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Executive Summary

Aligning Actions, Amplifying Impact:
Synergies from Coordinated Land Res-
toration

Land degradation is a pressing global environ-
mental issue, posing threats to food security, eco-
logical stability, and sustainable development.
The three Rio Conventions — the United Nations
Convention to Combat Desertification (UNCCD),
the Convention on Biological Diversity (CBD), and
the United Nations Framework Convention on Cli-
mate Change (UNFCCC) — aim to address these
challenges through land and ecosystem restora-
tion. This study in Rwanda evaluates the potential
for synergies from joint programming and imple-
mentation of land restoration activities under the
Rio Conventions. It uses the Total Economic Value
(TEV) framework approach for the valuation of
ecosystem services and applies simulation mod-
elling of transaction costs to identify synergies
across land restoration activities. The study, thus,
aims to provide policy-relevant evidence on oppor-
tunities for maximizing effectiveness, efficiency,
and socio-economic impact from land restoration
in Rwanda, with a particular emphasis on food se-
curity.

Collaboration between the Rio Conventions on land
restoration is essential to achieve the goals of land
degradation neutrality, biodiversity conservation,
mitigating and adapting to climate change, and
more broadly, achieving the Sustainable Develop-
ment Goals (SDGs). There is an ample legal basis
mandating harmonized and well-coordinated im-
plementation of the three Rio Conventions. Land
restoration is, arguably, the single most important
activity where this coordination for boosting syn-
ergies and avoiding tradeoffs is essential. Synergies
arise when actions to meet one Convention’s objec-
tives support those of another. Conversely, tradeoffs
occur when actions towards one goal inadvertently

harm another. In the context of land restoration, the
promotion of synergies across the Rio Conventions
implies that improved coordination helps increase
the effectiveness and efficiency of land restoration
activities, with direct implications on mobilizing
much needed funding for land restoration. This is
because more effective and efficient planning, im-
plementation, and monitoring of land restoration
will make land restoration more attractive for pub-
lic, multi-lateral, and private sector investments.

Our findings indicate that Nationally Determined
Contribution (NDC), Land Degradation Neutrality
(LDN), and National Biodiversity Strategies and Ac-
tion Plan (NBSAP) processes in Rwanda are over-
lapping and mutually complementary. Implement-
ing them as separate processes at the national and
global levels without concrete coordination mech-
anisms will likely result in lower effectiveness and
efficiency of achieving their targets. Moreover, co-
ordinated implementation will also help to avoid in-
herent tradeoffs. Specifically, Rwanda aims to con-
serve, sustainably manage, and restore 1,069,476
hectares of land under its LDN and 805,000 ha
under its NDC. Moreover, Rwanda has also made
a massive commitment to restore and improve
2,000,000 hectares of land under the Bonn Chal-
lenge. Similarly, Rwanda’s NBSAP has such targets
as “atleast 10.3% of national territory holding bio-
diversity and ecosystem services is protected”, “at
least 50% of natural ecosystems are safeguarded,
their degradation reduced”, and “increase of forest
cover up to 30% of the country”. Given the political
momentum coming with the new Global Biodiver-
sity Framework (GBF), and the need for all states
to review and adapt their NBSAPs according to the
new framework, there is a window of opportunity
to conduct this NBSAP revision in Rwanda in an in-
tegrated manner, while leveraging on other related
agendas and targets through taking a significant
step towards coherence, synergies, and efficiency.
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Land-focused activities by NDC, NBSAP, and LDN
processes in Rwanda can be categorised into con-
servation, sustainable management, and restora-
tion categories, corresponding to the LDN hierarchy
of avoiding, reducing, and reversing land degrada-
tion. In terms of synergy or tradeoff potential, the
targets for land conservation are mostly synergis-
tic, contributing to each other. However, tradeoff
may occur if activities focused on maintaining
forest cover are carried out through planting mo-
no-species forests. For sustainable management of
land resources, all objectives are synergistic and
mutually supportive, with the only tradeoff poten-
tially arising from the compliance with the Nation-
al Land Use Master Plan 2050 due inconsistencies
because some of these NDC, LDN, and NBSAP com-
mitments were made before the adoption of the
National Land Use Master Plan 2050, so this means
that these commitments may be revised in future to
bring them in compliance with the evolved national
legal frameworks. Land restoration objectives pri-
marily exhibit synergies, although a tradeoff may
occur if land restoration practices involve the use
of alien species or mono-species forest plantations.

Our results show that coordinated implementation
of land-focused activities under the Rio Conven-
tions can reduce transaction costs of land restora-
tion by almost 56% in Rwanda. Specifically, coor-
dinated implementation is estimated to save about
45.6 million US dollars per year compared to when
the activities under the three Rio Conventions
are carried out separately. There are five specific
mechanisms for synergies: 1) A joint inter-agency
working group can help ensure efficient resource
usage, 2) An information exchange platform can fa-
cilitate improved communication and data accessi-
bility, 3) A joint monitoring and evaluation system
offers timely information sharing and recognizes
contributions, 4) Joint planning and fund mobiliza-
tion could streamline land restoration efforts, and
5) Joint research helps promote skill and data shar-
ing and efficient resource usage. Through these
mechanisms, well-coordinated and harmonized
implementation can provide with significant effi-
ciency gains for land restoration activities. More
efficient implementation implies higher returns
from land restoration, thus making it more attrac-
tive for various cooperation partners and investors

to fund the activities contributing to LDN, NBSAP,
and NDC processes in Rwanda.

Revitalizing Rwanda’s Landscapes:
Land Restoration for Resilient
Agri-Food Systems

In a world grappling with the interlinked challeng-
es of climate change, biodiversity loss, and land
degradation, the need for coordinated action has
never been more apparent. Harmonizing action on
land by the three Rio Conventions is not only need-
ed because of expected efficiency and budget sav-
ings but it is also necessary because of the inher-
ent connection between these challenges. Rwanda,
a country that has witnessed significant shifts in
land use and land cover over the past two decades,
stands as a testament to both the potential and ur-
gency of addressing these issues.

Our results show that two key trends stand out in
the dynamics of land use and land cover changes in
Rwanda over the period between 2001 and 2020: 1)
reduction in the areas of savannas and grasslands,
and 2) significant expansion of agroforestry sys-
tems. Moreover, the area under natural forests also
increased by about 3% over the last two decades
through expansion of broadleaf forests to woody sa-
vannas and savannas. The urban areas expanded by
about 30%, primarily by replacing croplands, grass-
lands, and savanna areas. Contrary to some sugges-
tions, cropland expansion in Rwanda is occurring
not through loss of natural forests, but through ex-
pansion of croplands on savannas and grasslands.

The data compiled on the re-establishment and
maintenance costs for ecosystems restoration in
Rwanda indicate that ecosystem re-establishment
costs range from 304 US dollars per ha to 3,726 US
dollars per ha depending on the ecosystem to be
restored. Similarly, maintenance costs range from
34 US dollars per ha to 239 US dollars per ha. It is
crucial to note that the costs of maintaining eco-
systems in good condition are between three to 20
times lower than restoring them after their degra-
dation. This highlights the importance of avoiding
and preventing land degradation in the first place
instead of degrading the ecosystems and trying to
restore them afterwards.
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The analysis shows that between 2001 and 2020,
Rwanda gained in the values of natural capital in its
ecosystems by about 125 million US dollars on the
net balance. However, this net balance figure hides
the fact that Rwanda experienced about 142 million
US dollars’ worth of loss of natural capital. Positive
net balance was achieved because the expansion of
agroforestry systems, forests, and wetlands was
greater than their losses. Most of the gains in the
values of natural capital represented by ecosystems
were achieved in central areas of Rwanda, while
losses more often occurred in peripheral areas.

The findings show that the costs of land degrada-
tion through land use change and through soil ero-
sion in Rwanda reach an equivalent of about 2.2
billion US dollars per year. Investments of about
1.4 billion US dollars are needed to address ecosys-
tem degradation and cropland soil erosion in the
country. This also means that each dollar invested
into land restoration and addressing soil erosion in
Rwanda returns a total of about 1.53 US dollars. It
is crucial to note that a major share of these invest-
ments, namely 810 million US dollars, are needed
to be made into agroforestry systems on agricul-
tural lands. In fact, expansion of agroforestry also
serves as one of the key measures for combating
soil erosion. Restoring forests and wetlands, ex-
panding agroforestry systems to treeless crop-
lands and grasslands were also found to be highly
profitable. However, restoring shrublands, woody
savannas and savannas which became croplands is
not economically viable. Restoring cropland with-
out agroforestry from grassland is also not prof-
itable but becomes profitable when converted to
cropland with agroforestry.

Cost benefit analysis of land restoration revealed
the spatial distribution of areas with different
economic returns from investments in land res-
toration. Some high return areas are observed
along the shore of lake Kivu (the northern part of
Nyamasheke District, southwest of Rubavu Dis-
trict and northwest of Rutsiro District), border of
the Western and Southern Provinces (around the
west of Muhanga) and southern part of Gisagara
and Nyaruguru Districts near the border to Burun-
di. Analysis of such detailed spatially explicit rep-
resentation of land restoration costs and benefits
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will help target most appropriate and economically
efficient land restoration activities.

Furthermore, maintaining all croplands in Rwan-
da in good fertile condition would require recur-
ring annual investments of 91 million US dollars.
Expanding agroforestry systems to all croplands
would imply an annualized cost of 123 million US
dollars. However, these investments are worth-
while because gross benefit from them reach 168
million US dollars per year, and net benefits equal
about 45 million US dollars per year. Of these net
benefits, about 27 million US dollars per year oc-
cur in the form of additional food and agricultural
commodities’ production.

Finally, summarizing the overall investment needs
in Rwanda based on the above calculations implies
that to achieve restoration of degraded ecosys-
tems, address soil erosion, and maintain croplands
in good condition by avoiding their erosion would
require annual investments of about 300 million
US dollars until 2030.

Environmentally sustainable and economically
profitable ecosystem restoration opportunities can
help sequester about 13.5 million tons of carbon in
Rwanda over a period of 30 years. This is about 2.5
times more than Rwanda’s current annual green-
house gas (GHG) emissions. The estimation shows
that even considering that the value of land restora-
tion investments is focused only on carbon seques-
tration, the cost of each ton of carbon sequestered
in evergreen broadleaf forests in Rwanda is 7.74
US dollars, for wetlands 5,300 US dollars, and for
agroforestry systems 137 US dollars. For compari-
son, each ton of carbon is currently (August 2023)
trading at about 100 US dollars per ton under the
European Union’s Emissions Trading System (ETS).
Restoring natural forests in Rwanda represent one
of the most cost-effective carbon sequestration op-
portunities. Although the cost of each ton of seques-
tered carbon is higher in agroforestry systems, due
to their extensive area coverage, agroforestry sys-
tems can provide nearly half of the additional carbon
sequestration potential through land restoration in
Rwanda. Restoring lost wetlands makes a broader
economic sense, particularly from the perspective
of biodiversity conservation. It appears, however,
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that from the carbon sequestration perspective in
above and below ground biomass wetlands resto-
ration will have rather modest effects in Rwanda.
This point highlights that prioritization of areas to
restore may result in diverging targeting options
depending on each Convention action agendas.

Recommendations

The following suggested recommendations for col-
laborative synergies are based on the findings of
this study for the consideration by concerned Min-
istries and other organization in Rwanda engaged
in land restoration and at the international level by
the Secretariats of the three Rio Conventions.

Synergy mechanism 1:
A joint inter-agency working group for land.

Strengthening inter-Ministerial coordination
onland conservation, sustainable land manage-
ment (SLM), and land restoration in Rwanda.
National dialogues and coordination mechanisms
are essential for implementing international con-
ventions and agreements effectively. Establishing
such mechanisms can help streamline communi-
cation and cooperation among different stakehold-
ers, including government ministries, agencies,
sub-national administrations, private sector, civil
society organizations, and local communities.

Establishing a national focal point for coordi-
nating land-based activities (including the en-
tire spectrum from conservation, SLM, to resto-
ration) within the government, such as dedicated
inter-ministerial committee headed by a high-level
official, can help coordinate actions among differ-
ent ministries and stakeholders engaged in land
management from diverse angles. The focal point
could also bring together currently existing land
management-focused working groups which are
operating in parallel, despite being usually com-
posed of the same organizations and individuals.

Enhancing the mandate of the Joint Liaison
Group among the Rio Conventions. At the Rio
Conventions’ level, the Joint Liaison Group was
established to enhance coordination and coopera-
tion among the Rio Conventions. Strengthening the
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Joint Liaison Group’s capacity and providing it with

a more explicit mandate to facilitate collaboration
on land restoration could help enhance synergies
among the Rio Conventions.

Synergy mechanism 2:
Joint research and planning of land target
implementation.

Joint spatial mapping of lands for conservation,
SLM, and restoration across the Rio Conven-
tions. Full harmonization of Conventions’ specific
indicators onland can be a highly costly and lengthy
process without clear and certain benefits and may
not be feasible for some indicators. It may be a more
optimal approach to accept these individual targets
and differences as such and bring them together in
one map, capturing the national commitments of
land conservation, SLM, and land restoration un-
der the three Rio Conventions in a spatially explicit
manner. It is clear from this study’s findings that
predominant share of land conservation, SLM, and
land restoration activities in Rwanda will occur on
agricultural lands. Therefore, a coherent and sali-
ent integration of food security and (agro)-biodi-
versity implications is necessary.

Harmonizing national action plans for land
conservation, SLM, and land restoration with
the joint support of the three Rio Conventions
can help outline Rwanda’s land-related commit-
ments, targets, and strategies for implementing,

ELD
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while serving as a joint roadmap for all stakehold-
ers. Rwanda has a very rich basis to initiate such
process, for example, restoration opportunity as-
sessment methodology (ROAM) could provide the
starting elements for this national coordination.

Synergy mechanism 3:
Joint funding mobilization

Mobilizing resources for joint work on land
conservation, SLM, and land restoration: Rwan-
dan national organizations and the three Rio Con-
ventions can work together to secure financial
resources to support collaborative efforts on land,
including from the Global Environment Facility
(GEF), the Green Climate Fund (GCF), and other
funding sources. An urgently needed and very spe-
cific topic for such finding could be joint spatially
explicit mapping of NBSAP, NDC, and LDN commit-
ments and the joint monitoring and evaluation of
their implementation status.

Elaborating joint work programs and projects.
Atboth the nationallevel and atthe Rio Conventions’
level, the development of joint work programs and
projects could be considered. In Rwanda this could
be part of the National Plan for land conservation,
SLM, and land restoration, and for the Rio Conven-
tions, this could be part of the enhanced mandate
of the Joint Liaison Group (JLG). This collaborative
programming approach can help streamline efforts
and help mobilize resources to expand implementa-
tion activities in a harmonized way.

Synergy mechanism 4.
An information exchange platform and joint
research

Facilitating knowledge and information gener-
ation and sharing: Creating a platform for the ex-
change of knowledge, information, and best prac-
tices related to land conservation, SLM, and land
restoration between the national organizations in
Rwanda can help bring land related information
together in one place and provide open access to it.
Such a publicly available source of rich information
on all aspects of land conservation, SLM, and land
restoration will help unleash various research ac-
tivities that support evidence-based design of land
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management policies, but also help attract more in-
vestments by reducing information uncertainties
and risks faced by both private and public inves-
tors. Maintaining and updating this platform could
be part of the functions of the national land focal
point in Rwanda.

Fostering capacity-building efforts. The sec-
retariats of the Rio Conventions can collaborate
on providing support for capacity building and
strengthening on integrated approaches that ad-
dress land objectives across the Conventions. This
could include training, technical assistance, and
the development of tools and guidelines for appli-
cation of best practices of land conservation, SLM,
and land restoration.

Increasing awareness and political will. Rais-
ing awareness of the benefits of collaboration and
synergies among the conventions at the political
level, including through high-level dialogues and
meetings, to generate the necessary political will
to support collaboration.

Synergy mechanism 5.
A joint monitoring and evaluation (M&E) system

Monitoring of progress of land conservation,
SLM, and land restoration and evaluating its
outcomes. Establishing a joint mechanism for
monitoring progress and evaluating the effective-
ness of collaborative efforts in land conservation,
SLM, and land restoration is the highest payoff
synergy area for collaboration. The Framework for
Ecosystem Restoration Monitoring (FERM) under
the UN Decade on Ecosystem restoration is cur-
rently intending to provide an overarching mech-
anism for monitoring of broader impacts of land
restoration on all dimensions of sustainable devel-
opment. In addition, however, there is a need for
a more targeted monitoring framework, tailored
to the Rio Conventions, that is also well applicable
in different country settings, with a clear focus on
monitoring and measuring progress in the imple-
mentation of the targets under the LDN, NBSAP,
and NDC processes, both at the national and inter-
national levels. A periodic publication on the state
ofland restoration in the world that documents the
outcomes of such monitoring could be considered.



Introduction

Land degradation is currently threatening the very
foundation of sustainable development, and there-
fore, is a global environmental issue that demands
immediate action to address it. As the quality and
productivity of our precious land resources decline
due to primarily anthropogenic activities, the risk
of jeopardizing food security, ecological stability,
and socio-economic progress becomes all too real.
The United Nations Convention to Combat Deser-
tification (UNCCD), the United Nations Convention
on Biological Diversity (CBD), and the United Na-
tions Framework Convention on Climate Change
(UNFCCC), also known as the Rio Conventions,
have as their main objectives to address environ-
mental challenges and ensure sustainable devel-
opment in the world. In this regard, land and eco-
system restoration can serve as a key entry point
for addressing the interlinked challenges of deser-
tification, land degradation, drought, biodiversity
loss, and climate change.

This study in Rwanda evaluates the potential for
synergies from joint programming and implemen-
tation of land restoration activities carried out as
part of Rwanda’s contributions under the three
Rio Conventions. The specific focus of the study
is to identify areas where collaboration among
the Rwandan National Organizations engaged in
land restoration and across the three Rio Conven-
tions can result in highest synergies in terms of
improved effectiveness and efficiency of land and
ecosystem restoration and will generate major
positive socio-economic impacts on food security
and sustainable development in Rwanda. For this
purpose, the study aims to evaluate the costs and
benefits of a joint national programming and coor-
dinated implementation of the National Biodiversi-
ty Strategies and Action Plan (NBSAP), the Nation-
ally Determined Contribution (NDC), and the Land
Degradation Neutrality (LDN) targets, concentrat-
ing on conservation, sustainable management, and
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restoration of land resources and their impacts on
food production in Rwanda.

1.1 Rationale and Significance

Achieving alignment and synergies in land conser-
vation, sustainable land management (SLM), and
land restoration across the three interrelated tracks
of LDN, NDC, and NBSAP implementation in Rwan-
da remains a high priority area, also for ensuring
food security and increased agricultural produc-
tivity. However, each Rio Convention pursues sep-
arate processes and differing objectives for land
restoration activities. This leads to the overlap of
proposed actions and, in some cases, duplication of
efforts, with usually unquantified impacts on food
production and agricultural productivity. Moreover,
significant financing gaps exist to achieve the corre-
sponding land restoration targets. Increased invest-
ments are needed for the large-scale implementa-
tion of planned land restoration activities, including
agroforestry, and soil and water conservation meas-
ures, requiring innovative approaches for attracting
national, international, and private sources of funds.

There is a substantial potential for synergies
through integrated efforts for land restoration
(WOCAT et al. 2022, Wiese-Rozanov 2022). For
example, the identification of the most suitable
locations for the implementation of restoration
measures can be optimized and done based on en-
vironmental suitability and economic profitability,
allowing for higher efficiency and more positive
impacts for food security and agricultural produc-
tivity (Mirzabaev et al. 2022). In that regard, there
is aneed for better understanding of possible path-
ways to leverage synergies among various land
restoration activities, including how financing can
be pooled and invested much more efficiently to
close the funding gap for land restoration and SLM
in Rwanda. Ultimately, this study intends to outline
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the opportunities for enhancing the implementa-
tion of the NBSAP, NDC, LDN, and the UN Decade on
Ecosystem Restoration in Rwanda. Finally, through
the example of Rwanda, the study also intends to
provide evidence-based information to help design
locally fine-tuned land restoration policies in other
countries around the world.

1.2 Study Objectives and Research
Questions

The study aims to evaluate the economic costs of
siloed programming and implementation process-
es for land restoration and land management ac-
tivities under the Rio Conventions land restoration
targets, and the social, environmental, and eco-
nomic benefits, focusing particularly on food secu-
rity, from joint programming and implementation
of the land restoration commitments contained in
the NBSAP, NDC, and LDN.

The study seeks to address the following mutually
supportive set of research questions:

What is the extent and cost of land degradation
in Rwanda?

What are the total financing needs and current
funding gaps for restoring degraded land in
Rwanda?

Which degraded locations provide highest re-
turns for land restoration investments? How
does avoiding land degradation compare with
degrading and then restoring land?

How does the current segmented approach to
land restoration compare in economic terms
with the coordinated planning and implemen-
tation?

What are the policy recommendations for pro-
moting land restoration and sustainable land
management through coordinated planning
and implementation?

This study was carried out in several stages (Table
1). The initial stage was scoping, which involved
comprehensive discussions about the scope of the
study with all involved parties. The study propos-
al was also brought forward for discussion during
a side-event at the UNCCD Conference of Parties
(COP) held in Abidjan, Ivory Coast, in May 2022.
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Following the scoping phase, the research moved
into the preparation stage. This involved obtain-
ing a research permit to conduct the study in Rwan-
da, specifically in affiliation with the Ministry of
Agriculture and Animal Resources (MINAGRI).
Other key aspects of this stage included a review of
relevant literature, conduction of expert and stake-
holder interviews in Rwanda, and data collection.

Subsequently, the research was carried out. This in-
volved an analysis of land use and land cover chang-
es from 2001 to 2020. Italso examined incurred food
production, biodiversity, and carbon sequestration
tradeoffs over the same period. Further analysis in-
cluded the cost of land degradation, benefits of soil
conservation, SLM, and land restoration planning
for the 2020-2050 time horizon. Additionally, tar-
geting of locations for environmentally sustainable
and economically profitable land restoration was
conducted, alongside an analysis of the carbon se-
questration impacts of such restoration.

The research also accounted for cropland soil ero-
sion costs and benefits, based on a literature re-
view, and the total investment needs for soil con-
servation, SLM, and land restoration. It reviewed
the legal, governance, and institutional structures
for land restoration in Rwanda and at the level of
the Rio Conventions.

The research stage also included a critical mone-
tary and qualitative evaluation comparing the cur-
rent separate approach to land restoration with a
more integrated approach involving coordinated
planning and implementation. This assessment
was crucial to highlight potential efficiencies and
enhanced outcomes associated with a more col-
laborative approach to land restoration. By juxta-
posing the two approaches, the research aimed to
shed light on the most effective strategies for land
restoration in Rwanda and inform similar efforts
at the international level. Following this, and oth-
er analyses, policy recommendations were formu-
lated to avoid tradeoffs and enhance synergies for
land restoration both within Rwanda and globally.

The next stage was stakeholder validation. The
findings of the study were discussed at a stake-
holder workshop in Kigali, Rwanda, in March 2023.
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TABLE 1 .

Organization of the research

Research elements

Research stages

Scoping o

Discussions about the scope of the study with ELD Secretariat, Rwandan partners, Rio
Convention Secretariats.
e Discussion of the study proposal during a side-event at UNCCD COP in Abidjan,
Ivory Coast, in May 2022.

Preparation .
. Literature review.

. Data collection.

Obtaining of research permit to conduct the study in Rwanda in affiliation with the
Ministry of Agriculture and Animal Resources (MINAGRI).

®  Expert and stakeholder interviews in Rwanda.

Research .

(2001-2020).

land restoration.

Analysis of land use and land cover changes (2001-2020),
®  Analysis of incurred food production, biodiversity, and carbon sequestration tradeoffs

e Analysis of cost of land degradation, benefits of soil conservation, SLM, and land
restoration (Planning time horizon of 2020-2050).
®  Targeting of locations for environmentally sustainable and economically profitable

*  Analysis of carbon sequestration impacts of land restoration.

®  Inclusion of cropland soil erosion costs and benefits of addressing cropland soil ero-
sion based on literature review.

e Analysis of total investment needs for soil conservation, SLM, and land restoration.

e Analysis of legal, governance and institutional structures for land restoration in Rwan-
da and at the level the Rio Conventions.

*  Monetary and qualitative evaluation comparing the current separate approach to
land restoration vs. coordinated planning and implementation,

e Formulation of policy recommendations for avoiding tradeoffs and boosting syner-
gies for land restoration in Rwanda and at the international level.

Stakeholder validation .

Presentation of study findings at the CBD COP in Montreal, Canada, in December

2022, and incorporation of feedbacks.

e Discussion of study results during stakeholder workshop in Kigali, Rwanda, in March
2023, and incorporation of feedbacks.

e  Presentation of the study at Climate Change Conference in Bonn, Germany, in June

2023, incorporation of feedbacks.

Peer review e Round of peer reviews of the study through the ELD Secretariat and by MINAGRI-
Rwanda.
Finalization of the study e Addressing of peer review comments and suggestions, finalization of the study.

Feedback from this discussion was incorporated
into the study. The research results were also pre-
sented at the Convention on Biological Diversity
(CBD) Conference of the Parties (COP) in Montre-
al, Canada, in December 2022 and at the Climate
Change Conference in Bonn, Germany, in June 2023.
Feedback from these events was similarly incorpo-
rated into the study.
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Following the validation phase, a round of peer re-
views was carried out by the ELD Secretariat and
MINAGRI-Rwanda. The peer review comments and
suggestions were addressed and incorporated into
the study.

The study report is structured as follows. In Chap-
ter 2, we provide an overview of the concepts and

ELD
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methods applied in this study. Chapter 3 evaluates
the opportunities for synergies across the three
Rio Conventions in the Rwandan context, including
an overview of current land restoration commit-
ments by Rwanda under the three Rio Conventions
and other processes, such as the Bonn Challenge.
This is followed by Chapter 4 with the analysis of
the costs and benefits of land restoration and tar-
geting of the areas that are most suitable for syner-
gistic restoration efforts because of high economic
profitability and environmental sustainability of
land restoration activities in these locations. Chap-
ters 6 and 7 study the governance system for land

restoration and highlight synergy scenarios for
how the institutional setting for land restoration
could be optimized to increase the effectiveness
and efficiency of land restoration. We provide rec-
ommendations emerging from the findings of the
study in Chapter 8. Finally, the report’s technical
annexes provide more detailed descriptions of the
study’s theoretical framework, methodology, and
data sources. This research methodology has been
specifically designed in a way to make it globally
relevant and thus also applicable to other countries
around the world for conducting similar evalua-
tions.
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Approach and methodology

2.1 Conceptual framework: Land res-
toration as an integrated approach to
Rio synergies

2.1.1 Economics of land restoration

Land restoration is “an intentional activity that in-
itiates or accelerates the recovery of an ecosystem
with respect to its health, integrity and sustaina-
bility” (Society for Ecological Restoration 2004).
UNCCD defines land restoration as “the process of
avoiding, reducing, and reversing land degradation
to recover the biodiversity and ecosystem servic-
es that sustain all life on Earth. Land restoration
refers to a regenerative process along a continuum
of land and water management practices adapted
to local conditions and societal choices - applied to
conserve natural areas, sustainably manage pro-
duction landscapes, such as agriculture and forest-
ry, and recover past ecological integrity” (UNCCD,
2022). Thus, land restoration aims to restore not
only one element of the previously degraded eco-
system, e.g., planting trees on a deforested area,
but all previous functions and components of the
degraded ecosystem - the variety of trees, the
richness of biodiversity, symbiotic and functional
relationships between various components of the
degraded ecosystem.

Restoration of specific components of the ecosys-
tem, e.g., only planting trees, helps recover some
of the lost ecosystem services, but not all of them.
Restoration can be classified into active and pas-
sive. Passive restoration is when degraded eco-
system is set aside, e.g., enclosed, allowing it to
recover by itself. Active restoration is when more
direct human interventions are carried out to re-
store a degraded ecosystem (e.g., through reforest-
ation). Passive ecosystem restoration is less cost-
ly than active restoration but takes significantly
more time than active restoration. Restoration of
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degraded ecosystems is often compared against
conservation to avoid their degradation in the first
place. Restoration is usually more expensive than
conservation (Mirzabaev and Wuepper 2023). Res-
toration involves both re-establishment costs and
subsequent maintenance costs. On the other hand,
conservation only involves maintenance costs.
Maintenance costs are considerably lower than
re-establishment costs, often representing only a
small fraction of re-establishment costs (WOCAT
2022). Hence, conservation needs to be preferred
to first degrading the ecosystem and then trying to
restore it. This is especially true because it may not
be possible to restore all services and functions of a
degraded ecosystem due to irreversibilities. More-
over, there is also conceptual overlap between res-
toration and conservation, as conservation tools
can be used to allow for restoration (Mirzabaev
and Wuepper 2023).

Ecosystems make up the natural capital. Loss of
natural capital means less resources available for
economic growth (Daly et al. 2009), hence, the
need for restoring this essential capital base for
economic production. Total Economic Value (TEV)
is a highly apt analytical framework for measuring
both direct costs and indirect costs (externalities)
caused by ecosystem degradation (MEA, 2005).
The Millennium Ecosystem Assessment (MEA)
classifies ecosystem services into 22 types under
provisioning (or direct use values), regulating,
habitat, and cultural ecosystem services (indirect
or non-use values) categories.

The implementation of various land restoration ac-
tivities comes with various associated costs. The
success of land restoration interventions is depend-
ent on optimising resources and reducing costs.
There are five major types of land restoration costs:
acquisition, establishment, maintenance, opportu-
nity, and transaction costs (Iftekhar et al. 2016).
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Acquisition costs are the costs for acquiring land
for conservation or land restoration purposes from
usually private owners. Establishment costs are
the costs incurred to set up ecosystem restoration
technologies and practices. They often include such
costs as site preparation, seeding and planting.
For example, establishment costs of reforestation
programs include all the upfront costs related to
planting trees. On the other hand, those costs that
are subsequently incurred regularly for caring af-
ter these trees are called maintenance costs. There
are considerable variations in the establishment
and maintenance costs of ecosystem restoration
technologies and practices depending both on the
location and the type of technology.

Opportunity costs are the cost associated with the
loss of benefits derived from the use of that land
before restoration. For example, if a reforestation
program is carried out by replacing a cropland, the
benefits which were previously received from crop
production in this area need to be accounted for
as opportunity costs and included in the analysis
(Mirzabaev and Wuepper 2023).

Transaction costs include the costs related with
identification of suitable sites for restoration, plan-
ning, negotiating, and organizing restoration pro-
grams, monitoring and evaluating the restoration
results. Transaction costs can represent up to 50%
of total land restoration costs (Coggan et al. 2010).
Therefore, it is important not to omit them in the
economic analysis of land restoration programs
(McCann et al. 2005, Falconer and Saunders 2002).
Creation of synergies across the activities by vari-
ous actors involved in land restoration would pri-
marily imply the reduction of these transaction
costs of land restoration. Thus, creation of syn-
ergies helps increase land restoration effective-
ness (whether land restoration target is achieved)
and efficiency (whether land restoration target is
achieved at the lowest costs).

2.1.2 Land restoration and theory of transac-
tion costs

The transaction cost theory traces its roots to the
seminal work by Coase (1937) and later develop-
ments by Williamson (1975, 1985). Transaction
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costs are a function of i) establishing partnerships
and coordination, ii) asset specificity, i.e., specific
nature of the good or service to be provided (in
our case, land restoration), iii) uncertainty, includ-
ing asymmetric information available to differ-
ent stakeholders in land restoration process, iv)
and monitoring and enforcement costs (Paul and
Vandeninden 2012).

The underlying assumption of the theory is bound-
ed rationality and opportunistic behaviour of
actors (Cuypers et al. 2021, Williamson 2010).
Bounded rationality assumes that acquiring infor-
mation comes at a cost and the capacity of actors to
analyse and understand information is limited and
different. Therefore, different actors have access to
different sets of information at any point in time.
For example, the benefits of ecosystem restoration
and adverse effects of deforestation may not be
appreciated by communities that depend on fuel-
wood and charcoal extraction for their livelihoods.
Sensitising communities on the benefits of ecosys-
tem restoration comes at a cost.

Opportunistic behaviour assumes that actors in a
transaction have the tendency to seek their self-in-
terest. Actors are unwilling or unable to share in-
formation, or they selectively share information
with their counterparts to influence decision-mak-
ing (Cuypers et al. 2021). For example, projects en-
gaged in land restoration may not have the funds
and operational scope for a long-term monitoring
of their outcomes. Moreover, they are interested in
reporting only successful outcomes and not report-
ing restoration failures. Furthermore, land resto-
ration does not happen automatically, for example,
immediately after planting trees. Land restoration
can only happen if the planted trees survive and
grow for at least the next 30-40 years. Since no
such long-term monitoring system is usually putin
place by any specific project, national governments
and international organizations need to spend re-
sources on monitoring and enforcement.

The implementation of land restoration projects
in many developing countries is often done with
financial support from cooperation partners. Do-
nor funds for implementation of projects are ob-
served to come with high transaction costs, includ-
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ing reporting procedures, registration, transfer of

funds, monitoring and evaluation, etc. (Paul and
Vandeninden 2012; High Level Forum 2003). In-
efficient and complex hierarchies or institutional
structures of organizations that implement these
interventions further increase transaction costs.
Therefore, forming thematic groups and harmonis-
ing review procedures and tools can reduce trans-
action costs (High Level Forum 2003).

If stakeholders in land restoration do not have
aligned programs and schedules, it increases the
asset specificity (e.g., physical, human and tem-
poral) and thus the transaction cost. However, if
there is alignment, asset specificity decreases to-
wards zero and it reduces transaction costs. For
example, governments would expect tree planting
to be done early in the rainy season so that surviv-
al of the trees is high, but this period is also when
farmers cultivate their farms, so implementation of
the program will be adversely affected.

Similarly, if stakeholders have information asym-
metry, it increases uncertainty and thus increases
transaction costs because of the cost of establish-
ing contracts and documentations. To illustrate,
this may occur when compensation is paid to farm-
ers for partaking in land restoration, but farmers
do not appreciate the fact that they will be restrict-
ed in the kind of activities that they engage in on
their land in the long-term. However, if uncertainty
is reduced through partnerships or cooperation
over time, it reduces transaction costs.
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In addition, weak harmonisation of processes be-
tween stakeholders results in duplication of review
and reporting processes and thus increases trans-
action costs. When multiple agencies demand doc-
uments and undertake periodic evaluation of the
land restoration program, it increases transaction
costs as implementers would have to be present for
these evaluations, although different agencies are
evaluating similar things. If there is improved har-
monisation of processes and frameworks trans-
action costs decline. Sharing of information and
streamlining processes reduce transaction costs.
The investment costs to reduce transaction costs
should not exceed the savings from establishing
this system (Lawson 2009).

2.2 Research approach and method-
ology

2.2.1 Costs and benefits of land restoration

Methodologically, our analysis of the costs of land
degradation and the benefits from land restora-
tion is based on the Millennium Ecosystem Assess-
ment’s classification of ecosystem services, which
includes 22 types of services grouped into provi-
sioning and non-provisioning categories (cf. Annex
2 for detailed elaboration of the applied method-
ology). Non-provisioning services encompass reg-
ulating, habitat, and cultural ecosystem services,
while provisioning services include food produc-
tion, water provision, and the extraction of medici-
nal, genetic, and ornamental resources (Mirzabaev
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and von Braun 2022). In Rwanda, provisioning
services, such as food production, dominate the
ecosystem services derived from croplands, while
non-provisioning services account for more than
half of the total value of services from other eco-
systems. Non-provisioning services, including air
quality and climate regulation, pollination, and
erosion prevention, fall under the category of reg-
ulating services. Data was collected on economic
values of these ecosystem services for such biomes
as forests, shrublands, woody savannas and savan-
nas, croplands, grasslands, agroforestry systems,
and wetlands. These economic data were then com-
bined with high-resolution (500 meters) remotely
sensed MODIS satellite data on land use and land
cover changes (Friedl and Sulla-Menashe 2019) to
trace their observed economic implications (both
costs of land degradation and gains from land im-
provement) during the period of 2001-2020.

Subsequent analysis focused on assessing costs
and benefits of restoring degraded lands. The anal-
ysis focused on the net present values (NPV) of the
anticipated benefits resulting from land restora-
tion activities. The time horizon for evaluating the
costs and benefits of land restoration was taken to
be 30 years (2020-2050), with the discount rate of
10%, and transaction costs estimated at 25% of the
total implementation costs. The costs of land res-
toration include establishment costs, maintenance
costs, opportunity costs of lower-value biomes be-
ing replaced, and transaction costs. The data for
these land restoration costs for each ecosystem
was collected from various sources (Annex 2). The
trajectory of ecosystem recovery after restoration
was determined for different biomes, considering
factors such as establishment period (i.e., time
needed for restored ecosystems to regain their full
potential), staggered entrance into full potential
after restoration, and survival rates (e.g., of plant-
ed trees). Annex 2 provides a detailed elaboration
of the methodology and describes the data sources
used in the analysis.

2.2.2 Economic analysis of synergies from co-
ordinated land restoration

This analysis explores the costs and benefits of co-
ordinated and uncoordinated land restoration ac-
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tivities under the three Rio Conventions using the
theory of transaction costs. The literature review
and stakeholder discussions revealed that trans-
action costs make up, on average, approximately
25-35% of land restoration project costs in Rwan-
da. This suggests an efficient organization of land
restoration activities. However, transaction costs
can vary significantly among participants in the
land restoration activities under the three Rio Con-
ventions. Therefore, it is crucial to consider these
variations in transaction costs when assessing the
potential benefits of coordination.

The methodology involves several steps. First-
ly, we accounted for variation in transaction cost
shares in land restoration activities by conduct-
ing Monte Carlo simulations (see Rubinstein and
Kroese (2016) for more details on Monte Carlo
method). Average transaction costs of 35% were
used, with a standard deviation of 10% around
this value. The simulations involved 10,000 it-
erations, allowing for changes in the shares of
transaction costs within the total land restoration
costs. This sampling accounts for the uncertainty
and fluctuations in transaction costs. Secondly, we
accounted for variability in the benefits of coordi-
nated land restoration. Coordination can reduce
transaction costs, but the extent of reduction de-
pends on the level of collaboration and the nature
of these costs. Reductions in transaction costs
are assumed to range from 0% (no benefit from
coordination) to 75% for different cost types and
were evaluated through 10,000 Monte Carlo simu-
lations to determine the distribution of potential
outcomes. Thirdly, we modelled variations in each
type of transaction costs by multiplying the trans-
action costs by the proportions of each specific
transaction cost type (monitoring and enforce-
ment, research and capacity building, awareness
raising, coordination and administration, funding
mobilization), the baseline costs without coordi-
nation for each cost type were estimated. This al-
lows for evaluating the distribution of costs across
different transaction cost types in the absence of
coordination. Then, we identified reductions in
each transaction cost through coordination. Coor-
dination efforts lead to reductions in transaction
costs, which vary for each cost type. The reduction
factor follows a normal distribution, ensuring that
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FIGURE 1 .

Rwanda’s location and topography
Source: Adapted from MIDIMAR (2015) and WB (2017).
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the reduction falls within the range of 0% to 75%
reductions in overall transaction costs. Finally,
we compared coordination vs baseline (business
as usual) scenarios. Based on the steps above, the
expected values of transaction costs under coordi-
nation and no coordination were calculated. These
calculations consider the high variability of costs
and the benefits of collaboration across different
actors in Rwanda. Annex 2 provides a detailed
elaboration of the methodology and describes the
data sources used in the analysis.

2.3 Study area and geographic context

Rwanda, also known as “the land of a thousand
hills”, is a landlocked country located in Central
Africa, in the Great Lakes region, with an area of
26,338 km2, of which 30.4% is covered by various
types of forests (Singh et al. 2015, MoE and IUCN
2019, Bagstad et al. 2020). It shares borders to the
north with Uganda, to the south with Burundi, and
to the east and west with Tanzania and the Demo-
cratic Republic of Congo, respectively (NISR, 2014).
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Rwanda’s topography ranges from 900 meters
to 4,500 meters above sea level (masl) and com-
prises four main zones: the Congo-Nile Ridge, the
Central Plateau, the eastern lowland zone, and the
Bugarama plain (Figure 1). The country’s west is
dominated by a mountainous area that runs from
north to south and whose altitude fluctuates be-
tween 1,500 and 2,500 masl. In the northwest is
the country’s highest peak, Mount Karisimbi, with
4,507 masl, and is also part of the chain of Virunga
Volcanoes. In the central area, the altitude ranges
between 2,000 and 1,500 meters, with a predomi-
nance of rolling hills, while the eastern part of the
country is made up of savannahs and plains (be-
tween 1,500- and 1,000-meters altitude). The low-
est point, at 900 meters, is in the Bugurama plain
(on the banks of the Rusizi river), in the southwest
of the country (NISR, 2014; REMA, 2011).

In the climatic aspect, even though Rwanda is close
to the equatorial zone, the country enjoys a moder-
ate tropical climate, with considerable differences
throughout the territory due to the varied topog-

ELD
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FIGURE 2 .

Rwanda’s administrative zones map
Source: Adapted from WB (2017).
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raphy. The average annual temperature in Rwan-
da ranges from 15-17°C in the high-altitude areas
(in the west). However, in the Volcano region, the
temperature can drop to 0°C in some areas, with
an average annual rainfall of more than 1500 mm.
In the Eastern plateau, the temperature fluctuates
between 20°C to 21°C and from 17.5°C to 19°C in
the Central plateau, with an average rainfall of
about 1000 mm per year. Nevertheless, precipita-
tion is very variable, resulting in frequent periods
of drought. In the case of the lower areas of the east
and southeast of the country, although the temper-
ature ranges from 23°C to 24°C (Bugarama plain),
during the months of February, July, and August,
it can exceed 30°C. In addition, rainfall here var-
ies between 700 and 970 mm per year, much less
than in the Volcano region. According to the latest
estimates, and in comparison, with 1970, the av-
erage temperatures have increased by 1.4°C, and
this trend is projected to continue due to climate
change (REMA, 2011; MoE, 2017).
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At the administrative level, Rwanda is divided
into four provinces and the city of Kigali. Rwan-
da’s administrative structure is further subdivid-
ed into districts (30), sectors (416), cells (2,148),
and villages (14,837), the districts being the basic
political-administrative unit (Figure 2). Villages,
on the other hand, are the smallest political-ad-
ministrative entity and, therefore, the closest to
the population and where the population’s prob-
lems, priorities, and needs are identified and ad-
dressed. In the case of the cells, the management
falls on technicians with a political team that acts
as decision-makers. The sectors are the level of
administration in which the people participate
through their elected representatives. Their pri-
mary function is to promote coordination between
higher and lower levels for planning, executing,
and supervising development services and activi-
ties (NISR, 2014).
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Collaboration between the Rio Conventions on land
restoration is essential to achieve the goals of LDN,
biodiversity conservation, mitigating and adapting
to climate change, and more broadly, achieving the
Sustainable Development Goals (SDGs). There is a
potential for both synergies and tradeoffs across
the land-focused activities of the Rio Conventions.
Synergies arise when actions to meet one Con-
vention’s objectives support those of another. For
example, land restoration can simultaneously en-
hance biodiversity (CBD), sequester carbon (UN-
FCCC), and combat desertification (UNCCD). Con-
versely, tradeoffs may occur when actions towards
one goal inadvertently harm another. For instance,
planting non-native trees for carbon sequestration
might help combat climate change but could neg-
atively affect local biodiversity. By collaborating,
the conventions can coordinate their efforts, maxi-
mizing positive synergies and minimizing negative
tradeoffs. This joint approach ensures a balanced
perspective, promoting SLM practices that bene-

fit people and nature. In the context of land resto-
ration, the promotion of synergies across the Rio
Conventions implies that improved coordination
helps increase the effectiveness and efficiency of
land restoration activities (Figure 3), with direct
implications on mobilizing much needed funding
for land restoration. This is because more effec-
tive and efficient planning, implementation, and
monitoring of land restoration will make it more
attractive for public, multi-lateral, and private sec-
tor investments.

Coordination also needs to include other initia-
tives implementing land restoration activities. In
the case of Rwanda, it is particularly important to
coordinate land restoration activities under the
Rio Conventions with those carried out by various
other actors under the Bonn Challenge (cf. section
3.2.4.1). Overall, Rwanda’s national land restora-
tion targets under the Bonn Challenge significantly
exceed those under the Rio Conventions’ processes

FIGURE 3 .

Monetary implications of achieving synergies
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TABLE 2 .

Rwanda’s land conservation, SLM, and restoration targets (in hectares)

Source: calculated based on Rwanda’s NDC, LDN, and NBSAP documents, as well as IUCN reports for the Bonn Challenge. Note: *Rwan-
da’s NBSAP has such targets as “at least 10.3% of national territory holding biodiversity and ecosystem services is protected”, “at least
50% of natural ecosystems are safequarded, their degradation reduced”, and “increase of forest cover up to 30% of the country” but
since no baseline for these targets is given, it was not possible to unambiguously calculate corresponding areas for action in hectares.
**The number for the Bonn Challenge overlaps several categories of land management presented here.

Land management categories NBSAP* Chj::;e**
Increase forest land 105,352 * 17%

Expand agroforestry 158,028 8%

Restore degraded land 269,500 * 2,000,000
Crop rotation 600,000

Terracing and anti-soil erosion 461,115 165,000

Multi-cropping 40,000

Biodiversity conservation 75,481 *

Total 1,069,476 805,000 2,000,000

(Table 2). In total, Rwanda’s commitments to land
restoration under LDN, NDC, and the Bonn Chal-
lenge amount to 3.87 million ha, this exceeding the
total territory of Rwanda (2.63 million ha), indicat-
ing that these are overlapping commitments rather
than separate commitments.

There are currently no explicit targets with base-
line and corresponding area for conservation, SLM,
and restoration activities under Rwanda’s NBSAP,
with the current targets being given as share of
the country’s territory without baseline referenc-
es. However, given the political momentum coming
with the new Global Biodiversity Framework (GBF),
and the need for all states to review and adapt their
NBSAPs according to the new framework, there is
a window of opportunity to do this NBSAP revision
in Rwanda in an integrated manner, leveraging on
other related agendas and targets through taking a
significant step towards coherence, synergies, and
efficiency.
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3.1 Legal basis for collaboration
across the three Rio Conventions

There are numerous decisions serving as the legal
basis for collaborations by the Rio Conventions on
land restoration (Janishevski 2020). Some of these
are selectively indicated below.

UN General Assembly:

I UNGA Resolution 57/260 (2003) called for fur-
ther collaboration and cooperation among the
Rio Conventions to address sustainable devel-
opment challenges,

I UNGA (2009) noted the need for enhanced co-
operation among the Rio Conventions,

I UNGA (2012) adopted “The Future We Want”
and encouraged coordination and cooperation
between the Rio Conventions as well as other
multilateral environmental initiatives.
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CBD decisions:

XI1/20 called for collaborating with UNFCCC
and others to promote ecosystem-based ap-
proaches to climate change adaptation,

XI/21 urged promoting synergies between bio-
diversity and climate-change policies and
measures,

X/35 encouraged supporting activities identi-
fied in national capacity self-assessments (NC-
SAs) that promote synergies among the three
Rio Conventions at the sub-national, national
and regional level, within dry and sub-humid
lands,

GBF - promotes coherence, complementarity
and cooperation between the CBD and other
relevant multilateral agreements to contribute
to and promote its implementation in a more
efficient and effective manner.

UNCCD decisions:

Decision 9/COP12 called for leveraging of syn-
ergies among the Rio Conventions and promot-
ing partnerships with other international agen-
cies and bodies,

UNCCD decision 8/COP15 acknowledged that
the implementation of the UNCCD benefits from
strong and effective collaborations to create
synergies with relevant organizations and in-
ternational instruments,

UNCCD decision 3/COP15 called for integrated
spatial planning and policy coherence among
the Rio Conventions.

UNFCCC decisions:

COP 2007 in Bali highlighted that enhancing the
implementation of the framework calls for en-
hanced coordination under the Joint Liaison
Group with UNCCD and CBD,

COP 2010 in Cancun urged for promoting syn-
ergy and strengthening engagement with na-
tional, regional and international organiza-
tions.
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Joint Liaison Group (JLG) of the Rio Conven-
tions

The secretariats of the UNFCCC, the CBD and the
UNCCD established a Joint Liaison Group in August
2001 to enhance coordination among the three
conventions. The JLG aims to collect and share
information on the work programmes and oper-
ations of each convention. The responsibility for
organizing and chairing meetings rotates among
the secretariats. JLG could play an essential role in
helping harmonize land restoration related activi-
ties by the Rio Conventions.

As we can see from these selective examples, there
is an ample legal basis mandating harmonized and
well-coordinated implementation of the three Rio
Conventions. Land restoration is, arguably, the
single most important activity area where this
coordination for boosting synergies and avoiding
tradeoffs is essential.

3.2 Rwanda’s action programs under
the Rio Conventions

3.2.1 National Biodiversity Strategies and Ac-
tion Plan (NBSAP)

In March 1995, Rwanda ratified the CBD, which
according to its article 6 stipulates the obligation
to develop a NBSAP. The first one was developed
in 2003 and by the end of 2016, after a review and
alignment with the CBD Strategic Plan for Biodiver-
sity and the Aichi Biodiversity Targets (2011-2020),
it was further updated. These actions were carried
out by the Ministry of Environment through Rwan-
da Environment Management Authority (REMA).
The NBSAP identified five key goals with specific
strategies. Based on these goals, the NBSAP pro-
poses 19 targets at the national scale, 10 have been
identified as closely related to the land-based ob-
jectives (Table 3).

The NBSAP has a long-term vision towards 2040
in line with the CBD strategic plan, a time window
that differs from that chosen, for example, in Rwan-
da’s NDC. The objectives were established based on
national needs and priorities highlighted under a
participatory process. Three national workshops
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TABLE 3 .

Targets under the NBSAP
Source: Adapted from MoE (2016).

National Biodiversity Strategy and Action Plan (NBSAP)

their sustainable use and conservati

Target 1: By 2020, at the latest, the Rwandan population, at least in districts adjacent to protected
areas, is aware of the values of biodiversity and ecosystem services and understands the steps for

on.

Protected and
conservation areas

Target 2: By 2020, the values of biodiversity and ecosystem services for at least two selected
protected areas have been determined and integrated into planning processes, i.e., poverty
reduction strategies and national economy.

Target 9: By 2020, at least 10.3% of national territory holding biodiversity and ecosystem services
is protected considering the landscape approach to maintain biological diversity.

eliminated.

Target 3: By 2020, at the latest, positive incentives for biodiversity conservation and sustainabil-
ity towards local communities development is boosted and applied, and harmful incentives are

Sustainable
management of
land and water

Target 6: By 2020, fishing and aquaculture, agriculture, and forestry are managed sustainably
taking into consideration ecosystem specificities to ensure biodiversity conservation.

resources

Target 11: By 2020, the genetic diversity of priority cultivated plants and farmed and domesticat-
ed animals and of wild relatives, including other socio-economically as well as culturally valuable
species is maintained, and strategies have been developed and implemented for minimizing
genetic erosion and safeguarding their genetic diversity.

fragmentation significantly reduced

Target 5: By 2020, at least 50% of natural ecosystems are safeguarded, their degradation and

Target 7: By 2020, pollutants including those from excess nutrients are controlled and their harm
has been brought to levels that are not detrimental to ecosystem function and biodiversity.

Ecosystem
restoration

Target 8: By 2020, invasive alien species and their pathways are identified and prioritized invasive
alien species controlled or eradicated.

Target 14: By 2020, the ecosystem resilience and the contribution to carbon stocks have been
enhanced by increasing forest cover up to 30% of the country and restoration of other ecosystems
thereby contributing to climate change adaptation and mitigation.

were organized with stakeholders, including the
public sector (central and local government), the
private sector and NGOs involved in biodiversity
conservation and management. Regarding loca-
tion, although the proposed targets are on a na-
tional scale, the documents reviewed propose a
prioritization in specific areas and surrounding
zones within the conservation framework given
their close relationship with tourism (one of the
major economic sectors in Rwanda), among which
the following stand out: Akagera National Park,
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Nyungwe National Park, Mukura and Gishwati
Forests, Volcanoes National Park, Rugezi Wetland
Complex, Buhanga Forest Reserve, Rweru-Mug-
esera Wetlands, Mashyuza Natural Forest, Lake
Kivu Islands, Akagera Wetland Complex and Iban-
da-Makera Remnant Forest.

In terms of budget and financing, the development
of the NBSAP targets does not have a designat-
ed budget to implement each proposed objective.
Throughout the document two aspects are men-
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tioned: (1) that biodiversity funding in Rwanda
comes mainly from the government budget, finan-
cial support from development partners, as well as
from national and international NGOs. However, it
isemphasized thatitis extremely complex to assess
the financial contributions from the government as
the budget allocations are distributed among the
various departments of the State (ministries, pub-
lic institutions, etc.), and (2) although the actions
do not have a specific budget, a total amount to
carry out the strategy, approximately 7,910 billion

Rwandan francs (7.1 billion US dollars), is estimat-
ed, and the sources of funding are elaborated (MoE,
2016).

3.2.2 Nationally Determined Contribution
(NDC)

In November 2015, Rwanda submitted its first in-
tended NDC, which was updated in 2016 following
the Paris Agreement, thus becoming its first NDC.
In 2020, Rwanda submitted an updated NDC. The

TABLE 4 .

Adaptation measures under NDC
Source: Adapted from MoE (2020).

National Biodiversity Strategy and Action Plan (NBSAP)

Adaptation Measure

Protected and . . .
. Land and Forestry Promote afforestation / reforestation of designated areas.
conservation areas
Develop climate resilient crops and promote climate resilient livestock.
Develop climate resilient postharvest and value addition facilities and
technologies.
Agriculture Strengthen crop management practices (disease prevention, diagnostic,
surveillance, and control).
Develop SLM practices (soil erosion control; landscape management).
Expand irrigation and improve water management.
Sustainable P 9 P ¢
management of ) ) . )
land and water Strengthen national water security through water conservation practices,
wetlands restoration, water storage and efficient water use.
resources
Water Develop and implement a catchment management plan for all level 1
catchments.
Develop water resource models, water quality testing, and improved
hydro-related information systems.
Integrated approach to planning and monitoring for SLM.
Land and Forestry ) . )
Develop a harmonized and integrated spatial data management system
for sustainable land use management.
Improve forest management for degraded forest resources.
Ecosystem
restoration Land and Forestry Development of agroforestry and sustainable agriculture (control soil
erosion and improved soil fertility).
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TABLE 5 .

Mitigation measures under NDC
Source: Adapted from MoE (2020).

Nationally Determined Contribution (NDC)

Mitigation Measure

Protected and
conservation areas

Soil and water conservation (crop rotation): Continuous crop rotation of up
to 600,000 ha, leading to prevention of soil erosion and reduction of CO,
and N,O emissions and carbon sequestration in soils.

Improved fertilizer use: Increased use of organic waste in soil fertilizers,
supported by target to apply composting within all agricultural households
by 2030, and more judicious chemical fertilizer use and promotion of ferti-

Sustainable AFOLU gation to enhance fertilizer uptake.
management of (Agriculture):
land and water Crops and . ) . . .
. Soil and water conservation (terracing): Installation of land protection
resources managed soils . .
terracing structures on 165,000 ha of sloping arable areas to present
soil erosion, leading to reduction of CO, and N,O emissions and carbon
sequestration in soils.
Soil and water conservation (multi-cropping): Multi-cropping of coffee and
bananas on up to 40,000 ha, leading to prevention of soil erosion and
reduction of CO, and N,O emissions and carbon sequestration in soils.
AFOLU L L . . .
. Conservation tillage: Reduction in vertical movement of soil, leaving more
Ecosystem (Agriculture): . . . . . .
) crop residue on the soil surface, thereby reducing soil erosion, reduction
restoration Crops and

managed soils

of CO2 and N20O emissions and carbon sequestration in soils.

public institution responsible for its development
and coordination is the Ministry of Environment
(MoE). While the total cost for the NDC adapta-
tion measures identified by Rwanda until 2030 is
estimated at about 5.3 billion US dollars, for the
land-based adaptation measures (Table 4), it is es-
timated at 3.6 billion US dollars, namely for water
(0.5 billion US dollars), agriculture (2.8 billion US
dollars), forestry (0.2 billion US dollars) sectors,
respectively (MoE, 2018b; MoE, 2020).

According to the latest inventory in the Third Na-
tional Communication, the total GHG emissions in
Rwanda, excluding the forestry sector, were esti-
mated at 5.33 million tons of carbon equivalent per
year in 2015. The agricultural sector accounted for
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55% of this total, being a priority sector for mitiga-
tion measures. Mitigation measures have been cat-
egorized into unconditional and conditional. The
former, those that will be supported and applied at
the national level, are expected to reduce emissions
by 16%. On the other hand, conditional mitigation
measures, or those that require international sup-
port and financing and therefore their fulfilment
is not assured, represent 22% by 2030. Mitigation
measures identified in the agriculture, forestry,
and land use (AFOLU) sector represent 49% of the
total potential, while within the sector, soil conser-
vation measures - including terracing (20%), con-
servation tillage (9%), multi-cropping (3%), and
crop rotation practices (24%) - represent about
half of the mitigation potential (Table 5).
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TABLE 6 .

Targets under the LDN
Source: Adapted from MoE (2018c).

nd Degradation Neutrality (LDN)

Protected and
conservation areas

National

National Forest Cover increased from 29.6%
(2015) to 30% (2024) and maintained at 30%
by 2030

Sub-national

Nyaruguru: Increasing trees by afforestation
and agroforestry, fruit trees, tree species
diversification

Sustainable
management of
land and water

AFOLU
(Agriculture): Crops and
managed soils

Soil and water conservation (crop rotation):
Continuous crop rotation of up to 600,000 ha,
leading to prevention of soil erosion and re-
duction of CO, and N,O emissions and carbon
sequestration in soils.

Level of land productivity and soil organic
carbon (SOC) at country level maintained and
improved by 2030 compared to 2015 baseline

Nyagatare: Development and management of
improved pasture and promotion of irrigation

Area under agroforestry increased from 6% in
2015 to 12% in 2030

Huye and Gisagara: Reorganization of set-
tlement, rainwater harvesting, agroforestry,
inputs (fertilizers), capacity building for land
tenure, agroforestry, improved agronomic
practices, use of manure

Ensure the compliance to the national land use
master plans

Rubavu in lake Kivu border: Develop soil ero-
sion control measures including afforestation

resources and agroforestry
Reduce the conversion of forests and wetlands Ng.;orore.ro and Rutsiro in Congor DeveloP
. soil erosion control measures such as radical
into other land cover classes by 2030 (no net ) )
loss) and progressive terraces, reforestation, and

agroforestry

Reduce the conversion of cropland and Nyaruguru: Improve organic matter by use
grassland into artificial surfaces by 2030 (no of manure and liming, improved agronomic
net loss) practices
Improve the land productivity on 28,200 ha
of forest area, 30,600 ha of grassland, and
202,700 ha of cropland currently showing -
declining productivity, moderate decline and
stressed productivity through SLM practices
Increase of land protected against soil erosion
from 1,034,509 ha in 2018 to 1,495,624 ha in -
2024
The percentage of land designated for bio-

Ecosystem - - . .

) diversity conservation will be increased from -
restoration

10.13% in 2017 to 10.3% in 2020

Degraded forests rehabilitated from 4,379 ha
in 2017 to 12,379 ha by 2024
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While the total estimated cost of the NDC mitiga-
tion measures identified by Rwanda until 2030 is
estimated at 5.7 billion US dollars, for the select-
ed measures (Table 5), the estimate is 1.8 billion
US dollars, all of which are categorized as uncon-
ditional and therefore included in national policy
planning and budgeted in sectoral plans (MoE,
2018b; MoE, 2020).

3.2.3 Land Degradation Neutrality (LDN)

In November 2017, Rwanda launched its LDN tar-
get setting process by developing a comprehensive
work plan and specific budget. These actions were
carried out by the Ministry of Environment (MoE)
through Rwanda Water and Forestry Authority
(RWFA) with the establishment of a national LDN
working group, composed of members from var-
ious interested parties. The latest update of the
targets was done in 2018 and is contained in the
document Final Country Report of the LDN Target
Setting Programme in Rwanda. At the national lev-
el Rwanda has set LDN targets aiming to be a net
land degradation-neutral country by 2030. Howev-
er, while Rwanda recognizes that efforts to meet
the targets should be made at the national scale,
solutions should focus on high priority areas and
therefore targets have been set at the sub-nation-
al scale, too. Therefore, both scales of targets have
been considered in this report (Table 6). Our analy-
sis in the coming sections suggests that Rwanda is
already net land degradation neutral.

Following the general recommendation to start the
baseline assessmentin 2015, three indicators were
used: soil organic carbon (SOC) storage above and
below ground, land cover change, and net primary
productivity (ELD, 2020). The results showed that
in the framework of carbon reserves, it is the ar-
eas that changed from forested areas to cropland
and artificial surfaces that show the most negative
trend at the national level (a decrease of 8% and
43%, respectively). In the case of productivity, the
decrease is estimated at 3% while the increase is
49% of the national area. Finally, in the case of land
cover change, there is an estimated 339% increase
in land covers that have been converted into arti-
ficial surfaces. Forest cover has increased by 3%,
while cropland cover has decreased by 10%.
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Unlike the NDC and NBSAP, no specific information
related to budgets or schedules was found in the
case of the LDN, even though, according to the An-
nexes of the published document, there is a Coun-
try Work Plan LDN Activity Schedule and Budget
prepared in 2017 (MoE, 2018c).

3.2.4 Rwanda’s other land restoration commit-
ments

3.2.4.1 The Bonn Challenge

The Rwandan government also committed to re-
storing the ecological health of 2 million hectares of
its territory from “border to border” (IUCN, 2020).
Thus, in 2011, Rwanda officially joined the Bonn
Challenge. This global commitment was initiated by
the German government and the International Un-
ion for Conservation of Nature (IUCN) and initially
aimed to restore 150 million hectares globally by
2020.1n 2014, through the New York Declaration on
Forests, this goal was expanded to a global target
of 350 million ha by 2030. The benefits of meeting
the targets worldwide range from sequestering an
additional one gigaton of carbon equivalent annu-
ally, increasing crop yields by 30% on up to 50 mil-
lion hectares, to reaching 84 billion US dollars per
year in net benefits to local and national economies.
Rwanda was the first country in Africa to sign the
pledge (Dave et al., 2019; Stepman, 2020).

According to the second barometer of the Bonn
Challenge, between 2010-2019, the baseline year
for on-the-ground implementation of strategies at
the national level, Rwanda has managed to restore
708,628 hectares (Dave et al., 2019). With this,
through articulated work between small farmers,
grassroots organizations, government agencies,
and NGOs, Rwanda has achieved more than a third
(35%) of'its pledge. According to Dave et al. (2019),
there are a total of 44 projects and programs that
have allowed this progress on the ground. These
include afforestation, improved management of
public and private forest plantations, construction
of terraces, protection of riverbanks, protection
of buffer zones, irrigation of slopes, protection of
lakeshores, and protection of natural forests. How-
ever, most projects focused on agroforestry initia-
tives (Dave et al., 2019).
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The impacts of achieving the third part of the
pledge undertaken through the Bonn Challenge
range from climatic to the country’s biodiversity,
socio-economic, and even in the development of a
political framework. For example, the hectares re-
stored to date have realized a total cumulative re-
moval of about 28 million tons of carbon during the
period 2011 - 2018 (Dave et al., 2019), this can be
compared to about 5.3 million tons of annual GHG
emissions by Rwanda during the same period. In
the case of biodiversity, it is estimated that eight of
the projects were implemented in national parks or
protected areas and therefore had more significant
impacts on the biodiversity of those regions. These
include Volcanoes National Park, Akagera National
Park, Lake Kivu, Cyamudongo Forest, and Gishwati
National Park and Landscape. For the measurement
of socio-economic impacts, it was determined that
during the period 2017-2018, 22,325 jobs were cre-
ated in the forestry sector. In addition, during the
period 2013-2018, FONERWA estimated the crea-
tion of 137,562 green jobs in 36 of the projects an-
alysed. In the case of the policy framework, a total
of 27 policies, strategies, and plans were identified.
Most of them depend on the MoE, the former Minis-
try of Lands and Forests (MINILAF), the Ministry of
Infrastructure (MININFRA), and the MINAGRI.

The land restoration targeting areas and bene-
fit-cost analysis that we present in this study fo-
cuses on the ecosystems which were degraded be-
tween 2001 and 2020 and were not restored under
these initiatives. Those ecosystems which were
degraded after 2001 but were already restored by
these efforts are not captured in this analysis.

3.2.4.2 Forest landscape restoration (FLR)

Achieving the goals proposed by the Bonn Chal-
lenge requires clear and multidimensional pro-
cesses; therefore, the global commitment proposes
implementing the FLR approach. According to the
Bonn Challenge, this is a “continuous process of
restoring the ecological functionality of degraded
and deforested landscapes, which improves the
well-being of the people who live in these places”
(IUCN, 2022). Rwanda adopted this approach as
the fundamental basis of its strategy to achieve the
goal of restoring 2 million hectares in the country
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under the Bonn Challenge. Thus, Rwanda seeks to
provide ecological integrity and human well-being
through multifunctional landscapes, treating the
landscape as a mosaic of different land uses where
restoration activities should complement and not
displace existing uses (MINIRENA et al., 2014).

To guide and plan FLR implementation, Rwanda
has followed two formal frameworks at the nation-
allevel: (i) it applied the Restoration Opportunities
Assessment Methodology (ROAM) since 2014 as a
flexible and affordable framework to identify and
analyse areas that are ready for FLR and to identi-
fy specific priority areas across its territory; (ii) in
2018, it completed its target-setting process for the
UNCCD LDN targets. In addition, the country used
the ROOT tool, developed by the Natural Capital
Project, to support decision-making on potential
restoration impacts in Rwanda. For monitoring,
the government has implemented two national
platforms. These are the Forest Sector Monitoring
and Evaluation System (FMES) under the RWFA
and the monitoring information system (MIS) of
MINAGRI (Dave et al., 2019).

Between 2011-2018, a total of US$ 530,762,526 has
been invested in FLR in Rwanda, of which 51.7%
(US$ 274,479,097) represent public investments,
US$ 188,555,240 (35.61%) are projects co-financed
by international donors and the government, and
12.6% (US$ 67,490,843) are of international do-
nors. Meanwhile, the contribution of the private
sector and non-profit organizations was low: US$
216,680 (0.041%) and US$ 20,665 (0.004%), re-
spectively (Dave et al., 2019).

3.3 Synergies and tradeoffs across the
Rio Conventions’ targets in Rwanda

Land-focused activities by NDC, NBSAP, and LDN
processes in Rwanda can be categorised into
conservation, sustainable management, and res-
toration, corresponding to the LDN hierarchy of
avoiding, reducing, and reversing land degradation
(Table 7, Figure 4).

Achieving these three categories of targets by NDC,
LDN, and NBSAP processes in Rwanda requires
an integrated approach that recognizes their in-



CHAPTER 3 Rio synergies

TABLE

7

Synergies and tradeoffs of the three Rio Conventions’ land management targets in Rwanda

Land
manage-
ment
types

Protected
and conservation
areas

These targets are
mostly synergis-

tic contributing

to each other.
Tradeoff may occur

Sustainable management of land resources

All objectives under this category are synergistic
and mutually supportive. The only tradeoff may
occur with compliance with the National Land
Use Master Plan 2050 due to inconsistencies.

Ecosystem restoration

Primarily synergies, tradeoff
may occur if land restoration
practices are done with alien
species or mono species

forest plantations.

iilr']l'fargl);o fF if the a.cti\{iti'es
. on maintaining
potential ;
orest cover would
be done through
planting mo-
no-species forests.
Improve Increase Ensure the Increase of Degraded
land produc- agroforestry compliance land protected forests
tivity and area. to the na- against soil rehabili-
SOC. tional land erosion. tated.
use master
Land plans.
Degra- Maintain forest
dation cover at 30% of the Reduce the Reduce the Improve Land des-
Neutrality national area. conversion conversion the land ignated for
(LDN) of forests of crop- productivity biodiversity
and wet- land and through conserva-
lands. grassland SLM prac- tion will be
into artificial tices. increased.
surfaces.
Awareness of Positive incentives for biodiversity conservation At least 50% Invasive
the values of and sustainability are boosted and applied and of natural alien
biodiversity and harmful incentives are eliminated. ecosystems are species
ecosystem services safeguarded, controlled
and knowledge their degra- or eradi-
of sustainable use dation and cated.
and conservation. fragmentation
significantly
National reduced.
Biodiversi-
ty Strategy
and Action Determine values Fishing and aquaculture, agriculture, and Increase of
Plan of biodiversity and forestry are managed sustainably taking into forest cover up
(NBSAP) ecosystem services consideration biodiversity conservation. to 30% of the
and integrated into country.
planning processes.
At least 10.3% of Safeguard genetic diversity. Pollutants
national territory is and excess
protected. nutrients are
controlled.
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Protected
and conservation
areas

Sustainable management of land resources

Ecosystem restoration

Improved
fertilizer
use, organic
Crop rota- compost, . Conservation
, L Terracing .
tion and judi- tillage
cious chem-
ical fertilizer
application.
Integrated Develop
approach sustainable
to planning land man-
Nationally and mon- agement Multi-crop- Wetlands
deter- itoring for practices. ping restoration
mined - sustainable
contribu- land man-
tion (NDC) agement.
Develop Improve Agrofor-
a harmo- Forest Man- estry and
nized and agement for Sustainable
integrated degraded Agriculture
spatial data forest re-
management sources.
system for
sustainable
land use
manage-
ment.

terdependencies and tradeoffs. Table 7 provides
an overview of the NDC, LDN, and NBSAP targets
under these three categories. It highlights the syn-
ergy or tradeoff potential between these targets
and the specific actions and goals related to LDN,
NBSAP, and NDC in Rwanda.

In terms of synergy or tradeoff potential, the tar-
gets for protected and conservation areas are
mostly synergistic, contributing to each other.
However, tradeoffs may occur if activities fo-
cused on maintaining forest cover are carried out
through planting mono-species forests.

Targets under the category of sustainable man-
agement of land resources can all be synergistic
and mutually supportive (Table 7), with the only
tradeoff potentially arising from the compliance
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with the National Land Use Master Plan 2050 due
to potential inconsistencies because some of these
NDC, LDN, and NBSAP commitments were made
before the adoption of the National Land Use Mas-
ter Plan 2050, so this means that these may be re-
vised in future to bring them in compliance with
evolving national legal frameworks. Ecosystem
restoration primarily exhibits synergies, although
a tradeoff may occur if land restoration practices
involve the use of alien species or mono-species
forest plantations.

Although all the three Rio Conventions pursue land
conservation, sustainable management, and resto-
ration objectives, each has its prevailing emphasis:
LDN has a bigger concentration on sustainable land
management, NBSAP focuses more on conserva-
tion, and NDC has a bigger emphasis on land resto-

ELD
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ration (Figure 3). There are also major overlaps in
the specific contents of the targets pursued by the
Conventions (Figure 5). There are three action ar-
eas in the targets that are common to all the three
Rio Conventions, such as maintaining and improv-
ing forests, adopting sustainable land management
practices in croplands, and protecting biodiversi-
ty. There are also several target overlaps between
pairs of the Conventions.

The LDN targets include maintaining forest cover
at 30% of the national area, improving land pro-
ductivity and SOC, increasing agroforestry area,
and ensuring compliance with national land use
master plans. The objectives also encompass re-
ducing the conversion of forests and wetlands, as
well as cropland and grassland, into artificial sur-
faces, and increasing the protection of land against
soil erosion. Furthermore, degraded forests are
targeted for rehabilitation.

Under the NBSAP, the objectives focus on raising
awareness of the values of biodiversity and eco-
system services, sustainable land use and conser-
vation, and implementing positive incentives while
eliminating harmful ones. The safeguarding of at
least 50% of natural ecosystems and the significant
reduction of degradation and fragmentation are
also emphasized. Control or eradication of invasive
alien species is another key target, along with de-
termining the values of biodiversity and ecosystem
services integrated into planning processes. The
sustainable management of fishing, aquaculture,
agriculture, and forestry, considering biodiversi-
ty conservation, is also highlighted, as well as in-
creasing forest cover up to 30% of the country and
controlling pollutants and excess nutrients.

The NDC section does not provide specific targets
for protected and conservation areas but empha-
sizes an integrated approach to planning and mon-

FIGURE 4 .

Focus of the three Rio Conventions on different aspects of land management
Note: figures represent the number of adopted targets under each category
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itoring for sustainable land management. It calls
for the development of SLM practices, improved
forest management for degraded forest resources,
and the implementation of agroforestry and sus-
tainable agriculture. Additional actions include
crop rotation, improved fertilizer use, terracing,
conservation tillage, multi-cropping, wetlands res-
toration, and the development of a harmonized and
integrated spatial data management system for
sustainable land use management.

Overall, it is abundantly clear that NDC, LDN, and
NBSAP processes are overlapping and mutually
complementary. Implementing them as separate
processes at the national and global levels without
concrete coordination mechanisms will likely re-
sult in lower effectiveness and efficiency of achiev-
ing their objectives. Moreover, coordinated imple-
mentation will also help avoid potential tradeoffs
inherent in these land-related targets.

FIGURE 5 .

Overlaps in similar land management targets across the Conventions in Rwanda.
Note: figures represent the number of overlaps in objectives pursued by NDC, LDN, and NBSAP land-focused targets in Rwanda.

The colors are meant to clearly separate overlap areas between the three Conventions and beyond that do not have any inherent meaning.

LDN NBSAP

NBC
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Land degradation in Rwanda

Land degradation in Rwanda is primarily occurring
in two major forms: through soil erosion in crop-
lands and through land use and land cover change
where higher value ecosystems are replaced by low-
er value ecosystems, such as through deforestation.

Soil erosion in croplands is particularly rampant.
Agriculture is a crucial economic activity in Rwan-
da, but current farming practices are leading to se-
vere soil erosion in some parts of the country. Soil
erosion depletes the fertility of the land, leading to

reduced agricultural productivity. With the removal
of topsoil, essential nutrients are lost, thus degrad-
ing the quality of the soil, compromising crop yields
and subsequently threatening food security. Addi-
tionally, soil erosion can lead to water pollution and
sedimentation in nearby bodies of water, further im-
pacting the local ecosystem and biodiversity.

The second major form of land degradation in
Rwanda involves the change in land use and land
cover. This process is typically driven by factors

FIGURE 6 .

Erosion risk in Rwanda
Source: Adapted from RWB and IUCN (2022) and WB (2017).
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CHAPTER 4 Land degradation in Rwanda

TABLE 8 .

Erosion risk per province in Rwanda (ha)
Source: Adapted from RWB and IUCN (2022).

Erosion level East North South West Kigali Total
Moderate 187,634 83,527 127,571 99,355 18,908 516,995
High 55,016 54,269 106,498 72,223 12,797 300,802
Very High 16,924 37,011 70,262 60,571 5,663 190,431
Extremely High 1,593 12,358 26,786 29,392 1,812 71,941
Total 261,166 187,165 331,116 261,542 39,179 1,080,168
zz:;ep‘:iji:’im risk in 29% 59% 56% 54% 54% 42%

such as population pressure, economic devel-
opment, and demand for agricultural and living
space. Deforestation and land cover change signif-
icantly impact the environment and biodiversity.
Forests are vital carbon sinks, helping to mitigate
climate change by absorbing carbon dioxide. Their
loss contributes to global warming. Furthermore,
forests and wetlands are home to a diverse range of
species, and their conversion often results in habi-
tat loss, threatening biodiversity.

In the following sections , firstly, we review the
current state of soil erosion in Rwanda by evalu-
ating existing literature. Secondly, we present our
own analysis of land use and land cover changes
in Rwanda during the period between 2001-2020
together with their economic and environmental
implications.

4.1 Soil erosion

According to the MINAGRI, small farmers (those
with plots ofless than 2 hectares) cultivate on slopes
with gradients of up to 55%, resulting in more than
50% of the country’s cropland currently showing
signs of erosion. Consequently, this situation signif-
icantly reduces the capacity of such land to produce
food and fiber. In 2009, MINAGRI reported that soil
erosion caused a total loss of approximately 15 mil-
lion metric tons of topsoil annually (Stainback et al.
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2012). The estimated annual average is 25-32 tons
per hectare per year (Berry and Olson 2003, Kabi-
rigi etal. 2017, RWB and IUCN 2022).

In mid-2018, the Rwandan government developed
the Catchment Restoration Opportunity Mapping
(CROM) model, intending to map the areas with the

highest risk of erosion, using six types of classifi-
cation: (1) No risk, (2) Low risk, (3) Moderate risk,

ELD
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FIGURE 7 .

Sources of soil erosion in Rwanda
Source: Adapted from RWB and IUCN (2022) and WB (2017).
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(4) High-risk, (5) Very high risk and (6) Extremely
high erosion risk areas. Although the CROM rep-
resented a significant advance in the framework
of spatial identification of these areas, the model
needed to consider those zones as already protect-
ed against erosion or the erosive characteristics
that prevailed, making it difficult to implement
specific strategies and thus reducing its effective-
ness. Faced with this information gap, the govern-
ment improved the model. So, in 2021, using World
View images and applying visual image interpreta-
tion techniques, erosion was mapped in very high
details throughout the 30 districts of the country.

The results, as seen in Figure 6, show that about 1.1
million ha are at moderate to extremely high risk
of erosion. Only about 0.28 million ha are protect-
ed against erosion by implementing various con-
trol techniques (RWB and IUCN, 2022). A detailed
analysis shows that the province with the highest
soils erosion risk index is the Northern province,
with 59% of its territory at risk (Table 8). In com-
parison, the Eastern province represents the prov-
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ince with the lowest percentage at the national
level (only 29% of its territory). A breakdown of
the main erosive features throughout the country
identifies that these lands are being affected pri-
marily by gully erosion, followed by gullies, severe
gullies, and landslides (Figure 7).

Agricultural areas planted with seasonal crops
show a high rate of soil erosion (61% of the total),
followed by forests (22%) and urbanized areas
(8%), the latter mainly concentrated in the West-
ern province. More than 745,000 hectares of agri-
cultural land experience some erosion each year.
Annual productivity losses are significant for ba-
nanas (67,000 tons), potatoes (26,000 tons), maize
(22,000 tons) and beans (15,000 tons). The total
economic loss in agricultural productivity due to
severe erosion in the country was estimated to be
about 37.9 billion Rwandan francs (RWf) each sea-
son (at 2021 prices), i.e., about 35 million US dol-
lars (RWB and IUCN, 2022). According to a study
conducted by IUCN, the monetary value of topsoil
per ton fluctuates between 30 thousand and 50
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thousand Rwandan francs (i.e., between 34 and 57
US dollars per ton), i.e., the country loses annually
810 billion Rwandan francs (RWf) (744 million US
dollars) due to soil losses (RWB and IUCN, 2022).

4.2 Land dynamics: land use and cover
change

We used MODIS satellite data on land use and land
cover at 500-meter resolution to trace the dynamics
ofland use change in Rwanda over the period of two
decades from 2001 to 2020 (cf. Annex 2 for details).
Our analysis is broadly consistent with the findings
from the previous studies, for example, those used
in the LDN target setting process, and shows signif-
icant land use land cover changes in Rwanda over
the last two decades (Figure 8, Table 9).

Table 10 represents the changes in the areas of each
land use and land cover category between 2001
and 2020. Two key trends stand out: 1) reduction
in the areas of savannas, grasslands, and croplands

without agroforestry, 2) significant expansion of
agroforestry systems (corresponding to cropland/
natural vegetation mosaics category in the MODIS
satellite data). The area under natural forests, here
corresponding to evergreen broadleaf forests, in-
creased by about 3% over the last two decades.
This came about through expansion of broadleaf
forests to woody savannas and savannas. The ur-
ban areas expanded by about 30%, primarily by re-
placing croplands, grasslands, and savanna areas
(Tables 9 and 10).

These land use and land cover changes resulted in
significant tradeoffs between food production, car-
bon sequestration, and biodiversity. In most cases,
these tradeoffs were settled to favor food produc-
tion at the expense of carbon sequestration and
biodiversity. Tradeoffs between food production,
carbon sequestration, and biodiversity are a com-
mon challenge in sustainable land use and environ-
mental management, particularly in a developing
country like Rwanda. To increase food production

FIGURE 8 .

Rwanda land use and cover in 2001 (a) and 2020 (b)
Source: based on data from Friedl and Sulla-Menashe (2019).
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CHAPTER 4 Land degradation in Rwanda

TABLE 10.

Net changes in ecosystems’ extent in Rwanda (ha)
Source: Modis satellite data on land use and land cover.

Ecosystems 2001 2020 Difference, in ha
Evergreen Needleleaf Forest 0 16 16
Evergreen Broadleaf Forest 133,220 136,215 2,995
Mixed Forest 128 16 -112
Closed shrubland 689 224 -464
Woody savannas 13,341 17,361 4,020
Savannas 547,888 431,276 -116,612
Grassland 644,656 598,851 -45,805
Permanent wetlands 78,222 84,676 6,454
Cropland 589,546 550,098 -39,447
Urban areas 9,690 13,213 3,523
Agroforestry systems 491,496 676,352 184,856
Barren 737 561 -176
Water bodies 124,187 124,940 753
Total 261,166 187,165 1,080,168

to feed the growing population, areas that were
previously woody savannas or grasslands have
often been converted into croplands. While this
has boosted food production, it has also led to a
decrease in carbon sequestration and biodiversity.

4.3 Ecosystem assets: Rwanda’s natural
capital values

The review of available literature and compiled
databases on the values of ecosystem services
show that the highest value ecosystem category
in Rwanda is broadleaf forests, with one hectare
of broadleaf forest producing annually ecosystem
services with an estimated worth of 3,350 US dol-
lars (Annex 2). The second most valuable category
is permanent wetlands: 3,187 US dollars per hec-
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tare per year. Croplands with agroforestry (crop-
land/natural vegetation mosaics) on average pro-
vide 1,069 US dollars’ worth of ecosystem services
(Annex 2).

Our analysis shows that between 2001 and 2020,
Rwanda gained in the values of natural capital in its
ecosystems by about 125 million US dollars on the
net balance (Table 11, Figure 10). However, this net
balance figure hides the fact that Rwanda experi-
enced about 142 million US dollars’ worth of loss of
natural capital. Positive net balance was achieved
because the expansion of agroforestry systems,
forests, and wetlands was bigger than their loss.

Rwanda has been very successful in expanding
agroforestry systems in croplands and in conserv-

ELD
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FIGURE 9 .

Incurred tradeoffs between food production, carbon sequestration, and biodiversity.
Note: the underlying analysis compares the economic estimations of food production, carbon sequestration, and biodiversity values of different
ecosystems, using compiled data on economic values of ecosystem services by different land use and land cover categories in Rwanda (Annex 2).

Food vs Carbon and Biodiversity

Tradeoffs (2001-2020)

® Food production prevailed
(64,000 ha)

@ Carbon sequestration and
biodiversity prevailed
(41,920 ha)

TABLE 11.

Changes in the Total Economic Value of ecosystems in Rwanda, 2001-2020
Author's note: the underling analysis is described in Section 2.2.1 and Annex 2.

2001-2020

Ecosystems

Losses (USD) Gains (USD) Net change value (USD)
Evergreen needleleaf forests 0 24,296 24,296
Evergreen broadleaf forests -29,530,110 37,245,530 7,715,420
Closed shrubland -29,037 4,148 -24,889
Open shrubland 0 4,148 4,148
Woody savannas -16,593 108,924 92,332
Savannas -31,931,700 17,726,520 -14,205,180
Permanent wetlands -12,128,120 31,023,910 18,895,790
Cropland -3,650,089 5,247,579 1,597,490
Agroforestry systems -64,688,830 176,235,000 111,546,170
Total -141,974,478 267,620,056 125,645,577
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ing its natural forests. There has been uncompen-
sated net loss of savanna areas primarily to agro-
forestry expansion. Contrary to some suggestions,
cropland expansion in Rwanda is occurring not
through loss of natural forests, but through expan-
sion of croplands on savannas and grasslands.

In 2014, Rwanda decided, as part of its commit-
ments under the Gaborone Declaration for Sustain-
ability in Africa (2012), to initiate natural capital
accounting (NCA), with land being one of the pri-
ority sectors. This allows a broad understanding
of land value trends and an assessment of the as-
sociated tradeoffs. Thus, the country, within the
framework of the United Nations System of Envi-
ronmental-Economic Accounting (SEEA), joins the
global partnership led by the World Bank (WB), the

Wealth Accounting and the Valuation of Ecosystem
Services (WAVES) (Government of Rwanda, 2018).
The analysis and information provided here can
also be used for integration and continuous mon-
itoring of the values of natural capital represent-
ed by various ecosystems in Rwanda. The novel
contribution of applying this spatially explicit ap-
proach would lie in possibility for a highly granular
accounting of natural capital gains and losses at a
very local level (Figure 10), which cannot be done
for the usual measures of economic activities such
as Gross Domestic Product (GDP). Figure 10 high-
lights an emerging pattern that most of the gains
in the values of the natural capital represented by
ecosystems were achieved in central regions of
Rwanda, while losses more often occurred in pe-
ripheral region.

FIGURE 10.

Economic value of land use change, US Dollars per pixel (each pixel is about 15 ha)

Source: authors.
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5.1. Current context of land restora-
tion assessments in Rwanda

5.1.1. Restoration Opportunities Assessment
Methodology (ROAM)

Implementing Rwanda’s restoration commitment
requires a comprehensive and systematic analy-
sis of the available opportunities. The ROAM de-
veloped by IUCN and WRI intends to provide such
a framework. ROAM follows a multidimensional
process that begins with identifying environmen-
tal challenges at both national and regional scales,
followed by a geospatial analysis incorporating
more than a dozen national datasets representing
the geographic and topographic characteristics of
the country. The process then includes an econom-
ic analysis modelling the costs and benefits of de-
graded and restored land uses. The land uses that
benefit most from restoration were identified as
the following: traditional agriculture, poorly man-
aged woodlots and plantations, and deforested
lands (MINIRENA et al., 2014).

The ROAM framework also identified the five most
appropriate restoration interventions and tran-
sitions that could improve the ecological and eco-
nomic productivity of degraded lands in Rwanda.
Taken together, they would represent about 1.5
million hectares of land restoration opportunities
in Rwanda. The first (1) intervention is based on
implementing agroforestry on steep slopes togeth-
er with other measures such as radical and pro-
gressive terracing. This strategy aims to reduce
erosion on land highly susceptible to soil loss, seek-
ing to stabilize soil fertility. The restoration oppor-
tunity under this type of intervention is estimated
at the national level at 705,162 hectares (MINIRE-
NA etal., 2014). The second (2) of the interventions
identified is agroforestry on flat or gently slop-
ing land. This aims to integrate trees with crops
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to improve soil fertility and water quality. In the
case of pastures and rangelands, the objective is to
provide shade for livestock and increase the avail-
ability of trees for firewood and other domestic
uses. The restoration opportunity under this type
of intervention is estimated at 405,314 hectares
nationally (MINIRENA et al.,, 2014). The third (3)
intervention proposed through the ROAM frame-
work focuses on improving silviculture and reha-
bilitation of existing forest plots and plantations
up to 0.5 hectares in area. Two types of transitions
for poorly managed plots and plantations are sug-
gested: using spacing systems and spacing accom-
panied by erosion and fire prevention practices.
The objective in both cases is focused on improv-
ing and intensifying fuelwood and timber pro-
duction in Rwanda, emphasizing Eucalyptus and
pine (Pinus) as the main tree species exploited for
this purpose at the national level. For Eucalyptus
plantations, approximately 255,930 hectares have
restoration potential at the national level. In the
case of pine plantations, restoration opportunities
on a total of 17,849 hectares at the national level
were suggested (MINIRENA et al., 2014). Protect-
ing and restoring natural forests and safeguarding
protected areas is the fourth (4) intervention pro-
posed through the ROAM framework. For this pur-
pose, two types of transitions are established in
the natural forests; the first one is the implementa-
tion of 100 meters of newly planted forest around
the closed natural forest as buffer areas. Under this
transition, the detected opportunities totals 3,456
hectares. The second transition involves restora-
tion within the reserves and national parks. Here
the opportunities are 10,477 hectares (MINIRENA
etal,, 2014).

The fifth (5) intervention proposed through ROAM
is divided into five separate strategies: the estab-
lishment or enhancement of protective forests in
areas of medium slope between 20-55% (12-30°);
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in areas of high slope (>55% or >30°); in riparian
and buffer zones planting native tree species to
create 20-meter buffer zones; replacing existing
Eucalyptus trees with native tree species within
20 m of watercourses; and in the case of wetland
margins planting native species at 50 meters. All
the above strategies aim to prevent erosion in the
case of ridges and slopes and to protect water bod-
ies (rivers and wetlands) from the harmful effects
of erosion. Given the country’s topography, the op-
portunities detected for improvements in medium
and high slope areas total more than 42,000 hec-
tares on a national scale. In the case of areas close
to water bodies, the potential for implementing
20-meter buffer zones totals 23,000 hectares at the
national level. In the case of wetland areas at the
national level, approximately 57,362 hectares have
potential (MINIRENA et al., 2014).

The ROAM framework provides a good entry
point for spatially explicit identification of are-
as for conservation, SLM, and restoration under
the NBSAP, NDC, and LDN processes. Currently,
there is no such direct and explicit link in Rwan-
da. Moreover, ROAM framework categories and
restoration interventions are in some cases over-
lapping, but in some others are very different
from those identified under the NBSAP, NDC, and
LDN processes, although there is a potential for
their harmonization. Availability of nationally de-
signed ROAM frameworks in several other coun-
tries around the world offers similar opportuni-
ties for harmonization.

5.2. Targeting land restoration for
environmental and economic sustain-
ability

The analysis that we conducted under this study is
broadly consistent with the findings of the ROAM
approach presented above and complements it by
adding some specific novel nuances. The underly-
ing philosophy of the ROAM approach as applied in
Rwanda is to carry out interventions that will help
sustainably manage existing land uses and land
covers, e.g., focusing on implementing measures
that help avoid soil erosion in existing croplands
and pasture lands or improving degrading forest
plantations. Our analysis complements the ROAM
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approach by focusing on restoration of those eco-
systems which were already fully degraded and
converted into a differentland use. Hence, we focus
on the most problematic areas of land degradation
in Rwanda. Based on the analysis of land use and
land cover changes that was presented in Chap-
ter 4, we identified that the extent of such areas is
about 295,010 hectares in Rwanda.

Knowledge of land use changes between 2000-
2021, associated changes in the values of ecosys-
tem services provided by each location, as well as
the information on the restoration costs enables
us to conduct a detailed ex ante modelling of costs
and benefits of restoring these degraded ecosys-
tems in Rwanda in an environmentally sustain-
able and economically profitable way. Table 12
shows the outcomes of this modelling conducted
using a 30-year time horizon, a discount rate of
10%, and accounting for establishment, mainte-
nance, and opportunity costs of land restoration.
In addition to these, we make a novel contribu-
tion by identifying and accounting for transaction
costs of land restoration, i.e. those costs associ-
ated with research and information, design and
implementation, funding mobilization, support
and administration, contracting, monitoring and
evaluation, awareness raising and education, en-
forcement activities that are essential to success-
ful land restoration but were so far not included in
the scientific literature on the costs and benefits
of land restoration (Annex 2).

The results show thatthere is aneed for investment
ofabout 923 million US dollars in total until 2030 to
restore these degraded ecosystems in economical-
ly profitable and environmentally sustainable way.
Each dollarinvested into land restoration may yield
about 1.39 US dollars of returns. It is crucial to note
that the predominant share of these investments,
namely 810 million US dollars, is needed to restore
lost agroforestry systems on agricultural lands. In
fact, expansion of agroforestry is also one of the
key measures for combating soil erosion from agri-
cultural lands. Restoring forests and wetlands and
expanding agroforestry systems on cropland and
grassland are highly profitable. However, restor-
ing shrubland, woody savanna and savanna which
became cropland does not make economic sense.
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Restoring cropland without trees from grassland
is also not profitable but becomes profitable when
these are converted to cropland with agroforestry
(Table 12). Based on this analysis, we conclude that
there are significant opportunities for land resto-
ration activities in Rwanda that are both environ-

mentally sustainable and economically profitable
(Table 12). The key logic of the analysis here is that
we restore higher value ecosystems which were
degraded into a lower value ecosystem. An exam-
ple for this would be when broadleaf forests were
degraded and became shrubland or grassland. We

TABLE 12.

Costs and benefits of land restoration in Rwanda (in millions of US dollars)
Notes: Also includes 25% transaction costs. Discount rate is 10%. Analysis period is 30 years.

Cost of Benefits of Benefit-cost .
Ecosystem to be restored : : . Restoration is from:
restoration restoration ratio
Shrubland, woody savanna and
Broadleaf forest 58.85 141.69 2.47 savanna, agroforestry systems,
grassland.
Shrubland, woody savanna and
Wetland 53.99 108.51 2.03 savanna, cropland without trees,
grassland and barren land.
Shrubland, woody savanna 845.89 6595 077 Grassland and cropland
and savanna without trees.
Shrubland, woody savanna and
Agroforestry systems 810.05 1029.88 1.28 savanna, cropland
without trees, and grassland.
Standard cropland 233.44 65.29 0.28 Grassland.
Total of p.rt.)fltable restoration 923 1280 139
opportunities

TABLE 13.

Investment needs for sustainable cropland management
Source: authors. Note: the analysis is conducted by multiplying the extent of cropland areas with per hectare costs of their annual main-

tenance in good condition, as well as establishment and maintenance costs, and annual benefits from agroforestry systems. The data
underling this analysis are given in Annex 2.

Investment needs,
million US dollars

Cost categories

Annual maintenance costs of croplands in good condition 91
Annual cost of expanding agroforestry to all croplands (Time: 30 years) 123
Annual gross benefits from expanding agroforestry to all croplands 168
Annual net benefits from expanding agroforestry to all croplands 45
of which, in terms of additional food and other products 27
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are considering the full social value of ecosystem
services in the analysis, i.e., accounting for both
market traded provisioning services such as food
and fodder, and for non-provisioning services
which are usually not traded in the markets, such
as carbon sequestration value, biodiversity, water
regulation, pollination, and many others.

Table 13 presents the costs and benefits of main-
taining all croplands in Rwanda in good condi-
tion through erosion control practices, such as
terracing, conservation agriculture, etc. as well
as expanding agroforestry systems to cover all
croplands. The results show that there is a need
for recurring annual investments of 91 million US
dollars for maintaining all croplands in Rwanda
in good fertile condition. Expanding agroforestry
systems to all croplands will require an annualized
cost of 123 million US dollars (the analysis is con-

ducted for the period of 30 years). However, these
investments are highly worthwhile because gross
benefits from them reach 168 million US dollars
per year, and net benefits equal about 45 million
US dollars per year. Of these net benefits, about 27
million US dollars per year are in the form of mar-
ketable benefits such as food and agricultural com-
modity production.

Figure 11 gives a spatially explicit representation
of overall investments needs for land restoration
in Rwanda, while Figure 12 highlights economic
profitability of these investment needs in each lo-
cation. In Figure 12, for instance, some green spots
(return on investment is more than 3 times) are
observed in the northern part of Nyamasheke dis-
trict near the shore of lake Kivu as well as Akagera
village next to Akagera National Park. Some yellow
spot areas spread along the shore of Lake Kivu in

FIGURE 11.

Cost of restoring degraded lands
Source: authors.
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FIGURE 12.

Benefit/cost ratio of land restoration
Source: authors.
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Rubavu and Rutsiro, border of Western and South-
ern Provinces (around the west of Muhanga) and
southern part of Gisagara and Nyaruguru Districts
near the border to Burundi. Such detailed spatial-
ly explicit representation of land restoration costs
and benefits will enable most appropriate target-
ing of land restoration activities depending on both
country priorities and economic returns from such
land restoration investments.

In addition to the overall economic profitability
of investment needs, we analysed their impacts
in terms of carbon sequestration both in terms of
physical amounts of sequestered carbon but also in
terms of associated economic values. Land resto-
ration opportunities that we found to be environ-
mentally sustainable and economically profitable
can help sequester about 13.5 million tons of car-
bon in Rwanda over a period of 30 years (Figure 13,
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Table 14). This is about 2.5 times more than cur-
rent total annual GHG emissions by Rwanda. Our
estimation shows that even when we consider that
land restoration investments value is only concen-
trated in carbon sequestration, the costs of each
ton of carbon sequestered in evergreen broadleaf
forests in Rwanda is 7.74 US dollars, for wetlands
5,300 US dollars, and in agroforestry systems 137
US dollars. For comparison, each ton of carbon is
currently (April 2023) trading at about 100 US dol-
lars per ton under the European Union’s Emissions
Trading System (ETS).

This establishes a clear hierarchy of land restora-
tion if we target carbon sequestration alone. Re-
storing natural forests in Rwanda represent one
of the most cost-effective carbon sequestration
opportunities. Although the costs of each ton of
sequestered carbon are higher in agroforestry sys-
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FIGURE 13.

Carbon sequestration potential from land restoration in Rwanda, in tons per pixel
Source: authors. Note: Each pixel is about 15 ha.
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TABLE 14.

Carbon sequestration potential from land restoration in Rwanda
Source: authors.

Gain in above ground Gain in below ground Total carbon gain

biomass carbon after biomass carbon after (millions of tons)
Ecosystem to be restored : I | o

restoration (millions restoration (millions

of tons) of tons)

Evergreen broadleaf forest 6.4 1.2 7.6
Wetlands -0.02 0.03 0.01
Agroforestry systems 4.8 1.1 5.9
Total 11.1 2.4 13.5
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FIGURE 14.

Prioritization of land restoration
Source: authors.
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tems, due to their extensive area coverage, agrofor-
estry systems can provide with almost half of all
additional carbon sequestration potential through
land restoration in Rwanda. Restoring lost wet-
lands makes sense from a broader economic and
biodiversity angle, but from the carbon seques-
tration perspective in above and below ground bi-
omass, this appears to have only a very marginal
effect. Itis important to highlight that these calcu-
lations, when done only in terms of carbon value,
represent only a small part of the overall benefits
from land restoration.

Figure 14 provides another angle on the prioriti-
zation of land restoration activities by highlighting
those areas where land restoration will, first and
foremost, contribute to food production (491 thou-
sand hectares of shifted agroforestry systems),
and those areas where land restoration will pri-
marily contribute to carbon sequestration and bi-
odiversity values (20 thousand hectares broadleaf
forests and permanent wetlands). However, it is
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important to note that land restoration prioritiz-
ing food production would primarily involve re-
storing the agroforestry systems, hence, these will
also contribute to carbon sequestration, even if in
smaller per hectare amounts.

The above calculations of the costs and benefits of
land restoration focus on reversing land degrading
land use changes. However, an important share
of land restoration costs is incurred in Rwanda
without land use change, but through soil erosion
in croplands and pasture lands. For identifying
investment needs for land conservation, SLM, and
restoration, those areas also need to be consid-
ered. Indeed, RWB and IUCN (2022) estimate that
the total cost incurred due to soil erosion reach
about 921 million US dollars annually.

In Table 15, we combine RWB and IUCN (2022) es-
timates of costs of soil erosion with our estimates
of costs of land degradation through land use
change to show a more comprehensive accounting
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TABLE 15.

Costs and benefits of land restoration
Source: authors.

Costs of land
restoration

Costs of land degradation
(Million US dollars)

Benefit cost Source

ratios

(Million US dollars)

Land use change 1280 Restore ecosystems 923 1.38 Our analysis

. . . . RWB, IUCN
Soil erosion 921 Address soil erosion 513 1.79 (2022)
Total 2201 1436 1.53

of the costs of land and soil degradation in Rwanda.
These combined estimates show that total costs of
land degradation in Rwanda reach an equivalent of
about 2.2 billion US dollars per year. Investments
of about 1.4 billion US dollars are needed to ad-
dressland and soil degradation in the country. This
also means that each dollar invested into land res-
toration and addressing soil erosion in the country
brings back about 1.53 US dollars of return.

5.3. Financing needs and opportuni-
ties for land restoration

Table 16 summarizes the financing needs for land
restoration in Rwanda based on the results of this
study as well as earlier work by RWB and IUCN in
2022 on estimating economic aspects of address-
ing soil erosion. The results show that a total of
about 2.1 billion US dollars are needed for restor-
ing degraded ecosystems, repairing eroded soils,
and maintaining croplands in good condition in
Rwanda until 2030. This means that between now
in 2023 till 2030, annual investments of about 300
million US dollars are needed to avoid, reduce and
reverse land and soil degradation in Rwanda. As a
benchmark comparison, observed investments on
land restoration projects between 2011 and 2018
made up about 75 million US dollars per year.

Land restoration is a critical component of global
efforts to address climate change, biodiversity loss,
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and food security. Despite its importance, restora-
tion finance remains limited due positive exter-
nalities of land restoration, funding constraints,
long-term nature of restoration benefits, and many
other reasons.

Land restoration projects often generate positive
externalities or benefits that extend beyond the di-
rect beneficiaries. The benefits, such as improved
air and water quality, carbon sequestration, and
biodiversity conservation, are not always captured
by the market and may not be reflected in the fi-
nancial returns of restoration projects. Conse-
quently, there is a need for public funding to ensure
that these externalities are accounted for and that
restoration projects are adequately financed.

Moreover, many developing countries face signifi-
cant budget constraints and must prioritize com-
peting needs, such as health, education, and infra-
structure. As a result, governments may struggle
to allocate sufficient resources to land restoration
projects, even when they acknowledge the long-
term benefits of such investments.

Land restoration projects often require substan-
tial investments upfront, while the benefits and fi-
nancial returns may take years or even decades to
materialize. This long-term nature of restoration
benefits can be a deterrent for private investors,
who typically seek short-term profitability. Many
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TABLE 16.

Overall financing needs for land restoration in Rwanda till 2030

Restoring degraded ecosystems 923 Our analysis (Table 11)
Repairing eroded soils 513 RWB and IUCN (2022)
Good maintenance of croplands 637 Our analysis (Table 12)
Total 2073
Annual investment needs (2023-2030) 300

land restoration projects are small in scale and ge-
ographically dispersed, making them less attrac-
tive to large investors who prefer more substantial,
centralized investments with lower transaction
costs. This challenge is particularly pronounced
in the context of rural and community-based res-
toration efforts, where high transaction costs can
undermine the financial viability of projects.

Governments play a crucial role in financing land
restoration projects through budget allocations,
subsidies, and incentives. Public funding is par-
ticularly important for projects with significant
positive externalities, as it can help internalize
these benefits and ensure that restoration efforts
are adequately financed. Bilateral cooperation
programs between countries can provide signifi-
cant financial resources for land restoration pro-
jects, especially in developing countries. These
programs can take various forms, such as grants,
concessional loans, or technical assistance, and can
help leverage additional funds from domestic and
international sources. Multilateral development
banks (MDBs) and international funding organiza-
tions, such as the World Bank, the Global Environ-
ment Facility (GEF), and the Green Climate Fund
(GCF), can provide significant financial and techni-
cal support for land restoration projects. MDBs can
offer concessional loans and grants, while GEF and
GCF can provide targeted funding for projects that
address climate change mitigation and adaptation
or biodiversity conservation.
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Payment for Ecosystem Services (PES) schemes
allow for payments to landowners or resource
managers for maintaining or enhancing ecosystem
services, such as carbon sequestration, watershed
protection, or biodiversity conservation. By creat-
ing a financial incentive for land restoration, PES
can attract private investments and help bridge the
financing gap in restoration projects.

Carbon credits or offsets can be generated through
land restoration projects that sequester carbon
or reduce greenhouse gas emissions. These cred-
its can be sold in the carbon market, providing an
additional revenue stream for restoration projects
and making them more financially attractive to
investors. Sustainability certification schemes,
such as the Forest Stewardship Council (FSC) or
the Roundtable on Sustainable Palm Oil (RSPO),
can help attract investment in land restoration
projects by ensuring that products derived from
restored lands meet specific environmental, so-
cial, and governance criteria. By adhering to these
standards, producers can access premium markets
and obtain higher prices for their products, making
restoration projects more financially viable.

Public-private partnerships (PPPs) and blended
finance mechanisms can help attract private in-
vestments in land restoration projects by lever-
aging public funds and de-risking investments.
Governments can offer financial incentives, such
as tax breaks or guarantees, to encourage private
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sector involvement in restoration projects, while
development finance institutions can provide con-
cessional loans or equity investments to catalyse
private capital.

Alandscape approach is needed for integrating var-
ious land uses, stakeholders, and objectives within
a defined geographic area to achieve multiple ben-
efits, such as climate change mitigation, biodiver-
sity conservation, and sustainable livelihoods. By
pooling resources and investments across differ-
ent sectors and actors, a landscape approach can
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help overcome the small scale and high transaction
costs of individual land restoration projects, mak-
ing them more attractive to investors.

Debt-for-nature swaps are agreements between
debtor countries and their creditors, whereby a
portion of the debtor country’s external debt is
forgiven in exchange for investments in environ-
mental conservation or restoration projects. These
swaps can help free up resources for land restora-
tion while addressing the debt burden of develop-
ing countries.
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Policy and financial environment for
land restoration synergies

6.1. National Legal Framework relevant
for Land Restoration

Rwanda has a significant number of policies and
strategies that seek to strengthen the forestry, ag-
ricultural and environmental sectors in response
to the various challenges. A total of 35 policies/
strategies/plans/laws were identified that have
relevance for land restoration (Table 17). Most are
under the responsibility of MoE, MINILAF - now an

affiliated agency of the MoE, MININFRA, and MI-
NAGRI. As a result of this solid policy framework
established in the country, various institutions de-
veloped a series of opportunity assessments dur-
ing the last decade. Thus, according to IUCN, more
than 80 restoration projects have been imple-
mented throughout the country with significant
national budget funds allocated into landscape
restoration (IUCN and Government of Rwanda,
2021).

TABLE 17.

National Regulatory Framework relevant for land restoration in Rwanda

Adapted from Dave et al. (2019) and IUCN (2020).

Year
enacted

Imple- Other institutions related

menting
institution

1 Strategy Green Growth and 2011
Climate Resilience
Strategy (GGCRS) for
Climate Change and
Low Carbon
Development

MoE MIDIMAR, MINAGRI, MINI- Long-term
COM, MINECOFIN, MINEDUC,
MININFRA, MINIRENA, MIN-
ALOC, and MOH.

2 Policy Rwanda Biodiversity 2011 MoE REMA, PM, RDB, MINECOFIN, Long-term
Policy District councils, private sector,
NGOs, and civil society.
3 Policy National Policy for 2011 MoE REMA, MINAGRI, MININFRA, Medium
Water Resources MINECOFIN, MINICOM, MIN- and long-
Management ALOC, MINISANTE, MINIJUST, term
MIDIMAR, MINEAC, MINEDUC,
MINAFFET, MIGEPGROF,
MINADEF, RDB; RAB, among
others.
4 Policy National Disaster 2012 MDMRA All ministries and affiliated Long-term
Management Policy agencies.
5 Strategy Rwanda Vision 2020 2012 MINECO- All ministries and affiliated Long-term
(revised) FIN agencies.
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Year

enacted

Imple-
menting
institution

Other institutions related

6 Strategy National Urbanisation 2012 MININFRA MoE, CoK, districts, MINECOF- Short-term
and Rural Settlement IN, MINALOC, MoH, MINEDUC,
Sector RHA.
7 Policy Rwanda Wildlife Policy 2013 MINICOM RBD, MININFRA; MoE, districts. Long-term
8 Strategy National Strategic Plan 2013 MoE RWFA, RLMUA, Meteo Rwanda, Short-term
for the Environment REMA, RMPGB, MINAGRI, and
and Natural Resources affiliated agencies: RAB and
Sector 2014-2018 NAEB; MININFRA and affiliated
agencies: WASAC, REG; MIN-
ICOM; RDB; MINALOC, MoH,
MINEDUC, MINAFFET, MIDI-
MAR, MINECOFIN, RURA, RBS,
private sector, and civil society.
9 Policy Rwanda Protected 2013 MINICOM MINIRENA, MINICOM, MININ- Long-term
Area Concessions FRA, REMA; RNRA and PSF,
Management Policy among others.
10 Strategy Economic Develop- 2013 MINECOFIN
ment and Poverty
Reduction Strategy
(EDPRS 11) 2013-2018
11 Law Law Forest manage- 2013 All ministries and affiliated
ment N° 47bis/2013 of agencies.
28/06/2013
12 Policy National Horticulture 2014 MINAGRI
Policy
13 Policy National Energy Policy 2015 MININFRA | MINICOM, MINECOFIN, REMA, | Long-term
MINEDUC, among others.
14 Strategy Energy Sector Strategic 2015 MININFRA
Plan 2013/14-2017/18
15 Law The Constitution of the 2015 Govern- All ministries and affiliated -
Republic of Rwanda of ment of agencies.
2003, revised in 2015 Rwanda
16 Policy National Urbanisation 2015 MININFRA | MINICOM, MINECOFIN, MI- Long-term
Policy NALOC MIFOTRA, RDB, CoK,
Districts.
17 Strategy NBSAP 2016 MoE REMA, MINAGRI, RDB, RAB, Long-term
private sector, NGOs, and civil
society.
18 Strategy 7 years Government 2017 Office of
Programme: National the Prime
Strategy for Transfor- Minister

mation (NST 1)
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Year

enacted

Imple-
menting
institution

Other institutions related

19 Strategy Strategic Programme 2017 MoE All ministries and affiliated Long-term
for Climate Resilience agencies, private sector, NGOs,
9 P
(SPCR) and civil society.
20 Policy Rwanda National 2018 MINILAF
Forestry Policy
21 Strategy Forest Sector Strategic 2018 MINILAF Short-term
Plan (FSSP) 2018-2024
22 Strategy Agroforestry Strategy 2018 MINILAF Medium-
and Action Plan 2018- term
2027 (draft 2018)
23 Strategy National Tree Re- 2018 MINILAF Short-term
productive Materials
Strategy 2018-2024
24 Strategy Strategic Plan for the 2018 MINAGRI RAB, NAEB, MINALOC, private Short-term
Transformation of sector, NGOs, and civil society.
Agriculture 4 (PSTA 4)
2018-2024
25 Policy National Environment 2018 MoE
and Climate Change
Policy (draft 2018)
26 Strategy National Biomass En- 2018 MININFRA
ergy Strategy (BEST)
27 Policy National Agriculture 2018 MINAGRI MINAGRI, MINECOFIN, MYICT,
Policy MINICOM, RDB, MITEC, PSF,
MINALOC, MINILAF, MIGE-
PROF, MINEDUC, MoE, private
sector, and civil society.
28 Policy National Land Policy 2018 MINILAF MINECOFIN, MoE, MININFRA,
(under revision 2018) MINALOC, MINAGRI, MINI-
JUST, MIGEPROF, RAB, RHA,
RTDA, REMA, University of
Rwanda (UR-GIS), INES, private
sector and civil society.
29 Strategy Environment and Nat- 2019 MoE and RWFA, RLMUA, Meteo Rwanda,
ural Resources (ENR) MINILAF REMA, RMPGB, MINAGRI, and

Gender Assessment
and ENR Gender
Mainstreaming Strate-
gy and its Implementa-
tion Plan (2018/2019-
2023/2024)

affiliated agencies: RAB and
NAEB; MININFRA and affili-
ated agencies: WASAC, REG;
MINICOM; RDB; MINALOC,
MoH, MINEDUC, MINAFFET,
MIDIMAR, MINECOFIN, RURA,
RBS, private sector, and civil
society.

56



CHAPTER 2 Policy and financial environment for land restoration synergies

Year Imple- Other institutions related
enacted | menting
institution
30 Policy National Environment 2019 MoE
and Climate Change
Policy
31 Strategy Rwanda National 2019 MoE MoE, MININFRA, RSB RURA,
Cooling Strategy MINICOM, RDB, REG, REMA,
MINECOFIN, MINEDUC, RRA,
MINISANTE, BRD, BDF, FON-
ERWA, RHA, MINAGRI, and
private sector.
32 Strategy National Land Use and 2020 MoE RLMUA, MINECOFIN, MININ-
Development Master FRA, OTP, Office of PM, MoE,
Plan (NLUDMP) 2020- MINAGRI, MINALOC, MINI-
2050 COM, RDB, RHA, RTDA, REMA,
CoK, RFA, RAB, NISR, private
sector, and civil society.
33 Law Law governing 2021 All ministries and affiliated
land N° 27/2021 of agencies.
10/06/2021
34 Law Law governing 2021 All ministries and affiliated
biological diversi- agencies.
ty N° 64/2021 of
14/10/2021
85 Strategy Vision 2050 2020 MINECOFIN | All ministries and affiliated
agencies, the private sector, and
civil society.

Rwanda’s legal framework spans a broad spectrum
from strategies to policies and laws. For instance,
the Green Growth and Climate Resilience Strategy
for Climate Change and Low Carbon Development
(GGCRS) was enacted in 2011 and seeks to inter-
weave the principles of green growth and low car-
bon development. Similarly, the National Urbanisa-
tion and Rural Settlement Sector Strategy of 2012
offers a blueprint for rural development while
maintaining ecological balance. Key laws such as
the Forest Management Law and the Law govern-
ing biological diversity further reinforce Rwanda’s
commitment to managing its natural resources
sustainably.

Moreover, some strategic documents, such as Vi-
sion 2050 and NLUDMP (2020-2050) provide an
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overarching policy environment for land resto-
ration. For example, according to the NLUDMP
(2020-2050), agricultural lands are mandated to
be between 1.2-1.5 million ha by 2030. The Master
plan also requires that current 0.53 million ha of
natural and planted forests are maintained, and
about 0.92 million ha are put under conservation.

An important element of all these laws, policies
and strategies is that they require a high level of
cross-sectoral collaboration for their successful
implementation. The MoE plays a central role in
the implementation of most strategies, together
with other ministries and agencies, including MI-
NAGRI, Ministry of Infrastructure (MININFRA),
Ministry of Finance and Economic Planning (MI-
NECOFIN), and the Rwanda Development Board
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(RDB), among others. All ministries and affiliated
agencies are also implicated in the implementa-
tion of overarching laws.

Many of Rwanda’s policies and strategies directly
address key areas of concern, such as biodiversi-
ty, forestry, and climate change resilience. They
showcase the nation’s efforts to balance the need
for economic growth with the preservation of its
ecosystems. Yet, such balancing acts invariably
involve tradeoffs. For instance, food production
is usually prioritized over carbon sequestration
and biodiversity, leading to shifts in land use and
cover.

Given these challenges, it is vital for Rwanda to
continuously review and update its policies to align
them with the prevailing circumstances and chal-
lenges. This includes revising financial strategies to
increase funding for land restoration, strengthen-
ing institutional capacities, fostering stakeholder
collaboration, and promoting sustainable land use
practices at the grassroots level. Through adaptive
policymaking and a robust, dynamic implemen-
tation strategy, Rwanda can effectively navigate
these challenges and ensure the successful imple-
mentation of its land restoration objectives.

6.2 Institutional Setting of Land Resto-
ration in Rwanda

A greater understanding of national restoration
governance in Rwanda requires introspection
into the connectivity among its constituent ac-
tors as well as its flows and dynamics. The gov-
ernance system of restoration in Rwanda is com-
posed of a vast network of actors (McLain et al.,
2019). According to their functioning, the actors
can be differentiated, on the one hand, into regula-
tory, supervisory, financing, and local community
bodies. Moreover, one can also recognize them by
their type of constitution, including public, pri-
vate, and civil society actors. Furthermore, finally,
their management varies according to their scale:
multisectoral (national), sectoral (district), and
local or targeted (cells). Figure 15 schematizes the
flows (implementation, monitoring, funding, and
raw materials) between the various actors in the
broad network.
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Implementing Actors

According to the PM’s Order No. 108/03 of
10/15/2020, the MoE is the highest body in charge
of ensuring the protection and conservation of the
environment, as well as guaranteeing the optimal
and rational use of water resources, land, and for-
ests for sustainable national development. This
ministry frames the central regulatory norms and
laws for optimal restoration governance at the na-
tional level. It also seeks to disseminate environ-
mental and climate change policies, strategies, and
programs. Of the five affiliated agencies, at least
four play an essential role: REMA, Rwanda Forest-
ry Authority (RFA), NLA, and FONERWA.

Supervising Actors

The central supervisory bodies in the framework
of restoration governance are REMA and the NLA.
Through REMA, the government supervises and
evaluates development programs to ensure com-
pliance with environmental laws (both during
preparation and implementation). The government
oversees all land management and land use con-
trol matters through the NLA. Although REMA and
NLA are involved in monitoring tasks at the nation-
al level, the fact is that at the local level, there is a
gap in the absence of public mechanisms to ensure
compliance with the standards and the expected
benefits for farmers (Buckingham et al., 2021).

Financing actors

In financing, although there is a wide variety of
actors, financial flows remain limited and, in some
cases, are developed through closed groups. At the
national level, the RFA, in practice, functions as a
financial centre, receiving funds from other gov-
ernmental actors, private actors (mainly tea com-
panies), and non-profit organizations (such as GIZ)
and then sending them to other organizations that
are more involved at the district level (and then
passing them on to the farmers). REMA, whose
flow (although on a smaller scale) also connects di-
rectly with farmers, mainly directs funds through
the management of the RFA. Furthermore, REMA
has two primary sources for directing funds: in
the governmental sphere, it has a close relation-
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ship with MINECOFIN, which also receives funds
from donors such as GEF. REMA’s second source
is the World Bank since multiple projects related
to restoration governance are managed through
this affiliated agency of the MoE. REMA also has a
constant flow with MINAGRI, which has multiple
joint projects. Internally, REMA manages the Pro-
ject Implementation Unit (PIU), which is equipped
with human and financial resources to develop
bankable projects and collaborate with different
stakeholders, including international climate fi-
nance institutions, to attract more resources for
the implementation of the GGCRS and the NDC. In
addition, at the national level, there is also FON-
ERWA, another agency affiliated with the MoE,
through which multiple external donors, such as
the GCF, come together. FONERWA provides tech-

nical and financial support to public and private
projects that improve the environment, combat cli-
mate change, and promote green growth (McLain
et al,, 2019; Buckingham et al., 2021). At the dis-
trict level, three actors stand out for their connec-
tivity: district governments (governmental), [UCN
(non-profit organization), and farmers’ coopera-
tives (private). The latter has, at this scale, direct
coordination with FONERWA, which in many cases
channels its funds through them due to their ex-
tensive field knowledge. The cooperatives also play
a role at the local and community level as farmers
seek to secure higher prices and better technical
equipment through them. Through them, many
non-profit organizations such as CARITAS or CARE
channel sources of funding, and even institutions
such as I[CRAF channel various research studies.

FIGURE 15.

Governance system of restoration in Rwanda
Source: MINIRENA et al. (2014) and Buckingham et al. (2021). .
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Local community actors

Farmers are, in essence, the main actors in the
framework of restoration governance. With the
support of various private institutions such as
IUCN and through the National Tree Seed Centre -
NTSC (managed until 2014 by RAB), farmers have
improved their access to raw material systems
(seeds and seedlings). Although the official suppli- | .
er, the NTSC is not the only one, as multiple NGOs e e e
(mainly through churches, and schools, among
others) offer seeds and seedlings at low prices or
even free of charge to farmers. In terms of financ-
ing, as mentioned above, farmers have a high level
of connectivity, mainly through funds managed by
district governments and cooperatives. However,
hierarchically multiple shortcomings weaken their
role in the structure, including the lack of access
to information on regulations, new technologies,
and monitoring systems. In this aspect, ICRAF and
IUCN play an essential role in the dissemination of
information and collaboration.

In addition to bilateral interactions and collabora-
tions, many of these organisations also seek to co-
ordinate their activities through various land man-
agement focused Task Forces, sectoral and other
Working Groups. However, our analysis shows that
although land conservation, SLM, land restoration
activities, including more specific interventions
such as agroforestry, need to be undertaken and co-
ordinated together, many of these Task Forces and
Working groups have a more focused mandate on
specific dimensions of this continuum. Hence, bring-
ing these existing coordination mechanisms togeth-
er in a more systematic way could help increase the
synergies for land management in Rwanda. This is
especially true since in most cases the same actors
are engaged in different working groups.

Despite the existence of these collaborative link-
ages across various actors in land conservation,
SLM, and land restoration in Rwanda, stakeholder
consultations in Rwanda during the workshop in
March 2020, highlighted several gaps and potential
entry points for increasing the effectiveness and
efficiency of land conservation, SLM, and land res-
toration activities in Rwanda. These are discussed
in the detail in Chapter 7.
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Mechanisms for Synergies from
coordinated Land Restoration

Enhanced effectiveness and efficiency in land res-
toration can be achieved through synergistic col-
laborations among the three Rio Conventions, as
opposed to pursuing separate, uncoordinated ef-
forts. Effectiveness implies that the Conventions,
through cooperation, accomplish land restoration
objectives that would be unattainable individually.
Efficiency means that collaborative efforts reduce
the cost of restoring each hectare of land. Syner-
gy-enabling mechanisms should be adaptable, vi-
able, and cost-effective, with overly intricate ap-
proaches avoided in favour of simplicity and ease of
implementation. Ideally, these mechanisms should
repurpose existing structures and entry points,
rather than introducing disruptive changes. The
transaction cost theory, as detailed in Chapter 2,
offers a suitable analytical framework for devising
potential synergy mechanisms.

There are five primary categories of land restora-
tion expenses: acquisition, establishment, main-
tenance, opportunity, and transaction costs (Ta-
ble 18). Acquisition costs refer to the expenses

involved in obtaining land, usually from private
owners, for conservation or restoration purpos-
es. Establishment costs encompass the initial ex-
penses of implementing ecosystem restoration
techniques and practices, such as site preparation,
seeding, and planting. For instance, the initial
costs of planting trees in a reforestation program
are considered establishment costs, while the on-
going care for these trees falls under maintenance
costs. Both establishment and maintenance costs
can vary significantly depending on the location
and the specific restoration technology or practice.

Opportunity costs account for the lost benefits as-
sociated with the land’s previous use before res-
toration. For example, if a reforestation program
replaces cropland, the lost benefits from prior
crop production must be considered as opportuni-
ty costs in the analysis. Transaction costs include
expenses related to identifying suitable restora-
tion sites, planning, negotiating, organizing resto-
ration initiatives, and monitoring and evaluating
the results.

TABLE 18.

Costs of land restoration in Rwanda
Source: author calculations based on various sources.

Types of restoration costs Examples Costs (US dollars
per ha)
Establishment costs Planting of saplings, construction of terraces, etc. 221-1573
Maintenance costs Annual recurring costs 28-137
Opportunity costs Values of the biome being replaced after restoration 80-3350
Research and information, design and implementation, funding
Transaction costs mobilization, support and administration, contracting, monitoring 62-430
and evaluation, awareness raising and education, enforcement

ELD
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TABLE 19.

Transaction costs of land restoration in Rwanda

Sources: REMA (2022) and our estimations-based REMA (2022) and costs of land restoration activities in Rwanda.

Monitoring and enforcement 14%
Research and capacity building 5%
Awareness raising 3%
Coordination and administration 2%
Funding mobilization <1%
Total share in land restoration costs 25%

Transaction costs can constitute up to 50% of the
total land restoration program expenses (Coggan et
al. 2010), so it is crucial to include them in the eco-
nomic analysis of land restoration projects. Table
18 shows the range of establishment, maintenance,
opportunity, and transaction costs for Rwanda. Ac-
quisition costs are not very relevant for the Rwan-
dan context of land restoration, so they are not
presented in Table 18 and our analysis. From Table
18, we see that depending on restoration type and
technology, establishment costs in Rwanda range
from 221-1573 US dollars, maintenance costs range
between 28-137 US dollars, and transaction costs
represent range between 62-430 US dollars.

The key synergies come through reducing these
transaction costs through collaboration. The trans-
action costs of about 25% under the REMA projects
in Rwanda (Table 18) implies that land restoration
activities are already carried out with a high level
of effectiveness and efficiency. Globally, 25% repre-
sent a lower end in the shares of transaction costs
in the overall land restoration and nature conserva-
tion programs, which can make up more than 50%
of all costs in some cases (Annex 1). This implies
that in other settings where prevailing transaction
costs of land restoration are higher, the payoff from
collaborations would be even bigger.

The following five potential scenarios for syner-
gistic collaboration for land restoration under the
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Rio Conventions’ processes were evaluated. These
synergy mechanisms were elaborated based on
the review of literature, various project and pol-
icy documents, as well as, importantly, through
a stakeholder dialogue workshop conducted on
March 28-29 2023 in Kigali. The rich discussions on
strengths and weaknesses of each of these collab-
oration mechanisms when applied to the Rwandan
context, form the basis of qualitative assessment
of the challenges and opportunities associated by
these collaboration mechanisms presented below.

Scenario 1. A joint inter-agency working group
for land restoration. The advantages include the
opportunity to share experiences and skills, avoid
duplication of efforts, and use resources more ef-
ficiently. Enablers for this scenario include coordi-
nation, joint planning, resource sharing, and better
division of labor. Key hindrances include the risk of
adding another administrative layer, which could
lead to inefficiency, difficulty in reaching compro-
mises, and the time-consuming nature of the pro-
cess. Ensuring commitment, funding availability,
high-level political will, and an overall coordinat-
ing body would help facilitate the working group’s
success. However, challenges may arise due to in-
stitutions seeking visibility, conflicts of interest
among agencies, and a lack of financial resources.
To overcome these obstacles, a clear Terms of Ref-
erence and the inclusion of additional stakehold-
ers, such as the private sector, may be beneficial.
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Scenario 2. An information exchange platform
and website for land restoration. Advantages
include easy flow of information, improved com-
munication, and easy access to data for research,
policymaking, and investment. Key enablers are
information sharing, common understanding, re-
source mobilization, and capacity development for
all stakeholders. Disadvantages include potential
exposure to data breaches, digital divides for cer-
tain groups, and loss of exclusive data ownership.
Hindrances may come from limited infrastructure,
costs of cloud services, and outdated data. Other
challenges include scattered information, complex
applications, and high information costs. To ad-
dress these concerns, implementing secure IT in-
frastructure, affordable cloud services, and skilled
personnel is crucial. The government’s efforts for
digital inclusion and advanced IT technology can
also contribute to success. Ensuring a dedicated in-
stitution is responsible for updating and monitor-
ing the website, along with data protection meas-
ures, will further support the effective functioning
of the information exchange platform.

Scenario 3. A joint monitoring and evaluation
(M&E) system for land restoration. Advantages
include timely and updated information, institu-
tions sharing similar information, fair recognition
of contributions, and improved learning systems.
Key enablers are cost reduction, reliable informa-
tion, avoiding duplication, shared human resourc-
es, and centralized information. Disadvantages
include the resources and time required for har-
monizing the system. Hindrances may arise from
limited skills, systems, and financial resources.
Other challenges include unsuccessful government
efforts in joint planning and different sectoral
plans. To address these concerns, having a robust
M&E system, expertise, and financial resources
is essential. MINECOFIN could potentially include
cross-sectoral planning in Imihigo!. Capacity build-
ing, valorising data in planning and implementa-
tion, and joint planning and harmonization are
other considerations to ensure the effective func-
tioning of the joint M&E system.

Scenario 4. Joint planning and fund mobiliza-
tion for land restoration. At both national and the
Rio Conventions’ levels, the development of a sin-
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gle framework for joint planning of programs and
projects on land restoration could be considered.
In Rwanda this could be a part of the National Plan
for land restoration, and for the Rio Conventions,
this could be part of the enhanced mandate of the
JLG, both discussed above. This collaborative pro-
gramming approach for land restoration can help
streamline efforts and help mobilize resources to
expand land restoration activities in a harmonized
way. This joint planning is also a necessary con-
dition for the functional joint M&E system, men-
tioned in the previous Scenario. Also, advantages
of joint fund mobilization include the risk of con-
flicts due to unfair contributions, difficulties in
reporting due to different systems and capacities,
and complex financial reporting. Hindrances may
arise from the complexity of joint responsibilities,
varying levels of professionalism and capacities,
and competition for resources among individual
institutions. To address these concerns, govern-
ment support through donor’s basket funds, ca-
pacity-building for proposal writing and financial
management, and commitment from MINECOFIN
are crucial. Other considerations include the roles
of MINECOFIN, donor support for joint funding, and
the Single Project Implementation Unit at REMA.
Proper distribution of roles and responsibilities,
as well as joint planning and budgeting, will con-
tribute to the effective functioning of joint funding
mobilization.

Scenario 5. Joint research for land restoration.
Advantages include skills sharing, data sharing,
increased resources from partners’ contributions,
quality research results, and efficient use of finan-
cial resources. Key enablers are a combination of
technical expertise, stronger human capacity, ex-

!Imihigo is a traditional Rwandan cultural practice and per-
formance management tool for goal setting and accountability
that has been adapted and integrated into the Rwandan public
administration and governance structure. The term "Imihigo”
translates to "pledges” or "commitments" in the Kinyarwanda
language. Imihigo has been recognized for its effectiveness in
driving development, enhancing public service delivery, and
promoting accountability and transparency in governance.
The Rwandan government has revitalized the Imihigo concept
as a performance management tool to fast-track the country's
development and achieve its national development goals, such
as those outlined in its Vision 2020 and Vision 2050 strategies.
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panding research networks, experience sharing,
and rapid publications in journals. Disadvantages
include longer times to generate research findings
due to bureaucracy, conflicting research agenda
items, and challenges in resource management.
Hindrances may arise from time-consuming pro-
cesses, difficulty in matching partners, and limited
coordination. Other challenges include limited use
of research findings for planning. To address these
concerns, ensuring human resources, financial re-
sources, and the existence of dedicated research
institutions is essential. An institutional setup for
research organization, laws governing research,
and planning process consultation can also con-
tribute to success. Considering local knowledge in
research initiatives is another important factor to
consider for effective joint research efforts.

Using the theory of transaction costs and outlined
methodology for assessing the benefits from har-
monized and well-coordinated implementation of
land restoration activities under the Rio Conven-
tions in Rwanda (Annex 2), Table 20 presents quan-
titative assessment of benefits from collaborative
approaches under each of these synergy scenarios.
Based on different scenarios for synergy collabo-
ration, it is evident that the combined implemen-
tation of land conservation, SLM, and land resto-
ration activities under the NBSAP, NDC, and LDN
processes can substantially reduce transaction
costs and enhance the overall effectiveness of land
restoration activities.

The estimations show that harmonized implemen-
tation of land restoration activities under NBSAP,
NDC, and LDN processes in Rwanda using all these
synergy scenarios may reduce the transaction
costs of land restoration by almost 56%. Specif-
ically, coordinated implementation is estimat-
ed to save about 45.6 million US dollars per year
compared to when the activities under the three
Rio Conventions are carried out separately. Thus,
well-coordinated and harmonized implementation
can provide with significant efficiency gains in
land restoration activities.

The values represented in Table 20 show average
values. The confidence interval of gains from the
coordinated approach ranges from 12.09 million
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USD - 90.98 million USD annually. Coordinated ap-
proach is economically preferable to separate im-
plementation in 99.98% of the simulations. These
numbers are calculated for annual investments of
300 million US dollars in land conservation, SLM,
and land restoration activities. These results clear-
ly support our earlier conclusion on the impor-
tance of coordinated approach from the financial

efficiency dimension as well.
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The following recommendations for collaborative
synergies are suggested based on the findings of
this study for the consideration by concerned min-
istries and other organizations in Rwanda engaged
in land management and, at the international level,
by the secretariats of the three Rio Conventions.

Synergy mechanism 1.
A joint inter-agency working group for land.

Strengthening inter-ministerial coordination
on land conservation, SLM, and land restoration
in Rwanda. National dialogues and coordination
mechanisms are essential for implementing inter-
national conventions and agreements effectively.
Establishing such mechanisms can help streamline
communication and cooperation among different
stakeholders, including government ministries,
agencies, sub-national administrations, private
sector, civil society organizations, and local com-
munities.

Establishing a national focal point for coordi-
nating land-based activities (including the en-
tire spectrum from conservation, SLM, to resto-
ration) within the government, such as dedicated
inter-ministerial committee headed by a high-level
official, can help coordinate actions among differ-
ent ministries and stakeholders engaged in land
management from diverse angles. The focal point
could also bring together currently existing work-
ing groups which are operating in parallel despite
being usually made up of the same organizations
and individuals.

Enhancing the mandate of the Joint Liaison
Group among the Rio Conventions. At the Rio
Conventions’ level, the JLG was established to en-
hance coordination and cooperation among the Rio
Conventions. Strengthening the JLG’s capacity and
providing it with a more explicit mandate to facil-
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itate collaboration on land restoration could help
enhance synergies among the Rio Conventions.

Synergy mechanism 2.
Joint research and planning of land target im-
plementation.

Joint spatial mapping of lands for conservation,
SLM, and restoration across the Rio Conven-
tions. Full harmonization of Conventions’ specific
indicators on land can be highly costly and long
process without clear and certain benefits and
may be for some indicators infeasible. It may be a
more optimal approach to accept these individual
targets and differences as such and bring them to-
gether in one map capturing the national commit-
ments of land conservation, SLM, and land restora-
tion under the three Rio Conventions in a spatially
explicit manner. It is clear from this study’s find-
ings that the predominant share of land conserva-
tion, SLM, and land restoration activities in Rwan-
da will occur on agricultural lands. Therefore, a
coherent and salient integration of food security
and (agro)-biodiversity implications is necessary.

Harmonizing national action plans for land con-
servation, SLM, and land restoration with the
joint support of the three Rio Conventions can
help outline Rwanda’s land-related commitments,
targets, and strategies for implementing and serve
as ajointroadmap for all stakeholders. Rwanda has
a very rich basis to initiate such process, for exam-
ple, Restoration opportunity assessment method-
ology (ROAM) could provide the starting elements
for this national coordination.

Synergy mechanism 3.
Joint funding mobilization

Mobilizing resources for joint work on land
conservation, SLM, and land restoration: Rwan-
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dan national organizations and the three Rio Con-
ventions can work together to secure financial
resources to support collaborative efforts on land,
including from GEF, GCF, and other funding sourc-
es. An urgently needed and very specific topic for
such finding could be joint spatially explicit map-
ping of NBSAP, NDC, and LDN commitments and on
joint monitoring and evaluation.

Elaborating joint work programs and projects.
At both national level and at the Rio Conventions’
level, the development of joint work programs and
projects could be considered. In Rwanda this could
be part of the National Plan for land conservation,
SLM, and land restoration, and for the Rio Conven-
tions, this could be part of the enhanced mandate
of the JLG, both discussed above. This collaborative
programming approach can help streamline ef-
forts and help mobilize resources to expand imple-
mentation activities in a harmonized way.

Synergy mechanism 4.
An information exchange platform and joint
research

Facilitating knowledge and information gener-
ation and sharing: Creating a platform for the ex-
change of knowledge, information, and best prac-
tices related to land conservation, SLM, and land
restoration between the national organizations in
Rwanda can help bring together land related infor-
mation into one place and help provide open access
to it. Having such publicly available source of rich
information on all aspects of land conservation,
SLM, and land restoration will help unleash vari-
ous research activities supporting evidence-based
design of land management policies, but also help
attract more investments to land conservation,
SLM, and land restoration by reducing information
uncertainties and risks faced by both private and
public investors. Maintaining and updating this
platform could be part of the functions of the na-
tional focal point for land conservation, SLM, and
land restoration in Rwanda.

Fostering capacity-building efforts. The sec-
retariats of the Rio Conventions can collaborate
on providing support for capacity building and
strengthening on integrated approaches that ad-
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dress land objectives across the Conventions. This
could include training, technical assistance, and
the development of tools and guidelines for appli-
cation of best practices of land conservation, SLM,
and land restoration.

Increasing awareness and political will. Raising
awareness of the benefits of collaboration and syn-
ergies among the conventions at the political level,
including through high-level dialogues and meet-
ings, to generate the necessary political will to sup-
port collaboration on land conservation, SLM, and
land restoration.

Synergy mechanism 5.
A joint monitoring and evaluation (M&E) system

Monitoring of progress of land conservation,
SLM, and land restoration and evaluating its
outcomes. Establishing a joint mechanism for
monitoring progress and evaluating the effective-
ness of collaborative efforts in land conservation,
SLM, and land restoration is the highest payoff
synergy area for collaboration. FERM under the
UN Decade on Ecosystem restoration is currently
intending to provide an overarching mechanism
for monitoring of broader impacts of land resto-
ration on all dimensions of sustainable develop-
ment. In addition to this, however, there is a need
for more targeted and the Rio Conventions’ specific
monitoring framework that is also well applicable
to diverse country settings, with a clear focus on
monitoring and measuring the progress of the land
conservation, SLM, and land restoration targets
under the LDN, NBSAP, and NDC processes, both at
national and international levels. A periodic publi-
cation on the state of land restoration in the world
that documents the outcomes of such monitoring
could be considered.
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T rechnical Annexes

Technical Annexes

Annex 1. Conceptual
framework

A1.1. Measurement of transaction costs

Land restoration programmes by the government
raises several transaction cost dilemmas. The type
of organisational structure, the control and com-

mand structures, number of actors, and how cost
and benefits will be shared affect the transaction
cost and the successful implementation of the pro-
ject (Tables 21 and 22).

Aside the direct cost of restoring the land such
as seed/seedling production, tree planting, soil
and water management; the associated indirect
cost (transaction cost) is likely to be high. Some of

ELD

TABLE 21.

Type of transaction cost and production cost involved in a land restoration program

TC Activity Governance Type of transaction cost Type of
classifica- structure production cost
tion
Establishment Hybrid 1. Research & information
of organisation (donors & 2. Contracting & bureaucracy
Ex-ante /institution/ government) 3. Design and planning
platform 4. Support and administrative
support
Hybrid 1. Research & information on
(donors & contractors/consultants
government) 2. Administrative support
(incl. procurement)
3. Monitoring & evaluation
4. Enforcement
Implemen- ) .
tation Contrators 1. Time and cost of communi- | 4.  Input cost
(farmer ty engagement (seeds, seedlings, labour,
Ex-post groups, 2. Administrative support machinery, etc)
specialised (incl. procurement staff) 5. Technology and innovation
firms; 3. Monitoring and evaluation | 6. Maintenance cost
community (watering, replacing dead
engagement) trees, agronomic practices,
etc)
End of project Hybrid 1. Monitoring and evaluation
(donors & 2. Reporting system
government)
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TABLE 22.

Type of transaction cost and production cost involved in a land restoration program

Source: Adapted from McCann and Easter (2000); Falconer et al. (2001); Fang et al. (2005); McCann et al. (2005); Coggan et al. (2010);
Ofei-Mensah and Bennett (2013); and Pannell et al. (2013).

Comment

Authors TC (%)

of total

Methodology

cost

McCann 38 TC = share of total conservation cost The TC component of a natural resource conservation
and Easter Total conservation cost = service programme is based on planning, application,
(2000) (abatement + TC) support (maps, office equipment, and rent) costs and
Abatement cost = other agency costs, e.g., conservation districts
financial assistance + private cost
TC = planning + application + support
+ other cost
Falconer 28.9 TC= public sector administrative costs of Agri-Environ-
etal. mental Schemes (AESs) implementation across England.
(2001) i.e., running costs (information, contracting, policing) +
environmental monitoring cost (evaluation)
Fang et al. 35 o Total TC included TC from private entity and government
(2005) TC=Z(ti *r*S) agency to implement a water quality-trading scheme in the
= Minnesota River basin. TC included time spent on permit
t = time spent on administrative and negotiation, searching for trading partners, administrative
contracting activities expenditures, mandated communications between the per-
r = wage (%/hr) mittee and government agency. In addition, time spent by
s = number of personnel government agency staff on credit verification, post-project
i = number of transactions site inspection, and routine project management.
McCann TC comprises of research and information; enactment
etal. or litigation; design and implementation; support and
(2005) administration; contracting/monitoring/detection/conflict
resolution; prosecution/enforcement
Cogganet | 21-50 TC as a percentage of total cost of policy
al. (2010)
Ofei- 18-192 0 e Use of surveys and official records from institutions
Mensah 3-40 TC = Z LB, (R +K +1, +A, +C+M,+F,) implementing the policy programme
and = . TC=research and information (R) + enactment (K) +
Bennett B = discount factor implementation (I) + administrative (A) + contracting
(2013) i = policy; j = paying entity (C) + monitoring (M) + enforcement cost (F)
t = time period
R-F = transaction cost elements 2 TC relative to compliance cost of the Fuel Label
TC elements (dollars) = Programme (FLP) in Australia
salary (dollars per day) x staff 5 TC relative to total cost of the Fuel Efficiency
(numbers) x time (days/hours) Programme (FEP) in Australia
Pannell 68 Summation of share of allocation to e Use of official records from institutions implementing
etal. programme funds. the programme
(2013) . Under the National Action Plan for Salinity and Water

TC = ) i.i share of budget

(i=1)

Quality by the Australian government,

e  TC= central administration of the programme + ad-
ministration and capacity building of regional environ-
mental bodies + planning + monitoring and evaluation
at regional level + data, analysis and research + exten-
sion, information provision, persuasion, networks
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the immediate ex-ante transaction costs include
formation of implementing agencies (inter-minis-
terial committee), drafting of contracts, engage-
ment of consultants, community engagement and
education, alternative opportunities for affected
communities (opportunity cost), and bargaining
cost with affected actors. Ex-post transaction
costs include monitoring and enforcement, en-
vironmental assessment, maintenance and the
long-term commitment (probity) to protect re-
stored lands.

The broad definition of TC makes its measure-
ment difficult. Therefore, the use of specific ty-
pologies can help streamline its measurement
(McCann et al., 2005). So far, the literature shows
two approaches to measure TC. Both the direct
and indirect approaches can be used to measure
transaction cost (Merkert et al., 2012; Benham et
al.,, 2004). The direct approach encompasses two
methods. Method 1 estimates TC based on the size
of “transaction sector” within firms of non-trans-
action industries. For instance, the wage payment
to employees in legal, finance and human resource
departments. Method 2 estimates TC based on the
cost of specific transactions. For instance, salary
cost of time spent collecting information, or wait-
ing in a queue (Merkert et al., 2012). Most authors
(A1.3) applied method 2 to the computation of TC
in the environmental sector. Benham (2004) and
Merkert et al. (2012) applied method 2 to the rail-
way sector. The magnitude of TC is dependent on
the components of TC measured.
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A2.1. Methods

Economic assessment of land restoration

The calculation of the costs of land degradation in-
cludes the total economic values (TEV) of direct use
and indirect use ecosystem services obtained from
land ecosystems in Rwanda. The costs and bene-
fits of land restoration activities are calculated by
their net present value (NPV) in year t for Rwanda’s
planning horizon T. The costs of land restoration
activities are comprised of establishment costs for
restoring the degraded biomes, maintenance costs,
the opportunity costs of the lower value biome,
which is being replaced by the higher value biome,
as well as the transaction costs used for implement-
ing land restoration programs.

CI(PY +1VAIm]) 6}

where,  ; = net present value (NPV) of land resto-
ration in year t for Rwanda’s planning horizon T;
p' = 1+1, r = discount rate (10%); Yi= production of
direct use provisioning services after land resto-
ration (food, fodder, timber, non-timber products,
etc.); P = unit price of Yi; IV = value of indirect use
ecosystem services (e.g. carbon sequestration);
Imi = cost of land restoration, including establish-
ment, maintenance, opportunity, asnd transaction
costs. The planning horizon (T) in this study is
determined to be 30 years, i.e., between 2020 and
2050.

If Rwanda does not undertake land restoration, the

NPV is given by:
a- Ly o pyisgy 2
M= B, PY Y )

where 7 § = NPV of the ecosystem services still de-
rived from the degraded biome. Superscript d indi-
cates a degraded biome.

The benefit of land restoration is given by:

BA=n¢-m! (3)
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The difference m¢-m? is essential in decision mak-
ing. If the returns to land restoration, after includ-
ing land restoration costs, are smaller than the
corresponding returns from the degraded biome,
it would not make economic sense to conduct land
restoration activities.

As the first step, our cost-benefit analysis of land
restoration focuses on land dynamics, as measured
by the MODIS Land Cover Type Product (MCD12Q1)
global maps of land use and cover at 500-m spatial
resolution (Friedl and Sulla-Menashe 2019), that
have occurred each year between 2001 and 2020,
for the evaluation of land dynamics, and their asso-
ciated costs and benefits Rwanda. The underlying
assumptions about the trajectories of ecosystem
recovery after restoration are given in Table 23.

Analytically, this would mean calculating (4) be-
low. For example, when a forest is cut down and
turned into a cropland, this would mean lower val-
ues of ecosystem services because forests usually
provide higher TEV of ecosystem services than
croplands.

CLULC: ZI,( (Aa1 *D;= Aa1 *pz) (4)

where C .

dynamics; a, = land area of biome 1 being replaced

= cost of land degradation due to land

by biome 2; P, and P, are TEV biome 1 & 2, respec-
tively, per unit of area.

Hence, by the definition of land degradation, P, > P..

This means, land dynamics that lead to higher TEV,
i.e., when P, <P, is not regarded as land degrada-
tion but rather as land improvement.

The analysis of land dynamics is based on Inter-
national Geosphere-Biosphere Programme (IGBP)
definitions and comprises the following biomes
present in Rwanda: Evergreen Broadleaf Forest,
Evergreen Needleaf forests, Mixed Forest, Closed
shrubland, Woody savannas, Savannas, Grassland,
Permanent wetlands, Cropland, Urban areas, Crop-
land/Natural Vegetation Mosaics which corre-
spond to agroforestry systems, and barren areas,
and Water bodies.

TABLE 23.

Trajectory of ecosystem recovery

Costs of Forest Shrublands, Agroforest- Wetland Cropland Grassland
action woody sa- ry systems
vannas and
savannas
Estab-
lishment 30 10 10 10 1 1
period
First 5 years
(20% of the full First 5 years First 5 years First 5 years Full Full
Staggered potential), 2nd 5 (50% of the (50% of the (50% of the potential potential
entrance years (33% of full poten- full poten- full poten- is reached is reached
into full potential), next 10 tial), 2nd 5 tial), 2nd 5 tial), 2nd 5 one year one year
potential years (50 of poten- years (80% years (80% years (80% after after
tial), next 5 years of potential) of potential) of potential) restoration restoration
(80% of potential)
rsa“t;"s"’a' 60% 60% 60% 100% 100% 60%

74



T rechnical Annexes

TABLE 24.

International Geosphere-Biosphere Programme (IGBP) definitions of land uses and covers

Land use and cover Description

Evergreen Broadleaf/
Needleaf Forests
never without green foliage.

Lands dominated by broadleaf/needleaf woody vegetation with a percent cover >60% and
height exceeding 2 m. Almost all trees and shrubs remain green year-round. Canopy is

Closed Shrublands

Lands with woody vegetation less than 2 m tall and with shrub canopy cover >60%. The
shrub foliage can be either evergreen or deciduous.

Open Shrublands

Lands with woody vegetation less than 2 m tall and with shrub canopy cover between 10%
and 60%. The shrub foliage can be either evergreen or deciduous.

Woody Savannas

Lands with herbaceous and other understory systems, and with forest canopy cover be-
tween 30% and 60%. The forest cover height exceeds 2 m.

Savannas Lands with herbaceous and other understory systems, and with forest canopy cover be-
tween 10% and 30%. The forest cover height exceeds 2 m
Croplands Lands covered with temporary crops followed by harvest and a bare soil period (e.g., single

and multiple cropping systems). Note that perennial woody crops will be classified as the
appropriate forest or shrub land cover type.

Cropland/Natural Vegeta-
tion Mosaics

Lands with a mosaic of croplands, forests, shrubland, and grasslands in which no one com-
ponent comprises more than 60% of the landscape

Grasslands

Lands with herbaceous types of cover. Tree and shrub cover is less than 10%.

Economics of coordinated vs uncoordinated
land restoration under the Rio Conventions

This analysis investigates the costs and benefits
of coordinated vs uncoordinated land restoration
activities under the three Rio Conventions follow-
ing the theory of transaction costs. Based on the
literature review, we identified that transaction
costs make up about 25% in land restoration pro-
ject costs in Rwanda (Table 15). This corresponds
to a very efficient organization of land restoration
activities. The transaction costs across all partic-
ipants of the land restoration activities under the
three Conventions are likely to vary substantially.
Hence, it is important to account for variations in
these transaction costs. Coordination allows for
reducing these transaction costs. How much trans-
action costs are reduced would also vary depend-
ing on both the extent of collaboration and the na-
ture of these transaction costs. The following steps
are taken as part of this methodology:
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Step 1. Account for the variation in the shares
of the transaction costs

This is done through using average transaction
costs of 35% and including a standard deviation of
these transaction costs of 10% around this mean
value. To account for this variability in transaction
costs, Monte Carlo simulations were performed.
The simulations are used to estimate the potential
outcomes of a stochastic process by running 10,000
iterations with changing shares of the transaction
costs within the total land restoration costs. In
each iteration, transaction costs are generated by
sampling from a normal distribution. Specifically,
the transaction cost share is constrained between
0 and 1 using the max and min functions, and it fol-
lows a normal distribution with a mean of 0.35 and
a standard deviation of 0.10. This sampling allows
for variability in the transaction costs, reflecting
the uncertainty and potential fluctuations in these
parameters.

ELD
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Step 2. Account for benefits of coordination

Coordination allows for reducing these transaction
costs. How much transaction costs are reduced
would also vary depending on both the extent of
collaboration and the nature of these transaction
costs. Reductions in transaction costs are mod-
elled to vary between 0% (no benefit from coor-
dination) to 75% for different cost types. The co-
ordination reductions are sampled from a normal
distribution with a mean of 0.45 and a standard
deviation of 0.3. Here as well, 10,000 Monte Carlo
simulations are run to identify the distribution of
potential outcomes.

Step 3. Model the variations in each type of
transaction costs

By multiplying the transaction costs by the cor-
responding proportions of each specific transac-
tion cost type (ME-Monitoring and Enforcement,
RCB - Research and capacity building, AR-Aware-
ness raising, CA-Coordination and administration,
FM-Funding mobilization), the baseline costs with-
out coordination for each cost type are determined.
This allows for the evaluation of the cost distribu-
tion across different transaction cost types in the
baseline No coordination scenario.

Step 4. Identifying reductions in each transac-
tion cost through coordination

Coordination efforts lead to the reduction in trans-
action costs. It varies for each cost type and fol-
lows a normal distribution with a mean of 0.45 and
a standard deviation of 0.3, ensuring that the re-
duction factor falls within the range of 0% to 75%
reductions in the overall transaction costs. This
reflects the cost reduction achieved through coor-
dination activities in the coordination scenario.

Step 5. Compare Coordination vs No Coordina-
tion scenarios.

Steps above result in calculation of the expected
values of transaction costs under coordination and
no coordination considering potentially high vari-
ability of these costs and benefits of collaboration
across different actors in Rwanda.
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A2.2. Data

Land Use and Land Cover (LULC)

The MODIS Land Cover Type Product (MCD12Q1,
here referred to as Modis500 land dynamics) glob-
al maps of land use and cover at 500-m spatial res-
olution (Friedl and Sulla-Menashe, 2019) are used
as the source for the land dynamics data. Modis500
land dynamics provides global land cover types at
annual intervals (2001-2018). Modis500 land dy-
namics is derived using supervised classifications
of MODIS Terra and Aqua reflectance data. The su-
pervised classifications then undergo additional
post-processing that incorporate prior knowledge
and ancillary information to further refine specific
classes (Figure 16).

Economic values of ecosystem services

We conducted a thorough review of all available
data from literature published on the values of
ecosystem services specifically from Rwanda and
neighbouring countries. We complemented this
through interviews with experts and various other
stakeholders. Since it is not possible to derive indi-
vidual ecosystem values for each pixel of the analy-
sis, we used the benefit-transfer approach to assign
economic values to ecosystem services in those
settings in Rwanda with missing data by using eco-
system values from other locations Rwanda and
from their neighbouring countries (Tables 25-26).

Costs of land restoration actions

The data on the costs of land restoration actions
is similarly collected from existing databases and
publications, particularly: the World Overview of
Conservation Approaches and Technologies (WO-
CAT), Economics of Land Degradation (ELD) data-
base (Nkonya et al., 2016), as well as through focus
group discussions and expert interviews in Rwan-
da. The data that we compiled on the establishment
and maintenance costs of ecosystems restoration
indicate that ecosystem re-establishment costs
range from 304 US dollars per ha for grassland to
3726 US dollars per ha for wetland (Table 24).

Costs and benefits of separate vs integrated planning
and implementation of land restoration

The data on transaction costs of implementing land
restoration activities is obtained through review-
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ing REMA (2022), as well as the focus group dis-
cussions with the participants of the stakeholder
workshop on 28-29 March 2023 in Kigali, Rwanda.
The key outcome of these focus group discussions
was to identify the key constraints from segregat-
ed decision-making mechanisms and implementa-
tion and potential benefits from coordinated plan-
ning and implementation of these action agendas
in their land related components under various
collaboration scenarios. We also conducted a thor-
ough review of related literature and policy doc-
uments and identified key features, potential are-
as of synergies and tradeoffs between LDN, NDC,
and NBSAP processes and their implementation
in Rwanda, including the associated investment
flows for the implementation of these plans. Final-

ly, quantified scenarios for collaboration synergies
that emerged during the workshop are modelled
based on this data comparing when land resto-
ration activities are conducted through separate
processes vs. when they are implemented through
coordinated and well-integrated processes.

Data on carbon sequestration potentials from eco-
system restoration

The data on carbon sequestration potentials from
ecosystem restoration comes from the database of
above ground and below ground biomass carbon
database by the Oak Ridge National Laboratory
Distributed Active Archive Center (ORNL DAAC)
for Biogeochemical Dynamics of NASA. (Spawn et
al. 2020).

TABLE 25.

Economic values of ecosystems and costs of ecosystem restoration
Source: various datasets and publications on ecosystem benefits and costs of land restoration (e.g., ESVD, ECON-WOCAT, Mirzabaev et al.
(2022), ZEF Agroforestry dataset). n/a - not applicable.

Ecosystems in 2001, hectares Value of Establishment Maintenance
ecosystems, costs per ha costs per ha
USD per ha
Evergreen Needleleaf Forest 2,146 1133 239
Evergreen Broadleaf Forest 3,350 1133 239
Mixed Forest 2,146 1133 239
Closed shrubland 629 646 150
Woody savannas 629 646 150
Savannas 629 646 150
Grassland 370 304 34
Permanent wetlands 3,187 3726 186
Cropland 466 566 165
Urban areas n/a n/a n/a
Agroforestry systems 1,069 737 119
Barren 80 0 0
Water bodies n/a n/a n/a
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TABLE 26.

Economic values of ecosystem services by different land uses and land covers in Rwanda.
Source: various datasets and publications on ecosystem benefits and costs of land restoration (e.g., ESVD, ECON-WOCAT, Mirzabaev et al.
(2022), ZEF Agroforestry dataset).

Ecosystem services Forests | Agrofor- | Shrub- Wetlands Agrofor- | Barren
estry on lands, estry on land
pastoral | woody cropping

systems | savannas systems
and sa-
vannas

Provisioning services 284 192 192 49 427 427 632 80
Food 132 33 33 36
Water 33
Raw materials 76 42 42 12
Genetic resources 38 25 25
Medicinal resources 5 2 2 1
Ornamental resources 90 90
Regulating services 1,838 216 216 316 2,664 38 216 0
Air quality regulation 14 23 67
Climate regulation 1,343 49 49 75 109 2 49

Disturbance regulation

Regulation of water flows 55 33 33 19 33
Waste treatment 153 2,206 4
Erosion prevention 221 104 104 140 179 2 104
Nutrient cycling 19 10 10 78 103 10
Pollination 19 19 19 9 19
Biological control 14 1 1 2 1
Habitat services 24 215 215 0 45 0 215 0
Nursery service 8 29
Genetic diversity 16 215 215 16 215
Cultural services 1,204 6 6 5 55 1 6 0

Esthetic information

Recreation 1,204 6 6 5 12 1 6
Inspiration
Spiritual experience 41
Cognitive development 2
Total 3,350 629 629 370 3,187 466 1,069 80
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FIGURE 16.

Global land use and cover in 2020
Source: based on data from Friedl and Sulla-Menashe (2019).
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Annex 3. Visualizations
of Coordination and
Baseline Scenarios

FIGURE 17.

Cumulative distribution plot of total costs under Baseline and Coordination Scenarios
Note: Coordination scenario has a first order stochastic dominance over the baseline scenario.
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FIGURE 18.

Density plot of total costs under Baseline and Coordination Scenarios
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FIGURE 19.

Box plot of total costs under Baseline and Coordination Scenarios.
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