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Exploring future land system change in 
Central and Eastern Africa 
Abstract 

The Central and Eastern African region is confronted with increasing socio-economic demands and 

global change pressures which could in the near future threaten the sustainability of its land system. 

Significant land use and cover (or land system) change would critically impact nature and people both 

locally and globally. Yet, its action is comparatively less studied than for other parts of the world, 

highlighting the need to have improved information on plausible future land system change in this 

region. 

This work synthesised a set of underlying drivers and proximate causes of land system change in the 

region through a metastudy, to than conduct a scenario analysis based on identified critical 

uncertainties, exploring future change in this land system. 

Multiple social and biophysical underlying drivers emerged as acting on proximate causes through 

chains of causation, driving change in cropland, forest, infrastructure, urban, and dryland areas. Two 

identified critical uncertainties, global versus local economic system orientation and fragmented 

versus integrated regional governance, defined four plausible scenarios exploring different land 

system change. 

The findings of this work contribute to the understanding of plausible future change in this 

understudied land system, and provide the base for complementary land system research. 

Additionally, reported conclusions could inform policy or practice processes aimed at steering the 

future of this land system at a critical juncture. 
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1. Introduction 
Land systems, the terrestrial section of the earth system, are shaped through time by a multitude of 

social and biophysical forces (Turner et al., 2007; Lambin & Meyfroidt, 2010). Land system change 

is a major component of global change (Foley, 2005; Turner II et al., 2007), whose understanding is 

crucial for sustainability as land is the fundamental interface supporting most human activities 

(Verburg et al., 2015). 

In the past few decades, the acceleration of human activity to become the major force driving rapid 

and profound earth system change defined the beginning of the Anthropocene (Steffen et al., 2015). 

In this proposed new geological epoch, anthropogenic land system change is so extensive that Ellis 

& Ramankutty (2008) proposed a classification of terrestrial biomes into anthropogenic “anthromes”, 

and Rockström et al. (2009) indicated the degree of land system change as one of the threshold values 

for human sustainability on the planet, lying in a space of uncertainty (Steffen et al., 2015). Globally, 

the most relevant process of change by area is the expansion of agriculture over other land classes 

(Lambin & Meyfroidt, 2011) although other processes such as deforestation or land degradation lead 

to a significant loss of ecosystem and social functions (Chhabra et al., 2006; Verburg et al., 2015). 

As socio-economic trends keep increasing the demand for services from land, and global change 

threatens its current productive basis (Foley et al., 2011; Lambin & Meyfroidt, 2011), land is 

becoming a scarce, vital resource globally (FAO, 2011b). 

In the global quest for favourable areas to be used, the region of Central and Eastern Africa is often 

reported as having large reserves of land and other natural resources for potential exploitation in the 

near future (Alexandratos & Bruinsma, 2012; Chamberlin et al., 2014; Eitelberg et al., 2015). 

Historical socio-economic or institutional constraints to natural resources use include disputes on land 

tenure systems, low qualification of the labour force, lack of financial resources, and importantly, 

weak governments stability (Ramankutty et al., 2006; Lambin et al., 2013). Technological and 

biophysical limitations add up to those obstacles, with an infrastructural network poorly developed 

in extent and quality (WWF & AfDB, 2015), or marginally productive soils (Albanito et al., 2016). 

However, as constraints are increasingly overcome, the access of novel actors could rapidly be 

favoured (Lambin & Meyfroidt, 2011; Arezki et al., 2015; Galford et al., 2015), and many countries 

in the region could undergo large scale land conversions in the coming years (Alcamo et al., 2008). 

Yet, those dynamics have been comparatively less studied than in other parts of the world under 

similar conditions (e.g. parts of South America or South East Asia; Rounsevell & Metzger, 2010). 

Despite the uncertainty of these developments remains high, their impacts could be critical on nature 

and society both locally and globally (UNEP, 2016). 
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Detrimental land system change led by unsustainable natural resources exploitation could 

increasingly challenge the provision of food, water, shelter, fuel and cultural functions to community-

based local livelihoods, especially in rural areas (Jayne et al., 2014). At the same time, while the 

supply of traded commodities (e.g. soybean, palm oil, tropical timber, minerals) to the international 

market could increase (WWF, 2012; Meyfroidt et al., 2014), global impacts would include 

degradation of habitats and biodiversity loss (Gibson et al., 2011; Lenzen et al., 2012; van Soesbergen 

et al., 2016), increased greenhouse gases emissions (Akkermans et al., 2014; Searchinger et al., 2015), 

disruptions in the water cycle (Keys et al., 2012), or the rapid spread of diseases (Foley, 2005). 

The importance of those changes stresses the need to have improved information on plausible future 

land system change in Central and Eastern Africa. An overview of the nature of the driving factors, 

and of their interplay in causal chains leading to change in land processes through time, can provide 

a more solid base for research, policy and practice seeking to study and proactively govern this land 

system. 

1.2. Aims and research questions 

The aim of this study is to (1) understand driving factors and (2) explore future change, as defined by 

critical uncertainties, in the Central and Eastern Africa land system. It unfolds around the following 

research question: 

What future land system change could occur in Central and Eastern Africa? 

Operationalized in: 

RQ1. What underlying drivers and proximate causes of land system change, and their causal 

links, can be synthesised from the literature for this region? 

RQ2. What future land system change defined by critical uncertainties can be explored for 

this region using scenario analysis? 

1.3. Theoretical framework 

The theoretical entry point of this work is grounded in the emerging interdisciplinary research field 

of land systems (or change) science (Verburg et al., 2015); where the land system is the terrestrial 

component of the earth system and land system change a fundamental part of global change 

(Meyfroidt, 2015; Turner II et al., 2007). At a broader level, land systems science contributes to 

sustainability science by studying the complex biophysical and human (or socio-ecological; Folke et 

al., 2005) interactions that occur on land (Turner II et al., 2007; Verburg et al., 2013, 2015). Due to 

human-environmental interactions, land is subject to change over space and time (Magliocca et al., 

2015), and much research has been focusing on causes and consequences of those changes 
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(Meyfroidt, 2015). Many of those analyses utilise the dual framework of land cover (the attributes of 

the earth’s surface) and land use (the purpose or manner in which humans use it) change (Geist et al., 

2006), jointly referred to by several authors as land system change (Turner II et al., 2007). 

Systemic complexity and multiplicity of disciplines have challenged the emergence of a unified 

theory of land system change (Lambin et al., 2006). However, some conceptual frameworks have 

been prominently used (Friis et al., 2015): This work specifically drew from the land systems change 

framework of underlying drivers and proximate causes (“the framework” hereon). 

1.3.1. Underlying drivers and proximate causes framework 

This process-based framework addresses change through a systems lens (Meadows, 2009), analysing 

chains of causation linking broad, diffuse factors to narrow, specific ones ultimately resulting in the 

process of change under analysis (Friis et al., 2015). Seeking to elucidate these consequential 

relations, factors connected by causal links are ordered from the most (causally, but also 

spatiotemporally; Friis et al., 2015; Meyfroidt, 2015) distal and indirect to the most immediate and 

direct: Namely, the underlying drivers and proximate causes of land system change (Figure 1). 

Factors are therefore variables interacting in the system, specifically (adapted from Meyfroidt, 2015): 

• Underlying drivers are factors situated in the initial section of a causal chain, driving 

proximate causes; they are both social and biophysical in nature, and are broadly categorised 

as (Geist & Lambin, 2002; Asselen et al.; 2013;): Demographic drivers, institutional drivers, 

economic drivers, technological drivers, sociocultural drivers, biophysical drivers; 

• Proximate causes are factors situated in the final section of a causal chain, directly causing 

the land cover change process; further to this, given their immediate contiguity with processes 

and adopting van Vliet et al. (2016)’s understanding, this work intends them as the actual 

processes of land cover change, categorised as (Geist et al., 2006): Cropland change, forest 

change, infrastructure change, urban change, dryland change. 
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Figure 1 Framework of underlying drivers and proximate causes of land system change. Adapted from Geist & 
Lambin, 2002; Lambin et al., 2006 

Despite critiques on the difficulty of clearly defining a causation sequence, given the often complex 

interaction patterns (Friis et al., 2015), or on the absence of agents as mediators between factors (van 

Vliet et al., 2016), this framework has proven useful in framing, with mainly simple unidirectional 

dynamics, an accurate understanding of land system change (e.g. Geist & Lambin, 2002, 2004; Keys 

& McConnell, 2005; Asselen et al., 2013; van Vliet et al., 2015). Additionally, by clearly outlining 

systemic structure and dynamics, its effectiveness in exploring future land system change has been 

reported (Alcamo et al., 2006).
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2. Study area 

 

Figure 2 Land cover map of the study area. Country border data UNSD (2016), land cover data MODIS (2014) 

The Central and Eastern African land system extends from below the Sahara to the northern boundary 

of Namibia, and the north-eastern boundaries of Botswana, South Africa and Swaziland (Figure 2). 

Spanning a range of latitudes, it is characterised by a wide array of land covers and uses intersecting 

each other, forming a complex social-ecological systems patchwork (UNEP, 2016). Climatic, 

topographic and hydrological conditions vary greatly throughout the area, defining a diverse set of 
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land covers (Ramankutty et al., 2006). Importantly, the region’s west is predominated by the world’s 

second largest rainforest area encompassing the Congo river basin (de Wasseige et al., 2014). Humid 

tropical forests transition to progressively drier forests to grasslands in the north, and to open miombo 

woodlands to the south and east areas, characterised by alternation of wet and dry seasons (van 

Soesbergen et al., 2016). Other significant land features include forest-cropland mosaics in the Great 

Lakes region, a strip of coastal forest along the eastern coast, and patches of montane vegetation in 

elevated areas of the east (WWF, 2012). Dry savannah shrublands and grassland fade into drylands 

in the very north and in the horn of Africa (Chamberlin et al., 2014). 

Historical patterns show an increasing use of land in Africa, with a bland growth until the colonial 

period, and a rapid increase after that, especially from the 1930’s; this change regarded principally 

cropland and forest (Ramankutty et al., 2006). In most countries in the region the primary sector 

(agriculture, forestry, mining) is the main source of income for many (IAASTD, 2009). Most 

activities are linked to direct use of land. Agriculture, including herding, is predominant; extensive 

farming is practiced by smallholders throughout the region, and represents the main subsistence-

oriented livelihood (Jayne et al., 2014). Wood harvesting (for construction, woodfuel etc.) is in the 

literature linked to subsistence activities, and artisanal mining is reported as of overall secondary 

importance, being concentrated in a few areas (WWF, 2012). Export is also centred on agricultural, 

forest and mineral commodities, generally brought to the global market by larger-scale enterprises 

(Meyfroidt et al., 2013).  

Economically and politically, the region remains characterised by wide disparities between income 

groups, and a fragile institutional stability in many countries (UNEP, 2016). Nevertheless, in recent 

years, the region experienced a major and unprecedented increase in several development indices, 

with improvements in living conditions linked to better economic and political dynamics (WWF & 

AfDB, 2015). In this transforming context, the region’s social and ecological sustainability is 

increasingly under the pressure of a variety of drivers, including novel trends and actors (e.g. large 

scale land acquisitions, or increasing foreign investmets; Zafar, 2007; Seaquist et al., 2014; Gasparri 

et al., 2016). Examples of factors that may importantly affect land dynamics are: The projected 

doubling of population in the continent by 2050 (Jayne et al., 2014); the continued global demand for 

land-based products (e.g. biofuel crops, pasture land; WWF, 2012) and services (e.g. tourism areas; 

Bayliss et al., 2014); the extension of the infrastructural network, most importantly of transportation 

ways into natural areas (Laurance et al., 2015); the spiking urbanization (Seto et al., 2011); the large 

scale implementation of international policy processes as REDD+ (MoENT-DRC, 2009) or the CBD 

(Mascia et al., 2014); the more severe and unpredictable climatic conditions (Moore et al., 2015).
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3. Methods 
In this work two methods were applied to explore future land system change: Metastudy and scenario 

analysis. The first intended to generate understanding of future land system structure and dynamics 

by synthesising knowledge from the literature, seeking to answer RQ1; the second utilised this 

understanding to develop four scenarios, ultimately providing considerations on future land system 

change, seeking to answer RQ2. Figure 3 schematically presents the research steps detailed in this 

section. 

 

 

 

 

 

 

 

 

 

Figure 3 Sequence of the research steps undertaken within the two methods used in this work 

3.1. Metastudy 

The spatial (regional scale) and temporal (long term, future) scope of this work, and the lack of a 

systematic overview of expected land system change for this region in the literature, motivated the 

choice of conducting a metastudy. This research method can effectively build systematic knowledge 

of land phenomena (van Vliet et al., 2016) from a wide evidence base. The metastudy aimed at 

synthesising land system knowledge in a form useful to explore future land system change. Broadly, 

the metastudy intended to be an “analysis conducted across prior analyses [studies] that constitute 

cases for the phenomenon or land system of interest”, studies being “sets of observations meeting 

predefined criteria” (adapted from Rudel, 2008). 

This work was informed by several documents on metastudy methodologies for land systems (e.g. 

Rudel, 2007, 2008; Seto et al., 2011; Asselen et al., 2013). Yet, it principally drew from two extensive 

reviews, Magliocca et al. (2015) and van Vliet et al. (2016), in that: Studies were procured and 

selected systematically, with an explicit methodology; coding was rooted in the theory; and analysis 
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of the coded data mostly qualitatively addressed systemic factors and their causal links. Thus, the 

metastudy constituted a solid analytical ground without formally being a statistics-based meta-

analysis, and could be to some extent collocated between a variable-oriented and a case-oriented 

methodology (Magliocca et al., 2015). The definition proposed by Magliocca et al. (2015) also 

indicated that this methodology differed from a systematic and analytic literature review in that case 

studies were the observational units, and a formal criteria for cases selection was used. 

3.1.1. Systematic literature search, selection and coding 

The procurement aimed at retrieving as relevant studies as possible, drawing from the broadest 

possible pool of peer-reviewed and grey literature. To effectively make use of large computational 

resources and of detailed retrieval work, a scientific search engine (Web of Science ®) and manual 

search (see Appendix A for detailed methodology) were utilised. This duality was instrumental in 

better scanning grey literature, which by definition does not enter ordinary publishing channels while 

contributing relevant studies, especially within the scenario analysis literature (Wodak & Neale, 

2015). 

The procurement was based on three relevance criteria: 

1. Geographic: Limiting to studies whose study area was a section of, intersected with, or 

entirely including Central and/or Eastern Africa; sub-continental to global scale studies were 

included if reporting a detailed description for Central and/or Eastern Africa; 

2. Time: Limiting to future-focused studies, with an emphasis on use of scenario analysis as a 

method; 

3. Study aims: Limiting to studies focused on analysing changes in the land system. 

The resulting list of studies was then further narrowed, firstly based on titles, secondly on abstracts, 

thirdly on the full text. This further selection was based on the above criteria but additionally 

discarded studies which: 

• Focused on analysing the impacts of future land system change, without providing 

information on the actual land system change process; 

• were aimed at testing a method; addressed very superficially changes in the land system (no 

quantitative or qualitative patterns description); 

• only compiled results from other studies, in which case only the primary sources were 

selected; addressed very small-scale processes (e.g. agricultural plot scale); 

• had time frame limited to less than 5 years or did not go beyond the present (2016). 
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In contrast, the selection maintained studies which did not specifically use scenario analysis as a 

method but made estimates of future land system change. Selected studies were grouped by 

geographic scope to obtain 3 sets: Central, Eastern and Sub-Saharan Africa studies (Appendix B). 

Each selected study was coded in a spreadsheet, to extract reported qualitative and quantitative 

information on land system composition and dynamics through time (van Vliet et al., 2016). To 

ensure theoretical thoroughness while allowing for flexible emergence of information, a combined 

inductive and deductive approach to coding was adopted (Fereday & Muir-Cochrane, 2006): 

categories originated in the theoretical framework (Figure 1) were adapted to include relevant themes 

identified in the studies. 

Appendix A reports the methodological details of the literature search (Boxes A1 and A2) and the 

coding structure (Table A1). 

3.1.2. Underlying drivers and proximate causes synthesis 

Raw coded data was fed into a qualitative analysis synthesising a cohesive list of underlying drivers 

and proximate causes of land system change in the region by. The factors were grouped under the 

framework categories (Figure 1). The mentioning frequency (number of studies which mentioned a 

factor; van Vliet et al., 2016) for each underlying driver and proximate cause was counted, and 

averages of mentions per category calculated. 

The qualitative analysis similarly synthesised causal links (linkage steps from underlying drivers to 

proximate causes; Friis et al., 2015), extracting them from the coded data. 

3.1.3. Uncertainty and impact analysis, and identification of the critical uncertainties 

In the land systems context, critical uncertainties are unrelated major steering forces plausibly 

defining future system composition and dynamics, whose attributes are very unpredictable (adapted 

from Shearer et al., 2009; Ramirez & Wilkinson, 2014; Derbyshire & Wright, 2016). Identifying them 

is necessary to build the axes of the scenario space (section 3.2.1.). The critical uncertainties were 

identified on the basis of a combined uncertainty (probability of a factor to occur in the future or 

uncertainty in the directionality of its impact on the land system; Maier et al., 2016) and impact 

(degree of change a factor causes to the land system; Geist et al., 2006) analysis. Uncertainty was 

evaluated for underlying drivers whereas impact for proximate causes, as: 

• Underlying drivers are mostly causally distal, broad factors (van Vliet et al., 2016), indirectly 

linked to the land system, and while their uncertainty can widely range, their impact is 

dependent on the proximate causes driven; 
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• proximate causes are mostly causally immediate, specific factors (van Vliet et al., 2016), 

directly linked to the land system, thus having relatively smaller uncertainty. Their importance 

thus rests mainly on the magnitude of their impact on land system changes. 

Uncertainty and impact were rated as high, medium or low based on: 

• The frequency with which a factor was mentioned in the studies (higher frequency assumed 

as lower uncertainty and higher impact respectively, and vice versa); 

• the discussion within the analysed studies of the uncertainty or impact of a factor. 

Following to the uncertainty and impact analysis, underlying drivers with high or medium uncertainty 

linked to proximate causes with high or medium impact were selected. These underlying drivers were 

clustered according to their degree of similarity to form two clusters; and secondly amalgamated 

within each cluster to form two critical uncertainties, following the methodology of Alcamo & 

Henrichs (2008). 

3.2. Scenario analysis 

Scenario analysis (sensu Alcamo & Henrichs, 2008) was chosen to explore future land system change 

being a structured, yet creative method (Alcamo et al., 2006), able to deliver plausible and relevant 

outcomes in spite of systemic complexity and uncertainty (Peterson et al., 2003; Alcamo & Henrichs, 

2008). Scenarios are descriptions of how the future may unfold in a system, based on a coherent and 

internally consistent set of assumptions about key driving forces and their relationships, that lead to 

a particular future state (adapted from MA, 2005; Alcamo & Henrichs, 2008; Lambin et al., 2014). 

Projections and predictions or forecasts are different from scenarios in that they are based on more 

certain baseline conditions (Figure 4; Martens & Rotmans, 2002; IPCC, 2013). 

Figure 4 Scenarios can effectively deliver results under conditions of uncertainty and systemic complexity, and 
they differ from projections, forecasts or predictions. Reproduced from Zurek & Henrichs (2007) 
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Yet, scenarios are characterised by plausibility, defined by Wiek et al. (2013) as the “quality of a 

scenario to hold enough evidence to be qualified as ‘occurrable’ i.e., to become real, to happen”, 

indicated by previous occurrence, current occurrence in a different location, or support by a proof of 

concept (e.g. initial evidence, early warning, theoretical insight) of a scenario (Alcamo & Henrichs, 

2008; Wiek et al., 2013). 

Aligning with the aim to observe emerging land system change in the future, exploratory scenarios 

(Alcamo & Henrichs, 2008; Rounsevell & Metzger, 2010) were developed. Differently from other 

scenario types, exploratory scenarios do not aim at reaching a prescribed future, nor are they linear 

continuations of present-day dynamics, they emerge from the action of diverse drivers on the system 

through time (Börjeson et al., 2006; Maeda et al., 2010). Their development process is qualitative, in 

this contributing to frame complexity (Peterson et al., 2003; Rounsevell & Metzger, 2010; Wilkinson 

et al., 2013), and follows an “intuitive logics” model (plausibility-based approach using deduction to 

generate narratives which describe unfolding chains of causation, resolving themselves into sets of 

distinct future outcomes; adapted from Amer et al., 2013; Wiek et al., 2013; Derbyshire & Wright, 

2016). 

3.2.1. Scenario space building 

Scenario development was based on a 2x2-matrix scenario space, whereas two axes, representing the 

two critical uncertainties, structure four quadrants (Rothman, 2008; Mahmoud et al., 2009; Amer et 

al., 2013; Wodak & Neale, 2015). Either-or values defined the dimensionality along the continuum 

of each axis, framing in each quadrant a unique combination of plausible and differing axes’ values 

(Ramirez & Wilkinson, 2014), representing the foundation of a scenario. 

In this sense the scenario space building process was solidly grounded in the metastudy, distilling 

information therein, to then emerge and compose the “backbone structure” (van ’t Klooster & van 

Asselt, 2006) of the scenarios. 

3.2.2. Scenarios logic and storylines development 

The logic of each scenario was developed by using the identified underlying drivers and observing 

how they varied in each scenario, given the axes’ values in that quadrant, following the indications 

of Alcamo & Henrichs (2008). Where the variation of an underlying driver could not be established 

based on the axes, it was kept constant in all the scenarios to avoid subjectivity bias, however its 

pattern of action was described as varying “passively” due to the variation of other underlying drivers 

(WWF & AfDB, 2015). 
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Each of the four scenarios was structurally developed into a storyline, infusing each scenario with 

realistic details, contextualising it with examples, and conveying its complexity with the richness that 

a narrative can contribute (Bowman et al., 2013). Coherently with the previous step, specific attention 

was paid to detailing how underlying drivers, the building blocks of the scenario logic, unfolded. A 

deliberate attempt was also made to remain in an explorative setting, by: 

• Balancing positive and negative elements in each narrative, avoiding outlining desirable “best 

case” or undesirable “worse case” scenarios, i.e. falling into normative scenarios (Börjeson et 

al., 2006); 

• anchoring to plausibility, but using creativity and novelty to prevent merely projecting present 

dynamics into the future, i.e. falling into predictive scenarios (Maier et al., 2016). 

The storylines depict Central and Eastern Africa in 2030, this timeframe was chosen to be a reference 

point which is possible to relate to, yet allowing observable land system change to occur. 

3.2.3. Scenarios outcomes analysis 

Each scenario was intended to ultimately provide insights on the land use and cover change resulting 

from the action of underlying drivers in the region. This was assessed by using the syntesised 

proximate causes and qualitatively describing how they varied, both in their process (“what” and 

“why” change happens from causal links with underlying drivers) and pattern (“where” and “how” it 

happens). Proximate causes variation was thus based on the variation of the underlying drivers 

connected to them through causal links. The analysis adopted the conceptual understanding of van 

Vliet et al. (2016) defining proximate causes as the actual processes of land system change (e.g. 

cropland change, forest change etc.).
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4. Results 

4.1. Metastudy 

4.1.1. Studies selected 

The search engine returned 485 and the manual search 42 results. Of those 527, 31 studies were 

selected and coded, of which 22 were peer-reviewed and 9 from grey literature. Organised by 

geographic region (as defined in UNSD, 2016), there were: 9 studies for Central, 10 for Eastern, 1 

covering both Central and Eastern, and 11 covering the whole Sub-Saharan Africa. A detailed list of 

the studies, their aims, study area, timeframe and reference is reported in Appendix B. 

4.1.2. Underlying drivers and proximate causes of land system change 

A set of 16 underlying drivers and of 6 proximate causes of future land system change in the region 

was synthesised (Table 1). The count of the frequency of mentions (see tables C3 and C4 for details), 

on the total of 31 studies, returned that: 

• Each single underlying driver was mentioned in at least 8 to at most 31 studies, the most to 

least mentioned categories being: Demographic, Economic, Biophysical, Institutional, 

Sociocultural, Technological (mentions per single underlying driver averaged within each 

category= 27; 19; 18; 16.3; 13.7; 11.5 studies respectively) 

• Each single proximate cause was mentioned in at least 13 to at most 31 studies, the most to 

least mentioned categories being: Forest, Cropland, Infrastructure, Urban, Dryland (mentions 

per single proximate cause averaged within each category= 31; 28; 22; 17; 13 studies 

respectively) 

Causal links from underlying drivers to proximate causes as extracted from the coded data were 

reported: in a synthetic form indicating direct (co-variation; increase leads to increase, decrease to 

decrease) or inverse (opposite variation; increase leads to decrease, decrease to increase) relationships 

(Table 1); in an extended, referenced form specifying linkage steps in Appendix C (Table C2, 

“Patterns” description). 

4.1.3. Underlying drivers’ uncertainty and proximate causes’ impact ratings, and 

identification of the critical uncertainties 

The high, medium or low rating of underlying drivers’ uncertainty and proximate causes’ impact is 

also presented in Table 1, and the details of the rating evaluation process are in Appendix C (Tables 

C3, C4).  
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Table 1 Causal links from underlying drivers to proximate causes of future land system change in the region, 
synthetically reported as direct (+) and inverse (-) relationships. Empty cells indicate no causal link reported in the 
studies. Ratings (H= High; M=Medium; L=Low) of underlying drivers’ uncertainty and proximate causes’ impact 
are reported. Colour coding highlights causal links having higher uncertainty and impact ratings (◼=HH; ◼=HM; 
◼=HL and MM; ◼=ML; ◼=LL) 
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. Population growth L +    +  

Increasing population density in resource-
rich and in urban areas M +  +  +  
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l Regional collaboration and governance 

integration H  + - +  - 

Stable and participatory governance H + +     

Prioritization and effective implementation 
of environmental and development policies H + + -  + - 

E
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m
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 Growth of national economies M  +  +   

Expansion of large scale economic 
activities oriented to the global market H + + + + +  

Expansion of small scale economic 
activities oriented to the local market M +  +    

Te
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. Intensification of agriculture M  + -   + 

Energy development M  + - + +  

S
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ra

l Increase in consumption of food and of 
animal-based products L + + +    

Occurrence of conflicts H - - -    

Increased education levels M  + -    
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 Favourability of soil, water, climatic and 
topographic conditions L + +   +  

Occurrence of biophysical trigger events 
(e.g. fires, droughts, diseases) H - - +   + 

Proximity to infrastructures L + +     
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Supporting the identification of critical uncertainties, 12 underlying drivers with high or medium 

uncertainty linked to proximate causes with high or medium impact emerged from Table 1. They 

were clustered in an institutional and an economic cluster. Specifically: 

• The institutional cluster included (besides the institutional factors), the sociocultural factors 

“occurrence of conflicts” and “increased education levels” as those were considered as 

intrinsically connected with a specific set-up of institutional conditions; 

• the economic cluster included (besides the economic factors), the technological factors 

“intensification of agriculture” and “energy development” as those were thought as closely 

linked to expanding economic dynamics, and the demographic factor “increasing population 

density in resource-rich and in urban areas” as this was interpreted as linked to the actual 

presence of economic activities. 

The factor “occurrence of biophysical trigger events” despite having high ratings, was unrelated to 

any of the other factors, thus it was in a later step considered as constant throughout the scenarios. 

Resulting critical uncertainties, identified by internal amalgamation within the above two groups, 

were: 

1. Regional governance integration, the “process by which states within a particular region 

increase their level of interaction with regard to economic, security, political, or social and 

cultural issues” (van Ginkel et al., 2003), as it embeds stability (including absence of conflicts) 

and participation in governance, thus implementation of policies for development and 

environment (including education). 

2. Economic system orientation, the degree to which the regional economy is active within the 

global or local market, as it embeds the extent of GDPs growth and the contrast between 

expansion of small or large scale activities, as well as the intensity of resources extraction 

(thus defining population density in specific areas) and technological development (including 

energy and agriculture). 

4.2. Scenarios 

4.2.1. Scenario space 

The identified critical uncertainties were disposed along the two scenario space axes. The either-or 

values along each axis were, therefore: fragmented versus integrated regional governance and local 

versus global market oriented economic system, defining the four scenarios (Figure 5). 
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 Integrated regional governance 
  

Global market 
oriented 
economic 
system 

S4 
Economic growth panacea 

S1 
Common roots 

Local market 
oriented 

economic 
system 

S3 
Fierce competition 

S2 
Ancestors’ steps 

  
Fragmented regional governance  

Figure 5 The scenario space, composed of the axes “regional governance integration” and “economic system 
orientation” which structure four quadrants i.e. the four scenarios (S1, S2, S3, S4), indicated with their names (see 
Box 1) 

Scenario names were abridged as: S1, integrated region & local market; S2, fragmented region & 

local market; S3, fragmented region & global market; S4 integrated region & global market.  
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4.2.2. Scenarios logic and storylines 

The variation of each underlying driver, determining the logic of each scenario (Table 2), could be 

established basing on the axes’ values, for all but the biophysical underlying drivers. A more detailed 

report on the variation of each underlying driver is reported in Appendix D (Table D1). Biophysical 

factors were interpreted as having very distant to no connection to neither the orientation of the 

economic system nor to regional governance integration. Thus they were not actively varied, 

however, their pattern of action was reported in Table 2 as resulting from the variation of the other 

underlying drivers (passive variation). 

Table 2 Logic of each scenario determined by the variation, in the timeframe of 2030, of each underlying driver 
(“” highly increased, “” increased, “=” unchanged, “¯” decreased, “¯¯” highly decreased), based on the axes 
values. A short description of the variation is included. Biophysical underlying drivers were not actively varied (see 
text), a description of their action as resulting from the variation of other underlying drivers (passive variation) is 
reported 

S1 
integrated region & local 

market 

S2 
fragmented region & 

local market 

S3 
fragmented region & 

global market 

S4 
integrated region & 

global market 
Institutional 
Regional collaboration and governance integration 

 
collaboration, alignment of 
policy priorities, defence 
from outside interventions 

¯ 
no interest in collaborating, 
states focussed on internal 
dynamics 

¯¯ 
rivalry among countries for 
regional hegemony 

 
collaboration for mainly 
economic mutual interests 

Stable and participatory governance 
 

stability and increase in 
democratic processes 

¯ 
weak formal governance, 
people trust local 
institutions 

¯¯ 
authoritarian regimes with 
regional primacy ambitions 

 
peace and democracy, 
vision to “move on” 

Prioritization and effective implementation of environmental and development policies 
 

rural development and 
nature protection promoted 

¯ 
government prioritise 
interests of elites, despite 
communities hold local 
decision making 

¯¯ 
priority to policies for 
economic profit 

 
prioritization of economic 
policies, but also 
development and 
environment 

Economic 
Growth of national economies 

 
slow growth 

= 
no significant growth, 
mostly informal economy 

 
moderate to strong growth 

 
steep growth 

Expansion of large scale economic activities oriented to the global market 
¯ 

discouraged expansion and 
hindered exchanges outside 
the region 

¯¯ 
no interest in supplying the 
global market discourages 
expansion 

 
large foreign investments, 
economy based on intense 
exploitation of resources 
and export 

 
growing rapidly to supply 
the global market 

Expansion of small scale economic activities oriented to the local market 
 

incentivised expansion, 
supplies to local markets 

 
uncoordinated emergence 
of local activities 

 
growing as a side effect of 
the expansion of large scale 
activities and of poverty 

¯ 
people seek jobs within 
large enterprises, import of 
goods to local markets 
 



Results 

 23 

S1 
integrated region & local 

market 

S2 
fragmented region & 

local market 

S3 
fragmented region & 

global market 

S4 
integrated region & 

global market 
Technological 
Intensification of agriculture 

 
conventional intensification 
and some agroecology 
promoted 

 
some bottom-up sustainable 
intensification linked to 
traditional practices 

 
conventional 
intensification, technology 
transfer from outside the 
region 

 
conventional 
intensification, technology 
transfer within the region 

Energy development 
= 

mainly relying on 
traditional fuels 

¯ 
no development, use of 
traditional fuels 

 
uncoordinated development 
directed to supply large 
enterprises and cities 

 
widely developed, regional 
energy grid 

Sociocultural 
Increase in consumption of food and of animal-based products 

 
use of traditional foods, 
little influence from 
outside, some increase in 
food intake 

= 
use of traditional foods, 
some undernourishment 
still present 

 
overall increase in intake, 
yet unequal between 
income groups (high 
increase among wealthier 
people) 

 
increased overall, animal 
based products grow in 
popularity among younger 
generations 

Occurrence of conflicts 
¯¯ 

regional unity, no conflict 
breakouts 

 
minor local conflicts over 
the use of resources 

 
inequality, discontent, 
militarised groups and civil 
unrests 

¯ 
stability despite presence of 
social inequalities 

Increased education levels 
 

traditional local knowledge 
valorised, no integration of 
other types of knowledge 

 
no formal education 
increase, bottom up 
revalidation of traditional 
knowledge 

 
work-related training for 
labourers 

 
establishment of formal 
education systems 

Demographic 
Population growth 

 
minor growth 

= 
no or very slight growth 

 
steady growth 

 
exponentially growing 

Increasing population density in resource-rich and in urban areas 
 

growth in secondary urban 
centres 

= 
extensive settlements 
prevail 

 
growth in cities and 
industrialised areas, 
emigration abroad 

 
concentration in major 
urban centres 

Biophysical 
Favourability of soil, water, climatic and topographic conditions 
land zoning, allocation of 
land to small scale activities 

expansion of small scale 
activities dependent on 
resources 

large economic activities 
take possession of the best 
resources 

areas with resources are 
widely exploited, in 
particular by large 
businesses 

Occurrence of biophysical trigger events (e.g. fires, droughts, diseases) 
increasing connectivity, still 
little reactive capacity (e.g. 
fast spreading diseases) 

some ecological 
degradation and bottom up 
reactive capacity (e.g. 
flooding due to 
deforestation) 
 
 

wide ecological 
degradation, no willingness 
to react (e.g. release of 
chemical pollutants) 

some ecological 
degradation, capacity to 
react through collaboration 
(e.g. dry forest fires) 
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S1 
integrated region & local 

market 

S2 
fragmented region & 

local market 

S3 
fragmented region & 

global market 

S4 
integrated region & 

global market 
Proximity to infrastructures 
enhanced by the extension 
of infrastructure in rural 
areas 

low as not much 
infrastructure is developed 
or it is developed 
haphazardly 

infrastructure concentrated 
in economic areas 

enhanced by intra-regional 
extension of infrastructures 

 

The scenario storylines (summarized in Box 1, full in Appendix E) populate each scenario logic with 

details and fictitious examples, developing each underlying driver category. 

Box 1 Summaries of the scenario storylines 

S1 Common roots - integrated region & local market 

Stable governments collaborate and prioritise local development, the region is united from the inside (i.e. little to 
no chance of conflicts) but defensive towards the outside. Several measures (e.g. integrated infrastructure branching 
in rural areas) promote expansion of small scale economic activities but deter global market-oriented ones, GDPs 
therefore grow slowly. Some measures for nature protection are put in place, including cross-boundary protected 
areas. People still principally rely on direct resources extraction (e.g. fuelwood) for their livelihood, some 
intensification in agriculture is implemented, both conventional and with agroecological methods linked to 
traditional knowledge. Traditions are valorised throughout generations, including in schooling, and people mainly 
eat customary foods. Population numbers are growing slowly, concentrating in secondary urban areas due to 
favourable socioeconomic and environmental conditions. Not much capacity is present yet to confront biophysical 
trigger events (e.g. epidemics) in face of increased connectivity. 

S2 Ancestors’ steps - fragmented region & local market 

Many countries have nationalistic, authoritarian governments which do not see any benefit in collaborating with 
each other, privileged elites hold the power. People distrust governments, but bottom-up local institutions de-facto 
administrate rural areas. The central economy is poorly structured, thus many people rely on the flourishing 
expansion of small scale extractive activities (e.g. farming, herding, artisanal mining, wood harvesting). The 
economic context makes the region unattractive to foreign investment, GDPs remain stable. People practice mostly 
traditional living with bottom-up sustainable agriculture intensification enhanced, no formal education system is 
implemented, customary values and practices are reinforced maintaining strong communities, some minor conflicts 
occur over resources use. Demographics are unchanging, extensive settlements are established according to 
resources availability, including in vulnerable ecosystems (e.g. forest fragmentation). At times, excessive 
degradation of ecosystems and uncoordinated development of economic activities triggers natural disasters (e.g. 
flooding from deforestation) which develop into crises when bottom up reactive capacity is not enough. 

S3 Fierce competition - fragmented region & global market 

Regional instability and fragmentation is caused by authoritarian regimes competing for hegemony. Economic profit 
is prioritised over all other policies, most of the economies are based on foreign “grab and run” interventions (e.g. 
biofuels, copper, natural gas, soybean, oil palm). Local markets are supplied thanks to small activities growing on 
the fringes of large scale ones. GDPs grow steadily. Technology is widely imported, including from southern actors 
(e.g. China), agriculture is conventionally intensified and energy systems develop to supply large enterprises. Many 
people forcibly or voluntarily abandon traditional livelihoods for employment in businesses, or even migrate abroad 
or to cities in search of better conditions. The emerging middle-income-class consumes diets rich in animal products. 
Increasing inequality fuels civil unrests, militarized groups seek to overthrow power with violence. Population 
grows steadily and concentrates in cities. Ecological degradation is widespread, and there is little willpower to 
confront ecosystem “shocks” (e.g. waves of toxic pollutants). 

S4 Economic growth panacea – integrated region & global market 

Governance stability, absence of conflicts, and democracy in most countries underpins mutually beneficial, but 
sometimes hard to achieve, collaborations centred on economic growth. Environment is often a secondary priority 
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to development. The vast natural resources are tapped in to supply global markets: industrial farming (e.g. in 
economic corridors), minerals extraction, forestry grow exponentially, together with GDPs. Small scale activities 
in turn decline, local markets are supplied with import of cheap goods. Wide increase in integrated infrastructures 
(e.g. energy grids) and agricultural intensification is driven by foreign investments. People, especially youth, seek 
employment, modernity (e.g. processed and animal-based foods) and fortune in large cities, where large periurban 
slums expand. Population is in parallel growing exponentially. Formal education systems are implemented but 
inequality hinders universal access. Natural hazards (e.g. dry forest fires) are tackled increasingly effectively with 
joint countries’ efforts. 

4.2.3. Scenarios outcomes 

Processes and patterns of future land system change outcomes in the region are reported by proximate 

cause category in Table 3. Those outcomes are based on the variation of underlying drivers (Table 2; 

scenarios logic) as connected through causal links (Table 1). 

Table 3 Land system change outcomes in the region, qualitatively describing variation of proximate causes, in the 
timeframe of 2030, (“” highly increased, “” increased, “=” unchanged, “¯” decreased, “¯¯” highly decreased) 
in each scenario. Process (“what” and “why” change happens from dynamics and causal links with underlying 
drivers) and pattern (“where” and “how” it happens) of land system change are described 

S1 
integrated region & local 

market 

S2 
fragmented region & 

local market 

S3 
fragmented region & 

global market 

S4 
integrated region & global 

market 
Cropland 
Small scale agricultural expansion 

 
Process: Expanding due to 
growing population, thanks 
to stable governance and 
public incentives for 
intensification 
Pattern: Following 
biophysical favourability, 
according to zoning plan. 
In the vicinity of markets, 
transportation ways, 
especially clustered around 
secondary urban centres 

 
Process: Mainly 
subsistence agriculture 
expanding in favourable 
areas due to no 
development policy. Low 
population growth 
sustainable intensification 
linked to traditional 
practices 
Pattern: Mainly 
smallholder cultivation 
expanding in fertile areas 

 
Process: Expanding mainly 
to supply local food 
demand 
Pattern: Growing on the 
side of large scale economic 
activities in resource-rich 
areas, depending on 
favourability conditions and 
infrastructures 

 
Process: Growing slightly 
due to increasing population 
numbers, to good 
governance, to increased 
food demand, and to the 
expanding economies, but 
slowed by education and 
industrialization 
Pattern: expanding in 
economically developing 
areas, driven by policies and 
by biophysical favourability 

Large scale agricultural expansion 
 

Process: Intensification 
and subsidies lead 
enlargement of small scale 
agriculture into medium-
large scale activities to 
supply local markets 
Pattern: Further 
enlargement of small scale 
agriculture to become 
middle-sized 

¯ 
Process: No significant 
expansion due to absence 
of enabling institutional 
and economic environment 
Pattern: Just enlargement 
of few small scale activities 

 
Process: Growing largely 
to supply global market 
together with other large 
scale activities both thanks 
to government and foreign 
investments, to 
intensification, to more 
skilled workforce and 
increased infrastructures 
Pattern: Following 
resources availability and 
nearby infrastructures 

 
Process: Highly growing 
together with other sectors, 
aimed at supplying to the 
global market, due to 
regional stability and 
integration, technological 
and infrastructural 
development and food 
demand 
Pattern: Areas allocated to 
large scale activities or 
nature protection according 
to resources present, even 
across borders 
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S1 
integrated region & local 

market 

S2 
fragmented region & 

local market 

S3 
fragmented region & 

global market 

S4 
integrated region & global 

market 
Forest 
Deforestation and forest degradation 

 
Process: Increasing due to 
growing population, 
resources harvesting, 
expanding agriculture, and 
branching road network 
into rural areas. Despite 
intensification and 
establishment of protected 
areas 
Pattern: Fragmentation 
and encroachment of 
agriculture, settlements and 
infrastructures into forest 

¯ 
Process: Decreasing due to 
the prevalence of 
sustainable traditional 
resources extraction 
practices, halted not by 
legal protection framework 
but by community 
institutions 
Pattern: Some degradation 
and deforestation along 
forest frontiers 

 
Process: Increases mainly 
due to expansion of large 
scale agriculture and other 
economic activities 
Pattern: Around resource-
rich areas and 
infrastructures 

¯ 
Process: Stable to slightly 
decreasing, given the 
balancing effect between the 
expansion of economic 
activities, population growth 
and food preferences 
(promoting) versus 
agriculture intensification, 
increased education, and 
implementation of 
environmental policies 
(constraining) 
Pattern: Highest natural 
value areas are protected 
across countries, 
deforestation occurs in areas 
of expanding economic 
activities and infrastructures 

Infrastructure 
Infrastructure expansion 

 
Process: Expansion of 
paved and dirt roads into 
rural areas and across 
countries due to stable and 
integrated governance 
Pattern: Road network 
expansion over other land 
classes to connect 
settlements, cities, markets 

= 
Process: No to very little 
infrastructure developed 
due to governments 
inactiveness 
Pattern: Some expansion 
around the main cities and 
in resource-rich areas, 
haphazard and 
uncoordinated 

 
Process: Growing in areas 
with large-scale activities, 
profit-centred 
Pattern: Haphazardly 
expanding around large 
enterprises 

 
Process: Expansion of all 
types of infrastructures, due 
to high economic growth, 
regional integration and 
policies for development 
Pattern: Emerging for the 
whole region, connecting 
principally economic hubs 

Urban 
Urban growth 

 
Process: Growth especially 
of secondary urban centres 
and resource-rich areas 
according to zonation plan 
Pattern: Enlargement of 
settlements in rural areas 
and around resources 

= 
Process: Low due to low 
population growth, absence 
of infrastructure, people 
live in extensive 
community settlements 
Pattern: Just little growth 
in the main cities 

 
Process: Growing due to 
increased infrastructures 
and rural-urban migration, 
especially following land 
leases and relocations 
Pattern: Growth of major 
urban centres, of 
industrialised areas and 
export corridors 

 
Process: High due to 
population growth and 
concentration in urban 
centres, and to the expansion 
of infrastructures 
Pattern: Strategic 
administrative and export 
hubs in the region grow 
widely, as well as cities in 
development corridors 

Dryland 
Dryland expansion and land degradation 

 
Process: Degradation due 
to agriculture expansion 
and conventional 
intensification, but 

 
Process: Some degradation 
due principally to absence 
of environmental policies, 
agriculture and extraction 
activities, despite some 

 
Process: Extreme 
degradation due to the high 
intensification and 
environmental pollution due 
to the absence of policies 

 
Process: Degradation driven 
by the expanding economic 
activities, especially 
agriculture, limited because 
of environmental policies 
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S1 
integrated region & local 

market 

S2 
fragmented region & 

local market 

S3 
fragmented region & 

global market 

S4 
integrated region & global 

market 
conservation in protected 
areas 
Pattern: Increasing 
degraded land surrounding 
agricultural areas 

sustainable agriculture 
intensification 
Pattern: Increasing 
degraded land surrounding 
agricultural areas 

Pattern: Around 
industrialised areas, 
especially following 
pollutants discharge events 

and regional efforts to spare 
land for nature 
Pattern: Around areas with 
intense economic activities 
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5. Discussion 
Results of this work are discussed firstly by analysing each underlying driver and proximate cause 

and its variation across scenarios, and secondly by drawing some more general observations on the 

land system. Critical reflections on the theory and methods used are instead reported in Appendix F. 

5.1. The Central and Eastern African land system and its future change 

The land system was framed as a socio-ecological system changing through time, characterised by 

structural complexity, dynamic linkages and emergent properties. Underlying drivers and proximate 

causes are thus discussed in the following sections under this lens, analytically developing on the 

information synthesised in the metastudy and the outcomes of the scenario analysis. 

5.1.1 Underlying drivers of future land system change 

Demographic drivers 

Demographic factors were widely mentioned and discussed in detail across studies, noticeably, 

population growth was the mentioned by all studies. Emerged demographic factors could be concisely 

seen as the number of people inhabiting an area, importantly acting as “multiplier” to the intensity of 

human activity on land (Geist et al., 2006), being a necessary condition for anthropogenic change to 

occur. This growth trend has both been observed in the recent past (OECD, 2012) and confirmed by 

future projections (WWF & AfDB, 2015). Selected studies did not mention other population 

variables, such as gender balance or age groups; stressing that while potential differences in use of 

land by different groups of people exist (e.g. gender and unequal resources access in tropical 

deforestation; Keys & McConnell, 2005) they could have minor influence or be poorly understood 

for the region. 

In all scenarios demographic factors remained stable or grew, indicating a general increase in 

population and a concentration in denser settlements. The location of this density increase varied 

between scenarios, occurring mostly in major urban centres in the global market oriented scenarios 

S3 and S4, and in secondary urban centres and countryside areas in the local market oriented scenarios 

S1 and S2. 

Institutional drivers 

Institutional factors were on average accounted for by slightly more than half of the studies, with 

much emphasis on implementation of environmental and development policies (e.g. land zoning, or 

the enforcement of protected areas). National and regional governance contexts were less addressed. 

This pattern could be due to the local scope of several of the studies, rather observing the outcomes 

of individual policies than of wider institutional processes, the latter remaining a critical condition 
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shaping human activity and land processes with it (e.g. regional integration and forest resources 

extraction; WWF and AfDB, 2015). 

Institutional factors followed the gradient defined by the axes, increasing in the integrated region 

scenarios, and decreasing in the fragmented ones. Global market orientation further enhanced the 

decreasing trends in the fragmented scenario S3, given the strong competition between countries, on 

the contrary it boosted stability in the integrated scenario S4, given the need of having stable, 

collaborative institutions to interact with foreign actors. Local market orientation instead enhanced 

the prioritization of environment and development policies in the integrated scenario S1, as 

institutions prioritise internal development to interaction with the outside. The three institutional 

factors covaried, all of them being a result of the governance context (e.g. presence of democracy, 

stability etc.). Also, regional integration and implementation of environment and development 

policies were enhanced by stable, participatory decision-making. 

Economic drivers 

Economic factors were mentioned on average in two thirds of the studies, and overall were seen as 

the structure and activity of the economic system, from the national (i.e. GDP) to the enterprise (i.e. 

large scale and global market oriented), to the local level (i.e. small scale and local market oriented). 

The distinction between the latter two was underlined in the literature, due to their pronouncedly 

different effects on land and uncertainty, as the expansion of large scale, globally connected activities 

was often expressed as dubious (e.g. for the DRC; Lambin et al., 2013). 

GDPs remained stable or grew in all scenarios, especially increasing in the global market oriented S3 

and S4, due to the increased economic interaction with foreign actors. For the same reason, large 

scale economic activities increased in those scenarios, whereas they decreased in the local market 

oriented scenarios given the focus on developing local small scale activities, especially in the 

fragmented scenario S2. Accordingly, small scale activities grew in the local market oriented 

scenarios, especially in the integrated scenario S1 where they were supported by governments. They 

also grew in the fragmented, global market oriented scenario S3 as a mean of sustenance for the 

poorest, but decreased in the integrated scenario S4 given that many seek better conditions through 

employment in larger companies. 

Technological drivers 

Technological factors were mentioned on average in a third of the studies. The internal subdivision 

consisted of a limited number of aspects (i.e. agriculture intensification and energy development) 

compared to the potential breadth of this category. Factors such as access to information or expansion 

of communication infrastructure could be less directly, yet critically, defining use of land (e.g. access 
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to internet facilitating information flow on prices and technologies thus influencing rural land use; 

Lambin et al., 2014). 

Both technological factors grew in the global market oriented scenarios, promoted by the significant 

exchanges of goods and knowledge with other countries. Agriculture intensification grew in all 

scenarios, but pronounced conventional intensification was linked to global market orientation (S3 

and S4) with emergence of large scale agricultural activities. Interestingly, forms of sustainable 

intensification including agroecology emerged in the local market oriented S1 and S2. Energy 

systems were developed in the global market scenarios to support development of large economic 

activities, especially in the integrated scenario S4 with collaboration for a regional energy grid. Local 

market oriented scenarios S1 and S2 were instead characterised by an energy system which remains 

mostly anchored to traditional forms of energy. 

Sociocultural drivers 

Sociocultural factors were as well mentioned by slightly more than a third of the studies. Similarly to 

technological factors, few narrow factors emerged from the literature for this category. For instance, 

no other aspect of consumption change besides dietary change was reported (e.g. higher demand of 

bricks and wood for construction following urbanization; Munthali & Murayama, 2011), in general 

highlighting the challenge of understanding future social change and its link to land use. Also, 

possible cultural differences in resources use between ethnic groups or the role of traditional 

knowledge besides formal education were not reported. 

Consumption of food in general and of animal-based products specifically grew in S3 and S4, given 

the increased availability of food commodities and the shift in dietary preferences from interaction 

with the global market. In the local market oriented S1 and S2 intake and preferences were still linked 

to traditional foods availability. The same pattern was observed for education levels, becoming more 

formalised and linked to workforce training in global scenarios with large scale economic activities 

S3 and S4; while remaining linked to traditional knowledge in local market oriented S1 and S2. 

Conflicts outbreak decreased instead with regional integration and increased with fragmentation, 

reflecting the overall stability and set-up of the institutional environment, with local market 

orientation reinforcing the sense of regional unity in S1, and global market orientation supporting 

competition in S3. 

Biophysical drivers 

Biophysical factors, the only category explicitly capturing non-directly anthropogenic underlying 

drivers, were mentioned in almost two thirds of the studies. Longer-term and persistent conditions 

(favourability of water, climate and topography) were contrasted to fast and abrupt events (occurrence 
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of trigger events) in that they act differently on the land system. Proximity to infrastructure, while 

consisting of a physical distance indicator, clearly showed the interaction of social and ecological 

aspects. 

While biophysical factors were kept constant in all scenarios, different systemic dynamics resulted 

from their action. Favourable biophysical conditions were respectively at the base of the expansion 

of small scale versus large scale economic activities in local market (S1 and S2) versus global market 

(S3 and S4) oriented scenarios. The responses to biophysical triggers were conditioned by the 

capacity and willingness of institutional actors, thus being reinforced in integrated scenarios having 

global knowledge exchange (S4), but also in local market oriented scenarios where there is use of 

traditional knowledge (S1 and S2). Proximity to infrastructure described how each location was 

characterised by a certain degree of infrastructural development, shaping the trajectory and intensity 

of land system change in that location. The density of infrastructures was concentrated in networks 

in scenarios with large scale activities (principally global market oriented) and with regional 

integration, thus highest in S4; it was more extensive in scenarios with prioritization of local markets 

and unplanned infrastructural development (mainly with a fragmented region), thus most extensive 

in S2. Overall, both small and large scale activities interacted with ecological functions, emphasising 

the complexity of outlining sustainability implications. 

5.1.2 Proximate causes of future land system change 

Cropland change 

Forest and cropland change resulted as most mentioned, with all (or almost) studies including them, 

due to the nature of the principal land covers in the region. The two processes were coupled in several 

studies, in that increase in cropland was linked to decrease in forest. The prominence of these two 

categories was clearly associated with their critical role in the land system as well as the wide range 

of social and ecological impacts of their change across scales. 

The contrast in expansion of small versus large scale agriculture was clearly differentiated across 

scenarios. With small scale agriculture increasing the most when the economic system is oriented 

towards the local market (S1 and S2), and large scale agriculture when the economic system is 

oriented towards the global market (S3 and S4). However, small scale agriculture grew in all 

scenarios, indicating that the expansion of smallholders would occur regardless of underlying drivers’ 

conditions, although the extent of this expansion would differ. Smallholders were in fact expanding 

on the fringes of large scale economic activities in S3 and S4. Only in S2 the two trends were 

decoupled as large scale agriculture decreased, halted by the absence of a solid institutional 

environment in a fragmented region and by the local market orientation. Overall, cropland could be 
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intended as expanding irrespectively of the scenario conditions, this being a plausible trend having 

future social and ecological implications. 

Forest change 

Deforestation and forest degradation decreased in the two opposites S2 and S4 (fragmented local and 

integrated global), and grew in S1 and S3 (integrated local and fragmented global). This trend 

highlighted that not only traditional low-intensity practices (S2) but also social change, increased 

education levels, technological transition and policy regulation (S4) played a role in stewarding forest. 

Instead, efforts to integrate the region and develop the local market (e.g. through expansion of 

infrastructural connections or cropland in S1) and, more pronouncedly, intensive resources 

exploitation for economic growth (S3) depleted forest. 

Infrastructure change 

Infrastructure change was included in more than two thirds of the studies, mostly in the form of 

expansion of transportation infrastructure, including road, rail and water ways. An overall minor 

accent was put on other types of infrastructures, such as energy or water systems. The emphasis on 

transportation infrastructures was coherent with their functional role in advancing frontiers of (e.g. 

agriculture expansion into forest; Galford et al., 2015) and in connecting resources to users (e.g. 

development of trade corridors; Laurance et al., 2015), in this sense acting by reducing biophysical 

barriers. 

Infrastructure expansion grew the most in scenarios with regional integration S1 and S4, 

independently of the orientation of the economic system, being the physical structure onto which 

increased collaboration unfolds. This could be identified as important effect of increased integration 

having non negligible implications. The lower expansion in the fragmented scenarios was more 

uncoordinated and, specifically in S3, centred around large enterprises supplying the global market. 

Urban change 

Urban change was addressed by approximately half of the studies, and presented as urban growth, in 

line with the continued African urbanization trend (Seto et al., 2011). Despite it was addressed as 

drastic and hardly reversible land system change, many studies avoided inclusion due to the relatively 

limited land area affected in comparison with other processes. However, some studies included 

urbanization in light of its role in affecting land use through demand of commodities (DeFries et al., 

2010). 

Urban areas grew the most in S3 and S4, with global market economy concentrating activity in cities, 

with much rural-urban migration. Local market oriented scenarios S1 and S2 had instead most of the 
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built-up area expanding in secondary urban and rural areas, especially in S1 where integration to 

some extent distributes economic activity between and within countries’ territories. These trends 

having urban planning implications and aligning with the multifaceted “land sparing versus sharing” 

debate (Grau et al., 2013; Kremen, 2015). 

Dryland change 

Dryland change was the least mentioned, with some half of the studies including it. It was mostly 

reported as the process of degradation of land leading to soil erosion and loss of productivity, thus of 

livelihoods. Few studies reported this process, despite its increasing importance in face of climate 

change (Geist & Lambin, 2004). 

Land was essentially degraded in an equal way across all scenarios, degradation had different causes 

but occurred principally due to economic activities. In local market oriented scenarios S1 and S2, it 

was mainly driven by the expansion and increased intensification of small scale farming, strengthened 

in S2 by the absence of sound environmental policies. On the opposite, policy efforts and 

collaboration for nature stewardship contrasted degradation from intensive economic activities in S4. 

This process was remarkably strong in S3 where institutional fragmentation and global market 

competitiveness caused widespread erosion of soils, release of pollutants and deforestation. 

5.1.3. Causal links from underlying drivers to proximate causes 

The causal links synthesised from the literature (Table1, and in detail Table C2) coherently composed 

an overview of the system. While it could be argued that the system should be kept to the most 

representative links, some potential links were not present in the selected literature and could suggest 

gaps in research. Similarly, the directionality of some established links could be revised in light of 

improved information. Ensuring to have clarity of the links leading to higher-impact proximate causes 

could be especially significant to better appreciate critical land processes (Geist et al., 2006). 

Examples of such instances could be identified between: 

• Population growth and large scale agriculture expansion; for instance, food security policies 

could induce governments to incentivise development of large scale agriculture to supply 

growing food demand (e.g. Hilderink et al., 2012), also, this could be simply driven by market 

dynamics (DeFries et al., 2010); 

• implementation of environmental policies and deforestation; as observed in other cases, 

enforcement of nature protection in one country could cause displacement of the 

environmental impact in neighbouring countries, with a resulting reinforcement of the process 

(e.g. for Vietnam; Meyfroidt & Lambin, 2009); 



Discussion 

 34 

• intensification of agriculture and expansion of small scale agriculture; as a direct relationship 

could link intensification to a decreased expansion of smallholders due to higher land 

productivity and yields (van Vuuren et al., 2012; Jayne et al., 2014); 

• proximity to infrastructure and deforestation; as in several tropical forest areas, including the 

amazon (WWF, 2012) and southeast Asia (FAO, 2011a), deforestation frontiers were often 

associated with the expansion of the infrastructure network, importantly of transportation 

routes. 

5.2. General observations on the system and emergent patterns 

5.2.1. Cross-scale linkages 

A general observation emerged during the analysis of the land system was on scale. Factors linked in 

causal chains acted through a range of spatial and temporal gradients, going from global to local and 

from long to short term. Despite these aspects were often not reported in the analysed literature, they 

could have both theoretical and applied implications on the study of the land system and on its 

governance and management in a sustainability perspective (Verburg et al., 2015). For instance, the 

mostly lengthy, gradual behavioural change linked to education of selective wood harvesting could 

have a very different outcome on forest degradation than that linked to the rapid implementation of a 

policy using financial incentives against excessive wood extraction. Or also, the extensive area 

affected by the expansion of large scale economic activities (e.g. plantations) could have a different 

effect on land degradation or on infrastructure expansion than the expansion of small scale activities 

(e.g. farms with products for local consumption). While relevant, outlining with precision those 

characteristics for all underlying drivers and proximate causes could be very complex, indicating the 

importance of: 

• adopting a flexible analytical framework effectively allowing to expose the multifaceted 

nature of analysed factors and their causal links; 

• keeping a case-based approach coherently aligning with the selected spatial and temporal 

scale of analysis. 

Another important aspect, also related to scale, emerged from the analysis was the degree of spatial 

coupling that factors in a causal chain had. This was specified with the physical distance existing 

between factors interacting in a causal link and the resulting process of land system change, or in this 

work, the distance between the places where an underlying driver and a proximate cause occur. This 

observation has been increasingly discussed in the wider land system change and sustainability 

literature (Friis et al., 2015), and referred to as telecoupling or teleconnection to stress the distal, 

indirect character of the link (Liu et al., 2014). 
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Factors having a pronouncedly distal action on land were those linked to the outside of the region for 

example through trade and financial flows (e.g. Expansion of large scale economic activities oriented 

to the global market), or through knowledge transfer (e.g. energy development, increased education 

levels), or through institutional cooperation (e.g. Regional collaboration and governance integration). 

Also, in the developed scenario space a distance gradient could be potentially positioned along the 

continuum of both axes: a global market oriented economic system and an integrated region would 

define causal chains affecting the land system in a more distal and indirect way. 

The role of novel distant couplings could be especially crucial for this land system (Liu et al., 2013), 

projected to become increasingly connected in the future, including with other actors from the global 

south (Gasparri et al., 2016). 

5.2.2. Critical uncertainties and sustainability implications 

Emerged critical uncertainties laying the foundations of the four analysed scenarios, were both linked 

to socio-economic processes and therefore possibly steered with human decisions. This suggesting 

that those two trends should be better understood, monitored, and potentially developed into 

indicators directly informing decision making. In this contributing to shift away from reactive and 

often uncoordinated societal responses to change, towards more proactive ones anticipating trends 

and considering their impacts (IPBES, 2016). 

From a sustainability perspective, the critical uncertainties revealed important information, as none 

of the scenarios emerged as “best” both for people and the environment. This highlighting the 

significant and far-reaching trade-offs existing between benefits and impacts of acting on regional 

governance or on the orientation of the economic system. In terms of land system change, for instance, 

a fragmented region with a local market oriented economic system (S2) showed to have less 

deforestation than the equivalent scenario having an integrated region (S1), despite social 

development in those two scenarios could be profoundly different. Similarly, scenarios with higher 

food and animal products consumption (S1, S3, S4) could be thought of as having overall lower food 

insecurity, yet they all see higher expansion of large scale agriculture, which could mean less land 

for community agriculture and more rural-urban migration. A last example would see the differing 

effects of urban expansion in the scenarios having an integrated region (S1 and S4), as the global 

orientation of the economic system (S4) led expansion of large, concentrated urban centres whereas 

the local one promoted a dispersed expansion of secondary urban areas (S1), this having implications 

for ecological functions (e.g. fragmentation of habitats) which are largely debated in the literature 

(Grau et al., 2013). 
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Within the scenario logics (Table 2), some underlying drivers varied with different intensities but had 

the same directionality, or kept stable, throughout the four scenarios. This was the case for 6 

underlying drivers: Growth of national economies, intensification of agriculture, increase in 

consumption of food and of animal-based products, increased education levels, population growth, 

increasing population density in resource-rich and urban areas. On the one hand, combined conditions 

posed by critical uncertainties’ values could be seen as less influent to those drivers, which could be 

somewhat decoupled from these critical uncertainties and varying due to other factors. On the other, 

those were drivers having overall lower uncertainty as to their future variation (all of them had 

medium or low rating, see Table 1) whose development is more predictable regardless of future 

critical uncertainties. This could as well constitute a meaningful information to understand or manage 

this land system.
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6. Conclusions 
The Central and Eastern African land system will be, in the near future, increasingly confronted with 

the challenge of social development and ecological stewardship in face of numerous pressures (WWF 

& AfDB, 2015). Indications that the large reserves of natural resources would soon result scarce, 

given increasing demands for land-based services by numerous local and distant actors, are clear 

(Lambin & Meyfroidt, 2011; UNEP, 2016). 

This work thus synthesised a set of driving factors and identified the most critical uncertainties which 

would be shaping land system change in this region, to then analyse four future scenarios based on 

the critical uncertainties. 

In this context, land in Central and Eastern Africa emerged as being subject to the future combined 

action of multiple human and biophysical underlying drivers, affecting proximate causes of change 

in all land processes: From cropland, to forest, to infrastructure, to urban, to dryland change. Those 

factors could be analysed as acting across scales, their action being slow to abrupt, large to small 

scale, and originating from distance or vicinity. Critical uncertainties allowed to identify possible 

future trade-offs between social development and ecological stewardship, while stressing the different 

degrees of certainty that future land system drivers have. In their overall complexity, these 

observations could carry important implications for the sustainability of this social-ecological system 

undergoing change through time. 

Future research looking at land governance for this region would benefit from this systemic 

understanding, but would be further enhanced by mapping the actors behind the synthesised drivers, 

specifically within a telecoupling perspective (e.g. Meyfroidt et al., 2013). Also, a quantitative, spatial 

study could be based on, but also complement, the results of this work; specifically, in terms of land 

use and cover change extents. This analysis could additionally support an assessment of future 

impacts on ecosystem services from land system change (e.g. Bohensky et al., 2006), or even more 

technical analyses on consequences for earth system processes (e.g. moisture recycling; Savenije, 

1995). 

The presented insights, aided by possible additional evidence, could be of relevance for policymakers 

and practitioners, which hold the ultimate capacity to meaningfully steer this land system. As the 

region is at a critical juncture, the great potential for influencing the trajectory of the system is a 

critical opportunity for leveraging a sustainable transformation for Central and Eastern Africa. 
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Appendixes 

Appendix A. Literature search, selection and coding 

Firstly, the studies procurement methodology for both the search engine and manual search is 

presented, secondly the list of selected studies and thirdly the studies coding structure. 

Scientific search engine 

Keywords derived inductively from the three relevance criteria (see Section 3.1.1.), were combined 

with Boolean operators to result in a search string for the Web of Science ®, which was restricted to 

English language results and to some of the most represented and relevant subject areas. The full 

string is reported in Box A1. 

Box A1 Search string utilised for the Web of Science ® search engine 

TS=((“land$use” OR “land$cover” OR (land NEAR/0 (chang* OR margin* OR reserv*))) AND ((Benin OR 
Burundi OR “Burkina Faso” OR Cameroon OR Chad OR (“Central African Republic” OR CAR) OR “Ivory Coast” 
OR (“Republic of the Congo” OR Congo) OR Gambia OR “Democratic Republic of the Congo” OR Ghana OR 
Gabon OR “Guinea*Bissau” OR “Equatorial Guinea” OR Guinea OR Rwanda OR Liberia OR Mali OR Mauritania 
OR Niger OR Nigeria OR Senegal OR “Sierra Leone” OR Togo OR Djibouti OR Eritrea OR Ethiopia OR Kenya 
OR Somalia OR Sudan OR “South Sudan” OR Uganda OR Tanzania OR Angola OR Botswana OR Lesotho OR 
Madagascar OR Malawi OR Mozambique OR Namibia OR “South Africa” OR Swaziland OR Zambia OR 
Zimbabwe) OR africa*) AND (scenari* OR projection*)) 

Refined by: WEB OF SCIENCE CATEGORIES: ( ENVIRONMENTAL SCIENCES OR SOCIOLOGY OR 
ECOLOGY OR WATER RESOURCES OR METEOROLOGY ATMOSPHERIC SCIENCES OR 
AGRICULTURAL ENGINEERING OR GEOSCIENCES MULTIDISCIPLINARY OR ENVIRONMENTAL 
STUDIES OR BIODIVERSITY CONSERVATION OR AGRICULTURE MULTIDISCIPLINARY OR 
MULTIDISCIPLINARY SCIENCES OR GEOGRAPHY PHYSICAL OR ENERGY FUELS OR 
AGRICULTURAL ECONOMICS POLICY OR AGRONOMY OR GEOGRAPHY OR TRANSPORTATION OR 
SOIL SCIENCE OR ECONOMICS OR BIOLOGY OR REMOTE SENSING OR ENGINEERING CIVIL OR 
DEMOGRAPHY OR ENGINEERING ENVIRONMENTAL OR SOCIAL SCIENCES INTERDISCIPLINARY 
OR PLANNING DEVELOPMENT OR FORESTRY OR URBAN STUDIES ) 

Timespan: All years (1945 to 2016). 

Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, 
IC. 

The search was run on 10 May 2016. 

Manual search 

A shortcoming of using a search engine is that it only indexes published scientific articles, which may 

miss out a lot of other published and not formally-published valuable information (i.e. grey literature). 

Therefore, in consultation with experts (i.e. the thesis supervisors), 9 studies to analyse were initially 

selected (Box A2), and retrieval of studies followed thereon in a snowball manner (Yin, 2013), 

according to the relevance criteria specified in section 3.1.1.. Beginning from the references of those 

9 studies, conventional search engines (Google ®, Google scholar®) and database search of the 

websites of major organizations or initiatives cited (e.g. FAO, WB, IFPRI, UNEP) were utilised. 
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Box A2 Reference list in alphabetical order of the initial of 9 studies used in the manual literature search, from 
which the search developed in a snowball manner 

Alexandratos, N., & Bruinsma, J. (2012). World agriculture towards 2030/2050: the 2012 revision (ESA Working 
paper No. 12–3). Rome. Retrieved from http://www.fao.org/documents/card/en/c/de5f0205-8484-50c3-ad57-
8a05f7a450f0/ 

Chamberlin, J., Jayne, T. S., & Headey, D. (2014). Scarcity amidst abundance? Reassessing the potential for 
cropland expansion in Africa. Food Policy, 48, 51–65. http://doi.org/10.1016/j.foodpol.2014.05.002 

de Wasseige, C., Flynn, J., Louppe, D., Hiol Hiol, F., & Mayaux, P. (Eds.). (2014). The Forests of the Congo 
Basin - State of the Forest 2013. Weyrich, Belgium. 

Le Mouël, C., Marajo-Petitzon, E., Dumas, P., Manceron, S., Forslund, A., & Mora, O. (2016). Agrimonde-Terra 
foresight: Land use and food security in 2050, Technical report - Scenarios’ simulation results. Retrieved from 
http://www.cirad.fr/en/news/all-news-items/press-releases/2016/agrimonde-terra-the-narrow-roads-to-global-
food-security 

MoENT-DRC. (2009). The Democratic Republic of Congo’s REDD+ Potential. Retrieved from 
http://redd.unfccc.int/submissions.html?country=CD 

Mosnier, A., Havlík, P., Obersteiner, M., Aoki, K., Schmid, E., Fritz, S., … Leduc, S. (2014). Modeling Impact of 
Development Trajectories and a Global Agreement on Reducing Emissions from Deforestation on Congo 
Basin Forests by 2030. Environmental and Resource Economics, 57(4), 505–525. 
http://doi.org/10.1007/s10640-012-9618-7 

Rothman, D. S., Agard, J., Alcamo, J., Alder, J., Al-Zubari, W. K., Beek, T. aus der, … Zöckler, C. (2007). The 
Future Today. In C. Magadza (Ed.), United Nations Environment Programme, Global Environment Outlook 
GEO 4 Environment for Development (Section E - The Outlook - Towards 2015 and Beyond, Chapter 9) (pp. 
397–454). CHAP, United Nations Environment Programme. Retrieved from http://edepot.wur.nl/28594 

van Vuuren, D., Kok, M., van der Esch, S., Jeuken, M., Lucas, P., Prins, A. G., … Wiggins, S. (2012). Roads from 
Rio+20. Pathways to achieve global sustainability goals by 2050. (D. van Vuuren & M. Kok, Eds.). The 
Hague: PBL Netherlands Environmental Assessment Agency. Retrieved from 
http://www.pbl.nl/en/publications/2012/roads-from-rio20 

WWF and AfDB. (2015). African ecological futures report 2015. World Wide Fund for Nature and African 
Development Bank. Retrieved from 
http://wwf.panda.org/who_we_are/wwf_offices/regional_office_for_africa/african_ecological_futures/ 

The manual search was carried out during the first half of August 2016. 
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Coding structure 

Table A1 Details of the 25 categories of information coded (extracted and organized) for each study 

Coding category Description 
Study ID Identification number assigned 

Reference Authors List of authors 
Year Publication year 
Title Study title 

Aim Aim of the study 
Description Short summary of land system change dynamics 
Observations/Scenarios Number of units of analysis included 
Qualitative information Geographical area Extent Spatial scale of the study area 

Location Name of the study area 
African region African region of pertinence 

Quantitative information Space Spatially explicit Presence of spatial quantification (Yes/No) 
Time from Initial year of the period analysed 

to Final year of the period analysed 
Other information Scenario Maps Presence of scenario maps (Yes/No) 

Model Name of the model used (if applicable) 
Scenario(s) ID Code Identification code assigned to a scenario 

Name Name of the scenario (if applicable) 
Focal LUCC process LUCC categories detail UC1 Initial land use and/or cover 

UC2 Final land use and/or cover 
Process dynamics Forces detail Reported forces interacting on the land system 

Process detail Reported processes happening on the land system 
Area detail UC1 area Initial area analysed, in spatial units 

UC1% Initial area analysed, as percentage 
UC2 area Final area analysed, in spatial units 
UC2 % Final area analysed, as percentage 
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Appendix B. Studies selected, coded and analysed 
Table B1 Details of the 31 studies selected, coded and analysed in the metastudy, ordered by geographic scope 

Study Aim of the study and of the scenario(s) therein Code(s) Study area Timeframe 
Central and Eastern Africa 
1 WWF, 2012 Estimate deforestation due to socio-economic and environmental drivers WWF12C Congo basin 

forests 
2010-2030 

WWF12E East African 
forests 

Central Africa 
2 Zhang et al., 

2002 
Simulate the land use/land cover effects of shifting cultivation on tropical forest ZHA02C Congo basin 

region 
(Cameroon, 
CAR, Congo, 
DRC, Equatorial 
Guinea, Gabon) 

1900-2050 

3 Akkermans et al., 
2014 

Model realistic deforestation to study the climate impact AKK14C 2000-2050 

4 Mosnier et al., 
2014 

Modelling deforestation due to 
economic activities 

Baseline: continuation of the historical 
deforestation trends 

MOS14C 1 2000-2030 

Meat: increase in global meat consumption 2 
Biofuels: increase in global demand for 
primary biofuels 

3 

Infrastructures: reduction of transportation cost 4 
Technological change: increase in yields of 
food crops 

5 

5 MoENT-DRC, 
2009 

Business as usual: calculating deforestation accounting for several social and biophysical 
drivers, stressing attention on the implementation of REDD+ 

DEM09C DRC 2010-2030 

6 Lambin et al., 
2013 

Estimating Potentially Available Cropland accounting for constraints and trade-offs LAM13C 2013-2023 

7 de Wasseige et 
al., 2014 

Business as usual: deforestation following historical trends DEW14C 1 2010-2035 

Conservative: deforestation rates do not increase compared to preceding years 2 

8 Galford et al., 
2015 

Model deforestation and forest 
protection 

Historical Trends: passive forest protection 
following past trends 

GAL15C 1 2010-2050 

Conservation: active forest protection through 
policies 

2 

Agricultural Development: expansion of large-
scale commercial agriculture  

3 

9 Nackoney & 
Williams, 2013 

Model deforestation under different 
zoning scenarios 

Land cover/land use: agriculture expansion 
with only biophysical constraints 

NAC13C 1 Maringa-
Lopori-Wamba 

2000-2050 
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Human preference scenario: agriculture 
expansion mainly dependent on infrastructures 

2 landscape in the 
DRC 

Conservation priority: agriculture expansion 
limited by conservation priority areas 

3 

10 Ozah et al., 2012 Model change in land cover due to biophysical drivers OZA12C Southern section 
of Lake Chad 
basin 

1999-2023 

Eastern Africa 
11 Bayliss et al., 

2014 
Evaluate future forest management 
effects on tourism 

Kama Kawaida: mainly deforestation BAY14E 1 Eastern Arc 
Mountains 
(Tanzania) 

2013-2038 
Matazamio Mazuri: mainly strict protection 2 

12 Swetnam et al., 
2011 

Analyse land cover change from 
socioeconomic drivers 

Matazamio Mazuri "hopeful expectations": 
technology and policy innovations 

SWE11E 1 2000-2025 

Kama Kawaida "as usual": business as usual 2 
13 Farwig et al., 

2014 
Analyse biodiversity effects of forest 
management 

Minimal: maximum forest use FAR14E 1 Kakamega 
forest (Kenya) 

2012-2092 
Negative: little conservation 2 
Realistic: balance between conservation and 
use 

3 

Positive: emphasis on conservation 4 
Maximal: strict conservation 5 

14 Geneletti, 2012 Modelling implementation of city 
spatial plan 

P1: implementation of the plan GEN12E 1 Cala 
(Mozambique) 

2008-2018 
P2: greener version of the plan 2 
P3: even greener version of the plan 3 
P4: non-implementation 4 
P5: infrastructures built, but no regulations 5 

15 Maeda et al., 
2010 

Understanding drivers of agricultural 
expansion 

Business as usual MAE10E 1 Taita hills 
(Kenya) 

2003-2030 
Governance: irrigation and policy schemes 2 

16 Tewolde & 
Cabral, 2011 

Analyse urban area expansion TEW11E  Asmara 
(Eritrea) 

2009-2020 

17 Vermeiren et al., 
2012 

Analyse urban growth VER12E  Kampala 
(Uganda) 

2010-2030 

18 Munthali & 
Murayama, 2011 

Quantify deforestation trends MUN11E  Dzalanyama 
forest (Malawi) 

1990-2020 

19 van der Hilst et 
al., 2012 

Assess land availability for bioenergy 
crops 

Business as usual: continuation of current 
agriculture 

VAN12E 1 Mozambique 2005-2030 

Progressive: intensification of agriculture 2 
20 van Soesbergen 

et al., 2016 
Assess impacts on biodiversity from 
regional integration and environmental 
governance  

Industrious ants: integrated proactive VAN16E 1 Uganda, 
Rwanda, 
Burundi 

2005-2050 
Herd of zebra: integrated reactive 2 
Lone leopards: fragmented proactive 3 
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Sleeping lions: fragmented reactive 4 
Sub-Saharan Africa 
21 Alcamo et al., 

2011 
Model land system change Markets first: domination of market dynamics ALC11A 1 Africa 2000-2050 

Sustainability first: sustainable practices 2 
22 Cai et al., 2011 Model land available for biofuels S1: marginal mixed crop and vegetation land CAI11A 1 2011-

onwards S2: S1 and marginal cropland 2 
S3: S2 and marginal grassland, savanna, and 
shrubland 

3 

S4: S3 discounted by the land possibly used 
for pasturing 

4 

23 Schmitz et al., 
2012 

Analyse impact of trade liberalization Reference: continuation of present SCH12A 1 2005-2045 
Policy: moderate liberalization 2 
Liberal: full liberalization 3 

24 Albanito et al., 
2016 

Analyse land available for biofuels  ALB16A  2000-2020 

25 Rothman et al., 
2007 

Effects of future socio-economic-
environmental trends 

Markets First: market dominance ROT07A 1 2000-2050 
Security First: governance fragmentation 2 
Policy First: top-down governance 3 
Sustainability First: sustainable practices 4 

26 WWF and 
AfDB, 2015 

Analyse impact of governance 
centralization and trade 

Going global: centralized global WWF15A 1 2015-2050 
Helping hands: decentralized global 2 
All in together: decentralized African 3 
Good neighbours: centralized African 4 

27 Le Mouël et al., 
2016 

Simulate land system change Metropolization: market dominance LEM16A 1 Sub-Saharan 
Africa 

2016-2050 
Regionalization: agriculture intensification 2 
Regionalization: sustainable practices 3 
Communities: fragmentation and poverty 4 

28 van Vuuren et 
al., 2012 

Estimate of land spared for nature Trend: continuation of current trend VAN12A 1 2005-2050 
Global technology: intensification 2 
Decentralised solutions: sustainable practices 3 
Consumption change: values change 4 

29 Alexandratos & 
Bruinsma, 2012 

Estimate available cropland ALE12A  2012-2050 

30 Chamberlin et 
al., 2014 

Calculating potentially available cropland CHA14A  2014-
onwards 

31 Hilderink et al., 
2012 

Assessing future food security HIL12A  2012-2050 
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Reference list of the studies selected, divided between peer-reviewed and grey literature, in alphabetical order: 

Peer-reviewed literature (22 studies): 

Akkermans, T., Thiery, W., & Van Lipzig, N. P. M. (2014). The Regional Climate Impact of a Realistic Future Deforestation Scenario in the Congo Basin. Journal of 
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forest for climate mitigation: a global assessment. GCB Bioenergy, 8(1), 81–95. http://doi.org/10.1111/gcbb.12242 
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Nackoney, J., & Williams, D. (2013). A comparison of scenarios for rural development planning and conservation in the Democratic Republic of the Congo. Biological 
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Appendix C. Details of the underlying drivers and proximate causes analyses 

Tables C1 and C2 describe in detail the process of synthesis from the coded data to the lists of underlying drivers and proximate causes of future land 

system change in the region. Tables C3 and C4 describe in turn the evaluation of uncertainty for each underlying driver and of impact for each 

proximate cause. 

Lists of synthetized underlying drivers and proximate causes of land system change in the region 

Table C1 Description of the information reported in the studies follows each synthesised underlying driver (light background), ordered under the framework categories 
(dark background). The description is divided in columns by studies’ geographic scope, and codes in brackets indicate reference to a study or a specific scenario included 
in a study, as per Appendix B 

Central Africa Eastern Africa Sub-Saharan Africa 
Demographic   
Population growth   
Accounted for, directly or indirectly (e.g. through 
increased resources harvesting, or increased food 
demand) in all studies (ZHA02C, OZA12C, 
AKK14C, GAL15C). Growth in number of people is 
reported as certain, while its rapidity could vary 
(WWF12C, LAM13C). Growth rates are set at values 
up to 2-3%/year (NAC13C) and two studies double 
population in the Congo basin from some 70 to some 
140 million between approximately 2000 and 2030 
(DEW14C1, MOS14C1). These demographic trends 
are mainly described as a consequence of improved 
public health conditions, amelioration of population’s 
living standards and (in the DRC) post-conflict 
stabilization (DEM09C) 

Accounted for in all studies, both those having a 
regional scope (WWF12E) and a sub-regional one: 
Kenya (MAE10E, FAR14E), Malawi (MUN11E), 
Eritrea (TEW11E), Tanzania (yearly increase up to 
2% in SWE11E1 or 3% in SWE11E2, the population 
could reach 67 million by 2025 in BAY14E), 
Mozambique (yearly increase historically 0.9%, 
expected up to 4% and even 5.5% GEN12E, in 
VAN12E increase of 11 million people by 2030), 
Uganda, Burundi and Rwanda (growth in population 
reported in VAN16E, with exponential trend up to 
2030 considered realistic in VER12E) 

Accounted as a baseline driver in most of the studies, 
as the key characteristic shaping future resources 
demand and availability (e.g. ALC11A, SCH12A, 
WWF15A). More people drive demand primarily for 
food (ALE12A, SCH12A, CHA14A), shelter 
(ROT07A), mobility and communication 
(WWF15A), energy (CAI11A, ALB16A) and more. 
This clearly increases the demand for land to farm, 
for pasture (ROT07A, VAN12A), to extract resources 
(e.g. minerals, fossil fuels) (WWF15A, LEM16A) to 
build upon (WWF15A). HIL12A forecasts +1.7 
billion people in the subcontinent by 2050 

Increasing population density in resource-rich and in urban areas  
Population density is reported to increase in rural 
areas where farming is facilitated, such as by large 
forest clearings (GAL15C3) and along the 
transportation network (NAC13C). Also increasing 
density of rural inhabitants is described around 
industrial-scale farming, logging and mining 
enterprises (DEM09C, WWF12C, DEW14C). Due to 
the employment opportunities offered and to the 

Density is flagged as increasing in areas having 
favourable topography, natural resources, and 
facilities (e.g. water) (MAE10E). Specifically, within 
the great lakes in the Kenyan (FAR14E) and 
Ugandan area around Lake Victoria (VAN16E2), 
central Burundian and Rwandan plains, along the 
shores of lakes Tanganyika and Kivu (VAN16E). 
Similarly, along planned “development corridors” 

Density accounted as overall increasing, as a result of 
population growth (ROT07A). Increase is reported 
across studies as concentrated in areas that can 
support livelihoods, both in the countryside 
(ALE12A1, CHA14A) and in cities (VAN12A1). 
More migration is forecasted in scenarios with higher 
globalization (SCH12A3, WWF15A1), whereas 
policies for local development discourage flows to 
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Central Africa Eastern Africa Sub-Saharan Africa 
development of infrastructures and services in those 
areas (DEM09C, MOS14C4). Expansion of present-
day cities is reported in some studies as the 
consequence of rural to urban migration, following 
reduced livelihood options in rural areas (LAM13C), 
cultural change away from traditions (MOS14C2), 
displacement due to conflicts or natural calamities 
(OZA12C, LAM13C) 

(WWF12E), policy-supported areas with large 
investments in infrastructures and economic activities 
often crossing borders (VAN16E1). Urban population 
growth is also flagged across the region (MUN11E, 
VER12E, WWF12E, VAN16E). Specifically, 
SWE11E for Tanzania, VER12E for Uganda (states 
that an exponential growth to 2030 is realistic in 
Kampala), MUN11E for Malawi (scenario stressing 
on the outcomes of a government services 
centralization in Lilongwe) 

urban areas (ROT07A4,	WWF15A4, LEM16A3). In 
scenarios prioritising local markets development, 
secondary urban centres grow significantly 
(VAN12A3, LEM16A4) 

Institutional   
Regional collaboration and governance integration  
Regional institutional or economical collaboration is 
sparingly reported in the studies. This is stated as 
partly due to historical reasons (colonisation, 
conflicts, ethnic diversity) (LAM13C, GAL15C1). It 
is also mentioned that integration at a regional level is 
based on the individual countries’ stability, which is 
projected as not so definite (LAM13C). This is 
despite ZHA02C, AKK14C, MOS14C report similar 
environmental challenges across the region, 
especially in the tropical forest area. Some 
engagement in regional initiatives, specifically linked 
to cross-border infrastructures and trade is included in 
DEM09C 

Only VAN16E develops two scenarios addressing 
directly regional integration, specifying that this is a 
key uncertainty in the region. Other studies report 
cross-border regional initiatives for nature 
conservation, (e.g. protected areas and ecological 
corridors) (SWE11E, BAY14E), or infrastructural 
projects supposed to link productive areas to market 
outlets (GEN12E) especially for landlocked countries 
such as Zimbabwe and Zambia (WWF12E) 

Cooperation between countries, degree of political 
and economic integration is considered in WWF15A 
and LEM16A. Those studies encompass the degree of 
market integration between countries and the amount 
of trade. Thus reflecting countries’ governance 
orientation towards internally-focussed development-
oriented and externally-focussed market-oriented 
economy (LEM16A). In this, VAN12A stresses that 
integrations is a proxy for internal solidity of 
governance and efficacy (ability to prioritise and 
implement policies). More practical initiatives 
reported are borders integration (ROT07A1, 
SCH12A) and building of integrated infrastructural 
systems. Degree of decentralization of governance as 
reflecting regional integration (WWF15A) 

Stable and participatory governance  
Studies report both more and less positive outlooks 
on the political stability of the region in the future 
(LAM13C). In many studies this is based on the 
historical instability, conflict and weak governance 
conditions that characterised the region in the past 
(LAM13C, GAL15C). A clear example is the 
recovery of the Democratic Republic of the Congo, 
beginning to restructure its governance in the early 
2000’s (DRC09C). Weak governance and stability 

Several studies protract the region as tending towards 
stability in the future (MAE10E, VAN16E1). Despite 
some report doubts about the stability of conflict-
prone areas and authoritarian governments (e.g. the 
great lakes region, and Eritrea, respectively) 
(VAN16E, TEW11E). Stability and good governance 
is reported as promoting far-sighted decision making, 
proactive and inclusive of stakeholders’ views 
(SWE11E1, FAR14E, VAN16E) 

Studies outline the plausibility of diverging types of 
future governance, from unfolding into collaborative, 
participated processes (ALC11A2, LEM16A4) to 
authoritarian, and profit-driven (ALC11A1, 
SCH12A3, LEM16A1). Good governance is reflected 
as capacity for strategic planning, bringing together 
different stakeholders for decision-making 
(ROT07A3, WWF15A4), whereas negative pathways 
are reflected as executive decision making, allowing 
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Central Africa Eastern Africa Sub-Saharan Africa 
are reflected in the lengthy processes to implement 
policies (DEW14C) 

extreme exploitation of natural resources directed to 
export (WWF15A2, LEM16A1) 

Prioritization and effective implementation of environmental and development policies  
Implementation of poverty alleviation strategies, 
access to credit (DEM09C, LAM13C, AKK14C), for 
nature conservation (e.g. enforcement of legal 
protection framework, land use zoning, agriculture 
intensification and shifting to marginal zones, 
promotion of sedentary lifestyles) (NAC13C3, 
DEW14C, GAL15C2), or for resource extraction 
(DEW14C). Engagement in international policy 
initiatives as carbon credit markets (LAM13C), 
REDD+ plans (DEM09C, GAL15C), CBD 
recommendations (LAM13C), and MDGs/SDGs 
(DEM09C) 

Implementation of national environmental or 
economic policies, as: land use planning and 
protected areas (allocation of land to different uses, 
enforcement of nature conservation, urban planning, 
relocation of government services) (MAE10E, 
SWE11E1, GEN12E, VER12E2, BAY14E2, 
FAR14E), resource use (agricultural schemes, 
livestock regulation) (VAN12E1, WWF12E). 
Engagement and financing in REDD+ and Payment 
for Ecosystem Services schemes (SWE11E1) 

Policies for environmental stewardship and social 
equity (ROT07A), such as development of protected 
areas (ALE12A), are effectively implemented in 
scenarios of good governance. In those, governments 
adopt a proactive attitude to tackle with efficacy 
environmental problems (WWF15A). The opposite is 
reported in scenarios where decision-makers 
prioritise fast economic growth, foreign investment, 
and markets (ROT07A1, ALC11A1, LEM16A1) 

Economic   
Growth of national economies   
GDP grow throughout the region is widely reported 
(AKK14C, DEW14C, MOS14C, GAL15C), the 
speed of growth can vary according to the economic 
model followed (GAL15C). For instance, one 
scenario for the DRC, DEM09C, projects increase of 
6-8%/yr. Growth is within extractives, commercial 
agriculture, public works, industry, tourism, finance 
(WWF12C, LAM13C) 

GDPs widely reported as growing throughout the 
region (VAN16E), and specifically for Tanzania (to 
2025 GDP +5%/yr in SWE11E2 and +6%/yr in 
SWE11E1), for Mozambique (to 2030 GDP +6.6%/yr 
in VAN12E). GDP growth is reported as occurring at 
different paces: when local-oriented (BAY14E2, 
VAN16E1) versus when global market-oriented 
(BAY14E1, VAN12E2), with the latter prompting 
faster growth 

Growth of GDPs throughout the subcontinent in the 
future is widely assumed as a baseline factor 
(ROT07A, SCH12A, VAN12A, WWF15A, 
LEM16A). With HIL12A specifying that the Sub-
Saharan economy is expected to contribute 3.3% to 
the world economy in 2050 

Expansion of large scale economic activities oriented to the global market  
Export-oriented (Europe, Asia) economic sectors 
increase, including timber harvesting, mining, large 
scale agriculture, livestock breeding, and biofuels 
(DEM09C, WWF12C, MOS14C). With MOS14C 
reporting a reinforcing feedback of increased 
competitiveness of the region enhancing investments 
in those activities. The uncertainty of this expansion 
is also often accounted for (WWF12C, LAM13C) 

Large scale economic activities accounted for the 
whole region and specifically: tourism (SWE11E1, 
FAR14E), with increase in national and international 
bed-nights in Tanzania of 6% to approx. 2040 in 
BAY14E2; commercial large-scale agriculture and 
livestock (SWE11E1, VAN12E2, WWF12E), with 
15% area increase in Tanzania to approx. 2040 in 
BAY14E2; commercial timber extraction (WWF12E, 
FAR14E); mining (SWE11E1, WWF12E); biofuels 
(VAN12E2, WWF12E) 

Export-oriented activities increase in the 
subcontinents, together with foreign investment and 
liberalized regional and international trade 
(ROT07A1, SCH12A, LEM16A1). Specifically, 
increase in production of biofuel crops (CAI11A, 
VAN12A1), livestock breeding (ALC11A, 
LEM16A), mining (WWF15A1), intensive 
agriculture (WWF15A, LEM16A) (following agro-
ecological principles in LEM16A2) 

Expansion of small scale economic activities oriented to the local market  



Appendixes 

 59 

Central Africa Eastern Africa Sub-Saharan Africa 
Clear expansion of small scale economic activities 
throughout the region (ZHA02C, DEM09C, 
WWF12C, LAM13C, NAC13C, DEW14C1, 
MOS14C, GAL15C1). Comprising small scale 
shifting cultivation, fuelwood collection, artisanal 
timber harvesting (OZA12C, NAC13C, AKK14C) 

General expansion, specifically in the sectors of: 
small scale farming (SWE11E2, VAN12E1, 
WWF12E, BAY14E), wood extraction for firewood 
(MUN11E1, FAR14E) construction (MUN11E) and 
charcoal (MUN11E1, WWF12E, FAR14E) 

Growth in rural production within agriculture, for 
subsistence (ALE12A, CHA14A, LEM16A4), but 
also for sale in urban areas and local markets 
(VAN12A3, LEM16A2). This factor is reported as 
dependent on the overall institutional situation, 
whereas local economic activities thrive in a climate 
of stability (ALC11A2,	WWF15A4) 

Technological   
Intensification of agriculture   
Rudimentary to more efficient technologies within 
farming and natural resource extraction (WWF12C, 
LAM13C, DEW14C, MOS14C). Specifically, 
agricultural intensification (e.g. soil and water 
conservation, increased inputs etc. MOS14C5), but 
also within logging and livestock breeding, through 
the use of mechanical and chemical technologies 
(WWF12C). Yet, LAM13C and NAC13C report lack 
of credit to access those technologies, and lacking 
programmes to contrast shifting agriculture, 
promoting settlement and farming in marginal areas 

Transition from rudimentary to more efficient 
technologies, facilitating an upscaling from small, to 
medium, to large scale farms for landowners 
(SWE11E1, VAN12E2). Intensification for higher 
yield per area, including with mechanization and 
inputs (VAN12E2, VAN16E). For food crops, wood 
pulp and timber, biofuels (MAE10E, FAR14E). 
Growth within the livestock sector is also based on 
intensification, allowing to have higher numbers of 
cattle per area (VAN12E2, WWF12E) 

Constraints to the access to means of intensification 
is reported, is reported in terms of lack of government 
subsidies to farmers (HIL12A, WWF15A). 
Techniques of agriculture intensification through 
conventional chemical and mechanical technologies 
(ALC11A, HIL12A, LEM16A1, VAN12A2) for 
higher yields. But also trialling and expansion of 
agro-ecological techniques both for livestock 
breeding and crops (VAN12A3, LEM16A3) better 
conserving water, soil and biodiversity 

Energy development  
Large expansion of electrification programmes, led 
by governments (DEM09C), substituting firewood 
and traditional energy sources both for domestic and 
industrial use (DEW14C) 

Increased production of electricity from locally-
extracted gas, coal and hydro (WWF12E). Biomass 
for cooking declines, with e.g. SWE11E1 including 
access to electricity for 40% of the population of 
Tanzania by 2025 

Varying degree of efficiency in electrification 
programmes reported. Overall, increasing transition 
to electricity-based energy system (LEM16A2), with 
creation of a diffused sub-continental transmission 
grid (WWF15A4). Access is mostly granted to large 
scale economic activities in some scenarios, and 
similarly, grids are developed targeting production 
plants (VAN12A2). Oppositely, some scenarios 
report development of a wide grid for local 
population reaching not only cities but also secondary 
settlements (ALC11A2, LEM16A4) 

Sociocultural   
Increase in consumption of food and of animal-based products  
Change in food intake and preferences, shifting to 
higher caloric intakes and more animal products 
based diets (AKK14C, MOS14C2). This is reported 
as contributing to improved living conditions 

Change in quantity of food consumed, and in 
preferences towards more animal products, more 
cereals, less tubers (VAN12E, WWF12E). Studies 
including globalised scenarios see a more pronounced 

Change in diets towards more caloric foods and more 
animal products (ROT07A, ALC11A, HIL12A, 
VAN12A1, LEM16A1). This influences food 
demand and therefore is reflected on changes in the 
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(DEM09C), and to increasing the food demand on the 
market (DEW14C, GAL15C3) 

shift, assuming a shift from traditional to more 
“western” consumption (SWE11E1, FAR14E, 
VAN16E2) 

use of land to supply these needs (e.g. increase 
pasture, cropland, transportation network, markets 
etc.) (ALE12A, HIL12A, CHA14A, WWF15A, 
LEM16A) 

Occurrence of conflicts   
A critical factor undermining the overall stability 
situation of the region, flagged as critical and 
uncertain in the future (LAM13C, NAC13C, 
GAL15C). Stabilization phase of countries in post-
conflict periods e.g. DRC (DEM09C) is reported as 
protracting in the future for an uncertain period 
(GAL15C) 

Conflicts of political and economic nature both 
within and between countries in the region are 
reported (BAY14E2). Those are tightly linked to 
political stability and good governance (VAN16E4). 
Presence authoritarian regimes is reported as 
increasing future chances of conflicts (TEW11E) 

Economic conflicts are reported, due to the increasing 
demand of resources (CAI11A, LEM16A). 
Specifically, use of resources between different 
actors, such as private sector and local communities 
(ROT07A1, WWF15A2) 

Increased education levels   
Increasing educational level and qualification of the 
labour force throughout the region, is reported as 
supporting the development of large-scale businesses 
(e.g. plantations, mining, logging etc.) (LAM13C). 
Increasing education would additionally promote the 
development of the services sector, especially in 
major cities (DEM09C) 

Education of labour force within intensive 
agriculture, extractive and services sectors 
(SWE11E1, BAY14E, FAR14E, WWF12E) 
Increasing knowledge exchange between 
stakeholders within environmental decision making 
(SWE11E1, FAR14E, VAN16E) 

Education enhancing the awareness on social and 
environmental components of the system, translating 
into more sustainable use of natural resources 
(LEM16A3), economic and political decisions 
(ROT07A, VAN12A4). Validation of traditional 
knowledge systems as stewarding nature, against 
commodity-driven models (ROT07A4, ALC11A2, 
VAN12A4, WWF15A4) 

Biophysical   
Favourability of soil, water, climatic and topographic conditions  
Favourability of climatic conditions (mainly 
temperature and precipitation), soil conditions 
(fertility, degradation and erosion), topography 
(altitude and slope) (ZHA02C, OZA12C, AKK14C, 
GAL15C). Several studies on the expansion of 
agricultural activities, both industrial and subsistence, 
report those factors (e.g. WWF12C, NAC13C2, 
LAM13C, DEW14C1, MOS14C1) 

Favourability of soil conditions (fertility, degradation 
and erosion), topography (altitude and slope), and 
climatic conditions (rainfall, temperature) (SWE11E, 
VAN12E, WWF12E, FAR14E) as critical to support 
cropland and pasture (MUN11E, SWE11E, TEW11E, 
BAY14E) 

Soil productivity, climate, topography, and current 
land cover as factors to determine where to expand 
economic activities throughout the subcontinent 
(CAI11A, ALE12A, HIL12A, ALB16A). Those 
factors are also used to calculate the agronomic 
potential, or potentially attainable yield as indicator 
of revenue (e.g. CO2 concentrations in the 
atmosphere have a fertilization effect on crops) 
(ALC11A, ALE12A, CHA14A). Small scale 
activities are more relying on their favourability, as 
they are reported to be using less intensification 
techniques (WWF15A, LEM16A4) 

Occurrence of biophysical trigger events   
Events of flooding close to rivers and wetland are 
reported due to climate change (rainfall variability) 

Fires reported in as a hardly controllable cause of 
large scale changes, especially in dry woodlands 

Occurrence of water and climate related hazards (e.g. 
flooding, droughts, fires) reported for wide areas in 
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and human induced land system change (OZA12C). 
Similarly, droughts are reported for dryer areas at the 
south and east of the region (LAM13C). Diseases for 
humans and cattle are critical in defining where 
activities such as livestock breeding can be developed 
(e.g. tsetse fly) (DEM09C1, WWF12C) 

(WWF12E). Fires are naturally occurring, but 
sometimes associated with human activity (VAN16E) 

the subcontinent (ROT07A, WWF15A, LEM16A). 
Some studies specifically focus of the effect of 
climate change on those factors (ALC11A, LEM16A) 

Proximity to infrastructures   
Distance to infrastructures define the attractiveness of 
an area to the development of economic activities 
(DEM09C, WWF12C, LAM13C, AKK14C, 
MOS14C). Location and physical distance to the 
transportation network (roads, waterways), to 
settlements, to previously deforested areas and 
agricultural areas, to markets (OZA12C1, NAC13C1, 
GAL15C) 

Location and physical distance to the transportation 
network (MAE10E1, SWE11E, TEW11E, VAN12E, 
VER12E, FAR14E3, VAN16E), to settlements 
(SWE11E, GEN12E, VAN12E, VER12E), to 
previously deforested areas and agricultural areas 
(MAE10E1, SWE11E, VAN12E, BAY14E, 
FAR14E), to markets (MAE10E1, SWE11E) 

Proximity to transport means decreasing cost and 
difficulty of transportation (VAN12A4) due to the 
extension of transport infrastructure within and 
between countries (ALC11A1, WWF15A4). With 
scenarios having higher regional integration reporting 
better developed infrastructures (SCH12A3, 
VAN12A3, WWF15A4, LEM16A) 
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Table C2 Description of the information reported in the studies follows each synthesised proximate cause (light background), ordered under the framework categories 
(dark background). Descriptions are subdivided in process (“what” change happens on the land) and pattern (“why”, “where” and “how” it happens resulting from dynamics 
and causal links with underlying drivers). The description is divided in columns by studies’ geographic scope, and codes in brackets indicate reference to a study or a 
specific scenario included in a study, as per Appendix B 

Central Africa Eastern Africa Sub-Saharan Africa 
Cropland change   
Small scale agriculture expansion   
Process: Shifting cultivation reported as important 
mechanism of land system change (ZHA02C, 
DEM09C, OZA12C, LAM13C, NAC13C, DEW14C, 
GAL15C), including land allocated to livestock 
breeding for local markets (MOS14C2). With two 
studies reporting an increase in demand for 
agricultural land of 100% between 2000 and 2020 
(AKK14C, LAM13C) 
Pattern: Smallholders progressively reclaim 
cropland, and successional fallow stages follow 
cultivation abandonment (AKK14C). ZHA02C 
considers cropping period to last approximately 2 
years, fallow for 15 successive years, and secondary 
forest to be established after an additional 60 years. 
Population growth, due to the stable political climate, 
drives expansion shaped by the extension of the 
transportation network (OZA12C, NAC13C2) and 
consecutive reduction of transportation costs 
(MOS14C4). Also, in GAL15C3 it is reinforced by 
the presence of settlements and large cleared areas. In 
contrast, AKK14C considers that areas could be left 
intact due to unfavourable local topography, soil or 
water (specifically drought or flood prone) 

Process: Small-scale agriculture widely increases 
(MAE10E, SWE11E, VAN12E, WWF12E, 
BAY14E, VAN16E) despite an intensification trend 
increasing yield per area (VAN12E1) 
Pattern: Progressive reclamation of cropland is 
reported over: natural grasslands, shrublands, 
woodlands and forests, as well as extensive cropland-
pasture mosaics (MAE10E, SWE11E, VAN12E, 
VAN16E). Due principally to demographic drivers 
such as growth in number and density of people and 
migration (MUN11E). Agriculture is in many studies 
linked to biophysical suitability conditions (e.g. 
terrain), vicinity to transportation networks, to 
previous agricultural areas, around cities (MAE10E, 
TEW11E, GEN12E). In fact, natural ecosystems 
could be left intact in unfavourable water or soil 
conditions and steep slopes (VER12E, BAY14E) 

Process: Expansion of regionally focussed, extensive 
agriculture (VAN12A4, SCH12A, CHA14A, 
WWF15A, LEM16A3). Smallholders expand 
cropland and pasture for livestock, both for 
subsistence and for local markets (ROT07A, 
ALC11A) 
Pattern: Cropland expands in favourable areas with 
high potentially attainable yield (ALE12A, CHA14A) 
due to the higher caloric intake and less 
intensification for smallholders (ALC11A). Political 
conflicts hinder its expansion by creating unstable 
conditions for landowners (ROT07A). Policy for 
sustainable development scenarios have a higher 
calories per capita intake (food security) this is 
reflected as incentives to smallholders and therefore 
expansion of cropland (ROT07A4, HIL12A, 
WWF15A) 

Large scale agriculture expansion   
Process: Growth in industrially farmed crops 
reported as plausible, yet more uncertain, future 
dynamic with high impact (DEM09C, AKK14C, 
DEW14C). Crops for biofuels, food, feed and fibres. 
A focus is on oil palm plantations (WWF12C, 
LAM13C), but also on carbon offsetting tree 
plantations (LAM13C), rubber, soy, sugarcane, 

Process: Incremental presence of commercial-
oriented agriculture. Specifically, the livestock sector, 
and cash crops schemes (biofuels, cotton, tobacco, 
carbon offsetting, wood pulp, cereals) (MAE10E, 
TEW11E, VAN12E, WWF12E, FAR14E). With e.g. 
BAY14E2 reporting in 2040 a 15% increase in area 
of medium-large scale agriculture for Tanzania alone 

Process: Development of a commercial agricultural 
system, expanding cropland and pasture (ALC11A, 
ALE12A, HIL12A, LEM16A1). With HIL12A 
specifying 2.7 million Km2 increase in agricultural 
land to 2030 than stabilization to 2050 
Pattern: Cropland can expand on all land that is not 
currently under forest, already cultivated, built-up, or 



Appendixes 

 63 

Central Africa Eastern Africa Sub-Saharan Africa 
maize, cereals, pulses and root vegetables (WWF12C, 
DEW14C, GAL15C). 
Pattern: Production is defined by global market 
demands, favourable climate and soil (OZA12C), 
together with conventional intensification, are key 
attractors for foreign investments (DEM09C, 
LAM13C). LAM13C1, NAC13C, GAL15C point out 
that large-scale agriculture is constrained by the weak 
institutional situation of many of the region’s 
governments, by the poor infrastructures and 
technology, as well as by the potential conflicts in 
areas of overlapping interests between agriculture, 
mining, forestry, customary management, and nature 
conservation. MOS14C2 describes that increase in 
calories intake and diets shift towards more animal 
products would push large allocation of land to 
livestock breeding, for regional consumption and 
export. WWF12C highlights as constraints to this 
process the outbreak of animal diseases and humid 
climatic conditions. GAL15C3 stresses that while oil 
palms would be planted in forest areas, industrial 
agriculture would mainly happen in woodland 
savannas 

Pattern: This process is reported as the outcome of 
the intensification and enlargement of small scale 
farms, as the result of government-assisted economic 
measures, and as primarily driven by large foreign 
private investments (MAE10E, VAN12E, VAN16E). 
Expansion over forest (specially to clear area for 
pasture) and shurbland (TEW11E, WWF12E, 
FAR14E). Also, over current cropland, e.g. area for 
biofuels increases after land-sparing food crops 
intensification (VAN12E2). Otherwise expanding to 
marginally productive, remote lands (e.g. natural 
grasslands) (GEN12E, VAN16E). Land patterns of 
agricultural and livestock expansion, are reported as 
being concentrated along the Eastern African 
coastline (SWE11E), around major cities (e.g. Cala, 
Lilongwe, Kampala), in favourable plains (central 
Rwanda and Burundi), along the shores of major 
lakes (Kivu, Victoria, Tanganyika) (VER12E, 
VAN16E) 

under strict protection status. Use is dictated by high 
potentially attainable yields that grant high returns 
(ROT07A1, ALE12A, CHA14A, WWF15A2, 
LEM16A1). Pattern and extent of cropland and 
pasture expansion into forest is similar regardless of 
the degree of trade liberalization (ROT07A, 
SCH12A) but in relative terms pasture assumes a 
prominent role (ALC11A). Policy drivers such as 
intensification of smallholders results in intensified 
commercial agriculture and wide expansion of 
cropland for biofuels and forest plantations as carbon 
sinks, e.g. on natural grasslands savanna (CAI11A, 
VAN12A2, ALB16A) 

Forest change   
Deforestation and forest degradation   
Process: Deforestation and/or forest degradation are 
widely addressed across all studies (ZHA02C, 
DEM09C, OZA12C, LAM13C, NAC13C, AKK14C, 
DEW14C, MOS14C, GAL15C), given its 
prominence as the characterising ecosystem type in 
the humid lowlands of central Africa, and its key role 
in local to global ecological processes (WWF12C) 
Pattern: The principal driver is cropland expansion 
despite intensification (see also cropland change 
section), both small and large scale (palm, rubber, soy 
etc.) (DEM09C, AKK14C). This occurs along 
deforestation fronts, gradually moving into primary 
forests due to rapid soil erosion and loss of fertility 

Process: Deforestation is reported in all studies, this 
is both clearing for pasture and cropland, and due to 
wide forest fires (WWF12E). Degradation is reported 
in case of felling for timber and construction poles, or 
harvesting of forest resources (MUN11E, FAR14E) 
Pattern: Agricultural expansion is a leading cause of 
deforestation, encroaching from shrubland to 
woodland to closed forests (MAE10E), but relevant is 
also the degree of forest management (SWE11E, 
BAY14E, VAN16E). Forest degradation is 
principally due to woodfuel harvesting, collection of 
medicinal plants, debarking of trees, grazing 
(SWE11E, FAR14E). Urban and infrastructure 

Process: Deforestation and degradation of forest is 
reported as a main process transecting regions in the 
subcontinent from dry woodlands to humid forests 
(ALC11A, VAN12A, WWF15A) 
Pattern: Agricultural expansion is reported in several 
studies as a key driver (WWF15A, LEM16A), and 
farming intensification as a key hamper (ALE12A, 
VAN12A). Pasture land clearings in dryer areas have 
high impact, due to the higher demand for animal 
products (LEM16A1). In general scenarios with 
higher food security and social equity policies report 
loss of forest due to higher expansion of cropland 
(ROT07A, HIL12A, VAN12A, CHA14A). At the 
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(ZHA02C). At a finer scale, a process of 
fragmentation along the deforestation fronts is 
described by AKK14C. NAC13C describes important 
impact along transportation ways, settlements, 
existing agricultural areas. In NAC13C3, where 
protected areas and environmental policies are 
enforced, agriculture expands less diffusely 
concentrating in the vicinity of settlements, leaving 
conservation priority areas untouched. Besides this, 
fuelwood harvesting, industrial timber extraction, 
large scale and artisanal mining, urbanization, 
infrastructure development, enhance deforestation 
(WWF12C, GAL15C). At a local scale forest is 
degraded due to the collection of wood for household 
fuel and charcoal (WWF12C, MOS14C, GAL15C1). 
In fact, enhanced electrification of households is 
reported as halting this pattern (DEM09C). 
Importantly, occurrence of conflicts and political 
instability is flagged as granting a “passive 
protection” to forests, halting exploitation 
(GAL15C1). The land pattern described in WWF12C 
and AKK14C defines a general shrinkage of the 
regional forest area towards the interior, with a 
fragmentation in three forest blocks, one west of the 
river Congo (between Gabon, Cameroon and the 
Republic of Congo) and two in eastern and western 
DRC respectively 

expansions have minor impact, but importantly 
contribute to forest fragmentation (TEW11E, 
GEN12E, VER12E). Other than to agriculture, forest 
leaves room to wetland, grassland, bareland 
(MUN11E). Despite VAN12E defines a possible 
pattern of forest regrowth. Secondary forest is 
reported as growing within 15 years, and near natural 
forest to re-establish in 40 to 60 years (FAR14E). 
Planted forests are also reported as a possibly 
growing trend, ranging from mixed indigenous 
species for afforestation, to monocultures of exotic 
species for timber production and for carbon 
offsetting (FAR14E) 

same time regional fragmentation induces higher 
deforestation and degradation due to the diminished 
trade and allocation of productive land in non-
forested areas (SCH12A2, VAN12A). Higher 
education and awareness of environmental issues 
together with a shift in the value system is reflected 
in more sustainable forest management (ROT07A4, 
VAN12A4, LEM16A). Expansion of forest 
plantation for carbon storage and wood extraction is 
also reported as degrading the primary forest, while 
restraining overall forest loss (CAI11A, VAN12A2, 
ALB16A) 

Infrastructure change   
Infrastructure expansion   
Process: Infrastructures change in the region 
develops primarily through the expansion of the 
transportation network (roads, waterways, railways 
etc.) (AKK14C, MOS14C, GAL15C), but also as 
improved communication facilities and energy 
development and transmission (DEM09C, 
LAM13C1) 
Pattern: Extension of infrastructures is in OZA12C, 
WWF12C, NAC13C1 and NAC13C2 considered 

Process: Main changes reported in transportation 
infrastructure (rail, road, airports) (VER12E, 
GEN15E, VAN16E), but also water infrastructure 
(wells, irrigation channels) (MAE10E2, TEW11E, 
GEN15E5), energy production (dams, power plants) 
(SWE11E2, WWF12E), service infrastructures 
(sanitation, hotels etc.) (BAY14E) 
Pattern: Infrastructure in general has minor land 
impact, but importantly contribute to ecosystem 

Process: Expansion of infrastructure is present in 
most studies as a consequence of institutional and 
economic decisions (ALC11A, SCH12A, VAN12A, 
WWF15A). Infrastructures developed are mainly for 
transport, but also communication, energy production 
(ROT07E, LEM16E). In several scenarios those have 
a focus on supporting the expansion of large scale 
activities, directed to export (ROT07A1, VAN12A1, 
LEM16A1) 
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rather as an important cause of other land system 
changes and only marginally as critical land system 
change per se, due to the respectively small area 
affected (MOS14C4) 

fragmentation, especially in “development corridors” 
(TEW11E, GEN12E, VER12E, WWF12E). 
Construction of road links promote more compact 
built-up and cropland developments in their vicinity 
(VAN12E2), and less urban sprawl in big cities (e.g. 
Kampala) making satellite settlements more attractive 
(VER12E3, GEN15E5). Integrated regional 
governance scenarios have better connected transport 
network, sparing land and enhancing activities such 
as tourism across borders (BAY14E, VAN16E). In a 
similar way, development of wells and irrigation 
concentrate built-up area and intensify agriculture 
(GEN12E, MAE10E2). Development of energy 
infrastructure enhances electrification, reducing use 
of traditional fuels (wood, charcoal) for cooking and 
lighting reducing forest degradation (SWE11E) 

Pattern: The degree of integration of the 
infrastructural systems is varying, being more 
integrated and land-sparing in scenarios where there 
is regional integration (VAN12A4 WWF15A3). It is 
coordinated from the top-down, and spares land for 
e.g. forest and protected areas (ROT07A4, 
VAN12A3, LEM16A4). In contrast fragmented 
governance is reflected with haphazard infrastructure 
development (WWF15A). Generally, infrastructure 
development promotes even more foreign 
investments into agriculture, mining, tourism etc. 
(ROT07A, WWF15A, LEM16A) 

Urban change   
Urban growth   
Process: Urban change is forecasted as a significant 
phenomenon given the demographic dynamics 
(population numbers and density) and the GDP 
growth, with principally current urban centres 
projected to grow (DEM09C, WWF12C, AKK14C, 
MOS14C) 
Pattern: Its impact in terms of land area when 
compared to the regional scale is treated as marginal 
(OZA12C). Policy initiatives for development and 
environmental protection target stabilization of 
people practicing shifting agriculture, causing growth 
of settlements and urban centres (DEM09C, 
LAM13C). In the same way, expansion of large scale 
economic activities promotes the rise of large cities to 
support operations of big businesses (OZA12C, 
AKK14C, MOS14C, GAL15C3) 

Process: Urban growth is widely reported, although 
its impact in terms of land area is comparatively low 
(SWE11E). Growth is driven by population growth 
(up to exponential growth forecasted for some cities 
e.g. Kampala) and rural-urban migration, causing 
high population densities (VER12E, WWF12E) 
Pattern: Expansion is mainly occurring on 
favourable fertile plains and lake shores (VAN16E), 
following existing infrastructure and filling existing 
gaps (GEN12E). The transition occurs from 
savannah, agriculture land (rainfed, irrigated or 
plantation) and bare land to built-up area, including 
residential use or for economic activities (TEW11E, 
GEN12E). But in high-density scenarios it even 
extends on biophysically unfavourable areas as 
slopes, hilltops and wetlands with significantly 
increased natural hazard risk (e.g. flooding, erosion, 
landslides) (GEN12E, VER12E). With good 
infrastructures, rural sprawl is significant together 

Process: Expansion of urban areas is reported in 
several scenarios at different scales from smaller 
secondary urban centres to large cities (WWF15A), at 
the expense of cropland mosaics, grasslands, 
woodlands and forests (ALC11A, LEM16A). Growth 
is large in absolute terms but not with very high 
impact in relative terms (ALC11A) 
Pattern: Globalization and GDP growth enhances 
the growth process, with many leaving traditional 
activities to chase fortune in cities (ROT07A1). In 
decentralised regional governance scenarios, 
secondary urban centres expand fast together with 
local transport network (WWF15A3, LEM16A). 
More globalized scenarios see more people 
abandoning traditional values and lands, attracted to 
large urban centres, enhancing fast urban 
uncoordinated sprawl (e.g. slums) (ROT07A, 
VAN12A1). Growing urban population impacts 
indirectly through higher demands the expansion of 
rural resources harvesting (e.g. firewood, poles, 
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with expansion of satellite towns and secondary 
urban centres (VER12E,	BAY14E) 

mineral resources) and farming for food, feed, fibres, 
and fuels (WWF15A3). Also, urban population 
increasingly changes values towards higher 
consumption and diets towards more caloric and 
more animal-based (VAN12A4, WWF15A2) 

Dryland change   
Dryland expansion and land degradation   
Process: Dryland expansion is only reported as a 
minor process, with few studies addressing it directly. 
Land degradation is severe in the tropical forest, 
where removal of primary vegetation causes rapid 
erosion of the upper strata of the soil, being the 
leading cause of cultivation abandonment in 
smallholder systems (ZHA02C, AKK14C) 
Pattern: Water scarcity in the miombo woodlands in 
the south and east of the region are included in 
LAM13C. Oppositely, rainfall and soil erosion due to 
agriculture in forest areas is stressed in ZHA02C and 
AKK14C. Expansion of large scale intensified 
commercial plantations could erode soil conditions 
through use of chemicals (MOS14C) 

Process: Processes of land degradation are hardly 
reported in the studies. Increasing efforts of 
intensification (e.g. irrigation, chemical and 
mechanical interventions) (MAE10E) and use of 
marginally productive lands (e.g. for biofuel crops) 
(VAN12E) reveal a pattern of land degradation 
Pattern: The successive stages of degradation are 
reported as forest, to wetland and grassland and 
successively into bareland is reported (MUN11E). 
Occurrence of dry spells and similar biophysical 
triggers is described as better addressed by integrated 
regional efforts (VAN16E) 

Process: Land is degraded as it loses its capacity to 
support biological processes, this is reported to 
happen principally due to water scarcity, soil erosion, 
excessive use of chemical fertilizers and pesticides, 
and above all removal of primary vegetation 
(ROT07A, LEM16A) 
Pattern: Dryland expansion occurs principally along 
desertification fronts, due to water scarcity, causing 
drought to the land system (CAI11A, LEM16A1). 
Land is degraded due to conventional intensified 
agriculture (use of fertilizers, pesticides, salinization 
due to salt infiltration in the water table) 
(VAN12A2). Fragmented regional governance does 
not allow efficiently addressing these issues, 
especially when strong sudden natural hazard events 
occur (ROT07A, WWF15A2). Instead, regional 
collaboration allocates productive lands to avoid 
excessive degradation and at the same time facilitates 
the implementation of policies to safeguard excessive 
land degradation (WWF15A) 
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Underlying drivers’ uncertainty and proximate causes’ impact analysis 

Table C3 Evaluation of the uncertainty (probability to occur in the future) of each underlying driver based on its discussion and on its mentioning frequency in the studies 
(higher frequency assumed as lower uncertainty and vice versa). Frequency (number of studies mentioning an underlying driver over the total) is divided in columns by 
studies’ geographic scope (see Appendix B): C=Central, E=Eastern, S=Sub-Saharan, CE=Central and Eastern. Total number of studies in brackets 

Underlying drivers Frequency Uncertainty 
rating C (9) E (10) S (11) CE (1) Total (31) 

Demographic 
Population growth 9 10 11 1 31 L 
Reported across all studies as one of the prime drivers of land system change, at the basis of any social process. Given the strong influence of anthropogenic forces on 
the land system in the short and medium term, population numbers are always accounted for to represent human presence and action. Other than being currently 
largely reported globally, especially in low-income countries, the growth trend is expected to protract in the coming decades for Africa. 
Increasing population density in resource-rich and in urban areas 7 7 8 1 23 M 
People tend to agglomerate in areas that provide means to sustain living, be it direct use of natural resources (e.g. farming) or indirect through economic activities (e.g. 
trade). Respectively, it is widely agreed across several studies that density of people would increase in areas rich in natural resources (e.g. with fertile soils, rainfall, 
favourable topography, having accessible mineral deposits) or in infrastructural and economic resources (e.g. cities, markets, well connected areas, industrially 
developed estates). A moderate uncertainty is given to population density from the fact that this is very dependent on institutional and economic decision-making, 
which are themselves flagged as unclear in the future. 
Institutional 
Regional collaboration and governance integration 6 4 5 1 16 H 
Integration is not widely addressed across studies, especially the more technical ones, and while speculative, this could indicate its uncertain future pathway. In present 
days, initiatives such as the Economic Community of Central African States and the East African Community exist, but the actual implementation of integration 
processes is lagging behind. While some studies report efforts to integrate infrastructures, or trade, or protected areas etc., no certain or specific trend emerged. 
Importantly, collaboration can only be based on the internal degree of stability and good governance of each state, which is as well reported as uncertain. 
Stable and participatory governance 4 5 5 0 14 H 
Factor critically underlying several other drivers, notably economic and demographic ones, is overall reported across studies as possibly unfolding in very diverse 
directions. Studies report scenarios of good, stable and participative governance processes as well as its opposite. Current and recent-past happenings both in Central 
and in Eastern Africa reflect this indeterminate situation, and support the plausibility of rating this as uncertain in the future. 
Prioritization and effective implementation of environmental and 
development policies 

6 7 5 1 19 H 

Tightly linked to the above driver, the uncertain capacity of implementing policies for social and environmental sustainability covaries with the governance situation. 
With a similar reasoning, several studies report this link. 
Economic 
Growth of national economies 7 5 6 1 19 M 
Accounted in several studies as a baseline factor. Given that the African economy reports some of the lowest global GDP values, future growth is forecastable. Yet, 
rapidity and amount of this increase could highly vary depending on several factors, among which importantly internal governance and economic interaction with 
other continents. 
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Underlying drivers Frequency Uncertainty 
rating C (9) E (10) S (11) CE (1) Total (31) 

Expansion of large scale economic activities oriented to the global 
market 

3 5 8 1 17 H 

Reported widely for the sub-continent, and in slightly lower numbers for Eastern Africa, this process is uncertain and little-documented in Central Africa. This pattern 
is mainly reported as linked to the more unstable institutional situation of the Central region. The process of expansion of large economic activities aimed at tapping 
the wide reserves of natural resources still present in Africa is nowadays widely debated: its future dynamics are uncertain, due to the complex situation and the many 
actors involved in it. 
Expansion of small scale economic activities oriented to the local 
market 

9 5 6 1 21 M 

Small scale economic activities are in many studies linked to livelihood sustenance or to the supply of local markets. This expansion, driven by the growing projected 
population numbers, would most likely continue to occur in the future, being tightly linked to the resource use of local people. Still, uncertain institutional stability 
could greatly affect local peoples’ economic activities. 
Technological 
Intensification of agriculture 4 5 5 1 15 M 
As reported in several studies, a trend of intensification of agricultural practices (cropping, livestock, biofuels, tree plantations etc.) is foreseeable in the future. Until 
today, the majority of African agriculture has been based on extensive rainfed systems. While it is plausible to speculate that intensification will occur, the rapidity and 
modality of this transition is less certain. A conventional “green revolution” approach (as experienced in Asia in the past decades) is compared in some studies to 
implementation of more sustainable agroecological techniques. 
Energy development 2 1 4 1 8 M 
Increase in energy production and transmission could greatly affect the pattern of resource use; catalysing, especially in rural areas, a transition from traditional fuels 
(firewood, charcoal) to electricity. Several electrification programmes have been emerging, confirming this trend. Yet, this is only reported in few studies, where it’s 
often mentioned that energy infrastructure would be targeted to supply for the needs of large industrial activities. 
Sociocultural 
Increase in consumption of food and of animal-based products 5 4 8 1 18 L 
Given the certainty of the demographic trends, it is plausible to speculate an increase in food consumption. Also, tackling African food security is often reported as 
needing to provide more food, and more nutritious foods. A future shift in consumption towards animal-based products with increasing globalisation is aligned with 
trends observed in other continents. 
Occurrence of conflicts 4 3 4 0 11 H 
While studies report political stability as a critical systemic component, few attempt to predict occurrence of conflicts. This reflects the great ambiguity in which the 
current complex governance set-up could develop, with many states still coping with the aftermath of longstanding conflicts and undemocratic regimes. The 
uncertainty of this driver is also based on its very rapid and unpredictable way of scaling up. 
Increased education levels 1 5 5 1 12 M 
It is probable that a long-term increase in formal education levels for the African continent will occur, this is based on the several education programmes underway, as 
well as due to economic and societal development factors. Yet, being this subject to a set of enhancing conditions, the certainty of this driver is still to be determined. 
More certain is the development of training for job-qualifications when large scale economic activities move in. 
Biophysical 
Favourability of soil, water, climatic and topographic conditions 8 6 8 1 23 L 
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Underlying drivers Frequency Uncertainty 
rating C (9) E (10) S (11) CE (1) Total (31) 

Biophysical conditions are reported as critical, as on their basis, people select areas to settle and practice economic activities. The uncertainty of this driver is linked to 
the variability of those conditions through time. Within a human timeframe, therefore, it can be proposed that those conditions remain stable. The reasoning does not 
hold in case of occurrence of natural catastrophes, whose uncertainty is analysed separately. 
Occurrence of biophysical trigger events (e.g. fires, droughts, 
diseases) 

3 1 4 1 9 H 

As mentioned above, the state of environmental conditions is critical for human activities. Within the study area, critical trigger events (such as flooding, fires, 
droughts, epidemics etc.) can have long-term and wide scale repercussions, but are still very unpredictable. Global changes make forecasting those events even more 
challenging. 
Proximity to infrastructures 7 9 5 1 22 L 
As with biophysical resources, human resources support the development of people’s activities. It is therefore understandable that areas having well-developed 
infrastructures (including communication, transport, energy etc.) will with high degree of certainly attract development of economic activities in their surroundings. 
This mechanism is widely reported across studies. 
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Table C4 Evaluation of the impact (degree of change caused to the land system) of each proximate cause based on its discussion and mentioning frequency in the studies 
(higher frequency assumed as higher impact and vice versa). Frequency (number of studies mentioning a proximate cause over the total) is divided in columns by studies’ 
geographic scope (see Appendix B): C=Central, E=Eastern, S=Sub-Saharan, CE=Central and Eastern. Total number of studies in brackets 

Proximate causes Frequency Impact rating 
C (9) E (10) S (11) CE (1) Total (31) 

Cropland 
Small scale agricultural expansion 9 9 9 1 27 H 
Often of shifting nature and therefore affecting very large areas over time. Especially relevant due to the increasing population numbers, requiring more agricultural 
produce for sustenance. Choice of new land to extend on is often only dictated by convenience and preferable biophysical conditions. It’s one of the overall most 
addressed causes of land system change in the literature. 
Large scale agricultural expansion 8 9 11 1 29 H 
Can affect very large areas within a very short period of time, due to the heavy use of industrial technologies. Is generally guided by profits, which often entail large 
investments in wide areas of land to have high returns. Can extend easily on all land classes, due to intensification techniques lowering biophysical limits. Is mostly 
constrained by economic and institutional conditions, which could be volatile and unpredictable and involve large areas in short times. Pattern that is still relatively 
novel for Africa, while it has been widely observed in other systems such as South America. 
Forest 
Deforestation and forest degradation 9 10 11 1 31 H 
Very relevant process which could affect large areas. Specifically, relevant in the humid rainforest of central Africa, the second largest patch of rainforest, where not 
only clear cutting but also fragmentation would have cascading effects on larger areas than the one directly affected. Deforestation and degradation could be very 
rapid, depending on the driving force. The importance is indicated by the sheer amount of studies addressing it, particularly for tropical forests due to their provision 
of key services to the whole earth system. 
Infrastructure 
Infrastructure expansion 7 8 6 1 22 M 
Reported in several studies as relevant as cause of other land system changes rather than the area affected in itself. In fact, cropland and urban change are widely 
reported as occurring along infrastructures. Yet, Africa has respectively less infrastructures and there is a lot of potential for a wide expansion of the transportation, 
communication and energy networks. 
Urban 
Urban growth 6 5 5 1 17 L 
Increasing population and migration dynamics from rural to urban areas have been widely observed throughout the continent. This dynamic will probably protract as 
long as the population is growing, as globalization unfolds, and as resources become more scarce in rural areas. Urban expansion, compared to other land system 
changes, affects significantly less area due to its compact nature. This land sparing trend is widely reported across studies, and agreed on by land system change 
experts. 
Dryland 
Dryland expansion and land degradation 4 4 5 0 13 L 
Hardly ever reported in the studies, expansion of dryland is generally not considered a major process occurring in the Central and Eastern African land system. 
Precipitation is generally present throughout the area, with the driest sections being occupied by savannah woodlands, shrublands and grasslands. Despite climate 
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change could cause the area to be dryer, desertification would probably be localised in the future. Similarly, several studies report secondary vegetation to grow over 
degraded areas with cropland abandonment. 
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Appendix D. Variation of underlying drivers based on the critical uncertainties 
The variation of each underlying driver as defined by critical uncertainties (i.e. the scenario axis) is 

reported in Table D1. This allowed to compose the scenarios logic (Table 2). 

Table D1 Variation of each underlying driver (Highly increased, Increased, Unchanged, Decreased, Highly 
decreased) as defined by the values of the two identified critical uncertainties (i.e. the scenario axes). A description 
of the evaluation of the driver’s variation is reported. Biophysical drivers were kept constant as deemed unrelated 
to any of the two critical uncertainties (see Section 4.2.2.) 

Regional governance integration Economic market orientation 
Integrated Fragmented Global Local 

Institutional 
Regional collaboration and governance integration 
Highly increasing Highly decreasing Increasing due to trade and 

financial exchanges 
between countries 

Increasing due to 
collaboration on common 
objectives and regional 
identity 

Stable and participatory governance 
Highly increasing due to 
regional collaboration for 
institutional stability 

Highly decreasing due to 
rivalry for regional 
hegemony promoting 
authoritarian institutions 

Unchanged due to 
possibility of emergence of 
democratic or authoritarian 
institutions profiting from 
the global economy 

Unchanged due to 
important role of traditional 
local institutions, not 
necessarily participatory 

Prioritization and effective implementation of environmental and development policies 
Highly increasing due to 
collaboration on policies for 
development and 
environment 

Decreasing due to low 
priority of development and 
environment policies for 
policymakers 

Decreasing du to 
prioritization of economic 
policies 

Unchanged due to 
prioritization of 
development but not of 
environmental policies 

Economic 
Growth of national economies 
Increasing due to increased 
collaboration and economic 
exchanges 

Unchanged due to little 
trade and prevalence of 
small scale sustenance 
activities 

Highly increasing due to 
large economic interactions 
with the global market 

Unchanged due to little 
trade and prevalence of 
small scale sustenance 
activities 

Expansion of large scale economic activities oriented to the global market 
Unchanged due to balance 
between promotion of 
policies for expansion of 
local to middle-sized 
activities for regional trade 
and maintenance of 
traditional small-scale 
activities characterising 
regional identity 

Unchanged due to 
unnecessity of expanding 
large scale trade-oriented 
activities  

Highly increasing due to the 
promotion of large scale 
economic activities 
supplying the global market 

Highly decreasing due to 
large prevalence of small 
scale sustenance activities 
and institutional obstacles 
to activities enlargement 

Expansion of small scale economic activities oriented to the local market 
Decreasing due to 
promotion of policies for 
expansion of local to 
middle-sized activities for 
regional trade 

Increasing due to expansion 
of existing small scale 
activities 

Unchanged due to the 
promotion of large scale 
economic activities 
supplying the global market 

Highly increasing due to 
promotion of local 
economic activities 

Technological 
Intensification of agriculture 
Increasing due to 
technological transfer for 
intensification 

Increasing due to 
valorisation of local 
traditional practices for 
intensification 

Highly increasing due to the 
wide use of conventional 
intensification techniques 
for a profitable production 

Increasing due to 
valorisation of local 
traditional practices for 
intensification 
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Regional governance integration Economic market orientation 
Integrated Fragmented Global Local 

Energy development 
Increasing due to regional 
energy infrastructure 
development 

Unchanged due to 
haphazard and slow 
development of efficient 
energy systems 

Highly increasing due to the 
need to power large scale 
enterprises 

Decreasing due to the 
prevalence of local 
traditional fuels for energy 

Sociocultural 
Increase in consumption of food and of animal-based products 
Increasing due to food 
security benefitting from 
trade 

Unchanged due to difficulty 
of accessing food in some 
countries and lack of trade 

Highly increasing due to 
consumption of imported 
foods and dietary change 
towards animal based 
products in line with global 
trends 

Unchanged due to main 
reliance on traditional 
foods, mainly plant-based 

Occurrence of conflicts 
Highly decreasing due to 
increased climate of 
stability in the region 

Highly increasing due to 
emergence of regional 
rivalry for hegemony 

Increasing due to increased 
competition to profit from 
the global market 

Decreasing due to the 
mostly peaceful interactions 
occurring in traditional 
settings 

Increased education levels 
Highly increasing due to the 
emergence of policies for 
education to sustain the 
region 

Increasing due to the need 
to build capacity to promote 
each single country 

Increasing due to the need 
of having a skilled 
workforce 

Unchanged due to the 
prevalence of traditional 
knowledge as mean of 
learning and no 
introduction of other forms 
of knowledge 

Demographic 
Population growth 
Increasing due to the 
improved living conditions 
granted by trade, 
technological transfer, 
collaboration for 
development 

Unchanged due to the little 
development in living 
conditions, as closed 
borders do not facilitate 
knowledge and products 
exchanges 

Highly increasing due to the 
increasing levels of 
wellbeing given the large 
economic flows 

Increasing due to the need 
of having much workforce 
in the traditional, mostly 
land-based, work activities 

Increasing population density in resource-rich and in urban areas 
Increasing due to the 
facility of migrating both to 
large regional hubs and 
other countries 

Unchanged due to the 
difficulty of movement and 
the population remaining 
mostly rural 

Highly increasing due to the 
necessity to migrate to 
cities and resource-rich 
areas for work 

Increasing due to the 
concentration of people in 
local market areas, or areas 
favourable for agriculture 

Biophysical 
Favourability of soil, water, climatic and topographic conditions 
Unchanged 
Occurrence of biophysical trigger events (e.g. fires, droughts, diseases) 
Unchanged 
Proximity to infrastructures 
Unchanged 
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Appendix E. Full scenarios storylines 
Text sections develop the logic of each scenario, by underlying drivers category, in this sequence: (1) 

Institutional, (2) Economic, (3) Technological and Sociocultural, (4) Demographic and Biophysical. 

S1 - integrated region & local market 
Common roots 

 
Stability and democracy, the fertile ground for collaboration 
Successive peaceful elections in most states have aided the healing of wounds left in society by 
several conflicts that stroked the region until the early 2000’s, such as in the DRC’s Kivu province. 
Politics has and is still reforming towards democracy, with decision makers increasingly agreeing 
that prosperity is an outcome of good governance. National initiatives such as the Rwandan Rural 
Assembly formed in 2022, promote the participation of external civil society observers and consult 
with representatives of local communities in parliamentary processes. 
 
Most countries align in prioritizing internal development, this resulting in an increasing number of 
collaborations, facilitated by regional ministerial task 
forces. These are platforms for discussion of common 
issues, (knowledge and technology transfer, trade, cross 
border infrastructure etc.) aiming at both addressing 
internal problematics (e.g. poverty, education, health, and 
growth of local markets) and at shielding the region from 
outside pressures (e.g. foreign investments in resource 
extraction, climate change). At the base of this integration 
lies the awareness of being “stronger when united”. 
 
Envisioning top-down facilitation of bottom-up 
growth 
Small scale economic activities are incentivised to 
expand, above all agriculture. Access to credit has been 
simplified and intensification is somewhat subsidised. 
Other activities as artisanal mining, timber extraction and 
charcoal burning are also well-established. Sustaining the 
growing intra-regional trade, transportation infrastructures have developed rapidly into a network of 
paved and dirt roads branching out in rural areas. Those have significantly shortened time and cost of 
transport to local markets, and connected most of the settlements in the countryside. 
 
While some smallholders have intensified and enlarged their activities to become middle-sized, 
emergence of large enterprises aimed at supplying the global market is deterred and looked at with 
suspicion due to the fear of a “neo-colonialism”. This defensive attitude towards the outside is 
actuated by blocking foreign financial and knowledge flows. Reflection of this strategy are sluggishly 
growing GDPs in most of the countries. 
 
Innovating and sharing traditions 
Fertilizers and pesticides are nowadays available, and some irrigation schemes have been 
implemented; yet slash-and-burn clearing is still widely practiced. To contrast this, most countries 
have throughout the years attempted to formalize a land zoning system to protect vulnerable 
ecosystems such as primary humid forests or dry grasslands. Regional collaboration has aided this 
process with the development of cross-boundary protected areas. The effectiveness of this model is 
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debated, as many still live in traditional homesteads with 
basic facilities, relying on traditional use of resources 
(e.g. fuelwood for cooking, as electricity production is 
still very underdeveloped). 
Traditional living has been in fact revitalized and 
valorised, following this promotion of development 
“from the roots": Tanzania, Rwanda and Uganda are even 
piloting since 2027 a formal inclusion of Traditional 
Knowledge classes in school curricula. These efforts are 
reflected in the demand, across generations, for 
traditional foods such as tubers and beans. This 
knowledge is not only used but also shared within the 
region, a clear example are learning exchanges among 
farmers’ organizations tackling similar issues across the 
region. These initiatives have been key not only to build 
capacity, but also to catalyse the emergence of a regional 
identity which has dramatically lowered the chances of 
conflict breakouts. 
 
Novel vulnerabilities from increased connectivity 
This overall climate of stability has encouraged a 
moderate growth in population numbers, distributed 
partially in cities but mostly in growing secondary urban 
areas in the countryside. Both zoning and allocation of 
productive fertile lands to community management, and 
the improved transport network have supported this 
trend. 
 

However, growing regional connectivity proved at times problematic: for instance, in 2018 a goat 
disease caused by virus H7B2 spread rapidly, decimating herds across Uganda, Kenya, Rwanda, 
Burundi and Tanzania; devastating local livelihoods and businesses. Contrasting those novel issues 
has revealed no easy task for institutions, which often lack both capacity and resources to effectively 
respond to these crises. 
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S2 - fragmented region & local market 
Ancestors’ steps 

 
A wave of nationalism 
Several countries in the past decades have tried to maintain stability through command-and-control. 
Especially countries with long-ruling authoritarian regimes, such as Burundi, have failed to reform 
and seek democracy. Instead, rise in nationalistic movements aims at maintaining authority, 
consensus and legitimacy. There is therefore no interest in collaborating with other governments. 
Even smaller states like Equatorial Guinea or Rwanda do not see any benefit in interacting with 
neighbours, focussing on interior affairs to hold the power in the hands of a few. 
 
Decision-makers are most often prioritising their interests to those of their countries, and there has 
been little to no advancement in implementing a law system. Distrust in formal authorities has risen 
behind-the-scenes and people have instead turned back to traditional local institutions. Actual 
decision making, especially in areas far from large cities, is often exercised in local communities 
governance is informally decentralised and organically developing. 

 
Slacking economies, unattractive to the outside 
Focussed on local markets within each country, the 
central economy is poorly structured and based 
mostly on extensive agriculture, mineral resources 
and forestry. Most of the population prospers through 
the informal economy, making direct use of natural 
resources through farming, herding, artisanal mining, 
wood harvesting, and the linked secondary activities. 
 
Closure to the outside and little interest in fostering 
external relations joined with the regional 
fragmentation has kept the region very unattractive 
to foreign investments. Companies need to go 
through long, complicated and unclear procedures to 
conclude high-risk agreements. For the same reason, 
development aid has in the past years only intervened 
for emergency response at times of severe crises. 
 
As a result, in the past 15 years there has been some 

improvement in living conditions in the region, especially within communities, even though GDPs 
have not noticeably risen, and some of the countries have low Human Development Indexes. 
 
Absent governments but strong communities 
Government authorities have had no capability nor interest to implement technological changes to 
facilitate the growth of yields. The land allocation system, in the hands of the farmers themselves, is 
allowed to just progress, so long as the interests of political elites are safeguarded. This safeguards 
community rights to land tenure and the emergence of sustainable agricultural intensification 
techniques linked to traditional knowledge. Similarly, developing an energy system is disregarded by 
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formal institutions, being a heavy burden only 
returning benefits on the long-term, yet, people can 
continue to rely on the use of traditional fuels for 
cooking, illumination etc. 
 
While a formal education system is not established, 
local knowledge is maintained through generations. 
Values of reciprocity, mutual assistance, sense of 
attachment to a place are strongly felt in 
communities, although emergence of innovative 
ideas is at times hindered. Traditional land 
management allocates different lands to different 
practices following customary use. Extensive 
cultivation using techniques such as fallowing, of 
foodcrops such as cassava, maize, pulses, millet etc. 
has remained important along with resources 
harvesting from nature (e.g. wood, minerals, wild foods). 
 
Minor conflicts over use are not rare between groups sharing resources, and punctuate the region, 
concentrating in forest frontier areas, around waterbodies, in fertile plains and mineral-rich subsoils. 
 
Traditional practices steward nature 
Demographic growth has been low, given that access to health facilities is often difficult. Also there 
has been no substantial changes in population densities, which is still spread in extensive settlements 
following soil fertility and water availability in most countries. 
 
Areas such as the forests of northern DRC, or the plains around the great lakes region have in the past 
10 years seen widespread forest fragmentation for cropland instalment. This is believed to be at the 
root of major flooding events in 2020 and 2024 in southern Uganda and western Tanzania, and also 
of similar happenings in the lower Congo river for the past three rainy seasons (2027-2029), 
devastating populated areas in Kinshasa and Brazzaville. These unprecedented crises, show 
governments’ lack of capacity, human and financial resources resulting from the regional 
fragmentation and weak stability. 
 
Rather than a legal protection framework, remoteness and unfavourable conditions have left natural 
areas intact. Community institutions steward nature, avoiding excessive extraction. This is for 
instance the case in dry savanna woodlands or grasslands, which are at most used as extensive grazing 
pastures and have throughout the years been biodiversity refugia. This “passive protection” status 
makes those landscapes possibly vulnerable to rapid management changes. 
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S3 - fragmented region & global market 
Fierce competition 

 
The strive for regional hegemony 
A chain of short-sighted decisions, pursuing the self-interest of rich elites, resulted in regional 
instability and rivalry. Some states faced the rise of authoritarian regimes, such as Zimbabwe, where 
a coup occurred in 2017, and some others still suffer from old unresolved conflicts, such as Eritrea, 
Somalia and the Central African Republic. Competition over regional hegemony and political 
dominance has eclipsed efforts of integration and collaboration, one of the ultimate effects being the 
dissolution of the Economic Community of Central African States in 2021. 
 
Economic and geopolitical interests overshadow policies for environment and development. Most of 
the states have in the past years prioritised precipitously entering and profiting from the global market 
economy. 
 
Swift integration in the global economy 
Interaction with other continents occurs primarily 
through the global economic market. The region 
based its rapid economic growth on exports of 
agricultural (e.g. timber, biofuel crops, maize, 
tobacco, cotton, grains, soybean, cocoa, coffee, tea, 
sugarcane, oil palm), mineral (e.g. copper, gold, iron, 
diamonds) and fossil (e.g. oil, natural gas) 
commodities. This happened under the complacent 
sight of the international business community, 
satisfied to have finally tapped into the wide natural 
resource base of the region. The need to risk and 
invest in unstable countries brought foreign 
companies to mostly adopt a short-term-high-profit 
model, nowadays known as “grab&run”. Mirroring 
this growth, GDPs have since the late 2010’s begun 
a steep rise. 
 
A side outcome of this spiking expansion has been 
the growth of local-market-oriented small scale 
activities. The agriculture, mining and logging 
sectors have benefitted from knowledge, materials, infrastructures “leaked” at the fringes of large 
enterprises and used by local people. On the edge of industrial areas, rural settlements have been 
growing haphazardly on marginal lands. 
 
Increased technology and social disparities 
Mechanical and chemical technologies have been imported principally from South America and Asia, 
rapidly catalysing the transition to intensification in all primary sectors: mines use large trucks and 
excavators, industrial-grade chainsaws serve the logging industry and airplanes widely spray 
fertilisers and pesticides over cotton and soybean plantations. Similarly, often outsourcing foreign 
expertise in exchange for long term land leases, countries developed energy infrastructure 
independently and uncoordinatedly: just during the last 10 years Ethiopia, Gabon and Zimbabwe 
started their first nuclear power plants. 
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These infrastructures have been directed at supplying 
the needs of large enterprises, major cities and export 
corridors. Local people, especially youth, whose 
lands have been leased off are often offered some 
training and a labourer position; for those who would 
not agree forcible relocations have not been 
uncommon. Some have therefore improved their 
finance abandoning traditional for “modern” life. 
This new wealthier middle class now consumes diets 
rich in animal products. But widened income gaps 
left many in poverty to sustain themselves with 
customary foods. 
 
Deep discontent of large shares of the population 
fuelled civil unrest outbreaks in the region, and, in 
some countries, the insurgence of militarized groups 
wanting to overthrow the status quo with violence. 
Since the late 2010’s, three major terror attacks have 
been occurring, such as the 2019 bombings at the 
Kenya Tax Authority building in Nairobi. 
 
Ecosystems and livelihoods at risk 
Overall in the region population numbers have 

steadily grown in the last 10 to 15 years. Concentrations being higher in cities and industrialised areas, 
especially following compulsory relocations. But many, lost all hopes, have fled and still flee abroad 
in search of better lives. 
 
Waves of migration have occurred especially after the heavy leakage of toxic pollutants from mining 
operations in Zambia, Malawi and Mozambique, to which authorities did not react, blaming 
responsibility reciprocally on each other. 
 
The logic of competition encouraged overexploitment of resources and spared little room for 
“worthless” nature. Degazettement or downsizing of protected areas has been extensive: the interior 
minister of the DRC was once heard saying “what is a tree, if not a mass of paper pulp or construction 
logs?”. 
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S4 - integrated region & global market 
Economic growth panacea 

 
Moving on and going global 
A proactive regional political atmosphere characterised by a will to “move on”, and based on the 
finally achieved stability and democracy, has risen since the early 2020’s in many states. This shared 
paradigm pushed among other things the increasing lowering of trade barriers within the Economic 
Community of Central African States, and the formation in 2021 of a single market in the East African 
Community. The latter even exploring the feasibility of having a shared currency by 2035. 
 
Strategic economic reforms for a regional “renaissance” in a globalised context have minimised much 
needed development schemes for local communities or environmental measures. To this end, the 
current prime minister of Kenya attracted voters during the last election campaign of 2027 by 

explicitly promoting “trickle down” model where 
wealth pours down to the people from the richest 
individuals and the Kuznet’s curve, where high-
income nations have lower environmental footprint. 
 
States do see much more the advantage of 
collaboration nowadays, but only to the extent where 
each of the parties receives economic benefits. 
Achieving consensus has often revealed a hard 
challenge as each state negotiates for its own 
interests, causing delays in policy application. 
 
Booming GDPs and economic interconnectedness 
The continuously growing global demand for 
resources increased interest in using the vast mineral, 
hydrocarbon and land reserves of the region. Global 
investors see this as a golden opportunity to expand 
their business, and national governments as an easy 
and quick solution to grow. In just a decade, 
commercial agriculture has become predominant 
over small landowners, minerals extraction rates are 
three times as high as those of 2010, and the forestry 
industry is rapidly becoming competitive with that of 
other tropical regions. Exports of globally traded 
commodities have skyrocketed in the past decade, 

keeping an average regional GDP growth to +8%/year. 
 
In this, intense collaborative efforts have been directed towards special economic zones and 
development corridors, resource-rich areas often across national borders earmarked for large 
infrastructural investments. This connectedness has as well boosted mass tourism (approx. +4% 
visitors/year), with tours freely circulating between the several fenced-off savanna game reserves in 
the eastern highlands, private rainforest sanctuaries in the Congo basin and exclusive beach resorts 
on the Guinean gulf. 
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Small scale economic activities are in turn declining, 
with many seeking employments in large enterprises, 
attracted by the promise of a better livelihood. Local 
markets are similarly increasingly invaded with 
imported cheaper goods from countries within the 
region but also outside it. 
 
Increasingly “modern” and increasingly unequal 
Foreign financial investment and technology transfer 
at first, and intra-regional exchanges at a later stage 
have resulted in large intensification interventions for 
commercial foodcrops and biofuels, industrial 
logging, livestock breeding and extractives. Further boost to those activities has been provided by rail 
and road infrastructures now crisscrossing the region. A most impressive project being the so-called 
“Eastern Axis”: a multiple lane highway connecting Addis Ababa to Maputo, now partly functioning 
but planned for completion in 2040. Adding the simplified customs procedures, the once slow and 
inefficient transport of goods has been greatly eased, but passengers transport for lower income 
groups has not improved as fast, forcing many to rely on traditional means of transport. 
 
The diffusing GREN (Greater Region Electricity Network) has lit up the corridors as well as major 
port cities and financial hubs. Coal-fired plants but also large damming projects on the Congo and 
Zambesi rivers have been financed by the international community, often led by the World Bank. 
 
Increased regional and global connectedness, enhanced by the widespread internet access, has led 
many young people in rural areas to abandon traditional values and livelihoods and seek fortune in 
urban areas, which are quickly and unsustainably growing at their edges into large periurban slums. 
Societal inequalities have increasingly become more visible with the dogma of economic progress. 
Demand for education has also risen, many wealthier families seek better opportunities for their 
children, who will have to compete to “climb up the ladder”. Formal education systems have thus 
been established throughout the region. Diets also reflect this new lifestyle, with an overall increase 
in calories intake, demand for animal products, for cereals and processed foods. 
 
Rapidly growing population concentrating in promising areas 
Population numbers have boomed in most countries, following the improvement of living conditions. 
With many concentrating in major cities, some of which are becoming true megalopolis, such as 
Kinshasa and Mombasa. Other than in urban areas people have naturally clustered in economically 
developing areas. Distribution follows favourability of natural resources integrating the region like 
the pieces of a puzzle: e.g. the humid forest of Gabon, Cameroon and Rep. of Congo have been used 
for palm oil plantations and the drier woodlands of eastern DRC and the great lakes region are used 
as livestock pastures and for soybean, maize and biofuel crops. 
 
In those dyer areas especially, forest fires outbreaks have been recurring due to the increased human 
impact. But such natural hazards have been more and more effectively controlled by joining forces 
between neighbouring countries and reacting speedily. 
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Appendix F. Reflections on the theoretical framework and methods 

Reflections on the theoretical framework 

The framework of underlying drivers and proximate causes (Section 1.3) is currently under theoretical 

development within Land Change Science (Friis et al., 2015), still it was essential to keep a structured 

understanding of the several factors shaping a land system. The resulting systemic understanding was 

surely a simplified picture of the regional land system, yet reporting a full range of factors. All the 

categories of the theoretical framework were in fact populated with information from the analysed 

literature. This transparently conveying the challenge of encompassing multiple factors and 

connections behind a land system, while remaining a useful tool (van Vliet et al., 2016). 

In funnelling literature information from a diversity of disciplines and contexts, the synthesis could 

effectively capture social and biophysical factors and integrate cross-scale aspects. Yet, it helped to 

observe that frequency (Tables C3, C4) and discussion (Tables C1, C2) of factors in the literature is 

concentrated on some aspects of different underlying drivers and proximate causes. 

The important weight given by the framework to social underlying drivers (five categories over the 

total six) could unbalance the equilibrium with biophysical underlying drivers. This could be 

motivated by the strong prominence of anthropogenic land use in shaping land cover, both directly, 

and indirectly (i.e. human actions could be the most important driver of a biophysical underlying 

driver, such as climate change). This is especially valid when considering human time scales (versus 

the geological), which is used justifiably in most studies of land system change. 

Still, not only more details within the biophysical category (e.g. by breaking it down into 

hydrological, geological, atmospheric etc. drivers), but also within the other underlying drivers’ 

categories (e.g. by breaking them down using theoretical frameworks within the respective 

disciplines: demography, economics, engineering, political sciences etc.) would contribute to have 

more inclusive and comparable analyses. A similar reasoning would be valid if having definite 

categories for proximate causes. 

Further to this, while reducing interaction between factors in the system to linear causal chains greatly 

contributed to clarity, it did not effectively capture the full systemic complexity including feedbacks, 

mediating factors, constraints, and nonlinearities. A final suggestion (outside the scope of this study): 

land system change impacts could be added at the end section of framework as the ecosystem services 

categories (MA, 2005): Supporting, provisioning, regulating and cultural. 
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Reflections on the metastudy 

An initial indication stemming from the metastudy was that research on future land change in the 

region, using scenarios as a method, consisted of a somewhat narrow body of literature. This was 

stressed by the fact that only 31 studies were deemed relevant and selected of the 527 procured. 

Studies were relatively evenly geographically distributed between Central and Eastern Africa, and 

their timeframes covered mostly the first 2-5 decades following 2000, those characteristics aligned 

with the research questions and supported the process of this work. Some areas had little to no specific 

representation in the studies, these were: in the north, Chad, the Central African Republic and South 

Sudan, as well as the horn of Africa countries (importantly Ethiopia and Somalia); in the south, 

Angola, Zambia and Zimbabwe. Lack of studies in these countries could indicate a research gap to 

fill in future analyses. While generalisations could still be extended to those areas thanks to the 

inclusion of Sub-Saharan-scoped studies, lack of cases from those areas could have prevented 

capturing relevant dynamics. Nevertheless, awareness of this potential inference bias informed the 

synthesis process, where information was cross-checked across studies for every factor synthesised 

(see Tables C1 and C2). This is especially relevant as land change processes can be place and scale 

dependent (van Vliet et al., 2016). 

Studies were mostly peer-reviewed, yet, the two typologies of literature complemented each other 

geographically, as grey literature studies were mostly addressing larger scales (national to sub-

continental) while peer-reviewed studies varied more, with many addressing sub-national to local 

scales. 

The search and synthesis process strived to be as structured, transparent and repeatable as possible. 

The manual search of literature was instrumental in retrieving a range of grey literature studies, but 

the use of a snowball method for its procurement (Appendix A) could be an obstacle for repeatability. 

Also, having used English language as a search criteria could have obscured relevant studies in other 

languages (e.g. French), given that multiple languages are used in the region. 

Also, the data synthesised was hard to compare, as it derived from a multiplicity of disciplines, was 

mixed between qualitative and quantitative, and the definition of study areas was often poor. This 

inherent complexity is often reported in the land change science metastudy literature (Magliocca et 

al., 2015). Metastudies, in the end, can be performing tools in obtaining general overviews, but lack 

the concrete sense of the system and its actors that is typical of a field study. 
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Reflections on the scenario analysis 

Scenarios were a good tool to obtain the kind of environmental forecasting analysis that this work 

aimed to achieve. Being the region subject to uncertainty about the trajectory of its land system, 

driven by multiple forces, they allowed to output a set of plausible future considerations. Their 

balance between scientific rigour, intuitive logics and creativity allowed to make realistic, yet 

thought-provoking reflections about the future. Of the three criteria of scenario quality reported by 

Alcamo & Henrichs (2008), plausibility, creativity and legitimacy, the scenario analysis: 

• Maintained future plausibility by solidly basing underlying drivers and proximate causes in 

present-day knowledge (Peterson et al., 2003), keeping factors broad enough to encompass 

future variability, and transparently evaluating their uncertainty and impact (Wiek et al., 

2013); 

• used the creativity embedded in the intuitive logics model (Section 3.2.) to challenge current 

thinking and elicit views of the future; 

• to some degree kept legitimacy, as some of the scenarios resulted more pessimistic or 

normative than others, especially the ones having fragmented regional governance (S2 and 

S3). Those are not to be intended as defining worse-case future conditions, even though the 

resulting picture could overall be considered as undesirable. 

A further validation of the dynamics explored in those scenarios through consultation with expert in 

this land system, and practitioners or decision makers working on it could greatly enhance the 

legitimacy and relevance of the results of this analysis, as its often recommended in participatory 

scenario exercises (Rounsevell & Metzger, 2010). 

A setback of having used a qualitative approach to their construction is that it was not possible to 

output quantitative estimates of land system change in terms of converted area from one land cover 

to another. Yet, the rich indications present in the scenario narratives of this work could form the base 

for a later spatial modelling exercise, which would utilise the identified factors and causal chains as 

input variables to a spatialization. 
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