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1.1 Background
The expansion of commodity or cash crops is a topical issue in scientific literature and
international fora for its significant contribution to global trade and local development (Castella
et al., 2013; FAO, 2020; IPBES, 2019; Llopis et al., 2020). However, it is also debated for its
adverse effects on landscapes, biodiversity, food and nutrition security, and exclusionary
effects on marginalised groups (FAO, 2020; Norris et al., 2010; Ros-Tonen et al., 2019;
Winkler et al., 2021). As the name suggests, commodity crops are commercial agricultural
products solely cultivated for domestic and export markets (Achterbosch et al., 2014; Ordway
et al., 2017). They are referred to as industrial crops when production is oriented to materials
and food for industry (Ahmed et al., 2019; Jarzebski et al., 2020) and bioenergy crops when
they are meant for fuel production (Pleguezuelo et al., 2015). Some, such as cocoa and oil palm,
are labelled as tree crops for their physiological properties. Commodity crops are widespread
in the tropics, particularly on the most suitable lands.
On the global scale, the commodities market tripled in value between 2000 and 2018, totalling
USD 1.5 trillion in 2018 (FAO, 2020). With the world population expected to increase in the
next decade, commodity crop production is predicted to match the demand through
intensification and farm expansions (OECD and FAO, 2020). Since the colonial period,
commodity crops have emerged as the financial backbone of many developing tropical
economies and steered their development (Bjornlund et al., 2020; Hippert, 2018; Roessler et
al., 2020). They are associated with boosting livelihoods, job opportunities and incomes in rural
areas and accelerating agricultural modernisation through investments and the development of
supporting institutions (Achterbosch et al., 2014). Taking advantage of the increasing market
demand for food and fibre and the economic potential of commodity value chains, governments
in most of the Global South have supported the development of commodities through targeted
programmes and policies (Cramb, 2013; Ros-Tonen et al., 2019, 2015; Vongvisouk et al., 2016;
Wessel and Quist-Wessel, 2015). These policy actions have spurred private sector investments
and the integration of smallholders into value chains (Cramb, 2013; Ordway et al., 2017; RosTonen et al., 2019, 2015).
While the increase in areas under production has had positive effects on productivity,
commodity exports and income (FAO, 2020), it has come at socioeconomic and environmental
costs to most production landscapes and their residents. The outcomes are more nuanced than
the expectations of actors engaged in these commodities – either as farmers, value-chain actors,
or government officers. In production landscapes, the expansion of commodity crops occurs
through several – usually uncoordinated – trajectories depending on the crop involved. These
include the direct conversion of existing croplands through large-scale acquisitions or farmer
schemes of marginal and abandoned agricultural land – which is usually the case for bioenergy
crops – and forested lands (Meyfroidt et al., 2014; Miyake et al., 2012; Ordway et al., 2017).
Each of these commodity development trajectories triggers social concerns. First, the
conversion of food-crop lands to commodities has been associated with reduced food
availability and price hikes, accentuating the food insecurity situation for vulnerable groups in
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society (Anderman et al., 2014; Shete and Rutten, 2015; Yaro et al., 2017). Second, large-scale
land acquisitions result in land dispossession among poor farmers and displacement of
subsistence agriculture to distant locations (Carte et al., 2019; Moreda, 2017). Third, farmers’
engagement in value-chains through farmer schemes have, in most cases, resulted in the loss
of farmer autonomy, indebtedness, and injustices (McMichael, 2013). The integration of
smallholders does not necessarily mean that their socioeconomic status and food security
improve (Ros-Tonen et al., 2019, 2015).
Apart from these social consequences, the clearing of forest land for commodities has resulted
in deforestation. There is widespread environmental concern about the land-use changes caused
by the expansion of commodity crops and associated biodiversity loss (Meyfroidt et al., 2014;
Ordway et al., 2017). Efforts to balance production and biodiversity conservation have led to
the adoption of land-sparing strategies, which propose reserving some lands for nature
protection and allocating other lands for agricultural production. This move has led to
increasing homogenisation of mosaic landscapes, depriving people of provisioning ecosystem
services such as non-timber forest products and compromising livelihoods of those who depend
on them (Acheampong et al., 2019; Meyfroidt, 2018; Vaast and Somarriba, 2014). People who
depend on these are the most vulnerable in society, hence their increased vulnerability (IPBES,
2019; UNEP, 2019). The replacement of forests with commodities in production landscapes is
also a significant contributor to CO2 emissions, which has implications for climate change
(Ngoma et al., 2021). In addition, the expansion of commodity crops implies the loss of
ecosystem services, such as micro-climate supporting agricultural production, wildlife habitats
(relevant for pollination and food), cultural services, and forests protecting water bodies, soils,
and ecologically sensitive areas (Clough et al., 2016; Feurer et al., 2019; Grass et al., 2020).
The negative social and environmental implications of expanding commodity crops can be
traced to the spatial changes that arise from their proliferation in the landscape. However,
studies pay more attention to consequences such as biodiversity loss and social implications
than to the underlying spatial incursions from commodity crops. Hence, integrating spatially
explicit insights into the trajectories of commodity-crop expansion in landscapes with their
social implications is relevant for understanding landscape changes and effective policy
decisions. Such insights will unravel the spatial dynamics of commodity crops that are critical
to service provisioning and wellbeing in socio-ecological systems.
Against this background, this thesis addresses the spatial consequences of the expansion of
commodity crops. The rest of this chapter positions the thesis in existing knowledge gaps and
debates (Section 1.2) and the Ghanaian context (1.3), based on which the research objectives
and questions are presented (1.4). Next, the chapter elaborates on the conceptual framework
(1.5), methodological approach (1.6) and thesis structure (1.7).

1.2 Knowledge gaps
Literature has shown that the expansion of commodity crops has led to the loss of other landcover types, such as forests and land for subsistence farming (Geist and Lambin, 2001; Lambin
and Meyfroidt, 2011; Meyfroidt et al., 2014; Ordway et al., 2017). Despite the economic
2
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benefits that accrue from commodity expansion, the associated land changes have resulted in
trade-offs in livelihoods and ecosystems services, some of which are critical to the very survival
of the commodity crops (Akbar and Gheewala, 2020; Feurer et al., 2019; Grass et al., 2020;
McLellan and Brown, 2017). Changes in land cover can be monitored through remote sensing,
as the geospatial literature has shown (Coppin et al., 2004; Koranteng et al., 2016; Lillesand et
al., 2015). Such studies use data and tools to characterise land-cover types, detect historical
changes, and model future landscapes changes. They have investigated production landscapes,
putting commodities into broad categories like agriculture, tree crops, secondary forest, and
others (Acheampong et al., 2019; Asare et al., 2014; Barima et al., 2020, 2016; Kusimi, 2015).
However, this body of literature also has some limitations. First, none of the studies pays
specific attention to the particular crop that causes the changes and the type of change in which
it is involved. This may be due to classification difficulties at the species level, as observed in
the misclassification of cocoa as forest by Acheampong et al. (2019). The use of broad
categories masks the changes attributed to specific commodity crops. Studies focusing on
spectrally and structurally separable commodities analyse the net change in areas and
transitions without unearthing the patterns and processes underlying the changes (Akinyemi et
al., 2017; Aldwaik and Pontius Jr., 2012). Hence, it is important to identify and map the trends
and unravel the transition patterns that commodity crops are causing in the various landscapes.
Second, the expansion of commodity crops has been associated with deforestation, forest
fragmentation, and landscape homogenisation, all of which are a function of the spatial
properties of the land-cover types making up the landscape (Barima et al., 2016; Castella et al.,
2013; Pfund et al., 2011). However, the literature on commodity crop driven changes in
landscapes has paid attention to land-cover change but hardly looked at the structural changes
in landscapes, i.e., the size and arrangement of patches of land-cover types. An exception is Su
and colleagues’s study on expanding cash crop (tea) on landscape structure (Su et al., 2014b).
This is important because of the implications for the provision of ecosystem services (Duarte
et al., 2018; Lamy et al., 2016) and the maintenance of corridors needed for wildlife movement
in landscapes (Asare et al., 2014). Existing literature has shown that the expansion of
commodity crops in mosaic landscapes distorts their integrated structure and shifts them on a
path towards extreme segregation (Primdahl, 1990; van Noordwijk et al., 2012). Integration or
segregation in landscapes is a subjective description of the landscape structure, and it depends
on the scale of assessment. However, studies have hardly looked at how expanding
commodification changes the overall structure of a smallholder-dominated landscape – which
may gradually evolve into a large-scale plantation-like homogenous landscape – again with
adverse effects on biodiversity and other ecosystem services.
Third, the capacity of landscapes to provide ecosystem services is influenced by changes in
composition and configuration of the landscape resulting from commodity crop expansion
(Duarte et al., 2018; Zhang and Gao, 2016). This compromises ‘nature’s contribution to people’
(Díaz et al., 2018) (see Section 1.5). The ecosystem services literature has researched the land
uses associated with services (Grass et al., 2020; Kremen and Miles, 2012; Yoshida et al., 2010)
and socioeconomic drivers of ecosystem services loss (Tadesse et al., 2014; Turkelboom et al.,
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2018). Much less effort is put into understanding people’s coping strategies to deal with this
loss of ecosystem services.
Fourth, the literature proposes several approaches towards dealing with conflicting landscape
uses, such as conservation versus development of agriculture and other human land uses. One
of those is the sparing-sharing debate which concentrates on two main land uses, i.e.
conservation and productive land use (Fischer et al., 2008; Phalan et al., 2011b; Tscharntke et
al., 2012). This debate has been held at the science and policy level, without considering the
voice of people living within the landscape and modifying it. This body of literature mainly
focuses on either biodiversity or production without attention to infrastructure, human
settlements and other structural elements (Grass et al., 2019; Phalan et al., 2011a).
Another debate that centres on reconciling conservation and development aims is the one on
integrated landscape approaches. This approach aims to bring landscape actors (‘stakeholders’)
together to negotiate trade-offs between different land uses and come to an agreed outcome
(Arts et al., 2017; Reed et al., 2020; Ros-Tonen et al., 2018; Sayer et al., 2013). Theoretically,
the approach is appealing, but its operationalisation and implementation in practice are still in
their infancy (Bürgi et al., 2017; Reed et al., 2020). It also pays little attention to how the
different land uses should be arranged spatially.

1.3 The Ghanaian context
Historically, the agricultural sector contributed substantially to Ghana’s economy, accounting
for over 30% of the national GDP from the 1980s until 2006, when it started to show a declining
trend to reach 18% in 2020 (Figure 1.1) (The World Bank, 2021). Despite this decline, it still
absorbs a substantial share of Ghana’s labour force, with 28.5% of the economically active
population working in agriculture (Trading Economics, 2021). Given this considerable number
of people depending on agriculture, the legacy of cocoa’s contribution to Ghana’s economy,
the increasing rural population, youth unemployment, and growing global market demand for
food and materials, it is no surprise that agriculture features prominently in Ghana’s policies
(Akufo-Addo, 2017; NDPC, 2010).
Agricultural growth is considered a “main driving force of rural development and
transformation” (Republic of Ghana 2017: 68). Since the beginning of Ghana’s Fourth
Republic (1993-present), successive governments have shared the view that agriculture is key
to addressing rural unemployment and poverty and needs to be modernised and diversified to
that end. This view is reflected in several national medium-term development policy
frameworks that guide the country’s development programmes (Table 1.1).
As part of the efforts towards realising the agriculture-driven development agenda, Ghana
promotes the expansion of high-value commodity crops for global markets to address rural
poverty and generate foreign exchange for the country’s development. To this end, it has
several policies and measures in place that outline how this can be achieved. Prominent among
them is the sector-wide Food and Agriculture Sector Development Policy II (FASDEP II) that
guides Ghana’s long-term agricultural development (MoFA, 2007). It sets the tone by aiming
4
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at “increased competitiveness and enhanced integration [of the agricultural sector] into
domestic and international markets” (MoFA, 2007: 22). Subsequently, the Ministry of Food
and Agriculture embarked on developing the tree-crop subsector and assisting farmers in
increasing profits from their fields and ensuring a sustainable supply with minimum
environmental impacts (MASDAR, 2011; MoFA, 2012). The Tree Crop Policy aims to
enhance production and productivity, promote investment and processing capacity, improve
marketing through value-chain development, promote sustainable practices, support research,
and enhance policy coordination (MoFA, 2012). Central to its vision is expanding tree-crop
cultivation across all ecological zones (Figure 1.2) in Ghana by developing key tree crops with
global market potential (Ibid). The focus of this policy in Ghana’s high forest zone is on cocoa,
rubber, oil palm, citrus, coffee, kola and avocado; while it targets cashew and mango in the
transitional zone; cashew, shea, dawadawa (African locust bean tree), baobab and tamarind in
the northern savannah; and coconut and mango in the coastal savannah.
Figure 1.1 Share of the agricultural sector in Ghana’s national gross domestic product (GDP) from 1960 to
2020

Source: Compiled by the author based on the World Development Indicators (The World Bank 2021).
Table 1.1 National development plans guiding economic development under the current democratic regime
Medium-term development policies
Period
Ghana vision 2020 (The First Step)
1996 - 2000
Ghana poverty reduction strategy (GPRS I)
2003 - 2005
Growth and poverty reduction strategy (GPRS II)
2006 - 2009
Ghana shared growth and development agenda (GSGDA I)
2010 - 2013
Ghana shared growth and development agenda (GSGDA II)
2014 - 2017
The coordinated programme of economic and social development policies
2017 - 2024
An agenda for jobs: creating prosperity and equal opportunity for all (first step)
2018 - 2021
Source: Compiled by the author based on Rawlings (1995), NDPC (2003, 2005; 2010; 2014), Akufo-Addo (2017),
and NDPC (2017).

5

Chapter 1

Figure 1.2 Agroecological zones of Ghana and cocoa and oil palm belt in Ghana

Source: Compiled by the author based on Antwi et al. (2014); Asare (2016); Rhebergen et al. (2016); GSS (2021).

The current policy guiding the national development agenda is the Coordinated Programme of
Economic and Social Development Policies (2017-2024) (Akufo-Addo, 2017). It has embarked
on increasing production efficiency, diversifying agriculture, improving post-harvest
management and marketing, minimising costs, and promoting youth engagement in the
agricultural sector. The programme mentions cocoa, oil palm, and other tree crops (cashew,
shea nut) among the crops to receive special attention in a support programme for raw materials
for industry (Republic of Ghana 2017: 62). The Ministry of Food and Agriculture draws on
this national policy to implement a flagship programme, Planting for Food and Jobs (PFJ). The
PFJ is accompanied by four other implementation modules, of which Rearing for Food and
Jobs (RFJ) and Planting for Export and Rural Development (PERD) are also operational.
Implementation of the remaining two modules, Greenhouse Technology and Villages and
Agricultural Mechanization Services (AMSECs), are still in the planning stage (MoFA, 2020a).
The PFJ module focuses on intensifying and marketing food crops to achieve food security,
poverty reduction and livelihood creation (MoFA, 2017). Planting for Export and Rural
Development (PERD) centres on developing tree-crop value chains in rural landscapes. This
programme aims to reduce Ghana’s over-dependence on cocoa and incentivise other tree crops,
for which it created a Tree Crop Development Authority (TCDA) in 2020 (Republic of Ghana,
2021). This authority is to spearhead the production, processing and marketing of tree crops
other than cocoa – for which the Ghana Cocoa Board (COCOBOD) remains responsible – such
6
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as oil palm, mango, shea, rubber and cashew. The authority is expected to set up a dedicated
fund to support farmers engaged in these tree crops (Parliament of Ghana, 2019a, 2019b).
The policies and institutional efforts indicate that the Ghanaian government is putting tree crops
at the forefront of agricultural development. However, this has implications for landscape
structure, ecosystem services and livelihoods. Although the policies speak about sustainable
production, they primarily emphasise increased productivity and value-chain development.
The implications for the spatial distribution of farms, landscape dynamics, and actors’
preferences in the implementation landscapes receive hardly, if any, attention. This may be
attributed to the absence of an integrated evidence base that provides an overview of such
policy implications. For inclusive landscape policies, decision-making needs to be based on a
holistic understanding of the landscape as a socio-ecological spatial system. Such knowledge
embraces insights into social interests, landscape structural dynamics, and the relationships
between these two, which this thesis aims to provide.
This thesis focuses on the evolution of cocoa (Theobroma cacao) and oil palm (Elaeis
guineensis) in a Ghanaian forested landscape. Cocoa and oil palm have had a long history in
Ghana since the pre-colonial era (Adjei-Nsiah et al., 2012; Al-Hassan, 2017; Asare, 2015;
Gyasi et al., 1995). Hence both tree crops have had their spatial, environmental and
socioeconomic footprints on Ghanaian landscapes. Both tree crops are mainly cultivated across
the country’s wet evergreen, moist evergreen, and deciduous forest agroecological zones
(Figure 1.2) (Rhebergen et al., 2016; Snoeck et al., 2009).
Cocoa and oil palm stand out as the tree crops that contribute most to rural employment and
foreign exchange (Angelucci, 2013; Asante-Poku and Angelucci, 2013). Since their emergence
as commodities of national interest, they have remained the dominant tree crops with regard to
land under cultivation (Figure 1.3) and production (Figure 1.4) (FAO, 2021). Cocoa and oil
palm have followed different socioeconomic, policy and ecological trajectories in Ghana.
Cocoa is non-native to Ghana. It was brought into Ghana by Tetteh Quashie from Equatorial
Guinea in 1872 (Asare, 2015). The largely successful cocoa value chain in Ghana can be traced
to his Amelonado cocoa beans, which he planted in Mampong in the Eastern Region of Ghana.
This made the region the first cocoa frontier on the African continent. Despite the challenges
with diseases and pests, bush fires, and fluctuating market prices, the cocoa sector has survived
to become the country’s most important agricultural export commodity with a GPD
contribution of 5.4 % in 2019 (Sasu, 2021).
It accounts for 25% of total foreign exchange earnings (The World Bank, 2018) and is projected
to contribute about USD 390 million to the GDP by the close of 2021 (Sasu, 2021). The cocoa
value chain provides livelihoods to 6.3 million Ghanaians, including over 1 million smallholder
households (The World Bank, 2018) who operate farms with sizes between 2-5 ha (Vigneri
and Kolavalli, 2018). Cocoa production in Ghana is export-oriented. Ghana ranks second after
Côte d’Ivoire in the production and marketing of cocoa in the world (The World Bank, 2018;
Vigneri and Kolavalli, 2018). However, Ghana’s cocoa productivity has been low, and only
recently production reached about 1 million tonnes, a long-held government objective (Figure
1.3), while next-door competitor Côte d’Ivoire surpasses this production level.
7

Chapter 1

Figure 1.3 Land area (ha) under harvestable commodity cropping in Ghana 1961 – 2019

Source: Compiled by the author based on FAOSTAT (FAO, 2021).
Figure 1.4 Trends in production (tonnes) of commodity crops in Ghana 1961

Source: Compiled by the author based on FAOSTAT (FAO, 2021).

Cocoa establishment and expansions have accounted for significant deforestation in
encroached forest reserves and off-reserve areas (Ghana Forestry Commission, 2010; Kroeger
et al., 2017). This situation has worsened because farmers prefer a full-sun management system
without shade trees that guarantee higher yields and income (Abdulai et al., 2018a; Ruf, 2011).
The system is characterised by the removal of forest patches and trees from traditional
8
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agroforest farms (Gockowski and Sonwa, 2011; Ruf, 2011). Cocoa production has been linked
with increasing food insecurity among farmers. Hence the fear that further increase in cocoa
cultivation may exacerbate forest depletion and increase farmer vulnerability (Ghana Forestry
Commission, 2010).
Unlike cocoa, oil palm is indigenous to the West African coast (Adjei-Nsiah et al., 2012;
Ofosu-Budu and Sarpong, 2013). In Ghana, oil palm is produced mainly to extract palm oil
from its fruits and the kernel for household consumption and local and international markets.
The palm tree leaves are used for broom production, and when dead, the tree is used for
producing palm wine and edible mushroom and palm weevil larvae (Rhynchophorus spp.).
Commercial oil palm production commenced in Ghana with government-sponsored plantation
estate development and later with the World Bank and European Union (EU). These plantations
were later abandoned due to management failures, inadequate expertise for the milling process,
and market failures (Adjei-Nsiah et al., 2012). The oil palm value chain is currently
characterised by a few large and medium oil palm plantations, while smallholders constitute
about 80% of the producers (Adjei-Nsiah et al., 2012; MASDAR, 2011; Ofosu-Budu and
Sarpong, 2013). Integral to the chains are the large-, medium- and small-scale operators
engaged in production, processing and marketing. Oil palm provides 2% of the total
agricultural exports and employs 2 million people, particularly in rural areas (Angelucci, 2013).
Currently, Ghana ranks second after Nigeria in Africa and eighth in global oil palm production
(FAO, 2021). Ghana’s current oil palm production stands at 2,655,440 tonnes (Ibid) and is
unable to meet the internal demand for palm oil and the increasing demand in the West Africa
sub-region. Moreover, the world market presents an opportunity for generating much-needed
foreign exchange (MASDAR, 2011; MoFA, 2012; Ofosu-Budu and Sarpong, 2013). Several
interventions have targeted bridging the production gap in the past (See Angelucci, 2013;
MASDAR, 2011; MoFA, 2012). The current policy aiming to do so is the Planting for Export
and Rural Development (PERD) programme (MoFA, 2020a) With the recent entablement of
the Tree Crop Development Authority (TCDA) next to COCOBOD, Ghana is embarking on
enhancing the oil palm value chain to boost local and national economic development.
However, while policy focuses on productivity, market and ultimately, economic benefits, the
expansion of oil palm and cocoa is associated with structural changes in production landscapes
that have social-economic and environmental implications often overlooked in decisionmaking. This thesis takes a spatio-temporal view to investigate structural dynamics in a
transitioning mixed cocoa and oil palm landscape with a view to unpacking actors’ strategies
to cope with trade-offs between tree-crop expansion and other landscape services and achieve
their desired future landscape.

1.4 Research objective and questions
Against the background outlined in the previous sections, this thesis investigates the effects of
expanding commodity tree crops on the structure and functionality in transitioning landscapes
and actors’ perceptions about change, effects, and surviving strategies.
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In doing so, it addresses the following overarching research question:
How does the expansion of tree crops affect the structure and multifunctionality of mosaic
landscapes, and how do actors perceive the dynamics and effects and develop strategies to
address them? The following sub-questions disentangle the biophysical and socio-ecological
dimensions of the effects with a focus on the Eastern Region of Ghana, where smallholder
production of cocoa and oil palm has expanded significantly over the past 30 years:
i) How did the expansion of tree crops affect the composition and land-cover transitions
in a mosaic landscape between 1986 and 2015?
ii) How did tree-crop expansion affect the configuration of mosaic landscapes?
iii) How do actors use landscape services and respond to trade-offs due to changes in
landscape structure?
iv) How do landscape actors perceive the effects of the expansive nature of tree-crop
production and ways to address the adverse effects on people’s wellbeing?

1.5 Conceptual framework
For a holistic understanding of the landscape effects of tree crops, the study uses an overarching
conceptual framework that integrates the biophysical landscape, its functions (services), and
human perceptions and choices, which affect and are affected by landscape governance.
The thesis starts with the concept of mosaic landscape that is widely used in landscape research
(Matías et al., 2010; Mertz et al., 2012; Mertz and Mertens, 2017; Vogt et al., 2015). It appears
in the literature under many labels, including forest-agriculture mosaic (Kusters and Lammers,
2013; Norris et al., 2010; Panzacchi et al., 2010), complex mosaic landscapes (Mertz et al.,
2012), nature agricultural system (Perfecto et al., 2009), agroecological landscape (Perfecto et
al., 2019b), mixed tree- and food-crop agroforest system (Asase and Tetteh, 2010; Muhamad
et al., 2013), and shared landscape (Mertz and Mertens, 2017). Despite its frequent use, most
studies characterise the content of such landscapes rather than defining the concept (Matías et
al. 2010; Mertz et al. 2012; Vogt et al. 2015; Mertz and Mertens 2017). This characterisation
usually comprises a mixture of forest types with smallholder agriculture, agroforest, plantations
and/or grasslands (Mertz et al., 2012; Mertz and Mertens, 2017). Some studies also
acknowledge interspersed settlements, human infrastructure, and water systems as part of
mosaics (Bennett et al., 2006; Bugár et al., 2020). Traditional fallow systems, also known as
swidden agriculture, are integral components of such spatially heterogeneous landscapes (Hett
et al., 2012; Mpanda et al., 2021). Such descriptions reveal that what constitutes a mosaic
landscape is in the eyes of the beholder.
A mosaic may be referred to as a cluster of patches of different land-cover types in which the
interactions depend on the functions that the mosaic develops (Farina 2009: 32). Mosaic
landscapes are created through natural competition, recolonisation and succession processes
following natural and anthropogenic disturbances (Wu, 2012, Burley et al., 2011; Pulido &
Caballero, 2006). Natural disturbances, including hurricanes, fires, pests and diseases, and
volcanic eruptions, shape landscapes (Perfecto et al., 2019a; Senf and Seidl, 2018).
Anthropogenic disturbances in landscapes are diverse, occur at different intensities, and
10
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originate at multiple spatial scales: at the farm level by households; at the landscape level by
communities, companies and other resource users; at the regional and country levels by
national policies; and globally by markets and international organisations with conservation,
sustainability, and climate change mitigation interests (van Vliet et al., 2012; Vogt et al., 2015).
The interests and demands along the spatial hierarchy are many, diverse, and competing. Hence
natural factors and human-driven land-use changes act in concert to generate a mixture of landcover types that are spatially arranged in the heterogeneous patterns that characterise mosaic
landscapes (Burley et al. 2011). The land-cover types and their spatial interactions influence
landscape processes and functions, resulting in services that benefit and meet the needs of
different actors. From this perspective, ‘mosaic’ is a descriptive label assigned to a landscape
based on the spatial patterns they portray due to the varying sizes and arrangements of the
different land-cover types when viewed from above. This study, therefore, defines a mosaic
landscape as a heterogeneous area consisting of various spatially interacting land-cover types
and governance regimes at different scales, which provides multiple services.
A related concept is a multifunctional landscape, which is a landscape that produces multiple
benefits from its land-cover types and their interactions (Kato and Ahern, 2009; Mastrangelo
et al., 2014). It is intrinsically related to a mosaic landscape because the latter can produce
multiple services thanks to the diversity of its land-cover types and the interactions between
them (Brandt and Vejre, 2004). Whereas the mosaic landscape concept focuses on the
biophysical composition of a landscape and the arrangements of its land-cover types, the
multifunctional landscape is an anthropocentric concept focusing on land uses.
The biophysical landscape is characterised mainly by its composition and configuration
(Bennett et al., 2006). Composition refers to different land-cover types (what and how much
of it is there, i.e. sizes and proportions). Configuration reveals how the different land-cover
types are spatially arranged. The composition and configuration of landscapes determine the
provision of ecosystem services – the benefits people derive from ecosystems (Duarte et al.,
2018; Lamy et al., 2016; Zhang and Gao, 2016). Ecosystem services are usually divided into
supporting, regulating, cultural, and provisioning services, referring to basic ecosystem
processes, benefits of regulating ecosystem processes, material benefits and immaterial
benefits, respectively (Groot et al., 2002; Millennium Ecosystem Assessment, 2005). The
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
refers to these as ‘nature’s contributions to people’ (Díaz et al., 2018). The scientists affiliated
with IPBES did so to add a social science perspective to the market-oriented interpretation and
natural-science dominated ecosystem services concept, emphasising that nature offers more to
human wellbeing than commodities. In doing so, they strove to make the concept more
inclusive of various bodies of knowledge and worldviews (Ibid.). This study eventually opts
for the landscape services concept (Chapter 4) to include services from both nature and humanmodified landscapes (Bastian et al., 2014; Termorshuizen and Opdam, 2009; Westerink et al.,
2017). This is to emphasise that human-modified landscapes also contribute to human
wellbeing and fits a landscape approach that seeks to reconcile production and conservation
aims in landscapes.
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Due to the expansion of tree crops – the result of deliberate policy and governance decisions
(see 1.3) – the landscape’s structural properties (composition, configuration) change as humans
modify the landscape to favour the production of commodity crops. This affects the provision
of ecosystem services, impacting livelihoods and the resilience of the landscape to climate and
environmental change (Ahammad et al., 2020; Castella et al., 2013; Feurer et al., 2019). Hence,
the expansion of tree crops generates trade-offs with other land-cover types and associated
ecosystem services (see also 1.1).
Considering the implications for people’s livelihoods and wellbeing, it is important to unravel
landscape actors’ understanding of landscape dynamics and the kind of landscape in which
they prefer to live. Relevant in this respect are scenarios of change and their desired future
landscapes. This addresses two knowledge gaps outlined in Section 1.2. The first is the focus
of the sparing-sharing debate on the two extremes of conservation and production without
looking at people’s preferences. The second relates to a knowledge gap in the debate on
integrated landscape approaches, which emphasises negotiation among landscape actors, but
as yet has hardly operationalised how to unravel these actors’ perspectives.
Figure 1.5 Conceptual framework

Source: Author’s construct.

Therefore, the conceptual framework connects actors’ perceptions to landscape governance,
particularly the sparing-sharing debate and landscape approaches. Figure 1.5 visualises how
this thesis brings these ideas together in a conceptual scheme that guides the analysis in the
empirical chapters.
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1.6 Methodological approach
1.6.1 Overall research design
The previous section revealed that landscape dynamics following the expansion of tree crops
comprise multiple dimensions – spatial, economic, social, and cultural. Hence this study adopts
a mixed-method design (Creswell and Clark, 2011) embedded in an overall spatio-temporal
approach to capture landscape dynamics through space and time. The mixed-methods design
was preferred, first, because of the varied nature of the research questions, with the first two
focusing on biophysical and spatial landscape characteristics (Chapters 2 and 3) and the last
two on actor perceptions of which one is approached quantitatively (Chapter 4) and the other
qualitatively (Chapter 5). Second, this choice was for completeness, as the different methods
provide a comprehensive insight into the nexus between biophysical dynamics and societal
actions. Third, a mixed-method design allows triangulating methods and results. Combining
an actor perspective and remote sensing analysis (Bryman, 2012) allows for an integrated
analysis of landscape dynamics.
The spatial component included satellite image interpretation, land-use and landscape change
detection, and spatial fragment analysis (see 6.1.3 for more details). The quantitative part was
based on a questionnaire survey, while the qualitative part comprised a participatory scenariobuilding and mapping exercise with landscape actors in focus groups. The spatial and
quantitative methods were applied to capture insights into past landscape dynamics, while the
qualitative method focused on people’s perceptions of current and anticipated future
developments and preferences. The complementarity of these methodological approaches
provided a deeper understanding of the nexus between biophysical landscape features and
dynamics and the socioeconomic dimensions of landscapes and the interactions between those
through time and space (Johnson and Onwuegbuzie, 2004).
1.6.2 Study area
The study is part of a larger research project named the Inclusive Value Collaboration project. 1
This project aimed to explore how value chain collaboration with smallholder tree-crop farmers
in Ghana (cocoa and oil palm) and South Africa (macadamia and avocado) could be made more
inclusive of farmers and the environment (Ros-Tonen et al., 2019, 2015). The two countries
were selected for their explicit policies to promote small-scale farmers’ engagement in highvalue commodity value-chains through collaborations with companies and actors ‘beyond the
chain’ (Ibid.).
0F

This study focuses on a region where cocoa and oil palm cultivation prevail and are produced
in tandem. The study focuses on cocoa and oil palm because of their economic importance for
the nation and rural population. Staging the research at a location where they are produced in
1

Full title: Inclusive value chain collaboration for sustainable landscapes and greater food sovereignty among
tree crop farmers in Ghana and South Africa. The project was funded by the Food & Business Global Challenge
Programme of WOTRO Science for Global Development. See https://inclusivevcc.wordpress.com/home/ for
the project website. Information WOTRO’s Food and Business Global Challenge Programme can be found at
http://www.nwo.nl/en/funding/our-funding-instruments/wotro/food--business-research/food--business-globalchallenges-programme-gcp/food--business-global-challenges-programme-gcp.html.
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tandem provided an opportunity to address issues related to the two most important crops and
their combined effect within landscapes. Within Ghana, the key tree-crop systems are mainly
found in the high forest zone in the southern half of the country, which constitutes part of the
remnants of the Guineo-Congolian forest that runs from West to Central Africa (Droissart et
al., 2018; Gockowski and Sonwa, 2011; Sayre et al., 2013:16). This ecological zone largely
covers nine (previously six) administrative regions (Figure 1.2 and 1.6).
Figure 1.6 Study area in the Guineo-Congolian forest of Ghanaian Eastern Region

Source: Compiled by the author based on Sayre et al. (2013), GSS (2021), DIVA-GIS (2017) and Ghana Forestry
Commission (2019).
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High production records of the chosen commodity crops and the proximity of both crops in the
production landscapes guided the selection of the Eastern Region as the administrative region
where the study would be carried out. Within the selected region, districts with high production
of cocoa and oil palm and their integration in a continuous production landscape were selected.
Since no single district qualified, four adjoining administrative districts (i.e. the Akyemansa
and Denkyembour Districts and Kwaebibrem and Birim Central Municipals) were identified
to form a continuous landscape (Figure 1.6).
Stratified and random sampling approaches were adopted to select the communities (Bryman,
2012). The study was divided into a cocoa-dominated and oil-palm-dominated area and further
subdivided into a northern and southern part to ensure an even distribution of selected
communities in the landscape. Next, five communities were randomly selected from each of
the quadrants created by the division. Although twenty communities were selected for the
study, fifteen participated due to the inability of the representatives of the other five
communities to attend the focus group workshops. From these 15 communities, 368 people
participated; 69 in the scenario-building approach and 299 in the survey.
1.6.3 Data collection and analysis
Data for this study was collected in three phases. First, a scoping study was conducted within
the framework of the larger project of which this study was a part (see Section 2.2.2). The
scoping study was conducted to obtain preliminary information about the cocoa and oil palm
sectors and identify suitable landscapes and relevant stakeholders and policies. Data collected
included the nature, location and level of cocoa and oil palm production in the region. GIS data
(as shapefiles) and some satellite images were obtained from the Eastern Regional COCOBOD
Office and Resource Management Support Centre (RMSC) of the Forestry Commission of
Ghana. The United Nations University Institute for Natural Resources in Africa (UNU-INRA)
and the Geography Department of the University of Ghana (UG) provided additional GIS data
on the Ghanaian landscape, such as road and river networks, a digital elevation model (DEM),
and the location of towns. The scoping study facilitated the selection of the study region and
districts (see Section 1.6.2 for the selection criteria) and relevant stakeholders at the landscape
and national level.
The scoping study was followed by a reconnaissance visit to the three districts in the Eastern
Region of Ghana where the Inclusive Value Chain Collaboration project operated (see Section
1.6.2). These included the Akyemansa and Denkyembour Districts and Kwaebibrem
Municipal. The visit aimed to establish initial contacts with key actors, introduce the study and
its objectives, and confirm stakeholder groupings. Moreover, it sought confirmation of the
societal problems, the use of ecosystem services, and issues related to landscape degradation
identified from the literature. Initial discussions were held with district assemblies, the Ministry
of Food and Agriculture (MoFA), and the Ghana Forestry Commission. Topics discussed
included the main land-cover and land-use categories in the landscape and their relation with
ecosystem services. These initial insights were relevant for designing the research instruments
(questionnaire and interview guide) and the classification schemes used for the remote sensing
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analysis (see below). The following is an overview of the main data collection methods and
analytical techniques employed to address the four research questions in Section 1.4.
Landscape composition and transitions (research question 1)
Cloud-free Landsat 5 and 8 satellite images for 1986 and 2015 from the Earth Explorer web
platform were the main datasets used to assess the dynamics in landscape composition and
transitions. Processing both datasets to detect changes in the landscape followed by the steps
as outlined by Lillesand et al. (2015) and Kennedy (2009):
1. Pre-processing operations. These included geometric and radiometric corrections
conducted on all satellite images to remove sensor and atmospheric errors (Lillesand et
al., 2015).
2. Development of an image classification scheme (Chapter 2) based on literature, field
observations, and initial consultations with landscape actors engaged in land-based
livelihoods. The actors were of different age categories and included institutional actors
and representatives of traditional authorities. The final classification scheme
encompasses forest, cocoa, oil palm, food crop, built/bare area and water.
3. Image classification. Satellite images for 1986 and 2015 were classified using Iterative
Self Organising Data Analysis (ISO-DATA), unsupervised classification (1986), and
supervised maximum likelihood classification (MLC; 2015) (Lillesand et al., 2015; Lu
and Weng, 2007; Wondrade et al., 2014). The resultant thematic maps were compared
with reference data extracted from Google Earth images and in the field using a Global
Positioning System (GPS) to estimate classification accuracies and uncertainties using
the confusion matrix and area proportions (Olofsson et al., 2014, 2013).
4. Change detection. The two thematic maps were used in post-classification change
detection (Lu et al., 2004; Tewkesbury et al., 2015; Vittek et al., 2014). The resultant
transition metrics were employed in the following analytical operations: (i) land-cover
type areas and transitions (persistence, gross gains and losses, swap and net changes)
(Diwediga et al., 2017; Manandhar et al., 2010), (ii) annual change rate (Puyravaud,
2003; Sudhakar Reddy et al., 2015), and (iii) intensity analysis to unravel the underlying
processes in the landscape driving the changes (Akinyemi et al., 2017; Aldwaik and
Pontius Jr., 2012; Pontius et al., 2013).
More details on these methods and techniques can be found in Chapter 2.
Characterisation of the landscape structure and extent of integration/segregation (research
question 2)
The study used the 1986 and 2015 land-cover maps derived from the image classification
process (see Chapter 2) to characterise land-cover patterns and analyse the dynamics in
landscape configuration between the two years. The landscape structure was characterised
based on the diversity and abundance of land-cover types and the degree of fragmentation,
connectivity, and complexity using selected landscape metrics (McGarigal, 2015).
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The results of this spatial pattern analysis of both years were compared at both landscape and
class (land-cover) levels. The study quantified the degree of integration/segregation by
operationalising the integration-segregation theory developed by van Noordwijk et al. (2012).
This theory acknowledges that the spatial properties of a landscape changes as its structure
(land-cover components and their arrangements) moves along a continuum that ranges from
extreme integration to extreme segregation. The study identified the structural properties that
change with transitions in landscapes, including land-cover diversity and areas, patch/plot
sizes, interactions between land-cover types, and complexity of patch shapes (Brandt, 2003;
Primdahl, 1990). These properties were spatially estimated and integrated into a composite
index, called landscape structural state index (LSSI), to monitor the state of a landscape
structure on the integration-segregation continuum over time. See Chapter 3 for a detailed
explanation of the methods.
Landscape actors’ use and responses to trade-offs between landscape services (research
question 3)
Landscape actors are heterogeneous when it comes to their interests and use of landscape
services. 2 A face-to-face survey was conducted to gather data from 299 inhabitants from ten
randomly selected rural communities (see 1.6.2). The semi-structured questionnaire covered
socioeconomic and demographic characteristics, the use and sources of 13 provisioning
landscape services for present use (2018) and their use in the past (10-20 years ago), and
perceptions of the substitutability of landscape services. Data processing included coding
answers to open questions, cleaning, and deriving new variables from the field data. The
analysis involved comparing frequencies of landscape services used and the respective landcover types from which they were sourced in 2018 and 20 years ago. Socio-demographic
variables included age, gender, education level, occupation, and dominant tree crop in
respondents’ locality on respondents’ coping strategies, based on Al-Assaf et al. (2014) and
Teixeira et al. (.2018). Their influence was statistically analysed using a chi-square test for
independence (Pallant, 2016). Furthermore, the study analysed the effect of respondents’
perceptions of the degree of substitutability of landscape services on their response strategies,
using a chi-square test for independence. Chapter 4 provides a more elaborate explanation of
the methods.
1F

Landscape actors’ perceptions of tree-crop expansion and their desired landscape (research
question 4)
The study used a participatory spatial scenario-building approach to generate insights into
actors’ perceptions of landscape dynamics and their desired landscape. The participatory
spatial scenario-building method combined forecasting, backcasting and participatory mapping
in a focus group setting. The focus group engagements started with an introduction that set the
stage for a transparent, free and shared understanding of landscape issues. It involved a
pictographic PowerPoint presentation explaining the purpose of the project, landscape
dimensions, concepts translated into the local language Twi (necessary for a shared

2

As explained in Chapter 3 and 6, the focus shifted from ecosystem services to landscape services to take account
of services provided by human-modified land-cover types.
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understanding of the concepts), the geographic extent under consideration, and a presentation
of the workshop agenda.
The implementation of the participatory spatial scenario-building approach followed a protocol
comprising the following key steps:
i) Discussion of the current landscape (baseline) (step 1) – centred on perceptions about
the major land-cover types and their proportion relative to the landscape and the degree
of spatial integration/segregation using a scale ranging from 1 (high integration) to 5
(high segregation). Participants also discussed and listed the benefits people obtain
from the landscape.
ii) Discussion of the business-as-usual (BAU) future (steps 2 and 3) – using forecasting,
the participants estimated the plausible landscape future, presuming current
developments, policies, and trends. Like the baseline, the discussions focused on
perceptions of landscape composition and configuration and the resultant challenges
for people.
iii) Discussion and mapping of the desired future (steps 4 and 5) – involved discussions
about the composition and configuration of the landscape participants would prefer in
the future. This confronted them with the competition for space in real-life landscapes
and the need to negotiate the location of land uses and landscape features through
participatory mapping of the desired future landscape. An exercise labelled ‘Walking
the talk’ involved collective deliberations on the needed actions, institutional roles and
framework of inclusive engagement to realise the desired future (backcasting).
The study comprised six workshops in which this protocol was applied, involving two actor
categories (farmers and institutional actors). Participants in the farmer groups included male
and female farmers engaged in the production of cocoa, oil palm, food crops, or a combination
of those. The institutional actors were from the Akyemansa District and Kwaebibriem
Municipal Assemblies. They included spatial planning officers and the coordinating director;
the District Agricultural Development Units of the Ministry of Food and Agriculture (MoFA),
the Forestry Services Division (FSD) of the Forestry Commission of Ghana (FC), COCOBOD,
and the Oil Palm Research Institute (OPRI) of the Council for Scientific and Industrial
Research (CSRI). Tables of land area allocations, degree of integration/segregation and
participatory maps were analysed, focusing on composition, configuration, geographical
adjacency between land-cover types, and status of the protected forest in the landscape. For
details, see Chapter 5.
1.6.4 Ethical considerations
Ethical issues are integral and fundamental to the successful implementation of the research,
particularly those involving disclosures on people’s lifeworld. It urges the research to be
transparent and accountable to research participants and the research community and ensure
the safety of both the researcher and research participants who contribute data and information
to research (Bryman, 2012; Marczyk et al., 2005).
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During fieldwork, this study complied with the laws of Ghana at both national and district
levels. During the reconnaissance survey (section 1.6.3), the researcher identified and
interacted with community leaders and district authorities to introduce the research project and
seek approval and consent to implement the study. The researcher disclosed research purpose,
methods, financers, and potential benefits during such engagements. The team obtained verbal
permission to conduct research activities from district assemblies and community leadership
through the assemblypersons and traditional leaders, respectively.
Noteworthy is that the study did not involve animals and tissue samples or disturb fragile
ecosystems. The focus is on how researchers engaged human respondents. During data
collection, community-level protocols, including introducing the research of team and purpose,
were followed. In the focus group discussion, the researcher reiterated the project objectives
and sought participants’ explicit approval to use notes and audio recordings of the discussions
and products such as data, participatory maps, and photographs as evidence of the meetings.
At the household level, the study administered surveys seeking the views of adults. Individual
participants were briefed about the project and their rights to voluntarily participate or rescind
involvement regardless of the interview stage. The interviews were conducted only after
respondents’ gave free, informed consent to be interviewed. Identities and information on
informants that could be traced back to their identity were not published with the findings
unless explicitly allowed. This was the case, for instance, with some key respondent interviews
and focus group discussions.
Documents, images and maps sourced from the respective institutions were used solely for the
research. Although the study did not use confidential and sensitive security documents, the
research team adhered to agreements made with the informants. All data was categorised and
labelled per theme and stored with metadata in a password-protected environment during the
research and archived in the University of Amsterdam’s repository. The metadata includes
information on data sources, date of acquisition, location references, level of processing and
user rights. Names and contacts of individuals have been excluded to ensure respondents
privacy. All data is accessible to the programme group with permission from the researcher
and project leader. Data requests from institutions or individuals external to the Amsterdam
Institute for Social Science Research (AISSR) (including external students) will follow the
same procedure. This is necessary because some aspects of the data are still to be published.
Lastly, all published knowledge products emanating from the study were published with open
access under the Creative Commons Attribution license in compliance with the funding
agreement made with the NWO-WOTRO Science for Global Development. The results were
also shared digitally with relevant institutional actors who participated in the project and made
available on the project website (https://inclusivevcc.wordpress.com/).

19

Chapter 1

1.7 Thesis structure
The thesis is organised into six chapters. This chapter provided background and context to the
study and highlighted the scientific knowledge gaps and societal relevance that guided the
research objective and questions. It also presented the conceptual framework and methodology
employed in the study.
Chapters 2 to 5 present the empirical findings, addressing the respective research questions.
Chapter 2 focuses on the composition and land-cover transitions in the mosaic landscape of the
study area (research question 1). Chapter 3 presents the results on landscape configuration and
develops and applies an index for monitoring the dynamics in the degree of
integration/segregation in landscapes (research question 2). Chapter 4 analyses the effects of
tree-crop expansion on the availability and use of landscape services and landscape actors’
coping strategies with the dynamics in availability and trade-offs (research question 3). Chapter
5 presents a methodology to unravel actors’ perceptions of landscape dynamics and their
anticipated and desired future landscapes, as well as the actions required to achieve them
(research question 4).
Chapter 6 synthesises the empirical findings and answers the overarching research question. It
further reflects on the methodological choices and limitations and the methodological and
theoretical contributions to landscape studies. The final chapter also makes recommendations
for further research and policy and practice based on the empirical findings.
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