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About the ELD Initiative and the “Reversing
Land Degradation in Africa through Scaling-up
Evergreen Agriculture” project

Land degradation, desertification, and droughts
are widespread global issues that increasingly
threaten the future of our environment. They
lead to a loss of services from land and land-based
ecosystems that are necessary for human liveli-
hoods and economic development. Food produc-
tion, water availability, energy security, and other
services provided by intact ecosystems are jeop-
ardised by the ongoing loss of land and soil pro-
ductivity.

Desertification already affects around 45 per cent
of the African continent (ELD Initiative 2017), indi-
cating an urgent need for action. Failure to act on
this threat will have severe negative impacts on
economies and sustainable development oppor-
tunities.

The Economics of Land Degradation (ELD) Initia-
tive is a global initiative established in 2011 by
the European Union (EU), the German Federal
Ministry for Economic Cooperation and Develop-
ment (BMZ), and the United Nations Convention
to Combat Desertification (UNCCD). The Initiative
provides specific scientific support to decision-
makers on national and international levels. A
broad network of partner experts and institutions
supports the Initiative, which aims at transforming
the global understanding of the economic value of
productiveland and improving stakeholder aware-
ness of socio-economic arguments to promote sus-
tainable land management.

The ELD Initiative provides ground-truthed tools
and assessments that allow stakeholders to under-
take cost benefit analyses of land and land-uses
through total economic valuation and include
thisinformation in decision-making. The ELD Sec-
retariat coordinates the Initiative, which is hosted

by the Sector Project BoDeN within the German
International Cooperation (GIZ) in Bonn, Germany.

Land degradation is explicitly included in objec-
tive 15 of the United Nations’ sustainable devel-
opment goals (SDGs) which were adopted in 2015.
SDG15 aims at “protecting, restoring and promoting
sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and
reverse land degradation and halt biodiversity loss”.

Objectives 15.3 and 15.9 aim at achieving land
degradation neutrality as well as integrating
ecosystems and biodiversity values into national
and local planning. On an international level, the
United Nations Convention to Combat Desertifica-
tion (UNCCD) has been appointed as a custodian
agency for SDG15.3 and - by developing economic
arguments - the ELD Initiative complements the
work of the scientific and technical committee of
the convention.

Land degradation is a complex and detrimen-
tal problem that affects many aspects of human
life. Therefore, it cannot only be eliminated by
implementing some technical or technological
measures. The fight against degradation instead
requires holistic measures that will simultaneously
enable to reduce poverty (SDG 1), improve food
security (SDG 2), manage water and wastewater
sustainably (SDG 6), enhance economic develop-
ment (SDG 8), encourage sustainable consumption
and production (SDG12), improve adaptation to cli-
mate change (SDG 13), and contribute to freedom
and justice (SDG 16).

The project Reversing Land Degradation in Africa
by Scaling-up EverGreen Agriculture started in 2017
and aims to improve livelihoods, food security, and



climate change resilience by restoring ecosystem
services. The project’s target countries are Ethio-
pia, Ghana, Kenya, Mali, Niger, Rwanda, Senegal,
and Somalia. The EU and BMZ co-financed the
action. Itis carried out jointly by the ELD Initiative
and the World Agroforestry Centre (ICRAF).

Therole of the ELD Initiative within this project is
toraise awareness of the threats and opportunities
of different land-use options by supporting and
communicating cost benefit analyses in each tar-
get country. Simultaneously, the Initiative extends
the capacity of national institutions and experts
in assessing economic benefits of investments in
sustainable land managementin consideration of
land degradation costs.

The present report has been developed in the
framework of such a process on a national level. It
provides decision-makers with scientific informa-
tion on the economic consequences of land degra-
dation and possible pathways to improved rural
livelihoods and land regeneration.

1
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Key scientific findings

Farmer Managed Natural Regeneration (FMNR)isa
low-costland restoration technique used to combat
land degradation amongst subsistence farmers. In
FMNR systems, farmers use pruning to encourage
the growth of trees and shrubs that occur naturally
in their fields. It involves selecting and protecting
the most vigorous stems and managing threats to
remaining branches from livestock, fire and com-
peting vegetation. Trees and crops grown together
provide multiple benefits to farmers, crops, climate
and wildlife.

With the assistance of the local NGO, Center for
Indigenous Knowledge and Organisational Devel-
opment (CIKOD), FMNR has been used by farmers
since 2014 to regenerate degraded agricultural
lands in the Lawra and Nandom districts of the
Upper West Region of Ghana. With the careful man-
agement and prevention of bush fires, FMNR coun-
ters traditional slash-and-burn practices.

To analyse the impact of FMNR on farmer liveli-
hoods and in order to quantify the results, applied
researchers from Altus Impact, the University of
Geneva, the University for Development Studies,
the Council for Scientific and Industrial Research,
and the Kwame Nkrumah University of Science and
Technology in Ghana conducted an ELD study as
part of the “Reversing Land Degradation in Africa
by Scaling-up Evergreen Agriculture” projectin the
course of 2019. The key findings are summarised in
the following:

FMNR constitutes a long-term investment
in soil quality. Through the use of FMNR and
crop rotation, farmers can increase productiv-
ity of their cropland by an estimated 83 per cent
within five years. As tree density increases so
doesthe cropyield. A typical FMNR farmerin the
Lawra district has 13 trees per acre! (33 trees per
hectare), with a minimum of 4 different tree spe-
cies and a typical non-FMNR farmer has 5 trees
per acre (13 trees per hectare).

1 1hectare=2.5 acres. Throughout this paper, we are
using acres as that is the measure of land size used
conventionally by farmers in the study area.

Farmersundertaking FMNR are significantly
better off than conventional farmers. In fact,
byreplacing slash and burn practices with FMINR
in association with crop rotations,? farmers can
earn an additional four Ghana cedis (GHS) from
enhanced forest and crop produce for every
Ghana cediinvested.

The net presentvalue of forest and crop produce
where FMNR is adopted along with crop rota-
tions is in the order of GHS 3,182 per acre over
a 20-year horizon at 5 per cent discount rate,
equivalent to an annuity of GHS 255 per acre
per year (EUR 102/ha)3. For an average sized
farm with 2.3 acres of land, this corresponds to
GHS 587 (EUR 94) per year. This is a substantial
amount, considering that the lower food pov-
ertyline, i.e. what is needed to meet the nutri-
tional requirements of household members, is
GHS 792 (EUR 126) per adult equivalent per year
(Ghana Statistical Service 2018).

When accounting for the societal costs, nota-
bly the training of fire fighters and lead FMNR
farmers, the net present value benefit of adopt-
ing FMNR with crop rotations is GHS 2,395 per
acre over a 20-year horizon. For every Ghana
cedi invested, society enjoys three Ghana cedis
of return when accounting for direct provision-
ing services alone (i.e. enhanced forest and crop
produce). As numerous other ELD studies have
shown, there are also wider societal benefits
associated with sustainable land management,
such as enhanced carbon sequestration and
aquifer replenishment (e.g. Sibidé et al. 2015;
Westerberg & Myint 2015). It was beyond the
scope of thisstudy to assess these additional ben-
efits, but the total societal benefits of FMNR are
therefore likely to be considerably larger than
those estimated here.

2 Referredtoasthe FMNR & SLM scenario in the report.
3 Using the following conversions: 1 GHS/acre =

0.4 EUR/hectare on the basis that 1acre=0.4 ha and
GHS1=EURO0.16.



e A e L Financial perspective Economic perspective
Farmer Society*
Net present value (NPV) of which: 3,182 2,395
NPV from enhanced crop production (GHS/acre) 786 NA
NPV from enhanced forest products (GHS/acre) 2,396 NA
Net benefit per year per acre (GHS/acre/year) 255 192
Net benefit per year per farm (GHS/farm/year) 587 442
Benefit cost ratio 3.8 2.7
Internal rate of return 33% 26%
Conclusion from indicators YES YES

*Accounting for the societal costs of implementing FMNR (training and materials by CIKOD) and pro-
visioning ecosystem service benefits from forest and crop products. In reality however, FMNR provides
additional societal benefits, such as enhanced carbon sequestration and erosion control, that have not

been accounted for here.

FMNR communities are considerably more
food secure and climate resilient. In quali-
tative terms, focus groups discussions showed
that FMNR farmers are more food secure rela-
tive to non-FMNR farmers since they can harvest
awide range of on-farm forest products (fruits,
nuts and pods) during the dry season when they
otherwise would face food shortages. The aver-
age present value of enhanced forest produce
(e.g. ebony fruits, shea nuts, dawadawa seeds,
mango fruits and fuelwood) as a result of adopt-
ing FMNR is in the order of GHS 190 per acre per
year.

Climate change poses an increasingly severe
challenge to agricultural livelihoods due to an
increased frequency and intensity of extreme
weather events. Thus, income diversification
plays a crucial role in reducing food insecurity
and vulnerability under these challenges.

The Upper West Region has the highest pov-
erty incidence rate in Ghana and agriculture
employs more than 80 per cent of the active
workforce. For this reason, farmers should be
given priority for pro-poor policy targeting
(Ghana Statistical Service 2018). Awareness rais-
ing and investments into FMNR are promising
strategies.

13
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Recommendations to specific stakeholder groups

On the basis of the study results, a number of rec-
ommendations to land users, NGOs, development
organisations, lending institutions and policy mak-
ers have been developed. These have been derived
from the studyitself and as aresult of recommenda-
tions from an FMNR policy workshop held in Accra
on the 27 of November 2019, where study results
were presented and discussed with relevant stake-
holders.

Key recommendations to land users

Recommendation 1: Invest in Farmer Managed
Natural Regeneration (FMNR) for long term
returns
Thereduction and careful management of fires will
help farmers regenerate indigenous high-value
tree species that contribute to enhanced crop pro-
ductivity of maize, sorghum, groundnut, beans and
millet, as trees can help regenerate and retain soil
fertility.
In this way, farmers can also improve nutrition
and calorie intake (e.g. from dawadawa seeds,
ebony and mango fruits) and ensure more stable
income during the year.
In present value terms, farmers stand to make
GHS 255 more peryear per acre of farmland (EUR
102/ha). This means that for every Ghana cedi
spent on regenerating tree cover, farmers can
make four Ghana cedis of additional benefits.
The payoff period is 3.3 years, implying that
shortly into the third year after starting the
practice of FMNR, farmers will have recovered
their additional expense and will enjoy higher
yearly incomes than the farmers who do not
regenerate trees.

Recommendation 2: Intercrop with legumes

for higher agricultural productivity

Maize is a popular crop in the study area, but it

demands a constant supply of minerals as it grows.

To keep soils healthy and nutrient-rich, it is recom-

mendable for farmers to:
Intercrop maize with legumes, like beans or
groundnuts, which increase soil nitrogen. Addi-
tionally, an average farmer can make a consid-
erable improvement in his crop revenues by
GHS 140 per acre (EUR 56/ha) when intercrop-
ping with legumes. Approximately one third

of farmersin the case-study area plant maize as
mono crop. This proportion islikely to be higher
for the Upper West as a whole and where CIKOD
isnot operating.

Recommendation 3: Other SLM activities can

be adopted to build the long-term health of

soils:
Farmers using tied ridges, mounds and mulch-
ing, earn atleast GHS100 more per acre (EUR 40/
ha) of farmland managed than those who don’t
use these land management practices.
Composting needs to be of sufficient quality to
make a difference in terms of agricultural pro-
ductivity.
Healthy soils are more resilient to weather
shocks. Sustainable land management can
improve farmers’ ability to adapt to a diverse
range of shocks and overcome unforeseen
events. The sale of on-farm forest products can
also provide a safety net in the face of adverse
events.

Key recommendations to NGOs,
international development aid
organisations, and rural lending
institutions

Recommendation 1: Focus on Farmer Managed
Natural Regeneration (FMNR)

Re-greening through FMNR is an efficient way to
regenerate the productivity of farmlands, improve
farmer incomes, and address the chronic food
shortages during the dry season, as many indig-
enous trees provide valuable produce during that
period. With more than 80 per cent of the working
population engaged in subsistence agriculture in
the Upper West Region, improving farming prac-
tices through FMNR should be considered as a pri-
ority intervention sector.

Recommendation 2: Empower community
leaders and focus on fire management
Effective fire management hinges on exemplary
leadership among village chiefs, awareness about
the consequences of uncontrolled fire, and com-
munity cohesion. For this purpose, any initiative
that serves to train village chiefs in fire manage-
ment and leadership abilities will help foster the



necessary foundation for effective FMNR adoption,
asseen for example in the Gozori community in the
Upper West Region.

Additionally, community cohesion can be promoted
through participatory processes and the creation
of ‘communal conservation areas’. This was suc-
cessfully done by CIKOD in the Kalsagri and Paavu
communitiesin the Lawra district, where the FMNR
practices were first piloted on highly degraded com-
munal land. FMNR also helped to resolve disputes
between the two communities.

Recommendation 3: Focus on monitoring and
tracking changes to help improve access to
investment capital

Given the scale of the challenges posed by land
degradation and climate change, itis essential that
private investment is used to mitigate and adapt
to these circumstances. Organisations involved in
promoting FMNR should make the business case
for regreening investments and show that these
pay off.

This requires detailed tracking and monitoring of
the costs associated with implementing FMNR, as
well as the benefits of FMNR for governmental and
non-governmental organisations and farmers. By
assisting selected FMNR and non-FMNR farmers in
keeping track of their costs, revenues and profits,
an evidence base may be built, which will help con-
vince donor, government and lending institutions
that FMNR is a low-costinvestment with significant
economicreturns.

Recommendation 4: Improve coverage of

rural credit

Rural credit is limited in the Upper West Region,
reflecting the high cost of service delivery, but also
the perceived ‘high risk’ associated with agricul-
tural lending. In the Lawra district, the terms of
most loans range between three months and one
year, with interest rates in the order of 20 per cent
and higher. Short-term loans for agricultural inputs
do not allow for repayment from the sale of forest
produce that may be harvested several years after a
farmer adopts FMNR.

Lending institutions (credit unions, rural banks,
money lenders, etc.) should therefore be encour-
aged to supply adequate short, medium and long-
term financing for FMNR. At the same time, access
to ‘patient capital’ at lower interest rates can be

promoted by empowering farmers to document
theirreturns from FMNR and through the develop-
ment of mobile banking. Finally, further research
isneeded amongstrural lending institutionsin the
Upper West Region to understand how these institu-
tions assess whether a projectis viable.

Key recommendations to public
decision-makers

Recommendation 1: Focus on Farmer Managed
Natural Regeneration (FMNR) to meet interna-
tional commitments. FMNR contributes signifi-
cantly to:
Nationally determined contribution objectives
under the United Nations Framework Conven-
tion on Climate Change (UNFCCC), such asland-
based mitigation plans including wildfire man-
agementin the transition and Savanna drylands
of Ghana.
National land degradation neutrality targets
under the United Nations Convention to Combat
Desertification (UNCCD), such as therehabilita-
tion and sustainable management of degraded
shrubs, sparsely vegetated areas for improved
production, and reduction in bush and wildfires
by 2030.
United Nations Sustainable Development Goal
(SDG) 1 No Poverty; SDG 2 Zero Hunger; SDG 13
Climate Action; and SDG 15 Life on Land.

Recommendation 2: Integrate agriculture and
evergreen farming into school curriculums
Considering that farming is the backbone of the
Ghanaian economy, it is of relevance to integrate
agricultural subjects into school curriculum. Since
2017, the emphasis has been on environmental sci-
ence but with verylimited content on farming.

Recommendation 3: Manage bush fires and
encourage cooperation between the Ministry
of Food and Agriculture and the Forestry
Commission in extension service provision
Preventing large-scale bush fires depends on good
fire management frameworks that build on partici-
patory processes and are suited to local conditions.
Aggressive anti-fire policies have not been effective
in Ghana or in West Africa as a whole. They have
often resulted in distrust and hostility between
governmentagents and community members (Laris
and Wardell 2006). However, the effective manage-
ment of fires is crucial to improve long-term soil fer-
tility and toregenerate biomass as well as maintain
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indigenous tree species that are becoming increas-
ingly rare in the Upper West Region.

To ensure upscaling of FMNR and its wider eco-
nomic and environmental benefits, knowledge of
participatory fire management and fire reduction
techniques should be mainstreamed into the agri-
cultural extension services under the Ministry of
Food and Agriculture (MOFA) and the activities of
the Forest Services Division of the Forestry Commis-
sion of Ghana. Those efforts should also target tree
growers outside forest reserves in Ghana. For that
purpose, enhanced cooperation between the Min-
istry of Food and Agriculture, the Forestry Commis-
sion, and the Forestry Research Institute of Ghana is
necessary. Itis also important that FMNR and basic
forestry concepts are integrated into the curricu-
lum of agricultural colleges.

Recommendation 4: Use economic instruments
to promote FMNR and develop more inclusive
agricultural programmes

Today, FMNR efforts are mostly led by NGOs, while
government-led agricultural programmes focus on
the promotion of conventional (i.e. input intensive)
and mechanised farming in the Upper West Region.
Thereis a case forre-thinking existing programmes
thatsupport Agriculture in the Upper West, notably
those that focus on the use of heavy tractors, which
require a leveled farmland to operate effectively.
Instead, it is relevant to subsidize machinery and
equipment thatis adapted to FMNR as well, such as
smaller tractors and cultivators, one-row or hand-
held planters, roller-crimpers for conservation
agriculture and bullock plows using animal trac-
tion, and also extensive use of equipment such as
cutlasses, wellington boots and protective gear.

Such wider government programmes would
empower farmers to choose what agricultural
practices to employ, according to their assets
and preferences. For example, some parts of the
Upper West Region are not considered suitable
for mechanised farming with heavy machin-
ery (Lawra, Wa West and Nadawli) because fields
are small and farmers are poor. In these areas,
FMNR is often the most promising option for
improving agricultural productivity and income.

Along the same lines, public institutions and NGOs
should speak with the same voice on the field in the
dissemination of technologies like FMNR to avoid
confusing farmers.

Recommendation 5: Reconsider NPK fertiliser
dose recommendations and fertiliser subsidies
The Abuja Declaration on Fertilisers for an African
Green Revolution and the National Fertiliser Sub-
sidy Programme aim to increase fertiliser use from
12 kilograms (kg) per hectare (ha) to 20 kilograms
per hectare (Government of Ghana 2019). We find
no evidence that it is economically optimal for
farmersin the Upper West Region. The agronomic
use efficiency of fertiliser application depends on
the dose and how it combines with other farming
inputs and practices. When farmers in the Upper
West Region spend beyond GHS 10/acre (approxi-
mately 10 kg of NPK/ha) revenues from additional
yields are less than the additional costs spent on
the fertilisers.

Currently, 50 per cent of farmers in the Lawra dis-
trict use no fertilisers at all. The other 50 per cent
who purchase fertilisers spend an average of GHS
110/acre, equivalent to 70 kg NPK/ha. Thisisnot only
costly for farmers but also for the nation. Imported
and subsidised NPK fertiliser weighs heavily on
the public treasury and the country’s balance of
payments. Moreover, farmers who are dependent
on conventional fertiliser inputs will face steep
increasesin their production costs if subsidies come
to an end, thus lessening their resilience.

Anecdotal evidence from the field also suggest that
cheap inputs are prompting farmers to adopt quick
and easy farming practices rather than experiment-
ing with sustainable land management practices
thatimprovelong term soil health. The case for sub-
siding fertiliser and other inputs should therefore
be reconsidered and itis recommended that fertil-
iser dosage recommendations are adapted to local
conditions.

Recommendation 6: Government can play a
role in covering funding gaps and lowering the
risk of farming

In terms of access to rural finance, most farmers in
the Lawra district have access to working capital at
highinterestrates. Working capital meets seasonal
needs forinputs, labor and production services, but
doesnotallow for repayment from the sale of forest
produce.

There is a lack of longer-term credit and other
financial services that are necessary for farmers to
investin assetacquisition for FMNR and Sustainable
Land Management practices. Without access to the
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flexibility of investment capital, farmers cannot eas-
ily expand or upgrade their business or overcome
unforeseen events.

The government can help leverage financing from
banks to farmers through various mechanisms,
such as credit guarantees, partnering with insur-
ers to provide agricultural insurance and through
the improvement of farmers’ collateral. By facilitat-
ing investments in key assets for FMNR uptake, farm
enterprises can grow and move to the nextlevel.

Recommendation 7: Improve land and tree
tenure and farmers collateral

The holders of allodial and freehold land titlesunder
customary land ownership do not exercise owner-
ship rights over naturally occurring treesin Ghana.
Itis the official right of the government to manage
these trees both in and outside of forest reserves on
behalf of the traditional authorities (Akapme 2016).
As such, there is a need for policy and legal frame-
works to be reformed so that ownership of natu-
rally occurring timber trees of reserves is vested
in the communities concerned. This would help
motivate farmers and forest-adjacent communities
to embrace forest management and conservation

efforts for effective implementation of tree growth
mechanisms and for the reduction of illegal logging
(Akapme 2016). Availability of collateral (e.g. land
titles or tree titles) would also have positive effects
on farmers’ access to credit, since hard collateral is
typically required as protection against default.

In summary, our study shows that FMNR
addresses multiple problems simultaneously,
including: land degradation, soil infertility, food
insecurity and fuel wood, timber and fodder short-
ages. By combining FMNR with other Sustainable
Land Management practices, agricultural yields
can be further improved. Moreover, well-conceived
FMNR projects facilitate good governance, greater
collaboration and community cohesion.

Significant obstacles to up-scaling of FMINR remain,
however, ranging from lack of fire management,
limited availability of rural credit, contradictory
policy incentives and the absence of strong land
and tree tenure rights for smallholder farmers.
NGOs, the private sector and government agencies
can address different aspects of the situation and
help create an enabling environment for farmers
to practice FMNR.

PHOTO:

Fuelwood harvesting from tree-prunings
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Introduction

Across the Sudano-Sahelian belt and vast areas of
the African Savannas, the preservation of cultur-
ally and traditionally relevantindigenous trees spe-
cies along with the cultivation of land is an ancient
practice (Cook and Grut 1989). Such agroforestry
areas are often referred to as ‘farmed parklands’
(Cook and Grut1989). However, during the past few
decades, the degradation of parklands has been
widely reported. Evidence of degradation has been
shown in terms of reduced tree densities and pop-
ulation structure, ageing trees and lack of regen-
eration (Okullo et al. 2003). According to Chevalier
(1946), the Sudanian Savanna zone had the highest
density of shea trees in the 1940s with a population
of 230 trees per hectare. Now ithas beenreduced to
as few as 11 trees per hectare (Nikiema et al. 2003).

Ghana’s deforestation rate is about 2 per cent per
year, which is 135,000 hectares per year (Govern-
ment of Ghana 2016; Forest Commission 2017a).
According to the Global Forest Watch (2019) over the
period 2001 to 2018, the Upper Westregion had the
highest rate of forest cover loss in Ghana, followed
by the Upper East and the Northern region.

The natural habitats of trees are being lost due to a
combination of natural, socio-economic and politi-
calfactorsincluding widespread deforestation, the
cutting of trees for firewood or charcoal, unviable
farming practices such as shifting cultivation, and
population growth. These activities resultin short-
ened fallow periods, on which regeneration of
indigenous species rely (Cemanski 2015).

Conflictingland-use activities, such as uncontrolled
bush burning, extensive cattle grazing, and small-
scale mining also contribute to the degradation of
agricultural, range, and forest land (MOFA 2019).
Agricultural programmes also tend to focus on
mechanisation and the use of disc ploughing which
mghtbeinappropriate for Savannah environments.
Widespread land degradation and water erosion are
observed from international development workers!
(Ellison 2019, personal communication).

1 Ploughing at a shallow depth (10-15 cm), when
repeated for many years, means that a strong force is
exerted downward. Eventually hardpans will develop even
on light soils (Ellison 2019, personal communication).

In addition, the northern regions of Ghana - espe-
cially the Upper East and Upper West - have expe-
rienced unusually high climate variability and
ensuing floods, droughts, bushfires and storms
within thelast 30 years. Specific examples include
the floods of 2007, 2008 and 2019 (Karbo et al. 2014;
the Watchers 2019).

As a consequence of these developments, soil fer-
tility and yields have declined in the Upper West
Region (MOFA 2019), thus undermining food
security. Moreover, this region is the third most
impoverished region of Ghana, and with a lim-
ited resource and income base, farmers are par-
ticularly vulnerable to weather extremes. While
agricultural output has grown at 5.5 per cent per
year since 2001, it has been mainly driven by land
expansion as opposed to agricultural intensifica-
tion (FAO, IFAD and WFP 2015).

In light of these facts and the imminent impor-
tance of reversing the observed trend in land deg-
radation, the Center for Indigenous Knowledge
and Organization Development (CIKOD) — a com-
munity-focused NGO thatbegan in 2014 - supports
farmers in the Lawra and Nandom districts which
are located in the northwestern part of the Upper
West Region of Ghana. Both districts are pro-
foundly affected by annual bush fires. With steeper
slopes and higher population pressure than the
southern parts of the region, soil erosion is a sub-
stantial problem in those districts (MOFA 2019).

CIKOD has been at the forefront of advocat-
ing for the use of indigenous knowledge sys-
tems and institutions of governance in the fight
against poverty, hunger and disease in the coun-
try (Karbo et al. 2014). Their interventions in the
Upper West Region started in 2014 with the pur-
pose of regreening secondary forests, fallow lands
and farmlands while simultaneously raising crop
yields and incomes of subsistence farmers through
the introduction of sustainable land management
practices and FMNR strategies (Karbo et al. 2014).



1.1 Farmer Managed Natural
Regeneration

FMNR seeks to reconcile sustainable food produc-
tion, conservation of soils and protection of bio-
diversity. It involves selecting and protecting the
mostvigorous stems regrowing from living stumps
of fallen trees or naturally growing tree-bushes,
pruning off all other stems and pollarding the cho-
sen stems to grow into straight trunks (Weston et
al. 2015). Conventionally, regrowth undergoes
slashandburn agriculture in the fields before each
crop season. Since FMNR is the regrowth of living
stumps, it is slightly different from the broad com-
mon understanding of ‘agroforestry’, which mainly
refers to the planting of tree seedlings.

The existing literature on the impacts of FMNR is
relatively sparse, especially considering the prev-
alence of the practice. According to Weston et al.
(2015), FMNR as a practice is found everywhere in
the Sahel and only differs in magnitude and tree
density (Weston et al. 2015). Some of the most well-
known examples are in Niger where smallholder
millet-growing farmers in the southern part of the
country have been protecting and managing trees
and shrubs that regenerate spontaneously on their
farmland (Larwanou et al. 2006). Nowadays, they
have 20 to 60 trees per hectare whereas they only
had 2 or 3 trees per hectare in the mid-1980s (Reij
and Garrity 2016).

1.2 Types of ecosystems and the
importance of FMNR to rural
economies

FMNR isseen as a major contributor to the regreen-
ing efforts performed on areas affected by land
degradation. When incorporated into farmlands,
trees can help increase water infiltration into the
soil and reduce soil temperatures, which in turn
improves the annual yields of crops grown together
ontheland (Sidibé etal. 2015; Bayala etal. 2012). Tree
cover also improves above and below ground car-
bon sequestration and reduces wind speed, hence
protecting the crops (Westerberg et al. 2016). Dur-
ing the focus group discussions in our case study
area, thelocal populationsreported that perceived
enhanced crop productivity and availability of

on-farm forest products are the most valued bene-
fitsamong farmers. Therefore, we focus on the value
of these provisioning ecosystem services? when
assessing the economics of FMNR, although the full
range of ecosystem services is much broader. In the
following, we review the existing evidence base for
the role of forest products and synergies between
trees and crop yields.

Forest products

Forest products are the backbone of rural house-
hold economies in sub-Saharan Africa, albeit often
ignored in national income accounting and devel-
opment planning. Timber and Non-Timber Forest
Products (NTFPs) serve as energy sources, food-
stuffs, medicinal products, construction materi-
als, as well as equipment for agricultural activities
(Cavendish 2000; Sheil and Wunder 2002; Vedeld
et al. 2004). For instance, fruit trees can provide
vital nutrients that may otherwise be scarce. Regu-
lar pruning of trees can increase fruit yields and
reduce competition with crops (Musvoto et al.
1995). Other species, such as neem tree, ebony, or
mahogany, are all excellent sources of lumber for
construction (Jamnadass 2011). In the Guinean-
type savanna of northern Ghana, the mostimpor-
tanttreesin the farmed parklands are the shea tree
(Butyrospermum parkii) and the West African locust
bean, also called dawadawa (Parkia clappertoniana).
Suchindigenous trees are naturally adapted to local
soils and climates and can survive environmental
stresses better than introduced species (McKay et
al.2005).

Finally, trees can also serve as essential buffers
for households facing financial challenges. In the
Talensi FMNR projectin Ghana, farmers particularly
valued the assurance of knowing that the value of
timber stored in trees on household farms and com-
munal reforestation plots could be cutand sold in a
moment of need (Weston et al. 2013).

2 Nonetheless, werecognise that impact on crop yield
Is theresult of changes in regulating ecosystem services

- e.g. improved nutrient cycling and soil water retention -
which in turn may boost crop yields.
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Tree and crop yield synergies: existing
evidence

In Niger, an estimated five million hectares have
beenregreened via FMNR. Balaya (2012) found that
when tree cover is low, production of cereals is low
(about 200 kg/ha). As tree density increases, yields
reach 300 kg/ha. The highest yield was 500 kg/ha
and usually occurred where FMNR had been used
for quite some time. Thus, the doubling of yield is
due to trees (Balaya et al. 2012) and can be attrib-
uted inlarge part to enhanced soil carbon (Balaya
etal.2019). In the Maradi Region of Niger, Haglund
et al. (2011) found that crop production values of
FMNR adopters were almost 60 per cent higher
than of non-adopter. In Place and Binam (2013),
cropyields in four West African dryland countries
were between 15 and 30 per cent higher among
FMNR adopters than non-adopters.

However, in the absence of pruning, it has been
shown that yields of sorghum and millet under
dawadawa and shea trees are lower compared
to the yields in the open fields (Kessler 1992). The
yield reduction is attributable to reduced light
under trees but can be alleviated with pruning
(Bayala et al. 2003). For example, in Burkina Faso,
the highest millet and sorghum yields were found
under totally crown pruned dawadawa and shea
trees. Application of pruned shea leaves as mulch
also had a positive effect on millet performance
(Bayala et al. 2003; Teklehaimanot 2004).

When farmers are familiar with FMNR and begin
to adoptit, the average costs per hectare of promot-
ing on-farm natural regeneration are lower and
they can produce fruit for decades without much
further investment (Cemanski 2015; Reij and Gar-
rity 2016).

1.3 International and national policy
context

The promotion of FMNR and agroforestry are
aligned with current national policy and devel-
opment priorities in Ghana. As a signatory to the
United Nations Convention to Combat Desertifi-
cation (UNCCD) and herewith SDG target15.3 on
Land Degradation Neutrality, and as a member of
the African Union’s Great Green Wall initiative - a
continental vision to halt desertification and land
degradation - Ghana has demonstrated its com-
mitment to enhance the sustainability of agricul-
tural systems and combat land degradation.

Secondly, at the national level, policies and regu-
lations to promote sustainable savanna woodland
management are numerous (see Quansah 2017a,
2017b and 2017c for a comprehensive review). The
first project dates back to 1993, when Ghana began
implementing its National Environmental Plan
under the Ghana Environmental Resource Man-
agement Project. Other more recent examples
include the Ghana Strategic Investment Frame-
work (GSIF) for Sustainable Land Management
(SLM) (2009-2015). Its main goal is to ‘improve nat-
ural resource-based livelihoods by reducing land
degradation’ through field-based programmes
and projects; increasing capacity building of pub-
lic and private sector SLM-related service provid-
ers; and improving the enabling policy, legal,
institutional and financial environment for SLM.
The GSIF is currently being revised for upscaling
in order to include the Sustainable Development
Goals (SDGs) as well as Ghana’s Land Degradation
Neutrality (LDN) targets.

In 2006, Ghana also developed a national wildfire
management policy with the objective of ‘devel-
oping and promoting integrated wildfire preven-
tion and control practices based on appropriate
technologies and systems’ (MLFM 2006). Accord-
ing to Lignule (2017), the policy has mostly been
implemented through public awareness raising
programmes and through the training and equip-
ment of fire volunteer groups. However, staff in fire
management agencies and the members of local
communities often lack adequate skills to conduct
the participatory processes which are required to
understand local fire issues and to conduct train-
ing in wildfire management (FAO 2011). Also, incen-
tives such as clear land use rights for local people
to derive direct benefits from responsible fire use
are often lacking (Lignule 2017). Fire remains an
obstacle to regreening and a main driver of land
degradation; 60 to 90 per cent of nitrogen in plant
biomass is lost during fires and the nutrients in
ashes are blown away by the strong winds (Anslay
etal. 2006).

Moreover, natural regeneration arguably
runs contrary to the way that North Ghana-
ian agriculture has been evolving over the last
30 years as a result of policies and programs that
have focused on conventional farming techniques
and traditional mechanisation. For example, pro-
grammes and incentive packages targeting the
farming sector are mainly restricted to subsidising
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fertilizer inputs, seeds and conventional tractors
that do not include noflow-till options. The Plant-
ing for Food and Jobs (PF]) programme provides
highly subsidised inputs - e.g. seeds and fertilisers
costat 50 per cent of the market price (Agra 2019).
In the view of local NGOs and international devel-
opment workers this can undermine investments
into sustainable land use practices (Banouko 2019,
personal communication) and could possibly even
encourage extensification on marginal lands that
otherwise would not supportfarming (Ellison 2019,
personal communication).

Public extension service provision is reported by
the NGO CIKOD to be focused on the application of
conventional farming inputs along with a limited
setof sustainableland management practices such
as composting (Banuoku, CIKOD, 2019, personal
communication). See the discussion in Chapter 8
for more information. To further complicate mat-
ters, the Directorate of Agricultural Extension
Services under the Ministry of Food and Agricul-
ture (MOFA) isresponsible for extension services to
farmers. However, the activities related to FMNR
(i.e. pruning, thinning, grafting, fire manage-
ment, etc.) fall under the Forestry Services Division
and Wildlife Division of the Forestry Commission

PHOTO

(FSD & WD of FC) and are not covered by MOFA.
Therefore, there is an urgent need to ensure more
synergy between the activities and mandates of
MOFA and FSD & WD of FC to ensure that wood-
land management techniques are extended to the
farming sector.

In conclusion, the current implementation of the
national policies and strategic plans outlined
above could considerably contribute to regreening
and fighting land degradation in Ghana. However,
as highlighted by Kranjac-Berisavljevic et al. (2019),
their active enforcementislacking and their objec-
tives are sometimes in contradiction to ongoing
programimes.

1.4 Project objectives and contribution
to existing literature

As part of the Regreening Africa study in Ghana,
the Lawra district of the Upper West region, was
selected as the case study area due to the low pro-
ductivity of the farming sector, the recurrent cli-
matic impacts and high deforestation rate. The
presence of CIKOD however, has demonstrated
that there is a road to prosperity and land regen-
eration.

A farm practising FMNR and using tied-ridges in the village of Kalsasgri in the Lawra district
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This assessment therefore aims to analyse and
strengthen the evidence base for FMNR as a cost
effective means to fight land degradation and
improve farmer livelihoods. Based on the impact
of interventions led by CIKOD in the Lawra dis-
trict, we have five years of solid evidence base upon
which to conduct our impact assessment and cost-
benefit analysis.

It should also be said that in addition to FMNR,
CIKOD is promoting various sustainable land man-
agement practices, different from common prac-
tices such as composting and fertiliser use, that are
taught by public extension service providers.

All of these activities have an impact on farmers’
yields and revenues. Yet, to the best of our knowl-
edge, no studies have untangled the effect of FMINR
itself from other farming practices. In this study, we
use production function modelling to assess the
individual contribution of each farming input and
land management practice to on-farm household
income. This is a novel and important contribution
to the existing literature.

We also look closer at the reasons motivating farm-
ers to initiate FMNR and the main constraints on
scaling up FMNR. This is done to understand how
future policies should be designed in order to incen-
tivise regreening farming practices. Moreover,
we use experimental economics to elicit farmers’
preference for present consumption versus future
consumption. Such personal discount rates help us
understand the payoffs that are necessary to incen-
tivise farmers to adopt FMINR.

Our study complements an earlier work by Weston
etal. (2015) thatinvestigated a FMNR project led by
World Vision in the district of Talensi in the semi-
arid Upper East Region of Ghana. They employed a
‘social return on investment’ approach in order to
identify which project outcomes created the most
value in the lives of the project’s key stakeholders.
They found that FMNR was instrumental in secur-
ing the livelihoods of subsistence farming house-
holds, especially when considering both market and
non-market outcomes. Furthermore, they showed
that FMNR could increase household incomes by
USD 887 per year, including the total value of social,
health, environmental and economic benefits. In
the Talensi district, FMNR farmers have an average
tree density of 57 per hectare (from a baseline of five
per hectare).

1.5 Partner institutions

A number of partner institutions in Ghana have
been a part of the ELD study, as shown in Table 1.
The University for Development Studies (UDS) in
Wa, Ghana, organised and led the data collection
for this study under the supervision of Dr. Godfred
Seidu Jasaw and Dr. Gordana Kranjac-Berisavljevic.
Moreover, focus groups were conducted by Law-
rence Damnyag from the Council for Scientific
and Industrial Research (CSIR) - Forest Research
Institute, and Stephen Owusu from the CSIR - Soil
Research Institute. Also, Beatrice Dossah from the
Environmental Protection Agency (EPA) in Accra is
the ELD Ghana Ambassador.

In order to undertake the field research and identify
farmers engaged in FMNR, the fieldwork and focus
group teams worked with Daniel Faabelangne Ban-
uoku from CIKOD. As aforementioned, CIKOD is a
NGO based in Wa and has conducted interventions
in FMNR along with other SLM measures. World
Vision and the Kwame Nkrumah University of Sci-
ence and Technology (KNUST) have also provided
valuable inputs. Lastly, throughout the study pro-
cess, a core research group was formed and pro-
vided feedback and inputs on specific questions
occurring during the analytical phase. We thank
all members of the partner institutions who con-
tributed to our study.

Theremainder of the reportis organised as follows:
Chapter 2 present the case-study area; Chapter 3
presents the methods used for the valuation study;
Chapter 4 describes the typical farming practices
in the case-study area, as well as the drivers and
obstacles to FMINR uptake; Chapter 5 uses empirical
data from the ELD household survey toillustrate the
economics of farming in the Lawra district and the
various sustainable land management and farming
inputs that are used by farmers.

In Chapter 6, we analyse the actual contribution of
FMNR to agricultural productivity and in Chapter7
the value of the enhanced forest produce is esti-
mated. In Chapter 8, data from Chapters 6 and 7
is used to undertake the Cost Benefit Analysis.
Finally, Chapter 9 discusses the results and draws
conclusions on how to effectively up-scale FMNR
practices.



TABLE 1:

ELD Ghana partner institutions

Partner institution

ELD member

Research In

stitutions

University of Development Studies (UDS)

Godfred Seidu Jasaw (Fieldwork leader)
Gordana Kranjac-Berisavljevic (Fieldwork leader)
Benjamin Musah abu

Dzigbodi Adzo Doke

Council for Scientific and Industrial Research (CSIR)

Professor Edward Yaboah, (Deputy Director of CSIR)

Lawrence Damnyag (Forest Research Institute, focus
group leader)

Stephen Owusu (Soil Research Institute, focus group
leader)

Alhassan Nuhu Jinbaani (Savanna Agricultural
Research Institute)

Kwame Nkrumah University of Science and
Technology (KNUST)

Fred Nimoh

Thomas Adjei-Gyapong

NGOs

Center for Indigenous Knowledge and Organisational
Development (CIKOD)

Daniel Faabelangne Banuoku

World Vision

Bugre Rexford Yamdorg

Government

Environmental Protection Agency (EPA)

Beatrice Dossah (ELD Ambassador)

Ministry of Forestry and Agriculture (MOFA)

Fidel Apraku

GIZ Ghana

Stephanie Solf

Directorate of Crop Services, Ministry of Forestry and
Agriculture (MOFA)

Anthonio Christian
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Case study area

2.1 The case study area and the CIKOD
conservation centre

The data and information used for this study come
from expert interviews, focus groups, and house-
hold surveys with farmers. A total of 550 households
were surveyed in 18 villages, namely: Kondopie, Kal-
sagri, Tanchara Saanza, Ko (1, 2, and 3), Susu, Koro,
Doboziir, Pavuu Yagateng, Pavuu Naagangn, Faalu,
Zukperi, Nyafinyor, Tangpuor, Orbli, Konwobre and
Tabier (Figure1).

Communities were selected on the basis of their dis-
tance to the main CIKOD conservation centre, dis-
tinct traditional chief authorities, and the number

of years that the community has been practicing
FMNR. The first interventions started in 2014 in
Kondopie. In addition, the household questionnaire
were also administered in three control villages
(Orbli, Konwobre and Tabier) which are not part of
the CIKOD intervention perimeter.

The CIKOD conservation centre is located in the
Lawra district within the Kalsagri and Pavuu com-
munities. The centre is used as a learning site for
the farmers within its catchment area and farmers
typically walk to the centre for training. They can
then apply the acquired knowledge all year but most
particularly in the farming season (i.e. from March
to December).

ELD case-study area

ELD Study Areas in Ghana

Nyafirnyor

Kondopie
Zukperi
Faalu

CIKOD Conservation Site

Pavuu Yagaatanga

Pavuu Naagangn

Susu
Tanchara Sazu
Tanchara Pere

Ko
Koro 2

Koro 3

Koro 1

Dangne

4 Deboziir

Ivory Coast

Accra

Imagery © 2019 TerraMetrics



With an average of 100 households in each of the 15
CIKOD intervention villages in the Lawra district,
CIKOD hasreached an estimated 80 per cent (Table
3a) of the households, i.e. 1200 households, either
through direct training or through transmission of
learning from one neighbour to another. In theory,
the entire rural population in the Lawra districts
could uptake FMNR across 60,000 acres (24,000 ha)
of farmland (MOFA 2011). When including the Nan-
dom district, a total of 35 villages have been reached
by CIKOD and some 2500 voluntary fire fighters
have been trained to date (CIKOD 2019).

2.2 Geographical characteristics

The Upper West Region is in the northwestern cor-
ner of Ghana. Itisbordered to the south by the North-
ern Region, to the east by the Upper Eastand North-
ern Regions, and to the north and west by the Repub-
lic of Burkina Faso. Theregion covers a geographical
area of 18,476 square kilometres, constituting 12.7
per centof the totalland area of Ghana (MOFA 2019).
Itis estimated that about 70 per centis arable.

The Upper West Region has 11 districts. The Lawra
districtis located in the most upper northwestern
part of the region (Figure 1). The Lawra district has
66,000 inhabitants (citypopulation 2019). However,
many of the highly educated people are migrating
out of the district to seek job opportunities else-
where. The adultliteracy rate is estimated at 19 per
centin the Lawra district (UNDP 2011).

The climate of the Upper West Region is charac-
terised by a short, single-peak rainfall season and
along dry season from October to the end of April.
The Lawra and Nandom districts belong to zone Bs
of Koeppen’s classification (dry climate with annual
evaporation exceeding annual precipitation) with
an average rainfall of <900 millimetres per year.
During the rainy season, the maritime air from the
southwest monsoon combined with strong atmo-
spheric convection cause high rainfall and humid-
itylevels, ultimately reaching 69 per centin August.
In some years, the first rains in April and May are
followed by dry spells of three to five weeks, result-
ing in serious crop damage. The long term mean
annual temperature of the Upper West Region is
about 27.2°C.

The agro-ecological zone of the Lawra district may
be described as Sudan Savanna zone, character-
ised by scattered trees - such as Baobab (Adanso-
niadigitata), dawadawa (Parkiaclappertoniana),
shea (Butyrospermumparadoxum subsp.parkii),
and Acacia albida - and a sparse ground cover of
grasses (MOFA 2019).

2.3 Land and tree tenure

In northern Ghana, land is traditionally held for
future generations by the fetish priests. However,
the right to cultivate land is traditionally preroga-
tive of clan heads who can subsequently allocate it
to family heads. Usually, local people cultivate land
through generations and pay a token part of the har-
vest to the traditional ruler and/or fetish priest.

In the Northern Region of Ghana, indigenous trees
that are naturally occurring in the Dagomba tra-
ditional area - such as shea trees or dawadawa -
belong to the chief of that tree species (Amoako et
al. 2015). In the Gonja and Mamprusi traditional
areas, the trees are owned by traditional landown-
ers who are chiefs, sub-chiefs and family elders.
However, there is a rule that prohibits a person
from harvesting fruits from another person’s farm
without permission (Amoako et al. 2015).

The same rule on fruit harvesting and traditional/
family elder ownership of trees pertain in the
Upper East and West Regions. Throughout the
entire country, naturally occurring trees - partic-
ularly timber tree species - belong to the state. The
holders of allodial and freehold land titles under
customaryland ownership do not exercise owner-
ship right over these trees. It is the official right of
the government to manage the trees both in and
outside of forest reserves on behalf of the Tradi-
tional Authorities (Akapme 2016).

Therefore, there is a need for legal frameworks to
be reformed so that ownership of naturally occur-
ring timber trees off-reserve is vested in the com-
munities concerned. This would help incentivise
farmers and forest-adjacent communities to invest
in forest management and conservation in order to
effectively implement tree growth processes and
reduceillegallogging (Akapme 2016).
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Tounderstand the economics of Farm Managed Nat-
ural Regeneration (FMNR) and the implications for
farmer livelihoods, we relied on expert interviews,
focus groups with farmers and quantitative analy-
sis of a household survey. The data and informa-
tion from these sources have been used to build the
CostBenefit Analysis (CBA) of FMNR. The theoretical
foundation of the CBA is explained in the following.

3.1 Data collection and questionnaire
design

In order to value the adoption of FMNR as a farm-
ing practice, a detailed valuation survey was imple-
mented with nearly 600 farmers between March
and April 2019. The survey had several objectives:

To develop an understanding of the farm char-
acteristics within the Lawra district in the Upper
West Region;

To assess the economic value of adopting FMNR
and other sustainable land management prac-
tices as well as the welfare economic impacts of
upscaling FMNR practices within the two dis-
tricts;

To understand drivers and constraints to FMINR
adoption.

Households were randomly sampled, with inter-
viewers randomly approaching every 34 or 4™ farm
household. Face-to-face interviews were conducted
on the farms with one representative household
member, using tablets and Computer Assisted Per-
sonal Interviewing (also known as CAPI) software.
Each interview lasted on average 45 minutes and
was carried out by six undergraduate and doctoral
students from the University of Development Stud-
ies. The population from which the sample was
selected included farmers cultivating more than 0.5
acres of land and living within the Lawra district,
representing approximately 17,000 households.

After deleting pre-tests and incomplete ques-
tionnaires, the total sample was 534 households.
Roughly 50 households that grow crops other than
millet, sorghum, groundnut and maize on their
main plots were subsequently dropped from the
analysis since the questionnaire was not designed
to elicit production values from these crops.

The final sample of households used for the anal-
ysis of this study is 483 households, of which 251
householdslive in CIKOD intervention areas and
232 arein the other controlvillages that have not
benefited from CIKOD interventions.

In collecting a sample that reaches a desired level of
statistical precision, Neuman (1991) suggests a ratio
of 30 per cent for small populations (those under
1,000) and 10 per cent for moderately large popu-
lations (those of 10,000). However smaller samples
can be justified when the underlying population is
homogeneous (e.g. mainly agrarian), such as our
case study area. For example, if the target popu-
lation of agricultural households is 90 per cent of
rural households, then the appropriate sample size
toreach a 95 per cent confidence level for sample
statistics would be approximately 300 (UNSD 2008).
The UNDP (2011) estimates that 83 per cent of the
Lawra district working population is engaged in
subsistence agriculture. As such, our sample size is
largely sufficient in representing the overall farm-
ing population and reaches the desired confidence
levels of our results.

3.2 Scenarios

The analysis focuses on the farm-level by compar-
ing the per acrereturns from farming under FMNR
and non-FMNR farming. We employ three different
scenarios:

Non-FMNR scenario: Farmers intercrop cereals
and legumes and have low tree densities of five
trees per acre.

FMNR scenario: Farmers employ intercropping
with legumes, have a high tree density (13 trees
peracre) and deliberately engage in FMNR prac-
tices associated with pruning, thinning and
reduction of fires.

FMNR & SLM scenario: Farmers employ intercrop-
ping with legumes and undertake crop rota-
tions. They also have a high tree density (average
of 13 trees per acre) and deliberately engage in
FMNR practices associated with pruning, thin-
ning and reduction of fires. The FMNR & SLM sce-
narioisassociated with higherland preparation
costs, and training and equipment costs are also
accounted for.



These scenarios were elaborated on the basis of
the models and arguments exposed in Chapters 5
and 6. It should also be mentioned that the major-
ity of farmers in the case study area (64 per cent)
are intercropping cereals with lequminous species
such as groundnuts, soy and beans. Therefore, in all
three scenarios used for the final CBA (Chapter 8), it
is assumed that farmers undertake intercropping
with legumes.

3.3 Cost Benefit Analysis

The adoption of FMNR practices involves investment
costs on the part of the farmer, particularly in rela-
tion to pruning and participation in training activi-
tiesin the first years. Benefits also change over time,
assoils start to regenerate and trees reach maturity
thusallowing for the harvesting of timber and NTFPs.

To appreciate the livelihood improvements from
FMNR practices, it is important to account for the
flow of costs and benefits over the time horizon (T)
thatis being evaluated. For this purpose, we derive
the net present value (NPV) of the non-FMNR and
the FMNR systems, as shown in Equations1and 2.
The overall net benefits of adopting the FMNR farm-
ing system is given as the difference between the
two (Equation 3).

Equation1

NPV, on-rmng = Z Net crop income, / (1+r)t
+ X onfarm forest income, / (1+r)t

Equation 2

NPVeung = Z Net crop income / (1+r)F +
> on-farm forest income / (1+r)t - ¥ FMNR
implementation & management costs (1+r)t

Equation 3

NPVnon—FMNR —FMNR — N PVFMNR -N PVnon—FMNR

The annual value of the year-to-year benefits (i.e. the
annuity value) from FMNR is calculated according
to Equation 4. It is the annual present value of the
future flow of income at the specified interest rate.

Equation 4

_ _I'XNPV

Ar-mUityConventionaI — FMNR W

where

r=discountrate

t=time horizon (20 year)
NPV =Net Present Value

3.4 NPV model inputs

To measure on-farm forest income for Equations
1and 2, we relied on a combination of interviews
with CIKOD extension service providers, literature
review, and households’ self-reported physical
quantities of harvested products - whether for their
own household use or for sale. FMNR adopters typi-
cally have more trees on their farm, but in the early
years after adopting FMNR many of them will not
yet have reached fruiting stage. Therefore, we also
accounted for the change in the productive capacity
of trees from one year to the other.

Focus groups served to elicit the price at which the
given goods usually sell at farm/forest gate or on
local markets (i.e. within village). In any given year
t, the on-farm forest income is given by Equation 5.

Equation 5

Forest income, = production, x price per unit

When a product is not sold in markets, the value
was inferred from barter values or the value of close
substitutes, following the Poverty Environment Net-
work guidelines developed by CIFOR (Angelsen et
al. 2011).

Agricultural income is defined as the value added
during a specific time period from assets that a
household has access to, such as labour and land
(Angelsen et al. 2011). Net crop income (for FMNR
and non-FMNR farmers) for any year ¢t is calculated
for the farmer’s main plots on the basis of the house-
hold survey for the 12 months preceding the inter-
view, according to Equations 6 through 9.

Equation 6

Net crop income, = revenue, - input cost, -
other costs, (for FMNR activities)
Equation?7

Revenue, = Z Quantity, x Price
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Equation 8

Input cost =X Q x P (seeds, fertilizers, chemicals,
hired labour, tractor costs for land preparation ...)

Equation 9

Hired labor cost = Number of days (weeding,
land preparation and harvesting) x daily wage

Revenue is the product of the quantity harvested
of all products from the farmer’s main plots and
the price for those products. Input cost is the sum
total of spending on inputs (e.g. hired labour,
seeds, fertilisers, pesticides) and deducted from
crop revenues. Hired labour includes labour for
land preparation, weeding, and harvesting. It
doesnotinclude labour for FMNR activities, which
is included in other costs. We apply three other
assumptions:

Ownlabourvalue is not deducted from net crop
income. This method follows the approaches
used in other livelihood environment studies
(e.g. Cavendish 2002).

However, when estimating the additional costs
of adopting FMNR, we use the shadow wage rate
to infer the labour costs since the activities are
additional to the existing workload and mostly
take place during the peak farming season. This
often obliges farmers to hire extra labour for
these activities.

Gross values of forest products are used in the
on-farm forest income calculation. In tradi-
tional communities, harvesting of most forest
products do not require high skill levels; many
of these products can be extracted with mini-
mal capital investment and the opportunity
costof unskilled rural labour is low. For thisrea-
son, the costs of capital and labour costs are not
deducted from the value of forest products in
estimating on-farm forestincome.

Agricultural production function modelling
Crop production and crop revenue are affected by
the presence of trees. To understand and assess the
contribution of FMNR to crop production, other
factors affecting crop production (e.g. fertiliser
use, hired labour inputs and tractor use) need to be
controlled for (Chapter 5). Therefore, we use a semi-
log production function to assess the contribution
of all farming inputs and practices to agricultural
productivity.

3.5 The accounting period

A 20-year time horizon has been chosen for the
valuation study. Farmers and decision-makers are
likely to be most concerned with the more imme-
diate future. However, the impacts of FMNR inter-
ventions stretch far beyond the first years. Regen-
erated tree species such as dawadawa, shea and
ebony will not start bearing fruits until year 15
but can thereafter produce for another 100 years.
In thatsense, FMNR is a long-lasting intervention.
However, impacts become more uncertain beyond
20 years as we have less knowledge about how cli-
mate change impacts trees, agricultural yields or
prices. Therefore, we constrain our analysis to 20
years, albeit knowing that the true net benefits of
FMNR are longerlasting.

3.6 Discount rate

The discount rate is a critical parameter in cost
benefit analysis whenever costs and benefits
differ in their distribution over time, especially
when they occur over along time period. We used
a descriptive approach and farmers’ own rate of
time preference to select an appropriate discount
rate.

3.6.1 The descriptive approach for project
appraisal

The descriptive approach is based on the oppor-
tunity cost of drawing funds from the private or
public sector using the real interest rate®. Accord-
ingly, the cost of investing Ghanaian cedisin FMNR
is the value that each cedi would have produced
in its alternative use. Therefore, for FMNR to be
worthwhile at the societal level, the invested capi-
tal should grow more than if the ‘cedi’ had been
invested elsewhere, for example on other forest
landscape restoration projects in Ghana.

3 Therealinterestrateis equal to the nominal lending
Iinterestrate adjusted for inflation. It is not appropriate to
use the nominal rate, since mostvariation in these rates is
due to changes in inflationary expectations whereas the
rate of return on capital (e.g. factories or equipment) is fairly
stable over time.



To reflect this opportunity cost, central bank inter-
estrates have often been used. Based on a review of
project appraisals conducted by the African Devel-
opment Bank (AfDB), a discount rate ranging from
1012 per cent is used in AfDB projects (ADB 2013).
The Asian Development Bank (ADB) uses a discount
rate of 9 per cent for projectsrelated to agriculture,
energy, transport and urban development, and a
lower rate of 6 per cent for projects targeting pov-
erty (ADB 2017).

In terms of farmers’ true opportunity costs, we
know that part of the funding for FMNR (see Chapter
6) is provided as grants by CIKOD itself. Given that
thereisno opportunity cost of such funds to farmers
because they cannotinvest the grant elsewhere, the
effective interestrate may be considered zero. How-
ever, other investments are required by the farmers
themselves for basic tools and labour time for FMNR
activities. Such resources could be invested else-
where. Therefore, we consider that 5 per cent is
areasonable discount rate to reflect the actual
opportunity costs of investing in FMNR from
the farmer’s perspective. We also use 10 per cent
to reflect the opportunity cost of the grants and
financial capital deployed by CIKOD, and a 23 per
centdiscountrate toreflecta conservative estimate
of farmers’ own rate of time preferences and the
interest rates among local finance providers (rural
banks, micro-credit facilities, money lenders, etc.)
asargued below and in Chapter 7.

3.6.2 Experimental economics - Elicitation
of farmers’ time preferences

Empirical literature has shown that individuals in
lower income brackets tend to have a significantly
higher preference for current consumption rela-
tive to future consumption, and thus have higher
discount rates (Pender 1996; Yesuf and Bluffstone
2008; Tanaka 2010). Thisis due to uncertainty about
future circumstances and the need to survive now,
making imminent needs override any capacity or
willingness to invest in the future.

Given this information, we have also elicited dis-
count rates from our sample of farmers. In doing
so, respondents were asked about their choice of
receiving a payoff now versus a payoff in 12 months
(Table 2). This represents a time horizon to which
they are well acquainted, since the main harvestin
the Upper West Region happens once a year during

October/November (FAO n.d.). The payoffs in the
survey were hypothetical with no actual payoffs
given torespondents.

TABLE 2:

Time preference elicitation -
12-month payoffs

Payoff Payment Option A | Payment Option B
alternative | (cedis paid now) (cedis paid later)
1 50 60.8
2 50 66.8
3 50 73.2
4 50 80.1
5 50 87.5
6 50 95.3

An individual’s discount rate is based on their
switching point within the payoff alternatives.

However, it is noteworthy to highlight that in our
sample, 54 per cent of respondents never chose to
opt for the future option, implying that they have
avery high discountrate. When these individuals
were asked how many Ghanaian cedis they would
accept in order to take the future payoff, many
farmers cited responses that were larger than 200
per cent. In essence, they all favoured present con-
sumption over future consumption. This finding
suggests that even low-cost investment projects
such as FMNR will not be adopted by a sizeable
fraction of farmers in the absence of grants for the
adoption costs.

Given the very high upper-bound of discount rates
for those who did not choose any of the future pay-
offs, we instead based our observation on the aver-
age discount rates of those who agreed to future
payoffs. Among them, the average discountrate was
23 per cent for the 12-month payoff. This coincides
with the interest rate applied by various financial
institutions (money lenders, family, rural banks,
micro-credit facilities etc.) in the case study area.
Therefore, we make a sensitivity analysis of the
results from the Cost Benefit Analysis, using a
23 per cent discount rate as well. See Chapter 7
for further insights.
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CIKOD evergreen landscape interventions,
farmer motivations, and constraints to FMNR

adoption

The Centre for Indigenous Knowledge and Organ-
isation Development (CIKOD) has worked in the
Lawra and Nandom districts to supports farmers
to regreen degraded lands using the FMNR tech-
niques. CIKOD has created a conservation area in
the Kalsagri and Pavuu communities and uses the
centre as a learning station for the farmers within
its catchment. The farmerslearn about Sustainable
Land Management (SLM), including FMNR, and can
apply these techniques when managing their farm-
lands and landscape.

In the following chapter, we use insights from seven
focusgroups in CIKOD intervention villages. We use

PHOTO:

this information to explain how FMNR and other
SLM practices are undertaken, as well as the per-
ceived benefits and costs associated with adopting
these land management practices. This serves as a
foundation for undertaking the CBA in the subse-
quent chapters.

4.1 Focus group findings
4.1.1 Motivations for engaging in FMNR
Farmers have alarge range of motivations for desir-

ing to nurture trees on farmland and to adopt FMNR
practices. In particular, they have observed that

Part of the ELD study team finds shade under a mango tree in Kondopie
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with the old way of farming “by clearing the land and
burning all residues and making mounds for planting,
benefits were fast dwindling and we needed to try new
ways of farming to see whether we would have better
yields(...). We think it is paying off well”. As a result,
most farmers have dedicated theirland to FMNR in
the Zukperi community. Farmers also highlighted
that in the past there were a lot more cattle and
organic manure. Now, they have to find other ways
of fertilising their fields and FMNR responds to that
need. Additionally, they have observed that with
theincreasein tree density, windstorms destroying
crops and property have reduced because the trees
serve as wind breaks.

The timber and Non-Timber Forest Products
(NTFPs) are also compelling motivators. In Zukperi
for example, farmers mentioned improved access
to lumber for construction and fruit for food. The
availability of fruit allows them “not to worry about
to what to be fed for the day” and make their work-
ing days more effective, as they do not have to go
back home to eat. Otherlivelihood improving goods
include fuelwood from pruning, timber poles, and
canes for making baskets and so-called ‘kasog’
(chicken cages). Their livestock holdings also ben-
efit since they do not stray too far away to look for
food. The reader is invited to read Damnyag et al.
(2019) to grasp the full range of benefits.

PHOTO:

Stephen Owusu from the ELD study team takes soil samples from a communal FMNR site

near Pavuu

li
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Pre-testing of the ELD household survey with a farmer in Kondopie

4.1.2 FMNR in the study area

The understanding of FMNR by farmers in the study
area is a collection of activities consisting of tree
pruning, thinning and no-burning. In preparing
(fallow) land for cultivation, there is neither clear
cutting nor burning of the trees, shrubs and resi-
dues. Instead, farmers undertake selective removal
of trees followed by the sowing or seeding. The pres-
ervation of naturally occurring trees and shrubs is
done by pruning and thinning out, as well as iden-
tifying economic tree seedlings on farmlands and
marking them with pegs to nurture them to grow.
The nurturing of these tree seedlings is done in the
course of land preparation and weeding of the farm,
and through the making of firebreaks. Pruning is
typically done in a specific location of the farm-
land where there is a cluster of young regenerating
planting plants and shrubs. As stated by one farmer:

“Before learning about FMNR, we just left the tree to
grow on its own; even though it did not take a good
shape and also took a longer time to grow. But now as

we prune, the trees grow well and one can easily get
a straight tree stem for lumber when the need arises.
Most of the trees like the shea, dawadawa, and oth-
ers are naturally regenerated rather than consciously
planted. Burning the bush destroys all young trees;
therefore the practice of no-burning helps preserve
these young trees from being destroyed”.

In addition, farmers engage in spot cleaning around
matured tree species and make fire belts around
farmlands to preventburning of trees and farmland
from adjacent wildfires. As a whole, the retention of
economic trees on farmland belongs to mainstream
practice among farmers, but the pruning, thinning
and no-burning is new to farmers.

4.2 Complementary sustainable land
management practices

Other SLM practices adopted by farmers who ben-
efited from CIKOD trainings include the following.
Eachisdescribed in further detail by farmers them-
selves in Damnyag et al. (2019).



Crop rotations: farmers rotate crops on the
plots of cultivated land. For example, a ground-
nutfield in thelast planting season is exchanged
for a sorghum field intercropped with ground-
nuts. Thisis done to fight the ‘striga’ weed which
is common on cereal fields.

Mulching of farmlands: the leaves from trees
on farmlands are left undisturbed on the fields
and they serve as mulch for the soil. This practice
helps retain moisture in the soil even days after
adryspell.

Composting:itisdone by digging holes and fill-
ing them with crop residues and animal drop-
pings together with ashes and sprinkled water.
The compost is allowed to decompose and then
used to fertilise crops.

Tied ridges: while the traditional method of
farming involves the making of mounds, most
farmers in CIKOD intervention villages have
switched from mounds to farming on ridges in
order to enable the conservation of soil mois-
ture, even when there is a dry spell within the
rainy season. Ridges can be opened if a place
becomes waterlogged.

Application of animal droppings and
manure from waste-dump sites: when a
farmer is not able to prepare compost he can
gather and apply animal droppings to his field
to boost soil fertility.

Planting in rows: farmers sow seeds of food
cropsinrowsinstead of irregular planting.
Retention of crop residue between ridges:
instead of burning, farmersretain crop residues
on the farm by burying them with sand on the
spaces created in-between ridges. The crop resi-
dues are left to decay to add nutrients to the soil.
The cropresidues are normally packed in gullies
along theridges and covered with sand. This is
done immediately after harvest to allow for it to
decompose.

Zero or minimum tillage of farmlands: many
farmers have adopted the zero tillage method
where seeds are sowed in the farmland with-
outtilling theland. Farmers in Kalsagri noticed
that crops do better than where the areas were
ploughed.

Use of new and improved seeds varieties:
farmers plant seedslike the ‘obaatampa’ or ‘bili-
hifa’ for maize, which are high yielding and have
a shorter maturity period as compared to older
varieties. They must combine this with putting
the appropriate number of seeds in the hole
while sowing.

Preservation of specific tree species: certain
species, such as Faidherbia albida (Gozan) and
Ficus gnaphalacarpa (Kankang), improve soil
fertility when preserved on farmlands.
Management of specific tree species: farmers
manage tree species that are known for decreas-
ing cropyields (e.g. Azatdirachta indica known as
neem and Anogeisus leiocarpus also called sigtir)
on farmlands while also planting trees for fuel-
wood (neem, teak, cassia) in marginal areas that
will not adversely impact crop yields.

4.3 Obstacles to adoption of FMNR
and FMNR costs

Engaging in FMNR practices is not without some
challenges. For example, some tree species impact
soil fertility adversely, such as the neem tree (Azat-
dirachta indica), although they are aready source of
lumber for construction and fuelwood.

4.3.1 Labour costs and mechanisation
costs

The main obstacles to FMNR adoption, as expressed
by farmers, is theincreased cost of land preparation
of areas with a higher tree density. Farmers have to
spend more funds to hire people to prune shrubs
and clear the areas under larger trees which the
tractor cannotreach. On uneven farmland, itis also
more complicated and expensive to use tractors for
land preparation. Otherlabour costs are associated
with the creation of fire belts around the boundar-
ies of plots to protect farmlands from bush fires.
Some farmers are creating fire belts by clearing the
bushes from the edges of plots that are dedicated
to FMNR activities so that they do not get affected
when there are bush fires. Additionally, farmers
have to do regular pruning and thinning to create
room for sunshine to reach the crops. Due to these
additional efforts, the labour costs for farmers prac-
ticing FMNR are higher.

4.3.2 Collective action problems and
externality costs

In the southwestern part of the study area, the com-
munity of Tanchara has benefited from CIKOD inter-
ventions for the last two to three years. However,
the community is still fighting against bush fires.
According to focus group discussions, not every
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member of the community has accepted FMNR
practices so they still burn the bushland which is
stalling the efforts of farmers that are practicing
FMNR activities. Illegal felling of trees is also a prob-
lem, as trees are sometimes being cut down by char-
coal makers without prior notice. These actions are
discouraging farmers from practicing FMNR and
investing their time in its activities (Damnyag et al.
2019).

4.3.3 Fixed investment costs

There are some upfront fixed costs associated with
adopting FMNR. Most of these costs are related to
acquiring tools and equipment to effectively prac-
tice FMNR, especially those used for both pruning
and compost making (e.g. cutlasses, wheelbarrows
and pickaxes). According to farmers, safety work-
wear - like the wellington boots and gloves - that
allows the farmer to prune his shrubs with less stress
is not available. As bushes increase, venturing into
the fields comes with its own risks of stepping on
a snake or a thorn that can hurt the farmer, hence
the need for proper clothing. Not all farmers can
afford the required clothing and often the equip-
ment is not readily available at markets (Damnyag
etal.2019).

4.3.4 Training and transportation costs

For CIKOD and any societal actor who bear these
expenses, there are also training costs. These
are detailed in Chapter 6. Some communities are
located far away from the CIKOD learning centre in
Kalsagri. A farmer said in one focus group:

“Itis a tiring exercise to walk a distance there to learn,
especially on an empty stomach for the whole day
without any refreshment. A lot of farmers get tired
after some time and hence their focus on the work
Is shifted. It would really be helpful if at least we are
refreshed, to keep farmers energized to learn. The few
who are able to go to the centre have to come back and
teach other farmers, which sometimes does not hap-
pen effectively”.

4.4 Summarising constraints and costs
of FMNR

In summary, farmers have a wide range of motiva-
tions for uptaking SLM practices, including FMNR.
Overall, they experience a sense of improved well-
being, from enhanced nutrition, soil fertility and
income. The constraints to FMNR are associated
with:

The mechanisation of land. In particular,
ploughing the land with tractors become more
expensive and complicated. As a result there is
aneed to hire more labour forland preparation.

There are also some minor investment costs
related to training of farmers and the acquisi-
tion of new tools.

Aslong as some farmers continue conventional
farming practices of slash-and-burn, costs of fire
prevention will remain high. Thus, with higher
adoptionrates of FMNR, it can be expected that
fire prevention costs will go down. Until then,
FMNR involves additional labour costs.

In the following chapter, we will show that while
all these costs are real, they are not detrimental
to the overall profitability and economic interest
of FMNR farming over conventional non-FMNR
farming.
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Characteristics of farmers and their cropping

systems

In this chapter we analyse the cropping systems of
the farmers in the study area. In doing so, we focus
onwhattheydoon their main plotsin terms of farm-
ing inputs and their evergreen and Sustainable
Land Management (SLM) practices. Subsequently,
this information is used to assess the productivity
of farmland and what determines farmers’ levels
of agricultural income. Before doing so, we first
consider the characteristics of the farmers in our
sample.

5.1 Socio-demographic characteristics of
survey respondents

Tables 3a and 3b show the characteristics of the
farmers in the ELD survey. In terms of the house-
hold heads, 75 per cent are male, the average age

TABLE

is 54 years old, and they have lived in the village
in which they were interviewed for an average of
40 years. Only 8 per cent of the household heads
come from another region in Ghana. Some 43 per
cent have completed high school, but only 22 per
cent of the household heads are literate. The lat-
ter isin accordance with census data: According
to the UNDP (2011), the literacy rate is 19 per cent
in the Lawra district. The average household size is
seven family members, of which nearly half (three
out of seven) are less than 16 years old. Within the
household population, about one third has bene-
fited from trainings by CIKOD and almost half has
learned about SLM practices from other farmers.
Finally, in terms of gender representation, half of
the primaryrespondents that were interviewed are
women.

3 A:

Socio-demographic characteristics of farm households (n=483)

Socio-economic characteristics Share Share
Gender of the main respondent (=male) 49% Gender of the household head (=male) 76%
Relation of the main respondent to the HH Household head is literate 22.3%
Head 62% | Household head is a migrant 8.2%
Wife 21% | Household has received training from 33%
CIKOD on FMNR
Other 17% | Household has learned about SLM from the 48%
practices of other farmers
Highest education level achieved by any one Per cent of households classified as FMNR
in the HH? farmers, qualitatively assessed by
interviewer
Primary school completed 27% Business as Usual/Non-FMNR farmers 47%
High school completed 42% FMNR farmers 44%
Tertiary education completed 13% FMNR & SLM 10%
Non-formal education 0.3%
None 17%




TABLE

Socio-demographic characteristics of farm households (n=483)

3 B:

Other socio-economic characteristics Average Min Max
What is the age of the household head? 54 18 100
Number of years the respondent has lived in the community 40 0 100
Household members less than 16 3 0 12
Household members between 16 and 50 3 0 20
Household members over 50 1 0 9
Total number of household members 7 1 29

5.2 Characteristics of cropping systems

On farmers’ main farming plots, they grow three
main crops: maize, sorghum or groundnuts. How-
ever, maize is the favourite crop among farmers

but for the most partitis intercropped with beans,
groundnuts, millet, or sorghurm, as seen in Figure
2. Farmers have an average of two acres dedicated
to the main crop, with a minimum of 0.1 acres and
amaximum of 42 acres (Table 4).

FIGURE 2:

Crops and crop combinations on farmers’ main plot, by frequency

Maize & groundnuts

Maize only

Maize & beans
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TABLE 4:

Acreages of farmland among interviewed households, n=483

Acres of farmland Mean Median sd min max
Acres for the main plot per 2.3 2% 21 0.5 42
household

Total acres of land per household 4 3.5 3.2 0.5 54
Acres dedicated to Maize Sorghum Millet Beans Groundnuts
Median 2 1 1 1 1

*Equivalent to 0.8 hectares

5.3 Explaining the productivity of
cropland

For those farmers who only crop maize without
combining other crops, the mean yield is 125 kg per
acre (=312 kg per hectare) with a considerable dis-
persion of yields (Table 5).

However, the majority of farmers (65 per cent)
undertake intercropping with various propor-
tion of different crops (e.g. 30 per cent groundnuts

and 70 per cent maize). Since we cannot expect
farmers to estimate the share of each crop on
a given plot with precision, crop specificyields
(inkilograms per acre) are not a viable or rigor-
ous measure of the actual productivity of the
land for those farmers. Therefore, we estimate
the value of the harvest from the main plots
in terms of the total revenues derived from
the plots using standardised prices, notably the
median farm gate prices from the last harvest sea-
son (2018/2019) as reported in Table 5.

TABLE 5:

Yields of maize crops that are not intercropped with legumes Farm gate market prices of the

main crops
Variable Mean Median St dev Range N
Yield (kg/acre) 125% 98 78 (20.5-547) 132
Farmgate market prices
Maize (GHS/kg) 1.8 1.8 0.76 (1.5-2.1) 470
Sorghum (GHS/kg) 2.3 2.3 0.65 (2-2.5) 122
Beans (GHS/kg) 2.9 2.5 1.29 (2-3) 63
Groundnuts (GHS/kg) 3.3 2.5 1.75 (1.5-2.5) 287
Soya (GHS/kg) 2.3 2.3 0.19 (2.1-2.5) 3
Crop revenue/acre** 392 300 290 35-2040 483
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5.4 Main cash costs and net crop
income

5.4.1 Tractors for land preparation and
hired labour

Land preparation is done using manual labour and
tractors for ploughing. Only 20 per cent of house-
holds have not used tractor services. Tractors are
usually procured from third parties (paid per acre-
age or man-day terms) making this an expensive
input into production. Farmers spend an average
of GHS 71 per acre cultivated.

Tractors are either paid per man-day or per acre
land that was worked, with a maximum spending of
GHS 300 per acre. The majority of farm households
(76 per cent) hire labour to help with weeding, land
preparation and harvesting. The average household
spends GHS 68 per acre on hired labour.

5.4.2 Seeds, fertilisers and pesticides,
and net crop income

Farmers either purchase or use their own seeds.
About 38 per cent of farmers have purchased seeds
atamedian price of GHS 4 per kg. Seeds are also pur-
chased in bags and bowls. This results in an aver-
age expenditure of GHS 22 per acre. Fertilisers are
boughtin 25 kg bags. The average cost of abag is GHS
90 and the average spending on fertiliser (mostly
solid) across the whole sample is in the order of GHS
62 per acre. Excluding those who do not spend any-
thing on fertilisers, approximately 50 per cent of the
farmers’ average spending is in the order of GHS 110
per acre, which is substantial. Farmers make very
limited use of herbicides and insecticides. Only 5 per
cent of farmers reported spending on either input,
resulting in a mean spending of GHS 2 per acre per
household across the sample population. With rev-
enue of GHS 392 per acre and spending of GHS 191 per
acre, the average smallholder farmer has a net crop
income of GHS 200 per acre (EUR 80/ha). Table 6 sum-
marises those costs.

TABLE 6:

Net crop income 2018/2019 per acre

Mean Median St dev Min Max Uptake

Crop revenue 392 300 290 35 2,040
Cost (GHS/acre)
Tractor services 71 80 62 0 360 81%
Purchased seeds 9 0 19 0 120 38%
Fertiliser 62 0 88 0 540 48%
Pesticides 2 0 22 0 450 5%
Hired labour income

Weeding 22 10 38 0 500 69%

Land preparation 13 20 0 100 51%

Harvesting 9 14 0 83 52%
Total hired labour 68 53 54 1 280 76%
Total costs 191 162 142 0 790
Net crop income 200 150 270 -400 1400

The distribution of net crop income within our
household sample is shown in Figure 3. It ranges
from negative GHS 400/acre to GHS 1400/acre (EUR
160/hectare to 560/hectare), which is a considerable
difference. It tells us that there is a large potential

for farmers to improve their productivity. In the
remaining part of the report, we will look closer at
what contributes to explaining the wide differences
in net crop income among farmers, and the role of
conventional farming inputs and SLM practices.
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40

FIGURE 3:

Histogram of net crop income per acre (whole sample, n=483 households)
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5.5 Understanding drivers of crop helps explain the dispersion in per acre crop income

productivity observed in Figure 3. Only 3 per cent of sampled

farmers claim to do nothing at all. In Figures 5a

Farmers engage in arange of SLM practiceson their ~ through to 51, we compared net crop income among

farming plots independently orin association with ~ farmers adopting a specific SLM strategy and farm-
one another. The application of these practices ersthatdonottake up thatspecific SLM.

FIGURE 4:

Degree of adoption of Sustainable Land Management practices in case study area (Lawra
district)
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5.5.1 Sustainable Land Management and
net crop income

Statistically different means are proven using
a t-test (t) and a Kruskal-Wallis (kw) non-para-
metric test. Only those practices for which there
were sufficient observations to make meaning-
fulinferences about differences in mean incomes
are illustrated (see Figure 4). Overall, it can be
observed that farmers practicing tied ridges,
mulching, mounds, crop rotations, intercropping
with legumes and tree pruning have higher tree

density or mostly mature trees. When those farm-
ersundertake FMNR, they gain higher incomesrel-
ative to those farmers that do not undertake that
specific practice. On the whole, per acreage net
crop income is about GHS 60-90/year (EUR 25-40/
ha/year) higher among those using SLM practices.
FMNR farmers in particular (with minimum eight
trees per acre) who engage in pruning have sub-
stantially higher per acreage incomes. There is
no statistically significant difference in net crop
incomes among farmers undertaking fallowing,
improved fallowing and earth bunding.

FIGURE 5A TO 5L:

Splits showing average net crop income among adopters and non-adopters of 12 SLM and

FMNR techniques. Bars show standard errors.
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However, these per acre net income comparisons
should not be used to make definite conclusions
about what is the economic benefit of undertaking
one practice over another because we are not con-
trolling for all the other factors that may be explain-
ing outcomes. For example, among farmers doing
ridges, thereis also a high proportion doing FMNR.
Consequently, higher income attributed to ridges
may be driven in part by FMINR adoption or higher
use of fertilisers for instance. In order to control
such influences and determine which practices are
mostimportantin explaining differencesin agricul-
tural productivity, a production function analysis is
performed in the following section.

5.6 Production function analysis

In the presence of these multiple management prac-
tices and varying levels of input use among farmers,
itisrelevant to perform a production function anal-
ysis. It can enable us to understand the contribution
of each farming input and activity to agricultural
productivity. In essence, the production function
is a statistical analysis (regression analysis) which
describes how inputs affect farmland productivity.
In our model, productivity is captured through con-
sideration of crop revenue (as explained in Section
5.3). The estimated function allows us to observe
how changing input variables affect the crop rev-
enue per acre of our sampled farmers. Therefore,
it gives us an understanding of both the statistical
significance of individual inputs and the magnitude
of which of these variables affect outcomes (i.e. the
coefficient size). Thus, we use the following semi-
log estimation:

Equation 10

In(Rev)=ar+B1In(T),+B2Nn(P),+B3N(SLM)+vX;+¢(C);+¢;

The outcome variable In(Rev) represents crop rev-
enue per acre of each farmer i and is in log form,
allowing us to observe nonlinearities. Variable T
represents the tree density of individual farmer
plots (in logs) and is an important component in
determining to which scenarios our sampled farm-
ers belong. The binary variable P equals one if a
farmer engages in pruning and zero otherwise.
SLM is a set of other (binary) sustainable land man-
agement measures, indicating whether or not farm-
ers carry out crop rotations, intercrop cereals with
legumes or have mostly mature rather than young
and old trees on their cropland. Variable Cis a set of
community dummy variables that are aggregated
into four areas: CIKOD communities, northeast,
northwest, southeast, and southwest. These areas
are analysed relative to the control communities
(Oribli, Tabier, Kouwob). Community groupings can
be found in Table 8. We control four areas in order
to see how the location of individual communities
impact crop productivity revenues. Finally, Xis a set
of farm characteristics and inputs; variable descrip-
tions are included in Table 7.4

4  Other SLM measures (specifically, the making of tied
ridges, earth bunding and the use of manure) are also
included in the model. All of these SLM measures proved to
beinsignificant.
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TABLE 7:

Explanatory variables used in the production function

Farm Mean Min /
Characteristics/ Description Std dev
observed Max
Inputs
Tree density Number of trees per acre (in logs) 8.7 6.5 1-40
=1ifh hold i i drelated
P if household engages in pruning and relate 4% 0.4 0-1
FMNR activities
=1ift i jori ,
Mature trees if trees are in major|.ty mature, as opposed 46% 0.5 0-1
to young and old, or mixed
ez riErereping =T if farmer intercrops sorghum, millet, or maize 64% 0.4 041
with legumes (soya, beans, and groundnuts)
Rotation =1 if farmer engages in crop rotations 31% 0.4 0-1
Num. family members | Number of family members 7.4 34 1-29
In(fertilizer spending) Spending on fertilizer per acre (in logs) 62 88 0-540
In(tractor spending) Spending on tractor services per acre (in logs) 71 62 0-360
Labour cost Spending on hired labour per acre 48 52 0-280
=1 if lives in Zukperi, Faal
N i respondent ives in Zukperi, Faalu, or 12% 03 0-1
Kondopie
=1if li inT. N
Northwest i respondept ives in Tangpuor, Naagagn, 18% 0.3 0-1
Pavuu, or Nyafinyor
=1if li inD iir, D :
T, if respondent lives in Deboziir, Dagne 12% 03 0-1
Tanchara, or Susu
Southeast =1 if respondent lives in Koro 1, Koro 2, or Koro 3 1% 0.1 0-1
=1 if respondent lives in either of the control
Control villages, Oribli, Tabier, Kouwob, where CIKOD 47% 0.5 0-1
has not had any intervention.
We hypothesise: the number of trees per acre increases by 1 per cent

Higher tree density will lead to higher revenues
with diminishing returns as we add more trees;
Pruning will have a positive impact on revenues;
and

Farm inputs will have an overall positive impact.

Ourresults from Equation 10 are presented in Table 8.
With an adjusted-R? of 0.32, the model fit is strong
and the model results are robust, with highly signifi-
cant variable coefficient estimates in the expected
directions. Despite being based on one-year obser-
vations, simple interviewer techniques and a lim-
ited number of observations, our model explains
32 per cent of the variation in crop productivity in
the area.

In terms of our findings, the tree density coeffi-
cient is positive and significant and shows that as

andrevenue per acre increases by about 11 per cent.
Figure 6 illustrates the resulting marginal effects of
each additional new tree on crop revenues.

Farmers engaged in pruning and FMNR activities®
also have higher per acreage crop revenues, every-
thing else being equal. The variable capturing the
age of trees —whether farmers have mostly mature
trees as opposed to young and old ones -is also pos-
itive and significant. This demonstrates that trees
have a more pronounced positive impact on crop
productivity as they mature or when a farmer has
practiced FMNR for some years.

5  Pruningisthe mainvariable - from the household
survey —thatis used to capture if the farmer practices
FMNR or not, in combination with tree density.



The variables capturing whether farmers under-
take rotations and/or intercropping with lequmes
are also positive and significant. Jointly, the large
coefficient of all the SLM and FMNR related vari-
ables (tree density, pruning, maturity of trees, crop

rotations, intercropping with legumes) illustrates
the importance of preserving trees and pruning
them, avoiding bush or man-made fires and deploy-
ing SLM practices in order to improve agricultural
productivity.

TABLE 8:

Regression estimation results from production function (Eq. 10)

Ln(revenue) Coef. t P>t
Ln(Treesacre) 0.1 2.48 0.01
Pruning 0.25 3.58 0.00
Mature trees® 0.32 5.51 0.00
Legume intercropping 0.38 6.31 0.00
Rotation 0.12 1.82 0.07
Num. family members 0.02 2.01 0.05
Ln(Fertilizer costacre) 0.05 3.69 0.00
Ln(Tractor costacre) 0.06 3.73 0.00
Labour costacre 0.002 3.87 0.00
Northeast 0.20 2.01 0.05
Northwest -0.12 -1.47 0.14
Southwest -0.24 -2.52 0.01
Southeast 0.23 2.41 0.02
Constant 4.47 34.3 0.00

MODELFIT: Number of obs =483, Prob>F= 0.0000, Adj R-squared = 0.3206, Root MSE=.604

Independent control variables include: number of
mature trees, intercropping legumes (=1 if yes, 0 oth-
erwise); crop rotation (=1ifyes, 0 otherwise); number
of family members, log of fertiliser expenditures, log
of expenditures on tractors, and total expenditures

6  Farmerswere asked in the questionnaire if their trees
were predominantly young, mature, old or mixed. Itis on
the basis of this qualitative appreciation that we analysed
the contribution of tree ages to crop productivity and
revenues.

on labour. The use of tied ridges, earth bunding, and
manure are also controlled for and are insignificant.
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FIGURE 6:

Crop revenues and their relation to varying levels of tree density, SLM, and FMNR practices.
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Asfor conventional farming inputs, it may be noted
that all variables are positive and significant.

Figure 7 highlights the effect of fertiliser spending
and hired labour in our sample. We observe a posi-
tive impact of fertiliser spending with diminish-
ingreturns as fertiliser spending increases, as does
tractor spending. Specifically, as farmers spend 1
per cent more on fertilisers or tractor services, rev-
enues increase by 0.05 per cent and 0.06 per cent
respectively.

What is noteworthy with respect to fertiliser use is
that at low levels of spending, farmers enjoy a high
return. When increasing NPK expenditures from
GHS 0 to GHS 10 per acre, crop revenues increase by
GHS 50.Thisresultsin a netgain of GHS 40 per acre.
However, beyond GHS 10 per acre, further spending
no longer pays off, i.e. revenuesrise at a lower rate
than spending (see Figure 7).

Thereturns to tractor spending also show diminish-
ing returns. Nevertheless, we believe that increas-
ing per acreage costs is likely to reflect supply and
demand conditions or price discrimination on the
part of the tractor rental agency, rather than more
hours being spent to plough a given piece of land.

The amount spent on hired labour per acre (for
land preparation, weeding or harvesting) shows
nodiminishing return (Figure 7). As farmers spend
more on hired labour, crop revenuerises. It must be
noted that non-hired family labour is not included
in our estimation, but the number of family mem-
bers (some of whom may be helping with farming)
is positive and significant in our production func-
tion. When interpreting that coefficient, we con-
clude that as the household size increases by one
member, per acreage Crop revenues increase by
2 per cent.

Regarding the location variables, control villages
are used as our base variable. Therefore, all com-
munity variables are being compared to the reve-
nues in these control villages. When observing the
coefficients and keeping everything else equal, we
see that crop productivity — and thus agricultural
revenues - are higher in the northeast and south-
east (including Kondopie) relative to the control
villages where CIKOD has not had any interven-
tion. This makes sense, in that farmers or villages
that have benefited from CIKOD interventions for
alonger time and are closer to the CIKOD conser-
vation centre will have higher levels of skills and
general training opportunities relative to villages



FIGURE 7:

Relationship between crop revenue, hired labour, fertiliser and tractor service expenditure
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that are further away and have received training
more recently. The dummy variable for ‘northwest’
(including the villages of Tangpuor, Naagagn,
Pavuu, and Nyafinyor) is insignificant, showing
that there is no statistically significant difference
between these communities and the control com-
munities where CIKOD has not had any interven-
tion.

Finally, crop revenues in the southwest are lower
than in the northwest and control communities.
This may potentially be explained by a higher prev-
alence of fires, and being further away from the
CIKOD conservation centre (described in Appendix
1). However, we emphasise that even when control-
ling for location, the variables trees, pruning, and
crop rotations all have a positive and significant
impact on crop revenues.

In the next chapter we look closer at the kind of
farming practices that farmers use, the site-spe-
cific effects, and the resulting impacts on farm-
ers’ crop revenues and incomes. In Chapter 7, we
estimate income from on-farm forest products, and
in Chapter 8 we compare the per acre income of a
farmer that adopts FMNR and SLM practices to a
conventional non-FMNR farmer.
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to net crop income

In this chapter we use the results from the produc-
tion function from Chapter 5 to analyse how the
adoption of Farmer Managed Natural Regeneration
(FMNR) and Sustainable Land Management (SLM)
influences the productivity and farmers’ income
from crop production.

6.1 Defining FMNR farmers

In this study, a FMNR farmer is defined as someone
who engages in pruning and has a minimum of
eight trees per acre. In fact, tree density becomes a
statistically significant determinant of crop revenue

once a plot has eight trees per acre or more, and is
no longer significant with a tree density of seven-
teen trees per acre or higher. This is determined by
observing the effect (i.e. the statistical significance)
of tree density directly onrevenues, everything else
being equal. Table 9 displays how average crop rev-
enue of farmers who have seven to seventeen trees
changes. We observe that tree density has a sig-
nificant effect (at the 95 per cent level) from eight
trees per acre, and is no longer significant at seven-
teen trees. However, we note that the sample size
decreases substantially with higher levels of tree
density.

TABLE 9:

Tree density and income

Tree density Crop revenue Std Error N
7 222.8 (19.39) 260
8 232.1%* (20.88) 229
9 245.3%** (23.16) 202
10 252.0%** (24.60) 189
11 S Yo (36.96) 108
12 312.8*%** (37.27) 107
13 324.8*** (39.89) 98
14 330.0*** (41.78) 93
15 307.0%** (43.19) 85
16 318.9*%* (47.00) 47
17 295.0 (61.03) 41

Significance * p<0.1, ** p<0.05, *** p<0.01




Among farmers who have atleast eight trees per
acre, the mean tree density is thirteen trees per
acre. In our sample, 47 per cent of farmers (229 out
of 483) have at least eight trees per acre. Neverthe-
less, as argued in Chapter 3, pruning is integral to
new FMNR practices as promoted by CIKOD.

Therefore, the farmers who have a tree density
high enough and who also prunes arereferred to
as FMNR farmers. They comprise 11 per cent of the

TABLE

sample population (52 out of 483)” as summarised in
Table 10. The control group (i.e. the non-FMNR farm-
ers) who does notengage in pruning has an average
of five trees per acre.

7  Thereisnodifferencein per acreage tree densities
between those who prune (8.3 trees per acre) and those
who do not prune (8.2 trees per acre). Therefore, pruning in
itselfis not an indicator of the number of trees found on the
farms.

10:

Tree density among FMNR and non-FMNR farmers

Tree density per acre mean median | stddev min max %
Non-FMNR farmers 4.5 5 1.6 1 7 53%
Tree lovers (>7 trees/acre) 13.5 10 6.6 8 80 47%
FMNR farmers (>7 trees/acre and pruning) 13 13 3.1 8 20 11%

6.2 FMNR farmers and basic farm
production costs

In contrast to non-FMNR farmers, the basic ‘tree lov-
ers’ donot have higherlabour and land preparation
costs, even with an average tree density of 13 trees
peracre. However, farmers engaged in pruning and
associated FMNR activities have statistically higher
labour and land preparation costs (Table 11). This is
expected, as mentioned in Chapter 3, because it is
more laborious to use tractors in areas dedicated

TABLE

to FMNR. For FMNR & SLM farmers who also rotate
crops, tractor costs and hired labour costs are even
higher.

Nonetheless, higher tractor service costs and
hired labour costs are associated with higher crop
revenues, so the production function is parame-
terised with these inputs. Finally, since the major-
ity of farmers intercrop legumes with sorghum
and maize, thisisincluded in all the farming sce-
narios.

11:

Average spending on tractor services and hired labour by farmer category

Average spending (GHS/acre) Conventional Tree lovers FMNR FMNR & SLM
farming 13 trees/acre 13 trees/acre + 13 trees/acre +
pruning rotation + pruning
Tractor service costs 60 (50) 70 (90) 115 (100) 125 (110)
Hired labour costs: land prep, 45 (30) 45 (25) 70 (60) 90 (70)
weeding and harvesting.

Note: T-test and KW-test prove statistically different means, where data is highlighted in bold.

Medians are provided in parenthesis.
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6.3 Crop revenue by household location

By using these levels of explanatory data of farming
costs in the production function, we can estimate
the crop revenues for the different farming scenar-
ios and across the different locations in our study
area. Theresults for all of the five case study areas

(northwest, northeast, southwest, southeastand the
control villages) are shown in Table 12. All other fac-
tors influencing the profitability of crop farming -
notably, the level of fertiliser use and the number of
family members-are held constantin the different
scenarios, using average spending levels across the
sample population (Chapter 4).

TABLE 12:

Revenue per acre by farming practice and household location

R .
evenue in Non-FMNR Tree lovers FMNR FMNR & SLM | FMNR & SLM+
GHS per acre
Tree density 5trees/acre | 5trees/acre 13 trees/acre
Legume
Legume Legume _ Legume_ |ntercropp|ng
No Legume ) . . o intercropping | + rotations
. . . . intercropping | intercropping . .
intercropping | intercropping + prunin + pruning +pruning
P g + rotations + mostly
mature trees
Control
villages & 150 290 325 455 540 740
northwest
Northeast 180 357 396 557 657 903
Southwest 120 230 255 359 423 581
Southeast 190 370 409 575 679 933

Note: Scenarios retained for cost benefit analysis are highlighted in grey.




FIGURE 8:

Crop revenue according to farming practice and village location
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Note: The dashed line shows the potential for increasing crop revenues when moving from a low tree-cover
and no intercropping, to a higher tree cover, farmer managed natural regeneration and crop rotations. The
figure also indicates that if farmers in control communities were to receive the same quality of training as
farmers located closer to the CIKOD conservation centre, their crop revenues would increase even further

(dark brown to green). It can also be observed that
in the major CIKOD intervention zones (northeast
and southeast), farmers have higher per acre rev-
enues in comparison to the farmers in the control
villages, everything else being equal. For example,
the villages in the northeast (Kondopie, Zukperi
and Faalu) that are found adjacent to the CIKOD
conservation centre actually earn GHS 150 more
per acre compared with the control villages, inde-
pendently of whether or not they engage in FMINR
and SLM practices.

As mentioned earlier, this may be attributed to the
fact that they have benefited from other knowledge
promoted by CIKOD and that the communities may
be better at collectively managing key elements of
FMNR, as evidenced in the fire-occurrence analy-
sis in Appendix 1and Figure 8. For example, focus
group discussions revealed that fires are still recur-
rentin Tanchara (the southwestern part of the case
study area) because some farmers deliberately set
fire on other farmers’ plots to obstruct FMNR efforts.

In thisremaining analysis, we focus on:

Bold highlighted scenarios (i.e. conventional
farmers, FMNR farmers, and FMNR & SLM
farmers) to simplify take-home messages. As
itisnot possible to determine exactly how many
yearsittakesforatree tobe ‘mature’in the view of
the farmers, we do not account for the enhanced
benefits from having mostly mature trees. Thus,
ourresults arelower bound estimates of the true
benefits of FMNR adoption.

Farmers in the control groups (first row in
Table 12) resemble best the average farmerin
the Upper West Region who do not have the
privilege of living in proximity to a conserva-
tion and training centre. However, it should be
said that if the training and farming practices
taught by CIKOD were to be scaled up across the
districts, the net benefits of FMNR & SLM adop-
tion could potentially be similar to those of the
northeast. Therefore, farmers would enjoy a
potential crop revenue increase according to
the dashed line of Figure 8.
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Estimating the contribution of FMNR

6.4 Costs of adopting FMNR
6.4.1 Pruning and thinning

In addition toregular farm production costs, farmers
also incur costs related to their dedication to FMNR
practices. The average labour costs of undertaking
pruning and thinning are shown in Table 14 and are
based on the results from focus group discussions
across the five communities. The costs are derived
by estimating the labour needs and the minimum
wage (GHS 10 per day) that workers would be willing
to accept to perform a given activity.

6.4.2 FMNR training costs, firefighting
and equipment

To implement the FMNR activities, CIKOD engages
in the training of lead farmers who serve to imple-
ment FMNR activities on their farms and teach other
community members what they have learned. Fire
volunteers are also trained. Their mainroleis to pre-
vent fires by supporting farmers in their communi-
ties to create fire belts around their farms. Their
other role is to support any fighting against fires
that may be occurring. Finally, they also support
regreening efforts through awareness raising on
the effects of bush burning and tree felling, as well
asontheimportance of tree planting and regenera-
tion. Each community typically has 100 households,

comprising of 20 lead farmers and 20 fire volunteers
nominated by the community. The standard prac-
ticeis to have 10 women and 10 men among the lead
farmers, and the same ratio for the fire volunteers
(Rexford Yamdong 2019, personal communication).
Within each community, theratio is one lead farmer
and one fire volunteer to five households. The costs
associated with the training of lead farmers and
volunteers, which are financed by CIKOD, are in
the order of GHS 160 per year per person (see Fig-
ures 9a and 9b from the CIKOD conservation centre).
With five households benefiting from the training
directly or indirectly, the societal costis GHS 32 per
year per household. The gear is bought in the first
year and the implied costs per household benefit-
ing are in the order of GHS 41 for lead farmers and
GHS 15.2 for fire volunteers. Since each household
has approximately an average of two acres of main
plots, the implied per acreage costs are half of this.

Non-lead and non-fire volunteer farmers who
decide to take up FMNR practices have to purchase
their own equipment and tools. At minimum, this
involves the purchase of wellington boots, cutlasses,
pruning knife and sickles for a total cost of GHS 80
per household (or GHS 40 per acre of main plot). We
assume that the farmers spread their costs over two
years and renew their equipment every five years.
The average annual (non-discounted) cost to fam-
ersacross a 20-year time horizon is thus GHS 30 per
acre. These costs are summarised in Table 13.

TABLE 13:
FMNR training, equipment, and labour costs
Cost per household or acre GHS/household GHS/acre GHS/acre
CIKOD expenses CIKOD expenses Farmers’ expense
(Annually) (Annually)
Training of fire volunteers 16
Training of lead farmers 16
Equipment for fire volunteers 15.2 7.6
Equipment for lead farmers 20.5
Equipment for villagers (year 1 and 2) 20
Pruning (years 1 to 3) 40*
Thinning (years 4 and onwards) 20
Average annual cost (GHS/acre) 40 30

*Example: Four man-days at 10 cedis per day to prune a cluster of trees on one acre of land



FIGURE 9A AND 9B:

Quick sketches of training cost for lead farmers and fire volunteers
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6.5 Household income by farming
practice

Finally, using cross-sectional data from the house-
hold survey, we account for all revenues and costs
of FMNR at one moment in time for three types of
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farmersin control communities (Table 14). This bud-
get shows that farmers have the potential to nearly
double their income from food crops (despite higher
production costs associated with FMNR) if they
move from conventional/non-FMNR farming to
FMNR farming with crop rotations.

14:

Average annual net income from crop production (GHS/acre)

Non-FMNR/ FMNR SLM & FMNR
traditional
Tree density 5 trees/acre 13 trees/acre
Farming scenario 5 trees/acre Legume intercropping | Legume intercropping
Legume intercropping + pruning + pruning + crop
rotations
Crop revenue 292 456 538
Production function inputs
Fertiliser costs 60 60 60
Tractor service costs 60 115 125
Hired labour costs 45 70 90
Number of family members 7 7 7
Other costs - Seeds 7 22 22
Other FMNR costs - Average
(fire prevention, pruning, 0 30 30
equipment, and training)
Net crop income 127 171 223

We will further explore the impact of tree density,
pruning and crop rotations on the flow of benefits

and costs in the cost benefit analysis in Chapter 8.
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On-farm forest income among FMNR and

non-FMNR farmers

Farmers preserve and tend to a large range of dif-
ferent native and introduced tree species that have
various densities. The comprehensive range of tree
species was disclosed during the focus groups in
the case study area and is provided in Appendix 2
(Damyang et al. 2019). In the following section, we
consider the contribution of on-farm forest regen-
eration to farmer incomes and livelihoods.

7.1 Dominant tree species found on-farm
Asreported by the household survey, the major trees

species found on farmland in the case study area are
ebony, shea, dawadawa, moringa, cashew, neem and

tamarind. The proportion of farmers considering a
given species as the mostimportant (=1) is shown in
Figure 10. To make the Cost Benefit Analysis (CBA)
tractable, we also assume that the number of trees
that the farmers retain within their fields is propor-
tional to their predominance. As such, FMNR farm-
ers who have an average of 13 trees per acre are thus
assumed to have 5 ebony trees (40 per cent of 13 trees),
3 shea trees, 2 dawadawa trees, and so forth (Table
15). There is no significant difference in tree species
diversity between FMNR and non-FMNR farmers.
Accordingly, the economic valuation focuses on five
major tree species and the cash and non-cash income
that farmers derive from them.

FIGURE 10:

Prevalence of tree species on farmer’s land, by order of importance

Ebony 1
Shea
Dawadawa { 12%
Mango - 11%
Neem - 6%
Moringa 1 3%
Cashew 1 2%
Tamarind { 0.4%
Bliglia Sapida 1 0.2%

Akapia 1 0.2%
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7.2 Valuation of on-farm forest income

In analysing the case for adopting FMNR practices,
we assume that non-FMNR farmers have five trees
per acre in their farming system at the outset of the
accounting horizon. As a result of adopting FMNR,
they increase tree cover to thirteen trees. Thus, the
additional eight trees are young trees that will not
provide substantial timber and NTFP for the first

40%

25%

20% 25% 30% 35% 40% 45%

years of their lives. To estimate the value of on-
farm forest income, we use information from focus
groups, household survey responses,

CIKOD expert interviews and secondary literature
on the production values of the different trees. The
data and assumptions that we use for each tree and
its product are presented in the following and sum-
marised in Table 16.



TABLE

15:

Number and types of tree species per acre, for a typical non-FMNR and FMNR household

# of TREES FMNR Non-FMNR farmers FMNR adopters
farmers (baseline) Additional young trees
Ebony 5 2 3
Shea 3 1 2
Dawadawa (Parkia biglobosa) 2 1 1
Mango 2 1 1
Neem 1 0 1
Total 13 5 8

7.2.1 Ebony fruit

Ebony (Diospyros crassiflora) is endemic to Western
Africa. It is slow-growing and produces very hard
and durable heartwood which is highly demanded
for exports. It is used to make sculptures, door
knobs, musical instruments, etc. Its bark decoction
isused in the treatment of ovarian problems. It can
also be used against yaws and sores (Pfaf 2019).

In the Lawra and Nandom districts, ebony is par-
ticularly appreciated for its fruit (called ‘lieme’ and
‘kpagra’) thatripenin the dryseason and are appeal-
ing, sweet, and juicy. The fruits are soft and delicate
(National Research Council 2008) which means that
they are not traded in markets, but rather “support
households in the fruiting season as children tend to eat
less food at home because they get these fruits to supple-
ment their diet” according to focus group members
(Damnyag et al. 2019). According to data from the
household survey, households harvest an average of
0.75 maxibags8 per tree, with aminimum of 0.3 and
amaximum of 1.5 maxibags per tree per year.

Ebony trees grow slowly and take about 15 years to
yield fruit (Damnyag 2019b). Therefore, we assume
that as of year 15, the yields would increase by 0.1
maxibag per tree per year, rising from 0.3 to 1.5 bags
per year. The focus groups revealed that farmers
value one bowl of ebony fruit at GHS1to 5 per bowl

8  Maxibags are used to trade crops. Amaxibag holds
approximately 80 kg of maize.

(on average GHS 1.17 per bowl). About 40 bowls can
fitin one maxibag. The implied value of a maxibag
of ebony fruitis GHS 47.

7.2.2 Shea nut

Shea trees form the dominant tree species of agro-
forestry parklands in Sudanian Savannas where it
is associated with other species such as Acacia sen-
egal, Annona senegalensis, Parkia biglobosa, and Ter-
minalia avicennioides (Boffa 1999; Hall et al. 1996).
Farmers maintain shea on farms primarily for its
kernel, whichisrichin fatty acids and is usedlocally
for food and internationally for chocolate, as well
as pharmaceutical and cosmetic products (Tekle-
haimanot 2004). Shea is the second most impor-
tant oil crop in Africa after palm oil, and assumes
primary importance in West Africa, especially in
regions where annual precipitation is less than
1,000 mm (Hall et al. 1996).

Shea trees are reportedly less productive in fallows
and natural forests. However, it bears fruit abun-
dantly in cultivated fields of the Sahelian park-
lands and for this reason it is characterised as an
anthropic species that benefits from the close care
given to it by local communities (Lovett and Haq
2000a). Women are primarily engaged in the col-
lection of fruits and in processing the kernels into
shea butter.

To assess sheayields, we rely on field measurements
recorded as part of the ELD evergreening study in
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On-farm forest income

theregion of Bougouni, Mali which has a similar cli-
mate (Sudano-Sahelian) to the Upper West Region
in Ghana. In Bougouni, Draman (2019) conducted
a productivity assessment on farmland during the
shea harvesting season (May to July). He found that
young to mature trees yield an average of 13 kg of
dried shea nuts (after dépulpage, the pulping pro-
cess) whereas older trees beyond 25 years of age
yield an average of 19 kg of dried shea nuts per tree,
resulting in an average annual harvest of 15 kg per
mature trees (Draman 2019).

These results are similar to those found in the sci-
entific literature. Aleza et al. (2018) in Benin found
a similar average of 17.4 kg per tree on farmland.
In Sudan, Ruyssen (1957) found an average of 22.4,
5.3 and 17.2 kg per tree across 3 locations in Sudan.
It takes about 15 years before a shea tree begins to
fruit and about 25 years before it is fully mature,
after which it will produce fruit for about the next
200years (natural homes 2018). A coco bowl of dried
shea nuts sells for GHS 8, and a shea coco bowl typi-
cally weighs 4.2 kg. Thus, shea nuts sell for about
GHS 1.9 per kg (Damnyag 2019).

7.2.3 Dawadawa

Dawadawa (Parkia biglobosa), also known as the
locust bean tree and ‘néré’ in Francophone West
Africa, is a multipurpose tree indigenous to sub-
Saharan Africa (Hopkins1983). Itis particularly typi-
cal of agroforestry parklands. Dawadawa is highly
valued for its seeds which are ground into a pungent
nutritious spice or condiment added to soups and
stews (Campbell-Platt1980). Fruit pulp, foliage, and
seeds of the African locustbean can be used to feed
livestock (Heuze et al. 2019). The usefulness of the
tree is heightened by the fact that dawadawa can
be harvested during the dry season, when feed is
scarce. The tree is important for improving soil
fertility and for use in traditional medicine (Tekle-
haimanot 2004).

Production also varies from year to year. Accord-
ing to CIKOD field staff, it takes 16-20 years for
a dawadawa tree to begin to fruit. One mature
dawadawa tree that has fruited for more than five
years provides one maxibag of fresh dawa seeds.
One bag contains 40 coco bowls. After drying the
seeds, the remaining volume is 35 coco bowls. This
is equivalent to approximately 90 kilograms of
dawadawa seeds. Since it takes at least five years
after fruiting started to achieve this harvest level,

we assume that dawadawa seed yields increase by
10 kilograms per year, from year 16 to 25. Eventually
itwould reach an average annual harvestlevel 0f40
kilograms by year 20, and 90 kilograms by year 25.
A coco bowl with dawadawa sells for GHS 6-9. With
roughly 2.5 kilograms of dawadawa seeds in one
coco bowl, the average price is GHS 3 per kilogram
of seeds.

7.2.4 Mango trees

Mango is one of the most important fruit crops
of the tropics and subtropics (Chaudhri 1976). It
is longlived (80 to over 100 years) and belongs to
the Anacardiaceae family. In agroforestry, mango
trees are well-suited for use on terraces and as dis-
persed trees on pasture or farmland (Musvoto et
al. 1995)

Research from Uganda shows thatlocal mango vari-
eties yield about 200 fruits per tree per year (Recha
et al., 2017), which is equivalent to approximately
120 kilograms per mango tree of the Kent variety,
which is mostly used in Ghana.® This is an average,
indubitably depending on management, variety
and age of the trees. Mango trees start producing
fruit in their third year and already achieve full
production in the seventh or eighth year (Produc-
tiveProduce 2018). For the calculation of the CBA,
we assume that the harvestable volume increases
linearly from 10 fruits in year three to 200 fruits in
year eight (i.e. a marginal annual yield of 38 fruits
per tree) after which it stabilises.

With that being said, improved varieties of mango
can yield an average of 600 fruits per tree (Recha
etal. 2017) and yields can be as high as 1,000 kg per
hectare according to Dembélé et al. (2013). Thus,
120 kg per year is a conservative lower bound esti-
mate. In local Ghanaian markets, three mangoes
sell for GHS 2.5 in total. With an average weight of
0.6 kilograms per fruit, the market price is in the
order of GHS 1.8 per kilogram or GHS 0.8 per fruit
(Damnyag et al. 2019).

7.2.5 Biomass harvest for fuelwood
Any part of a tree can be used for energy, includ-

ing the tops, branches, crowns, foliage, stumps,
and roots (Réser et al. 2008). The periodic

9  Theaverage weight of the Kent variety is 0.57
kilogram per fruit (Okorley et al. 2014).



thinning of trees to reduce resource competition
can be used as fuelwood. Pruning also helps to
enhance the quality of timber and to stimulate
biomass production. Njenga et al. (2019) have
shown that farmers who practice agroforestry
can be entirely self-sufficient in fuelwood and
produce surplus that they sell to neighbours as a
source of income.

According to CIKOD, one mature tree (between 10
and 30 years of age) provides five to seven head-
loads of fuelwood. Pruning of a cluster of imma-
ture trees (i.e. saplings) on one acre can provide one
or two headloads of fuelwood. Thus, we assume
that non-FMNR farmers gain six headloads per
tree per year from existing mature trees, whereas
FMNR farmers obtain fuelwood from both mature
trees and one headload per young tree. One head-
load sells for GHS 5 (Damnyag et al. 2019).

TABLE

7.2.6 Potential and actual collection rate
of fruits, nuts, and seeds

Itis fair to assume that not all fruits, nuts and seeds
are harvested and some fruits may perish before
being collected or reaching markets. For exam-
ple, in Burkina Faso, Boffa et al. (1996) found that
total nut harvest over two years amounted to less
than half of nut production on farmland. There-
fore, we weight the potential forest income from
dawadawa, ebony, shea and mango trees by a fac-
tor of 0.5 to produce a conservative estimate of
actual forest income that farmers can obtain.

Summary statistics for these assumptions are
shown in Table 16 and used to calculate average
forest income for a typical non-FMNR and FMNR
farmer. The cash flow for these farmers are pro-
vided in Appendix 3.

16 :

On-farm forest production values per tree per year, used in the Cost Benefit Analysis

Unit Mean yield Min Max Pr.ice/unit
tree/year (in GHS)

Ebony fruit, young, yr 1-14 Bags 0 0 0 47
Ebony fruit, mature, yr 15-30 0.75 0.3 1.5
Marginal yearly increase, yr 14-20 0.1
Shea nuts, young, yr 1-14 Kg 0 0 0 1.9
Shea nuts, mature, yr 15-30 Dried nuts 15 7 26
Marginal yearly increase, 14-20 1
Dried dawadawa seed, yr 5-15 Kg 0 0 0 3
Dried dawadawa seed, yr 16-20 Dried nuts 40 10 90
Marginal yearly increase, yr 16-20 10.0
Mango fruit, young, yr 3 -7 Kg 105 10 200 0.8
Mango fruit, mature, yr 8 -20 offruits 200 200 200
Marginal yearly increase, yr 3-7 38
Fuelwood from pruning of FMNR sapling, yr 1-3 Headloads 1.5
Fuelwood from pruning, yr 10-20 6 5 7 5
Marginal yearly increase from FMNR, yr 6-9 2
Thinning from FMNR, yr 4-10 2
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Cost Benefit Analysis results: FMNR versus
status quo cropping practices

The analysis previously conducted in this study
shows that at one moment in time, farmers who
employ Sustainable Land Management (SLM) tech-
niques and engage in Famer Management Natural
Regeneration (FMNR) have significantly higher
incomes as aresult of improved soil fertility and on-
farm forest income. However, because of the time
value of money,'? it is important to account for the
flows of benefits and costs over time. For this pur-
pose, a cost benefit analysis (CBA) is necessary.

8.1 CBA scenarios and assumptions

The CBA compares three farming scenarios.

Inthe FMNR farming scenario, farmers employ
intercropping with legumes, have a high tree
density and deliberately engage in FMNR prac-
tices associated with pruning, thinning, and
reduction of burning.

In the FMNR & SLM farming, farmers under-
take crop rotations in addition to FMNR.

These two scenarios are compared to the non-
FMNR scenario, in which farmers intercrop
cereals with legumes, but have low tree densi-
ties and do not use rotations.

When estimating on-farm forest income, it is
assumed that the average non-FMNR farmer has
an average of five trees per acre as revealed in sec-
tion 6.1 and with the species composition as shown
in Table 16. We further assume that these five trees
are mature and yield fruits throughout the 20-year
accounting period. In contrast, FMNR farmers have
an average of thirteen trees per acre, butat the time
of adopting FMNR, the additional eight trees are
young and will not yield forest income until matu-
rity, as per the assumptions explained in Chapter 6.

Forest products may be consumed by the household
(non-cash) or sold on markets (cash income) and are
valued according to their farm gate market price or
barter price as explained in Chapter 6.

10 Itisabasicfinancial concept where money available
at the present time is worth more than the identical sum in
the future due to its potential earning capacity.

While FMNR farmers have higher crop yields, it
takes time for soil fertility to regenerate. Since
CIKOD interventions started in 2014, it is fair to
assume that the crop revenues observed from the
2019 household survey for FMNR farmers have been
achieved over the five years since CIKOD started
their interventions. Thus, we assume that revenues
increase progressively from GHS 290 per acre to GHS
455 per acre (i.e. GHS 33 per year) when an average
non-FMNR farmer decides to adopt FMNR practices,
and from GHS 290 to 550 per acre when going from
non-FMNR to FMNR & SLM farming.

Asshown from the production functionresults, crop
revenues may increase further when farmers have
predominantly mature trees, or where FMNR has
been practiced for longer time. Thisreflects otherlit-
erature. According to Patrice Savadogo from ICRAF:

“Whereyou find a very limited number of trees, you
find low production of cereals — maybe 200 kg/ha.
As tree density increases, yield reaches 300 kg/ha.
The most we found was 500 kg, usually where FMNR
had been for quite some time. That doubling of yield
is due to trees (in Mongobay 2018)”

We have not included this additional gain in our
estimates, since it is difficult to determine when a
tree can be considered mature."! Nevertheless, the
implication is that we are showing the lower
bound profitability of FMNR farming systems.
Itis assumed that the flow of income from on-farm
forest production and crop production is constant
for non-FMNR farmers, as we do not have any data
onyieldsand productivity over time in the baseline
situation without FMNR uptake.

8.2 CBA results on the case for FMNR
and crop rotations

The case for adopting FMNR
Figure 11 shows the non-discounted cash flow
of income to FMNR and non-FMNR farmers. For

11  Farmerswere askedin the questionnaire if their trees
were predominantlyyoung, mature, old or mixed. It is on the
basis of this qualitative appreciation that we analysed the
contribution of trees’ ages to crop productivity and revenues.



nonFMNR farmers, income is constant, reflecting = However, the flow of income from both forest and
alack of investment into soil and forest improving  crop revenues increases rather rapidly, as shown in
activities. In contrast, FMNR farmersface someaddi-  Figure1l. Farmers practicing crop rotations in addi-
tional costs in the first years, notably related tothe  tion to FMNR can expect an additional income of
undertaking of pruning, thinning, fire-breaks,land  approximately GHS100 per acre, while FMNR farm-
preparation and the purchase of new equipment. erscan expect the additional new trees to provide

FIGURE 11:

Non-discounted cash flows for illustration (GHS/acre)

1200

1000

800

600

GhC per acre

400

200

0

FMNR & SLM crop and
forest income

e===FMNR crop and forest
income

e===Non-FMNR crop and
J forest income

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Figure 12b shows the breakdown of the flow of forest ~ products is assumed to remain constant for non-
revenue for a typical FMNR farmer as the additional =~ FMNR farmers, although inreality it may be declin-
eight trees per acre begin to mature and provide ingasexisting trees grow older.

more nuts, fruits and fuelwood. The flow of forest

FIGURE 12

Flow of FMNR on-farm forest revenue
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Cost Benefit Analysis results

The net present value (NPV) of the three farming
systems are shown in Table 17 for a time frame of
20 years and a discount rate of 5 per cent. As non-
FMNR farmers adopt FMNR, the NPV of crop pro-
duce rises from GHS 1,518 to GHS 1,813 per acre. If
farmers additionally engage in crop rotations, the
presentvalue of crop revenue increases to GHS 2,304
peracre. Forestincome includes both cash and non-
cash incomes. As such, a typical non-FMNR farmer
can expect a total income of GHS 6,942 per acre in
presentvalue terms over 20 years, or in other words
GHS 557 per acre per year. In comparison, a FMNR
farmer can expect GHS 9,633 per acre in present
value terms over 20 years or GHS 770 per acre per
year. Finally a FMNR & SLM farmer can expect a total
of GHS 10,123 per acre in present value terms over
20 years.

The NPV benefit of taking up SLM & FMNR farm-
ing is the difference between this scenario and the
nonFMNR scenario, as shown in Table 18. FMNR
combined with crop rotation will provide the typi-
cal farmer with an additional income of GHS 255
per acre per year (EUR 102 per hectare) in pres-
entvalue terms, or GHS 587 per household per year
(EUR 94), since households have an average of 2.3

TABLE

acres dedicated for the main plots. In order words,
this sums up to four cedis of benefit to farmers
from every cedi invested. The payback period (or
break-even point) is 3.3 years, which is the amount
of time required for cash inflows generated by a
FMNR adoption to offset the initial cash outflow.
The expected compound annual rate of return
(earned by the farmer when investing in FMNR
and crop rotations) is 33 per cent. Also known as
the Internal Rate of Return (IRR), itis the discount
rate that brings the NPV of a project down to zero.
This implies that FMNR is financially viable at the
discountrates that are used for project appraisal of
land-use projects by the African Development Bank
or World Bank. Even for the smallholder farmers -
who require a 23 per cent rate of return to forgo
present consumption for future consumption as
evaluated in Chapter 4 - FMNR is worthwhile.

From a societal perspective, there are also some
training costs associated with teaching farmers
about FMNR. When accounting for these, the pay-
back period is slightly above four years and the IRR
is 26 per cent. This is substantial, considering that
we have not accounted for other environmental co-
benefits such as the enhanced carbon sequestration
associated with improved tree cover.

17:

Net present value of on-farm forest and crop incomes (GHS/acre) from non-FMNR, FMNR,
and FMNR & SLM farming systems, r=5%, T=20 years

Net present value of on-farm forest and crop Non-FMNR FMNR FMNR & SLM

production (r=5 per cent) farmer farmer farmer

Total NPV (GHS/acre), of which 6,942 9,633 10,123
NPV from crop production (GHS/acre) 1,518 1,813 2,304
NPV from on-farm forest products (GHS/acre) 5,424 7,820 7,820

Net benefit per year per acre (GHS/acre) 557 770 810

Net benefit per year per farm (GHS/farm) 1,281 1,770 1,865




TABLE

18:

Cost benefit analysis results of adopting FMNR and FMNR & SLM farming systems,

r=5%, T=20 years

Evaluation criteria FMNR adoption Fh:dN:pst(i::'M F“:dN:pst(i::"M
Who Farmer Farmer Society
Present value, additional revenues (GHS/acre) 4,624 5,164 5,164
Present value, additional costs (GHS/acre) -1,600 -1,982 -2,769
Net Present Value (GHS/acre) 3,025 3,182 2,395
Net benefit per year per farm (GHS/farm/year) 488 587 442
Net benefit per year per acre (GHS/acre/year), of which: 212 255 192
Crops (GHS/acre/year) 24 63 NA
Forest products (GHS/acre/year) 192 192 NA
Internal rate of return 23% 33% 26%
Payback period (years) 3.8 3.3 4.1
Benefit Cost Ratio 3.3 3.8 2.7

The flow of additional income (in present value
terms) associated with adopting FMNR is shown
in Figure 13. As mentioned earlier, farmers forgo

income in the first years, but within four years
they earn above and beyond what they would have

earned by notdoing FMNR.

FIGURE 13:

Non-FMNR to FMNR, additional income from on-farm forest and crop produce (non-

discounted, T = 2020-2040)
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Figure 14 shows the present value of the additional
revenues (from crop and forest products), the pres-
ent value of the addtiona implementation and
management costs associated with FMNR and crop

rotations, and the difference between the two, i.e.
the average additional income to farmers, in pres-
ent value terms.

FIGURE 14:

Figure 14: Additional revenues, costs and income in present value terms from implementing
FMNR and crop rotations, farmer perspective (discounted at r=5%)
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8.3 Sensitivity analysis and rural finance

Above presented results have been calculated using
a 5 per cent discount rate, assuming that fund-
ing for the FMNR practices is provided through a
mixture of grants and loans. However, the real-
ity varies from farmer to farmer and one of the
main constraints to further upscaling FMNR is
insufficient access to rural funding. Among the
households interviewed for this study, 33 per
cent claim not to be able to take out any loan for
farming (Figure 15). The 67 per cent who have
access to financing mostly use family relations,

credit unions, and/or rural banks (Figure 16).
According to the ELD household survey results,
annual interest rates among relatives are in the
range of 0 per cent to 50 per cent, for a median of 20
per cent. Money lenders charge typically between
10 to 35 per cent interestrates, and saving clubs pro-
pose rates between 5 and 60 per cent. However, 10
and 20 per cent are the most common rates. Among
creditunions, ratesrange between 5 to 25 per cent,
but 10 per centis the norm. Among rural banks, 20
per centis the usual standard (table 19). These inter-
estrates are aligned with farmers’ lower discount
ratesasreported in Chapter 3. Loan durationranges

FIGURE 15:

Access to credit. “If your household wished to invest in farming, would you be able to take a
loan from the family, a formal, or an informal institution?”

H No; 33%

Yes; 67%



from two months and up to thirty-six monthsin  capital, we have performed the NPV analysis using
somerare cases. Toreflect the opportunity costsof 5 percent, 10 per centand 23 per cent interestrates.

TABLE 19:

Interest rates applied by lending institutions in the Lawra district

Interest rates Most common rate(s) Range of rates
Relatives 20 % 0-50%
Money lenders 10 - 35% 10-35%
Saving clubs 10 % and 20% 5-60%
Credit unions 10 % 5-25%

FIGURE 16:

If you are able to take a loan, from what institution?

Other 2%
Credit Union 9%
Rural bank 28%
Relatives 28%
Savings clubs (VSLA) 30%
0% 5% 10% 15% 20% 25% 30% 35%

Table 20 shows the NPV returns associated with  a 23 per centrate of return on investment, they are
adopting FMNR and SLM. The overall netbenefitof  better off investing their resourcesin FMNR. Ata 23
FMNR farming and crop rotations over traditional = percentdiscountrate, farmerswill enjoy a NPV ben-
cropping arerobust to differencesindiscountrates.  efit of GHS 547 per acre over a 20 year time period.
Evenif farmers had their own funds and could earn

TABLE 20:

Net present value benefits of taking up FMNR & SLM at different discount rates, 20 years

Sensitivity analysis

Opportunity cost
of capital
(grants and loans)

African development
bank reference rate

Farmers’ personal
discount rate

Discount rate 5% 10% 23%
NPV Farmers (GHS/acre) 3,515 2,005 547
NPV Farmers and society (GHS/acre) 2,395 1,204 926
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8.4 Limitations: forest and crop
revenues not considered in the CBA

Farmers enjoy a wide range of products as a result of
FMNR, some of which were notaccounted for due to
the difficulty to attribute a given product to a desig-
nated farm. This includes the greater availability of
bush meat, medicinal plants, poles (e.g. from neem
trees), mushrooms, as well as canes and thatch to
make ‘kasog’ baskets and ‘kpakyang’ chicken cages
and so on. For instance, canes are often harvested
in community land subject to FMNR. Canes were
almost extinct, but thanks to land regeneration,
those people with skills are back in the business of
weaving and selling handmade crafts. In the Talensi
district, Weston (2015) also showed that rafter or
poles hewn from the tree trunk of a young tree are
worth around GHS 4. However, it was not possible to
quantify the availability of poles and their value in
our case study area due to lack of data.

Additionally, we base our analysis on a typical FMNR
farmer (five trees per acre) and a typical non-FMNR
farmer (thirteen trees per acre). Yet, there are farm-
ers with higher and lower tree densities and other
species compositions, including Faidherbia albida
(Gozan) and Ficus gnaphalacarpa (Kankang), for
example. Such farmers enjoy a different level of for-
est-based revenue than what was considered in our
calculations.

It is also assumed that non-FMNR farmers do not
regenerate trees and maintain a constant level of for-
estincome over the 20-year time horizon. However,
in reality it is possible that the harvestable quanti-
ties of fruits and nuts will decline as trees get older.
In the absence of accurate data on the actual ages of
trees that are kept on farmland, we did not account
for this.

Finally, the production function results (Tables 7 and
8,and Figure 7) demonstrate that when farmers have
mostly mature trees on their farmland, crop produc-
tivity and revenues from sorghum, maize, ground-
nuts, and beans are the highest. In the CBA, we have
not accounted for the enhanced income which is
provided as trees mature because it is difficult to
determine quantitatively what year trees become
mature.

Theimplicationis that the CBA provides a conserva-
tive, lower bound estimate of the true profitability
of adopting FMNR farming.
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A lady in Pavuu carrying a bundle of thatch from the community conservation area
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Discussion and conclusion

The Upper West Region of Ghana belongs to the
Sahelian zone in West Africa. Due to its geographic
location and the dependence of its population on
natural resources, rainfed agriculture and trans-
humance systems, the region is highly vulnerable
to environmental degradation and climate change
(ARF100). However, the current study shows that
Farmer Managed Natural Regeneration (FMNR) can

TABLE

Main constraints to adopting FMNR practices

be a key contributor for the regreening of farmland
affected by land degradation and can offer signifi-
cant livelihood benefits to rural populations. Con-
sidering the exponential population growth rate
and the rising competition for land (for the pur-
poses of farming, mining and livestock rearing), it
is of crucial importance to improve the production
efficiency of existing farming systems.

2 1:

What are the main constraints to adopting FMNR practices, in order of priority? Fi;:;z:::::::;;‘:‘st
Lack of farm implements (pruning knife, pickaxe, etc.) 64%

Lack of labour 43%

Wild animal raids on crops 38%

Fear of expulsion (weak tenure) 26%

Lack of safety clothing and work gear 27%
Farmers habits 1.3%

Other (laziness, did not know about it) 1%

Our study results show that within only five years
of implementing FMNR, farmers can expect a
56 per cent increase in the productivity of farm
crops and an 86 per centrise in crop productivity
as long as they also implement crop rotations. In
addition, farmers engaging in natural tree regen-
eration will enjoy awider income base from on-farm
forest products. According to UNDP (2011), there is
a chronic food shortage in the Lawra district every
year between the months of April to June when
many households cannot afford two meals a day.
Yet, thisis the exact season when many indigenous
trees (e.g. shea, ebony, dawadawa, and mango)
provide nuts and fruit, thus supplementing farm
income and helping them meet nutrition needs.

Ourresults show thatan average farming household
can increase its income from enhanced on-farm

forest and crop production by GHS 650/year (EUR
106/year) in present value terms over a 20-year time
horizon. Thisisin accordance with other findings in
the literature. For example, a study involving 1,080
households in the Sahelian and Sudano-Sahelian
ecozones of Burkina Faso, Niger, Mali and Senegal
showed that FRMR increased household income by
an average of USD 72 (EUR 65) per household per
year (Binam et al. 2015). Considering crop produc-
tion only, Haglund et al. (2011) found that annual
croprevenue among 400 Nigerian farmers was EUR
40 higher for farmers practicing regeneration (EUR
110 for FMNR and EUR 70 for non-FMNR farmers).
Finally, in the Upper East Region of Ghana, Weston
etal. (2015) demonstrated that FMNR can increase
household income up to USD 887 per year (EUR 710),
which captures the value of social, health, environ-
mental and economic benefits.



9.1 Constraints to the adoption of
regreening practices

In light of these results, it may be questioned why
the adoption of FMNR is not more widespread in the

TABLE

Upper West. As shown in Tables 22 and 23, the lack of
farming implements, labour and financial resources
needed to afford these inputs are considered to be
among the main constraints of the farmers in our
household survey.

2 2:

How to facilitate the adoption of sustainable land management, ELD household survey

What would be needed to adopt more SLM practices,
in order of priority?

Most important determinant

Access to equipment (wellington boots, cutlasses, 60%
wheelbarrows, pickaxe, etc.)
Access to credit 40%

Other (extension services)

5%

In addition, Chapter 5 shows that farmers spend an
average of GHS 60/acrefyear on inorganic fertilisers
(corresponding to 43 kg/ha). However, it has been
proven that beyond GHS 10/acre/year'? (=10 kg NPK/
ha), itisnolonger worthwhile to spend more on fer-
tilisers asrevenues will increase at alower rate than
therise in costs. Thus, it makes sense for farmers to
switch financial resources from fertilisers into hired
labour, which does not show diminishing returns
to scale as illustrated in our production function.
At the same time, it is worth stating that almost 50
per cent of farmers spend nothing at all on fertilis-
ers. Thisisalsonotrecommendable as there are sig-
nificantreturns to spending marginally more than
GHS 0O/acre.

From a societal perspective, there is also scope for
prioritising public expenditures differently. The
Ghanaian National Fertiliser Subsidy Programme
under the Ministry of Food and Agriculture (MoFA)
was launched at the beginning of the year 2015 and
isaimed atenhancing food production and security.!®

The programme subsidises fertiliser bags at an aver-
age of 21 per cent (2014 data). With the full imple-

12 NPKfertiliser in our study area cost an average of GHS
3.6/kg, as one bag of 25kg sells for GHS 90.

13 Thetargetistoincrease the fertiliser use rate to at least
50 kg/ha (20 kg/acre) by 2020 as suggested in the Medium
Term Agricultural Sector Investment Programme of the
Ministry of Food and Agriculture.

mentation of the programme, it is the expectation
of MoFA that the application rate of 12kg/ha will
increase to 20kg/ha, according to the Abuja decla-
ration on Fertilizer Use by the African Green Revo-
lution (Government of Ghana 2019). From our find-
ings, itappears recommendable to lower spending™
on fertiliser subsidies, in favor of the provision of low
interestrate loans or conditional grants, which could
help farmers acquire equipment that facilitates sus-
tainable land management practices.

From the perspective of CIKOD, the input subsidy pro-
gramme is also not targeting smallholders and the
programme should be restructured to support this
group. Other promising reforms involve improving
farmers’ access to capital and equipment. For exam-
ple, farmers need access to water to make high qual-
ity compost. This means that farmers either need to
carry residues and animal dung back to the home-
stead to allow for composting, or dig small waterres-
ervoirs closer to the fields. According to the CIKOD’s
Deputy Executive Director, Daniel Banuoku, finan-
cial support for equipment and assets such as donkey
charts and wheel burrows orlabour to help with the
digging of water holes closer to the fields would have
aconsiderable impact (Banuoko 2019, personal com-
munication).

14 From 2008 to 2013, a total of 724,055 metric tons of
fertiliser were subsidised for the cost of GHS 345,244
million (Government of Ghana 2019).
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Discussion and conclusion

Regarding constraints, it should be mentioned that
FMNR makes the mechanisation of farming more
complicated. In particular, ploughing the land with
tractors is more laborious and consequently it is not
compatible with the Ghanaian government’s 30-year
long push for mechanisation. For this reason, some
argue that agroforestry (i.e. the deliberate planting
of trees in ways that do not obstruct tractors - is a
more promising regreening strategy (Ellison 2019,
personal communication). While such arguments
may be made, this study has shown that FMRN farm-
ersremain overall significantly more profitable than
conventional non-FMNR farmers. However, it is an
areathatrequires furtherresearch, in case there are
regreening strategies that can be done more cost-
effectively.

Wild animal raiding is also considered a constraint
to FMINR. There is, as of present, no effective way to
address this; it is a consequence that FMNR farmers
have to live with but in exchange they get to enjoy
more opportunities from the hunting of wildlife. For
example, itused to be nearimpossible to huntrabbits,
but now they have returned to farmland in our case
study area (Damnyag etal. 2019).

TABLE

A sizeable number of farmers also consider that
weak land and tree tenure is a constraint to invest-
ingin FMNR (Table 21). This is despite the fact that 95
per cent of farmers consider that they have strong
farmingrights toland (Table 23). Although a smaller
percentage of the farmers report moderate to weak
farming rights (5 per cent), attention needs to be
paid to this group. This group may be the shared
cropland farmers in the area that find it difficult to
retain higher tree densities on their farmlands. Blay
and Damnyag (2008) observed higher degradation
on land subject to share-cropping and lower tree
density. Only two species (Azadirachata indic and
Mitragyna inermis) were found compared to twelve
tree species on family lands in the Lawra and Nan-
domdistricts. The low density of tree species on these
shared croplands was attributed to the continuous
cultivation which disturbs the recruitment and
growth of mostregenerating species, thusleading to
reduced growth rate and death of some species (Blay
and Damnyag 2008). Itis interesting to note that the
results of the soil sample analysis in Blay and Dam-
nyag (2008) showed that the highest nutrient content
insoilswasin fallow family land, while the lowest lev-
elswere on shared crop land.

2 3:

Perceived land tenure and farming rights, ELD household survey

To what extent do you have rights over your farmland %

Strong farming rights...»| can farm the land forever» 95%
Moderate farming rights...»| can farm land for a long time to come.» e.g borrowed land 3%
Weak rights...»| could be told to leave at any time» 2%

9.2 Co-benefits of FMNR, keys to success,
and scaling-up interventions

In terms of the perceived benefits of FMNR, the
focus group discussions and our economic analy-
sisrevealed enhanced crop productivity and avail-
ability of forest products. However, another less
tangible co-benefit is that of improved commu-
nity togetherness, as shown from the household
responses in Table 24. This is noteworthy because
community cohesion is also a condition for the
long-term success of FMNR. As argued in Chapter4,
increased community cohesion allows for effec-
tive implementation of FMNR and suppression of

uncontrolled bushfire. When there is a greater
degree of fire reduction in communities, FMNR
uptake becomes cheaper.

Community cohesion can be promoted through the
creation of ‘communal conservation areas’, as done
by CIKOD in an area between the Kalsagriand Pavuu
communities where the FMNR practices were first
piloted on highly degraded communal land. This
serves as test ground and a learning site, which has
attracted the interest of farmers from different com-
munities. Thisinterestwas further manifested when
thatch (which had almost gone extinct) returned
to the area in abundance (as seen in Figure 17).



TABLE 24:

Benefits of FMNR, ELD household survey

Most important Important
What are the perceived benefits of FMNR? o/:’ P % Least important
Community togetherness 51% 38% 1%
Better soil quality 42% 52% 6%
Reduced farming costs 8% 10% 82%

The successful creation of this conservation area has
helped to resolve land disputes between the Paavu
and Kalsagre communities.

The Gozori community in the Upper West also pro-
vides an impressive example of a community that
has managed to control the incidence of fire for over
30years. While Ghana developed a national wildfire
management policy in 2006 (MLFM 2006), Goziri
remained one of the few communities in the Upper
West Region where vegetation is not burned (EPA
Upper West 2010). The key to the success of their
effectiveness is transformational leadership, com-
munity engagement, a clear and well-understood
purpose of fire management, an active anti-wildfire
committee, and finally a set of 11 binding rules that
the community developed with the leadership of
the chiefs and sub-chiefs, attributing responsibility
to every individual of the community.!® Every com-
munity member is also responsible for fighting wild-
fire if it occurs. As a result of these efforts, commu-
nity members have been able to regenerate biomass
for cattle and sheep and establish a healthy forest
cover. As such, the expectations of their engage-
ment were met (Lignule 2017).

To allow for the scaling up of this experience,
Lignule (2017) advises that:

leadership skills training should be made avail-
able for local leaders;

community members should be engaged in set-
ting the rules for wildfire management; and
Thereisa clearly stated purpose so that expecta-
tions can be met.

15  Forexample, individual adults are responsible for
preventing wildfires and will be fined in the case of having
set fire. Then they shall explain to the community the
circumstances under which it occurred. Every community
member is also responsible for fighting wildfire if it occurs.

To do so, itis important that the wildfire manage-
ment is adapted to local contexts using participa-
tory processes. For now, this a skill that the staff of
public fire management agencies currently lack.

The development of effective wildfire management
and the expansion of FMNR and SLM practices align
with the commitments of Ghana under UNFCCC and
UNCCD. The Nationally Determined Contribution
under the UNFCCC has both land-based mitigation
plans (including wildfire management in the tran-
sition and Savanna drylands in Ghana) and land-
based adaptation priorities (including communi-
tybased conservation agriculture). The National
Voluntary Land Degradation Neutrality of Ghana
targets under the UNCCD include a 66 per cent
increase in soil organic carbon of degraded crop-
lands and rangelands and the rehabilitation and
sustainable management of sparsely vegetated
areas for improved production and reduction in
bush and wildfires by 2030.

In conclusion, FMNR offers a promising low-cost
strategy for regreening northern Ghana. It meets
national and international commitments while
also improving farmer livelihoods and resilience.
It is community driven and non-political, and it
provides biomass, livestock, fuelwood and better
soil fertility. On-farm forest products and enhanced
crop production improve farmers’ food security
and income levels throughout the year. In districts
(Lawra, Wa West, Nadawli) where farmers have
little access to tractor services because of poverty
and small field sizes, FMINR is a promising option
for improving agricultural productivity. This study
has contributed to building on the existing evidence
base for FMNR, confirming that there are signifi-
cantimprovements in crop productivity to be made
when controlling for other influential land manage-
ment practices that farmers are taking up. Thisisan
important contribution to the existing literature.
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Appendix 1. Fire occurrence analysis in the
case-study area, Lawra district

Figure Al shows the number of fires that have
occurred from 2014 to 2019 within a 3500 metre
radius of the CIKOD conservation center. The data
is derived from the Copernicus land area burned
300 meters” at a 300x300 metre resolution. This
means that fires which are smaller than 300x300m
are not captured. Figure Al shows that areas closer
to the CIKOD conservation centre have a lower
occurrence of fires. There is no evidence of a vis-
ible decrease in the number of fires over time, for
any one of the three perimeters. A longer time

series would be needed to make such an assertion.
In terms of the total area burned, Figure A2 shows
that the total area burned has declined since 2016.
In mid-November 2019, only 98 hectares of land
burned. Considering that most of the fires startin
November and December (corresponding to about
40 per cent of the total burnt area in a year), our
prediction of total burned area for the 2019 fire sea-
son is of 213.5 hectares, which is 18 per cent lower
than that of 2018 (252 hectares), thus reinforcing
the negative trend.
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Appendix 2. Tree species found on farmland
in the case study area

TABLE A2:

Tree species found in the Lawra district, focus group findings

Scientific name of tree/shrub

Common name

Name in local language (Dagara)

Diospyros mespiliformis Ebony Gaa tie
Azardiracta indica Neem tree Nalsaalle suge
Vitellaria paradoxa Shea tree Tang tie
Lannea acida Suge

Saba senegalensis Ore

Parkia biglobosa Dawadawa Dua tie
Faidherbia albidia Apple-ring acacia Gozan
Adansonia digitata Baobab tree Tuo

Ximenia americana Lieme

Vitex doniana Black plum Gbaara/Bagnigbe
Balanites aegyptiaca Desert date / soap berry Sangsang
Ficus gnaphalacarpa Ficus tree Kangkang
Annona senegalensis African custard apple Bataame
Detarium senegalense Tallow tree Kpagra
Erythrophleum guineese Tali/protodom Kankyelle
Khaya senegalensis Mahogany Kogo

Gardenia erubescens French gardenia femelle Kalzuge
Magnifera indica Mango Mango
Moringa oliefera Moringa Opnyukuo




Appendix 3a: Assumptions used in the
cash flow analysis

Conventional farming / Non-FMNR

Benefits, crop production

GhC/acre
Crop Revenue 290
Costs

Variable

Tractor services (year 1-30) 60
Seeds (year 1-30) 7
Fertilizer (year 1-30) 60
Pesticides (year 1-30) 2
Total hired labour (year 1-30) 45

Pruning (year 1-3)

Thinning (year 4-30)

Fixed

Training of fire volunteers

Training of lead farmers

Equipment fire volunteers

Equipment lead farmers

On-farm forest production

FMNR & SLM scenario

Benefits, crop production

GhC/acre
Crop revenue, at outset 290
Crop revenue, after 5 years 540
Annual increase in crop revenue (year 0-4) 50
Costs

Variable
Tractor services (year 1-30) 125
Seeds (year 1-30) 22
Fertilizer (year 1-30) 60
Pesticides (year 1-30) 2
Total hired labour (year 1-30) 90
Pruning (year 1-3) 40
Thinning (year 4-30) 20

Note
Fixed, CIKOD Per Per household

N acre

Training of fire volunteers 16 32

Costs
Training of lead farmers 16 32 borne
Equipment fire volunteers 7,6 15,2 by

CIKOD
Equipment lead farmers 20,5 4
Fixed, farmers 40 80

On-farm forest production

Trees per acre, by species Mature ~ Young Trees per acre, by species Mature  Young/newly nourished
#ebony tree per acre 2 0 #ebony tree per acre 2 3
# shea tree per acre 1 0 # shea tree per acre 1 2
# dawadawa tree per acre 1 0 # dawadawa tree per acre 1 1
# mango tree per acre 1 0 # mango tree per acre 1 1
# neem tree peracre 0 0 # neem tree per acre 0 1
Total trees 5 [] Total trees 5 8

Benefits, forest products Benefits, forest products

Mean yield/tree/year Min Max  Price Meanyield/tree/year Min Max  Price

Ebony fruit, young, yr 1-14 (bags) 0 0 47 Ebony fruit, young, yr 1-14 (bags) 0 0 0 47
Ebony fruit, mature, yr 15-30 (bags) 0,75 0,3 1,5 Ebony fruit, mature, yr 15-30 (bags) 0,75 0,3 1,5 0
Marginal yearly increase, yr 14-30 (bags) 0,1 Marginal yearly increase, yr 14-30 (bags) 0,1 0
Shea nuts, young, yr 1-14 (kg) 0 0 19 Shea nuts, young, yr 1-14 (kg) 0 0 0 19
Shea nuts, mature, yr 15-30 (kg) 15 7 26 Shea nuts, mature, yr 15-30 (kg) 15 7 26
Marginal yearly increase, 14-30 (kg) 1 Marginal yearly increase, 14-30 (kg) 1,4 0
Dried dawadawa seed, yr 5-15 (kg) 0 0 3 Dried dawadawa seed, yr 5-15 (kg) 0 0 3
Dried dawadawa seed, yr 16-30 (kg) 90 10 90 Dried dawadawa seed, yr 16-30 (kg) 90
Marginal yearly increase, yr 16-25 (kg) 10,0 Marginal yearly increase, yr 16-25 (kg) 10,0
Mango fruit, young, yr 3 -7 (fruit) 105 10 200 0,8 Mango fruit, young, yr 3 -7 (fruit) 105 10 200 0,8
Mango fruit, mature, yr 4 -30 (fruit) 200 Mango fruit, mature, yr 4 -30 (fruit) 200
Marginal yearly increase, yr 3-7 (fruit) 38 Marginal yearly increase, yr 3-7 (fruit) 38
Fuelwood
From prunings, mature trees, yr 10-30 (headloads) 6 5 7 5 From prunings, mature trees, yr 10-30 (headloads) 6 5 7 5
From prunings, cluster of sapling, yr 1-3 0 From prunings, cluster of sapling, yr 1-3 15 ] 5
(headloads) (headloads) "
Marginal yearly increase, yr 6-9 (headloads) 0 Marginal yearly increase, yr 6-9 (headloads) 2

From thinnings of young trees, yr 4-10 (headloads) 0

From thinnings of young trees, yr 4-10 (headloads) 2

Conversion factor

Conversion factor

Potential -> Realistic harvesting of fruits and nuts 0,5

Potential -> Realistic harvesting of fruits and nuts 0,5

77



78

Appendix 3b: Non-FMNR cash flow

20 years, r=5%

NON-FMNR scenario 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
YEAR 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
Revenue food crops

Crop revenues 290 290 290 290 290 290 290 290 290 290 290 290 290 290 290 290 290 290 290 290
Revenue on-farm forest products

Ebony fruit, existing trees %5 145 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Ebony fruit revenue 705 705 705 705 705 705 705 705 705 705 705 705 705 705 705 705 705 705 705 705
Shea nuts, existing trees 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Shea nut revenue 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285
Dawa dawa seeds, existing trees 9 9% 9% 9% 9% 9% 9% 9% 9% 9 9 9 9 9% 9 9 9 9% 90 9
Dawa dawa seeds revenue 20 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270
Mango fruit, existing trees 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Mango fruit revenue 160 160 160 160 160 160 160 160 160 160 160 160 160 160 160 160 160 160 160 160
Fuelwood, mature trees 30 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Fuelwood revenue 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150
On-farm forest income (potential) ~ 679 679 679 679 679 679 679 679 679 679 679 679 679 679 679 679 679 679 679 679
On-farm forest income (realistic) 415 45 45 415 45 45 415 45 45 M5 415 45 415 415 415 415 M5 415 45 415
Input costs - crops

Tractor services 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Seeds 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
Fertilizer 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Pesticides 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hired labour 45 45 4 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 4
Crop input costs 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 14
Income / cash-flow per acre

Crop income 16 116 116 16 116 116 116 116 116 116 116 116 116 116 116 116 116 116 116 116
On farm forest income 45 45 45 45 45 45 45 45 M5 M5 45 M5 M5 45 45 415 M5 M5 415 45
On farm forest and crop income 531 531 531 531 531 531 531 531 531 531 531 53 53 53 531 531 531 531 531 531
Discounted cash flow

Net crop income 16 110 105 100 95 91 & & 19 1B N 68 65 62 59 5 53 5 48 46
Forestincome 415 395 376 358 341 325 309 295 281 267 254 242 231 220 209 199 190 181 172 164
Net forest and crop income 531 505 481 458 436 416 396 377 359 342 326 310 295 281 268 255 243 231 220 210
Cumulative cash flow 531 1036 1517 1975 2412 2827 3223 3600 3959 4301 4627 4937 5232 5514 5782 6037 6280 6511 6732 6942
Discounted costs, forest and crop 174 166 158 150 143 136 130 124 M8 112 107 102 97 92 88 & 8O 7 72 69
Discounted benefits, forestand crops 705 671 639 609 580 552 526 501 477 454 433 412 392 374 36 339 323 307 293 279
Discount rate 5,00%

Financial appraisal criterion NPV

PV Forest Income 5424

PV Net crop income 1'518

PV costs 2217

PV benefits 9219

Net Present Value 6'942




Appendix 3c: FMNR & SLM cash flow

FMRN & SLM scenario 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039
YEAR 0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19
Food crops
Crop revenues 290 340 390 440 490 540 540 540 540 540 540 540 540 540 540 540 540 540 540 540
Revenue on-farm forest products
Ebony fruit, young trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09 11 12 14 16
Ebony fruit, existing trees 15 15 1.5 15 15 15 15 1.5 15 15 15 15 15 15 15 15 15 15 15 15
Ebony fruit revenue 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 | 12,8 | 120,9 | 128,9 | 1370 | 1450
Shea nuts, young trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 14 16,7 19,4 221 24,9
Shea nuts, existing trees 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Shea nut revenue 29 29 29 29 29 29 29 29 29 29 29 29 29 29 42 55 60 65 7 76
Dawa dawa seeds, young trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 30 40
Dawa dawa seeds, existing trees 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90
Dawa dawa seeds revenue 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 300 330 360 390
Mango fruit, young trees 0 0 10 48 86 124 162 200 200 200 200 200 200 200 200 200 200 200 200 200
Mango fruit, existing trees 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Mango fruit revenue 160 160 168 198,4 | 228,8 | 259,2 | 289,6 320 320 320 320 320 320 320 320 320 320 320 320 320
Fuelwood, young trees 1.5 15 1.5 2 2 2 16 32 48 48 48 48 48 48 48 48 48 48 48 48
Fuelwood, mature trees 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Fuelwood revenue 157,5 | 157,5 | 157,5 160 160 160 230 310 390 390 390 390 390 390 390 390 390 390 390 390
On-farm forest income (potential) 687 687 695 727 758 788 889 999 1079 1079 1079 1079 1079 1079 1092 1148 1191 1234 1278 1321
On-farm forest income (realistic) 422 422 426 444 459 474 559 655 735 735 735 735 735 735 741 769 791 812 834 855
Input costs per acre - crops
Tractor services 70 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125
Seeds 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
Fertilizer 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Pesticides 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hired labour 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90
Crop input costs 244 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299
Farmer input costs - FMNR
Pruning 40 40 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thinning 0 0 0 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Wellington boots, gloves, cuttlas, knifes, sickles 20 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Equipment renewal 0 0 0 0 0 0 0 10 10 10 10 0 0 0 0 0 10 10 10 10
FMNR costs 60 60 40 20 20 20 20 30 30 30 30 20 20 20 20 20 30 30 30 30
Societal costs - FMNR
Training 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
Wellington boots, gloves, cuttlas, knifes, sickles 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
FMNR equipment and trait 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Income / cash-flow
Net crop income 16 n n 131 181 231 231 226 226 226 226 231 231 231 231 231 226 226 226 226
On-farm forestincome 392 392 406 434 449 464 549 640 720 720 720 725 725 725 731 759 776 797 819 840
On-farm forest and crop income 408 403 477 565 630 695 780 866 946 946 946 956 956 956 962 990 1.002 | 1.023 | 1.045 | 1.066
Farmer - Discounted cash flow
Net crop income 16 10 64 13 149 181 172 161 153 146 139 135 129 123 n7 m 104 99 94 89
Forestincome 392 373 368 375 369 364 410 454 487 464 442 424 403 384 369 365 355 348 340 333
Net forest and crop income 408 384 433 488 518 545 582 615 640 609 580 559 532 507 486 476 459 446 434 422
Cumulative cash flow 408 792 1224 | 1712 | 2230 | 2775 | 3357 | 3972 | 4612 | 5222 | 5802 | 6361 | 6893 | 7400 | 7886 | 8362 | 8821 9267 | 9701 | 10123
0 1 2 3 3 4 5 5 6 8 9 10 16 18 20
Discounted benefits, forest and crop 712 726 740 763 781 795 820 849 863 822 782 745 710 676 647 630 610 590 571 552
Discounted costs, forest and crops 304 342 307 276 262 250 238 234 223 212 202 187 178 169 161 153 151 144 137 130
Discounted benefits, forest only 422 402 386 383 378 371 a7 465 497 473 451 429 409 390 374 370 362 354 346 339
Discounted costs, forest only 30 29 18 9 8 8 7 1 10 10 9 6 6 5 5 5 7 7 6 6
Society - Discounted cash flow
Net forest and crop income 348 327 378 436 469 498 537 572 599 571 544 524 499 475 456 447 431 420 409 398
Cumulative cash flow 348 674 1053 | 1489 | 1957 | 2455 | 2992 | 3565 | 4164 | 4735 | 5278 | 5802 | 6300 | 6775 | 7231 7678 | 8109 | 8530 | 8939 | 9337
1 2 2 3 4 5 5 6 7 9 10 0 0 0

Discounted benefits, forest and crop 712 726 740 763 781 795 820 849 863 822 782 745 710 676 647 630 610 590 571 552
Discounted costs, forest and crops 364 399 362 327 312 297 283 277 263 251 239 222 211 201 191 182 178 170 162 154
Discount rate 5,00%
Farmer, financial appraisal criterion NPV
PV crop income 2.304
PV forestincome 7.820
PV costs 4259,0
PV benefits 14382,3
Net Present Value 10.123
Society, financial appraisal criterion PV ?‘,St

society
PV cost 5045,4
Net present Value 9336,9
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Appendix 3d: From non-FMNR to FMNR & SLM

years, r=5%

From non-FMNR to FMNR & SLM

2020 | 2021 | 2022 | 2023 | 2024 | 2025 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039

scenario 2020 202+ ] 2022 2023 [2024] 2025 ] 203+ 2032 [ 2033 [ poas| 2o3s [ ose | o3z [ 2038 ] E\‘
YEAR 0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19
Farmer, non-FMNR to FMNR & SLM

Additional benefits, crop & forest produce 182 220 259 305 344 379 424 472 504 480 457 435 414 395 379 374 367 358 350 342
Additional costs, crop & forest produce 130 176 150 125 119 114 108 110 105 100 95 85 81 77 73 70 n 68 64 61
NPV non-FMNR --> FMNR & SLM -123 -121 -49 30 82 129 186 238 281 268 255 248 237 225 218 221 216 215 214 212
NPV, cumulative <123 -244 -292 -263 -181 -52 134 372 653 921 175 1424 1661 1886 2104 | 2325 | 2541 2756 2969 3182

Society, non-FMNR to FMNR & S|

Additional benefits, crop & forest 182 220 259 305 344 379 424 472 504 480 457 435 414 395 379 374 367 358 350 342
Additional costs, crop & forest 190 233 204 177 169 161 153 153 146 139 132 120 14 109 104 99 99 94 89 85

NPV non-FMNR --> FMNR & SLM -183 -179 -103 -22 32 82 142 195 240 229 218 213 203 194 188 192 188 189 189 188
NPV, cumulative -183 -361 -464 -487 -454 -372 -231 -36 205 433 651 865 1068 1261 1449 1641 1829 2018 2207 | 2395

Financial appraisal criterion

Farmer, non-FMNR to FMNR & SLM NPV
Years with negative NPV 3
Fraction 0.28
Payback period 3.28
IRR 33%
Benefit Cost ratio 3.8
PV Additional benefits, 20 years 5'164
PV Additional costs, 20 years 1'982
NPV 20 years 3182
Years with negative NPV 4
Fraction 0.1
Payback period 4.1
IRR 20%
Benefit Cost ratio 27
PV Additional benefits, 20 years 5497
PV Additional costs, 20 years 2'769

NPV 20 years 2'395




YEAR 0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19
Food crops
Crop revenues 290 340 390 440 490 540 540 540 540 540 540 540 540 540 540 540 540 540 540 540
Revenue on-farm forest products
Ebony fruit, young trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09 11 1,2 14 16
Ebony fruit, existing trees 1.5 15 15 15 1.5 1.5 15 15 15 1.5 1.5 15 15 15 1.5 15 15 15 15 1.5
Ebony fruit revenue 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 70,5 112,8 | 1209 | 1289 | 1370 | 1450
Shea nuts, young trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 14 16,7 19,4 221 249
Shea nuts, existing trees 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Shea nut revenue 29 29 29 29 29 29 29 29 29 29 29 29 29 29 42 55 60 65 7 76
Dawa dawa seeds, young trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 30 40
Dawa dawa seeds, existing trees 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90
Dawa dawa seeds revenue 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 270 300 330 360 390
Mango fruit, young trees 0 0 10 48 86 124 162 200 200 200 200 200 200 200 200 200 200 200 200 200
Mango fruit, existing trees 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Mango fruit revenue 160 160 168 198,4 | 228,8 | 259,2 | 2896 320 320 320 320 320 320 320 320 320 320 320 320 320
Fuelwood, young trees 15 15 1.5 2 2 2 16 32 48 48 48 48 48 48 48 48 48 48 48 48
Fuelwood, mature trees 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Fuelwood revenue 1575 | 157,5 | 157,5 160 160 160 230 310 390 390 390 390 390 390 390 390 390 390 390 390
On-farm forest income (potential) 687 687 695 727 758 788 889 999 1079 | 1079 | 1079 | 1079 | 1079 | 1079 | 1092 | 1148 1191 1234 | 1278 | 1321
On-farm forest income (realistic) 422 422 426 444 459 474 559 655 735 735 735 735 735 735 741 769 791 812 834 855
Input costs per acre - crops
Tractor services 70 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125
Seeds 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
Fertilizer 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Pesticides 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hired labour 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90
Crop input costs 244 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299 299
Farmer input costs - FMNR
Pruning 40 40 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thinning 0 0 0 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Wellington boots, gloves, cuttlas, knifes, sickles 20 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Equipment renewal 0 0 0 0 0 0 0 10 10 10 10 0 0 0 0 0 10 10 10 10
FMNR Management costs 60 60 40 20 20 20 20 30 30 30 30 20 20 20 20 20 30 30 30 30
Societal costs - FMNR
Training 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
Wellington boots, gloves, cuttlas, knifes, sickles 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
FMNR i and training costs 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Income / cash-flow
Net crop income 16 n 7 131 181 231 231 226 226 226 226 231 231 231 231 231 226 226 226 226
On-farm forestincome 392 392 406 434 449 464 549 640 720 720 720 725 725 725 731 759 776 797 819 840
On-farm forest and crop income 408 403 477 565 630 695 780 866 946 946 946 956 956 956 962 990 1.002 | 1.023 | 1.045 | 1.066
Farmer - Discounted cash flow
Net crop income 16 10 64 13 149 181 172 161 153 146 139 135 129 123 17 m 104 99 94 89
Forestincome 392 373 368 375 369 364 410 454 487 464 442 424 403 384 369 365 355 348 340 333
Net forest and crop income 408 384 433 488 518 545 582 615 640 609 580 559 532 507 486 476 459 446 434 422
Cumulative cash flow 408 792 1224 1712 2230 | 2775 | 3357 | 3972 | 4612 5222 | 5802 | 6361 6893 | 7400 | 7886 | 8362 | 8821 9267 | 9701 | 10123
0 1 2 3 3 4 5 5 6 8 9 10 16 18 20
Discounted benefits, forest and crop 712 726 740 763 781 795 820 849 863 822 782 745 710 676 647 630 610 590 571 552
Discounted costs, forest and crops 304 342 307 276 262 250 238 234 223 212 202 187 178 169 161 153 151 144 137 130
Discounted benefits, forest only 422 402 386 383 378 37 497 465 497 473 451 429 409 390 374 370 362 354 346 339
Discounted costs, forest only 30 29 18 9 8 8 7 1 10 10 9 6 6 5 5 5 7 7 6 6
Society - Discounted cash flow
Net forest and crop income 348 327 378 436 469 498 537 572 599 571 544 524 499 475 456 447 431 420 409 398
Cumulative cash flow 348 674 1053 1489 1957 2455 | 2992 | 3565 | 4164 | 4735 | 5278 5802 | 6300 | 6775 | 7231 7678 8109 | 8530 | 8939 | 9337
1 2 2 3 4 5 5 6 7 9 10 0 0 0

Discounted benefits, forest and crop 712 726 740 763 781 795 820 849 863 822 782 745 710 676 647 630 610 590 571 552
Discounted costs, forest and crops 364 399 362 327 312 297 283 277 263 251 239 222 211 201 191 182 178 170 162 154
Discount rate 5,00%
Farmer, financial appraisal criterion NPV
PV crop income 2.304
PV forestincome 7.820
PV costs 4259,0
PV benefits 14382,3
Net Present Value 10.123
Society, financial appraisal criterion RIG

society
PV cost 5045,4
Net present Value 9336,9
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