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Summary  
Land degradation is a major environmental concern. Globally, land degradation directly impacts 

about 1.5 to 3.2 billion people by affecting water and nutrient cycles, reducing food and biomass 

production, and adversely affecting livelihoods that are dependent on land and natural resources. 

Land degradation, its drivers, and its impacts manifest differently depending on the social and 

ecological contexts. Thus, attention to the context in analysing land degradation and its proximate 

and underlying causes will yield insights to foster sustainable land management (SLM). Although 

land degradation has been implicated in various environmental and development challenges in 

Africa, knowledge about land degradation in some regions remains inadequate to support the 

identification of SLM practices. 

 

The Guinea savannah zone in Nigeria is one such region, facing widespread and severe land 

degradation. The region has lost much of its native vegetation due to the combined effects of land 

degradation, deforestation, and land use changes. Land degradation has been associated with 

farmer–herder conflicts, communal clashes, out-migration, and food insecurity. These impacts are 

likely to worsen as climate change progresses and in the absence of SLM. 

 

Thus, the overarching aim of this study is to improve understanding of the spatial distribution of 

land degradation in the Nigerian Guinea Savannah (NGS) and its drivers and thus derive insights 

into the sustainable management of its land resources. The insights will also help inform pathways 

to achieving land degradation neutrality (LDN), a global environmental goal. Its objectives are to 

(1) assess human-induced biomass loss as a proxy for land degradation in the NGS; (2) identify 

characteristic patterns of social and ecological factors associated with land degradation in the 

region and analyse their implications for land governance and SLM; (3) examine land users’ 

perceptions of land degradation and its implications for SLM, using Niger state as a case study; 

and (4) examine the potentials for operationalizing LDN in Nigeria. These four objectives were 

addressed in four studies. The research questions were investigated with a mixed-methods 

approach combining satellite remote sensing data and analysis and geographic information systems 

(GIS) with field surveys, focus group discussions, key informant interviews, and a review of 

environmental policies in Nigeria. 
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Results from assessing human-induced biomass loss, as a proxy for land degradation (Study 1) 

showed a declining trend in annual mean normalized difference vegetation index (NDVI) and 

annual NDVI anomalies observed in the NGS between 2003 and 2018. The indices were from the 

Moderate Resolution Imaging Spectroradiometer (MODIS). Overall, the study revealed that 38% 

(251K km2) of the NGS experienced degradation, 14% (91K km2) experienced improvement, and 

the remaining 48% (320K km2) was stable. Land degradation is mostly evident in states bordering 

the northwest to the central and northeast of the NGS, such as Niger state. These results show that 

land degradation affects a substantial part of the study area. 

Thus, identifying characteristic patterns of social and ecological factors associated with land 

degradation in the region and analysing their implications for land governance and SLM (Study 2) 

provided further insights. The archetype analysis identified nine archetypes dominated by (1) 

protected areas; (2) very high-density population; (3) moderately high information and knowledge 

access; (4) low literacy levels and moderately high poverty levels; (5) rural remoteness; (6) 

remoteness from a major road; (7) very high livestock density; (8) moderate poverty level and 

nearly level terrain; and (9) very rugged terrain remote from a major road. Among these archetypes, 

four archetypes characterized by very high-density population, moderately high information and 

knowledge access, and moderately high poverty level, as well as remoteness from a major town, 

were associated with 61.3% large-area degradation. The other five archetypes, covering 38.7% of 

the area, were associated with small-area degradation.  

Although the MODIS satellite analysis (Study 1) and the archetype analysis of spatial data on land 

degradation drivers, hint at the different types of land use and management including the ecological 

aspects of land degradation (Study 2), Study 3 examines the perspectives of land users on land 

degradation. A questionnaire survey was used to capture local land users’ perceptions of land 

degradation. The assessment of local land users’ perceptions of land degradation in predominantly 

rural remote farming communities was necessary to provide insights to further guide land 

governance and management. Thus, focused on the rural remote archetypes and its analysed 

communities far from major towns but with a moderately low prevalence of land degradation 

drivers such as population density, protected areas, and flat terrain. Using a case study on Niger 

state, an administrative unit in the NGS and a Principal Component Analysis, Study 3 identified 

key components in land users’ perceptions of land degradation characteristics and drivers and SLM. 

They include (1) four perception dimensions of land degradation characteristics: (2) two perception 
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dimensions of land degradation drivers, and (3) six perception dimensions of sustainable land 

management. The four major dimensions of perceptions of land degradation in the study context 

include vegetation-condition-dominated characteristics, soil-condition-dominated characteristics, 

and vegetation with Sudano-Sahelian characteristics as well as land use land cover (LULC) with 

the prevalence of drier conditions. The two categories of land degradation drivers are human-

activity-dominated drivers at a smaller scale and nature-dominated drivers at a larger scale. The 

two categories of land degradation drivers are human activities dominated drivers at a smaller scale 

and larger-scale drivers (nature-driven). The dimensions of SLM identified include institutional 

actors’ effect; natural resources management and environmentally friendly agricultural practices 

as well as tree-based initiatives; conservation initiatives and policy initiatives. The study showed 

that land degradation in Niger State is due to land use pressure from within the state and from 

migrant resource users with limited cultural attachments to local land management approaches. A 

spatial differentiation in dependence on natural resources showed that of the three geopolitical 

zones in Niger State, the zone with more diversified livelihood alternatives from agriculture, B, has 

less degradation than the other two zones, A and C. 

The archetypes approach (Study 2) identified policies and practices addressing increasing 

population in combination with other socio-economic factors such as poverty reduction as 

important. Other strategies include creating awareness about land degradation, the promotion of 

sustainable practices, and various forms of land restoration, such as tree planting, as ways of 

progressing towards LDN. In addition, Study 3 on key dimensions based on land users’ perceptions 

identified environmentally friendly agriculture initiatives such as farmer-managed natural 

regeneration and a bottom-up approach involving traditional village heads to tackle land 

degradation. Ranking of SLM using the relative importance index (RII) (Study 3) showed that land 

users perceive institutional actors (70.0%), technological practices (67.6%), conservation practices 

(66.8%), and policy initiatives (66.5%) as effective SLM.  

Connecting the insights from the three previous studies on land degradation in the NGS, Study 4 

examined ways to operationalize LDN in Nigeria. Study 4 reviewed literature, assessed spatial 

datasets, and analysed national policies to examine the need to contextualize LDN according to the 

main agro-ecological zones in Nigeria, which include the NGS. The study also identified two 

promising entry points for operationalizing LDN; these are incentivizing and promoting SLM 

practices among local resource users and mainstreaming SLM initiatives in sectors such as 
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agriculture and the environment. To support SLM measures, reform of national land use policy is 

needed to address the current limitations of land tenure in Nigeria. 

In conclusion, this study has identified large areas of the NGS affected by land degradation and 

identified the typologies of degradation extent, thus making it easier to target SLM measures. 

Because land degradation depends on land users’ perceptions and contexts, knowledge gained can 

inform approaches to motivate the land users themselves to address land degradation. Insights 

gained from the focus on the NGS have informed contributions to examine how changes in land 

use affect biodiversity and ecosystem services in the Río de la Plata grasslands (RPG), one of the 

most modified savannah biomes in the world, managed by Argentina, Brazil, and Uruguay. Results 

showed that a strict regulation of LULC change in the RGP is required to address land degradation. 

Studies in both contexts thus show the importance of appropriate policies to support SLM. These 

studies also highlight further research questions, such as what the key socio and economic 

determinants shaping land users’ perceptions of land degradation are and how land users prioritize 

ecosystem services, as additional pathways to align SLM practices to the social and ecological 

context.  
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discussions, synthesis, and the conclusions and recommendations. The annexed section comprises 

the required declaration of consent and my curriculum vitae. 
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Chapter 1  

1.0 Introduction 

1.1 Background 

Land degradation manifests in a reduction or loss in the capacity or quality of land resources to 

provide ecosystem services (UNCCD, 2016b). It affects about 1.5 to 3.2 billion people, with 

estimates of the spatial distribution of degraded land varying from less than 1 billion Ha to over 6 

billion Ha (Earthscan, 2011; Gibbs & Salmon, 2015). Affected regions include Africa, Central 

Asia, and Latin America; (Cherlet et al., 2018; Gibbs & Salmon, 2015). Currently, about 5% of the 

reduction in total global net primary productivity is attributed to land degradation, and 8% of global 

losses in soil organic carbon, which indicates healthy soil, are linked to activities involving land 

conversion and unsustainable land management practices (Enang et al., 2017; Matano et al., 2015). 

The estimated ecosystem service deficit due to land degradation is between USD 6.3 and 10.6 

trillion annually, ranging from 10% to 17% of the world’s gross domestic product (GDP) (Cherlet 

et al., 2018; ELD Initiative & UNEP, 2015). Land degradation thus has social, economic, and 

environmental impacts that affect global governance of sustainability issues (Cherlet et al., 2018; 

Olsson, et al., 2019).  

Land degradation is a challenge of foremost concern due to its complex nature and the many forms 

it can take (Kust et al., 2017; Olsson, et al., 2019). Land degradation affects vegetation quality and 

soil fertility and causes changes in land use and land cover (Kust et al., 2017). It thus threatens the 

livelihoods of millions, triggers global food insecurity, hunger, and higher food prices, and drives 

environmental hazards caused by the reduction and loss of biodiversity and ecosystem services 

(Nkonya, Mirzabaev, et al., 2016; Olsson, et al., 2019). Similar to climate change, whose impacts 

transcend countries, large-scale land degradation cannot be resolved by a single country or region 

acting alone due to its transnational  impacts (Gibbs & Salmon, 2015; Nkonya, Johnson, et al., 

2016). Thus, combating land degradation and attaining land degradation neutrality (LDN) remain 

key goals in global environmental conventions (Cowie et al., 2018; Kust et al., 2017) 

Reducing land degradation remains a major goal in Africa, where 83% of livelihoods are tied to 

land-based primary extractive and agricultural activities (Liniger et al., 2019; Nkonya, Johnson, et 

al., 2016). About 40% of Africa’s total landmass, and in some countries, over 65% of their 

landmass, are degraded, thus reducing income and food security (ELD Initiative & UNEP, 2015; 
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Igbatayo, 2018; Tully et al., 2015) and resilience against natural hazards such as climate change 

(Akhtar-Schuster et al., 2017; Chasek et al., 2015).  

In Sub-Saharan Africa (SSA), a consistent decline in agricultural yield prevails (Schlenker & 

Lobell, 2010)  despite efforts to increase agricultural output. For instance, in 2014, the average 

cereal production for Africa was 1.5 ton/ha while the global average was 3.6 ton/ha (Zhou, 2016). 

Declining agricultural productivity and other ecological crises are vital signs of land degradation 

in Africa (Pingali et al., 2014; Tully et al., 2015). Although efforts and debate continue on how to 

increase Africa’s productivity, the downside is that the growth in African agriculture has largely 

been through the conversion of other land use to agriculture (Akinyemi & Ifejika Speranza, 2022). 

The low agricultural productivity prevalent in Africa has been associated with poor soil 

management practices (Zingore et al., 2015). Therefore, addressing land degradation remains 

critical (Cherlet et al., 2018; Igbatayo, 2018).  

The Sustainable Development Goals (SDGs) provide a timely opportunity to respond to threats 

confronting human wellbeing and the environment (Costanza et al., 2016). Nigeria, as a member 

of the United Nations (UN) framework, is compelled to put in place mechanisms for addressing 

land degradation as part of its SDG commitments. With research into sustainable land management 

(SLM) as a response to land degradation (Giger et al., 2018; Liniger et al., 2019), identifying 

essential policy reforms will yield options to strengthen the implementation of the SDGs (Costanza 

et al., 2016). Goal 15, ‘Life on Land’, in particular acknowledges the need to ‘protect, restore and 

promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat 

desertification, and halt and reverse land degradation and halt biodiversity loss’ to achieve 

sustainable development (UN, 2015; UNCCD, 2016b). Achieving the SDGs requires up-to-date 

reliable information and research that support the monitoring and characterization of land 

conditions at all scales (Cowie et al., 2018; UNCCD, 2016b). Therefore, to successfully implement 

SLM in regions threatened with land degradation while taking steps to achieve LDN, shared 

knowledge is critical (Liniger et al., 2019; Studer et al., 2016). Although many African countries 

are vulnerable to the impacts of land degradation and climate change (Igbatayo, 2018; Mbow, 

2020), little research has been done to operationalize SDG 15 and LDN, including the adoption 

and assessment of SLM (Kust et al., 2017; Liniger et al., 2019). Studies have shown that global 

investments and efforts at poverty alleviation, food, water and energy security, human health, 

migration, conflict, and biodiversity loss will yield more progress if land degradation is 
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halted(Mbow, 2020; Scholes et al., 2018; UNCCD, 2019). According to the World Overview on 

Conservation Approaches and Technologies (WOCAT), implementing SLM in Africa has more 

potential to halt land degradation than the cost of not taking action against land degradation (Liniger 

et al., 2019; Studer et al., 2016). 

1.2 Scientific gaps in studies of land degradation in the Nigerian Guinea 

Savannah  

The Nigeria Guinea savannah (NGS) occupies 49% of the country’s landmass and is a major crop 

and livestock production region. However, land degradation has reduced the capacity of this 

savannah ecosystem to provide ecosystem services (ES) and goods such as food, nontimber forest 

products, and fodder (Arowolo et al., 2018; Zhang et al., 2016). Various social and ecological 

drivers such as fire, topography, grazing, and farming activities interact to shape its productivity 

(Arowolo & Deng, 2018; Osunmadewa et al., 2018). Given the dependence of livelihoods on its 

land resources, the reduction and loss of ecosystem services further impoverish the land users 

(Arowolo et al., 2018; Zhang et al., 2016).  

 

Several studies have implicated both human activities and rainfall variability as causes of land 

degradation (Macaulay, 2014; Olsson, et al., 2019), but no consistent account is available of the 

spatiotemporal, long-term trend of land degradation caused by human activities and rainfall 

variability in Nigeria. Similarly, baseline information on current land use or and projections of 

future land use and potential insights for addressing land degradation through SLM are still lacking. 

The few studies conducted are carried out at a very coarse resolution that provides too little detail 

to identify responses to land degradation (Gibbs & Salmon, 2015; Ibrahim et al., 2015). 

 

In addition, archetypes that can highlight the constellation and interplay of land degradation drivers 

and thus guide an integrative response to land degradation are poorly researched and understood 

(Lohmann et al., 2012; Sietz et al., 2017). Archetype analysis identifies recurrent patterns among 

cases where general similarity or resemblance cannot be expected (Eisenack et al., 2019). To 

promote decisive action to address land degradation, understanding the archetypical pattern of 

degradation drivers is essential. An archetype analysis can involve a geospatial clustering technique 

that produces a two-dimensional map of factors. Archetype research has been adopted by the 

United Nations Environment Programme (UNEP, 2007) Global Environmental Outlook 4, to 
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examine issues such as agro-food systems (Sietz et al., 2012), institutional analysis, climate change 

(Sietz et al., 2012), ecosystem services (Dittrich et al., 2017), and water resources (Oberlack & 

Eisenack, 2018). Therefore, contextualization archetypes of land degradation types and drivers in 

the NGS offer the potential to improve understanding of its causes. 

 

Further, perceptual experiences of land degradation, ecosystem services, and SLM in the NGS have 

not been well understood. Conflicts among various resource users such as farmers and herders in 

the NGS (Fasona et al., 2016; Majekodunmi et al., 2014; Olagunju et al., 2021) will also be 

minimized if land degradation, SLM, and land governance are better understood (Ifejika Speranza 

et al., 2019; Mrabure & Awhefeada, 2020). Capturing local knowledge through community and 

land users’ perspectives of land degradation to better connect science and policy with local practice 

is grossly neglected (Crossland et al., 2018; Mortimore, 2016). Thus, participatory integration of 

land users’ knowledge is needed to better target SLM responses 

(Mashi & Shuaibu, 2018; Mortimore, 2016).  

1.3 Aim and Objectives  

1.3.1 Aim 
The main aim of this thesis is to improve understanding of land degradation in the Nigerian Guinea 

Savannah and to provide insights on sustainable management of its land resources.  

1.3.2 Objectives 
This thesis therefore pursues the following objectives and sub objectives: 

1) Assess human-induced biomass loss in the NGS at a medium resolution spatial scale between 

the years 2003 and 2018 as a proxy for land degradation (Study 1/Paper 1); 

(a) provide empirical insights into current vegetation status and trends from the analysis of 

medium resolution satellite data; 

(b) control for climate variability, in particular, change in rainfall, which is generally 

considered strongly correlated with vegetation, thereby separating rainfall changes from 

other factors affecting increasing degradation of the savannah; and 

(c) characterize the extent, severity, and location of human-induced degradation across the 

NGS and identify degradation hotspots. 

2) Identify characteristic patterns of social-ecological factors associated with land degradation in 

the NGS and the implications for land governance and SLM in the region (Study 2/Paper 2);  
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(a) categorize and link archetypes according to state administrative boundaries and land 

degradation status; 

(b) characterize the archetypes in terms of large- and small-area degradation; and 

(c) draw policy and SLM conclusions insights from archetypes patterns.  

3) Examine land users’ perceptions of land degradation and implications for SLM in Niger state, 

Nigeria (Study 3/Paper 3);  

(a) examine the land degradation situations in the three geopolitical zones, namely zones A, B, 

and C, of Niger state;  

(b) assess land users’ perceptions of the distinctive characteristics and indicators of land 

degradation in Niger state; 

(c)  examine how land users perceive the drivers of land degradation in the NGS; and 

(d) examine land users’ preferences for specific SLM practices and strategies to address land 

degradation. 

4) Contribute insights for operationalizing LDN in Nigeria (Study 4/Paper 4); 

(a) assess the status of LDN indicators in relation to land governance across Nigeria.  

(b) examine the current land management and governance environment in Nigeria; and  

(c) investigate the level of engagement of Nigeria’s land management and governance 

policies with LDN. 
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Chapter 2  

2.0 Methodology 

This chapter deals with the study context, scientific concepts, framework, and analytical 

approaches for achieving the aim and objectives of the study. The approaches are mostly from the 

fields of land degradation, SLM, ecosystem studies, and remote sensing applications. 

2.1 Context  

2.1.1 Study area  
The study area (Fig. 1), the NGS, lies between 6.50°N and 9.62°N, 2.7°E and 13.20°E, is bordered 

by the rainforest in the south and the Sudan Savannah in the north (Iloeje, 2001). Agro-ecologically, 

the NGS is in a zone with favourable ecological and climatic conditions of mean annual rainfall of 

782–1250 mm and a mean temperature of about 27.7ºC (FGN, 2003, 2014). In Nigeria, the 

subnational administrative units are called states, and the geographical area covered by states in 

this zone is regarded as the ‘middle belt’ of the country. It is the largest agro-ecological zone in the 

country, covering about 49% of the country’s landmass and 25 of its 36 states (NBSAP, 2015). The 

belt is traditionally divided into two regions, the Northern and Southern Guinea Savannah, due to 

differences in vegetation composition (Wakawa et al., 2016). In the southern region, the vegetation 

is characterized by a mix of trees and tall grasses, with shorter grasses and fewer trees in the north 

(FGN, 2003; Wakawa et al., 2016). Common trees include the Shea butter tree (Vitellaria 

paradoxa). It is a crucial habitat for threatened fauna, such as chimpanzees (Pan troglodytes), and 

flora, such as bear’s creeper family (Acanthaceae) (Borokini, 2014). A distinct montane vegetation 

characterizes the central and eastern regions of the NGS (Iloeje, 2001).  
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Fig.1: Agro-ecological zones of Nigeria, with the boundary of NGS (adapted from Iloeje, 2001). 

 

The NGS encompasses the stretches of the two major rivers, the Niger and the Benue, their basins, 

and their confluence. The location of the two major national hydropower stations at Kainji and 

Shiroro have been determined by the location of these two rivers in the zone. Several protected 

areas are also located in the NGS, such as the Foge Islands and Kainji Lake National Park, which 

are designated wetland sites under the Ramsar Convention(Ayanlade & Proske, 2016). This fertile 

region is known as a major food basket of the country, with most production of crops such as yam 

being rain-fed. The NGS also provides grazing resources for livestock, of which a large proportion 

belongs to transhumance systems involving seasonal nomadism. Its inhabitants belong to diverse 

ethnic and religious groups (FGN, 2003). Various major towns and urban centres are in the NGS, 

including Abuja, the capital of Nigeria. With population growth and heavy dependence on natural 

resources, maintaining land quality is increasingly challenging, and conflicts over access to and 

control of land often occur (Alhaji et al., 2018; Fasona et al., 2016).  

 

To assess perceptions of land degradation (Fig 3 and 4), I carried out fieldwork in Niger state (Fig. 

2). Niger state is located within the NGS, between 8.02◦N and 10.20◦N and 3.38◦E and 7.03◦E (Fig. 
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2). It is in the north-central part of Nigeria and is the largest of the 36 states, covering 9.3% of the 

country’s landmass. Niger state shares an international boundary with the Republic of Benin on its 

western border around Borgu Local Government Area (LGA) and subnational boundaries with 

Kaduna, Kebbi, Abuja, Kwara, and Kogi states.  

 
Fig. 2: Map of Niger State, showing the three geopolitical zones with the selected LGAs 

With a total of 25 LGAs and its administrative capital in Minna (Fig. 2), Niger state is divided into 

three geopolitical zones, named A, B, and C, which also represent the agricultural zones for 

agricultural development purposes with headquarters in Bida, Kuta, and Kontagora, respectively 

(Alhaji et al., 2018). The state had 5,550,000 inhabitants in 2016 (NBC, 2017) comprising mostly 

rural dwellers who engage in farming, with extensive cultivation of maize, rice, yam, and 

groundnuts for both export and domestic consumption (Iloeje, 2001), and livestock such as cattle, 

goats, sheep, poultry, and guinea fowl for meat production (Alhaji et al., 2018). The State has 

diverse ethnic groups including the Nupes’, who are the majority, the Gwaris’, the Kambaris’, the 

Bisasan, and the nomadic Fulani pastoralists (Alhaji et al., 2018). Apart from the state capital 

Minna and major towns such as Suleja and Bida, most settlements are remote villages inhabited by 

poor subsistence farmers.   
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Fig.3a: Degradation in Lavun Niger state     Fig.3b: Degraded savannah land in Agwara 

(Source: Own fieldwork, 2019) 

 

 
Fig.4a: Savannah in Boss LGA, zone B 

 

 
Fig.4b: Assessing degradation of Savannah in Niger 

state 

            (Source: Own fieldwork, 2019) 

2.2 Concepts and framework  

2.2.1 Social and Ecological System and Land degradation  
A social and ecological system (SES) is ‘an integrated complex system that includes social (human) 

and ecological (biophysical) subsystems in a two-way feedback relationship’ (Berkes, 2011). This 

research concept has become prominent in understanding changes and dynamics of coupled 

systems over space and time because it captures the interconnectedness and relationships between 

society and ecosystems (Fisher & Rucki, 2017). SES thinking was developed from general systems 

theory (Checkland, 1981) and applied to ecology (Biesbroek et al., 2017; Gunderson & Holling, 

2002) before being extended to focus on both social and ecological factors (Berkes & Folke, 2002; 

McGinnis & Ostrom, 2014). In this study, land degradation as a social-ecological case focuses on 

the human–nature interactions in the NGS (Okpara et al., 2018). The SES interactions provide an 
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understanding of the spatiotemporal status of the savannah ecosystem as a biophysical unit 

interacting with human-induced land degradation after adjusting for rainfall effects. Drivers such 

as topographic features, fire, and livestock intensity were used for the archetype analysis, which 

captures the prevailing human dynamics influencing the status of the savannah. The need to 

understand the feedback in the coupled system led to the framing of the study to include land users, 

their contributions, and their perceptions of the degradation of the savannah ecosystem (Aíza et al., 

2021; Herrmann et al., 2020).  

 

The SES framework is a construct of assumptions, concepts, values, and practices that establishes 

a perspective view of the reality of human–nature connectedness. For this study, the SES 

framework (McGinnis & Ostrom, 2014) was useful for conceptualizing land degradation in the 

NGS ( Fig. 5). The framework provides a common language to understand the issues of land 

degradation in terms of resource system (RS), resource units (RU), governance system (GS), and 

actors (A) within a social, political, and economic setting (S) (McGinnis & Ostrom, 2014; Ostrom, 

2009). For this study, the RS is the Nigerian Guinea Savannah (NGS) land system with several 

resource components, such as interactions between soil, climate, and vegetation, co-developing 

into SESs. In Study 1 and its objectives, human impacts causing land degradation were examined 

across the NGS as an agro-ecological zone. The RU of interest is the parts of the resource systems 

– the savannah ecosystem, a subsystem of the SESs in the NGS – that are used or experience 

degradation, leading to the loss of their ecosystem services. The GS from Study3 and its objectives 

involve the various land users, actors, and factors whose actions can govern and address savannah 

land degradation through their perceptions and adoption of SLM actions. The A are the local 

communities and land users selected from archetype characterization of the drivers of land 

degradation (Study 2 and objectives). The S is Niger state in North-Central Nigeria (see study 

context) comprising three geopolitical zones with an extensive rural agricultural landscape. The 

SES framework provided the basis for exploring the long-term effects of land degradation and SLM 

in relation to biomass changes, drivers, and impacts on ecosystem services in the NGS. 
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Fig. 5: Social and Ecological Systems Framework (SESF)  (McGinnis & Ostrom, 2014). 

2.2.3 Land Degradation in Savannah 
Within the scope of debate over what constitutes a true savannah (Bond & Parr, 2010; Veldman, 

2016), degradation of savannah is usually investigated through the anthropogenic reduction of 

savannah biomass and configuration without the impacts of rainfall or temperature on the process 

(Li et al., 2020; Osborne et al., 2018). Thus, the assessment of land degradation of savannah 

ecosystems usually centres on the conversion of savannah to other Sahelian ecosystems (Bond & 

Parr, 2010) and the effects of LULC (Briassoulis, 2019; CILSS, 2016), including historical changes 

and decline causing biomass loss (Le et al., 2014). The main indicators for monitoring and 

assessing land degradation are (1) land cover, with the metric of land cover change (LCC); (2) land 

productivity, with the metric of net primary productivity; and (3) carbon stocks above and below 

ground, with the metric of soil organic carbon (Cowie et al., 2018; Kust et al., 2017). These 

indicators are prescribed by the UNCCD for assessing progress towards LDN (Cowie et al., 2018; 

Kust et al., 2017). Thus, savannah degradation in this study was considered as the reduction in 

vegetation greenness (NDVI) while excluding rainfall influence. 

2.2.4 Ecosystem Services  
The consequences of land degradation include the loss of ecosystem services. Thus, we understand 

biomass or NDVI as capturing ecosystem services (Baniya et al., 2019). The Millennium 

Ecosystem Assessment (MEA) describes ecosystem services (ES) as the benefits humans derive 

from nature. Thus, land degradation in the context of MEA is the long-term loss of ES (MEA, 

2005). According to MEA, land degradation threatens the four key categorizations of ecosystem 
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services: provision, regulating, cultural, and supporting services. This is valid because savannah 

ecosystems are disturbed through human activities such as crop cultivation and expansion, grazing 

activities, and other poor land management activities (Arowolo & Deng, 2018; Osborne et al., 

2018). For the core part of the study (Study1), land degradation was framed as a loss or decline in 

land productivity, and by extension ecosystem services, and was assessed by analysing biomass 

status (Baniya et al., 2019). The co-authored paper on the Río de la Plata grasslands  (Study5) 

framed land degradation as a loss of ecosystem services but built on the Intergovernmental Platform 

on Biodiversity and Ecosystem Services (IPBES) nature’s contributions to people, which builds on 

the MEA (Díaz et al., 2015).  

 

2.2.5 Normalized Difference Vegetation Index (NDVI) 
Remote sensing is a technique for observing features from a distance and gathering data that enable 

the assessment of environmental change. The normalized difference vegetation index (NDVI) is a 

remote sensing measure for assessing the difference between near infrared, which vegetation 

strongly reflects, and red light, which it strongly absorbs. Thus, NVDI has several environmental 

applications. The NDVI is obtained by Equation I: 

 NDVI =
NIR−R

NIR+R
, ……….Equation I    

where NIR is the near-infrared reflectivity and R corresponds to the red region of the 

electromagnetic spectrum. 

The state of NDVI from most sensors is a known proxy for understanding healthy vegetation 

conditions, which provides into assessing land degradation, desertification, and ecosystem changes 

(Akinyemi & Kgomo, 2019; Zoungrana et al., 2018). NDVI is useful for land degradation and 

ecosystem services assessment because this study conceived land degradation as the condition of 

biomass or land productivity status, which is linked to vegetation health (Baniya et al., 2019; Eckert 

et al., 2015). In this research, I combined several remote sensing techniques with statistical 

techniques to exclude rainfall effect from NDVI and thus determine the extent, severity, and 

geography of human-induced land degradation across the NGS (Objective 1).  

2.2.6 Archetypes 
Understanding the increasing impacts of human–nature interconnectedness is critical for solving 

complex sustainability problems. Analysing such interactions with the archetypical approach to 
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land degradation is promising sustainable solutions (Lohmann et al., 2012; Sietz et al., 2017). 

Archetypes are patterns, sequences, and processes that persist over space and time due  to specific 

factor combinations and interactions (Eisenack et al., 2019). As such, an archetype is a useful tool 

for identifying, mapping, and reflecting cases with shared similar and dissimilar occurrences, 

impacts, and syndromes (Eisenack et al., 2019). The archetype analysis was adopted in this study 

because (1) land degradation drivers cannot be explained by a single factor and (2) the factors that 

can occur in different combinations, including the need to interface degradation solutions with 

science, policy, and practice (Gilbey et al., 2019; Sietz et al., 2017). Archetype analysis enabled 

the study to achieve its aim of advancing insights into land degradation in the NGS (Study2, 

Objective c). It also provides the opportunities to link the mapped land degradation status (after 

excluding the rainfall effect from the NDVI (Paper 1, Objective b) with the archetype’s outcomes 

(Study 2) and by extension examine perceptions of land degradation by land users (Study 3). 

2.2.7 Land users’ perceptions 
The participatory assessment was guided by the nature of land degradation as an instance of social–

ecological interactions (Batunacun et al., 2019; Okpara et al., 2018). Thus, we adopted Shackleton 

et al.'s (2019), framework (Fig.6f) to capture the perceptions of land degradation in selected 

villages and LGAs across the three zones in Niger State, where the archetypes of rural remoteness 

were identified (Objective 2). The framework was applied (in Study 3) as follows: The 

socioeconomic attributes of the various land users were summarized to understand the relationship 

of land users’ attributes such as age and education with land degradation as primary factors 

(Fig.6a). The elements of the study are the savannah lands in Niger state (Fig. 6 b1& b2). Effects 

of land degradation were captured by the land users’ perceptions of land degradation characteristics 

and drivers (Fig.6b2) (Study 3). The three geopolitical zones, A, B, and C, represent agricultural 

areas with different socioeconomic, cultural, and institutional developments (Fig.6c). The 

landscape context is the NGS agro-ecological zone, (Fig.6d). The institutional, governance, and 

policy context (Fig.6e) involves SLM initiatives and strategies for land degradation management 

(Fig. 6g). The framework supports Objective 2 of this study to unravel the perception of land users 

that are associated with rural remote archetypes as a form of large-area degradation, where 

socioeconomic, policy, and institutional determinants are significant for land degradation 

management and SLM decisions (Nkonya et al., 2011). 
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Fig.6: Conceptual approach for linking land users perceptual experience for LD. 

                        Adapted from Shackleton et al. (2019) 

 

Accordingly, the archetype of rural remoteness driving land degradation is dominated by land-use 

management practices that occur far away from major towns and roads (Objective 2). The research 

questions for Objective 3 connect with the framework (Fig.6) as follows: (i) what is the spatial 

extent and status of land degradation in the selected LGA and the three geopolitical zones of Niger 

state? (Fig. 6b) (ii) What are the perceptions of people towards the distinctive characteristics and 

indicators of land degradation in Niger state? (Fig. 6f) (iii) How do land users perceive land 

degradation drivers in the NGS? (Fig. 6f) (iv) Lastly, what SLM practices do land users find 

relevant to address land degradation? (Fig. 6g).  

2.2.8 Sustainable Land Management (SLM) 
Sustainable land management refers to practices that conserve land resources such as soil, water, 

vegetation, and biodiversity to ensure the maintenance or improvement of a healthy and functioning 
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landscape (Liniger et al., 2011). SLM thus aims to maintain landscape long-term productive 

potential by neutralizing the effects of land degradation while enhancing the economic and social 

benefits of land (Liniger et al., 2019; Sietz et al., 2017). In this study, SLM includes technologies, 

policies, approaches, and activities for preventing, reducing, and reversing land degradation and 

for achieving LDN (Liniger et al., 2011). From the baseline information of human impact as the 

cause of land degradation in the NGS (Study 1), Study 2 Objective (c), Study 3 Objective (d), and 

Study 4 Objective (c) of this study, identify the SLM practices for addressing land degradation in 

the NGS.  

2.2.9 Land Degradation Neutrality (LDN) 
The effects of land degradation have triggered a continuous search for ways of identifying and 

implementing interventions to minimize degradation, especially in threatened environments (Gibbs 

& Salmon, 2015; UNCCD, 2015). Consequently, LDN as a new concept is a promising instrument 

for achieving the Sustainable Development Goals (SDGs) that focus on land degradation. LDN is 

defined as ‘a state whereby the amount of healthy and productive land resources necessary to 

support ecosystem services, remains stable or increases within specified temporal and spatial 

scales’ (UNCCD, 2016a). LDN was conceptualized by the UN Convention to Combat 

Desertification (UNCCD) as a mechanism for reviving and protecting degraded landscapes. LDN 

thus involves the systematic application of measures to avoid, reduce, and reverse land degradation 

(Cowie et al., 2018; Kust et al., 2017). The adoption of various SLM insights from this study (Study 

2, Objective and Study 3, Objective Study 4, Objective c in chapter 1.5.2.) will contribute to 

informing policies to restore the productivity of degraded lands (Study 4). In Nigeria, LDN is 

particularly important because people’s economic development depends mostly on the use of land 

resources (Fasona et al., 2016; Macaulay, 2014). Although land degradation and its neutrality pose 

methodological, data, governance, and other challenges (Ifejika Speranza et al., 2019; Wessels, 

2009; Wessels et al., 2012), these issues interact in  various ways to enable or hinder the 

operationalization of LDN (Kust et al., 2017).  
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2.3 Methods and data 

The specific procedures for collecting and analyzing data for this thesis are presented in Fig. 7 

 
Fig.7: Research workflow 

2.3.1 Satellite remote sensing data analysis 
Analysis of satellite remote sensing imagery through the residual trend analysis (RESTREND) 

method enables to adjust and control rainfall effects from the NDVI time-series data (Burrell et al., 

2017; Zhuge et al., 2019). Based on RESTREND, Study 1 provided (Fig. 7), among other insights, 

spatially explicit information about the extent and geographical distribution of degraded lands, and 

land status (Fig. 7, V & IX). Accordingly, this study separated the effect of rainfall over the NGS 

between 2003 to 2018 from human-induced effects, because rainfall is the chief determinant of 

vegetation dynamics in Nigeria(Areola & Fasona, 2018). Furthermore, human-induced land 

degradation can be better managed through SLM than nonhuman-induced land degradation (Fig.7, 

IX). RESTREND was applied to the long-term time series of vegetation and rainfall satellite data, 

from MODIS and TAMSAT to provide information such as the extent, distribution and status of 

land for tracking previous and present land use activities and land degradation (Fig. 7, I).  

2.3.2 Archetype analysis 
Archetype analysis was adopted to enable the representative mapping of land degradation drivers 

within the NGS. The idea is useful for providing an overview of patterns, and it is useful for 

understanding characteristics of land systems and their governance (Lohmann et al., 2012; Sietz et 
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al., 2011, 2017). Archetype analysis in this study used a self-organizing map (SOM) (Fig. 7 VI), 

an unsupervised machine learning technique that produces representative clusters, which can be 

interpreted as Nigerian Guinea Savannah archetypes (NGSA). This study developed 12 drivers 

(Fig. 7, III & VI) of land degradation into spatial clusters through SOM. The drivers included three 

environmental ones: soil bulk density, elevation, and slope; four socioeconomic ones: population 

density, poverty, and female and male illiteracy); and five land-use management ones: fire-

occurrence density, livestock grazing intensity, distance from a major road in 2016, distance from 

major towns, protected area polygon for Nigeria). The clusters were thereafter interpreted as 

archetypes (Fig. 7, X) and were linked to the land degradation status (Study 1; Fig. 7, IX) and the 

state administrative boundary of the NGS to support the drawing of SLM insights for the NGS 

(Study 2; subnational scale). 

2.3.3 Participatory assessment  
In line with the research objectives and design of Study 3, focus group discussion (FGD) and key 

informant interviews were organized in each zone among the land users and stakeholders (Fig .8 

and Fig. 9), where rural remote archetypes were identified in Study 2. The FGDs in this thesis 

involved groups of seven selected land users (not more than 15 people) who are farmers willing to 

discuss their views and share their experiences on land degradation. Key informant interviews are 

qualitative in-depth interviews with knowledgeable individuals about occurrences related to land 

issues. Both were necessary to gather information about people’s perspectives on degradation 

characteristics, drivers, and SLM practices. These research activities were combined to deepen the 

understanding of the research questions and assist in designing the questionnaire and interpreting 

the research findings. These activities were carried out in the selected LGAs across the three zones. 
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Fig.8a: Focus group discussion in Mokwa LGA 

 

Fig.8b: Focus group Discussion in Kudugi, Niger 

state 

 
 

 

Fig.9a: Key informant interaction at Borgu land 

Zone C 

 

 

Fig.9b: After discussion session with staff of the 

National Park Service, Kanji Lake National Park 

            (Source: Own fieldwork, 2019) 

 

The participatory nature of Study 3 enabled the adoption of the framework in section 2.2.7. This 

also facilitates the gathering of data through questionnaires, FDG and the use of key informant 

interviews (local scale Fig.7, III). The questionnaire draws on literature review, one FGDs in each 

geopolitical zone in Niger state, the LDN workshop report on Nigeria, and the World Overview of 

Conservation Approaches and Technologies (WOCAT). The data were gathered through 

questionnaire administration to 300 respondents determined purposively from three communities 

in each geopolitical zone. The questionnaire consisted of four sections, which helped, in addressing 

the research objectives in Study 3 (Fig. 7, III). The first section of the questionnaire gathered 
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sociodemographic information on the land users such as age, education level, and years of living 

in the area. The second and third sections focused on land users’ perception of the listed land 

degradation characteristics and drivers while the last section was on SLM categories: institutional 

actors and technological, conservation, and policy practices. A comprehensive analysis of 

responses from questionnaires was carried out using Statistical Package for Social Sciences (SPSS 

®) descriptive and inferential analysis with principal component analysis (PCA), the RII, and 

qualitative interpretation of responses from key informants (Fig. 7,VII). 

 

2.3.4 Policy analysis 
From Fig. 7(IV), we reviewed spatial datasets and literature relating to the three main parameters 

of the LDN framework (LCC, NDVI, and SOC), plus land pollution and gully erosion based on the 

country’s land cover types and agro-ecological zones (Fig. 7,VIII). Although the LDN framework 

guides countries to implement LDN according to specific national circumstances, our approach 

also integrates literature review and policy analysis to analyse the prospects, entry points, and 

limitations for LDN engagement. A policy (in Study 4) refers to a government’s vision and course 

of action, which can include legislation, regulations, and plans guided by principles to achieve 

specific goals (Ifejika Speranza et al., 2019). The proposed conceptual approach enables LDN 

operationalization and can be applied to other developing countries and regions threatened by land 

degradation (Fig. 7,(XII)). 
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Chapter 3  

3.0 Overview of research papers 
The research output includes five peer-reviewed papers (Table 1 and Fig. 10) the author of this 

thesis served as first author on three of these and as co-author on the other two. Three of the paper 

addresses the research objectives as described in Chapter 1 while the last papers are collaborative 

works on LDN and insights for policy-based conservation strategies through the IPBES framework. 

Table 1: Overview of research papers 

Studies Authors Title Status 

  

 

Study 1 

Ademola .A. Adenle, 

Sandra Eckert, Oluwatola 

I. Adedeji, David Ellison, 

Chinwe Ifejika Speranza 

Human-induced land degradation 

dominance in the Nigerian 

Guinea Savannah between 2003-

2018 

Published in Remote Sensing 

Applications: Society and 

Environment 2020. Vol  

 19 (2020):100360 

doi.org/10.1016/j.rsase.2020.100360 

 

Study 2 

Ademola .A. Adenle & 

Chinwe Ifejika Speranza 

Social-ecological archetypes of 

land degradation in the Nigerian 

Guinea Savannah: Insights for 

Sustainable Land Management 

Published in Remote Sensing 

2021, Vol 13(1), 32 

doi.org/10.3390/rs13010032 

 

 

Study 3 

Ademola. A.Adenle,  

Sébastien Boillat &  

Chinwe Ifejika Speranza. 

Key dimensions of land users’ 

perceptions of land degradation 

and sustainable land management 

in Niger State, Nigeria 

Submitted to the  

Journal of Environmental Challenges   

manuscript number: ENVC-D-22-

00042. 

 

Study 4 

Chinwe Ifejika Speranza, 

Ademola.A. Adenle, & 

Sébastien Boillat 

Land Degradation Neutrality - 

Potentials for its 

operationalization at multi-levels 

in Nigeria 

Published in Environmental Science 

& Policy 2019, Vol 94 (1): 63-71 

doi.org/10.1016/j.envsci.2018.12.018 

 

Study 5 

 

Gorosábel, Antonella, 

Estigarribia, Lucrecia, 

Lopes, Luis Filipe, 

Martinez, Ana Maria, 

Martínez-Lanfranco, Juan 

Andrés, Ademola. 

A.Adenle, Rivera-Rebella, 

Carla, & Oyinlola, 

Muhammed A. 

Insights for policy-based 

conservation strategies for the 

Rio de la Plata Grasslands 

through the IPBES framework 

Biota Neotropica,2020, 20(1), pp. 1-

17. Departamento de Biologia 

Vegetal Campinas 10.1590/1676-

0611-bn-2019-0902 
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Study 1 analyses human-induced land degradation in the Nigerian Guinea Savannah between 2003 

and 2018. The output from this study part of the research provides a baseline for Study 2 and Study 

3. Further, Study 2 identifies the socio-ecological archetypes of land degradation for SLM insights 

and recommendations.  

 

Fig.10: Thesis overview  

In the area corresponding to one of the nine archetypes identified in Study 2, the archetype of rural 

remoteness as a driver of land degradation, a participatory assessment was conducted among land 

users to understand the perceptions of land degradation characteristics, drivers, and their 

implications for SLM and governance (Study 3). Study 3 also highlighted the key components of 

policies and practices that are relevant for addressing land degradation at a local scale in Niger 

State. Study 4 takes a wider geographical perspective to examine what implementing LDN means 

for the various agro-ecological zones of Nigeria. Therefore, the core of these studies (Study1-3) 

and their insights can be contextualized and embedded within the national governance conditions 

and constraints identified in Nigeria by Study 4. Finally, Study 5 was a collaborative work that 

applied the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) 

conceptual framework to approach biodiversity conservation in the RPG in eastern Argentina, 

southern Brazil, and Uruguay. This area is also a savannah-like ecosystem with predominant of 

land degradation activities, like the NGS. Insights won from the two regions form a basis for 

broader insights on land degradation and SLM in savannah ecosystems. 



37 
 

Chapter 4 
4. 0 Key findings and synthesis  

4. 1 Key findings  

My study analysed land degradation in the NGS. This allowed the collection of a wide range of 

information and the integration of general and scientific concepts, including ideals in achieving 

various research objectives. In this section, I present the research outputs, which show how my 

doctoral work brought the research objectives to a logical discussion and conclusion.  

 

Paper 1: Human-induced land degradation dominance in the Nigerian 

Guinea Savannah between 2003 and 2018 

Land degradation poses a persistent challenge to ecosystems and sustainable livelihoods in the Nigerian 

Guinea Savannah (NGS). Whereas both human activity and climate variability have been implicated as 

degradation drivers, the lack of research fuels dispute over the causes and status of land degradation in the 

savannah. However, detailed evidence on the contributions of both rainfall and human activities can help 

identify appropriate measures to address land degradation. MODIS vegetation greenness and TAMSAT 

rainfall data were employed to (i) provide empirical insights on the pattern of savannah vegetation dynamics; 

(ii) control for rainfall effects in savannah degradation; and (iii) characterize the extent, severity, and 

geography of human-induced land degradation. The statistical techniques used highlighted the spatio-

temporal dynamics of degradation in the NGS. Controlling for the effect of rainfall on vegetation greenness 

produces a normalized difference vegetation index (NDVI) residual that allows us to estimate the human 

impact on land degradation. Despite no indication of a worsening rainfall regime, interannual variation in 

vegetation greenness exhibits a consistently negative, declining trend. This trend in the NDVI residual 

strongly suggests that ongoing biomass loss in the NGS is the result of unsustainable human activity. 

Observed improvement is attributable to existing land management programmes, including afforestation and 

the planting of drought-tolerant species, initiated by states in the zone. In sum, approximately 38% of the 

NGS land area, including protected areas such as Kainji Lake National Park, are becoming more degraded, 

while 14% of the remaining area shows improvement and and 48% no real change. These results serve as a 

baseline information resource for tracking future land use activities, land degradation, and potential 

pathways for achieving more sustainable land management. 
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Paper 2: Social-Ecological Archetypes of Land Degradation in the Nigerian 

Guinea Savannah: Insights into Sustainable Land Management 

The Nigerian Guinea Savannah is the most extensive ecoregion in Nigeria, a major food production area, and 

contains many biodiversity protection areas. However, understanding of the social–ecological features of its 

degraded lands and potential insights into sustainable land management and governance are limited. To fill this 

gap, the self-organizing map method was applied to identify the archetypes of both proximal and underlying 

drivers of land degradation in this region. Using 12 freely available spatial datasets of drivers of land 

degradation—four environmental, three socioeconomic, and five land-use management, the archetypes 

identified were intersected with the MODIS-derived land-degradation status of the region and the state 

administrative boundaries. Nine archetypes were identified. Archetypes are dominated by (1) protected areas; 

(2) very high-density population; (3) moderately high information and knowledge access; (4) low literacy levels 

and moderately high poverty levels; (5) rural remoteness; (6) remoteness from a major road; (7) very high 

livestock density; (8) moderate poverty level and nearly level terrain; and (9) very rugged terrain and remoteness 

from a major road. Four archetypes characterized by very high-density population, moderately high information 

and knowledge access, moderately high poverty level, and remoteness from a major town were associated with 

61.3% large-area degradation; the other five archetypes, covering 38.7% of the area, were responsible for small-

area degradation. Although various combinations of archetypes exist in all the states, the five states of Niger 

(40.5%), Oyo (29.6%), Kwara (24.4%), Nassarawa (18.6%), and Ekiti (17.6%), have the largest proportions of 

the archetypes. Dealing with these archetypical features and progressing towards land-degradation neutrality in 

the Nigerian Guinea Savannah requires policies and practices that address increasing population in combination 

with poverty reduction, create awareness about land degradation, and promote sustainable practices and various 

forms of land restoration, such as tree planting. 
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Paper 3: Key dimensions of land users’ perceptions of land degradation and 

sustainable land management in Niger State, Nigeria 

Declining land productivity remains a challenge for agriculture-based livelihoods and for achieving food 

security. Yet identifying how land users perceive land degradation and their capacity to manage land in an 

environmentally sustainable manner can influence the measures initiated to address it. Using a case study in 

Niger State, Nigeria, this study examines land users’ perceptions of land degradation and land management 

measures in the Nigerian Guinea Savannah. We used the MODIS-derived NDVI as a proxy for degradation 

status and selected 30 communities based on the extent of degraded areas. We adapted the World Overview 

of Conservation Approaches and Technologies sustainable land management questionnaires to capture 

perceptions and administered 225 questionnaires to land users. To understand land degradation situations and 

to interpret the questionnaire surveys, we used key informant interviews to collect narrative insights and data 

on perspectives and motivations of land users. We analysed data through descriptive analysis, principal 

component analysis, and qualitative analysis. Our analysis identified four perception dimensions of land 

degradation characteristics, two perception dimensions of land degradation drivers, and six perception 

dimensions of sustainable land management. The results also confirmed that degradation in Niger State is 

due to widespread unsustainable human activities both within Niger state and by migrant farmers and 

pastoralism from adjoining Sudan Sahelian states that push people further south, leaking land degradation 

and conflicts into other areas. Dealing with local land degradation in Niger State critically requires improved 

land tenure, alternative livelihood strategies, poverty eradication and awareness, nature-based SLM practices 

such as tree-based initiatives, and environmentally friendly agriculture such as farmer-managed natural 

regeneration supported by political will and institutions. 
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Paper 4: Land Degradation Neutrality - Potentials for its operationalization at 

multiple levels in Nigeria 

This paper examines the operability of the land degradation neutrality (LDN) concept in a developing country, 

Nigeria, highly ranked as undergoing biomass degradation. Although LDN offers an approach to monitoring land 

degradation through net gain in land cover, land productivity, and soil organic carbon, its operationalization poses 

methodological, implementation, and governance challenges. We review literature, use spatial datasets, and 

analyse national policies to examine the dynamics of land degradation and the prospects of LDN in Nigeria. We 

identify land pollution and gully erosion as indicators of LDN in the Nigerian context. We find that current 

institutional arrangements are largely unconducive to and incoherent for operationalizing LDN. Despite Nigeria’s 

international commitments, current national policies relevant to LDN are vague and fragmented, based on old 

legislation, and have important gaps in monitoring due to inadequate data, skills, expertise, coordination, and the 

lack of national LDN baselines. The limited power of the national environmental agency and the lack of political 

will to change this situation compounds the challenges. However, two promising entry points for operationalizing 

LDN include incentivizing and monitoring the sustainable land management (SLM) of local resource users 

according to agro-ecological zones and mainstreaming SLM into initiatives in agriculture and environment sectors. 

These insights can inform the operationalization of LDN in other African countries. 
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4. 2 Synthesis and outlook  

My study analysed land degradation in the NGS. This required the collection and analysis of a wide 

range of data and integration of concepts to achieve the research objectives.   

This thesis confirms that land degradation is widespread in the NGS with some hotspots to its 

north-west, generally in the area covered by Niger State. The strongly decreasing trend in the 

annual rainfall-corrected NDVI (Study 1, Objective b) suggests human activity to be the dominant 

cause of the decline in biomass in the NGS, as no indication of declining rainfall was identified 

over the study period. The results (Paper 1) show that land degradation is not occurring at the same 

pace across the study area, as some areas experience increasing or decreasing land degradation 

while in some areas the biomass and NDVI remain stable. The results also show that protected 

areas, contrary to expectations of having better land conditions, are degraded. These 

differentiations in land degradation outcomes highlight that various land use processes and drivers 

are at play and should thus be classified and analysed to gain deeper insights into land degradation, 

as is done through the subsequent archetype analysis.  

 

Paper 5: Insights for policy-based conservation strategies for the Rio de 

la Plata grasslands through the IPBES framework 

The Río de la Plata grasslands (RPG) is one of the most modified biomes in the world. Changes in land 

use and cover affect the RPG’s rich biodiversity. In particular, the expansion of crops, overgrazing, 

afforestation, and the introduction of exotic species pose a major threat to the conservation of biodiversity 

and ecosystem services (BES). In this study, we applied the Intergovernmental Platform on Biodiversity 

and Ecosystem Services (IPBES) conceptual framework to approach biodiversity conservation 

enactments in the RPG. First, we systematically reviewed published scientific literature to identify direct 

and indirect drivers that affect the RPG’s BES. Then, we conducted an extensive analysis of management 

policies affecting the BES directly in the region at a national and international level. We conclude by 

offering recommendations for policy and praxis under the umbrella of the IPBES framework. 
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Nine archetypes (Paper 2) with unique characteristics were thus identified (NGSA 1-NGSA 9), 

Very high population density is a key feature of the archetypes associated with large areas of 

degradation, reflecting high pressure on land resources to meet human needs. Accordingly, four 

archetypes characterized by very high-density population, moderately high information and 

knowledge access, moderately high poverty level, and remoteness from a major town, were 

associated with 61.3% large-area degradation: archetypes with >10% of their total area 

experiencing biomass degradation. The other five archetypes, covering 38.7% of the area, were 

responsible for small-area degradation: archetypes with degraded areas <10% of the archetype area. 

Dealing with these archetypes and progressing towards LDN in the NGS require policies and 

practices that address increasing population in combination with poverty reduction and promote 

SLM practices. 

 

Given the relevance of population density, understanding land users’ perceptions of land 

degradation and SLM practices becomes paramount to tailoring responses to the land users. From 

the validated mapping of degraded areas, 30 villages were selected, and from those villages 225 

land users. Results identified four key dimensions of perceptions of land degradation 

characteristics: (1) Vegetation-condition-dominated characteristics; (2) Soil-condition-dominated 

characteristics; (3) Vegetation with Sudano-Sahelian-dominated characteristics; and (4) LULC 

with the prevalence of drier conditions. Two key dimensions of perceptions of land degradation 

drivers are human-activity-dominated drivers at a smaller scale and nature-dominated drivers at a 

larger scale. Six key dimensions of SLM identified include (1) institutional actors’ effect, (2) 

natural resources management, (3) environmentally friendly agricultural practices, (4) tree-based 

initiatives; (5) conservation initiatives, and (6) policy initiatives. The RII ranking of the SLM 

showed that land users rate institutional actors (70.0%), technological practices (67.6%), 

conservation practices (66.8%) and policy initiatives (66.5%) to be effective SLM measures to 

address land degradation. This highlights that institutions linked to SLM and SLM technologies 

are the most effective options to address land degradation in the study area. The importance of 

institutional measures in SLM aligns with the results on operationalizing LDN, which shows that 

a precondition for LDN is to reform the current land governance system by revising the Land Use 

Act of 1978 (LUA), which is outdated and not in tune with the current social–ecological challenges. 

Besides the need for reforming the LUA, Paper 4 also exposes the deficiency of national policy 

documents in Nigeria and their failure to align with LDN indicators. Connecting the results from 
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the perception analysis with the policy analysis shows that appropriate institutional arrangements 

have the potential to reduce land degradation in the NGS.  

The RPG is one of the most modified biomes in the world. Changes in land use and cover affect 

the RPG’s rich biodiversity. In particular, the expansion of crops, overgrazing, afforestation, and 

the introduction of exotic species pose a major threat to the conservation of biodiversity and 

ecosystem services (BES). In this study, we applied the application of the Intergovernmental 

Platform on Biodiversity and Ecosystem Services (IPBES) conceptual framework to approach 

biodiversity conservation in the RPG highlights the potential for linking the insights gained from 

research in the NGS to those in other regions such as the RPG. This thesis lays the foundation for 

future studies such as identifying the key socioeconomic determinants of adoption of SLM 

measures and testing the hypothesis that reform of institutional arrangements in SLM will reduce 

land degradation in the NGS. 
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Chapter 5  

5. 0 Conclusions 

The purpose of this study was to improve understanding of land degradation in the Nigerian Guinea 

Savannah (NGS) and to provide insights for sustainable management of its land resources. The 

NGS is the largest and among the most modified agro-ecological zones in Nigeria. In the NGS, the 

negative effects of land degradation are due to the complex interactions between coupled human 

and natural systems. This thesis applied qualitative and quantitative methods that enabled insights 

to be distilled from satellite remote sensing imagery and linked with insights derived from 

questionnaires, expert interviews, and focus group discussion. The results enable us to draw the 

following conclusions: NDVI anomaly including vegetation trend with and without adjusting for 

rainfall effect shows a steady decreasing trend in vegetation greenness. Thus, land degradation in 

the NGS is not caused by worsening rainfall regime but driven by human-induced unsustainable 

land-use practices. Land degradation, land improvement, and stable land status are not uniformly 

distributed across the NGS. The hotspots of human-induced land degradation occurred mostly 

around the Northwest to the North Central and Northeast of the NGS and it also affect protected 

areas such as the Kainji Lake National Park. The archetype analysis identified nine archetypes and 

provides a basis for targeted SLM measures. The perception dimensions of land degradation 

characteristics, drivers, and SLM identified provide another important basis for targeted SLM 

measures. Land users’ perceptions of institutional arrangements and institutional actors as critical 

to effective SLM implies that adopting a bottom-up approach that involves traditional village heads 

as well as policy reforms will reduce land degradation and improve the effectiveness of SLM. To 

support this, policy reforms are necessary to support the operationalization of LDN. 

Limitations of this study include the security challenges faced during the fieldwork, which affected 

the sample size and field work in the villages and the cultural context in which men are mainly the 

farmers, hence limiting respondents mainly to men. Thus, future studies need to consider these 

aspects in planning field work and data collection. Despite these limitations, this study provides an 

understanding of land degradation and associated SLM measures for addressing land degradation 

in the NGS, thus resolving the research gaps identified. The archetypes of land degradation and 

key dimensions of perceptions of land degradation and SLM provided in this study will inform the 

tailoring of initiatives to address land degradation more effectively in the NGS. 
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