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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.



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 km?) of the NGS experienced degradation, 14% (91K km?) experienced improvement, and
the remaining 48% (320K km?) 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 (RI1) (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 Rio 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.

Keywords: Archetypes, Land degradation, Savannah, Sustainable Land Management, Nigeria.
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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
17



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) ldentify 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 (lloeje, 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 27.7°C (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 (lloeje, 2001).
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Fig.1: Agro-ecological zones of Nigeria, with the boundary of NGS (adapted from lloeje, 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.
22



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.
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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 (lloeje, 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.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 (Aiza 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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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 (NDV1) 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 (Studyl), 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 Rio 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 (Diaz 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 NDV|1 is obtained by Equation I:

NIR—-R

NDVI = m, .......... 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.6¢c). 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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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
(Cowieetal., 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

Source of data Methods Results Targeted
I Spatial statistics v IX area/response
MODIS NDVI Pixel correlation/ Baseline information
e TAMSAT ma RESTREND resource on status
(Rainfall) Durbin-Watson/pre-whitening human-induced LD
| Theil-Sen slope/Mann-Kendall SUBNATIONAL SCALE e
11 izi VI XN
Environmental (4) St %rlgartnzfng Map - . X
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¥ Management
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Interview Qualitative analysis Perceptions of LD,
STUDY 3 piscussions ma Principal component analysis drivers/SLM
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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 NDV|1 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, 1).

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 V1),
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, 1 & V1) 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 Fig.9b: After discussion session with staff of the
Zone C 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, I11). 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, Ill). 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(1V), 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,V1II). 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,(XI1)).

34



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
Ademola .A. Adenle, Human-induced land degradation Published in Remote Sensing
Sandra Eckert, Oluwatola  dominance in the Nigerian Applications: Society and
Study 1 1. Adedeji, David Ellison,  Guinea Savannah between 2003- Environment 2020. Vol
Chinwe Ifejika Speranza 2018 19 (2020):100360
doi.org/10.1016/j.rsase.2020.100360
Ademola .A. Adenle & Social-ecological archetypes of Published in Remote Sensing
Study 2  Chinwe Ifejika Speranza land degradation in the Nigerian 2021, Vol 13(1), 32
Guinea Savannah: Insights for doi.org/10.3390/rs13010032
Sustainable Land Management
Ademola. A.Adenle, Key dimensions of land users’ Submitted to the
Sébastien Boillat & perceptions of land degradation ~ Journal of Environmental Challenges
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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.

Land degradation and Its impacts on Ecosystem Services in the Nigerian Guinea Savannah(NGS): Insights for
Sustainable Land Management

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

Paper 3: Land
users’ perceptions

of land
/ degradation in
Niger state

Paper 2: Paper4 :
Characterizing the Sustainable Operationalizing
Social-ecological land > land degradation
archetypes of land management neutrality in
degradation in the insights Nigeria
NGS 1
Paper 5: Policy-
based conservation
strategies through
the IPBES
framework

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 (Studyl1-3)
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.
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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, | 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;
(if) 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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Paper 5: Insights for policy-based conservation strategies for the Rio de
la Plata grasslands through the IPBES framework

The Rio 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.

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.
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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 RIl 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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1. Introduction Development Gaals (SDGs), emphasis on tackling land degradation has
increased, as this improves the likelihood of achieving many SDGs
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these two drivers of land degradation is marely made (Wright, 2017;
kundu et al.. 2017 Moreover, the collective impact of human-induced
drivers on savannah degradation is more complex and geahble than

Hemute Smuiny Applcen 199 [ FOERSD

Socirty am] Ervi

(2018) are either too coarse or outdated. Csunmadewa et al. (2018)
observed the long-term phenology of vegetation in the NGS, showing
h and climate effects on vegetation, but downplayed finer wege-

the impact of rainfall {zhu et al., 2016} Although mml!ud.lﬂmland
degradation exist, only a few have addressed its broader canses. Bai e al.
(2004) estimated that globally, more than 20% of all cultivated areas,
S0% af forests and 109 of grasslands were degraded and raised concerns
about the contested canses, coverage, and severity of land degrdation.
Mhkomya et al. I'IIIIulu'lh.ﬁed' pois af land d ion at ghobal
scale by ol g s into regi a.rhdpmpmudlmn;hmql.l:
ard prevailing Inﬂ] conditions, such as climatic variations aor
agra-ecological differences, as guides for understanding the complicated
drivers of land degradation. Wessels (2009), im & cautionary note
comparned and suggested methods for assessing degradation and pro-
vided an improved approach for discriminating between human and
induced degradation (e.g. deckining rainfall). This differ-
entiation s mecessary to ascertain the contribution of distinct causes
thereby enmhamcing a more decisive response to land degradation [Wes-
mls, 300%; He et al., 2001 % Wingate et al.. 3019).

In Sub-Saharan Africa (88A), land is associated with natural capital
amd wealth (Liniger =t al., 2011]). Since 0% of the people depend on
land for their livelibood, cwning degraded land iz equivalent to being
poor, particularly for millions whose economies depend on the ability to

land-based resowrces (Barbier and Hochard, 2018; Pingali et al.,
2004). While some studies in 554 have examined land degradation
(Huher &t al. 2011; brakim et al., 2015) they do not identify the sub-
mational patterns of degradation. Such studies substantiate the impor-
tance of subnational and agro-ecological considerations in
operationalizing and settimg national Land Degradation MNeuwtrality
{LDN] targets {Ifejika Speranza ot al., 2019), which are crucial elements
i implementing the LON framewaork (Orr et al., 2017; Kustetal 17).
However, the coarse and genemlized mature of previous stadies (Fen-
shodt t al., 2009; Pensholt and Rasmussen, 201 1; fbrahim et al., 2013),
overshadow subtle subnational and localized degradation, thereby
fuelling historical controversies over the true stahas and trend of envi-
ronmental degradation in West Africa (Gautier =t al. 2014).

Apart from its huge population and oil resources, Nigeria is consis-
tently topmast on the global degradation damger list (FAo, 2000; Hansen
et al, 201 3). Degraded land in Nigeria surpaszes the landmass of Ghana
{CIL55. 2014). However, Nigeria lacks a detailed analysis of the canses
of land degradation, thus hindering targeted solutions, particularly
across its agro-ecological rones. A large portion of Nigera consists of the
Guinea Savarmmah, often categorized as a heavily-degraded drylamd
ecosystem {Virdaw et al, 2007}, requiring urgent restomtion (Macaulay,
2014). The Nigerian Guinea Savanmsh (NGS) is the largest amd currently
most threstened agro-ecological mone (CILSs, Z016), owing to its
clomeness io the extensively degraded Migerian Sudano-Sahelian region,

rean-h

tation dynamics due to the coarseness of their datasets Le. 1 km reso-
lmtiom. Fazhae et al (2017) alse gml.pu‘.l vegetation owver Migeria
without lizing or discr ing climate induced and
human-induced causes of vegetation degradation. In all, the omission
amd lack of detailed assessment of biomass degradation based on
human-induced activities st a refined resolution were consistently
miszing.

This study aims to fill these gaps by assessing recent human-induced
biomass kass in the NGS at a refined scale of medium reschution betwesn
the years 2003 and 2018. The study ohjectives therefore are oo 1)
provide empirical insights into the current vegetation status and trends,
including anomalies in the pattern of savannah wegetation dymamics
bamed on the analysis of finer mediom resolution satellite data; 2} con-
udhchuuqunmpmhchrgcmmﬂﬂmhu
pemerally considered stromgly commelated with veg 1, thereby
umh.ng rainfall chﬂ.ugﬂ from other factors affecting increasing

faki f the ; 3) characterize the extent, severity and the
:np'aph]r in berms of the distribation of human-induced degradation
across the NGS and identify degradation hotspats. The output from this
research provides a baseline for future studies in the separation, iden-
tification, and characterzation of noo-climate related causes of land
degradation in the NG5

2. Materials and methods

2.1. Sndy area

‘Our study area, the Nigerian Guinea Savannah (NGS), lies between
0.30°N and 9.62°N, 2.77E and 13.20°E, and is bordered by the rain.
forest in the South and the Sudan Savanmah in the North (Fiz. 1L In
Migeria, sub-national administrative units are called states and the states
in this zone are regarded as the “middle belt” of the country. The middle
beedt is the largest agro-ecological zone in the country, covering about
49% of the country’s land mass and 235 of its 36 states. The belt is divided
into two regions, the Morthern and Southem Guines Savanmah, based on
differences in vegetation composition {(Wakawa et al, 20106; Fasona
etal, 2001} I the bern region, the vegetation is characterized by a
mix of trees and tall grasses, with shorter grasses and fewer trees in the
Morthem part. The NG5 is a crucial habitat for threstened G&una, such as
chimpanzee (Pan irogladytes), and flora, such as the African rosewood
[Pierocarpus erinocees). A distinct montane vegetation characterizes the
central and eastern regions within the NGS5 ([loeje. 2001 The belt
further encompasses pam= af the two major rivers, the Niger and the
Benue, and their confluence.

Hence its exposure to desertification effects is compounded by |
from the encroaching Ssham desert (Macaulay, 2004). In the NGS, land
e and socoeconomic activities are stromgly seasonal and maral lveli-
hoods are tied to the primary sector, in particular to Grming and other
pastoral activities. These activities have actively degraded the savannah,
leading to the loss of biomass and ecosystem services, amd further
exacerbated impovershment (ClLss, 200 6).
Currently, there is no consistent accounting of the spatio-temporal,
long-term trend of hiomass loss caused by buman activity and climate
mbu.l.ltj' im Hl,g:rn. This weakens critical efforis for ecosysiem and
Envirr a5 no recent shadies have tried to dissociate
climastic variahles Euru human-induced impacts. The historical conflict
between resource users [ie nomadic cabtle herders amd farmers) is
linked to the emcroachment of the Gui h imto raing asa
result of deforestation in Migeria (Fasona et al, 2006; Agbelade and
Faghemigun, 2015) as well as, to the desertification of the savannah
{(Macaulay, 2014; Naibbi et al, 2004} However, most national studies
on degradation and ion dy ics based on agro-ecological def-

imitions, such as by ﬂw;h. amid Adeyewa (2011) and Areola and Fasona

Il naticnal hy stations, such as the Kainji and Shirom
stations are lnmlud.m m:mmﬁﬂual protected areas such as the Foge
Islands and Kainji Lake Natsonal Park, most of which are Ramsar
Convention wetland sites, are also located in the zome (Ayaniade and
Frosioe, 2014). This fertile reghon is a major food basket of the country,
with primarily minfed production. The zone likewize provides grazing
resources for livestock, dwhﬁlh:ge:l-\erl:m.rufmmmm-
humance systems (i.e 1 i The inhabi consist of
diverse ethnic and religious groups. Several major towrs and arban
cenkres are bocated i the NGS, including Abuja, the capital of Kigerna,
with population growth and beavy dependence on natural resources,
maintaining kand quality is increasingly challenging and conflicts over
access to, and control of, the land often oocwr (Fazona =t al, 20148).

2.2, Ratiomale and indicrors for lond degradarion
Concerns about the assessment, monforieg and management of land

degradation have rsen dramatically in recent years (Orr et al., 2017;
Eust et al., 2017, and have informed an agreement on the relevant
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Fig. 1. Overview of the agro-ecalogical zones of Nigenia, with the boundary of the Nigerian Guinea Savannah indicated (adapted from lloc)je. 2001}

indictors for land degradation studies. Therefore, the performance of
three indictors; 1) land cover (metric: Land Cover Change (LCC), 2) land
productivity (metric: net primary productivity), and 3) carbon stocks
above and below ground (metric: soil organic carban) are prescribed as
the determinant parnmeters for identifying degraded land and gauging
peutrality (UNCCD, 2013). The Normalized Difference Vegetation Index
(NDV1) is widely used as a global proxy for land productivity (Orr et ol
2017; ¥t o1 al | 2017). Beside vegetation status and condition, NDVI is
lhymﬁmudveguhmhdtbmummm

Famine Early (FEWS) project (histps/ eard ywaming us
gEgoV, irmlt&hﬂu&hﬁmhkamﬂemiﬂrm
land d dation and larly in semi-aril to
arﬂmmud-mmﬂymmm(!mﬁm etal,

2009 Wenxia et al, 2014). Furthermore, the 230m MODIS data reso-
lution is able to capture human activity such as deforestation (Yengoh
et al., 2013; Eckert et al., 2013) and has been extensively used in the

Nuwfordmmnmgbmsu-" i from non-human-ind
da | for NGS. Moreover, NDVI is more
ndmuﬁewaﬂthwdmwhﬂdw&m(w:sxh

et al., 2012 Kundu =t al., 2017; Wingate et al., 2019).

23, Datasets and processing

23.1. NDVI data

Considering the large geographic extent and the difficulties in
ubmwdmuwnnydmnlhenﬂnﬂnnﬂlﬂd.wdeaddh
assess land di using buti (zscm)snellned-u

of land degradation in Africa (Zousgrana et al. 2018) In
order to carrect for the infly of clouds, phere and solar
levation angles, the Maximum Value Composite (MVC) method for

calculating the highest NDVI value was applied to the 10.day mean
NDV1 time series. We generated two outputs from the MVC data: (1) the
monthly maximum NDV1, out of which we then calculated (2) the NDVI
yearly sum (see Supplementary File, iy 51)

2.3.2. Ratnfail data

We used TAMSAT (Tropical li of logy wusing
Mmrmdmwmm)pﬂdwﬂmm
data has a spatial resolution of 4 km, which is suitable for assessing the
spatial p and p ial changes in rainfall, as well as its potential
infl on NDVI (Maidment <t al, 2017). In this study, we use the

qudfwlhe;e-r i Mod: b Imaging Spectr

di (MODIS) lized Difference Veg mdn(un\n)lo.
&ymmp:uﬁnm:wﬂmhmdmuoms
250m spatial I ap for the limitations of p

large-scale studies of the study area, such as (hrabim et al x'lswao
used bi-weekly 8 km resolution Global Inventory Modeling and Mapping
(GIMMS) NDVI (NDVI3g) datasets to assess land degradation. For our
study, the Swets et al, (1999) carrected MODIS NDVI 10-day time seTies
product was downloaded for the years 2003-2018 from the USGS

TAMSAT data to disentangle climate- and human-induced changes in
NDVI. Since the TAMSAT rainfall product was specifically developed to
provide meteorological data for all of Africa, we opted for the yearly sum
rainfall product (Tamavsky ot al | 2014). The calibrated (iLe. over space
and time) time series data of TAMSAT makes linking to the similarly
calibrated MODIS NDV1 product possible (Tammavshy of al, 2014
Maidment et al, 2017). TAMSAT data can be downloaded at
(hatp:// www.met reading.oc.uk/ ~ tamsat Adata/).
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2.4, Methodology

The specific objectives of the study were addressed by means of the
wwkﬂo'uptomwdnnp 2. The methodological steps are described
in the following i jons of the i diate inpats and
musanbelwndmlhempplanmwyﬁle, Figs. S2-50.

24.1. Vegetation status and trends

To spatially link rainfall with the NDVI data, the TAMSAT dataset
wurmpladlonaldllhezmruohlmmtbemwdamby
pplying neighbour resampling. Although TAMSAT has a very
coarse resolution of 4 km, which may be critical when linking to the

Rewmote Seing Appcsttoms Sociery and rr 19 (2000) 100B60
series (2003-2018), two types of standardized NDVI anomalies were
calculated, a monthly (Zm) and a yearly (Zy) NDVI anomaly (see Sup-
plementary File, Tables 51 and 52). The dardized NDV1 ly Zis
calculated by subtracting observed NDV1 from mean of the period, Le

hly and yearly, resp lv, and dividing it by the monthly and
yearly standard deviation ofﬂn period, respectively (Aweda and
Adeyewa, 2011).

2.4.2. RESTREND

We apply the Residual Trend Analysis (RESTREND) method (Wessels
et al.. 2007, 2012) to control for and remove rainfall effects from the
lelmnemdln Rmhnld!mlhemwgpnnuvcrdb

muoolsdﬂa.lntbemmuﬂly ilable and most reliable data
for Nigeria b of its y with ground-based observations
(Maidment et al, 2017; Tamavsky et al, 2014). We then projected all

data to the Minna/UTM zone 31N coordinate system. For each of the
ixmmmmahdmd!bemo‘&eyuﬂymoﬂk(moﬂ”y
10-day) maximum NDVL Purth hly NDV1 pro-
ﬁhﬁtudo&zrvedyﬁ.nnlnﬂlﬂdﬂleml&d&ymm

NDVI and Il in arid /semi-arid regions (He et al.,
2014; l!vn‘un et al., 2013) and performs better than other techniques
such as Rain Use Efficiency (RUE) (Kundu et al, 2017). RESTREND
makes it possible to distinguish the human causes of degradation from
rainfall-driven change in NDVI by using the pixelspecific differences
between NDVI residuals and observed rainfall (fhralum et al, 2013
Wingate et al . 2019) and thus permits investigation of the trend in, and

NDVIs. Both outputs were generated for each pixel in our study area. spatial of, human-induced land d dation (Kundu et al |
NDV1 is defined as a2 mensurement of the status and presence of photo- 2017; Wingate et al., 2019), adu:-pplmmmwdwdnn,n
mnlzmﬂymvegmmmdrmﬁm 1to +1, with negative Pearson product linear MODIS and TAM-
NDVI values inds g low gr and low p of photosy SAT pixels for the entire observed timespan (2003-2018) was per-
hetically active veg and pasitive values i ing high green- formed. An illustration of the resulting coefficients of spatial correlation
mess and p of photosynthetically active vegetation. Changing (R) can be found in the supplementary file, Fiz. 52 The linear trend of
Nuvnmmum ponds to a ch in the p of dlemm-mnmlpudsmwdaﬁmhamﬁumdzrdnm
hetically active vegetats mdmtymgatvegcmloaor infall and y C quently, the 8
pm‘me dardized NDVI ly (Z) is d d as d from puts (Fig :.).imd:emmn d linear lati
the long-term mean vegetation dy ics, 1t is par 1y useful for were used to correct the (uncorrected) yearly NDVI trend for the influ-

dumm“dwummwwmym
nan. h in the vzed (Nanzad

et 1l 2019). Tom&mqmm&dm“mnﬂnmmm

ence of rainfall (fheahim et al, 2013). The resulting rainfall corrected
ywiymumdmtknkmmduﬂbnl)ﬂmnmd
exists, we can assume there is no h or

L4

Rainfall g
TAMSAT srorty data MODIS NDVT 40 das
+
Meathls s NDVE NDVT sssnsandy Zix
Faiufill el 2ol g ol RESTREND =i NDVI yeatte sun NDVI amareaty 25
Ruufa NDVI correcied , U= '] o
pied | tevod
Turtda-\Watven!
Fronhiteniag teot
Thelk-Sem median dige
Mane-Kendsdd trvod
l Tand digradation stsfus
Masn-Kandsll & Sqgraboat NOVE trvnd - Tupers & Cupon
¢ " Precesdog

Fig. 2. Overview of the study workflow.
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1h

(ie. mmp ) happening. 2) A d g trend in the
mmdyadytmwuaﬂwdqndmmauudbyhmm
activities, while 3) an i g trend i in vege-
mmmm!mmchm:bm:m"muad
restoration efforts (Evans and Geerken, 2004; Wessels ot al, 2007).
Additionally, we verify whether there is a p ial lag b infall
and our NDVI data by applying a Durbin-Watson test and a trend pre-
serving pre-whitening technique (Razavi and Vogel, 201 & Osummadewa
et al, 201E). For further details see the supplementary file (Fig. 59).

2.4.3 Theil-Sen slope and Mann-Kendail test

In order to derive the magnitude of the persi of rise and fall in
pixels of the yearly NDVI time series, we apply a median Theil-Sen (T5)
slope estimator, a robust non-parametric statistical that is
insensitive to small outliers and missing values (Burrell et al.. 2017;
Taxak et al, 1014).mnslq)eud¢nvedbydmhm;allpumu

binat of rai yvearly NDVI values for the
2003-2018 time series and then deriving the median values (see sup-
plementary file, #ig. 54). Afterwards, a Mann-Kendal (MKX) trend test
(1berahim et al., 2013) was perft d to the direction of trend
(Le_dquhmmnmpuvmeu) A Kendall t coefficient, which de-

Revmte Seuing Appicsthons. Sociery vl Erm 19 (2020) 10360

i induced land degradation were identified at the p < 0.03 and
P < 0.01 confid imtervals, resp ly (Burrell et al., 2017). These
results were used to derive and summarize the status of the study area
and state-specific land degradation in the NGS.

3. Results

3.1. Vegeration starus and remnfoll effects

Fig. 5a shows the spatially aggregated vearly sum of NDV1 for the
nﬁymm&emuﬂeumm(mngrlul This line still

the infl of rainfall 'I'heND\nuudme(dmedblu*lme)
shows a decline in vegetation g ing from 0.763 to 0.734.
Fig. b ilk the dardized lies in the NDVI time

series. This data also contains the effect of rainfall. Nevertheless, we can
still observe a clear decline in g (see Supg y File,
Table 52). From 2003 to 2009, a strang positive anomaly can be
observed, while from 2010 ds, with the P of 2011 and
2012, strong negati lies are di d. In 2008, 2011 and 2014,
no or little deviations from the trend line were observed. Fig. 3c depicts
rainfall corrected yearly NDVI variations after controlling for the effect

d or d i trend, was applied. The
mubmdonthe‘olhwmeqnlm
vl
=% Ysms- 1)
[ ey
1 ifr x >0
sgn| x, x.):{(ﬂx, =01
fy. 1 <0

x, and x, are the sequential data values and n is the length of the dataset.
mvﬂudsnﬂufzmwm.ﬂdhw:
duw-wnrdtnnd(l.e. 1i atrend i g, never
i ing, while +1 indi the opp ). A value of 0 indicates no
trend or relative stability (Fensholt ef al., 2009; thrahim et al.. 2013). An
illustration of the resulting monotanic trends can be found in the sup-
plementary file, Fig. 55 Through a standardized Z scores and the cor-
responding probability (P) of MK, the significance of the trends of

of rainfall. The NDVI also shows a declining trend in vegetation green-
ness and lower values in scale (i.e. ranging from 0.340 to 0.303). Aside
from clearly visble fluctuations, the highest recorded corrected NDVI
values were observed for 2003, while the lowest was observed in 2017.
The R* of 82.7% suggests the observed decline in vegetation greenness is
consistent, with or without correcting for the influence of rainfall
Interestingly, inter-annual variation in mean annual rainfall (Fig. d)
indicates little variation with a slight but clear increase towards the end
of the study period. The trendline increases slightly, but not signifi-
cantly, suggesting very mild improvement in the NGS rainfall regime
during the stdy period. Thus, the strongly decreasing trend in the
mnﬂ.nnﬁ:ﬂm&dﬂbﬂ(ng wc)muaamnmvnyudu
main cause of the observed & ing and b loss in the
NGS.
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Fig. 3. (a) Spatially-aggregated yearly sums of NDVI (orange) and its linear trend (black) in the NGS for the entire time series including the influence of rainfalk; (b)
yearly NDVI anomaly (Zy) fram 2003 to 2018; (c) spatially-apgregated, raindall corrected yearly sums of NDVI for the entire time sesies; (d) inter-annual variations of

the mean yearly raimfall (orange) and its linear tread (black). (For i

of the refi

version of this article.)

to colour in this figure legend, the reader is referred to the Web
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3.2 Mann-Kendall signtficance

In 7ig. 4, the relative significance of the NDVI trend for the analyzed
m:mu(mmoulumhdlyil-md As thresholds for
the two & dati es, we use P < 0.05 and
P<Mlnmﬁmmmmmmmd&c
TS median slope map (see Supplementary File, Fig. 54). The additional

qmﬁmwemmphmllumdqndlmd‘ dation &

in

Themmﬁmlhemhnenb&emllﬂmtheud
the NGS, encompassing the states of Kebbi, Niger, parts of northern
Kwara, FCT (mainly around Abuja, see area illustrated in 1. 4b), and
parts of the states Nasarawa, Platean, Taraba and Adamawa have been
wbmh‘lynﬁemd.w:mb:bnndpmﬂymlbm

it in the states of Zam#; h Kaduma (¥ig. 4c). Besides
lhew&amﬂmnlrhunudhuch Ihe:uuhannuo(o;u
Kogi and Ni also show d d patches of impr

degradation is particularly app both 1 and within p d
areas, as can be seen in and around the Zugurmsa sector (e.g. Fig. 4a).
Table 1 provides an overview of the relative percent shares and absolute
areas for each of the illustrated NDVI trend categories.

Fig. :mampllﬁdmdlhemm‘w&egmi
NDVI trend categ: (grouped by land degradation status) for all states
in the NGS (for the complementary table, see Supplementary File,
Table 54). Note that blue land areas lie outside the NGS and were not
part of this analysis. Mast of the states for which the majority of the total
land cover is within the NGS experienced degradation an 10%-62% of
their land. The four states with the largest shares of degraded land in the

. e Fe il e
1 1 1

Remmote Seruing Appiicathons Sociery asd Ervin 19 (2020) 10360
Table 1
Statistical Overview of the principal NDVI trend categories in the NGS (p
shares and absolute areas).
Mars Kendad significance Axwa (W) Arwa (Ror®)
peam) ox 162077
P o) A L indoaL a2
StaMe (na sgnifcant chage) anzs 139762
mcreww, p < 0033 17 “ 31908
Inprovemem (dgrafices: morwae, p < 0.01) LX.-3 o8l
Tod 100.00 438 04088

NGS are Niger (62.9%), FCT (44.7%), Nassarawa (40.1%) and Kwara
(30.8%). The four states with the gr share of imp are Kogi
(18.4%), Kaduna (17.3%), Enugu (16.8%), and Oyo (13.4%). In addi-
tion, Kogi (37.4%), Enugu (36.3%), Benue (33.2%), and Kaduna
(32.2%), and Oyo (31.3%) are states with comparatively large stable
areas.

X Tk .
4.1. Vegemtion dynamics

m&emuﬂudﬂnu‘ﬂmmtl.m
annual NDVI time series indi a g NDVI trend
mhmmﬂuyuﬂynmnonly(ly)ubilma
declining trend with positi 5 i-thefnthlrolun-ﬁnusiu
(ms-zm)uofnlo they b ive and to decli
qmmllt&d@ﬂymmﬂy&u«dnmlzm‘yhdﬁe
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result of an extreme minfall period that occurmed in the same year (Mnaji
et al, 2014). This might have led to increased vegetation growth in the
following growing season. The extreme rainfall led io catastrophic
fleoding that affected most stabes in the NGS and other West African
oountries (Agada and Kimopama, 2013}

Aweda and Adeyewa (2011) performed a similar stady but for a
different, earlier period (1982-2000). Maoreower, they used NDVI data
from a different satellite sersor. Thus, it is hard bo co or link their
results with ours. The yeario.year NOVI anomaly variation im their
stucdy is rather high. Nevertheless, in their study they observed a
generally increasing trend in the anmual NDVD anomaly for the NGS,
starting with negative anomalies in 1982 and 1983, becoming positive
up to 1999, and abraptly turning negative agaim in 3000. NDVI data for
the years 2001 and 2002 are not readily available.

While the cause of the declining WDV trends and anomalies in pre-
vime studies was attributed to the effect of droaghts that cooarred in
West Africa in the 1980s (Epule =t al., 2014; Gautier et al., 2014), the
decline chserved in our study can be attributed almest entirely to haman
activity {Osunmadewa =t al., 2018). This confirms previoas global forest
loss assessments in which Migeria was considered one of the countries
experiencing the highest forest loss mies globally since 2000 (FAD,
20010). These findings underline the relative importance of savannah
resioration, as there is obvious evidence of btomass loss {Vogt ef al,
2001; Macaulay, 2004; CILSS, 2016), even after exchuding the impact of
chamge in rainfall

#.2 Rainfall effects ond offset from the degrodation of Savmanod

Wwe fourd that the imter-anmual trend in mean yearly rainfall was
relatively uniform, with slightly increasing rainfall amounts in recent
years (Fig. 2d). The increase towards the end of the study period sup-
parts the ohservations of the varying increase in minfall amounts over
parts of the NG5 and MNigeria as a whale (Odjugo. 2010; Arecla and
Fasona, 2018}, and further suggests that the long period of low rainfall

in the 1970s and 198:0s over West Affrica is not currently affecting the
MGS (Cautier et al., 201 &) The results further naggest that the NGS is not
under the period of declining rainfall, and that any increase in land
degradation genemlly cannot be explained by change in minfall (rich
olson et al., 2018). Alsn, the general pattern of the long-term mean
monthly NDVI anomaly {Fiz. 52), remains comsistent - the bimodal
nature nnl'npr.atlnn greenness and pbntmmﬂ'betlr activity with respect

raimfall is maintired (Os 115). Thus, the overall
peasitive rupurue of munnah ve| al:rnu I:n- :muf:l] has not changed
{Areola and Fasona, 2018; Nnaji et al., 2Zo1a)

Em'prmnglv. there is little difference in the vamiation of the comme-
lation coefficients inside and outside national and state protected areas
(see Supplementary File, Fig. 53). Vegetation loss dwe to extensive
human activity has ccourred both outside and imside protected areas
(riaibbi et al., 2004; Fasona et al.. 2016} As obserned akso ina study by
Aweda and Adeyewa (2011, the mmge of the cormelation coefficients
suggests vegetation greenness in the NGS is sensitive to rainfall. Besides
rainfall, which is the principal limiting factor for vegetation greenness,
other varizhles also affect the NDVI amomaly and/or degradation, Le
tempemture (Ighawua =t al., 2006} and soil mosture (Ibrahim et al,
201 3). The RESTREND techmigue (Fig. Zc) results in a rainfall corrected
MOV which estimates the human component of land degradation. The
declining trend in the rainfall corrected KDV {Fiz. 2c) suggesis that
large-scale land degradation in the NGS is due to unsustainable haman
activities and not to minfall dynamics (Kundu et al., 20070

4.3. Human-induced lomd degrodanion

The TS slope identifies surfaces with a persistent rise or fall in the
armual, rminfall corrected WDV (see Supplementary File, Fig. 54), thas
highlighting the karge differences between areas experiencing rapid loss
in savannah vegetation compared to their surroundings. Negative slopes
implying high vegetation koss (i.e. leading to rapid land degradation)
relative to their surroundings are pervasive across the middle of the
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NGS, from its north-western to its eastern border. These areas have
megative trend valoes twice as lngh as neighbouring pixels and have
experienced twice as much degrad, as sur ding areas with pos-
mﬂopuuxbmn;anhwdymbkwhpmvmgsmdhd
quality. In the NGS, approximately 1621 km” i. e. 0.37% (P < 0.01) and
104,002 km® i. e. 37.39% (P < 0.09) experienced significant degrada-
tion, while about 88 km” i. e. 0.02% (P < 0.01) and 60,319 km” i. €.
13.77% (P < 0.05) respectively, experienced improvement in land
quality. For aboat 211,338 km” (48% of the NGS), no significant change
was observed (Table 1). Therefore, 38% of the total area is degraded and
14% has improved at the P < 0.03 significance level. The shares of se-
wvere change (P < 0.01) are comparatively small

The supplementary file, Fiz 5+, and the result in iy 4., show areas
in the NGS suffering from degradation due to high b pr on

Rewwte Seruing Appdh Society and £ 19 (20207 1se0
including the adoption of drought tolerant shrub species, which have
been promoted both across Nigeria (Wingate ot 2l 2019) and by the
governments of these states. Despite the negative trend in parts of the
Zurgurma Sector noted above, there are still stable areas in mast pro-
tected areas. The NGS is thus very relevant for the federal government’s
nature conservation initiative, as the largest and cldest national parks
are found in this zone ((Abdulaziz et al. 201% Usman and Adefalu
2010).

Although, several data sources exist that can help answer questions
about national or statedevel land degradation, the MODIS data from
Famine Early Warning System (FEWS) has proven useful for character-

izing land especially when coupled with other relevant
datasets (Funk et al, 20 n) The 230 « 250m spatial resolution used in
our analysis makes a case for a critical of land degradati

ungTMATlndMDDldau.udtmmewmdhdlmﬁlme
especially for local level Thus, th 1

the savannah, which mvariably reds the hs' p ial to
provide ecosystems services because of the poor of
savannah vegetation (Macaulay, 2014; Zhang et al _:mo).s:sd:hum

pressures usually have immediate or direct impacts that can trigger
noticeable degradation in that they place huge demands on the

cwbyqﬁnauulnbnnumdlmdnandluundﬂusntmd
data may lead to a better identification of land degradation and im-
provements in some areas. However, one has to keep in mind that

savannah and its resoarces (Osborme et al.. 2018). Among such pr
are agricultural expansion, wurbanization, and wood fuel extraction,

1-2 data of Nigena is only available from 2013 on, and frequent
cloud cover, particularly during the rainy seasons, may lead to sub-

including deforestation and overgrazing, doc d | of
land degradation in Nigeria (C11.5S, 2056 Ighawua et al, 20168). Ac-
cording to our result, the pervasive degradation in the NGS is mainly
uundbymaﬂ:agncultmlmmu(uwx \s")) fnd:dby
huge food and land d d from the i
lmfhe!ptmmmnhekmolblmand«wyummu.
leading to impoverishment (Macaulay, 20145 ghawua et al "r-lc).om

ial data gaps in a long-term time series. In addition, we hold that
i hnd‘ dation with the NDVI greenness trend does not
d | inguish b different vegetation types and plant
speas(lnu.-:ct al, 2014), which leaves the current analysis open to
future refinements. Mareover, our study period does not adequately
reflect much of historical events such as the drought of the 1970s and
1980s but rather the period after severe drought has receded (Nicholson

results thus provide additional, direct evidence of ongoing and etal, 2018). Thus, our results can be improved through ground truthing,

hlddemmmgame,ﬂwmﬂulndemno_.r n dditianal kand use/fand cover infi son, or even by including novel

hdqldllymothcrp.uonbcm This indicates the urgent need to mduv:rnt: statistical indices (see e.g. Coluzzi et al., 2019). Such re-
juced land degradati ll:n:nﬂh:NGs. pecially in h , for financial and logistical reasons, remain beyond

nusmdxumunme.whu:hnr ly exp ing degradati the scope of the current study.

on more than half its territory.

Degradation caused by human activity is also particularly severe in 5. Conclusions

and around protected areas (see Fig n-nds;lwhmmrvﬁh.n;x 54

.rds‘).'nnns icularly g b people are technically Our study provides evidence of ongoing land degrad inNig

mot permitted to enter pi d areas. , these protection rules Guinea Sa h by g degradation and impr trends

are app ly inadequately enforced (Abdulaziz e al, 2013). The based on satellite imagery captured between 2003 and 2018. We have

Zugurma sector of the Kainji Lake | Park, for ple, is clearly

affected by kand degradation (Figs <2 and ca), suggesting encroachment
pressures and threats to protected areas from local users

dsamngledlmmdmﬁlhndwedd&cnumntbeymym
have d to analyze ch in the p hetic activity of

it J 2 7

3

(Ducrotoy «t al.. 2018 Nchor and Ogogo. 2012). Enforcing protected
area status is thus required to tackle these negative human impacts.
Thus, there is a need for field level studies to identify in detail which

vegetation.
We find that the annual mean NDVI and annual NDVI anomalies
observed in the NGS between 2003 and 2018 show a clear declining
trend. Overall, a total of 38% of the NGS land area has experienced

land use practices and human acti drive land degradation (Kundu degradation, while 14% has experienced improvement and the
et al., 2017), particularly along agro-ecological context of Nigeria (i< remaining 4nlppmsm be subk_ In addition, we have determined
jika Speranza et al, 2019). that land d ! s vy both ide and inside protected

The noticeable improvements in some of the states, mostly thase mnumnmtyappnnwbethednwfuumummg
bmdamgﬂusndns:mnahunbetu&dmhd- 2 getati :oohlommandmddauepmmedmm
prog! such as affor ion and refi with local species, generally, after correcting for the p of rainfall
Fig. 6. (a) A degraded, thinned patch (froat) of typical h ion (background) in Zug sector; (b) 2 mix of degraded land with few bushes and trees

Mnmuwnmmmwwhmln
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variability, we find that unsustainable human activities are presumably

the main force behind large-scale degradation in the NGS.
mmwm&enedhfmnmmme

lodmdmmnnﬂehmmnuumd lated of

Revoste Seusing Appiicethons: Sociery and Envirosent 19 (2020) 106360

Desrell, AL, Evema 2P, Lin, Y., 2017, Detecting dryland degradatson ustag thne series
segmentason and restusl trend snalysds (TSSEESTEIND). Ko Sens. Paviron.
197, 43-57. tetpe Aok sy 10 JDIA/ ) aee INLT 00 OT8

CILSS Comiie Permanent Inter-otats So Lutts conerw la Secheres duxs je Sabel, 2010

h kand degradation. Understanding the extent, severity, and
hotspots of land degradation in the zone ultimately requires improved
knmowledge of the spatial mix of land degradation drivers. Mare impor-
mhﬂqﬁnymlhenos.p‘mhiymtbmandm
where the need to maintai status of
by i ing bu imp This knowledg upundnrlympum
for p ing natural vegetation and addressing ongoing kand degra-
m:.mmmy,mmwmmmw
s suitable for evaluating land degradation in a beavily-degraded
dryland ecosystem.
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Abstract: The Nigerian Guinea Savannah is the most extensive ecoregion in Nigeria, a major food
production area, and ins many biodiversity protection arcas. However, there is limited under-
standing of the social-ecological features of its degraded lands and potential insights for inabl
land management and governance. 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—d4 environmental;
3 socio-economic; and 5 land-use management practices, the identified archetypes were intersected
with the Moderate-Resolution Imaging Spec diometer (MODIS)-derived land-degradation status
of the region, and the state admini ive b daries. Nine archetypes were identified. Archetypes
are dominated by: (1) protected areas; (2) very high-density population; (3) moderately high nforma-
tion / knowledge access; (4) low literacy levels and moderate-high poverty kevels; (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 remote from a major road. Four archetypes
characterized by very high-density population, moderate-high information/knowledge access,
and moderate-high poverty kevel, as well as remoteness from a major town, were associated with
61.3% large-area degradation; and the other five archetypes, covering 38.7% of the area, were respon-
sible for small-area degradation. While different 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 shares of the archetypes. To deal with these archetypical f policies and
practices that address increasing population in combination with poverty reduction; and that create
awareness about land degradation and p t inable practices and various forms of land
restoration, such as tree planting, are nec v for progressing to is land-degradation neutrality
in the Nigenan Guinea Savannah.

Keywords: archetypes; self-organizing maps; land degradation; drivers; savannah; Nigeria

1. Introduction

With increasing global population, environmental change, and competing claims on
land, the need to maintain land productivity and reduce land degradation has become even
mare critical. Various global initiatives reflecting this urgency include the United Nations
Convention to Combat Desertification (UNCCD) goal of achieving a Land-Degradation
Neutral (LDN) World [1]; the African Forest Landscape Restoration Initiative (AFR100)
aiming to restore 100 million hectares of land in Africa by 2030 [2]; and the Great Green
Wall Initiative across the Sahel [3]. Yet, land degradation (LD), i.e., the persistent reduction
(negative trend) or loss of the biological productivity or ecological integrity of land or its
value to humans, remains a diverse and complex issue [4,5].

The African Savannah is among the globally threatened landscapes [6], where climatic
and edaphic conditions, as well as human activities, constrain vegetation regeneration [7 5],
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In West Africa, the savannah ecozones are prone to LD and experience both anthropogenic
and non-anthropogenic pressures [7,9]. These expose its 353 million inhabitants and their
livelihoods to various impacts such as decline in ecosystem services, food insecurity, migra-
tion, and civil conflict [5]. In Nigeria, LD cases across its agroecological zones are mostly
triggered by a singular factor or a combination of factors, which include: desertification, de-
forestation leading to biomass loss, land pollution caused by oil spillage and illegal mining,
as well as extensive soil erosion [10]. Thus, agroecological zones like the Nigerian Guinean
Savannah (NGS) are experiencing pressures from urbanization, agricultural expansion and
an increasing population that is largely dependent on land resources for livelihoods [11,12].
The NGS, covering 49% of Nigeria, is widely degraded, its ecosystem services continue
to decline, and livelihoods remain precarious [11,12]. Unsustainable land use and climate
stress have been implicated in this widespread degradation [11,13-15]. While the indicators
of LD drivers, their interplay, and implications at scale are generally acknowledged [14,16],
there is a lack of knowledge of the constellation of factors characterizing specific degraded
landscapes, such as the NGS, and their interplay [11]. The explanations of several studies
in the NGS on LD drivers are often without an integrative perspective capable of exposing
the interactions between potential LD drivers [16,17].

Recent studies thus stress the need for an integrative approach to enable a better
understanding of the constellation and interplay of LD drivers in land systems [14,17].
One such integrative approach is archetypical clustering for identifying recurrent patterns
in land conditions [15,19]. Archetypes, i.e., patterns or processes that occur repeatedly
across space and time [19,20], have been found to provide a more holistic understanding of
land system processes [20]. This understanding enables comparability across cases and
helps identify strategic policy options to address land management across scales [15-20].
Archetype studies have been conducted on food security in the Peruvian Altiplano [21];
institutional analysis and climate change in the Peruvian Andes [22]; national analysis of
ecosystem services in Germany [23]; water governance of river basins [24], and global land
resources management [25]. An archetype approach thus helps to illuminate the associative
patterns and influence of the complex drivers of global changes (such as LD) that have
often been treated in isolation [19,20,25].

This paper thus aims to identify the characteristic patterns of social-ecological factors
associated with LD in the NGS and to analyze the implications of the identified LD
archetypes for land governance and sustainable land management (SLM) in the region.
In the subsections, the description of the social-ecological conditions in the NGS, the study
methods and hypothesis, the archetypical patterns of drivers, their thematic, and spatial
characterization, including the links to different levels of LD, and the implications of the
archetypes for land governance and SLM in the NGS are presented.

2. Materials and Methods
2.1. Study Areq

The Nigerian Guinea Savannah (NGS) (Figures 1 and 2) is an ecological region found
between 6.50°N and 9.62°N, 2.77°E and 13.18"E. Occupying central Nigeria, it is the coun-
try’s most extensive ecological zone, referred to as the Middle Belt of Nigeria. The zone
consists of parkland savannah, gallery forests, and derived savannah, including distinc-
tive montane vegetation [26], with tropical dry and wet seasons. Rainfall in the wet
season (April to October) is about 1240-1440 mm. The dry season lasts from November
to March [27]. Average maximum annual temperature varies from 31 “C to 35 °C while
the average minimum ranges from 20 “C to 23 °C [27]. The region is broadly divided into
two sub-regions based on distinctive vegetation types, namely the Southern and Northern
Guinea Savannahs. The Southern Guinea Savannah has taller trees, such as locust bean
tree (Parkia biglobosa), and grasses such as Gamba grass (Andropogon gayanus); while the
Northern Guinea Savannah is characterized by bush with some trees (e.g., Isoberfinia spp.)
and relatively shorter grasses (e.g., Hyparrhenia spp.) [27]. The NGS has a high level of
fauna and flora and hosts major perennial rivers such as River Niger and River Benue. Sub-
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sequent years of uncontrolled deforestation and poor land management has transformed
the zone largely into a degraded landscape (Figure 2) [12].
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Figure 1. Map of the Nigerian Guinea Savannah including the adminsstrative boundaries of states (Adapted from [26]).

Figure 2. (a) Landscape showing a degraded patch of the Nigerian savannah vegetation in Shiroro kocal government area,
Niger state, Nigeria; (b) a mix of degraded land with few bushes and trees interspersed in Borgu local government area,
Niger state, Nigeria. (Source: own fieldwork, 2019).

2.2. Framing Land-Degradation Drivers

In this study, LD drivers were understood as determinants, i.e., reasons, factors, or ac-
tions, shaping the rate of human activities, leading to a decision to remove or reduce vegeta-
tion cover thereby causing a decline or loss of land resources’ productivity [14,25]. Factors
prompting LD are broadly categorized either as proximal or underlying drivers [16,17,29].
Proximate drivers are human activities or immediate actions, including the decision to di-
rectly use or alter the land cover [14]. Underlying drivers include indirect or underpinning
factors, such as socio-economic factors (e.g., poverty) and biophysical factors (e.g., topo-
graphic variables) that trigger proximate causes of LD [14]. Based on literature [17,258,29]
and a report on the LDN target for Nigeria in 2018 [20], three main categories of LD drivers
of the Nigerian Guinea Savannah Archetypes (NGSA) namely: environmental, socio-
economic, and land-use management practices were identified. Based on the available
spatial and remote sensing data, 12 drivers comprising three environmental, four socio-
economic, and five land-use management practice categories were selected (Table la—).
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The processes through which the variables (whether as proximate or underlying drivers),
drive the LD are explained in Table 1a—.

2.3. Datasets Selection

For this study, factors were considered based on their influence on land-use decisions
and LD [16,29,31] (see Table 1 for details). Climatic variables such as rainfall were not
included because human-induced activities are the prevailing cause of LD, especially in the
NGS [11,12]. However, human-induced drivers are better managed than climatic drivers
of LD[11,32].

23.1. Land-Use Management Practices

Land-use management practices have been linked to degraded land in Nigeria through
land clearing and conversion including intensification [13]. Other unsustainable land-use
management practices include rapid agricultural expansion, uncontrolled bush burning,
deforestation, excessive wood extraction, unplanned infrastructure extension, and urban
development, including overgrazing [12,13,33]. For this study and based on spatial data
availability, data on land-use management practices were acquired and processed, respec-
tively. The fire-occurrence density was derived from the National Aeronautics and Space
Administration (NASA) active fire hotspot data of 2018 (firms modaps eosdis nasa gov)
after running a spatial point-density analysis of the active fire spots at 250 m resolu-
tion. The livestock grazing intensity data for 2005, developed by Harvest Choice in
2018 (www.ifpri.org/project /harvestchoice) was used. The generated distance to the
major road in 2016 for Nigeria, at a resolution of 3 arc-second (approximately 100 m
at the equator) was acquired from (www.worldpop.org/project/categories?id=14) [34].
The Euclidean distance analysis of the extracted major town polygons from Google Earth
(www google.com/earth /) was used to determine the distance to major towns at 250 m
resolution. Using the International Union for Conservation of Nature (IUCN) recognized
protected area polygon for Nigeria (www protectedplanet net/country /NGA), the den-
sity of the protected area at 250 m resolution across the NGS was generated through
point-density analysis.

232, Socio-Economic Drivers

Demographic and socio-economic factors such as population density, income, poverty,
and illiteracy are drivers of LD in certain contexts [16,29]. In other contexts, they may
even be drivers of improved land conditions [35]. However, in the case of Nigeria, its over
200 million inhabitants and population density of 226 km? place a huge demand on land
resources [33,36]. Thus, gridded human population density constructed for 2018 in 2020,
from random forest-based dasymetric redistribution at 3 arc-second (approximately 100 m
at the equator) spatial resolution, was downloaded from www.worldpop.org [34]. Male and
female literacy layers of high resolution at 1 km x 1 km gridded cells developed for 2003
in 2017, based on a geostatistics approach [37], were acquired [34]. These are necessary as
they are proxies for access to agricultural extension information, as previous studies show
that limited information on SLM drives LD [16,38]. The poverty headcount in percentages
for Nigeria at 1 km for 2013 mapped through Bayesian model-based geostatistics analysis
was downloaded from www.world pop.org [34], because poverty can foster practices that
cause LD, while LD can foster a poverty trap [35]. These drivers were selected in that they
are known factors that influence decisions on land and SLM LD [28,29,38].

2.33. Environmental Drivers

Land can be sensitive to degradation due to its environmental and physiographic
characteristics, influencing human decisions to use land [31]. Such influential characteristics
include soil bulk density (BD), elevation, and slope [13,39]. For this study, the already-
processed NASA Shuttle Radar Topography Mission (SRTM) based slope and elevation
for Nigeria by [40] at a resolution of 3 arc-second (approximately 100 m at the equator)
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produced for 2020 was acquired from www.worldpop org [34]. The spatial mapping of the
bulk density (BD; soil compaction) in 2018 at 250 m resolution from 0 ¢cm to 30 cm depth
were downloaded from www soilgrids org and then averaged to give the overview of the
BD for the study area [41-43].

2.4. Methods
24.1. Conceptual Framework

The workflow in Figure 2 was applied to the 12 drivers (Table 1a—c), which served as
inputs for identifying archetypes. The intermediate outputs from the framework, such as

correlation between drivers including cluster features, can be found in supplementary
material Figures S1-55.
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Figure 3. The conceptual framework

2.42. Identifying Archetypes of Land-Degradation Drivers Using Self-Organizing Maps

To develop the Nigerian Guinea Savannah Archetypes (NGSA) of LD drivers, the
12 driver datasets were clipped to the boundary outline and resampled to a 250 m pixel
size, using the nearest neighbor technique (Figure 3, Box 2), and then projected to a
uniform coordinate system (i.e., Minna/UTM zone 31N). To enhance the clustering of the
datasets, data were normalized (Z-score) to reformate into a common scale (Figure 3, Box
2). Correlation was calculated to identify relationships between the drivers (Figures S5 and
S6) and the extent of interdependencies among the dataset that might limit the analysis.
Then the Kohonen Self-Organizing Map (SOM) technique was applied to generate a single-
layer map of the archetypes of LD drivers [54]. The SOM approach involves organizing
data (in this case, the 12 spatial datasets) into patterns based on their inherent similarities
and dissimilarities into different groups [54,55]. By testing the different combinations
of clusters and using a performance analysis involving both the Davies-Bouldin index
and the mean distance of the classified grid cells [23,25], nine clusters of LD drivers were
identified as archetypes (see supplementary material, Figures S2-S5). The Z-score, i.e.,
standardized score from the SOM, was used to examine values of each driver in terms of
distance from the mean and to explain the clusters. A Z-score that is equal to the mean is
zero, while positive and negative Z-score, i.e., greater than or less than zero, depict distance
way above or below the mean. Through an ordinal scaling, the relative standing of the
Z-score from the mean was ranked. If the Z-scores = 0, this implies mean/low influence
of a driver; Z-score < =1 = moderate influence; +1 < Z-score < +2 = high influence; and
Z-score > £2 = very high influence, respectively (Figure 3, Box 3). From the absolute
values of the Z-scores of each cluster, the percentage dominance categories in the clusters
were determined [23] (Figure 3, Box 3).
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Table 1. List of driver’s datasets for the development of archetypes.
(1a) Land-Use Management Practices
Variables Type of Driver Explanation Hypothesized Effect References
Fire occurrence density Uncontrolled fire occurrences and bush burning N
desived from active fire Proximate destroy soil and biomass, leading to LD—while T"m‘m&ﬁm“‘x’g“mmm [44-46]
and hotspot data controlled fire could be a management strategy. oy s %
Overgrazing due to higher livestock intensity leads to
Livestock grazing . LD, especially when the threshold limits of the support  The higher the livestock grazing density, the higher the LD. 47,481
intensity Ryt systems are exceeded, while lower livestock intensity  The lower the grazing density, the less the LD, 147.48)
does not Jead to LD.
Roads are a of P
that enhances access to markets and extension services.  Proximity drives LD because nearer forest patches are easier
» 1 . For instance, a good access road encourages land to clear, while arcas far away are not affected. The farther an 20,38.44
Dt o o o A wialon, chucthiy (e apoescd and thie Boptlon oF©  ases b9 a amaje wad, Hh leas B LT): thes Choste o a maajos ok, -1 ooreo)
land P ices, while inad access the more the LD.
discourages land conversion.
Land that is close to major towns i prone to LD : x anu:‘bn hw'hhhm{h o
Distance to major towns  Proximate / Anthropogenic  pushed by urban development; while land that is far i % 116,17,29]
3 2 . towns are more likely to degrade due to expanding
from major towns is less prone to conversion and LD, &
and (e.g., wood).
I 4 It Human pressure that causes LD is more severe on Protected areas are less prone to degradation due to their = &
S 2 unprotected land than on protected land. protected status, 15051
(1b) Socio-Economic Drivers
Variables Type of Driver Explanation Hypothesized Effect References
Population density can trigger better land r "‘““’::‘"“’“""..y i """"ﬁ“l = “'N;LD" i e
Population density Underlying management, but can also lead to LD due to overuse or ._‘ Pu = D800 X 2 N [16,1735)
z poor management. the higher the pop density, the higher the
LD. The lesser the population density, the kesser the LD.
High literacy indicates better access to information or
ge for making inf d decisk while low  The higher the literacy of women /men, the better the access to
Female/Male Literacy Underlying literacy may limit people’s ability to und: n bating LD; the lower the literacy of 138]

available information—hence they are likely to make
poorer land and i decisi

B
women /men, the lesser the access to such information.
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Table 1. Coni.
Variables Type of Driver Explanation Hypothesized Effect References
Diverging evidence. Poverty and LD are intertwined:
while poverty could trigger LI, LD could exacerbate )
pvecty fand - likely togive ap The higher the poverty, the more the prevalence of LD due to
Poverty head count Underlying P |.u-|al m""'m “"ﬁ’; - m’"":mm various intervening factors such as lack of capital and labor to [16,29,35]
o ! powertul . in bacal et S and fersre.
users, for example losing their land to large-scale land
investments for monocultures,
i1ch Environmental Drivers
Variables Type of Driver ‘Explanation Hypothesized Effect References
Slope influences land-use decisions. Steep lands are X
i avakdied) Far o sine acErvilics ouch ax The steeper the slope, the more susceptible to LD, but the less
Slope Proximate cultivation. Howeves, cultivation on non-terraced waill e £ bl sdtoactorenes b yme, The Jem ciesp the
and vergrazing can catioe LT such as slope, the less susceptible to LD but the more the
r and wind ion attractiveness for land-use adivities.
Sails with low bulk density have favorable conditions  Low soil bulk density encourages tillage and crop cultivation,
Bulk Density (B} Underlying in terms of soil pore space, texture and organic matter  while high soil bulk density discourages crop cultivation. The [41-43]

Elevation /Topography  Proximate / Anthropogenic

content that influence the choice of land for crop
cultivation and biomass clearance.

Land uses such as farming, which promote
degradation are often practiced on flat terrain while
rough or high hilly terrains are avoided. Hence, fat
terrains are more likely to be exposed to land-use
pressure from crop farming.

higher the bulk density, the higher the LD; The lower the bulk
density, the less the LD.

The higher the elevation, the mon: susceptible is the land to
LD such as erosion, but the less the land's attractiveness for
use. The lower the elevation, the less susceptible is the land o
LI, but the more attractive for land use because of soil
attributes such as deeper soils.

[16,53]
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243. Linking Arche of Land-Degradation Drivers to State Administrations and

In a previous study by [11], LD status was captured using rainfall-corrected vegetation
greenness as a proxy (Figure 3, Box 4). By overlaying the archetypes cluster (Figure 3, Box 3)
with the LD status of the area (i.e., degraded, stable, and improvement) (Figure 3, Box 4), the
percentage share of each archetype per LD status was determined. This enabled the grouping
of the nine archetypes as undergoing large-area or small-area degradation, respectively. Thus,
archetypes with area coverage <10% of the total degraded area have a small-area degradation,
while archetypes with area coverage >10% of the total degraded area are classified as large-
area degradation clusters [56]. Through spatial overlay [23], the linking of the archetypes
with the states” administrative boundaries to determine the share of each archetype per state
was possible (Figure 3, Box 4). The emerging results were used to explain and discuss the
implications for land governance and SLM in the NGS (Figure 3, Box 5).

3. Results
3.1. Land-Degradation Status

Using Normalized Difference Vegetation Index (NDV1) as a proxy for degradation
status, Fgure 4 shows the spatial distribution of LD in the NGS by [11]. About 38%
(251,401 km?) of the NGS is degraded, while 14% (91,258 km?) and 48% (319,470 km?)
show improvement and remain stable, respectively. While improved and stable areas are
mostly found in the north of the NGS and to a certain extent in the south of the NGS,
large-area degradation is predominantly found in the centre of the NGS, ranging from its
north-western to its eastern border.

re wr
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Figure 4. Land-degradation (LD) status for the Nigerian Guinea Savannah (NGS) (Source [11]) using Normalized Difference
Vegetation Index (NDVI) as a proxy after correcting for rainfall.
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3.2 Land-Degradation Archebypes

In this section, the archetypes and how they can improve the understanding of LI
in the WGS are presented. Figure 5 displays each archetype according to the percentage
contributions of driver categories, while Figure & shows the spatial distribution of the
archetypes. Based on the 12 input drivers, nine archetypes of LD drivers were identified
{Figure 5). Five archetypes were dominated by land-use management practices (NG54 1,
MGSA 5-8), and three dominated by socio-economic drivers (MGSA 2-4), while NGSA @
was dominated by environmental drivers {Please refer to supplementary material, Table 51
for a description of the archetypes).

3.3. Spatial Distribution of Archetypes

The spatial distribution of the nine archetypes of LD drivers is shown in Figure 6.
In Table 2, a brief description and share of each archetype in the NG5 is provided.

From Table 2, six clusters (WGSA 2-5, NGSA 7 and NGSA 9) with individual total
areas greater than 10% cover 78.5% of the total area, while the remaining three archetypes
with individual total areas smaller than 107% of the area cover 21.5% of the NGS.
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Figure 5. The Z-=oore normialized values of drivers characterizing the nine archetypes of LD drivers, {zero depicts the mean
fior the MGS; the percentage contribubion of drover categories into archetype dusters i presented in the boxes: red: land-use

management practice; blue: socio-economic; green: environmental drivers).

81



Remote Sens. 2021, 13, 32

10021

¥ o
e -
>y e
re =
” 3
N n
L L Jd
BOM Unk B veeeton cavmtyys i i aam e

RGIA | rewTe comie mag by 30w anu R B L P T TR PO P |

KCIA24vemipe comir s by sy P coul, pega wkr D HCZATArmmipe cormmed by oery 5h sarcc<derdy
re RUsA gL wdns torm s e smesabh bl sbasa s vsansones || KisAEGra e coim At e vm s pme s b e s roah e d ke &

BGTAS T wpe comieras by oa S el ard medwass £ 50 sers ool [ Hiean et e covm st g e me ) s e T g )

vr

wr

Figure 6. Spatial charactenization of archetypes of LD drivers. See supplementary material, Section 6 for the full description

and ranking of the archetypes in relation to administrative and land status.

Table 2. Description and share of the archetypes of LD drivers.

sOM Brief Description

Area Share (%)

Areca Share (km?)

Archetype dominated by p ted areas: Areas with very

high numbers of protected areas that are associated with the

moderate-high influence of elevation, bulk density and

hagh literacy.

Archetype dominated by very high-density population:

NGSA 2 Areas with very high population density and with minimal
mfluence of livestock and high fire activities.

NGSA 1

i3

14412

67,169

Archetype dominated by moderately high
information/knowledge access: Mainly arcas with a
moderately high level of both male and female literacy,
mcluding fire-occurrence activities but with low poverty.

NGSA3

124

£
n
B

Archetype dominated by low literacy level and
moderate-high poverty level: Arca characterized by
moderate-high poverty and minimal fire activities, but with
low levels of both male and female literacy.

Archetype dominated by rural Highly
dominated by land-use management practices and remote from
major towns but with a moderately low population density,
protected area prevalence, and low livestock density.

NGSA 4

NGSAS

20.1

101

88,036

44408

Archetype dominated by t from a major road:
Highly dominated by land-use management practices, which

NGSA 6 occur at a far distance away from major roads with moderately
high poverty and hiteracy but with moderate fire and livestock
activities.

87
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Table 2. Cont.

SOM

Brief Description

Area Share

Area Share (%) Gm?)

NGSA7

Archetype dominated by very high livestock density: Arcas with
a very high liv k density and moderate levels of other drivers.

101 44,044

NGSA B

NGSA 9

Archetype dominated by moderate poverty level and nearly
level terrain: Collectively driven by all drivers’ categories but fairly
dominated by land-use management practices, but with a moderate
elevation and moderate influence of bulk density and poverty.

Archetype dominated by very rugged terrain and remote from a
major road: Areas with moderate clevation, high slope, and distant
from the major road.

94 41,297

105 45,880

100.00 438,046.88
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-

=S

—
wn

-
=

wn

%% of associated land degradation status

3.4. Categories of Archetypes According to State Administrative Boundaries and LD Status

3.4.1. Degree of Land-Degradation Status per Archetype

Figure 6 links the archetypes with the LD status (degradation, stable, improvement;
Figure £), to highlight their proportions and potential interplay (Figure 7). Four archetypes
with very high population density (NGSA 2), moderate-high information /knowledge access
(NGSA 3), and moderate-high poverty level (NGSA 4), as well as NGSA 5—very remote from
a major town—are associated with 61.3% of the large-area LD, while the other archetypes
account for 38.7% of small-area degradation (Figure 7). Six archetypes—NGSA 2 to NGSA 5,
as well as NGSA 7, with very high livestock density, and NGSA 8 with dominant land-use
management practices and nearly level terrain—are responsible for 78.4% of the large-area
stable status and the other archetypes for 21.6% of the small-area stable status (Figure 7). For
the large-area improvement, six archetypes, NGSA 2 to NGSA 4 and NGSA 7 to NGSA 9
with rugged terrain, i.e., very high slope and moderate elevation, covered 78.77% while other
archetypes account for 21.3% of small-area improvement (Figure 7). For the complementary
table, see supplementary material, Table S3; and Section 6 for the full description and ranking
of the archetypes in relation to LD status.

Large aren deprucabion:NGSA 2- 5
Small arca degradation NGSA | & 6-9

2 3 4 5 ) 7 8 4
Archelype (NGSA)
®mDcaradation ¥ Stable @ Improvement
Figure 7. Archetypes in percentage of associated LD status (For full perc ges, see suppl y material, Table S3).
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State
=
E

mNGEA L

342 Share of Land-Degradation Archetypes per State Administration Unit

State administrations manage land within their jurisdictions, hence they influence
land-use decisions in Nigeria. Figure 8 shows the percentage share of the archetypes
within a state’s boundary (for the complementary table, see supplementary material,
Table 52). Seven states, comprising Bauchi, Kaduna, Kwara, Nasarawa, Niger, Flateau,
and Zamfara have all the nine archetypes. While four states, namely Benue, Kebbi, Taraba,
and the Federal Capital Territory (FCT) are covered by eight of the nine archetypes. The
remaining states have an uneven combination of all archetypes, with the portion of Abia
state found within the NGS only embodying one archetype (e, NGSA 2). The five
states comprising Miger (40.5%), Oyo (29.6%), Kwara (24.4%), Massarawa (18.6%), and
Ekiti (17.6%), have the largest shares of the archetype of NGSA 4, ie., a moderate-high

poverty level. The supplementary material Table 52 contains the grouping of the archetypes
according to the state administrative units.

g
g
&

Shared Perecarage (%)

s NGEAZ mMNGSAY wDGEAY wNGEAS wNESAG wNGEAT wNGEAE »NGSAS = Cunide MNGS

Figure 8. Share of LI} archetypes by states i the NGS. Note: shares outside the NGS, that were not amalyzed, are in grey.
{For full percentages, see supplementary material, Table 52).

4. Discussion
4.1. Understanding the Archetypes of Large-Area Degradation

Areas identified to be under large-area degradation are archetypes with more than
10% of their areas experiencing biomass degradation (MDVI). Four major archetypes of
large-area degradation were thus identified (Figures 5 and 7). Out of these, NGSA 3,
with prolonged cases of fire cccurrence, and MGSA 5, with rural remoteness from a major
town (Figure 5), highlight land-use management practices as the drivers of large-area
degradation in the NGS. NGSA 3 thus confirmed studies that have implicated fire-related
activities such as charcoal making, farming, and hunting with bush bumning as causes
of LD [57,58]. The dominant characteristics of NGSA 5, on the other hand, contradicts
the notion that land areas closer to major towns are more prone to LD than those farther
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away [16,17,29]. NGSA 5 rather reveals the rural areas and natural resource users in remote
areas who adopt unsustainable land-use practices (of NGSA 3), such as continuous bush
burning and deforestation, trigger LD [59].

Apart from archetype NGS 5 with high remoteness from a major town (Figure 5),
the other three, ie., archetypes with very high-density population (NGSA 2), moderately
high information/knowledge access (NGSA 3), and moderate-high poverty level (NGSA
4), are dominated by high percentages of socio-economic drivers. Thus, socio-economic
factors are major underlying causes that indirectly push other proximate drivers of large-
area degradation in the NGS [29,60,61]. With the low population density of three (NGSA
3-NGSA 5) out of the four archetypes experiencing large-area degradation, high poverty,
and low literacy, this factor can be inferred to be associated with large-area degradation
in the NGS context [59,01,62]. This confirms studies such as [62,03], who reported that
poverty intensifies a tendency to change vegetation cover, as many people deplete natural
vegetation for fuel, food, and as a source of income because of fewer or no alternative
livelihood options. This invariably points to the areas with high poverty and low pop-
ulation density, i.e., rural population, covering the northwest central and northeast of
the NGS, encompassing the states of Kebbi, Niger, parts of northern Kwara, FCT (mainly
around Abuja, see the area illustrated in Figure 5), and parts of Nasarawa, Plateau, Taraba,
Kaduna, and Adamawa states, which have experienced extensive degradation [11]. Al-
though, NGSA 2 with a very high-density population, hints that urban areas, with their
high population density, are also associated with large-area degradation in the NGS, the
degradation is not as extensive as in the low-population-density remote areas. Therefore,
this result deviates from the general notion that a high-population density is the main
cause of LD in Nigeria [13,33]. Hence, a high population density alone does not drive LD
without certain complementary factors, such as poverty, illiteracy that restricts information
or knowledge access, and poor national policies that are prevalent in Sub-Saharan African
contexts [64]. Therefore, the three socio-economic sub-drivers—poverty, literacy and pop-
ulation density—are core interrelating drivers in large-area LD, that require attention in
addressing LD in the NGS [29,62,65].

While the percentages of land-use management practices and socio-economic factors
dominate as potential drivers of large-area LD, specific environmental drivers of the
archetypes also underpin the large-area LD (Figure 5). The nearly level terrain condition,
ie., low-elevation-flat terrain of the four large-area archetypes, is known to encourage
land cultivation in Nigeria [13]. In addition, the characteristics of low bulk density of
NGSA 2, NGSA 3 and 5, and the high bulk density of NGSA 4 with moderate-high poverty
level also highlight soil characteristics that encourage large-area degradation [42,43]. The
low bulk density archetypes signify few areas in the southemn part of the NGS with
suitable soil for cultivation. The archetypes characterized by high bulk density on the other
hand correspond to areas with the highest impact of agricultural management practices,
such as machinery and high cropping impacts [42]. This represents 23% of the large-area
degradation archetypes, and in tum reflects the widespread LD due to the high agricultural
engagement by the rural dwellers in the zone [63].

4.2. Understanding the Archetypes of Small-Area Degradation

Five archetypes of small-area degradation were identified, that is, archetypes where
degraded areas are less than 10% of the archetype area. LD and their drivers thus differ
locally and are context-specific [5,60], and an archetype approach can help identify the socio-
ecological contexts [66]. From the five small-area archetypes, three archetypes identified
with very high presence of protected areas (NGSA 1), that are very remote from a major
road (NGSA 6), have a very high livestock density (NGSA 7), and have high percentages of
land-use practices (Figure 5). While the NGSA 1 reflects its conservation and restricted use
status, the additional association of NGSA 1 with high and rugged elevations like NGSA 9,
further explains its small extent of degradation. However, with its low proximity to major
roads and major towns, degradation in protected areas as captured in NGSA 1 call for an
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investigation into the specific activities driving degradation in protected areas, such as
encroachment by human activities [11,63], despite government regulations, particularly
around communities that host protected areas [67,63].

In archetypes NGSA 6 and NGSA 9, the small-area degradation is highly driven by
non-proximity to a major road, without much influence of other sub-drivers (Figure 3).
Nearness to major roads is a measure of infrastructural development that influences acces-
sibility and the spread of land-use management practices, including information [69]. Thus,
NGSA 6 represents remote areas with restricted access, which can hamper the propagation
of sustainable land-management initiatives [20,25,40]. As in NGSA 1 and NGSA 6, the
very high livestock density configuration of NGSA 7 (Figure 5) is also associated with
small-area degradation (Figure 7). The Guinea savannah in particular is currently under
pressure from high grazing activities because the Sahel and Sudan savannahs have been
extensively degraded by overgrazing [15,70], leading to competition for grazing resources
and conflicts in the region [71]. Overgrazing has been associated with the disappearance of
the typical savannah vegetation and the emergence of the Sudan-Sahelian Savannah in the
NGS [15,72]. Thus, from the combination of drivers above, there is a critical need for an
improved management of grazing resources, protected areas, and the governance of land
resources in the NGS [11,36,68]. While all small-area archetypes are mostly dominated by
the land-use management drivers, NGSAs 6 and 8 are the only small-area archetypes that
are distinctly driven by the socio-economic drivers characterized by areas with low popu-
lation density, i.e rural population with corresponding moderate information/knowledge
access. Unlike other factors, poverty (high or low) is not a distinctive feature of these
archetypes (Figure 5), hence this study cannot confirm the notion that ‘the higher the
poverty, the more the degradation” held by many studies of small-area degradation [3§],
as noted Table 1. Considering that poverty is widespread in the NGS, there is a need for
integrating other social-demographic and social-relational data for a better understanding
of the interactions between poverty and LD.

4.3. Archetypes and Policy Insights

As multiple factors are associated with LD, policy interventions aimed at achieving
SIM need to be inter-sectoral. However, many policies in Nigeria, such as the Nigerian
National Agricultural Policy, focus on single sectors and often do not have LD reduction
as a primary objective [10]. Key policy topics related to these findings are sustainable use
and management of natural resources, poverty reduction, environmental awareness and
education, strategy to reduce dependence on land and natural resources for livelihoods,
and inclusion of LD in land-use planning.

With the extensive LD in the NGS, policies for the sustainable management of natural
resources including water, sail, and biodiversity, as well as their coherence, are essential [73].
While several response programmes such as the Nigeria National Policy on Environment
are promulgated to address activities that cause LD [74], they remain reactive without
an effective scaling up to tackle the drivers of LD. For example, the proposed national
policy on the rediscovery of grazing routes and reserves remains unprepared to address LD
because the advocates focus on the profit and the pressing need to tackle the farmers and
herders clashes in Nigeria [67,71], without a recourse to the fact that spatial developments
in Nigeria have overtaken several historical grazing spaces [67]. The polarized nature
of Nigeria between sectional and ethnic divides further raised several counter notions
with socio-political undertones to such policy moves by the government [75]. This subse-
quently affected the acceptance of related policies such as the 10-year National Livestock
Transformation Plan (NLTP), ranching plan, and open grazing [67]. While it is obvious
that degradation induces competition and tension among natural resources users, policy
decisions on land-based issues require a special focus on LD and land restoration.

Although results did not explicitly show that only low/high poverty is associated
with large-/small-area degradation, poverty contributes to the different archetypes iden-
tified. Nigeria has about 83 million (40%) of its population living below $1.90 per day,
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comprising 52% rural dwellers whose livelihoods are predominantly tied to agricultural
activities [76,77]. About 30 million more Nigerians are expected to be added to the na-
tional population living in extreme poverty by 2030 [77]. Many of the poor depend on
livelihood activities such as charcoal making and hunting with bush buming that promote
LD [57,58]. Archetype NGS 4, which covers the largest proportion of the NGS (20%) and
has moderate-high poverty and a low level of both male and female literacy, is charac-
terized by large-area degradation. Two broad groups of the country’s poverty alleviation
programmes (PAPs) have been identified in Nigeria [75]: (a) the Core Poverty Alleviation
Programmes (CPAPs) such as Better Life Programme for Rural Dwellers (BLP) and Family
Economic Advancement Programme (FEAP), and (b) the Non-Core Poverty Alleviation
Programmes (NCPAPs), which include the National Agricultural Land Development Au-
thorities (NALDA). Such policies had no long-lasting effects [75,79] and did not focus
on the intersections between poverty and LD. Other policies such as the Agricultural
Development Projects (ADPs) and Vision 20-2020 are in a dying state [78,79], with most
interventions aimed at increasing farmer revenue and reducing poverty, and mainly focus
on improving input supply without giving attention to improving land management.

Nigeria has about 56.9% adult illiteracy [50], with variations across states and regions
including urban and rural areas (i.e., urban 74.6% and rural 48.7%). NGSA 3 shows the link-
age of low male and female literacy with large-area degradation. Most farmers and herders
in Nigeria did not finish primary education and are less likely to access and understand the
little knowledge and information disseminated through extension services or lack the re-
sources to access this information themselves [79,51,52]. While the use of mobile phones is
promoted to improve access to information, little or no information is provided on sustain-
able land-use and management. According to [83], technology is necessary to scale up the
adoption of initiatives amongst resource-poor users. With the widespread poverty, weak
industrial presence to absorb the increasing population, and the reliance on the primary
sector, the quest to exploit environmental resources supersedes interest for environmental
protection and management [84]. Hence, pathways to improving land management need
to be sought both outside agriculture (e.g., creating employment opportunities outside
agriculture) as well as within agriculture through improving farmers/herders’ access to
sustainable land management practices as well as motivating their adoption [85].

With the growing LD, effective policy on land-use planning is critical for degradation
response in Nigeria as the current land-use policies and practices do not adequately
consider sustainable land management [10,5]. The historic lapses in the National Land
Use Act (LUA) of 1978 persist, whose focus only recognizes land ownership and promotes
land access without a sustainable land-use plan or governance to cater for the pressure from
the growing population. Calls to review the LUA to give room for a more sustainable policy
for land-use planning and governance in Nigeria [10,12], remain unheeded. A challenging
question is thus: what opportunities can be identified for promoting SLM [10]?

4.4. Archetypes and Sustainable Land Management (SLM)

Based on literature and the study results, sustainable fuelwood management/energy
efficiency, reforestation and afforestation, sustainable pastoralism, and structural land
management measures are potential interventions to address LD.

In Nigeria, over 70% of the population rely on wood fuel for cooking, which is an
underlying driver of deforestation and associated LD [63]. In recognition of the reliance on
fuel wood, sustainable fuelwood management (SFM) is being promoted under the United
Nations Development Programme (UNDP)/Global Environment Facility (GEF) project on
management of fuel wood in mitigating the effects of dimate change such as in Kaduna State,
Nigeria [57,55]. While such initiatives have made some progress in establishing woodlots,
producing energy-efficient cooking stoves, and establishing local forest management com-
mittees, low community buy-in, land tenure, and governance remain key constraints [85].
A review of such initiatives can provide insights on how to improve states’ SLM outcomes
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and out-scale them to other states in the NGS. Thus, SFM has some potential for promoting
landscape stewardship in the region [57,59].

Tree-based programmes also hold potential to reduce LD and remain the principal
focus of restoration programs [90]. Reforestation, afforestation, and agroforestry have been
found advantageous and successful around the world and in Nigeria, particularly in LD
response [?1]. In Nigeria, successive governments at all levels have worked collaboratively
to encourage and implement various afforestation projects [92]. For instance, among the
frontline states of the Great Green Wall Afforestation Programme, tree planning campaigns
with eucalyptus species and shelter belts for sand dune and degradation fixation are com-
monly practiced [74,92]. Therefore, land users in Nigeria can be incentivised to participate
in tree-based initiatives, which have recorded successes elsewhere, such as in Kenya [64],
to reawaken interest in combating LD. Such initiatives can focus on Niger, Nassarawa,
Kwara, and Kogi, including Kaduna and Oyo states, due to the prevalence of large-area
LD archetypes. Agroforestry, a multifunctional practice of cropping with trees and shrubs
on arable land, is also a potential SLM practice that can improve land productivity, is a
low-cost and adaptable tree-based initiative [91,92], that contributes to food security and
land resource conservation [01].

With the evidence of high livestock grazing activities in archetype NGSA 7 (Figure 5),
traditionally, pastoralism is predominantly practiced in northern Nigeria, with southward
movement following the rain and in search of pasture and water during the dry season.
Overgrazing causes LD, and indiscriminate overgrazing has caused negative stereotyping
and fuelled tensions between pastoralists and non-pastoralist-actors, causing loss of lives
and properties as well as communal crisis [67,71]. In some cases, overgrazing by livestock
and excessive open grazing lead to the failure of afforestation programmes, including
severe violation of protected areas across West Africa [67,93]. While pastoralism under
a proper management system is ecologically, economically, and socially viable [94,95],
climate change and poor land management in the face of growing national population and
pressures from neighbouring herding countries make traditional pastoralism unsustainable
in Nigeria [71,93,94]. Studies thus call for controlling open grazing to check indiscriminate
overgrazing and secure livestock production in Nigeria [75,96].

In view of several environmental consequences of the archetype driven by terrain
characteristics, avoiding degradation-prone rugged terrain is key to maintaining the re-
maining biomass of the zone. Investing in SLM structures such as land levelling, terracing,
and contour farming are critical to tackling LD [97,96], particularly on agricultural land-
scapes like the NGS, where engagement in farming remains necessary for livelihood
sustenance [12,13], and biodiversity and natural conditions are threatened largely by agri-
cultural expansion [13]. Terracing and high-altitude afforestation for erosion control, for
example, have been recognized to reduce loss of soil and LD on sloped terrain [99]. Simi-
larly, contour farming and staggered contour trenching, which involves planting of crops
across a slope based on elevation contour lines are also effective for managing degradation
on rugged-steep terrain [99].

5. Conclusions

This study identified nine archetypes of LD drivers in the NGS, which are mostly
dominated by social-economic, land-use management practices, and a slight influence from
environment drivers. Specifically, four archetypes characterized by a very high-density
population, moderately high information /knowledge access, and moderate-high poverty
level, as well as remoteness from a major town, account for 61.3%, 78.4%, and 78.7% of
total degraded, stable, and improvement areas, respectively. LD is mostly evident in states
bordering the northwest to the central and northeast of the NGS, such as Niger state, which
have predominantly large rural farming communities. Besides revealing the LD drivers,
the archetypes characteristics provide a basis for determining and prioritizing relevant
SLM policies and practices such as poverty reduction, creating environmental awareness
and promoting sustainable pastoralism as well as robust land-use planning to strengthen
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land governance in Nigeria. Despite the limitations of spatial data on the driving factors,
the outputs from this study provide a useful guide on how archetypes can serve as a tool for
progressing Nigeria’s LDN through SLM. Like most unsupervised classification techniques,
field validation of the archetypes results is necessary because of the adopted self-organizing
mapping techniques. However, this could not be conducted because mobility limitations
and scarcity of spatially explicit data limited the number of variables that could be used for
this study. As more spahally explicit data on Nigeria and Africa become available, they
need to be integrated in future studies of archetypes as well as validating them with field

observations.
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Abstract

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 of Niger State, Nigeria, this study examines land users’ perceptions
of land degradation and land management measures to address it in the Nigerian Guinea Savannah.
We used the Moderate-resolution Imaging Spectroradiometer derived Normalized Difference
Vegetation Index as a proxy for degradation status, selecting 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. Through key informant interviews, we collected
narrative insights and data on perspectives and motivations of land users to understand land
degradation situations and to interpret the questionnaire surveys. We analysed data through
descriptive and Principal Component Analysis and qualitative analysis. Our analysis identified four
perceptions dimensions of land degradation characteristics, two perceptions dimensions of land
degradation drivers, and six perceptions dimensions of sustainable land management. The results
also confirmed that degradation in Niger State is both due to widespread unsustainable human
activities within Niger state and those by migrant farmers and pastoralism from adjoining Sudan
Sahelian states that push people further south, a leakage of ongoing LD and conflicts in other areas.
To deal with local land degradation in Niger State, improved land tenure, alternative livelihood
strategies, poverty eradication and awareness, nature-based SLM practices such as tree-based
initiatives, environmentally friendly agriculture such as Farmer Managed Natural Regeneration
supported by the necessary political will and institutions are critical.

Keywords: Land users, Perceptions, Land degradation, Sustainable Land Management,
Savannah, Nigeria
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1.0 Introduction
Land degradation (LD), that is, the long-term loss of biomass or decline in land productivity (Le et

al., 2016; UNCCD, 2015) occurs in several world regions, with differentiated impacts on
ecosystems and human well-being (Olsson, et al., 2019). In Sub-Saharan Africa (SSA), where
many rural population depend largely on agriculture and natural resource use, LD contributes to
worsening their livelihood vulnerability (Webb et al., 2017). About 28% of the 924.7 million
Africans occupy or own degraded land (Le et al., 2016). LD in the SSA involves the progressive
loss of vegetation, the conversion of vegetated land to bare lands or desert-like landscapes,
including an increase in sand dunes, which results in the silting, drying, and shrinking of water
bodies, such as the Lake Chad in the West African Sahel (FGN Federal Government of Nigeria,
2012; Gadzama, 2017). In West Africa, Nigeria experiences one of the highest rates of LD with
biomass decline amounting to about 400,000 ha per year and agricultural productivity losses (FAO,
2010). Demand for agricultural land displaces forests or leads to agricultural productivity losses
(Arowolo and Deng, 2018), which drives degradation in remote areas (Adenle and Ifejika Speranza,
2020). The management of the country’s agroecological zones such as the semi-arid savannah
ecosystem and their resources are constrained by land-use change, unsustainable agricultural
practices, and poor land governance (CILSS, 2016; Ifejika Speranza et al., 2019).

In addition to socioeconomic constraints, a poor understanding of land users’ experiences,
inappropriate governance and low attention to sustainable land management (SLM) limits the
effectiveness of measures to reduce LD (Adenle and Ifejika Speranza, 2020; Ifejika Speranza et
al., 2019). Thus, considering the perceptions of LD by land users and other actors is crucial for
implementing effective measures (Jendoubi et al., 2020; Mirzabaev, 2016). This is important given
that the local context, local responses to multi-level drivers, and associated land-use decisions
influence global land change (Lambin et al., 2006; Malek et al., 2019). Although various SLM
measures exist (Liniger et al., 2019), their misalignment with land users' experiences hinders their
extensive adoption and performance (Mirzabaev, 2016; Pulido and Bocco, 2014). Also, the low
priority given to SLM practices and implementation slows the successful tackling of LD through
SLM (Nkonya et al., 2016). Though studies have attributed regreening success to approaches that
incorporate land users’ perspectives and apply appropriate governance arrangements (Mortimore,
2016), there is still a strong need for a people-centred approach that integrates land users’ and
other relevant actors’ perspectives and experiences of LD into SLM measures for more effective
outcomes (Jendoubi et al., 2020; Mirzabaev, 2016). Understanding perceptions of LD by multiple
actors is thus essential for identifying pathways to SLM and effective governance (Aizaetal., 2021;
Herrmann et al., 2020).

This paper examines how local land users in Niger State in the Nigerian Guinea Savannah (NGS)
perceive LD and how they rate SLM solutions. With LD affecting 16%—62% of the land, Niger
State is a representative of LD-affected areas in the NGS (Adenle et al., 2020). Our study aligns
with the global interest of integrating people, local knowledge and community experiences in
understanding land concerns (Kugler et al., 2019; Mashi and Shuaibu, 2018), and tackling global
challenges such as climate change (Badmos et al., 2018), biodiversity management as well as LD
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(Diaz et al., 2015; Scholes et al., 2018). This is particularly relevant in rural contexts in Nigeria,
where degradation threatens and adversely impact people with natural resources dependent
livelihoods (Adenle et al., 2020; Ifejika Speranza et al., 2019). Despite the worsening degradation
and the urgent need for better governance of land and natural resources (Ifejika Speranza et al.,
2019; Macaulay, 2014), the identification of LD mitigation measures based on local experiences
has received little attention in Nigeria (Adenle and Ifejika Speranza, 2020). Therefore,
understanding perceptions of LD by multiple actors is essential for identifying pathways to SLM
and effective governance (Aiza et al., 2021; Herrmann et al., 2020). We however focus on how
rural land users in Niger state, a region affected by LD in the NGS, perceive LD, their drivers, and
related SLM and governance measures. We addressed the following research questions: (i) What
is the spatial extent and status of LD in Niger State? (ii) How do land users characterise and identify
indicators of LD in Niger State? (iif) What drivers of LD do they identify in the study area? (iv)
How do the land users perceive SLM practices and strategies for minimizing LD? Lastly, (v) what
insights can be drawn for SLM and governance in the study area?

2.0 Materials and Methods

2.1 Study Area

Niger state is located in west-central Nigeria (the middle-belt). It is the largest of the country’s 36
states covering one-tenth of the country’s landmass (Fig. 1). Niger state is in the Nigeria Guinea
Savannah (NGS) agro-ecological zone, with a mean annual rainfall of 782-1250 mm and a mean
annual temperature of about 27°C (lloeje, 2001). Trees such as the African locust bean (Parkia
biglobosa) and Shea butter (Vitellaria paradoxa) are widespread in the state.
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Fig. 1: Map of Niger State, showing the three Geopolitical zones (A, B, C) and the LGAs
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The River Niger and the River Kaduna flow through the state. Niger state also includes protected
areas such as the Foge Islands and the Kainji Lake National Park, and tourist sites such as the
Gurara Waterfalls. Administratively, the state comprises 25 Local Government Areas (LGAs) and
3 “Geopolitical Zones” (a category used by the Nigerian government to select political
representatives), namely zone A-B-C, with their headquarters in Bida, Kuta and Kontagora,
respectively (Alhaji et al., 2018). These three geopolitical zones also correspond to three agro-
geographical zones of Niger state with varying climatic conditions and farming methods (Alhaji et
al., 2018). The state had an estimated population of about 5,550,000 in 2016 -National Bureau of
Statistics (NBC, 2017), mostly rural dwellers, who engage in farming crops such as yam (lloeje,
2001). They also keep livestock such as cattle, goats, and sheep for meat production. The
population belongs to diverse ethnic groups including the Nupes’ who are in the majority, the
Gwaris’, the Kambaris’ and the Bisasan as well as the nomadic Fulani pastoralists.

2.2 Theoretical framework

We understand human-induced LD as an outcome of social-ecological interactions (Batunacun et
al., 2019; Nkonya et al., 2016). We adapt Schakelton et al’s., (2019) conceptual framework of the
factors influencing peoples’ perceptions to the case of LD (Fig. 2). The authors identified six broad
factors influencing LD perceptions which correspond with the boxes and circles in Fig. 2. These
factors are:

Governance, institutional and Policy context

Nigerian Guinea Savananh (NGS)

H
H
H
-
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
CEEE R L= LR T LT
H

gf_____ " Individual mental \\--(P-l-)--]i
A (b2) N processes / /5 :

-
- -
s i e e e
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Three geopolitical zones in
Niger state (A-B-C)
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Perceptions of (Sustainable)
LD Land
management

Fig. 2: Conceptual approach for linking land users perceptual experience for LD (Adapted from
(Shackleton et al., 2019)
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a) Individual (e.g., land users’) mental processes: As perception is a mental construct that
changes over time and space, Shackleton et al., (2019: 7) identify demographic factors, experience,
"knowledge systems, sense of place, social relationships and group membership, and value
systems™ as fundamental factors influencing perceptions at the individual level (Fig 2.f). In this
study, we chose socio-economic attributes such as age and education.

bl) Extent of LD in Niger state: The ecosystem of study is the savannah in Niger State and its
characteristics include the degree of LD. Degradation can occur in various severity and spatial
extent such as in small patches (small-area degradation) or over larger areas-large-area degradation
(Adenle and Ifejika Speranza, 2020). Thus, perceptions of degradation might differ depending on
the type of LD, its history or duration.

b2) Effects of LD: With effects, we refer to changes (positive or negative) to the social-ecological
system (SES) or its parts due to LD (Shackleton et al., 2019). The social and economic effects of
LD have been widely described (Nkonya et al., 2016; von Braun et al., 2013). Ecologically, LD is
negatively perceived as it reduces productivity, but perceptions might differ depending on the type
and severity of degradation as well as the degree of livelihood dependence on land and the
ecosystem services (Crossland et al., 2018; Pulido and Bocco, 2014; Tesfahunegn, 2019).

¢) Socio-cultural context: The socio-cultural context refers to the three geopolitical zones, namely
zone A-B-C. Shackleton et al., (2019: 11) describe socio-cultural context as the ways people
interact with one another in "a social realm of rules, traditions, practices and ideas". The authors
differentiate between structural socio-cultural factors such as "social institutions and rules”
including land tenure systems, land ownership and land management history, "level of socio-
economic development™ such as wealth levels or social value systems including those shaped by
media discourses. Further, social structures such as gender, class, ethnicity or race and their
intersections, influence how land users respond to LD and how LD affects them (Shackleton et al.,
2019). Non-structural socio-cultural factors include social memory, which can change over time.
d) Landscape context — the NGS: The landscape context is the NGS agro-ecological zone. With
this dimension, a focus is on the larger context, that is, the NGS, which covers about 49% of the
country's landmass and 25 of its 36 states. In this context, ecosystem type, land use and cover,
availability of land for conversion to agriculture, management history are key factors identified to
influence perceptions of LD.

e) Governance, institutional and policy context: This includes "historical processes, institutional
frameworks, international agreements, legislation, regulation and enforcement, policy and
governance strategy" (Shackleton et al., 2019: 7). Policy and governance affect people’s
perceptions by shaping values and social relationships, and attitudes and behaviours (Shackleton
et al., 2019) through land management (Fig. 2 g) that over time feedback to the social-ecological
system of focus.

Other definitions used in this study relating to SLM (Fig 2. g): Institutional actors refer to persons,
stakeholders, or policymakers, who are respected, including those involved in formulating and
making decisions on SLM (von Braun et al., 2013). Technological practices are field
based/physical SLM approaches that reduce LD using measures such as agronomic, vegetative,
structural, and management measures to enhance land productivity (Liniger et al., 2011; WOCAT,
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2018). Conservation practices aim to conserve land resources such as soil, water, and vegetation,
to ensure the maintenance or improvement of a healthy and functioning landscape (Liniger et al.,
2011; WOCAT, 2018). Policy initiatives refer to activities guided by specific visions of a
government or organization (e.g., legislation, regulations, and plans), and principles to achieve set
goals (Ifejika Speranza et al., 2019).

2.3 Methods

2.3.1 Assessing land degradation

To capture land conditions in Niger state and the landscape context for the greater NGS, we used
a LD map derived from the Moderate-Resolution Imaging Spectroradiometer Normalized
Difference Vegetation Index (MODIS NDVI) between 2003 to 2018 as a proxy (Adenle et al.,
2020) (Fig. 3, Box 1). The map was developed by calculating the mean of the yearly sum of the
(monthly 10-day) maximum NDVI and by applying Residual Trend Analysis (RESTREND) to
adjust for the effects of rainfall on the biomass condition over the NGS. The result captures land
with declining (degrading), stable, and increasing (improving) biomass conditions in Niger State
(Adenle et al., 2020), which guided in identifying the LD status and communities affected by LD
in the 3 geopolitical zones (Fig. 3, Box 1). In the zones, 8 accessible LGA’s with no security threats
(Fig.1) were purposely selected. From the selected LGAs, 30 LD affected villages linked to the
identified archetypes of rural remoteness (Adenle and Ifejika Speranza, 2020) were selected.

/ Study Approach \

Biomass-based Land Develop a questionnaire and
Degradation key informant guide
(degraded, improved and Box 3 (QKIG)
stable status of rainfall
corrected NDy I (based on
Box1 Adenle etal., 2020)
: J
Identificati d selection of - -
e Pre-testing QKIG with small
villages characterized by LD in — le of dent
Box2 zone A,B.C of Niger State Bt SEH elo IESRONESR S
pexs Modifying the QKIG |
Administering QKIG to land
Box6 Users in selected villages Land status/LD-
l affected villages
Box3 Tmplications for land L Data analysis and Land users'
management and governance Box 7  Interpretation perceptions

Fig. 3: Flowchart of the research process
They include in zone A, eleven villages in Mokwa, Lavun and Edati LGA, in zone B, ten villages
in Boss, Shiroro and Paikoro LGA, and in zone C, nine villages in Agwara and Borgu LGAs (Fig.3,
Box 2), (Supplementary Table (ST) 1-3). The difference in the number of selected villages was due
to access and insecurity reasons. The eligibility criteria for selecting respondents for questionnaire
administration in each village includes household heads with age >20 years or people who have
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engaged in land use-based activities in the NGS for (>10 years) and live in the village. We assumed
that respondents fulfilling these characteristics will be able to provide relevant information on LD.
Before data collection, village meetings were conducted to inform the villagers about the study and
to obtain approval from the relevant authorities and willing respondents.

2.3.2 Questionnaire

We developed a semi-structured questionnaire based on the qualitative results from three Focus
Group Discussions (FGD), the LDN workshop report from Nigeria and the WOCAT (FGN, 2018;
Liniger et al., 2011; Mganga et al., 2015) (Fig. 3, Box 3-5). We then presented respondents a list
of LD characteristics and LD drivers and asked them to rate them on a 1-5 Likert scale (1 =Strongly
disagree, 2 =Disagree, 3 =Neutral, 4 =Agree, 5 =Strongly agree). The questionnaire contained
sections on the LGA, village, house and socio-economic characteristics of the respondents and their
experiences (characteristics /drivers) of LD. The respondents also provided information on SLM
by ranking four categories - institutional actors, technological- and conservation practices, and
potential policy initiatives relevant for SLM.

2.3.3 Data collection

Fieldwork was conducted from February to May 2019, with 225 questionnaires distributed across
the three geopolitical zones (Fig. 3, Box 6). The respondents were mostly farmers (Fig. 3, Box 2),
who cultivate crops such as yam and sorghum. They were mostly male respondents due to the
socio-cultural and religious context, which encourages men to engage in farming activities while
women assist or engage in post-harvest processing. Most interviews took place on a one-one basis
and lasted between 50 minutes to 1 hour 30 minutes. Based on respondent availability, key
informant interviews (10-15 experts) for the three geopolitical zones were used to obtain additional
information for interpreting the questionnaire data (Fig. 3 Box 7) and the land management
implications of LD (Fig. 3 Box 8). The questionnaires were administered in local languages (Hausa,
Nupe, and Gbagi) and translated back to English with the help of trained field assistants. Narratives
were collected through the recording of key informant interviews and three focus group discussions
(FGD). The data was anonymized to protect respondents’ privacy.

2.3.4 Statistical analysis

Using the Statistical Package for Social Sciences (SPSS), we performed descriptive and inferential
analysis of respondents’ perceptions of LD characteristics/drivers/SLM. We examined the
preliminary examination of (no) multicollinearity (correlation matrix) between variables at a
correlation coefficient > 0.8 (Matter et al., 2021) showing that most of the variables were not highly
correlated. We tested the suitability of the variable set for Principal Component Analysis (PCA),
through the Kaiser-Meyer-Olkin (KMO) measure and Bartlett's test based on previous studies, with
a KMO value >0.5 and a significance level <0.05 considered appropriate (Matter et al., 2021).
Using PCA, we reduced the dimensionality of the initial large set of LD
characteristics/drivers/SLM. Based on the total variance explained by the breaks from the scree
plot (Supplementary File 1), and the insights from parallel analysis, the transformed and the
extracted LD characteristics/drivers/SLM with strong influence were reported as components
(Jolliffe and Cadima, 2016; Patil et al., 2017). The components are derived aggregates of the
original variables that are representative of the loading from the original large dataset (Tabachnick
and Fidell, 2014). Through the components loading and rotation (i.e., Varimax/Promax Rotation),
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we interpreted the components based on contributions from LD characteristics/drivers/SLM. We
considered Eigenvalue contribution >0.75, 0.75-0.5, and 0.5-0.3 as ‘strong’, ‘moderate’, and
‘weak’ perception influence respectively (Liu et al., 2003). Interpreted components were identified
for the Perceptions of LD Characteristics (PLDC), Perceptions of LD Drivers (PLDD) and
Perceptions of Sustainable Land Management (PSLM) practices. To capture the Sustainable Land
Management (PSLM) practices. To capture the respondents’ priority for SLM measures, we
analysed the SLM practices with the Relative Importance Index (RII). RIl has been applied to
capture perceptions and to rank measures that can guide the formulation of policies (Azman et al.,
2019; Somiah et al., 2015). The RII (Eqg. 1) involves calculating the mean for the SLM options
based on the weights on the Likert scale assigned by the respondents.

_ 1w
RII = 2= (Eq. 1)

Where RII = Relative Importance Index; W= weight given to each SLM by respondents (ranging
from 0 to 4); A = highest weight (i.e., 4 based on a 5-point Likert scale in this case); and N = total
number of respondents. The higher the RII, the more important/effective the land users consider
the SLM practice. Thus, SLM with the highest weight is ranked RIl = 1, while the next lower
weight has RIl = 2, and so on. The narrative data collected through informant interview/FGD were
analysed through content analysis.

3.0 Results
3.1 Land conditions
Based on the MODIS derived NDV1 as a proxy for ongoing degradation status, Fig. 4 and Table 1

shows the extent of LD in Niger State (Adenle et al., 2020).

& Community

A selected Loa

e,
:' » Geopoltical zone

Niger state land status
Land status
- - Degradation
a_l\k.OfO l:l Improvement
I:| Stable

Niger state outside NGS

Fig 4: Selected villages and Land-degradation status in Niger State based on MODIS NDVI (Adapted from
(Adenle et al., 2020) (Note: the grey area in the Northwest lies outside the NGS and was not part of this
analysis)
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Table 1 Extent of land degradation status in Niger state (in % and km?)

Total Total

Area area Zone A Area Zone B Area Zone C Area
Land status (km?) (%) (km?) (%) (km?) (%) (km?) (%)
Degradation 48045.4 62.9 12273.2 65.5 10199.7 57.8 25964.1 66.8
Stable 24060.9 315 5651.3 30.2 6736.8 38.2 11449.8 29.5
Improvement 3131.7 41 807.6 4.3 721.4 4.1 1434.2 3.7
Area within NGS  75238.1 98.5 18732.1 100.0 17657.9 100.0 38848.1 100.0
Area outside
NGS 1124.9 15 0 0 0 0 1124.9 15
Total area 76363.00 100.00

Table 1 shows the LD status according to the three geopolitical zones in Niger state over the 16
years (Adenle et al., 2020). Degradation is extensive across the three zones and occurs in two-thirds
of the area. Zone C has the largest extent of LD, next to zone A and zone B. Zone B accounted for
the largest stable area covering 38.2%. Improvement is visible in less than 5% of the area in each

Zone.

3.2 Respondents’ socioeconomic characteristics

Table 2 shows the socioeconomic characteristics of the 225 respondents.

Table 2: Socio-economic and other characteristics of respondents in Niger state (n= 225)

Parameters Frequency Percentage Parameters Frequency Percentage
(N) (%) (N) (%)

Gender Source of livelihood

Male 218 96.4 Farming 160 71.1
Female 7 3.1 Household activity 5 2.2
Age Wage labour 5 2.2
20to 29 22 9.8 Small business 4 1.8
30to 39 54 24 Salaried employee 36 16
40 to 49 62 27.6 Studying 1 0.4
50 to 59 49 21.7 Remittances 1 04
60 and above 38 16.9 Others 10 4.4
Marital status Average income per month (USD)

Single 10 4.4 1to24 3 1.3
Married 144 64 24 t0 48 7 3.1
Divorced/Widowed 59 26.2 4810 72 22 9.8
Education level 7210 96 155 68.9
Quranic/Vocational 43 19.1 None 38 16.9
Primary 29 12.9 High access to land for farming
Secondary 34 15.1 Yes 212 94.2
Tertiary 69 30.7 No 13 5.8
None 39 17.3 Land ownership

Years of residence Do not know 42 18.8
10yrs - < 20yrs 9 4 Inherited 140 62.3
20yrs - < 30yrs 29 12.9 Bought/Ownership 27 12.2
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30yrs and above 175 77.8 Rented/Leased 5
Household size Others 10
1to4 56 24.9 Awareness of LD

5t08 110 48.9 Yes degraded 191
9to 12 52 23.1 No not degraded 30
13 and above 7 3.1 Do not know 34

2.2
4.5

75.1
115
13.4

(Source own field survey 2019)

3.3 Perceptions of land degradation characteristics
Fig. 5 shows that more than 70% of the land users agreed to the presented LD characteristics as
occurring in their communities. The major indicators of LD in Niger State (over 80% agreement),
include soil erosion, desertification, the decline in native species, change in vegetation structure
with loss of palatable species, the experience of drier conditions with loss of soil fertility and
increasing encroachment into protected areas (Fig. 6). The breakdown of the response on LD
characteristics is presented in ST:4. The PCA identified four components of perceptions of LD
characteristics (PLDC) (Table 3) with a cumulative loading of 62.8% (ST 6c¢)

Reduced vegetation
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Fig. 5: Land users’ perception of LD characteristics (Source: own field survey data 2019)

Table 3: Perception components of LD characteristics (PLDC)

Components Brief description of PLDC

PLDC 1: Vegetation
condition dominated
characteristics

PLDC 2: Soil condition

areas, fire and desertification (ML).

dominated characteristics soil fertility, land pollution, fire and desertification.
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PLDC 3: Vegetation with ~ Perception is dominated by strongly reduced vegetation cover typically

Sudano-Sahelian found in the Sudan-Sahel (SL), drier conditions, natural hazards, fire and
characteristics desertification (WL).

PLDC 4: LULC with the Perception dominated by Land Use Land Cover Change (LULCC) (ML),
prevalence of drier drier conditions (SL), reduced vegetation, gully erosion and encroachment
conditions into protected areas (WL)

Legend: Strong loading; SL, Moderate Loading; ML, Weak Loading; WL.

key informant interviews from LGAs in the zones confirm these characteristics of PLDC and
descriptive analysis According to informant 1 from Wabi village, Lavun LGA, zone A, “here is a
great concern about our environment because some of the characteristics of the Sahel and Sudan region,
which we hear or see on television are now noticeable in our areas like sandiness, barren soil and loss of
vegetation (Fig.6). There are many species of wood and plant that have been lost due to logging promoted
by international trade with the Chinese who entice people with money to get those woods. Our environment
is now changing with a lot of degradation and pollution with more absence of natural vegetation; we do not
feel comfortable like we used to feel .

In Bako village Bosso LGA, zone B Informant 2 said “before we only had just two houses and families
living here but looking around, we have more people and more houses. It was even very difficult to get to
the Lapia market or main Niger to Abuja express road because we were surrounded by thick dense natural
forest, which is no more available like in my father’s time. From the old Lapia Market, there was no road
but thick forest. We had to pass through another route to another village to go to Abuja. Also, our soils are
eroded, and our lands are not doing well for our crops like before. We now need plenty of expensive
fertilizers or else no food from the farm for our family.

The was also corroborated by the observation by another key informant in Borgu LGA in zone C:
“In the entire Niger state, there is nowhere you will get a land that is uncultivated except Borgu LGA but
now those lands are almost gone due to soil erosion and vegetation loss. For instance, abnormal dryness
and desertification already in Niger state after the Borgu sector of the national park immediately after the
second bridge to Luman village, just observe the other side of the national park, just compare the landscape
you will find out more as you are moving up to Lumna Baare, Swanshi, Gala till Agawara. In the entire
Agawara and Magama area, they are semi-desert, you will not find natural vegetation and they cannot
produce much again because the LGA is degraded. Also, there is Kali Hill that serves as boundary and
protection to the Kanji Lake National Park but now farming has encroached into the hill, affecting the
habitat of the animals in the park and causing animals to migrate”.

a) b) "

Fig. 6: Degraded savannah in Niger state (a) cleared land in Lavun LGA (b) logged and burnt woodland
patch in Agwara LGA (Source: Own fieldwork, 2019)

i

3.4 Perception of land degradation drivers
Over 65% of respondents mostly identified factors such as God, sin and failure to pray, secret sales
of communal land for selfish gains, migrants’ activities from surrounding degraded states such as
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Kebbi and Zamfara, deforestation/logging, over-cultivation, overgrazing, and crime due to armed
banditry and kidnapping in all three zones. In zone A, dry spell/drought and mining were most
mentioned. More than 60% of respondents mentioned urbanization across the three zones. Mining,
overpopulation due to higher birth rates leading to large family size and “western ways of doing
things”, which introduces sophisticated equipment like tractors compared to traditional farming
approaches considered more environmentally friendly was also key in zone C (ST:5) From the
PCA, two major components of PLDD were identified for Niger state (Table 4) with a cumulative
loading of 51.3% (ST:7c).
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Fig. 7: Land users’ perceptions of drivers of LD. Note: Natural factor refers to elements that people presume
to cause change to the environment such as nature or God. Also, the respondents further identified crime as
a driver of LD although it was not presented on the list of drivers.

Table 4: Perception components of LD drivers (PLDD)

Components Brief description PLDD

PLDD 1: Human activities Perception dominated by strong agreement with over-cultivation,
dominated drivers at a overgrazing, migrants’ activities (SL) and moderate deforestation/logging,

smaller scale overpopulation, urbanization, sin and failure to pray, and crime including
western ways of doing things — i.e. technologies (ML)

PLDD 2: Larger-scale Perception dominated by high loadings from climate change and variability

drivers (nature-driven) (SL), moderate dry spell/ drought, pollution of rivers, mining activities,

poor waste management (ML)

Legend: Strong loading; SL, Moderate Loading; ML, Weak Loading; WL

Information from key informant interviews supports the two major PLDD (ST:7c) loading and

perceptions of LD drivers by the respondents. A land user in Shiroro LGA, zone B reports, “afier

my house, there is a stream and thick forest that cannot be accessed by strangers, the kidnapper attacked
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us once from there because the forest is an access route to kidnapers’ hideout. They were pursuing one
Fulani man with a large cattle-herd, so they followed the stream and mentioned my name. They came in to
take control of my house while pursuing a Fulani man but then they were not kidnapping but now they have
started kidnapping. The persistence of kidnapping activities makes us cut down the thick vegetation around
our villages. Aside from the use of savannah trees for timber, firewood and charcoal, bandit activities and
kidnappers visit the village at night to kidnap people into the forest. So, we decided to cut down trees and
forests around our village to prevent kidnapping and to see them when they are coming. Last night, bandits
from Alawa Forest still came to kidnap people from the village”.
Another key informant in Borgu, zone C reports: “Because of the proximity of Niger state to Kebbi
state, which is in the Sudan Savannah with fewer trees, people from Kebbi state do most of their logging
and charcoal making in Niger state. Their farmers also migrate into Niger state. | can say 60% of the
farmers in Niger state are from Kebbi, Zamfara and Sokoto state. Go to Mashegu Zurgurma, Ibi, virtually
all the farmers are from Sokoto, Kebbi and Zamfara, and they do not care for economic trees that our people
cherish”. His opinion was also corroborated by another key informant in Borgu, zone C who said
“there are two major causes of LD in Niger state. The Influx of foreign farmers that is in-migrating farmers
mostly from Kebbi, Zamfara, Sokoto and foreign farmers from Togo and Benin Republic including our
neighbouring degraded local governments such as Magama and Rijau. Second is the activity of wood
loggers who cause biomass degradation usually from the southern parts and middle-belt of the country like
Plateau, Nasarawa, Ebonyi, from the southwest like Ekiti and Osun. Initially, our people do not know about
mobile sawmills, they only know about the traditional approach of looking for a mature tree, cutting it down
and taking it to the sawmill. With the coming of mobile sawmill and sophisticated equipment, the majority
of our people now practice “sawmill on the go”. Others include overgrazing by Fulani herders and
fuelwood activities like charcoal making, firewood collection and mining activities.

3.5 Perception of SLM
Table 5: Ranking of the SLM categories

Rank
Category of SLM RII (%) order
Institutional actors 70.0 1
Technological practices 67.6 2
Conservation practices 66.8 3
Policy initiatives 66.5 4

Table 6: Perception components of SLM (PLDS)

Components Brief description
PLDS 1: Institutional High perception influence from all institutional actors i.e have similar strength (SL)
actors’ effect
PLDS 2: Natural High influence from natural resource management: diversion/drainage, surface
resources management water management, groundwater management and wetland protection, disaster risk

reduction (SL) and water harvesting and irrigation management (ML).

PLDS 3: Environmentally High perception influence of agricultural practices: improved ground/vegetation

friendly agricultural cover, integrated crop-livestock ~management, pastoralism/grazing

practices management, and minimal soil disturbance (SL). Moderate loading (ML): rotational
system, integrated soil fertility, improved plant varieties/animal breeds and water

harvesting.
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PLDS 4: Tree-based Strong contribution from natural and semi-natural forest management, forest

initiatives plantation management agroforestry (SL) and loadings from windbreak, area
closure and crop rotation (ML)

PLDS 5: Conservation High perception influence from conservation practices. i.e., SL from all the

initiatives conservation practices (SL)

PLDS 6: Policy initiatives High perception influence from policy initiatives. i.e., SL from all listed policies.

Legend: Strong loading; SL, Moderate Loading; ML, Weak Loading; WL

3.5.1 Perceptions of the importance of institutional actors for implementing SLM
From Fig. 8a, all the institutional actors were considered relevant, aligning to the single perception-

component loading from all the institutional actors in the PCA (i.e PLDS 1). The four highest
ranked (i.e responses >70%) include local institutional actors such as traditional rulers, Community
Based Organisations (CBO), local government agencies, and religious institutions. However,
respondents also perceived the Federal Government's (70.4%) efforts as more important than the
state government in addressing LD. A key informant confirmed the ranking preference, reporting
that ““..the death of the Wawa traditional village head in Borgu, zone C in 2009, caused more areas
to be degraded especially during the chieftaincy tussle because of the absent traditional head who
authorize and make allocation decision over land . Another key informant in zone C, highlights
the need for community and local actions and institutions: “Not God but human activities like
selfish farming and selling of community land including having more of the local young men who
because of civilization do not want to assist their fathers on farmland but want to sell native land
to foreigners, sand miners for quick money. We are more helpless because the act of selling the
land for sand mining is encouraged by the local government and community heads that give receipt
to the landowners who sell the land and sand to these sand miners. Here, the government does not
interfere in the giving of land but traditional rulers and village chiefs like the Seriki Dagi, Seriki
Maranba, and Seriki Noma who belong to the local palace, mostly give land to migrant farmers
for money without considering the environmental implications like degradation .

3.5.2 Perceptions of effectiveness of technological practices in tackling land degradation
Technological practices in tackling LD received the second highest RIl value of 67.6% (Table 5).
Based on Fig. 8b, most respondents highly ranked vegetative measures, which include natural and
semi-natural forest management, agroforestry, forest plantation management, and windbreaks, as
well as area closure as the five most effective technological practices to combat LD while the
remaining technologies ranked below 70%. The three PCA components identified include PLDS
2-natural resources management; PLDS 3-environmentally friendly agricultural practices and
PLDS 4-tree-based initiatives (Table 6). Respondents in zone C rated all technological practices
higher than respondents in the other two zones (i.e with choices ranging from >35 %). However,
other practices such as energy efficiency technology, beekeeping, aquaculture, poultry, home
garden and disaster risk reduction were highly rated across the three zones.
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3.5.3 Perceptions of effectiveness of conservation practices in tackling land degradation
With an RII of 66.8% conservation practices is ranked third (Table 5). In Fig. 8c, most of the
respondents identified agronomic measures (contour farming) and structural measures (terraces) as
effective for tacking LD i.e., response >70% and above, while the combination of other measures
such as promoting crop diversity and native species habitats ranked <70%. However, the
component PLDS 5 shows that all the conservation practices were considered relevant (Table 6).
A key informant in Borgu, zone C captured the insights of the various SLM technological and
conservation practices: “Most farmers are not well informed that different trees and vegetation
cover have importance beyond firewood and charcoal. Crops have different nutrient absorption
rates like Maize and Guinea corn and if they continue farming on a particular land for say five
years that area will need some agricultural practice to bring the soil nutrient back. But a traditional
Kamari farmer does not think of replenishing the soil nutrient through improved means when they
till for years, they move to another place to farm. That is why you see migrant farmers moving from
neighbouring state in search for fertile land without engaging in practices to replenish soil fertility
but continuous cultivation till the land fertility is lost”. In another instance, he said that “it is a
taboo to cut economic trees like shea butter and locust bean found on their farmlands but for the
migrant farmers with a different farming approach they have no selection for trees through the
indiscriminate cutting of trees”.

3.5.4 Perceptions of effectiveness of policy initiatives in tackling LD

With an average RII of 66.5%, policy initiatives/themes occupy the fourth position among the SLM

categories (Table 5). According to the RII (Fig. 8d), the top five ranked factors for the land users
include desertification and drought control, population control, and climate change response
including strict conservation, and land tenure, while the least-ranked five factors are migration
control, strict anti-grazing, mining control, gender-based policies, and controlled/partial
conservation. From the PCA, the matching component PLDS 6 shows that all the policy practices
are relevant in the study context (Table 6).

4.0 Discussion
4.1 Land users’ perceived characteristics of land degradation

4.1.1 Perceived vegetation-related characteristics of land degradation (PLDC1 & PLDC 3):
Vegetation related indicators such as desertification, change in vegetation structure and decline in
native species, as well as reduced vegetation (PLDC 1), were ranked high as LD indicators in the
study area. These characteristics align with UNCCD's consideration of biomass quality and
productivity as characteristic of LD conditions. However, other most mentioned indicators such as
soil erosion, desertification with drier conditions experienced along with loss of soil fertility are
the effects of the absence or shortage of vegetation cover reflecting LD as a process (Macaulay,
2014). Further, LD drivers such as deforestation, the emergence of Sudano-Sahelian vegetation (i.e
(PLDC 3) desertification/drought) further worsen the declining biomass conditions.

4.1.2 Perceived soil-related characteristics of land degradation (PLDC 2): Soil erosion and loss
of soil fertility (Fig. 5) indicators of LD are connected to the absence of vegetation cover. However,
the dominance of farming activities as the sole livelihood engagement of most rural inhabitants in
Niger State makes this indicator pronounced (Macaulay, 2014; Sule et al., 2020). Extensive

biomass loss due to unsustainable human activities (PLDD 1), expose the soils to the wind and rain,
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which increases the risk of soil degradation (Le et al., 2016) such as soil erosion as mentioned by
most respondent across the zones. It thus follows that addressing vegetation-related LD is likely to
reduce soil-related degradation in Niger state.

4.1.3 Perceived Land Use and Land Cover Change (LULCC) as land degradation (PLDC 4):
Perceptions of vegetation loss, desertification, the decline in native species, change in vegetation
structure with loss of palatable species and drier conditions as well as increasing encroachment into
protected areas are captured under LULCC in the study area. Studies have also linked these
characteristics of land cover change to land use activities across the zones (Arowolo and Deng,
2018; CILSS, 2016). These local perceptions of LD highlight the need for people-centred initiatives
for addressing LD (Mortimore, 2016; Pulido and Bocco, 2014).

4.2 Land users’ perceived drivers of land degradation

4.2.1 Land use and management practices: Drivers such as over-cultivation, overgrazing,
farming activities, mining and deforestation/logging, were highly scored over 70% as the
observable drivers of change in biomass condition (Macaulay, 2014; Olorunfemi et al., 2020).
These same drivers trigger LD through promoting land clearing for agricultural expansion, and
excessive wood extraction (Arowolo and Deng, 2018; Fagbemigun, 2015). They represent the
driver that load strongly into the PLDD 1. However, the slight difference observed shows that
perceptions were relatively similar but depend on the prevalence of the drivers in the zone. For
instance, that overgrazing is ranked higher than cultivation can be linked to the prevalence of
encroaching grazing activities into protected areas in zone C. Mining in zone C corresponds to sand
mining activities. Deforestation and logging prevail in zone A. Thus, the emergence of Sudano-
Sahelian (i.e dry spell/drought) conditions (PLDD 2) in a Guinea savannah region (Macaulay,
2014) was corroborated by the key informant interview in zone C

4.2.2 Urbanization as a driver of land degradation: The identification of urbanization (Fig. 7)
as a driver (PLDD 1) of LD depicts the degree to which zones has diversified away from farming
and exploitation of natural resources. Urban centres provide other job opportunities and means of
livelihood away from farming but require land conversion for housing (Gautam and Andersen,
2016; Owusu, 2009). Zone B for instance has the highest urbanization but the least degradation in
terms of NDVI decline due to cities pre-existing the 15 years of analysis, such as Suleja, which
shares a boundary with the Federal Capital Territory (FCT), Abuja. The State capital Minna as well
as moderate commercial and industrialized urban centres providing alternative livelihoods are also
located in this zone. This is unlike zone C and A, which are dominated by remote farming
communities with a high proportion of their population relying on natural resources. Urbanization
increases agriculture in adjacent rural farming areas due to the demand for food, triggers land-use
change and LD in Nigeria (FGN, 2018; Olorunfemi et al., 2020), but the rate of urbanization in
Niger State is not fast enough to drive LD through increased agricultural activities (Arowolo and
Deng, 2018; Macaulay, 2014). However, at the LGA level, Bosso, in which the State capital is
located, has the greatest LD (75%) through urbanisation.

4.2.3 Agrarian activities-driven land degradation: Niger is the largest state in Nigeria in terms
of landmass and is one of the least developed with low urbanization. In such areas, most
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degradation is caused by the dominance of the agrarian economy and poor land management
practices such as burning, deforestation and logging and agricultural expansion into savannah areas
(Arowolo and Deng, 2018; Macaulay, 2014). With the national restrictions on food importation
and incentives to encourage domestic food production by successive governments, the promotion
of rural food supply further drives land users to cultivate more land in an exploitative manner and
hence more LD (Arowolo and Deng, 2018).

4.2.4 Perceptions of technological innovations as drivers of land degradation: Technological
innovations linked to (PLDD 1) “western ways of doing things” such as, tractors and the “sawmill
on the go” (mobile sawmills) together with inadequate laws and regulations make it easy to cut
down trees, resulting in biomass loss. While technological innovations in this context is a driver of
LD, technology has been identified in other studies as contributing to the sustainable use of land
resources (UNCTAD, 2021, 2018). This negative perception of technology as a driver of LD may
be related to the faster pace of resource extraction compared to manual approaches, as in some
cases, technology increases degradation (Ali, 2004; Assuncdo and Braganca, 2015). Thus, the
negative perceptions of innovative technology, without accompanying sensitization measures, can
hinder the adoption of environmental smart technologies (Crossland et al., 2018).

4.2.5 Migrant farmers and links to land degradation: Migration under PLDD 1 driver, is on the
one hand an adaptive measure for the migrants that can result in degradation in destinations areas.
(In)migration involves inter-state immigration i.e., the movement of farmers and herders from LD
threatened areas like the drought-prone Sahel into the Guinea savannah (Macaulay, 2014). Land-
use pressure, degradation and (armed) conflicts in northern States displaces land users and cause
them to migrate further south, where available land for agriculture pulls migrant farmers and
herders hence contributing to land conversions and LD (Macaulay, 2014). Without socio-cultural
embeddedness, immigrant farmers and herder can be perceived to disrespect local values associated
with economic trees (e.g., shea butter) which in some cases might trigger conflict (Ofuoku and
Isiefe, 2010)

4.2.6 Crime and responses to crime as drivers of land degradation: Local crimes such as armed
banditry, kidnapping and terrorism have led to clearing thick native vegetation that serves as
hideouts for criminals in rural areas (Kuo and Sullivan, 2001). Crime and insecurity have led to
reduced control over land use, the loss of power of traditional authorities and communities, the
erosion of institutions and rules to protect economic trees (Ofuoku and Isiefe, 2010). Thus,
respondents believe that cutting down such dense vegetation around communities will reduce
criminal and terrorism activities thereby causing LD (van Schaik and Dinnissen, 2014). According
to the global peace index, Nigeria ranked 17" among fewer peaceful countries and third, as a
country most affected by terrorism. As LD is an outcome of violent conflict and nature (IUCN,
International Union for Conservation of Nature, 2021; van Schaik and Dinnissen, 2014),
understanding the indirect causal links between people’s behaviour, ethics, social cohesion and
curbing communal, armed conflict and crime management is essential for tackling LD.

4.2.7 Religious interpretations: High responses on “sin and failure to pray” including natural
factors “due to God” reflects religious interpretations of global environmental change (Boillat and
Berkes, 2013; Jenkins et al., 2018). This interpretation might make some religious people rely on

112



their belief that God will provide solutions to their socio-ecological problems while disregarding
the causal links between their actions/inactions and the ensuing conditions (Jenkins et al., 2018),
affecting the adoption of SLM. However, religious interpretations of global environmental change
can also be beneficial in promoting local institutions and sustainable attitudes (Boillat and Berkes,
2013).

4.3 Land users’ perceptions and implication for SLM and land governance

4.3.1 Perceptions by land users of institutional actors in SLM: While traditional rulers play a
key role in land use practices (Gadzama, 2017), our results show that some traditional rulers, as
land trustees for the people, also sell or give out native land to immigrants without giving conditions
for their sustainable use. This confirms the erosion of local authorities in terms of corruption and
lack of accountability. In this context, though rural land users are important agents in rural
landscape modification, they lack decision-making power in land ownership and allocation. Land
tenure and governance in Nigeria remain a challenge due to the lack of land reforms (Ifejika
Speranza et al., 2019; Mabogunje, 2010). Many SLM initiatives fail due to institutional gaps and
challenges (Gnacadja and Wiese, 2016; Ojehomon et al., 2006). Expanding local leadership to
involve heads of CBOs like the association of farmers (Seriki Noma), local hunters (Seriki
Maranba), and forest (Seriki Dagi) who work with traditional rulers in regulating land user
practices (Gadzama, 2017) can be a way to reduce LD and promote accountability to preserve land
resources. Studies analysing why SLM adoption succeeded (Kiage, 2013) or failed in certain
regions highlight the absence of strong traditional participation, poor dissemination approaches and
weak stakeholder involvement (Liniger et al., 2019). While top-down approaches usually face
adoption challenges and misalignment between the local communities and interest groups (Pulido
and Bocco, 2014), bottom-up approaches face barriers in spreading initiatives beyond the local.
Hence the need to better link initiatives by government and international organizations (Gadzama,
2017), with the local scale, and to promote a bottom-up approach to locally mainstreaming SLM
(Ifejika Speranza et al., 2019). This should also inform other international and country-led efforts
such as the African Forest Landscape Restoration Initiative (AFR100) which targets restoring 100
million hectares of land in Africa by the year 2030 because re-greening will require bottom-up
approaches and grassroots initiatives (Thor West et al., 2020).

4.3.2 Perceptions of SLM technology and conservation practices: The ranking shows that there
is no single solution to solving LD but the selection of appropriate SLM based on land users’
preference is key. The mentioned tree-based options (PLDS 4) have also been echoed in several
international landscape initiatives such as the AFR100, and the Great Green Wall (GGW) initiative
where countries like Nigeria and its northern States (Sudano-Sahelian region) such as Kebbi and
Zamfara States have committed to planting more trees to reduce desertification and LD (Gadzama,
2017). As a response to LD, Nigeria has also committed to attaining LDN by growing more trees
and preserving protected areas (FGN, 2018). However, growing trees without the strong
involvement of local land users and institutions usually yield little and can even be harmful (Binam
etal., 2015; Mortimore, 2016). Tree-based initiatives will perform better if the land users, relevant
stakeholders and institutions (PLDS 1) are integrated through local stewardship (Liniger et al.,
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2019). Tree-based programmes (PLDS 4) such as afforestation are recognized but have not
succeeded in Nigeria mainly because there are no alternative sources of energy to firewood.
Uncontrolled land access, open grazing and pastoral mobility and water scarcity to irrigate the
planted trees also hinder afforestation and reforestation programmes (Ofuoku and Isiefe, 2010).
Farmer Managed Natural Regeneration (FMNR), found to reduce livelihood risk due to LD in other
West African countries (Binam et al., 2015), can offer promising alternatives to tree planting
(Ojuok and Ndayizigiye, 2020).

4.3.3 Policy initiatives related to SLM: Along with the interest of incorporating local knowledge,
and a bottom-up approach in managing LD, almost all identified policy initiatives were reported
by the land users as highly relevant in addressing LD (PLDS 6). Since land tenure is highly
unregulated due to the lack of reforms, the current land tenure system promotes LD (Mabogunje,
2010). Protected areas also lack effective management and remain prone to encroachment in
Nigeria (Fagbemigun, 2015). Thus, the five topmost policy initiatives identified (Fig. 8d) by the
land users such as desertification and drought control, “population control” and climate change
adaptation and mitigation, strict conservation and improved land tenure align with those identified
in other studies addressing land-related problems in Nigeria (Adenle and Ifejika Speranza, 2020;
Ifejika Speranza et al., 2019). Therefore, a policy shift in the direction of the identified land users’
preference is needed to address LD (Crossland et al., 2018; Mortimore, 2016).

5.0 Conclusion

Using a combination of remote sensing and analysis of questionnaire survey of land users, this
study exposes the status of LD in the three geopolitical zones of Niger State. It substantiates the
land user’s perceptual experience with remote sensing data about LD. The results from principal
component analysis yielded four perception components for LD characteristics (PLDC 1:
Vegetation condition dominated characteristics; PLDC 2: Soil condition dominated characteristics;
PLDC 3: Vegetation with Sudano-Sahelian characteristics; PLDC 4: LULC with the prevalence of
drier conditions), two perception components for LD drivers (PLDD 1: Human activities
dominated drivers at a smaller scale; PLDD 2: Larger-scale drivers (nature-driven)) and six
perception components for SLM practices (PLDS 1: Institutional actors’ effect; PLDS 2: Natural
resources management; PLDS 3: Environmentally friendly agricultural practices; PLDS 4: Tree-
based initiatives; PLDS 5: Conservation initiatives; PLDS 6: Policy initiatives). Land users’
perceptions also highlight how the activities of migrant farmers from neighbouring states drive LD
in Niger state. The study also shows that conflicts in these areas, as well as a local crime due to
terrorism and banditry drive LD. Some of the land users’ views give new insights on how to curb
degradation which include promoting alternative livelihood strategies, poverty eradication and
awareness about nature-based SLM practices such as tree-based initiatives, environmentally
friendly agriculture supported by the necessary political will and institutions. This study can further
be improved by deepening research to identify other determinants of perceptions of LD, to
understand their interrelations and to identify the different aspects to be tackled in addressing LD
and promoting SLM.
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ARTICLE INFO ABSTRACT

Keywords: This paper examines the operabilaty of the Land Degradati lity (LDN) _,nndevdqiqmmy
Land Dugradstion Neutzality miw-uhhmdm;mmyhgﬂymhda dergoing bo degrad While
Framewerk LDN offers an approach to uﬂ-pmuhndmm,landpmimny-dml
Mate ergamic carbon, its operath 3 pus hodological, i tiom and governance challenges. Based
r om a review of lite le spatial & mdd! lysis of national policies, we examine the dy-
T mamics of land degradation and the pr of LDN in Nigeria. We identify land pallution and gully erosion as
Wrnhwﬁmmhmummummmwmamm arrangements are
largely jucive and & for 2 LDN. Despite Niperia's intermational commitments,
mmmmdpohmwnhrdemmwmﬂmngumd(ngmtd based on several old laws, and have
gaps for ng due to inadequate data, skills and expertise, inadequate coondimation, and the
udmwmmmmmdmmmmwmmkdwm
will to chamge this situati pound the challenges. However, two promising entry poaats for operationalising
LDN mclude incentivising and le Land Managy practices {SLM) of local resource users
nw&ngbmemlogx:lmand ng SLM into initiatives in its Jtare and
mﬁmmmm&owhhdmhmmm
1. Introduction mculndynlcmlmnmmhnwlndbw‘lmmmmbe

Land Degradation Neutrality (LON) is a framework promoted by the
United Nations Convention to Combat Desertification (UNCCD) to
hieve 2 kand d dati | world by 2030. LON refers to "a
unw&r&yt&mmluﬁwﬁqdhﬂmmb
support ecosystem functions and services and enhance food security
remain stable ar increase within specified temporal and spatial scales

a4

in in g | and in Africa in
prhdarw::pnth-mbeeﬂemw.mmmhmum
be s d within existing
ficies, laws and regulati lhe:yo-emloglalmuﬁ
hmndhadmumtmamdudlﬂumpmd&:
country.
Onclal (2017) proposed five steps to assess and monitor progress

and ecosystems” (Orr et al, 2017 8). The LDN fram rk includ
three indicators: a) land cover, b) land productivity and c) carbon
stocks, with Land Cover Change (LCC), the Normalised Difference Ve-
getation Index (NDVI) as a proxy for Net Primary Productivity (NPP),
and Soil Organic Carbon (SOC) as main parameters (UNCCD, 2013).

LDN is particularly rel for developi such as sub.
Saharan Africa where e ic develop pends largely on the
use of local land resources. Forest loss in Africa remains high (Keenan
et al, 2013 Kohl et al, 2015). Nigeria contributes to the total forest
loss in the region with about 410K ha y-1 (Xeenan ot al.. 2013); it has
hm:amofmutwbmnmzooo-ndm(na 2009) and
ranked fourth globally as undergoing bé degradation from 2000

to 2010 (FAO, 2010). Thereft the ol'LDin igeria is

E-mul address: chimwe ifejika speranzag giub unibe ch (C. tfgika Speranza).
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is achieving LDN (Table l)mmﬂhmmctmmhdm
nmqmbmabwtmemypmum ify for its imph

tion and its p ial li To b ional, the applica-
nmo(ﬂudnvmgpmplamhalie[wliecommbahm
response hierarchy and "ooe out, all out” principle (Table 1) need to be
tied to specific national conditions. The objective of this paper is thus to
|demlyspeaﬁcmypmtsmdlmmmmﬂulmﬁmwkm
Nigeria. To do this, we analyse kit on the dy i d
mw&mﬂwd(m)m&emmm;ﬂvvﬂeu
overview of the gov and institutional d to
hld:nlwunlstheenuuw\vbdnheymwmmlm
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Table 1
Steps to achieving LDN and some key principles underiymg LDN as peopased by Orr et al (2017,
Seepe 10 achieving LON Recummwaded principles for an LDN-proces
1 Settmg S vidon aad odjective for LDN The pual t4 o mestnsain LANC, therwby peooect humsen rights and ehance baman well-Setng, and sespect aasom)
mvercipaty.
2 Sentang S Sume of eefereren o basline LI tarpes sionlsd be same s S bawdine (o £ & Nagerss deckdex s maintain the 2018 s of its LENC, this becomes the
basiae - 3 mirsmum that should ms be L &= rare " Clome ) can alm be st
E] z tor Lie-for-LikeC (Lncy oo in LANC wiih gaims In the same Bod type
arutraliy (couid be tn differwsz | marage At the s scale 30 Land we plamsing; LILC swowld oot oocur

between Esforent Land Types wacepe scheve @ere s 3 Tl pes In LENC.

4 Defining slements Decemary i achiwws LDN Tiw shementy inciide an endiing and megruied land e plasreag for tracking

3 Moaiaring LDN

LIN. mterventions o schieve LDN. lesrrsag and s
Apply 3 cesponss Mecarchy of avisd > rwdecs > rewense LIX

Use e tirse ghobal band based Indcamo md amnciuisd metricy Lasd cover (peoay: land cover change), land
praductivity (prucy: Nee Franary Froductivity, NPP) and cardon mocka (prosy: SOCL s the miinisnen se of indicaton/
mwerics, s adopeed by the UNCCD for reporting and LD statum. and ot
o data geteraaed By S coumtry o 1 3 of remilits of the 3 plobal MEcmors Sased on 2
“vae out, all our” principle whereby ¥ oo Indicator shows st negeave change Sen LENC (v & a lom, hence LDN
tx not achieved.

2. Materials and methods Salt-water swamp (coastal and mangrove forest) (i) Fresh-water swamp

forest, (iii) High/Ram forest; (iv) Guinea savanmah (including montane

2.1. Sudy area savannah) (v) Sudan savannah, and {(vi) Sahel savannah (llocje, 2001).
In the coastal zone, oil exploitation in the Niger-delta kas degraded

Maintaining LBNC implies tailoring LDN measures to the relevant natural mangroves, fresh water p vegetation and farmiand
Agro-Ecological Zones (AEZ), defined as units of land with similar cli- (Kadafa, 2012). Invasive species such as Nypa fruticans have become
mate, soil, vegetation and landform that reflect the p ials and idespread (Ayaniade and Drake, 2010). Oil pollution and spillage,
limitations for land use (FAO, 15%0). Nigeria has six AEZs (Fig. 1): (i) caused partly by vandalisation (Onwuteaka, 2010) as well as gas flaring

0 ¥ ® 120 150 240
| —

I Arsin water Badies
0 Subel Suvunnak

© | Sudaw Savanush
| Guinea Savannak
I Ramtorest

|| Freshwater swamp
B Masgrove

Fig. 1. Agro-ecological zomes in Nigeria and their overlap with administrative divisions (Adapted from tocje, 2001)
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a1, ]

(Tawari and Abowei, 2012) have p d the air, damag
nqumruoumu.ulmmtulmds(?da:lulun’yd!n-
nmunau: FME, ‘C-Jo). lﬂetml‘bdh«uyn:mxﬂhdlboodsm

P

of geria are ch d by a high human po-
lation density and are subject to i ive hardwood logging and
urbanization. This makes igeria a global def ion hotspot with

3.3% annual forest loss in 2010 (FAG, 2010).
The h is ch d by a mix of trees (e.g. Jocust
bean tree: Parkia biglobasa) and grass that have resulted from fire and
hngmhmnmlmnmmﬂmrqmuambodbm
for Nigeria and experiences sub pansion at the ex-
paueoldryfotuu.mrxm&gan.mmpny far
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2.3. Mcthods for g LDN prospects in Nigeria
We d ilable spatial d; and Fit fated with
the three main of the LDN fray rk (LOC, NDVI and 50C),

plus Land Pollution (LP) and Gully Erasion (GE) for the country’s AEZ.

For LOC, we reclassified data on LULCC from the Comité Inter-Etats
de Lutte contre ka Sécheresse dans le Sabel (CILSS) for West Africa
between 1973 and 2013 (Supplementary Table; ST 1) As we could not
access spatial datasets on NDVI, SOC, LP and GE, we reviewed literature
ondx&indialm.MNWLmnzanhx« al.’s (2017) threshold
mdy.vdxirhm y and de

.

ds ion over igeria as

infrastructure and liveliboods (1gwe. 2012). While the vegetation of the
Sudan Savannah is largely drought-resistant (e.g. Acacia, Baobab), soil
cover is sparse and the felling of trees for fuelwood remains a threat to
vegetation in the region (FEN, 2003). In the Sahel zone, desertification,

moving sand dunes and the silting of water bodies, particularly the Lake
Chad are main issues (Tiffen and Mortimore, 2002). Purth the

B d and d ly/thickly veg: d (NDV1
v:hlzsbenvecn-l-o 0-01 0.3-1) respectively. For SOC we used Alpa
et al (2010) and we relied on estimated amounts of oil spélls for LP (ST
2). For GE, we refer to Pagbohun et al. (2010) and Igwe (2012).

To assess the extent to which LD and LDN are addressed in current
land governance, we performed policy analysis focusing on the level of
of palicies with LD and LDN, as well as the current in-

cmummymd\urqwndxweumalduphmmdm
strains envir

22 Adapeing the LDN prual fi k for analy

We ¢ lised the LDN fr: rk (Fig. 2, box 1) to the Ni-
genan social-ecological char by first reviewing the state of
Nigeria's LENC, the current land management and 3 (Pig. 2,

sntmual armangements (Uejika Speranza et al
refers to a government's vision and course of action, which can include
kgdmmgdamudplmgudedbymxplu to achieve
specific goals. In Nigenia, policy di ag | plan
o‘atbonbutsuchphmmdﬁxltdoﬂmpmpoudbﬂk,whodlunbe
approved by parliament to be signed into law as an Act by the country's
mmmn.plqmmhﬂlsmdnww\dcmﬂmmh

2018a,b). A policy

bax 2). This contextualisation served as a lens to conduct the literature
review. momﬁmteviewundpdicyambﬁmﬂmudped

and of various government bodies. We analysed 21
documents comprising the national constitution, four sectaral policies,
mmmamphs.thmnm mhﬂlmdmnmnal

.

d)

the prospects (entry points and limitations; Fig 2, box 3) for oper- g two official g ofﬁle
ationalising LDN in Nigeria. Council on znvnnmcn. These doc are 1
A1 | TUINCCD LDN Framework
Indicators for LDN

Mounitoring Mechamisin of LDN

Response Mechansm of LDN

{dvoid, Reduce, Reverse) s
‘rreral, 2017)

CONTEXTUALISATION
Box2 I

Land management and
governance in Nigeria
sacial-ecological context

i

{
: sustuicioble Lind |
I Management

I | . Practices
I e B

Land Governance, “T
Pohu' & I.ushluuons /

;\gm-Ecolog:cal Zones /

T

SISATVNV AIJITOd

MITATT TINIVIILIT

A — — — — —

Local Sub-national National

x I Box3  Prospects for operationalising
LDN in Nigeria
(Fntry points & limitarions)

Nigeria's LDN visions

I

&
<

Tdentifying relevant LDN
indicators & their stutus

Bhgagament antgans'

‘pavernance & policies with
._LDN monitoring and response.

Fig. 2. Conceptual approach for operationalizing LDN at Country Level
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documents, which serve as the basis for other sabnational policies and
legistations, Using MaxQDa” Qualitative Data Analysis ((DA) software,
we scored the documents according to the extent the LDN indicators
{LCC using LULCC data, NOVL, SOC, LF and GE) as well as the LDN
resporse strategies (Avaoid, Reduce and Reverse) wene captured. The
soores range from © to 3, mamey, O not mentioned; 1: mentioned; 2:
proposed action; % acisons taken. If there s one legal document with
several “proposed actions™ or “actions aken”™ per indicator, the docu-
ment is soored on the highest action (that is, a dooament with proposed
action plus action taken is scored 2 and mot 2 if it proposes and initiates
action on an ndicator). Scoring and ranking allowed identifying policy
focus and gaps in relation to LON. Thus, the higher the total score, the
higher the prospects of operationalising LON under carrent imstitational
arrangements.

. Results and discussion

2 1. Indicotors of LON for Nigerio

In general, all three UNCCD.LDN imdicators (LUFLCC, MOV, SOC)
are relevant for all AEZ but have differemt characteristics in terms of
mature of vegetation afected, while land pollation by crude oil and
gully erosion are prevalent in the more homid areas (Table 2).

Z1.1. Land wee and lond cover change (LLALCC)

Our reclassification based on the CILSS data shows that the area for
agriculture (orange cells, ST 1) has consistently increased by over 200
at the expense of the matural vegetation (forests, woodlands amd
gramsland) since 1973, which other more detailed sudies confirmed
{Arowole and Deng, 2017) This comesponds to the lrgest agriculiural
expansan in West Afrca (CIL5S, 20046). Built-up areas experienced a
mild increase. Other studies confirm that urbanistion i increasing at
the expense of croplands and forests as exemplified for Bauchi city in
the sxvannah and Umuathia in the forest zone (Kafi et al, 2014; Ochege,
2004} Arowoko and Deng (2017) found that maost of the conversion of
land to agricultural use oocurred in the northern part of the Guinea
Savannah zone and in the Swdan amd Sabel savammab (Arowalo and
Deng. 2017}, confirming a sasceptibility to LD in morthern Nigeria
comparned to the South (Macaulay, 20140 These obhserved zonal dif-
ferences in LI stress the need for differentiated baselines in relation
with agro-ecological zomes, irstesd of 3 wniform bassline at matiomnal
scale.

2 1.2 Vegeintion - net primary producthany
NDWT studies show a trend of substitution of high-productivity ve-
getation with lower-productive vegetation (Macaulay, 2014; Fashae

Ervirenmenial Science end Policy S (2009 83-71

et al., 2017 This inclodes the conversion of rainforest o savannah in
the South (Agbelade and Fagbemigan, 2013), the increase of Sadan
Savannah vegetation in the Guinea Savamnah zone and a southward
of Sudano-Sahelian grassland (Abbas, 2009). The Crss
(2014) data shows that from 1973 to 2003 savannah experienced a
larger decline compared to forests, though aboat 43% of the forests was
lest  southern Migeria. The emergence of derived vegetaiion and the
disappearance of dense primary forest are the most notable effects of
these dymamics. Since the LDN framewaork is flexshle for national ap-
plication but does not allow for the loss{e<) or gain(s) from any vege-
tation type io be compensated by another (Cowie et al, 2018], the
sonal vegetation baseline should reflect the productivity of the
oouniry’s different vegetation types and AEFs. Hence, to capture AEZ-
specific LIV, ai least s mational vegetation baselines for Nigera would
bz niveded to meet the kike-forlike counterbalancing requirements.

3.1.% Soif organic carhon

Sail types can vary within short distances and in relation with LULC,
vegetation conditions, dimabe and soil types (Anikwe, Zo00; Akpa
et al, 2014). This heterogeneity challenges the charmacterization of S0C
over large areas. Existing studies concentrate an the potential for S0C
acoording to kand cover classes and AEZ (Obalum et al., 20012 Akpa
et al, 2018). PFor example, S0C concentration in the top 13 cm depth
wias highest for forests, cropland, shrubland h and grassland
beut below 20cm depth it is higher in shrubland and savamnah (Akpa
et al, Zolo) At a depth of 1 m, the derived savannah, a product of
degrading rainforest, has the highest percentage of total SOC compamed
with the humid forest and Guinea, Sudan and Sabel svannah (Akpa
et al., 2016). Im relabdon with AEZs, S0C decreases from the bumid
fiarest to the semi-arid Sahel zome at a spatial depreciation between 47.3
and 1178 Mg C ha— 1 southrwest to northeast {Akpa et al., 2008 Akpa
et al. (2014; 209) identifies the derived savanmah, the transiion zone
bestween rainforest and svanmahs 2= bhaving the highest potential for
soil carbon sequestrakion (1500 to 30.8Mg C ha— 1) This variahikity
shows that a uniform mational S0C baseline is not justifiable; hence,
this range can serve for baselines in the respective ones. While S0C bas
the potential to improve agnculiural productivity, it depends on land
management practices (Deckor e al, 2012), yet environmentally
friendly practices that increase soil fertility without polluting streams
amd rivers hawve received little attemtion i most projects amd pro-
grammes of government (1feika Speranza et al, 2018a,b). Hemce, with
respect bo achieving the Sastaimable Development Goals, the impacts on
soil conditions need to be mtegrated imto mitiatives aiming to improve
agricultural productivity and food security (Keessira et al., 2018]).

Table 2
LD imdicainr across the AFT with refi es [Source- Authors’ compilation 2008]).
AT Mujor LI Typan LI Inaicainim Srudien
doret o ol apellage, erossan AN, SO0C, NDWY, LP, GE v, 3012; Ehiorobs and Opirigho, 300% Alps ot ol , 2616 &ysaisde and
Drake, 316

Frosb-womer swamp  Deioowsmation, od spdlage, iBegal maming,
sooaion

P foremt Ciioemmation, srmomion, @egal maning LLILOC, S0, KON, LF, GE
Guines uvsanih Deioemzaiion, (legal minng LLILCE, S0C, NI
Sadan o LLILCE, S0C, NI
sl o LLILCE, S0C, NI

LULOC, SO, NIAL LP, GE

Morskimyo sad Tooare, 2007; Ashekoya, J00F; Alison »i ml, 3018

Salumid ei 5l, 200% Ipwe, 201 Cckegs, 314
Salaka, 2006 Adpbe mmd hywyi, ZH7; Adeyesi et al, 2007

Fane and Thuds Fabekn sad Okopbus, 2014; Macaulay, 2004
UNIP, 201X Macaulay, 2014 Besinachi, 2013
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214 Land pollution

Land pollution s particularly relevant to the coastal region of
Migeria, with oil spillage in the Niger Delta affecting mangrove amd
fresh water swamp forests (A llizon et al.. 200 E). Although the severity is
widely contested (5T 2}, the role of oil spills in degrading croplands and
ecosysiems, and destroying dependent liveliboods in the Niger Delta
cannot be overlooked {Chima and Vare, 2004). Enbry points for LON
LFP will be 1o blish a more F monitoring of oil spill events
ard to set 8 minimum tolerable number of spills as a first step to their
reduction. As the Nigeria oil sector has its special bows and regulations,
the imvolvement of top-lewel government actors and politiciars as well
as the private sector and civil society actors and in particular, the local
communities is necessary. Such a goal can also be a motivation to calm
the sorial tensions characterising this regron

21.5 Gully Erosion

Gullies have developed in various regions of Nigeria, leading to koss
of farmlands, houses and inf ucture (Ehiorobo and Ogingha, 2013).
Geographically, they concentrate in south-eastern Nigeria (derived sa-
wvannah and forest zome ) with over 800 acute gully sites recorded, the
most prominent beimg the Nanka/Agulu gullies m Anambra state (Igwe,
2002). Control initiatives hanve been partially successful but gully ero-
s2an remains a threat. Defining GE as an indicator of LDN means setting
a gully baseline agairst which to establish the nentrality of GE-devel-
opment. Meutrality will mean preventing the growth of gullies at var-
ous |locations. Since erosion types keading to soil loss are facilitabed by
different gen-emvironmental characteristics such 2= rainfall-runoff en-
svity, soil erodibility, and slope length factor, slope steepniess including
cover mamagement factar (MoCool et al, 1995), their geographic var-
iathons across Nigeria need to be captured in setting an LDN baseline
(Faghohun &t al_, 20018)

22 Land govermance in Nigeria ond prospects for operationalising LDN

The Land Use Act {LUA], which mationalizes land i Migeria, was
enacted during the military government in 1978, and embedded into
the 197% and 1999 comstitutions. Through the LUA, the Federal
Mmistry of Lands, Housing, and Urbam Development {FMLHUT, acts as
the primary land management body at the federall kevel, buat is mainly
comcerned with urban development and housing. The LUA confers each
Governor of the 38 States (Fig. 1) a custodian right {in trust for the
prople) over land in the state territory, without considering the ma-
jarity of people that already bad customary possession rights to their
land (Mabogunje, 2010) Similarly, coatrol ower kand in the raral area
was vested in the 774 local g Vet the y
tmadlarﬂhﬂ'l-\epl'mluimlhesum:rm:g\meml F!u-uJA
morms associated with land informally persists umtil date. Despite its
shortcomings, the LUA has not been reformed during the forty years
following s declaration (Mabogunje, Zo10). Thus, periodic tensions
over lamd ownership and access rights between federal and state

Ervirenmenial Science end Policy S (2009 83-71

EOVET staite and c and land aswell as
gemder inequality characterise land govermance in Nigeria {Adeniyi,
D01 3).

Prospects for operationalising LON within the govermance comtext
must therefore take into account overlapping claims and a situation of
legal pluralism. The federal government and states induding gowvernors
as custodians of staie land as well as local govermments amd commu-
nities have to actively emgage and support any issues related to land
reform and management in Migeria. Addressng LDN thus calls for a
muulti-level governance amd participatory approach that gives enough
room o loecal specificities.

Besides multi-level isswes, cross-sectoml approsches are required to
address LDM. At federal bevel, the main public organizations responsible
fior measures io control desridfication and LI are the Federal Ministry
of Envirooment {(FME) and the Federal Ministry of Agriculture and
Rural Development (FRIARD). These ministries often take the bead
while ather government crgars attempt to align with their strategies.
Migeria also engages in other contimental mitiatives sach as the Bonn
challenge and the pan-African strategy (the African Forest Landscape
Restoration Initiative; AFR100) with the ohjective to reverse 4 milkion
heectares of degraded and deforesied land, thereby addresing climate
change, bindiversity and ecosystem restoration and livelihood security.
However, implementing these initiatives is hindered by the frequent
change of focus due to policy shifts, maafficient funding or dependence
on intermational domors, and kack of inter-sectoral coordmation.

Furtbermore, programmes such as the River Basin Development
Anthorities, National Fadama Development Froject, afforestation pro-
jects, and agricultural devel are arganised mostly
top-down, kemving local actars little m-uru:l'l:r influence. Such initistives
oould be improved by building on what land management users are
already doing imstead of privileging prescriptive approaches ([ejika
Speranza o al., 2018ab) A few recent initiatives such as the Great
Green Wall Initiative (GGWI) adopt a more imtegrative and participa-
tory approach to comnect local actors to higher-level actors and to baild
on already existing local land management practices (Fiar, 200 2).

Fimally, most measures to address LD focus on the Sudano-Sabelian
beelt of Nigeria. An example is the reforestation mitiated in the frame of
the GGWI at the northern fringes of the Sudan Savanmah. However, as
LD applies to all AEY in Nigeria, there is a need to extend initiatives
addressing LD to the forestry and agriculture sectors in the other AEZ.

3.3, Considermtion of che LW ndicamrs in Migerias laad governance

To identify the prospects for operationalising LDN, we analysed the
extent to which policies emgaged with LDN indicators. The policies and
plans amalysed (Table 3) frame land isswes in general terms without
specific focus on the LDN indicators and on the posd for their man-
agement. Many rather focus on establishing federal control over stra-
tegic land areas. Excerpis from policy documents (ST 2) exemplify how
Migeria deals with lamd govemnance at the matiomal level
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The extent cumment policies and plans address the governance of land and esvironmental problems including indicators of LDN.

[ Sowrce Awuthors 2018)

Policy doosments Code LULEE  Vegettion Changs S0C  laad Polloson  Guly Emsion  Toeal
Ky
MATIONAL COMSTITLTION
Higrra Conessuson | smended ) 1959 HE 1998 3 o 1 o o 4
POLICIES
Mational Policy on Enviomen L9 HPE L9 z z 2 z 2 o
Mmtionsd Agraoatiesl Policy 15996 AR 199 z z 2 1 2 w
Mationsd Energy Policy 2000 MEP 300 z z o z 1 T
Mutionsl Policy on Weomaen T8 P 00 1 1 1 1 1 3
ACTE
Land UVse Az 197E LInA 1578 3 o o a o 3
Impact A At 1992 EIA ACT 19492 3 z o z ] 7
and for e Ireniry in EGASPIN M 1 1 3 3 ] L]
Pagerin Ack 2003
ol Spill and Apency Aot 008 NOEINA. 2006 1 1 1 z 2 7
Migerian Minersl and Minkg Act 2007 MMMA ACT IMF 3 z o z ] 7
Apmmcy &ci 2007 MESREAA 2007 1 1 1 z 1 L]
BLLS
Grazing Aessree Law | 1985 (GAL] BILL 218 GRL B 2006 3 o o o ] 3
WISION ¢ ACTION PLANS ¢/ STRATEGIES
The Green Agenda of the YIESNEN 3000 Kepart MWIE MO0 e 1 1 1 1 2 &
Gevas Green Wall For the Sabar Ard Saked lnissive Madomd Soawe g GREEN 2012 1 z 1 1 2 T
Actsan Flaa
Mmtionsd Bindiversty Strasepy and Acson Plan. 20046 ASAF 2006 z 1 1 z 2 L]
Aamion o Combar SARCIH 1 z 1 o o 4
reeni sad Serssapy NS MEFIE H0S 1 1 o o 1 3
MATIONAL DOMMUNMICATIONS
Nigeria Firs Nasiora] Communicstion on COlimase Changs 30403 MPFNC 2008 2 2 2 2 2 (8]
Higerin Serord Mationsl Communication of Climss Changs 35004 MEMC 304 2 2 2 2 2 (8]
MEETING REPOETS
The 10th Mesting of the Nasom) Councsl on Eaviroament 20016 MNCE 1018 0 z o 1 1 4
The 1Lth Mesting of the Nasom] Councsl on Eavisoament 2007 MNCE 11317 0 1 1 1 1 4
TOTAL SOOAE PEN LN [NDRCATON = = 3 I 2z

Legend: {0: not mentioned; 1: mentioned; 2 proposed action; 3: actions taken. The higher the total scoce, the higher the conduciveness of the institutional ar-

mngement for LD0; Lowest/highest total soore 0715

Tahle 3 shows that land use-related degradation (including wege-
tation/deforestation) receives more policy attention followed by land
pollution-related isswes. Gully erosion and SOC receive less policy at-
tention, although to add lef: ion or desertification
can gererally comtribute to mcreasing S0C and reducing GE. In the
following, we discuss the policy fomss on each indicator in detail.

LIRLOC: Five documenits such as the LUA indbated actions om LUFLOC,
& proposed actions, B ackmowledged while 2 desregard LiLos. The
examined policies mainly express the right of the federal and state
governments bo acguire tenure over lnd in national infepest to support
il exploration, mining, urbanisation and Bvestock graming. The focus is
less on concerm about LD, Enviroomental issues are exclusively ex-
pressed in paolicies and plans of the FME and PMARD. In the Natiomal
Policy on Envirooment (NPE 1999), sustyinable bnd use is framed
based on land capability imeentory and classification.

Vegetation - NFF: Concerming vegetation comditions, 10 doouments
proposed actioes, 8 acimowledged wegetation while 3 igmored it
(Table 3). Seweral Acts such as the LUA 1978, GRL-B, and E1A ACT 19592
highlight government ownership, decision priority and control over
land for economic use. Although the National Comstitution (NC) of
1999, LA 1978, GRL_B 2016 focus on knd govemnance, they make no
direct reference to vegs The GRL-B prescribes the es-
tablishment and administration of grazing reserves across the country
o sustxin transhumance.

Soil Orpanic Carbon: The BC 1959 makes provisons for land con-
servation, which include soil, and variows policies on the environment
mch as NPE 199% NAF 19%%; NFNC 2003 propose actions. For ex-
ample, the NPE 1953 calls for a dedicated sirategic management of land
and soil through the tof land use practices and the causes and
extent of soil degradation. Omly the EGASPIN 2002 provides guidelines
amd actions to be taken by oil industries in relation to land. Four

ion condits

policies proposed actions on sodl; 9 acknowledge soils while 7 disregard
it (Table 3}

Land Pollutfer The NC 1999 establishes agencies to manage pollu-
tion in Migeria. NFNC 3003 and NSNC 2014 strongly proposed actions
on LF, and the NEF is sensitive to pollution caused by energy use, and
proposed strategies bo mitigate it Section 19 subsection (3) of the
NMMA ACT 2007 established a committes to disruss pollution and
degradation of amy kbnd being mined and to advise the Minister. in the
il sector, NOSDRA under the National ©il Spill Contingency Flan
[MO=CF) plans to halt LF while NESREA_A 3007 addresses LF in non-oil
related sectors. EGASPIN 2002 is the only document with action om LI
while 9 documenits proposed actions, & acknowledged LF and 3 ignoned
it (Table 3}

Gully Erosion: Mamy policies related to land ignore sction against
gully ercsion. Eight policies inchading MEF 2003 and NESREA A 2007,
proposed indirect actions such as the enforcement of management
practices and guidelines for soil and water conservation in erosion
areas. While & anly gemerally aclnowledge erosion without providing
puidance on how to monitor and address i, 7 domaments mcluding the
LA disregard GE (Table 3).

In summary, Tahle 3 implies that many paolicies need to be revised
to capture LD in Migeria. It also shows that environmental concemns are

poody integrated into broader policy objectives.

3.4, Consideration of LDN montioring ond response objectives in Nigeria's
lomd governamce

Table 4 presents the analysis of the policy docaments in relation
with LDN monitoring amd the objectives of avoiding, reducing and re-
versing LI

Momttorieg objectiver: The NPE, NFNC 2002 and NSNC scored high
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The extent to which the examimed policies engage with the LD% monitoring and response sirategies.

(Sowrce: Awthors 2018)

Policy Limmanes Erw 0

Avoid

MATIONAL CONSTITLTION
NE 1999
POLICIES
HPE 1759
HAP 1999
NIF 20003
NP 2006
ALTS
LUA 1978
EIA ACT 1992
EGASPIN 2002
NOSTIRA 2008
NEMA ACT 2007
NESRES A 3007
BILLS
L B8
WISION ¢ ACTION PLANS / STRATEGIES
NVID: 2020 2010
GREEN ZM2
HESAP Z008
HAPLCIH
HIEEDS 003
HATIONAL COMMLUNICATIONS
FITC 2003
NENC 214 z
MEETING REPOETS
MNCE 103008 z
MNCE 11 3017 z

=k NN
- e
-
I"-- -

HKH KEHKKMZI
HHHN=@
MWW MM =G
D> DD &O

W = KHHKN 4=
R T T
I T TR
D W DD Ou

o
W

Legend: O mot menboned; 1= mentioned; 2 proposed action; 3: actions taken.

{Table 4}, on monitoring mechanisms for envirooment or LD, For LD ©
environmenial monoring mechansm, 12 doouments propossd actions,
while 3 and 4 documents respectively were sensitive and non-sensitive
to @ monitoring mechanism. The NESREA Act allows for collabormtion
with Mational Agencies sach as the National Space Research and De-
velopment Agency (MASRDW) and Nigerian Meteorological Agency to
confirm the status of ecological indicators across the country. Thus on
paper, Nigeria has various mechanisms that can serve for monitoring
LOKN. However, empirical msighis indicate inadequake resources for
effective manitoring {Ladan, 2012).

Response objectives: Most policy doruments (14 doraments) ac-
impwledge the meed to ovoid LD while 2 doooments sach proposed
actions ito avoid LD, such as the inclusion of gender based approsches.
Key policies sach as the NPE emphasise government commitment to
reduce or avoid further environmental degradation amd pallution. The
ELA ACT 1532 stipulaies projects io avoid impacts on the environment,
and the NMMA ACT 2007 specifies avoiding degradation in minerals
exploration and exploitation i.ll.']l.liil,g pemalty for ilegal mining, and

hibition of explomtion cutside mining lease areas. The GREEN 3012
uﬂm omly document that details actions to avoid LD such as the de-
velopment and implementation of an integrated approach to SLA and
mustaimable agriculture. While policies and plans sguall y engage with a
LD reduction strategy, a difference is the NAP 1999, which proposes o
promote water conservation by harvesting run-off waber and reducing
desertification by tree planting {Table 4).

The strategy to reverse LIV s similar to those on avoidance and re-
duction but statements differ. For instance, the NMMA ACT 2007 sti-
pulates the need to linise with redevant agencies of government with
respect to the soeial and environmental isswes imeolved in mining op-
erations, mine closure amd reclamation of knd Parther, section &1
subsection (1d) of the Act states that the licence holder must maintain
and restore the land to a safe state from any disturbemce resalting from
exploration and related actrvities. GREEN 2012 scores highest
avaiding, reducing and reversing LDy and is the only document thae
details actions to reverse LD through implementing the GGWSS1. In

relation with the GGW project, Migeria has established the National
Agency for Great Green Wall (NAGGW), under the FME iz activities
range from afforestation, mobilising communities and fostering bocal
livelihoods as well as land resounces mamagement. While the NAGGW
adopts a participatory and commumity driven approach, it is still too
early to assess the effectiveness and the social-ecological impacts of
these imitiatives. In sum, many policies and plans provide entry points
fior the LDN response strategy (Table 4) but more effort and commit-
meent are required to implement the proposesd actons.

3.5 F | coord)

opitons mad &

D-r a.rn]ym highlights poscible entry points and limitations for
l img LON im Migeria First, varioas policies have
some relations with LON indicators and strategies, however with a m-
ther vague framing amd no clear actions plans. Second, options for in-
tegratimg LDN imto mhmmlpuhnumhghljh,guﬂedmmr
tors. A key actor io overcome this frag eam LOMN
into matiomal policies could be the National Ennmm-mlz] Stardards
Regulatory and Enforcement A gency (NESREA ) of the FME. Extablished
in 2007, the agency & responsible for enforcing all environmenital po-
licies, guidelines, laws, standards and regulations at the national level.
MESREA is responsible for developing environmental monitoring net-
works and compiling mmh]vhu fram uﬂ!rsuuh:n. It also
compliance with inter i] T g global and
regional environmental issaes. PJnll].'.l.thulhenu.ndaI: bn]l.a.uewnh
local and interrationsl stakehaolders, create public awaremess and pro-
moée SLM among farmers and land wsers.

Nevertheless, NESREA's competences explicitly exclude the oil and
gas sector, with the agemcy expected to “enforce through compliance
muomtoring, the emdronmenrml regulorions amd siondards on molee, abr, [omd,
seas, oceons and other woter bodies other than in the ol ond gas sector”
[MESREA_& 2007, p. 31 This endermines NESREA's handling of LD due
to LP, which iz pervasive in the oil producing aress of the country. The
tensions raised by LF in Nigeria's oil producing regions and its impacts
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om health, land and water rescurces pastify s place as an LON indicator
{Allison et al., 2018). Due to this exception, the "Petroleam Act”, sen-
stive to the growing adverse environmental impaces from oil relabed
pollution, proposes the EGASPIN to "establish o amd Stadord:
Jfor e Emvironmensol Quaiity Control of the Pesrolewm Indusiry [in Nigeria;
mw}ﬁmmzmmwmmﬂwm
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ard practices including multi-level governance need to be coordinated
differently along the various land types to ensare that gains prevail over
losses. For example, the degraded areas in the Sahel region or the
ramforest and mangrove region affected by large-scale gullies, land
pollution or severe logging should receive specific response strabegy
when compared with states with other LI types. We suggest to address

iforing progrommes” (Pammgraph #(a, b, <), part 1, Hon'
EGASFIN 2002). The guideline along with the provision of the rhbnﬂl
il spill Detection amd Respomse Agency (NOSDRA) Act, under the
MOSCF foresees a joint effort to monitor all degradation in Nigeria,
under the FME, and i conjunction with other ministries and agencies.
Besides its exclusion from the oil and gas sector, NESREA also faces
umﬂmm:lﬂiuahctufmd:lﬂs and expertise in
g amd i 7 fandi and the chalk of im-
plementation into the country's federl structure. The agency has es-
tablished five zonal headquamiers in the six geo-political zones amd
planz io establish offices in all 28 states (13 established) of Migeria
{Ladan, 2012). However, how the mandaie of NESREA and that of staie
agencies in land planning (in which the states have the control), and in
msues related to development and environment are to be coordinated
rEmains Hpen.

4, Conclusions

LOM is a movel comcept with a composite frame to counter LIy and
provides the basis for countries to assess their readiness and position to
achieve newtrality. However, it canmot function without rebevant in-
stitutional arrangements at national to local levels. We explored the
paossibility of operationalising LDN in Migeria considering existing in-
stitutional armangements. Deforestation, land pollution by oil spillage,
gully erceion and desertification rzl'luct the challenge of LIy in Migeria.

Wwe found that carrent mstitutis despite intema-
ticnal commitments, are largely I.-C\ﬂrl‘ll.lﬂ'l'! Eur opembionalising LDN.
Our overview of LD and LOM in Migerian national policies highlights
their very general framing and their high fragmentation among dif-
ferent palicy sectors. Even though various policy documents and me-
chamisms captare and provide inputs for LDN, more coordination efforts
and stromger political will are required to achieve LDN in Nigeria. The
meetings of the council of ministers poses an entry point in coordina.-
ticn and could oreate awareness among other non-environment minis-
tries about the importance of LDN.

Explicit maragement of LD is exchsively delegated to the FME,
although the PMARD is a key actor in the comversion of land to agri-
culture. Shortcomings are also visihle i the National Agracultune policy
(MAP) which has focused mainly on desertification and drought, while
excluding other types of degradation sach as land pollution, thus not
capturing issoes dwe to oi spills.

Mt:m:huﬁ:pﬂymhﬂmgﬂ]rypsdmme:paml

of i " I s in the oil sector means that
muore dedicated efforts are needed for the affected oil-producing zones.
As NOSDRA and NESREA are under the FME, an entry point would be
to ntensify and support collaboration between the two agencies i
addition with cooperation with actors at the state and local levels.

Anather key challenge is the definition of mational LDN baselines
that reflect the agro-ecological variability in the coantry. These base.-
lines must be transy flexible, acceptable and compliant with in-
ternational standards and are yet to be established. Tying LD indicators
to AEZs should pravide the basis for compersation of losses with gains
withim the same zone.

Taking a decision on the reference time for baselines is also a
challenge. For instance, 2018 or an earfier date can be set as the re-
ference year aon which all LDN indicators will be measwrsd. Maonitoring
of meutrality can then be applied to the differemt AEZs and their various
management practices. Thus, each AEZ will require a distimct meaon-
itoring system coordimated by the FME/NESREA

Furthermsare, elements for achieving nevtrality in terms of policies

70

the LON indicators at the sub-national levels through a symeh-
esis of the archetypes of local studies on LD. In addition, the wvarioas
envirenmental agencies monitoring LD meed to improve coordination to
harmaonise the baseline for each land type.

Maoreower, there is a need for a reform of the LUA 1978, which is
almost 40 years old, to neflect current develoy im land e
and SLA. While acknowledging that policy reform can be a very slow
process, LOM mechanisms are likely mot to gain growund in Migeria
without sach reforms. In particular, there is a peed to reconcile the
wrerlapping castomary land tenure and the comtrol the state govern-
ments have over land tenure. The FME with other key government
organs, need to inftiate a deltherative process thai highlights the benefit
of such reconciliation to governors, traditsonal authaorities and local
commumnities even if it redoces their power over land. As this reform
may nat be achiewed in the short-term, there are limitations currently to
using land use planming as a way to integrate LN into local practices.
Two promising entry points for operatiomalising LDN are frst, to
identify those farmers and land users alreandy practising S1LM and in-
centivising them to contirue and io monitor their progress, and second,
to mainstream SLM imto various relevant development initiatives. Such
an approach enables Einking bottom.up strategies with top-down plans
ard is hence likely io take hold in the everyday practices of land use.

The insights from the method of liberature review is also constrained
by available literatare. To genemte further koowledge on oper-
ationalising LON, there iz a need for stadies on state-level policies, the
role of non-state actors and on piloting a methodology to operationalise
LM, Such an empirical stady can provide farther insights on other
eniry points and necessary adaptations to specific social-ecological
contexts.
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cover affict the RPGs rich biodiversity. In p the expansson of crops, overzrazing. atforestation, and the introductson of
mmmammmkmM\wqdmm(ﬂB) In this study, we applied the
RO | Platform on Biodsversity and Ecosystem Services ([PBES) conceptual framework as a new lens to appeoach
beods : m the RPG. Farst, we sy ically reviewed published scientsfic literature to sdentafy darect
mmmmm‘mmmsnﬁs Fu\hcr.w ducted an i lysis of management poficies affectng
the BES directly in the regson, 2 a national and intermational level. We conclude by offering recommendatsons for polacy and
praxzs under the umbrella of the IPBES framework.
Keywords: Land Use Change; Biodiversity; Ecosystem Services; Drivers, Natwre s Contributions to People.

Insights para estratégias de conservacio baseadas em politicas para as pradarias do Rio da
Prata através da estrutura do IPBES

lrm-o:Aspr.uhusdoRnhhmwmhmmmhﬁcdmnommmmmdowlonfm
1 rica biodiversidade deste A expansio da agricull beep 10, arborizagio ¢ a mtrodugio de espécies
i s T mgﬂmmawbwmdﬂcehmmmm
(BESHN:*:!M“. a prual da Plataf = | sobre Biodr lade © Servigos
Eoommm(l?l!ﬁ)cumwmnmM&Mruﬂm&cmmm&wmmm
Pri > artigos clentificos publicados de forma a identibicar fatores diretos ¢ indiretos que
afetam os BES nas pradarias do Rio da Prata. Adscionalmente, realizamos uma extenss andlise das politicas de gestio que
afetam derctamente os BES na regido, quer a nivel L, quer i wonal. Conchuimos com peoy € dagd
de politicas e priticas sob a égide do quadro do IPBES.
Palavras-chave: Aberagoes de Uso do Solo; Biodiversidade; Servigos Ec emicas; Contribwuigtes da Natwyza para as Pessoas.
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e et and exp of 1 of this crop i the region (Aizen et
Obtaini | for fulfilling buman noeds has been al. 2009, Redo et al. 2012, Modemel et al. 2016). Although there

made at |he expense of environmental degradation (Foley et al.
2005. MEA 2005, Zhang et al. 2019a). Based on the current trends
m land use and land cover (LULC) changes worldwide, humans can
ubumpodslndxmmbhnpmvetbatqmlnyu[hfewlyby

was a predominance of soybean, other crops also mncreased. such as
sunflower, maize, rice, wheat, pmm,ndcml)pﬂs(m&?mlo
2008, Cubbage et al. 2012). In the last decade, the cropping sy

became less diverse raising concerns about the sustaimability and

dimmishing the capacity of global Y o the pe
of such benefits (Foley et al. 2005, MEAZ(DS) Hence, contemporary
ses face the challenge of developing regional land.use strategies

the

I risks d with crop production in a region which
is relevant for the world graim and oil market (FAO 2014). As such, the
IU'O have represented one of the most rapidly expandmg agricultural

env

MWMIMWM%M Jucing gative

not only in Latin America but m the world (Baeza & Paruclo

environmental impacts and maintammg social and economic benefits
(Foley ct al. 2005, MEA 2005).

1 i

2020). Currently. most of the arca s rep d by sown pas
mmlcmova:udmmdmmwonlyanmu

The Intergy Policy Platform on Bsediversity
and Ecosystem Services (IPRES) is an international body that
works to strengthen the science-policy meerface for biodiversity and
ecosystem services. IPBES aims to assess the state of biodiversity
und ecosystem services (BES) incorp ng different descaplines and

¥ of semi | mative g in (Modermel et al. 2016,

Paruelo et al. 2005).
MlahwudLULCchmgahvelﬂ'deh«m

fi the pr of services (ES), and the state of

i RPG (Paruclo et al. 2005, Modemel et al. 2016). This

hind:

types of knowledge (Diaz et al. 2015). Nature's contribution to people
(NCP) 15 a concept promoted by IPBES that refers to all the positive
and pegative contributions of nature to the quality of life of people,
which can be recognized and valued in a range of existing worldviews.
This appeoach underlines the I and pervasive role that culture
plays m defining all links b people and nature (Diaz et al.
2018). According to Pascual et al. (2017). a multiple value perspective
should be encouraged in decision making, focusing on three types
of values: intrinsic, relational. and i l. In order to achieve
sustamable develop it is smp to sder long-term human
well-being, the drivers, and the consequences of land-use changes
(' etal. 2013, Nagendma et al. 2013, Ellss et al. 2019). Therefore,
the link between drivers. valuations, and NCPs might serve as holisti

region rep! a biodiversity-rich arca 1z more than 550
different species of grass, 450-500 bards, with some endemic specses,
and a hundred species of! wal Is {Bilenca & Msfiarro 2004,
Di Giacomo & Parera 2008, Azpwoz et al. 2012, Andrade et al. 2018).
However, these are being th d by LULC ch m the
area (Di Gaacomo & Krapovickas 2005, Codesido et al. 2013, Dotta et
al. 2015). Based on these and the fact that the RPG are the least protected
sub-region m South A (H d 2004, Michelson 2009, Bacza
& Paruclo 2020), it highlights the imp of pr 2 this ares in
veder to conserve and maintain its BES (Balds & Paruelo 2008, Modernel
et al. 2016, Oyarzabal et al. 2019).

Most of !he land is private in the region, belonging to famales

guxdance for policy formulation.

Grasslands are one of the most modified biomes of the world
(Hannah et al. 1995, Paruclo et al. 2007, Baldi & Paruelo 2008),
which cover over 50 million km®, accounting for 37% of the carth’s
termestraal surface (O"Mam 2012). Native grasslands have been replaced
or degraded by mtensively aged agricultural lands (H h ot al.
1995, Vega et al. 2009, O Mara 2012, Gang et al. 2014), representing
T0% of the agricubtural arcas workdwide (Schlesinger & Andrews 2000,
Ramesh et al. 2019). Thus, grasslands play a unsque role in food security
by providing sgricubtural products (O Mara 2012).

In the Neonoplu. the Rio de la Plata Grasslands (RPG) are the
most d ing an extent of 750,000
hn‘(Son-wnlL 1991, C'bunall 2011). The RPGs are shared
by Argents thern Brazil, and Uruguay, encompassing
two main sub-regions, Pampas and Campos (Sonano et al. 1991)
(Figure ). The mean annual temperature of the region is 10 w0 20°C,
and the mean annual rainfall is between 400 and 1,600 mm (Sorsano
et al. 1991).

After the European colonization, the native grasslands of the
RPG have become one of the most essential regsons of grain and beef
production m the workl (Bilenca & Miaarro 2004, Paruclo et al. 2005,
Bakdi et al. 2006). Until the 20® century, cattle ranching was the most
common and important land use, but then, cropping became the most
important one (Vervoorst 1967, Soriano et al. 1991, Viglizzo et al
2001, Baldi et al. 2006). For example, between 2000 and 2010, the
cultivation of genetscally modified soybean generated an intensificativn

g www sciclo brtm

and corp often i | (Modemnel et al. 2016). LULC
transformation is also driven. in turn, by global economac issues (the
increase in the prices of commodities) and the availability of new
technologies (no-tillage cropping, genetically modified organisms,
afforestation know-how, etc.) (Satorre 2005, Trigo 2005, Céspedes-
Payret et al. 2009). Therefore, land-use policies play a fund |
role in d g LULC dy (Lambin et al. 2003, van Meijl
ct al. 2006, Brannstrom et al. 2008). These policies can promote or
restrain particular crops or types of land management using taxes
and regulations (Redo et al. 2012). Internal policies established
within a given country are the primary underlying drivers of LULC
changes (Gerst & Lambm 2002). Furth litical bound.
and biophysical heterogeneity of RPG also mﬁm these trends
(Vega et al. 2009).

New strategies should be considered to allow the coexstence of
agncultural activities with grassland biodiversity conservation in the
RPG. In this study. we applied the IPBES framework (Diaz et al. 2015)
as a new lens 10 approach biodsversity conservation enactments i the
RPG. Specifically, we sought to 1) sdentify the main drivers (direct
and indirect) that are affecting the BES m the RPG and link them
with the different values and categonies defined by IPBES, 2) identify
national and mtemational policies related to RPG that affect the dovers
underfying the BES, 3) build a conceptual framework for the RPG
using the IPRES framework. based on the drivers, values, and policies
identified in the previous objectives; 4) and finally, propose policies
that could help the co. 2 of grasslands in this region and
halt the raped loss of BES.

Bttpe ot o 10, 1590/ 1070-00 1 1-BIN-20 190002
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Figure 1. Location of the Rio de la Plata Grasslands (RPG) and sub.regsons, Pampas and Campos, m Southeastern South Amenica (sensu Somano et ol 1991).

Material and Methods
We engaged in 2 qualitative sy ic review approach (Finfgeld-
Connett & Job 2013) 0 lre and lid: 18t Jatab

that did not appear in the first search but were relevant for thas study,
we performed an ad hoc scarch using various resources. e.g., other

R -

knowledge on LULC changes and BES in the RPG.

1. Sciemiific literature review: Linking BES with IPBES in the
RPG

Aliterature search was conducted in two steps. First, we performed
a Boolean search in Web of Science platform (July 22*. 2019), using
the following string of keywords: (“Rio de Ia Plata grasslands™ OR
“Pampas grasslands™ OR “Campos Grasslands™) AND (“land use™
OR “agriculture™ OR “affi " OR “p: " OR “grazing”™)
AND (“ecosystem services” OR “biodiversity”). To add several papers

Bitpe dotorg 101 390/ 1676001 1-1SN- 201 %1002

searches. such as Google Scholar, checked cited literature,
ete, Following this p . we included different and other
articles relevant to the study area. From the selected papers. we chose
the ones that were published between 2015 and 2019, because most of
the papers before this period were included in the other reviews (e.z.
Bilenca & Miiarro 2004: Modemel et al. 2016). From each one of
the selected papers, we extracted the main ES mentioned in the study
and the drivers of the loss of the BES (direct and/or indirect). We then
organized the information following the 18 categories of the NCP and
placed them into the types of contributi lati ial, and
non-material) (Diaz et 2l. 2018).

_oeaniaen
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2. Review of current policy-based conservation in the RPG

Current policies for RPG 2 were reviewed by conducting
a systematic search of policies, regulati and legislation available
on official websites for each one of the For our analysis, we
wdentified and selected policies that are exclusively refsted to issues of

BES conservation in RPG. We took into account historical national and
regional legislation. Relevant information was extracted, in order to
comtrast to what extent these policies are addressing the drivers depicted
m the scientific litersture. We listed applicable laws or matiatsves that
pr d the LULC changes in RPG and rep d the conservation
situation within cach country. Finally, we described the conservation
efforts at an internatsonal and national level.

3. An approach to IPBES conceptual framework

Based on the key findings of these searches, we developed a
conceptusl model for the RPG using the IPBES framework (Diaz et
al 2018).

Results

1. Scientific papers review: Linking BES with IPBES in RPG

Based on our literature scarch, we found that most studies in the
i latis ib highlighting 1l ones.

Furthermore, different aspects of the natural lands inod cultural
values, gnnglocdpeoplelmxofplxclndaltuﬂbmnge The
Mhnlhmdmmhhnﬂyuﬁmnmﬂlmﬂm
the trends i agricul P follow a g 1 p in
the region, and based on socio-ecologacal samilarnits llmgdu:. g
&ueﬂ'«i:uddbcfo\ndmlbeauu!sd-tmmimtuaal’ﬂ”)
Although we made a classification, it & recognized that the NCPs
are percerved by people in different ways and each contribution can fit
more than one category (Pascual et al. 2017, Diaz et al. 2018).

2. Review of current policy-based conservation in the RPG

2.1. National laws and initiatives that promote the
degradation of grasslands

In Argentina, dwmglheﬁnthalfoﬂbe’o‘«wy there were

unle hing and ag develop under ive or
semi ¥ diti which lidated the crop rotation
model with annual pasture and forage (Viglizzo & Jobbagy 2010).
By the 1970s and 19805, in production were lated 1o

the expansion of cultivated arcas over native grasslands and other
types of environments (Carrenio & Viglizzo 2007). In fact, between
1960 and 1990, the rate of grain production was six tames higher
l.lun that of cattle ranching (Sturzenegger 2006). By the 1990s,

region fc on reg
while a fcwmﬁumﬁdawdum—mlmnmmwﬂﬁk 1)
Several papers focused on the ecological functions of RPG's
biodiversity and the effect that agricultural activities have on them,
hy\hgmng md culﬁusnng mature’s mtrinsic value. In particular,
these dentify the imp of the RPG as habitat for
pollimators (Sabatino et al. 2016, Marrero et al. 2017), and arcas of

ive use of agrcultural inputs and technology was prevalently
escalating the LULC ch:nge: in the region (Viglizzo et al. 2001),

high plant and 1 di | et al. 2016). All the studi
agree that biodiversity loss is associated with the £ i

ity (Mod

while biotechnologs 1l mmcmucmpeldpa
hectare. Technological ad were i o

policy refc that fa } Argentina’s agriculture, such as export
tax eli the reductions in tariff nnd non-tarifl protection
on fertilizers, agrochemical hinery and irrigation equiy

the deregulation of pri ic activibies, numly commer:nl
and fin I, which allowed the red: of agricultural fi

bomogenization, and p t of the habi
described other drivers of baodiversaty loss, such as the |

exotic sp«-a. expansion of crops and nnphnad putm ubamm
and overgrazing. lllegal buntmg and d by
exotic s alm native species (Bilenca & Muurm 200&)

Instrumental values were identified in several p

letal (2016) marketing costs (Sturzenegger 2006). In zooz. the government
of d the apphi of withholdings to exports primary
prodi and both agncultural and industrial factures (Colomeé

2008). The tax retentions were by 2015, 23% for wheat, 20% for
com, and 35% for soy. In 2016, 2 new government adopted different

ndm&:mﬁupeupkmubhmﬁumgn-huhmdmm
biodiversity (Table 1). Goijman et al. (2015) stated that the agricultural
meensification 1s detrimental 10 bards and thewr ecological functions,
potentially causing a decrease in ES provaded by them. For mstance.
msectivore birds play a role as pen cummllm a valiable ES in
agricultural land Native g lation of water
quality and n\-aiH:diy, climuc np:lnion. water pmvism. nutrient
cycling, and erosion control (Medernel et al. 2016, Eguren et al. 2018,
Villarino et al. 2019). All these benefits are affected by LULC changes,
crop type and 2 and cli h Most of these papers
reiterate the adverse consequences of climate change and LULC
changes in the provision of agncultural products, which highlights
the importance of sound and inable p for the y in

such as the elimination of withholdings to exports wheat,

com, and meat and a 5% d for soyb (MA2015).
From the mid-1990s, tmsber prody has experienced signsficant
growth driven by legisl that p d forest pl 3 In

1999, a law of Investments in Forestry in Planted Forests (N 25,080)
wus promulgated and later expanded m 2019 (Law N* 27487) The
aim was to increase the stock from 1.3 10 2 million ba of cultivated

forests by 2030, which it ‘bahrn inable develoy
goals and the chi b d with the Paris
\m(MAGmelnThuhw blashed a regame that
imvestments made in new § Y and the expansion of

forests. It also favors the mitiation of forest industry enterprises atd
l!l: development of existing ones, as long as the timber supply s
d through the h of new forests. The benefits granted

the RPG.

Fimally, we found that studies on both rel | values and
ial shutions are scarce for the RPG (Table 1). Awer

et al (2017) sdentified agricultural activities that provided cultural

benefits based on traditional activities in particular geographical areas.

g www sciclo brtm

mmswhqhatmmmmmwmmhnnbk

upport which wall ist of an per b bl
by zome, species, and forestry activity. These ventures must comply with
the zoning of forestry basins that must respect the terrstorial planning
of native forests blished by 1 law of for

T
-
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Table I.Summyol\h-v:Counibunulohopk(h(‘P)nuhalm!hhodeh?ha&uﬂads(m)budmhrmﬁcm
mwmmuwmememl\tﬁﬂumES' k, and 18 reported are distinguished (Diaz
et al. 2018): . Hahitat creation and maintenance; 2. Mmmaddmdd:nd;eﬂukrmwﬂa x K@kﬁuq{nﬂ‘q&lm 4
Regulation of cli 5. Regulk of ocean acidification; 6. Regulation of freshwater quantity, location, utlmulg 7. Regulation of fresirwater
and coastal water guality; 8. Formation. protection, nldmmmq':oﬂsnd di) 9. Regwlation of hazards and ext) events;
10. Regulation of detrimental organisms and biological pr - 11. Energy; 12. Food and feed; 13. Mamub companionship, and labor: 14.
Medicinal, biochemical and genetic resources: I5. mengnndmmmfm 16. Physical and psvehological experiences; 17. Supporting identities
amd 18. Maintemance of options. The NCP categories are divided mnto three broad groups depending on the type of contrbution they provide to
people into Material, Non-material, and Regulating (Diaz et al. 2018). The studied region of each paper is specified: Argentina (ARG), Uruguay
(URU), Brazil (BR): the entire region (All).

Type of contribution  NCP Categori ES Specification Drivers of the loss of the BES Reference
chan ricult Sabatio et al. 2016
Regulating 2, 14and I8 Pollination LUI.L;‘ v e (ARG), Marrero et al.
Riodiversity i 2017 (ARG)
and ecosystem ) Expansicn of eucalyptus plantstions, Phifer et al. 2016
- functioning s land-use type, Joss of natural and (ARG), Hodara &
Regulating 1d4and 18 n:l:ussld R I habitats and farming Poggio 2016 (ARG),
Y intensification Winck et al. 2017 (BR)
Bi ity Low forage, high stocking nlas
S Zovo:iod mvasion of exotic speci Modernel et al. 2016
Regulating 1 4and 18 .dﬁ A4S Plamt ” ol'aquudunphmndm (Al
Anamal Landscape perturbation and homo- Modernel et al, 2016
Riodiversity aﬁvwsil?' inty: agricultural expansion (hsgh (All). Pedrana et al.
Regulating 14ad 18 | and eccosystem “"".';“ e o el g Atk | 2O WIK(ARD),
functioning ¥ y A P ink | Bilenca & Mifarro
) species) duced by exotie T ‘MG)
Biological 2 3 5 A Gogyman et al. 2015
Regulatiog 10 contiol of Agricubural ":_";:“"" and | ARG), Gormbel et
insects and = al. 2019 (ARG)
weeds by ES provided A
Resulati 10 grassland oy B g E of eucalyptus plantat Phifer et al. 2016
species : (ARG)
X Seed dispersal A 3 Phifer et al. 2016
Regulating 2 by bird = Expansion of eucalyptus plantations (ARG)
Rositano et al. 2018
: s CGroundwates (47~ change, type nnd msnag (ARG). Modernel et
Regulating it of the crop al. 2016 (All). Eguren
et al. 2018 (URU)
Water
P § qmlzyb ;-.l :cgioul LULC change (from native grasslands "':"M"“IL“O:;:L :':L"'
—y ydrology i 2019 (ARG)
Cerri et 2l 2015 (All),
Regulating 6 levels Afforestation, agricultural expansion | Modemel et al. 2016
(Al
Flooding Cerri et al 2015 (All),
" mitigation Flood < . Barral et al 2019
Regulating Gmdy (ormter vegiilation Agiiculiural éxpansion (ARG). Garcia et al.
regulation) 2019 (ARG)
= Soil organic | LULC change (from native grasslands lquIG
Regulating 4 (All), Villarino et al.
Climate S 2019(ARG)
) regulation and’ | N20 emission Rositano et al. 2018
Regulatmg 4 or mitigation it Type and management of the crop (ARG)
= Carbon s Modemel et al. 2016
Regulating 4 Gootprint Beef production (All)
Contmue...
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Coaminuanon...
Rositano et al. 2018
(ARG), Ferraro &
. Soil Cand N Ciagliostro 2017
Regulating L] e Type and management of the crop (ARG). Lara et al.
2018 (ARG), Villarino
et ul. 2019 (ARG)
Abovigeivand Pre ad bal (m etal 201:'
Regulatmg L} net primary clim change, energy and bioomass
Soil 5 a al. 2016 (Al), Baeza
. F et al. 2018 (All)
conservation -
Gt st ZDI:MRG).
Regulating B u‘ Agr intensafication D" Acunto et al. 2018
cycling (ARG)
Cerri et al. 2015 (All),
. " 5 Land use £ (grassland Modemel ct al 2016
Regiliting = S to crops) (Al), Villarino et al.
2019 (ARG)
Low input. Pyquer-Rodriguez
N N Food and feed cattle . u.’slzl“""’ B et al 2018 (ARG),
provision grazing beef s mv"y' y Modemel et al. 2018
S cost, gains
p s, (Al
2 Cultural Ind griculture and Modemelatal MG(AID.
Non-msterial 15. 16and 17 identi 3 Averetal 2017(ARG)

environmental protectson of mative forests (Law N"26,331). Thas zoning
aums to conserve native forests, but not other native ecosystems.

In Brazil, several polscies that favor the expansion of different types
of land-use have d for decades. Withm these activities
are agriculture, mamly com, soy and wheat crops, afforestatson, and
cattle ranching. Additionally, policies have been directed 1o

priority regions for afforestation and provided financial incentives
such a3 subsidies, tax reliefs, and exemptions and tangeted Joans 1o
investors (Cubbage et al. 2012). These incentives encouraged large-

scale pl and forest prods facturing facilities (Mendell
et al. 2007, Redo et al. 2012). C Iy, the tree pl arca
15 in Uruguay @ d rapidly, ¢ the highest affo rate in

productivity in beef cattle in pastures. through the establishment of

Latin America between 1988 and 1998 (Mendell et al. 2007, Cubbage

mnimum stocking rates (number of a particular type of Iperumit et al. 2012). However, in the carly lound-ZOOOs. all incentives
unLAumdloflhnepolmmlﬂo.ﬂmemMonmdhn were revoked leading to a 24% decline i pl areas b
of 1p but by 1996, only 10,524 mullion bectares ~ 2001-2009 (Redo et al. 2012). More recemtly forest companies are
d An wple of cattle 2 was the progect SICR1I nyugbmpmlwmmmlhmlkmnhcnwhomllulby
(1969/1970), which involved a forage impe phase of the native a¢ their pl. to local f forming silvop y
grasslands of Rio Grande do Sul (Nh et al. 2009). (Cubbage et al. 2012).
Recently. the National Strengthening Program for Family Farming Before the beginning of the century, soybean was not dered
(PRONAF in Portug ) was enforced. Although lhuptognm an essential crop within other agricultural staples in Uruguay. Hi E
ibuted socially and Ily. it has negative envi b 2000 and 2009, a soybean production boom ded the

i Grisa & Schocider (2015) ltate Im mlwmlnupllity of
Rso Grande do Sal. this program was | d towards
po&lchw&vcbmbhndonlhueufdmc&lmptﬁ.lluln
P a specralzation in grain p ion and other agricultural
mdlnu“lndliuledhlle.. ' of envi ily

most domenant crop in the country, wheat, occumng at the expense of
the country’s berbaceous cover (Redo et al. 2012). Global demand and
pesces have played an essential role m driving soy expansion post-2002
WI&WNIILMMMWM

v ) 4
1 3 Al

for the sudd idering that the price was already relatively
hghu&emﬂ-lmhtds.numndloﬂcmmm

Funally, in Uruguay, ‘uunll policies reganding affo had a
significant impact on the guantity and distribution of LULC changes
(Cubbage ct al. 2012). In 1987, Forestry Law (N” 15.939), was approved
as a i to supporting and growing the forestry sector. lts
objective was to replace manginal and unprofitable farming and ranching
on poor soils with afforestation and pulpwood production to supply
mamly Europ kets (Snoeck et al. 2008). This law identified

g wwrwscicho bo'tm

| poli The soybean export taxes in Argenting had a direct
impact on the quantity and distribution of LULC changes in Uruguay
(Redo etal. 2012). Between 2002-201 3, the soybean area increased from
10,000 ha to 1.2 mullion ha (Souto 2012). On one hand, this increase
wits mainly due to the Jower land prices and the lack of export taxes in
Uraguay; and on the other, high land prces and high agricultural taxes
in Argentina introduced i the early 2000s (Redo et al. 2012y
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2.2. Conservation efforts in RPG at the international level

At an international bevel, there are two imp initiatives fc d
on the RPG: (1) The Southern Cone Grassland Alliance {Ahanzs del

Pastizal in Spanish) d in 2006 with the support of BirdLife
I tonal and in collab with NGOs (non-governmental
v ) from Argenting, Uraguay, Paraguay, and Brazil, This

:lhmmkllopmmﬂuhhwdnnpmyhnhmdgmw
diversity m g | by mg with differemt stakeholders (cattle

2.23% with the mtegration of federal level protected arcas (Bilenca &
Midarro 2004). In Uruguay, the National System of Protected Areas

(SNAP) - ty 0.98% of the national territory
but with a high rep: of specific species and Y

for conservation (Avila et al. 2018, MVOTMA 2019). However, its
low ivity and Img land: {intensified production

systems) are hostike 1o biodiversity and accentuating their biological

ranchers. environmental N’GOI.pmmcul and national governments.
and rescarchers). In 2010, the South Cone Gi land Alliance
developed a certification label for meat producers who protected 50%
of their grasslands. In 2012, meat produced under this label became
available to consumer s {Alianza del Pastizal 2019). (2) The “Officaal
Incentives Project for the Conservation of Natural Grasslands of the
Southern Cone of South America’ that secks to protect the BES m
the repson (Alianza Pastizal ’0!9). This project begm in 2012, and
its main goal was to p an Ve sy ¥ for ES
M)fcrcﬂkmcﬁmﬁocmummmof
natural grasslands on their lands (Parera et al. 2012). For thas purpose. a
mhxallml(ﬂrnlunl(‘mm Index ) was built to evaluate and

3. An approach to applying the IPBES conceptual framework
to the RPG

It is important to note, that as the RPG extend into Argentina,
Bml-ﬂUthemmdvlhamlﬂmdmmlybylh

spatial scale under analysis (local, sonal or i ional),
bllllsobymvlndmxmmhwll social, and political dynamics
and complexities.

The conceptual framework we have developed for the RPG
(Figure 2) has LULC changes as the main focal point and as the
principal direct driver for the grassland BES. Based on our lsterature
and policy review, there is a clear tendency to focus on the material

quantify the rancher's ik to grassland conservation, thereby
bz imation of the of thewr i
Huwnw objectives were only partially achieved, and mnoca!e.lhe
payments were done (Weyland et al. 2019). One possible reason for this
result was that the scheme coincided with the end of the gov t's

..... ibutions, which are e 1o the meat production history of the
area (Viglizzo et al. 2001), as well as a distinct trend to mcrease crop
production and afforestatson with vanous incentives. The identification,
valuation, and study of non-material values are scarce (such as Ie-nnns

dste and the change in the auth (Weyland et al. 2019).

2.3. Conservarion efforts in RPG at a national level

In each country, dsfferent policies or private initistives have been

and isspiration, physecal and psychological experiences, and supposting
cultural sdemtaties). Finally, the ing contributi are b

more relevant in the literature, especially in the face of chimate
change, but there is still a bong way to go regarding policy ap
M-whmumﬂum‘a,mlhsﬁmuk vn:cmﬂ:umnh

.

attempted in order to protect biodiversity and the envi of
the RPG (Table 2). To date. conservation initiatives in Argentina are
lnollychmbvNOOsn llab with chers with the goal
of boosting bl F as well as identifying

areas for potential msavlum (Table 2). Contrary. in recent decad

of all three of these interrelated components.

On one hand, LULC changes as the primary direct driver of
change in the RPG mcludes three main elements: cattle grazing, crop
production, and affo The fi rk 2lso articulates the values
(NCP categornies of IPBES framework) provided by these land uses,

Brazil has made signaficant progress to link biodiversity conservation
nd economsc dcvelopmmL which has played an essential role m
1 da lated to conservation. The mggenng withan

as 2 result of recognizmg its social Arel
note regarding LULC changes uiml:evnlmpvvnded.aulthe
negative mmpacts on grasskands can profoundly differ g to the

the Brazilian society of a2 specific concern regarding the Campos Suli
appears 1o be related to two public di sons: the legal prohibition of
burning s a peactice of management of the fields in the Rio Grande do
Sul (established under the State Constitution of 1989) and the debate

pplsed. Traditi mcswshabw—qknnydlkm

or f.mly farming wnll be more compatible with conservation concerns
lated to grassd intensive agricul and affo in tum,
‘ouldbemmdtn'mmlmmsduuhﬂl‘s Therefore, we assume

surrourslmng the future of the Pampa biome alongside the ent that the fc oﬂhs ol are mostly to high-intensity
ofumwphumofnmmmﬁxpdpFMm(medal LULC ch with 1 ! I

2009). Finally, in Uruguay. conservation gies | X Ontheoﬂlahmd.wvwgamz«lt!nmdmtdnmu[LULC
strengibenig, participatory ch. and good 2 P bang; ulmtvmgmp The first one integ hoology, cli

by the g in an inter-institutional frame and inter | hange, and i I ",pnccs Technology. through
organizations (Table 2). All of them focus only on this envi haological ady allows increasing pr ivity per unit area

recognizing natural fields as ome of the most impoctant assets of the
country in terms of bodiversaty.
Based on these initiatives, different levels of conservation
were luclud in each cmmuy Repnimg the scientific community
ad a | region is adequately p d when ot least
10-15 % of the arca is protected by law (Burkart 1999, Bertonatti &
Corcoera 2000) but this condition is not met 10 any country. Argentina
protects | .05% of the Pampas eco-region (Moreno et al. 2008, Burkart
2006, Sistema de Estadistica Ambiental 2019), while Brazil protects

Bitpe dot.org 101 S0 1676001 1-ISN-I01 41002

Iucixglolusnunndd.ﬁmdun@ehuhecqucnylollnr
(unjsustable fand uses and international commodity prices as market
forces for hagher or Jower pressures from specific uses. Therefore, all
these are affecting the weight that agricultural activities pat on the

ining grassfands. The d group reflects the import: of
highlighting the influence of politics and inh political instability
in the LULC changes, but also its integ in the i indirect
drivers. Lastly, direct and indirect drivers’ dynamacs are viewed as a
two-way relationship.
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Figure 2. Conceptual framework for policy-based conservation of the Rio de la Plata Grasslands (RPG) following the [mergovemnmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) and Naswre's Comtribattion 1o People (NCP) notice

Discussion

The main goal of this study was to contnibute to policy-based
strategies for biodiversity conservation and ecosystem services
provisivn for South America’s Rio de la Plata Grasslands, within a
novel conceptual approach. From our review, we evidenced that the

Current policy approaches for BES conservation differ between
regions and countries. Based on cur coamnmnmpolxy TeView, we

found the pervasive and sy ic g ecosy
concerning. Although all 1 gnize the imp -—oflh'u
biome and quently exp: an m its conservation, the

unsustainable practsces that have lted in negative
for BES over the RPG are currently sull ongoing. We foun!du“he
dafferent regions within the RPG share similar drivers of change (e
land-use change due to overgrazing, crop exp and aff i

climate change. and invasive species) and are experiencing comparable
negative consequences reganding the comservation of BES. Most studies
hlghhghted regulating and material NCPs, while we found scarce
ion on non I NCP. Similar results were evidenced
by Mastrangelo et al (2015), showing a tendency to focus oa the

pk 1om and of plans and actions have boen sparse.
Lack of action is reflected m the limited inclusion of protection
mechanisms in regional and local land planning strategies. as well as
in the very low levels of p ge of native grassland
within the RPG.

Policies for the conservation of BES in the study area are uncommon
and incipient, p fy m Anp md Uraguay (Azpiroz & Rilla
Manta 2007, Modernel et al. 2016), while Brazil appears on the lead
as far as current existing laws for grassland’s BES conservation. To

f-area c

beophyscal p and p of the ES rllher than on assessing date, most conservation initiatives in Argentina are non-normative and

its cultural comp and benefits to p . Thus, the LULC lemml planning that includes grasslands is & 2. The Arg

hanges have d at the exp of the loss and degradation of gisl id onlvmuvel’onsunnpnmlvfurcomnmn
] envi the sy s bility, and cultural values when it regul the p of productive develop We

(Mastrangelo et al. 2015, Modernel et al. 2016, Aver et al. 2017). propose that different lypcsofboum:s should be included, in order to

C quently, it is jal 10 develop 2 regional of the mh:e&epmudheauwm\ubaﬂzmﬂnxcwu

RPG adapied to the cultural, social, political. and economic issues of the
regson. In addition, a transdssciplinary approach could help strengthen
the mterface between science and policy-makers while enhancing the
participation of different stakeholders.

Bitpedotor 101 5901 670-001 |-1SN- 201 S-01602

help i the recognition of the grassland: logscal value and
it:cmscrmmfrwnmgiwnlmnahmalx:la(ﬂuud&l‘ul’olo
Ovub«kelll 2007 Thug lhenulnwgem need to |mpl¢m¢nl

ives that establish a p of grasslands to be
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P d, with special emphasis on at-risk arcas, along with strategsc
territorial planning initiatives. These could ensure that productive
activities do ot represent a threat to vulnerable ecosy pecially
where the most | tracts of grasslands sull In Uruguay. a
series of governmental mstiatives were propased in the last decades,
which aimed at sustainable management of cattle ranching m natural
fickds and conservation of its BES (Bartesaghi et al. 2015, Avila et

al. 2018). Although there are in the conservation of
grasslands, it is Y to create | legislation 10 regulate and
enforce conservation policies. Commymtbumlublepoponls.
a recent law aims at i ifying agr d (

Law, N” 19,553, 2017), ‘hd:mddncpwﬂy dl’ectlhya:hnd
comservation.

In Argentina and Uruguay, conservation policies are more oriented

Is the of a few th d grassland species and their

habitats (D Giacomo et al. 2007, Soutulio et al. 2013, MAYDS 2017b).

On the other hand, Brazilian policies for grassland conservation pr

nature valoe farmland or pay to f for the envi 1
services provided (Silvia et al. 2008).

Following the IPBES framework and the NCP concept, we
sought to link scientific knowledge on biodiversity and ecosy
function, the values for socsety. and the policies that could promote
conservation in the RPG. We concluded that the different regions in
the RPG have in common not only the drivers but also the underlined
negative consequences regarding the conservation of BES. Therefore,
the conceptual framework busht m this study is generalizable to the
full extent of the RPG. This framework coudd be used 25 2 tool 1o
communicate the relevance and the benefits 10 society of preserving
native grassland’s BES in this region. Also, it could belp to focus
attention on the consequences of not applying sustamable management,
which can result in the direct loss of the long-term productive capacity
and resilience of thes ecosystem (Foley et al. 2005, MEA 2005).
Fun!urmwc this model would also aid in detecting the lack of
nfc and poli m some arcas, and serve as a base model 1o

a more optimistic perspective for the future. Expectations are on the
i of the Envi | Rural Regsstry code. which has the

integrate new information. Lastly, the framework could be useful as 2
peimary mwtqumquumhwuukﬂmg of refevant socio-

potential to constitute a reserve of preserved native prasslands. The
possibality of linking the P Preservation Areas and Legal

and conser (fori the Shared
Secseeconomic Pathways; O'Neill et al. 2014), sdentification of policy

Reserves should safeguard a mmimum of 207 of the private grassland
areas, and those within the governmental protected areas. However,
grasslands in southern Brazil are considered a “neglected biome™
(Overbock et al. 2007), sance it is not given adequate consideration and
protection in comparison to other Brazilian biomes, and where policies
focusing on farming intensification pose a significant threat to the BES
bility of the grassland

We agroe with Hoekstra et al. (mm-mmmm*ouu
be addressed at large scales, as | and regional perspectives are
the scales at which conservation policies will be more effective in
halting habitat and bsodi y Joss across the RPG (e.g. Di Minin et
al 2017). As previously d, the 2 of the region has
beulmmlydmmbymmdpobcucemvdmmnlccm
develop N heless, there are & I inits that are
lnhedtok?&cmlmnuﬂlv&tmbyNGOlmﬂm
mitsatives are but mstit

5 2ing.

1 political app hes to reach a broad. msmliamL

b ledd

P for future I (e.g. Anton et al. 2010, Paracchani et al.
2011), and to spatial models for synergses or trade-offs b

dafferent ecosystem functons and its conflicts (e.g. Zhang et al. 2019b).

1. Conservation policy proposal

Taking into conssderation the “emerg{ent] bome crisis” (Hoekstra
ct al. 2005) that temperate grasslands face, and based on the threats
identified in this study. we highlight a combination of policy
mechanisms for conservation of the RPG. Based on the proposed
framework. the following initiatives could enhance and/or maintain
the existing biodsversity as well as increase connectivity throughout the
RPG. In addition, we associate the different values and NCPs that these
polscies could enhance. However, we acknowledge that these efforts are
not an end but a starting point to reach long-term conservation goals.

First and fi an of the | d areas in

¥ o

the RPG is crucial. Dinerstein et al. (2019) state that there is o small

and effective conservation outcome. There are several pl
of successful multinational conscrvation efforts that transcend
geographical boundanes and work together m pursust of conservation,
such as Natura 2000 k in the European Union through the EU's
Birds (T9409'EEC), Habitats Directives (92/43'E£C) and the UN
Ci ion on Biol I Diversity. Regarding grassl
Mmlmuﬂnm nupmbkbnd&e-memﬂnmsu
mp with European conservation approaches. Identified threats
to European grasslands (Silyia et al. 2008) are in line with the ones found
m our case study (EEA 2012). Conceming protected aneas, dlﬁeml
EU Member States define different approaches toward
In effect, 25% of the 27 EU ial lands are p ‘uudermba
Natura ZMQMhmnnunnmmmbehmmmmﬂnhe
conservation of sites of’ 1 imp 1 1d 1 ora
bmation of both. Grassland: Y Mwuvr/.omewm
arca of protected sites in Europe. while for the total of arcas included
m Natura 2000, 11% were classified as grasslands (EEA 2012). Some

of the policy proposals for these arcas include the promotion of high

g www sciclo brtm

dow of opp ty of 10 years 10 halt climate change below 1.5°C
and to prevent “points of no retumn” in terms of habitat loss and species
extinction. Followng this idea, we concur that a higher percentage of
the RPG should be under some form of protection. Protection here is
! d ax defined by the | Union for C vation of
Nature (Dudley 2008). In order to protect all subregions in the RPG,
each country could use a combination of the following: (1) establish
multiple p J arcas through legal mech in zooes identified
umhnﬁmhiq&emmofhﬂum:ﬂmml
wdors within agrcultural kand: (e.g. Nmetal. 2016, Schroter et
al 201T)w i Iness throughout the RPG: (2) Create
imcentives (i the form of tax breaks or payments for ES) for landowners
who allocate part of their properties 10 grassland conservation (Alianza
del Pastizal 2019). (3) Argentina and Uruguay could adapt and
' t ssmilar to that of Bruzil (Environmental Rural
Rem)lopomlﬂ'-o(adlpnumpmpaty
We are aware that effective grassland bodiversity conservation
outcomes cannot be achieved through protected arcas alone (Harlio et

Bttpe ot o 10, 1590/ 1070-00 1 1-BIN-20 190002
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al. 2019). Thus, it is smportant to take imto consaderation the connectivity

Protected arcas are the comerstone of conservation. but taking into

of these conservation aneas to and fragr and its ideration the ic relevance of the region to cach country,
dmnnld‘mo-bw&mwy(mﬁryQal ZQII)TM ivity  biods ,mmmlmlyonlyondmm Sustainable
of these 1 arcas is ial to disp P and  conservation also requires p for w the entire regon,
genctic diversity of species m frags d landscapes (Schooley & luding arcas dedi d to agncult '-."' within a regional
Branch 2011). Some of the agri-envi b impd d  persp e, and tuking into i people’s outlooks and values
by the European Unson's C Agricultural Policy did mot have s (Mangules & Pressey 2000, Tscharntke of al. 2005, Harlio et al. 2019).

positive effect on brodiversity and it was associated with the lack of
regronal and landscape comservaton planning in farmlands (Batiry et
al. 2011; Harlio et al. 2019). Looking at the trends of the RPG, there is

Following IPBES’ aim 10 promote the conservation and sustainable
use of biodiversity. long-term human well-being, and sustainable
develop our study add the main drv of change in the
RI’G Our conceptual framework can provide an approach o integrate

I policies and increase the conservation level of this biome,

ani m land arcas, so the of rural roadside could
play an imp role. Roadsides can host a di and rep ive
flora and fauna of the region, supporting their imy s refug,

and reservoirs of biodiversity (Saez et al. 2014; Amnscul 2017).
Herrera et al. (2017) suggested a novel and simple :udcuomthe

llwﬂhtednﬂ'umlgnnlmlnhn“&mlwmoﬁh
complexity of these efforts and the i of i |
policies highlighted in this study. Huvnevcr. national and local

conservation status of roadsides that could serve as an initi to

implement in other arcas and to take these landscape clements mnto
deration in deciss king
S d. the regulation of LULC changes through
fundamental to the long-term conservation of this biome. Existing
economic regional bodses such 23 MERCOSUR (Common Market of
South America) could be used to establish biome-wide conservation
Mgkpdamndmcdmmwpwﬁnd:mwy;

tols (S

£ hould realize the importance of conserving the RPG and
the q1 of not addressing the drivers affecting it.
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