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Ambitions Actions Relevant 
SDGs 

Indicators Value 

use plan 
development and 
enforcement; 
policy and 
planning 
coordination; 
reduce conflict) 
 

for Protected Area 
law enforcement 
- Build capacity in 
responsible institutions  
- Improve village land use 
plans  
- Develop an integrated 
water management plan 

4.2 Changes in ecosystem services 

Achieving the ambitions formulated by the stakeholders in the Kilombero landscape relies on 
many factors, but in this case study we focus on the role of spatial planning by doing the 
right thing in the right place and how this can support, conserve or restore various 
ecosystem services that are generated by land, vegetation and water resources. 

Figure 4.1 
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There are four categories of ecosystem services: 
• provisioning services (e.g. food production) 
• regulating services (e.g., carbon storage) 
• cultural services (e.g., biodiversity values in local culture) 
• supporting services (e.g., nutrient cycling) 

 
Figure 4.1 illustrates the some of the key relationships between these ecosystem services 
within a landscape, such as those between wetlands and food sources. These interactions are 
a strong rationale for integrated landscape planning, action and monitoring. Reflecting these 
relationships is a key feature of the scenario modelling approach, by showing how 
interventions in one part of the landscape will impact ecosystem services, and how those 
changes in turn affect outcomes in other sectors. 
 
In our analysis we are using the changes in the supply of ecosystem services to analyse the 
potential synergies or trade-offs occurring under the scenarios and to identify strategies to 
achieve progress on the selected SDGs simultaneously.  

Table 4.2 
SDGs addressed through the Kilombero landscape ambitions. Highlighted SDGs (2, 
6, 13, 15) are covered in the spatial scenario analysis. (More info on the SDGs can 
be found at https://sustainabledevelopment.un.org/sdgs) 

 Sustainable Development Goals 
Ambitions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Conservation of 
forest cover, wildlife 
and bio-corridors 

                 

Improve water 
conservation, access 
and security 

                 

Improve livelihoods                  

Improve social 
equality 

                 

Sustainable 
management of crop/ 
livestock areas 

                 

Improve and 
strengthen 
governance 

                 

 
Table 4.2 illustrates how the landscape ambitions map onto achievement of the SDGs. The 
SDG framework is seen as an integrated and inseparable framework for sustainable 
development. For example, there are powerful interactions between agriculture, food 
security, water, terrestrial biodiversity and human settlements (SDGs 2, 6, 15, and 
11). Farming is strongly dependent on and affects the quality and availability of water, 
because boosting agricultural production can increase water withdrawals and worsen land 
and water degradation. Achieving nutrition targets requires access to clean water and 
sanitation, and in many places, to wild plants and animals for micronutrients or supplemental 
food and livestock feed. Sustainable agricultural systems and practices contribute to 
ecosystem health, while unsustainable systems may result in deforestation and land and 
water degradation, jeopardizing long-term food security. Water and watershed management 
have important impacts on habitat conditions for native biodiversity and on water quality and 
quantity in urban areas.  
 

https://sustainabledevelopment.un.org/sdgs
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There are also important interactions and interdependencies between agriculture, food 
security and climate (SDGs 2 and 13). Agriculture is an important source of greenhouse 
gas emissions, through soil disturbance, land clearing, fossil fuel use for agricultural 
machinery and irrigation, and use of nitrogen fertilizers. Conversely, climate change has 
wide-ranging impacts on agriculture and food security through extreme weather events as 
well as long-term changes in temperature and precipitation. Sustainable agricultural and land 
use practices play an important role in climate adaptation and mitigation. 
 
These interactions are a strong rationale for integrated landscape planning, action and 
monitoring. Reflecting these relationships is a key feature of the scenario modelling 
approach, by showing how interventions in one part of the landscape will impact ecosystem 
services, and how those changes in turn affect outcomes in other sectors. 
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5 Exploring scenarios 
to 2030 
The ambitions of the Kilombero landscape initiative stakeholders are highly aligned with the 
Sustainable Development Goals. But will the intervention strategies they are planning 
actually achieve the desired impacts by 2030? Do interventions in different sectors and sub-
sectors conflict with one another? In order to refine these action strategies, they need to be 
made more concrete and spatially specific. The strategy can be improved if constraints and 
limitations are identified early on. The aim of this study was to provide insights into potential 
strategies whose synergies enable simultaneous progress on multiple Sustainable 
Development Goals.  
 
The project explored different plausible futures by combining stakeholder storylines with 
models to generate ‘scenarios’ (Figure 5.1). The process builds on the classic ‘driver-
pressure-state-impact-response’ (DPSIR) approach to change. That is, certain external 
factors provide pressures on the current state of the landscape which produces an impact 
(changing state), which in turn provokes a response from the resource or from human 
actors.  

Figure 5.1 

 
 
Each of these elements was defined for the Kilombero landscape of Tanzania. The study 
compared the results of scenarios reflecting ‘business-as-usual’, i.e., a continuation of 
current trends in the landscape, with a scenario inspired by strategies of integrated 
landscape management reflected in the Landscape Ambitions (section 3). Given the focus on 
achieving the SDGs, the time frame for the analysis was to 2030.  
 
Sub-sections 5.1 and 5.2 describe, respectively, the Business as Usual and ILM scenarios, 
and also the visualizations developed to assist in scenario development. Sub-sections 5.3 
and 5.4 summarize the main scenario assumptions that generate the outcome maps. Sub-
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section 5.5 describes the visualizations that were developed to help stakeholders envision 
how the landscape would look and behave under different scenarios. 

5.1 A Business as Usual scenario to 2030 

Based on literature, government plans, historical and current data a benchmark scenario for 
the year 2030 was created. This Business as Usual (BAU) scenario assumes that current 
pressures in the landscape will persist and no new policy responses will be implemented. 
 
The core features of the Business as Usual scenario are: 

• Population increases by 3.5% annually (workshop input, NBS and RAMSAR 
report). This will result in a 60% increase of the total population by 2030, growing 
from 0.7 in 2016 to 1.2 million people in 2030. This increase will also have an effect 
on the extent of urban areas, settlements and villages, which will expand by 36%, 
based on trends derived from the growth of the urban population in the landscape 
from 2002 to 2012.  

• Agricultural food production will follow the trend in population change, meaning a 
60% increase of food production towards 2030. Under the BAU scenario there will be 
a focus on more intensive mixed crop livestock systems to fulfill the increasing 
demand for food. No dietary changes are included in this scenario.  

• There is a slight increase in monoculture production, with sugarcane processing 
already at full capacity and intensive rice production concentrated at the KPL farm. 

• Grazing also follows the increase in population, with a continuing and growing inflow 
of pastoralists bringing their cattle from outside the landscape. 

• Plantation forestry follows KVTC model growth ambitions on their own teak 
plantation and for outgrower expansion, which is 8,000 Ha on the plantation and 
3,000 Ha for outgrowers. 

 
This scenario assumes no land new land regulation or spatial planning policies are introduced 
or implemented. 

5.2 An Integrated Landscape scenario to 2030 

Integrated Landscape Management (ILM), regardless of the ‘entry point’ for action in a 
particular landscape or the community of practice, has five key features (Scherr, Shames 
and Friedman 2013): 

1. Shared or agreed management objectives that encompass the economic, social and 
environmental outputs and outcomes desired from the landscape (commonly human 
well-being, poverty reduction, economic development, food and fiber production, 
climate change mitigation, and conservation of biodiversity and ecosystem services) 

2. Field, farm and forest practices are designed to contribute to those multiple 
objectives 

3. Ecological, social, and economic interactions among different parts of the landscape 
are managed to realize positive synergies among interests and actors or to mitigate 
negative trade-offs 

4. Collaborative, community-engaged processes are in place for dialogue, planning, 
negotiating and monitoring decisions  

5. Markets and public policies are shaped to achieve the diverse set of landscape 
objectives. 
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The Kilombero stakeholders’ landscape ambitions for inclusive green growth reflect an ILM 
strategy, explicitly aiming for synergies and reducing trade-offs between economic and 
agricultural growth, environmental protection and local livelihoods.  
 
The ILM scenario used in this modelling study is inspired by those landscape ambitions. 
Specific landscape interventions were defined that could be incorporated into a land use-
driven scenario model to achieve inclusive green growth. During the workshop there was 
particular attention to identify interventions that would meet multiple ambitions and SDGs.  
 
The scenario interventions exercise was particularly useful for stakeholder discussions, as it 
required clarifying interventions, including the scale of action and explicit spatial focus. 
 
Key interventions incorporated in the Integrated Landscape scenario were: 
 
1) Improve livelihoods of the population 

a. Impacts of agricultural interventions (area expansion, productivity growth, 
sustainability, new products and product markets) are assumed to improve 
livelihoods based on vision of the stakeholders, but are not explicitly modelled. 

b. Not included in the model: proposed market innovations; expanded education, 
health, sustainable urban developments, expand sustainable energy 

2) Increase local sustainable production of staple foods by shifting from annual crop 
to mixed crop-livestock-agroforestry systems, to improve rural food security, and 
mitigate environmental degradation:  

a. Promote a shift of food production systems from annual crop-livestock systems 
to crop-livestock-agroforestry systems 

b. Increased productivity in mixed crop-livestock systems in mosaics by increased 
use of soil conservation practices in cropping systems (modelled by switching to 
more mixed systems)  

c. Improve infrastructure for local food storage and market access (not included in 
the modelling)  

3) Promote sustainable watershed management to meet household, economic and 
environmental water needs, and minimize environmental risks for flooding, 
sedimentation and agrochemical pollution. 

a. Strengthen and enforce municipal regulations requiring year-round natural 
vegetative cover or agroforestry systems in riparian zones—reflected in 
assumptions on effective enforcement 

b. Strengthen and enforce municipal regulations requiring year-round natural 
vegetative cover or agroforestry systems on slopes greater than 20 degrees 

c. Increase soil conservation and erosion control in agricultural production 
(modelled by switching to mixed classes and reforestation) 

d. Improved water governance and monitoring to ensure adequate flow of water for 
household, economic and environmental needs (not explicitly included in the 
modelling) 

4) Expand ‘green infrastructure’, including forests, protected areas, and biological 
corridors/habitat networks (coordinated with agroforestry and other above) 

a. Strengthen protection of core parts of terrestrial protected areas. 
b. Promote only sustainable land uses in the buffer zones of protected areas.  
c. Expand protected areas  
d. Increase terrestrial carbon sequestration and storage across the landscape. 

5) Promote sustainable eco-tourism development around protected areas and bio-
corridors, and link to sustainable agriculture and local culture, to increase income and 
employment  

a. Ecotourism innovations, infrastructure, training, marketing not explicitly in the 
model 

6) Strengthen land rights and territorial planning. 
a. Territorial land use planning is embedded in the assumptions above. 
b. Land rights not included in the model.  

 
Each of these interventions was translated in the landscape model into specific, spatially-
explicit activities, rules and conditions, in a trajectory over time between 2016 and 2030. 
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The model enabled assessment of the outcomes that include the interaction effects among 
land and resource users and uses.  
 
The modelling did not take into account the costs or gross income changes or multiplier 
effects from the various interventions. The business models currently being generated by the 
involved stakeholders for major landscape interventions, will provide more rigorous 
estimates of economic costs and benefits that could be used in subsequent studies.  

5.3 Overview of scenario assumptions 

Table 5.1 provides the main assumptions related to agricultural production area and 
productivity that were used in the spatial modelling exercise to characterize each scenario.  

Table 5.1 
Scenario assumptions for key variables under BAU and ILM scenarios 
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These reflect estimates from data and stakeholder definition of landscape ambitions.  
The model takes these assumptions, and then shows the resulting land use and ecosystem 
impacts, given the basic rules of land system allocation described in section 4 (related to 
suitability, distance to markets, etc.) and interactions among variables. 
 
The costs associated with achieving changes in area and productivity are not included in the 
model, however examining these assumptions helped stakeholders to consider what kinds of 
interventions would be required to make them happen. The model did not include different 
use levels for agrochemical fertilizers and pesticides or the nitrogen and phosphorus levels 
associated with the different land use systems. 
 
By building the BAU and ILM scenarios, it was possible to compare results from both to the 
goals laid out in the SDGs. The results are summarized in section 6. 

5.4 Operationalization of the interventions 

Similarly, to operationalize the interventions suggested by the stakeholders and to assess 
the scenario outcomes on progress towards the landscape ambitions, a number of spatial 
policies and restriction layers have been created as a guide, to promote or restrict certain 
activities or land uses under the specific scenarios. These are the following: 

• A spatial layer containing the riparian zones, defined as the area covered by a 100 
meter buffer of rivers, which were derived from the rivers dataset from the RCMRD 
Geoportal (http://geoportal.rcmrd.org/)  

• A spatial layer containing information on the latest version of the protected areas in 
the landscape, including conservation areas, forest reserves, RAMSAR and game 
controlled area, derived from the World Database of Protected Areas (WDPA)  

• A spatial layer containing the bio-corridors in the landscape, as derived from the 
maps from the 2009 TAWIRI report and indications by participants by the workshop 

• A spatial layer containing the areas with more than 20 degrees of slope, as derived 
from the global SRTM digital elevation model. 

 
Figure 5.2 displays an overlay of the spatial policies and restrictions layer. In total the area 
covered by one or more of the policies is 12,885 km2, equal to almost 80% of the landscape 
area. 
 
The spatial policies were specifically used in the CluMondo landsystems simulation which is 
described in Chapter 3. For the BAU scenario no policies or restrictions were applied, so the 
2030 land allocation for that scenario is based on the land use suitability regression models 
developed by CluMondo. For the Integrated Landscape scenario however all the identified 
spatial policies were applied in order to support as many of the landscape ambitions as 
possible. 
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Figure 5.2 

 
Source: PBL 
 
In Table 5.2 information is provided on how the different land systems and the policies were 
combined under the ILM inspired scenario, in order to support progress on the landscape 
ambitions.  

Table 5.2 
Policies on selected land system under the ILM scenario 

 Riparian 
zone 

Protected 
area 

Wetland/ 
GCA 

Steep 
slopes 

Bio-corridor & 
SUSTAIN 

Urban / settlements 0 0 0 0 0 

Monoculture 0 0 0 0 0 

Mixed crop-livestock 0 0 0 0 0 

Mixed crop-livestock 
with some forest 

0 0 1 0 1 

Forest with extensive 
agriculture/agroforestry 

1 0 1 1 1 

Plantation forest 2 0 2 2 2 

Info: value 0 means the land system is not allowed to expand in this zone, value 1 means 
the land system is allowed to expand in this zone, value 2 means the land system is allowed 
to expand in this zone, but cannot replace existing natural land systems like forests or 
wetlands. 
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Both the current situation and the scenario outcomes are assessed on their support to the 
landscape ambitions based on the settings from this table (i.e. urban or monoculture in a 
protected area or riparian zone is considered undesired and therefore not supporting 
progress towards achieving the ambitions). 
 
These policies and restrictions have also helped to assess the current activities in these 
areas. Under the Integrated Landscape scenario the ambition was to convert existing 
restricted and undesired land systems to supporting land systems allowed in the respective 
zones. To simulate the halting of further loss of wetland and forest, the current remaining 
wetland area within the RAMSAR site and forest in protected areas and bio-corridors are 
maintained and unable to change to (other) human land use systems. 

5.5 Visualizing landscape scenarios 

To support the development of the scenario storylines by the stakeholders and their 
understanding of the various scenarios in the landscape, PBL created visualizations. These 
helped stakeholders be aware of the consequences of their choices, showed different 
solutions for the landscape, and helped to integrate the agendas of the different 
stakeholders. These visualizations were developed through a PBL internship on landscape 
architecture with the TU Delft University in the Netherlands. 

Figure 5.3 
Photo of groups of workshop participants discussing ambitions and actions 

 
Source: PBL (J. Meijer) 
 
Figure 5.4 illustrates the key themes of the visualizations. The visualizations were posted on 
the walls of the workshop meeting room for easy discussion and direct marking by the 
participants. They were particularly valuable in enabling stakeholders to understand and 
compare the ambitions and impacts of the various scenarios, to discuss to potential effects, 
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to check the accuracy of protected area boundaries, and to mark where additional protected 
areas are needed. 

Figure 5.4 
Scenarios and themes of the landscape design analysis focusing on ILM 

 
Source: PBL 
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6 Results from the 
scenario analysis  
 
This section presents the results of the spatial scenario modelling exercise. The outcomes of 
the Business as Usual Trend (BAU), and Integrated Landscape (ILM) scenarios to 2030 are 
compared with to the current situation and also with each other. First a number of key 
projected changes in the landscape are presented, followed by an overall assessment of the 
impacts on the identified landscape ambitions and related SDGs.  

6.1 Changes in the landscape  

Changes in land use and cover are the most prominent outcome of change in the landscape 
and provide a first insight into how the scenario storylines and assumptions are translated 
into spatially explicit outcomes for the year 2030. 

Figure 6.1 

 
Source: PBL 
 
Compared to the current situation both 2030 scenarios show considerable changes (Figure 
6.1 and 6.2) at the landscape level, with the increase of the areas used by mixed crop-
livestock production under the BAU scenario and the limited loss of natural land systems 
under the ILM scenario as the most striking.  
 
To compare the change in land systems in more detail, table 6.1 provides a more detailed 
overview of the area covered by the various land systems 
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Table 6.1 
Landscape level area by land use for current situation and 2030 scenarios 

Land system (area in km2) Current 
situation 

Business as 
Usual 

Integrated 
Landscape 

Urban-settlements             38               51                  46  
Monoculture            160              196                 171  
Mixed crop-livestock           3,297             5,362                3,404  
Mixed crop-livestock with forest 
(15%) 

           522              645                 557  

Agroforestry mosaic (40% forest)            283              212                 348  
Grassland            593               44                 157  
Plantation forest             53               78                  71  
Closed forest           6,892             6,766                6,890  
Open forest            538              361                 947  
Shrubland           2,246             1,301                2,039  
Wetlands           1,588             1,196                1,581  
Water             15               15                  15  
Bare             28               28                  28  
 
 
Figure 6.2 illustrates the proportional change relative to the current situation. Under the BAU 
scenario most increases in agricultural land use systems are causing losses of natural land 
use systems, especially in open and closed forests, grass- and shrubland areas and parts of 
the RAMSAR wetland area. Under the ILM scenario the increases in agricultural productivity 
and the strong regulation of grazing activities enable the limiting the loss of natural land 
systems. Due to reforestation and restoration within conservation areas, grassland even 
gradually develop back into open forests. 

Figure 6.2 

 
Source: PBL  
 
The maps in Figure 6.3 show the scenario outcomes for land use spatially, on which also 
many other results are based. Each element is described below. 
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Figure 6.3 
Land system maps for the 2030 scenarios 

 
Source: PBL 
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Urban settlement expansion 
Currently about 20% of the population in the landscape is living in urban settlements, mainly 
in Ifakara and the Kidatu region. Within the landscape, the area classified as urban 
settlement (based on remote sensing data) is relatively small. However, figure 6.4 shows 
that under the BAU scenario a large share of the future urban expansion is projected to take 
place in areas that are affecting progress towards the landscape ambitions. This concerns 
especially expansion projected to take place in protected areas, bio-corridors and the 
RAMSAR wetland, which will have impacts on water quality and biodiversity. 

Figure 6.4 

 
Source: PBL 
 
Food production 
As can be derived from Table 6.1, in the period 2016-2030 the total area used for food 
production is expected to increase by more than 50%, from 4,262 km2 to 6,416 km2 under 
the BAU scenario, in response to the increasing demand from a growing population. Fulfilling 
this demand happens mainly by converting wetlands, shrubland, grassland and forest areas 
to mixed crop and livestock systems, where none or only sparse tree coverage (15%) 
remains. Due to these practices 85% of the area used for food production under this scenario 
is used in such a way that it affects the landscape ambitions. 

Figure 6.5 

 
Source: PBL 
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Under the Integrated Landscape scenario the main challenges were to limit further 
conversion of RAMSAR wetland area for agricultural production by strong regulation of land 
use planning including grazing activities, and to improve productivity of existing mixed crop 
and livestock practices (increases of 2.5% and 1% annually respectively), in order to 
contribute to producing more on the same amount of land, and therefore only requiring a 5% 
expansion of the area under cultivation.  

Monoculture production 
Most mono-intensive agricultural activities consist of the sugar cane fields near Kidatu, 
around the processing plants of the Kilombero Sugar Company (KSC) and bordering the 
Magombera Forest, and on the area covered by the Kilombero Limited Plantations (KPL) 
croplands and neighbouring farmers near Mngeta. The changes under the BAU scenario are 
not reflecting the original SAGCOT plans for expansion. With current sugar cane processing 
facilities operating near full capacity expansion mainly depends on the decision to build a 
new processing plant and how outgrowers can be controlled. With the southern KPL farms 
more or less locked in between upstream forested areas and downstream remaining wetland 
there is not much room for area expansion, without compromising progress towards the 
landscape ambitions. Under the BAU scenario some expansion is projected to take place 
around Kidatu, causing encroachment of protected areas and the RAMSAR wetland. 

Figure 6.6 

  
Source: PBL 
 
Area under forest cover 
The forested area in the landscape is defined as the area covered by natural forest 
(undisturbed closed and open forest) plus the tree cover contained the mosaic land system 
classes with mixed crop-livestock and agroforestry systems, like for instance cocoa, and in 
plantation forest such as managed by Kilombero Valley Teak Company (KVTC). In the 
analysis we distinguished between forest in protected areas, bio-corridors and forest outside 
these areas. Here we focus mainly on area covered, while in other sections the difference in 
terms of biodiversity and naturalness between these different land systems is analysed. 
 
Most deforestation is expected to take place under the BAU scenario (Figure 6.7), mainly due 
to large expansion of agricultural activities in the valley consuming the remaining isolated 
pockets of open and closed forest outside of protected areas and bio-corridors. Also in these 
areas deforestation is taking place, but since most closed forest is located on mountainous 
regions (like Udzungwa National Park), these forests are less suitable and attractive for 
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conversion to agricultural land, when sufficient shub- and grassland or wetland is still 
available close by. 
 
Under the Integrated Landscape scenario protected areas and bio-corridors are assumed to 
be effectively managed and restored and agroforestry is promoted in riparian zones and bio-
corridors, all contributing to an increase of forested area within the whole landscape. 

Figure 6.7 

  
Source: PBL 
 
Protected Areas and bio-corridors 
Besides considering Magombera Forest as a protected area, there were no additional areas 
added to the most recent delineated protected areas dataset for the scenario analysis. From 
the stakeholder workshop there were mainly suggestions on restoring and improving the 
supporting role of the Mngeta, Nyangange and Ruipa bio-corridors by focusing on restoring 
natural areas in combination with the development of suitable agroforestry activities (i.e. 
mixing cocoa, fruits, timber) and to develop tourism activities around these zones, as 
described for the Magombera area by Jones et al (2012) and visualized by Bleeker et al 
(2013). 
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Figure 6.8  

 
Source: PBL 
 
As shown in Figure 6.8, the applied spatial policies under the Integrated Landscape scenario 
are clearly able to limit the expansion of more intensive human land use activities and 
promote the mixed income generating agroforestry activities with a high level of tree cover 
that support restoring the function of the bio-corridors in the landscape. The policies also 
prevent further degradation and encroachment of the protected areas, as compared to the 
increase of intensive agricultural activities, like projected to take place under the BAU 
scenario. 

Land use in riparian zones 
In 2015, more than 25% of the area classified as riparian zones was used for more intensive 
human land use activities that are assumed to have a negative effect on water quality and 
soil protection. Without any spatial policies or restrictions this is expected to increase under 
the BAU scenario to 43%, mainly due to the expansion of agricultural activities. The 
Integrated Landscape scenario is challenged to halt further deterioration by intensive use of 
riparian zones and to change as many of these undesired practices as possible and promote 
restoration of natural land cover and/or a shift towards agroforestry practices in this zone, 
potentially requiring investments in various types of commercially interesting and 
ecologically sound tree crops. 
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Figure 6.9 

 
Source: PBL 

6.2 Progress towards the Kilombero landscape ambitions 

The scenarios of ‘Business as Usual’ (continuing 2000-2017 trends) and ‘Integrated 
Landscape’ have significantly different impacts on the landscape ambitions as defined by the 
Kilombero stakeholders. Each is summarized in turn below, also recapturing some of the 
outcomes presented in section 6.1. 

Ambition 1: Conservation of forest cover, wildlife and bio-corridors 
As shown in section 6.1 the scenarios have different outcomes with respect to changes in 
natural forest, forested areas in mosaics and the encroachment of human activities in 
protected areas and bio-corridors in the landscape. Figure 6.10 shows the resulting impacts 
on biodiversity, expressed as the loss in mean species abundance (MSA), providing an 
indication of the naturalness of the landscape.  
 
When looking at the whole landscape the current MSA value was 63%, meaning 37% of the 
original biodiversity in MSA terms has been lost compared an undisturbed pristine situation. 
For the year 2030, neither none of the scenarios is able to completely halt the loss of 
biodiversity, which is given the challenges of increasing population, agricultural land use and 
impacts from climate change a serious challenge. Under the BAU scenario the MSA value 
strongly declines to 38% while the Integrated Landscape scenario is able to maintain the 
MSA value at 58%. 
 
Much biodiversity loss is caused by the conversion of natural areas now used for agricultural 
production and encroachment by hunting in remaining natural areas. Also the impact from 
climate change, that affects MSA by causing shifts in the distribution ranges of species, is 
increasing in both 2030 scenarios. 
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Figure 6.10 

 
Source: PBL 
 
Nevertheless, the Integrated Landscape scenario is able decrease the rate of loss and even 
able to prevent 80% of the loss in biodiversity when compared to the BAU scenario. To 
illustrate the order of magnitude of change, a 1% loss of MSA for the whole landscape, would 
be equal to converting a 160 km2 pristine and undisturbed closed forest to an urban 
settlement. 
 
When looking at the combined extent of the RAMSAR wetland and the Game Controlled Area 
(GCA) the expansion of agricultural practices under the BAU scenario is strongly affecting the 
natural land cover in this area (Figure 6.11). Under the Integrated Landscape scenario this 
expansion is halted and agroforestry mosaics are maintained. 

Figure 6.11 

 
Source: PBL 



54 
 

Case study Tanzania | 54  

Ambition 2: Improve water conservation, access and security 
Doing the right thing in the right place is especially important when trying to prevent 
deterioration of water quality (Figure 6.12). 

Figure 6.12 

 
Source: PBL 
 
By improving land use in riparian zones, limiting expansion of agriculture on steep slopes 
and halting further deforestation in upstream areas, like the PES program in the Mngeta 
region, the Integrated Landscape scenario is the only pathway that is able to prevent large 
negative changes in water quality, which seriously affect food production in the riparian 
zones under the BAU scenario. Due to continuing deforestation under the BAU scenario the 
erosion control function is deteriorating, causing increased sedimentation which could affect 
the quantity and timing of the flow of water in relation to rain-fed agricultural production. 

Ambition 3: Improve livelihoods 
Compared to the current situation more food is expected to be produced in the landscape by 
2030 (Figure 6.13).  

Figure 6.13 

 
Source: PBL 
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Depending on the scenario this will either be achieved by expanding the area under 
cultivation, often at the expense of natural areas, or by increasing productivity of the current 
production areas. However, when taking into account the growing population, per capita 
availability of locally produced food appears to be decreasing under both scenarios, with the 
Integrated Landscape scenario being able to absorb most of the population increase. 

Ambition 4: Improve development on equality, health and gender 
Changes in equality, health and gender were not directly outcomes of the modelling tools 
used, so this remains somewhat difficult to assess. However, some assumptions we implicitly 
part of the scenario storylines. Improving land use planning and clarity on land ownership 
could have implications on aspects of equality and gender. Also improvements of water 
quality (or preventing further deterioration) could also have positive effects on health, for 
both rural and urban populations. 

Ambition 5: Sustainable management of crop/livestock areas 
The Integrated Landscape scenario assumes strong territorial planning and collaboration 
among various organisations (government, NGOs and private sector) in order to successfully 
implement the various spatial policies.  

Figure 6.14 

 
Source: PBL 
 
Together with substantial improvements in agricultural productivity and careful management 
and regulation of livestock grazing, the Integrated Landscape scenario is able to maintain the 
current share of 79% of the area being used in a manner that supports the stakeholder 
ambitions, in contrary to the decline to 64% under the BAU scenario (Figure 6.14). Even 
under the ambitious Integrated Landscape scenario there is room for improvement, though 
one should keep in mind both future scenarios are dealing with a 62% increase in population.      

Ambition 6: Improve and strengthen governance 
The Integrated Landscape scenario assumes strong territorial planning and collaboration 
between various organizations (government, NGOs and private sector) in order to 
successfully implement the various spatial policies. The costs and organization to do so are 
not explicitly included in the model. This is also so for details on land access and ownership. 
The National Land Use Planning Commission (NLUPC) attended the workshop and is 
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coordinating the land use planning process, in order to develop spatial land use plans for all 
villages in Tanzania. We think the policies underlying the Integrated Landscape scenario and 
its outcomes could potentially be helpful for this process. 

6.3 Summary of synergies and trade offs  

The ecosystem service components of the landscape models allow a comparison of the 
provision of ecosystem services under the three scenarios, as shown in Figure 6.15. 

Figure 6.15 

 
Source: PBL 
 
With respect to the selected SDGs, Figure 6.16 provides an overview of the scenario 
outcomes on the indicators presented in Table 3.1.  
 
For SDG2 only the Integrated Landscape scenario is showing a positive change on all 
indicators, compared to the current situation. With the increasing area in use for food 
production under both scenarios, also under the BAU scenario food provisioning is increasing. 
However, the share of food production being sustainable and contributing to the landscape 
ambitions is only improving under the Integrated Landscape scenario. If food provisioning is 
translated to per capita change (see Figure 6.13), it is clear the growing population is putting 
a large demand on the landscape, also given the landscape policies (Figure 2) that limits the 
space available for options. To cope with this challenge and secure SDG2, it might be that 
the required agricultural productivity increases need to be even higher than those used 
under the Integrated Landscape scenario (see Table 5.1), which would require larger 
investments. 
 
For SDG6 the implementation of the riparian zone policy, protection of forest and the 
restoration of the bio-corridors clearly have a positive outcome the water quality and 
sedimentation prevention function, that controls soil erosion, for the Integrated Landscape 
scenario. The BAU scenarios are not showing any improvement and will not support the 
landscape in achieving this SDG. Due to increasing agricultural production the nitrogen and 
phosphate loads are increasing and affecting water quality most under the BAU scenario.  
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For SDG13 only carbon storage was included. The BAU scenario shows a decrease of carbon 
storage in the landscape due to further loss forest, where also remaining patches of forest 
already surrounded by agricultural activities will be converted. Under the Integrated 
Landscape scenario the overall halt on deforestation in forest reserves and national parks 
minimizes the loss of forest. Also the focus on agricultural mosaics, where tree coverage is 
maintained or increased, and the protection of riparian zones is resulting in a (very small) 
increase of the carbon storage function in the landscape under this scenario compared to the 
current situation. 
 
For SDG15 the results for the Integrated Landscape scenario are obviously the most 
optimistic. Given the magnitude of the pressures affecting biodiversity in the landscape it is 
very promising that the Integrated Landscape scenario is able to reduce the loss in MSA 
occurring under the BAU scenario by 80%. The other indicators illustrate that under the 
Integrated Landscape scenario specific focus is on halting further loss of wetlands, forest and 
effectively protect forest and restore the role of the bio-corridors, also in relation to 
supporting indicators under SDG2, 6 and 13 as was also shown in section 6.2. This a 
potential synergy that is clearly turning into a trade-off under the BAU scenario. 

Figure 6.16 

 
Source: PBL 
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7 Conclusions  
 
The experience of the Kilombero landscape scenario modelling study was highly satisfactory 
for all of the partners, even as many lessons were learned to refine and improve the process 
for application in other landscapes. 

7.1 Value of scenario modelling for strategic planning in 
the Kilombero landscape 

The scenario models’ ability to generate insights about the landscape 
The modelled findings presented for the BAU scenario in section 6 helped Kilombero focus 
the stakeholder discussions on their key ambitions and actions for the landscape that will 
help them to achieve SDGs by 2030. The scenario modelling also suggests that integrated 
analysis and strategic planning across sectors has real benefits. Some of the key insights 
that may not have been fully recognized in conventional sector-specific planning include: 

Engagement and influence of relevant policymakers 
The scenario modelling process demonstrates the importance of public and private land and 
resource use decisions on a range of economic, social and environmental objectives. When 
policymakers are actively engaged in these processes they are motivated to clarify their 
assumptions and expectations around a range of development pathways along with the other 
landscape stakeholders. Director General of the National Land Use Planning Commission 
(NLUPC) attended the March workshop and facilitated some of the sessions. His interest was 
finding more effective ways to develop village and district land use plans throughout 
Tanzania that synched with the SDGs, and he saw this framework as a potential way to do 
that.  

Linking scenario modelling with other tools 
The March workshop was implemented along with the Landscape Investment and Finance 
Tool (LIFT). LIFT is designed to support stakeholders in translating landscape ambitions into 
investable ideas and then accessing appropriate sources of finance to fund these 
investments. By joining these two tools in a single workshop the participants could clearly 
see how their discussions around landscape ambitions in the scenario modelling component 
to directly lead to a landscape finance strategy which would help them achieve these 
ambitions. There are a range of additional tools that are available and others that are under 
development whose impact can be amplified if used in coordination with scenario modelling. 
These include tools for assessments of landscape governance, financial sources and flows, as 
well as systems for landscape-scale monitoring and certification assessments. 

Catalyst for the development of a landscape platform 
When the scenario modelling process began, while AWF was implementing a variety of 
activities within landscape there was no landscape scale multi-stakeholder process, no clear 
vision for what a sustainable Kilombero landscape looks like, or a roadmap for how to get 
there. The workshop provided an opportunity for them to explore landscape ambitions and to 
discuss the types of actions that will be needed to achieve them. By the end of the March 
workshop, which also included on introduction to financial planning, the participants 
recognized that without a multi-stakeholder platform they would not be able to achieve the 
ambitions that they had articulated. Therefore, during the last session of the workshop they 
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developed the plan to formalize a landscape platform and made specific commitments for 
next steps 

7.2 Next steps in refining landscape scenario modelling 
methodology  

The methodology developed for landscape scenario modelling found a balance between detail 
and accessibility, made significant advances in linking land use choices to ecosystem values, 
and has uniquely framed the achievement of SDGs at a landscape-scale. However, there are 
a variety of improvements on this process that can be made in the next phase of work.  
This methodology has also been tested in Honduras and Ghana, and a final synthesis paper 
on lessons learned will be produced. 
 
The business models that could be generated by landscape stakeholder as a result of the 
Landscape Investment and Finance Tool (LIFT) process that was introduced immediately 
following the scenario model sessions, at the same workshop, could provide more rigorous 
estimates of economic costs and benefits that could be used in subsequent studies. With 
additional data on average per hectare revenues and labour use from different land use 
systems, the model results on land use and productivity could be used to roughly compare 
the impacts of different scenarios on income and employment. Adding data on spatial 
patterns of poverty and malnutrition could help to illuminate the impacts of investment in 
different parts of the landscape and different activities on social well-being. 
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9.2 Land systems classification procedure 

  


