 2011). Adding to the diverse agroecological conditions is the heterogeneity in 

ethnicity and cultures, as well as drastic differences in the types of resource constraints facing different 

regions, which may impact people’s views and needs relating to their natural environment and the ES 

they experience differently. Studies on ES in Nigeria are very limited. Available studies are limited in 

scope and content. The focus of previous studies has been on measuring the value of water provisioning 

(for example, Acharya 2000a; Acharya and Barbier 2000, 2002), soil conservation, and biodiversity 

(Acharya 2000b; Etkin 2002) to agricultural production, partly reflecting the resource constraints faced by 

the agricultural sector.  

This study contributes to fulfilling an important area of knowledge gap for Nigeria, a country 

where information on local communities’ awareness and perceptions of ES is greatly needed. In addition, 

the study makes a clear departure from the methodological limitations of previous studies. First, we 

consider a comprehensive set of ES, categorized into provisioning, supporting and regulating, and cultural 

services. Instead of using statement-like questions regarding the importance of given ES as adopted in 

most previous studies, our questionnaire links awareness of ES to specific land uses to highlight 

association between the land use type and ES. Second, the sampling approach in most previous studies on 

perceptions about ES was not designed to provide representative results but to explore different lines of 

augmentations and perspectives of experts from very different sectors (Hauck et al. 2013).1 Our sample 

provides a broad geographic coverage of the country and covers a wide range of the agroecological zones 

to ensure a plausible generalization of our findings. Third, we adopt multiple regression analysis to 

explore the associations between awareness levels and land use types as well as socioeconomic conditions 

of the communities. A common problem in the existing literature is that studies often claimed causal 

relationships between the dependent variable and explanatory variables without using the proper data and 

analysis methods for identifying causality. Using cross-sectional data, this study addresses association, 

not causality. We consider a large set of alternative models with different specifications of explanatory 

variables to (1) improve the robustness of findings, (2) cope with the constraint of a relatively small 

sample, and (3) enable model selection based on the Akaike Information Criterion (AIC), accounting for 

both the goodness of fit and complexity of alternative models. 

                                                      
1 For example, Lugnot and Martin (2013) kept interviewing additional stakeholders until no new fact or information 

emerged. The number of interviewees thus mainly depended on the diversity of attitudes regarding the issues addressed. 

Similarly, for Lamarque et al. (2011) and Lugnot and Martin (2013), the main limitation is the selection of stakeholders and the 

nonrepresentativeness of the sample, which makes it impossible to extrapolate research findings and their implications for 

production systems outside the study areas and conditions where research was conducted. Munyuli (2011) used a stratified 

random sample of coffee growers, with the study sites intentionally selected based on assumptive criteria of drivers. 
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3.  METHODS 

Data and Sample 

Data collection in the current study was linked to the sample for an impact evaluation study for a World 

Bank–supported national community-driven development project in Nigeria, known as the Fadama III 

project (Nkonya et al. 2013). The evaluation study conducted two rounds of surveys, including a 

community focus group discussion and household survey, in 2009 (baseline) and 2012 (midline). We 

undertook a new village survey to collect information related to ES and natural resource management 

during November 2012 to February 2013, using a subset of the midline survey sample used in the Fadama 

III study. The new survey took place within six months of the completion of the midline survey to 

minimize the time lag between the two datasets. Since the new survey shared the sample with the Fadama 

III midline survey, we were able to merge data collected from both efforts.  

The Fadama III placement was not entirely random across states and within states across local 

government authorities (Nkonya et al. 2013). However, the Fadama III midline survey sample offers 

comprehensive geographic coverage of the country.2 To obtain the sample for the new village survey, we 

adopted a stratified sampling approach by first selecting 12 states, based on levels of poverty and natural 

resource pressure (measured by the number of conflicts over the use of community common natural 

resources). Each of the three main agroecological zones (AEZs) (Sudan Savannah, Guinea Savannah, and 

Humid Forest) were represented by four states (Figure 3.1). The northeastern states were excluded from 

the sampling due to security concerns. In each of the 12 states, we randomly selected 6 to 10 villages 

from the eligible villages in the Fadama III midline survey sample.3 Our final sample comprises 102 

villages: 34 in Humid Forest, 36 in Guinea Savannah, and 32 in Sudan Savannah (Figure 3.1). 

  

                                                      
2 The midline survey of the Fadama III study covered all states of Nigeria and included 1,161 community focus groups and a 

total of 9,176 households, divided into two groups: treatment group (participation in Fadama III) and control group 

(nonparticipation in Fadama III). 
3 Eligibility of villages was determined based on the following criteria: First, only those villages with more than six 

households included in the Fadama III midline household survey were eligible for our random sampling of villages. Since the 

Fadama III study did not select households proportional to the size of village populations, we do not expect sample selection bias 

by selecting only villages that included more than six households surveyed in the Fadama III study. Second, villages with no crop 

production were not considered because many of the ES we assess are related to crop production. Third, since the Fadama III 

midline survey included both participating and nonparticipating local government authorities, our village sampling accounted for 

this factor by selecting villages proportionally to Fadama III project participation rate within corresponding local government 

authorities.  
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Figure 3.1 Surveyed villages in 12 states across three agroecological zones 

 
Source:  Authors’ creation.  

Note:  Two villages in the Cross River state are not shown in this map because of erroneous GPS coordinate recording. 

Survey Questionnaire and Implementation  

As the identification of ES is motivated by human well-being, stakeholder involvement is particularly 

important in order to understand people’s values and needs (Menzel and Teng 2009). In this study, 

farmers’ perceptions of ES were elicited using structured group interviews (see Appendix A for survey 

questionnaire). Local traditions permitting, we encouraged women’s participation and collective voice. To 

keep the group size manageable, we limited the number of active participants to no more than 15 when 

practical. The survey was conducted in local dialects in most cases, and interpreters were used in a few 

incidents. 

The questionnaire included 29 ES (Swinton and Zhang 2005) grouped into three categories 

following Millennium Ecosystem Assessment’s (MEA 2005) categorization: 10 provisioning services, 11 

regulating and supporting services, and 8 cultural services (Figure 4.1). In addition, open-answer options 

were given as “Other (specify)” to allow the inclusion of additional services. Each group of farmers was 

asked a set of questions related to their awareness and appreciation of the 29 services as well as which 

land uses provided each ES. Here villages are proxies for landscapes, and nine land uses in the villages 

represent common landscape elements: cultivated land, unused land, residential area, forest, agroforest, 

lowland floodplain, grazing land, woodland, and water. The “Other (specify)” option allowed 

communities to include additional land use types. 

To test the suitability of the structured interview design, we conducted a pretest of the interview 

in September 2012. Based on findings of the pretest, that most farmers were unable to name the crop pests 

and beneficial insects, a field guide for insect pests, natural enemies, and pollinators of 15 main crops in 
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Nigeria was developed to assist farmers in the identification of insect species. We selected the main crops 

for each state based on historical planted areas and production levels of crops, which were then vetted by 

the local collaborators to ensure local relevancy. The guide includes color photos of insects that were 

identified by local experts as having high relevance in local systems along with a brief description of their 

effects, compiled from literature sources and Internet sites. 

Data Analysis 

We first used descriptive analysis to characterize general patterns in communities’ land uses and 

perceptions and knowledge of ES. Specifically, we considered awareness of ES, perceived importance of 

ES to communities, degree of satisfaction with the level of provision, perceived trends of provision and 

associated drivers of change, and actions taken to address the provision of ES. To assess communities’ 

knowledge about insect-based services, we surveyed communities’ awareness of insect pollinators and 

natural enemies of crop pests with regard to their benefits to crop production and linkage to different land 

uses as habitat. Finally, we explored communities’ views on the usefulness of payment for environmental 

services (PES) in resource and environmental management. While the number of observations on the PES 

topic was too low to draw any statistically meaningful conclusions, the findings shed light on 

communities’ stated preferences for the PES concept as a potential approach for managing ES and 

environmental externalities.  

We then use multiple regression models to examine the relationships between communities’ 

awareness of ES and community-level land uses and socioeconomic factors. For the dependent variables, 

we developed and used four ES awareness indexes: (1) the total number of ES identified over the total 

number of ES across categories listed in the survey (29), (2) the number of provisioning services 

identified over the total number of provisioning ES listed in the survey (10), (3) the number of regulating 

and supporting services identified over the total number of regulating and supporting ES listed in the 

survey (11), and (4) the number of cultural services identified over the total number of cultural ES listed 

in the survey (8).  

Given the cross-sectional data that are available for the analysis, the models address associative 

relationships, as opposed to causal effects, between the dependent and independent variables. We 

estimated two models: an ordinary least squares (OLS) model and a generalized linear model (GLM).4 

The dependent variables, ES awareness indexes, are fractional response variables bounded between zero 

and one; and one drawback of a linear model is that the predicted values from an OLS regression can 

never be guaranteed to lie in the unit interval, although it is a common practice to include it as an 

approximation. An alternative is to use the method proposed by Papke and Wooldridge (1996), which 

estimates a GLM with a logit (logistic regression) link function that follows a binomial distribution in 

Stata (StataCorp LP 2013). We obtained standard errors that were robust to misspecification and 

intragroup (within-cluster) correlation in both the OLS and GLM models. AIC was used to facilitate the 

selection of preferred GLM models across alternative specifications (Akaike 1974).  

Some independent variables can be interesting to look at but were omitted from the analysis due 

to (1) the lack of variations across observations (for example, land tenure for cultivated, unused, and 

residential land); (2) a large number of missing values (for example, enactment of regulations for 

community natural resource management); or (3) concern over degrees of freedom (for example, 

institutions used to resolve conflicts over common resource use, which only apply when there is positive 

response on the occurrence of conflicts). Also, due to multicollinearity concerns, we did not include the 

poverty rate at the local government level in the regressions because it is highly correlated with some of 

the welfare indicators we included.  

                                                      
4 Additionally, we estimated a two-limit tobit model. The results from the tobit model are almost identical to those from the 

GLM model, so we do not present tobit model results in this paper. 
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4.  RESULTS 

Communities’ Demographics and Land Uses 

The surveyed villages in the Humid Forest had the largest average population size (58,391), followed by 

those in the Guinea Savannah (16,938) and Sudan Savannah (10,266). The seven dominant ethnic groups 

covered in the study are Hausa, Fulani, Nupe, Ibo, Yoruba, Ebera, and Ibibio. Migration, measured as 

percentage of village population migrating for urban jobs in the previous year, was highest in the Sudan 

Savannah (8.62 percent), followed by the Guinea Savannah (6.86 percent) and Humid Forest (4.55 

percent). 

Table 4.1 reports how total land area was allocated among different uses in the communities, 

based on estimates of survey participants and perceived trends of change in land uses over the previous 

five years. Land use patterns differed considerably across the AEZs. In the Sudan Savannah, the three 

predominant land uses were cultivated, residential, and lowland floodplain. Land use appeared to be more 

diverse in the Humid Forest and Guinea Savannah, encompassing cultivated, unused, forest, lowland 

floodplain, residential area, and woodland. Cultivated land was the predominant land use in the 

communities of the Sudan Savannah and Guinea Savannah, on average occupying one-half and one-third 

of the total land areas, respectively. Unused land was the most common land use in the Humid Forest 

(36.5 percent) and the second predominate land use in the Guinea Savannah (next to cultivated land) (22.7 

percent), though its presence in Sudan Savannah was marginal. Forest covered almost one-fifth of the 

village land area in the Humid Forest and was also common in the Guinea Savannah (12.2 percent). 

While residential area occupied 18.2 percent and 13.5 percent of the village land area in the Sudan 

Savannah and Guinea Savannah, respectively, it accounted for only 6.2 percent of the area in the Humid 

Forest communities.  

Table 4.1 Community land uses: Percentage of village land area and percentage of villages 

reporting trend of change in land use in the last five years (N = 102) 

Land use types Humid Forest (N=34) Guinea Savannah (N=36) Sudan Savannah (N=32) 
% of total 

area2 

Trend1 % of total 
area2 

Trend1 % of total 
area2 

Trend1 

 ↓ ↔ ↑ ↓ ↔ ↑ ↓ ↔ ↑ 

Cultivated  20.4 1 0 33 32.9 6 5 24 52.9 28 2 2 
Unused land 36.5 33 0 0 22.7 22 3 0 0.9 2 2 1 
Residential 6.2 0 0 34 13.5 6 1 28 18.2 1 4 26 
Forest 19.9 30 2 0 12.2 17 5 1 3.0 1 8 0 
Agroforest 0 0 0 0 0.4 0 1 0 0 0 0 0 
Lowland 
floodplain 

8.6 31 1 2 8.7 20 11 4 14.9 16 6 7 

Grazing land 0 0 0 0 1.1 5 2 0 2.5 4 7 0 
Woodland 6 19 1 0 6 12 3 3 1.2 3 3 0 
Water 2.7 0 6 0 2.6 8 8 1 6.5 17 5 9 

Total 100       100       100       

Source:  Authors’ calculations. 

Notes:  1 Trend: ↓ denotes decline; ↔ denotes no change; ↑ denotes increase. 2 % of total area: reported percent of the total area 

of the village. 

In terms of perceived trends of change in land uses over the last five years (Table 4.1), the use of 

land for cultivation was reportedly increasing in the majority of the villages in the Humid Forest and 

Guinea Savannah but declining in most Sudan Savannah communities. While the area of unused land was 

reported as declining by the villages in the Humid Forest and Guinea Savannah, the majority of the 

villages experienced an increase in the area of residential land across all AEZs. Decline of lowland 

floodplain area was reported by the majority of villages across AEZs, likely related to the intensified use 

of floodplains to support dry season farming. Both the Humid Forest and Guinea Savannah seemed to 

have experienced decline in the area coverage of forest and woodland. These reported trends reveal 
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possible tension among competing land uses. In the Sudan Savannah, where historically cultivated land 

had occupied a high proportion of land area with little unused land available, rapid population growth 

may have driven the expansion of residential area at the cost of cultivated land and lowland floodplain 

area. In contrast, communities in the Humid Forest and Guinea Savannah appeared to have been 

undergoing expansion of cultivated and residential area, likely at the cost of unused land, forest, lowland 

floodplain, and woodland. This trend of change appeared to be stronger in the Humid Forest. Finally, it is 

worth noting that a significant proportion of the surveyed villages in the Sudan Savannah, and to a lesser 

extent Guinea Savannah, reported a decline in the area of water body, revealing a concerning trend of arid 

area getting more stressed about water scarcity.  

Customary land tenure was the predominant tenure type for cultivated, unused, residential, and 

lowland floodplain land (Table 4.2). For cultivated land, customary tenure was reported by 82.3 percent 

of the villages, followed by communal land tenure at only 5.9 percent. In contrast, forest was most 

common on communal land (33 percent), followed by customary land (27 percent). A similar pattern was 

also observed for woodland. Other land tenures, such as leasehold, rented, borrowed, and freehold, are 

uncommon across all land use types.  

Table 4.2 Percentage of villages reporting land tenure type by land use type (N = 102) 

Land use Land tenure (% of villages)  

Leasehold or 
certificate of occupancy 

Customary Common land or 
community land 

Freehold 

Cultivated area 2 82.3 5.9 3.9 
Unused land 1 53.5 6.9 1 
Residential 1 84.3 7.8 4.9 
Forest 2 27 33 1 
Agroforest — — 1 — 
Lowland floodplain 1 67 24 4 
Grazing land — 1 15.7 1 
Woodland — 14.9 27.7 — 
Water 2 4.9 47.1  — 

Source:  Authors’ calculations. 

Communities’ Perceptions and Knowledge of ES 

Awareness and Perceptions of ES 

Many cultures have ties to their surrounding natural environments, as reflected by the varying degrees to 

which they identify specific ES in relation to land uses. Figure 4.1 presents the distribution of villages 

based on the identified ES. Provisioning services were generally easier for the villages to identify as 

compared to the other two categories of ES, which is consistent with findings from previous studies (for 

example, Rodriguez et al. 2006; Muhamad et al. 2014). More than 87 percent of the villages were aware 

of such provisioning ES as crops, biofuel, freshwater, natural and plant-derived medicine, and wildlife, 

confirming the high relevance of these services to the rural communities in Nigeria. 
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Figure 4.1 Awareness of ES by villages for each ecosystem service (N = 102) 

 
Source:  Authors’ creation. 

Awareness of regulating and supporting services by villages was generally low in our study 

(Figure 4.1). In particular, services that were important for farming, such as soil formation, nutrient 

cycling, regulation of disease and pests, and pollination, were not known to most village groups. 

Interestingly, regulation of air quality and natural hazard regulation were identified by relatively high 

portions of the villages, at 54 percent and 42 percent, respectively. This is somewhat counterintuitive, as 

one would expect that ES that are rendered at the field or farm scale and thus are more tangible to farmers 

be more recognizable, as compared with those ES that are public goods and provided at larger scales 

(such as landscape or watershed). The popularity of tree planting against desertification in the Sudan 

Savannah could be a reason for the high degree of awareness of the air quality and natural hazard 

regulation services by communities in the area. Another probable reason behind this finding could be 
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related to environmental consciousness, linked mostly to the high degree of petroleum extraction that has 

contributed to soil pollution and gas flaring in the Niger delta (Eregha and Irughe 2009; Dung, Bombom, 

and Agusomu 2008). The widely publicized petroleum impact on the environment could have potentially 

introduced a bias.  

Among the cultural ES, spiritual value was appreciated by 59 percent of the villages, followed by 

aesthetic and recreational values at 38 percent and 34 percent, respectively (Figure 4.1). Rural 

communities appeared to appreciate the cultural services more than the regulating and supporting ES. 

This may be due to the fact that regulating and supporting services seem to be more abstract and 

intangible as compared with cultural services.  

Figure 4.2 shows the relative levels of ES awareness by villages, using awareness indexes, across 

AEZs. Villages in the Sudan Savannah had the highest awareness index value, of 0.39 (derived by 

dividing the average number of services that were identified by the villages in the Sudan Savannah, 11.28, 

by the total number of services given in the questionnaire, which is 29), followed by the villages in the 

Guinea Savannah (0.36) and Humid Forest (0.34). While the awareness of provisioning services and 

regulation and supporting services was similar among the three AEZs, cultural services were considerably 

more appreciated by villages in the Sudan Savannah (0.30), as compared with the Guinea Savannah (0.23) 

and Humid Forest (0.17). The implication is that communities in the Sudan Savannah, with limited 

natural resources, were able to appreciate more services, especially the cultural services, as compared 

with their counterparts in the Humid Forest and Guinea Savannah.  

Figure 4.2 Levels of ES awareness by villages across the agroecological zones 

 
Source:  Authors’ creation. 

Table 4.3 shows the linkages villages made between ES and land uses. Villages were not able to 

relate regulating and supporting ES to specific land uses well. This is not surprising considering the 

intangible nature of many of the benefits of such ES. While experience about cultural ES in relation to 

land uses tends to be subjective, it is worth noting that cultivated land was viewed by many as an 

important source of cultural services such as spiritual and aesthetic values. Many communities also 

derived recreational service from water and forestland uses (for example, swimming and fishing 

competitions and hunting). 
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Table 4.3 Percentage of villages that identified services by types of land use (N = 102) 

Ecosystem services 
Land Use 

Cultivated Unused Residential Forest Agroforestry Lowland floodplain Grazing Woodland Water 

Provisioning services 

1. Crops 93 28 36 33 19 79 19 14 14 
2. Wild foods 67 65 25 65 17 45 20 14 22 
3. Aquacultural fish 10 28 17 15 12 16 12 9 44 
4. Livestock 19 47 47 35 19 19 19 14 26 
5. Livestock feed 66 53 22 45 20 41 28 14 13 
6. Fuel 66 59 40 53 20 53 26 20 23 
7. Genetic resources 4 0 4 4 0 0 0 0 3 
8. Fresh water 33 44 30 43 18 40 18 14 58 
9. Ornamental resources 25 21 8 25 0 10 0 0 6 
10. Natural/plant-derived medicines 76 62 52 61 19 58 25 18 17 
Regulating and supporting services 
11. Regulation of air quality 20 26 36 20 18 18 17 11 14 
12. Water purification 5 3 3 6 0 1 0 0 3 
13. Regulation of diseases & pests 1 1 0 2 0 0 0 0 0 
14. Pollination 8 7 2 6 0 2 0 0 1 
15. Erosion regulation 8 9 4 8 4 5 4 1 1 
16. Waste treatment 5 6 2 1 0 2 0 0 0 
17. Natural hazard regulation 33 20 31 15 18 15 18 13 11 
18. Climate regulation 4 5 2 4 2 3 2 0 0 
19. Nutrient cycling 0 0 0 0 0 0 0 0 0 
20. Noise buffering 3 7 4 7 1 5 1 1 1 
21. Soil formation 7 7 0 2 0 1 0 0 0 
Cultural services 
22. Spiritual values 45 25 31 21 13 22 15 10 14 
23. Aesthetic values 25 17 21 11 16 14 17 10 10 
24. Sense of place 4 7 7 7 1 2 1 1 2 
25. Recreation 2 13 9 15 14 10 13 9 27 
26. Ecotourism 0 0 0 0 0 0 0 0 0 
27. Cultural heritage 3 10 5 12 0 5 0 0 1 
28. Cultural practices 6 7 5 9 1 5 1 1 3 
29. Education and knowledge system 8 6 2 4 0 3 0 0 0 

Source:  Authors’ calculations. 
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Cultivated lands have multiple uses in rural communities. Farm lands represent not only the 

storage and sources of food and income but also the soul and investments of the entire household. The 

provisioning services derived from cultivated land were usually more than food and crops. It was not 

uncommon to have stands of medicinal plants and economic (or beneficial) trees within cultivated areas 

for such benefits as medicinal use, wild foods, fuel, shades to farmers, and place to rest. These medicinal 

plants and economic trees were typically not planted by farmers but have been preserved by farmers 

during clearing of forested or woodland area for cultivation purposes. Cultivated land also served as 

source of game, such as bushfowls, hares, giant rats, cane rats, and antelope, which were hunted or 

trapped and used as wild food or sold for income. Crop residues or stalks of crops such as maize and 

sorghum were collected and used as fuel for cooking or fodders. 

In addition to cultivated land, crops were planted and managed on other types of land. Backyard 

gardens on residential lands (close to homestead), practiced mostly by women, provided leafy vegetables 

and fruits for the family. Lowland floodplains were the fadama land suitable for dry-season as well as 

year-round crop production. It was not uncommon to plant perennials, such as plantains, pineapple, and 

papaws, on unused land. These perennials not only provided food but also served as ownership markers to 

prevent trespassing during fallow. In some communities (for example, in northern Kogi State in the 

Guinea Savannah), cashew trees were planted in the woodland due to their drought- and fire-resistance 

feature, with the fruits being counted as a “crop” service.  

With respect to perceived trends of change in ES provision by type of land use, we focus on the 

14 services that were identified by more than 30 percent of the villages (Appendix B, Table B.1). Villages 

reported a declining supply of most of the provisioning services over the past five years. Specifically, 

crops derived from cultivated land and lowland floodplain; fuel derived from cultivated, forest, and 

unused land; and wild food derived from forest and cultivated land were reported to have considerably 

declined in supply over the period. While the majority of the villages did not respond on the trend of 

change for air quality and natural hazard regulation services, villages were far more outspoken about 

changes in some of the cultural services they value. Many villages reported that the spiritual and aesthetic 

values derived from forest and cultivated land had declined over the period. It was found that a majority 

of the villages were unable to identify the drivers of change in the supply of ES, although a small fraction 

of the villages reported that changes in land use, population pressure, and spiritual belief were underlying 

factors for the changes. 

Despite the widely perceived importance of ES (Appendix Table B.2) and declining trend for 

service provision, very little action has been taken by villages to maintain the service provision or halt or 

reverse decline (Appendix Table B.3). For crops, promotion of sustainable land management (SLM) was 

identified by more than 20 percent of the villages as a way to maintain production levels. Around 10 

percent of the villages reported using tree planting to help manage the provision of natural and plant-

derived medicines and natural hazard regulation service. Community natural resource management 

practices, such as enactment and enforcement of user bylaws, were mentioned by only a few villages in 

our study. The result on the one hand indicates the lack of actions by communities. On the other hand, 

participants may have difficulty linking natural resource management practices to the provision of 

specific ES. Note that actions taken to address certain ES may contribute favorably to other services, 

which didn’t seem to emerge from our data. 

Knowledge about Natural Pest Control and Pollination Services 

Less than one-fifth (18 percent) of the villages reported that they knew what natural enemies of crop pests 

were. Among them, most villages either did not think natural enemies were important for controlling crop 

pests or were unable to make any connection in terms of importance. Although one-third of the villages 

reported that they knew what pollinators were, the majority of them were unable to link crop yields with 

pollination services or pollinator populations. Earlier in the survey, the study elicited responses on 

awareness of natural pest control and pollination, two regulating and supporting services. It was found 
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that only 2 percent and 10 percent of the villages, respectively, were able to identify them (Figure 4.1).5 

Despite the inconsistency, a clear message is that farmers’ knowledge and awareness of the pest control 

and pollination services or the benefits they derive from these services were generally low, even though 

some of the farmers were aware of the service-providing agents.  

Important crops identified by farmers for which insect pollination activities are important include 

fruit trees (16 villages), cowpea (13 villages), and melon (11 villages). The majority of the villages were 

not aware of farm-related cultural practices that enhance pollinator populations, with the exceptions of 7 

villages that reported that establishing field margins with flowering plants can increase pollinator 

population and 4 villages that linked beekeeping (apiary) in the community to pollinator abundance. Also, 

only 2 villages cited the negative effect of chemical insecticides use on pollinator abundance. By and 

large, villages in our study were unable to link the provision of pest control and pollination services to 

habitats and other resources provided by land uses.  

Payment for Environmental Services 

PES is a market-based approach to conservation financing (Pagiola and Platais 2007). The application of 

PES in Africa south of the Sahara, and particularly in Nigeria, has been relatively limited. We explored 

farmers’ receptiveness of this conservation financing method, focusing on understanding farmers’ stated 

preference of PES in resolving natural resource or environmental issues in their communities. 

Nearly one-third of the villages believed that PES can be useful for reducing natural resource 

conflict and improving natural resource management. However, philosophical and practicability reasons 

were adduced by the majority who were opposed to the use of PES as an acceptable tool. Philosophically, 

villages preferred settling conflicts based on negotiated terms and government intervention over private 

financial means. A popular belief was that it is not socially just to pay people to do the “right” thing as 

people have equal right to the common resources and such financial compensations may encourage “bad” 

behavior or exploitation of the system. Technically, contract breach and lack of financial resources to 

make such payment were also stated as concerns for impracticability. 

When asked what they would do in a hypothetical case in which the quality of the community’s 

drinking water is affected by upstream communities, 15 percent of the villages responded that they would 

consider paying the upstream communities to change behavior. For those villages who rejected the 

financial approach, more than 68 percent preferred negotiation with upstream communities (but would not 

offer financial incentive) and more than 25 percent chose to request local government to intervene.  

Regression Results  

We report regression results from the preferred GLM models (selected based on AIC scores) and 

corresponding OLS models, which had the same specifications as the selected GLM models. Parameter 

estimates for selected key independent variables are reported in Tables 4.4–4.7 for each of the four 

dependent variables on the awareness of ES: indexes of awareness for all services, provisioning services, 

regulating and supporting services, and cultural services. Full regression results are shown in Appendix B, 

Tables B.4–B.7. Overall, estimates from the GLM and OLS models are consistent and qualitatively 

similar, which indicates that the relationships identified in the analysis are robust and not sensitive to the 

estimation methods used. The GLM models were able to show more significant associations, which is not 

surprising considering that the nonlinear model tends to provide a better fit for fractional response data. 

                                                      
5 Percentages of villages that acknowledged awareness of the services of disease and pest regulation and pollination are 

much lower than those for knowing about natural enemies and pollinators. This may be due to (1) possible upward contamination 

of the responses on knowledge of natural enemies and pollinators because of likely exposure to the discussion of associated ES, 

which appeared earlier in the survey; and (2) participants may find service-providing agents (such as natural enemies of crop 

pests) more relatable than services themselves, which could be seen as conceptually abstract.  
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Relationship between Communities’ Land Uses and Awareness of ES 

Land uses in communities are important factors explaining the variations in the level of ES awareness by 

villages in our analysis. Land use variables are measured by proportions of area under given land uses in 

total village land area, which are based on participants’ estimates during the group interviews. Since only 

one village reported the presence of agroforest, we combined agroforest with forest area. Proportional 

area of cultivated land was excluded from regressions to avoid multicollinearity and was used as 

reference land use for result interpretation.  

Results consistently show statistically significant and strong associations between forestland use 

and awareness of ES. Specifically, proportional area of forest, relative to cultivated land, is positively 

correlated with all awareness indexes except the one for provisioning services (Tables 4.4–4.7). This 

implies that villages with a larger proportion of forest area tend to be aware of more regulating and 

supporting services, more cultural services, and more of all services combined.  

Table 4.4 Key parameter estimates for the awareness index for all services combined 

  Variable GLM1 GLM2 GLM3 OLS1 OLS2 OLS3 

Main ethnicity: Hausa 0.411*** 0.426*** 0.434*** 0.088*** 0.090*** 0.092*** 

 (0.126) (0.129) (0.127) (0.031) (0.032) (0.032) 

Main ethnicity: Yoruba 0.319 0.310 0.316 0.073 0.071 0.073 

 (0.282) (0.280) (0.282) (0.072) (0.073) (0.073) 

Unused land (area %) 0.013** 0.013** 0.013** 0.003** 0.003** 0.003** 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

Residential land (area %) 0.008** 0.009** 0.009** 0.002** 0.002** 0.002** 

 (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) 

Forest (area %) 0.015*** 0.016*** 0.016*** 0.003*** 0.003*** 0.003*** 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

Floodplain (area %) 0.019*** 0.020*** 0.019*** 0.004*** 0.004*** 0.004*** 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

Grazing land (area %) 0.006 0.008 0.005 0.001 0.002 0.001 

 (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) 

Woodland (area %) 0.012* 0.013* 0.013* 0.003 0.003 0.003 

 (0.007) (0.007) (0.007) (0.002) (0.002) (0.002) 

Water (area %) –0.009** –0.009** –0.009** –0.002** –0.002** –0.002** 

 (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) 

% of households food-insecure –0.003* –0.004** –0.003* –0.001 –0.001 –0.001 

 (0.002) (0.002) (0.002) (0.000) (0.000) (0.000) 

% of adult literacy –0.002 –0.003 –0.002 –0.001 –0.001 –0.001 

 (0.002) (0.002) (0.002) (0.001) (0.001) (0.001) 

No. of conflicts over common 
resource use 

  0.005   0.001 

   (0.003)   (0.001) 

Distance to roads  0.003   0.001  

  (0.003)   (0.001)  

Constant –2.215*** –2.244*** –2.240*** 0.004 –0.001 –0.001 

  (0.398) (0.394) (0.400) (0.096) (0.096) (0.097) 

Observations 101 101 101 101 101 101 
R-squared    0.446 0.449 0.449 
Adjusted R-squared    0.290 0.284 0.285 
AIC 1.319 1.338 1.338    
Log likelihood –43.60 –43.59 –43.59 104.4 104.6 104.7 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model; OLS = ordinary least squares. 

 Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Results on dummy variables for states not 

reported here. Reference variable for main ethnicities is “Other ethnicity.” Reference variable for proportion areas of 

land uses is “Cultivated land (area %).”  
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Table 4.5 Key parameter estimates for the awareness index for provisioning services 

 Variables GLM1 GLM2 GLM3 GLM1 GLM2 GLM3 

Main ethnicity: Hausa 0.367 0.338 0.407 0.085 0.080 0.094 

 (0.261) (0.256) (0.255) (0.063) (0.063) (0.063) 

Main ethnicity: Yoruba 0.313 0.329 0.307 0.063 0.067 0.062 

 (0.421) (0.416) (0.417) (0.097) (0.097) (0.097) 

Unused land (area %) 0.005 0.004 0.005 0.001 0.001 0.001 

 (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) 

Residential land (area %) 0.008 0.006 0.008 0.001 0.001 0.002 

 (0.006) (0.006) (0.006) (0.001) (0.001) (0.001) 

Forest (area %) –0.007 –0.007 –0.007 –0.001 –0.002 –0.001 

 (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) 

Floodplain (area %) 0.023*** 0.022*** 0.022*** 0.005** 0.004** 0.005** 

 (0.008) (0.009) (0.009) (0.002) (0.002) (0.002) 

Grazing land (area %) –0.005 –0.009 –0.008 –0.001 –0.001 –0.001 

 (0.013) (0.015) (0.014) (0.003) (0.003) (0.003) 

Woodland (area %) 0.015 0.013 0.016 0.003 0.003 0.003 

 (0.012) (0.012) (0.012) (0.003) (0.003) (0.003) 

Water (area %) –0.013 –0.013 –0.013 –0.002 –0.002 –0.002 

 (0.009) (0.009) (0.009) (0.002) (0.002) (0.002) 

% of households food-
insecure 

0.001 0.002 0.000 0.000 0.000 0.000 

 (0.003) (0.004) (0.003) (0.001) (0.001) (0.001) 

% of adult literacy –0.003 –0.003 –0.003 –0.001 –0.001 –0.001 

 (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) 

No. of conflicts over 
common resource use 

    0.010     0.002 

     (0.007)     (0.001) 

Distance to roads   –0.005     –0.001   

   (0.005)     (0.001)   

Constant 0.259 0.308 0.215 0.576*** 0.584*** 0.566*** 

  (0.664) (0.661) (0.666) (0.156) (0.156) (0.157) 

Observations 101 101 101 101 101 101 

R-squared       0.320 0.324 0.326 

Adjusted R-squared       0.128 0.122 0.125 

AIC 1.267 1.286 1.286       

Log likelihood –40.99 –40.96 –40.96 67.66 67.95 68.10 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model. Robust standard errors in parentheses.  

*** p < 0.01, ** p < 0.05, * p < 0.1. Results on dummy variables for states not reported here. Reference variable for 

main ethnicities is “Other ethnicity.” Reference variable for proportion areas of land uses is “Cultivated land (area %).”  
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Table 4.6 Key parameter estimates for the awareness index for regulating and supporting services 

 Variable GLM1 GLM2 GLM3 OLS1 OLS2 OLS3 

Main ethnicity: Hausa 0.938*** 1.014*** 0.964*** 0.092** 0.094** 0.092** 

 (0.283) (0.292) (0.293) (0.040) (0.041) (0.041) 

Main ethnicity: Yoruba 0.698 0.672 0.696 0.087 0.085 0.087 

 (0.919) (0.897) (0.922) (0.099) (0.100) (0.100) 

Unused land (area %) 0.035** 0.036** 0.035** 0.004* 0.004* 0.004* 

 (0.016) (0.016) (0.016) (0.002) (0.002) (0.002) 

Residential land (area %) 0.023** 0.026** 0.023** 0.003* 0.003* 0.003* 

 (0.010) (0.011) (0.010) (0.001) (0.001) (0.001) 

Forest (area %) 0.052*** 0.053*** 0.052*** 0.006*** 0.006*** 0.006*** 

 (0.012) (0.012) (0.013) (0.002) (0.002) (0.002) 

Floodplain (area %) 0.027** 0.030** 0.027** 0.002 0.002 0.002 

 (0.013) (0.014) (0.014) (0.002) (0.002) (0.002) 

Grazing land (area %) 0.024 0.031 0.024 0.003 0.003 0.003 

 (0.017) (0.019) (0.017) (0.002) (0.003) (0.003) 

Woodland (area %) 0.032* 0.036* 0.033* 0.003 0.003 0.003 

 (0.019) (0.020) (0.019) (0.002) (0.002) (0.002) 

Water (area %) –0.057*** –0.062*** –0.058*** –0.002 –0.002 –0.002 

 (0.022) (0.024) (0.022) (0.001) (0.001) (0.001) 

% of households food-
insecure 

–0.011** –0.013** –0.011** –0.001 –0.001* –0.001 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

% of adult literacy –0.012** –0.013** –0.012** –0.002** –0.002** –0.002** 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

No. of conflicts over 
common resource use 

  0.005   0.000 

   (0.010)   (0.001) 

Distance to roads  0.008   0.000  

  (0.006)   (0.001)  

Constant –6.144*** –6.301*** –6.177*** –0.277** –0.281** –0.277** 

  (1.406) (1.419) (1.411) (0.132) (0.132) (0.133) 

Observations 101 101 101 101 101 101 

R-squared    0.339 0.340 0.339 

Adjusted R-squared    0.153 0.143 0.142 

AIC 1.030 1.049 1.050    

Log likelihood –29.00 –28.96 –29.00 68.50 68.58 68.50 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model; OLS = ordinary least squares. Robust standard 

errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Results on dummy variables for states not reported here. 

Reference variable for main ethnicities is “Other ethnicity.” Reference variable for proportion areas of land uses is 

“Cultivated land (area %).”  
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Table 4.7 Key parameter estimates for the awareness index for cultural services 

 Variable GLM1 GLM2 GLM3 OLS1 OLS2 OLS3 

Main ethnicity: Hausa 0.577** 0.680** 0.610** 0.086 0.098 0.091 

 (0.278) (0.286) (0.278) (0.059) (0.060) (0.059) 

Main ethnicity: Yoruba 0.386 0.336 0.380 0.067 0.059 0.067 

 (0.935) (0.909) (0.939) (0.163) (0.162) (0.164) 

Unused land (area %) 0.028** 0.029** 0.028** 0.004* 0.004* 0.004* 

 (0.014) (0.014) (0.014) (0.002) (0.002) (0.002) 

Residential land (area %) 0.011 0.015** 0.011 0.002 0.002 0.002 

 (0.007) (0.007) (0.007) (0.001) (0.001) (0.001) 

Forest (area %) 0.037*** 0.039*** 0.037*** 0.006*** 0.006*** 0.006*** 

 (0.011) (0.010) (0.011) (0.002) (0.002) (0.002) 

Floodplain (area %) 0.043*** 0.046*** 0.043*** 0.007*** 0.007*** 0.007*** 

 (0.013) (0.013) (0.013) (0.002) (0.002) (0.002) 

Grazing land (area %) 0.012 0.023 0.010 0.002 0.004 0.001 

 (0.020) (0.022) (0.020) (0.004) (0.004) (0.004) 

Woodland (area %) 0.015 0.019 0.015 0.001 0.002 0.002 

 (0.018) (0.019) (0.019) (0.003) (0.003) (0.003) 

Water (area %) –0.011 –0.013 –0.011 –0.001 –0.000 –0.001 

 (0.016) (0.016) (0.016) (0.002) (0.002) (0.002) 

% of households food-
insecure 

–0.009* –0.012** –0.010* –0.001 –0.002* –0.001 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

% of adult literacy 0.005 0.002 0.005 0.001 0.001 0.001 

 (0.007) (0.007) (0.007) (0.002) (0.002) (0.001) 

No. of conflicts over 
common resource use 

  0.007   0.001 

   (0.007)   (0.002) 

Distance to roads  0.014***   0.002**  

  (0.005)   (0.001)  

Constant –5.443*** –5.665*** –5.482*** –0.326** –0.349** –0.331** 

  (1.070) (1.067) (1.075) (0.153) (0.152) (0.154) 

Observations 101 101 101 101 101 101 

R-squared    0.379 0.396 0.380 

Adjusted R-squared    0.203 0.215 0.194 

AIC  1.175 1.190 1.194    

Log likelihood –36.32 –36.11 –36.31 50.96 52.35 51.04 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model; OLS = ordinary least squares. 

 Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Results on dummy variables for states not 

reported here. Reference variable for main ethnicities is “Other ethnicity.” Reference variable for proportion areas of 

land uses is “Cultivated land (area %).” 
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We found that the relative share of lowland floodplain area is positively correlated with ES 

awareness and that this association is consistent across all four awareness indexes. Although not as 

powerful as the share of forest area in explaining the variations in the level of awareness for regulating 

and supporting services (Table 4.5), shares of floodplain area and forest area are similarly important in 

explaining the variations in the levels of awareness for cultural services and all services combined (Tables 

4.4 and 4.7). 

Communities’ access to unused land is also important in predicting ES awareness. We found 

statistically strong and positive correlations between the proportional area of unused land and all 

awareness indexes except the index for provisioning services. Moreover, evidence is weak (at 90 percent 

confidence level) that villages with a larger share of woodland area are aware of more regulating and 

supporting services (Table 4.5) and more of all services combined (Table 4.4). Villages with a larger 

proportion of residential land, relative to cultivated land, tend to be aware of more regulating and 

supporting services (Table 4.6), more of all services combined (Table 4.4), and arguably more cultural 

services as well (Table 4.7). Interestingly, water land use, relative to cultivated land, is associated with 

lower awareness for regulating and supporting services and all services combined (Tables 4.4 and 4.6). 

One probable explanation for this finding is that most communities in our study do not derive their 

livelihoods from water resources and therefore are less likely to attach much value to such land use type. 

Communities’ awareness of provisioning services was not associated with allocations of land 

among the different uses, except for floodplain, relative to cultivated area (Table 4.5). Results show that 

villages with a larger share of floodplain area are generally aware of more provisioning services. This is 

not surprising given the common multiple uses of floodplain by villages for crop cultivation and 

collection of wild foods, livestock feeds, fuel, freshwater, and natural and plant-derived medicines (Table 

4.3). However, this should not be interpreted that floodplains are the only important source of 

provisioning services. As Table 4.3 shows, more than half of the surveyed villages identified forest and 

unused land as sources of provisioning services of wild foods, fuel, and natural and plant-derived 

medicines. Similarly, woodland (where grazing sometimes takes place) was identified as a source of 

livestock feed by 53 percent of the villages. Instead, the result should be interpreted in terms of relative 

importance of floodplain, as compared with the other land uses, in explaining the variations in the 

awareness index for provisioning services. 

Other Factors That Are Associated with ES Awareness 

The analysis identified several other important factors, in addition to land uses, that have significant 

associative relationships with the levels of ES awareness.  

Villages in which the main ethnic group was Hausa were found to be aware of more regulating 

and supporting services, more cultural services, and more of all services combined (Tables 4.4, 4.6 and 

4.7 ), as compared to villages in which the main ethnic group was Yoruba or “other” (that is, none of 

Hausa and Yoruba). While further investigation is needed to understand the mechanism underlining the 

relation, the result underscores the importance of understanding local contexts when designing ES 

management programs and projects because livelihood choices and strategies, crop choices, and certain 

preferences towards ES by communities may differ among ethnicity groups.  

Percentage of households within a village that were food-insecure was negatively correlated with 

all awareness indexes except the index for provisioning services. Specifically, villages that reported a 

higher incidence of food insecurity were less aware of regulating and supporting services, of cultural 

services, and of all services combined (Tables 4.4, 4.6 and 4.7). The adult literacy rate in villages had no 

associations with the awareness of provisioning services, cultural services, and all services combined, but 

it had a negative relationship with the awareness of regulating and supporting services. This implies that 

literacy education had little or no influence on people’s experience with nature and how they appreciate 

their interdependence with nature. Finally, the combined distance to tarmac road and all-weather road was 

positively correlated with the awareness of cultural services (Table 4.7). This implies that cultural 

services may be more important for people who reside more remotely from main centers of populations.  
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Next we present a number of results from models that did not perform as well as the ones 

reported in Tables 4.5–4.7. Since they were not the selected models, we do not report the results here but 

can make them available upon request. First, the proportion of farmers using chemical insecticides to 

control crop pests in the village was positively correlated with the awareness of regulating and supporting 

services. Since the prevalence of chemical insecticide use by households within villages appeared to be 

positively correlated with the presence of a retail store that sells chemical insecticides in the village or 

negatively correlated with the distance to the nearest store if none exists in the village, this result implies 

that more convenient access to agrochemicals such as insecticides tends to be positively correlated with 

farmers’ awareness of regulating and supporting services.  

Second, as mentioned earlier, there are little variations in the data on land tenure for cultivated, 

unused and residential land across villages, for which customary is the predominant tenure type. Thus 

land tenure was not included in the main analysis as reported in Tables 4.5–4.7. However, both customary 

tenure and communal land tenure are common for forest and floodplain land. We therefore ran two 

separate regressions for villages that had forest or floodplain land to examine how customary tenure and 

communal land tenure may relate to the awareness of ES differently. While the two tenure types do not 

seem to be statistically different in terms of their association with ES awareness levels, results show that 

villages with customary tenure for their floodplain land, as compared with communal land tenure, are 

aware of more provisioning services. 

A final point is that farmers’ participation in agricultural extension programs was not significant 

in the models estimated for provisioning, cultural, and all services combined. The exception is the 

awareness of regulating and supporting services, which is positively associated with farmers’ 

participation in agricultural extension programs. The result highlights the limited role that government 

extension has played as an information source to farmers.  
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5.  DISCUSSION 

We highlight several policy-relevant implications of our findings. Our findings demonstrate the 

importance of direct experience and local context in shaping people’s perceptions toward ES. For 

instance, exposure to forest and lowland floodplain was positively correlated with people’s level of 

awareness of ES. Such considerations should be taken into account when designing policies aimed at 

addressing natural resources and environmental management issues. Efforts and interventions to protect 

and conserve forests and floodplains in those communities are likely to be more effective in terms of their 

receptiveness and adoption by farmers and more promising in enhancing ES derived from those land 

resources.  

Land use preferences are influenced by a variety of motives, attitudes, and values intrinsic to 

every individual’s decisionmaking (Morris and Potter 1995; Rogers 2003; Willock et al. 1999). 

Knowledge about the benefits of ES and the land uses that provide these services can affect farmers’ 

attitudes and behavioral intentions, changing the way they use their land and farm their crops for higher 

productivity and fewer negative externalities. Our study demonstrates that much remains to be done to 

increase awareness and knowledge in farming communities about ES as well as the resource base that 

underlines the provision of services. In our analysis, agricultural extension was not found to play a 

significant role in influencing communities’ level of awareness of ES, pointing to a crucial entry point for 

intervention. Our survey reveals that extension services in Nigeria have been narrowly focused on 

promoting conventional external inputs such as improved seeds and chemical fertilizer with little or no 

attention on other management practices such as pest management and pollination. It is plausible to 

expand the portfolio of advisory services to include more “soft” skills and management know-how. 

Additionally, targeted effort by extension agency is recommended to mainstream ES-based approaches to 

sustainable agricultural and natural resource management into advisory support programs.  

Enhancing ES education through formal school curricula may offer a promising entry point for 

intervention. In our study, knowledge about pollination was generally low among farmers. It was noted 

that such knowledge is typically acquired in biology class at secondary or high school in Nigeria. This 

means that farmers who did not attend secondary or high school would likely miss out on the opportunity 

to learn about pollination. Including key messages about ES in the primary school curriculum therefore 

may bring about rewarding results on raising knowledge about ES among the youth. Similarly, Munyuli 

(2011) suggested the need to revise and incorporate in the school curriculum new concepts such as 

pollination to better educate the young people about the importance of pollination services in Uganda. 

Finally, findings from our assessment of communities’ attitudes toward PES highlight the need to 

respect local communities’ preferences, norms, and traditions when designing policy that encourages 

natural resources management.  
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APPENDIX A:  SECTION E OF THE VILLAGE SURVEY QUESTIONNAIRE6 

 

E. Community Natural Resources and the Ecosystem Services (ES) They Provide 
Please introduce the concept of ecosystem services first. 

                                                      
6 This appendix is taken directly from the original survey questionnaire. 

Ecosystem services are benefits that people obtain from ecosystems. They are generally classified into 4 categories: 

Provisioning services are the products obtained from ecosystems, including wild foods, crops, fibre, fuel, genetic 

resources, biochemicals/pharmaceuticals and natural medicines, ornamental resources, fresh water, plant-derived 

medicines and other natural resources. 

Regulating services are the benefits obtained from the regulation of the physical, chemical and biological processes 

between organisms and their environments. These include the regulation of air quality, climate, erosion, and 

diseases/pests, pollination, natural hazard regulation (e.g., mangroves), and water purification/waste treatment. 

Supporting services are those that are necessary for the production of all other ES. For example, nutrient cycling, 

photosynthesis and soil formation. Supporting services differ from the others in that their impacts on people are often 

indirect or occur over a very long time, whereas changes in the other categories have relatively direct and short-term 

impacts. Some services, like erosion regulation, can be categorized as both a supporting and a regulating service, 

depending on the time scale and immediacy of their impacts on people. 

Cultural services are the nonmaterial benefits people obtain from ecosystems through spiritual enrichment, cognitive 

development, reflection, recreation, and aesthetic experiences. For example, these include recreation, ecotourism, 

spiritual and aesthetic values, sense of place, social relations (such as differing between fishing and agrarian 

communities), cultural heritage, cultural practices, education and knowledge systems. 
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E1. What ecosystem services does each of these land uses provide? Please check all that apply. 

#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Provisioning services: 

1  Crops                    

2  
Wild foods (plants, fish, 

animal)                    

3  Aqua-cultural fish           

4  Livestock           

5  Livestock Feed           

6  Fuel                    

7  Genetic resources                    

8  Fresh water                    

9  Ornamental resources           

10  
Natural/plant-derived 
medicines                     

11  Other (specify)                   

Regulating & supporting services: 

12  Regulation of air quality                    

13  Water purification           

14  
Regulation of diseases & 

pests           

15  Pollination           

16  Erosion regulation           

17  Waste treatment           

18  
Natural hazard 

regulation           

19  Climate regulation           

20  Nutrient cycling           

21  Noise buffering           

22  Soil formation           

23  Other (specify)           
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#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Cultural services: 

24  Spiritual values            

25  Aesthetic values           

26  Sense of place           

27  Recreation           

28  Ecotourism           

29  Cultural heritage           

30  Cultural practices           

31  
Education & knowledge 

systems           

32  Other (specify)           
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E2. Perceptions about ecosystem services, their trends, and drivers of changes 

1. Please rate the importance of each ecosystem service to your livelihood and welfare 

# Ecosystem services 
Importance of ecosystem services  

(1=Not Important; 2=Somehow important;  
3=Very important; 4=Don’t know) 

Provisioning services: 

1  Crops  

2  Wild foods (plants, fish, animal)  

3  Aqua-cultural fish  

4  Livestock  

5  Livestock Feed  

6  Fuel  

7  Genetic resources  

8  Fresh water  

9  Ornamental resources  

10  Natural/plant-derived medicines   

11  Other (specify)  

Regulating & supporting services: 

12  Regulation of air quality  

13  Water purification  

14  Regulation of diseases & pests  

15  Pollination  

16  Erosion regulation  

17  Waste treatment  

18  Natural hazard regulation  

19  Climate regulation  

20  Nutrient cycling  

21  Noise buffering  

22  Soil formation  

23  Other (specify)  
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# Ecosystem services 
Importance of ecosystem services  

(1=Not Important; 2=Somehow important;  
3=Very important; 4=Don’t know) 

Cultural services: 

24  Spiritual values   

25  Aesthetic values  

26  Sense of place  

27  Recreation  

28  Ecotourism  

29  Cultural heritage  

30  Cultural practices  

31  Education & knowledge systems  

32  Other (specify)  
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2. On the scale of 1 to 5, please rate how satisfied you are with the level of ecosystem service as provided by each type of land use, with 1 
being “not satisfied at all” and 5 being “very satisfied.” Enter 99 for “Don’t know.” 

#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Provisioning services: 
1  Crops                    

2  
Wild foods (plants, fish, 

animal)                    

3  Aqua-cultural fish           

4  Livestock           

5  Livestock Feed           

6  Fuel                    

7  Genetic resources                    

8  Fresh water                    

9  Ornamental resources           

10  
Natural/plant-derived 
medicines                     

11  Other (specify)                   

Regulating & supporting services: 
12  Regulation of air quality                    

13  Water purification           

14  
Regulation of diseases & 

pests           

15  Pollination           

16  Erosion regulation           

17  Waste treatment           

18  
Natural hazard 

regulation           

19  Climate regulation           

20  Nutrient cycling           

21  Noise buffering           

22  Soil formation           

23  Other (specify)           
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#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Cultural services: 
24  Spiritual values            

25  Aesthetic values           

26  Sense of place           

27  Recreation           

28  Ecotourism           

29  Cultural heritage           

30  Cultural practices           

31  
Education & knowledge 

systems           

32  Other (specify)           
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3. Please indicate the trends of ecosystem services provision associated with each type of land use in the past 5 years (1 = Declining; 2 = No 
change; 3 = Increasing/improving; 4=Don’t know) 

#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Provisioning services: 
1  Crops                    

2  
Wild foods (plants, fish, 

animal)                    

3  Aqua-cultural fish           

4  Livestock           

5  Livestock Feed           

6  Fuel                    

7  Genetic resources                    

8  Fresh water                    

9  Ornamental resources           

10  
Natural/plant-derived 
medicines                     

11  Other (specify)                   

Regulating & supporting services: 
12  Regulation of air quality                    

13  Water purification           

14  
Regulation of diseases & 

pests           

15  Pollination           

16  Erosion regulation           

17  Waste treatment           

18  
Natural hazard 

regulation           

19  Climate regulation           

20  Nutrient cycling           

21  Noise buffering           

22  Soil formation           

23  Other (specify)           
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#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Cultural services: 
24  Spiritual values            

25  Aesthetic values           

26  Sense of place           

27  Recreation           

28  Ecotourism           

29  Cultural heritage           

30  Cultural practices           

31  
Education & knowledge 

systems           

32  Other (specify)           
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4. Please describe the most important driver for the trend of change indicated above for each ecosystem service as provided by each type 
of land use.  

Drivers of change: 1= Changing agro-chemical input use; 2= Changing labor input; 3= Changing land use; 4=Change in spiritual beliefs (e.g., rise of Islam 
and Christianity, decline in traditional belief); 5=Infrastructure development; 6=Easier access to information & technology; 7=New policies; 8=New rules 
& regulations; 10=Changing income; 11=Climate change; 12=Changing population; 13=Changing market demand; 14= Changing market supply; 
15=Better access to market; 16=Don’t know; 99=Other (specify) 

#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Provisioning services: 

1  Crops                    

2  
Wild foods (plants, fish, 

animal)                    
3  Aqua-cultural fish           
4  Livestock           
5  Livestock Feed           
6  Fuel                    
7  Genetic resources                    
8  Fresh water                    
9  Ornamental resources           

10  
Natural/plant-derived 

medicines                     
11  Other (specify)                   
Regulating & supporting services: 

12  Regulation of air quality                    
13  Water purification           

14  
Regulation of diseases & 

pests           
15  Pollination           
16  Erosion regulation           
17  Waste treatment           
18  Natural hazard regulation           
19  Climate regulation           
20  Nutrient cycling           
21  Noise buffering           
22  Soil formation           
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#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

23  Other (specify)           
Cultural services: 

24  Spiritual values            
25  Aesthetic values           
26  Sense of place           
27  Recreation           
28  Ecotourism           
29  Cultural heritage           
30  Cultural practices           

31  
Education & knowledge 

systems           
32  Other (specify)           
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E3. What actions has the village taken to maintain or enhance ecosystem services, or halt or reverse the decline? 

Actions taken:1= Enact byelaw to regulate use or access; 2= Enforcement of user byelaws; 3= Water harvesting; 4= Promotion of sustainable 
land management (SLM) or Integrated soil fertility management (ISFM); 5= Planting trees/pasture; 6= Promotion of early maturing or 
drought tolerant crop varieties;7=Don’t know; 99= Other (specify)  

#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

Provisioning services: 
1  Crops                    

2  
Wild foods (plants, fish, 

animal)                    

3  Aqua-cultural fish           

4  Livestock           

5  Livestock Feed           

6  Fuel                    

7  Genetic resources                    

8  Fresh water                    

9  Ornamental resources           

10  
Natural/plant-derived 
medicines                     

11  Other (specify)                   

Regulating & supporting services: 
12  Regulation of air quality                    

13  Water purification           

14  
Regulation of diseases & 

pests           

15  Pollination           

16  Erosion regulation           

17  Waste treatment           

18  
Natural hazard 

regulation           

19  Climate regulation           

20  Nutrient cycling           

21  Noise buffering           

22  Soil formation           
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#  Ecosystem services 
Cultivated 
area 

Unused 
land 

Residential 
area Forest  

Agro-
forest 

Lowland 
floodplain  

Grazing 
land  

Wood-
land  Water  

Other 
(Specify)  

23  Other (specify)           

Cultural services: 
24  Spiritual values            

25  Aesthetic values           

26  Sense of place           

27  Recreation           

28  Ecotourism           

29  Cultural heritage           

30  Cultural practices           

31  
Education & knowledge 

systems           

32  Other (specify)           
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E4. In the area of jurisdiction of the village, how many major common resource use conflicts occurred in the last 12 months? Mention the parties 

involved in the conflict. Please focus the discussion on large conflicts that involved large groups of people, e.g. pastoralists vs. crop farmers.  

Types of common resources No. of 
conflicts 

Parties involved in the conflict1 
Mention at most three 

Institutions used to 
resolve conflict2 

Status of conflict3 

Confl1 Confl2 Confl3 Inst1 Inst2 Inst3 Confl1 Confl2 Confl3 

1. Common forest           

2. Lowland floodplain           

3. Common grazing land           

4. Common woodlands           

5. Irrigation 
infrastructure &/or 
irrigation water 

          

6. Water for animals           

99. Others (specify) 
 

          

1 Parties involved: 1=Crop producers only; 2= Livestock keepers only; 3= Crop producers and livestock keepers; 4= Fisher folks and crop farmers; 
5=Fisher folks only; 6= All community members in the area; 7=Don’t know; 99=Other (specify) 
2Institutions: 1=Customary institutions; 2=Local gov’t; 3=State gov’t; 4=Federal gov’t; 5=Religious institutions; 6=Economic groups; 7=Fadama 

Community Associations; 8=Courts; 9=Police; 10=Don’t know; 99=Others (specify)  
3Status of the conflict: 1= On-going conflict but stable; 2= On-going conflict with increasing severity; 3=On-going conflict but with decreasing 
severity; 4=Conflict has been resolved; 5=Don’t’ know; 99=Other (specify) 
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E5 Are there regulations that have been enacted to ensure sustainable management of common resources and to reduce resource degradation in the 

village? (1=Yes; 0=No) ___________ 

If no, proceed to section F. 

1. If yes, complete the following table for up to 3 regulations.  

Regulation Type of 
common 
resources 1 

Year 
enacted 

Who 
enacted?2 

Community 
awareness3 

Community 
compliance4 

Method of 
enforcement5 

How are proceeds from 
legal harvest of common 
resources used?6 

        

        

        
1Type of common resources: 1=Common forest; 2= Lowland floodplain; 3= Common grazing land; 4= Common woodlands; 5= Irrigation 

infrastructure &/or irrigation water; 6= Water for animals; 7=Other (specify) 
2Who enacted? 1 = Local government council; 2 = State government; 3 = Federal government; 4 = Customary institution; 5 = 
Religious institution; 6 = Economic interest groups or Fadama Community Association; 8=Don’t know; 99 = (specify) 
3Awareness of regulation: 1 = Some are aware; 2 = Majority are aware; 3 = All are aware; 4=Don’t know. 
4Compliance with regulation: 1 = Nobody complies; 2 = Few comply; 3 = Majority comply; 4 = All comply; 5=Don’t know 
5Method of enforcement: 1=Jail or physical punishment; 2=Fines; 3=Exclusion/banning (ostracize); 4=Publicizing names of those who break the 

regulation; 5=Loss of access to common properties/services; 6=Don’t know; 99=Others (specify); 6Use of proceeds: 1=Used by individual 

farmers who harvest the resource; 2=Used for improving community; 3=No regulation on this; 4=Don’t know; 99=Other (specify) 
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APPENDIX B:  SUPPLEMENTARY TABLES 

Table B.1 Trends of change in ecosystem services provision by land use types in the past five years for services identified by more than 30 

percent of the villages (percentage of villages reporting trend, N = 102) 

Ecosystem services identified by 
>30% of the villages  
(see Figure 4.1) 

Land use 

Cultivated Unused Residential Forest Agroforestry 
Lowland 
floodplains 

Grazing  Woodland Water 

Provisioning services          
1. Crops          
Declining 39  14   21    
No change 28 15 6 4  3   14 
Improving 3  4 1  2   1 
Don’t know  2 44 47 51 47 52 52 37 

2. Wild foods          
Declining 24 15 7 20  3 2  5 
No change 18 31 20 7  15 2 1 2 
Improving  1  1    1 1 
Don’t know 15 4 30 29 50 33 49 9 49 

3. Aquacultural fish          
Declining 4 3 1   3   15 
No change   3      2 
Improving 1 1 3      2 
Don’t know 4 5 6 9 9 7 9 8 4 

4. Livestock          
Declining 11 19 11 1   1   
No change 1 2 2       
Improving 1 13 10       
Don’t know 29 9 35 41 42 42 41 42 42 

5. Livestock feed          
Declining 26 10  9  13 4   
No change 14 16 1 3  3    
Improving 2 2 1   2    
Don’t know 19 18 42 36 43 41 43 43 43 

6. Fuel          
Declining 53 25 9 24  8 5  5 
No change 4 16 2 3  3  1  
Improving 1   1    2  
Don’t know 7 11 46 27 50 50 49 50 46 

8. Freshwater          
Declining 7 7 6 2  9 1  19 
No change 15 14 2      1 
Improving      1   2 
Don’t know 25 27 41 46 48 43 47 48 44 
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Table B.1 Continued 

Ecosystem services identified by 
>30% of the villages  
(see Figure 4.1) 

Land use 

Cultivated Unused Residential Forest Agroforestry 
Lowland 
floodplains 

Grazing  Woodland Water 

9. Ornamental resources          
Declining 17 17 22 30 1 1 1   
No change 1 1       14 
Improving 1 1        
Don’t know 23 25 22 14 43 43 43 44 30 

10. Natural and plant-derived 
medicines 

         

Declining 18 22 15 13 1 14 2   
No change 33 17 6 21  4 2 1  
Improving 3 1 1     2 1 
Don’t know 13 11 46 23 49 49 50 50 49 

Regulating & supporting services          
11. Regulation of air quality          
Declining 7 3 14 1  2    
No change 5 2 5 2      
Improving 13 14 2       
Don’t know 25 28 37 45 47 45 47 47 47 

17. Natural hazard regulation          
Declining 7 3 5 1  1    
No change 6 1 6 2  1    
Improving 3  3    1   
Don’t know 4 2 5 4 6 6 6 6 6 

Cultural services          
22. Spiritual values          
Declining 20 18 5 21  16 1  3 
No change 21 12 11 1  2 1   
Improving 4  3   3 1   
Don’t know 15 18 41 27 49 33 48 49 49 

23. Aesthetic values          
Declining 26 16 4 8 1 21 2   
No change 5 3 5       
Improving   1       
Don’t know 18 21 35 32 39 24 39 40 40 

25. Recreation          
Declining 2 2 1 2  3   6 
No change  1 3 3    1 2 
Improving    1     2 
Don’t know 4 4 3 4 7 3 7 7 7 

Source:  Authors’ calculations. 
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Table B.2 Perceived importance of ES identified by more than 30 percent of the villages to people’s 

livelihood and welfare (percentage of villages reporting importance, N = 102)  

Ecosystem services identified by >30% of 
the villages (see Figure 4.1) 

Not 
Important 

Somehow 
Important 

Very 
Important 

Don’t 
know 

Provisioning services 

1 Crops 0 0.98 80.39 0 

2 Wild foods 0 18.63 50.98 0 

3 Aquacultural fish 8.82 17.65 42.16 0 

4 Livestock 0 6.86 60.78 1.96 

5 Livestock feed 33.33 3.92 27.45 8.82 

6 Fuel 0 8.82 71.57 0 

8 Freshwater 0 35.29 43.14 0 

9 Ornamental resources 33.33 7.84 1.96 1.96 

10 Natural/plant-derived medicines 0 10.78 59.22 7.84 

Regulating and supporting services 

11 Regulation of air quality 0 15.69 15.69 37.25 

17 Natural hazard regulation 0 6.86 10.78 42.16 

Cultural services 

22 Spiritual values 13.73 13.73 18.63 24.51 

23 Aesthetic values 5.88 20.59 22.55 11.76 

25 Recreation 6.86 16.67 1.96 34.31 

Source:  Authors’ calculations. 

Table B.3 Actions taken by the villages to maintain or enhance ecosystem services or halt or reverse 

the decline for services identified by more than 30 percent of the villages (percentage of villages 

reporting actions taken, N = 102) 

Ecosystem services 
identified by >30% of the 
villages (Figure 4.1) 

Actions taken 

Enact 
bylaw 

Enforcement 
of user 
bylaw 

Promotion of 
Sustainable 

land 
management  

Planting 
trees,  

pasture 

Don’t 
know 

Other 
(mostly did 

nothing) 

Provisioning services 
1 Crops   20.59 0.98 50.98 59.80 
2 Wild foods  4.90 0.98 2.94 50.98 51.96 
3 Aquacultural fish 1.96    9.80 21.57 
4 Livestock  0.98   43.14 55.88 
5 Livestock feed  3.92 4.90 2.94 44.12 55.88 
6 Fuel  2.94 1.96 4.90 51.96 60.78 
8 Freshwater  0.98 0.98  49.02 42.16 

9 
Ornamental 
resources 

    44.12 40.20 

10 
Natural/plant-derived 
medicines 

5.88 2.94 9.80 50.98 58.82 

Regulating & supporting services 
11 Regulation of air quality 1.96  4.90 49.02 37.25 
17 Natural hazard regulation 0.98 0.98 8.82 9.80 12.75 
Cultural services       
22 Spiritual value     50.00 54.90 
23 Aesthetic value    1.96 43.14 36.27 
25 Recreation  3.92   8.82 17.65 

Source:  Authors’ calculations. 
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Table B.4 Parameter estimates for the awareness index for all services combined 

Variable GLM1 GLM2 GLM3 OLS1 OLS2 OLS3 

Main ethnicity: Hausa 0.411*** 0.426*** 0.434*** 0.088*** 0.090*** 0.092*** 
 (0.126) (0.129) (0.127) (0.031) (0.032) (0.032) 

Main ethnicity: Yoruba 0.319 0.310 0.316 0.073 0.071 0.073 
 (0.282) (0.280) (0.282) (0.072) (0.073) (0.073) 

Unused land (area %) 0.013** 0.013** 0.013** 0.003** 0.003** 0.003** 
 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

Residential land (area %) 0.008** 0.009** 0.009** 0.002** 0.002** 0.002** 
 (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) 

Forest (area %) 0.015*** 0.016*** 0.016*** 0.003*** 0.003*** 0.003*** 
 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

Floodplain (area %) 0.019*** 0.020*** 0.019*** 0.004*** 0.004*** 0.004*** 
 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 

Grazing land (area %) 0.006 0.008 0.005 0.001 0.002 0.001 
 (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) 

Woodland (area %) 0.012* 0.013* 0.013* 0.003 0.003 0.003 
 (0.007) (0.007) (0.007) (0.002) (0.002) (0.002) 

Water (area %) –0.009** –0.009** –0.009** –0.002** –0.002** –0.002** 
 (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) 

% of HHs food-insecure –0.003* –0.004** –0.003* –0.001 –0.001 –0.001 
 (0.002) (0.002) (0.002) (0.000) (0.000) (0.000) 

% of adult literacy –0.002 –0.003 –0.002 –0.001 –0.001 –0.001 
 (0.002) (0.002) (0.002) (0.001) (0.001) (0.001) 

No. of conflicts over 
common resource use 

    0.005     0.001 

     (0.003)     (0.001) 
Distance to roads   0.003     0.001   

   (0.003)     (0.001)   
st_Kaduna 1.257*** 1.260*** 1.193*** 0.277*** 0.278*** 0.263** 

 (0.417) (0.418) (0.414) (0.103) (0.105) (0.103) 
st_Katsina 1.581*** 1.561*** 1.562*** 0.352*** 0.348*** 0.348*** 

 (0.430) (0.430) (0.427) (0.107) (0.108) (0.107) 
st_Kebbi 0.807** 0.807** 0.808** 0.179* 0.179* 0.179* 

 (0.401) (0.403) (0.396) (0.098) (0.099) (0.098) 
st_Nasarawa 1.361*** 1.380*** 1.344*** 0.297*** 0.300*** 0.293*** 

 (0.395) (0.396) (0.395) (0.097) (0.098) (0.098) 
st_Niger 1.515*** 1.529*** 1.508*** 0.335*** 0.337*** 0.333*** 

 (0.409) (0.411) (0.407) (0.101) (0.103) (0.101) 
st_Ondo 0.605 0.613 0.616 0.130 0.131 0.132 

 (0.409) (0.408) (0.409) (0.102) (0.102) (0.102) 
st_Zamfara 1.504*** 1.527*** 1.511*** 0.335*** 0.339*** 0.336*** 

 (0.423) (0.425) (0.420) (0.105) (0.107) (0.105) 
st_Edo 0.899*** 0.905*** 0.906*** 0.199*** 0.200*** 0.200*** 

 (0.299) (0.300) (0.298) (0.073) (0.074) (0.074) 
st_Kogi 0.155 0.167 0.159 0.029 0.031 0.029 

 (0.290) (0.292) (0.289) (0.066) (0.067) (0.066) 
st_Kwara 0.360 0.364 0.368 0.076 0.076 0.078 

 (0.345) (0.343) (0.344) (0.083) (0.083) (0.083) 
st_Abia 0.027 0.027 0.028 0.008 0.008 0.008 

 (0.252) (0.253) (0.251) (0.055) (0.055) (0.055) 
Constant –2.215*** –2.244*** –2.240*** 0.004 –0.001 –0.001 
  (0.398) (0.394) (0.400) (0.096) (0.096) (0.097) 
Observations 101 101 101 101 101 101 
R-squared       0.446 0.449 0.449 
Adjusted R-squared       0.290 0.284 0.285 
AIC 1.319 1.338 1.338       
Log likelihood –43.60 –43.59 –43.59 104.4 104.6 104.7 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model; OLS = ordinary least squares. 
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Table B.5 Parameter estimates for the awareness index for provisioning services 

 Variable GLM1 GLM2 GLM3 GLM1 GLM2 GLM3 

Main ethnicity: Hausa 0.367 0.338 0.407 0.085 0.080 0.094 
 (0.261) (0.256) (0.255) (0.063) (0.063) (0.063) 

Main ethnicity: Yoruba 0.313 0.329 0.307 0.063 0.067 0.062 
 (0.421) (0.416) (0.417) (0.097) (0.097) (0.097) 

Unused land (area %) 0.005 0.004 0.005 0.001 0.001 0.001 
 (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) 

Residential land (area %) 0.008 0.006 0.008 0.001 0.001 0.002 
 (0.006) (0.006) (0.006) (0.001) (0.001) (0.001) 

Forest (area %) –0.007 –0.007 –0.007 –0.001 –0.002 –0.001 
 (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) 

Floodplain (area %) 0.023*** 0.022*** 0.022*** 0.005** 0.004** 0.005** 
 (0.008) (0.009) (0.009) (0.002) (0.002) (0.002) 

Grazing land (area %) –0.005 –0.009 –0.008 –0.001 –0.001 –0.001 
 (0.013) (0.015) (0.014) (0.003) (0.003) (0.003) 

Woodland (area %) 0.015 0.013 0.016 0.003 0.003 0.003 
 (0.012) (0.012) (0.012) (0.003) (0.003) (0.003) 

Water (area %) –0.013 –0.013 –0.013 –0.002 –0.002 –0.002 
 (0.009) (0.009) (0.009) (0.002) (0.002) (0.002) 

% of households food-
insecure 

0.001 0.002 0.000 0.000 0.000 0.000 

 (0.003) (0.004) (0.003) (0.001) (0.001) (0.001) 
% of adult literacy –0.003 –0.003 –0.003 –0.001 –0.001 –0.001 

 (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) 
No. of conflicts over 
common resource use 

    0.010     0.002 

     (0.007)     (0.001) 
Distance to roads   –0.005     –0.001   

   (0.005)     (0.001)   
st_Kaduna 0.212 0.200 0.089 0.037 0.036 0.010 

 (0.760) (0.743) (0.764) (0.176) (0.174) (0.180) 
st_Katsina 0.705 0.758 0.664 0.130 0.138 0.121 

 (0.794) (0.786) (0.795) (0.184) (0.184) (0.187) 
st_Kebbi –0.560 –0.570 –0.555 –0.132 –0.132 –0.131 

 (0.716) (0.700) (0.716) (0.168) (0.166) (0.169) 
st_Nasarawa 0.236 0.197 0.194 0.048 0.042 0.039 

 (0.725) (0.716) (0.737) (0.168) (0.168) (0.173) 
st_Niger 0.467 0.435 0.442 0.094 0.090 0.090 

 (0.724) (0.708) (0.727) (0.167) (0.165) (0.170) 
st_Ondo 0.696 0.685 0.715 0.126 0.123 0.130 

 (0.708) (0.703) (0.706) (0.153) (0.153) (0.153) 
st_Zamfara 0.497 0.452 0.506 0.089 0.081 0.091 

 (0.782) (0.759) (0.783) (0.181) (0.179) (0.183) 
st_Edo 0.349 0.340 0.361 0.074 0.073 0.077 

 (0.426) (0.425) (0.424) (0.106) (0.106) (0.106) 
st_Kogi 0.056 0.031 0.063 0.011 0.006 0.012 

 (0.484) (0.485) (0.480) (0.121) (0.122) (0.120) 
st_Kwara 0.091 0.087 0.109 0.022 0.021 0.026 

 (0.531) (0.526) (0.527) (0.129) (0.129) (0.129) 
st_Abia –0.046 –0.048 –0.042 –0.008 –0.009 –0.007 

 (0.408) (0.408) (0.406) (0.103) (0.103) (0.103) 
Constant 0.259 0.308 0.215 0.576*** 0.584*** 0.566*** 
  (0.664) (0.661) (0.666) (0.156) (0.156) (0.157) 

Observations 101 101 101 101 101 101 
R-squared       0.320 0.324 0.326 
Adjusted R-squared       0.128 0.122 0.125 
AIC 1.267 1.286 1.286       
Log likelihood –40.99 –40.96 –40.96 67.66 67.95 68.10 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model.  
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Table B.6 Parameter estimates for the awareness index for regulating and supporting services 

 Variable GLM1 GLM2 GLM3 OLS1 OLS2 OLS3 

Main ethnicity: Hausa 0.938*** 1.014*** 0.964*** 0.092** 0.094** 0.092** 
 (0.283) (0.292) (0.293) (0.040) (0.041) (0.041) 

Main ethnicity: Yoruba 0.698 0.672 0.696 0.087 0.085 0.087 
 (0.919) (0.897) (0.922) (0.099) (0.100) (0.100) 

Unused land (area %) 0.035** 0.036** 0.035** 0.004* 0.004* 0.004* 
 (0.016) (0.016) (0.016) (0.002) (0.002) (0.002) 

Residential land (area %) 0.023** 0.026** 0.023** 0.003* 0.003* 0.003* 
 (0.010) (0.011) (0.010) (0.001) (0.001) (0.001) 

Forest (area %) 0.052*** 0.053*** 0.052*** 0.006*** 0.006*** 0.006*** 
 (0.012) (0.012) (0.013) (0.002) (0.002) (0.002) 

Floodplain (area %) 0.027** 0.030** 0.027** 0.002 0.002 0.002 
 (0.013) (0.014) (0.014) (0.002) (0.002) (0.002) 

Grazing land (area %) 0.024 0.031 0.024 0.003 0.003 0.003 
 (0.017) (0.019) (0.017) (0.002) (0.003) (0.003) 

Woodland (area %) 0.032* 0.036* 0.033* 0.003 0.003 0.003 
 (0.019) (0.020) (0.019) (0.002) (0.002) (0.002) 

Water (area %) –0.057*** –0.062*** –0.058*** –0.002 –0.002 –0.002 
 (0.022) (0.024) (0.022) (0.001) (0.001) (0.001) 

% of households food-
insecure 

–0.011** –0.013** –0.011** –0.001 –0.001* –0.001 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 
% of adult literacy –0.012** –0.013** –0.012** –0.002** –0.002** –0.002** 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 
No. of conflicts over 
common resource use 

  0.005   0.000 

   (0.010)   (0.001) 
Distance to roads  0.008   0.000  

  (0.006)   (0.001)  
st_Kaduna 3.870*** 3.916*** 3.823*** 0.386*** 0.386** 0.384** 

 (1.436) (1.453) (1.455) (0.146) (0.148) (0.150) 
st_Katsina 4.812*** 4.797*** 4.799*** 0.491*** 0.487*** 0.491*** 

 (1.478) (1.489) (1.483) (0.148) (0.149) (0.150) 
st_Kebbi 3.615*** 3.625*** 3.615*** 0.363*** 0.363*** 0.363*** 

 (1.352) (1.362) (1.356) (0.131) (0.132) (0.132) 
st_Nasarawa 4.570*** 4.683*** 4.561*** 0.456*** 0.459*** 0.456*** 

 (1.398) (1.420) (1.404) (0.135) (0.136) (0.136) 
st_Niger 4.869*** 4.958*** 4.873*** 0.505*** 0.507*** 0.505*** 

 (1.426) (1.449) (1.431) (0.142) (0.143) (0.143) 
st_Ondo 1.342 1.346 1.350 0.115 0.117 0.116 

 (1.453) (1.443) (1.456) (0.138) (0.138) (0.139) 
st_Zamfara 4.734*** 4.851*** 4.748*** 0.475*** 0.479*** 0.476*** 

 (1.443) (1.460) (1.450) (0.144) (0.145) (0.145) 
st_Edo 1.991* 2.007* 1.995* 0.205** 0.206** 0.205** 

 (1.105) (1.117) (1.105) (0.088) (0.089) (0.089) 
st_Kogi 0.192 0.207 0.192 –0.018 –0.016 –0.018 

 (1.192) (1.197) (1.192) (0.074) (0.075) (0.075) 
st_Kwara 0.970 0.966 0.972 0.075 0.076 0.076 

 (1.379) (1.370) (1.381) (0.113) (0.114) (0.114) 
st_Abia 0.023 0.002 0.019 0.014 0.014 0.014 

 (1.410) (1.419) (1.410) (0.070) (0.071) (0.070) 
Constant –6.144*** –6.301*** –6.177*** –0.277** –0.281** –0.277** 
  (1.406) (1.419) (1.411) (0.132) (0.132) (0.133) 
Observations 101 101 101 101 101 101 
R-squared    0.339 0.340 0.339 
Adjusted R-squared    0.153 0.143 0.142 
AIC 1.030 1.049 1.050    
Log likelihood –29.00 –28.96 –29.00 68.50 68.58 68.50 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model; OLS = ordinary least squares. 
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Table B.7 Parameter estimates for the awareness index for cultural services 

 Variable GLM1 GLM2 GLM3 OLS1 OLS2 OLS3 

Main ethnicity: Hausa 0.577** 0.680** 0.610** 0.086 0.098 0.091 
 (0.278) (0.286) (0.278) (0.059) (0.060) (0.059) 

Main ethnicity: Yoruba 0.386 0.336 0.380 0.067 0.059 0.067 
 (0.935) (0.909) (0.939) (0.163) (0.162) (0.164) 

Unused land (area %) 0.028** 0.029** 0.028** 0.004* 0.004* 0.004* 
 (0.014) (0.014) (0.014) (0.002) (0.002) (0.002) 

Residential land (area %) 0.011 0.015** 0.011 0.002 0.002 0.002 
 (0.007) (0.007) (0.007) (0.001) (0.001) (0.001) 

Forest (area %) 0.037*** 0.039*** 0.037*** 0.006*** 0.006*** 0.006*** 
 (0.011) (0.010) (0.011) (0.002) (0.002) (0.002) 

Floodplain (area %) 0.043*** 0.046*** 0.043*** 0.007*** 0.007*** 0.007*** 
 (0.013) (0.013) (0.013) (0.002) (0.002) (0.002) 

Grazing land (area %) 0.012 0.023 0.010 0.002 0.004 0.001 
 (0.020) (0.022) (0.020) (0.004) (0.004) (0.004) 

Woodland (area %) 0.015 0.019 0.015 0.001 0.002 0.002 
 (0.018) (0.019) (0.019) (0.003) (0.003) (0.003) 

Water (area %) –0.011 –0.013 –0.011 –0.001 –0.000 –0.001 
 (0.016) (0.016) (0.016) (0.002) (0.002) (0.002) 

% of households food-
insecure 

–0.009* –0.012** –0.010* –0.001 –0.002* –0.001 

 (0.005) (0.005) (0.005) (0.001) (0.001) (0.001) 
% of adult literacy 0.005 0.002 0.005 0.001 0.001 0.001 

 (0.007) (0.007) (0.007) (0.002) (0.002) (0.001) 
No. of conflicts over 
common resource use 

  0.007   0.001 

   (0.007)   (0.002) 
Distance to roads  0.014***   0.002**  

  (0.005)   (0.001)  
st_Kaduna 3.432*** 3.532*** 3.355*** 0.429* 0.431* 0.415* 

 (1.305) (1.284) (1.299) (0.227) (0.220) (0.228) 
st_Katsina 3.560*** 3.549*** 3.542*** 0.440* 0.420* 0.436* 

 (1.309) (1.281) (1.297) (0.222) (0.214) (0.221) 
st_Kebbi 2.749** 2.805** 2.754** 0.314 0.314 0.314 

 (1.165) (1.150) (1.155) (0.194) (0.190) (0.192) 
st_Nasarawa 3.247*** 3.441*** 3.233*** 0.390** 0.404** 0.385** 

 (1.168) (1.150) (1.159) (0.192) (0.188) (0.191) 
st_Niger 3.325*** 3.484*** 3.320*** 0.402** 0.413** 0.399** 

 (1.183) (1.164) (1.172) (0.195) (0.191) (0.193) 
st_Ondo 1.646 1.685 1.661 0.155 0.162 0.157 

 (1.252) (1.230) (1.257) (0.195) (0.194) (0.197) 
st_Zamfara 3.573*** 3.799*** 3.589*** 0.448** 0.467** 0.450** 

 (1.254) (1.237) (1.243) (0.209) (0.205) (0.207) 
st_Edo 2.586*** 2.623*** 2.596*** 0.345*** 0.350*** 0.346*** 

 (0.676) (0.692) (0.676) (0.073) (0.074) (0.073) 
st_Kogi 1.319 1.372 1.326 0.115 0.126 0.116 

 (0.878) (0.884) (0.880) (0.108) (0.111) (0.109) 
st_Kwara 1.491 1.509 1.503 0.143 0.146 0.145 

 (1.219) (1.197) (1.222) (0.189) (0.188) (0.191) 
st_Abia –0.166 –0.174 –0.165 0.019 0.020 0.020 

 (0.789) (0.804) (0.790) (0.051) (0.053) (0.052) 
Constant –5.443*** –5.665*** –5.482*** –0.326** –0.349** –0.331** 
  (1.070) (1.067) (1.075) (0.153) (0.152) (0.154) 

Observations 101 101 101 101 101 101 
R-squared    0.379 0.396 0.380 
Adjusted R-squared    0.203 0.215 0.194 
AIC 1.175 1.190 1.194    
Log likelihood –36.32 –36.11 –36.31 50.96 52.35 51.04 

Source:  Authors’ calculations. 

Notes:  AIC = Akaike Information Criterion; GLM = generalized linear model; OLS = ordinary least squares. 
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