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Key messages

o (limate Appropriate Portfolios of Tree Diversity (CAPTD) are mixes of tree species’ planting materials, delivered to
growers, that are environmentally-matched to planting sites and purpose-matched to planting requirements.
o CAPTD are necessary to respond to climate change in conjunction with other challenges that tree planting can

help address.

o Apossible pathway for the operationalization of CAPTD, outlined in this brief, involves a series of steps to define the
portfolios and then implement them, drawing on different tree-knowledge resources, consultation approaches and

planting material production methods.

Summary

In this brief we describe a pathway for operationalizing
Climate Appropriate Portfolios of Tree Diversity. These
portfolios of tree species for planting are necessary to
respond to climate change along with other challenges

that tree planting helps address. We describe what CAPTD
consist of, and we outline different possible steps in their
definition and implementation, although there is no ‘one-
size-fits-all’ approach. There are seven steps in the pathway to
operationalization that we present here: 1, to identify priority
areas for tree planting; 2, to check tree species distributions
(what can be planted where); 3, to consider planters’ needs
(what should be planted to meet these needs); 4, to check
for existing adapted tree seed and seedling sources and their
suppliers; 5, to invest in expanding tree seed and seedling
systems; 6, to provide support to properly plant and manage
selected trees species; and 7, to monitor progress and
provide feedback in order to refine portfolio definition and
implementation. Through adopting tools and approaches
such as those we outline here, climate change mitigation and
adaptation can be properly factored into tree planting, along
with broader tree-planting goals.

Introduction

Tree planting is widely adopted to address climate change:
it mitigates greenhouse gas emissions by sequestering
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carbon, and trees provide resilient sources of products

and environmental services, even under the increasingly
variable weather conditions that climate change creates.
For planting, increasing evidence shows that a diversity of
tree species is valuable, as this can provide more stable total
productivity and greater sequestration of carbon. Genetic
variation within tree species is important too, as it supports
greater climate-adaptative potential and long-term stability,
and enhances production.

Too often, however, the trees that are planted are the

wrong types. Too few tree species are being used, leading

to monocultures and environmental damage, which may be
made worse when exotic tree species are planted, as often
happens. In addition, genetically unadapted and otherwise
low-quality tree seeds and seedlings are being relied upon
that establish and grow only poorly. This leads to local
communities’ needs as regards tree planting not being
properly addressed, as well as planting not providing intended
‘global” environmental benefits such as carbon sequestration.
These failures in the choice of planting material, along with
the poor management of seeds, seedlings and trees, are some
of the reasons why civil society and potential investors in tree
planting now question whether it is worthwhile to become
involved, just as tree planting becomes more vital.

Climate change complicates the choice about what trees
to plant where, as the growth of the trees themselves is
affected by the environment in which they are planted.
This means that what species and what ‘provenances’ (or
cultivars, lines, genotypes, etc.) can grow at any particular
location alters with climate change. It also affects how the
trees need to be managed at a planting site for them to
establish and grow properly. Trees that grow well at one
site now may not do so in the future, due to alterations in
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conditions that are ‘abiotic’ in nature (e.g. temperature and
precipitation; drought, flood and fire frequencies) and/or
are of ‘biotic’ origin (e.g. prevalence of pests and diseases).
Climate change also affects the particular needs of the
consumers of tree products and services. For example, to
adapt to climate change, consumers may need new tree
foods that substitute for annual crops that can no longer
be grown. This in turn would mean that producers would
need to switch to growing these new tree products and
would need to understand how best to do so.

Evidently, getting ‘what to plant where, when, and how'
right is not a simple process in tree planting. This is
especially so when planting is being used to tackle multiple
pressing concerns that extend beyond climate change to
food supplies, income provision, watershed protection,
biodiversity conservation, etc, as there can be trade-offs

as well as complementarities in addressing these different
challenges. Science plays an important role in making better
decisions, but the science needs to be successfully applied.

In this information brief, we look at a possible route to
operationalize what we call Climate Appropriate Portfolios
of Tree Diversity (CAPTD for short). The approach is designed
to resolve the challenge of delivering the right tree planting
material to the right place for the right purpose, to address
climate change as well as other concerns. The approach we
describe is practical as well as science based.

Steps in operationalizing Climate
Appropriate Portfolios of Tree
Diversity

Box 1 explains what CAPTD constitute. In this section,
we consider aspects of operationalization. There is no
‘one-size-fits-all’ approach, but we present a pathway
that involves seven steps. Our pathway is illustrated

in the schematic of Figure 1. Each of the steps shown,
from 1 to 7, is summarized in the current section, along
with some of the CIFOR-ICRAF tools and approaches
designed to facilitate each step, with hyperlinks and
other references to these resources. These tools and
approaches are targeted to a range of stakeholders that
need to take action, including policymakers, land-use
planners, investors, non-governmental organizations
(NGOs), community groups and the actual planters. It
should be emphasized that the pathway we describe
here is not the only approach by which CAPTD can

be operationalized - for example, the ordering of

the shown steps may be changed, and some steps
might be excluded or new ones included. The specific
steps and their ordering will depend on the particular
objectives of tree planting, the stakeholders involved
and the wider context within which planting is taking
place. Our example of operationalization can be built on
by others.

Box 1. What are Climate Appropriate Portfolios of Tree Diversity?

Climate Appropriate Portfolios of Tree Diversity (CAPTD) are mixes of tree species’ planting materials, delivered to

growers, that are environmentally-matched to planting sites and purpose-matched to planting requirements. Both the
‘environmental” and ‘purpose’ components of matching are crucial to CAPTD: the environmental component embraces both
contemporary and predicted future climatic conditions at a planting site; while the purpose component covers the different

functions for which trees are grown.

CAPTD place emphasis on tree species diversity at two levels. First, for any specific planting site, a range of tree species

is promoted to strengthen resilience in delivering the multiple products and services that trees provide. Second, CAPTD
are portfolios (plural) of diversity. This is because different, specifically composed groups of tree species are applicable for
planting at different locations, depending on the specific environmental conditions and local growers’ particular priorities.

In addition to the range of tree species promoted, a final aspect of diversity embraced by CAPTD is the genetic variation
found among provenances, cultivars, lines, genotypes, etc., of any one tree species. This variation can determine the
‘environmental adaptedness’ and adaptability of the trees for growth at specific locations, as well as how well the trees
provide particular products and services. This variation therefore also affects planting material choice.

The tree species involved in CAPTD may be exotic or native to a planting location or a combination of the two. The intention
however is to encourage a greater component of native trees in portfolios, as this fits with conserving biodiversity along with
supporting climate resilience and meeting other challenges. This focus on biodiversity is increasingly reflected in national
governments’ policies on climate change, the environment broadly, and development.

The growers to whom portfolios are delivered may be small-scale farmers practising agroforestry, large-scale plantation
establishers and planters purposefully carrying out forest landscape restoration, among others.
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Figure 1. Schematic representing a possible pathway for operationalizing Climate Appropriate Portfolios of Tree

Diversity (CAPTD).

The steps of CAPTD noted in the figure are discussed in the text using the reference numbers shown here.”1. Identify priority areas for tree
planting”refers to the systematic application of appropriate indicators of the projected impact of planting to identify priority locations.

2. Check tree species distributions”refers to the modelling of tree species’ ranges in contemporary and projected future climates.

“3. Consider planters'needs” refers to participatory priority setting with growers to integrate their requirements from tree planting.

"4, Check for existing adapted tree seed and seedling sources and their suppliers”refers to the identification of suitable sources of seeds
and seedlings for planting.”5. Invest in expanding tree seed and seedling systems”refers to addressing challenges in tree seed and
seedling supply.“6. Properly plant and manage selected tree species” refers to providing support for the adoption of appropriate nursery
raising, field planting and further management methods by tree growers. 7. Monitor progress and feedback” refers to the refinement

of the CAPTD approach. Because investment in the expansion of tree seed and seedling systems (step 5) is such a crucial part of CAPTD
operationalization, we have highlighted in the centre of the schematic some of the key activities that support this.

1. Identify priority areas for tree planting

Objective determination of which are priority locations
for where to plant trees is an important early step in tree-
planting planning. Objective assessment requires the
systematic application in geographic space of appropriate
indicators of the projected impacts of planting, with
reference to the particular challenges that are being
addressed. Specifically with reference to the climate
change challenge, one useful indicator that has been
estimated for geospatially gridded map locations is
climate change velocity (how quickly climate is changing),

which can be used as a measure of the necessity of
climate change adaptation at a location (high velocity

= high priority). Another useful indicator calculated

for gridded map locations is the potential to increase
aboveground biomass, which can be taken as a measure
of the climate change mitigation opportunity at a site
(high potential = high priority).

CIFOR-ICRAF tools and approaches: CIFOR-ICRAF and
partners have developed a multi-indicator approach for
determining priority areas for tree planting (Pedercini
et al. 2021). The approach was initially developed to
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support tree-planting-based landscape restoration.

With suitable tweaks, however, it is applicable for the
planning of any tree planting, including agroforestry
broadly and horticulture. The approach starts with open-
access maps of current land use patterns and potential
natural vegetations, and then uses a wide range of other
spatial datasets to set priority locations for planting
interventions. A total of seven indicators that consider
both the socioeconomic and environmental outcomes of
planting are currently applied, but the indicator set can be
adjusted. Specific climate-change-related indicators used
currently by the approach are climate change velocity
(comparing contemporary and predicted 2070 climates)
and aboveground biomass increase potential. The other
five current indicators relate to market access, tree cover
change, productivity performance, soil erosion risk and the
biodiversity value of sites. Information across indicators is
combined using an integer linear programming algorithm
to identify the areas that, overall, are planting priorities.
The approach has so far been applied to Ethiopia, setting
a selection intensity consistent with the 15 million
hectares of the country that have been assigned under
the Bonn Challenge as the national commitment for
restoration. The methods are currently being extended

to prioritize areas for tree planting in other East African
countries. Pedercini et al.'s (2021) methods do not yet take
into account the broader ‘enabling human environment’
for tree planting at specific locations, which is clearly a
crucial practical issue guiding prioritization; future work
will do so by integrating a wider range of indicators.

2. Check tree species distributions

When priority areas for tree planting have been settled
upon, an understanding of which tree species grow well
in these locations now, and which are expected (still)

to grow well at these sites in the future, helps decide
which trees to plant. Important information sources on
which trees grow well currently at a location include
geographic coordinate data of tree presence (from

flora, inventories, genebank collection records, etc.) and
vegetation maps. These information sources can be used
to model contemporary and likely future tree species
distributions, when combined with geospatial layers of
current climate and predicted future climatic conditions,
respectively. This modelling can then be used in three
ways to narrow down what tree species to plant: first, by
taking account of contemporary climate only; second, by
considering future climate only; or, third, by considering
both situations. In the last case, it is the tree species that
are predicted to be present in the future (say, in the year
2050 or 2070) and that are present currently that are
prioritized. This last option is an attractive one for both
maximizing the probability of initial tree-planting success
(establishment) and the likelihood of obtaining products
and services from planted trees when these will only

be fully realized decades later (e.g. when the product is
timber or the service is carbon sequestration). This option

also carries risks, however, in that it may narrow down
species selection too quickly to only those trees with
known broad environmental parameters for growth. This
could work against the inclusion of native tree species as
planting options, as these species have often not been
tested across a wide range of environments. The testing
of native trees under broad environmental conditions is
therefore important.

CIFOR-ICRAF tools and approaches: CIFOR-ICRAF

and partners have developed maps of the current and
predicted future distributions of a substantial number of
tree species. These maps are based on geographic point
location data of trees collected from online databases
and, where such data are limited, on maps of vegetation
types. The Climate Change Atlas for Africa, for example,
is based on point location data and the application of
multiple global circulation models and greenhouse

gas emission scenarios for the purpose of modelling
future climatic conditions (Kindt et al. 2021). It shows the
current and predicted year 2050 distributions of 127 tree
species on the African continent. Similar ‘current” and
future’ distribution maps are available in de Sousa et al.
(2019) for 100 tree species in Central America. Based on
vegetation patterns rather than point location records,
the vegetationmap4africa (V4A) shows the expected
distributions of over 700 tree species in 8 eastern Africa
countries (van Breugel et al. 2015). CIFOR-ICRAF is
continuing to scale out the development of these maps
to embrace new locations and a broader range of tree
species, with global maps of all tree species’ distributions
under current and predicted future climates being the
ultimate objective.

3. Consider planters’ needs

Once a ‘long-list’ of tree species that could be planted
has been identified for a planting site, candidates on the
list need to be considered against government priorities
and planter needs. Considering the needs of local people
who in most circumstances carry out tree planting and
management is fundamental when prioritizing, both to
support livelihoods and because if this is not done then
there will be no incentive for them to become involved.
In that case, tree-planting initiatives and the achievement
of their wider objectives will fail. An understanding is
needed of local peoples’ preferences and priorities for
particular products and services, and how these are
affected by culture, gender, demography, market access,
land tenure and other factors. From a climate change
perspective, it means considering how climate change

is in itself affecting local peoples’ needs for the products
and services that trees can provide.

CIFOR-ICRAF tools and approaches: CIFOR-ICRAF and
partners have developed participatory approaches to
tree species priority setting. These methods ask local
stakeholders disaggregated by gender, age, etc,, about


https://atlas.worldagroforestry.org/
https://vegetationmap4africa.org/

what functions (food, timber, medicine, etc.) they need
trees for, what tree species are currently used for these
purposes, and what other tree species they would

choose to fill current gaps in provision. CIFOR-ICRAF first
applied participatory species priority setting methods

in the 1990s to settle on which native food tree species

to promote in Southern Africa (Franzel and Kindt 2012).
More recently, participatory methods have been used to
identify food tree portfolios’ (McMullin et al. 2019). These
are collections of tree species that produce edible fruits,
nuts, seeds, etc, to fill seasonal hunger and nutrient gaps
at particular locations, and 26 such portfolios have so far
been developed in Africa. CIFOR-ICRAF has also developed
online tree-knowledge resources that provide information
on the uses of tree species. These include the Agroforestree
Database, which contains data on tree products and
services for over 600 tropical agroforestry tree species
(Orwa et al. 2009). Also included is the Agroforestry Species
Switchboard that makes available and visible a broad range
of tree-use information resources (Kindt et al. 2022b). To
promote the use of native tree species, CIFOR-ICRAF's
GlobalUsefulNativeTrees database (GlobUNT) provides
information on the uses of more than 14,000 tree species
and indicates where these species occur naturally (Kindt et
al. 2022¢). CIFOR-ICRAF is currently refining the food tree
portfolio approach to specifically address climate change
challenges, so that it will be even more useful for species
priority setting (e.g. so that food tree portfolios are fully
climate resilient in nutrient provision).

4. Check for existing adapted tree seed and
seedling sources and their suppliers

Once a target list of environmentally-matched and use-
appropriate tree species has been identified for priority
planting sites, suitable sources of planting material and
their suppliers need to be found. As already noted in
step 2 and Box 1, from a climate change perspective this
may involve the sourcing of tree species, and suitable
provenances and cultivars, etc,, that are expected to

be adapted to the predicted future environmental
conditions at a planting site instead of, or as well as, to
the contemporary conditions. Regardless, the source
selection process normally relies on the assumption that
extant natural sources of ‘germplasm’ are adapted to
their specific prevailing environmental conditions. Thus,
all else being equal, when choosing a germplasm source
from within the range of environments experienced by

a tree species, the source of that species that has the
environment most closely matched to the planting site
is chosen. This might be trees that are already at, or in
close proximity to, the planned planting site (if thinking
simply in terms of ‘current’ climate); but, if no such trees
are found there, it means giving preference to germplasm
collected from the most analogous site elsewhere. Clearly,
once such germplasm sources have been identified, they
also need to be protected so that they can continue to
be accessed.
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CIFOR-ICRAF tools and approaches: CIFOR-ICRAF

and partners published the global Tree Seed Suppliers
Directory in the 1990s. The printed directory, based

on data collated from ‘paper’ lists of woody perennial
species provided as seeds or as other propagules by 144
germplasm suppliers from across the world, contains
5,874 taxa (Kindt et al. 2002). Although the directory is
still available online, the long period of time since its
compilation means that it is now of only limited utility
for identifying suppliers, as many no longer operate.
Attempts have been made to update the directory,

but devising a system to ‘scrape’ together the needed
information from supplier websites is not straightforward.
CIFOR-ICRAF has instead focused on cataloguing tree
germplasm sources and suppliers at a national level,
which is consistent with placing greater emphasis on
planting native tree species (Box 1). The online What to
Plant Where in Ethiopia selection tool provides guidance
on the best-matched, nationally available tree seed
sources and their suppliers for any given planting location
in Ethiopia, for both contemporary and future climates
(Kindt et al. 2022a). CIFOR-ICRAF is currently building
similar tools to this for other countries that not only
support seed access but allow conservation efforts to be
targeted to key germplasm sources.

5. Invest in expanding tree seed and
seedling systems

Existing constraints in tree seed and seedling delivery
to growers are enormous and climate change makes
the situation worse because of the ‘moving target’

of matching planting site environment with planting
material. Investment in the expanding of effective
‘tree seed and seedling systems’ is a crucial driver for
CAPTD operationalization. This investment is needed
to effectively supply seeds and seedlings of most tree
species, but for native trees investment is especially
important because these have received little ‘delivery’
attention in the past. The implementation of tree seed
and seedling systems is multifaceted, but in Box 2 we
summarize three key areas where activity is needed in
order to be able to operationalize CAPTD (see also the
centre of the Figure 1 schematic).

CIFOR-ICRAF tools and approaches: CIFOR-ICRAF with
the University of Copenhagen supports the systematic
development of integrated tree seed and seedling
systems that deliver high-quality germplasm of diverse
tree species to planters. Support has included the
development of a tool for modelling the costs and
benefits of investing in high-quality tree seed delivery,
including in terms of carbon sequestration benefits
(Pedercini et al. 2022). Pedercini et al.’s (2022) tool can
be applied to any tree species for which growth data
and seed sourcing costs can be reasonably estimated.
CIFOR-ICRAF and the University of Copenhagen have
also developed, made available, and tested, assessment
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tools for understanding where interventions are most
needed in the tree seed sector (Lillesg et al. 2018, 2021).
These tools are supported by extensive training materials
developed for tree seed sourcing and nursery seedling
supply (available at the Resources for Tree Planting
Platform; Schmidt et al. 2021). CIFOR-ICRAF and partners
have also developed approaches for the production

of tree seed in planted seed orchards, with equivalent
designs for producing vegetative propagules when

more appropriate. These approaches have recently

been implemented at scale in Ethiopia, where work has
included the establishment of breeding seedling orchards
(BSOs) (PATSPO 2023). These BSOs not only produce seed,
but allow for the evaluation of genotype-by-environment
interactions in trees, for genetic improvement, and for
the conservation of the tree genetic diversity that is
needed for resilience. The BSO approach is currently being
scaled regionally, with a focus on native tree species.
Pedercini et al.'s (2022) methods so far only estimate
CAPTD operationalization benefits on a species-by-species
basis and do not yet account for diversification benefits
such as increased resilience; future work will explore the
integration of these benefits also.

6. Properly plant and manage selected
tree species

Once the right tree germplasm has been sourced, it
needs to be planted out, and the trees raised by growers
in the right way. For native tree species especially, the
knowledge growers have on how to plant out and then
manage planted trees may be insufficient, as in the past
wild trees were relied upon for product and service
provision. Particular attention is therefore required to
address this knowledge gap. Climate change itself poses
particular risks and challenges for tree growing, such as
more frequent drought periods or floods, and the planting
and further management methods promoted to growers
need to specifically address these challenges.

CIFOR-ICRAF tools and approaches: CIFOR-ICRAF

and partners have developed a number of knowledge
resources, including guidelines and training materials,
that support the correct field planting and further field
management of tree species within different contexts.
One example is the Agroforestree Database that, as
well as providing information on trees' uses (see step 3),

Box 2. Implementing tree seed and seedling systems for operationalizing Climate Appropriate

Portfolios of Tree Diversity

Three areas of activity that are instrumental in making progress in tree seed and seedling system implementation to

operationalize CAPTD are outlined below.

Justify investment by cost-benefit modelling of CAPTD adoption. Cost-benefit modelling is a key approach illustrating that high
livelihood and environmental returns are possible with investments in tree seed and seedling systems. Modelling compares
a ‘business-as-usual’ scenario for tree planting material supply with a scenario where better site-adapted and/or purpose-
matched germplasm is made available. Costs are modelled in terms of the extra expense of sourcing high-quality planting
material, and benefits are modelled in terms of the extra quantity of timber produced (an economic benefit) or the greater
amount of carbon sequestered (an environmental benefit), etc,, for each individual species in a portfolio, as well as the

benefits achieved by species diversification (risk spreading, etc.).

Support stakeholder capacity development. Assessing the current infrastructural and technical capacities of the different
stakeholders that make up a tree seed and seedling system is a crucial step for operationalizing improved tree planting
material delivery to growers, because it allows support to be targeted to the filling of the revealed gaps. The current

roles of small- and medium-sized enterprises, NGOs, national tree seed centres, government extension services and other
stakeholders are determined through a sectoral assessment, and a more effective and equitable seed system is designed.
Sectoral analysis often identifies a particular lack of knowledge among stakeholders in how to collect and handle seeds and
other propagules of native tree species, and in how to raise their seedlings in nurseries. It frequently also reveals that support
is needed to build communication between stakeholders, to better match tree planting material supply and demand.

Establish and manage additional tree seed and seedling sources. A key requirement for tree seed and seedling system
implementation is to develop planted sources of high-quality seed, vegetative propagules, etc. This is to allow greater

and more convenient planting material supply than just relying on existing germplasm sources (see step 4). The way that
bespoke planted germplasm production stands are designed depends on the specific requirements of production. Designs
may not only produce planting material, but conserve the trees, and allow the evaluation of genotype-by-environment
interactions to support planting material-site matching. Stands that explore these interactions are particularly useful for
responding to climate change, where altered environments at planting sites are created.


https://tree.worldagroforestry.org/
https://tree.worldagroforestry.org/
https://worldagroforestry.org/project/provision-adequate-tree-seed-portfolio-ethiopia-patspo-ii-phase-2

contains information on how to manage planted trees
(Orwa et al. 2009). Another example is the Resources for
Tree Planting Platform (see step 5), which includes many
different sources of information on field planting and
further management methods (Schmidt et al. 2021). These
resources are being refined to specifically address the
climate change challenges of planting and management,
especially for native tree species.

7. Monitor progress and feedback

Crucial for scaling the adoption of CAPTD is to understand
the results from their initial implementation, so that
findings can be fed back to refine portfolio definition and
further implementation. This means understanding the
benefits that are achieved by the approach in terms of
livelihoods and environmental services provision, paying
attention to climate resilience and mitigation among
other measures related to the broader goals of the tree
planting. This requires adopting a range of indicators for
assessing the success of intervention.

CIFOR-ICRAF tools and approaches: CIFOR-ICRAF is
currently designing a transformative partnership platform
with tree planters, researchers and investors that will
explore the benefits of improving quality in tree seed
and seedling sourcing in large-scale planting initiatives,
including the benefits measured in terms of carbon
sequestration and climate resilience. In work on tree
genetic improvement, CIFOR-ICRAF has suggested a shift
from ‘production’ alone to a broader range of indicators
for measuring breeding success (Graudal et al. 2022),
and some of these indicators will be considered for
monitoring CAPTD implementation.

Conclusion

In this information brief, we have explained some possible
steps for operationalizing Climate Appropriate Portfolios
of Tree Diversity (CAPTD) to support climate mitigation
and adaptation benefits from tree planting, as well as to
achieve broader goals from growing trees. We have also
outlined some of the relevant CIFOR-ICRAF tools and
approaches that support this operationalization. These
include tools and approaches for identifying priority areas
for tree planting; for checking what trees will grow well at
specific planting locations now and likely in the future; for
considering growers’ needs in planting, especially those
of the local people who typically manage the planted
trees; for identifying existing suitable sources of planting
material and their suppliers; for investing in the expansion
of tree seed and seedling systems; for properly managing
the planting out and growing of trees; and for monitoring
the progress of implementation to refine the application
of CAPTD. From the perspective of policy, the starting
point for the wider adoption of CAPTD is to provide
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incentives that ensure that climate change impacts, and
the possible responses, are properly integrated into all
aspects of tree-planting decision-making, with emphasis
given to the role of tree species and genetic diversity in
achieving impactful responses.
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