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Abstract

Abstract

This paper examines the most significant barriers currently faced by Forest Landscape Restoration (FLR)
initiatives and explores successful responses to these, which have been identified and utilised by teams working
at the forefront of the field. Drawing on the experiences of forest restoration practitioners operating across a
range of landscapes supported by the Trillion Trees ReForest Fund, and complemented by a literature review,
this work identified three core barriers: land-use pressures, inadequate long-term financing, and climate related
challenges. The paper highlights how community engagement and the opportunity cost of land use are key to
long-term project success. It then discusses the need to move beyond donor-driven approaches towards
sustainable financing strategies and emphasises the importance of realistic budgeting for the true cost of high-
quality restoration. Finally, the paper explores how shifting seasonal patterns and the increasing frequency of
climate-driven events are impacting project planning and outcomes. Case studies from projects within the
ReForest Fund portfolio of high-quality forest restoration initiatives, present real-world examples of these
restoration challenges, offering insights, actionable responses, and mitigation strategies. By bridging theory and
practice, this paper highlights both the common obstacles faced by project teams and the adaptations developed
to implement and advance effective and sustainable FLR.

1.Introduction

Forests are vital. They are a massive carbon sink, naturally removing carbon dioxide (CO2) from the atmosphere -
roughly equivalent to a third of total fossil fuel emissions; they are essential for global biodiversity, and they
underpin the welfare and culture of over one billion people who directly rely on forests for their livelihoods
(Newton et al, 2020). Almost 31% of global land area is covered by forests, totalling 4.06 billion hectares (ha)
(FAQO, 2020) which collectively provide a home for 80% of the world’s wildlife (UN, 2023). Forests are critical for
climate change mitigation and adaptation, delivering ecosystem services including water and heat regulation, and
contributing to many of the global Sustainable Development Goals (SDGs). More than three-quarters of the
world’s accessible fresh water originates from forested catchments (Millenium Ecosystem Assessment, 2005).

Yet forests are under increasing threat. Between 1992 and 2022, 10.34% of global forest area, equivalent to 420
million ha, was lost (FAO, 2024). Multiple factors are driving deforestation, in particular of tropical forests. A
growing and wealthier global population is placing increasing and competing demands on tropical forest lands for
food, fuel and commodities, including wood products, palm oil, beef, cocoa, and minerals (WRI, 2023).
Commercial agriculture is often cited as the main driver of illegal deforestation (Wolosin & Blundell, 2018).

Wildfires, exacerbated by climate change, are becoming more frequent and more intense (Cunningham et al.,
2024).

Preventing deforestation is critically important for protecting forest ecosystems and the local communities and
biodiversity that rely on them. Protecting forests also offers one of the most effective means of mitigating the
impacts of climate change globally. It is estimated that if deforestation had been reduced globally by 10% from
2005-2030, 0.3-0.6 gigatons of carbon dioxide would not have been emitted per year (Kindermann et al., 2008).
Reducing and halting deforestation requires a multifactor approach; one way is through restrictive anti-
deforestation policies. For example, Brazil's restrictive policies successfully reduced deforestation by 47% (Busch
and Engelmann, 2017) and the current Brazilian administration has in recent years successfully slowed
deforestation rates in the Brazilian Amazon, although the balance remains fragile. Another approach is to
increase the number of protected areas globally, which have been found to decrease rates of deforestation by
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1. Introduction

41% (Wolf et al., 2021).

However, protecting the world’s remaining forests and preventing further deforestation is no longer sufficient
to achieve global goals to combat climate change and biodiversity loss; we must also work to restore the
forests that have been lost. Forest Landscape Restoration (FLR) offers a framework for addressing the dual
objectives of restoring degraded forest ecosystems while supporting local livelihoods long-term. FLR is the
ongoing process of regaining ecological functionality and enhancing human wellbeing across deforested or
degraded forest landscapes - it's about more than just planting trees (Beatty et al., 2020). Combining FLR with
deforestation prevention amplifies impact by protecting existing forests, while restoring degraded ones. FLR is
guided by a set of key principles outlined by the UN Decade on Ecosystem Restoration and the UNFAO
(2021). These principles should form the basis for any restoration initiative and are carefully considered in
each of the challenges, adaptive responses, and case studies explored in this paper.

The Trillion Trees ReForest Fund is a small grants mechanism that provides funding to support high quality
forest restoration projects in conservation landscapes. Each initiative is guided by FLR principles, adheres to
internationally recognised environmental and social safeguarding standards and undergoes a robust up-front
planning process. Projects are co-designed with local communities and stakeholders, and monitoring and
measurement is conducted throughout, via a bespoke monitoring platform called FORMAPP.

Each ReForest Fund initiative is carefully planned at the outset, however, even with the most robust planning
processes, challenges will arise in the delivery of projects that require adaptive management approaches. This
paper uses the experiences of 24 Trillion Trees ReForest Fund projects, implemented across 14 countries in
Latin America, Mesoamerica, Africa and Asia, between 2020 and 2025, to examine and review the lessons
learned from implementation. It explores three main challenges that even the most well-planned projects can
face in delivery, that require adaptive management. These are: land use pressures, inadequate long-term
funding, and climate-driven changes. This paper examines each issue by summarising relevant research and
pairing it with a Trillion Trees case study that illustrates how initiatives are exploring solutions and adapting in
practice. It is important to note that due to forest landscapes’ complexity, context-specific and localised
solutions are commonly required; each landscape, community, and ecosystem, experiences a unique
combination of challenges and therefore each potential response will vary in its application and effectiveness.

B

Makira Natural Park, Madagascar © WCS
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Community tree planting, Bolivia © Asociacion Armonia

2. Land Use Pressures

Globally, 1.6 billion people live in rural areas within 5km of a forest, many of which are in low or
middle-income countries. A large proportion of these people have low incomes, relying on forest goods and
services for their daily needs (Newton et al., 2020). Deforestation, land degradation, and displacement from
their traditional lands negatively impact communities who depend on resources from these areas to meet their
basic needs (Hermans and McLeman, 2021). When designed in collaboration with communities, restoring
forests can directly enhance local livelihoods by improving access to ecosystem services, diversifying income
sources, and increasing food and resource security. A rights-based approach to FLR centres on recognising and
upholding the rights of local communities and other stakeholders in the restoration process. This approach
ensures that FLR initiatives are not only ecologically sound, but also socially just and equitable, promoting
sustainable and inclusive outcomes. It is essential that FLR initiatives prioritise securing and clarifying the
rights of community members in each project decision to ensure their benefit and participation (CIFOR, 2017).

Local needs, land rights, and local priorities must be integrated into the planning of FLR (Shelton et al., 2024).
The engagement of local communities is essential for the delivery of successful and sustainable FLR initiatives,
as motivation is driven by clear benefits, secure land rights, and meaningful participation in project decision
making (FAO, 2021). Understanding these landscape-specific pressures is essential for FLR approaches that
are socially inclusive, economically sustainable and long-lasting.

2.1 Community Motivation and Involvement

Motivating communities and ensuring their meaningful inclusion, in particular in co-design of project plans, are
essential for successful FLR initiatives, yet they are often difficult to achieve. Without meaningful engagement
and benefits for local people, restoration efforts risk being harmful and/or unsustainable. Many aspects
contribute to strong community involvement in conservation, such as financial incentives, a desire to improve
local environments, a sense of responsibility towards future generations, and long-term commitment, which is
crucial for developing sustainable livelihoods and enabling the success of the project. Significantly, there is
increased risk of project failure when local communities and their needs are not considered in project design
and implementation, including clear communication of the goals of the initiative (Hohl et al., 2020). If
communities are not meaningfully involved, tree planting and other initiatives may be instigated but later
neglected, removed, or replaced.




2.1 Community Motivation and Involvement

Challenges:

FLR initiatives frequently take place in landscapes that are used for production, such as agriculture, or
livestock grazing. Effective restoration can reverse the effects of land degradation (e.g. soil erosion), while
generating co-benefits for the land users (e.g. improved soil fertility). However, this requires a change of land
use practices, which is not easy to achieve in rural environments where traditional norms are embedded, or
where restoration measures may result in a short-term loss of revenue for a longer term gain in sustainability.

Multiple issues can damage a restoration initiative’s relationship with local communities. One of the most
common issues is the inclusion of communities only as project implementers, not as co-designers or decision-
makers. This lack of ownership weakens long-term commitment and limits the relevance of restoration
strategies to local realities. Projects often engage community members for short-term work in the field instead
of building long-term empowerment or sustainability, to the detriment of the project. If communities do not
have strong governance or institutions that can lead or benefit from restoration efforts long term (such as co-
ops, land-user associations, or local NGOs) they will be less able to influence land use decisions (Ceccon et al.,
2020). This is the phenomenon of locals being consulted but not empowered (Lawry & Ranjatson, 2021).
Restoration initiatives can also overlook gender equality, and the inclusion of vulnerable groups in FLR
planning (Ceccon et al., 2020). Vulnerable community members may include women, youth, or marginalised
groups, and their exclusion can lead to disengagement or internal conflict, undermining restoration efforts.

Communities might also be sceptical of FLR practices without understanding its benefits. Local land users may
lack the scientific knowledge that tends to shape FLR discussions and might be unwilling to adopt novel
practices. This low awareness can lead to apathy or mistrust in the project. Similarly, science-based approaches
to FLR risk excluding traditional ecological knowledge (TEK) from project design. TEK is commonly embedded
in each community’s livelihoods, culture, and beliefs about topics such as land use, fire management, soils, and
climate, but may not align with restoration objectives. Excluding TEK in restoration reflects a bias towards
scientific knowledge, often at the expense of local culture, which has its own adverse effects. For example,
when TEK is excluded, key species important to communities for medicine, food, and culture, may be left out
of restoration planning (Long et al., 2020). Ignoring TEK often marginalises local voices (Whyte, 2013),
reducing their motivation to support the initiative. Stakeholder involvement challenges such as these make it
difficult to build cooperation and maintain community engagement.

Tenure is a significant and often underestimated FLR matter (Shelton et al., 2024). The term tenure refers to
how land and its resources can be accessed, who the beneficiaries of the resources are, the length of the
contract, and terms (Robinson et al., 2014). Tenure insecurity can impact the roles of stakeholders as well as
their long-term rights and returns (Mclain et al., 2021). In some cases, tenure security issues can result in the
displacement of communities, often for already marginalised groups (Shelton et al., 2024). Women and
migrants are increasingly likely to have insecure land tenure (Mclain et al., 2021). Rules and policies are often
unclear and inconsistent across geographies (Sunderlin et al., 2014), leading to confusion and bureaucratic
barriers directly impacting the livelihoods of individuals.

Adaptive responses:

To achieve positive environmental and social impact through FLR, projects must engage with the unique
political and social realities of the landscape, building not just resilient forests, but also sustainable
relationships and livelihoods. This involves integrating technical restoration approaches with community
values, long-term support, and local knowledge. Pacheco et al. (2022) outlines several foundational principles
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2.1 Community Motivation and Involvement

to ensure collective collaboration with local communities in forest restoration initiatives, including:
understanding the local context; ensuring free, prior, and informed consent; co-designing initiatives with
communities; implementing together with local actors; and recognising and protecting land and resource
rights.

As mentioned above, it is critical to understand local TEK, beliefs, and land-use practices to develop culturally
appropriate FLR strategies that will be effective (Charnley et al., 2007). For example, Haq et al. (2023) used
TEK to prioritise the tree species used in their restoration project in the elephant corridor in Dibru Saikhowa
National Park in Assam, India. The local community was involved in each stage of restoration: land selection,
planting, and monitoring seedlings. The project gathered local community knowledge about native woody tree
species, such as traditional uses, wildlife habitat and forage, through interviews, group discussions and
observations. The project provided field training and compensation to the local community, importantly
including women, to aid in planting and monitoring of the restoration project. Community-based restoration
initiatives such as these can create jobs (nurseries, planting, monitoring) and increase local autonomy over land
use decisions (FAO, 2022).

Restoration plans should be screened for any gender-differentiated matters and encourage active involvement
of all groups in restoration efforts through capacity building and enabling participation (Broeckhoven &
Cliquet, 2015). For example, WWF works in the Usambara Mountains in Tanzania with an all-women nursery
cooperative that shares management, financial roles, decision-making, and profits equally. This project engages
local communities and empowers women both economically and socially, while restoring forests through spice
tree agroforestry. Agroforestry is the interaction of agriculture and trees, including the agricultural use of
trees, comprising trees on farms and in agricultural landscapes, farming in forests and along forest margins, and
tree-crop production.

Fundamentally, projects must hold community leaders, NGOs, government officials, and other stakeholders
accountable for their actions in FLR. Throughout project timelines, it is crucial to strengthen collaboration and
communication across governance levels, sectors and social groups to support FLR efforts. A key priority for
effective governance in FLR is empowering local communities to actively participate throughout the project
planning, implementation, monitoring and evaluation stages (McLain et al., 2017).

Tenure security has been found to motivate community engagement in restorations as well as allow
landholders to benefit from their conservation investments (McLain et al., 2017). Tenure security provides
landholders with confidence that they will benefit from FLR. FLR efforts must integrate the recognition and
actualisation of land rights to reduce barriers to restoration. Formal legal recognition can protect communities
from being displaced or undermined when land value rises. These interventions must include marginalised
groups in the recognition and actualisation strategies of securing land tenure (McLain et al., 2021).

Ruvuma landscape, Tanzania © WWF Tanzania

7




2.1 Community Motivation and Involvement [Case Study — Kaptagat, Kenya]

Case Study — Kaptagat, Kenya

The Kaptagat forest restoration project is a collaborative effort to rehabilitate 1,000 hectares in
Kenya's Elgeyo Hills-Cherangany Ecosystem. This critical landscape includes five forest blocks and
farmlands covering 32,000 hectares, including 21,000 hectares of protected forest. The ecosystem lies
within the Lake Victoria and Rift Valley drainage basins and is a significant local water source for over
134,000 people, providing water for irrigation, industrial and hydro-power generation. The objective of
the project is to restore degraded forest areas on protected public land under legal land tenure
agreements. It aims to reverse deforestation through agroforestry, climate-smart agriculture, and clean
energy solutions like biogas and solar water pumps. The restoration work supports biodiversity, water
conservation, and food security for local communities.

Challenges and adaptations

A key challenge in the landscape is the growing population, which increases pressure on local natural
resources and intensifies threats to sustainable management. This manifests through increased
demand for water, energy, charcoal and fuelwood, illegal logging and harvesting of exotic trees.

Bringing the community together, building understanding and involving all stakeholders at every level
of the process was critical to the project’s success. Challenges that required addressing included:

o Many community members had experienced a ‘top-down’ approach to addressing issues in the
community including restoration, creating the perception that the solutions were imposed on them

o A high level of mistrust due to past failed projects in the ecosystem and exclusion of the
community in decision-making and management of forest resources.

» Competing interests amongst different community groups (e.g. herders, farmers, and youth) who
viewed each other as threats rather than allies in forest conservation.

» Dependency on the forest as a source of livelihood by the community members (e.g. firewood for
domestic use and sale, herbal medicine collection, and grazing).

» Information gap among the community members on the link between forest conservation and
ecosystem services (e.g. water availability, carbon sequestration, climate change, biodiversity).

The challenges were addressed through engagements with the community at different levels, including
community chiefs and local opinion leaders (the political class, elders, youth and faith leaders). Through
public gatherings (known as barazas) consensus was built around the understanding that conservation
needs the efforts of all stakeholders and that their voices are important in making a difference in forest
resources management. Awareness was created and information gaps filled with the support of the
Kenya Forest Service (KFS) staff. Transparency in all community engagements was the cornerstone of
all deliberations. Complete disclosure and openness created trust and ensured the community was part
of the decision-making process.

With these challenges in mind, the project was designed alongside communities to promote tree

planting, maintenance, and nursery development. Through the Kaptagat Community Forest
Associations (CFAs), communities serve as the key actors in the Kaptagat project team because any
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2.1 Community Motivation and Involvement [Case Study — Kaptagat, Kenya]

action happening in the forest affects them directly and indirectly. They are therefore central to
project implementation and its long-term success. The project focuses on planting native species, such
as bamboo and Syzygium species, Prunus africana and Juniperous procera, among others. CFAs collect
the seedlings from natural forests as wildlings and then raise and care for the seedling in nurseries.

The project team promotes environmental restoration, economic opportunity, and long-term
community wellbeing. Key actions include training 120 farmers in climate-smart agriculture and biogas
production, the installation of solar-powered water pumps, and planting native trees to control soil
erosion and preserve biodiversity. The project is adapting to agroforestry practices, designating areas
of land for the community to use, for example, the harvesting of hay for livestock feed. These
collaborative efforts among various stakeholders ensure that the restoration activities are well-
coordinated and sustainable, creating a resilient and thriving ecosystem in Kaptagat.

Several key events and gatherings were pivotal in forming and strengthening the CFAs in Kaptagat:

« Annual tree planting drives saw over 500 members participate in the 1st edition in 2017. This
annual event has become the turning point for community buy-in. It has helped to shift the
mindset from “government project” to “our forest, our future.” The annual editions have evolved
into high-profile gatherings reinforcing collective identity, responsibility and momentum through
hands-on collaboration.

» Public barazas and sensitisation meetings. Facilitated by KFS and the local chiefs and held in forest
adjacent villages to discuss forest challenges, legal frameworks (e.g., the Forests Act, 2005), and
CFA benefits. Early barazas in Kaptagat Forest focused on the mapping of user groups (e.g.,
beekeepers, firewood collectors), building trust and consensus for participation.

Members of the five CFAs involved in the project have also been trained in governance, conflict
resolution, resource mobilisation, and impact communication, empowering them to play a crucial role
in conservation. CFAs are trained on monitoring and evaluation (M&E), where each CFA selects one
champion to spearhead the work.

Monitoring of seedlings and maintenance of restoration sites through the CFAs has resulted in an
impressive seedling survival rate of 93%. One reason for this success is the CFA members utilising a
Tree Establishment and Livelihood Improvement System (TELIS), which allows community members to
plant seasonal crops (e.g. beans, peas, potatoes) in between the restored trees.

This TELIS approach has ensured that farmers benefit from crop harvests while the seedlings remain
weed free and protected from livestock damage. The team conducts Organisational Capacity
Assessments of CFAs to determine whether they have benefited from capacity building initiatives and
to identify gaps in community support that the project can address. Strengthening CFA capacity has
deepened the community’s understanding of conservation, improved governance structures, and
enhanced collaboration with KFS, ensuring accountability as duty bearers.
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Kaptagat landscape, Kenya © WWF Kenya
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2.2 Opportunity Cost of Land Use

2.2 Opportunity Cost of Land Use

Opportunity cost refers to the economic value that landowners or communities forgo when they choose one
land use over another. This is a central economic dilemma in FLR, and restoration efforts must offer
competitive and sustainable economic incentives to attract rights-holders. Recognising the opportunity cost
enables policymakers and stakeholders to make more informed decisions about land use, striking a balance
between ecological benefits and economic needs.

Challenges:

FLR is often perceived to be in conflict with crop production. In some cases this generates a clear opportunity
cost dilemma; quantifiable short-term revenues from annual crops, or more diffuse, longer-term benefits from
ecosystem restoration. The challenge is particularly evident in agriculture, where many governments provide
subsidies to farmers to purchase fertilisers, seeds, and other agricultural inputs (OECD, 2010). A total of $700
billion per year was spent globally by governments on agricultural subsidies in 2020 (FAO, 2021). When such
incentive structures are widespread, they can undermine the economic case for forest restoration.

Another point of dispute with conservation outcomes is the planting of economically or ecologically beneficial
species. Chechina & Hamann (2015) found a strong negative correlation between species that were
ecologically beneficial and those that were socioeconomically preferred. In forest restoration initiatives it is
common that threatened native tree species, which would be preferred for ecological restoration, are not
considered profitable, fast-growing, or useful in daily life, so even if they are important for the ecosystem, the
community may not be motivated to cultivate them.

Adaptive responses:

To address the opportunity costs associated with shifting land from productive use to restoration it is essential
to ensure that local communities receive both short term and long-term economic benefits. Sustainable
agroforestry techniques can provide local communities with short-term revenue as well as support ecosystem
biodiversity (Kumar et al., 2024). Agroforestry has been shown to increase agricultural yields, for example
Islam et al., 2024 found a 2.74 increase in land productivity across 40 agroforestry programs in Madhupur Sal,
Bangladesh as well as being economically profitable, and improving soil carbon content, nutrient availability,
and pH.

The adoption of sustainable agroforestry techniques - integrating trees and other woody perennials with
agricultural crops and/or animals - is also taking place in the Atlantic Forest in Argentina, Brazil and Paraguay.
Here, BirdLife International and its partners SAVE Brasil, Aves Argentina, and Guyra Paraguay, are planting and
harvesting organic yerba mate, a traditional drink in Argentina, Paraguay, Uruguay and Brazil, which is
increasingly in-demand in the US and Europe. Yerba mate plants are native to the Atlantic Forest and can grow
effectively in a mixed agroforestry system which allows producers to have a forest friendly crop as well as
generate important income while doing so. Similarly, in Madagascar, WCS leads a dynamic agroforestry
system, integrating cocoa, vanilla, cloves, and native trees, to restore over 1,300 ha of degraded land, support
biodiversity in and around Makira Natural Park, and improve local livelihoods through sustainable,
conservation-driven farming.

These examples demonstrate how agroforestry can enhance the economic attractiveness of FLR by
diversifying income streams through integrated production systems while enabling access to high-value and
international markets for sustainable, forest friendly commodities. In some cases, it may be possible to achieve
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2.2 Opportunity Cost of Land Use

this by establishing markets for ecosystem services, such as carbon credits, water regulation, or biodiversity
conservation (discussed in the following section in more detail) or through government-funded subsidy
schemes that reward landholders for adopting sustainable and restorative practices. Governments can
redesign subsidy approaches in agriculture to invest in low-carbon agriculture to increase sustainable
investment long-term as well as avoid land degradation, among many benefits (Sanchez, 2022). For example, in
Brazil, their rural-credit policy framework has a RenovAgro plan that promotes agricultural practices that
reduce greenhouse gasses. The plan promotes sustainable agricultural practices such as, crop-livestock-forest
integration systems, with a low interest rate. The financed plans have resulted in a reduction of 193.67 million
Mg CO,eq from 2010-2020 (lISD, 2024).

e
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Community tree planting, Tanzania © WWF Tanzania
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Case study — Madidi Tambopata, Peru

In the Madidi-Tambopata Landscape, restoration focuses on the protection and recovery of a forest
landscape of global importance that spans Bolivia and Peru. In Peru, the project restores degraded
areas of montane forests (yungas) on coffee farms owned by local families. The families sign
conservation agreements with the Wildlife Conservation Society (WCS), in which they commit to
halting forest conversion into agricultural land in exchange for technical and financial support to
improve the productivity and quality of their coffee, as well as for the long-term maintenance of
restored areas and their forest zones. The project aims to plant 20,000 native trees in 20 hectares of
degraded land and, to a lesser extent, in agroforestry systems. This seeks to improve forest
connectivity, support biodiversity conservation, enhance microclimatic conditions, and boost
sustainable coffee production for the benefit of the local community.

Sixty coffee-growing families, 29 of whom have conservation agreements, committed to participate by
allocating part of their private land (‘finca’ in Spanish) to conservation, restoration, and improving their
coffee farms through the establishment of agroforestry systems. WCS has signed a contract with
ZOOPLANTS, a local Peruvian company, to produce 22,500 native seedlings from 11 species: Andean
walnut (Juglans neotropica), cedar (Cedrela odorata), regional laurel (Nectandra reticulata), coffee laurel
(Cordia alliodora), mahogany (Swietenia macrophylla), requia or male cedar (Cabralea canjerana), incense
tree (Clusia pachamamae), bamboo (Guadua weberbaueri), quina (Cinchona officinalis), Amazonian pine
(Schizolobium amazonicum), and shaifna (Colubrina glandulosa).

Challenges and adaptations

A challenge faced in restoration work with native species is that the local population often prefers to
plant exotic trees (e.g., pine and eucalyptus), promoted by government initiatives. These species have a
known local market value and fast-growing characteristics, although they provide fewer benefits for
soil health and biodiversity conservation. This has led the population to develop practical and detailed
knowledge about these species, including the conditions that favour their growth and their
development time, among other aspects. On the other hand, the knowledge of the local community
about native species is limited, since most of its members are Quechua and Aymara indigenous people
who migrated from other Andean areas of the Puno region, and therefore are not familiar with the
local flora. Among some locals the belief persists that native species such as Andean walnut, cedar and
Amazonian pine “exhaust” the soil, and therefore they do not want to include them in coffee
agroforestry systems. This perception represents a concern that must be considered, especially when
implementing agroforestry systems.

In this context, WCS has designed strategies to encourage the use of native species and address the
concerns of coffee-growing families. First, the project team works with families who have greater
knowledge of native species or who are willing to try them, combining tree planting in non-cultivated
areas they wish to restore with agroforestry systems to incorporate nutrients and shade into coffee-
growing. Some of them are more willing to try native species because they believe exotic species, such
as non-native pine, take more than a year to decompose without enriching the soil, and that pine trees
often break under strong winds while growing, damaging coffee plants. These families act as pioneers
and references within the community, with the potential to influence their neighbours and motivate
greater adoption of native species. In addition, responding to local concerns and as a strategy to
improve the perception and value of lesser-known native species, the project team has sought to reach
agreements with families on the proportion of species to be planted under agroforestry systems,
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delivering more trees recognised locally for their benefits, such as Amazonian pine, cedar and bamboo.
By promoting native species and sustainable land use, the initiative supports both environmental
objectives and the long-term well-being of forest-dependent communities.

Many families have noted further benefits to the agroforestry approach including restoring soil,
generating future income when timber species reproduce, supporting beekeeping, improving habitat
for wildlife, improving air quality and contributing to water quality. This region is one of the most
biodiverse on the planet, home to thousands of plant and animal species, including spectacled bears,
jaguars, giant otters, and endangered primates. Working with Indigenous peoples, local communities,
and government agencies, the initiative promotes sustainable land use under a watershed management
approach, stronger forest governance, and alternative livelihoods—including coffee produced by these
farming families, which enjoys growing global appreciation due to its profile, quality, and flavour.

Tree nursery, Peru © WCS
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3.Financial Challenges

Financing high quality forest restoration is a significant and ongoing challenge. Evidence shows that some large
forest restoration programmes are vastly under-budgeted, which can lead to overestimations of the area of
forest that can potentially be restored (Bodin et al., 2021) and an increased risk of failure. FLR projects’ long-
term viability, and the opportunity for restoration to take place at scale, often depend on demonstrating clear
economic benefits and financial sustainability. This requires long-term financial strategies beyond short-term
funding cycles. Longer term funding may require a transition away from philanthropy as the primary source of
funding for FLR initiatives towards sustainable finance mechanisms. Successfully navigating these challenges
allows projects to deliver long lasting benefits to forest ecosystems and local communities.

3.1 Cost of Restoration

Restoration budgets often focus on visible, short-term expenses such as seedlings and labour for planting.
However, the true cost of FLR lies within site preparation, community engagement, maintenance, monitoring,
training, governance, capacity-building, stakeholder coordination, and land tenure clarification; all of which
carry hidden or indirect costs that aren’t always accounted for in initial budgets. Many FLR initiatives need a
more holistic budgeting approach.

Challenges:

Effective restoration needs long term support. It requires protecting young trees from fire, grazing, pests, or
drought, all of which need consistent investment over time. Tracking restoration outcomes and adjusting
strategies based on what works is essential but rarely included in budgets. Monitoring systems, data collection,
and evaluation are often seen as non-essential, even though they are key to long-term success. Donor cycles
typically last 2-5 years, while restoration outcomes often take 10-20 years to fully materialise. This mismatch
creates a budgeting gap that threatens long-term success unless multi-phase financing plans are in place.

Adaptive responses:

Best practice for the design and implementation of FLR initiatives includes recognising and including the full
lifecycle costs of restoration, which can be mapped out in five budget considerations to follow (Trillion Trees,
2022):

1. Account for planning: Clearly define the project objectives and appropriate intervention strategies

FLR projects can have many different objectives, including conserving biodiversity, enhancing ecosystem
processes, counteracting climate change, provisioning income and goods, conserving cultural values or
reconnecting with nature, and/or complying with legislation. Depending on the objectives, costs can vary
considerably.

2. Account for participation and privilege local knowledge

Projects should ensure that local communities benefit directly by involving their knowledge, traditions, and
active participation. Community engagement must begin early, before any tree planting, to make sure that
indigenous peoples and local groups give their free, prior, and informed consent (FPIC) and are fully involved in
planning, decision-making, and carrying out the project. It is also essential to clearly define and respect land
ownership and usage rights, which can be time-consuming and add significantly to the project’s overall cost.
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3. Account for different interventions within the same landscape

Projects often involve multiple types of restoration activities within a single landscape, each with its own set of
costs. For instance, one part of the project might help farmers plant trees that will eventually provide economic
returns (e.g., timber) while another part focuses on restoring natural forests with no planned economic use.
Although both actions support the overall landscape restoration goals, their cost structures will differ. When
calculating project costs (e.g., cost per tree per ha), the project must itemise the costs separately for each type
instead of averaging them and adjust the overall cost estimates based off that list.

4. Account for site preparation and ongoing maintenance
Many factors affect tree survival, including local site conditions, restoration approaches, site protection, and
climate change. Maintenance activities may be required for several years, and projects need to ‘front-load’
these expenses into their costs-per-tree calculations.

5. Account for monitoring outcomes, assessing progress and developing local capacity

Another important aspect of FLR that often gets overlooked and under-resourced is monitoring tree growth
and survival.

To ensure credibility and long-term success, projects should:

» Monitor over multiple years to assess true impact and identify challenges.

Track biodiversity and ecosystem services, not just tree counts.

Invest in the necessary technical expertise and local capacity.

Use findings to support adaptive management and correct course when needed.

Defining when a project is ‘complete’ is complex and budgeting for long-term monitoring from the outset is
vital, especially as it can require up to 20% of total project costs (Trillion Trees, 2022).

-~

~ )

Seedlings in a nursery, Makira, Madagascar © Andrew Kirby, WCS
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3.2 Moving Beyond Philanthropy to Sustainable Finance Mechanisms

To achieve global climate and biodiversity goals, large-scale land restoration is essential. However, delivering
this at scale will require a significant increase in funding for FLR, far beyond what philanthropy alone can
provide. Forest restoration efforts worldwide are largely dependent on small, grant-funded projects, typically
supported by philanthropic donations from individuals, foundations, or corporate social responsibility
programmes. While this support is valuable, it is often fragmented, short-term, and insufficient to drive long-
lasting, large-scale impact. To bridge this funding gap and achieve scale, it may be necessary to seek market-
based solutions and sustainable financial models, such as payments for ecosystem services, carbon credits, and
water resource management. There are increasingly innovative approaches for FLR initiatives to integrate
different types of financial support. Additionally, corporations and investment funds are being incentivised to
move beyond one-time donations and towards long-term, impact-aligned investment. For instance, innovative
funds like TIG and re.green are demonstrating that multi-year, impact-aligned capital can scale forest
restoration through blended revenue strategies (e.g., carbon credits and sustainable timber) with backing from
major corporates like Microsoft and Meta (Sanjayan, 2025).

Challenges:

Many conservation efforts aren't financially sustainable and struggle to scale. This is not because they lack
environmental merit, but because they were not structured around the production of marketable environmental
services and thus fail to attract return-seeking investors (Guillon & Bennet, 2025). Considering all these factors,
projects often remain small-scale, short-term and grant-dependent, struggling to evolve into investment-ready
models capable of becoming larger, sustainable ventures.

Adaptive responses:

Despite the challenges, there are innovative ways that small scale FLR projects can access sustainable financial
mechanisms to scale their impacts. Guillon & Bennet (2025) suggest adopting a new project with a startup-like
approach and using real customer insights to design a “minimum viable offer," a small-scale version of the
project (e.g., mock credits, pilot restoration) to test if it resonates financially before scaling. FLR projects must
co-design initiatives with local stakeholders to see what the community needs.

When Payment for Ecosystem Servies (PES) models are designed so that payments are made in exchange for
protecting ecosystem services, those payments directly support conservation outcomes. In these cases, local
communities receive economic benefits from preserving their natural environments, incentivising long-term
stewardship rather than short-term exploitation. For example, in Nam Et-Phou Louey, Laos, WCS introduced
nature-based tourism and local communities receive payments linked to wildlife sightings captured by tourists
and confirmed through camera traps.

In the Usambara Mountains of Tanzania, a critical part of a Water Towers Landscape, WWF-Tanzania works to
restore forests and ensure water security for over 3.5 million people. Through projects like Equitable Payments
for Watershed Services (EPWS), WWEF collaborates with local communities and partners such as Friends of
Usambara and 4H Tanzania, to reduce sedimentation in the Zigi River, improve livelihoods through sustainable
agriculture, and restore degraded areas. The overall goal is to restore the ecosystem's ability to provide water
and other services, supporting both the environment and human well-being.

Carbon markets allow FLR projects to generate and sell carbon credits based on the removal of carbon dioxide
from the atmosphere. Companies and individuals purchase these carbon credits on a voluntary basis. Carbon
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offsetting has become a profitable and scalable approach in forest finance, attracting institutional investors and
being increasingly integrated into timberland strategies (Begemann et al., 2022).

While provisioning, regulating, and cultural ecosystem services are often directly linked to a project's economic
impacts, supporting services, such as soil formation and the provision of wildlife habitat, do not typically have
direct market value (Everard, 2022). These underlying services are not currently captured by markets, yet they
play a critical role in maintaining the resilience of global farming systems. This resilience, while often
overlooked, holds real value for both growers and buyers, as it underpins the long-term sustainability and
reliability of agricultural production.

S

Villagers preparing trees for planting © WWF Tanzania
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Case Study — The Forest Restoration Catalyst

Delivering Forest Landscape Restoration at scale requires substantial financing, hinging on a robust
investment case and a strong enabling environment. But few projects pioneering nature-based
solutions have the resources to reach investment readiness. Lack of early-stage financing can be a
problem; capital is needed to turn restoration ideas into investible, operational initiatives. For most
initiatives, this means years of work to build feasibility studies, stakeholder partnerships, financial
models, and monitoring frameworks.

A growing number of project accelerators are emerging to provide support for early stage programmes.
These programmes can help with critical elements of the project preparation process, such as
feasibility assessments, outcomes modelling and development of robust and investible business plans.

Trillion Trees has developed the Forest Restoration Catalyst (FRC) to address the challenge of securing
early-stage investment in FLR. The FRC provides catalytic funding to forest restoration initiatives with
the potential to leverage outcomes-based finance to achieve scale. It is a landscape preparation facility
to help create the enabling environments for nature-based investment by co-designing initiatives with
local stakeholders, supporting pilot projects, and ensuring equitable benefit sharing models are the
foundation of any investment.

The FRC provides grant support and technical assistance to FLR projects through three stages:
feasibility, investment readiness, and acceleration to identify and develop sustainable revenue streams.

Through these stages the FRC works closely with landscape partnerships to identify key pathways
across three work streams that, together, create:

» Finance frameworks: Establishing sustainable financing models through robust feasibility
assessments, developing viable landscape financing transition plans, alongside commitments from
all relevant stakeholders, including buyers.

o High quality FLR: Strengthening capacity to implement and scale sectoral best practices for impact
forecasting, monitoring, and accountability, by co-developing interventions with rights holders and
partners strengthening marginalised voices to support just transition.

» Enabling conditions: Identifying policies and regulations to promote and secure restoration.
Developing governance frameworks ensuring equitable decision making and benefit sharing.

The FRC aims to deliver sufficient returns from blended finance structures for landscapes to be self-
sustaining in their scaling and development within five years. Over the longer term, successful projects
can return a portion of the development finance they have received to enable recycling of funds to a
growing pipeline of landscape partnerships.

As an example in practice, the FRC supported WWEF in Brazil to develop an investable model to drive
forest restoration at scale across the Upper Parana water catchment, part of the Atlantic Forest
ecoregion. This area has been subjected to high levels of deforestation for soy bean agriculture, but
climate change, biodiversity loss, and water availability concerns now make it a priority region for
restoration efforts that protect water courses and prevent soil loss. FRC support helped deliver an
inclusive and scalable landscape business plan to restore 1.6 million hectares of high priority degraded
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land in the Upper Parana Atlantic Forest over the next 25 years. This included cost-benefit modelling,
analysis of market opportunities for high value commaodities, for example yerba mate, and PES options
(water and carbon) that could incentivise farmers to switch away from monoculture crops to
agroforestry systems, and restore riparian areas which increases connectivity for wildlife.

Aerial view of a tree nursery, Kenya © Nature Kenya
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4.Climate-Driven Changes

The current climate crisis presents significant challenges to forest ecosystems and biodiversity, and the
communities that rely on them. In 2024, the global surface temperature reached 1.5°C above the 1850-1900
average. This marks a critical threshold that could indicate the world is on track to exceed 2°C, a milestone that
carries significance in the context of the Paris Agreement, which set the goal of limiting the global surface
temperature to below 2°C, preferably to 1.5°C, above pre-industrial levels (WMO, 2025). The frequency and
strength of seasonal changes as well as natural disturbances are both increasing (WMO, 2021). Climate change
makes it harder to predict future forest conditions and select appropriate tree species for restoration. What
might thrive in a particular area today might not be suitable in the future due to changing climate parameters.
Restoration strategies need to integrate both climate change mitigation and adaptation strategies to changing
seasonal conditions and natural disturbances. While these two challenges have similarities, they require
different ground approaches to respond. These considerations need to be integrated into all stages of forest
restoration planning, from site and species selection to management practices.

4.1 Changing Seasonal Conditions

Intensifying seasonal changes due to climate change pose significant challenges to forest restoration efforts.
These changes can complicate restoration strategies, including affecting tree growth, species distribution, and
ecosystem resilience. Well-functioning forest ecosystems, with greater biological diversity and covering
heterogeneous landscapes, are more resilient to the impacts of climate change (Baig et al., 2015). It is
imperative that FLR projects seek to recreate resilient landscapes that can be robust in the face of climate-
induced seasonal changes.

Challenges:

Restoration efforts often rely on predictable precipitation patterns for tree planting and establishment. Climate
change is disrupting these patterns; rain may come too early, too late, or not at all, leading to poor seedling
survival and failed planting seasons. Extended drought stress combined with heat events can severely impact
forest ecosystems and restoration efforts. These events cause physiological stress, increasing mortality in young
or drought-sensitive species (Lalor et al., 2023). It may also increase the risk and severity of fires, which can
prevent natural regeneration. As temperatures and rainfall patterns change, the climatic suitability of native tree
species may shift, meaning that trees planted today might not thrive in the same location in the future. This
complicates species selection and long-term planning. It requires some knowledge of predicted future climate
conditions and means restoration initiatives should make provisions for higher levels of seedling mortality, and
plan for repeated replanting(s).

Similarly, climate change is shifting forest growing seasons, impacting tree phenology (biological cyclic events)
and regeneration. In forests, phenology tracks when key life cycle events occur including budburst, flowering,
and fruiting. Forest greening has led to earlier spring and autumn phenology in temperate and boreal forests,
ultimately affecting seasonal leaf production and ecosystem dynamics (Guo et al., 2024). Additionally, earlier
springs have been found to result in phenology changes in trees, such as advanced bud burst and flowering
(Parmesan and Yohe 2003). These changes can have cascading impacts such as on species interactions (e.g.,
pollination), ecosystem functioning, carbon cycling, and biodiversity (Singh, 2024). This has implications for
projects collecting seeds from natural forests, as they will need to adapt nursery rhythms to seed availability.
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Adaptive responses:

It is imperative to update restoration planning to include climate-smart adaptation actions. Although plants can
have adaptive responses to climate change extremes, there are constraints such as habitat fragmentation which
may contribute to disrupted gene flow (Anderson & Song, 2020). Since the adaptability of forests to climate
change effects is unknown, strategies must be adjusted to decrease forests' vulnerability to these effects (Rizvi
et al,, 2015). One way to address this is by planting climate-resilient tree species, which have low sensitivity to
change and/or a high capacity to adapt to change (Lee et al., 2019). Fremout et al. (2022) introduces a Diversity
for Restoration (D4R) tool, which helps to identify climate-resilient tree species and seed sources for tropical
forest restoration by integrating ecological, climatic, and functional trait data. This scalable and free tool
supports evidence-based decisions for ecosystem restoration projects in the face of climate change.

Furthermore, monitoring and evaluation are critical to adapting FLR projects to climate change. One such
strategy is via monitoring forest hydrology through sensor technologies, remote sensing, or interdisciplinary
approaches. This will reveal climate change effects to water availability, allowing for the implementation of
mitigation strategies. Forest monitoring and evaluation can enable early detection of climate-related changes,
thus enabling FLR projects to respond with adaptive responses (Singh et al., 2024). For example, a study based
in the southwestern U.S. ponderosa pine forests that monitored drought-induced tree mortality led to adaptive
treatments like thinning and fuel reduction to reduce water stress and drought vulnerability (McCauley et al.,
2022).

Crucially, FLR initiatives can support agroforestry and local community businesses through the uncertainty of a
climate crisis. There are many innovative adaptive agroforestry advances including tree buffers around crops
which help to moderate the microclimate, through shading and cooling, improve water-use efficiency, ultimately
reducing heat stress and improving crop yields (Kumar et al., 2024). Furthermore, FLR depends on engaging
stakeholders and incorporating local communities' knowledge into the research and planning process of climate
change monitoring and mitigation to forests (Singh et al., 2024).

St Laurent et al. (2021) proposes a transformative approach to implementing climate adaptations to
conservation; resistance, resilience, and transformation, the R-R-T scale. Resistance is the prevention or
minimisation of changes, resilience focuses on helping ecosystems recover and return to its previous state, and
transformation refers to actively guiding ecological change toward anticipated future states.

Aerial view of the Amazon © WWF
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Case Study — Jovel Valley Basin, Mexico

In the Jovel Valley Basin in the Highlands of Chiapas, Mexico, a restoration project led by Birdlife
International partner, Pronatura Sur, addresses the environmental challenges this region faces,
including rapid urban growth, pollution, and climate change. The overall goal of the project is to
propagate and plant at least 200,000 native trees and restore 1,000 hectares of forest ecosystem over
the next five years.

The project seeks to restore ecosystems, improve water quality, support endangered species like the
Golden-cheeked Warbler (Setophaga chrysoparia) and Guatemalan Fir (Abies guatemalensis), and boost
climate resilience. Through community, government, and corporate collaboration, it aims to enhance
both environmental health and local livelihoods. Jovel Valley Basin restoration is based on a
community-centred approach that addresses environmental degradation from urban growth, illegal
logging, and climate change. Collaborations with authorities and local businesses provided support and
resources. By combining conservation with community engagement, the project is boosting
biodiversity, improving water quality, and creating resilient ecosystems that benefit both nature and
people.

This project is restoring forests on large private properties using a mix of different native species
through typical planting as well as enrichment planting.

Challenges and adaptations

In the past two years the project team has been faced with high temperatures in an unseasonable time,
an intense drought in the dry-season, and strong frosts in the colder months, which have all impacted
plant and seedling stress as well as caused seedling mortality.

Preliminary reports indicate that the duration of dry periods has been variable but with increasing
severity in recent years. In particular, the 2024 season was considered the most critical, extending into
June - longer than the usual period. This extension not only created greater water deficits in both
nursery and field but also disrupted synchronisation with the rainy season, generating a longer window
of vulnerability for newly planted seedlings. In the field in 2024 mortality reached approximately 50%
of the seedlings established.

In the nursery, stable production was maintained thanks to irrigation and management measures, and
any adjustments in numbers were made through continuous germination of additional seeds. A water
storage infrastructure was put in place - a 30,000-litre ferrocement tank was installed, with a storage
capacity lasting approximately one month. The nearest water source is located nearly 500 meters
away, making the tank essential for maintaining irrigation during critical periods. In addition, a
nebulisation system was introduced and installed in all nursery sheds, ensuring more efficient and
uniform distribution of water during drought conditions. Frost nets were also installed in the nursery
sheds. While this reduced cold stress, some plants still dried out once transplanted to the field and on
several restoration plots, clay-rich soils meant that rainwater did not soak through into the soil during
the first rains. This resulted in reduced soil moisture retention, directly affecting the survival of planted
seedlings.

At this stage, no specific mitigation measures were implemented in the field to address drought
impacts on planted seedlings. This gap highlights a critical vulnerability in the restoration process and
points to the need for soil management interventions (e.g., mulching, soil amendments, or micro-
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catchments) in future cycles.
Two additional problems were reported:

« Earlier seed maturation, which represents a risk for collection since some species may not have
reached full physiological maturity when harvested, compromising subsequent germination. This
phenomenon requires adjustments in seed collection calendars and closer monitoring of the plant
cycles by species.

» Sheep coming into restoration sites was noted, adding further pressure on established seedlings
and reducing survival probabilities. This type of disturbance by animals compounds climate
impacts, increasing project vulnerability.

Recommendations by the project team for other similar restoration projects, include detailed
observation of seasonal changes. While literature and historical records provide a baseline, field reality
shows that climatic patterns are shifting rapidly. Restoration planning must therefore include ongoing
monitoring rather than past climatology alone. Another recommendation is to avoid planting outside
the rainy season, as this severely compromises survival rates. Finally, it is recognised that implementing
preventive measures—such as irrigation infrastructure, frost protection, and water storage—increases
operational costs. However, these additional expenses should be considered essential investments to
ensure seedling availability and successful establishment in the field.
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4.2 Increased Occurrence of Climate-Related Events

Climate change effects have increased the frequency and severity of natural disturbances, furthering the
degradation of forests. For example, periods of heat stress can combine with other risks like fires (Brando et al.,
2014) or insect and pathogen outbreaks and amplify the impact on forests (Hartmann et al., 2018). The success
of FLR depends on forest permanence to climate-driven risks such as fire, drought, and insect and pathogen
outbreaks (Williams et al., 2020).

Challenges:

Rising temperatures and changing precipitation patterns are leading to more frequent and severe climate-
related events, such as droughts, wildfires, and pest infections (Singh et al., 2024). Wildfires are the second
leading cause of forest loss (Sims et al., 2015). The occurrence of fires is increasing in tropical, temperate, and
boreal forest (Andela et al., 2017). In 2024, wildfires driven by climate change led to 6.7 million ha of tropical
forest loss and an 80% increase from 2023 (Andreoni & Villegas, 2025). These fires can become feedback loops,
combined with heat stress as landscapes become increasingly dry and flammable (Bowman et al., 2020). This
pattern increases the rate of deforestation and disrupts the restoration work of FLR projects as post-fire
recovery is also uncertain. Storms and hurricanes can make restoration riskier, especially in coastal or high-wind
landscapes. For example, in tropical forests, extreme events like the 2015-16 El Nino led to elevated seedling
mortality (~11%) in wetter ecosystems (Browne et al., 2015). Furthermore, the frequency and intensity of
extreme floods in mid-latitude and tropical human regions have been increasing (IPCC, 2014).

Elevating global temperatures are increasing the occurrence of pest and disease outbreaks in forests. This
occurs for a multitude of reasons including that warmer temperatures allow more insects to survive for seasons
they wouldn’t normally and sometimes allows the pests to breed more generations than they would typically
(Buckley et al., 2017). Also, the increasing temperatures of areas that are not regularly warm causes pests and
diseases to move into these areas where the trees lack the defences to protect themselves (Kirilenko & Sedjo,
2007).

All climate-related events can cause significant impacts on communities that rely on the forests, such as loss of
livelihood, forced displacement, and food and water insecurity. Furthermore, a paramount challenge caused by
climate-related events is that they can be very either unpredictable, sudden, or both. For example, wildfires can
occur quickly, while others, such as disease outbreaks, are slow moving (Vose et al., 2018). This can make
planning for these events even more challenging.

Adaptive responses:

The ability to respond and adapt to changing climatic conditions will be critical to the future success of FLR
efforts. Incorporating climate-smart forestry practices into FLR can build fire-resilient forests and there are
many innovative approaches. One of these practices is thinning and prescribed burning for fuel reducing of
canopy bulk density, which can improve forest resilience (Brodie et al., 2024). A 20-year study in California
supported this approach as forests with thinning and prescribed burns resulted in an 80% probability that at
least 80% trees would survive a fire event (Stephens et al., 2023). Another practice that has been found to be
successful is planting species that have fire-resistant qualities, such as being able to sprout after a fire or have
fire-stimulated seed release (Enright et al., 2014). For example, the rocky mountain lodgepole pine (Pinus
contorta var. latifolia) stores seeds in the tree crowns and can survive and release seeds after severe fires
(Stephens et al., 2013). Moris et al., (2022) found that forests with a higher number of fire-resistant species
underwent less severe fires than forests with fewer of these species. A combination of approaches to fire-
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resistant forests will build strong and sustainable forests for the future of our climate and local communities.

On a broader scale, Simonson et al. (2021) created a framework to help structure a climate resilient restoration
approach that includes projects using climate-resilient native species, monitoring for early signs of pests or
disease, planning restoration in areas with lower disaster risk when possible, and engaging with communities in
disaster preparedness and response. Communities can aid restoration with TEK about how their forests and
species respond to fires, which can increase community engagement and buy-in to the initiative, as well as
prepare communities for climate-related events that can be detrimental to their livelihoods (Evans et al., 2018).
Frameworks such as Simonson et al. (2021)’s provide FLR projects and local communities with the tools they
need to be ready in the face of sudden climate-related events.

Pugu forest, Tanzania © WWF Tanzania
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Case Study — Northern Chiquitania, Boliva

WWEF Bolivia is working to protect and restore forests in Northern Chiquitania, a region heavily
affected by deforestation and wildfires. The project supports long-term ecosystem recovery and
biodiversity conservation, with a focus on restoring natural habitats and preventing further forest loss.
The main threats to the landscape are land use change resulting from the expansion of agriculture and
cattle ranching and frequently occurring human caused forest fires - more than 10 million hectares of
forest were destroyed by wildfires in Bolivia in 2024. The speed of forest degradation and destruction
resulting from these events is a huge challenge.

The goal of this project is to achieve zero net deforestation and stop the conversion of natural habitats
by 2030. This will be done by restoring forests and managing them sustainably, especially in key
wildlife corridors to ensure connectivity.

Challenges and adaptations

The project focuses on a monitoring area in Northern Chiquitania, Bolivia. Two main local stakeholders
are involved: the Indigenous community of Colorado, which borders the area, and a private landowner
from the Caparu property located inside the area. Both groups play important roles in leading
restoration monitoring and managing wildfire risks, which are a major threat to natural recovery.

The team has engaged these communities through awareness sessions about the benefits of forest and
landscape restoration, the damage caused by wildfires, and discussions about challenges to restoration
efforts. The creation of the community fire prevention plan for Colorado, has identified priority actions
to prevent fire from affecting communal lands. Thanks to this work, zones where it is important to
establish defense lines or firebreaks have been identified. The vegetation monitoring system installed
in the field through permanent plots measures the availability of existing fuel in the area (e.g. quantity
of dry material). With this data, the risk of future fires can be analysed by considering the amount of
plant material present alongside historical fire occurrence.

The team coordinates with the Wildfire Early Warning System (SATIF) of the Autonomous
Departmental Government of Santa Cruz. Additionally, a monitoring system has been set up to track
recovery and jaguar (Panthera onca) populations. Specifically, three Permanent Monitoring Plots
(PMPs) and four camera traps were installed in the Colorado community, both in burned and unburned
forests. At the Caparu property, six PMPs and 14 camera traps were set up, all in burned forest areas
because there were no unburned zones. Local people have shown strong interest in the fieldwork and
the monitoring results, especially since the data can help manage conflicts between jaguars and
livestock.

The most effective approach taken to-date has been to bring community and private land management

under an integrated fire management scheme, where passive and adaptive restoration is an element
that can’t be achieved without first anticipating and reducing the risk of future fires.
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A wildfire in the Amazon © WWF
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5.Conclusion

Robust pre-project planning and budgeting, taking into account the internationally agreed FLR principles, are
essential for the success of any forest restoration initiative. Despite this, many initiatives often face complex and
wide-reaching challenges, three of which have been explored in this paper, land use pressures, financial
challenges, and climate-driven changes. Although these can create difficulties for restoration initiatives, they can
be addressed in various ways, appropriate to the landscape and conditions, and approaches adapted to enable
successful forest restoration. This paper has reviewed multiple potential responses to these challenges,
demonstrating how FLR initiatives can mitigate and adapt to problems. For example, incorporating TEK into
project planning can increase community engagement, building fire-resistant forests can protect landscapes, and
using PES models can provide projects with their own financial resources and reduce reliance on philanthropic
donations. These challenges and adaptive responses were explored both through a literature review and through
the analysis of the Trillion Trees ReForest Fund portfolio of tropical forest restoration initiatives, representing
multiple geographies and socio-economic conditions, demonstrating that these approaches are not only
theoretical but render successful outcomes in practice.

Among many benefits, FLR is imperative to building resilient forests and supporting communities by cultivating a
socio-ecological relationship that is sustainable in the long term. Each project has its own unique combination of
challenges and needs to identify the specific adaptations that will work best in those circumstances, while taking
local ecological and cultural contexts into account. The challenges facing FLR will likely change over time as
climate and financial problems evolve, but it is clear that there are multiple ways in which projects can ensure
their long-term sustainability, while remaining adaptable, enabling maximum benefits of FLR for people, nature,
and the climate.

Ruvuma landscape, Tanzania © WWF Tanzania
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	Introduction
	41% (Wolf et al., 2021).
	However, protecting the world’s remaining forests and preventing further deforestation is no longer sufficient to achieve global goals to combat climate change and biodiversity loss; we must also work to restore the forests that have been lost. Forest Landscape Restoration (FLR) offers a framework for addressing the dual objectives of restoring degraded forest ecosystems while supporting local livelihoods long-term. FLR is the ongoing process of regaining ecological functionality and enhancing human wellbeing across deforested or degraded forest landscapes - it's about more than just planting trees (Beatty et al., 2020). Combining FLR with deforestation prevention amplifies impact by protecting existing forests, while restoring degraded ones. FLR is guided by a set of key principles outlined by the UN Decade on Ecosystem Restoration and the UNFAO (2021). These principles should form the basis for any restoration initiative and are carefully considered in each of the challenges, adaptive responses, and case studies explored in this paper.
	The Trillion Trees ReForest Fund is a small grants mechanism that provides funding to support high quality forest restoration projects in conservation landscapes. Each initiative is guided by FLR principles, adheres to internationally recognised environmental and social safeguarding standards and undergoes a robust up-front planning process. Projects are co-designed with local communities and stakeholders, and monitoring and measurement is conducted throughout, via a bespoke monitoring platform called FORMAPP.
	Each ReForest Fund initiative is carefully planned at the outset, however, even with the most robust planning processes, challenges will arise in the delivery of projects that require adaptive management approaches. This paper uses the experiences of 24 Trillion Trees ReForest Fund projects, implemented across 14 countries in Latin America, Mesoamerica, Africa and Asia, between 2020 and 2025, to examine and review the lessons learned from implementation. It explores three main challenges that even the most well-planned projects can face in delivery, that require adaptive management. These are: land use pressures, inadequate long-term funding, and climate-driven changes. This paper examines each issue by summarising relevant research and pairing it with a Trillion Trees case study that illustrates how initiatives are exploring solutions and adapting in practice. It is important to note that due to forest landscapes’ complexity, context-specific and localised solutions are commonly required; each landscape, community, and ecosystem, experiences a unique combination of challenges and therefore each potential response will vary in its application and effectiveness.
	Land Use Pressures

	2. Land Use Pressures
	Globally, 1.6 billion people live in rural areas within 5km of a forest, many of which are in low or middle‑income countries. A large proportion of these people have low incomes, relying on forest goods and services for their daily needs (Newton et al., 2020). Deforestation, land degradation, and displacement from their traditional lands negatively impact communities who depend on resources from these areas to meet their basic needs (Hermans and McLeman, 2021). When designed in collaboration with communities, restoring forests can directly enhance local livelihoods by improving access to ecosystem services, diversifying income sources, and increasing food and resource security. A rights-based approach to FLR centres on recognising and upholding the rights of local communities and other stakeholders in the restoration process. This approach ensures that FLR initiatives are not only ecologically sound, but also socially just and equitable, promoting sustainable and inclusive outcomes. It is essential that FLR initiatives prioritise securing and clarifying the rights of community members in each project decision to ensure their benefit and participation (CIFOR, 2017).
	Local needs, land rights, and local priorities must be integrated into the planning of FLR (Shelton et al., 2024). The engagement of local communities is essential for the delivery of successful and sustainable FLR initiatives, as motivation is driven by clear benefits, secure land rights, and meaningful participation in project decision making (FAO, 2021). Understanding these landscape-specific pressures is essential for FLR approaches that are socially inclusive, economically sustainable and long-lasting.
	2.1 Community Motivation and Involvement
	Motivating communities and ensuring their meaningful inclusion, in particular in co-design of project plans, are essential for successful FLR initiatives, yet they are often difficult to achieve. Without meaningful engagement and benefits for local people, restoration efforts risk being harmful and/or unsustainable. Many aspects contribute to strong community involvement in conservation, such as financial incentives, a desire to improve local environments, a sense of responsibility towards future generations, and long-term commitment, which is crucial for developing sustainable livelihoods and enabling the success of the project. Significantly, there is increased risk of project failure when local communities and their needs are not considered in project design and implementation, including clear communication of the goals of the initiative (Höhl et al., 2020). If communities are not meaningfully involved, tree planting and other initiatives may be instigated but later neglected, removed, or replaced.


	2.1 Community Motivation and Involvement
	to ensure collective collaboration with local communities in forest restoration initiatives, including: understanding the local context; ensuring free, prior, and informed consent; co-designing initiatives with communities; implementing together with local actors; and recognising and protecting land and resource rights.
	As mentioned above, it is critical to understand local TEK, beliefs, and land-use practices to develop culturally appropriate FLR strategies that will be effective (Charnley et al., 2007). For example, Haq et al. (2023) used TEK to prioritise the tree species used in their restoration project in the elephant corridor in Dibru Saikhowa National Park in Assam, India. The local community was involved in each stage of restoration: land selection, planting, and monitoring seedlings. The project gathered local community knowledge about native woody tree species, such as traditional uses, wildlife habitat and forage, through interviews, group discussions and observations. The project provided field training and compensation to the local community, importantly including women, to aid in planting and monitoring of the restoration project. Community-based restoration initiatives such as these can create jobs (nurseries, planting, monitoring) and increase local autonomy over land use decisions (FAO, 2022).
	Restoration plans should be screened for any gender-differentiated matters and encourage active involvement of all groups in restoration efforts through capacity building and enabling participation (Broeckhoven & Cliquet, 2015). For example, WWF works in the Usambara Mountains in Tanzania with an all‑women nursery cooperative that shares management, financial roles, decision‑making, and profits equally. This project engages local communities and empowers women both economically and socially, while restoring forests through spice tree agroforestry. Agroforestry is the interaction of agriculture and trees, including the agricultural use of trees, comprising trees on farms and in agricultural landscapes, farming in forests and along forest margins, and tree-crop production.
	Fundamentally, projects must hold community leaders, NGOs, government officials, and other stakeholders accountable for their actions in FLR. Throughout project timelines, it is crucial to strengthen collaboration and communication across governance levels, sectors and social groups to support FLR efforts. A key priority for effective governance in FLR is empowering local communities to actively participate throughout the project planning, implementation, monitoring and evaluation stages (McLain et al., 2017).
	Tenure security has been found to motivate community engagement in restorations as well as allow landholders to benefit from their conservation investments (McLain et al., 2017). Tenure security provides landholders with confidence that they will benefit from FLR. FLR efforts must integrate the recognition and actualisation of land rights to reduce barriers to restoration. Formal legal recognition can protect communities from being displaced or undermined when land value rises. These interventions must include marginalised groups in the recognition and actualisation strategies of securing land tenure (McLain et al., 2021).
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	2.2 Opportunity Cost of Land Use
	this by establishing markets for ecosystem services, such as carbon credits, water regulation, or biodiversity conservation (discussed in the following section in more detail) or through government-funded subsidy schemes that reward landholders for adopting sustainable and restorative practices. Governments can redesign subsidy approaches in agriculture to invest in low-carbon agriculture to increase sustainable investment long-term as well as avoid land degradation, among many benefits (Sánchez, 2022). For example, in Brazil, their rural-credit policy framework has a RenovAgro plan that promotes agricultural practices that reduce greenhouse gasses. The plan promotes sustainable agricultural practices such as, crop-livestock-forest integration systems, with a low interest rate. The financed plans have resulted in a reduction of 193.67 million Mg CO₂eq from 2010-2020 (IISD, 2024).
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	delivering more trees recognised locally for their benefits, such as Amazonian pine, cedar and bamboo. By promoting native species and sustainable land use, the initiative supports both environmental objectives and the long-term well-being of forest-dependent communities.
	Many families have noted further benefits to the agroforestry approach including restoring soil, generating future income when timber species reproduce, supporting beekeeping, improving habitat for wildlife, improving air quality and contributing to water quality. This region is one of the most biodiverse on the planet, home to thousands of plant and animal species, including spectacled bears, jaguars, giant otters, and endangered primates. Working with Indigenous peoples, local communities, and government agencies, the initiative promotes sustainable land use under a watershed management approach, stronger forest governance, and alternative livelihoods—including coffee produced by these farming families, which enjoys growing global appreciation due to its profile, quality, and flavour.
	Financial Challenges
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	3.1 Cost of Restoration
	Account for different interventions within the same landscape
	Projects often involve multiple types of restoration activities within a single landscape, each with its own set of costs. For instance, one part of the project might help farmers plant trees that will eventually provide economic returns (e.g., timber) while another part focuses on restoring natural forests with no planned economic use. Although both actions support the overall landscape restoration goals, their cost structures will differ. When calculating project costs (e.g., cost per tree per ha), the project must itemise the costs separately for each type instead of averaging them and adjust the overall cost estimates based off that list.
	Account for site preparation and ongoing maintenance
	Many factors affect tree survival, including local site conditions, restoration approaches, site protection, and climate change. Maintenance activities may be required for several years, and projects need to ‘front-load’ these expenses into their costs-per-tree calculations.
	Account for monitoring outcomes, assessing progress and developing local capacity
	Another important aspect of FLR that often gets overlooked and under-resourced is monitoring tree growth and survival.
	To ensure credibility and long-term success, projects should:
	Monitor over multiple years to assess true impact and identify challenges.
	Track biodiversity and ecosystem services, not just tree counts.
	Invest in the necessary technical expertise and local capacity.
	Use findings to support adaptive management and correct course when needed.
	Defining when a project is ‘complete’ is complex and budgeting for long-term monitoring from the outset is vital, especially as it can require up to 20% of total project costs (Trillion Trees, 2022).
	3.2 Moving Beyond Philanthropy to Sustainable Finance Mechanisms
	3.2 Moving Beyond Philanthropy to Sustainable Finance Mechanisms
	offsetting has become a profitable and scalable approach in forest finance, attracting institutional investors and being increasingly integrated into timberland strategies (Begemann et al., 2022).
	While provisioning, regulating, and cultural ecosystem services are often directly linked to a project's economic impacts, supporting services, such as soil formation and the provision of wildlife habitat, do not typically have direct market value (Everard, 2022). These underlying services are not currently captured by markets, yet they play a critical role in maintaining the resilience of global farming systems. This resilience, while often overlooked, holds real value for both growers and buyers, as it underpins the long-term sustainability and reliability of agricultural production.
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	land in the Upper Paraná Atlantic Forest over the next 25 years. This included cost-benefit modelling, analysis of market opportunities for high value commodities, for example yerba mate, and PES options (water and carbon) that could incentivise farmers to switch away from monoculture crops to agroforestry systems, and restore riparian areas which increases connectivity for wildlife.
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	4.1 Changing Seasonal Conditions
	Adaptive responses:
	It is imperative to update restoration planning to include climate-smart adaptation actions. Although plants can have adaptive responses to climate change extremes, there are constraints such as habitat fragmentation which may contribute to disrupted gene flow (Anderson & Song, 2020). Since the adaptability of forests to climate change effects is unknown, strategies must be adjusted to decrease forests' vulnerability to these effects (Rizvi et al., 2015). One way to address this is by planting climate-resilient tree species, which have low sensitivity to change and/or a high capacity to adapt to change (Lee et al., 2019). Fremout et al. (2022) introduces a Diversity for Restoration (D4R) tool, which helps to identify climate-resilient tree species and seed sources for tropical forest restoration by integrating ecological, climatic, and functional trait data. This scalable and free tool supports evidence-based decisions for ecosystem restoration projects in the face of climate change.
	Furthermore, monitoring and evaluation are critical to adapting FLR projects to climate change. One such strategy is via monitoring forest hydrology through sensor technologies, remote sensing, or interdisciplinary approaches. This will reveal climate change effects to water availability, allowing for the implementation of mitigation strategies. Forest monitoring and evaluation can enable early detection of climate-related changes, thus enabling FLR projects to respond with adaptive responses (Singh et al., 2024). For example, a study based in the southwestern U.S. ponderosa pine forests that monitored drought-induced tree mortality led to adaptive treatments like thinning and fuel reduction to reduce water stress and drought vulnerability (McCauley et al., 2022).
	Crucially, FLR initiatives can support agroforestry and local community businesses through the uncertainty of a climate crisis. There are many innovative adaptive agroforestry advances including tree buffers around crops which help to moderate the microclimate, through shading and cooling, improve water-use efficiency, ultimately reducing heat stress and improving crop yields (Kumar et al., 2024). Furthermore, FLR depends on engaging stakeholders and incorporating local communities' knowledge into the research and planning process of climate change monitoring and mitigation to forests (Singh et al., 2024).
	St Laurent et al. (2021) proposes a transformative approach to implementing climate adaptations to conservation; resistance, resilience, and transformation, the R-R-T scale. Resistance is the prevention or minimisation of changes, resilience focuses on helping ecosystems recover and return to its previous state, and transformation refers to actively guiding ecological change toward anticipated future states.
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	catchments) in future cycles.
	Two additional problems were reported:
	Earlier seed maturation, which represents a risk for collection since some species may not have reached full physiological maturity when harvested, compromising subsequent germination. This phenomenon requires adjustments in seed collection calendars and closer monitoring of the plant cycles by species.
	Sheep coming into restoration sites was noted, adding further pressure on established seedlings and reducing survival probabilities. This type of disturbance by animals compounds climate impacts, increasing project vulnerability.
	Recommendations by the project team for other similar restoration projects, include detailed observation of seasonal changes. While literature and historical records provide a baseline, field reality shows that climatic patterns are shifting rapidly. Restoration planning must therefore include ongoing monitoring rather than past climatology alone. Another recommendation is to avoid planting outside the rainy season, as this severely compromises survival rates. Finally, it is recognised that implementing preventive measures—such as irrigation infrastructure, frost protection, and water storage—increases operational costs. However, these additional expenses should be considered essential investments to ensure seedling availability and successful establishment in the field.
	4.2 Increased Occurrence of Climate-Related Events
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	resistant forests will build strong and sustainable forests for the future of our climate and local communities.
	On a broader scale, Simonson et al. (2021) created a framework to help structure a climate resilient restoration approach that includes projects using climate-resilient native species, monitoring for early signs of pests or disease, planning restoration in areas with lower disaster risk when possible, and engaging with communities in disaster preparedness and response. Communities can aid restoration with TEK about how their forests and species respond to fires, which can increase community engagement and buy-in to the initiative, as well as prepare communities for climate-related events that can be detrimental to their livelihoods (Evans et al., 2018). Frameworks such as Simonson et al. (2021)’s provide FLR projects and local communities with the tools they need to be ready in the face of sudden climate-related events.
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	Conclusion

	Conclusion
	Robust pre-project planning and budgeting, taking into account the internationally agreed FLR principles, are essential for the success of any forest restoration initiative. Despite this, many initiatives often face complex and wide-reaching challenges, three of which have been explored in this paper, land use pressures, financial challenges, and climate-driven changes. Although these can create difficulties for restoration initiatives, they can be addressed in various ways, appropriate to the landscape and conditions, and approaches adapted to enable successful forest restoration. This paper has reviewed multiple potential responses to these challenges, demonstrating how FLR initiatives can mitigate and adapt to problems. For example, incorporating TEK into project planning can increase community engagement, building fire-resistant forests can protect landscapes, and using PES models can provide projects with their own financial resources and reduce reliance on philanthropic donations. These challenges and adaptive responses were explored both through a literature review and through the analysis of the Trillion Trees ReForest Fund portfolio of tropical forest restoration initiatives, representing multiple geographies and socio-economic conditions, demonstrating that these approaches are not only theoretical but render successful outcomes in practice.
	Among many benefits, FLR is imperative to building resilient forests and supporting communities by cultivating a socio-ecological relationship that is sustainable in the long term. Each project has its own unique combination of challenges and needs to identify the specific adaptations that will work best in those circumstances, while taking local ecological and cultural contexts into account. The challenges facing FLR will likely change over time as climate and financial problems evolve, but it is clear that there are multiple ways in which projects can ensure their long-term sustainability, while remaining adaptable, enabling maximum benefits of FLR for people, nature, and the climate.
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