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Figure 4 

 
Source: PBL 
 
The only exception from Figure 5 is water provisioning for agriculture, which describes the 
trade-off in the landscape, as reflected in the modelling tools, of having more trees (that 
consume and hold on to water) and therefore, under similar climatic circumstances, leave 
less water available for agricultural production. Unfortunately, due to increasing erosion,  
pollution and sediment flow, the increasing water provisioning under the BAU and TAR 
scenarios is more likely to cause trade-offs (increased runoff, uncontrolled timing of available 
water flow, risk of flooding) than synergies. 

Figure 5 

 
Source PBL 
 
As stated in Section 3.1, from the perspective of Accra citizens, the availability of water for 
drinking is currently not seen as much of an issue, but rather the quality and the cost of 
treating it for consumption are becoming more problematic. Famers in the Densu basin area 
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Section 1 of the report briefly introduces the Atewa landscape, the work of A Rocha and 
related landscape initiatives. Section 2 describes the participatory methods and modelling 
tools used for the scenario development. Section 3 describes the current state of sustainable 
development in the landscape and stakeholder ambitions for the future. Section 4 describes 
the scenarios used in the study and Section 5 presents the results of the scenario analysis. 
Section 6 concludes the report. 

1.2 The Atewa-Densu landscape 

The Landscape 
The landscape is characterized by the Atewa Range, about 90km north of the capital of 
Ghana, Accra. The range, as defined by the TEEB report (IUCN NL et al, 2016), consists 
consist of a protected forest reserve and a surrounding buffer zone and includes closed and 
open canopy upland evergreen forest, grasslands and herbaceous areas, cocoa and other 
crop plantations, small scale (often illegal3) gold mining and some built up areas. The forest 
within the range functions as the source of three important rivers, the Densu, Birim and 
Ayensu. It supports several communities who live on the forest fringes, and is home to a 
large diversity of plants and animals. The protected Atewa Forest Reserve is recognized as a 
Global Significant Biodiversity Area and hotspot. The Atewa Forest Reserve is one of only two 
reserves with upland evergreen forest in Ghana. 

Figure 1.1 
Overview of the extent of the Atewa-Densu landscape 

Source: PBL and Ghana Forestry Commission 

                                                
3 Following the widespread devastation of water resources and forest reserves as a result of 
the activities of illegal mining, the Lands and Natural Resources Ministry, in January 2017 
(when the Akufo-Addo government took office)  placed a ban on all forms of small scale 
mining for a period of six months, which has been extend in October 2017 and again in 
January 2018. According to the Minister of Lands and Natural Resources the ban will be 
active until targets, agreed on with the sector, have been met. 
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and to promote and support sustainable livelihood options for the local population. This has 
come in a variety of forms. In 2012, a three-year programme – Atewa Critical 
Conservation Action Programme (ACCAP) Phase I, funded by the A.G. Leventis 
Foundation, was initiated to carry out awareness-raising and advocacy activities which 
resulted in greater international and local visibility of the threats to Atewa. The AACP enabled 
the development of a long-term action plan for the protection of Atewa Forest and its 
watershed catchments. A Rocha is now building on this work in partnership with IUCN 
Netherlands in an advocacy focused effort entitled Living Waters from the Mountain: 
protecting Atewa Water Resources. An offshoot of this work is the Campaign to Save 
the Atewa Forest Now!, an advocacy partnership under the Green Livelihoods Alliance, 
including A Rocha Ghana, IUCN NL, Tropenbos International and Ghana, Friends of the Earth 
Ghana and Vereniging Milieudefensie. 
 
A Rocha Ghana has also led the development of the Atewa Living Landscape Vision which 
was endorsed by an NGO coalition including Tropenbos Ghana, Friends of the Earth Ghana, 
Okyeman Environment Foundation, The Development Institute, Save the Frogs and Herp 
Ghana. Proposals in this vision are for an ‘integrated landscape that respects the region’s 
history, its environment and its people, and one that bring development to the region in a 
sustainable way.’ The vision is centered on the development of a national park with an 
associated tourism industry. The area around the National Park would form an enterprise 
zone where sustainable land use practices including natural forest restoration, agro-forestry 
and commercial reforestation would be encouraged (following also Jezeer et al., 2017). The 
coalition has requested that the government work in partnership with key stakeholders to 
develop a landscape master plan, including a protected area management plan and buffer 
zone plan which takes into account hydrological considerations. It calls for the establishment 
of sustainable financing plan to encourage investment in ecotourism, sustainable forestry, 
certified cocoa and carbon credits.  
 
Another relevant multi-stakeholder process within the landscape is the Integrated Water 
Resources Management Plan for the Densu Basin. Substantial effort was devoted to 
creating an appropriate basin-based management structure. Established in 2004, it centered 
on the WRC Densu Basin Secretariat, the Densu Basin Board (which administratively is 
established as a WRC sub-committee) and the strengthening of linkages with the Local 
Government Assemblies. Quarterly Board meetings are held for these entities to strategize 
and institute interventions to ensure the sustainability and development of the Basin. 
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2 Modelling and 
participatory scenarios 
 
A key element in this project was to combine and try out a set of suitable tools to capture 
local and spatially explicit landscape characteristics and use these to compare several 
plausible future scenarios that were developed in a participatory way, based on information 
and discussions with the stakeholders involved the PASOS initiative. 
 
The research was setup in 4 phases: (1) gather and share landscape information and 
required datasets to support building the modelling framework and create a 2030 trend 
scenario; (2) organize a landscape stakeholder workshop to present the first outcomes and 
collectively design alternative scenarios and identify integrated landscape interventions with 
stakeholders; (3) produce preliminary results of the scenario analysis and report on the 
impacts of these interventions for feedback; (4) generate feedback on the outcomes from 
landscape stakeholders for revision and final reporting of the results. 
 
This section describes the role of the stakeholders and the key elements of the modelling 
exercise: the modelling framework concept, landscape delineation, models used, data 
sources and land systems classification. 

2.1 Role of stakeholders in scenario development 

The TEEB report on the Atewa Forest range (IUCN NL et al, 2016), including an overview of 
the stakeholders and the developments in the last decade, formed the starting point of this 
project. Two visits to the landscape were part of the case study, both organized and 
facilitated by A Rocha Ghana. The first visit (June 2017) was used to familiarize the PBL team 
with the landscape, collect existing landscape analyses and data, consult separately with 
various stakeholders to understand and articulate their landscape ambitions for the future 
and already identify a number of potential interventions that stakeholders suggest in order to 
achieve their ambitions. Based on this information the storylines of 3 scenarios from the 
TEEB report were expanded and applied to the modelling framework to produce some first 
outcomes. 
 
During the second visit (November 2017) a Landscape Leader Workshop for 30 landscape 
stakeholders was organized and additional organizations (UNDP, NDPC) were visited. 
Following the workshop sessions with stakeholders on current state, the 3 scenarios, and 
priorities for interventions in the landscape, the team presented the draft scenario analyses 
for group discussion and recommendations for refining input datasets, model assumptions 
and the scenario storylines. Based on the feedback, the team modellers enriched the model 
and refined scenario storylines and interventions, with a focus to identify those actions that 
are more likely to support the selected SDGs. 
 
Following the workshop, the team modellers updated various model assumptions and 
interventions and settings for the scenarios. Based on feedback from the IUCN NL/A Rocha 
Ghana team and landscape stakeholders, the report was revised. 
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2.2 Landscape delineation 

In Ghana, land use planning is locally organized at the district level. To connect to these local 
planning processes and to potentially involve and inform district level assemblies, the district 
level is considered the main entry point for this case study, which is a slight change and 
expansion compared to the TEEB study research area.  
To clearly define the boundary of the landscape research area, the following procedure was 
applied: 

• Select the districts (from the CERSGIS 2015 district map, containing 216 districts in 
total) that:  

o Contain part of the Atewa range (=Atewa Forest Range and/or the Atewa 
buffer zone (area above 220m elevation version), as defined in the TEEB 
study).  

o Cover the Densu river basin, limited to those that are (mainly) within the 
Eastern and Greater Accra administrative regions 

o Cover the Greater Accra Metropolitan Area. (Based on 
https://en.wikipedia.org/wiki/Greater_Accra_Region and Adank et al 2011) 

• Due to its large area and natural divide the Eastern region Fanteakwa district (also 
bordering Lake Volta) was cut off at the natural watershed boundary that intersects 
the district from the northwest to the southeast.  

In broad terms this area is similar to the upstream, midstream and downstream Densu water 
basin areas defined in the TEEB study, but now corresponds directly with administrative 
district boundaries that link more closely to the land use planning process. It is assumed that 
policies and spatial regulations of relevant stakeholders in the landscape (e.g. the Forestry 
Commission, the Water Resources Commission, the Ghana Water Company) that focus on 
specific areas (e.g. forests, watersheds and rivers/water) within the landscape can be 
integrated in the research since the actual modelling will be grid cell based (e.g. on a 
240x240meter resolution). 

2.3  Land systems classification 

Land systems represent typical combinations of land cover, land use (e.g. livestock, 
agriculture) and land-use intensity that describe human-environment interactions. 
 
Based on the characteristics of the landscape (area, land cover, land use) and available 
datasets we decided to create a land systems map at a 240x240 meter resolution.  
 
The following steps and input datasets were used: 

• Forestry Commission 2010, 2013, 2015 data: concensus dataset on 30m: 
o Closed forest, Open forest, Water, Grassland, Settlement, Agriculture, 

Wetland, Other land 
o Added oil palm plantations (PBL outsourcing to create this map by 

Satelligence based on remote sensing data) 
o Added mining areas, based on TEEB report data (IUCN NL et al, 2016) 

• 30m to 240m aggregation to generate: 
o Mixed crop-livestock mosaic 
o Mixed crop-livestock with forest (15-40%) mosaic 
o Forest (>40%) with mixed crop-livestock mosaic 

• Cocoa areas: reclassification of “Forest with crop-livestock” cells within land use 
2000 cocoa areas, verified with district level statistics where possible. 

https://en.wikipedia.org/wiki/Greater_Accra_Region
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The land system map contains 11 classes and is shown in figure 2.1. Besides several discrete 
land systems (e.g. urban, mining, closed canopy forest, palm oil plantations, water) we 
describe several mosaic classes for combinations of mixed crop/livestock systems with 
varying forest cover and for combinations of commercial tree crop classes, like cocoa 
agroforestry. The land system classification procedure is further described in Annex 8.2. 

Figure 2.1 

 
Source: PBL 

2.4 Overview of the modeling framework 

The ambition of the modelling is to connect the different spatial scales (global, national, 
landscape, local) and the sectors and stakeholders that are affecting spatial developments in 
the landscape. The conceptual framework covering this is shown in Figure 2.2. ILM inspired 
interventions are expected to influence regional and landscape level socio-economic drivers, 
enabling conditions at the landscape level and land use practices at the very local level. 
 
The modelling framework in this project centres around spatial planning, configuration of 
activities in the landscape and impacts on natural resources. The model does not (presently) 
include an economic sub-model, but defines economic drivers of change at the landscape 
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level. The indirect impacts are assumed to be reflected in the parameters used. It is 
assumed that no significant changes in the price trends for inputs and commodities will occur 
during the 2017-2030 period, that would modify incentives for investment or changing 
practices/utilization beyond the storylines of the scenarios analysed. 

Figure 2.2 

 

2.5 Models used in the analysis 

With the intention to assess various tools, the core modelling tools selected for this project 
are the CluMondo landsystems simulation model (for analyzing land use change in response 
to market demand and policy/program intervention (Van Asselen and Verburg, 2013), the 
GLOBIO model that assesses impacts on biodiversity from human-induced pressures 
(Schipper et al, 2016) and the MESH tool that maps (changes in) ecosystem services to 
impacts on human well-being (Johnson et al, in prep).  
 
Figure 2.3 shows how these tools are connected and how the information represented in the 
conceptual model in Figure 2.2 flows from input data and assumptions to output indicators. 
The tools are all open source and freely available. They are explained in short below. 

CluMondo 
The CLUMondo model is the most recent version from the CLUE model family that has been 
used in many local, national and continental level land use change studies (Van Asselen and 
Verburg, 2013). CluMondo provides a flexible and innovative approach for land-use change 
modeling to support integrated assessments. Demands for goods and services are, in the 
model, supplied by a variety of land systems that are characterized by the land cover 
mosaic, the agricultural management intensity, and livestock production systems. Together 
these are called land systems. Changes in land systems are simulated by the model and 
driven by regional market demand for goods and influenced by local factors that either 
constrain or promote land system conversion. 
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Figure 2.3 

 
Source: PBL 
 
Figure 2.4 provides an overview of the model. The model allocates at every time step (t) for 
each grid cell the land system (LS) with the highest transition potential. The transition 
potential is the sum of the local suitability, the conversion resistance and the competitive 
advantage of a land system. The local suitability of a land system is determined based on an 
econometric model that is parameterized by logistic regression. In the model a set of 
biophysical and socioeconomic explanatory variables is used to predict the probability of 
occurrence of each land system in each pixel.  

Figure 2.4 

 
Source: Van Asselen and Verburg, 2013 
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The CluMondo model can be influenced by promoting or even enforcing interventions, as 
defined by stakeholders, that only allow, restrict or stimulate certain land use and land cover 
types that contribute to positive effects on the various landscape ambitions. For example in 
riparian zones land clearing for palm oil plantation development, as part of RSPO measures, 
can be restricted, existing forests can be conserved and/or development of agroforestry 
activities can be promoted. If combined with investments leading to increased productivity of 
existing palm oil production systems synergies between income and food production, erosion 
control, flood prevention, water quality, carbon storage, biodiversity and even tourism can 
be achieved. 
 
For each scenario time step (15 years) the CluMondo model produces a new land systems 
map that for this project has a 240x240 meter resolution. A number of indicators related to 
the selected SDGs are directly derived from the CluMondo outputs. More info on CluMondo 
can be found on https://www.environmentalgeography.nl/site/data-
models/models/clumondo-model/. 

GLOBIO 
GLOBIO is a modelling framework to calculate the impact of environmental drivers on 
biodiversity. GLOBIO is based on cause-effect relationships, derived from the literature and 
the model uses spatial information on environmental drivers as input. The GLOBIO model 
quantifies biodiversity as the mean species abundance (MSA), which is calculated by dividing 
the abundance (density, numbers or coverage) of each species in disturbed conditions by its 
abundance in an undisturbed reference situation (Alkemade et al., 2009). Pressures included 
in the GLOBIO model are climate change, atmospheric nitrogen deposition, human land use, 
infrastructure and human encroachment by hunting. 

Figure 2.5 
Schematic representation of the cause-effect relationships in the GLOBIO model 

  
Source: PBL 
 
Figure 2.5 shows the key pressures included in the GLOBIO model. These are the effects 
from human land use (MSALU, incl urban settlements, cropland, pastures, mining, plantations 
of oil palms and forestry), direct disturbance from infrastructure (MSAI, roads and railroads), 

https://www.environmentalgeography.nl/site/data-models/models/clumondo-model/
https://www.environmentalgeography.nl/site/data-models/models/clumondo-model/


 
 

 Case study Ghana | 23 

fragmentation of natural areas by roads and intensive agriculture (MSAF), disturbing 
encroachment effects from hunting activities on the abundance of birds and mammals 
(MSAE), effects from nitrogen deposition (MSAN) and the effects from climate change on 
ecosystems (MSACC) (Schipper et al, 2016; Benítez-López et al, 2017). For this case study 
nitrogen deposition data was unavailable, so this pressure was not included in the analysis. 
The individual pressures are combined in an overall MSA value. 

Figure 2.6 

 
Source: PBL 
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For each scenario the GLOBIO model produces a spatially explicit map of the MSA values and 
landscape level aggregates with MSA impacts per pressure. In general GLOBIO model and 
MSA indicator do not cover all aspects of biodiversity, but provide an idea of the naturalness 
of the landscape, see Figure 2.6 for a photographic impression of various levels of MSA. More 
info on GLOBIO can be found on http://www.globio.info. 

MESH 
The Mapping Ecosystem Services to Human well-being (MESH) tool is an integrative 
modelling platform that calculates and maps ecosystem service supply under different 
landscape management scenarios. MESH runs on a backbone of InVEST toolkit models 
(Sharp et al, 2018), that can be tuned to local situations. For the this landscape the following 
ecosystem services models were included:  

• watershed water provisioning, representing water available for agriculture; 
• erosion control by avoided sedimentation; 
• nutrient exports (nitrogen and phosphate) as an indication of water purification; 
• carbon storage; 
• food provisioning. 

 
As shown in Figure 2.3, per scenario the models take the specific land systems outcomes 
map and produce spatial and landscape level outputs on the same resolution of the supply of 
the selected ecosystem services. These outcomes are used to calculate the relative change in 
supply between the current situation and the future scenarios and between the scenarios. 
More info on MESH can be found on https://www.naturalcapitalproject.org/mesh/. 
 
As indicated with the arrow in Figure 2.3, the food provisioning outcomes are adjusted for 
changes in scenario explicit assumptions on productivity in agricultural production and the 
relative changes in supply of the water related ecosystems services (provisioning and water 
purification) are used to derive a tentative indication of crop failure impacting agricultural 
production in riparian zones. This indication is still very much under development and mainly 
based on some literature covering the landscape and local expert judgement. The availability 
of monitoring time series data on both crop harvests and water quality indicators could also 
improve this. 

2.6 Coverage of Sustainable Development Goals 

The models emphasize impacts on the landscape ambitions and selected SDGs (focusing on 
SDG 2, 6, 13 and 15, see Table 2.1) resulting from changes in land cover/use, agricultural 
production and impacts on ecosystem services depending on the natural resources in the 
landscape.  
 
We realize that there are also more factors that may affect the achievement of the ambitions 
and SDGs, such as institutional services and effectiveness, and complementary investments 
in built infrastructure. Therefore the project focuses more on comparing outcomes between 
various scenarios and the change from the current situation and to a lesser extent on the 
actual achievement of official SDG targets, since for many of these the current definition 
and/or score and therefore distance to the target is unknown, uncertain or the required data 
is not available at the moment. Whenever additional model outcomes and SDG indicators 
were considered relevant by the stakeholders (i.e. gender, education, health) and these had 
a spatial impact in the landscape, they were explored and analysed depending the availability 
of suitable input datasets. 
 
 

http://www.globio.info/
https://www.naturalcapitalproject.org/mesh/
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Table 2.1 
Selected SDGs and used model outcome indicators 

SDG Related 
target 

Theme Model outcome indicators 

2 2.1-2.3 Food 
provisioning 

Change in food provisioning function (%) 

2 2.4 Land used 
sustainably 

Change in share of food production complying to 
spatial polices on sustainable land use (%) 

2 2.4 Land used 
sustainably 

Change in share of agro-export production 
complying to spatial polices on sustainable land use 
(%) 

6 6.3 Water quality Change in water purification function (Nitrogen) (%) 

6 6.3 Water quality Change in water purification function (Phosphate) 
(%) 

6 6.3 Water quantity Change in water availability for agriculture (%) 

6 6.6 Water quality 
and soil 
conservation 

Change in sedimentation prevention function (%) 

6 6.6 Ecosystems Change in suitable use of riparian zones (%) 

13 13.2 Climate Change in carbon storage (%) 

15 15.1 Land system Change in forest(ed) area (%) in protected area and 
Atewa buffer zone 

15 15.5 Biodiversity Change in Mean Species Abundance in the landscape 
overall and Atewa range specifically (%) 

15 15.2 Supporting 
buffer zone 

Change in suitable use in Atewa buffer zone (%) 

2.7 Data sources 

With the tools and models determined and the landscape boundary for this study defined, 
the list of data requirements was created. PBL provided a list of potential sources, with the 
challenge for IUCN-NL and A Rocha Ghana and local organizations and partners to improve. 
During Phase 1 of this project many relevant documents and statistical and spatial datasets 
were gathered and many datasets gathered for the TEEB report were shared. 30 meter 
resolution land use/cover maps for the years 2010, 2013 and 2015 were retrieved from the 
website of the Forestry Commission and used to create a 2015 consensus land systems map 
at a 240x240 meter resolution. Cocoa production areas were identified with help from 
CERSGIS data and indications from literature and COCOBOD documents. With some 
additional PBL funding a coarse indicative map of palm oil plantations within 1000x1000m 
blocks was created by Satelligence based on Sentinel remote sensing data. Various statistics 
were collected from the websites of the Ghana Statistics Service, the National Development 
Planning Commission (NDPC) and the Ministry of Finance. For a complete overview of data 
sources used see Annex 8.1.  

2.8 Stakeholders consulted 

During the exploratory visit by PBL in June 2017, A Rocha Ghana enabled connecting to 
many stakeholders in the landscape. This provided access to more locally relevant datasets 
from for instance the Ghana Water Company Ltd and paper maps from the Minerals 
Commission. Also visits to the facilities of the Forestry Commission, Ghana Water Company 


