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Executive summary
Reforestation efforts are challenged by multi-variable landscape and socio-economic
considerations. Analysis of previous reforestation projects across the globe allows for
evaluation of the key determinants of project success. In this report, we group these elements
into considerations for regional site prioritization, the local community, and the local
ecosystem.
Within each focus area, we provide recommendations for developing re-forestry strategies
that confer a greater likelihood of project success. A summary of these recommendations is
detailed below.
Regional site prioritization
•

Select sites for re-forestry projects that are accessible for maintenance and
management of the plantation site

•

Consideration of the local landscape in order to mitigate impacts on water availability
to the local community

•

Selection of tree species based on soil quality and attributes for optimized planting
ventures

•

Prioritize re-forestry projects in regions that have previously had forest structures
present in order to capitalize on existing optimal conditions for tree plantations

Local community
•

Equitable representation of the local community as stakeholders in re-forestry projects

•

Provision of government subsidies to farmers to fund the initiation of small-scale
plantation sites

•

Focus reforestation programs on planting species that provide economic value to the
local community

•

Sourcing reforestation project labor from the local community to confer a financial
stake in project success to the local population

Local ecosystem
•

Renewed focus on natural forest regeneration techniques that reduce the chance of
local ecosystem de-stabilization

•

Consideration of species and community interactions in re-forestry initiatives to provide
an approach to reforestation that benefits the wider ecosystem
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Introduction
Maximising the effectiveness of reforestation efforts is essential for ensuring successful
outcomes globally and locally. As such, thorough considerations must be made when
selecting sites for reforestation. A key focus of this report is regional prioritisation – the
process of deciding where re-forestry efforts should be undertaken. This aspect of
reforestation involves pooling knowledge of local factors and site-specific conditions to
maximise project outcomes.
The nature of a site, its place in the landscape, and its local neighbourhood all play a role in
dictating its suitability for reforestation. An unsuitable site will confer overall project failure,
most obviously through dead or stunted saplings. In our analysis, we focus on factors
affecting sapling survival rate as key determinants of project success. Fulfilling initial planting
targets and ensuring long-term retention of the forested area were also ranked highly as
indicators of successful site reforestation. By isolating factors such as these that act as
success indicators, we can carefully select only the most suitable sites, allowing for efficient
and effective reforestation efforts.
When implementing and discussing reforestation programmes, the local communities must be
considered. Local communities play a major role in local reforestation, both socially,
economically, and culturally. Economic incentives that support reforestation aim to stop illegal
logging that may be driven out of financial hardship. This is something that has been trialled
in North Sumatra and Gunung Palung National Park, both of which are case studies
weexplore in this report. The lessons learnt from re-forestry programs such as these can
inform best-practice strategies in areas that face similar challenges, such as Brazil.
Education and social awareness of the consequences that logging has on local ecosystems
and biodiversity is also important for local communities. Illegal logging may not be caused
solely by economic needs, but also a lack of awareness of the ecological costs it brings. This
is particularly true in the Gunung Palung National Park case study - and its principles can be
extended to policy decisions in South America. We highlight the need for local community
considerations when designing policy and schemes for reforestation programmes. Working
with local communities and ensuring that re-forestry work is not undermined by illegal logging
is essential for successful reforestation.
Each species has their own fundamental role in an ecosystem. Animals, birds, insects and
microorganisms are equally important for a forest’s development as its trees. Thus, when
planning a tree planting project, it is essential to first understand the dynamics of tree
communities, but also to then consider the properties of the habitat and the interactions within
the ecosystem. Literature on biodiversity management techniques within the reforestation
context can be broadly categorised into two groups: restorative and economic approaches.
Biodiversity management ultimately increases the sustainability of reforested carbon sinks,
with restorative approaches prioritising the restoration of initial biodiversity, while economic
approaches reconcile both environmental and fiscal considerations. Although plant and
animal diversity feature prominently in both approaches, a robust discussion on the
management of fungal and bacterial diversity is commonly absent. Here, we introduce
biodiversity management strategies from all three domains, as well as case studies, where
available, for governmental consideration.
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Regional site prioritization
Background

In reforestation initiatives, site selection is crucial. This is attributed to a few factors that
impact on the success of reforestation projects and are highly variable across different sites
(1). Sapling survival rate is perhaps the most important factor in the realization of
reforestation targets, and is affected most significantly by elements such as soil depth and
site management (2,1). Additional factors to consider for sapling survival rates are water
availability, elevation and temperature. Generally, higher temperatures, greater water
availability and lower elevations, promise a greater survival rate (3). Soil depth, water
availability and local environment attributes are relatively simple to assess, but thorough
research of the ideal or appropriate conditions is needed, with a tailored approach to the
specific reforestation target.
On the other hand, site management, in particular grazing management and weed control are
highly complex - grazing livestock quickly decimate entire cohorts of saplings, while weeds
compete intensively with the saplings for sunlight and resources (4). To ensure site
management is undertaken consistently, site accessibility is essential. Good road conditions
ensure saplings can be transported safely and timely, helping to improve survival rates (5).
The chance of a project achieving a short-term tree survival rate greater than 80% is
improved by about 20 times where grazing management is implemented, by 18 times where
weed control is applied and by 12.5 times if road conditions do not cause transport problems
(1,4).
Comparing the reforestation site against the initial target area is a useful indicator of a
project's success. As mentioned, good road conditions help to ensure saplings can be
transported site safely and timely. This in turn ensures sufficient volumes of healthy saplings
are delivered for reforestation of the target area.
Larger sites are typically available at higher elevations, whereas smaller sites are more
common at lower elevations, as most suitable land will be used for agriculture. Higher
elevation sites are likely to have poor, shallow soil, with accessibility also becoming an issue –
thus, meeting reforestation targets is more difficult (3). An additional consideration is that
larger reforestation projects (those covering a greater target area) commonly have relatively
smaller areas that achieve successful planting (1). As such, smaller areas are broadly
considered to be better suited for projects that target small, fertile and accessible lowland
sites, and are more likely to meet planting targets.
Another useful metric is gleaned from comparing the final intact area against the initial
planted area, in other words the proportion of planted trees that are actually retained in the
long-term. Perhaps counter-intuitively, proximity to a town is a key factor for retaining trees.
This once again ties into the importance of site accessibility. Good access ensures tree
establishment and subsequent management activities can be undertaken. A further reason
may be that sites near towns are more secure, in that monitoring for illegal activities is easier
compared to a remote site (1).
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Recommendations
Site accessibility
The accessibility of a reforestation site is closely linked with the success of the planting
project (4). This is because many indicative factors for project success revolve around
management of the site, for example, grazing and weed control. For such management
practices, proximity to a town provides many advantages. Towns provide access to a local
labour force, which can be utilised to perform important tree establishment and any upkeep
maintenance activities (6). Without human resources such as these, managing large regions
in the optimum manner for reforestation success is difficult. Choosing a reforestation site
close to the maintenance labour force also allows for farmers to more easily inspect the site
and prevent damage or losses by fire, animals and theft (7). Furthermore, reforestation sites
close to a town are less likely to be targeted by illegal exploitation than remote sites, as locals
can alert authorities to suspicious or illicit activity (4). It should, however, also be noted that
several studies show proximity to population centres is associated with deforestation and
exploitation of forested areas. Therefore, whilst ease of access is provided for the labor force,
it also leaves reforestation projects vulnerable to damage and criminal exploitation.
It follows that we recommend ample considerations for accessibility when selecting sites for
reforestation.
This may involve restricting sites choices to those in close proximity to good roads, or
assessing the viability of investing in efforts to improve transport links local to potential sites.
Nevertheless, decisions still need to be made based on the suitability of reforestation of the
local area (other factors affecting suitability of sites for reforestation will be discussed in
following interventions) Sites which are easily accessible and suitable for reforestation would
be ideal, as additional investment and efforts to improve transport links are not needed.
Research has also shown that creating ‘forest networks’ are beneficial for maximising species
dispersal. If possible, choosing several different reforestation sites locally and creating
transport links between them would be a possible approach to ensure good accessibility to
sites and maximise the effectiveness of reforestation.
However, we would most strongly recommend supporting further research into the
relationship between site accessibility and project success. This is because we find there is
too little literature specific to this important aspect of reforestation projects. In terms of
reforestation in Latin America, most forestation areas such as Amazon usually lacks good
road condition and difficult to reach deep inside. Research could first focus on assessing
potential reforestation sites. By comparing the suitability and accessibility of different sites,
this could help prioritise reforestation in those easily accessible areas while work begins to
develop transport links for the more remote, inaccessible sites. Another possible research
focus is to examine the effect of road conditions on the project success using data from areas
that have already been reforested. Such a direct model of accessibility against reforestation
could help understand how much different factors such as good road conditions, proximity to
towns etc. can impact project. This could potentially help prioritise developing the most
essential infrastructures of a certain area and therefore maximise the efficacy of reforestation
projects.
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Water availability
Local water availability is another important factor to consider in order to ensure long-term
success and sustainability of reforestation. Forest ecology is known to play an important role
in stimulating rainfall via transpiration (8). Mounting evidence has now shown that
reforestation and the resulting altered forest structure) can lead to significantly reduced river
flow and diminish the local water availability. For example, a recent investigation by Bentley &
Coomes on 43 reforestation sites across the world has demonstrated that annual river flow
was reduced by 23% after 5 years of establishing forest structures, with annual river flow
lowered by 38% after 25 years of reforestation (9).
This overall decrease in river flow is consistent under all local climate types from arid to
tropical, despite variations in annual precipitation levels. Therefore, careful evaluation of the
local water resources must be made by policymakers before embarking on reforestation
projects, balancing water usage by the local community and ensuring tree survival of newly
established forests.
To achieve sustainable water supply and reforestation, there are two aspects we recommend
to consider: Firstly, suitable tree species need to be chosen according to water consumption
and native water availability of the reforestation site. For instance, water resources usually
recover after 15 years for growing eucalypts, whereas recovery may take 30 years for
growing pines (10). For areas where annual rainfall is low, growing species which have lower
water consumption needs is a sensible approach to balancing the water supply to the local
community with reforestation efforts (10).
To optimize water availability for planted trees and avoid creating water local insecurity, the
forest structure needs to be established in appropriate areas. Afforestation on grassland has
been found to cause larger fluctuation in river flow than when planting efforts are
concentrated on shrubland. The local climate type can also provide a useful indicator of
whether water availability will be a point of concern to planting projects. Dryer regions with
low annual precipitation are often more sensitive to any changes in water supply that
reforestation may bring, with tropical climates (with high precipitation rates) having negligible
sensitivity to reduced river flow following reforestation initiatives (9). The limited literature
surrounding the relationship between reforestation and local water availability presents a
challenge to climate policy makers, as project success is more difficult to predict. As such, we
recognize the need for scaled research funding to encourage exploration in this field and
provide a more comprehensive characterization of this dynamic between reforestation and
water availability.
Soil Quality
Careful consideration of soil quality at potential reforestation sites is important for ensuring
conditions serve to maximise sapling survival rate. Soil depth is closely associated with
survival rate, as deeper soils (generally >30cm) allow the establishment of mature root
systems to draw water and nutrients, supporting greater growth. Deep roots allow saplings to
tap into groundwater and endure water stresses (2). To increase the chances of developing
mature root systems, we recommend prioritising sites with deeper soils for planting - this
guarantees an improved survival rate.
The content of the soil also has bearing on the sapling growth and survival rate. Site
classification requires the detailed analysis of soil profiles in the field, combined with chemical
soil analysis in the laboratory.
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Taking such classifications into account, projects can tailor species composition to those best
suited for certain soils. In general, the soil component most indicative of sapling survival rate
is nitrogen content, with best performances in trials associated with high nitrogen levels
(~0.24%) compared to limited initial growth rates in trials with low nitrogen availability (11). As
such, we recommend particular attention be paid to assessing soil nitrogen content when
selecting sites for planting. Potential strategies we find promising for improving survival rates
involve intercropping nitrogen fixing trees with the reforestation species, or promoting general
tree growth by inoculating sapling roots with symbiotic bacteria (12).
A recent advancement can facilitate the evaluation of site quality for tree plantation using site
"calcium supply potential" as a single factor. This value is calculated by multiplying soil water
extractable calcium with actual transpiration, which integrates all physical environmental
factors (including climate, soil parent materials, topography), soil development stages, and
biological factors.
Trees grow best when their growth demand for calcium is matched by the calcium potential
supply (13). We recommend this method, as sites can be assessed easily and inexpensively,
and appropriate species selected to maximise growth rate at a certain site. However, there is
a general lack of literature expanding on the details of this method and its efficacy in
assessing planting sites, so again, we support additional funding for research. For use in
South America, a potential issue is that certain regions may have soil structures and qualities
that cannot be accounted for by this model. As such, consideration of how calcium potential
supply is affected by unique local conditions is important if this method is used, and
appropriate adjustments made to ensure effective species selection for planting.
Land prioritisation
As discussed, site proximity, water availability and soil quality are important factors which
affect the value of reforestation projects. When choosing the appropriate areas for
reforestation, it is also important to prioritize areas that have had forest structure in the past
over lands that have largely been unforested. Research has shown that around 4.3 million ha
of tropical forested lands have been destroyed each year globally between 2014 and 2018.
Reforestation on these pre-forested lands presents an efficient approach, since the oldgrowing trees and the established ecosystem has formed a rich carbon sink. Such lands are
more resilient to wildfires and drought. In addition, biomass often recovers rapidly in preforested lands, which also results in rapid carbon sequestration, reducing CO2 emission in the
atmosphere (14).
In contrast, a reforestation approach based on unforested land may not restore biomass in
such an efficient manner. As different types of lands have distinctive ecosystems and perform
different roles in the carbon cycle, research has shown that afforestation may alter the original
environment, disturbing carbon sequestration and potentially threatening the survival of
species originally resident on the land. For example, planting trees on historically unforested
peatland has been shown to destroy the restored organic carbon in soil, resulting in higher
carbon emission into the atmosphere which cannot be compensated by the amount of carbon
captured by the grown forest. To maximise the reforestation area and prioritise pre-forested
land, research done by Tucker and Simmons has proposed an approach that creates
reforestation ‘buffer-zones’. This involves planting trees in both the pre-forested region and
the nearby area, forming a ‘corridor’ that expands the reforested area and prevents disruption
to local species, whilst protecting the diversity of other land types (14). However, a
comprehensive system to evaluate the potential consequence of reforestation in a range of
regions is lacking. Here, there is a need for local government to support further development
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through funding both research and experimental reforestation strategies. The adoption of
greater global research intensity into reforestation practices should establish a modelling
system to identify the suitability of target reforestation areas.
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Local community
Background

When implementing conservation and reforestation programs, the local community must be
taken into consideration. This is particularly vital in cases where the region being afforested
provides local economic value; here, interventions must also consider human impact.
Reforestation projects that are close to a local community commonly focus on agroforestry.
This is essentially agriculture with trees, where some of the planted trees are used for timber
and other commercial purposes, but also for food (such as cocoa, coffee, palm oil). These
trees are planted sustainably, observing strict environmental regulations, minimizing the
environmental impact whilst also supporting the local economy of rural communities that rely
on the agricultural sector. This allows for an alignment of both local needs for jobs and
resources and international demands for biodiversity maintenance and conservation.
Deforestation in Brazil is often rooted in the need to produce and source wood and rubber, as
is the case with the Amazon Rainforest. Agroforestry schemes can address this issue by
planting fast-growing species like acacia, rubber and capirona trees. Species such as these
provide resources that can be utilised by the local community without the need for mass
deforestation. However, a balance needs to be observed here – if only the resource needs of
the local community are considered, there is a risk that planting efforts may focus solely on
species of high economic and low conservation value.

Recommendations
Providing education and ensuring equal stakeholder representation to improve local attitudes
towards reforestation
Local community attitudes towards reforestation are critical to project success. Local
communities will possess a lot of niche information unique to that area and can provide
invaluable inputs that may determine whether a project is a failure or a success (15).
Reforestation projects are long-term efforts and often rely on community participation. Thus,
educating residents of the long-term protective and productive role of trees; explaining their
ability to combat relevant environmental threats, as well as providing useful products can
ensure long-term cultural shifts towards supporting (16). Developing an understanding of how
reforestation can benefit the local community can support the adoption of positive attitudes
towards reforestation within nearby and neighbouring communities.
Another area of contention when it comes to local attitudes towards reforestation is the roles
and opinions of women in this context. In many societies, households are patriarchal, with the
‘man/men’ of the house making all decisions for the women and children. A study indicated
that men play a central role in tree planting and that women were not directly involved in tree
growing in the surveyed area (17). As such, when formal assemblies are made to discuss
opinions of the village population when reforestation projects are proposed, females are often
left out as stakeholders (17). This lack of proportional formal representation in stakeholder
groups for women needs to be addressed. Women play a vital, albeit sometimes indirect, role
in tree planting programmes. They are statistically more likely to have a positive attitude
towards a re-forestry programme and may have considerable social influence to encourage
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others to adopt similar attitudes (18). As a general point, local assemblies should be urged to
ensure equitable representation of all stakeholder groups is achieved – this will allow better
assessment of local opinions and allow for better decision making in re-forestry project
management.
Economic Implications of Reforestation on Local Communities
There is a need to balance the environmental benefits of reforestation with the economic
impacts of that reforestation on local communities. In many cases, the forest being reclaimed
is taken from land that was previously used for agricultural purposes, taking income away
from farmers who are often living at or under the minimum wage. Recent research (19, 20)
has indicated that forest restoration often results in the alienation of land from local users for
the sole benefit of state or corporate interests. As such, compensation of the local farmers is
often seen in the form of government subsidies. This process if known as ‘green grabbing’
(21).
However, without government intervention, local communities would not have the necessary
resources required to perhaps set up plantation forests themselves due to the many financial
and technological barriers. However, some re-forestry projects have found success with the
help of government subsidies to help the farmers initiate plantation of trees (22). And while
not being profitable in the short term, the estimated potential returns of farmer-grown
plantations over the long run indicate that these plantations would eventually become selfsustainable, without the need for continued government subsidy (16).
At the same time, as has been exemplified in Southeast Asia, the massive expansion of
plantation agriculture has only shifted emissions related to land use to other sectors (23). This
‘leakage’ of emissions to other sectors compromises some of the environmental benefits
attached to reforestation. Reforestation can provide alternate sources of income to local
communities through the implementation of carbon farming, where the trees planted generate
carbon credits that can be sold (22). However, to fully realise this environmental benefit, there
must be consideration of consequential indirect carbon emissions in a holistic manner.
Lubuk Kertang Village Mangrove Forest Case Study: Planting species that provide economic
value to the local community
Mangrove forests in North Sumatera and the Indonesian east coast have faced heavy
deforestation due to anthropogenic activities (24). These anthropogenic pressures are mostly
a result of the conversion of land for aquaculture, urban development and palm oil plantations
(27). However, reforestation efforts in the region have been shown to benefit both local
ecosystems and socio-economic dynamics within local communities. Reforestation efforts
took form in the planting of 6,000 Rhizophora apiculate propagules and 5,000 R.
apiculate seedings (25). In order to gauge the extent of the socio-economic impact on the
local community, 92 of 1,124 households were surveyed using the Slovin formula (a metric
used to determine the necessary sample size for a set confidence interval) (25). The results
of this survey were that reforestation efforts had improved the cultural, social and economic
outlook of the Lubuk Kertang population by 39.23, 55.43, and 71.74% respectively.
Mangrove reforestation efforts also increase financial revenue within the local community,
particularly for fisherman (25). One of the ecosystem functions of mangroves lies in their
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provision of a nursery ground for the early life stages of many fish, thus supporting fish
populations that will be harvested by the local community (29). There also appeared to be
educational and cultural benefits to mangrove restoration; there was a 90% agreement from
respondents that mangrove restoration and rehabilitation would better the livelihood of the
local community (25). Some research also suggests mangrove-friendly aquacultures can be
sustainable on small scales; however, as there is not enough current literature on this topic,
no solid conclusions can be drawn (28).
Although this case study is from North Sumatra, Indonesia, and so isn’t directly reflective of
reforestation considerations in South America, it still provides a useful foundation for future
scope. There is not an abundance of literature on reforestation communities in South
America, but the anthropogenic pressures are largely similar, and it is probable the positive
socio-economic impacts on local communities will be similar too. As such, there needs to be
research and communication at the local level for identification of which reforestation plans
align with local needs. This incentivised model for local support of replanting should provide
for increased success levels in reforestation strategies.
Gunung Palung National Park Case Study: Providing reforestation-linked labour to the local
community
The relationship between reforestation programmes and the local community is illustrated in
the case study of Gunung National Park in West Kalimantan, Indonesia (26). The region has
undergone severe deforestation due to illegal logging over the past few decades. The
national park has also faced fires that were started for land clearance - these have led to the
colonisation of the area by noxious grasses like Imperata cylindrica, preventing secondary
succession to forest structures within and around the region (30).
However, reforestation efforts by NGO Alam Sehat Lestari (ASRI) have been successful in
reforesting twenty hectares of degraded land (25). This programme also involved providing
jobs to the local community to undertake the programme, with this economic incentive
subsequently leading to a decrease in illegal logging activities (25). It has also been
suggested that not only has the reforestation programme provided an economic incentive
against illegal logging, but it has also created a change in attitudes and perspective towards
future deforestation. This generates support for reforestation programmes and allows for a
stable regeneration of forests, with a reduced risk of such projects being undermined by
illegal logging (31).
In the 1990s, around 80% of the household income of residents surrounding Gunung Palung
National Park was obtained through logging, yet logging provided less than 10% of the
household income as of 2012, post-restoration efforts (31). Furthermore, it was recorded that
100% of loggers preferred not to source their income from logging – an important shift in social
attitudes. This illustrates how local communities are often supportive of reforestation efforts
but are burdened by the lack of financial opportunities outside of labour that damages the
forest structure. Thus, reforestation efforts need to ultimately consider that there needs to be
both an economic and ecological incentive for local communities if reforestation programmes
are to be successful.
Again, although this case study is taken from Indonesia and not South America, the
underlying principles of providing an economic incentive will broadly similar. This case study
is extremely useful in demonstrating the considerations that need to be appreciated when
planning reforestation programmes. The practices implemented in the Gunung Palung
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National Park have proven effective at addressing the constraints of the local community, and
so provide a useful model for those executing reforestation programme policies in South
America.
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Local ecosystem
Background
Reforestation, as defined by the Intergovernmental Panel on Climate Change, is “the
establishment of forest on land that had recent tree cover” (32). It belongs to a family of
forestation measures, all of which aim to create or restore long-term Carbon sinks (33). Other
measures in the same family include afforestation, which involves the establishment of forests
on historically unforested land (34), and forest restoration, which aims to return degraded
forests to their original state (35).
Apart from increasing long-term soil Carbon content and stability (36), reforestation also
provides refugia for native species (37), reduces Nitrogen efflux (38), and decreases surface
runoff (39). Yet, these benefits vary highly between reforestation efforts, with species
composition playing an important role (40, 41). For instance, intensive, and often exotic,
monocultures are known to sequester more Carbon than native polycultures (42), but may also
suffer from increased pest and pathogen load, decreasing long-term survivability (43). It is in
light of the World Economic Forum’s recent inception of the One Trillion Trees initiative (44)
that we advocate for greater attention to be paid to species composition in South American
reforestation initiatives. We argue that the composition of plants, animals, fungi, and bacteria,
all of which are key components of forest ecosystems (45), must be carefully chosen to ensure
the sustainability of reforested areas. In short, we believe that reforestation must balance
quantity with quality.
The species of primary consideration are the saplings. A sapling’s resilience and resistance its capacity to outlive the short or long and big or small-term perturbations (46) - is what
determines its probability of survival. With newly developed leaves and roots, saplings are at
risk from animals, weather, and natural calamities, etc. To minimize the effect of these external
factors, we have to examine how we could constructively facilitate the growth of the sprouts.
Keeping in mind that one should only use the species native to the soil and area, one method
could be to plant the seedlings in order of their decreasing resilience. This means that planting
a group of species with higher survival rates in an area would encourage strong connections
and a healthy environment. This added protection would then increase the survival rate of trees
that were previously not as fit and might help us to develop a habitat similar to the one before.
Nonetheless, a reforested area cannot be compared to the original one. In forests like the
Amazon, we either do not know a large percentage of species that exist, or for the ones we do,
we don’t have a way of reproducing them. Further, during the recovery debt period, the forest
functionality will decrease (47). According to a study conducted in Brazil (48), species
composition and ecological guilds are significantly affected by disturbances in the forest. To
have a similar endemism level (40% of species) as a mature forest, it might take about one to
four thousand years. Thus, although secondary succession might still be achievable for known
and available plants, the animal biodiversity will be a little harder to tackle, especially if we
implement the aforementioned strategy. Some species, like the reptiles, are comparatively
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more sensitive to change and forest degradation (49). Thus, it should be our primary focus to
preserve the forests.
Beyond the obvious contributions of plants and animals, fungi and bacteria play an important
role in ecosystem functioning (50). Although the relationship between these belowground
organisms and ecosystem productivity is the subject of intense agricultural interest,
reforestation literature on this topic is “very limited” (51), as are reforestation initiatives which
deliberately mold fungal and bacterial composition (52).

Recommendations
Literature on biodiversity management within the reforestation context can be broadly
categorised into two groups: restorative and economic approaches. Biodiversity management
ultimately increases the sustainability of reforested Carbon sinks, restorative approaches
prioritise the restoration of initial biodiversity, while the biodiversity which arises from
economic approaches reconciles both environmental and fiscal considerations. Although
plant and animal diversity feature prominently in both approaches, a robust discussion on the
management of fungal and bacterial diversity is conspicuously absent. Here, we introduce
biodiversity management strategies from all three domains, as well as case studies, where
available, for governmental consideration.
Restorative Approaches
Motivations to reforest a land include environmental (biodiversity preservation), economic
provisioning income), cultural/spiritual, or legislative reasons (53). To achieve these,
consideration of a number of factors such as the land’s resources (pedoclimatic properties,
it’s slope and aspect, etc), the native species and seedlings, the needs of the local
communities and climate attributes is essential (54). This, allows us to increase the survival
rates and growth rates of planted trees, and expedite the establishment of forest habitat
through natural succession (55).
As one of the United Nations’ Sustainable Development Goals, reforestation is a necessary
step calling for our immediate attention. It has implications in the following fields:
1. Environmental
a. Conservation of species and their habitat: There are numerous species
that we are yet unaware of, and even among species that we have
discovered, there is much unknown regarding reproduction processes.
b. Maintaining natural processes like the water and nutrient cycles.
c. Counteracting climate change and enhancing carbon sinks to regulate
the global carbon budget.
2. Economic
a. Regulating ecosystem-linked water services
b. Agroforestry industry protection and managing income through timber
and non-timber forest products
c. Employment for maintenance, nursery, ecotourism, etc.
3. Cultural
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a. Conserving species of cultural importance (for example Tulsi in India)
b. Allowing for personal development through connecting with nature and
volunteering schemes
4. Legislative
a. There are several laws governing planting requirements, such as the
Brazilian forest code
b. Converting land from grass or brush fields to forest-use land

Several case studies surrounding reforestation can aid improval on past reforestation
methods and accomplish increasingly positive results. One study examined deforestation and
reforestation of Latin America and the Caribbean over ten years (2001 to 2010). This study
helps to quantify deforestation and reforestation at multiple spatial scales and allow the use of
these trends to understand global drivers. As an example, migration or a change in local
population might initiate forest recovery; however, increasing food demands encourage
agricultural expansion (56).
According to research performed by Sacco and Hardwick et al. (57), a successful
reforestation drive would follow these ten regulations:
1. Protection of existing forest as a primary step
2. Collaboration (involving all stakeholders)
3. Aim to maximize biodiversity recovery to meet multiple goals
4. Select appropriate areas for restoration
5. Use natural regeneration wherever possible
6. Select species that will allow maximization of biodiversity
7. Use resilient plant material (with appropriate genetic variability and provenance)
8. Plan for infrastructure, capacity and seed supply needs
9. ‘Learn by doing’ (use of an adaptive management approach)
10. ‘Make it pay’ (ensure the economic sustainability of the project)
Generally, each area is either controlled by a local department or the nation’s guidelines for
reforesting land. The idea is to not simply plant a myriad of trees, but to achieve specific goals
and minimize any futility due to uncertainties, inexperience, or ignorance. Such well-planned
reforestation projects could be an effective intervention to address demographic and socioeconomic change challenges.
Reforest’Action is a French impact company working funding various tree plantation projects.
In South America, it aims to “restore formerly deforested areas of the Amazon rainforest and
other forests in the region, to recreate forests to combat desertification, and to develop
agroforestry among local communities”. Their projects in Haiti (partnered with the Haitian
NGO OJUCAH), Peru (partnered with the Peruvian NGO Progreso) and Brazil are receiving
great attention and are open for global funding (58).
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Consideration of potential consequences of ill-managed re-forestry programs
‘The best time to plant a tree was 20 years ago. The second-best time is now’. Planting trees
yields great benefits when done properly. Key considerations for re-forestry programs are
outlined below:
1. One should set achievable goals, keeping in mind the trade-offs and synergies
of each implementation strategy to maximize project outcomes and minimize
the drivers of deforestation.
2. Instead of replacing native species (for example grasslands) with forest covers
or planting fast growing/exotic and invasive species that deplete resources from
the general public, one should try to prevent species extinction by enhancing
landscape connectivity, promoting biodiversity of native species, and utilizing
abandoned and degraded agricultural lands.
3. With the encouragement of local community and stakeholders, one should try
and nurture natural regeneration as much as possible.

Renewed focus on natural forest regeneration strategies
From a commercial point of view, allowing the forest canopy to regenerate naturally is more
cost effective and is accompanied by greater environmental benefits. This is especially
advantageous when there is an abundance of nearby seed resources and the land’s
pedoclimate is above average. Thus, when compared to tree plantation, this method is less
dependent on money, labor, and technology.
Once the trees have been planted or the natural regeneration has been initiated, it is
essential to maintain and nurture the forest. This could be achieved by:
● Protection of the land via the use of fences and firebreaks, with additional
safeguards surrounding control of weeds, ferns and other parasitic species.
● Patches or strips of trees being planted throughout the site if the natural
regrowth of the trees is significantly leaden. Implementing this technique would
improve regeneration conditions, as the planting and maintenance costs are
reduced, leading to notably increased habitat heterogeneity.
● Introduction of seeds after the re-forestry program to enhance species diversity –
this could be another cost-effective strategy, especially if early successional
species resprout or colonize quickly and the large seeded species are limited.
A growing human population results in increased needs and consumption levels – such that
the land demand for living, food and natural resources will also increase. Unfortunately, this
results in a lower percentage of land available for large-scale reforestation, and meeting
reforestation goals in certain areas becomes more challenging. Multi-use landscapes or lands
in public ownership provide a good setting for re-forestry projects that aim to balance both
ecological and social needs. One cost effective strategy could involve the use of
comparatively high productive lands for agricultural advancements and ecologically sensitive
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or marginally productive lands (previously occupied by native forests) for natural forest
regrowth.
Additionally, investing in the creation of plantations to compliment native forests can produce
a fast-yielding substitute. A study performed in Chile, India, and Indonesia offers three
contrasting examples of the practicality and efficacy of financial incentives for installing
plantations. While Chile and Indonesia focused their plantations on supplying fiber (creating
an export-oriented forest industry), India aimed for fulfilling both ecological and social
motives. Unfortunately, due to its large population, India and Indonesia haven’t been able to
use plantations as a way to relieve the pressure on forests or meet industrial and societal
demands. Although there are plans to overcome these shortcomings, it may be that
conventional re-forestry techniques cannot provide a balance between ecological and social
needs that provides economic value to large populations (59).
Other Organisms
Re-forestry projects also benefit from consideration of other organisms that are affected by
plant diversity levels, such as forest-adapted birds, mammals, insects and plants. Since most
reforestation projects either prioritize industrial motives or monoculture of exotic plants (like
pines or eucalypts), the evaluation of the impact on other species takes a backseat. This is a
huge problem as the development of a forest’s ecosystem depends on complex interactions
among guilds of organisms. For example, intimate associations between plants and the
symbiotic microbes (like the mycorrhizal fungi) drive the forest food web. These plant-microbe
interactions play a fundamental role in reforestation and illustrate the importance of a holistic
approach to reforestation strategies (60).
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Concluding remarks
Choosing appropriate areas is essential to ensure the success of reforestation. Convenient
access to the site allows efficient management of the newly established forest, with increased
rates of sapling survival. In assessing the suitability of a site for reforestation, comparisons
between the final planted area against the initial planned plantation are useful. Comparing the
final intact forested area against the initial planted area can also benefit future re-forestry
projects worldwide, with a databank of re-forestry outcomes enabling others to make wellinformed decisions on site selection.
Herein, we proposed 4 interventions for regional prioritisation. Firstly, selecting sites close to
towns allows efficient forest management and increases tree survival chances in the long
term. In addition, planners should be mindful that land with low elevation has been
demonstrated to be more suitable for sapling plantation. In terms of assessing the social
impact of reforestation programs, local water availability is a key factor to consider.
Reforestation usually leads to a reduction in river flow and as such, considering the local
rainfall level, climate type and the tree species to be introduced is crucial to avoid any indirect
harm to the local community. We recommend a tailored approach, where the tree species to
be planted is decided after taking soil quality and soil depth into account. Nitrogen and
calcium content are generally the two most important factors to consider when assessing soil
quality, and planting with deep soil supports better sapling growth. Lastly, lands which have
historically been forested are ideal for reforestation, as they are more likely to possess oldgrowing trees and established forest ecosystems with a rich carbon source. Reforestation in
such areas have been shown to be more resilient to drought and wild fires, while re-forestry
projects on historically non-forested land may alter the natural carbon sequestration and destabilize the local environment. Finally, as in-depth and comprehensive research on
reforestation is lacking, we would also highly recommend both local authorities and global
NGOs to boost research funding for exploration into the micro-climate impact on
reforestation.
Local communities greatly influence the success and viability of reforestation programs. This
is largely because reforestation programs are difficult to supervise and manage by relatively
small re-forestry planning teams. Instead, the local community is often relied upon to provide
labour and maintenance for the plantation site. In such cases, it is imperative that the local
labour force is well compensated – this will provide economic incentives and improve attitudes
towards reforestation initiatives in the long term. In fact, economic incentives are especially
important when the local community is not used as a source of labour for forest management
– the local community should still have financial motives for aiding re-forestry programs. This
incentive could come in the form of planting species that are valuable to the local population –
this is a form of agroforestry.
The financial prospects of a successful re-forestry program must be more attractive than the
financial prospects of illegal logging. This will prevent damage to plantation sites – and also
create a community that has an interest in protecting plantation sites from illegal logging.
Considering the needs of the local community can improve attitudes towards re-forestry, as
seen in the two case studies explored in this report of Lubuk Kertang and Gunung Palung.
We have seen that re-forestry success is often reliant on creating social awareness of why
deforestation can be ecologically harmful, in order to create long-term cultural changes
towards forest conservation practices. The two case studies detailed above demonstrate this

The Haldane Group

20

principle in Indonesia, yet the underlying principles can be, and should be, extended to South
America - especially in areas like Brazil, where destruction and deforestation of the Amazon
is prominent. If reforestation programmes are to be implemented and improved on here, then
local communities must be considered, and previous programmes should be studied to
assess which strategies can increase the likelihood of project success.
It is important to remember that tree plantation is an isolated intervention against
deforestation, not an end goal. Even the most advanced technologies and sincere hard work
can fail if there is improper planning, goals are scattered/conflicting or there are detrimental
trade-offs. If the plantation drive is poorly planned and executed, it could have long-term
damaging effects on the environment (such as increased CO2 emissions), the local
biodiversity, the regional landscape, and the livelihoods of nearby communities. Here,
analysis of previous re-forestry initiatives is key to increasing the chances of plantation
success and decreasing the chances of harming the local environment. Reforestation, as
mentioned before, is a necessary requirement. However, our primary focus should be the
protection of existing forests and natural regeneration and enhancing the plant-microbe
interactions - plantation can still be carried out, but with a focus on complimenting other
initiatives to help forest development. An understanding of the underlying drivers of
deforestation must be coupled with integration of decision-making across both the
government and the local community. Adapting strategies to meet project goals and
evaluating successes and failures will allow for an agile project structure that can respond to
new data. Both governments and international NGOs should carefully consider not just the
trees, but the entire forest ecosystem and landscape – from the local community to the various
species inhabiting the plantation site – in order to bring significant change.
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