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Executive Summary
Nature is at the heart of many economic activities, 
such as agriculture, forestry and fisheries. It also 
contributes in many ways to maintaining safe and 
comfortable environments for people and com-
munities, as well as being important for cultural 
reasons. However, continuing nature loss under 
the current economic development pathway is 
widely acknowledged as a fundamental barrier to 
sustainable development.

In Africa, the need to mainstream nature (or natural 
capital) into development planning is recognized in 
the aspirations of Agenda 2063. The African Union 
Green Recovery Action Plan (2021-2027) highlights 
the continental vision of restoring and sustainably 
managing ecosystems for economic recovery and 
job creation. In different African nations, investing 
in natural capital for economic development is also 
being integrated into national green economy poli-
cies, action plans and strategies.

To support green economic transition and a green 
post-COVID recovery in Africa, there is an urgent 
need to help financial institutions and governments 
make more nature-positive investment decisions 
on a routine basis. Recognizing this, the Green 
Growth Knowledge Partnership (GGKP), African 
Development Bank (AfDB) and World Wide Fund 
for Nature (WWF) launched the Natural Capital for 
African Development Finance (NC4-ADF) project 
in 2021.

This report provides a contribution to the NC4- 
ADF project. The report is targeted at those in 
financial institutions and national governments 
in Africa involved in appraising, planning and 
implementing large-scale development projects. 
However, it is likely to be of interest to a wider audi-
ence concerned with better integration of nature 
into development planning. The report aims to build 
a common understanding around natural capital 
concepts and approaches, which will be new to 
many. It also presents a state-of-the-art natural 
capital assessment for the Pemba-Lichinga Inte-
grated Development Corridor in Northern Mozam-
bique (Phase 1), which is funded by AfDB’s Special 
Agri-Industrial Processing Zone (SAPZ) project.

Natural capital assessments quantify, map and, 
sometimes, value the benefits nature provides. They 
inform natural capital approaches for development 
project design and implementation, for example. 
These are approaches that recognize and mitigate 
natural capital impacts that lead to unintended eco-
nomic and social welfare losses. They also identify 
and capture opportunities for natural capital invest-
ments to deliver economic and social benefits. The 
natural capital assessment for the SAPZ project in 
northern Mozambique explores possible trade-offs 
and synergies between cropland intensification as 
a land-use (project baseline scenario) and invest-
ment to reforest riparian croplands and develop 
agroforestry in existing croplands (natural capital 
approach scenario).

The natural capital approach scenario for the 
SAPZ project demonstrates how an integrated 
landscape management approach can deliver 
on multiple development objectives. It esti-
mates the increases in benefits from improved 
dry season water flows, avoided sedimentation 
of watercourses, climate change mitigation 
and wood fuel supply in physical and monetary 
terms under the natural capital scenario, com-
pared to the project baseline scenario. Based 
on this partial economic analysis, returns from 
establishing riparian forest and agroforestry 
ecosystems in current cropland areas are esti-
mated to be $42/ha/year in terms of benefits 
to Mozambique based on the four ecosystem 
services valued. This increases to $90/ha/year 
when global costs of climate change mitigation 
are included (i.e. when the US social cost of 
carbon is applied to value climate change miti-
gation benefits). By way of comparison, studies 
suggest conventional tillage maize farming in 
Mozambique generates profits of around $100/
ha/year. However, it should be recognized that 
economic benefits realized through agroforestry 
crop production are not yet monetized under the 
natural capital approach scenario.

Additional co-benefits under the natural capital 
approach scenario include improved pollination 
(cropland with sufficient pollinators increases 
by 221 hectares) and increases in biodiversity 
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(biodiversity intactness index increases by 4%). 
Additional ecosystem services likely to be sup-
plied under the natural capital approach scenario 
include wet season flood mitigation, provisioning 
of non-wood forest products and regulation of 
pest damage. However, it has not been possible 
to estimate the magnitude or value of these ser-
vices without additional, more local data.

The natural capital assessment can be used by 
SAPZ designers to inform nature-based solutions 
to agricultural irrigation issues, delivering wider 
community benefits (e.g. wood fuel security) and 
achieving national objectives for climate change 
mitigation and biodiversity. It can also help plan-
ners recognize the benefits that better integration 
of natural capital into agricultural development 
projects elsewhere in Africa could realize. 

Mainstreaming natural capital approaches into 
these types of development projects can foster 
transition to green economies, where these 
projects deliver better outcomes for nature and 
people in landscapes and seascapes. Develop-
ment finance institutions will play a key role in 
delivering this. They can help build the knowl-
edge and capacity for mainstreaming natural 
capital into development planning in Africa (i.e. by 
embedding natural capital assessment in project 
appraisal). Also, by recognizing the additional 
benefits nature provides in their decision-mak-
ing, they can create the enabling environment to 
favour financing nature-positive investments and 
nature-based solutions. In this way, they can work 
with government and other partners to overcome 
some of the barriers to implementing natural 
capital approaches that many projects face.
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1.	Introduction
The economic development pathway of the 20th 

and 21st centuries is characterized by accumulation 
of produced and human capital, at the expense of 
natural capital (Dasgupta, 2021; UNEP, 2011). This 
has created a situation where humanity’s demands 
on nature are now unsustainable. This is affecting 
the benefits the economy and society receives 
from nature and pushing it towards tipping points, 
beyond which sharp declines in benefit flows are 
expected (WEF, 2020; World Bank, 2021b).

Addressing nature loss in Africa and around the 
world requires transition to an economic devel-
opment pathway that redirects substantial finan-
cial flows into nature-positive investments, and 
away from activities that negatively impact nature 
(Dasgupta, 2021; WEF, 2020). Such a transition 
can generate many new business opportunities, 
jobs and well-being benefits. The World Eco-
nomic Forum (WEF) highlights transitioning to 
nature-positive food, land and ocean use systems 
may generate over $3.5 trillion in business oppor-
tunities and nearly 200 million jobs by 2030. 
Transitioning to nature-positive infrastructure and 
built environments, including using nature-based 
solutions (NbS), may generate over $3 trillion in 
business opportunities and over 100 million jobs 
by 2030 (WEF, 2020).

The African Union Green Recovery Action Plan 
(2021-2027) highlights the continental vision of 
restoring and sustainably managing 100 million 
hectares of land and creating 10 million jobs by 
2030, while also contributing to attaining 15 of the 
17 Sustainable Development Goals (SDGs) (African 
Union, n.d.). It sets out priority interventions for 
biodiversity and NbS, harnessing climate finance 
and climate-resilient agriculture to support eco-
nomic recovery. The action plan recognizes the 
importance of investing in nature for livelihoods 
and climate change resilience, following the eco-
nomic impact of COVID-19 on the continent. 

There is an urgent need to help financial institu-
tions and governments move from broad plans and 
commitments to making nature-positive decisions 
and investments on a routine basis (Ruckelshaus et 
al., 2022). Recognizing this and the need to better 

consider natural capital in development planning 
projects, the Green Growth Knowledge Partner-
ship (GGKP), African Development Bank (AfDB) 
and World Wide Fund for Nature (WWF) launched 
the Natural Capital for African Development 
Finance (NC4-ADF) project in 2021.1 The project 
is piloting the mainstreaming of natural capital 
approaches in the development and financing of 
African development projects.

This report provides a contribution to the NC4-ADF 
project by demonstrating a use case of natural 
capital approaches in an agricultural development 
project in Africa. This use case is to provide the 
opportunity to build institutional and political con-
sensus for mainstreaming natural capital in lending 
practices of African development finance institu-
tions (DFIs), including AfDB. It is intended to build 
a common understanding around natural capital 
concepts, which will be novel to many. Drawing on 
a case study for Mozambique, it also demonstrates 
to financial institutions and national government 
partners the benefits of applying natural capital 
approaches to development projects design, plan-
ning and, ultimately, financing and implementation. 
This applies generally, and for building back better 
following the COVID-19 pandemic.

1	 https://www.greengrowthknowledge.org/initiatives/NC4-ADF 
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2.	Natural Capital Concepts and Approaches
Nature is at the heart of many economic activi-
ties, such as agriculture, forestry and fisheries. 
It also contributes in many ways to maintaining 
safe and comfortable environments for people 
and communities, as well as being important 
for recreation, relaxation and cultural reasons. 
The need for governments to consider nature in 
development planning and economic manage-
ment has been recognized for decades, notably 
via the Brundtland Commission report from 
World Council on Environment and Development 
in 1987 (WCED, 1987). The concepts of natural 
capital and ecosystem services have emerged 
as a way of integrating the value of nature into 
public and private planning.

2.1	 Natural capital and ecosystem services 

An early definition by Daly (1994) describes 
natural capital as the “stock that yields a flow of 
natural services and tangible natural resources”. 
Bateman & Mace (2020) define natural capital 
as “those renewable and non-renewable natural 
resources (such as air, water, soils and energy), 
stocks of which can benefit people both directly 
(for example, by delivering clean air) and indirectly 
(for example, by underpinning the economy)”. 

Broadly, non-renewable natural capital includes 
abiotic resources such as coal, minerals and 
oil. Renewable natural capital relates to biotic 
resources, which may regenerate over time. A 
common way of characterising biotic resources 
in landscapes and seascapes is as ecosystem 
assets. An ecosystem is a community of species 
and their local, non-living environment acting as 
a functional unit. The interactions of species (i.e. 
plants and animals) and non-living components in 
ecosystems (e.g. water, sediments and topogra-
phy) drive different functions (e.g. biomass accu-
mulation or slowing passage of water), which lead 
to the supply of ecosystem services. Formally, 
ecosystem services are the contributions of eco-
systems that lead to benefits for the economy and 
for human well-being (United Nations et al., 2021). 
They are organized into the following categories: 

•	Provisioning ecosystem services: Ecosystem 
services representing the contributions to 
benefits that are extracted or harvested from 
ecosystems (e.g. wood for timber harvest).

•	Regulating and maintenance ecosystem 
services: Ecosystem services resulting from 
the ability of ecosystems to regulate biological 
processes and to influence climate, hydrological 
and biochemical cycles (e.g. pollination, carbon 
sequestration, flood control).

•	Cultural ecosystem services: The experiential 
and intangible services related to the perceived 
or actual qualities of ecosystems whose 
existence and functioning contributes to a range 
of cultural benefits (e.g. recreational settings or 
cultural practices).

The relationship between “stocks” of ecosystem 
assets (i.e. the ecosystems themselves), the flows 
of ecosystem services they supply and the bene-
fits they lead to is illustrated in Figure 1. In Figure 
1, the stocks of ecosystem assets (green circle, 
e.g. a forest) supply a flow of ecosystem services 
(green arrow, e.g. standing timber for harvesting). 
Various ecosystem processes lead to supply of 
the ecosystem service (e.g. photosynthesis). This 
“ecosystem asset” perspective on natural capital 
is the one adopted in this report (i.e. non-renew-
able resources such as coal and minerals are not 
considered). Ecosystem services contribute to 
ecosystem service benefits (grey box, e.g. har-
vested timber) enjoyed by the economy or society.
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As Figure 1 indicates, the ecosystem service 
benefit may be considered to arise from a joint 
production process to which ecosystem services 
contribute to different degrees. As the example 
in Figure 1 demonstrates, other capital inputs are 
needed to realize the benefit of harvested timber 
from a forest (orange box, e.g. machinery, labour 
and forestry knowledge).

2.2  Biodiversity

Biodiversity is an important characteristic of 
nature. It essentially reflects the variability and 
abundance of life at the ecosystem level (the dif-
ferent communities of species in different loca-
tions), species level (the number and abundance 
of different species) and genetic level (the differ-
ent genetic and other characteristics that exist in 
species populations). Loss of biodiversity affects 
ecosystem service supply in different ways. Less 
ecosystem diversity means there is a smaller port-
folio of ecosystem assets in landscapes and sea-
scapes. As such, a narrower range of ecosystem 
services can be supplied at these scales. Loss of 
species and genetic level biodiversity can impact 
the processes and functions that drive ecosystem 
service supply (as described above). This means 
ecosystem assets may supply less services and 
may be less resilient to impacts such as climate 
change, as they have fewer functional compo-
nents to keep their processes going.

The Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES, 
2019) identifies that substantial biodiversity loss 
is occurring across all three levels of biodiver-
sity (Figure 2). The UN Agenda for Sustainable 
Development recognizes this as a material devel-
opment concern (UN, 2015). For instance, IPBES 

(2019) identifies biodiversity loss as undermining 
progress towards 80% of the SDG Targets. 

Maintaining and enhancing biodiversity is critical for 
ensuring the sustainable supply of ecosystem ser-
vices. As ecosystems are converted, lose species 
or otherwise degrade, their functioning and ability 
to supply ecosystem services becomes impaired. 
This can lead to reduction in both the range and 
quantity of ecosystem services supplied. It can also 
compromise the resilience of ecosystems to shocks 
and stresses, including climate change. Eventually, 
tipping points may be reached beyond which there 
is a collapse in ecosystem services supply (WEF, 
2020; World Bank, 2021b). Countries and commu-
nities whose economies are more reliant on eco-
system services are the ones most at risk from the 
effects of these tipping points being breached. The 
World Bank (2021b) estimates that sub-Saharan 
Africa would be particularly hard hit by a collapse in 
ecosystem services supply, experiencing a relative 
contraction in GDP of 9.7% per year by 2030 (or 
equivalent to -$358 billion).

Figure 1: Ecosystem assets and ecosystem services: stocks and flows (Dickson et al., 2014)

Stocks Flows

Ecosystem  
service benefit
(harvested timber)

Other Capital Inputs:

●	 Labour
●	 Machinery
●	 Materials
●	 Human knowledge

(Felling and transport 
machines, lumberjacks)

Ecosystem asset 
(forest)

Ecosystem service
(standing timber)

Figure 2: Global loss of the levels of biodiversity (IPBES, 2019)
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2.3  Natural capital approaches

Ruckelshaus et al. (2022) describe natural capital 
approaches as those that drive changes in policy 
and/or investment decisions by incorporating the 
values of ecosystem services into decision-mak-
ing. They are increasingly being implemented 
by a wide range of actors at various scales. This 
includes implementing nature-based solutions 
(e.g. using ecosystem services for climate change 
adaptation), within single sectors of the economy 
(e.g. improving ecosystem services related to water 
supply to agriculture) and across the economy 
(e.g. green economy transition). For example, 
China has zoned 51% of the country for boosting 
ecosystem service supply, targeting payments to 
over 200 million people for ecosystem restoration 
(Ouyang et al., 2016)

To inform natural capital approaches, assess-
ments of the stocks of ecosystem assets and the 
flows of ecosystem services they deliver under 
different decision-based scenarios is needed. 
These scenarios may include baseline (or busi-
ness as usual) scenarios, natural capital improve-
ment, or loss scenarios (e.g. project or policy 
scenarios) and scenarios that explore future 
pressures (e.g. in the context of climate change). 
These “natural capital assessments” are based 
on quantifying, mapping and valuing ecosystem 
assets and service flows, and how these are 
expected to change under these different sce-
narios. They explore the trade-offs and synergies 
across different development objectives under 
different scenarios where natural capital (or 
ecosystem asset) stocks change. Hence, natural 
capital assessments can be used to guide more 
integrated policy, planning, investment and man-
agement practices. These are practices that rec-
ognize and capture the multiple benefits nature 
provides, while mitigating unintended impacts 
on nature and unintended economic and social 
welfare consequences.

By their nature, natural capital assessments are 
inter-disciplinary, melding different data, meth-
odologies and perspectives. The increasing 
availability of readily accessible remote sensing 
data (e.g. satellite based) is allowing ecosystem 
assets to be identified and mapped more easily. 
There are currently a number of models, plat-
forms and applications for estimating ecosystem 
services, such as the InVEST suite of models from 

the Natural Capital Project,2 Costing Nature and 
related policy support applications3 and ARIES.4 
GGKP (2020) highlights useful natural capital 
platforms and tools, additional to a large body 
of literature on natural capital and ecosystem 
assessments that now exists to draw on.

A feature of natural capital assessments is the 
valuation of ecosystem services. IPBES (2022) 
highlighted the importance of presenting different 
value perspectives to decision makers via natural 
capital assessments. For example, monetary val-
uation of ecosystem services will be helpful to 
economic planners in evaluating the costs and 
benefits of different natural capital approaches. 
However, social planners are likely to be more 
interested in understanding the bio-physical 
contributions of ecosystems to food security 
(e.g. calorific flows), water security (e.g. m3 water/
year) or disaster risk reduction (e.g. reduction in 
peak flood flows). Environmental managers will 
be interested in ecological returns from natural 
capital approaches, such as increases in species 
habitat and abundance. Therefore, to the degree 
possible, natural capital assessment should 
speak to these different perspectives and devel-
opment objectives, illustrating the synergies and 
trade-offs that emerge. 

2	 https://naturalcapitalproject.stanford.edu/software/invest 
3	 http://www.policysupport.org/home 
4	 https://aries.integratedmodelling.org 
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2.4 � Natural capital approaches and green 
recovery in Africa

Africa has a wealth of natural capital. However, 
as with elsewhere across the world, this is under 
threat from human activity and climate change 
(WWF, 2020). A business-as-usual recovery, built 
on continuing unsustainable production and con-
sumption of nature, poses unacceptable long-term 
risks to economies, livelihoods and well-being. At 
the same time, the stocks of ecosystem assets that 
Africa is endowed with provide a foundation for 
sustainable economic development and a green 
recovery from the impacts of COVID-19. In this 
context, WWF (2020) highlights that investments 
in natural capital may deliver nine times more in 
economic benefits than they cost and support 
long-term livelihoods. 

WWF (2020) also highlights a set of key investment 
opportunities to support transition to nature-pos-
itive economies and green and just recovery in 
Africa. This includes investing in nature-based 
solutions, which boost ecosystem services rele-
vant to climate change adaptation, water manage-
ment and nature-based tourism. They also include 
investing in more sustainable and productive food 
systems (e.g. via agroforestry and climate-smart 
agricultural production), as well as applying natural 
capital assessment to inform climate resilient 
infrastructure development.

Similar opportunities are highlighted in the African 
Union Green Recovery Action Plan (2021-2027) 
(African Union, n.d.). Biodiversity and nature-based 
solutions feature as a priority intervention area 
under the plan, due to the opportunity they bring 
to build back better by delivering on multiple social, 
environmental, as well as economic, development 
goals. Sustainable agricultural land management, 
maintaining ecosystem services essential for agri-
culture (e.g. pollination and water regulation) and 
maintaining climate resilient landscapes and live-
lihood resilience are all important interventions of 
the plan that natural capital approaches can also 
contribute to achieving.

The challenge is to move from these high-level 
commitments to action on the ground. This 
requires development finance institutions and 
their government partners to mainstream natural 
capital approaches in their development plan-
ning and financing decisions. A key opportunity 

for this is via development corridor projects. Fol-
lowing Juffe-Bignoli et al. (2021), development 
corridor projects are defined as “large, often 
transnational and linear, geographical areas 
targeted for investment under a spatially ori-
ented and common economic strategy towards 
achieving long-term sustainable development”. 
This definition encompasses both infrastructure 
development projects, as well as agglomeration 
type projects that provide targeted support 
to increase economic activity within or across 
sectors in different localities. 

Environmental impact assessments are widely 
required by governments to assess and mitigate 
the impact of these development corridor projects 
on the environment. Finance institutions have also 
developed environmental standards, such as the 
International Finance Corporation, which includes 
a specific Performance Standard related to bio-
diversity (Performance Standard 6). This aims to 
ensure that no net loss of biodiversity is incurred 
with project implementation. 

However, ecosystem services and natural capital 
are very rarely considered in the impact assess-
ment of development corridor projects. In their 
analysis of peer-reviewed literature on develop-
ment corridors, Juffe-Bignoli et al. (2021) found 
that only seven articles out of 271 identified 
assessed impacts on ecosystem services. Grif-
fiths et al. (2019) highlight this issue in the context 
of project mitigation actions to achieve no net 
loss (NNL) of biodiversity, often deployed as a 
response to an environmental impact assess-
ment. They observe that changing the configu-
rations of biodiversity (including ecosystems) in 
the landscape via off-setting alters the patterns 
of ecosystem services supply and use. This may 
result in third parties becoming worse off after a 
project than they were before it.

This report provides a spatially explicit natural 
capital assessment to illustrate how natural capital 
approaches can be better mainstreamed into 
development corridor projects. It uses an agricul-
tural development project in northern Mozambique 
as a case study. It demonstrates how integration 
of natural capital can better support the project 
objectives to boost cropland yields, deliver wider 
benefits for communities, climate change mitiga-
tion and adaptation benefits and improved out-
comes for biodiversity.
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3.	Case Study Description
This report uses the Mozambique SAPZ project 
as its main case study, which aims to enhance 
agricultural productivity within the Pemba- 
Lichinga integrated development corridor in the 
north of the country. While Mozambique has 
substantial natural resources, these are declin-
ing and the country is facing significant devel-
opment challenges posed by climate change 
(AfDB, 2015). To respond to these challenges, 
the Government of Mozambique, together with 
the African Development Bank and other key 
development partners, launched a Roadmap for 
a Green Economy (GER) in 2012. 

The GER establishes the national development 
objective of becoming: “…an inclusive middle 
income country by 2030, based on protection, 
restoration and rational use of natural capital and 
its ecosystem services to guarantee develop-
ment that is sustainable, inclusive and efficient, 
within the planetary limits.” (AfDB, 2015) 

To operationalize the goals of the GER, the 
Government of Mozambique approved a Green 
Economy Action Plan (GEAP) in 2013 for the 
period 2014 to 2019. The GEAP identifies the effi-
cient and sustainable use of natural resources 
as one of three major interventions necessary 
for green economic transition. The inter-minis-
terial steering group identified mapping, valua-
tion and integration of natural capital in national 
planning as a priority for the GEAP, which should 
also be reflected in the national development 
plan (AfDB, 2015). The GEAP was updated for the 
period 2020 to 2030. The updated GEAP high-
lights efficient and sustainable use of natural 
resources as a major intervention. Entry points 
for natural capital also feature with respect to 
sustainable infrastructure (e.g. integrated water 
resources management) and climate change 
adaption (e.g. disaster risk reduction) (Govern-
ment of Mozambique, 2020). Therefore, con-
tinued natural capital assessment will be key to 
developing the evidence base to implement the 
GEAP over the coming years.

3.1  Background

The potential of agriculture to support economic 
growth, alleviate poverty and address food inse-
curity is well recognized in Mozambique (AfDB, 
2018). In 2020, the agricultural sector in Mozam-
bique contributed around 26% of total national 
GDP (World Bank, 2022). The main crops cultivated 
in Mozambique are maize (29%), cassava (13%), 
sorghum (11%), beans (9%) and rice (5%). Next 
in importance are cash crops: peanuts, sesame 
seeds, cotton, tobacco and cashews (AfDB, 2018). 
However, most income from agriculture is in the 
form of self-consumption and, to a lesser degree, 
some sales of production. Only 18% of farmers 
grow at least one cash crop, and less than half 
of these sell any of their production in markets 
(World Bank, 2021a). Nonetheless, the rebound in 
the agricultural sector, supported by favourable 
climatic conditions, has helped underpin a timid 
national recovery from the COVID-19 crisis (World 
Bank, 2022). 

The agricultural sector also provides 71% of total 
employment in the country (in 2015) (World Bank, 
2022). It is the major source of livelihoods in rural 
areas and is highly dependent on natural resources 
(World Bank, 2018). About 3.9 million households 
cultivate around 5.1 million hectares in the country, 
mostly practicing subsistence farming on small 
plots that average 1.3 hectares in area (World 
Bank, 2018). These small holder farmers account 
for 94% of agricultural production in Mozambique, 
and 95% of this production occurs on plots less 
than 1.5 hectares in area (IFAD, 2018). 

The productivity of Mozambique’s agricultural 
sector is one of the lowest in the region (AfDB, 
2018). This is in part due to limited market access, 
poor infrastructure and post-harvest losses 
(AfDB, 2015). The sector is also highly vulnerable 
to climate change and natural disasters, including 
droughts and flooding that regularly affect the 
country and lead to food insecurity (AfDB, 2018). 

To improve the performance of the sector, 
address food insecurity and deliver decent jobs, 
the Government of Mozambique has identified six 
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development corridors to target investment for 
improved crop production (AfDB, 2018). One of 
these is the Pemba-Lichinga corridor in the north 
of the country (AfDB, 2018), which runs east to 
west across the Niassa and Cabo Delgado prov-
inces (Figure 3). In both of these provinces, 99% of 
farms are small (<10 ha) and average crop produc-
tion is dominated by maize and, to a lesser extent, 
beans (MADER, 2021).   

While agricultural development is important, it 
needs to be balanced with other national devel-
opment objectives. This requires integration of 
agriculture, forestry, water and other sectors in 
policymaking (AfDB, 2015; World Bank, 2018). For 
instance, forests provide goods and services to 
local communities that contribute to almost 20% of 
cash and 40% of subsistence incomes (World Bank, 
2018). Wood fuel supplied by forests accounts for 
80% of total household energy consumption in 
Mozambique (World Bank, 2018). Agricultural pro-
duction also benefits from the ecosystem services 
delivered by forests, such as maintaining reliable 
water flows (World Bank, 2018). The government 
is also seeking to create a green growth policy 
framework that protects watersheds, soil fertility 
and pollinators important for crops of high nutri-
tional and cash value (AfDB, 2015). 

Mozambique is also experiencing the adverse 
effects of climate change, with more frequent and 
more intense droughts, flooding and tropical 

cyclones affecting most of the population.5 These 
events have significant impacts, resulting in loss 
of life, property, livelihoods, crops and damage 
to infrastructure. The impacts on agricultural pro-
duction may also be significant. Irregular rainfall 
and the increasingly unpredictable rainfall load 
and duration of the rainy season could see crop 
yield reductions of up to 25%. This will result in 
increased food insecurity and affect the liveli-
hoods of many, particularly the most impover-
ished (GoM, 2021). Therefore, increasing climate 
change resilience and reducing climate risks is a 
key national development priority. 

Mozambique has several climate change mitiga-
tion and adaptation policies in place, namely the 
Mozambique National Strategy for Climate Change 
(ENAMMC), the Technological Action Plan (covers 
adaptation in agriculture and coastal zones), the 
Local Adaptation Plans, and the Second National 
Communication of Mozambique (GoM, 2021). In 
terms of Mozambique’s climate change mitigation 
objectives, the country has committed to reduce 
its emissions by about 40 MtCO2e between 2020 
and 2025.6 In terms of nature-based solutions to 
climate change mitigation, Mozambique is com-
mitted to its REDD+ ambitions with aims to reduce 
deforestation and increase forest cover (including 
restoring 1 million hectares under the Bonn Chal-
lenge) (GoM, 2016).

5	 https://www.climatewatchdata.org/ndcs/country/MOZ/full
6	 https://www.climatewatchdata.org/ndcs/country/

MOZ?document=revised_first_ndc 
Figure 3: Pemba-Lichinga Corridor in Northern Mozambique 
(Mahindra Consulting, 2020)
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3.2  SAPZ description

The Pemba-Lichinga Special Agro-industrial Pro-
cessing Zone (SAPZ) project is intended to stim-
ulate a major increase in agricultural production 
within the Pemba-Lichinga corridor. It broadly 
aims to bring smallholder farmers out of subsist-
ence and into a competitive and inclusive agribusi-
ness subsector. The SAPZ project is supported by 
an integrated feasibility study, master plan and 
business plan produced by Mahindra Consulting 
Engineers (2020). 

The physical scope of the project includes the 
construction of state-of-the-art agro-industrial 
processing hubs (APH) in the Niassa and Cabo 
Delgado provinces. Elsewhere within these prov-
inces, agricultural transformation centres (ATC) 
and aggregation centres (AC) will be established. 
These will provide technical support and other 
services to farmers using a cluster approach. 
This includes better access to credit and markets. 
They will also act as collection points for supply-
ing the APH.  

In the wider agricultural landscape, the project 
aims to improve smallholder farm production and 
establish “captive farming” systems. These are 
farmland areas to supply required commodities 
to the APH for value addition activities (e.g. the 
processing of crops into higher value products). 
In broad terms, the master plan suggests that 
interventions at farm level will aim to increase 
output within the existing cropland footprint 
(i.e. the project is one of agricultural intensifica-
tion rather than extensification). ATCs will also 
provide storage for fertilizer and other agricultural 
supplies and equipment, thereby improving the 
accessibility of these inputs to farmers (Mahindra 
Consulting, 2020).

The Pemba-Lichinga SAPZ project is being imple-
mented over three phases. The first phase focuses 
on action to boost and improve productivity of the 
farmers around the Lichinga, Cuamba and Marrupa 
Districts in Niassa Province. The smallholder agri-
culture interventions focus on farms of between 
0.5 to 10 hectares. At the same time, the SAPZ will 
rehabilitate the existing feeder mill in Cuamba to 
an APH. The proposed APH will have a footprint 
of around 300 hectares and will be located just 
north of the town of Cuamba. The Cuamba APH 
is located 13 kilometres from the Muanda River, 

a tributary of River Lurio. The Muanda River will 
supply the water for the APH, as the underlying 
aquifer productivity is very low. 

Figure 4 presents indicative or potential locations 
for the APH and ATCs in the Niassa Province. 
A second phase of the project will include the 
development of an irrigation scheme and the full 
development of the APH in Cuamba, in partner-
ship with a private sector entity. A third phase 
may focus on the development of the SAPZ in 
Pemba, subject to a de-escalation of the crisis in 
the Cabo Delgado province.

Figure 4: APH in Cuamba (pink dot) and ATCs in Niassa Province 
(red dots) and their collective zones of influence (red dotted 
circles) (Mahindra Consulting, 2020)
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3.2.1 �Land use activities in Niassa Province  
(Phase 1 SAPZ area) 

According to the findings of a report commis-
sioned by the Swedish Embassy and the Swedish 
International Development Cooperation Agency, 
maize is grown by virtually all households prac-
ticing agriculture in project sites surveyed in 
Niassa (ORGUT, 2013). While this is mainly for 
self-consumption, about 25% of households sold 
some maize during the 2008 season. A relatively 
wide range of other staple crops are also grown. 
This includes crops such as cassava, soybeans, 
banana, macadamia, sorghum and rice, as well as 
some pulses (beans) and cabbages. 

During the 2008 harvest season, 10-20% of 
households producing maize, and other staple 
crops such as sorghum, cassava and rice and 
pulses (beans), sold some portion of their 
harvest. However, evidence from Cuamba, Lago 
and Majune indicates many households made 
“emergency” sales of staple foods to purchase 
important non-food items (e.g. soap) (ORGUT, 
2013). This highlights the need to improve agri-
cultural yields, so households and smallholder 
farmers can upscale production and generate a 
regular income for purchasing non-food items. 
This will be a key social development benefit 
from the SAPZ project. 

Elsewhere in the Niassa, land has been used to 
establish plantations. However, Overbeek (2010) 
highlights that foreign plantation investments in 
the province have typically focused on generating 
carbon credits. This has not been found to benefit 
local people, as it limits access to communal lands 
and increases risks of food insecurity. The report 
emphasizes the importance of developing small-
holder farming and promoting a balanced model 
with agroforestry, instead of developing large tree 
plantations that do not encourage sustainable 
production systems. A natural capital assessment 
would be helpful to frame these discussions and 
the various benefits from different land-use options 
in different locations. 

3.3	� SAPZ environmental and social impacts 
and mitigation measures

The environmental and social impact assessment 
(ESIA) and associated Environmental and Social 
Management Plan (ESMP) published in September 
2021 (MADR, 2021) assesses the SAPZ project in 
terms of its compliance with Mozambican envi-
ronmental laws and regulations, and the AfDB’s 
policies and procedures. It also sets out mitigation 
measures for addressing impacts of the SAPZ in 
the Niassa Province. All the risks and the mitiga-
tion measures have been analysed and discussed 
through public and private stakeholder consulta-
tion processes, involving the stakeholders operat-
ing in the agro-industry and ensuring the farming 
community are at the centre of the discussions. 
The ESMP sets out the following mitigation meas-
ures for identified environmental and social risks 
associated with the SAPZ:

•	Establishing  environmentally  friendly 
agricultural practices: Integrated pest 
management systems techniques, incorporating 
agroforestry (for carbon sequestration, increasing 
soils health and nutrients for productivity 
improvement and mitigation of erosion) and 
efficient waste management systems, as well 
as nature positive harvest and post-harvest 
techniques that protect the environment and 
guarantee food security with reduced crop losses.

•	Environmental measures and sensitization 
campaigns: Interdiction (ban) on farming near 
rivers and around the areas bordering the 
Niassa Special Reserve (one of the largest 
protected areas on the continent to mitigate 
agricultural encroachment). 

•	Technical  assistance  for  best  farming practices: 
Inputs use (i.e. agrochemicals) and measures 
to manage them safely for the environment, to 
maximize productivity and efficiency and with 
appropriate personal protective equipment (PPE) 
for the health and safety of the farmers.
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4.	Natural Capital Assessment Methods
The purpose of the natural capital assessment 
is to identify and quantify the co-benefits in 
addition to increasing crop production, which 
could be delivered via an integrated landscape 
management approach to the SAPZ (i.e. an 
approach that recognizes there are multiple 
stakeholders with different objectives for the 
local landscape). This includes increasing the 
supply of ecosystem services that can improve 
the long-term performance of the SAPZ and 
deliver wider social welfare benefits, climate 
change mitigation and better outcomes for 
biodiversity. To achieve this, the natural capital 
assessment models ecosystem service flows 
and biodiversity measures under a project base-
line scenario and compares them to a natural 
capital approach scenario.  The resilience of 
selected ecosystem services supply under 
these two scenarios is then assessed under a 
climate change scenario.

4.1  Geographical focus of the assessment

Given the large zone of influence of the SAPZ 
project within the Niassa Province, the focus of the 
assessment is on the Muanda River Basin, which 
is around 450,000 hectares in area and drains into 
the Lurio River (Figure 5). The focus on this geo-
graphical area reflects the focus of Phase 1 of the 
SAPZ, and that the basin is a key watershed for the 
SAPZ area and the proposed APH. There is also a 
large endowment of agricultural cropland within 
the basin area that is likely to be influenced by 
the APH (see Figure 6). However, the assessment 
is designed to provide insights into the potential 
benefits that could be realized from mainstreaming 
natural capital into the SAPZ project as a whole.

4.2 � Rationale for selecting ecosystem  
services to model 

The master plan for the SAPZ project identifies 
a large extent of potentially irrigable land in the 
Muanda River Basin, which could be serviced via 
a Muanda irrigation scheme (Figure 7). The master 
plan also identified the Muanda River as the pre-
ferred source of water for supplying the proposed 
APH in Cuamba. Finally, the master plan for the 

Figure 6: Land cover in the Muanda River Basin (reclassified from 
(Copernicus 2019)

Figure 5: Muanda (dark area) and Lurio (boundary line) river basins 
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SAPZ highlights limited access to power supply 
local to the Pemba-Lichinga corridor and the 
potential for hydropower in the Lurio River Basin. 
As such, understanding changes in water quantity 
supply and water flow regulation ecosystem ser-
vices in the context of the SAPZ master plan is an 
important part of the natural capital assessment.

Related to the above, base flow maintenance ser-
vices are derived from the ability of ecosystems 
to absorb and store water in wet periods and 
then release it during dry periods. Where base 
flows can be maintained in drier months, they can 
supply more irrigation and APH processing water 
to the SAPZ project during these months. This can 
be particularly valuable in mitigating risks of crop 
failure in unexpected drought conditions. 

To supply irrigation water to agricultural land, 
extension of irrigation coverage is required via 
the SAPZ project (Mahindra Consulting, 2020). 
However, sedimentation is a major problem 
affecting irrigation schemes in sub-Saharan 
Africa (de Sousa et al., 2019; Gurmu et al., 2022). 
This leads to inadequacy and inequity in the dis-
tribution of irrigation water to crops over time. 
As such, sediment retention (or erosion control) 
ecosystems services in the Muanda River Basin 
will be important to the future performance and 
maintenance of the SAPZ project’s irrigation 
interventions. It will also reduce water treatment 
costs at the proposed Cuamba APH.

At the national level, Mozambique has ambitions 
to both reduce emissions from deforestation and 
increase forest cover through reforestation and 
restoration, including the forest restoration com-
mitment of 1 million hectares by 2030 under the 

Bonn Challenge.7 Mitigating impacts from the 
SAPZ project on existing forests, as well as iden-
tifying opportunities to introduce forest cover, will 
contribute to both of these goals. Mozambique’s 
Nationally Determined Contribution (NDC) to 
climate change mitigation also commits to devel-
oping low-carbon agricultural practices, including 
promoting conservation/climate-smart agriculture 
and the use of agroforestry (GoM, 2021). There-
fore, exploring opportunities for reducing emis-
sions and sequestering carbon within forest and 
agroforestry areas will be important in improving 
the co-benefits delivered via SAPZ project inter-
ventions. It may also generate additional revenues 
via emissions reduction purchase agreements.

Mozambican households rely heavily on wood fuel 
for their domestic energy, with wood fuel supplied 
by forests accounting for 80% of total energy 
consumption (World Bank, 2018). Rural house-
holds rely on wood fuel from their own resources, 
often collected from nearby areas, and the natural 
Miombo woodlands are a significant source of 
household energy requirements (Boucher et al., 
2014; FAO, n.d.). Establishing sustainable wood 
fuel supplies by increasing forest cover through 
the SAPZ project will increase energy security, 
reduce pressures on natural wood land and forest 
ecosystems elsewhere and create diversified live-
lihood opportunities. As such, important additional 
benefits can be realized by increasing wood fuel 
provisioning services. Increasing forest cover 
would also provide non-wood forest products to 
local communities. The World Bank (2018) esti-
mates provisioning services from forest ecosys-
tems contribute to almost 20% of cash and 40% 
subsistence incomes in rural areas.

Increasing agricultural output and productivity are 
a key focus of the SAPZ project. In many parts of 
Africa, the most important cash crops including 
coffee, cocoa, sesame, cotton and many pulse 
and oil crops are pollinator-dependent and these 
often constitute leading export products, provid-
ing employment and income for many (Kumsa & 
Ballantyne, 2021). For smallholder farms (< 2ha), 
Garibaldi et al., (2016) identify increasing pollina-
tor populations reduced the yield gap between 
high and low output farms of pollinator-dependent 
crops by 24%. In their study of nutrient deficiency 
risks in Zambia, Uganda and Mozambique, Ellis et 

7	 https://www.bonnchallenge.org/pledges 
Figure 7: Extent of potentially irrigable land in Lurio River Basin 
(green areas) (Exhibit No. 12.7, Mahindra Consulting, 2020)
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al., (2015) found that up to 56% of the population 
would become at risk of nutrient deficiency if pol-
linator populations declined. Therefore, ensuring 
sufficient pollinator habitat is essential to ensur-
ing the ongoing production of important cash 
and nutritional crops. Increasing pollinator habitat 
will also improve the resilience of key pollinator 
species under climate change.  

4.3 � Modelling ecosystem services and  
biodiversity in physical terms

The set of ecosystem services to be modelled 
based on the rationale presented in Section 4.2 
is listed below. The natural capital assessment 
models the flows of these ecosystem services 
in physical and, where possible, monetary terms 
under different scenarios. The first step is always 
to model ecosystem services delivered in physi-
cal terms. The list below highlights the different 
spatially explicit models employed (the model-
ling methods are described in detail in Annex I):  

•	Water quantity (supply) and water flow 
regulation (dry season supply): Spatial 
Processes in HYdrology (SPHY) model (Terink et 
al., 2015).

•	Sediment retention (or erosion control services 
for irrigation/water courses: Spatial Processes 
in HYdrology (SPHY) model (Terink et al., 2015) 
with Morgan–Morgan–Finney erosion model 
(Eekhout et al., 2018).

•	Carbon sequestration and storage: UNEP-
WCMC model based on InVEST approach.

•	Wood fuel provisioning services: UNEP-WCMC 
bespoke model.

•	Pollination: UNEP-WCMC model based on 
Chaplin-Kramer et al. (2019) approach. 

In addition to the above ecosystem services, 
the natural capital assessment also models 
the spatial distribution of biodiversity in the 
Muanda basin using the Biodiversity Intact-
ness Index (BII). BII is defined as the average 
abundance of a taxonomically and ecologically 
broad set of species in an area relative to their 
abundances in an intact reference ecosystem 
(i.e. what would be expected under near natural 
conditions) (Scholes & Biggs, 2005). Consider-

ing the spatial distribution of biodiversity in the 
assessment is important for designing a SAPZ 
that can deliver on conservation objectives. It 
is also important because areas of high bio-
diversity will also be more resilient to shocks 
and stresses (as described in Section 2.2). This 
means ecosystems are more likely to be able to 
continue to function and supply current levels 
of ecosystem services under different impact 
scenarios, including climate change. As such, 
the spatial distribution of biodiversity can also 
be considered as an indicator of the sustaina-
bility of the range of ecosystem services sup-
plied from different locations.
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4.4 � Modelling ecosystem services in  
monetary terms

Where financial decision makers are faced with 
several different development expenditure options, 
one way to make the case for implementing a 
natural capital approach is using an economic per-
spective (see examples in Ruckelshaus et al., 2022). 
Estimating the monetary value of benefits realized 
from implementing a natural capital approach to 
the SAPZ project can help make a financial case for 
investing in this scenario. Following the UN System 
of Environmental-Economic Accounting Ecosystem 
Accounting (SEEA EA), these monetary values are 
estimated by multiplying the measures of eco-
system services supplied in physical units by an 
appropriate price per unit, or marginal value (United 
Nations et al., 2021). This marginal value should 
reflect the value of the ecosystem service contribu-
tion to some final benefit enjoyed by an economic 
unit (e.g. government, business, or household).

Marginal values for ecosystem services can be 
estimated using available market prices, bespoke 
valuation studies (based on surveys of individu-
als, their purchasing decisions, etc.) or using ben-
efits transfer approaches. The benefit transfer 
approach is based on estimating the values for 
ecosystem services by transferring information 
and values from studies completed in another, 
similar location or context to a policy or project 
context. While original valuation studies remain 
the ideal option, the time and budget constraints 
associated with this natural capital assessment 
mean that benefits transfer is the only feasible 
option for valuation of the ecosystem services 
modelled. To the degree possible, marginal values 
have been obtained from studies local to Mozam-
bique or in sub-Saharan Africa.  

4.4.1 Marginal values for water supply

Improved supply of irrigation water is a key mech-
anism to improve agricultural output via the SAPZ. 
D’Odorico et al. (2020) estimate marginal values 
for the contribution of irrigation water to agricul-
tural production for major crops across the world. 
Their analysis is based on the increases in farm 
revenue associated with meeting irrigation water 
requirements. For maize, they estimate that the 
global mean average value of withdrawn irrigation 
water to agricultural production is $0.16/m3, with 
a 25th percentile of $0.08/m3 and 75th percentile 

of $0.21/m3 (see D’Odorico et al., (2020) supple-
mentary materials). Their analysis suggests that 
for sub-Saharan Africa, the value is close to the 
25th percentile value. As such, a value of $0.08/
m3 is adopted as the marginal value of additional 
water supply in the dry season for the natural 
capital assessment. It is assumed that water 
supply exceeds demand during the wet season.

4.4.2 �� Marginal values for sedimentation  
retention service

High sediment loads in watercourses feed into 
irrigation systems, get deposited and block up 
these systems and need to be regularly removed 
for irrigation systems to function effectively 
(Gurmu et al., 2022). This incurs high mainte-
nance costs, which can be avoided by retaining 
more sediment within landscapes. One way to 
estimate a marginal value for sediment retained 
is using dredging costs incurred in other water 
bodies, as these are avoided costs realized via 
the sedimentation retention ecosystem service.

Shrestha et al. (2021) identify a unit cost of dredg-
ing of $3/m3 from their review of the literature to 
value sediment retention services (avoided sedi-
mentation of watercourses) in southern Laos. This 
is the value proposed by the World Bank in their 
report on extending reservoir life (Annandale et 
al., 2016). This is broadly in line with Diwedar et al. 
(2022) who use a cost equivalent to $2.26/m3 for 
removing sediment from water courses in Egypt. 
Elsewhere, slightly higher values have been pro-
posed. Guerrero et al. (2013) identify an actual 
cost of dredging of $4.48/m3 for the removal 
of sediment from the Parana River in Argentina. 
Reflecting on these different unit costs, a reason-
able value to assume for avoided sedimentation 
of the Muanda River, local irrigation systems in 
the basin and downstream is $3/m3 (i.e. the mode 
average of the three marginal values). Reducing 
sediment loading will also reduce water treat-
ment costs at the Cuamba APH.

4.4.3 �Marginal values for carbon sequestration

There are two approaches that can be used for 
valuing carbon sequestration services. From a 
social welfare perspective, the appropriate price 
for avoided carbon emissions is the avoided social 
damage costs associated with greenhouse gas 
emissions. These are based on the aggregate 
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economic impacts predicted for the emission of 
a tonne of CO2e (carbon dioxide equivalent) to 
the atmosphere, usually to 2050 (e.g. as per the 
US Interagency Working Group on Social Cost of 
Greenhouse Gases, 2021). These social costs of 
carbon are used when governments undertake 
economic assessment of policies, especially with 
respect to climate change mitigation. Broadly, the 
social cost can be considered indicative of the 
global economic damage costs that are avoided 
via carbon sequestration services. In the United 
States, a social cost of carbon of $51/tonne of CO2e 
has been proposed by the US Interagency Working 
Group on Social Cost of Greenhouse Gases (2021).

The traded carbon market price is usually sub-
stantially lower than the social cost of carbon. This 
is the price that has been paid for carbon seques-
tration or avoided emissions by organizations and 
individuals purchasing carbon mitigation services 
(e.g. carbon off-setting). Mozambique was the 
first country to receive payments for emissions 
reductions from the Forest Carbon Partnership 
Facility (FCPF). 

Mozambique has an emissions reduction purchase 
agreement with the FCPF for a further reduction of 
10 million tonne CO2e (up to $50 million) through 
to 2024 in the Zambezia province (World Bank, 
2021c). This reflects a marginal value of $5/tonne 
CO2e. This is very similar to the value in volun-
tary carbon markets, where the average price for 
carbon offsets generated via forestry and land 
use projects was $5.60/tonne CO2e in 2020 and 
$4.73 tonne CO2e in 2021 (Forest Trends’ Ecosys-
tem Marketplace, 2021). 

Accounting for the above, a marginal value for 
the social costs of carbon of $50/tonne CO2e and 
a market price that could be attained from selling 
carbon credits of $5/tonne CO2e is considered 
appropriate for the natural capital assessment. 
Using the US social cost of carbon in this context 
is considered broadly appropriate, given climate 
regulation ecosystem services deliver global ben-
efits and increasing the supply of these services 
can be linked to global climate finance initiatives. 
The market price of $5/tCO2e is also appropriate 
as it is a price that has been agreed in Mozam-
bique and wider evidence indicates it is a price 
that is realistic in voluntary carbon markets.

4.4.4 Marginal values for wood supply

Wood fuel is the main source of domestic energy 
in Mozambique, accounting for 80% of total energy 
consumption (World Bank, 2018). However, the 
wood fuel sector in Mozambique is characterized as 
being unsustainable (Techel et al., 2016; World Bank, 
2018), indicating there is need to increase supply. 

In their analysis of the Mozambique wood fuel 
sector for the World Bank, Techel et al. (2016) 
find the marginal value of a tonne of charcoal sold 
at the roadside to be 85 $/tonne. In rural areas, 
raw wood is typically used for fuel (World Bank, 
2018). Based on analysis from nearby Malawi, Zulu 
(2010) suggests this achieves around a quarter of 
the price of charcoal, implying a marginal value for 
fuel wood of little in excess of $20/tonne ($0.02/
kg) close to the point of collection. 

By way of corroboration, in their valuation of non-tim-
ber forest products (NTFPs) in the United Republic 
of Tanzania, Balama et al. (2016) identify a mean 
annual collection of 443.3 head loads of firewood 
per household per year for subsistence and trade. 
The mean value of the annual firewood collected at 
point of use or sale was estimated at TZS 881,200. 
Balama et al. (2016) suggest that the mean mass of 
firewood per headload to be 16.55 kg (+/- 3.33 kg). 
This implies a value of collected firewood of approx-
imately TZS 120/kg (based on TZS 881,200/443.3 
head loads/16.55 kg per headload). Or approximately 
$0.06/kg at the point of use (rather than collection) 
using the same conversion factor of $1 = TZS 2077.5 
applied by Balama et al. (2016).
 
Accounting for the above, a marginal value for fuel 
wood of $20/tonne is considered appropriate for 
valuing wood provisioning services from forests at 
the point of collection.

4.5	 Modelling scenarios

The natural capital assessment models change in 
ecosystem service supply and use under a project 
baseline and natural capital approach scenario. 
This is achieved by adjusting parameters and data 
within the ecosystem service models to reflect the 
scenarios described below. It also models how eco-
system service supply changes under predicted 
climate change impacts. This is to help evaluate the 
resilience of ecosystem services supply to climate 
change under the different scenarios.
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4.5.1 Project baseline scenario

The project baseline scenario assumes current 
land cover remains unchanged, that agricultural 
output is increased purely by intensification within 
the existing cropland footprint. The scenario also 
assumes that agricultural intensification is sup-
ported via training, access to finance and access to 
better agricultural equipment and inputs. As such, 
the cropland type modelled in the scenario is all 
considered to be represented by the established 
cropping pattern of maize and bean production, 
with agroforestry absent. This is acknowledged as 
a simplifying assumption. However, cropland used 
to grow other non-agroforestry crops will also be 
characterized with the same parameters as crop-
land grown for maize and bean in the ecosystem 
service models used. The project baseline sce-
nario does not consider the environmental mitiga-
tion measures of the ESMP for the SAPZ project as 
they postdate the SAPZ master plan.  

It is noted that the project baseline scenario does 
not consider natural capital impacts associated 
with infrastructure footprint and other on-the-
ground interventions. This is because the exact 
locations of infrastructure to be developed via 
the SAPZ, such as the APH and ATCs, remain 
uncertain. Given the relatively small footprint of 
these facilities (e.g. the Cuamba APH is likely to 
be around 1.75km x 1.75km), it is believed they are 
unlikely to have a substantial impact on ecosystem 
services supply at landscape scale. Nonetheless, 
inappropriate siting of these facilities could have 
significant local impacts on ecosystem services 
supply and social welfare. 

4.5.2 Natural capital approach scenario

The natural capital approach scenario demon-
strates the additional flows of ecosystem services 
a more natural capital orientated approach to the 
SAPZ could realize. The natural capital approach 
scenario models the natural capital interventions 
in the following ways:

•	Increasing agroforestry in existing cropland: 
This intervention relates to increasing tree 
cover in cropland areas. This entails planting 
trees at regular spacing (e.g. 10 metres apart), 
with crops grown in between. Agroforestry 
systems improve soil stability, limit soil crusting 
and increase ground litter and water infiltration. 

These processes prevent soil erosion and 
reduce runoff water that can carry nutrients 
and sediment from agricultural production 
areas into nearby water bodies. Increased tree 
cover can also serve to regulate water flows 
in surface waters nearby. Trees also improve 
carbon sequestration and storage in cropland 
and the crops provided by those trees will 
generate extra revenues. For instance, the 
cashew industry in Mozambique is well 
developed, and contributes significantly to 
the economy, specifically in the rural northern 
regions, such as Niassa. Agroforestry is also 
recognized as a solution to improve food 
security and adapt agriculture to predicted 
climate change impacts (e.g. mitigating local 
temperature) in Africa (Mbow et al., 2014; 
Thorlakson & Neufeldt, 2012).

•	Afforestation in riparian cropland: This 
intervention relates to establishing natural 
forest (closed forest or Miombo forest) in 
riparian croplands. This will protect rivers from 
run-off from croplands, including soils and 
fertilisers, thereby protecting water sources. 
Increased tree cover can also serve to 
regulate water flows in surface waters nearby. 
Increased tree coverage will also improve 
wood fuel suppliers, carbon sequestration 
and storage and forest biodiversity.  

It is highlighted that the natural capital approach 
integrates some of the recommendations of the 
ESMP for the SAPZ project. These are not included 
in the baseline scenario as they were proposed 
after the original master plan design. The natural 
capital approach scenario is also not intended to 
be indicative of an optimal SAPZ project design. 
Rather, the intention is to illustrate natural capital 
approaches that may deliver additional develop-
ment benefits (beyond increased crop provision-
ing services) when implemented at a landscape 
scale as part of the SAPZ, or as part of similar 
development projects in Africa.

4.5.3 Climate change scenario analysis

Under climate change, temperatures are predicted 
to rise by 1.5-3°C between 2046 and 2065 across 
Mozambique (GoM, 2021). Most of Mozambique’s 
agricultural production is small-scale and rainfed, 
making the sector particularly vulnerable to 
changes in precipitation, with increased drought 
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and flooding events resulting in crop losses 
(USAID, 2012). Climate change may increase water 
demand for crops, impact crop suitability, reduce 
production capacity and challenge the long-term 
viability of the SAPZ project. 

The duration of the rainy season may also become 
harder to predict, with the difference between the 
“official start” and “real start” of the agricultural 
campaign increasing, which may result in a reduc-
tion in current yields in the order of 25% in some 
regions (GoM, 2021). The Government of Mozam-
bique (2021) indicates that the main crops for food 
security are at risk of a 20% yield reduction. This 
poses a substantial threat to efforts that aim to 
reduce poverty in the country due to decreased 
yields and increased food insecurity. Therefore, 
measures that promote adaptation and resilience  
to climate change are a key component of Mozam-
bique’s development plan (GoM, 2021). 

The climate change scenario assessment aims to 
understand the adaptation benefits of a natural 
capital approach to the SAPZ. This is achieved by 
modelling the impact of climate change on eco-
system services delivery under the natural capital 
approach and the project baseline scenarios and 
comparing the differences. Potential impacts of 
climate change are modelled for water quantity 
and flow regulation, as well as sedimentation reten-
tion (erosion control) ecosystem services. This is 
achieved using daily downscaled data from a mul-
ti-model mean of General Circulation Model (GCM) 
outputs for the 2050s period to drive the hydrologi-
cal and soil erosion models. This climate model data 
was based on the Representative Concentration 
Pathway (RCP) 8.5 scenario, representing plausible 
emission levels up to mid-century (Schwalm et al., 
2020). The RCP 8.5 scenario is one that results in 
emissions that deliver global warming at an average 
of 8.5 watts per square metre across the planet.
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5.	Natural Capital Assessment Results
The natural capital assessment provides a base-
line understanding of ecosystem assets and the 
delivery of selected ecosystem services within 
the Muanda River Basin. It reveals how the supply 
of these services is improved under the natural 
capital approach scenario, in both physical and 
monetary terms. This can support economic anal-
yses of natural capital intervention options and 
exploration of synergies and trade-offs between 
crop provisioning and other ecosystem services. 
Returns with respect to biodiversity objectives 
are also assessed, as this is important to both 
conservation objectives and the sustainability of 
ecosystem services supply. The natural capital 
assessment also reveals how both the project 
baseline and natural capital approach scenarios 
perform under projected climate change impacts, 
with respect to water and sediment retention 
related ecosystem services supply only.

5.1	 Project baseline scenario

The project baseline scenario provides the coun-
terfactual against which to assess changes in eco-
system services delivery and biodiversity under 
the natural capital approach scenario. Hence, 
this is broadly a business-as-usual scenario. The 
assumptions underpinning the parameterization 
of this scenario reflect current land-use activities 
and configurations and are described in Section 
4.5. It is highly likely that the SAPZ project will 
have natural capital impacts on the ground. 
However, without detailed design plans, it is not 
possible to evaluate these at this stage.

5.1.1	 Water quantity and flow regulation

Figure 8 shows the relative importance of differ-
ent areas (pixels) of the Muanda River Basin to 
downstream beneficiaries of water supply. The 
darker blue colours represent areas contributing 
relatively higher amounts of water. In these areas, 
higher quantities of precipitation either run-off on 
to neighbouring land or infiltrate to deeper ground-
water stores, contributing to baseflow within the 
river system. Essentially, these areas play a more 
important role in the maintenance of the hydro-

logical system of the Muanda River. As would be 
expected, these are more prominent in the western 
headwater areas, where more rainwater is inter-
cepted. Figure 9 shows how the rainfall collected 
within the Muanda River Basin area collects within 
the hydrological system. As figures reveals, water 
feeds into the headwaters and accumulates in the 
main stem of the Muanda River, accumulating as 
it flows downstream to meet the Lurio River at the 
outflow of the Muanda River Basin.  
 
Having modelled the behaviour of the Muanda River 
system, it is possible to calculate and characterise 
the water yield from the hydrological system at its 
outflow (i.e. where the Muanda River joins the Lurio 
River). This is shown in Figure 10, which reveals high 
outflows from the Muanda River during the wet 
season and low outflows during the dry season.  

Figure 8: Map of the relative contribution of different areas of the 
Muanda River Basin to downstream beneficiaries 

Figure 9: Modelled annual baseline runoff (m3/s) of the Muanda 
River Basin
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The dry season is considered to be the period from 
May to September (World Bank, 2019). During these 
months, water is shown to be very scarce, with the 
baseflow (orange part of the graph) playing the 
main role in providing any supply. Baseflow rep-
resents the flow into the river from groundwater 
migration from the surrounding land. Consequently, 
increasing groundwater storage and slowing 
its release rate can contribute to higher surface 
water flows within the Muanda River during the  
dry season.

5.1.2	Avoided sedimentation of water courses

Rainfall and surface water run-off across the land-
scape leads to erosion of surface soils. Figure 11 
reveals where the soil erosion is highest within the 
Muanda River Basin. Close inspection of Figure 
11 reveals small areas of very high soil erosion 
throughout the river basin area (>100 t/ha/yr, 
purple areas) which tend to be areas with steeper 
slopes. More generally, moderate rates of soil 
erosion are identified by the dark green areas in 
Figure 11. These green areas clearly represent the 
pattern of cropland in the river basin (see Figure 
6). This serves to highlight soil loss is associated 
with this land use, which needs to be managed 
given soil is essential for sustainable agriculture.  
These green areas clearly represent the pattern 
of cropland in the river basin (see Figure 6). This 
serves to highlight soil loss is associated with this 
land use, which needs to be managed given soil is 
essential for sustainable agriculture. 

Having modelled the soil erosion in a spatially 
explicit way, sediment delivery ratios can then be 
calculated for the land surface across the basin 
(on a pixel-by-pixel basis). These reflect the pro-

portion of sediment that is projected to enter the 
hydrological system. Figure 12 presents this infor-
mation as a monthly time series, which represents 
the sediment yield (or outflow) from the river basin 
(i.e. into the Lurio River). The total annual sediment 
yield from the Muanda River Basin area amounts 
to 162,400 tonnes per year. As expected, most of 
this is generated during the wet season, driven by 
rainwater erosion of surface soils.

Figure 10: Annual baseline rain runoff and baseflow at outflow of 
the Muanda River Basin (Average monthly flow, m3/s)

Figure 11: Soil erosion from rainfall and run-off in the Muanda 
River Basin (t/ha/year) 

Figure 12: Monthly sediment yield from Muanda River Basin 
(tonnes)
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5.1.3 Carbon storage and sequestration

Carbon stocks and carbon sequestration (i.e. the 
net carbon captured by ecosystems via photo-
synthesis) was mapped by linking different land 
use and land cover classes to different storage 
and sequestration rates, based on literature 
values. Figure 13 maps the carbon stocks for the 
Muanda River Basin. As would be expected, rel-
atively higher stocks (orange/brown areas) are 
associated with areas of tree cover in the basin 
(see Figure 6). The total carbon stock under the 
baseline project scenario is 27,412,751 tonnes C, 
with a mean carbon stock across the Muanda 
River Basin area of 61.5 tonnes C/ha. The highest 
carbon stock is found in closed forest (87.4 
tonnes/ha) and the lowest in croplands (exclud-
ing urban areas and water bodies). 

Figure 14 maps carbon sequestration rates across 
the Muanda River Basin in terms of tonnes of carbon 
sequestered per ha per year. Tonnes of carbon can 
be converted to tonnes of CO2 equivalent (tCO2e) 
using a molecular weight ratio of 3.67. This provides 
a better insight into climate change regulation ser-
vices supplied by ecosystems. The mean carbon 
sequestration rate across the Muanda River Basin 
is 1.56 tCO2e/ha/yr. The highest values of carbon 
sequestration are found in plantations (6.2 tCO2e/
ha/yr) and lowest values are found in croplands. 
The high rates in plantations reflect observations 
by Overbeek (2010) that this land use has been 
targeted for climate change mitigation outcomes in 
the Niassa Province. However, as Overbeek (2010) 
observes, this has often come at significant oppor-
tunity cost to local communities. These planta-
tions trees are often chosen due to their fast initial 
growth rate. However, ultimately, they typically fail 
to achieve the same carbon stocks seen in natural 
Miombo forests.

Figure 13: Carbon stock (t/C/ha)

Figure 14: Carbon sequestration (tC/ha/year)
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5.1.4 Wood fuel provisioning services

Figure 15 maps the supply and use of wood fuel 
collected from forest that can be sustainably 
maintained. The model maps sustainable supply, 
subject to accessibility and there being a popula-
tion to demand the wood fuel nearby. Across the 
forests of the Muanda River Basin, a total sus-
tainable supply and collection of 138,367 tonnes 
of wood fuel per year is possible with current 
land use and population density configurations. 
As Figure 15 reveals, the supply and use of wood 
fuel is low in the forested areas in the northwest 
of the river basin, due to inaccessibility and small 
populations meaning low demand.

5.1.5 Pollination

Figure 16 presents the distribution of cropland within 
the Muanda River Basin with access to sufficient 
pollinators (mainly insects and birds). This is impor-
tant for producing nutritious crops, often of high 
cash and export value, which also provide important 
employment and income support opportunities.

Dark green areas represent those with sufficient 
pollinator habitat for pollinator dependent crops. 
This is assumed to be the case if at least 30% of 
land cover within 2km of the cropland is natural 
land cover (following Chaplin-Kramer et al., 2019). 
The values <1.00 represent the proportion of the 
30% natural land cover required within 2km of 
cropland to secure sufficient pollinator ecosys-
tem services that is present. This means that the 
orange values imply <7.5% of land cover within 
2km of that cropland area is natural land cover (i.e. 
<0.25 * 30%). 

Around 30% (17,785 ha) of the cropland within the 
Muanda River Basin is sufficiently supplied by pol-
linators (i.e. pollinator sufficiency = 1.00 in Figure 
16). It is important that the natural habitats close 
to these croplands are conserved. Loss of such 
habitat will narrow options for crop production to 
wind or self-pollinating crops. It is also possible 
that the yields of these crops would be reduced, 
as pollinators often improve yields of these crops 
too (Elisante et al., 2020). The corollary of this is 
increasing natural habitat around croplands with 
insufficient supply of pollination ecosystem ser-
vices would expand and boost crop production 
possibilities. As Figure 16 reveals, such areas are 
identified to the west of Cuamba and in the west 
of the Muanda River Basin area (orange areas).

Figure 16: Distribution of cropland with access to pollinators under 
project baseline scenario; pollinator sufficiency is assumed if 30% 
of land within a 2km of cropland is natural land cover (values of 1 
on the map) 

Figure 15: Wood fuel supply and use (tonnes/ha/year)
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5.1.6 Biodiversity

The overall status of species-level biodiversity in 
the Muanda River Basin area is modelled using 
the Biodiversity Intactness Index (BII). The BII was 
conceptualized by Scholes & Biggs (2005) and is 
defined as the average abundance of a diverse 
group of organisms, relative to reference levels 
under minimally disturbed (or near natural) condi-
tions. The BII can provide an overarching view of 
the biodiversity status and outcomes, which can 
help design more biodiversity inclusive develop-
ment projects.  

BII values range from 0% to 100%, with 100% rep-
resenting a diversity of organisms equal to that 
expected to be found in minimally impacted, near 
natural land conditions. If the BII is 90% or more, 
the area has enough biodiversity to support resil-
ient and well-functioning natural ecosystems. If 
the BII is under 90%, biodiversity loss means some 
ecosystems functions may be impaired. If the BII 
is 30% or less, the area’s biodiversity has been 
depleted and ecosystem functioning could be at 
risk of collapse (NHM, 2021).

Figure 17 presents the BII for the project baseline 
scenario (urban area of Cuamba excluded). The 
minimum BII score in the Muanda River Basin area is 
36% and the maximum 100%. The mean BII across 
the Muanda River Basin under the project base-
line scenario is estimated to be 65%. As per NHM 
(2021), this average BII suggests some ecosystem 
functions may be impaired, but the area’s biodiver-
sity has not been depleted to such an extent that 
there is substantial risk of collapse in ecosystem 
function. As would be expected, the lowest values 
(purple areas in Figure 17) are generally associated 
with areas of cropland (see Figure 6).

Figure 17: BII for project baseline scenario
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5.2	 Natural capital approach scenario

The natural capital approach scenario was created 
by targeted conversion of key areas of cropland to 
agroforestry and forestry. Cropland areas impor-
tant for water (Figure 8) or with high soil erosion 
rates (Figure 11) were selected for conversion to 
agroforestry to boost infiltration and stabilise 
soil movement. A total of 4,460 ha of cropland 
were converted to agroforestry in this selection 
process. In addition, cropland within 500 metres 
of larger river stretches was reforested to natural 
forest (closed forest or Miombo forest). This inter-
vention delivers benefits from those areas’ close 
watercourses, where farming is banned under 
the Environmental and Social Mitigation Plan for 
the project. This resulted in a total of 10,513 ha of 
current cropland around rivers being replanted as 
natural forest. 

Under the natural capital approach scenario, 25% 
of total cropland in the Muanda River Basin is 
converted to either agroforestry (7.4% of current 
cropland) or natural forest in riparian areas (17.6% 
of current cropland). This is considered viable on 
the basis of low productivity in existing cropland 
that characterizes the sector in Mozambique 
(AfDB, 2018). As such, the impact of reducing 
cropland extent on yields can be offset by sus-
tainable intensification else where via the SAPZ 
project. It is also the case that livelihood oppor-
tunities can be provided from agroforestry and 
forestry ecosystems. Figure 18 shows the natural 
capital scenario land use map with the additional 
class of agroforestry. Figure 19 shows the land use 
change transitions under this scenario. Figure 19 
reveals that most ofthe changes from cropland to 
agroforestry arein the headwaters in the west of 
the Muanda River Basin area.

Figure 18: Land cover in the Muanda River Basin under the natural 
capital approach scenario

Figure 19: Land use change transition between baseline and 
natural capital approach scenario
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5.2.1 Water quantity and flow regulation

Figure 20 shows the difference in how water 
collects within the Muanda River hydrological 
system under the natural capital approach sce-
nario, compared to the project baseline scenario. 
As the figure shows, there is an overall annual 
decrease in water in the river system. This is 
to be expected given the additional vegetation 
that is established, and its associated water use, 
under the natural capital scenario. 

However, the role of additional forests and agro-
forestry in regulating water flows is important. As 
Figure 21 reveals, under the baseline scenario, 
water enters the hydrological system and the 
Muanda River more rapidly during the wet season, 
compared to the natural capital approach sce-
nario; noticeably during the November to March 
period. This difference results from both additional 
water use by vegetation and additional storage in 
groundwater due to increased infiltration in the 
additional forest and agroforestry ecosystems of 
the natural capital approach scenario. This could 
create a buffer to peak flows and supply flood mit-
igation services in the river basin, where flooding 
has been a wet season issue in the Cuamba area 
(GFDRR, 2015). More detailed modelling employ-
ing local hydrological, topographical and geolog-
ical data would be needed to understand how to 
best configure additional forest and agroforestry 
ecosystems to boost the supply of this potential 
ecosystem service.

Figure 21 clearly shows the increasing importance 
of baseflow to the river system during the dry 
season months. These are the orange and yellow 
parts of the bars in Figure 21. Figure 22 reveals 
the difference in dry season surface water flows 
within the Muanda River under the project base-
line (blue bars) versus natural capital approach 
(green bars) scenarios. Because the forest and 
agroforestry ecosystem store more water within 
their soils, this water tends to get released more 
slowly following the wet season months. This 
provides a valuable regulation service by increas-
ing water supply during the dry season months, 
when it is more scarce (Oates et al., 2015). This is 
important for maintaining dry season agriculture, 
as well as the Cuamba APH operations and other 
downstream water uses from the Lurio River.

Figure 20: Difference in mean annual runoff between the project 
baseline and natural capital approach scenarios

Figure 21: Comparison of total mean monthly flows (rainfall runoff 
and baseflow) between baseline and natural capital approach 
scenario at basin outflow

Figure 22: Mean average monthly dry season flow for project 
baseline and natural capital approach scenario (m3/s) at basin 
outflow
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Under the natural capital scenario, overall water 
quantity in the Muanda River is reduced. Mean 
annual flow decreases from 35.7 m3/s to 35.1 m3/s 
(-1.7%). This is equivalent to a 19.6 mm3 (million 
m3) reduction in flow quantity per year. However, 
in the dry season mean flows in the river increase 
from 7.06m3/s to 7.28 m3/s (average flow May to 
September) under the natural capital approach 
scenario. This is equivalent to an increase in dry 
season flow to support irrigation agriculture of 
2.850 Mm3. As Oates et al. (2015) identify, due 
to water scarcity farmers are prepared to pay a 
premium of 56% more for irrigation withdrawals 
during the dry season, reflecting importance of 
boosting supply during this part of the year.

In their review of the literature on the effectiveness 
of nature-base solutions in Africa, Acreman et al. 
(2021) also find evidence to support this pattern 
of decreased water quantity, but increased dry 
season flow from increasing native forest cover. 
Similarly, WWF (2021) finds that while native 
forests in Africa can reduce total water produc-
tion from a watershed, they often increase water 
availability in the dry season. WWF (2021) high-
lights this can be more important to water users 
than total annual production.

5.2.2 �Avoided sedimentation of water courses

Figure 23 maps the differences in sediment erosion 
across the Muanda River Basin between the project 
baseline and natural capital approach scenarios. 
This is a function not only of the additional erosion 
control from increasing tree cover in existing crop-
land areas, but also the knock-on effect this has 
in reducing the sediment delivery ratios of nearby 
areas, as they receive less incoming sediment in 
run-off themselves. 

As would be expected, high soil erosion is asso-
ciated with heavy rainfall experienced during the 
wet season months. Figure 24 shows the dif-
ference in sediment entering the Muanda River 
system under the project baseline (blue bars) 
and natural capital approach (green bars) sce-
narios. Under the natural capital scenario, the 
annual sediment yield of the basin reduces by 
21,655 tonnes per year (-13.3%). This change is 
achieved by targeting agroforestry to cropland 
areas that have very high soil erosion rates and 
were driving the total soil losses from cropland 

within the Muanda River Basin under the project 
baseline scenario. Reforestation of riparian areas 
also substantially reduces the sediment delivery 
ratios of these areas.

Figure 23: Difference in soil erosion in the Muanda River Basin 
between the project baseline and natural capital approach sce-
nario (tonnes/ha)

Figure 24: Monthly sediment yield under the project baseline and 
natural capital approach scenarios (tonnes)
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5.2.3 Carbon storage and sequestration 

Figure 25 presents the difference in carbon stocks 
between the project baseline and natural capital 
approach scenarios. These represent differences 
that would be expected once trees in natural forests 
in riparian areas and agroforestry reach maturity. 
Ameja et al. (2022) suggest such natural Miombio 
forests can be regenerated in 15 to 20 years. At 
this point, carbon stocks under the natural capital 
approach scenario total 27,951,466 tonnes, an 
increase of 538,715 tonnes compared to the project 
baseline scenario. Natural forest established in 
riparian areas represents most of the increase.

The IPCC (2006) suggests that carbon dynamics 
remain influenced by land cover change for around 
20 years. Hence, forests (including agroforests) 
would be considered mature after this period, 
which is broadly in line with Ameja et al. (2022). 
Carbon sequestration rates provide an indication of 
the pathway to achieving these increased carbon 

stocks. Figure 26 maps the change in tonnes of 
carbon sequestered under the natural capital 
approach scenario, compared to the project base-
line scenario. Applying the conversion factor of 
3.67, this reflects a total carbon sequestration per 
year of 1,052,901 tCO2e/year across the Muanda 
River Basin. This is an increase of 16,720 tCO2e/yr 
from the project baseline. This sequestration rate 
is broadly consistent with achieving an increase of 
538,715 tonnes of carbon stored over 10-20 years

5.2.4 Wood fuel provisioning services

The increase in wood fuel provisioning ecosystem 
services is mapped in Figure 27. This reveals sub-
stantial increases in supply in the western areas of 
the Muanda River system, linked to both agrofor-
estry and reforestation of riparian areas. Increases 
in the wood fuel provisioning services are also noted 
in the central area of the Muanda River systems, 
linked more to reforestation of riparian areas.  

It is important to note that this is based on a wood 
fuel supply from mature agroforestry and natural 
forest trees. As such, it will take some time for 
these trees to establish and generate the level of 
wood fuel returns presented in Figure 27. As pre-
viously highlighted, Ameja et al. (2022) suggest 
such natural Miombio forests can be regenerated 
in 15 to 20 years. 

Under the natural capital approach scenario, the 
delivery of the wood fuel provisioning service in 
the Muanda River Basin is 149,853 tonnes per year, 
compared to 137,366 tonnes under the project 
baseline scenario. This is an increase of 12,487 
tonnes per year in sustainable wood supply.

Figure 25: Difference in carbon storage between project baseline 
and natural capital approach scenario (tC/ha)

Figure 26: Change in carbon sequestration between project 
baseline and natural capital approach scenario (tCO2e/ha/yr)

Figure 27: Change in wood fuel provisioning services between the 
natural capital approach and project baseline scenario (tonnes/
ha/year)
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5.2.5 Pollination

The pollination sufficiency under the natural capital 
scenario is shown in Figure 28. Under this sce-
nario, 18,006 hectares of all cropland has a suffi-
cient supply of pollinators. In absolute terms this 
is an increase of 221 hectares of cropland being 
supplied with sufficient pollinator ecosystem ser-
vices, compared to the project baseline scenario. 
While this is a modest 1.2% increase, it should be 
noted that overall extent of cropland in the Muanda 
River Basin is reduced by 25% under the natural 
capital approach scenario. This means that the 
remaining stock of cropland ecosystems are much 
better supplied with pollinator ecosystem services 
under the natural capital approach scenario. 

In relative terms, 30% of cropland has sufficient 
supply of pollinators under the project baseline 
scenario and this increases to 40% under the 

natural capital approach scenario. This supports 
the notion that the natural capital approach 
scenario can support intensification of cropland 
production and more diversified, resilient and 
higher value crop production patterns.

As Figure 29 reveals, increases in pollinator suffi-
ciency are found for croplands around areas that 
have been converted from cropland to riparian 
forests and in areas converted to agroforestry, as 
the increased habitats provided by these inter-
ventions increase the supply of this ecosystem 
service. Figure 29 shows these gains are most 
substantial in the cropland areas to the west of 
Cuamba and in the western area of the Muanda 
River Basin.

5.2.6 Biodiversity

Figure 30 presents the distribution of BII values for 
the Muanda River Basin under the natural capital 
approach scenario. In comparison with Figure 
17, there is an increase in the occurrence of dark 
green areas with relatively high BII values. As a 
result, the BII for the basin area under the natural 
capital scenario increases from 65% under the 
project baseline scenario to 69% under the 
natural capital approach scenario.

Figure 28: Distribution of cropland with access to pollinators under 
natural capital approach scenario

Figure 29: Change in distribution of cropland with access to suf-
ficient pollinators between project baseline and natural capital 
approach scenario

Figure 30: BII for the natural capital approach scenario
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5.3	� Analysis of ecosystem service  
returns from implementing a natural  
capital approach

Based on the physical modelling results summa-
rized in Section 5.2 and the marginal values pre-
sented in Section 4.4, Table 1 provides a partial 
economic analysis of the returns in ecosystem ser-
vices delivery under the natural capital approach 
scenario, compared to the project baseline sce-
nario. As Table 1 reveals, the aggregate value of 
increased ecosystem service delivery under the 
natural capital approach scenario is $626,305/year, 
compared to the project baseline scenario. It should 
be noted this is based on using a market price for 
carbon credits to value the carbon sequestration 
related ecosystem service. If a social cost of carbon 
is applied, aggregate value of increased ecosystem 
services delivered rises to $1,378,705/year.

The natural capital approach scenario is based on 
converting 10,513 hectares of existing cropland to 
forestry and 4,460 hectares to agroforestry. This 
is approximately 15,000 hectares of land in total. 
This implies that the natural capital interventions 
return around $42/ha when market prices for 
carbon are employed. This doubles to around $90 
when social costs of carbon are employed.

These returns can be compared against the value 
of crop production activities to better explore 
trade-offs and synergies for the final design of the 

SAPZ and to maximize the return of different ben-
efits from across the Pemba-Lichinga landscape. 
At this stage, the economic returns in terms of 
increased crop output are not explicitly set out 
in the existing master plan for the SAPZ project. 
However, by way of comparison, in their survey 
of 638 smallholder farmer plots in Mozambique, 
Kidane et al. (2019) estimate a net return from 
conventional tillage maize farming of $104/ha. 
Although, this increases to $195/ha when direct 
seeding practices were employed (a non-tillage 
approach entailing placing a seed in a hole made 
by a planting stick).

Table 1 provides only a partial analysis of ecosys-
tem services returns. Important additional eco-
system services returns that could be realized 
from implementing the natural capital approach 
also include: flood mitigation services during 
wet season months; pollination services linked 
to increased agricultural output; provisioning of 
non-wood forest products (nuts, honey, etc.); and 
regulation of pest damage from forests/agrofor-
estry ecosystems (e.g. see Sheppard et al., 2020) 
It is highlighted that economic returns from agro-
forestry crop production are also omitted in Table 
1 and would be realized under the natural capital 
approach scenario.

Table 1: Economic benefits analysis of increases in selected ecosystem services delivered under a 
natural capital approach for the SAPZ

Ecosystem service Units/year
Difference  
in delivery

Marginal value  
($/unit)

Total value  
($/year)

Water flow regulation  
(dry season supply) m3 2,850,000 0.08 228,000

Sediment retention services m3 21,655 3 64,965

Carbon sequestration* tCO2e 16,720 5 83,600 

Fuelwood supply tonnes 12,487 20 249,740 

Total 626,305

*Based on traded price of carbon in voluntary markets
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5.4	 Climate change scenario

The potential impacts of climate change on 
water and sediment retention related ecosystem 
services were assessed by running simulations 
with the Spatial Processes in Hydrology (SPHY) 
model for project baseline and natural capital 
approach scenarios with climate inputs based on 
NASA Earth Exchange Global Daily Downscaled 
Projections (NEX-GDDP)8 for the Representative 
Concentration Pathway (RCP) 8.5 climate change 
pathway (i.e. one that results in emissions that 
deliver global warming at an average of 8.5 watts 
per square metre across the planet). This climate 
change scenario results in an increase in mean 
annual precipitation of 16 mm over the Muanda 
River Basin area, with some changes in seasonal-
ity; for instance, higher rainfall between February 
and August and lower rainfall between Septem-
ber and December. Under the climate change 
scenario mean temperatures are also projected 
to increase by 1.6°C.

8	 https://www.nccs.nasa.gov/services/data-collections/land-
based-products/nex-gddp

Figure 32: Dry season monthly mean flow for baseline and under 
climate change scenario at basin outflow

Figure 31: Mean monthly rain runoff and base flow for baseline 
and climate change scenario at basin outflow
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5.4.1 Water quantity and flow regulation

Projected climate change under the RCP 8.5 sce-
nario leads to a small annual reduction in water flow 
in the Muanda River (-1.3 mm3/yr). While rainfall 
increases under predicted climate change condi-
tions, due to higher temperatures, increased evap-
oration in the landscape means less water enters 
the river system. However, as shown in Figure 31, 
some seasonal changes are also observed, with 
slightly higher flows in the river predicted for the 
months March to May and reduced flow in all 
other months. Figure 32 shows the changes in dry 
season monthly flows in more detail. These flows 
are projected to reduce, with mean flows between 
May and September reducing from 7.06 m3/s to 
7.04 m3/s. While these are small changes overall, 
a reduction of -0.39 Mm3 in dry season flow could 
have implications for an already water stressed 
system. In particular, if increased water demands 
for irrigation and the Cuamba APH are to be met.

Under the combination of the natural capital 
approach scenario with climate change, lower 
flows compared to the project baseline under 
climate change are projected for five out of 12 
months (Figure 34), leading to an overall net 
annual water loss of 20.6 Mm3 (or -1.8%). In 
contrast to the project baseline scenario under 
climate change, a natural capital approach under 
climate change leads to slight increases in dry 
season flow across dry season months (Figure 
34). In total, 0.16 Mm3 more water is estimated to 
be available during the dry season in the Muanda 
River for the natural capital approach scenario 
under predicted climate change conditions. This 
shows that the natural capital scenario performs 
better than the project baseline scenario under 
predicted climate change impacts with respect 
to maintaining dry season water flows.

Figure 33: Mean monthly rain runoff and base flow for baseline 
and natural capital approach under climate change scenario at 
basin outflow

Figure 34: Dry season monthly mean flows for baseline and 
under natural capital approach with climate change scenario  
at basin outflow
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5.4.2 Avoided sedimentation of water courses

For the project baseline scenario, under climate 
change annual average total sediment loads 
entering the Muanda River reduce slightly due to 
reduced rainfall and resulting runoff (i.e. because 
of the reduced overall annual surface water runoff 
to the river as projected under climate change, 
Figure 31). However, as revealed by Figure 35, 
sediment loads to the river increase between 
March and May, linked to higher runoff under 
climate change during these particular months 
(dark blue bars in Figure 31). Overall, the annual 
total sediment load to the Muanda River reduces 
by 1,218 tonnes (-0.75%) under climate change. 

Figure 36 shows the distribution of the changes in 
sources of soil erosion entering the Muanda River 
system for the project baseline scenario under 
climate change. Small increases are widespread, 
but slightly more prevalent in the south of the 

river basin. Decreases are more often observed 
in the north.

Under the natural capital approach with climate 
change, sediment yield reduces for all months 
(green bars in Figure 37). The total annual 
decrease of sediment entering the Muanda River 
system is 22,758 tonnes, compared to the project 
baseline scenario under climate change. This is 
higher than the difference of 21,655 tonnes per 
year between these scenarios without climate 
change (as per Section 5.2.2). The spatial dis-
tribution of the changes of the sources of soil 
erosion entering the Muanda River under the 
natural capital approach scenario under climate 
change is presented in Figure 38.

Figure 36: Monthly sediment yield under the project baseline and 
natural capital approach with climate change

Figure 38: Difference in soil erosion between the project baseline 
and natural capital approach with climate change

Figure 37: Difference in soil erosion between the project baseline 
and climate change scenario 

Figure 35: Monthly sediment yield under project baseline scenario 
and with under climate change scenario
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6.	� �Using, Developing and Mainstreaming 
Natural Capital Assessment

Natural capital loss is widely acknowledged 
as a fundamental barrier to sustainable devel-
opment. The importance of sustainable use of 
natural capital for long-term social and eco-
nomic development is recognized through the 
Sustainable Development Goals (SDGs). The UN 
Decade on Ecosystem Restoration also serves 
to highlight the urgent need for large-scale 
investment in ecosystem restoration and con-
servation of these critical natural capital assets. 

Natural capital assessments that map, quantify 
and value ecosystem assets and ecosystem 
service flows under different development sce-
narios allow for natural capital to be integrated 
into development corridor and infrastructure 
project planning. This allows the multiple ben-
efits from nature to be recognized by devel-
opment planners and financing institutions. 
This is fundamental to capturing the synergies 
across environmental, social and economic 
development objectives, which effective devel-
opment planning should aspire to. It also allows 
explicit consideration of trade-offs that may 
emerge in the context of land use activities that 
may deliver short-term economic gains at the 
expense of the long-term supply of ecosystem 
services and maintenance of biodiversity. 

6.1	 Mozambique case study

The natural capital assessment for the Special 
Agro-Industrial Processing Zone (SAPZ) project 
provides an integrated assessment of the pos-
sible trade-offs between cropland development 
(project baseline scenario) and other landscape 
ecosystem investment options (natural capital 
approach scenario). Specifically, it demonstrates 
how targeted interventions to increase tree cover 
in cropland and reforesting riparian cropland 
areas can improve ecosystem services supply and 
deliver on multiple development objectives via an 
integrated landscape management approach. 

As such, the assessment supports the implemen-
tation of the Mozambique Roadmap for a Green 

Economy and its national development objective 
for the protection, restoration and rational use of 
natural capital and ecosystem services; in par-
ticular, the Mozambique Green Economy Action 
Plan to 2030 by helping to inform sustainable 
use of natural resources at a landscape scale. 
It also responds to the inter-ministerial request 
for mapping, valuation and integration of natural 
capital in planning as a priority for the GEAP  
to 2019.

The natural capital approach scenario demon-
strates multiple returns for investing in ecosys-
tems. The partial analysis estimates the aggregate 
value of four ecosystem services to be in the 
region of $42/ha in terms of benefits that could 
accrue to Mozambique. This increases to $90/
ha when global avoided social costs of climate 
change mitigation are included. These monetary 
estimates allow for the relative costs and benefits 
of different landscape development options to be 
compared. They serve to demonstrate to develop-
ment financers and governments that ecosystem 
investments do deliver economic returns.

Beyond direct economic benefits, increased 
delivery of ecosystem services under the natural 
capital approach scenario will also support the 
longevity of the SAPZ project, deliver important 
social welfare benefits and contribute to climate 
change mitigation and biodiversity conservation 
objectives. As such, the natural capital assess-
ment supports a more integrated landscape 
development approach by:

•	Informing nature-based solutions to 
support the SAPZ: Targeted agroforestry and 
afforestation under the natural capital approach 
scenario directly supports the SAPZ project by 
improving the potential for dry season irrigated 
agriculture (increasing dry season river flow by 
2.85 Mm3) and mitigating sedimentation risk of 
irrigation channels (reducing sediment entering 
the river system by 21,65 m3/yr). This will also 
support the operation of the Cuamba APH. The 
natural capital assessment can help scope and 
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locate these nature-based solutions to support 
the SAPZ. For instance, where to establish 
agroforestry and afforestation to protect 
soils and watercourses. This can support the 
updated GEAP on its objectives for sustainable 
infrastructure and integrated water resources 
management. These interventions also increase 
the extent of cropland with sufficient access 
to pollinators by 221 hectares in the Muanda 
River Basin. While this is a small increase in 
absolute terms, the stock of cropland supplied 
with sufficient pollinator increases by 10% under  
the natural capital approach scenario.

•	Delivering wider social benefits: The natural 
capital approaches scenario highlights how 
the SAPZ could improve energy security in 
the Muanda River Basin by generating an 
additional sustainable supply of wood fuel of 
12,487 tonnes/year. Although some time would 
be needed for trees to mature and deliver this 
level of wood fuel supply (around 15-20 years, 
following Ameja et al., 2022). The additional tree 
and forest cover will also support communities 
by providing non-wood forest products, such 
as nuts, fruits and honey.

•	Delivering climate change mitigation: 
Mozambique has committed to reduce its 
emissions by about 40 MtCO2eq between 2020 
and 2025.9 Carbon sequestration services that 
could be realized via the natural capital approach 
scenario could contribute around 16,000 tCO2eq 
per year towards such a target.

•	Delivering better biodiversity outcomes: The 
natural capital approach scenario illustrates 
interventions that can be integrated in the 
SAPZ to deliver on biodiversity objectives. The 
natural capital approach scenario establishes 
over 10,000 hectares of natural forest in riparian 
areas, contributing to national biodiversity 
objectives and progress towards SDG Target 
15.1. This would also lead to a tangible increase 
on species level biodiversity, increasing the 
Biodiversity Intactness index for the Muanda 
River Basin area from 65% to 69%. This shows 
interventions in the landscape under the 
SAPZ natural capital approach are likely to be  
nature-positive.

9	 https://www.climatewatchdata.org/ndcs/country/		
MOZ?document=revised_first_ndc 

The results of the natural capital assessment for 
the Muanda River Basin also highlight the poten-
tial benefits that could be realized elsewhere from 
adopting a natural capital approach within the SAPZ 
zone of influence. The assessment demonstrates 
that selectively increasing tree cover in croplands 
can contribute to better dry season flows, address 
erosion, improve energy security and deliver better 
outcomes for biodiversity where these are most 
needed. This can help inform a more integrated pro-
gramme of work for the SAPZ as a whole, based on 
mainstreaming natural capital and ecosystem service 
benefits into the project design. This can support 
the government in creating a green growth policy 
framework that protects watersheds, soil fertility 
and pollinators important for crops of high nutritional 
and cash value. The natural capital assessment can 
also inform discussions to unlock different sources 
of financing. This includes leveraging climate and 
conservation finance to support integrated land-
scape development via the SAPZ project. 

The monetary value of ecosystem service returns 
per ha highlighted above ($42-90/ha) may be lower 
than profits from crop production activities in cash 
terms (e.g. $104/ha from conventional tillage maize 
farming). However, this does not infer the natural 
capital approach comes with an opportunity cost. 
First, the value of ecosystem service returns does 
not include the revenue generated from agrofor-
estry crops. Once these are included, returns are 
likely to exceed those for maize farming. Second, 
the reforestation of riparian croplands under the 
natural capital approach is also in line with the 
SAPZ environmental and social impact assess-
ment. This places a ban on farming in proximity to 
rivers. As such, afforestation of these areas does 
not necessarily reflect an opportunity cost under 
the natural capital approach.  

Finally, it is highlighted that additional ecosys-
tem services will be realized under the natural 
capital approach scenario, which were beyond 
monetary calculus within the resources availa-
ble to this assessment. These include: potential 
flood mitigation services in wet season months; 
pollination services; provision of non-wood forest 
products; and pest regulation services. When all 
these factors are considered, the natural capital 
approach could be the socially preferable sce-
nario. Demonstrating this would require further 
development of the assessment, likely requiring 
additional local data collection.

Natural Capital Assessment for Development Corridor Projects 39

https://www.climatewatchdata.org/ndcs/country/MOZ?document=revised_first_ndc
https://www.climatewatchdata.org/ndcs/country/MOZ?document=revised_first_ndc


6.1.1 Climate change resilience and adaptation

Increasing climate change resilience and reducing 
climate risks is a key national development priority 
for Mozambique. The natural capital assessment 
for the SAPZ demonstrates the natural capital 
approach remains resilient to climate change and 
delivers some adaptation advantages in compar-
ison to the project baseline scenario. During the 
dry season, water quantity in the Muanda River is 
estimated to be 0.16 Mm3 higher under the natural 
capital approach scenario, with predicted climate 
change conditions. It is also noted that peak flows 
in the Muanda River for January and February 
are higher in the project baseline scenario under 
climate change, compared to the natural capital 
approaches scenario in these, the wettest, months 
of the rainy season.  

More generally, the increase in forest and agrofor-
estry ecosystems are also likely to support more 
diversified livelihoods, which will also deliver social 
resilience to climate change. Agroforestry is rec-
ognized as an effective climate change adaptation 
strategy for the agricultural sector in Africa, as it 
can mitigate extreme local temperatures, improve 
food security and deliver diversified sources of 
income. Without agroforestry and other climate 
change adaptation interventions in the SAPZ, it is 
possible that any increases in crop yield may be 
short lived and lost when the impacts of climate 
change manifest in the agricultural sector in this 
part of Mozambique.  

6.1.2 Developing the SAPZ assessment

It should be noted that the assessment presented 
is intended to be indicative and has been largely 
completed using readily available global data. As 
with the intervention measures proposed in the 
feasibility study, master plan and business plan 
(Mahindra Consulting, 2020), detailed design of 
natural capital intervention measures is needed. 
This will likely require the use of more detailed 
data, including on-the-ground survey data, to 
calibrate the models employed to local condi-
tions. Further engagement with those practicing 
agroforestry in Mozambique and other countries 
in the region is also needed to better quantify 
returns from this land use option. This includes 
gaining a better understanding of the ecosystem 
services agroforestry supplies, including with 
respect to pest regulation services. It will also 

help to understand how agroforestry can be best 
deployed as a climate change adaption strategy 
for the SAPZ project. 

The water quantity modelling reveals that wet 
season peak flows in the Muanda River are miti-
gated under the natural capital approach scenario. 
This derives from the ability of forest and agro-
forestry ecosystems to absorb and store water 
from high rainfall events, then release it more 
slowly. The Global Facility for Disaster Reduction 
and Recovery (GFDRR) (2015) highlights the vul-
nerability of smallscale farmers in the central and 
northern parts of Mozambique to flooding events. 
Investing in local data will help inform interven-
tions to increase the extent of forest and agrofor-
estry ecosystems where they could best deliver 
important flood mitigation services, including for 
Cuamba city, as well for agricultural land.

Local household surveys can also help to charac-
terise the income streams that local people obtain 
from sustainable forest use. This will allow potential 
incomes and value addition possibilities linked to 
non-wood forest products to be better estimated. 
Farm level surveys will also be important to better 
estimate the importance and value of increasing 
pollinators under the SAPZ project and where inter-
ventions to do so would be best located. 

It is also highly likely that the SAPZ project will 
have natural capital impacts on the ground that 
will affect ecosystem services supply, and this 
should be better considered in the assessment. 
For instance, where industrial agricultural intensi-
fication is implemented or, more locally, associated 
with the footprint of infrastructure development 
associated with the project. Once more detailed 
plans on agricultural land use changes and infra-
structure are available, their impact on ecosystem 
services supply and social welfare at landscape 
and local scales should be assessed.   

It is also essential that any final natural capital 
interventions options are designed in an inclusive, 
participatory fashion with local communities to 
ensure they will meet their development needs. 
For example, establishing plantation forests for 
climate mitigation benefits has been shown to 
have negative impacts on local communities in 
the Niassa Province (Overbeek, 2010). Com-
munity engagement is essential to avoid these 
unintended social welfare impacts from natural 
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capital interventions. Although, it should be noted 
that the interventions proposed under the natural 
capital approach are anticipated to off-set any 
such impacts in aggregate. 

6.1.3 �Moving to full cost-benefit analysis (CBA)  
for the SAPZ

The scope of the SAPZ natural capital assess-
ment aims to highlight the additional benefits that 
applying a natural capital approach to the project 
can deliver. To develop a fully integrated assess-
ment, the benefits derived from crop provisioning 
services also need to be included. Once a detailed 
design for the land use and cropping patterns 
under the SAPZ project is proposed, these impacts 
and values can be better assessed and integrated. 
This should also include the provisioning services 
associated with agroforestry under the natural 
capital approach. 

As development finance decision makers are faced 
with many different expenditure options, they will 
be interested in understanding how the full value of 
the benefits realized via the SAPZ compare against 
costs under different implementation approaches. 
This economic appraisal of environmental (and 
other project) interventions is commonly imple-
mented through a cost-benefits analysis (CBA) 
(OECD 2006). 

In the context of the SAPZ, the CBA approach 
would be based on comparing both the mone-
tary costs and benefits associated with imple-
menting the natural capital approach or the 
project base line scenarios compared to a “do 
not do the project” scenario over a given time 
period. Future costs and benefits are evaluated 
and discounted over this time period. They are 
discounted using a discount rate that reflects 
the productivity of capital and the time pref-
erences of society for consuming benefits and 
meeting costs associated with the project. As 
an example, in their CBA of agroforestry inter-
ventions in Mali, Sidibé et al. (2014) employ a 
25-year time period and 5% discount rate. If the 
overall net present value (NPV) – the discounted 
benefits minus costs over the time period – of 
implementing the project scenario is positive, 
it is economically rational to implement the 
project, as the benefits exceed the costs of not 
doing so. However, there may also be strategic 
or other reasons to implement the project.

Where multiple investment options are possible, 
such as the natural capital approach or project 
baseline scenarios for the SAPZ, a CBA allows 
the identification of the “best value for money” 
solution. This can be achieved by comparing the 
NPVs directly and selecting the highest. However, 
other summary statistics are often derived from 
a CBA to support investment appraisal. These 
include calculating to ratio of discounted benefits 
to costs (the benefit cost ratio or BCR which pro-
vides an indicator of returns on investment) and 
the internal rate of return (for comparing against 
other investment options). Typically, investors 
will consider these economic indicators against 
benchmarks or thresholds, given the CBA is 
based on multiple assumptions of a project costs 
and future benefits.

To proceed with such a CBA, the SAPZ project 
implementation proposal needs to be fully costed, 
as do interventions under any proposed natural 
capital approach scenario. As a starting point, lit-
erature values for afforestation and establishing 
agroforestry may be used to better inform the 
cost of implementing the natural capital approach. 
With monetary benefit values from cropland and 
agroforestry provisioning and wider ecosystem 
services, net present values of future benefits 
and costs for the SAPZ project under the natural 
capital approach and project baseline scenarios 
could then be determined. This environmentally 
extended approach to a CBA would then provide 
development finance decision makers with a more 
complete set of economic information to base their 
investments on. German development agency 
GIZ (2013) provides a useful overview of the CBA 
approach, although there is plenty of guidance 
and examples that can be drawn on. 
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6.2	 Role for natural capital accounting

Natural capital accounting essentially comprises 
of undertaking repeated natural capital assess-
ments to generate a time series of consistent 
information on the state of ecosystems and 
flows of ecosystem services for an accounting 
area. National statistical offices are increasingly 
implementing this at national and sub-national 
scales, using the System of Environmental Eco-
nomic Accounting Ecosystem Accounting (SEEA 
EA) framework (United Nations et al., 2021). The 
SEEA EA supports the mainstreaming of natural 
capital approaches across development and eco-
nomic planning at different levels of government 
in a coherent way. Government implementation of 
the SEEA EA could directly support natural capital 
assessment of development projects like the SAPZ 
in the following ways:

•	The SEEA EA sets out consistent terms and 
classifications for information on ecosystems. 
This would include an agreed national ecosystem 
typology, ecosystem condition indicators 
and priority ecosystem services. This would 
establish a framework to enhance consistency 
across natural capital assessments and make 
them more coherent with national ecosystem 
measurement approaches.

•	Compilation of SEEA EA accounts requires maps 
(or spatial data) on ecosystems to be organized. 
This provides a public good for informing natural 
capital assessments across all scales, thereby 
reducing the resources required and time taken 
to complete them.

•	Methods established via the SEEA EA process 
(e.g. with respect to ecosystem services 
modelling) at the national level could be 
implemented for project level natural capital 
assessments. This would also reduce resource 
requirements, improve consistency across 
assessments and make project level decisions 
more coherent with national policy objectives.

  
•	Helping to identify broad opportunities for 

natural capital investment that more detailed 
natural capital assessments could target 
to generate a pipeline of bankable natural  
capital projects. 
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6.3	� Better uptake by governmental and  
financing institutions

This report and the SAPZ natural capital assess-
ment are intended to build the capacity of those in 
government and development finance institutions 
to understand concepts related to natural capital, 
so they can better mainstream them into their deci-
sion-making. The report seeks to build a common 
understanding on natural capital concepts, which 
this community can work from. The SAPZ case 
study demonstrates how these concepts can be 
implemented to support more integrated develop-
ment planning that can capture the multiple bene-
fits different ecosystems deliver and link these to 
different development objectives. Ultimately, this 
can deliver more effective and better integrated 
planning, where development corridor and infra-
structure projects serve as a catalyst for green 
economy transition.

To these ends, development finance institutions 
can support mainstreaming of natural capital into 
public and financing decisions by:

•	Building and institutionalizing knowledge on 
using natural capital approaches in Africa. 
Support countries to build knowledge on natural 
capital approaches, the stocks of natural capital 
countries are endowed with and how these 
can be harnessed to support green economic 
development. This includes supporting natural 
capital assessment and natural capital accounting 
to build a more coherent knowledge base and 
a pipeline of bankable natural capital projects 
across Africa. 

•	Supporting and engaging with existing 
networks on mainstreaming natural capital. 
Collaborate with existing networks that advance 
the uptake and use of natural capital approaches 
in development corridor and infrastructure 
projects and in wider decision-making contexts. 

 
•	Leading the way on implementing natural 

capital approaches. Be a knowledge leader 
and apply these tools routinely in evaluation of 
development corridor and infrastructure projects 
and mainstream natural capital into their design. 
Integrate monetary and non-monetary values of 
ecosystem services realized from natural capital 
approaches into their investment decisions. Call 
for natural capital assessments to be part of the 

process for designing development projects in 
an integrated way, which delivers on multiple 
development objectives. 

•	Promoting of nature-based solutions. Build 
natural capital knowledge to promote nature-
based solutions as viable development options. 
Prioritize these over “grey” (human-made) 
infrastructure solutions where possible, to 
capture the additional benefits they realize and 
use natural capital approaches to help shift 
financial flows from actions that degrade natural 
capital towards long-term stewardship of nature. 

 
•	Enabling the financing for implementing 

natural capital approaches. Help countries to 
overcome high upfront investment and long-
term maintenance costs often associated 
with implementing natural capital approaches. 
For example, by playing a convening role in 
bringing funders together to overcome some 
of these costs given their different objectives 
in landscapes. Also by assisting countries 
to implement financing mechanisms to help 
overcome these costs. These may include credit 
enhancement, long tenures, quasi equity loans 
(i.e. loans based on projected future cash flows 
rather than collateral) and credit guarantees to 
make natural capital approaches and nature-
based solutions more affordable, and mitigate 
risks associated with their more widespread 
adoption. It may also include helping to establish 
payments for ecosystem services mechanisms 
to meet long-term maintenance costs.
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7.	Conclusions
In Africa, the need to mainstream natural capital into 
development planning is recognized in the aspira-
tions of Agenda 2063. The African Union Green 
Recovery Action Plan (2021-2027) highlights the 
continental vision of restoring and sustainably man-
aging ecosystems for economic recovery and job 
creation. In countries across Africa, mainstreaming 
natural capital for green economic development is 
being recognized in national green economy poli-
cies, action plans and strategies. 

There is an urgent need to help financial institu-
tions and governments to make more nature-pos-
itive decisions and investments on a routine basis 
to support these plans to transition to green econ-
omies. Natural capital assessments that quantify, 
map and value natural capital and ecosystem 
service flows provide essential knowledge to 
mainstream natural capital into these decisions. 
This includes identifying where restoring natural 
capital can make positive contributions across 
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social, economic and environmental challenges, 
thereby supporting more ecologically sustaina-
ble and inclusive development. 

The natural capital assessment for the Special 
Agro-industrial Processing Zone (SAPZ) project 
in the Muanda River Basin responds to this need 
by providing an integrated assessment of trade-
offs between cropland and other ecosystem 
investments. While agricultural development for 
Mozambique is important, it needs to be balanced 
with other national development objectives. This 
requires integration of agriculture, forestry, water 
and other sectors in policymaking. This is recog-
nized in the national Green Economy Action Plan 
(GEAP), which also identifies mapping, valuation 
and integration of natural capital in national plan-
ning as a priority (AfDB, 2015). 

The natural capital assessment of SAPZ pro-
vides a tangible demonstration of the long-term 
co-benefits that can be realized via natural capital 
approaches. Under the natural capital approach 
scenario, dry season water flows in the Muanda 
River increase by 2.85 Mm3/year and sediment 
loading to the river from local soil erosion decreases 
by 21,655 tonnes/year. This can support the long-
term success of the SAPZ project by increasing 
water available for dry season agriculture, avoiding 
sedimentation of irrigation channels and improving 
water quality for agro-processing activities. The 
natural capital approach delivers improved local 
energy security for local communities, increasing 
sustainable wood fuel supplies by 12,487 tonnes 
per year. It also delivers global climate change 
mitigation benefits of 16,720 tCO2e/year.

The aggregate value of the benefits realized 
under the natural capital approach, compared 
to the project baseline scenario for the SAPZ, is 
$42/ha/year. This increases to $90/ha/year when 
social costs of carbon are used to estimate climate 
change mitigation co-benefits. Additional co-ben-
efits from improved pollination (cropland with 
sufficient pollinators increases by 10%) and bio-
diversity are also realized (biodiversity intactness 
index increases by 4%). Additional ecosystem ser-
vices whose supply is likely to be increased under 
the natural capital approach include wet season 
flood mitigation, provisioning of non-wood forest 
products and regulation of pest damage. However, 
additional data is needed to quantify the potential 
supply of these services and to value them. 

Natural capital assessments, such as those pre-
sented for the SAPZ project, can be undertaken for 
many other development or infrastructure projects, 
to highlight returns in investing in ecosystems for 
nature-based solutions, social welfare benefits, 
climate change mitigation and improved biodi-
versity outcomes. Such assessments can foster 
a transition away from traditional development 
approaches that address development issues such 
as poverty, economic growth, climate change and 
biodiversity conservation on an individual basis. 
Towards a more integrated planning response, 
which recognizes the multiple benefits nature pro-
vides, captures these benefits and mitigates unin-
tended trade-offs from natural capital impacts. This 
is essential if countries are to transition to green 
economies, where national development is both 
socially just and in balance with nature. 

Development finance institutions and their gov-
ernment partners will play a key role in deliver-
ing this green economic development vision. 
They can drive the natural capital mainstreaming 
agenda by developing the knowledge base on 
natural capital and its role in sustainable devel-
opment and green recovery in Africa. By applying 
this knowledge to project design and investment 
planning, they can lead the way for better and 
more integrated planning that recognizes the 
many benefits nature provides to the people of 
Africa and its economy. By working together, they 
can help to overcome some of the cost barriers 
to implementing natural capital approaches that 
many projects face. In this way, development 
projects can be a catalyst for building natural 
capital stocks in landscapes and seascapes.  
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Glossary
Biodiversity: The variability among living organ-
isms from all sources including, inter alia, terres-
trial, marine and other aquatic ecosystems and the 
ecological complexes of which they are part; this 
includes diversity within species, between species 
and of ecosystems (Convention on Biological 
Diversity. Art. 2: Use of Terms, 1992).

Climate change: A change in the state of the 
climate that can be identified (e.g. by using sta-
tistical tests) by changes in the mean and/or the 
variability of its properties and that persists for an 
extended period (IPBES, 2019a).

Climate change adaptation: In human systems, 
the process of adjustment to actual or expected 
climate and its effects, in order to moderate harm or 
exploit beneficial opportunities. In natural systems, 
the process of adjustment to actual climate and its 
effects; human intervention may facilitate adjust-
ment to expected climate and its effects (Mas-
son-Delmotte et al., 2018). 

Climate change mitigation: A human interven-
tion to reduce emissions or enhance the sinks of 
greenhouse gases (Masson-Delmotte et al., 2018).

Ecosystem: An ecosystem is a dynamic complex 
of plant, animal and micro-organism communities 
and their non-living environment interacting as a 
functional unit (Convention on Biological Diversity. 
Art. 2: Use of Terms, 1992).

Ecosystem services: The contributions of ecosys-
tems to the benefits that are used in economic and 
other human activity (United Nations et al., 2021).

Nature-based solutions: Actions to protect, con-
serve, restore, sustainably use and manage natural 
or modified terrestrial, freshwater, coastal and 
marine ecosystems which address social, eco-
nomic and environmental challenges effectively 
and adaptively, while simultaneously providing 
human well-being, ecosystem services, resilience 
and biodiversity benefits (UNEA, 2022).

Natural capital: Those renewable and non-re-
newable natural resources (such as air, water, soils 
and energy), stocks of which can benefit people 
both directly (for example, by delivering clean air) 
and indirectly (for example, by underpinning the 
economy) (Bateman & Mace, 2020). A common 
way of characterising this biotic component of 
natural capital in landscapes and seascapes is 
as ecosystems that supply ecosystem services. 
This is the perspective on natural capital adopted 
in this report.

Natural capital approaches: Approaches that drive 
changes in policy and/or investment decisions by 
incorporating the values of ecosystems to people, 
aiming to improve human well-being (Ruckelshaus 
et al. 2022).

Natural capital assessment: Quantifying, mapping 
and valuing natural capital and ecosystem service 
flows and how these are expected to change under 
different scenarios (Ruckelshaus et al. 2022).

Natural capital accounts: A set of objective data 
on the stocks of natural resources (including eco-
systems), how they contribute to the economy (e.g. 
via the supply of ecosystem services) and how the 
economy affects natural resources that are com-
piled on a regular and consistent basis (adapted 
from Vardon et al., 2017).

Tipping point: A set of conditions of an ecological 
and/or social-ecological system where further per-
turbation will cause rapid change and prevent the 
system from returning to its former state (IPBES, 
2019a).
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Annex I: Detailed Methods for Ecosystem  
Services Modelling
Water quantity (supply) and water flow regulation 

To calculate the water flow regulation services, 
we used the SPHY (Terink et al., 2015) hydrologi-
cal model at daily time step at a resolution of 100 
metres for the full study area. The SPHY hydrolog-
ical model is a spatially distributed leaky bucket 
type of model, applied on a cell-by-cell basis. 
The model includes two upper soil storages and a 
third groundwater storage. For each cell, precipi-
tation interception and evaporation by vegetation 
is calculated. Remaining precipitation is trans-
formed into surface runoff and infiltration into 
soil, depending on soil properties and vegetation. 
Soil moisture is subject to evapotranspiration and 
remaining water either laterally flows from the first 
soil layer or percolates into the deeper groundwa-
ter store from where it contributes to baseflow.

Since there was no local climatological data availa-
ble for the study area, we used the highest resolu-
tion daily remote sensing-based dataset available 
for temperature, CHIRTS (Verdin et al., 2020), 
which provides daily minimum and maximum tem-
peratures for the period 2003-2016. For precipita-
tion inputs, we used the CHIRPS daily precipitation 
data based on infrared remote sensing combined 
with station observational data (Funk et al., 2015). 
These data are available at ~5km resolution. All 
climate data were then resampled to 100-metre 
resolution using bilinear resampling. For land use, 
we used Copernicus 2019 (Buchhorn et al., 2020) 
land use dataset available at 100 metres. Soil prop-
erties data were derived from the 250 metre res-
olution HiHYDROSOILS data (Simons et al., 2020) 
and OpenLandMap10 soil datasets, both resam-
pled to approximately 100-metre spatial resolution 
for modelling. The model was run for the period 
2012-2016, using the first year for model spin-up.

Potential impacts of climate change were modelled 
using the SPHY hydrological model but driven with 
General Circulation Model (GCM) derived clima-
tological data for the RCP 8.5 emission pathway 

10	 www.openlandmap.org 

(Riahi et al., 2011) for the 2050s. Daily precipitation 
and temperature anomalies were derived from the 
NASA Earth Exchange Global Daily Downscaled 
Projections (NEX-GDDP), which provide data for 
21 GCMs for RCPs 8.5 and 4.5 for the period 1950-
2100 at 25 x 25 km resolution. Daily anomalies 
between the periods 2010-2020 and 2050-2060 
were calculated for the study region using Google 
Earth Engine and a mean for all 21 models. Anom-
alies were then applied to the daily high resolution 
baseline climatology for the period 2012-2016.

Avoided sedimentation of water courses 

To map the avoided sediment of water courses 
service, we used the Morgan–Morgan–Finney 
(MMF) erosion model that is integrated with the 
SPHY hydrological model (Eekhout et al., 2018). 
This model includes a complete representation of 
key soil erosion processes such as surface runoff 
generation, dynamic vegetation development, 
and sediment deposition which makes this model 
particularly suitable for evaluating inter- and 
intra-annual impacts of environmental change on 
soil erosion and sediment yield at large spatial and 
temporal scales The model runs at the same time-
step (daily) as the hydrological model and receives 
input from the SPHY model, such as effective pre-
cipitation (throughfall), runoff and canopy cover for 
calculation of erosion and deposition processes. 
Parameters for the MMF model were estimated 
based on literature values.

Pollination 

The pollination ecosystem service was mapped 
using a similar approach as Chaplin-Kramer et al. 
(2019), which assumes there are sufficient pollina-
tors when there is at least 30% natural habitat within 
2 kilometres of cropland. Using a moving window of 
2 kilometres, the total area of natural land (shrub, 
herbaceous woodland, closed, open forest and 
agroforestry) around cropland pixels were calcu-
lated. These values were then normalized and all 
values above 0.3 were set to 1 and values between 
0 and 0.3 were rescaled between 0 and 1.

Natural Capital Assessment for Development Corridor Projects 47

http://www.openlandmap.org


Carbon sequestration and storage 

Table A.1  
Carbon sequestration in land use classes

Land cover class

Aboveground  
biomass  

(tC/ha/year)

Belowground  
biomass 

(tC/ha/year)
Total biomass  

(tC/ha/year)
Soil carbon  

(tC/ha/year)

Shrubs 1.49 0.55 2.04 1.77

Herbaceous wetland 0.48 0.2 0.68 0.42

Cropland 0.37 0 0.37 1.02

Urban 0 0 0 0

Waterbody 0 0 0 0

Plantations 4.835 1.39 6.225 1.46

Closed forest 1.15 0.16 1.31 0

Open forest 2.01 1.5 3.51 0.88

Agroforestry 3.145 0.59 3.735 1.58

Table A.2  
Carbon stock in land use classes

Land cover 
class

Aboveground 
biomass carbon 

stock (tC/ha)

Belowground 
biomass carbon 

stock (tC/ha)
Soil carbon 

stock (tC/ha)

Deadwood 
carbon stock 

(tC/ha)
Total carbon 

stock (tC/ha)

Shrubs 12.935 8.304 43.170 5.145 69.554

Herbaceous 
wetland 2.700 0.700 68.280 0.300 71.980

Cropland 2.375 0.600 50.250 0.450 53.675

Urban 0.000 0.000 0.000 0.000 0.000

Waterbody 0.000 0.000 0.000 0.000 0.000

Plantations 27.815 7.650 36.235 0.400 72.100

Closed forest 35.025 13.810 37.030 1.600 87.465

Open forest 25.480 9.670 33.105 0.120 68.375

Agroforestry 17.700 7.150 73.500 1.760 100.110

Carbon stock and sequestration services for 
project baseline and natural capital approach sce-
nario were mapped based on land use and land 
cover and carbon stored or sequestered in differ-
ent pools based on literature values (Tables A.1 
and A.2) using a similar approach as the InVEST 
carbon storage model (Sharp et al., 2020). For the 
natural capital approach scenario, no changes in 
existing classes were assumed but values were 
added for the additional class of agroforestry. 
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Wood fuel provisioning services 

To map wood fuel provisioning ecosystem ser-
vices, we developed a wood fuel model based 
on mapping total supply from total biomass in 
accessible forest pixels, where forest with slope 
over 15% (general definition of a ‘steep slope’) 
were excluded within a 10-kilometre radius. Total 
supply represents the mean annual increment in 
wood fuel biomass that would be expected once 
forests had reached maturity. Similarly, total wood 
fuel demand was calculated for a 10-kilometre 
radius by multiplying the number of people with 
the per capita demand for wood fuel based on 
literature values (set at 1.52 tonnes/person/year; 
Balama et al., 2016). Total realized supply was then 
calculated as the supply minus demand for each 
pixel or total supply in case of greater demand. 

Biodiversity conservation 

In this study, due to paucity of primary information 
for the biodiversity of the Muanda River Basin, the 
PREDICTS (Projecting Responses of Ecological 
Diversity in Changing Terrestrial Systems) data-
base (Hudson et al., 2014) was used to calculate 
the BII. The database includes ~54,000 species 
that encompass diverse floral and faunal groups 
(plants, fungi, birds, mammals, reptiles, amphibians 
and invertebrates). The BII is estimated by combin-
ing two statistical models executed using R statisti-
cal software (R Development Core Team, 2021). The 
first is the site-level organismal abundance model, 
and the second model is on compositional similar-
ity to a site still having primary vegetation. Since 
the data is derived from various regional datasets, 
these are performed as mixed-effects models that 
are controlled for study origin and methods.

For the BII estimates, the species data were filtered 
by regional biomes and those that closely represent 
the land use class and currently practiced land use 
intensities in the Muanda River Basin. The model 
results that were generated were mapped with the 
land use class of the basin with the PREDICTS land 
use class and intensity as shown in Table A.3. After 
mapping, the models were then projected onto 
the baseline land use scenario and the proposed 
natural capital scenario along with the anthropo-
genic pressures that includes land use intensity 
and the Human Population Density (CIESIN, 2018) 
of the basin and is represented in terms of percent.

Table A.3: 
Mapped PREDICTS land use for the Muanda River Basin

Muanda land cover PREDICTS land use – intensity

Shrubs Primary vegetation

Cropland Cropland – intense

Urban Urban

Waterbody Mask layer

Herbaceous wetland Primary vegetation

Closed forest Primary vegetation

Open forest Primary vegetation

Plantations Plantation forest – other

Agroforestry Plantation forest – minimal

Natural Capital Assessment for Development Corridor Projects 49



References
Acreman, M., Smith, A., Charters, L., Tickner, D., Opperman, J., 
Acreman, S., Edwards, F., Sayers, P., & Chivava, F. (2021). Evidence 
for the effectiveness of nature-based solutions to water issues in 
Africa. Environmental Research Letters, 16(6), 63007. https://doi.
org/10.1088/1748-9326/ac0210

AfDB. (2015). GREEN GROWTH MOZAMBIQUE: POLICY REVIEW AND 
RECOMMENDATIONS FOR ACTION. https://www.afdb.org/fileadmin/
uploads/afdb/Documents/Generic-Documents/Transition_Towards_
Green_Growth_in_Mozambique_-_Policy_Review_and_Recommen-
dations_for_Action.pdf

AfDB. (2018). COUNTRY RESULTS BRIEF 2018: MOZAMBIQUE. 
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Pro-
ject-and-Operations/CRB_Mozambique-En.pdf

African Union. (n.d.). African Union Green Recovery Action Plan 
(2021 - 2027). https://wwfint.awsassets.panda.org/downloads/
african_union_greeen_recovery_action_plan___2021.pdf

Ameja, L. G., Ribeiro, N., Sitoe, A. A., & Guillot, B. (2022). Regener-
ation and Restoration Status of Miombo Woodland Following Land 
Use Land Cover Changes at the Buffer Zone of Gile National Park, 
Central Mozambique. Trees, Forests and People, 9, 100290. https://
doi.org/https://doi.org/10.1016/j.tfp.2022.100290

Annandale, G. W., Morris, G. L., & Karki, P. (2016). Extending the Life 
of Reservoirs: Sustainable Sediment Management for Dams and 
Run-of-River Hydropower. https://doi.org/10.1596/978-1-4648-
0838-8

Balama, C., Augustino, S., Mwaiteleke, D., Lusambo, L. P., & Makonda, 
F. B. S. (2016). Economic Valuation of Nontimber Forest Products 
under the Changing Climate in Kilombero District, Tanzania. Inter-
national Journal of Forestry Research, 2016, 7893143. https://doi.
org/10.1155/2016/7893143

Bateman, I. J., & Mace, G. M. (2020). The natural capital framework 
for sustainably efficient and equitable decision making. Nature 
Sustainability, 3(10), 776–783. https://doi.org/10.1038/s41893-020-
0552-3

Boucher, D., Elias, P., Faires, J., & Smith, S. (2014). Participatory 
Management in the Miombo Woodlands of Tanzania and Mozam-
bique. In Deforestation Success Stories (Tropical Nations Where 
Forest Protection and Reforestation Policies Have Worked). Union of 
Concerned Scientists. http://www.jstor.org/stable/resrep00076.15

Buchhorn, M., Lesiv, M., Tsendbazar, N.-E., Herold, M., Bertels, L., & 
Smets, B. (2020). Copernicus Global Land Cover Layers—Collection 
2. In Remote Sensing (Vol. 12, Issue 6). https://doi.org/10.3390/
rs12061044

Convention on Biological Diversity. Article 2: Use of terms., (1992).

Chaplin-Kramer, R., Sharp, R. P., Weil, C., Bennett, E. M., Pascual, U., 
Arkema, K. K., Brauman, K. A., Bryant, B. P., Guerry, A. D., Haddad, N. 
M., Hamann, M., Hamel, P., Johnson, J. A., Mandle, L., Pereira, H. M., 
Polasky, S., Ruckelshaus, M., … Daily, G. C. (2019). Global modeling 
of nature’s contributions to people. Science, 366(6462), 255–258. 
https://doi.org/10.1126/science.aaw3372

CIESIN. (2018). Gridded Population of the World, Version 4 (GPWv4): 
Population Density, Revision 11 (C. for I. E. S. I. N.-C.-C. University 
(Ed.)). NASA Socioeconomic Data and Applications Center (SEDAC). 
https://doi.org/10.7927/H49C6VHW

D’Odorico, P., Chiarelli, D. D., Rosa, L., Bini, A., Zilberman, D., & Rulli, 
M. C. (2020). The global value of water in agriculture. Proceedings 
of the National Academy of Sciences, 117(36), 21985–21993. https://
doi.org/10.1073/pnas.2005835117

Daly, H. (1994). Operationalizing sustainable development by 
investing in natural capital. In A. Jansson, M. Hammer, C. Folke, & R. 
Costanza (Eds.), Investing in Natural Capital: The Ecological Eco-
nomics Approach to Sustainability. Island Press.

Dasgupta., P. (2021). The Economics of Biodiversity: The Dasgupta 
Review. https://www.gov.uk/government/publications/final-re-
port-the-economics-of-biodiversity-the-dasgupta-review

Dasgupta, P. (2021). The Economics of Biodiversity: The Dasgupta 
review. In Journal of Political Ecology (Vol. 28, Issue 1). https://doi.
org/10.2458/jpe.2289

de Sousa, L. S., Wambua, R. M., Raude, J. M., & Mutua, B. M. (2019). 
Assessment of Water Flow and Sedimentation Processes in Irrigation 
Schemes for Decision-Support Tool Development: A Case Review 
for the Chókwè Irrigation Scheme, Mozambique. In AgriEngineering 
(Vol. 1, Issue 1, pp. 100–118). https://doi.org/10.3390/agriengineer-
ing1010008

Dickson, B., Blaney, R., Miles, L., Regan, E., van Soesbergen, A., 
Väänänen, E., Blyth, S., Harfoot, M., Martin, C. S., McOwen, C., & 
Newbold, T., van Bochove, J. (2014). (2014). Towards a global map 
of natural capital: Key ecosystem assets. https://www.unep-wcmc.
org/system/dataset_file_fields/files/000/000/232/original/NCR-LR_
Mixed.pdf?1408446708

Diwedar, A. I., Saad, S. A. F., Nada, A. M., & Ibraheem, A. M. (2022). 
The role of numerical model in assessing the waterway restoration 
for watershed management, the case of BAHR YOUSSEF, Egypt. 
Ain Shams Engineering Journal, 101888. https://doi.org/https://doi.
org/10.1016/j.asej.2022.101888

Eekhout, J. P. C., Terink, W., & de Vente, J. (2018). Assessing the 
large-scale impacts of environmental change using a coupled 
hydrology and soil erosion model. Earth Surf. Dynam., 6(3), 687–703. 
https://doi.org/10.5194/esurf-6-687-2018

Elisante, F., Ndakidemi, P., Arnold, S. E. J., Belmain, S. R., Gurr, G. M., 
Darbyshire, I., Xie, G., & Stevenson, P. C. (2020). Insect pollination is 
important in a smallholder bean farming system. PeerJ, Oct 20(8), 
e10102. https://doi.org/10.7717/peerj.10102

Ellis, A. M., Myers, S. S., & Ricketts, T. H. (2015). Do Pollinators 
Contribute to Nutritional Health? PLOS ONE, 10(1), e114805. https://
doi.org/10.1371/journal.pone.0114805

FAO. (n.d.). II. BACKGROUND TO THE FUELWOOD AND CHARCOAL. 
https://www.fao.org/3/X6796E/X6796E03.htm#TopOfPage

Forest Trends’ Ecosystem Marketplace. (2021). Market in Motion’, 
State of Voluntary Carbon Markets 2021, Installment 1. https://www.
ecosystemmarketplace.com/publications/state-of-the-voluntary-
carbon-markets-2021/

Funk, C., Peterson, P., Landsfeld, M., Pedreros, D., Verdin, J., Shukla, 
S., Husak, G., Rowland, J., Harrison, L., Hoell, A., & Michaelsen, J. 
(2015). The climate hazards infrared precipitation with stations—a 
new environmental record for monitoring extremes. Scientific Data, 
2(1), 150066. https://doi.org/10.1038/sdata.2015.66

Garibaldi, L. A., Carvalheiro, L. G., Vaissière, B. E., Gemmill-Herren, 
B., Hipólito, J., Freitas, B. M., Ngo, H. T., Azzu, N., Sáez, A., Åström, 
J., An, J., Blochtein, B., Buchori, D., García, F. J. C., Oliveira da Silva, 
F., Devkota, K., Ribeiro, M. de F., … Zhang, H. (2016). Mutually bene-
ficial pollinator diversity and crop yield outcomes in small and large 
farms. Science, 351(6271), 388–391. https://doi.org/10.1126/science.
aac7287

GFDRR. (2015). Mozambique 2015: Damage Assessment and Early 
Recovery / Sustainable Reconstruction Priorities. https://www.gfdrr.
org/sites/default/files/publication/Mozambique Report-RapidAs-
sessment-EN.pdf

GGKP. (2020). Natural Capital Platforms and Tools for Green Growth 
Planning. https://www.greengrowthknowledge.org/research/natu-
ral-capital-platforms-and-tools-green-growth-planning

GIZ. (2013). Economic approaches for assessing climate change 
adaptation options under uncertainty. 27. http://climate-adapt.eea.
europa.eu/viewaceitem?aceitem_id=8454

Natural Capital Assessment for Development Corridor Projects 50



GoM. (2016). EstratégiaNacional para a Redução de Emissões de 
Desmatamento e Degradação Florestal, Conservação de Flores-
tas e Aumento de Reservas de Carbono Através de Florestas 
(REDD+) 2016-2030. https://www.biofund.org.mz/wp-content/
uploads/2019/01/1548332243-ESTRATÉGIA NACIONAL DO 
REDD+.pdf

GoM. (2020). PLANO DE ACÇÃO DE ECONOMIA VERDE.

GoM. (2021). Update of the First Nationally Determined Contri-
bution to the United Nations Framework Convention on Climate 
Change. MOZAMBIQUE. Period: 2020-2025. https://unfccc.int/
sites/default/files/NDC/2022-06/NDC_EN_Final.pdf

Griffiths, V. F., Bull, J. W., Baker, J., & Milner-Gulland, E. J. (2019). No 
net loss for people and biodiversity. Conservation Biology, 33(1), 
76–87. https://doi.org/https://doi.org/10.1111/cobi.13184

Guerrero, M., Re, M., Kazimierski, L. D., Menéndez, Á. N., & Ugarelli, 
R. (2013). Effect of climate change on navigation channel dredging of 
the Parana River. International Journal of River Basin Management, 
11(4), 439–448. https://doi.org/10.1080/15715124.2013.819005

Gurmu, Z. A., Ritzema, H., de Fraiture, C., & Ayana, M. (2022). Sedi-
mentation in small-scale irrigation schemes in Ethiopia: Its sources 
and management. International Journal of Sediment Research, 37(5), 
576–588. https://doi.org/https://doi.org/10.1016/j.ijsrc.2022.02.006

Hudson, L. N., Newbold, T., Contu, S., Hill, S. L. L., Lysenko, I., De 
Palma, A., Phillips, H. R. P., Senior, R. A., Bennett, D. J., Booth, H., 
Choimes, A., Correia, D. L. P., Day, J., Echeverría-Londoño, S., 
Garon, M., Harrison, M. L. K., Ingram, D. J., … Purvis, A. (2014). The 
PREDICTS database: a global database of how local terrestrial 
biodiversity responds to human impacts. Ecology and Evolution, 
4(24), 4701–4735. https://doi.org/https://doi.org/10.1002/ece3.1303

IFAD. (2018). Republic of Mozambique: Country strategic opportuni-
ties programme 2018-2022 (EB 2018/123/R.4). https://www.ifad.org/
documents/38711624/40234873/mozambique_cosop2018-2022.
pdf/054028a1-22c7-47cb-b24b-b867856c747a?t=1521730395000

IPBES. (2019a). ANNEX I - Glossary. In E. S. Brondizio, J. Settele, S. 
Díaz, & H. T. Ngo (Eds.), Global assessment report on biodiversity 
and ecosystem services of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (pp. 1031–1064). 
IPBES secretariat. https://ipbes.net/global-assessment

IPBES. (2019b). Summary for policymakers of the global assessment 
report on biodiversity and ecosystem services of the Intergovern-
mental Science-Policy Platform on Biodiversity and Ecosystem 
Services. https://www.ipbes.net/global-assessment-report-biodi-
versity-ecosystem-services

IPBES. (2022). Summary for policymakers of the methodological 
assessment of the diverse values and valuation of nature of the 
Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services. (U. Pascual, P. Balvanera, M. Christie, B. 
Baptiste, D. González-Jiménez, C.B. Anderson, S. Athayde, R. Chap-
lin-Kramer, S. Jacobs, E. Kelemen, R. Kumar, E. Lazos, A. Martin, T.H. 
Mwampamba, B. Nakangu, P. O’Farrell, C.M. Raymond, S.M. Subra-
manian, M. Terma). https://doi.org/10.5281/zenodo.6522392

IPCC. (2006). 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Volume 4: Agriculture, Forestry and Other Land Use. 
https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Juffe-Bignoli, D., Burgess, N. D., Hobbs, J., Smith, R. J., Tam, C., 
Thorn, J. P. R., & Bull, J. W. (2021). Mitigating the Impacts of Devel-
opment Corridors on Biodiversity: A Global Review. In Frontiers in 
Ecology and Evolution (Vol. 9). https://www.frontiersin.org/arti-
cles/10.3389/fevo.2021.683949

Kidane, S. M., Lambert, D. M., Eash, N. S., Roberts, R. K., & Thier-
felder, C. (2019). Conservation Agriculture and Maize Production 
Risk: The Case of Mozambique Smallholders. Agronomy Journal, 
111(6), 2636–2646. https://doi.org/https://doi.org/10.2134/
agronj2018.05.0331

Kumsa, T., & Ballantyne, G. (2021). INSECT POLLINATION AND 
SUSTAINABLE AGRICULTURE IN SUB-SAHARAN AFRICA. Journal of 
Pollination Ecology, 27(2), 36–49. https://napier-repository.work-
tribe.com/output/2717910/insect-pollination-and-sustainable-agri-
culture-in-sub-saharan-africa

MADER. (2021). Integrated Agricultural Survey (2020).

MADR. (2021). ENVIRONMENTAL AND SOCIAL IMPACT ASSESS-
MENT(ESIA) / ENVIRONMENTALAND SOCIAL MANAGEMENT PLAN 
(ESMP): PROJECT:THE PEMBA-LICHINGA INTEGRATED DEVELOP-
MENT CORRIDOR SPECIAL AGRO-INDUSTRIAL PROCESSING ZONE 
(SAPZ) PROJECT -PHASE 1.

Mahindra Consulting. (2020). Value chains and market development 
program (VACMAD) Pemba-Lichinga corridor. Special Agro-In-
dustrial Processing Zones (SAPZ). Master plan, Feasibility study, 
Business plan.

Masson-Delmotte, V., Zhai, P., Pörtner, K.-O., Roberts, D., Skea, 
J., Shukla, P. R., Pirani, A., Moufouma-Okia, W., Péan, C., Pidcock, 
R., Connors, S., Matthews, J. B. R., Chen, Y., Zhou, X., Gomis, M. 
I., Lonnoy, E., Maycock, T., … Waterfield, T. (2018). Annex I: Glos-
sary. In J. B. R. Matthews (Ed.), Global Warming of 1.5°C. An IPCC 
Special Report on the impacts of global warming of 1.5°C above 
pre-industrial levels and related global greenhouse gas emission 
pathways, in the context of strengthening the global response to 
the threat of climate change, (pp. 541–562). Cambridge University 
Press. https://doi.org/https://doi.org/10.1017/9781009157940.008.

Mbow, C., Van Noordwijk, M., Luedeling, E., Neufeldt, H., Minang, 
P. A., & Kowero, G. (2014). Agroforestry solutions to address food 
security and climate change challenges in Africa. Current Opinion 
in Environmental Sustainability, 6, 61–67. https://doi.org/https://doi.
org/10.1016/j.cosust.2013.10.014

NHM. (2021). Biodiversity Intactness Index. https://www.
nhm.ac.uk/our-science/data/biodiversity-indicators/
biodiversity-intactness-index-data?future-scenario=ssp2_
rcp4p5_message_globiom&georegion=001&min-year=1970&-
max-year=2050&georegion-compare=null&future-scenario-com-
pare=null&show-uncertainty=tr

Oates, N., Jobbins, G., Mosello, B., & Arnold, J. (2015). Pathways 
for irrigation development in Africa – insights from Ethiopia, 
Morocco and Mozambique (Future Agricultures Working Paper 
119). https://www.future-agricultures.org/publications/working-pa-
pers-document/pathways-for-irrigation-development-in-africa-in-
sights-from-ethiopia-morocco-and-mozambique/

OECD. (2006). Cost-Benefit Analysis and the Environment: Recent 
Developments. https://www.oecd.org/environment/tools-evalua-
tion/36190261.pdf

ORGUT. (2013). Reality Checks in Mozambique: Building better 
understanding of the dynamics of poverty and well-being (Annual 
Report Year Three, 2013 – Agriculture, Climate and Employment).

Ouyang, Z., Zheng, H., Xiao, Y., Polasky, S., Liu, J., Xu, W., Wang, 
Q., Zhang, L., Xiao, Y., Rao, E., Jiang, L., Lu, F., Wang, X., Yang, G., 
Gong, S., Wu, B., Zeng, Y., … Daily, G. C. (2016). Improvements in 
ecosystem services from investments in natural capital. Science, 
352(6292), 1455–1459. https://doi.org/10.1126/science.aaf2295

Overbeek, W. (2010). The Expansion of Tree Monocultures in 
Mozambique. Impacts on Local Peasant Communities in the Province 
of Niassa. https://www.wrm.org.uy//wp-content/uploads/2013/01/
Book_Mozambique.pdf

R Development Core Team. (2021). R: A Language and Environment 
for Statistical Computing. R Foundation for Statistical Computing. 
https://www.r-project.org/

Riahi, K., Rao, S., Krey, V., Cho, C., Chirkov, V., Fischer, G., Kinder-
mann, G., Nakicenovic, N., & Rafaj, P. (2011). RCP 8.5—A scenario 
of comparatively high greenhouse gas emissions. Climatic 
Change, 109(1), 33. https://doi.org/10.1007/s10584-011-0149-y

Ruckelshaus, M., Guerry, A. D., Mandle, L., Vogl, A., & Nathan, N. 
(2022). Report on Natural Capital Approaches. https://www.stapgef.
org/resources/advisory-documents/natural-capital-approaches

Scholes, R. J., & Biggs, R. (2005). A biodiversity intactness index. 
Nature, 434(7029), 45–49. https://doi.org/10.1038/nature03289

Schwalm, C. R., Glendon, S., & Duffy, P. B. (2020). RCP8.5 tracks 
cumulative CO2 emissions. Proceedings of the National Academy 
of Sciences, 117(33), 19656–19657. https://doi.org/10.1073/
pnas.2007117117

Natural Capital Assessment for Development Corridor Projects 51



Sharp, R., Douglass, J., Wolny, S., Arkema, K., Bernhardt, J., Bier-
bower, W., Chaumont, N., Denu, D., Fisher, D., Glowinski, K., Griffin, 
R., Guannel, G., Guerry, A., Johnson, J., Hamel, P., Kennedy, C., Kim, 
C. K., … Wyatt, K. (2020). InVEST User Guide. https://invest-user-
guide.readthedocs.io/en/latest/index.html

Sheppard, J. P., Bohn Reckziegel, R., Borrass, L., Chirwa, P. W., 
Cuaranhua, C. J., Hassler, S. K., Hoffmeister, S., Kestel, F., Maier, R., 
Mälicke, M., Morhart, C., Ndlovu, N. P., Veste, M., Funk, R., Lang, F., 
Seifert, T., du Toit, B., & Kahle, H.-P. (2020). Agroforestry: An Appro-
priate and Sustainable Response to a Changing Climate in Southern 
Africa? In Sustainability (Vol. 12, Issue 17). https://doi.org/10.3390/
su12176796

Shrestha, B., Cochrane, T. A., Caruso, B. S., Arias, M. E., & Wild, T. B. 
(2021). Sediment Management for Reservoir Sustainability and Cost 
Implications Under Land Use/Land Cover Change Uncertainty. Water 
Resources Research, 57(4), e2020WR028351. https://doi.org/https://
doi.org/10.1029/2020WR028351

Sidibé, Y., Myint, M., & Westerberg, V. (2014). An economic valua-
tion of agroforestry and land restoration in the Kelka Forest, Mali. 
Assessing the socio-economic and environmental dimensions of 
land degradation. https://www.eld-initiative.org/

Simons, G., Koster, R., & Droogers, P. (2020). 213 REPORT AUTHORS 
DATE HiHydroSoil v2.0-High Resolution Soil Maps of Global Hydrau-
lic Properties’. www.futurewater.eu/hihydrosoil

Techel, G., Sitoe, A., Grulke, M., & del Valle, P. (2016). Financial 
analysis of the natural forest management sector of Mozambique. 
Mozambique Forest Investment Project. https://www.biofund.org.
mz/wp-content/uploads/2019/01/Financial-analysis-of-the-natu-
ral-forest-management-sector-of-Mozambique-final-report-2017.
pdf

Terink, W., Lutz, A. F., Simons, G. W. H., Immerzeel, W. W., & 
Droogers, P. (2015). SPHY v2.0: Spatial Processes in HYdrology. 
Geosci. Model Dev., 8(7), 2009–2034. https://doi.org/10.5194/gmd-
8-2009-2015

Thorlakson, T., & Neufeldt, H. (2012). Reducing subsistence farmers’ 
vulnerability to climate change: evaluating the potential contribu-
tions of agroforestry in western Kenya. Agriculture & Food Security, 
1(1), 15. https://doi.org/10.1186/2048-7010-1-15

UN. (2015). TRANSFORMING OUR WORLD: THE 2030 AGENDA FOR 
SUSTAINABLE DEVELOPMENT. A/RES/70/1 (A/RES/70/1). https://
sustainabledevelopment.un.org/content/documents/21252030 
Agenda for Sustainable Development web.pdf

UNEA. (2022). Resolution adopted by the United Nations Envi-
ronment Assembly on 2 March 2022: Nature-based solutions for 
supporting sustainable development (UNEP/EA.5/Res.5). https://
wedocs.unep.org/bitstream/handle/20.500.11822/39864/NATURE-
BASED SOLUTIONS FOR SUPPORTING SUSTAINABLE DEVELOP-
MENT. English.pdf?sequence=1&isAllowed=y

UNEP. (2011). Towards a Green Economy: Pathways to Sustainable 
Development and Poverty Eradication - A Synthesis for Policy 
Makers. www.unep.org/greeneconomy

United Nations et al. (2021). System of Environmental-Economic 
Accounting— Ecosystem Accounting (SEEA EA). (White Cover 
Publication, Pre-Edited Text Subject to Official Editing). https://seea.
un.org/sites/seea.un.org/files/documents/EA/seea_ea_white_cover_
final.pdf

US Interagency Working Group on Social Cost of Greenhouse Gases. 
(2021). Technical Support Document: Social Cost of Carbon, Methane, 
and Nitrous Oxide. Interim Estimates under Executive Order 13990. 
https://www.whitehouse.gov/wp-content/uploads/2021/02/Technical-
SupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

USAID. (2012). Climate Change Adaptation in MOZAMBIQUE. https://
www.climatelinks.org/sites/default/files/asset/document/mozam-
bique_adaptation_fact_sheet_feb2012.pdf

Vardon, M., Bass, S., Ahlroth, S., & Ruijs, A. (Eds.). (2017). Forum on 
Natural Capital Accounting for Better Policy Decisions: Taking Stock 
and Moving Forward. World Bank WAVES,. https://www.wavespart-
nership.org/en/knowledge-center/forum-natural-capital-account-
ing-better-policy-decisions-taking-stock-and-moving

Verdin, A., Funk, C., Peterson, P., Landsfeld, M., Tuholske, C., & 
Grace, K. (2020). Development and validation of the CHIRTS-daily 
quasi-global high-resolution daily temperature data set. Scientific 
Data, 7(1), 303. https://doi.org/10.1038/s41597-020-00643-7

WCED. (1987). Our Common Future. Report of the World Commission 
on Environment and Development (WCED).

WEF. (2020). The future of nature and business. In The Future 
Of Nature And Business: New Nature Economy Report II. https://
www3.weforum.org/docs/WEF_The_Future_Of_Nature_And_Busi-
ness_2020.pdf

World Bank. (2018). Mozambique Country Forest Note (Report 
No: AUS0000336). https://documents1.worldbank.org/curated/
en/693491530168545091/pdf/Mozambique-Country-Forest-Note.
pdf

World Bank. (2019). Climate-Smart Agriculture in Mozambique 
(Climate-Smart Agriculture Country Profile). https://climateknowl-
edgeportal.worldbank.org/sites/default/files/2019-06/CSA-in-Mo-
zambique.pdf

World Bank. (2021a). MOZAMBIQUE ECONOMIC UPDATE: Setting 
The Stage For Recovery. https://openknowledge.worldbank.org/
handle/10986/35214

World Bank. (2021b). The Economic Case for Nature: A global 
Earth-economy model to assess development policy pathways. 
https://www.worldbank.org/en/topic/environment/publication/the-
economic-case-for-nature

World Bank. (2021c, October 15). Mozambique Becomes First 
Country To Receive Emission Reductions Payments From Forest 
Carbon Partnership Facility. PRESS RELEASE NO: 2021/013/AFR. 
https://www.worldbank.org/en/news/press-release/2021/10/15/
mozambique-becomes-first-country-to-receive-emission-reduc-
tions-payments-from-forest-carbon-partnership-facility

World Bank. (2022). MOZAMBIQUE ECONOMIC UPDATE: Getting 
Agricultural Support Right. https://documents1.worldbank.org/
curated/en/099524206212215648/pdf/IDU093b925ec0187c043db-
0b41c055df875bbba9.pdf

WWF. (2020). Africa in the context of COVID-19: Economic measures 
for a green and just recovery. https://africa.panda.org/?32622/Afri-
ca-in-the-context-of-COVID-19

WWF. (2021). WATERWAYS TO RESILIENCE: NATURE-BASED SOLU-
TIONS FOR ADAPTATION IN AFRICA. https://wwfint.awsassets.
panda.org/downloads/waterways_to_resilience_naturebased_solu-
tions_wwfabinbev.pdf

Zulu, L. C. (2010). The forbidden fuel: Charcoal, urban woodfuel 
demand and supply dynamics, community forest management and 
woodfuel policy in Malawi. Energy Policy, 38(7), 3717–3730. https://
doi.org/https://doi.org/10.1016/j.enpol.2010.02.050

Natural Capital Assessment for Development Corridor Projects 52



Natural Capital Assessment for Development Corridor Projects 53



Join the partnership Join the partnership 
ggkp.org/Joinggkp.org/Join

Share new knowledge Share new knowledge 
contact@ggkp.orgcontact@ggkp.org  

Subscribe to the newsletter Subscribe to the newsletter 
ggkp.org/Subscribeggkp.org/Subscribe

Engage on social media Engage on social media 
ggkp.org/Facebookggkp.org/Facebook
ggkp.org/LinkedInggkp.org/LinkedIn
ggkp.org/Policyggkp.org/Policy
ggkp.org/Industryggkp.org/Industry
ggkp.org/Financeggkp.org/Finance

https://www.greenpolicyplatform.org/page/becoming-ggkp-knowledge-partner
https://greengrowthknowledge.us19.list-manage.com/subscribe?u=1f9f6d0030bdafa2d94fbffa9&id=02823c08d8
https://www.facebook.com/GreenGrowthKnowledge
https://ch.linkedin.com/company/green-growth-knowledge-partnership
https://twitter.com/GGKP_Policy
https://twitter.com/GGKP_Industry
https://twitter.com/GGKP_Finance

