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Executive summary 

Rwandaôs forest landscapes are important locally, regionally and globally by virtue of diverse 

environmental services they provide. In its updated Nationally Determined Contribution (NDC) 

2020-2030, Rwanda has committed to increasing and maintaining its forest cover at 30% of 

national land area and reducing emissions across all sectors of its economy. The country has 

established a national climate fund (FONERWA) as a strong commitment to support all efforts that 

lead to mitigation and adaptation to climate change in order to build a resilient nation and 

sustainable economy. 

 

However, the country continues to face deforestation and land degradation due to high population 

pressure in the search of biomass energy and forest conversion to other land uses, coupled with 

climate change effects. This pauses a threat to both the functioning of ecosystems and the well-

being of communities. 

To reverse the aforementioned drivers of degradation in Eastern landscapes and accrue the 

multiple benefits that come with functional landscapes, Rwanda made a commitment to restore 

about 2 million hectares of deforested and degraded land, a pledge towards the Bonn Challenge 

which is a global effort intended to restore 350 million hectares of the Worldôs deforested and 

degraded land by 2030 of which 100 million hectares are in Africa. In line with these commitments, 

International Union for Conservation of Nature (IUCN) in collaboration with Rwanda Forestry 

Authority (RFA), through The Alliance for Restoration of Forest Landscapes and Ecosystems in 

Africa (AREECA) and, TREPA is implementing a Large-scale Forest Landscape Restoration and 

climate adaptation programmes in Eastern Province. The project is expected to restore about 

25,000 hectares by 2025.  

 

In order to identify deforested and degraded lands in Eastern Province, the project used the 

Restoration Opportunities Assessment Methodology (ROAM). ROAM uses geospatial techniques 

to quantify the restoration opportunity areas, and rapid restoration diagnostic approach to identify 

restoration options that offer multiple benefits. The entry point consists of understanding the 

landscape challenges, degradation drivers, define the restoration objectives and identify suitable 

restoration interventions that could reverse the degradation and accrue multiple benefits including 

livelihoods. The restoration interventions are selected based on economic and financial analysis 

and the best restoration options are those with a positive Net Present Value (NPV) and competitive 

return on investment at a pre-defined discount rate and a time period of production.  Rapid 

restoration diagnostic appraisal is also used to assess the success factors of restoration 

implementation as well as determine enabling institutional and policy conditions for the 

sustainability of restoration investments.  Key findings are summarized as follow:  

 

Landscape challenges  

Land degradation in Eastern Province is mainly characterised by  

 

Current state on forest landscape degradation 

 

Restoration interventions and opportunity areas 
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Economic and financial Analysis 

The restoration assessment also covers the economic and financial analysis to estimate the costs 

and benefits of restoring degraded land. A model of each land use and restoration intervention is 

created by combining the results from the ecological modelling with market prices and an 

enterprise budget to account for the direct and indirect financial costs of restoring land. Selected 

FLR interventions are profitable with a positive NPV and favourable return on investment at a 

discount rate of 7.5%. 

 

Enabling Environment for EP-FLR implementation strategy 
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1. Introduction 

1.1. Background 
 

The Eastern Province is the driest region of Rwanda and prone to a high level of degradation 

leading to poor land productivity. Agriculture is practiced by the majority of the population. 

Increased frequency and magnitude of recurrent droughts and floods, and more erratic 

precipitation, both caused by climate change, are resulting in degraded lands, stressed food 

insecurity levels for poor households negatively impacting their livelihoods, and loss of 

biodiversity. 

In order to deal with these issues and make the eastern province more resilient, the International 

Union for conservation of Nature (IUCN) in collaboration with Rwanda Forestry Authority (RFA) 

is leading the implementation of a project dubbed Large-scale Forest Landscape Restoration 

(FLR) in Africa (AREECA), which aims at increasing the economic, ecological, and climate-

related benefits in Kirehe and Nyagatare Districts in Rwanda.  At Africa level, the programme 

focuses on the development of participatory FLR interventions and implementation in selected 

areas in the partner countries. The project prepares additional areas for FLR interventions by 

implementing further measures, obtains further FLR funding, improves knowledge management 

and strengthens South-South exchanges, including impact monitoring and capacity building. 

The programme was commissioned by German Federal Ministry for the Environment, Nature 

Conservation and Nuclear Safety (BMU) as an IKI collaborative project and implemented jointly 

with collaborative partners under the leadership of the Deutsche Gesellschaft für Internationale 

Zusammenarbeit (GIZ) GmbH. The partners include the African Union Development Agency 

(AUDA-NEPAD), the Food and Agriculture Organization of the United Nations (FAO), the 

International Union for Conservation of Nature and Natural Resources (IUCN), the World 

Resources Institute (WRI), the World Bank Group and the World Wide Fund for Nature (WWF). 

Within the same framework, GCF and IUCN have signed an other funding agreement for the 

project ñTransforming Eastern Province through adaptationò (TREPA) with a GCF contribution 

of $ 33,783,755 and an additional $ 15,839,042 mobilized as co-financing from the Government 

of Rwanda and other Project Executing Entities. The implementation of the six-year investment 

is jointly executed by IUCN in collaboration with Government of Rwanda through Rwanda 

Forestry Authority (RFA), Enabel, the Belgian development agency, as Executing Entities with 

other partners including ICRAF, World Vision, and the CORDAID International. The overall goal 

of this TREPA project is to transform the drought-degraded Eastern province into restored, 

productive and climate-resilient ecosystems and communities through promoting best forestry 

and agroforestry practices. The project intends to restore over 60,000 ha of drought-degraded 

landscapes into climate resilient ecosystems through re-forestation, agroforestry, restoration of 

pasturelands, and erosion control measures in seven districts of the Eastern Province of 

Rwanda, namely Bugesera, Kayonza, Kirehe, Gatsibo, Ngoma, Nyagatare and Rwamagana 

districts. 

In particular, the TREPA will contribute to the rehabilitation of approximately 6,545 ha of 

degraded smallholder forests and their sustainable management under PFMU approach 
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(Private Forests Management Units). The project will develop climate resilient markets and 

supply chains to incentivize public and private investments in forests, increase the capacity of 

communities to renew and sustainably manage forests and agroforestry resources, and support 

smallholder farmers to adopt climate-resilient agriculture.  The agriculture value chains that face 

key constraints at different stages will be supported. It will also promote improved clean and 

efficient cooking energy technologies to more than 100,000 households in the Eastern Province 

of Rwanda. 

The project will finally support the national and local institutions to effectively plan, manage and 

monitor climate adaptation outcomes from improved land use at national and decentralized 

levels. In this framework, TREPA supported the elaboration of FLR strategy spanning the period 

of a second edition of the national strategy for transformation (NST2). In orde to elaborate a 

sound strategy build on the current situation, an assessment of restoration opportunity was 

carried out using ROAM methodology earlier developed by IUCN and WRI in 2014.  

 

1.2. What is Forest Landscape Restoration (FLR)? 
 

Forest Landscape Restoration (FLR) is defined as a process that aims to regain ecological 

functionality and enhance human well-being in deforested or degraded landscapes. FLR is not an 

end in itself, but a means of regaining, improving, and maintaining vital ecological and social 

functions, in the long-term leading to more resilient and sustainable landscapes. 

 

1.2.1. FLR guiding principles  
 

Box 1. FLR guiding principles1 

 

Focus on landscape. FLR takes place within and across entire landscapes, not individual sites, 

representing mosaics of interacting land uses and management practices under various tenure 

and governance systems. It is at this scale that ecological, social and economic priorities can be 

balanced 

Engage stakeholders and support participatory governance. FLR actively engages 

stakeholders at different scales, including vulnerable groups, in planning and decision making 

regarding land use, restoration goals and strategies, implementation methods, benefit sharing, 

monitoring and review processes.  

Restore multiple functions for multiple benefits. FLR interventions aim to restore multiple 

ecological, social and economic functions across a landscape and generate a range of ecosystem 

goods and services that benefit multiple stakeholder groups. 

Maintain and enhance natural ecosystems within landscapes. FLR does not lead to the 

conversion or destruction of natural forests or other ecosystems. It enhances the conservation, 

recovery, and sustainable management of forests and other ecosystems. 

Tailor to the local context using a variety of approaches. FLR uses a variety of approaches 

that are adapted to the local social, cultural, economic and ecological values, needs, and 

landscape history. It draws on latest science and best practice, and traditional and indigenous 

                                                

1 Besseau, P., Graham, S. and Christophersen, T. (eds.), 2018. Restoring forests and landscapes: the key to a 

sustainable future. Global Partnership on Forest and Landscape Restoration, Vienna, Austria. 
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knowledge, and applies that information in the context of local capacities and existing or new 

governance structures. 

Manage adaptively for long-term resilience. FLR seeks to enhance the resilience of the 

landscape and its stakeholders over the medium and long-term. Restoration approaches should 

enhance species and genetic diversity and be adjusted over time to reflect changes in climate and 

other environmental conditions, knowledge, capacities, stakeholder needs, and societal values. 

As restoration progresses, information from monitoring activities, research, and stakeholder 

guidance should be integrated into management plans. 

 

1.2.2. The Benefit of FLR 
 

Investing in restoration brings many economic benefits, both direct and indirect. For example, 

restoration creates jobs on the land and in tree nurseries; farms and timber industries can enjoy 

higher and more sustainable yields; and the costs of repairing flood damage to infrastructure, 

dredging lakes and rivers to remove silt, and of filtering drinking water are avoided. In agricultural 

lands, adding trees agroforestry brings benefits including enhanced productivity and soil fertility, 

erosion control, shade and fodder. In forests, restoration can mean improving the availability of 

forest products from timber to game animals, stabilizing drinking water supplies for burgeoning 

cities, and countering biodiversity loss.  

By one estimate, restoring 350 million hectares of degraded and deforested lands around the 

world would create up to $9 trillion in net benefits2. Many would accrue to poor rural communities, 

helping alleviate poverty. The wider benefits include social and environmental gains in water and 

food security, biodiversity conservation and climate protection that help us all. Restoration and 

other natural solutions could, for instance, offer more than one third of the solution to the climate 

crisis. Investments in natural climate solutions are also safer, less costly and more beneficial to 

society than many technological alternatives that are currently being discussed3. 

 

 

1.3. Overview of the Eastern Province of Rwanda 

                                                

2 Verdone, M. and Seidl, A., 2017. Time, space, place, and the Bonn Challenge global forest restoration target. 
Restoration Ecology, 25: 903-911 
3 Griscom, B.W., et al, 2017. Natural climate solutions. Proceedings of the National Academy of Sciences. Oct 
2017, 201710465. 
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Table 1. Socio-economic and Land Use characteristics of Eastern Province  

Socio-economic & 

Indicators 

Bugesera Rwamagana  Kayonza Gatsibo Nyagatare Ngoma Kirehe EP (% to National) National 

Size (Km2)        9,813 (37%) 26,338 

LU=Forests (Km2)          

LU=Agriculture 

(Km2) 

         

LU=residential (Km2)          

Total Population4 

(inhab.) 

551,103 484,953 457,156 551,164 653,861 404,048 460,860 3,563,145 (26.9%) 13,246,394 

Population density 

(inhab/Km2 

450 740 338 435 373 498 398 433 503 

Male 271,468 243,794 221,448 264,461 318,740 192,720 221,763 1,734,394 (26.9%) 6,429,326 

Female 279,635 241,159 235,708 286,703 335,121 211,328 239,097 1,828,751 (26.8%) 6,817,068 

Urban population 221,227 180,056 65,071 55,351 157,894 37,297 29,039 745,935 (20%) 3,701,245 

Rural population 329,876 304,897 392,085 495,813 495,967 366,751 304,897 2,817,210 (29.5%) 9,545,149 

Total Households5 137,777 121,051 114,186 136,208 160,435 102,589 113,886 886,132 (26.7%) 3,312,743 

Labor force6 (>16) 120,669 153,947 156,580 188,212 169,192 123,962 122,654 1,035,216 (23%) 4,463,296 

 - Employment  92,044 123,759 131,666 145,820 136,485 104,590 102,948 837,312 (24%) 3,546,352 

 - Unemployment 28,625 30,188 24,914 42,392 32,707 19,372 19,706 197,904 (21.5%) 916,944 

Outside labour force6 101,882 131,172 159,255 125,323 148,586 85,737 109,528 861,483 (25%) 3,500,290 

          

          

          

 

                                                

4 National Institute of Statistics (NISR), Fifth Rwanda Population and Housing Census, 2022. 
5 National Institute of Statistics (NISR), Fifth Rwanda Population and Housing Census, 2022, Districts Profiles  
6 National Institute of Statistics of Rwanda (NISR), Labour Force Survey, 2022 
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Table 2. Employment by gender and branch of economic activity in Eastern province7  

Economic activities in which people are 

employed (source of livelihoods) 

Total Male Female Rwamaga

na 

Nyagata

re 

Gatsibo Kayonz

a 

Kirehe Ngoma Bugese

ra 

Employed population 16 years old and over 837,313 469,687 367,625 123,759 136,485 145,820 131,66

6 

102,948 104,590 92,044 

Agriculture, forestry and fishing 499,079 247,845 251,234 58,987 93,672 101,665 85,108 72,817 55,372 31,458 

Mining and quarrying 2,938 2,569 369 911 0 304 0 610 155 958 

Manufacturing 34,406 20,964 13,442 4,859 6,274 2,419 6,160 4,204 6,351 4,138 

Electricity gas stream and air conditioning supply 464 464 0 0 0 0 0 0 0 464 

Water supply, gas, and remediation services 940 940 0 0 232 0 0 0 708 0 

Construction 70,992 61,627 9,365 10,895 10,454 9,677 9,046 6,682 9,523 14,715 

Whole sale and retail trade; repair of motor 

vehicles and motorcycles 

69,377 29,870 39,507 12,351 7,531 10,550 5,551 5,771 13,587 14,037 

Transportation and storage 35,038 34,298 740 9,104 4,259 5,286 4,366 2,802 3,530 5,692 

Accommodation, and food services activities 12,382 6,412 5,970 1,779 1,065 1,956 3,077 296 1,691 2,517 

Information and communication 464 0 464 0 0 0 0 0 0 464 

Financial and insurance activities 3,285 725 2,560 1,093 0 476 0 364 0 1,351 

Professional, scientific and technical activities 3,565 2,003 1,562 1,923 0 0 512 589 541 0 

Administrative and support activities 13,490 10,390 3,099 2,915 2,352 2,518 1,601 418 2,741 945 

Public administration and defense; compulsory 

social security 

12,286 9,117 3,170 2,388 797 2,207 1,184 1,051 1,876 2,784 

Education 34,795 18,419 16,376 6,364 3,829 5,415 7,481 5,300 3,788 2,620 

Human health and social work activities 3,291 1,259 2,032 999 186 476 596 0 252 784 

Arts, entertainment and recreation 1,391 659 732 0 732 0 0 0 157 502 

Other services 21,633 13,500 8,133 3,771 2,653 1,543 6,314 883 2,374 4,095 

Activities of households as employers 16,482 7,852 8,631 4,643 2,451 1,329 672 1,162 1,708 4,519 

Activities of extraterritorial organizations and 

bodies 

1,013 776 237 776 0 0 0 0 237 0 

                                                

7 National Institute of Statistics of Rwanda (NISR), Labour Force Survey, 2022 
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1.4. Restoration Opportunities identified by the National 

ROAM for Eastern Province 
 

The national ROAM identified five broad restoration interventions and opportunity areas that could 

be used to improve the ecological and economic productivity of degraded land uses are: 1) 

Agroforestry on steep sloping land in conjunction with other soil conservation measures such as 

radical and progressive terracing 2) Agroforestry on flat or gently sloping land, including those 

areas principally managed as pasture and rangelands 3) Improved silviculture and rehabilitation 

of existing, sub-optimally managed woodlots and plantations, including very small (<0.5ha)areas, 

4) Protection and restoration of existing areas of natural forests, mainly in or around protected 

areas but also extending to small isolated fragments, 5) Establishment or improvement of 

protective forests on important and sensitive sites such as ridge tops with steep (20-55%) and 

very steep sloping land (>55%), riparian zones and wetland buffer zones and margins8.  

 

Table 3. Eastern Province restoration opportunities earlier identified by the National ROAM (2014) 

Restoration interventions National  Eastern 

Province  

Percentage 

(%) 

Agroforestry on steeply sloping land (Ha) 705,162 272,723 38.7% 

Agroforestry on flat and gently sloping land (Ha) 405,314 231,855 57.2% 

Improve management of existing woodlots (Ha) 255,930 32,816 12.8% 

Improve management of existing timber plantations 

(Ha) 

17,849 1,214 6.8% 

100m buffer of closed natural forest (Ha) 3,456 557 16.1% 

Restore degraded forest in parks/reserves (Ha) 10,477 - - 

Protective forests on ridgetops with very steep slopes 

(>30°/55%) (Ha) 

10,745 462 4.3% 

Protective forests on ridgetops with steep slopes (12-

30°/20-55%) (Ha) 

31,695 5,702 18.0% 

20-m riparian buffer ï replace eucalyptus with native 

species (Ha) 

3,152 151 4.8% 

20-m riparian buffer ï reforest non-forested areas (Ha) 19,586 3,861 19.7% 

50-m buffer of wetland perimeters (Ha) 57,362 23,337 40.6% 

 

  

                                                

8 The Ministry of Natural Resources, Rwanda (2014). Forest Landscape Restoration Opportunity Assessment for 
Rwanda, MINIRENA, IUCN, WRI. ISBN: 978-2-8317-1712-8 
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2. Application of ROAM methodology 

The Restoration Opportunities Assessment Methodology (ROAM) is an approach that was 

developed by IUCN and the World Resources Institute (WRI) to guide the processes of developing 

forest restoration interventions at the landscape level. It is a stepwise and iterative application of 

a series of analyses used to identify the best set of Forest landscape restoration (FLR) 

opportunities applicable to a specific geographic area. 

Implementation of ROAM requires a systematic and rigorous assessment and quantification of 

restoration opportunities available in the target landscapes. The first step is to identify the main 

environmental challenges in the assessment area leading to landscape degradation and identify 

the drivers of degradation, identify site-specific priorities, and landscape intervention options 

available in the landscape. ROAM uses geospatial, economic, and rapid restoration diagnostic 

analyses to map, quantify, and assess the restoration potential, cost and benefits, and institutional 

readiness and success factors of restoration in place. The implementation of ROAM requires a 

set of fields of knowledge and expertise ranging from GIS, Agricultural and environmental 

sciences, REDD+ and carbon market, ecosystem services modelling and valuation, economics, 

and policy analysis. The flow diagram (Figure 1) summarises the ROAM process and workflow. 

 
Figure 1. Restoration Opportunities Assessment Methodology (ROAM) and workflow 

2.1. Stakeholder consultations 
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The primary data collection was carried out through field focus group discussions with the 

communities and key informants in the villages, and stakeholder workshops held in each 

landscape. Guiding questions were set to guide the discussion in the three thematic working 

groups (GIS and Monitoring Working Group, Social-economic Working Group, Policy and 

Governance Working Group). Three main stakeholder workshops held in each landscape were 

critical for ROAM. Detailed primary data continued thereafter at the field, visiting and meeting local 

communities in various villages within the landscape in order to collect the view of communities 

around restoration objectives. The primary data were supplemented by a desk review of baselines, 

reports, project documents, available policy documents. 

 

 

 
Figure 2: Stakeholder consultations in plenary discussions at District level  

 

Blending local and scientific knowledge in a ROAM process is critical not only to create 

restoration ownership among the land owners/users but also to validate scientific observation 

and or results. Using FGDs communities were engaged in identifying landscape challenges 

and defining restoration strategies and transitions. The local knowledge is used to build a 

restoration theory of change, that critical in geospatial multi-criteria analysis and defining 

restoration strategies and transition. A summarised ROAM questionnaire was then used to 

gorge critical local knowledge from communities. 

 

2.2. Geospatial analysis 
 

2.2.1. Mapping land degradation  
 

Land degradation is defined as the long-term loss of ecosystem function and productivity caused 

by disturbances from which the land cannot recover unaided (Bai and others 2008). Land 

degradation occurs slowly and cumulatively and has long lasting impacts on rural people who 

become increasingly vulnerable (Muchena 2008). In line with the ROAM protocols, Forest 

Landscape Restoration uses land degradation as an entry point to restoration where drivers of 

degradation are identified to map out degradation hotspots and consequently the priorities. In 

what is referred to as multi-criteria degradation mapping, drivers of degradation are 

parametrized and stacked together to generate a map showing the number of coincident criteria.  

 

Using local knowledge and ground control mapping, overlapping criteria are reclassified to 

generate the final degradation map showing the degradation scale from very low to severe 

degradation. In this assessment, eight drivers of degradation were identified through a 

stakeholder consultation process. By stacking their GIS layers (parameterized layers at a 



 

Page | 11  
 

standard resolution of 50 m) together, a multicriteria degradation map was generated. The 

resulting map comes with coincident criteria, which are then reclassified/calibrated using local 

knowledge and field observations.  Table 4. below shows details of the drivers of degradation 

including justification, GIS proxies, and parameters used. 

 

Table 4. Drivers of degradation and GIS data proxies (Joseph and Lamek to update) 

Driver Description/justification  Spatial 

proxy/data  & 

source 

Parameters 

Bare land Bare lands are usually susceptible to soil erosion 

and loss of soil nutrients. This could be 

associated with human activities leading to 

vegetation cover loss.  Such activities may 

include; mining, infrastructure, and development. 

Land cover data. 

 (2020 Global 

European Space 

Agency) 

Bare land areas 

as observed in 

the LULC data. 

Slope According to FAO, runoff evacuation system on 

slopes of more than 20%, removes particles of all 

sizes (up to 5 or 10 mm in diameter) and digs out 

grooves, so that the soil surface becomes 

extremely uneven, with deep rills (5-20 cm) and 

numerous humps chiselled by rain and runoff and 

protected by objects such as seeds, roots, 

leaves, bits of pottery and even hardened or 

crusted clouds (Eric Roose, 1996) 

30M SRTM from 

U.S. Geological 

Survey 

  

Slope>20% 

Low soil 

organic 

carbon 

Soil Organic Carbon (SOC) is important in soil 

formation. Low soil carbon usually translates to 

low soil fertility and loss of biodiversity. Soil 

carbon is important in soil formation. Low soil 

carbon usually translates to low soil fertility and 

loss of biodiversity. (FAO 2017:Soil Organic 

Carbon has hidden Potential) COP21 resolutions 

recommended 4millie (48 tonnes/ ha) of carbon. 

Soil carbon (15-

30cm depth) data 

from ISRIC 

SOC < 48 

tonnes/ Ha 

Low tree 

cover 

Low tree cover may lead to soil loss and 

consequently low soil productivity. 

Hansen/GFW data 

2020 

Tree 

cover<10% 

Forest 

Loss 

Forest loss is a physical indication of forest cover 

degradation/depreciation. 

Hansen/GFW data 

2020 

Forest loss 

areas 

Soil 

Erosion 

Some soils are naturally prone to soil erosion due 

to their physical and chemical composition. ( 

Bonilla and Johnson 2012) 

Global EU soil 

erosion data and 

IUCN InVEST 

Model, 2020. 

As observed in 

the RUSLE 

map scale. (> 

40 tonnes/ 

ha/Year) 

Populated 

areas/Buil

t up 

areas/Sett

lement 

Areas with higher population pressure in 

comparison to others in a landscape are likely to 

face degradation due to increased demand for 

natural resources. 

(Bai et al. (2008), Tiffen et al.1994, 

Boserup1965,Grepperud 1996) 

Land cover data. 

 (2020 Global 

European Space 

Agency) 

Built up areas 

 

   

2.2.2. Mapping restoration opportunities   
 



 

Page | 12  
 

In the context of the restoration's multiple benefits, and identifying priority areas of restoration, 

ROAM geospatial protocol requires that degradation hotspots be plummeted through each 

restoration objective to produce functional degradation maps, which upon their overlay produces 

an overall opportunity map. Further, the opportunity hotspots in the assessment were defined as 

areas with more than half the number of coincident criteria. Each restoration objective was 

mapped using GIS proxies indicate where such an objective would be achieved. While each 

objective might have different mapping proxies in a different context, FLR focuses on critical 

proxies that provide leads to areas satisfying the in a given restoration objective.   

There are six FLR objectives used in this assessment and as and agreed upon through 

stakeholder consultation. These are; biodiversity conservation, resilience to climate change, 

improved food security, increased water yield, soil erosion control, and increased carbon 

sequestration. Food security was spatially defined as water-stressed croplands where low rainfall 

and soil water capacity are leading factors. Finding local continuous raster data on rainfall was 

difficult and so Worldclim data was used. Croplands were extracted from the LULC data (2020 

Global European Space Agency). 

Figure 3 below summarises the workflows used in developing the aforementioned maps that a 

critical in landscape restoration: 

 

 
Figure 3. ROAM-based Multi-Criteria Analysis workflow 

 

2.2.3. Ecosystem service modelling  
 

Ecosystems services are central in defining restoration pathways. More often, they 

consequently define restoration objectives when it comes to accruing restoration multiple 

benefits such as water yield, soil erosion control, soil fertility, clean air and so on.  To quantify 

them, their InvEST9 models are run to generate spatially explicit data for restoration 

prioritization. Ecosystem services considered in this assessment are; carbon, sediment delivery 

ratio, and annual water yield.  Key input data for the three models are shown in Table 5 below.  

                                                

9 https://naturalcapitalproject.stanford.edu/software/invest 
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Table 5. InVEST models input data: Carbon, sediment Delivery Ratio, and Annual Water Yield 

(Joseph & Lamek) 

Ecosystem 

Service  

Input data   Source  Data 

Resolution  

Carbon Land cover  2020 Global European Space 

Agency  

20m 

Carbon 

pools/biophysical 

table  

InVEST Guide   - 

Sediment 

Delivery 

Ratio 

(SDR) 

Land cover  2020 Global European Space 

Agency 

20m 

Digital Elevation 

Model (DEM) 

Shuttle Radar Topography 

Mission (SRTM) 

30m 

Rain Erosivity  Resampled WorldClim data  100m 

 

Soil erodibility (K) Wischmeier and Smith, 1978 100m 

 

Watersheds Calibrated hydrosheds using 

the 30m DEM 

- 

Biophysical table  InVEST Guide - 

Annual 

Water 

Yield 

Land cover  2020 Global European Space 

Agency and  

20m 

Rain 

Erosivity/Precipitation   

Resampled WorldClim data  100m 

Evapotranspiration  International Soil Reference 

and Information Centre 

(ISRIC) 

250m  

Plant Available Water  International Soil Reference 

and Information Centre 

(ISRIC) 

250m 

Depth to root 

restriction  

International Soil Reference 

and Information Centre 

(ISRIC) 

250m 

Watershed and sub-

watershed  

Calibrated hydro sheds using 

the 30m DEM 

- 

 

2.2.4. Mapping restoration interventions 
 

     For each of the proposed interventions, a spatial criteria matrix is set to optimize landscape 

suitability. The design of the restoration package informs both the number of criteria and the 

parameters used to define their spatial extent. In this assessment, the spatial definition of each 

intervention (and consequently GIS mapping layers) is drawn from National ROAM (2014) that 

provides a set of criteria for mapping various opportunities/interventions including rangeland 

management, agroforestry, the restoration of degraded natural forest etc. In an effort to inform 

decisions on prioritization, both potential and priority areas are indicated in the mapping process. 

Priorities are further set by multiplying each intervention with restoration opportunities so that their 
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implementation assures multiple benefits.  

 

2.3. Economic and financial analysis 
 

The objective of the economic and financial analysis is to calculate the costs and 

benefits of the restoration interventions identified and use them in return-on-investment 

(ROI) and policy frameworks to addresses four questions: (1) What are the estimated 

returns on investment of restoration interventions from the perspective of private 

landowners? (2) Based on the distribution of private and public benefits produced by 

intervention that occur on private land, what policies can be used to encourage private 

landowners to restore degraded land? (3) Where are these opportunities to invest in the 

restoration value chain? (4) Which restoration interventions store the most carbon for 

the largest benefit and at lowest cost? 

2.3.1. Cost and benefit analysis (CBA) 

 

The economic analysis used cost-benefit analysis (CBA) to assess the contribution of restoration 

interventions. CBA is an economic evaluation method where benefits and costs of interventions 

are identified, measured (normally in monetary terms) and compared to determine whether the 

benefits of an intervention exceed its costs (EFCCC, 2019; IUCN, 2018b). CBA is used to 

determine whether an intervention is economically justified (Nurmi & Ahtiainen, 2018), and can 

also be used either to rank projects/interventions or to choose the most appropriate option. 

The ranking or decision is based on expected costs and benefits (Saarikoski et al., 2016) 

To understand the real profitability of the different proposed restoration interventions, the CBA 

compared the costs and benefits from implementing restoration actions in Eastern province of 

Rwanda. This analysis was limited to financial analysis to demonstrate the benefits from different 

restoration processes to attract private investors. 

 

2.3.2. Net Present Value ïNPV 
 

The net present value is the difference between the sum total of the present value of discounted 

benefits and the discounted value of costs over a specific life period of a project or intervention 

(Krieger, 2001). The NPV allow various sums of money to be compared over time by discounting 

values that occur in the future so they are comparable with the current values. The first principle 

of NPV reflects the fact that usually people prefer money in the present than money that comes 

in the future. Hence, future cash flows are discounted each year and the discount rate represent 

the opportunity cost of the capital mobilized. The second principle of NPV is to consider all the 

future net cash flows linked to the project intervention opportunity. The formula for the NPV is as 

follows (Balana et al., 2012): 

 

ὔὖὠ
ὄ

ρ Ὥ

ὅ

ρ Ὥ
ὩήȢρ 

 

Where: NPV: Net Present Value; Bt : Benefit at time t ; Ct: Costs at time t ; i: Discount 

rate t: Time in years (1,2,én) 
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2.3.3. Benefit-Cost Ratio 
 

The benefit-cost ratio is the total discounted benefits divided by the total discounted costs. It is 

another decision rule, which is, in effect, another way of comparing the present value (PV) of 

projectôs cost with the present value of its benefits. The BCR formula is as follows (Litman, 2009): 

ὄὅὙ

ὄ
ρ Ὥ
ὅ
ρ Ὥ

 ὩήȢς 

Where: Bt = the benefit at time t, Ct = the cost at time t, i = the discount rate, t = time in 

year, n= number of years over which the future costs or benefits are expected to occur (the 

current year t being year 0). 

 

2.3.4. Return on Investment 
 

Return on investment (ROI) is a measure that investigates the amount of profits produced per 

unit of a certain investment. It can be used to compare different scenarios for investments. This 

ROI calculates the amount of value that was generated from every Rwandan Francs invested in 

restoration activities, where the total cost in year 1 is considered the investment. The formula is 

as follows (Moore, Boardman, Vining, Weimer, & Greenberg, 2004): 
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2.3.5. Sensitivity analysis 
 

Sensitivity analysis is used to examine the results to changes of model parameters to assess 

the robustness of the analysis (Saarikoski et al., 2016). In a sensitivity analysis, critical 

components or inputs in the calculations should be changed and the results recalculated to 

determine how much the results vary, that is, how sensitive the results are to changes in these 

inputs (Phillips et al., 2003). Like other investments, investing in forest landscape restoration 

is not risk free. Investments are subject to changes in ecological and economic situations. 

Therefore, the cost and benefit streams of restoration transitions are subject to changes in 

variables such as market prices of crops or crop yields, as well as the discount rates. For the 

first NPV a 7.5%, which is the current public discount rate, was used. To evaluate the sensitivity 

to the discount rate, rates of 3%, 7.5%, 15% and 25% were used to recalculate NPVs and 

assess how sensitive the results were to different discount rates. Also included were the 

maximum and minimum yields from crops to assess how sensitive the results were to changes 

in yields. With these maximum and minimum prices and yields an optimistic (high price and high 

yield) and a pessimistic (low price and low yield) scenario were created to provide a range of 

NPV estimates for the sensitivity analysis. 

 

2.4.  Carbon sequestration modelling 

Deforestation and forest degradation, as well as forest landscape restoration activities, play a 
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principal role in the global carbon cycle10. Preventable deforestation, sustainable forest 

management and natural regeneration of second-growth forests provide a low-cost mechanism 

that yields a high carbon-sequestration potential with multiple benefits for biodiversity and 

ecosystem services (Chazdon et al., 2016). 

In collaboration with IUCN, Winrock International developed two comprehensive databases: (1) a 

global forest greenhouse gas emissions database and (2) a global FLR carbon dioxide removals 

database. These databases give information at both national and subnational scales on the 

greenhouse gas impacts that specific land-use activities have and thus provide a new resource to 

policy makers, donors and researchers for science-based decision-making. The FLR Climate 

Impact Tool aims to support practitioners estimating and visualising the carbon dioxide impacts of 

past and planned FLR activities. The FLR removal calculation tool was developed using data from 

the global removals database (Bernal et al., 2018). The FLR Climate Impact Tool estimates tCO2 

per hectare based on the type of FLR, location and age of the plantation. 

 

Table 6. Estimated Carbon sequestration capacity of suggested FLR interventions 

Interventions Carbon sequestration 

capacity tCO2/ha/year 

Rotation period 

(years) 

Total  tCO2 

Fruits orchard and fodder 11 23 253 

Agroforestry 39 20 780 

Rangeland/ranches 11 10 280 

Riparian forest 39 20 780 

Roadside tree planting 39 25 700 

Forest stands  8-10  

 

 

2.5. Rapid restoration diagnostic 

There are a number of factors that, when present, increase the likelihood that forest landscape 

restoration will successfully occur. In order to assess the state of these ñkey success factorsò a 

ñRapid Restoration Diagnosticò developed by WRI and IUCN was used to identify which success 

factors already exist and which are currently missing (or partially missing) within landscapes being 

considered for restoration. The assessment team conducted desk research, key informant 

interviews and workshop sessions to better understand the situation related to the key success 

factors for forest landscape restoration in Rwanda. First, an assessment was conducted to identify 

the relevant governmental and non-governmental institutional stakeholders that are currently 

involved in restoration activities. Stakeholders were consulted to produce preliminary results of 

the assessment of key success factors for forest landscape restoration in Rwanda. 

 

  

                                                

10 https://winrock.org/document/forest-landscape-restoration-climate-impact-tool/  

https://winrock.org/document/forest-landscape-restoration-climate-impact-tool/
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3. Forest Landscape Challenges, and 

Restoration opportunities 

 

3.1. Chronic forest degradation issues in Eastern 

Province 
 

Rwandaôs forest degradation is rooted from unbalanced between supply and demand of forestry 

resources and this hinder development of the forest sector in general and the situation is 

accentuated in Eastern Province compared to other province of Rwanda. A wide range of similar 

issues influencing forest sector development has been repeated in the three consecutive national 

forestry policies (NFPs) from the 2004, 2010 and 2018 NFPs.  Each NFP cited a few statistics that 

demonstrate how some of these degradation issues have worsened from one period to the next.   

Even today, forest landscape degradation issues from previous eras remaining relevant and have 

been demonstrated through mapping degradation (Figure 4) and the forest cover map (2020)11 

has witnessed the overcutting of existing forests at level of 15.7% over one decade (2009 ï 2019) 

and the deforestation rate in Eastern province, unfortunately,  surpasses the one of afforestation. 

Deforestation happened on about 65,807ha meaning 9% higher than afforestation. The results 

indicate that overall trend in Eastern Province forest cover is negative up to 20% for the past ten 

year which is about 2% of forest loss every year. Underlying driving forces are fundamental social 

processes, such as human population dynamics and agricultural expansion. Agricultural 

expansion is, by far, the leading land-use change in this province associated with nearly all 

deforestation cases. It includes forest conversion for permanent cropping, and cattle ranching with 

clear cutting practices of indigenous savannah trees. Except Ngoma and Rwamagana Districts, 

in other districts of eastern province, the deforestation and tree removal in ranches has by far 

surpassed the afforestation. Ngoma is also the least forested district at national level. Policy 

change, new guidance and innovative strategies are required to accelerate afforestation and tree 

planting n Eastern Province to catch the balanced forest coverage across the country, otherwise 

this part of Rwanda is pushed towards drought risks and the cost of reversing the situation will 

definitely be higher than of prevention if not irreversible. Therefore, the EP-FLR position itself as 

an instrument to accelerate restoration of Eastern Province 

 

3.2. Challenges  
 

Rwandaô forests do still feature a number of chronic challenges impeding efforts to manage and 

increase forest and forest land vitality and productivity ï and increasing private sector participation 

ï two of the major goals set for the forest sector.  Their importance rests with their significance in 

attempts to increase overall forest sector contribution to national development targets. 

Population pressure on forest resources leads to unsustainable utilization patterns and practises.  

                                                

11 MOE (2019). Rwanda Forest Cover Mapping report 
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It means stands are harvested prior to reaching their planned rotation age.  It means trees are 

planted on marginal land where soils are less productive, slopes are less stable, water may be 

scarce, and stand productivity is low.  It means investments are generally difficult to justify 

because of relatively high risks and uncertainties and relatively low returns.  

A non-exhaustive list of significant challenges that have in the past ï and potentially continue to 

threaten and impede forest sector development include: 

1. limited institutional capacity for comprehensive forest planning & management 

2. limited capacity to produce adequate volume, species and quality of seedlings 

3. relatively inadequate forest budgetary resources 

4. relatively very large number of small private land holdings ï with proportionately high 

aggregate management costs  

5. uneven distribution of forest resources across the country 

6. systematically low level of professional capacity at district level 

7. unregulated unsustainable forest exploitation for all wood forest products 

8. unsustainable growing demand on forest biomass energy 

9. inadequate data on forest harvest levels and use 

10. absence of systematic uniform Annual Plans and Annual Reports 

11. inadequate forest extension capacity 

12. inadequate forest research capacity 

13. inadequate capacity for supporting agroforestry species 

14. relatively excessive reliance on monoculture plantations 

15. relatively low forest land productivity 

16. low harvesting rates in over-mature stands led to unplanned deforestation of public forests  

17. limited available land for afforestation due to over competing land uses 

18. limited experience comprehensive forest economic analysis and modelling 

19. low levels of infrastructure to support the development of forest products manufacture 

20. limited incentives for the private forest sector investment 

21. very limited opportunities for viable larger scaled forest tenure arrangements. 

22. Limited experience in managing natural forests and trees outside parks 

23. Lack of harvesting guidelines for protective trees around roads, ecosystems and buffers 

where exists. 

 

3.3. Opportunities 
 

Through a concerted effort of effective high-level planning and political commitment, in recent 

years Rwanda has had relatively high levels of economic growth.  In various sectors it has 

demonstrated an ability for the types of transformations needed to increase those sectorsô 

contribution to the countryôs overall social and economic development. 

The forest sector does feature attributes and opportunities favourable to the development of 

a productive and profitable forest and timber sector ï and eventually increased levels of 

contribution to national level development targets.  These include: 

1. Political will to manage natural resources sustainably 

2. Overarching policies and strategies prioritise green development, biodiversity, climate 

change and afforestation/reforestation 

3. Compliance with international conventions will lead to access to Green Climate Fund 

(GCF) and Green Environmental Facility (GEF), and other programmed funding sources 

4. Rwanda Green Funds (FONERWA) exists 
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5. Environmental protection ranked among national priorities 

6. Other sectors recognize significance of natural resources sector 

7. Many sector policies, programmes and projects deal with environment, biodiversity, food 

security, energy, watershed management, land management or landscape and forest 

restoration with forestry as one of the key interventions 

8. Government supports private-sector lead sector development 

9. Demand for forest products and increasing 

10. Increasing awareness of environmental services of forests and trees 

11. Forest Sector Strategic Plan (FSSP) and National Forestry Management Plan (NFMP) 

exist to guide sector development 

12. DFMPs to improve forest management planning at district level 

13. Linkages to integrated programmes (e.g. RAB FFS-Twigire Muhinzi) in other sectors 

involving landscape restoration, water resources management and agroforestry 

programmes involve afforestation, reforestation and forest rehabilitation. 

 

3.4. Land Degradation and Restoration Opportunity 

Mapping 
 

3.4.1. Mapping land degradation in Eastern Province  
 

To quantify degraded land use (equivalent to opportunity areas for forest and landscape 

restoration), a geospatial analysis was performed incorporating sub-national datasets 

representing the geographic and topographic features of Cameroon. Datasets including elevation, 

slope, land cover, forest cover, water bodies, parks and reserves, and administrative areas, were 

consolidated into a geographic information system (GIS), where criteria associated with each type 

of potential restoration intervention were applied to identify the areaôs best suited for implementing 

the intervention. The spatial multi-criteria techniques were used to combine multiple layers 

representing criteria to consider in order to identify opportunity areas for restoration.  The spatial 

data are overlaid and combined with each other, and areas where they intersected were identified 

as opportunity areas. This process was replicated for each of the restoration interventions to 

create maps of opportunity areas. Areas were summarized at various administrative levels (e.g. 

Region and Subdivision) to convey the level of opportunity within an applicable context. 

The level of degradation in Eastern Province is presented in Figure 4 and Table 7. The map was 

generated by overlaying eight drivers of degradation. These are: high population and built-up 

areas, low soil carbon, bare land, slopes above 20%, tree cover below 10%, High evapo-

transpiration, High soil erodibility, and forest loss 2021.  

 

The analysis shows that 182,176 hectares (about 20% of the total EP land) are highly or severely 

degraded the largest degraded areas being in Nyagatare (41,070ha), Kayonza (41,036ha), and 

Bugesera (38,454ha) About 312,545 hectares are moderately degraded (35%), while 

approximately 403,693 hectare of lands (45%) are not degraded.   
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Figure 4. Land degradation map of Eastern Province landscape 

 

Table 7. Degraded areas in Eastern Province  

  Degradation (Ha) 

District Very Low Low Moderate High Very High 

Bugesera 15,599 36,765 30,216 19,626 18,828 

Gatsibo 15,696 59,134 59,167 14,904 4,199 

Kayonza 16,234 67,492 51,489 25,573 15,463 

Kirehe 10,593 39,522 34,366 18,264 8,960 

Ngoma 13,807 32,231 26,923 6,530 1,127 

Nyagatare 9,955 55,831 83,361 32,730 8,340 

Rwamagana 5,101 25,735 27,023 5,980 1,652 
Total ( Ha) 86,983 316,710 312,545 123,607 58,569 

 

 

3.4.2. Restoration opportunity areas in Eastern Province 
 

To restore degraded lands, six restoration goals/objectives were set. One of these goals is to 

improve water yield and or restore the water levels in the sub-country. Although exact replicas of 

past conditions are hardly possible, deploying nature-based solutions such as planting native 

trees and shrubs, and establishing gully plugs would be a long-term intervention that ensures 

maximum ecological benefits and minimum alteration of ecosystems. In this case, the proposed 

interventions are therefore aimed to enable groundwater recharge, be sustainably cost-efficient 

and encourage community participation. Other objectives set in this assessment include improved 
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food security, soil erosion control, resilience to climate change, carbon sequestration, and 

improved biological diversity. 

 

An overlay of the objectives in a GIS environment produces an opportunity map that is critical for 

restoration prioritization. Suitable areas for each restoration objective are also presented as 

functional degradation maps that can always be used by actors to restore landscapes for specific 

objectives. According to the analysis, the total area suitable for restoration is about 247,768 

hectares of which 42,179 hectares are priority areas for restoration with regard to the food security 

objective (Figure 5).  

 

 
Figure 5. Opportunity map for improved food security in Eastern Province  

 

To assess the opportunity for Increased Woody Biomass (IWB) Concerning the biofuel objective 

of restoration, the mapping of opportunity consisted of overlaying the forest cover loss and tree 

cover loss and the results present opportunity area for restoration from the supply point of view. 

By overlaying the Biofuel opportunity map and the population distribution map, the biofuel 

restoration opportunity map obtained    
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Figure 6. Opportunity map for improved woody biomass energy in Eastern Province  

 
Figure 7. Opportunity map for increased water yield in Eastern Province  
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Figure 8. Opportunity map for increased Carbo sequestration in Eastern Province 
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4. Restoration Interventions and Benefits 

The assessment team identified eight degraded land uses that could benefit from the restoration 

through the strategic introduction of trees (preferably natives) and management practices 

identified in the degraded landscape. Relevant governmental and non-governmental 

stakeholders in Eastern Province were consulted to identify the preliminary list of degraded 

lands. These are: 

1) Degraded agricultural lands 

2) Degraded and poorly managed forests and woodlots   

3) Degraded bare and or stony lands 

4) Poorly managed rangelands 

5) Degraded protected areas 

6) Unprotected roads 

7) Unprotected water bodies; rivers and springs 

8) Unprotected urban, settlement and populated areas 

 

They also identified ten specific restoration interventions for different land uses. These are:  

1) Agroforestry on agricultural land. 

2) Rehabilitation of degraded and poorly managed forests and woodlots 

3) Establishment of new forests (afforestation) on the bare/stony lands 

4) Improvement of pasturelands  

5) Rehabilitation of degraded parts of natural forests 

6) Protective forests along rivers, wetlands, waterbodies, roadsides   

7) Urban forestry / greening the populated areas 

8) Assisted natural regeneration and farmer managed-natural regeneration   

 

 

4.1. Agroforestry  
 

Agroforestry has been identified as a measure to restore degraded agricultural land in all districts 

of Eastern Province. Spatially, these are croplands on a slope less than 20% and in areas with a 

tree cover of less than 10%. As shown in the map (Figure 9) , about 227,764 hectares are potential 

for agroforestry. 
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Figure 9. Map showing intervention areas for agroforestry systems 
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4.2. Silvopasture and improved management of 

ranches 
 

In Eastern Province, having cattle that graze is how many farmers provide additional income 

for their families. Continuous grazing has been the traditional way to graze cattle over 

generations, but there may be a way to improve this grazing system and make the operation 

more profitable. A rotational grazing method is recommended as alternative to continuous 

grazing. It is also to note that each farm is different, and a grazing system that works for one 

neighbour may not work for other. 

 

Pasturelands are largely found in Nyagatare, Kayonza and Kirehe Districts. However, the land 

use master plan for other remaining districts may have a space reserved for livestock as well. 

Due to the frequent droughts and the continuous grazing method in these districts (specially 

in Nyagatare, Gatsibo, Kayonza, Bugesera and Kirehe) a big number of pastures look poor, 

abused and neglected and this requires the best plan of action to bring them back to full 

productivity. 

 

After the discussion with pastoralists and the observations carried out in eastern province, the 

degradation of pastures is the result of a combination of several negative stresses including 

too much or too little water (Some parts of Nyagatare during rainy or dry seasons respectively); 

poor fertility or low soil pH (stony zones of Kirehe and Kayonza); poor grazing management; 

a poor choice of forage species; and an influx of weeds likely caused by one of the previously 

mentioned factors. 

 

Recommended actions include: 

¶ Silvopastoral systems; 

¶ Soil improvement through leguminous and management of the above ground with 

good grazing techniques; 

¶ Revegetate pastureland with grass and shrubs on bare land 
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Figure 10. Map showing areas suitable for rangeland management 
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4.3. Afforestation, Reforestation and Management 

forest plantations 
 

Afforestation will be carried out in the government and private lands with forest vocation according 

to the land use master plan in each district and the process will focus on forest products like 

timber, poles, charcoal, logs, etc. 

The density will depend on the production purpose, tree species and type of lands. The structure 

of the forests will also take into consideration both the ecological focuses: (restoring and 

maintaining the ecological functions such as water and soil conservation) and the economic 

focuses: timber management, and other saleable woody products. 

The recommended afforestation should be within the context of Sustainable Forest Management 

(SFM) which extends beyond the simple planting of trees to encapsulate the planting of the right 

trees in the right places. Given the nature of afforestation as a major change in land use, the 

activity impacts greatly on the site and its surroundings. It also has wider implications in relation 

to, for example, the protection of river catchments, landscape management and the provision of 

an adequate regional nature based infrastructure. 

Sustainable forest management (SFM) entails the stewardship and use of forests and forest lands 

in a way, and at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality 

and their potential to fulfil, now and in the future, relevant ecological, economic and social 

functions, at local, national and global levels, and that does not cause damage to other 

ecosystems. SFM is an international initiative and is adapted to different areas of the globe 

according to the regional context. Despite this diversity in implementation, core criteria remain 

common throughout, and these relate to the forest resource, forest health and vitality, productive 

capacity, biodiversity, soil and water, and socio-economic issues. Although applicable to all stages 

of the forest cycle, these criteria are perhaps of greatest importance at the afforestation stage 

involving the development of new forests on open land. Proper practices at this stage lay a solid 

foundation for the full implementation of SFM throughout the forestôs lifetime and beyond. The 

designs are similar to those used in rehabilitation.  
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Figure 11. Map showing opportunity areas for afforestation forest plantations 

>2HA 
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Creation and rehabilitation of small-holder forest woodlots  

 
Figure 12. Map showing opportunity areas for afforestation and reforestation of woodland 
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4.4. Protective forests around wetlands, water bodies and 

riversides forests 
 

Most of these forests are the forest interventions aiming at preventing erosion on the many 

steeply-sloped ridges and hillsides and to protect rivers and wetlands from the harmful effects of 

erosion by creating buffer zones of natural forest around these important water bodies and 

swamps. The protective forest interventions were divided into five categories:  

1) protective forests on ridge tops with very steep slopes;  

2) planting native tree species to create 20-m buffers of non-forested river courses; 

3) planting native species as buffers within 50-m of wetlands and swamps.  

 

The following map (Figure 13) shows opportunity for establishing riparian forests around rivers, 

water bodies, and wetlands in eastern province of Rwanda. The total areas covered this 

restoration action is about 37,675 hectares distributed in seven districts. 
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Figure 13. Map showing opportunity areas for the creation of river, waterbody and wetland buffers 
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4.5. Roadside forests  
 

 
Figure 14. Map showing areas suitable for road riparian buffer  
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4.6. Urban greening  
 

 
Figure 15. Map showing areas suitable for greening built and populated areas  
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4.7. Assisted Natural Regeneration (ANR) in Akagera 

National Park, relic forests, and Gako Natural Forest 

Reserve. 

Natural regeneration interventions are designed to capitalise on Eastern Province degraded 

natural forests of intact natural forest to both expand and restore the ecosystems that are 

particularly important for their wildlife and livestock. Improving and expanding the natural forests 

would improve habitat for wildlife, which can attract greater tourism revenues. Two types of natural 

forest interventions were assessed: 1) enrichment planting within Akagera National Park; and 2) 

restoring degraded relic natural forest scattered across Easten Province, and Gako natural 

reserve.  

Assisted Natural regeneration (ANR) is a biological process that can be assisted and managed to 

increase forest cover and achieve the recovery of the native ecosystem or some of its functions. 

To understand ANR, it is important to note what happens in degraded and denuded lands that are 

not burned or otherwise disturbed. After 10 to 20 years, trees and many other plants, growing from 

seeds spread by birds, animals, wind and other means, will cover these lands. The word óassistedô 

in ANR simply means helping the naturally growing young trees to grow faster. During ANR, local 

biodiversity is enriched by: (1) Natural establishment of trees and shrubs from seeds, root sprouts, 

stumps or coppices; (2) Regeneration of local genetic resources adapted to local soil and climate 

conditions; and (3) Associated pollinators, herbivores and seed-dispersal agents of colonising 

trees. ANR accelerates the natural successional process by protecting against disturbances (from 

fire, stray domestic animals and humans) and by reducing competition from grasses, bushes and 

plants that hinders the growth of naturally regenerated trees. 

The spatial definition of assisted natural regeneration are all the degraded protected areas which 

according to the analysis is about 36,871 ha.  
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Figure 16. Map showing areas suitable for Assisted Natural Regeneration (degraded Akagera 

National Park, Gako natural forest reserve and relic natural forests) 
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There are certain ecological, socio-economic and regulatory conditions that favour forest 

restoration through ANR: 

1) Adequate density of naturally regenerated tree seedlings. The minimum number of 

naturally regenerated seedlings required will vary based on their distribution, species 

composition, growth rates, soil fertility, rainfall and so forth. 

2) Availability of seed inputs. There should be remnant forest patches nearby that can 

serve as seed sources; seed dispersers are required to carry these seeds to the 

restoration site. Soils should not be heavily disturbed. There should be a viable seed 

bank in the soil. 

3) Controlling disturbances. It is essential to prevent or at least minimise human induced 

disturbances, including fires, grazing and unsustainable harvesting.  

4) Social support. Local communities need to be interested, willing and incentivized to 

participate in forest restoration.  

5) Competing land uses. The area should be not suitable for land uses that are 

economically more attractive. 

Fences can be used to exclude livestock/wild lives during the early stages of ANR. Enrichment 

planting is also a form of ANR technique.  Enrichment planting is recommended where: 1) 

canopy closure does not occur due to low density of natural regenerants; and/or 2) desired tree 

species are not present amongst the natural regenerants. If the remnant forest is far from the 

ANR site and seed-dispersing animals are not present in sufficient numbers, enrichment 

planting may be needed to bring back the full complement of late successional forest tree 

species. 

ANR can also apply direct seeding. Direct seeding involves: 1) collecting seeds from native 

trees in nearby remnant forest and if necessary storing them until sowing; 2) sowing them in the 

ANR site at the optimal time of year for seed germination; and 3) manipulating field conditions 

to maximise germination. The method is inexpensive because there are no tree nursery costs. 

Transporting seeds to the restoration site is obviously easier and cheaper than trucking in 

containerized tree seedlings, so the method is particularly suitable for less accessible sites.  

 

4.8. Suitable species for restoration of Eastern 

Province degraded and deforested land   
 

During stakeholder workshops and community consultations, various tree/shrub/grass species 

were suggested for restoration based on community preference and local knowledge, their 

multiple uses, and where they should be used. The costs (price) of the products and ecosystem 

services provided by these selected species (energy wood, service wood, soil fertility, fodder, 

medicinal and cultural use, feeding, carbon sequestration etc.) were also sought. For example, 

Table 8 shows the tree species to be considered in the restoration and where they should be 

planted in land uses as per the District land use master plan (DLUPs). 

 

Table 8. Recommended tree species for the restoration of Eastern Province in different land uses 

(refer to annex 2 for more detailed species ólist) 
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DLUPs 

General LU 

Landscapes Tree, shrub, and fruit species Districts 

Agriculture 

( A1-

Agriculture 

zone) 

Farm lands Grevillea robusta, Cedrela serrata,  

Acrocarpus flaxinifolius, Sesbania sesban, 

Senna spectabilis, Markhamia lutea, Ficus 

sycomorus, Maesopsis eminni, Terminalia 

superba, Calliandra calothyrsus, Ficus 

sycomorus, Avocado, mango, Papaya, 

Guava, Jack fruits, Citrus and Orange 

All eastern 

Province  

districts 

Forest Degraded 

forests and 

woodlots 

Eucalyptus microcorys, Acacia sieberiana, 

Acacia polycantha, Callitris robusta, Pinus, 

kesiya 

Bugesera, 

Kayonza, 

Ngoma, 

Kirehe 

Eucalyptus grandis, E.terticornis, ,  Acacia 

sieberiana, Acacia polyacantha, 

Nyagatare, 

Gatsibo 

Forest Afforestation 

on the 

bare/stony 

lands 

Eucalyptus microcorys,  Pinus caribea,  Bugesera, 

Kayonza 

Eucalyptus grandis, E. terticornis,   

Callitris sp, Pinus kesiya, Acacia 

siberiana, Acacia polyacantha 

Kirehe 

Agriculture 

(A2-Livestock 

zone) 

Pasturelands Acacia polycantha, Acacia siberiana, 

Erythrina abyssinica, Ficus thonningii, 

Prunus africana, Terminalia  

All districts 

Forests (use 

Akagera 

National Park) 

+ Relic forests 

 

Natural forests Zanthoxylum chalybeum, Croton 

megalocarpus, Lannea schimperi, 

Euclea racemose etc 

Nyagatare, 

Gatsibo, 

Kayonza 

Akagera 

National 

park, Relic 

forests 

Settlement 

sites (from the 

same dataset) 

Urban areas/ 

roadsides 

Senna siamea, Senna spectabilis, 

Terminalia mentalis, Araucaria species, 

Croton megalocarpus, 

All districts 

Riparian zones Rivers, springs, 

and wetlands 

Acacia kirkii, Bamboo sp. and Ficus 

sycomorus 

All districts 
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4.9. Ecosystem services analysis 
 

Some ecosystem values and services equally important for the ecological and socio-cultural 

heritage within the landscape are not included in the financial analysis (monetary valuation) due 

to the complexity of the evaluation criteria and insufficient data; however, it matters to highlight 

them. These ecosystem services are but are not limited to erosion control, Improving water 

resources, biodiversity conservation, and socio-cultural values such as traditional medicine, 

religion, and cults.    

 

 

Figure 17. Map showing carbon sequestrated over 20 years of restoration (FLR action versus to 

inaction) 

Carbon sequestration is a one of the highest benefit from restoration. Millions of tons of carbon 

would be sequestered if the eastern province were restored with the proposed FLR interventions. 

Table 9 and Figure 17 shows that after 20 years of increased restoration efforts eastern province 

landscapes can potentially sequester approximately 4 times what is doing currently. 

 

 Table 9. Increased carbon stock (below & above) from FLR action for a period of 20 years 

(220,742,451 tons) 

  Carbon Sequestration Scenario 

District Area(Ha) Inaction Action/FLR 

Bugesera 129,057 13,422,386 38,362,777 

Gatsibo 157,873 17,728,179 52,326,665 






































































































