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Plan for Forests 2017–20302 adopted a 
target to increase forest area globally 
by 3 percent by 20303 – implying an 
increase of 120 million hectares over 
the period. The United Nations General 
Assembly proclaimed 2021–2030 the 
United Nations Decade on Ecosystem 
Restoration,4 with the goal of support-
ing and scaling up efforts to prevent, 
halt and reverse the degradation of 
ecosystems worldwide. 
2 United Nations strategic plan for forests 

2017–2030 and quadrennial programme 
of work of the United Nations Forum 
on Forests for the period 2017–2020. 
Economic and Social Council, 2017. E/
RES/2017/4

3 Global Forest Goal 1: Reverse the loss 
of forest cover worldwide through 
sustainable forest management, 
including protection, restoration, 
afforestation and reforestation, and 
increase efforts to prevent forest 
degradation and contribute to the global 
effort of addressing climate change 
(www.un.org/esa/forests/news/2017/01/
six-global-forest-goals/index.html).

4 www.decadeonrestoration.org

growth.1 But climate change and the 
ongoing degradation of ecosystems 
show the need for great changes in 
global production and consumption 
patterns. Many societies are respond-
ing by decarbonizing their economies 
and restoring the environment – in-
cluding through nature-based solu-
tions, such as protecting, restoring 
and adapting forests and other tree-
based land-use systems. 

To enhance the contributions of for-
ests and trees to the 2030 Agenda for 
Sustainable Development, especially 
Sustainable Development Goal 15, “Life 
on Land”, the United Nations Strategic 

1 FAO. 2022. Global forest sector outlook 
2050: Assessing future demand and 
sources of timber for a sustainable 
economy. Background paper for The 
State of the World’s Forests 2022. FAO 
Forestry Working Paper No. 31. Rome. 
https://doi.org/10.4060/cc2265en 

With the world population projected 
to reach 9.8 billion people by 2050, 
the need for food, fuel, fibre and other 
biobased products and services is set 
to rise sharply. One business-as-usual 
scenario for the forest sector suggests 
that roundwood production will need 
to increase by 37 percent between 
2020 and 2050 to meet consumption 

Editorial

 Zhimin Wu, Director, 
FAO Forestry Division
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This edition of Unasylva was coordinat-
ed by FAO’s Sustainable Forestry Value 
Chains, Investments, and Innovation 
Team under the overall supervision of 
Thaís Linhares-Juvenal, led by Faustine 
Zoveda with the support of Lena Bis-
mark. It was conceived and produced to-
gether with Kris Verheyen, Lander Baet-
en, Jürgen Bauhus, Joannès Guillemot 
and Rita Sousa-Silva from TreeDivNet6 
and Martin Weih, Chair of the Interna-
tional Commission on Poplars and Other 
Fast-Growing Trees Sustaining People 
and the Environment (IPC),7 as a con-
tribution to the International Union of 
Forest Research Organizations (IUFRO) 
Task Force on Resilient Planted Forests 
Serving Society and the Bioeconomy.8 

6 TreeDivNet (https://treedivnet.ugent.be) 
is a global platform designed to improve 
understanding of the relationship 
between forest diversity and ecosystem 
functioning and to increase the use 
of this knowledge in policies and 
management. The network provides 
a platform for multidisciplinary and 
multifunctional research in specific 
studies, as well as synthesis studies 
across the globe. 

7 The IPC is one of the oldest statutory 
bodies of FAO. Its mission is to reduce 
poverty and improve ecosystem services 
worldwide by fostering the sustainable 
management of all fast-growing trees. 
It does so through knowledge transfer, 
technical exchange, standard setting, 
and the conservation and sustainable 
management and use of fast-growing 
forests and trees. 

8 IUFRO’s Task Force on Resilient 
Planted Forests Serving Society and 
the Bioeconomy is an inclusive expert 
group that brings together leading global 
scientists and private-sector, non-
governmental and intergovernmental 
organizations.

figures, and case studies from FAO’s 
fieldwork on planted forests. There are 
three main sections, as follows: 

1. Meeting Global Forest Goal 1. This 
group of eight articles examines 
the need to increase forest area 
and production by 2050, presents 
data on currently available plant-
ed forest resources, and explores 
avenues through which planted 
forests might fill the expected 
production gap while also meeting 
societal expectations.

2. Towards diverse planted forests. 
This section, comprising seven ar-
ticles, presents recent findings on 
resilient and multifunctional alter-
natives to monocultural tree plan-
tations. It provides an overview 
of lessons learned from scientific 
studies, knowledge gaps, and the 
advantages and disadvantages of 
monocultures. 

3. Reconciling production and res-
toration. The seven articles in 
this section explore the role and 
integration of diverse planted for-
ests in mosaic landscapes. They 
showcase projects and initiatives 
helping deliver a balanced suite of 
ecosystem services and thereby 
contributing to the acceptability 
of – and benefits derived from – di-
verse planted forests at the land-
scape scale. 

Planted forests can be a winning 
strategy to increase global forest 
cover when diverse, resilient and in-
clusive models of planted forests are 
deployed. Reforestation and forest 
restoration can support livelihoods, re-
duce the risk of rural and urban disas-
ters, help protect biodiversity, increase 
global forest carbon absorption, and 
supply long-lived wood products that 
also contribute to decarbonization. 
Comprising only about 7 percent of for-
est cover in 2020,5 planted forests al-
ready contribute an estimated 46 per-
cent of the global industrial roundwood 
supply. But to meet the increasingly 
complex demands of human societies, 
including for ecosystem services, the 
planted forests of the future will need 
to be more than wood factories. 

The aim of this edition of Unasylva 
is to raise awareness about the con-
tributions of diverse, resilient and 
inclusive planted forests to the 2030 
Agenda. It explores the data, tools and 
approaches available to help increase 
both the quality and quantity of planted 
forests to meet the target of increas-
ing the global forest area by 3 percent 
by 2030. It presents novel findings and 
state-of-the-art models of planted for-
ests that perform the essential func-
tion of production while also helping 
conserve biodiversity, restore degrad-
ed ecosystems, adapt to and mitigate 
climate change, and boost livelihoods. 

The edition features a mix of sci-
ence-based articles, interviews with 
leading global experts and public 

5 FAO. 2020. Global Forest Resources 
Assessment 2020: main report. Rome. 
https://doi.org/10.4060/ca9825en 

The United Nations’ Global Forest Goals support 
the objectives of the international arrangement 
on forests and are aimed at contributing to 
progress on the Sustainable Development 
Goals, the Aichi Biodiversity Targets, the Paris 
Agreement adopted under the United Nations 
Framework Convention on Climate Change and 
other international forest-related instruments, 
processes, commitments and goals.

Source: UNDESA. 2019. Global Forest Goals and targets of the UN strategic plan for forests 2030

https://treedivnet.ugent.be
https://doi.org/10.4060/ca9825en
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As Messier et  al. (2021)10 suggest, 
mixed-species planted forests are 
a key nature-based solution for cli-
mate-change mitigation and adap-
tation. More resilient than monocul-
tures, these relatively diverse forests 
are generally less susceptible to bi-
otic and abiotic disturbances such as 
pest outbreaks and extreme weather 
events. In addition to wood, they have 
the potential to deliver multiple eco-
system services at higher levels than 
monocultures. The biomass produc-
tion of mixed-species planted forests 
is often similar to or higher than that 
of monospecific plantations, and they 
harbour greater biodiversity. Nev-

10 Messier, C., Bauhus, J., Sousa-Silva, 
R., Auge, H., Baeten, L., Barsoum, N., 
Bruelheide, H. et al. 2022. For the sake 
of resilience and multifunctionality, let’s 
diversify planted forests! Conservation 
Letters, 15(1): e12829. https://doi.
org/10.1111/conl.12829

Throughout the world, governments 
have made major pledges and com-
mitments and launched initiatives,9 
which, combined, constitute a highly 
conducive platform for increasing the 
global forest area by 3 percent by 2030, 
an ambition articulated in the United 
Nations’ Global Forest Goal 1. There 
are concerns, however, that large-
scale tree planting will focus only on a 
small number of species, which could 
exacerbate climate risks. Today, most 
of the world’s productive forests are 
monospecific plantations, which are 
vulnerable to biotic and abiotic stress-
es induced by climate change. 

9 Such as the Bonn Challenge, the New 
York Declaration on Forests, and the 
UN Decade on Ecosystem Restoration, 
2021–2030.

July 2023 was the hottest month 
on Earth ever recorded – and yet 
another warning that we must 

urgently address climate change 
and its widespread impacts. Limit-
ing global warming to 1.5 °C will re-
quire immediate deep reductions 
in greenhouse-gas (GHG) emissions, 
but we must also actively remove 
carbon dioxide from the atmosphere. 
Afforestation, reforestation and 
ecosystem restoration are among 
the carbon dioxide removal solutions 
with the highest mitigation potential. 
Forests also supply wood products 
which, if sustainably sourced, can be 
used as substitutes for GHG-inten-
sive products. 

©
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Foreword

Aerial view of a TreeDivNet 
tree diversity experiment in 
Montreal, Canada, captured by 
drone

https://doi.org/10.1111/conl.12829
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edition brings together the per-
spectives of decision-makers, land-
owners, academia and international 
organizations, enabling us to distil 
the most important lessons learned 
from scientific studies; highlight 
those planted-forest systems that 
are most promising for the provision 
of ecosystem services in support of 
the Sustainable Development Goals; 
and identify shortcomings in forest 
management and policies, and gaps in 
awareness, that need to be addressed 
to realize the full potential of diverse 
planted forests.

We thank everyone who contributed to 
this edition – especially Ben Caldwell, 
who initiated this collaboration as for-
estry officer with FAO a few years ago. 
We look forward to continuing to sup-
port the expansion of more resilient 
and diverse planted forests. 

and Other Fast-Growing Trees Sus-
taining People and the Environment 
(IPC) and from critical insights and 
perspectives offered by globally lead-
ing experts, especially at a workshop 
on the state of the art in the man-
agement of mixed and pure planted 
forests, which was convened at FAO 
headquarters in Rome in 2022. 

This edition of Unasylva shows we 
have come a long way since the sem-
inal 1992 FAO Forestry Paper by T.J. 
Wormald, Mixed and Pure Forest Plan-
tations in the Tropics and Subtropics. 
Thanks to projects such as those 
referred to above, systematic exper-
imentation such as that supported 
through TreeDivNet, and a great deal 
of other research, we now have a 
much stronger evidence base on the 
ecological functioning of mixed-spe-
cies forests and their potential for 
providing ecosystem services. This 

ertheless, there remains a wide gap 
between robust scientific evidence 
for the multiple benefits of diverse 
planted forests and their widespread 
adoption, as well as societal support 
for them. 

This edition of Unasylva has been pro-
duced to help close this gap. It has 
benefited from the wealth of knowl-
edge obtained through the projects 
MixForChange, funded by the Europe-
an Biodiversity Partnership, and Cam-
bio, funded by the BNP Paribas Foun-
dation, which respectively are aimed 
at promoting mixed-species planted 
forests as nature-based solutions to 
climate change and at studying the 
role of tree diversity in countering cli-
mate change. Both projects are being 
implemented in the context of TreeD-
ivNet. This edition also builds on the 
knowledge accumulated through the 
International Commission on Poplars 

 Jürgen Bauhus, 
Professor, Faculty 
of Environment and 
Natural Resources, 
Freiburg University

 Martin Weih, Chair, 
International 
Commission on 
Poplars and Other 
Fast-Growing Trees 
Sustaining People and 
the Environment

 Faustine Zoveda, 
Forestry Officer 
(Planted Forests and 
Restoration), FAO

 Joannès Guillemot, 
Researcher, 
International 
Cooperation Centre of 
Agricultural Research 
for Development 
(CIRAD)

 Kris Verheyen, 
Professor, Forest 
& Nature Lab, 
Department of 
Environment, Ghent 
University

 Lander Baeten, 
Associate Professor, 
Forest & Nature 
Lab, Department of 
Environment, Ghent 
University

 Rita Sousa-Silva, 
Assistant Professor, 
Institute of 
Environmental  
Sciences, Leiden 
University

 Lena Bismark, Junior 
Sustainable Forestry 
Specialist, FAO
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2050, according to the Global forest 
sector outlook 2050 published by FAO 
(FAO, 2022a). This increase could be 
32.5  percent higher when also con-
sidering the potential increase in 
consumption of mass timber in con-
struction and manufactured cellulose 
fibre as substitutes for non-renewable 
and carbon-emitting materials (FAO, 
2022a). While a gap in the supply of 
this increased demand (known as the 
“wood gap”) has not been identified, 
the pathways to meeting the additional 
demand will depend on policy-driven 
market decisions. The opportunity 
for planted forests and trees is clear. 
While wood supply needs could be met 
by an additional 33 million hectares (ha) 
of highly productive plantations (FAO, 
2022a), other types of planted forests 
and trees could also contribute to 
meeting the increased demand, with 
significant benefits for landscapes and 

Highlights
 � Global demand for primary pro-

cessed wood products is expected 
to increase by 37 percent or more 
between 2020 and 2050. 

 � An additional 33 million ha of highly 
productive planted forests could 
supply this extra wood fibre. Opti-
mal outcomes will require policies, 
tenure systems and institutional 
arrangements that encourage 
effective landscape planning, 
smallholder engagement, and 
sustainable production.

In a business-as-usual scenario, the 
global demand for primary processed 
wood products is expected to increase 
by 37  percent in the 2020–2050 pe-
riod, reaching 3.1 billion cubic metres 
(m³) roundwood equivalent (RWE) in 

Sustainably meeting 
future world needs 
for wood fibre with 
planted forests

 Thaís Linhares-
Juvenal, Team 
Leader, Sustainable 
Forestry Value 
Chains, Investments 
and Innovation 
and Secretary of 
the International 
Commission on Poplars 
and Other Fast-Growing 
Trees Sustaining 
People and the 
Environment (IPC), FAO

©
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Kenya | A worker smoothens pieces 
of wood to make some furniture at 
Francis Ndewga’s
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SECTION 1    MEETING GLOBAL FOREST GOAL 1

The Global Forest Resource Assess-
ment 2020 (FRA 2020) defines planted 
forests as those predominantly com-
posed of trees established through 
planting or deliberate seeding, or both 
(FAO, 2018). Planted forests and plan-
tation forests are not synonymous. 
The latter are defined as intensively 
managed and include short-rotation 
plantations for wood, fibre and ener-
gy. In line with FRA terminology, other 
planted forests (not classified as plan-
tation forest) accounted for 55  per-
cent of global planted forests in 2020. 

Globally, plantations represented 
45  percent of planted forests in 2020 
(FAO, 2020). They comprised almost all 
planted forests in South America and 
Oceania, at respectively 99  percent 
and 91 percent. Conversely, in Europe, 
95 percent of planted forests fall under 
the “other planted forests” category, 
meaning that they are not plantations. 
In 2010–2020, Asia was the region with 
the highest increase in planted forest 
area, and South America the region 
with the highest rate of area growth. 

demand in 2050 may increase by an 
additional 272 million m3 (FAO, 2022a). 

The relevance of planted forests for 
timber production is deemed to in-
crease to support projected indus-
try growth. In 2020, planted forests 
accounted for around 46  percent of 
global industrial roundwood demand, 
while 44  percent of this demand was 
supplied by naturally regenerated tem-
perate and boreal forests (FAO, 2022a). 
Tropical timber from naturally regen-
erated forests met only 9  percent of 
global demand, assuming a marginal 
role (FAO, 2022a). The area and pro-
ductivity of naturally regenerated 
forests under sustainable forest man-
agement are not expected to expand 
significantly as increased generation 
of other ecosystem services such as 
biodiversity protection needs to be se-
cured. Planted forests and trees could 
meet most of the demand increase 
through expansion and productiv-
ity improvements, under a variety of 
models and production regimes (FAO, 
2022a). 

livelihoods. The mobilization created 
by the Bonn Challenge and the United 
Nations Decade on Ecosystem Resto-
ration, can trigger political change and 
encourage the creation of an enabling 
environment to support a virtuous 
cycle of ecosystem restoration and 
fostering sustainable landscapes with 
an increased supply of wood fibre to 
achieve carbon neutrality and resil-
ience. Expansion of planted forests 
and trees, including with fast-growing 
species, is a strategic consideration 
within the mix of restoration options.

Wood production trends 
The global consumption of primary 
processed wood products is expected 
to reach 3.1  billion  m3 in 2050, which 
represents an increase of 37  per-
cent compared to 2020, in a busi-
ness-as-usual scenario. If wood sub-
stitution for fossil-intense mate rials 
continues to advance, considering 
only the products already on the mar-
ket, such as mass-timber products 
and manufactured cellulose fibre, the 
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SECTION 1    MEETING GLOBAL FOREST GOAL 1

potential for wood production in farms. 
Income and employment generated by 
wood production have been identified 
as relevant for fighting poverty in rural 
areas (FAO, 2022b; Miller et al., 2021).

Enabling the virtuous cycle 
of restored ecosystems, 
sustainable landscapes and 
increased supply of wood 
fibre 
The most recent IPCC report (2022) 
presents a strong case for enhanced 
contribution of planted forests and 
forest products to addressing climate 
change. Sustainably sourced agricul-
tural and forest products, including 
long-lived wood products, can be used 
instead of more greenhouse gas-in-
tensive products in other sectors. En-
hanced use of wood is among the six 
mitigation options with the potential 
to deliver substantial emission reduc-
tions in the building sector by 2030 
(IPCC, 2022). Effective adaptation op-
tions include cultivar improvements, 
agroforestry, community-based ad-
aptation, farm and landscape diversi-
fication, and urban agriculture (IPCC, 
2022). The potential climate benefits 
are clear, but their realization will de-
pend on the integration of biophysical, 
socioeconomic and other enabling 
factors, as well as on the choices re-
garding the forest systems that are im-
plemented, the types of wood products 
that are produced and substituted, and 
the technologies adopted (IPCC, 2022). 

Expansion of planted forests at the 
scale needed to meet global objectives 
will preferably include agroforestry 
and smallholders, due to physical fea-
sibility (area availability, participation 
of smallholder properties in degraded 
ecosystems) and social legitimacy (net 
benefits for the poorest). The Global 
forest sector outlook 2050 highlights 
that the integration of small pro-
ducers will require investments as 
well as enabling conditions for mean-
ingful engagement (FAO, 2022a). Even 
though information on timber pro-
duction from agroforestry is limited, 
evidence from Latin America and the 
Caribbean shows that the potential 
exists to achieve high productivity 
from fast-growing trees in agrofor-
estry systems (FAO, 2022a). Rubber-
wood also represents an agroforestry 
option, even though productivity and 
quality vary across the globe and do 
not provide for a more reliable assess-
ment of its potential. Efforts under the 
United Nations Decade on Ecosystem 
Restoration can create opportunities 
while addressing the challenges and 
providing the implementation capac-
ity – through policies, technology and 
finance – to expand forest and tree 
planting in smallholder properties. 

Furthermore, results from the Global 
Forest Resource Assessment Remote 
Sensing Survey 2020 (FRA RSS 2020) 
show that 28 percent of croplands and 
21  percent of grasslands comply with 
the FAO definition of trees outside 
forests (FAO, 2022b), confirming the 

As policy-driven management of for-
ests for carbon and biodiversity may 
limit expansion of production forests 
in Europe, much of the growth will 
come from the tropics (FAO, 2022a). 
South America has consistently led 
the rates of growth in forest plantation 
area, followed by North America and 
Asia. Africa is emerging as an impor-
tant plantation area, having shown an 
area growth rate in 2015–2020 below 
South and North America, but higher 
than Asia (FAO, 2020). 

Scarcer land availability, higher land 
prices and policies promoting in-
creased sustainability and social inclu-
sion could create market opportunities 
for other planted forests and trees. The 
recent trends in production from nat-
urally regenerated forests and planted 
forests indicate that 33  million  ha of 
highly productive plantations need to 
be added in order to meet the busi-
ness-as-usual demand by 2050, and it 
is likely that at least 30 million ha will be 
established by that date (FAO, 2022a). 
This expansion will rely on the private 
sector and is likely to take place in trop-
ical and subtropical forest. Increased 
knowledge on fast-growing species 
and mixed-species stands, dissemi-
nation of experiences on mixed-tree 
stands and investments, combined 
with a stronger uptake of sustainable 
wood products on a global scale, could 
lead to forest sector growth being less 
dependent on plantations. 

Agroforestry 
In 2020, agroforestry and tree crop 
production over 45.4  million  ha gen-
erated wood for commercial purposes 
(FAO, 2022a). However, it is difficult 
to assess the scale and reliability of 
this contribution due to lack of glob-
al data, as most of this production is 
reported under planted forests (FAO, 
2022a). Asia reported the largest 
area under agroforestry systems, at 
31.2 million ha, followed by Africa with 
12.8  million  ha (FAO, 2022a). In India, 
case studies have confirmed the 
prominence of wood from agroforest-
ry, with estimations of 90  percent of 
the country’s domestic wood supply 
being sourced from agroforestry and 
trees outside forests (FAO, 2022a). 
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Restoration costs are high financial-
ly as well as socially, depending on 
the approach (Erbaugh et  al., 2020; 
Erbaugh and Oldekop, 2018; Santala 
et al., 2022). Forests planted for com-
mercial purposes, including mono-
culture plantations, are in the second 
lowest-cost range for forest restora-
tion in tropical and subtropical coun-
tries, while agroforestry entails high 
establishment costs but low annual 
maintenance costs (FAO, 2022c). Con-
sideration of commercial planting of 
forests and trees in pure or mixed-spe-
cies plantation models can reduce the 
cost of restoration per capita while 
improving livelihoods and attracting 
investments. Within climate finance, 
plantations and reforestation, and 
carbon-neutral value chains such as 
using wood for construction, are areas 
where the private sector has shown 
positive investment signs (IPCC, 2022). 
Adopting policies, tenure systems 
and institutional arrangements that 
provide for appropriate landscape 
restoration planning, can enable the 
inclusion of sustainable production 
and successfully engage smallholders 
(Erbaugh and Oldekop, 2018; Santala 
et al., 2022; Stanturf et al., 2019).

Planted forests in all their forms will be 
instrumental in meeting global wood 
supply needs. They also have the po-
tential to support accelerated progress 
in ecosystem restoration, while fos-
tering more sustainable landscapes, 
carbon neutrality, and increased re-
silience and livelihoods. However, evi-
dence shows that such a positive out-
come depends on moving away from 
the business-as-usual trend, and this 
will require appropriate policies and 
tenure and institutional arrangements, 
and effectively harnessing science, 
technology and investments. Land-
scape and ecosystem planning with 
clearly identified management objec-
tives, can contribute to embracing the 
role of planted forests and trees in all 
their modalities, taking into account 
the contributions and challenges asso-
ciated with each model, management 
approach and species in their specific 
context. 
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bioeconomy

Highlights
 � Maximizing alignment between the 

bioeconomy and planted forests 
will require holistic approaches 
that balance the requirements of 
sourcing, processing and use.

 � There is huge potential to leverage 
a much greater diversity of trees in 
planted forests. 

 � Action to increase demand for 
bioproducts needs to be coordi-
nated with measures to develop 
the planted-forest sector and 
downstream capacities.
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quite different, as are their linkages to 
planted forests.

Where will the production 
growth potential of the 
bioeconomy come from? 
The first question is the physical avail-
ability of materials, such as wood for 
conventional and emerging uses, and 
for NWFPs. Global wood production 
has increased by only 16.5  percent 
from 2000 to 2020 (FAOSTAT, 2023). 
This is a very slow increase compared 
to other key global agricultural pro-
ductions: during the same period, 
global crop production increased by 
52 percent (FAO, 2022a). In fact, wood 
production does not follow population 
growth, which was 28 percent over the 
period considered (UN, 2023). This 
means that the wood sector is decou-
pled from global growth, and that there 
is a supply-constrained market, also 
evidenced in many regions by the in-
creasing price of wood (USBLS, 2023), 
and growing competition for softwood 
timber between novel emerging uses, 
such as mass timber, and traditional 
uses (Nepal, Johnston and Ganguly, 
2021). In general, production volumes 
of EWPs and NWFPs are not re corded 
as separate products in national and 
international forest products sta-
tistics (FAO, 2022b). According to 
analyses by market research groups,11 
EWPs represented about 275 million 
cubic metres (m3) in 2021, equivalent 
to 7 percent of the overall roundwood 
removals of 3  967 million  m3 in 2021 
(FAOSTAT, 2023). 

The potential for production growth 
in the three categories (conventional 
wood, novel wood uses and NFWPs) 
comes from the following: 

 � Better use of existing natural 
forests, but with a limited po-
tential for production growth. 
In 2020, 18  percent of the world’s 
forests were protected areas, and 
54 percent were under a long-term 
management plan (FAO, 2020). 
Roundwood production from nat-
urally regenerated forests tends 
to be stable or slightly decreasing. 
In boreal forests, despite growing 

11 See for example: https://www.
imarcgroup.com/engineered-wood-
market

sharing of data and information, and 
opportunities to tie the development 
of planted forests to broader econom-
ic and social development objectives, 
as clarified in the communiqué of 
the Global Bioeconomy Summit 2020 
(IACGB, 2020).

We identify here three types of for-
est-based bioeconomy products and 
value chains, which bear different 
characteristics in terms of develop-
ment constraints or enabling factors:

 � conventional wood products and 
uses (e.g.  roundwood, woodfuel 
and pulp);

 � novel emerging wood products, 
comprising either innovative ways 
of using wood as a raw material (to 
substitute traditional roundwood 
uses), like engineered wood prod-
ucts (EWPs) used as structural 
elements in buildings, such as 
mass timber (Verkerk et al., 2022), 
or using wood where it was not 
used before, leading to totally new 
uses of wood (like where replacing 
plastics); and

 � non-wood forest products (NW-
FPs), which are quite diverse, re-
sulting from modern innovations 
but often stemming from an origi-
nal traditional or Indigenous knowl-
edge and practice, for food, oils, 
fibres, aromatics, medicine, pig-
ments, rubber, waxes and tanners.

This distinction is useful to analyse 
the development of forest-bioecon-
omy value chains, as their dynamics, 
structure and investment needs are 

Planted forests and the 
bioeconomy: a typology of 
value chains
The biobased economy idea emerged 
from societal concerns and expecta-
tions for sustainable sourcing, curbing 
the use of fossil-based and non-re-
newable materials and reducing envi-
ronmental impacts. Greenhouse gas 
(GHG) emissions from material pro-
duction have risen from 5 gigatonnes 
CO2-equivalent (GtCO2-eq) in 1995 to 
11.5  GtCO2-eq in 2015, representing 
23 percent of all global GHG emissions 
(Hertwich, 2021). In comparison, the 
global harvested wood products pool 
represented a net sink of 335  million 
tonnes CO2-equivalent (MtCO2-eq) in 
2015 (Johnston and Radeloff, 2019). 
Consumption of raw materials, driven 
by population and economic growth, 
is projected to increase by 88  per-
cent, from 89  gigatonnes (Gt) in 2017 
to 167  Gt in 2060; and biomass de-
mand by 68  percent, from 22  Gt to 
37  Gt, mainly as wood rather than as 
food and feed (OECD, 2019). Shifting 
demand towards bioproducts is not 
enough: similar attention is needed to 
adjust production and sourcing of bi-
omass so that the bioeconomy can be 
truly sustainable. Most of the increase 
in production will need to meet the 
Sustainable Development Goal (SDG) 
targets to halt deforestation and halt 
and reverse land degradation by 2030, 
while preserving primary ecosystems.

The relatively broad understanding 
of the bioeconomy concept as per 
the definition in Box  1 implies inter-
sectoral linkages, including through 

Definition of the bioeconomy

The bioeconomy can be defined as “the production, utilization, conservation 
and regeneration of biological resources, including related knowledge, 
science, technology and innovation, to provide sustainable solutions 
(information, products, processes and services) within and across all 
economic sectors and enable a transformation to a sustainable economy.”*

Note: * GBS. 2018. Global Bioeconomy Summit 2018 – Conference Report. Innovation in the Glob-
al Bioeconomy for Sustainable and Inclusive Transformation and Wellbeing. Berlin. https://
gbs2020.net/wp-content/uploads/2021/10/GBS_2018_Report_web.pdf

Box 1

https://www.imarcgroup.com/engineered-wood-market
https://www.imarcgroup.com/engineered-wood-market
https://www.imarcgroup.com/engineered-wood-market
https://gbs2020.net/wp-content/uploads/2021/10/GBS_2018_Report_web.pdf
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careful management of the social and 
environmental concerns, could exac-
erbate such negative perceptions by 
local populations and global consum-
ers. A sustainable bioeconomy will 
therefore require planted forests to 
fully address the concerns of nega-
tive social and environmental impacts 
(Malkamäki et al., 2017). 

Key questions are:

 � How can planted forest develop-
ment contribute to rural poverty 
alleviation, and how can we learn 
from good practices and main-
stream them? How can marketing 
the corresponding bioeconomy 
products bring socioeconomic 
benefits to local communities 
where these products originate, 
and not just to downstream, often 
distant actors? (see Box 3). How 
can local actors become cen-
tral agents of the bioeconomy, 
not just as producers, but also 
as transformers of raw materials 
into sophisticated products, and 
as innovators who add value to 
their landscapes?

 � Where should we plant? What tools 
and approaches should be used to 
identify the right places to plant? 

forests, provided that productivity 
also increases from 2.3  m3/ha to 
8.3 m3/ha (FAO, 2022b).

 � More diverse uses of both wood 
and non-wood products from dif-
ferent types of planted forests. 
For instance, new wood technolo-
gies may allow processing and use 
of different species, encouraging 
their cultivation. Also, the growth 
and formalization of different 
NWFP value chains may provide 
a clear source of growth for the 
forest economy. For instance, in 
Brazil, in 2020, 40  percent of the 
revenue from products legally ex-
tracted from the forest was from 
NWFPs, compared to only 18  per-
cent in 1998 (MAPA/SFB, 2022) 
(Box 2).

Key questions for 
sustainable sourcing
Growing the bioeconomy will require 
more planted forests and trees. How-
ever, whether on a small (Ratnasingam 
et  al., 2021) or larger scale (Pirard 
et al., 2016), plantations have at times 
been negatively perceived, and it is 
therefore reasonable to assume that 
any significant expansion without 

biomass stocks, industrial round-
wood productivity gains would be 
limited by biodiversity- and car-
bon-driven policies. In tropical and 
subtropical regions where pro-
duction has been relatively stable 
since the 1990s, there is room for 
productivity gains through higher 
efficiency in harvesting and pri-
mary processing, and use of less-
er-known species (FAO, 2022b). 
Statistics on NWFPs do not reflect 
global consumption or production 
trends. Nevertheless, increased 
recognition of customary rights 
and clarification of tenure, meas-
ures to improve management 
plans and co-create knowledge 
with smallholders, local commu-
nities and Indigenous Peoples, and 
better access to markets could 
result in a significant production 
increase (FAO, 2022c). 

 � Better wood use efficiency, and 
better hierarchy of uses and re-
uses of bioproducts. For instance, 
half of the wood produced is cur-
rently used for energy, whereas en-
ergy uses could be seen as an end 
use only after several other uses 
and reuses of wood have taken 
place. Engineered wood product 
technologies can allow for the use 
of scrap, waste or less dense wood 
material for structural and con-
struction uses, which previously 
relied only on denser woods with 
better mechanical properties. 

 � Growth of planted forests, includ-
ing in secondary forests and on 
degraded lands (see article on the 
United Nations Decade on Ecosys-
tem Restoration on p. 68). Planted 
forests now represent 7  percent 
of the forest area (294  million  ha) 
and produce 46 percent of round-
wood (FAO, 2020). Looking at 
projections for roundwood alone, 
projected demand is outstripping 
projected production. Held, Mei-
er-Landsberg and Alonso (2021) 
estimate that the gap between 
roundwood demand (7.9 billion m3) 
and production (4.3  billion  m3) 
will reach 3.6  billion  m3 by 2050. 
Closing this gap would require at 
least an additional 33  million  ha 
of highly productive plantation 

The boom of açaí as an example of opportunities 
created by the growth of non-wood products

Until 1995, açaí was used mostly in the northern region of Brazil. In the 
last 20 years, its use has spread to the rest of Brazil and global markets, 
particularly the United States of America, Europe and Japan. Açaí pulp 
production now exceeds 250  000  tonnes per year, benefits more than 
300 000 producers and adds at least USD 1 billion to the Amazon econ-
omy each year. Net income from açaí production ranges from USD 200/
ha per year in unmanaged systems to up to USD 1 500/ha per year in man-
aged agroforestry systems in the State of Pará, Brazil,* making it about 
ten times more profitable on a per hectare basis than cattle ranching in 
the Amazon.**

Notes: * MAPA/SFB (Ministério da Agricultura, Pecuária e Abastecimento/ Serviço Florestal 
Brasileiro). 2022. Bioeconomia da floresta: a conjuntura da produção florestal não madeireira 
no Brasil. Second edition. Brasília. ** Braga, D.P.P. 2019. How well can smallholders in the Am-
azon live: an analysis of livelihoods and forest conservation in cacao- and cattle-based farms 
in the Eastern Amazon, Brazil. Universidade de São Paulo. https://doi.org/10.11606/T.11.2019.
tde-22082019-101655

Box 2
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Towards a coordinated 
approach to leverage 
the bioeconomy for the 
development of planted 
forests
Bioeconomy development is often 
supported by a variety of policies 
and incentives, market regulations, 
and recycling and reuse regulations, 
such as for mandatory incorporation 
of bioproducts into construction and 
housing, or rules governing plastic 
use – several countries have recently 
introduced bans on disposable plastic 
plates and cutlery – or incentives for 
integrating NWFPs into public sourc-
ing programmes. 

Development of planted forests and 
the bioeconomy should go hand in 
hand. Action to increase demand 
for a variety of bioproducts needs to 
be coordinated as much as possible 
with measures to develop the planted 
forest sector and downstream ca-
pacities. Failing to do so poses two 
risks: (i) introducing capacity gaps in 
production, or ending up with a forest 

development of planted forests 
and their governance?

As solutions and answers to the above 
questions begin to take shape, it is es-
sential to encourage evidence-based 
communication in order to sustain the 
demand for sustainability, legitimize 
perceptions of sustainability and fight 
misinformation (West and Bergstrom, 
2021). This is one of the key objectives 
of the Collaborative Partnership on 
Forests’ joint initiative “Sustainable 
Wood for a Sustainable World”.12 The 
need to be recognized as sustainable, 
including in the sourcing of raw mate-
rials, and through the use of sustaina-
bility labelling and certification, is crit-
ical since “recognized sustainability” 
is a main driver of demand growth as 
consumers are looking for sustainable 
options more than ever before (Econo-
mist Intelligence Unit, 2021).

12 See: https://www.fao.org/collaborative-
partnership-on-forests/initiatives/
sustainable-wood-for-a-sustainable-
world/en

How should we best grow a wide 
range of planted forest types and 
species (with intensified manage-
ment) within a particular landscape 
while protecting biodiversity and 
providing ecosystem services such 
as soil protection, water regulation 
and erosion control?

 � How can we ensure that deci-
sion-making is legitimate and 
shared among all stakeholders in 
the landscape, with regard to de-
veloping plantations that coexist 
with areas for conservation, and 
optimizing the restoration poten-
tial of degraded areas? 

 � What is the potential for agrofor-
estry systems, trees on farms and 
well-designed, mixed-species 
planted forests, which can provide 
a wide range of uses and ecosystem 
services, as well as habitat con-
nectivity for wildlife populations?

 � What enabling policies and legal, 
regulatory and institutional frame-
works are needed to facilitate the 
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The successful integration of planted 
forests into the bioeconomy will re-
quire pulling the right levers but also 
careful planning, value chain coordina-
tion and consideration of environmen-
tal and social factors. If successful, it 
will represent one key example of how 
to combine economic development 
with environmental stewardship.
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Amazon (Nobre and Nobre, 2020) is 
particularly promising, where tech-
nological innovation, business model 
construction, business incubation, re-
search and development, value chain 
development and discussion about 
incentives and regulations can all 
happen at the same time. Marketing 
NWFPs on a larger scale while build-
ing on traditional agricultural systems 
(e.g. açaizais for açaí) will require inter-
secting priorities for planted forests 
with priorities for farming systems 
(Abramovay et  al., 2021; Fernandes 
et al., 2022).

Such a coordinated enabling envi-
ronment can attract funding and 
investment to the forest sector and 
planted forests, and towards innova-
tion downstream in the value chains, 
such as for innovation support, mobi-
lizing concessional loans and blended 
finance. This can be complemented by 
capacitation, including from regional 
and international levels and actors, to 
allow the sharing of South–South and 
North–South experiences. 

economy that delivers on product cat-
egories that are not aligned with the 
potential bioeconomy demand; and  
(ii) having products that while consid-
ered sustainable from a “use” perspec-
tive – for instance substituting plastic 
with wood, or improving nutrition by 
incorporating new NWFPs into the 
diet – are not sustainable from a pro-
duction or landscape perspective.

Avoiding misalignment between the 
bioeconomy and planted forests will 
require an “all-in-one”, holistic and 
context-specific approach that bal-
ances the requirements of sourcing, 
transformation and varied uses: the 
right production systems, for the 
right trees, in the right places, for the 
right products, and for the right uses 
and reuses. There is huge potential in 
leveraging a greater diversity of trees 
than those currently planted and used, 
from the pool of more than 14 000 use-
ful tree species available worldwide 
(Kindt et al., 2022).

For instance, maximizing the possibil-
ities for reuse and recycling of wood 
needs to combine meaningful choices 
on wood processing technologies, 
suitable wood species and appropri-
ate silvicultural practices. Also, a key 
issue is to leverage the potential of 
short value chains for bioeconomy 
products and to develop spatial logis-
tics, physical markets and infrastruc-
ture, as well as local capacities and 
competencies for wood and bioprod-
uct conversion in rural areas. 

Coordination across sectors and along 
value chains is crucial for identifying 
where the many demands originate 
(e.g.  from construction, chemicals, 
energy, food and medicine), how to 
prioritize uses and reuses for different 
raw materials, their conversion and 
their uses. This should lead to the 
identification of key bottlenecks, 
and support and capacity-building 
needs for different actors (especially 
in the transformation part of these 
value chains). All of this should link to 
land-use planning for plantations and 
logistics infrastructure, and should 
take into account the potential of 
short value chains and local ownership 
and employment (EC, 2022). The mod-
el of bioeconomy clusters such as the 
Amazon 4.0 model considered for the 

Connecting smallholder plantations to formal 
markets: the case of bolaina in Peru

On-farm timber production can be an important subsistence and eco-
nomic activity of smallholder farmers around the world. The bolaina (Gua-
zuma crinita, see photo on p. 11) value chain in Peru provides a valuable 
example of the coordinated package of actions that is required to devel-
op value chains. This fast-growing species grows naturally on fallow land, 
thus providing a simple and cost-effective way of producing timber that 
can be integrated into agricultural activities. The value chain has devel-
oped organically, but as a forest product, bolaina timber falls under con-
ventional forestry regulations, which are not always smallholder friendly.* 
The challenge is to formalize the sector while ensuring that it remains ful-
ly inclusive of smallholders. One way forward is the creation of a network 
of small producers working with medium to large “anchor companies” 
with modern plantation management technologies, thereby allowing the 
generation of products for the national market and the creation of jobs 
with good working conditions.**

Notes: * Sears, R.R., Cronkleton, P., Miranda Ruiz, M. & Pérez-Ojeda del Arco, M. 2021. Hiding 
in Plain Sight: How a Fallow Forestry Supply Chain Remains Illegitimate in the Eyes of the 
State. https://doi.org/10.3389/ffgc.2021.681611

 ** Guariguata, M.R., Arce, J., Ammour, T. & Capella, J.L. 2017. Las plantaciones forestales 
en Perú: Reflexiones, estatus actual y perspectivas a futuro. Bogor, Indonesia, Center for 
International Forestry Research (CIFOR). https://doi.org/10.17528/cifor/006461
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iv. Enhancing efficient utilization of 
timber by forest industries by at-
tracting modern technologies for 
wood conversion.

v. Mobilizing adequate finance to sup-
port forest sector development.

vi. Strengthening tenure security 
to support forest investments, 
especially in community and 
private forests.

vii. Promoting forestry as vi-
able commercial enterprises 
to support rural livelihoods and 
reduce poverty.

The greatest opportunity for our coun-
try’s forest sector is in the National 
Tree-Growing and Ecosystem Resto-
ration Campaign, which broadly seeks 
to raise the national tree cover to 30 
percent by 2032 by planting 15 billion 
trees. 

At the core of this national flagship 
programme championed by His Ex-
cellency President Dr William Ruto, is 
the opening-up of the Kenyan forest 

The Green Army will be involved in the 
propagation of adequate seedlings to 
support our ambitious tree-growing 
initiative and provide extension sup-
port to communities, individuals and 
investors involved in agroforestry and 
commercial forestry. 

Key challenges in forest management 
in Kenya are:

i. Bridging the gap between supply 
and demand for wood, with de-
mand estimated at 48 million cu-
bic metres (m3) against a sustain-
able supply of 32 million m3, and 
70 percent of the national energy 
needs met by wood.

ii. Optimizing the supply of for-
est goods and services against 
competing demands from indus-
try, livelihoods and meeting our 
environmental ambitions.

iii. Reducing pressure for 
conversion of forestland to 
agriculture, settlements and 
other developments.

Can you tell us about guiding priori-
ties, challenges and opportunities for 
the forest sector in Kenya? 

ST: The forest sector is at the core of 
the socioeconomic transformation of 
Kenya, as outlined in the current ad-
ministration’s Bottom-up Economic 
Transformation Agenda (BETA), which 
prioritizes the opening-up of key value 
chains, including forestry, for wealth 
and employment creation. 

To demonstrate this commitment, the 
government has created 7 300 jobs 
through the recruitment of 2 700 for-
est rangers, 600 forestry officers and 
4 000 Green Army workers to support 
seedlings production and provide for-
estry extension services. 

The Green Army are the first cohort 
of 100 000 youth that the govern-
ment intends to progressively recruit 
to support our country’s National 
Tree-Growing and Ecosystem Resto-
ration Campaign, which is targeting to 
plant 15 billion trees by 2023. 

Kenya’s National Tree-
Growing and Ecosystem 
Restoration Campaign  

Interview with Hon. Soipan Tuya 
Cabinet Secretary, Ministry of  
the Environment, Climate Change  
and Forestry, Kenya

Kenya | Maasai women belonging to a 
women’s traditional group work on the 
community tree nursery
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ii. Review of the 2016 Forest Conser-
vation and Management Act, to 
provide for sustainable manage-
ment of public forest plantations.

iii. Investments in mass production of 
high-quality seeds and seedlings 
by the public and private sector.

iv. Development of a framework for 
public–private partnership to cat-
alyse investments in the forestry 
value chain, including the furniture 
and construction industries.

v. Development of regulations, 
standards, certification schemes 
and codes of practice for the tim-
ber industry as an opportunity for 
attracting investments in high-ef-
ficiency timber manufacturing 
technologies and value addition.

As mentioned earlier, as a ministry, 
one of our foremost priorities is the 
promotion of agroforestry and com-
mercial forestry, as part of the Nation-
al Tree-Growing and Ecosystem Res-
toration Campaign and its ambitious 
15 billion tree target. Our motivation 
for prioritizing agroforestry and com-
mercial forestry is threefold.

as deforestation and land degrada-
tion in the various landscapes across 
the country.

Bridging the gap between supply and 
demand of forest products requires 
policy interventions that incentivize 
scaling-up of sustainable wood pro-
duction and use by the public and pri-
vate sector. This will involve improved 
efficiency in the management and 
utilization of public forest plantations 
and establishment of commercial for-
est enterprises by the private sector 
on community and private lands. The 
arid and semi-arid lands present the 
best opportunities for commercial 
wood production at scale. This has 
been identified as a key focus of the 
National Tree-Growing and Ecosystem 
Restoration Campaign.

To incentivize actions on the ground, 
the government is investing in the fol-
lowing policy actions:

i. Review of the National Forest 
Policy to provide incentives for 
private sector investments in 
commercial forestry.

sector to increased private sector in-
vestment, especially in agroforestry 
and commercial forestry. 

In this regard, the ministry has mapped 
out potential landscapes for commer-
cial forestry across the country. These 
areas are mostly in the vast northern 
rangelands, which have high potential 
for ecosystem restoration. 

My ministry therefore calls on the in-
ternational and local private sector in-
terested in investing in Kenya’s emerg-
ing commercial forestry to partner 
with us.

With a Kenyan population projected 
to reach over 95 million by 2050 (UN 
DESA, 2017), domestic consump-
tion of wood is expected to increase 
sharply. What levers is the Govern-
ment of Kenya activating to increase 
local wood supply?

ST: Kenya has an estimated annual 
wood supply deficit of 15  million  m3 
and which is expected to rise to 
24  million  m3 by 2030. This deficit is 
met by imports from neighbouring 
countries and harvesting from un-
sustainable sources. This manifests 

Kenya | Maasai women belonging to a 
women traditional group work on the 
community tree nursery
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As mentioned earlier, we see agrofor-
estry and commercial forestry as hav-
ing the greatest potential for ensuring 
that we have a sustainable and thriving 
forest sector in Kenya. Sustainability 
for us as a country means that the for-
est sector should be able to meet our 
climate action obligations, contribute 
more to our socioeconomic well-being 
through wealth and employment crea-
tion, and meet Kenya’s growing wood 
requirements going forward.
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In December 2022, the Government of 
Kenya under President Ruto launched 
a national tree-planting initiative 
aimed at planting 15 billion trees by 
2032. How can finance and invest-
ments be triggered into a sustainable 
forest sector to achieve this? 

ST: As a ministry, we have developed 
and are rolling out a comprehensive 
strategy to help us deliver the National 
Tree-Growing and Ecosystem Res-
toration Campaign and its 15 billion 
tree-planting target. 

As part of this strategy, we have 
worked on several financing and in-
vestment models that include pub-
lic–private partnerships, private in-
vestments and adoption of degraded 
ecosystems for restoration, among 
other arrangements.

The first reason is to open up the sec-
tor for the creation of wealth and em-
ployment, which are key deliverables 
for the government. The second is to 
meet our climate action ambitions of 
expanding our carbon sinks and safe-
guarding water sources. And the third 
reason is to bring social and economic 
benefits to households where ordinary 
Kenyans involved in tree growing can 
draw monetary and social value from 
their wood, fruit and nut trees.

We believe that it is through enhanced 
private sector investment in agrofor-
estry and commercial forestry that 
Kenya will be able to meet its grow-
ing demand for wood, and end illegal 
logging of natural forests and the 
destruction of life-sustaining eco-
systems, such as wetlands and water 
towers. 

©
 F

A
O

/L
ui

s 
Ta

to

Kenya | Woodlot farmer Ruth Wairimu 
gets some fuelwood from the trees at 
her wood farm
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In addition, the global forest area is 
slowly but consistently decreasing 
over time (FAO, 2020). This process 
is modulated by various human and 
climatic impacts (Alkama and Ces-
catti, 2016; Lucas, 2023). As part of 
this, a growing global population and 
increasing demand for wood products 
to support a lower-carbon, biobased 
economy are putting extra pressure 
on forests (Eyvindson, Repo and Mönk-
könen, 2018).

On a broad scale, forests can be placed 
on a continuum of human disturbance 
spanning natural forests to intensively 
managed plantations (Payn, 2021). In 
this paper, we are focusing on trends 
in planted forests globally. Planted 
forests are defined as “forest that at 
maturity is predominantly composed 
of trees established through planting 
and/or deliberate seeding of native or 
introduced species” (FAO, 2020, p. 27). 
Planted forests are managed for a wide 
range of goods and services but pre-
dominantly for timber production and 
have a long history, with some early 
references from the sixteenth century 
in the United Kingdom of Great Britain 
and Northern Ireland (Evans, 2009). 

Highlights
 � The capacity of forests, especially 

planted forests, to meet increased 
forest product demand is piv-
otal for the transition towards a 
bioeconomy. 

 � Climate-change risks and commu-
nity perceptions suggest a need 
for more climate-resilient and so-
cially accepted planted forests.

 � Such forests will need to provide a 
wider range of products and ser-
vices, and have higher producti-
vity, than they do currently.

Introduction
Forests account for 31 percent of the 
total land area of the world, but this 
forested area is neither equally dis-
tributed among geographic regions 
nor proportionally allotted to the 
populations that they harbour. The 
dynamics of global forest cover and its 
resources are varied in a complex way 
(MacDicken, 2015) even though a con-
tinuum of forest ecosystems services 
exists between different forest states 
(Harris, Goldman and Gibbes, 2019). 

Increasing the 
resilience and 
social acceptance 
of planted forests 
to safeguard 
production

New Zealand | Radiata 
pine plantation
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in planted forest area have slowed 
over the last two decades. The 
availability of annual remote-sensing 
data from 2015 onwards reinforces 
this observation. Scale and rates of 
increase varied across both climate 
domains and regions. Similar to global 
forest cover, most planted forest area 

area decreased from 2000 to 2020, 
the planted forest area increased 
from more than 210.7 million hectares 
(ha) to approximately 294  million  ha, 
an increase of approximately 
81.9 million ha, partially compensating 
the decrease in global forest area 
(Figure  1), though rates of increase 

Plantation forests (a subset of planted 
forests) originated in their modern, 
organized form in Germany during the 
eighteenth century (Evans, 2009). Ac-
cording to the Global Forest Resources 
Assessment (FRA) 2020, plantations 
are planted forests that are intensively 
managed and meet all the following 
criteria at planting and stand maturi-
ty: one or two tree species, even-age 
class, and regular spacing which can 
readily distinguish them as artificial 
(Evans, 2009; FAO, 2020). Plantation 
forests are conceptually and practi-
cally established to fulfil the diverse 
global demands for goods and ser-
vices from forests, for example, soil 
and water protection, biodiversity 
conservation and other non-timber 
social services (Bauhus et  al., 2010). 
Introduction of exotic tree species, 
and a focus on intensive management, 
have accelerated the development of 
plantations and their new manage-
ment approaches (Evans, 1999). Since 
their inception, production of indus-
trial wood, the initial purpose of plan-
tation forests, has increased and has 
been predicted to grow more rapidly 
in the future (Payn et al., 2015; Sedjo, 
1999). In addition, plantation forests 
have significantly expanded to satisfy 
a variety of global needs, for exam-
ple, forest protection and restoration, 
climate regulation, and protection of 
soil and water resources (Barua, Le-
htonen and Pahkasalo, 2014; Charn-
ley, 2005). Additionally, a new suite of 
forest products that can support a low 
carbon bioeconomy through replace-
ment of fossil carbon is emerging and 
places more demands on production 
forests (Howard et al., 2021).

This article explores the role of plan-
ted forests, including plantations, in 
meeting these future needs to 2050 
and identifies some of the challenges 
and solutions. 

Global planted forest areas 
continue to increase in 
2020
All planted forests 
Globally, all planted forests (planta-
tions and other planted forests) com-
prised 7  percent of the total forest 
area in 2020. While the natural forest 

Figure 1. Trends in area of planted forests by FAO region

Figure 2. Growing stock in planted forest by region as a percentage of total forest growing 
stock in 1990–2020

Source: Adapted from FAO. 2020. Global Forest Resources Assessment 2020: main report. 
Rome. https://doi.org/10.4060/ca9825en

https://doi.org/10.4060/ca9825en
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source of forest products and ecosys-
tem services. 

Consumption of forest products is 
projected to increase significantly by 
2050. Projections of consumption be-
yond 2020 range between 37 percent 
under a business-as-usual scenario 
and 60  percent on new bioecono-
my-related scenarios, including the 
use of wood to substitute non-re-
newable materials (FAO, 2022). Beck-
O’Brien et al. (2022) projected a 28 per-
cent increase in consumption by 2050 
and noted that none of the range of 
supply considerations that they de-
veloped could match this increase in 
demand, pointing to a demand-driv-
en expansion of the area of planted 
forests. 

Planted forests, and especially in-
tensive plantations, are one of the 
most important mechanisms to meet 
this demand. FAO (2022) calculated 
an additional 33  million  ha of planta-
tions would be needed to meet future 
wood-based needs. Establishment of 
significant areas of new forests and 
ensuring incremental growing stock 
will be critical if demand is to be met. 
However, meeting these demands is 
predicated on achieving a sustaina-
ble increase as well as providing the 
required products, predominantly 
roundwood. Major countries with sig-
nificant amounts of plantation forests 
are also focusing more on manage-
ment of forest ecosystem services in 
addition to timber (Yao et  al., 2021). 
These changes in focus could lead to 
a decrease in supply due to trade-offs 
between timber production and other 
ecosystem services.

There are three major risks to meeting 
the projected demand by 2050.

Climate change impacts, such as in-
crease of fire, intense and frequent 
droughts, plus introduced pests and 
diseases are the largest risk to pro-
ductivity of existing and new planted 
forests (Soucy et al., 2020).

Social perceptions and the accepta-
bility of planted forests, especially in-
tensive industrial plantations are put-
ting pressure on existing management 
approaches and the ability to establish 
new forests (Palátová et al., 2023).

2020 (FAO (2020), global plantation 
forest species composition has a ratio 
of 56 percent of native to 44 percent 
of introduced species (Figure 3) over-
all. However, this varies regionally, 
with South America, Oceania, Europe 
and Africa having a higher proportion 
of introduced species, while Asia and 
North and Central American planta-
tions comprise more native species. 

Discussion
The area of planted forests has been 
steadily increasing over the past 30 
years, and this increase is expect-
ed to continue until 2050, though at 
a slower rate. Korhonen et  al., 2021 
projected this increase by taking into 
consideration the impact of develop-
ment pathways on planted forest area 
expansion and concluded that the 
increase could, depending on scenar-
ios, be around 20 million ha to 40 mil-
lion  ha. In concert with this, planted 
forest growing stock is also expected 
to increase globally. In 2015, planted 
forests were estimated to contribute 
around 46  percent of the global in-
dustrial roundwood production (Nepal 
et al., 2019). As natural forest deforest-
ation is expected to continue, planted 
forests will therefore make up an in-
creasing proportion of global forests 
and become even more important as a 

is found in the tropical and boreal cli-
matic domains, and the Asia and Euro-
pean regions, respectively. 

In 2020, growing stock in planted for-
ests made up just above 5 percent of 
the total global forest growing stock, 
increasing by over 2  percent since 
1990. As with area, the growing stock 
also increased and varied with climate 
domain and region. In 2020, Asia had 
the highest proportion of growing 
stock in planted forests, followed by 
Oceania (Figure 2). The growing stock 
in planted forests is dominated by 
conifers (Pinus spp. and Picea spp.) 
with very little contribution from 
hardwoods, reflecting the worldwide 
demand for softwood timber and fibre 
(WWF, 2012). 

Plantation forests
Between 1990 and 2020, the rate of 
increase in plantation forest area was 
greater than for other planted forests. 
According to FRA 2020, the highest 
proportion of plantation forest is in 
South America and constitutes about 
99 percent of the total planted forest 
area (FAO, 2020). The second largest 
is in Oceania (91  percent). The tree 
species choice in plantations can be 
more tailored towards end use – for 
instance introduced fast-growing 
softwoods (e.g.  pines) or hardwoods 
(e.g.  eucalypts). According to FRA 

Figure 3. Proportion of native and introduced species in plantation forest, by region in 2020

Source: Adapted from FAO. 2020. Global Forest Resources Assessment 2020: main report. 
Rome. https://doi.org/10.4060/ca9825en

https://doi.org/10.4060/ca9825en
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for instance, there are concerns about 
effects on local communities or land 
lost from food production or biodiver-
sity. The social challenge is likely to be 
the biggest issue facing the ability to 
expand forest area to meet demand. 
Adapting new management models, 
dialogue and education are solutions.

One big opportunity to mitigate risk of 
social acceptance of forest expansion 
is to increase productivity in existing 
forests. This avoids most of the social 
issues from afforestation and expan-
sion of the forest area. This can be 
done through improvements in genet-
ics deployed on replanting harvested 
areas; new silvicultural regimes, such 
as crop stocking and pruning; and 
intensification through appropriate 
site preparation and use of fertilizers, 
vegetation and pest control, and tech-
nical innovations and processes, such 
as precision forest management and 
automated forestry operations. 

Conclusion
Demands for products and services 
from forests are projected to con-
tinue to increase globally, and these 
demands will be affected by a range of 

reorganization processes (Falk et  al., 
2022; Messier et al., 2022), especially 
when considering monospecific plan-
tation forests (Messier et  al., 2022). 
Paquette and Messier (2011) proposed 
a more complex and multipurpose 
plantations strategy, where planta-
tions, including monocultures, can be 
improved by applying appropriate site 
preparation to reduce soil disturbanc-
es, or spatio-temporal diversification 
to increase biodiversity conservation. 
This idea was revisited and refined by 
Jones et  al. (2023) through a transi-
tional forestry approach, focusing on 
purpose-led forestry that is diversi-
fied and socially connected.

WWF’s New Generation Plantations 
programme13 (refer to the article on 
the contribution of properly governed 
plantations on p. 91 with others such as 
The Forests Dialogue14 (see article on 
p. 84) are focusing on socially accept-
able plantation models. Perceptions 
of planted forests can be negative 
and hard to improve. This can lead to 
challenges to both existing forests and 
their management, and also opposi-
tion to expansion of forest area where 

13 https://newgenerationplantations.org/
14 https://theforestsdialogue.org/

The purpose of forests and the mix 
of products and services are also an 
emerging factor potentially reducing 
roundwood supply, due to increasing 
interest in forests for their ecosystem 
services such as carbon or soil pro-
tection and the potential increased 
demand for new bioeconomy-related 
products, such as liquid biofuels or 
bio-plastics rather than timber and 
timber products (Soucy et al., 2020). 

In light of these risks, there is a great 
deal of uncertainty around the ability 
of planted forests to meet the in-
creased demand. There are a number 
of mitigation approaches that can be 
used: mitigating climate risk by devel-
oping more resilient forest systems; 
working with communities on im-
proving social acceptance of planted 
forests; and evaluating opportunities 
to enhance productivity from planted 
forests. All of these responses will re-
quire changes to the way forests are 
designed and managed.

Climate change-related risks have 
been reported in Payn et al. (2015). To 
address these risks, forests need to be 
looked at from a resilience perspective 
to ensure persistence, recovery and 

`Since 1946, FAO has been conducting Global Forest Resources Assessments (FRA) at 5- to 
10-year intervals. The reporting content has evolved over time to respond to the needs of 
the times. Recent and ongoing developments in the international forest policy arena, such 
as the 2030 Agenda for Sustainable Development, the United Nations Strategic Plan for For-
ests 2017–2030 (UNSPF), the Paris Agreement and the Kunming-Montreal Global Biodiversity 
Framework have had an impact on the scope of FRA 2025. Furthermore, FRA has evolved 
thanks to technical guidance from international specialists and organizations provided 
through expert consultations. To reduce the reporting burden on countries, FAO has stream-
lined the FRA reporting content and improved the online reporting and review platform, with 
the aim of enhancing efficiency and transparency of the data collection process. FRA 2025 
collects data for the planted forest category, which includes other planted forest and planta-
tion forest, with a subcategory of plantation forest of introduced tree species.

FAO provides technical support to the network of officially nominated national correspondents for the compilation of 
country reports. A series of regional workshops were organized during 2023 to facilitate this process. The FRA 2025 
data collection was initiated in early 2023, and the reported data will be validated and analysed during 2024. The key 
findings, main report, 236 country reports, an interactive database and other related products are being released in 
2025. 

Note: For more information, see https://www.fao.org/forest-resources-assessment/en/ and FAO. 2023. Country reporting process 
and voluntary updates. FRA 2025. Forest Resources Assessment Working Paper 192. https://www.fao.org/3/cc4687en/cc4687en.pdf

Alexandra Zmachyn-
skaya, FRA Programme 
Support Consultant, For-
estry Division, FAO

Understanding the world’s forests: the Global 
Forest Resources Assessment process

https://newgenerationplantations.org/
https://theforestsdialogue.org/
https://www.fao.org/forest-resources-assessment/en/
https://unfao.sharepoint.com/sites/FAO-Unasylva254-Team/Documenti condivisi/General/000 Manuscript/FAO. 2023. Country reporting process and voluntary updates. FRA 2025. Forest Resources Assessment Working Paper 192. https:/www.fao.org/3/cc4687en/cc4687en.pdf
https://unfao.sharepoint.com/sites/FAO-Unasylva254-Team/Documenti condivisi/General/000 Manuscript/FAO. 2023. Country reporting process and voluntary updates. FRA 2025. Forest Resources Assessment Working Paper 192. https:/www.fao.org/3/cc4687en/cc4687en.pdf
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factors such as increasing population 
and climate change responses. Also, 
the mix of products and services is 
broadening away from the past pre-
dominant focus of timber production. 
Planted forests have a major role to 
play in meeting these demands, espe-
cially intensively managed plantations. 
However, projections of positive, 
slower and variable increase in area 
and growing stock cast unce rtainty 
around the ability to meet the future 
demand. Challenges to be overcome 
include development of resilience to 
climate risks and social barriers to 
planted forest area expansion. In ad-
dition to these challenges, we suggest 
that focus on increasing productivity 
from existing planted forests would be 
an area worthy of further exploration.
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of these and other datasets derived 
from Earth observation data, enabling 
anyone to see how forests are chang-
ing around the world. However, these 
data typically identify tree cover, or 
tall woody vegetation, and do not dis-
tinguish between forest types, such 
as old-growth primary forest, second-
ary natural forest or planted forest, 
or provide information on species 
composition.

It is important to distinguish between 
these forest typologies for a com-
prehensive view of how forests are 
changing. Planted forest maps specif-
ically can aid with sustainable forest 
management, and better account for 
carbon stocks. In removing planted 
forest areas from Earth observation 
data, natural forest can be identified, 
which is needed for a variety of appli-
cations, including assessing interna-
tional commitments related to zero 
deforestation. 

But creating these forest typology 
maps remains a challenge. It is hard 
to distinguish forest types within tree 
cover mapped by Earth observation 
data, especially at a global or even 

Highlights
 � Data from satellite imagery typi-

cally do not distinguish between 
natural and planted forests or pro-
vide species information.

 � The Spatial Database of Planted 
Trees (SDPT) enables the crea-
tion of planted-forest maps on a 
global scale.

 � The accuracy of the SDPT will con-
tinue to improve due to local and na-
tional mapping efforts and ongoing 
advances in large-scale mapping.

Earth observation data have made 
it increasingly easier to monitor the 
world’s forests. The free availability 
of quality, high-resolution imagery 
and improved processing capabilities 
have resulted in numerous maps of 
tree-cover change, such as the Global 
Forest Change product, as well as de-
forestation alerts for rapidly detecting 
changes in forests (Hansen et al., 2013, 
2016; Reiche et  al., 2021). The online 
Global Forest Watch (GFW) platform 
aims to increase public accessibility 

Mapping planted forests 
on a global scale

 Jessica Richter, 
Research Analyst, 
Global Forest Watch

 Liz Goldman, Senior 
Research Manager, 
Global Forest Watch

 Erik Lindquist, Forestry 
Officer, FAO
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2.0 (v2.0), released earlier this year, 
includes data for 166 countries and is 
representative of the year 2020 (Fig-
ure 1; Richter, Goldman and Harris, 
forthcoming). The SDPT is sourced 
from a mix of independent research-
ers, governments and non-govern-
mental organizations (NGOs), with 
priority given to the most recent, 
detailed and localized data available. 
In v2.0, most countries have data 
sourced from a combination of indi-
vidual researchers and NGOs. Howev-
er, many include a mix of government 
and individual researchers as well. The 
database now reaches global cover-
age, making up 264  million hectares 
(ha) or 90 percent of the total planted 
forest area reported by the Global For-
est Resource Assessment 2020 (FRA 
2020) (FAO, 2020).

Major challenges still remain in map-
ping planted forests in a harmonized 
manner, including definitional and 
temporal inconsistency, absence of 
a uniform accuracy assessment and 
minimal species information. Defini-
tions for planted forest change over 
time and differ across countries, mak-
ing it difficult to conform to a common 
definition on a global scale. Therefore, 

The database aims to spatially differ-
entiate plantation forests and tree 
crops from natural and semi-natural 
forests on a global scale. At the time of 
its publication in 2019, no method had 
been developed to delineate forest 
plantations and tree crops from sat-
ellite imagery in a globally consistent 
way, and the SDPT served to fill that 
gap. The creation of the database in-
volved extensive outreach to compile, 
synthesize and harmonize national 
and regional maps of planted forests 
into a global map. It allows for report-
ing on tree-cover change statistics 
within natural vs. planted forests, 
while also increasing public access to 
planted forest data. The SDPT acts as 
a living database that will continue to 
be updated as new data products are 
released.

Version 1.0 (v1.0) of the database cov-
ered a total of 94 countries (Harris, 
Goldman and Gibbes, 2019). While 
reference years differed by country, 
the database as a whole was nominally 
representative of the year 2015 and 
represented 59  percent of the total 
planted forest area reported by the 
Global Forest Resource Assessment 
2015 (FRA 2015) (FAO, 2016). Version 

regional scale. The spectral and struc-
tural characteristics of tree canopy 
needed to separate forest types using 
automated algorithms are often in-
distinguishable between natural and 
planted forest and even tree crops in 
satellite imagery, especially in areas 
of mixed-species plantations and 
mixed land uses. Hand digitization 
can yield high-quality maps, but they 
are time-consuming to create and be-
come outdated quickly. Many country 
and subnational plantation maps exist 
via automated classification or hand 
digitization methods, but few datasets 
are available for larger geographies, 
and attribute information such as spe-
cies information is limited.

Given current capabilities with Earth 
observation data, these disparate na-
tional level spatial data are needed to 
map planted forests on a global scale. 
While this can lead to inconsistencies, 
it also allows for local representation 
in a global product. 

To meet the need for planted forest 
maps on a global scale, researchers at 
the World Resources Institute created 
the Spatial Database of Planted Trees 
(SDPT), a harmonized database of the 
world’s planted forests and tree crops. 

Planted forest

Tree crops

Figure 1. Global map of planted forests and tree crops in SDPT v2.0 
Source: compiled by the World Resources Institute. Basemap source: GADM. 2022. GADM [shapefiles]. Cited 6 November 2023. 
https://gadm.org/

https://gadm.org/
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Despite the challenges characterizing 
planted forests in a globally consistent 
way, local- and national-scale mapping 
efforts are progressing. International 
initiatives, such as the United Nations 
Decade on Ecosystem Restoration are 
encouraging efforts to identify and 
monitor planted forests, especially as 
a driver of land restoration (Marshall 
et al., 2022).

The ubiquity of open-source software 
and processing platforms (Coetzee 
et  al., 2020) and large amounts of 
freely available satellite remote-sens-
ing data, including high spatial and 
temporal resolution data provided 
via the NICFI/Planet data agreement 
(Planet Labs PBC, 2020) enable an-
yone from individual landowners to 
large government agencies to map 
planted forests in a more transparent 
way, potentially incentivizing greater 
consistency and accuracy as monitor-
ing efforts mature. 

As locally relevant datasets on planted 
forests are produced, these can feed 
back into the SDPT and support na-
tional FAO FRA reporting. The afore-
mentioned challenges facing the con-
sistency of mapping planted forests 
on a global scale will remain, of course. 
Through continual improvement and 

automated per-pixel classification 
methods. In v2.0 of the SDPT, maps 
were compiled “as is”, therefore some 
sources do not have any validation in-
formation and may contain substantial 
biases that have not been evaluated. 
Global validation of the SDPT in its 
current form would be challenging due 
to the absence of uniform definitions, 
different dates of the datasets and, 
in some cases, mapping of mosaic 
plantation classes rather than actual 
locations of planted trees. As map-
ping methodologies improve among 
national and regional sources, accu-
racy assessments are likely to be more 
readily available. 

Species information will also be more 
readily available as mapping method-
ologies improve over time. Currently, 
only a third of countries in SDPT v2.0 
contain species information. The 
utility of the database will certainly 
improve with the addition of more 
species information, as sustainable 
forest management and carbon stock 
accounting both benefit from the in-
clusion of species characteristics. 
The detection and tracking of illegal 
logging activity will also progress as 
the harvesting of species within natu-
ral vs. planted environments often has 
differing legal implications.

planted forest areas have been in-
cluded in the SDPT on a case-by-
case basis, depending on the unique 
classification structure of each data 
source. The SDPT was not intended 
to resolve definitional debate but 
rather to increase access to planted 
forest data in a consistent, organized 
format. Temporal inconsistency also 
remains a challenge as planted for-
est and tree crop data are available 
across different representative years. 
In SDPT v2.0, data ranges from 2000 
to 2021 with a mode year, that is, the 
most frequent year in the dataset, of 
2020. A planted year attribute will be 
added in v2.0 to allow users to control 
temporal variation across national and 
global scales.

In addition to definitional and tem-
poral inconsistencies, a lack of uni-
form accuracy assessment is also 
a limitation. Accuracy information 
for each dataset, when available, is 
documented in Richter, Goldman and 
Harris (forthcoming). Most maps com-
piled for the SDPT were derived from 
Landsat, SPOT or RapidEye satellite 
imagery, with a spatial resolution of 30 
metres or finer. The method for image 
interpretation varied from country to 
country. Some used visual interpre-
tation of images while others used 

Kenya | Dryland, 2021
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concerted efforts to increase infor-
mation collection on species and op-
erationalize detection and monitoring, 
however, the utility of planted forests 
databases will certainly increase.

Already, significant advances in large-
scale planted forest mapping have 
materialized, including recent efforts 
by Descals et al. (2021) and Lesiv et al. 
(2022), which used consistent defi-
nitions and methods, respectively, to 
map planted forests and tree crops on 
a global scale. Improvements in Earth 
observation across all scales – na-
tional, regional and global – will be key 
to mapping planted forests efficiently 
and effectively over the next decade 
and will inform future forest manage-
ment across the globe.

References
Coetzee, S., Ivánová, I., Mitasova, H. & 

Brovelli, M.A. 2020. Open Geospatial 
Software and Data: A Review of the 
Current State and A Perspective into the 
Future. ISPRS International Journal of 
Geo-Information, 9(2): 90. https://doi.
org/10.3390/ijgi9020090

Descals, A., Wich, S., Meijaard, E., Gaveau, 
D.L.A., Peedell, S. & Szantoi, Z. 2021. 
High-resolution global map of small-
holder and industrial closed-canopy oil 
palm plantations. Earth System Science 
Data, 13(3): 1211–1231. https://doi.
org/10.5194/essd-13-1211-2021

https://doi.org/10.1098/rstb.2021.0065
https://doi.org/10.1098/rstb.2021.0065
https://www.planet.com/nicfi/
https://www.planet.com/nicfi/
https://doi.org/10.1088/1748-9326/abd0a8
https://doi.org/10.1088/1748-9326/abd0a8
https://doi.org/10.4060/ca9825en
https://doi.org/10.4060/ca9825en
https://doi.org/10.1088/1748-9326/11/3/034008
https://doi.org/10.1088/1748-9326/11/3/034008
https://doi.org/10.1126/science.1244693
https://doi.org/10.1126/science.1244693
https://www.wri.org/research/spatial-database-planted-trees-sdpt-version-10
https://www.wri.org/research/spatial-database-planted-trees-sdpt-version-10
https://www.wri.org/research/spatial-database-planted-trees-sdpt-version-10
https://doi.org/10.1038/s41597-022-01332-3
https://doi.org/10.1038/s41597-022-01332-3
https://doi.org/10.3390/ijgi9020090
https://doi.org/10.3390/ijgi9020090
https://doi.org/10.5194/essd-13-1211-2021
https://doi.org/10.5194/essd-13-1211-2021


ISSUE 25429

SECTION 1    MEETING GLOBAL FOREST GOAL 1

forecast the future supply of tropical 
primary wood products.

Tropical planted forests in 
China 
China’s planted forests span over an 
area of 84.7  million hectares (ha), 
making up 38.5  percent of the total 
forest area in the country. Plantations 
account for 54 percent of China’s plan-
ted forests (FAO, 2020). According to 
the Ninth National Forest Inventory 
(2015–2018), 6.23  percent of the total 
forest area across the country was 
classified as tropical forest.15 While 
48.87 percent of the total tropical for-
ested area was considered planted 
forests (6.71  million  ha) in 2018, the 
growing stock of tropical planted for-
est only amounted to a quarter of the 
total growing stock of tropical forest in 

15 Tropical forests are forests that are similar 
in ecology and floristics to forests in 
Southeast Asia, occurring on lowlands at 
below 1000–1200 metres. See Zhu (2017).

Highlights
 � China’s tropical planted-forest es-

tate, especially eucalypt species, 
is expanding.

 � Nevertheless, domestic produc-
tion cannot meet demand, and 
China is a major importer of trop-
ical primary wood products.

 � The aim of the National Strategic 
Timber Reserve and Production 
Base Programme is to establish 
an area of 20 million hectares of 
planted forest by 2035 for ongoing 
industrial supply.

The global wood product market has 
been changing rapidly in the last few 
decades, and China is playing a sig-
nificant role in driving some of these 
changes by influencing the demand 
and supply of tropical wood products. 
In this article, we review the status of 
tropical planted forests in China, and 

Expanding China’s 
tropical planted 
forests to meet 
future timber 
demand
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Research Institute of 
Forestry Policy and 
Information, Chinese 
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Imports of tropical primary 
wood
The rapid economic development of 
China, reflected by an annual gross 
domestic product (GDP) growth rate 
averaging 8.97  percent (1989–2023) 
(Trading Economics, 2023) has led to 
sharp increases in the demand for raw 
wood materials, especially tropical 
primary wood. Despite governmental 
efforts to support increasing cultiva-
tion of rare species and larger diam-
eters, such as Pinus koraiensis, Picea 
abies, Fraxinus mandshurica, Phello-
dendron amurense, Juglans mandshu-
rica Maxim., Tilia tuan Szyszyl., Liquid-
ambar formosana, Taxus chinensis var. 
mairei W.C.Cheng and L.K.Fu, Phoebe 
zhennan, Tectona grandis, Castanopsis 
hystrix and Butula alnoides, domestic 
production of tropical timber is lim-
ited and cannot meet the increasing 
demand. As a result, China heavily re-
lies on imports from tropical countries 
and is one of the largest importers 
of tropical primary wood products in 
the world. Chinese industrial users of 
tropical timber will continue to rely on 
imports in the near future.

While imports of tropical roundwood 
and sawnwood increased gradually 
in 2010–2019, there was a sudden and 
sharp increase in imports of tropical 
veneer logs in 2011. China’s free trade 
zones with the countries of the Asso-
ciation of Southeast Asian Nations 
(ASEAN) implemented in 2010 facil-
itated Chinese forest exploitation in 
those countries. However, Chinese 
manufacturers struggled to establish 
local factories to produce value-added 
products due to poor local infrastruc-
ture, a lack of skilled workers and un-
clear sales channels. Therefore, they 
processed timber into easily trans-
portable veneer in the countries of or-
igin. Main countries exporting veneer 
to China were Viet Nam, Thailand, the 
Lao People’s Democratic Republic and 
Myanmar, as well as Gabon and Equa-
torial Guinea, where circumstances 
were similar.

Investments in plantation 
establishment
To reduce pressure on natural forests 
and to increase wood production to 

accounted for 73  percent of tropical 
log production between 2009 and 
2018. This is due to the rapid devel-
opment of eucalyptus plantations in 
the province. The climatic conditions 
of Guangxi Province are very suitable 
for the growth of eucalyptus, and the 
forest land resources are rich. In the 
1980s, the Sino-Australian Eucalyptus 
Cooperation Project was carried out 
in Guangxi Province, and since then, 
Guangxi has begun to promote eu-
calyptus and established eucalyptus 
plantations. The rapid development 
of the forest industry in Guangxi Prov-
ince in recent years further promot-
ed the expansion of the eucalyptus 
plantation area and the improvement 
of management technology. Other 
important tropical producer provinces 
were Guangdong, Hainan and Yunnan.

Data on tropical log production have 
been published in the China Forest-
ry Statistical Yearbooks since 2002. 
These data show that the tropical log 
output has increased gradually since 
then, with a substantial increase in 
production levels in 2013, by 66  per-
cent. In 2010–2018, China’s output of 
tropical industrial logs increased by 
over 152 percent, from 5.57 million m3 
in 2010 to 14.03 million m3 in 2018.16

End uses of tropical timber
As Chinese plantations mainly fea-
ture small-diameter eucalyptus spe-
cies growing in 5-year rotations, the 
end-use options are limited. Tropical 
timber produced in China is cu rrently 
mainly suitable for manufacturing 
paper, fibreboard and particle board. 
It is estimated that the proportion of 
small-diameter tropical timber is as 
high as more than 80 percent.17 Market 
opportunities have been identified 
for domestic plywood production as 
there have been improvements in pro-
cessing techniques and equipment 
in recent years. Developing plywood 
production would require the rotation 
to be extended to 7–8 years.

16 From the China Forestry Statistical 
Yearbooks 2009–2018 (National Forestry 
and Grassland Administration, n.d.).

17 From the China Forestry and Grassland 
Statistical Yearbook 2018 (National 
Forestry and Grassland Administration, 
n.d.).

the country. The natural forest logging 
ban policy implemented nationwide 
in 2017 (Liu, Zhao and Chen, 2023)
has led to changes in the sourcing of 
tropical wood in China. Conse quently, 
tropical wood in 2018 came mainly 
from planted forests, with the main 
species being eucalyptus (Eucalyptus 
globulus Labill., Eucalyptus citriodora, 
Eucalyptus robusta and Eucalyptus 
grandis) and rubber (Hevea brasil-
iensis). Although the productivity of 
existing plantations still needs to be 
improved, China has already made 
progress in recent years. Tropical 
forest stock amounted to 1 186 million 
cubic metres (m3) in 2018, an increase 
of 37.5  percent compared to 2008. 
Over the period, not only have the are-
as of tropical forest and planted forest 
increased respectively by 6.1  percent 
and 6.7  percent, but the per-hectare 
growing stock in plantations has in-
creased by 117.2 percent. Advances in 
eucalyptus breeding and in optimiz-
ing intensive management systems, 
particularly the improvement of fer-
tilization practices, have enabled this 
increase. A series of special fertilizers 
for eucalyptus have been developed, 
and a detailed fertilizing system has 
been formulated, covering fertilizing 
time, method and frequency.

In addition, since 2014, the Chinese 
forestry authorities have paid more 
attention to the establishment of 
mixed planted forests, the adjustment 
of tree species structure, the cultiva-
tion of large-diameter timber and the 
development of precious tree species, 
to improve tree species, stand and bi-
ological diversity. This will improve the 
stability and anti-interference ability 
of the planted forest ecosystem. For 
example, Guangxi Province listed the 
structure adjustment of eucalyptus 
planted forest as an important task, 
and gradually transformed the pure 
eucalyptus planted forest into a multi-
layered mixed forest of different ages 
by replanting after harvesting, and 
required that the area of non-euca-
lyptus tree species must account for 
at least 20 percent of the total area of 
newly established eucalyptus planted 
forests in 2017.

Chinese tropical logs are mainly pro-
duced in the Guangxi Province, which 

http://L.K.Fu
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forest resources and improving stand 
quality.

Thanks to the establishment of a 
tropical forestland base of large-di-
ameter broadleaved timber species 
and strengthening of science-based 
management, it is expected that 
China’s capacity to supply large-diam-
eter timber will improve step by step.
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(Global Forest Watch, 2023). To coun-
teract this, the Chinese forest sector 
has established a fire management 
system.

Production zones in coastal areas, 
such as Beihai or Zhanjiang in Guangxi 
are affected by typhoons, which are 
being managed by a natural hazard re-
sponse mechanism.

The third big challenge that the Chi-
nese tropical forest sector is facing 
is pests and diseases, which affected 
12.2  million  ha in 2018. Forest man-
agers are encouraged to implement 
an integrated pest management and 
silviculture system, which minimizes 
the use of chemical pesticides. It aims 
to prevent, mitigate or repair damage 
to the environment and human health.

Conclusion
Due to the small diameter and high 
proportion of eucalypt species found 
in the tropical forest region, tropical 
timber produced in China is suitable 
for paper making and the manufacture 
of fibreboard and particle board, and 
is seldom used for the manufacture of 
furniture and plywood. It is predicted 
that China’s tropical timber market will 
continue to rely on imports for a long 
time.

There is still much to improve re-
garding the forestland productivity 
potential in China, including regarding 
stand quality and growth. The domes-
tic tropical timber supply capacity in 
China could be increased by expanding 

meet the demand, the government 
funding of plantations has increased 
rapidly in recent years: while pub-
lic investment in 1998 amounted 
to USD  680  million, it increased to 
USD  70.16  billion in 2018. Out of six 
government-funded forestry pro-
grammes, three are focused on estab-
lishing plantations.

The Fast-Growing and High-Yielding 
Timber Plantation Development Pro-
gramme aims to ease commercial 
timber supply gaps through the plant-
ing of highly productive species. The 
programme’s working areas are pulp 
material, wood-based panel mate-
rial and large-diameter (rare) timber 
forests.

The National Strategic Timber Re-
serve and Production Base Pro-
gramme aims to establish an area of 
20  million  ha of planted forest as the 
timber supply base by 2035. The pro-
gramme further aims to improve the 
stock of rare native tree species and 
large diameter-class timber.

The Conversion of Croplands to For-
ests and Grasslands Programme, 
launched in 1999, targets farmers with 
croplands on slopes, providing incen-
tives to convert fields to forests and 
grasslands. 

Challenges
One of the challenges Chinese tropical 
plantations are facing are wildfires: in 
2022, 3 959 forest fire alerts were re-
ported. From 2001 to 2021, China lost 
893  000  ha of tree cover from fires 
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15  000 scientists. The Institut eu-
ropéen de la forêt cultivée (European 
Institute of Planted Forest) leads the 
IUFRO Taskforce on Resilient Planted 
Forests Serving Society and the Bio-
economy, which focuses on planted 
forest research. The IUFRO taskforces 
were launched in 2015 to open up the 
IUFRO networks initially focused on 
scientists to stakeholders – a vision 
also shared by the IEFC – by dissem-
inating knowledge and coordinating 
exchanges between the research, ed-
ucation and forest sectors. The IUFRO 
taskforce on planted forests brings 
together a wide range of organizations 
from research and development coop-
eration to the private sector, such as 
FAO, CIFOR-ICRAF, WWF and Scion. 
In this article, we aim to shed light on 
the different contributions of science 
to the development of planted forests. 

To support the various objectives of 
planted forests, including meeting 
the increasing demand for wood, the 
IUFRO taskforce on planted forests is 
supporting action-oriented research 
activities through its member organ-
izations. Among other topics, IUFRO 

Highlights
 � Good-quality science is essential 

for the sustainable management of 
planted forests, in fields as diverse 
as monitoring; tree genetics; for-
est modelling; pest management; 
and socio-economics.

 � Given the rate at which change is 
occurring globally, scientific col-
laboration across borders is more 
important than ever. 

 � Multistakeholder networks are vital 
for knowledge transfer on planted 
forests among forest scientists 
and practitioners worldwide.

Connecting science and practition-
ers is key to advancing sustainable 
management of forests. The Inter-
national Union of Forest Research 
Organizations (IUFRO) was founded 
in 1982 to provide a platform for this 
cause by facilitating global coopera-
tion in forest-related research. Today, 
IUFRO is the leading global network 
for forest science, bringing togeth-
er more than 650 organizations and 

Bringing science 
to bear on the 
management of 
planted forests

 Christophe Orazio,  
Director, European 
Institute of Planted 
Forest (IEFC) and Lead 
of the IUFRO Taskforce 
on Resilient Planted 
Forests Serving Society 
and the Bioeconomy

 Lena Bismark, Junior 
Sustainable Forestry 
Specialist, FAO
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Viet Nam | Researchers for the National 
Forest Assessment using laser 
technology devices
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range of a species can be a good alter-
native, which is particularly relevant 
in the context of climate change ad-
versity. As climate change is a global 
threat to forests, there is a need for 
increased cross-border cooperation 
and international trials in the field of 
genetics. The research project REINF-
FORCE aims to better understand how 
certain species will react to changing 
climatic conditions by testing them 
outside their distribution range. An-
other example is the IUFRO geneticist 
network, which has demonstrated 
successful interna tional cooperation 
in research on Douglas fir for over 30 
years.

In the light of climate change, inter-
actions between pathogens and ge-
netics are another urgent issue for 
research. There is much to learn on 
how sensitive certain species are to 
emerging pests and diseases, or on 
which exotic pests and diseases are 
likely to spread to lower latitudes. 
Sentinel plantations, such as the ones 
installed with HOMED, an EU-funded 
project on the Holistic Management of 
Emerging Forest Pests and Diseases, 
are being established in different cli-
matic zones to better understand the 
potential threat from other continents 
and the influence of rising tempera-
tures on tree pathogens. International 
stakeholders have to work together to 
tackle the risk of introduction of new 
diseases and pests. In this context, 
FAO is leading advancements in the 

forestry models, which include models 
for specific species and forest types 
combining biotic and abiotic factors. 

Social science also produces research 
of high importance and interest to 
planted forests. An emerging body 
of evidence suggests that resilience 
is increasingly important to forest 
stakeholders, and to forest managers 
and owners when making manage-
ment decisions. This contrasts with 
the widespread assumption that the 
management objectives of planted 
forests are limited to yield and pro-
ductivity. A study recently showed 
that all stakeholders are concerned 
about global change, emerging pests 
and diseases, droughts and fire risk 
(Roitsch et  al., 2023). Economic sci-
ence is also developing a new typol-
ogy for planted forests. There is an 
emerging demand for planted forests 
to sequester carbon and restore biodi-
versity. This creates an opportunity to 
explore new business models through 
economic science (Silva, Freer-Smith 
and Madsen, 2019).

Intraspecific variability plays an im-
portant role when selecting species 
for planted forests, as the genetic 
component is key to achieving man-
agement objectives. Traditionally, 
species substitution has been the pre-
ferred solution to problems such as 
damage induced by pests or diseases, 
or extreme climate events. Howev-
er, using different variations within 
one species or within the distribution 

taskforce member organizations con-
duct research on factors influencing 
productivity in mixed plantations. 
Combining two or multiple species 
can lead to overyielding in plantations 
and improving resilience, but these 
complex systems still need to be bet-
ter understood. For further informa-
tion, the article on TreeDivNet on p. 40 
reviews the research outcomes of the 
world’s largest global tree diversity re-
search network. 

A growing number of scientific tools, 
such as Arena and Silvalert, help 
produce and analyse monitoring 
information on planted forests. De-
velopments in remote sensing, the 
Internet of Things (IoT) for ecosystem 
monitoring18 and artificial intelligence 
ensure improved collection and 
evaluation of data on forest resourc-
es. Remote-sensing tools have ad-
vanced significantly in recent years. 
Remote-sensing data now support 
forest managers in their strategic 
and operational decisions. In-depth 
understanding of the suitability of 
genetic resources to sites is critical 
for precision silviculture. Combining 
improved remote-sensing information 
with strategic ground information al-
lows for high-resolution mapping and 
measurement of forest attributes. 

In the field of genetics, scientific 
knowledge has greatly progressed in 
recent years, contributing to increas-
ing production in planted forests. 
The EU-funded Horizon 2020 project 
Adaptive BREEDING for Better FOR-
ESTs (B4est), which ended in 2022, 
demonstrated how genetic diversity 
and key ecological functions can be 
maintained while increasing produc-
tivity, resilience, and resistance to 
droughts and pests (B4est, n.d.). 

Applying models to planted forests is 
comparatively easy because of their 
known age and composition. By in-
troducing improved data into models, 
we can better estimate the empirical 
growth and yield of trees, as well as the 
effects of climate change, pathogens 
and other factors. To support man-
agers, IEFC provides an open source 
database for static and dynamic 

18  Using IoT techniques to network 
smart devices to collect and process 
environmental data for ecosystem 
monitoring.
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Forests (ICPF). The ICPF is a shared 
effort by multiple organizations in the 
field of planted forests to disseminate 
the latest scientific developments in 
the field. The fifth edition of the ICPF 
is taking place in 2023 in Nairobi and 
focuses on planted forests as “an es-
sential nature-based solution to meet 
growing needs in wood products, re-
store forest ecosystems and mitigate 
climate change.” 

Science-based information is playing 
a key role in supporting advancements 
in the management of planted for-
ests. Global networks have a critical 
role to play to keep facilitating the 
development of knowledge-sharing 
platforms, organization of events and 
development of normative products 
to achieve broad impact through up-
scaled collaboration. 

field of wood treatment for example, 
with its Guide to implementation of 
phytosanitary standards in forest-
ry. A challenge that we still face is 
the spreading of pests and diseases 
through container traffic, which par-
ticularly threatens the forests we use 
for wood production. 

To facilitate uptake and access to 
knowledge by everyone, IUFRO and its 
members advocate improving cooper-
ation and overcoming political barri-
ers to exchanges of genetic material. 
In times of global change, we need to 
be able to make the most of genetic 
resources worldwide. IEFC is launch-
ing the resource centre plantedforest.
org to make information available to 
all interested stakeholders. An other 
important initiative worth noting is 
the International Congress on Planted 
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sequestration, while also enhancing 
livelihoods for producers and consum-
ers (Caputo and Butler, 2017; Domke 
et al., 2020; Liu et al., 2022). Silvicul-
tural prescriptions for these forests 
are based on sustainable best man-
agement practices that incorporate 
diversity at the stand and landscape 
level (through establishment of mul-
tiple species and hybrids and clones 
within species) as well as resilience to 
changing climates and biological chal-
lenges such as diseases and insects 
(McEwan et  al., 2020; Pawson et  al., 
2013). 

The distribution of planted forests 
throughout the United States fol-
lows trends in forest ownership; the 
western United States is dominated 
by large tracts of public forest land, 
while eastern forests are predomi-
nantly privately owned (Perry, Finco 
and Wilson, 2022; Sass, Butler and 
Markowski-Lindsay, 2020). Across the 

Highlights
 � Planted forests comprise 11 per-

cent of timberlands in the United 
States of America.

 � Tree-breeding programmes aim to 
introduce genetic diversity through 
hybridization and other tree im-
provement tools and technologies.

 � The integration of traditional ap-
proaches and new production 
systems provides an opportunity 
to enhance the benefits for com-
munities while maintaining profit-
ability for growers.

Planted forests are an integral part of 
life for rural and urban communities 
throughout the United States of Amer-
ica. Beyond wood and wood products, 
these forests provide essential eco-
system services such as healthy soils, 
clean and abundant water, and carbon 

Ensuring diversity and 
maintaining quality in 
planted forests in the 
United States of America

 Ronald S. Zalesny Jr., 
Supervisory Research 
Plant Geneticist, United 
States Department 
of Agriculture Forest 
Service
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agroforestry phytoremediation buffer systems in 
the Lake Superior and Lake Michigan watersheds 
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Given the broad geographic distri-
bution and varying soils and climate 
throughout the country, the most 
common planted species across 
the United States (i.e.  Pacific coast: 
Pseudotsuga menziesii (Mirbel) Fran-
co; Rocky Mountain: Pinus ponderosa 
Doublas ex C.Lawson; North: Pinus 
strobus L., Pinus resinosa Sol. Ex 
Aiton; South: Pinus taeda L., Pinus 
echinate Mill.) are those that are re-
gionally adapted and developed to 
maximize biomass production and 
other ecosystem services. Diversity 
and resilience are achieved through 
extensive tree breeding programmes 
that aim to introduce genetic diversity 
through hybridization and other tree 
improvement tools and technologies 
(e.g.  marker assisted selection or 
genomic prediction) (Vance, Maguire 
and Zalesny, 2010). Regional adapta-
tion of deployed trees aids in optimiz-
ing resilience to changing climates, 
insects, diseases and other biotic 
challenges (Pawson et  al., 2013; Ray 
et al., 2022). 

Planted forests of the United States 
provide social and ecological benefits 
to communities throughout the coun-
try, and newer production systems 
may contribute to livelihoods in novel 
ways. For example, planted forests 
help to reduce stress, lower blood 
pressure and improve psychological 
well-being. In addition, there is great 
potential to use planted forests for 
ecological restoration of mining areas, 
brownfields, landfills and other liability 
sites while providing roundwood sup-
plies and enhancing soil health, wa-
ter quality and carbon sequestration 
(Zalesny et  al., 2019). Similarly, incor-
porating planted forests into agrofor-
estry systems increases the diversity 
and resilience of timberlands (Bishaw 
et  al., 2022) and the production of 
non-timber forest products (NTFPs) 
(Trozzo et  al., 2021). Overall, integrat-
ing traditional approaches with new 
productions systems provides an op-
portunity to enhance quality of life and 
stewardship of ecosystem ser vices 
while maintaining profitability for 
growers across the landscape (Caputo 
and Butler, 2017).

country, federal- and family-owned 
forests account for nearly two-thirds 
of all forest and woodland area (Oswalt 
et al., 2019). Most planted forests in the 
United States are on private corporate 
lands, which are distributed across 
27 percent, 22 percent and 17 percent 
of regional forestland in the South, 
Pacific coast and North, respectively 
(Perry, Finco and Wilson, 2022). 

At its peak, the forest and woodland 
area in the United States reached 
333 million hectares (ha) – an area over 
one-third of the country’s total land 
area, and which contained enough 
wood volume (28 billion cubic metres) 
to fill the Roman Colosseum 21  000 
times (Oswalt et  al., 2019). Today, al-
though two-thirds of forestland is 
legally available for harvesting, tree 
removal occurs on less than 2 percent 
of forestland each year (Oswalt et  al., 
2019). The timberlands of the Unit-
ed States consist of natural stands 
(89  percent) and planted forests 
(11  percent), with over half of all har-
vests occurring in the “woodbasket” of 
the country,  that is, forest plantations 
of the Southeast (Oswalt et al., 2019). 

Despite a small proportion of its har-
vestable area being harvested and 
challenges such as increased occur-
rence of wildfires and landscape-level 
insect and disease outbreaks, the 
United States is the leading global 
producer of industrial roundwood 
(17  percent of worldwide produc-
tion) and has the greatest industrial 
roundwood consumption per capita 
(Oswalt et al., 2019). Of the roundwood 
harvested, 40 percent is used in solid 
wood products for new housing and 
furniture manufacturing, while 38 per-
cent is used to produce paper and 
paper products (Brandeis et al., 2021). 
The United States also pro duces 
26  percent of global wood pulp and 
wood pellet supplies, and is the sec-
ond largest producer and consumer of 
sawnwood, paperboard, wood-based 
panels and paper (FAO, 2020). Recent 
trends have shown that consumption 
of solid wood products has increased, 
while consumption of paper, paper-
board and pulpwood has decreased, 
and wood for energy has remained 
neutral (Brandeis et al., 2021). 
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ambition compared to its predecessor 
agreement. 

I would also like to note the participa-
tion of business and finance compa-
nies at the fifteenth meeting of the 
Conference of the Parties (COP  15) to 
the Convention on Biological Diver-
sity (CBD). These companies called 
for a strong target on disclosing their 
dependency and impact on nature, 
which is a huge deal. Also, establishing 
a dedicated GBF fund will help devel-
oping countries to move swiftly from 
agreement to action. 

The new framework is ambitious 
but achievable. However, its suc-
cess depends on urgent action and a 
whole-of-society approach.

To which targets of the GBF have 
planted forests the potential to con-
tribute, and how? 

JA: Forests are home to almost 
80  percent of terrestrial biodiversity, 
and that biological diversity results 

How do you expect the Kunming-Mon-
treal Global Biodiversity Framework 
(GBF) to be a game-changer in the 
conservation and sustainable use 
of forest biodiversity, and in benefit 
sharing from the utilization of tree 
genetic resources? 

JA: The GBF is a historic agreement 
which includes urgent action targets 
to halt and reverse biodiversity loss. 
It will put nature on a path to recovery 
for the benefit of people and the plan-
et by 2030 and work towards the global 
vision of living in harmony with nature 
by 2050. 

This framework is a game-changer 
on many levels. For instance, the role 
of communities and of Indigenous 
Peoples is emphasized, and the value 
of Indigenous territories and Indige-
nous-led conservation models is rec-
ognized throughout the agreement. 
Also, some of the targets, such as pro-
tecting and conserving 30 percent of 
ecosystems and restoring 30 percent 
of degraded ecosystems, double the 

Highlights
 � The Kunming-Montreal Global Bi-

odiversity Framework (GBF) is a 
game-changer for many reasons, 
including its emphasis on commu-
nities and Indigenous Peoples.

 � Planted forests can contribute to 
various GBF targets, such as those 
related to climate-change mitiga-
tion, sustainable production, and 
restoration, in particular if a diver-
sity of native species are planted 
using ecological principles.

 � FAO’s new global programme on 
forest biodiversity mainstreaming 
is a timely response to the chal-
lenge of integrating biodiversity 
into productive landscapes.

The Kunming-Montreal 
Global Biodiversity 
Framework and its 
implications for planted 
forests 

Interview with Jamal Annagylyjova,  
Programme Management Officer, Forest Biodiversity  
and Ecosystem Restoration, Convention on Biological 
Diversity Secretariat

Brazil | Seedlings for 
restoration
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biodiversity-inclusive spatial planning 
in the spirit of Target 1. 

GBF Target  10 provides a framework 
for a substantial increase in applying 
biodiversity-friendly practices, such 
as sustainable intensification, and 
agroecological and other innovative 
approaches. Implementation of these 
practices at scale will require incen-
tives for producers to monitor, dis-
close and progressively reduce their 
harmful impact on biodiversity, in line 
with Target 15. 

FAO is setting up a global programme 
on forest biodiversity mainstream-
ing. How is this topic and partnership 
with FAO strategic for the CBD? 

JA: The CBD and FAO are long-term 
technical partners on a broad array of 
themes. The FAO global programme 
on forest biodiversity mainstreaming 
is a timely response to a key challenge 
of the GBF – how to integrate biodi-
versity into productive landscapes. 
Implemented in multiple countries, 
the programme could provide nation-
ally and regionally sound solutions at 
policy, institutional and site levels. It 
will engage diverse groups of society, 
including governments, local com-
munities, businesses and Indigenous 
Peoples, and include gender con-
siderations. Hence, the programme 
will contribute to the achievement of 
many of the framework’s targets and 
will be critically important for the CBD 
and its thematic programmes of work, 
including Forest and Agricultural Bio-
diversity, Ecosystem Restoration and 
many others. This programme could 
be a true flagship of FAO’s and the 
CBD’s collaborative efforts!

Reference
COP 2 Decision II/9. Forests and biodiversity. 

Second Meeting of the Conference of the 
Parties to the Convention on Biologi-
cal Diversity, Jakarta, 6–17 November 
1995. https://www.cbd.int/decision/
cop/?id=7082

well-being and can support urban 
biodiversity and connect ecosystems 
outside cities. 

Management of planted forests is im-
portant for sustainable business and 
supply chains, supporting smallholder 
producers and reducing dependen-
cies on natural resources, thus con-
tributing to Target 15. 

From the perspective of the CBD, how 
can conservation targets and produc-
tion needs be met simultaneously?

JA: Research and observation prove 
that biodiversity can increase the re-
silience and long-term sustainability 
of planted forests. At least two ele-
ments of the framework should guide 
decision-makers and practitioners 
– avoiding the conversion of natural 
forests into plantations and introduc-
ing management regimes favouring 
biodiversity at genetic, species and 
landscape levels. All producers, from 
large- to small-scale, should prioritize 
balancing biodiversity outcomes with 
production to reap multiple benefits. 

What practices have the potential 
to enhance biodiversity in planted 
forests while contributing to their 
long-term productivity, and what is 
needed to scale up these biodiversi-
ty-friendly practices? 

JA: Various management practices 
could be applied to enhance biodi-
versity in planted forests. Such deci-
sions should be made at the stage of 
selecting planting materials in order 
to ensure resilience and genetic diver-
sity over several generations. At the 
species level, consideration should be 
given to the choice of monoculture vs. 
mixed-species planted forests. Silvi-
cultural practices that reduce clear-
cuts, allow uneven-aged plantations 
and understory growth, and keep dead 
wood biomass, along with many other 
practices, will have a positive impact 
on biodiversity while contributing 
to the forest’s long-term productiv-
ity. Mosaic landscapes consisting 
of natural ecosystems and planted 
forests could help balance land-use 
management decisions, which could 
be supported by integrated and 

from evolutionary processes over 
thousands and even millions of years, 
including ecological forces such as 
climate, fire, competition and distur-
bance. The diversity of forest ecosys-
tems results in high levels of adapta-
tion, a feature of forest ecosystems 
that is an integral component of their 
biological diversity (CBD, 1995). While 
the GBF places utmost importance 
on increasing the area of natural eco-
systems, it also recognizes the impor-
tance of biodiversity’s sustainable use 
to further ensure nature’s contribution 
to people. 

There are several GBF targets di rectly 
linked to planted forests. Target  2 
calls for effectively restoring at least 
30  percent of degraded ecosystems, 
including reforestation initiatives. 
Planting a diversity of native species 
could help restore lost forests, add 
diversity to existing stands and cre-
ate ecological corridors connecting 
fragmented forest areas. Forests that 
bring positive biodiversity and conser-
vation outcomes could be an effective 
solution for enhancing other effective 
area-based conservation measures, 
which is part of Target 3 on conserv-
ing at least 30  percent of terrestrial 
and inland water areas, and marine 
and coastal areas.

Target 8 addresses the links between 
biodiversity and climate change, 
including the role of nature in miti-
gation, adaptation and disaster risk 
reduction. Forests, due to their car-
bon sequestration potential, are a 
commonly used mitigation measure. 
When appropriately designed, using 
ecological principles, planted forests 
have the potential to deliver multiple 
benefits for climate, biodiversity and 
human well-being.

Forests and trees can contribute to 
sustainable production systems, a 
critical element to achieving Tar-
get  10. Many countries will also un-
doubtfully include forest management 
as a part of Target  11 on providing 
regulatory services, such as air, water, 
climate, soil health, pollination and 
disaster risk reduction. 

Contributing to Target 12, forests and 
trees in cities have important pos-
itive impacts on human health and 

https://www.cbd.int/decision/cop/?id=7082
https://www.cbd.int/decision/cop/?id=7082
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Introduction
Forest restoration and afforestation 
are increasingly recognized as crit-
ical nature-based solutions to miti-
gate several global crises, including 
climate change, biodiversity loss and 
rural poverty (Bastin et al., 2019; Chaz-
don and Brancalion, 2019; Lewis et al., 
2019). However, climate change-re-
lated stressors, such as droughts and 
insect outbreaks, are putting forests 
under pressure and are compromis-
ing their ability to provide ecosystem 
services, including acting as carbon 
sinks. To ensure ecosystem service 
provisioning in the long run, we need 
to boost the resilience of forests, so 
that they are able to better endure and 

Highlights
 � TreeDivNet is a global network 

for investigating the benefits 
and drawbacks of mixed-species 
planted forests. 

 � After 23 years, TreeDivNet is yield-
ing evidence in favour of mixing 
tree species in stands to increase 
tree performance. 

 � More research is needed, espe-
cially in the global South, to iden-
tify optimal species mixes and to 
translate scientific knowledge into 
operational guidelines.
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research on mixed-species  
planted forests
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How and where are 
TreeDivNet research 
efforts focused?
A large share of the TreeDivNet stud-
ies investigated the direct relation 
between tree diversity and tree per-
formance, without looking at the un-
derlying biological mechanism (Fig-
ure  1). Most of these studies found a 
higher or similar productivity in mixed 
stands, compared to either the aver-
age productivity of the monoculture 
stands of all the species in the mixture, 
or compared to the best-performing 
monoculture. Only very few studies 
observed lower productivity when 
mixing tree species. For the studies 
that did look at particular pathways 
explaining species diversity effects on 
tree performance, those that looked 
at the effect of tree diversity on biotic 
conditions in the plantation were most 
represented, with especially high at-
tention given to the impact of tree di-
versity on invertebrate and microbial 
communities, and to tree damage by 
herbivory or pathogens. Unlike for the 
studies on direct effects of tree diver-
sity on productivity, studies looking at 
diversity effects on biotic conditions 
were less consistent in their out-
comes, as negative effects, positive 
effects or no effects at all were equally 
spread across the studies, which sug-
gests that other processes play a role 
in the many observed positive mixing 
effects on productivity. Across all 
types of studies, it was clear that not 
only the number of different surround-
ing species, but also the identity of the 
species present affected tree perfor-
mance (whether or not this was via an 
underlying mechanism). This effect of 
tree species composition suggests 
that not only the number of different 
species, but also the species choice 
itself needs to be considered when 
optimizing tree performance in mixed 
plantations.

Emerging knowledge gaps
We currently lack a proper understand-
ing of how tree diversity may alter abi-
otic growing conditions, such as soil 
and microclimatic conditions. Also, 
the impact of diversity on the availa-
bility of light and water has received 

Linking tree diversity 
effects to tree 
performance
We consistently reviewed all sci-
entific publications emerging from 
research in TreeDivNet experiments 
that looked at effects of tree diver-
sity on tree performance. Tree per-
formance can refer to a variety of 
aspects. Tree productivity, survival 
and damage level from infestation by 
pathogens were the most common 
aspects studied within TreeDivNet. 
The specific interpretation of tree 
performance thus depended on the 
context of each study, but, in general, 
we assumed that good tree perfor-
mance was a prerequisite for healthy, 
resilient and productive trees. There 
were several underlying pathways 
through which the performance of a 
target tree was related to the diversity 
and composition of the surrounding 
trees (Figure 1). The term “target tree” 
here refers to an individual tree that is 
evaluated for its performance and how 
it relates to the diversity and compo-
sition of its neighbours. In a stand of 
trees, each tree can be considered a 
target that is influenced by the trees 
that surround it, which can be of the 
same or another species. Together, 
the trees, which are both target and 
surrounding trees for each other, de-
termine the performance of the stand. 
The surrounding trees can alter the 
growing conditions for the target tree. 
Abiotic growing conditions include 
soil properties and microclimate. Bi-
otic growing conditions include for 
instance the presence and activity of 
herbivores, soil microbes, etc. In ad-
dition, the surrounding trees can alter 
the availability, uptake and use effi-
ciency of three key resources for the 
target tree: water, light and nutrients. 
Our systematic review mapped out all 
publications and represented them 
on a conceptual diagram (Figure 1), to 
identify those pathways that received 
much attention and those that are still 
poorly understood.

recover from disturbances. A growing 
body of evidence suggests that mixed 
forest plantations, where several tree 
species are planted together within 
a stand, can be more efficient in se-
questering carbon. At the same time, 
mixed forests also cope better with 
climate change-related stress and 
other biotic disturbances, compared 
to monoculture plantations that rely 
on the performance of a single tree 
species (Grossman et  al., 2018; Mes-
sier et al., 2021). Monocultures still do-
minate forest plantations globally (Liu, 
Kuchma and Krutovsky, 2018). Moreo-
ver, 45 percent of all pledges for forest 
restoration involve planting vast mon-
ocultures of fast-growing trees (Lewis 
et  al., 2019). The lack of information 
on evidence-based, resilience-en-
hancing strategies is likely at the root 
of landowners’ and stakeholders’ re-
luctance to adopt mixed plantations. 
Scientific research can demonstrate 
the benefits of mixed plantations and 
show the feasibility of their establish-
ment and management.

TreeDivNet, the largest 
network of biodiversity 
experiments worldwide
TreeDivNet is the largest global net-
work of tree diversity experiments 
(treedivnet.ugent.be) (Paquette et al., 
2018). Working in various environmen-
tal contexts and with different tree 
species, the experiments have an im-
portant commonality in their design: 
tree species in all experiments are 
grown in both monocultures and mix-
tures, which allows the robust testing 
of the effect of different levels of tree 
species diversity on several ecosys-
tem services. In this way, TreeDivNet 
provides a unique platform to inves-
tigate the benefits and drawbacks of 
mixed-species plantations. At pres-
ent, it consists of 29 experiments, 
spread across 21 countries, in the 
boreal, temperate, Mediterranean, 
and subtropical and tropical zones 
(Infographic on pp. 44–45). The oldest 
experiment was planted in 1999 (Sa-
takunta, Finland), and the most recent 
experiment was established in 2022 
(BEF-Agroforestry, Plurinational State 
of Bolivia). 

https://treedivnet.ugent.be/
https://treedivnet.ugent.be/
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plantations; (ii) the young age of most 
experiments; and (iii) the experimental 
design that prioritizes answering fun-
damental research questions. Still, the 
value of the experiments for applied 
forestry will increase as experiments 
are getting older and reach the next, 
stem-exclusion phase. In this phase, 
there is much to learn in terms of their 
development and management. For 
instance, these experiments will soon 
require decisions on thinning strat-
egies that we should tailor to the op-
erational questions of managers. We 
are at a cross-roads for management 
decisions and should take this as an 
opportunity to make the experiments 
more relevant for management. Chal-
lenges in operational management will 
coincide with economic challenges: 
the financial aspect of managing and 
harvesting mixed stands compared 
to monocultures should be a future 
research focus, as it will be key to 
making mixed forests commercially 
feasible.

subtropical, tropical and boreal for-
est systems are underrepresented in 
TreeDivNet. As afforestation and re-
forestation ambitions are high, includ-
ing in countries of the global South 
where wood demand is increasing, we 
need to urgently expand our knowl-
edge base on mixed forest plantations 
in subtropical and tropical biomes, 
to ensure the establishment of fu-
ture-proof forest plantations. 

Future research agenda
The set-up and more than two dec-
ades of monitoring in a global network 
of tree diversity experiments has 
demonstrated that there should be 
no compromise on tree performance 
when prioritizing a strategy of mixing 
tree species over planting monocul-
tures. However, translating the scien-
tific knowledge obtained from Tree-
DivNet experiments into operational 
management guidelines remains chal-
lenging due to: (i) their relatively small 
scale compared to real-world forest 

little attention in TreeDivNet re-
search, especially in comparison with 
nutrient availability. Resource-use 
efficiency in general has not been 
frequently explored, even though it 
is commonly perceived as one of the 
main mechanisms linking biodiversity 
to ecosystem functioning (Hodapp, 
Hillebrand and Striebel, 2019). In con-
trast to microbiota and invertebrates, 
biotic actors such as birds and plants 
have received little attention. Besides 
these knowledge gaps in the pathways 
through which tree diversity affects 
tree performance, the way “perfor-
mance” has been studied is also limit-
ed in scope. We found a strong focus 
on different variables linked to pro-
ductivity or damage to target trees, 
for example  by herbivores, but how 
this translates into survival and other 
aspects of tree performance remains 
largely understudied. Finally, the very 
unbalanced research across biomes 
remains a crucial knowledge gap 
(see infographics on p. 44). While the 
temperate biome is very well studied, 

Figure 1. Overview of the different relationships between local tree diversity and tree performance that have been studied in 
TreeDivNet experiments 

Note: The width of the arrows indicates how often a process or relationship has been investigated. Note that the direct arrow from 
tree diversity to tree performance does not refer to an underlying biological mechanism but represents the number of studies that 
have simply looked at the direct diversity–performance relationship.
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A central question of forest managers 
is effectively “what species combi-
nations should we now promote and 
where?” The high importance of spe-
cies identity found in many studies 
supports the relevance of this ques-
tion, which remains largely unresolved, 
including in large-scale studies in ma-
ture forest (Baeten et al., 2018). One key 
reason is that the relative importance 
of mechanisms that cause particular 
mixtures to outperform monocultures 
and other mixtures, depends on the 
environmental context. We encourage 
operational managers to dare experi-
ment with planting different species 
combinations, using mixtures of tree 
species that are known to be comple-
mentary while including some that are 
drought resistant, and monitor this 
across operational scales. At the same 
time, research should further focus 
efforts on identifying optimal mixtures 
across different environmental con-
texts based on functional groups, but 
also on revealing trade-offs and syner-
gies between ecosystem functions or 
services in mixtures in general.
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multiply their generations, and trees 
that are less able to defend themselves 
against their attacks (Jactel, Koriche-
va and Castagneyrol, 2019). Another 
important driver of forest degradation 
is the increase in global trade, which 
leads to an exponential increase in the 
introduction of invasive alien insects 
and pathogens that can cause signif-
icant damage to forests (Brockerhoff 
and Liebhold, 2017). This has major 
consequences for the provision of 
goods and ecosystem services, and 
the risk of forests changing from car-
bon sinks to carbon sources. 

It is therefore necessary to implement 
methods to better control forest pests. 
The challenge is that these pest man-
agement methods must not only be 
effective and environmentally friendly, 
they must also be generic enough to 
be able to deal with any new emerging 
or invasive insect pest. These con-
straints rule out conventional chemi-
cal and genetic control methods from 
the outset. On the other hand, the ob-
servation of a much higher frequency 
of herbivorous insect outbreaks in 
extensive tree monocultures than in 
hyperdiverse tropical forests (Wylie 

Highlights
 � Stressors, led by climate change, 

are increasing the risk posed to 
forests by insect pests.

 � A meta-analysis of 600+ scientific 
studies showed that, in boreal and 
temperate forests, insect damage 
is lower in mixed-species stands 
than in pure stands.

 � Two hypotheses for the ecological 
mechanisms of this phenomenon 
could lead to improvements in the 
management of mixed-species 
planted forests.

The condition of the world’s forests 
is alarming. In most regions, tree 
mortality is increasing (Hartmann 
et  al., 2022), and forest resilience is 
declining (Forzieri et al., 2022). A ma-
jor cause of this forest degradation is 
climate change, which is accompa-
nied by an increase in stresses such 
as drought, fire and storms (Anderegg 
et  al., 2020). These hazards often re-
sult in increased outbreaks of insect 
pests, which take advantage of more 
favourable temperature conditions to 

Diversifying tree 
species to boost 
resistance to 
insect pests

 Hervé Jactel, Research 
Director, French 
National Research 
Institute for Agriculture, 
Food and Environment 
(INRAE)
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two-thirds of production species and 
one-third of companion species (Jac-
tel, Moreira and Castagneyrol, 2021). 
These diversion or repellent effects 
on insect pests can be achieved either 
by intimate tree species mixing or by 
planting hedgerows with non-host 
tree species around the plantation to 
be protected. 

A second mechanism is the enhanced 
biological control of insect pests by 
their natural enemies in mixed forests: 
this is the natural enemy hypothesis. 
Forests rich in tree species harbour 
a greater diversity of generalist pred-
ators, such as insectivorous birds or 
bats, and predatory arthropods, which 
are also more abundant and more ac-
tive (Stemmelen et al., 2022) because 
they have more niches for shelter, rest 
or reproduction. This diversification 
of insect predators can be achieved 
by increasing the diversity of com-
position or complexity of structure in 
the stand and complementing this by 
improving the heterogeneity of the 
surrounding forest landscape. 

Increasing the diversity of forests 
to make them more resistant to in-
sect attacks is not a method that is 
100  percent effective as it depends 
on the species composition of the 
tree mixture, but it often allows a sig-
nificant reduction in forest damage 
and, above all, it works preventively 
and generically. In addition, forest di-
versity can have other benefits, such 
as resistance to natural disturbances 
(Jactel et  al., 2017), better productiv-
ity in many cases (Feng et  al., 2022) 
and greater associated biodiversity 
(Ampoorter et  al., 2020) compared to 
tree monocultures. Although more 
complicated to manage, mixed-spe-
cies plantations should therefore be 
further implemented to ensure better 
resistance, multifunctionality and pro-
vision of ecosystem services (Messier 
et al., 2022).

a lack of data to confirm this effect 
of tree species mixture in tropical or 
subtropical forests.

The ecological mechanisms that ex-
plain the enhanced insect resistance 
of species-rich forests (Jactel, Morei-
ra and Castagneyrol, 2021) provide 
clues for better design and manage-
ment of mixed-species plantations. 

The first mechanism involves the 
relationships between host and non-
host tree species for pests. In mixed 
forests, the presence of non-host 
trees makes it more difficult for in-
sects to locate and colonize their host 
trees because the non-host trees may 
hide them or emit repellent volatile 
compounds: this is the semiochem-
ical diversity hypothesis (Zhang and 
Schlyter, 2004). These effects are all 
the stronger when the non-host trees 
are phylogenetically distant from 
the host trees, which is notably ob-
tained in mixtures with conifers and 
broadleaved trees or deciduous and 
evergreen trees (Jactel and Brocker-
hoff, 2007). They also increase with the 
proportion of non-host species, which 
suggests designing mixed plantations 
with a relative proportion of about 

and Speight, 2012) led to the hypothe-
sis that the resistance of forests could 
increase with their species diversity.

This hypothesis was tested using a 
meta-analysis of more than 600 sci-
entific studies (Jactel, Moreira and 
Castagneyrol, 2021). This analysis 
showed that the damage inflicted by 
a given insect species on a particu-
lar tree species is significantly lower 
when this tree species is managed 
in a mixed stand compared to a pure 
stand (Jactel, Moreira and Castagney-
rol, 2021). The reduction in damage is 
around 40 percent for specialist pests 
and 15 percent for more generalist in-
sects (Castagneyrol et  al., 2014). This 
phenomenon is called associational 
resistance (Barbosa et al., 2009), that 
is, resistance conferred by an associ-
ation of host and non-host tree spe-
cies. This associational resistance 
is observed for all trophic groups of 
insects attacking trees, such as defo-
liators, aphids, wood borers or galling 
insects. Recently, it has been shown 
that associational resistance is as 
effective against native as against 
non-native (alien) pests. However, it 
must be acknowledged that there is 
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Figure 1. Mean percentage (± confidence interval) reduction in damage caused by a given 
pest species on a given tree species in mixed stands compared with pure stands, in three 
different forest biomes

Note: n is the number of case studies used in the meta-analysis published in: Jactel, 
H., Moreira, X. & Castagneyrol, B. 2021. Tree Diversity and Forest Resistance to In-
sect Pests: Patterns, Mechanisms, and Prospects. Annual Review of Entomology, 66(1): 
277–296. https://doi.org/10.1146/annurev-ento-041720-075234

https://doi.org/10.1146/annurev-ento-041720-075234
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FAO works to mitigate and protect against national, regional and global forest health issues 
through projects, the development of awareness-raising tools and capacity building. This 
includes: 

 � Providing direct technical assistance to countries on specific pest problems affecting 
forests and food security, offering assistance not only in response to pest outbreaks and 
emergencies but also in establishing long-term prevention and forest protection strate-
gies. Currently, FAO is working to improve the resilience of forests in Azerbaijan, Belarus, 
Ethiopia, Indonesia, Myanmar, Tunisia and Ukraine, ensuring that they continue to contrib-
ute to national economies and provide livelihoods for rural populations. 

 � Facilitating regional forest invasive species networks, which are platforms for the exchange 
of information and mobilization of resources. These networks raise regional awareness and 
act as a link between and among experts, institutions and other groups and stakeholders 
concerned with forest invasive species. 

 � Publishing documents and guidelines. For example, FAO is currently developing a “Guide 
to the development and implementation of national forest biosecurity strategies, systems 
and processes,” which will support countries in developing national forest biosecurity 
strategies focusing on prevention, early detection and rapid response to incursions of 
pests and diseases, as well as on control of pests to reduce their impacts. Biosecurity is 
defined by FAO as “a strategic and integrated approach to analysing and managing relevant 
risks to human, animal and plant life and health, and associated risks to the environment.” *

Note: * See glossary on p. 95 in: FAO. 2007. FAO Biosecurity Toolkit. Rome.

Shiroma Sathyapala, 
Forest Health and 
Protection Officer, FAO

Miranda Wadham 
Smith, Communications 
Specialist, Forestry 
Division, FAO 
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of silviculture at the University of Mu-
nich, Germany, contended that mixed 
forests are the only forests that can 
handle the uncertainty of future devel-
opments and environmental risks. The 
adoption of his ideas by forest owners 
and managers is more urgent than 
ever. Forest dieback due to massive 
bark beetle infestations (Gandhi et al., 
2022) and the combination of drought 
and warming (Allen et  al., 2010) serve 
as poignant reminders of the vulner-
ability of monospecific forests to in-
creased disturbances associated with 
climate change. Therefore, concerns 
over the stability and sustainability 
of ecosystem services provided by 
forests in the face of expected future 
stress and disturbances have grown 
more urgent than ever. Moreover, so-
cietal changes, such as the desire for 
more diverse and natural landscapes, 
and the recognition that mixed-spe-
cies forests have the potential to pro-
vide multiple benefits, are increasing 
demand for these forests. 

Highlights
 � There is strong evidence that in-

creasing tree species diversity 
in forests can enhance biodiver-
sity, productivity and multifunc-
tionality while mitigating risks 
and decreasing vulnerability to 
environmental change.

 � Mixed-species planted forests also 
provide more options for adapting 
to ongoing societal changes.

 � More resources are needed for de-
signing guidelines and best man-
agement practices for mixed-spe-
cies planted forests.

Why and where do we want 
mixed-species forests?
Encouraging the development of 
mixed-species forests over monocul-
tures has a long-standing history. As 
early as 1886, Karl Gayer, a professor 

Increasing diversity for 
improved provision of 
ecosystem services
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Evidence for benefits of 
mixed-species forests
A growing body of scientific literature 
and empirical studies has demon-
strated the benefits of including a 
greater diversity of tree species in 
planted forests. One of the key advan-
tages of mixed-species forests is their 
multifunctional nature, also referred 
to as the “jack-of-all-trades” effect, as 
different species with different func-
tional traits provide a broader range 
of ecosystem services simultaneously 
(van der Plas et al., 2016). Yet, this mul-
tifunctionality often prevents them 
from achieving the highest levels of 
any single function, making them 
versatile “masters-of-none”. For in-
stance, observations of transgressive 
overyielding, where the productivity of 
mixed-species forests is greater than 
the highest-performing monoculture, 
are limited, but mixtures exhibiting 
overyielding are more common. For 
example, Huang et  al. (2018) reported 
significant increases in forest produc-
tivity from monocultures to multispe-
cies mixtures in subtropical China. Af-
ter 8 years of growth, the stand-scale 
productivity of 16 species mixtures 
was 80  percent greater than the av-
erage monocultures in terms of an-
nual volume increment but not higher 
than in two monocultures of com-
mercially cultivated species. Moreo-
ver, mixed-species forests provide a 
higher level of other ecosystem func-
tions and services than timber alone, 
including higher biodiversity and im-
proved risk management, improved 
soil conditions and water quality, and 
aesthetic and recreational values; and 
they may be more socially acceptable 
than monospecific forests (Felton 
et al., 2010; Messier et al., 2021).

The benefits of species diversity for 
enhancing ecosystem stability, pro-
ductivity and resilience are explained 
by two main concepts: the portfolio 
effect and the mixing effect. The port-
folio effect refers to the insurance 
effect of biodiversity on maintaining 
ecosystem functioning in case of 
risks. When multiple species perform 
similar ecological functions, stress or 
damage to one or more species can 
be compensated by other, more re-
silient ones that maintain ecosystem 

events further underscores the need 
for species-diverse forests that can 
spread the risks, adapt and deliver 
multiple ecosystem services (Bauhus 
et al., 2017). By promoting mixed-spe-
cies forests, we can enhance the 
capacity of forests to deliver a mix of 
ecosystem services while ensuring 
their sustainability for future genera-
tions and keeping open the option of 
fulfilling new services in the future. 
In contrast, this is less important for 
forests managed on short-rotations, 
where landowners’ goals can be ad-
justed between production cycles 
(e.g. from wood production to the pro-
vision of public goods like recreation 
or nature conservation) (Bauhus et al., 
2017; Krott, 2008).

Where do we most need 
diversity and structural 
complexity?
To enhance the adaptability and resil-
ience of forests to environmental and 
societal changes, species diversity 
and structural complexity are needed 
at both the stand and landscape level. 
This is particularly important for for-
ests managed on long production cy-
cles because many risks increase with 
tree age and height. In addition, soci-
etal expectations create uncertainty 
because it is impossible to predict 
which ecosystem services future gen-
erations may want from forests and at 
what level. Uncertainty in the face of 
new and unpredictable disturbance 

Germany | Dead spruce trees 
stand destroyed by bark beetle 
in the Harz National Park
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evidence regarding reduced fire risk. 
That would be the case if mixtures 
had lower fuel loads, lower vertical and 
horizontal fuel continuity, and higher 
moisture content, all of which would 
reduce fire severity and spread. At the 
landscape level, scattered patches of 
fire-resistant trees can act as a phys-
ical barrier that limits flame spread, 
thus preventing ignition of neighbour-
ing patches of less-resistant trees 
(Azevedo et al., 2013). 

important for the effective manage-
ment of mixed-species forests.

There is also increasing evidence that 
mixed forests are more resistant and 
resilient to abiotic disturbances. For 
instance, mixtures consisting of coni-
fers and broadleaves often have trees 
of varying heights and crown shapes, 
which can reduce wind damage prop-
agation during windstorms. Addi-
tionally, they have a greater diversity 
of root systems, which can improve 
anchoring of trees in soil and reduce 
the risk of uprooting. There is less 

functions. The mixing effect, on the 
other hand, refers to changes in spe-
cies performance in mixture when 
compared to monospecific stands; 
this can enhance species productiv-
ity and resilience in mixtures through 
mechanisms such as facilitation, 
competitive reduction and comple-
mentary resource use (see article on 
mixed planted forests experiments 
on p. 40). For example, species with 
different rooting depths or water-use 
strategies might use resources more 
efficiently and complement each 
other during droughts (Grossiord et al., 
2014; Schnabel et  al., 2021). Howev-
er, the relative importance of these 
effects may depend on the specific 
stressors and disturbances affecting 
a given forest system, as well as on 
species proportions and their spatial 
arrangements in mixture.

Are mixed-species forests 
more resistant and resilient 
to biotic and abiotic 
disturbances?
There is solid evidence that 
mixed-species stands decrease the 
likelihood of host-specific pest and 
pathogen outbreaks compared to 
monocultures (Bauhus et  al., 2017; 
Jactel et  al., 2017). Several mecha-
nisms contribute to this increased 
resistance: (i) higher tree diversity can 
lead to chemical or physical interfer-
ence that prevents pest insects from 
locating host plants, thereby reducing 
damage; (ii) tree diversity increases 
the number of natural enemies of pest 
insects; and (iii) in addition, reducing 
or diluting host-plant densities may 
result in less insect damage. How ever, 
the existence and importance of as-
sociational resistance vary by forest 
type and tree and insect species, and 
there may also be associational sus-
ceptibility in the case of polyphagous 
insects. For instance, Berthelot et al. 
(2021) found that while tree diversity 
can reduce the risk of infestation for 
preferred conifer species, such as 
larch and spruce, it can increase the 
risk for less preferred species, such as 
pine or exotic trees, as beetles, once 
attracted, also attack these trees. 
Understanding these dynamics is 

Cultivating poplars (Populus x canadensis) with oak 
(Quercus robur) clusters increases biodiversity and 
options for future use in planted floodplain forests 
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Therefore, the actual outcomes of 
mixing a certain combination of spe-
cies are still difficult to predict, even 
for common tree species combina-
tions. Addressing these knowledge 
gaps and challenges is crucial to fa-
cilitate the wider implementation of 
mixed-species planted forests.

Conclusion
Rapidly changing societal aspirations 
and environmental conditions under-
score the need for mixed-species for-
ests that are resilient and adaptable 
but still maintain more options for 
future use (Figure  1). Solid evidence 
supports the idea that increasing 
tree species diversity can lead to 
greater multifunctionality, biodiver-
sity and productivity. Mixtures also 
play a critical role in spreading risks 
and reducing vulnerability. As the im-
portance of ecosystem services be-
yond timber production increases, so 
does the opportunity for establishing 
more mixed-species planted forests. 
Consequently, greater attention and 
resources should be dedicated to de-
signing clear guidelines and best man-
agement practices that forest man-
agers and landowners can easily follow 
to overcome operational complexity. 
By doing so, we can ensure the long-
term sustainability of our forests while 
maximizing their potential to provide a 
wide range of ecosystem services.
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Figure 1 | An experimental mixed plantation of eucalypts and 
native species (right) contrasting with a monoculture eucalypt 
plantation (left, mature trees on top left of the picture and a 
recently planted stand on the bottom left of the picture)
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80 percent of the farm area in the Am-
azon to 20 percent in other regions of 
Brazil; and (iii) production areas, which 
represent the areas not covered by 
APPs or LRs, where alternative land 
uses (e.g.  cropland, pastureland, in-
frastructure) are allowed (for more 
details on APP and LR regulations, 
see Brancalion et  al. [2016]). Under-
standing this regulatory framework is 
critical for planning forest plantations. 
In APPs, only mixed plantations of 
several native species are allowed, as 
the forests established in these areas 
cannot be commercially exploited and 
must be exclusively used for restor-
ing native ecosystems. In LRs, mixed 
plantations of native and exotic spe-
cies are allowed, as forest plantations 
in these areas combine promoting the 
recovery of native ecosystems with 
commercial forest use. However, to 
be legally accepted, mixed planta-
tions in LRs must have no more than 
half of the area covered in exotic trees 
and cannot be clearfelled; both ex-
otic and native trees can be harvested 
and replanted for further exploitation. 
Similarly, agroforestry systems, which 
are land-use systems that integrate 
woody perennial species with agri-
cultural crops or livestock, or both, in 
spatial and temporal arrangements 
(IBGE, 2019), are permitted in LRs. In 
production areas, all types of forest 
plantations are allowed, including in-
dustrial monoculture plantations. 

Mixed tree plantations for 
the restoration of legal 
reserves
Brazilian LRs can be restored and 
exploited using both natural regener-
ation and tree planting. Tree planta-
tions are usually managed with strips 
of two to four contiguous rows of val-
uable, slow-growing native species, 
interspersed with the same number 
of strips planted with fast-growing pi-
oneer species (Figure 1). Fast-growing 
exotic species have been preferred as 
pioneers, as this may help offset res-
toration costs and provide an income 
and wood for farmers while initiating 
regeneration processes (Brancalion 
et  al., 2020). Eucalypt has been the 
commercial pioneer species most 
used because of its versatility (e.g. for 

purposes, as monocultures have a 
lower capacity to provide diverse 
ecosystem goods and services than 
multispecies (mixed) plantations. Yet, 
this potential remains overlooked in 
Brazil. On the other hand, very few 
native tropical tree species are used 
in commercial plantations, which 
means that the potential repre sented 
by the wealth of Brazilian tropical 
tree species is not being exploited 
for production. The reason for this is 
twofold. Rapidly growing, homoge-
neous plantations dominate supply for 
industrial uses while illegal logging in 
forest remnants in the Amazon sup-
plies the market with hardwood. The 
increasing frequency and intensity of 
disturbances associated with climate 
change, and the growing demand for 
wood and timber may result in wider 
adoption of mixed plantation systems 
in the future. 

This article describes some important 
types of mixed-species plantations 
currently found in Brazil and their po-
tential to contribute to restoration 
goals as well as production needs. 
Using Brazil as a case study, we show 
how mixed plantations can be used 
in permanent conservation areas and 
legal reserves, for forest restoration, 
agroforestry systems and industrial 
tree plantations.

Regulatory frameworks and 
mixed tree plantations
The main piece of legislation guiding 
forest conservation, restoration and 
production in Brazil is the Native Veg-
etation Protection Law, also known 
as the new Forest Code, which was 
adopted in 2012. This law established 
three main land-use classes in private 
landholdings: (i)   permanent preser-
vation areas (APPs), which are estab-
lished on farms and other areas to pro-
tect vulnerable ecosystems, such as 
riparian buffers, springs, steep slopes 
and mountain tops (e.g. within a 50 m 
radius for riparian buffers, 30 m wide 
riparian buffers along water courses 
less than 10 m wide, and all areas with 
a slope greater than 45 degrees); (ii) 
legal reserves (LRs) established to 
safeguard a minimum cover and the 
sustainable use of native ecosystems 
within farms, on areas ranging from 

Highlights 
 � Mixed-species planted forests have 

considerable untapped potential 
in Brazil for the restoration of de-
graded conservation areas and 
legal reserves and in agroforestry.

 � Although increased management 
complexity might limit the adop-
tion of mixed-species configu-
rations in industrial plantations, 
clone mixtures might be viable. 

 � Various economic, ecological and 
legal constraints must be over-
come to upscale deployment of 
mixed-species planted forests 
in Brazil.

Introduction
Tree plantations have considerable 
importance for the Brazilian forest 
sector today. Brazil harbours the larg-
est area of forest plantations in Latin 
America. Most of these plantations are 
industrial monospecific tree planta-
tions with short rotations (6–8 years). 
They cover about 9.93  million hec-
tares (ha), of which 7.53 million ha are 
planted with eucalypt (representing 
about 30 percent of the global area of 
eucalypt plantations), 1.93  million  ha 
with pine and 0.475  million  ha with 
other species (mostly rubber, acacia, 
teak and parica). Wood consumption 
from forest plantations in Brazil was 
273 million cubic metres (m3) in 2021, 
and it is steadily growing, mirroring 
the global trend (IBÁ, 2022). Current 
evidence suggests that sustaina-
ble management of natural tropical 
forests will not meet this increasing 
timber demand, which indicates that 
plantations and other tree-based 
systems, such as agroforestry, will be 
increasingly important in the future. 
Moreover, the current international 
momentum towards forest restora-
tion has resulted in very ambitious 
targets for reforestation and restora-
tion in various biomes of Brazil, which 
often involve tree planting in all or part 
of the areas concerned. 

As described in other chapters of this 
issue, mixed-species forestry is a 
promising alternative to monocultures 
for both production and conservation 
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cover. The total area is approximate-
ly 400 000 ha, with a stocking of 600 
cocoa trees/ha (Fontes et al., 2014). In 
the other system, all native forest is 
removed, and cocoa plantations are 
established with a stocking of 1  100 
cocoa trees/ha shaded with banana 
and Erythrina glauca, a nitrogen-fix-
ing tree (Müller and Gama-Rodrigues, 
2012). These cacao agroforestry 
systems generally accumulate large 
amounts of soil organic carbon (Mon-
roe et al., 2016).

Industrial mixed tree 
plantations
Most of the mixed tree plantations 
managed for industrial production 
that were studied in Brazil combined 
nitrogen-fixing and other species. In 
particular, mixtures of fast-growing 
Eucalyptus with Acacia mangium re-
ceived considerable attention (Fig-
ure  2). Eucalypt–acacia mixtures can 
offer a wider range of products from 
the same plot compared to monocul-
ture stands. They also maximize the 
provision of ecosystem services, for 
example by reducing surface runoff, 
and increasing carbon sequestration 
and biological nitrogen fixation (Paula 
et  al., 2020). In the last two decades, 
Brazil has developed a network of ex-
perimentation sites mixing Eucalyptus 
with A. mangium. A body of evidence 
suggests that there are gains of bio-
mass to be had in mixed plantations 
compared to eucalyptus monocul-
tures under favourable climatic con-
ditions (i.e.  hot and humid) for the 
development of A. mangium, as well 
as low soil fertility and reduced water 
availability. Such plantations can be 
more productive than monospecific 
plantations when established at sites 
with low productive capacity. Positive 
interactions are expected to prevail at 
poor sites (Marron and Epron, 2019), 
whereas intraspecific competition 
among fast-growing species domi-
nates over facilitative interactions at 
more productive sites (Bouillet et  al., 
2013; Forrester et al., 2006). Zoning the 
productive capacity of the managed 
forest area is therefore a prerequisite 
for identifying sites where mixed plan-
tations should be implemented. 

species, in most cases not arranged in 
rows. Agroforestry systems are mostly 
used in small and medium-sized land-
holdings, with low to medium intensi-
fication. In 2006, 8.3  million  ha man-
aged in agroforestry were classified 
on 306 000 farms. Of late, this cultiva-
tion system has benefited from public 
policies supporting environmental 
protection, food security and climate 
mitigation. For example, AFS were 
included as one of the proposed tech-
nologies of the Brazilian Programme 
for Low Greenhouse Gas Emissions in 
Agriculture (ABC Programme), ratified 
under the Paris Agreement. Agrofor-
esty systems have commonly been 
used as an alternative for agricultural 
and forest cultivation to increase crop 
resilience in regions with a humid 
tropical climate, such as the Amazon 
Forest region, or a subhumid tropical 
climate, such as the Atlantic Forest 
region, where the risk of pests and 
diseases is high. Agroforestry systems 
are considered to be more resistant 
to these disturbances than monocul-
tures, and thus have expanded over 
the last decades.

For example, the Mixed Agricultural 
Cooperative of Tomé-Açu, formed by 
Japanese immigrants in the State of 
Pará in the Amazon after a period of 
prosperity and decline of black pep-
per (Piper nigrum L.) monocultures, 
began agroforestry in the 1970s, in-
tercropping forest species typical of 
the region with cocoa, black pepper 
and other species that provide noble 
vegetable oils and pulp from 15 tropi-
cal fruits. They were motivated by the 
success in pest and disease control 
achieved by small landowners on the 
banks of Amazon River tributaries. 
Currently, approximately 17 000 ha are 
managed by 172 cooperative members 
and 1  800 farmer suppliers, di rectly 
and indirectly supporting 10  000 jobs 
in the region (CAMTA, n.d.). The south-
ern State of Bahia has the largest 
cocoa plantation area in Brazil over 
700  000  ha in the central corridor of 
the Atlantic Forest. There are two 
typical cocoa production systems 
used both by smallholders (5–8 ha) and 
larger farmers (approximately 300 ha). 
In the traditional cultivation system 
known as cabruca, cocoa plantations 
are established under native forest 

cellulose, coal, fuelwood, mooring and 
construction) and rapid growth, re-
sistance to pests and diseases, ability 
to adapt to different site conditions 
and good economic returns. Amazo-
nas et  al. (2018) examined three main 
experiments in the south of the State 
of Bahia and northern Espírito Santo 
to evaluate the development of stands 
planted in strips with a high diversity of 
forest species (23–30 species) native 
to the Atlantic Forest, interspersed 
with eucalypt strips. The mixed plan-
tations were beneficial to the growth 
of the eucalypts, which produced al-
most 75  percent of the basal area of 
monocultures from only 50  percent 
of the trees. Although the eucalypts 
slowed the growth of the native spe-
cies, this effect was not strong enough 
to jeopardize their survival. The slower 
growth of the native species was not 
considered a major concern in the 
short term because after the eucalypt 
harvest, the native species were able 
to make up for lost growth. According 
to these authors, the mixed planting of 
native species with eucalypt is tech-
nically and economically viable, and 
represents an important alternative 
for establishing multipurpose planta-
tions, especially in the context of for-
est and landscape restoration (Bran-
calion et  al., 2020). Moreover, small 
and medium-sized producers have 
shown interest in mixed plantations 
for obtaining multiple forest products 
and increasing ecosystem services on 
their landholdings. Tree species of the 
Fabaceae, Myrtaceae, Arecaceae and 
Lecythidaceae families appear to be 
the most promising for use in mixed 
plantations for wood production and 
as a food source for fauna (Paula et al., 
2020). Science-based sylvicultural 
guidelines for this type of plantation 
are lacking and should be developed in 
the future, as these mixed plantations 
are emerging as an important option 
for meeting the combined goals of 
livelihoods, production and environ-
mental protection, both within and 
outside LRs.

Mixed tree plantations in 
agroforestry systems
Agroforestry systems (AFS) are usually 
associated with a high diversity of tree 
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Conclusion
By reviewing current practices and 
successful examples of mixed planta-
tions as well as economical and legal 
barriers to their adoption in Brazil, 
we hope to increase the current mo-
mentum towards adaptation of forest 
plantations to climate change. Our 
review suggests that the greatest po-
tential for mixed-species plantations 
in Brazil is in agroforestry and restora-
tion areas. In productive plantations, 
especially when the objective is pro-
duction of a very calibrated product 
such as cellulose from monoclonal eu-
calyptus stands, increased manage-
ment complexity remains a challenge 
for large adoption of mixed-species 
guidelines. Intermediate systems with 
mixed eucalyptus clones or where eu-
calyptus is mixed with native species 
are an interesting way forward. Future 
efforts should be directed towards the 

restrict their use in mixed plantations 
in climatic regions where this species 
thrives.

Another option towards increased 
diversity in industrial plantations 
that is currently being explored in 
Brazil is the mixture of eucalyptus 
clones (Rezende et  al., 2019). Results 
suggest that clone mixtures ex-
hibit better growth stability (i.e.  yield 
predictability) than monocultures and 
lower vulnerability to biotic or abiotic 
damage agents while being more 
compatible with industrial plantation 
management. Whether clone mixtures 
are economically viable (i.e.  with 
stable production costs) and can 
provide a wider array of ecosystem 
services and greater biodiversity 
than monocultures deserves further 
scrutiny. 

However, management of mixed 
plantations, including eucalypt for 
commercial purposes in Brazil faces 
strong technical and economic limi-
tations, which preclude their adoption 
on a large scale. The main silvicultural 
limitation stems from mechanization 
and automation of field operations 
and practices. Because each species 
planted in a mixture requires specific 
management in the establishment 
and maintenance phases, mixed 
plantations often have lower opera-
tional yield and increased production 
costs. In addition, harvesting and 
wood transport are more complex. In 
the wood processing phase, either for 
pulp, steel (charcoal) or panel produc-
tion, there are similar limitations, as 
standardized, high-quality raw mate-
rials are required to optimize indus-
trial processes. In addition, the inva-
sive potential of acacia species may 

Figure 2. An experimental mixed plantation of Eucalyptus grandis and Acacia mangium in Itatinga in São Paulo State, southern Brazil

Note: The two species are planted in alternating rows. In this picture, eucalypts largely dominate an understory of acacia, resulting in strong 
crown complementarity in canopy space.
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development of science-based silvi-
cultural guidelines for mixed planta-
tions in the different Brazilian biomes, 
using species of commercial interest 
and which are resilient to biotic and 
abiotic stress. Large field trials will 
help demonstrate the benefits of this 
new sylviculture and prove its rele-
vance for large-scale management. 
In addition, sylviculture of native tree 
species – from breeding programmes 
to nursery techniques to field man-
agement – needs to be further devel-
oped to better exploit the huge poten-
tial of Brazilian trees for the supply of 
wood and other products and services 
under climate change. 
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forests of Central Europe had been 
under pressure for many centuries. 
A growing population led to an in-
creasing demand for timber and wood 
(Hasel and Schwartz, 2006). Profound 
societal changes at the time and as-
sociated overuse of forest resources 
promoted the development of forest 
plans focused on timber production. 
It was then believed that mixed stands 
would represent a loss in productivity 
compared to monospecific stands, 
and that transitioning any natural 
mixed stands into pure stands would 
therefore be beneficial (Hartig, 1975). 
However, it was also argued that 
mixed forests might enhance other 
forest functions and reduce the risk of 
economic losses (Cota, 1828). Today, 
over 200 years later, the debate on the 
benefits of mixed versus monospecif-
ic forests is still highly relevant. Grow-
ing societal demands and increasing 
uncertainties require a closer look to 
fully comprehend and utilize the dy-
namics of mixed forests, their ecology 
and the impact that forest manage-
ment activities have on them.

Highlights
 � Risks to forests are increasing 

under climate change, with po-
tential impacts on entire forest 
supply chains.

 � Mixed-species forests are more 
likely than monocultures to be re-
silient, thereby lowering risk, but 
many managers are reluctant to 
explore this option.

 � It is essential, therefore, to im-
prove bioeconomic modelling to 
better measure the economic ad-
vantages of mixed-species forests 
and encourage greater uptake.

Mixed versus monospecific 
stands – a historical 
perspective
The challenges and benefits asso-
ciated with managing mixed and 
monospecific forest stands have been 
discussed since the nineteenth cen-
tury (Scherer-Lorenzen, Körner and 
Schulze, 2005). At that time, the vast 
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base exists (e.g.  regarding plant nu-
trition, associated pests and patho-
gens, propagation, genetics, growth 
and yield, or response to silvicultural 
treatment) (Pretzsch, Forrester and 
Bauhus, 2017). Increasing species di-
versity may be believed to increase the 
complexity of silviculture treatments 
and management strategies, poten-
tially leading to higher costs.

The link between ecological 
and economic benefits: the 
importance of considering 
risks
Mixed forests are well known to have 
many advantages from an ecological 
perspective. However, when it comes 
to the details of these advantages, 
and how to benefit from them, things 
become more difficult (Knoke et  al., 
2008; Pretzsch, Forrester and Bauhus, 
2017). In terms of the economic bene-
fits of mixed forests, if a forest owner 
asks, “What should I do with my forest, 
what should I plant, and how?”, the an-
swer has to be “It depends,” as there 
are numerous factors influencing the 
de facto forest ecology and therefore 
forest economics at any given site. 
However, one thing remains constant 
across forests worldwide, independ-
ent of species, mixture or growing 
conditions: forests are exposed to 
risks (Box 1).

Increasing risks to forests under cli-
mate change affect forest production 
and tree survival, impacting the en-
tire forest supply chain. Management 
favouring mixed forests usually leads 
to greater stand resistance and re-
silience in the face of natural distur-
bances, reducing losses in revenue 
compared with monocultures. Mixed 
forests perform better in mitigating 
the negative impacts of changing en-
vironmental conditions via the growth 
and survival of the trees (Pukkala, 
2017). They also provide the possibil-
ity of growing a more diverse product 
assortment, which might be an ad-
vantage in changing markets. While 
these details also depend on the types 
of mixed forests that are promoted 
(Box 2), the moment we include risk 
in our forecasts and consider the risk 
reduction associated with mixing tree 

With the research-based knowledge 
that has been developed in the past 
200 years in support of the debate on 
the benefits of mixed versus mono-
specific forests, today we can confi-
dently say that mixed-species stands 
can have better growth performance 
and are less susceptible, for example, 
to wind or pests compared to mono-
species stands (Griess and Knoke, 
2011). While other impacts, such as 
those caused by drought events are 
not yet fully understood (Steckel et al., 
2020), pointing at the importance of 
developing very detailed site- and 
species-specific information and 
knowledge, the question remains why 
monospecific stands are still so fre-
quent, particularly in plantations and 
production forests, focusing on grow-
ing timber and wood.

Why homogeneity might 
seem preferable in 
plantation management
Although the ecological benefits of 
mixed forests have led to their promo-
tion in forest management strategies 
globally (Bolte et  al., 2009), homo-
geneous forests still appear to be a 
preferred option in many plantation 
management discourses. There are 
several reasons why homogeneity 
might seem preferable. First, stand-
ardized timber provision in terms of 
dimensions and properties may be 
advantageous for specific timber mar-
kets, where a homogeneous forest 
with a focus on selected species may 
be seen as more convenient for cer-
tain production systems and products. 
This has been the case with the wide-
ly spread monocultures of Norway 
spruce (Picea abies) in Europe, which 
were strongly preferred in the past 
due to their economic efficiency, high 
productivity and ability to grow well 
outside their natural range (Spiecker, 
2003). Second, it may appear more 
complicated to assess the economic 
benefits of mixed forests, as their eco-
logical dynamics are more complex, 
and tree species interactions have to 
be considered, both of which are still 
poorly understood (Knoke et al., 2008). 
Therefore, it may seem easier to as-
sess the benefits of species for which 
an extensive research and knowledge 

Ecological benefits of 
mixed-species stands and 
forests
Carefully designed mixed-species 
stands and forests can provide a wide 
range of ecosystem services, at a 
lower risk of suffering losses from dis-
turbances and without negatively af-
fecting wood production compared to 
monospecific stands and forests (see 
article on TreeDivNet on p. 40). In ad-
dition, research at various scales has 
shown potential ecological benefits of 
transitioning from pure planted forest 
to different types of mixed forest.

In the past, it was believed that focus-
ing on biomass production with one 
particular species was enough to pro-
mote a variety of ecosystem services. 
Today, however, we know that stands 
with a higher diversity of tree species 
provide a more diverse set of ecosys-
tem services, and that they provide 
those services in larger quantities 
than those achieved by monospecific 
stands (Gamfeldt et  al., 2013). Some 
studies even show that, in certain in-
stances, the full potential of various 
economically, ecologically and cultur-
ally valuable ecosystem services can 
only be achieved with multispecies 
management. Mixed-species stands 
also offer a broader gradient of eco-
logical conditions, creating a variety 
of habitats that allow the coexistence 
of a larger number of species, thereby 
promoting biodiversity. Tree species 
diversity positively affects tree pro-
ductivity at different spatial scales 
(Paquette and Messier, 2011). This is 
particularly relevant given the grow-
ing societal demands for products 
and services from forest ecosystems 
(Foley et al., 2011). 

Finally, given what we know about cli-
mate change today, all management 
decisions have to take into consider-
ation the role of tree diversity when 
evaluating forest vulnerability to 
changing conditions. With increasing 
pressure from natural disturbances 
(see article on increasing diversity to 
boost provision of ecosystem services 
on p.  50), promoting mixed-species 
stands is a particularly promising al-
ternative for adapting forest ecosys-
tems to a new reality.
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projections under different man-
agement strategies and assess their 
effects on timber production and mul-
tiple ecosystem services, integrating 
the costs of implementing and man-
aging mixed forests. Without consid-
ering all these aspects, it is impossible 
to provide sound answers to questions 
about the economic attractiveness of 
mixed forests.

Conclusion
 � Mixed-species forests have 

economic benefits.

 � Risks are of increasing relevance 
and must be considered.

 � When risks are considered, spe-
cies mixtures (all of them) are eco-
nomically (and ecologically) favour-
able compared to monospecific 
even-aged forests.

 � Many challenges to improving 
bioeconomic modelling still ex-
ist. Most of these can only be ad-
dressed by collecting data from 
long-term experiments.

our models, or from the unknowns 
of market demand or societal needs. 
It is therefore also vital to assess the 
uncertainty of our projections.

Models of forest dynamics are tools de-
veloped to assess future forests under 
changing conditions, such as climate 
change, greater societal demands and 
increasing risks. Modelling dynamics 
in mixed forests is challenging, due 
to the complex interactions among 
species. Specifically, it is difficult for 
bioeconomic models to include dif-
ferent species interactions because 
these models have traditionally used 
data resources based on monospecif-
ic forests and have involved a some-
what simplified approach. In many 
instances, these models can only be 
improved by collecting data from long-
term experiments considering mixed 
forests. Simple bioeconomic models 
might make sense for computational 
and methodological reasons, but they 
fail to correctly capture mixture dy-
namics in which species interactions 
and their impacts on yield and resist-
ance are fundamental. Furthermore, 
bioeconomic models must consider 

species, mixed stands economically 
outperform monospecific plantations. 
It is therefore clear that any unbiased 
economic assessment must quantify 
and consider risks. 

If we want to include risks relat-
ed to production in our economic 
assessments, such as losses due 
to natural disturbances or market 
changes – for example, drops in tim-
ber prices, or disruptions of forest 
continuity – we must quantify them. 
This is where tools from financial 
mathematics (e.g.  Monte-Carlo 
simulation) come into play, enabling 
the quantification of risks using the 
variance or standard deviation of a 
return. Another option is to simulate 
forest dynamics, including risk, as 
the probability of suffering damage  
(e.g.  stochastically) and finding 
optimal management strategies 
to maximize the desired forest 
products and services considering 
risks. However, every projection of 
forest development into the future is 
associated with uncertainty. These 
uncertainties can stem from the way 
ecological processes are defined in 

Defining risk in relation to forests

Like financial stocks, the economic returns from forest investments are volatile. Just like any other asset, forests are 
exposed to risks and uncertainties, such as the possibility of damage from storms, fire, insect infestations, disease, 
invasive plants or drought. Additionally, the economic value of forests is influenced by fluctuations in product market 
prices and production costs. We can define risk as the probability that an adverse event will occur. Therefore, risk 
management is the process of making decisions, considering  risk and implementing actions that reduce (or do not 
reduce) the probability or the magnitude of the adverse event. Considering risk is key when assessing the economics 
of mixed versus pure planted forests. In the context of climate change, risks result from the interaction between 
climate-related hazards, such as an increased intensity and frequency of natural disturbances, and the exposure and 
vulnerability of forests. However, not every potential mis-assessment in forest projections should be described as a 
“risk”. There is also uncertainty in any projection into the future, meaning that context and comparability matter. 

Uncertainty leads to different attitudes towards risk prevention and reduction. If the risk is perceived as imminent, it 
is more likely that the need for action will be accepted than if the risk is seen as unlikely or further away in time. Forest 
managers’ attitudes towards risks play a crucial role in forest management decision-making, in particular regarding 
species composition and whether mixed forest structures are implemented. Even though we know that mixed forests 
are more likely to be more resistant and resilient against risks, managers are often reluctant to act because they do 
not perceive the risk as imminent. The manager’s risk preference also plays a critical role; it is therefore fundamental 
to accurately assess the economic advantage of mixed forests and management actions over a range of risk aversion 
alternatives. Doing so helps to guide forest policies and define financial assistance programmes to improve the adop-
tion of management actions towards mixed forests.

Box 1
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the forest area worldwide in 2020, an 
increase of 123  million  ha since 1990 
(FAO, 2020). Considering the current 
global movement on ecosystem res-
toration, which often involves tree 
planting in terrestrial ecosystems, 
and the recognition of biodiversity 
conservation as a global priority, it is 
important to consider ways in which 
the contribution of planted forests to 
the conservation and sustainable use 
of biodiversity can be enhanced.

Impact of planted forests 
on biodiversity
Planted forests vary widely in their 
structure, species composition, 
management objectives and combi-
nation of services provided, ranging 
from monoculture plantation forests 
managed on a short rotation for bio-
mass production, to mixed planting 
of diverse native species managed for 
non-productive services. 

Accordingly, the biodiversity impact of 
planted forests, which can be positive 
or negative, varies depending on sev-
eral key factors: 

Highlights
 � Depending on several key factors, 

such as tree-species selection 
and landscape context, planted 
forests can help restore and main-
tain biodiversity while providing 
socioeconomic benefits.

 � The biodiversity value of planted 
forests can be increased by inte-
grating biodiversity conservation 
strategies into planted-forest 
planning and management.

 � For long-term biodiversity conser-
vation, well-planned and -managed 
planted forests should be comple-
mented by sustainably managed 
natural forests.

Biodiversity is critical to the mainte-
nance of planetary health. Forests are 
host to most of the Earth’s terrestrial 
biodiversity. Thus, the conservation 
of the world’s biodiversity is utterly 
dependent on the way in which we 
interact with and use the world’s for-
ests. Planted forests accounted for 
7 percent (290 million hectares [ha]) of 

Adapted from: Harrison, R.D., Shono, K., 
Gitz, V., Meybeck, A., Hofer, T. & Wertz-Ka-
nounnikoff, S. 2022. Mainstreaming bio-
diversity in forestry. FAO Forestry Paper, 
No. 188. Rome, FAO and Bogor, Indonesia, 
CIFOR. https://doi.org/10.4060/cc2229en
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4) Management practices: The 
quality and intensity of forest 
management strongly influence 
the forest’s ability to support 
biodiversity. Sustainable forest 
management practices im-
plemented to a high standard 
can enhance habitat quality 
and maintain key biodiversity 
resources for a wider array of 
species. More intensive man-
agement practices (e.g. the use 
of pesticides or clearcutting on 
short rotations) may negatively 
impact biodiversity (Brocker-
hoff et al., 2008). In general, in-
creasing rotation lengths, man-
aging uneven-aged stands and 
retaining some large trees con-
tribute to enhanced biodiversity 

established in areas adjacent 
to natural forests can serve as 
buffer zones, connecting frag-
mented habitats and allowing 
for species movement. This 
connectivity enhances biodiver-
sity by facilitating gene flow and 
providing corridors for wildlife.

3) Ecosystem services: Planted 
forests can provide environ-
mental services such as soil 
protection, water regulation 
and carbon storage depending 
on the choice of species and 
management practices. These 
functions can indirectly bene-
fit biodiversity by maintaining 
habitats for a wide range of na-
tive forest plants and animals 
(Brockerhoff et al., 2008). 

1) Tree species selection: The 
choice of tree species in plant-
ed forests can significantly af-
fect biodiversity. Monoculture 
plantations, especially of exotic 
species, host limited biodiver-
sity. In contrast, planted forests 
that are more similar to natural 
forests in species composition 
and structure can provide a 
more diverse habitat and sup-
port a broader range of native 
plant and animal species (Quine 
and Humphrey, 2010; Brocker-
hoff et al., 2008).

2) Landscape context: The loca-
tion and surrounding landscape 
of planted forests play a crucial 
role in determining their biodi-
versity value. Planted forests 

Blocks of forest plantation in Brazil managed by 
Klabin S.A., interspersed with native forests set 
aside for biodiversity conservation
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as large trees that serve as nest sites 
(e.g. Koompasia spp. in Southeast Asia 
which are often retained within a for-
est plantation for bee nests) and seed 
sources for the maintenance of tree 
genetic diversity.

Sustainable management of forest 
genetic resources. The conservation 
of genetic diversity and sustainable 
management of genetic resources in 
production forests is an often-over-
looked aspect of forest biodiversity 
conservation. Intraspecific diversity 
is likely to be essential for climate 
change resilience. Steps that can be 
taken to maintain and enhance ge-
netic diversity of tree resources in-
clude: establishing set-aside areas; 
maintaining forest connectivity; and 
integrating genetic diversity consid-
erations in tree planting.

Conclusion
While planted forests cannot fully rep-
licate the biodiversity of undisturbed 
native forest ecosystems, they can 
play an important role in restoring 
and maintaining biodiversity while 
providing socioeconomic benefits at 
the landscape level. Maintaining and 
sustainably managing natural forests, 
alongside well-planned and managed 
planted forests, are crucial for long-
term biodiversity conservation. A key 
consideration in integrating biodi-
versity conservation in planted forest 
management is how to combine wood 
production and biodiversity values 
at the stand, forest and landscape 
scales. Creating mosaics of well-man-
aged planted forests and natural hab-
itats through a landscape approach 
can provide for sustainable wood 
production and long-term biodiver-
sity conservation. Such an approach 
must be applied from the beginning of 
planted forest planning. 

connectivity for this sensitive group 
of species (Barlow et al., 2007). When 
appropriately situated, plantation for-
ests can also serve as buffer zones 
between natural habitats and human 
settlements to reduce human–wildlife 
conflicts. 

Mainstreaming biodiversity 
in planted forest 
management
The biodiversity value of planted for-
ests can considerably be improved 
through appropriate design and man-
agement (Brockerhoff et  al., 2008; 
Pawson et al., 2013). This requires the 
integration of biodiversity conser-
vation strategies into planted forest 
planning and management. Key ap-
proaches for mainstreaming biodi-
versity in planted forest management 
include the following: 

Assessing and managing risks of for-
est operations to biodiversity. Dur-
ing planning and before initiating any 
major operations, forest managers 
should undertake biodiversity risk as-
sessments, and implement measures 
to mitigate identified risks. The high 
conservation value (HCV) approach19 
provides a robust framework for iden-
tifying and managing the ecological, 
environmental and social impacts of 
forest operations with the engage-
ment of relevant stakeholders.

Establishing and managing set-
aside areas. Biodiversity outcomes 
in planted forests can be improved by 
delineating and preserving judiciously 
located areas set aside to protect old-
growth forest and vulnerable habitats, 
and maintain habitat connectivity. 
While standards vary among coun-
tries, a minimum of around 15 percent 
set aside is often required within a 
managed forest. These set-asides 
not only protect threatened habitats 
and the species they harbour, but also 
their contribution to local livelihoods 
and the cultural values they represent. 

Protecting critical biodiversity 
resources. The impacts of forest 
management on biodiversity can be 
further mitigated by retaining and 
protecting key biodiversity resour-
ces within production stands, such 

19 https://www.hcvnetwork.org/

outcomes in planted forests 
(Brockerhoff et al., 2017).

Plantation forests and 
biodiversity
Plantation forests are often perceived 
as being detrimental to conservation 
of biodiversity. This is because for-
est plantations under short-rotation, 
even-aged monoculture manage-
ment, especially of exotic species, 
generally support only a small propor-
tion of native biodiversity (Bremer and 
Farley, 2010). 

Conversion of natural forests, even 
if degraded, to plantation forests will 
almost certainly result in a negative 
outcome for biodiversity. Therefore, 
forest plantation development should 
be carried out on degraded lands that 
have limited biodiversity value so that 
the plantation establishment does not 
come at a cost to biodiversity. This 
may require removing perverse incen-
tives that promote forest plantation 
expansion at the expense of natural 
forests and aligning incentive struc-
tures with the sustainable use and 
conservation of biodiversity.

Nevertheless, plantation forests pro-
vide important productive functions 
and may reduce pressure on natural 
forests by providing alternative sup-
plies of fuelwood, timber and other 
forest products. Furthermore, plan-
tations may produce timber that re-
places steel and concrete in construc-
tion, reducing overall greenhouse gas 
emissions and biodiversity impacts of 
these materials, hence contributing to 
a more sustainable society (Girardin 
et al., 2021).

Furthermore, depending on the land-
scape context, forest plantations can 
reduce edge effects through providing 
a soft edge, and thereby increase the 
effective size and biodiversity value 
of natural forest patches (Brockerhoff 
et  al., 2008; Arroyo-Rodríguez et  al., 
2020). Similarly, forest plantations can 
facilitate the dispersal of species that 
avoid open areas, thereby increasing 

https://www.hcvnetwork.org/
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Highlights
 � The United Nations Decade on 

Ecosystem Restoration is a global 
restoration movement to catalyse 
restorative ground-level action.

 � Planted forests can deliver on mul-
tiple objectives, including wood 
production and the UN Decade’s 
mission of preventing, halting and 
reversing ecosystem degradation.

 � The UN Decade provides a plat-
form for sharing knowledge to en-
hance the contributions of planted 
forests to restoration worldwide.

The need and opportunity 
to combine restoration 
and sustainable wood 
production
Facing the urgency of reversing eco-
system degradation, countries world-
wide have made ambitious pledges 
to restore an area amounting to more 
than 1  billion hectares (ha) (UNEP, 
2021). This political momentum led 
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(Nepal, 2019). Plantations,21 which are 
intensively managed planted forests, 
are especially successful in meeting 
the demand for wood production be-
cause they are designed to meet a 
single management objective (Bauhus 
et al., 2010). Globally, the area of plan-
tation forest composed of introduced 
species is 49.7  million  ha, which rep-
resents 1.4 percent of the total forest 
area of the reporting countries. Intro-
duced species account for 44 percent 
of the total area of plantation forest in 
these countries. 

21 According to FAO (2020), plantations 
are intensively managed and include 
only one or two species, even-aged 
classes and regular spacing. This 
definition includes short-rotation 
plantations for wood, fibre and energy 
but excludes forest planted for protection 
or ecosystem restoration, and forest 
established through planting or seeding 
that at stand maturity resembles or will 
resemble naturally regenerating forest. 

The contributions of 
planted forests to the 
restoration of mosaic 
landscapes
Planted forests are primarily estab-
lished for productive purposes (FAO, 
2006). Seventy-six percent of planted 
forests globally are managed for the 
production of essential goods such as 
wood products, pulp and fibre, and fuel 
or bioenergy (Evans, 2009). Planted 
forests are also increasingly estab-
lished to sequester carbon. Although 
they accounted for only 7 percent20 of 
the global forest area in 2015, planted 
forests contributed around 46 percent 
of global industrial roundwood supply 

20 Or 291 million ha according to the Global 
Forest Resources Assessment (FRA) 
2015 (FAO, 2015). Note that according 
to FRA 2020 (FAO, 2020), the global 
planted forest area has increased to 
294 million ha, which still amounts to 
7 percent of the global forest area. 

to declaring 2021–2030 the United 
Nations Decade on Ecosystem Res-
toration (hereafter, the “UN Decade”), 
a global restoration movement cata-
lysing action on the ground and from 
all society (see box on Youth in the 
UN Decade). Within the scope of the 
UN Decade, ecosystem restoration 
encompasses a wide range of restora-
tive activities that contribute to differ-
ent objectives, from reducing societal 
impacts, improving ecosystem man-
agement, rehabilitating ecosystem 
functions and services, to fully recov-
ering native ecosystems (FAO, SER 
and IUCN CEM, 2023). In terrestrial 
ecosystems, forest and landscape res-
toration (FLR), defined by the Global 
Partnership on Forest and Landscape 
Restoration (GPFLR) as “an active 
process that brings people together 
to identify, negotiate and implement 
practices that restore an agreed op-
timal balance of the ecological, social 
and economic benefits of forests and 
trees within a broader pattern of land 
uses” (GPFLR, n.d.), is a widely adopted 
approach for ecosystem restoration 
in degraded forest and deforested 
landscapes.

Meeting FLR commitments is expect-
ed to lead to large-scale restoration 
of degraded forests through a combi-
nation of several types of restorative 
activities, including afforestation, 
reforestation and sustainable forest 
management throughout the world. 
With a global demand for primary 
processed wood products expected 
to increase by 37  percent by 2050 
compared to 2020 (FAO, 2022), the 
major forest area expansion foreseen 
through FLR could be the springboard 
towards sustainably increasing wood 
production globally. Planted forests 
include a wide diversity of systems and 
management intensities – from mono-
culture plantations to multipurpose, 
diverse plantings – and can supply 
timber (including woodfuel), non-wood 
forest products and other environ-
mental services for commercial and 
non-commercial use (FAO, 2016). This 
article explores how planted forests 
can successfully contribute to meet-
ing the growing demand for wood and 
other products and services, as well as 
restoration commitments on a global 
scale. 

Across cultures, people have said, “Plant a tree 
not for yourself, but for your children’s children 
to one day sit under its shade.” As the Youth 
Taskforce (YTF) for the United Nations Dec-
ade on Ecosystem Restoration, we speak for 
our generation and the following ones when we 
stress the intergenerational nature of reforest-
ation and the importance of youth engagement 
in ecosystem restoration, forest management 
and policymaking. Youth involvement in forest-
ry historically dates back to the early 1800s, but 
recognition for youth actions in the sector has 
only come in recent years.

The YTF is a youth-led movement demonstrat-
ing the power of an environmentally conscious 
generation taking concrete action towards 
#GenerationRestoration to protect a healthy 
planet. Young people are already taking steps 
towards restoring today’s environment, and we 
will continue, with or without recognition. It is 
often said that there is time, well, this is the 
time, we cannot fail, this is our planet!

Source: Kaiser, F. 2021. A new generation of young 
people is putting the planet first. Here’s every-
thing you need to know. In: World Economic Forum. 
Cited 9 August 2023. https://www.weforum.org/
agenda/2021/04/generation-restoration-every-
thing-you-need-to-know/
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ini tiatives, from assessment, planning 
and design, to implementation, ongo-
ing management, and monitoring and 
evaluation. It is important to highlight 
that, to be considered restorative 
activities, afforestation and reforest-
ation must result in improvements 
for biodiversity, ecosystem integrity 
and human well-being, and should 
enhance natural recovery processes 
and not generate additional degrada-
tion (FAO, IUCN CEM and SER, 2021). 
Aligned with the guiding framework, 
the ten golden rules for reforestation 
developed by Di Sacco et  al. (2021)
offer relevant recommendations for 
conducting reforestation within forest 
restoration initiatives in a way that 
maximizes benefits for nature and 
people. 

From an assessment and planning 
standpoint, careful landscape- and 
stand-level assessment, planning and 

between productive and protective 
functions of forests, expansion of the 
planted forests area can meaningfully 
contribute to achieving global restora-
tion goals. 

Implementing afforestation 
and reforestation as 
restoration interventions
The variety of tools and approaches 
already used in restoration initiatives 
worldwide can be mobilized towards 
effective restoration with planted 
forests. As for all restoration interven-
tions, the ten principles for ecosys-
tem restoration (FAO, IUCN CEM and 
SER, 2021) and standards of practice 
(FAO, SER and IUCN CEM, 2023) de-
veloped under the UN Decade provide 
a useful guiding framework and key 
recommendations, which can apply 
to afforestation and reforestation 

Planted forests can also directly 
provide a range of other ecosystem 
services that contribute to the UN De-
cade’s mission of preventing, halting 
and reversing ecosystem degradation. 
About one-third of planted forests 
globally are established with the pri-
mary objective of protecting natural 
resources (Evans, 2009). When well 
designed and managed, planted for-
ests contribute to regulating climate, 
recovering and maintaining soil struc-
ture and quality, and improving water 
quality. They can provide habitat for 
animal and plant species and corri-
dors for wildlife. Tree planting is also 
a strategy to fight desertification, 
protect watersheds from erosion and 
for phytoremediation (Isebrands and 
Richardson, 2013). 

Despite multiple trade-offs across 
production, profitability, social ac-
ceptability and environmental ben-
efits such as carbon storage, water 
provisioning, soil erosion control and 
biodiversity (Hua et al., 2022), planted 
forests have the potential to deliver 
on multiple objectives. They can play 
a role in enhancing productive capac-
ity, ecological connectivity, livelihoods 
and food security. In some cases, 
planted forests provide the enabling 
environment for the establishment of 
native vegetation and can also help 
prevent further degradation of natural 
forests (Maginnis and Jackson, 2003). 
By reducing pressure on natural for-
ests, they can contribute to strategies 
to combat forest degradation and 
deforestation (as an example, see the 
Makala Project box). Including planted 
forests as part of the mix of restora-
tion options at the landscape level 
has the potential to provide balanced 
packages of ecosystem services and 
goods. Although intensively managed 
tree monocultures can hardly be con-
sidered as restored stands, they may 
be considered as a relevant FLR op-
tion in specific landscapes. Success-
ful examples exist, where large-scale 
tree plantings with native species play 
a key role in the restoration of mosaic 
landscapes combined with a mix of 
other interventions, such as in The At-
lantic Forest Restoration Pact “PACTO” 
(Rodrigues et  al., 2011). By optimizing 
spatial arrangements and balancing 
trade-offs between land uses and 

In the Congo and in the Democratic Republic of the Congo, a major part 
of domestic energy comes from wood. Urban sprawl takes a hard toll on 
natural peri-urban forests. The Makala (“charcoal” in lingala) Project imple-
mented from 2009 to 2013 under the coordination of the French Interna-
tional Cooperation Centre of Agricultural Research for Development (CI-
RAD), was designed to address the degradation of wood resources while 
meeting energy needs in the cities of Kinshasa and Kisangani, Democratic 
Republic of the Congo, and Brazzaville, Congo. Building on lessons learned 
from pre-existing high productivity plantations, the project contributed 
to increasing wood resources through planted forests. It adapted techni-
cal itineraries for planted forests, with the priority objective of sustaina-
ble production of wood for energy purposes; supported the establishment 
and management of woodfuel plantations by small private growers and 
communities; and integrated planted forests for energy purposes into an 
agroforestry dynamic.* In areas of second-growth forest where biodiver-
sity was still high, the project favoured assisted natural regeneration to 
protect species useful to farmers.* In contrast, in the most degraded are-
as where only invasive grasses or shrubs remained, planting fast-growing 
leguminous trees was the most appropriate solution for restoring soil fer-
tility, while producing woodfuel and non-timber forest products.**

Sources: * Peltier, R., Dubiez, E., Diowo, S., Gigaud, M., Marien, J.-N., Marquant, 
B., Peroches, A., Proces, P. & Vermeulen, C. 2014. Assisted Natural Regeneration 
in slash-and-burn agriculture: Results in the Democratic Republic of the Congo. 
Bois et forêts des tropiques, 321: 67–79.

** Bisiaux, F., Peltier, R. & Muliele, J.-C. 2009. Plantations industrielles et agrofo-
resterie au service des populations des plateaux Batéké, Mampu, en République 
démocratique du Congo. Bois et forêts des tropiques, 301: 21–32. https://doi.
org/10.19182/bft2009.301.a20404

The Makala Project: sustainably 
managing woodfuel resources

https://doi.org/10.19182/bft2009.301.a20404
https://doi.org/10.19182/bft2009.301.a20404
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planted forests as one of the options 
for restoration, successful examples 
and best practices remain isolated. 
Partners have a role to play in encour-
aging the implementation of sound 
productive restoration interventions 
that deliver on multiple benefits 
across the landscape. Testing and 
promoting sound approaches in mo-
saic landscapes with planted forests, 
implemented through coalitions of 
partners, would help build the case re-
quired to meet the concomitant needs 
for restoration and production in the 
coming decades.
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(not invasive) and indigenous species 
should be better explored.

Finally, lack of ownership from local 
populations is often quoted as a rea-
son for failure of restoration efforts. 
To successfully integrate planted 
forests as a restoration option at the 
landscape level, buy-in of local com-
munities is paramount. This entails 
engaging all stakeholders from the on-
set of the process to ensure that the 
proposed interventions are accept-
able, the species selected are suitable 
and mechanisms are set up to grant 
their rights and benefits (Maginnis 
and Jackson, 2003). Some initiatives, 
such as New Generation Plantations, 
are working actively towards that end 
(refer to the article on the contribution 
of properly governed plantations on 
p. 91). As planted forests often involve 
economic interests, it is paramount 
to ensure responsible investments in 
restoration. Guidelines and principles 
developed in the context of forestry 
investments apply to reforestation 
programmes (FAO and Landesa, forth-
coming). Other tools, such as certifi-
cation, can be implemented to ensure 
the quality of restoration outcomes. 

Moving forward 
A vast body of knowledge focused on 
major challenges posed by the large-
scale restoration movement, such as 
monitoring or finance, and on specific 
restoration approaches, such as as-
sisted natural regeneration, has been 
consolidated. There is much evidence 
and experience from both science and 
practice about planted forests in FLR, 
but relatively limited capitalization 
and experience sharing on the topic. 
Knowledge on planted forests for res-
toration needs to be strengthened and 
widely disseminated. The UN Decade, 
through its Taskforce on Best Prac-
tices, provides a unique platform for 
sharing knowledge and good prac tices 
and engaging with a wide range of 
stakeholders, and to leverage science 
and practice, which could potentially 
enhance the role and contributions of 
planted forests to FLR and the global 
restoration movement. 

Whereas national restoration as-
sessments and strategies recognize 

mapping of restoration interventions, 
are needed. The widely used Res-
toration Opportunities Assessment 
Methodology (ROAM) (IUCN and WRI, 
2014) offers a good starting point, but 
tools tailored to informing restoration 
planning while linking to forest value 
chains and especially wood produc-
tion potential, and taking into account 
a variety of factors such as opportu-
nity costs of land, infrastructure and 
wood prices, are much needed. Some 
organizations have started developing 
tools and approaches towards better 
consideration of these dimensions 
(Caradine et  al., 2023). The contribu-
tion of a wide range of planted forest 
management systems can be ex-
plored. On the one hand, establishing 
highly productive plantations to meet 
the industrial roundwood demand in-
crease by 2050 would be needed over 
at least 33 million ha (FAO, 2022). On the 
other hand, models of multifunctional 
planted forests, including mixed-spe-
cies planted forests, which produce 
diverse packages of ecosystem goods 
besides wood, such as non-timber for-
est products for food or medicinal use, 
fibre, biofuels or fuelwood, or clos-
er-to-nature forest management – a 
new concept of nature-based forest 
management (NBFM) proposed in the 
EU Forest Strategy for 2030 – should 
be operationalized on a larger scale 
(Messier et al., 2022). 

In a restoration context, the quality of 
planting material is essential to ensur-
ing successful outcomes. High-quality 
tree seed or other propagation mate-
rial are needed in sufficient amounts. 
The lack of tree seed and forest re-
productive material undermines the 
success of restoration. Guidelines, 
including FAO’s recently launched 
publication on “Delivering tree ge-
netic resources in forest landscape 
restoration: A guide for practitioners 
and stakeholders to ensure local and 
global restoration outcomes” (FAO, 
forthcoming), training materials (FAO 
e-learning) and tools are being devel-
oped to improve the use and benefits 
of genetic resources in restoration. 
To enhance the role of planted for-
ests in restoration as well as the bio-
diversity benefits derived from their 
establishment, industrial roundwood 
production with commercial exotic 
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MW: As their name implies, FGTs have 
rapid growth, and many species are 
amazingly resilient and can be grown 
in many different ways, including in 
combination with other agricultural 
species. A good example of a success-
ful agroforestry concept with FGTs is 
a cooperative partnership between 
Italy and China, initiated in the 1970s, 
where the International Commission 
on Poplars and Other Fast-Growing 
Trees Sustaining People and the En-
vironment (IPC) facilitated the transfer 
of germplasm (poplar clones), scien-
tific knowledge and technology from 
Italy into a new agroforestry context 
in China. This partnership increased 
the tree cover in Siyang County from 
7 percent to 47 percent and supported 
smallholder farms by providing en-
hanced food security and alternative 
livelihoods. Other examples include 
poplars grown with cereals or horticul-
tural crops in China and India, where 
the poplars function as shelters for the 
agricultural crops.

settings, they also can increase bi-
odiversity and enhance resilience 
of livelihoods.

Can you give us examples of how 
FGTs have successfully contributed 
to restoration? 

MW: Due to their fast growth rates 
along with their high capacity to take 
up water and nutrients, these trees 
provide excellent opportunities for the 
fast establishment of green belts and 
ecological restoration of mining areas 
and landfills, for example, while provid-
ing biomass and enhancing soil health 
and carbon sequestration. There are 
many examples of phytoremediation 
applications using poplars and willows 
across Europe and the United States 
of America.

Agroforestry is often cited as an 
approach that can simultaneously 
provide a wide range of ecosystem 
goods – including timber – and ser-
vices, while generating alternative 
livelihood opportunities. Can you 
give us examples of the successful 
inclusion of FGTs in agroforestry 
systems? 

Highlights
 � Fast-growing trees (FGTs) can sup-

ply ecosystem services while pro-
viding local people with income.

 � The mandate of the International 
Commission on Poplars and Other 
Fast-Growing Trees Sustaining 
People and the Environment ex-
panded recently to include all FGTs.

 � A focus of the commission’s future 
work will be the role of FGTs in in-
creasing resilience and the provi-
sion of ecosystem services.

Fast-growing trees (FGTs) such as 
poplars, willows or acacias, are well 
known for wood production. Which 
other ecosystem services can they 
provide? 

MW: These trees can provide addition-
al ecosystem services such as healthy 
soils, clean water and carbon seques-
tration, while providing alternative 
livelihoods to local communities. Es-
pecially when these trees are grown 
in mixed-species or agroforestry 

The contributions of 
fast-growing trees to 
restoration 

Interview with Martin Weih,  
Chair, International Commission on Poplars  
and Other Fast-Growing Trees Sustaining  
People and the Environment
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juvenile stage, cultivation systems of 
FGTs can also serve as excellent model 
systems for testing hypotheses on the 
relationships between tree diversity, 
management and productivity. A par-
ticular focus of the IPC’s future work 
will therefore be on further develop-
ment and implementation of FGT spe-
cies in different contexts, including 
mixed-tree and agroforestry settings, 
to enhance resilience and provision of 
essential ecosystem services.

include other FGTs with the potential 
to sustain people and the environ-
ment. This new mandate supports 
the sustainable provision of wood and 
ecosystem services through sharing 
of experiences and lessons learned 
on FGTs in forestry and agroforestry 
systems in various countries. It also 
aims to strengthen the contribution of 
plantations with FGTs to food security, 
and sustainable livelihoods and land 
use in rural areas. Key ingredients of 
the new mandate are thus new spe-
cies, new geographies and a strong 
alignment with strategies of the 2030 
Agenda and the Global Forest Goals, 
the United Nations Decade on Family 
Farming and the United Nations Dec-
ade on Ecosystem Restoration. Due to 
their fast-growth rates including in the 

How has the IPC supported the ex-
pansion and sustainable manage-
ment of forests throughout the world 
since its creation? What can we ex-
pect from the IPC’s new mandate?

MW: The IPC offers fantastic possibil-
ities to help implement FGT stands as 
part of FAO’s work while at the same 
time supporting global sustainability 
goals by acting as a science–policy 
implementation platform and a pro-
ven model for international technical 
cooperation in forestry. One example 
of such technical cooperation is the 
Italy–China partnership for the appli-
cation of poplars in an agroforestry 
context mentioned above. Tradition-
ally, the IPC focused on poplars and 
willows, but in 2019, it broadened its 
scope and received a new mandate to 
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Highlights
 � The Sawlog Production Grant 

Scheme (SPGS) is a public–pri-
vate partnership in Uganda to 
encourage mostly small- and me-
dium-scale landholders to grow 
trees commercially.

 � Investors are attracted by the SPGS 
incentives package and the availa-
bility of long-term tree-planting 
permits on government land.

 � Since 2004, the SPGS has support-
ed establishment of 70 000+ hec-
tares of plantations and created 
12 000+ jobs.

Introduction
In Uganda, commercial tree planting 
started many years ago. Despite gov-
ernment involvement, it faced several 
challenges, including lack of improved 
planting material, skills and informa-
tion, and matching finance for contin-
ued forest management. As the gov-
ernment plantations matured, they 

The Sawlog 
Production 

Grant Scheme: 
Uganda’s 

flagship 
programme 
for inclusive 
commercial 

forestry

 Nelly Grace Bedijo,  
Programme Associate, 
FAO Uganda

 Tom Okello Obong, 
Project Coordinator, 
FAO Uganda

 Walter Mapanda, 
Technical Adviser 
for Standards 
Development and 
Certification, FAO 
Uganda

 Margaret Adata, 
Commissioner 
Forestry, Uganda

 Leonidas Hitimana, 
Project Coordinator, 
FAO Uganda
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source of skilled labour to the me-
dium- and large-scale growers, which 
created a sense of ownership and re-
duced community-induced risks and 
threats to plantation forestry. In addi-
tion, the small-scale growers adopted 
improved practices and standards, 
and marketed their products more 
effectively through the large-scale 
planters, who had established na-
tional, regional and international tim-
ber market networks.

SPGS incentives and their 
impact
According to Jacovelli et al. (2009), the 
SPGS incentives package and availa-
bility of long-term tree-planting per-
mits in specific central forest reserves 
throughout the country were the two 
main factors that attracted private in-
vestors to the commercial forest sec-
tor in Uganda. 

Close to 80  percent of the tree plan-
tations were established on gov-
ernment land leased by private tree 
growers for an average ground rent 
fee of USD 4–13/ha per year depending 
on the distance from the capital city 
Kampala. The lease remained valid 
as long as the land use was kept as 
forestry. This arrangement where the 
government provided land, the donor 

technic ally. By providing an alter-
native source of timber and other 
forest products, the pressure on the 
remaining natural forests in Uganda 
is reduced, leading to conservation of 
biologically diverse native forests. 

The scheme provides an incentive for 
the private sector to establish long-
term commercial forestry, which 
they would not easily attempt other-
wise. The SPGS stands out today as 
a flagship forestry project in Uganda 
and the rest of sub-Saharan Africa, 
demonstrating good practice regard-
ing how to justify, plan for and imple-
ment an incentive-based, community 
tree-planting scheme. 

The SPGS model in Uganda
The SPGS model takes a holistic ap-
proach to commercial forestry, where-
by small-, medium- and large-scale 
landowners in the community are all 
involved. In this model, the tree grow-
ers have been categorized as commu-
nity tree planters (0.5–5  ha), woodlot 
planters (5–25  ha) and commercial 
growers (25–500 ha and 501–3 000 ha), 
as reflected in Figure 1.

This approach created a conducive 
environment for commercial forestry 
investment. The small-scale com-
munity and woodlot planters were a 

were harvested to meet the nation’s 
demand for timber, but the Uganda 
Forest Department failed to replant 
the harvested areas in the early 1970s. 

Initiated in 1998, the Ugandan forest 
sector reforms resulted in a policy that 
states that “the private sector will play 
the major role in developing and man-
aging commercial forest plantations,” 
and that “the government will create 
a positive investment climate to en-
courage private investment in com-
mercial forest plantations” (MWLE, 
2001). Although the Government of 
Uganda provided incentives under the 
1991 Uganda Investment Code and its 
1997 revision, this did not stimulate 
investment in commercial forestry, 
largely because incentives favoured 
short-term investment cycles of 3 to 
5 years while long-term commercial 
forestry has a longer gestation period 
of 15–30 years. The banking industry 
in Uganda was not (and is still not) of-
fering long-term financing. It is these 
gaps that the Sawlog Production Grant 
Scheme (SPGS) was formed to fill.

The SPGS22 is an initiative of the Gov-
ernment of Uganda through the Min-
istry of Water and Environment (MWE) 
that provides a good example of a 
successful public–private partnership. 
It was funded by the European Union 
and the Governments of Norway and 
Uganda. The project supported pri-
vate-sector entrepreneurs, who were 
mostly small- and medium-scale land-
owners interested in growing trees 
commercially for timber, poles and 
woodfuel. The project started in 2004, 
and its remarkable achievements re-
sulted in close to 20 years of funding 
by the European Union (for more in-
formation on the lessons of SPGS, see 
Kazoora [2007]). Because of its re-
markable achievements, the govern-
ment secured additional funding from 
the World Bank under the Investing in 
Forests and Protected Areas for Cli-
mate-Smart Development (IFPA-CD) 
project, which is expected to con-
tribute an additional 36  500 hectares 
(ha) of commercial plantations in the 
country over 2022–2026.

The SPGS supports private inves-
tors in forestry both financially and 
22 See https://spgs.mwe.go.ug/

Improve rural 
incomes, 

commercial 
forestry and 
conservation 

of natural 
forests 

SPGS Grant Support

Community 
tree planting

(0.5–5 ha)

Woodlot
(5–25 ha)

Commercial 
forest

(25–500 ha)

Commercial 
forest

(501–3 000 ha)

Figure 1. Pictorial representation of the SPGS model

https://spgs.mwe.go.ug/
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fores try practices. Figure 2 shows the 
SPGS approach to training on best 
practices and standards. 

The SPGS courses were based on a 
commercial forestry training curric-
ulum developed by the project, which 
complemented trainings by national 
colleges and universities to deliver the 
skill sets required by the industry. The 
project subsidized the training cost by 
up to 70 percent, and the private sec-
tor met only 30 percent of this cost.

The capacity development was deliv-
ered in three ways:

 � Field-based practical training 
targeted forest supervisors and 
managers, contractors and nurs-
ery operators. 

 � Regular growers field days in-
formed and demonstrated re-
search findings, latest technol-
ogies and allowed learning and 
sharing of experiences among the 
growers. 

 � Annual exposure trips to other 
countries were undertaken to 
change the growers’ negative per-
ception of commercial forestry. A 
lot of benchmarking was done with 
countries in southern Africa with 
an edge on timber industry devel-
opment. The project put in place a 
certification system to ensure that 
consumers are receiving quality 
services and products from con-
tractors and nursery operators. 

Acceptable industry 
standards in forestry 
practices
Best operating practices (BOPs), 
standards and procedures were intro-
duced and enforced. Four well-illus-
trated sets of operational guidelines 
were developed, on tree planting 

and maintenance of close to 70  per-
cent of the planted forest resource in 
Uganda, estimated at 105  000  ha to 
date (Howard, 2019). These were lar-
gely monocultural plantations, which 
excluded taungya practices, except at 
community level (0.5–5 ha).

Table 1 shows the achievement of the 
SPGS between 2004 and 2021.

The seedlings that were used for 
commercial tree planting and direct 
support to the communities came 
from certified private tree nurseries. 
The nursery certification scheme 
increased seedling quality and quan-
tity for the major commercial tree 
species. In addition, the certification 
initiated by the project was eventually 
institutionalized by the Government of 
Uganda.

However, there was limited availability 
of germplasm to promote plantation 
resource diversification.

SPGS capacity-
development programme
The capacity development consist-
ed of 90  percent practical sessions 
and 10 percent theory to impart skills 
and standards on best and modern 

provided the conditional grant, and 
the private sector co-invested in tree 
planting functioned as a public–pri-
vate partnership. 

The tree-planting and maintenance 
incentive package was delivered in 
several forms: 

 � Conditional, retrospective estab-
lishment grant at an average of 
40  percent of the establishment 
cost (USD  1  200/ha). The grant 
reimbursement was staggered 
over 2 to 3 years to ensure that 
the crop was out of danger by the 
time payments were completed, 
and to avoid the risk of funds di-
version at tree-grower level. In 
addition, a plantation maintenance 
grant incentivized the execution of 
non-commercial, yet quality-im-
pacting operations, particularly 
first thinning. 

 � Direct seedlings support to com-
munity tree planters (0.5–5  ha) 
and in addition, basic forestry 
tools and community exchange 
programmes encouraged the cre-
ation of standards-inclined com-
munity groups and collaborative 
forest management groups, which 
have planted close to 30  percent 
of the current timber resource in 
Uganda. 

 � Other monetary incentives were 
offered through funded applied 
research projects for studies 
on emerging challenges to tree 
growing. 

Overall, the SPGS grants have suppor-
ted direct plantation establishment 

University
 (10% practical and 90% theory)

Technical colleges
 (50% practical and 50% theory)

SPGS
 (90% practical and 10% theory)

 Figure 2. SPGS training in relation to other training providers

Source: SPGS II News Issue No. 39, Oct.- Nov. 2014

Project phase Year of implementation Plantation area achieved (ha) 
Phase I 2004–2009 11 000 

Phase II 2009–2015 32 000 

Phase III 2016–2021 28 000 

Table 1. SPGS project achievements in 2004–2021

Source: SPGS Phase I–III project reports, unpublished.
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the United Republic of Tanzania and 
South Sudan), Maesopsis eminii and 
Terminalia spp. This also improved the 
species diversity in plantations. Close 
to 80  percent of the SPGS-support-
ed plantation area was established 
in degraded gazetted central forest 
reserves, which has contributed to 
increasing the national forest cover to 
15 percent in 2023, according to the Na-
tional Forestry Authority (NFA, 2023). 
Approximately 44  000  ha of forest in 
Uganda are FSC-certified for eco-
nomic, environmental and social sus-
tainability, and 75 percent of this area 
belongs to SPGS-affiliated growers.

Conclusion
The SPGS model provides a classic 
example of how to structure a private 
sector-led approach to tree planting 
with marked social and environmental 
dimensions. It combines profitable 
investment, sustainable land use and 
forest conservation for biodiversity. 

The model was piloted and scaled up 
successfully in Uganda and has high 
potential for replication across the 
globe. 

The sustainability of the commercial 
forestry investments will depend on 
continued government support, effi-
cient value addition to the timber, and 
the development of premium markets 
to motivate tree growers to reinvest.
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(Jacovelli et  al., 2009), teak planting 
(Rance et  al., 2013), community tree 
planting (SPGS, 2011) and pests and 
diseases (SPGS, undated). These 
publications have served as the main 
reference material on commercial for-
estry practices in Uganda.

Socioeconomic impact of 
the SPGS
According to the National Forest Plan 
(MWE, 2013), it was expected that by 
2025, 100  000 jobs would be created 
from forest plantations alone. Since its 
launch in 2004 and until its end in 2021, 
the SPGS has created over 12 000 jobs 
in plantation management, nurseries, 
forest contracting and other support 
services (SPGS, 2021).

In addition, the project has ensured 
sustainability of actions by the pri-
vate sector through establishment of 
the Uganda Timber Growers Associ-
ation (UTGA) in 2006. UTGA is a tree 
growers members’ organization that 
promotes collective access to inputs 
and services cost-effectively and pro-
vides a platform for a collective voice 
to continually lobby and advocate for 
an enabling climate for investment 
and favourable government policies. 
Currently, UTGA has 670 members and 
holds a Forest Stewardship Council 
(FSC) group certification. UTGA’s ob-
jectives also include increasing the 
competitiveness of commercial for-
estry, and attracting and engaging in 
strategic partnerships.

Environmental benefits 
attributed to the SPGS
Enforcement of environmental stand-
ards has resulted in mosaics of mixed 
conservation areas (e.g.  wetlands, 
riverine areas and intact forests) and 
planted forests using a variety of pine 
species, including Pinus caribaea 
(seed from Brazil and Australia), Pi-
nus Oocarpa (seed from Brazil), Pinus 
Patula and five eucalyptus clones, 
which were planted in different parts 
of Uganda. Some areas were planted 
with pure stands of Eucalyptus gran-
dis (Uganda seed and South Africa 
seed) and Tectona grandis (seed from 
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https://spgs.mwe.go.ug/sites/files/Teak%20Silviculture.pdf
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https://spgs.mwe.go.ug/taking-stock-and-mapping-next-steps-development-commercial-forestry-sector-uganda-reflecting-15
https://spgs.mwe.go.ug/taking-stock-and-mapping-next-steps-development-commercial-forestry-sector-uganda-reflecting-15
https://spgs.mwe.go.ug/taking-stock-and-mapping-next-steps-development-commercial-forestry-sector-uganda-reflecting-15
https://spgs.mwe.go.ug/taking-stock-and-mapping-next-steps-development-commercial-forestry-sector-uganda-reflecting-15
https://spgs.mwe.go.ug/sites/files/Insect%20Pests%20and%20Diseases%20of%20Commercial%20Tree%20Species%20in%20Uganda.pdf
https://spgs.mwe.go.ug/sites/files/Insect%20Pests%20and%20Diseases%20of%20Commercial%20Tree%20Species%20in%20Uganda.pdf
https://spgs.mwe.go.ug/sites/files/Insect%20Pests%20and%20Diseases%20of%20Commercial%20Tree%20Species%20in%20Uganda.pdf
https://spgs.mwe.go.ug/sites/files/Insect%20Pests%20and%20Diseases%20of%20Commercial%20Tree%20Species%20in%20Uganda.pdf
https://spgs.mwe.go.ug/sites/files/Insect%20Pests%20and%20Diseases%20of%20Commercial%20Tree%20Species%20in%20Uganda.pdf
https://www.utga.ug/annual-reports
https://spgs.mwe.go.ug/sites/files/SPGS%20Tree%20Planting%20Guidelines%20for%20Uganda_compressed_0.pdf
https://spgs.mwe.go.ug/sites/files/SPGS%20Tree%20Planting%20Guidelines%20for%20Uganda_compressed_0.pdf
https://spgs.mwe.go.ug/sites/files/SPGS%20Tree%20Planting%20Guidelines%20for%20Uganda_compressed_0.pdf
https://spgs.mwe.go.ug/sites/files/SPGS%20Tree%20Planting%20Guidelines%20for%20Uganda_compressed_0.pdf
https://www.yumpu.com/en/document/view/37755492/download-spgs
https://www.yumpu.com/en/document/view/37755492/download-spgs
https://www.yumpu.com/en/document/view/37755492/download-spgs
https://www.mwe.go.ug/sites/default/files/National%20Forest%20Plan%20Uganda.pdf


ISSUE 25479

SECTION 3     RECONCILING PRODUCTION AND RESTORATION

Highlights
 � The forest-based industries are 

uniquely positioned to contribute 
to global ecosystem restoration 
ambitions. 

 � A wide range of challenges needs to 
be addressed, and strategies must 
be crafted to optimize the partici-
pation of these industries in resto-
ration efforts. 

 � The global ecosystem restoration 
movement is working to engage 
the private forest sector, including 
through the Advisory Committee on 
Sustainable Forest-Based Indus-
tries (ACSFI). 

Introduction 
Among a suite of alternatives, ecosys-
tem restoration has the potential to 
contribute up to one-third of the total 
climate change mitigation needed 
(Griscom et  al., 2017). Restoration in-
terventions can also promote climate 
change adaptation and resilience, 
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restoration
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actions both globally and in specific 
contexts (ACSFI and TFD, 2022a).

The round table also identified a 
series of actions to operationalize 
strategies for enhancing engagement 
of the forest-based industries in eco-
system restoration. These included: 
(1)  building unity within the forest 
sector through a shared ecosystem 
restoration vision and exchange learn-
ings; (2) developing suitable metrics to 
facilitate goal setting and monitoring 
of restoration activities; (3)  increas-
ing multistakeholder collaboration; 
(4)  increasing understanding of how 
degraded land and forest-sector ca-
pacity align geographically; (5)  estab-
lishing new business cases for eco-
system restoration based on research 
and practice to better understand and 
demonstrate the value proposition of 
the private sector; and (6)  identifying 
and building understanding about 
business and financial models that en-
hance shared value and deliver multi-
ple outcomes in support of ecosystem 
restoration (ACSFI and TFD, 2022b).

Following the round table, in February 
2023, The Forests Dialogue, based at 
Yale University, convened a scoping 
dialogue to explore a broader range 
of stakeholder perspectives and 
better understand the opportunities 
and challenges for the forest sector 
to contribute to global restoration 
efforts. To accomplish this, three 
frames of analysis were used based 
respectively on the spectrum of resto-
ration activities, restoration spheres, 
and restoration incentives and disin-
centives. The multistakeholder group 
then sought to better understand the 
role of the private forest sector in eco-
system restoration. Participants iden-
tified the need for a broad continuum 
of interventions and spectrum of de-
livery of potential benefits. The rele-
vance of bridging local-level learnings 
to the regional and global scales and 
the need to build landscape and so-
cietal resilience were also discussed. 
Finally, participants emphasized the 
importance of engaging with different 
stakeholders to ensure that restora-
tion practices consider local commu-
nities’ needs, knowledge and rights, 
and also that restoration and conser-
vation activities are complementary 
(Panwar and Toro, 2023; TFD, 2023).

restoration activities, such as the 
Monte Pascoal-Pau Brasil Ecological 
Corridor project (Veracel, 2023). The 
forest-based industries have also de-
veloped expertise in engaging with 
local communities while balancing the 
economic challenges associated with 
the implementation of restoration 
activities (Bloomfield et al., 2018; Man-
sourian et al., 2022).

Enhancing the engagement 
of the forest-based 
industries in restoration 
initiatives
While some forest-based companies 
are already active in restoration, op-
portunities exist to upscale the indus-
try’s engagement in ecosystem resto-
ration initiatives. These opportunities 
may include operational engagement 
with restoration – for example, com-
panies pursuing restoration on their 
land  – and financial indirect engage-
ment – for example, companies is-
suing green bonds or selling carbon 
offset credits. 

Recognizing these opportunities, 
FAO’s Advisory Committee on Sustain-
able Forest-Based Industries (ACS-
FI),23 in collaboration with The Forests 
Dialogue (TFD),24 convened a round 
table in October 2022 on “Enhancing 
the Forest Sector’s Engagement in 
Ecosystem Restoration” as a satellite 
event of the twenty-sixth session of 
FAO’s Committee on Forestry (COFO). 
The round table’s objectives were to: 
(1)  build trust and increase the for-
est-based industries’ understanding 
of ecosystem restoration; (2)  discuss 
a plan to enhance their engagement in 
ecosystem restoration; and (3) identify 
scoping opportunities and needs for 
driving restoration understanding and 

23 The ACSFI is a FAO statutory body 
composed of senior executives from the 
forest-based industries worldwide. Its 
main objective is to provide guidance 
on activities and the work programme 
of FAO’s Forestry Division on issues 
relevant to the paper and forest-products 
industry, in support of Members’ 
efforts to progress towards sustainable 
development.

24 TFD is a platform and process for 
multistakeholder discussion and 
collaboration on the most pressing local 
and global issues facing forests and 
people. 

sustainable use and conservation of 
biodiversity, food and water security, 
and economic prosperity (Gann et al., 
2019). The potential benefits of eco-
system restoration have motivated 
several global ambitions to restore 
more than 2  billion hectares (ha) of 
degraded and deforested lands across 
the globe by 2030 (United Nations 
General Assembly, 2019).

Mobilizing the forest-based 
industries’ knowledge 
and expertise to support 
ecosystem restoration at 
scale
The forest-based industries have been 
identified among other key players 
as being able to help achieve global 
restoration targets. Forest-based in-
dustries are investing in restoration, 
given its potential for risk mitigation. 
As many governments are planning 
to introduce new regulations to ad-
dress nature loss and climate change, 
investing in forests offers an oppor-
tunity for businesses to stay ahead of 
these policy shifts. In addition, forest 
conservation and restoration can indi-
rectly increase core business profits, 
through lower costs of capital and eq-
uity, while increasing customer loyalty 
associated with sustainability attrib-
utes (World Economic Forum, 2021).

The forest-based industries also 
have the land, expertise and reputa-
tional need to invest in restoration 
activities. Globally, production forests 
cover approximately 1.15  billion  ha 
(FAO, 2020).  In addition to managing 
production forests, the forest-based 
industries have experience and knowl-
edge about how to manage both con-
servation and restoration activities in 
different parts of the world. For ex-
ample, in Tasmania, Australia, Forico 
manages approximately 173 000 ha of 
forest. Of these, 89 000 ha are used to 
produce wood fibre, while 77  000  ha 
are managed for their conservation 
and biodiversity values (Forico, 2023). 
In Brazil, some companies are expand-
ing their conservation activities be-
yond the targets required by the For-
est Code. For example, Veracel, one of 
the largest forest-based companies, 
has dedicated more than 50  percent 
of its forestland to conservation and 

https://www.fao.org/forestry/industries/en/
https://www.fao.org/forestry/industries/en/
https://theforestsdialogue.org/
https://theforestsdialogue.org/
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to advance the United Nations sustainable 
development goals: An overview of tools 
and approaches related to sustainable land 
management. Journal of Sustainable For-
estry, 37(2): 157–177. https://doi.org/10.108
0/10549811.2017.1359097

FAO. 2020. Global Forest Resources Assess-
ment 2020: main report. Rome. https://doi.
org/10.4060/ca9825en

Forico. 2023. We are future fibre. In: Forico. 
Cited 8 August 2023. https://forico.com.
au/

Gann, G.D., McDonald, T., Walder, B., Aron-
son, J., Nelson, C.R., Jonson, J., Hallett, 
J.G. et  al. 2019. International principles 
and standards for the practice of ecolog-
ical restoration. Second edition. Resto-
ration Ecology, 27(S1): S1–S46. https://doi.
org/10.1111/rec.13035

Griscom, B.W., Adams, J., Ellis, P.W., Hough-
ton, R.A., Lomax, G., Miteva, D.A., 
Schlesinger, W.H. et  al. 2017. Natural 
climate solutions. Proceedings of the 
National Academy of Sciences, 114(44): 
11645–11650. https://doi.org/10.1073/
pnas.1710465114

Mansourian, S., Kleymann, H., Passardi, V., 
Winter, S., Derkyi, M.A.A., Diederichsen, 
A., Gabay, M. et  al. 2022. Governments 
commit to forest restoration, but what does 
it take to restore forests? Environmental 
Conservation, 49(4): 206–214. https://doi.
org/10.1017/S0376892922000340

Panwar, R. & Toro, L. 2023. The forest sector 
and ecosystem restoration. Background 
paper prepared for TFD’s Restoration 
Scoping Dialogue

TFD (The Forest Dialogue). 2023. Restoration 
Scoping Dialogue Concept Note.

UNEP (United Nations Environment Pro-
gramme). 2022. State of Finance for Nature 
2022 - Time to act: Doubling investment 
by 2025 and eliminating nature-nega-
tive finance flows. https:// wedocs.unep.
org/20.500.11822/41333

United Nations Decade on Ecosystem Resto-
ration (2021–2030). United Nations Gener-
al Assembly, 1 March 2019. A/RES/73/284.

Veracel. 2023. Responsibility and Environmen-
tal Conservation. Veracel Cellulose: Com-
mitment to Environmental Conservation. 
In: Veracel. Cited 8 August 2023. https://
www.veracel.com.br/en/sustainability/
environmental-conservation/

World Economic Forum. 2021. 3 Reasons 
Companies Are Investing In Forest Con-
servation And Restoration, And How 
They Do It. In: Forbes. Cited 8 August 
2023. https://www.forbes.com/sites/
worldeconomicforum/2021/06/04/3-rea-
sons-companies-are-investing-in-for-
est-conservation-and-resto-
ration-and-how-they-do-it/

wildfires and tree-species mixing) and 
the development of a business case. 
It is critical to increase efforts for 
restoration, but it is also essential to 
ensure that native forests are con-
served, forestry practices are sustain-
able, and due efforts are made to halt 
deforestation and land conversion. 
Ensuring that restoring an area will not 
lead to deforestation in another is crit-
ical. Encouraging the public to adopt 
sustainable consumption patterns is 
key to ensuring that conservation and 
restoration practices do not compete 
for resources.
Effective restoration requires the 
need for collaboration with a wide 
range of actors, including non-gov-
ernmental organizations (NGOs), aca-
demia, government agencies, local 
communities, international govern-
mental organizations (IGOs), multi-
lateral organizations, private-sector 
actors and multistakeholder engage-
ment platforms. Effective and mean-
ingful collaboration, even if a slow 
process, is essential for durable and 
effective restoration outcomes. 

Conclusion
If humanity is to meet its ambitious 
restoration targets, it will be neces-
sary to engage all stakeholders in the 
landscape. The forest-based indus-
tries are an important manager of 
forests and other ecosystems around 
the world. Catalysed by the work of the 
ACSFI, FAO is actively engaging with 
the forest-based industries, including 
through planned dialogues, in collab-
oration with The Forests Dialogue, to 
continue to enhance their contribu-
tions to ecosystem restoration. 
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It was agreed at both the round table 
and the scoping dialogue that great-
er involvement of the forest-based 
industries can significantly augment 
ecosystem restoration initiatives 
while also creating opportunities for 
the companies and other stakehold-
ers. For example, the 2022 State of 
Finance for Nature Report (UNEP, 
2022) indicates that finance flows to 
nature-based solutions are only a third 
of the investment that is required to 
2030 to limit climate change to below 
1.5 °C, halt biodiversity loss and abate 
land degradation. This report also 
calls for increasing private-sector in-
vestments in nature-based solutions 
by several orders of magnitude. By 
integrating restoration into their suite 
of land-management activities, the 
private forest sector increases oppor-
tunities for use of innovative financing 
tools, particularly those that include 
carbon and biodiversity markets, such 
as carbon credits, agroforestry and bi-
odiversity corridors. 

Cautions and caveats 
Accessing forest-based carbon and 
biodiversity markets and capital is, 
however, not a trivial matter. It re-
quires an organization to understand 
and apply appropriate accounting 
frameworks to avoid issues such as 
double accounting. Implementation 
of financial safeguards to oversee the 
process will be necessary. Similarly, 
while forest-sector companies own 
large land bases and have expertise in 
restoration, the financial feasibility of 
pursuing large-scale restoration initi-
atives is ambiguous. Moreover, their 
involvement in restoration efforts is 
influenced by national and local pol-
icies, land tenure, land-use history, 
local communities’ needs and capac-
ities, interests of other landscape 
stakeholders and rights holders, com-
pany capacities and the geographic 
location of areas most in need of 
restoration. The degree and nature of 
this influence need to be better under-
stood. As such, to significantly scale up 
restoration activities by forest-based 
companies, financial, social and en-
vironmental impact assessments are 
needed, all of which entail investment 
in research (e.g. seed quality, seedling 
propagation, insect management, 
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A mosaic of plantations and forest restoration on 
formerly degraded land in Brazil’s Atlantic Forest 
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Environmental challenges are also 
central to our work. In this context, 
plantation establishment on peat-
land, which can cause both ecosystem 
degradation and release of carbon 
in the atmosphere, is a critical issue. 
We also engage in dialogues looking 
at the involvement of planted forest 
companies in mandated or voluntary 
conservation and restoration on their 
forest estate. For instance, there is 
a substantial amount of restoration 
work happening with companies and 
non-governmental organizations 
(NGOs) operating in the Atlantic Forest 
in Brazil. 

How can we reimagine the design 
and implementation of planted for-
ests through integrated landscape 
approaches? What is key to success-
fully negotiating trade-offs across 
conflicting objectives? 

GD: We advocate specifically for 
considering planted forests within 
the context of a broader landscape 
approach. Integrated landscape 
approaches are defined as “a basic 
framework for balancing competing 
demands and integrating policies for 

stakeholders in the forest sector with 
an opportunity for high-quality, facili-
tated engagement around high-con-
flict, forest-related issues. Since our 
founding 23 years ago, TFD has en-
gaged over 3  000 individuals in more 
than 100 dialogues covering more than 
20 key topics. 

Despite their essential contribution 
to the global provision of wood and 
other products and services, planted 
forests remain controversial. What 
challenges and constraints are asso-
ciated with planted forests? 

GD: Planted forests are as impor-
tant as ever, and they also continue 
to be controversial for some. We are 
focused on where challenges exist 
surrounding planted forests. This in-
volves working on social challenges, 
like tenure and access rights for Indig-
enous Peoples and local communities. 
Despite marked regional differences, 
one of the most persistent issues that 
we see is the conflict between com-
panies managing concessions and 
local communities. For example, land 
tenure was central to the dialogue we 
organized in Indonesia in June 2023. 

Highlights
 � The Forests Dialogue (TFD) con-

venes round tables to engage for-
est stakeholders on high-conflict 
forest-related issues.

 � Dialogue can help create sustain-
able, locally driven solutions, such 
as for conflicts between forest 
companies and local communities.

 � A recent webinar series convened 
by TFD, FAO and the Yale For-
est School explored the needs, 
challenges and opportunities 
for smallholder involvement in 
planted forests.

What are the objectives of The For-
ests Dialogue (TFD)? How does your 
approach work and what makes 
it unique?

GD: TFD is a platform specifically set 
up to bring together stakeholders to 
discuss issues related to sustainable 
forest management and conservation. 
It organizes “dialogues”, which are 
in-person round table and field-based 
events whose purpose is to provide 

The Forests Dialogue 
Interview with Gary Dunning, 
Executive Director of The Forests Dialogue  
and The Forest School at the Yale School  
of the Environment©
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involved in the production process. 
The point is that the companies thus 
have access to smallholder land. 

One of the challenges is that compa-
nies are only interested in working 
with smallholders within the catch-
ment area of pulp and paper mills. 
Smallholders without a big company 
nearby, therefore, generally do not 
have access to global markets. 

Another challenge is that, for exam-
ple, in Indonesia, smallholders who 
plant pulp species, like acacia, typi-
cally earn less than the smallholders 
who plant oil palm. Oil palm is much 
more economically lucrative for small-
holders, creating a relatively stable 
annual income for up to 25 years (or 
when the palms need to be replanted). 
If there is not a big company, the in-
centive for smallholders to plant trees 
is limited given the other options that 
they have.

To maximize opportunities for small-
holders, it is important for them to 
try to collectively organize into asso-
ciations or cooperatives, which gives 

 � identify prioritized actions that 
feed into planned or ongoing activ-
ities or processes on the ground.

Examples of LUDs can be found on the 
TFD website. 

For more information on the approach, 
principles and process of the LUDs, 
see the Land-Use Dialogue Guide 
(TFD, 2020).

Talking about multistakeholder en-
gagement, what challen ges and op-
portunities exist for smallholders to 
engage in tree growing? 

GD: It is a real challenge to involve 
smallholders in the tree-growing en-
terprise. Many companies have out-
grower schemes and work directly with 
smallholders. But usually, it is almost a 
simple rent system where the compa-
nies essentially ‘’rent’’ smallholder land 
to grow trees. Most smallholders need 
a large company or another access 
point to a market to make it viable. If 
the access point is a large pulp and 
paper company or a timber company, 
smallholders are not usually deeply 

multiple land uses within a given area” 
(Reed, Deakin and Sunderland, 2015). 
We call our initiative the Land-Use 
Dialogues (or LUDs for short) based on 
this approach. The LUDs are dialogue 
processes that support collaborative 
and inclusive multistakeholder deci-
sion-making around key socioenviron-
mental and ecological issues across 
sectors at the landscape or jurisdic-
tional level. 

The LUDs are founded on the prem-
ise that through dialogue, people and 
institutions can create more sustain-
able, locally driven and durable solu-
tions to landscape challenges as part 
of a landscape approach. While each 
LUD process is unique and based in 
the specific landscape context and 
needs of landscape actors, they share 
the following overarching aims, to:

 � support a social learning process 
across sectors; 

 � generate a landscape vision 
shared among an inclusive set of 
landscape actors; and
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organizations supporting smallhold-
ers and investors in smallholder enter-
prises. We heard from a lot of different 
individuals and organizations, which 
had great ideas on how to encourage 
and support smallholders in diverse 
ways to participate in planting trees. 
Some of the key challenges I men-
tioned are lessons learned from the 
webinar series. It is important to con-
tinue to shine a spotlight on the need 
for smallholders to enter the field of 
planted forests, and to enable them to 
do so. Co-hosting the webinar series 
with FAO helped us highlight issues 
again and share some key challen-
ges and some of the ways that those 
challenges are being addressed. The 
recordings of the webinar series are 
available here.

them leverage. The associations then 
need to try to expand their reach to 
more smallholders, thus growing their 
collective power. These associations 
play a vital role, not only economically 
in helping to negotiate prices but also 
in learning best practices and what 
works for smallholders. Organizations 
like FAO and others supporting these 
associations and smallholders are 
also hugely important. 

Recently, we had a successful col-
laboration between TFD, the Forest 
School at the Yale School of the Envi-
ronment and FAO in an effort to better 
understand the needs, challenges and 
opportunities facing smallholders. 
We created a webinar series where we 
talked to a variety of actors, includ-
ing forest smallholder associations, 
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Peoples, rural communities, forest 
industry firms, and individuals and 
families, in this paper I will focus on 
professional institutional investors. 
Institutional investors, including pen-
sion funds, insurance and reinsurance 
firms, foundations, endowments 
and sovereign wealth funds, control 
close to USD 100 trillion in diversified 
portfolios of assets. Over the past 25–
30 years, portfolio allocation has tren-
ded towards an increasing proportion 
of private real assets. These real as-
sets now commonly represent about 
10  percent of investment portfolios 
and include real estate, infrastructure, 
forestry and farmland. 

Traditional fundamentals of 
forestry investment
From an investment perspective, for-
estry assets have traditionally been 
seen as an attractive diversifier. For-
ests are unique in having capital ap-
preciation over time as forests grow, 
and trees become larger and more val-
uable. When trees are harvested, in-
come is generated. Trees do not have 

Highlights
 � Professional institutional investors 

hold about USD 100 billion in for-
estry assets, and this could grow 
to USD 400 billion in coming years.

 � Forestry, agriculture and conser-
vation are collectively being ab-
sorbed into a new “natural capital” 
asset class.

 � This is creating the opportunity for 
a more granular approach to land 
management as a means for gen-
erating higher returns and greater 
social and environmental benefits.

Introduction
Private forestry investment has long 
been based on owning forests for 
the income produced from timber 
harvesting and sales. Over recent 
decades, an increasing emphasis has 
been placed on efficient, productive 
plantation forestry assets. While there 
are many different investors in fores-
try including governments, Indigenous 

Forestry and land-use 
investment – Transitioning 
to a new “natural capital” 
asset class
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institutional investors are invested 
across the entire global economy and 
see threats like climate change or the 
loss of biodiversity as systemic risks. 
They are therefore motivated to invest 
in ways that align with reducing those 
risks. It also makes good commercial 
sense, as many forests are now ex-
posed to carbon markets, and demand 
for new engineered wood products, 
paper-based packaging, cellulosic 
fabrics and other products is rising 
steadily. 

From a land-use perspective, the dual 
challenges of climate change mitiga-
tion and biodiversity conservation are 
morphing together. Not only are the 
Conferences of the Parties to the Unit-
ed Nations Framework Convention on 
Climate Change and Convention on 
Biological Diversity setting parallel in-
tergovernmental targets for emissions 
reductions and biodiversity conserva-
tion, but businesses are being urged 
to report on their climate change risk 
via the Taskforce on Climate-Related 
Finance Disclosures25 and their bio-
diversity-related risks via the Task-
force on Nature-Related Financial 

25 See https://www.fsb-tcfd.org/

suitable for investment in the coming 
years might represent USD  300–
400  billion. Most of these assets are 
timber plantations on privately owned 
land or land leased from governments 
or communities (New Forests, 2022).

Evolution in the forestry 
asset class as climate 
change and biodiversity 
increase in importance
The perspective of investors towards 
the forestry asset class is shifting. 
The rising recognition that the global 
economy must be rapidly decarbon-
ized to avoid the worst effects of glob-
al climate change has led investors to 
seek assets that can contribute posi-
tively to the net zero emissions tran-
sition (Busby and Jun, 2022; UNEPFI, 
2022). Forestry has been recognized 
as having two important roles to play. 
The first is by removing carbon dioxide 
from the atmosphere and storing it in 
forests and long-lived wood products. 
The second is the role of forestry in the 
transition to a circular bioeconomy 
where timber, wood fibre and biomass 
replace fossil fuel-based and high 
embodied energy materials. Large 

a fixed maturity point, so the value of 
a forest, calculated using a discount-
ed cash flow model, is less volatile 
than the market price of timber. With 
much of the return from forestry 
coming from the process of biological 
growth, there is little or no correlation 
between the returns from forestry and 
the returns from the stock market, 
government bonds or other assets. 
Investors seek a diversified portfolio 
with uncorrelated assets to optimize 
the overall portfolio investment return 
while reducing risk (measured as vola-
tility). Forestry assets have also been 
generally demonstrated to be posi-
tively correlated with inflation, thus 
providing another benefit to investors. 

As a result of these positive invest-
ment fundamentals, forestry invest-
ment has been increasingly popular 
and has today risen to USD 100 billion, 
including private forestry investments 
and listed timber real estate invest-
ment trusts (T-REITs). Of course, 
USD  100  billion is only one-tenth of 
1  percent of institutional capital, but 
the amount of capital invested in for-
estry is rising every year. It is estima-
ted that forestry assets that could be 
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is clear that a rising carbon price acts 
as an economic margin phenomenon. 
As carbon prices rise, more marginal 
land becomes economically attractive 
for reforestation, and more marginal 
forestry areas shift from timber har-
vesting to conservation management. 
Land prices can rise as the net present 
value of future carbon value becomes 
capitalized into land value. 

In addition to these regulated markets, 
there are also voluntary or verified 
carbon markets, which provide finan-
cial support for forest conservation, 
improved forest management and re-
forestation projects outside of areas 
with regulated markets. Investors in 
some cases seek accurate carbon 
accounting systems alongside their 
financial accounts to help them trans-
parently assess their overall portfolio 
emissions profile over time. There has 
been considerable interest recently 
in standardizing carbon accounting 
and potentially wider natural capital 
accounting to create much greater 
capacity for investors to understand 
their ecological impacts – both posi-
tive and negative.

Forestry investors now face a rising 
range of opportunities that are col-
lectively referred to as option value. 
Land that might have been solely 
valued based on future timber prices 

Disclosures.26 Researchers suggest 
that there are three major priorities 
in the land-use sector that could con-
tribute approximately 25  percent of 
the emissions reductions needed to 
reach net zero. The first is to protect 
all remaining natural ecosystems from 
conversion to other land uses; the 
second is to manage working lands 
including forestry and agriculture to 
reduce emissions and remove carbon 
dioxide from the atmosphere; and 
the third is to restore degraded land. 
Collectively, it is estimated that these 
natural climate solutions could repre-
sent 11  billion tonnes of carbon diox-
ide-equivalent emissions reductions 
and removals annually in the coming 
decades (Griscom et al., 2017).

Several emissions trading schemes 
have been implemented that reward 
forest owners for undertaking re-
forestation of marginal land, extending 
forestry rotation ages or putting areas 
under conservation management. 
Government-regulated carbon mar-
kets in California, New Zealand and 
Australia have set prices of USD 25–50 
per tonne of carbon dioxide absorbed 
and stored in forestry assets. After 
10–15 years of experience with these 
regulatory instruments, it is possible 
to make some general assessment of 
the implications for investors. First, it 
26 See https://tnfd.global/

and production rates, now could also 
be managed for carbon markets, bi-
odiversity conservation payments or 
easements, freshwater regulation, 
wind farms and solar farms, in addi-
tion to timber production. The rising 
importance of this range of option 
value is both changing the manage-
ment of existing forestry assets, but 
also expanding the boundaries of what 
is considered the forestry asset class 
and bringing new investment struc-
tures like blended finance to bear on 
forestry investments. For example, 
New Forests is currently implement-
ing a blended finance structure in a 
Southeast Asian forestry fund that will 
have classes of investors who seek 
conventional forestry returns, and 
those who seek high climate, com-
munity and biodiversity impacts. By 
bringing the two sources of capital to-
gether, the fund investments can cre-
ate greater social and environmental 
benefits alongside the conventional 
forestry returns.

This evolution of forestry investment 
needs to be aligned with the inter-
ests of rural communities as well as 
Indigenous Peoples’ communities. 
Alignment can occur when long-term 
institutional capital takes long-term 
risks but provides near-term benefits 
to local farmers and forest-dependent 
communities. For example, long-term 
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strategy rather than a forestry invest-
ment strategy. Our African investment 
programme is called the African For-
estry Impact Platform, which can in-
vest across plantation forestry, forest 
conservation, ecosystem restoration 
and community forestry. Different 
types of capital can be invested in an 
inte grated way, creating more positive 
social and environmental impacts.

This may be challenging for investors 
given that modern portfolio allocation 
theory seeks to blend together very 
specific asset classes, each with a 
historical track record of correlations 
and risk return profiles. However, this 
must be balanced with the imperative 
of making a series of transitions in the 
global economy towards sustainabil-
ity. Transitions by definition do not 
have a long-term track record. But 
investors seem to be comfortable with 
this rising complexity of land manage-
ment so long as the core returns are 
still coming from conventional mar-
kets like agriculture, forestry and rural 
land values. 

This new asset class is attracting a 
new name – natural capital. The con-
cept of natural capital as an asset 
class is that land-based production 
systems, biodiversity conservation 
and climate mitigation objectives, and 
new forms of option value have super-
seded the prior concept of segre gated 
land uses in agriculture, forestry and 
conservation areas. This starts to 
point towards a super asset class that 
may have high social and environmen-
tal impact objectives and flexibility to 
operate landscapes in the most com-
mercially optimal fashion via a contin-
ual tinkering and fine tuning of land-
use allocation over time as multiple 
market prices and sources of option 
value play out. What may have been 
static niche asset classes like forestry 
and agriculture may also expand sub-
stantially in the coming years. 

Expectations for the growth of a natu-
ral capital asset class are leading ma-
jor asset management businesses and 
investors to expand their capability in 
this area. There is a fresh exploration 
of new business models and develop-
ment of sophisticated technologies 
and analytical tools to execute on 
the investment opportunity. It is also 

forestry investors can lease marginal 
farmland at attractive rates, providing 
income diversification to farm fami-
lies. Forestry investors can also sup-
port outgrower schemes, de-risking 
future timber markets and ensuring 
that smallholder timber will receive a 
fair price on the market.

It is interesting to note that most for-
estry investment remains based on 
monoculture plantations. What seems 
to be evolving is not a transition to 
multispecies plantations, but a reor-
ganization of landscapes to accom-
modate and enhance both sustainable 
intensification of production systems 
(for both timber and agriculture) and 
increased conservation and biodiver-
sity enhancement. Investors may now 
be able to invest across a spectrum of 
timber plantations, agriculture, and 
the conservation and restoration of 
ecosystems. The multiple markets 
and price signals create complex 
management regimes and the need 
for sophisticated geospatial modelling 
tools to optimize the allocation of land 
use across space and over time. The 
term granularity refers to making land 
allocations at a smaller and smaller 
scale. Individual farms or properties 
may have cropping, grazing, com-
mercial forestry, conservation and 
ecosystem restoration projects, wind 
turbines and many other options to 
consider. Being able to consider how 
these various land uses can coexist 
or evolve over time will create better 
returns for investors and better out-
comes for social and environmental 
impact objectives.

The emergence of a natural 
capital asset class
This is a very different model from the 
way investors operated in the past. 
Specific forestry funds, agriculture 
funds, infrastructure funds and even 
climate change mitigation funds would 
invest in their specific silos. This is 
becoming inefficient and economi-
cally suboptimal. New Forests’ funds 
now often incorporate broader man-
dates to invest across landscapes and 
seek unrealized option value as a key 
driver of returns. Our current fund for 
Australia and New Zealand for exam-
ple is called a landscape investment 

providing opportunities for access to 
capital in emerging markets where 
important and valuable conservation 
and climate mitigation opportunities 
exist that were previously considered 
uninteresting from an investment 
perspective. 

Conclusion
In this paper, I have argued that the 
context of forestry investment is 
evolving and being superseded by an 
overarching natural capital asset class 
concept. Forestry, agriculture, cli-
mate solutions and biodiversity con-
servation are all coming together in 
sophisticated landscape investment 
concepts. While this does not seem 
to be fundamentally changing how 
forestry plantations are grown, it does 
set a different, broader context within 
which forestry will operate. This type 
of large-scale transition in land-use 
investment and management will be 
challenging and will need active en-
gagement with stakeholders and ben-
efit sharing with rural communities 
and farmers. However, if the transi-
tion succeeds, it will provide globally 
significant contributions to climate 
change mitigation, biodiversity con-
servation and economic opportunities 
for rural communities as well as new 
materials for the circular bioeconomy.

References
Busby, G. & Jun, D. 2022. Think carbon op-

timization. Trade-offs between risk, return 
and net zero carbon. USA, Nuveen. https://
documents.nuveen.com/Documents/
Global/Default.aspx?uniqueid=7538766e-
7a19-44b5-9309-913f9bd2d94e

Griscom, B.W., Adams, J., Ellis, P.W., 
Houghton, R.A., Lomax, G., Miteva, 
D.A., Schlesinger, W.H. et  al. 2017. Nat-
ural climate solutions. Proceedings of the 
National Academy of Sciences, 114(44): 
11645–11650. https://doi.org/10.1073/
pnas.1710465114

New Forests. 2022. New Forests’ outlook for 
Forestry Investment. In: New Forests. 
Cited 9 August 2023. https://newforests.
com/new-forests-outlook-for-forest-
ry-investment/

UNEPFI. 2022. UN-convened Net-Zero Asset 
Owner Alliance. In: UNEP Finance Initia-
tive. Cited 9 August 2023. https://www.
unepfi.org/net-zero-alliance/

https://documents.nuveen.com/Documents/Global/Default.aspx?uniqueid=7538766e-7a19-44b5-9309-913f9bd2d94e
https://documents.nuveen.com/Documents/Global/Default.aspx?uniqueid=7538766e-7a19-44b5-9309-913f9bd2d94e
https://documents.nuveen.com/Documents/Global/Default.aspx?uniqueid=7538766e-7a19-44b5-9309-913f9bd2d94e
https://documents.nuveen.com/Documents/Global/Default.aspx?uniqueid=7538766e-7a19-44b5-9309-913f9bd2d94e
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1073/pnas.1710465114
https://newforests.com/new-forests-outlook-for-forestry-investment/
https://newforests.com/new-forests-outlook-for-forestry-investment/
https://newforests.com/new-forests-outlook-for-forestry-investment/
https://www.unepfi.org/net-zero-alliance/
https://www.unepfi.org/net-zero-alliance/


ISSUE 25491

SECTION 3     RECONCILING PRODUCTION AND RESTORATION

Contributing to sustainable 
landscapes and biodiversity 
goals through well-managed 
and properly governed 
planted forests

 Luís N. Silva, New 
Generation Plantations 
Senior Advisor, World 
Wide Fund for Nature 
(WWF) International

 Miguel N. Bugalho,  
Professor of Wildlife 
and Forest Ecology 
and Conservation, 
University of Lisbon

 Frederico Dalton, 
Erasmus Mundus 
Master’s Student in 
Mediterranean Forestry 
and Natural Resources 
Management, University 
of Lisbon

 Jeffrey Anderson,  
Master’s Student 
in Forest and 
Natural Resources 
Engineering, 
University of Lisbon

 Jaboury Ghazoul,  
Professor of 
Ecosystem 
Management, ETH 
Zurich

 Rodney Keenan, 
Professor, University 
of Melbourne

©
FA

S
B

Highlights
 � Novel landscape-scale mod-

els such as those developed by 
New Generation Plantations can 
integrate planted forests and 
other land uses to increase local 
support, economic returns and 
raw material supply and improve 
biodiversity conservation.

 � New modes of multistake-
holder governance are need-
ed to institute such integrated 
landscape approaches.

 � Achieving sustainable multi-
ple-use landscapes requires 
dialogue, compromise and a 
willingness among stakeholders 
to experiment.

Introduction
The world is facing unprecedented 
rates of biodiversity loss with ap-
proximately 1 million animal and plant 
species threatened with extinction 
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and pest control services contribute 
to more sustainable farming and for-
estry systems (Ulyshen et al., 2023 and 
see article on resilience of mixtures 
to pests and diseases on p. 46). At the 
landscape level, a mosaic of different 
land uses and forms of land cover, with 
multiple stakeholder governance, can 
generate a diversity of interrelated 
services that can contribute to long-
term sustainability of both production 
and conservation activities (Figure 1). 

In these landscapes, trees and forests 
may be spatially integrated in fine-
scale mosaics, such as integrated 
belts and tree woodlots in agroforestry 
systems, or at larger scales, making up 
more intensive, landscape-level agri-
cultural and forestry mixes integrated 
with areas allocated for biodiversity 
conservation along riparian zones, on 
ridges or steep terrain, or other con-
necting areas of native vegetation. 
Forest plantations in such land-use 
mosaics, managed over varying rota-
tion times, can generate production 
benefits and provide wildlife habitat 
as the trees go through the cycle of 
establishment, growth, harvest and 
regeneration (Brancalion et al., 2020).

Planted forests, that is, forests pre-
dominantly composed of trees es-
tablished through planting and/or 
deliberate seeding (FAO, 2020), in-
clude the intensively managed forest 
plantations used for commercial pro-
duction of timber, pulp or biomass. 

How can forest plantations 
contribute to biodiversity 
conservation?
Nature reserves, national parks and 
other protected areas now extend 
over approximately 16  percent of the 
Earth’s land surface (Protected Planet, 
2023). Despite their crucial role in pre-
serving biodiversity, these areas alone 
are insufficient to meet conservation 
goals, as biodiversity continues to de-
cline globally (IPBES, 2019). 

While more protected areas are 
desirable, restoration of degraded 
landscapes is also required to meet 
ecological objectives including bio-
diversity conservation and socio-
economic objectives, such as  food 
security and improving livelihoods. 
Meeting these goals can be achieved 
by integrating land uses and the flow 
of ecosystem services that they pro-
vide at the landscape scale (Kremen 
and Merenlender, 2018). Land used 
and managed sustainably to supply 
food, wood and other provisioning 
ecosystem services, can generate 
eco nomic returns, which can be 
channelled to finance biodiversity 
conservation programmes, including 
the conservation and restoration of 
native forests, and other ecosystem 
restoration programmes. Conserva-
tion and restoration, in turn, generate 
the supporting and regulating ecosys-
tem services that underpin productive 
land uses. For example, pollination 

(IPBES, 2019). Besides the intrinsic 
value of biodiversity and our ethical 
duty to conserve it, biodiversity un-
derpins human health and well-be-
ing and generates the products and 
services on which all humankind de-
pends. Forest ecosystems, for exam-
ple, harbour over 50 percent of terres-
trial vertebrate species and provide 
wood, fibre, food and other essential 
ecosystem services, such as carbon 
sequestration or regulation of the wa-
ter cycle (Pillay et al., 2022). Yet, global 
demands for food, fibre, water and 
energy are increasing. By 2050, food 
production must grow by 70  percent 
to feed an estimated 9.7  billion peo-
ple (UN DESA, 2019), while wood sup-
ply may need to grow three- or even 
fourfold to meet increasing demands 
for wood products and bioenergy (He-
temäki, Palahí and Nasi, 2020). We 
argue that well-managed and appro-
priately governed forest plantations, 
in the right locations, can contribute 
to more economically and ecologically 
sustainable landscapes. With the right 
design and planning, integrated with 
other land uses, forest plantations can 
contribute to meeting the growing de-
mand for forest products, supporting 
biodiversity and providing for other 
human needs, including food security. 

Forestry and Land Scotland

The capercaillie (Tetrao urogallus), the world’s largest species 
of grouse, is one of the UK’s most endangered birds. Fewer 
than 500 male capercaillies exist in the country, and the spe-
cies is largely restricted to pine forests in the Strathspey area 
of Scotland. Forests managed for timber production can pro-
vide habitat for the species. Public funding and management 
of publicly owned planted forests in Strathspey by Forestry 
and Land Scotland (FLS), one of the UK’s governmental forest 
agencies and New Generation Plantations (NGP) partners, have 
enabled an increase in the local capercaillie population from 6 
displaying males in 2002 to 45 in 2019. 

Box 1
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surrounding land uses and can provide 
favourable habitat for rare or threat-
ened species (Brancalion et al., 2020). 

Expansion of plantation 
land requires better 
planning and governance 
Before establishing new forest planta-
tions, regional conservation assess-
ments and local-level planning must 
be undertaken to ensure that valuable 
natural ecosystems are not destroyed. 
Additionally, customary land tenures 
and land uses must be recognized. In 
other words, plantations can only con-
tribute to broad sustainability goals 
if they are located in the right places. 
For example, biodiversity-rich native 
grasslands and savannahs should not 
be replaced by forest plantations due 
to misclassification of the former as 
“degraded lands” (Bond et  al., 2019). 
Multistakeholder planning proces-
ses can also provide a strong basis 
of public support for plantation activ-
ity. These processes provide condi-
tions ensuring that all involved in the 
land-allocation process benefit fairly 
and that conservation and cultural 
values are being recognized and pro-
tected (Jansen and Kalas, 2020). Prin-
ciples such as those of free, prior and 
informed consent (IPBES, 2019) should 
apply in the planning of plantations 
that will affect local communities. 

Voluntary schemes such as forest 
certification can also help ensure that 
plantations contribute to biodiversity 
conservation goals. These third-party 
audited voluntary mechanisms assess 
compliance with forest management 
standards and provide assurance to 
buyers of forest products that these 
have been produced according to ad-
equate environmental and socioeco-
nomic criteria (Auld, Gulbrandsen and 
McDermott, 2008). Forest certifica-
tion schemes place clear restrictions 
on conversion of natural ecosystems 
to plantations and include measures to 
protect native forests and other eco-
systems of high conservation value. 
Such schemes frequently require 
forest managers to dedicate parts of 
their estate to ecosystem conserva-
tion and restoration. For example, the 
Forest Stewardship Council (FSC) cer-
tification scheme requires 5  percent 

described as “green deserts”, they 
can nonetheless provide habitats for 
a variety of mammals, birds, reptiles 
and invertebrates (Bremer and Farley, 
2010). When integrated with other land 
uses such as cropping and grazing, 
commercial plantations can increase 
landscape heterogeneity and en-
hance biodiversity since the resulting 
landscapes provide a wider range of 
habitats and microclimates (Brancal-
ion et al., 2020). In areas where native 
forests have been heavily depleted, 
commercial plantations around na-
tive forest remnants can also buffer 
adverse edge effects and improve 
their functioning (Bremer and Farley, 
2010). Forest plantations established 
on degraded lands also often have 
higher stand-level biodiversity than 

Other forms of planted forests include 
planted native species, mixed-spe-
cies planted forests and trees grown 
as part of farming systems. Planted 
forests are estimated to represent 
7 percent of the total forest area glob-
ally, which includes 3 percent of plan-
tations managed intensively for wood 
production (FAO, 2020). Yet, this area 
supplies one-third of the global de-
mand for industrial roundwood (Jür-
gensen, Kollert and Lebedys, 2014). 
Such efficient wood production in 
commercial plantations reduces re-
source extraction pressures on native 
forests and their biodiversity (Ghazoul, 
Bugalho and Keenan, 2019).

While commercial monoculture 
plantations of fast-growing (often 
exotic) tree species have often been 

A. 
Conservation use: 
e.g. restored and 
conserved native 
ecosystems 
(biodiversity
conservation)

B. 
Forestry use: 
e.g. comercial plantations 
and other planted forests 
(wood and fiber, non-timber 
forest products)

C. 
Agriculture use: 
e.g. cereal crops, 
pastures 
(grain, fodder)

D. 
Agro-forestry use: 
e.g. planted trees in 
grazing lands (wood and 
non-timber forest products, 
crops, livestock production)

E.

Sustainable Landscapes

Key 
Sustainable Landscapes: 
Landscape approaches integrate different land-uses and 
generate multiple and interconnected ecosystem services 
that contribute to the economical and ecological sustainability 
of the landscape.  

A - Restored and conserved native ecosystems generate 
supporting (e.g.biodiversity conservation) and regulating 
services (e.g. pollination and pest control) that benefit 
land-uses such as agriculture. Other services generated in 
conservation areas include carbon sequestration or water 
regulation. 

B - Plantations generate provisioning services, such as wood 
and fiber, and supply economic returns that may be applied in 
native ecosystem conservation and restoration. Other services 
of plantations include carbon sequestration or natural habitat 
buffering.  

C - Agricultural land-uses generate provisioning services such 
as production of grain and fodder and benefit from pollination 
and pest control services generated in conservation areas. 

D - Agro-forestry land-uses generate provisioning services 
such as wood and non-wood forest products, agricultural crops 
or livestock production, also benefiting from pollination or pest 
control services generated in conservation areas. 

E - Arrows ilustrate interconnections among land-uses and 
generated ecosystem services. 
s s

s s

Figure 1. Diverse and interconnected services offered by sustainable landscapes
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approach, forest plantations can 
contribute to international forest res-
toration goals, such as the New York 
Declaration on Forests, which aims 
to restore 350 million ha of degraded 
landscapes and forests worldwide by 
2030 (IPBES, 2019; Temperton et  al., 
2019). Debates about whether natu-
rally regenerated forests offer a “bet-
ter” carbon sequestration option than 
forest plantations (Lewis et  al., 2019) 
present a false dichotomy, as both 
planted and natural regenerated for-
ests in suitable locations contribute 
to climate change mitigation, conser-
vation and Sustainable Development 
Goals. 

When used in construction, tim-
ber from forest plantations can also 

biodiversity than arbitrary percent-
ages of land cover. These criteria, 
however, would be more challenging 
to verify and monitor, although the ad-
vent of new technologies for biodiver-
sity and habitat assessment is making 
this easier and potentially applicable 
in the near future (Haneda et al., 2023). 

Plantations, biodiversity 
and climate objectives
Integrating biodiversity conservation 
in forest plantations can contribute to 
net zero emissions objectives (IPBES, 
2019). When established on de graded 
lands, plantations are a “natural cli-
mate solution” within the broader 
toolkit of forest restoration (Griscom 
et  al., 2017). By taking an inte grated 

of the area dedicated to plantations 
to be native forest. Some countries 
and state jurisdictions (such as some 
states in Brazil) have higher require-
ments for minimum areas of native 
forest (which can vary between 10 per-
cent and 50 percent). However, these 
figures are arbitrary. An improved ap-
proach would be to develop and adopt 
standards based on clear, transparent 
and verifiable criteria for identifying 
vulnerable habitats and ensuring their 
protection and management. While 
in some regions, this would preclude 
the development of any plantations, 
in others there would be more flexibil-
ity for establishing those plantations. 
More importantly, such criteria, based 
on evidence and data, would have 
more relevance to conservation and 

Forest and landscape restoration in southern Bahia, Brazil

The New Generation Plantations (NGP) and Forum Florestal da Bahia have a 15-year-old partnership with landscape 
stakeholders in southern Bahia. The partnership brings together forestry companies and local communities to pro-
tect and restore areas of the Atlantic Forest while simultaneously promoting socioeconomic benefits. The part-
nership has led to the creation of a fund – Fundo Ambiental do Sul da Bahia (FASB) – dedicated to financing local 
community projects, such as the “Organic Barn” initiative, which develops and promotes certified organic farming 
techniques with families who grow their own food, thereby helping improve livelihoods and food security at the local 
level. In 2 years, FASB has funded 23 projects worth EUR 1.18 million, which have led to the preservation of 1 890 
hectares (ha) of Atlantic Forest fragments and 235 ha of restored forest area. Additionally, FASB has promoted 151 ha 
of sustainable agriculture initiatives so far out of a target of 750 ha, prioritizing the use of native trees species, fruit 
trees and traditional food crops. The social impact of these projects includes direct and indirect involvement of local 
families, the engagement of community schools and financial education. FASB’s next goal is to attract external in-
vestment and market the goods and ecosystem services produced to ensure the self-sustainability of the supported 
projects going forward.
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replace high carbon-footprint mate-
rials such as steel and cement (Silva, 
Freer-Smith and Madsen, 2019). New 
types of engineered wood products 
offer possibilities for scaling up timber 
construction, thereby significantly 
reducing emissions from the build-
ing industry (Ahn et  al., 2022). More 
plantations will be needed to meet 
this demand and avoid impacts on 
natural forests (Nepal, Johnston and 
Ganguly, 2021). Excluding plantations 
from global forest restoration targets 
is therefore likely to lead to increased 
pressures on natural forests, under-
mining the climate and conservation 
goals of forest restoration (Ghazoul, 
Bugalho and Keenan, 2019).

New governance 
approaches are needed for 
next generation plantations
Novel landscape-scale models can 
integrate forest plantations with other 
land uses, including naturally regen-
erated or restored natural forests, 
agriculture, agroforestry or other land 
uses (Boerstler, Kalas and Rezende, 
2022). The resulting land-use mosaics 
can generate wider local support, eco-
nomic returns for local landholders and 
governments, and raw materials for lo-
cal industries (Metternicht, 2017). Such 
innovative integrated landscape ap-
proaches require new modes of multi-
ple stakeholder governance to enable 
landscape transformation. Achieving 
sustainable multiple-use landscapes 
necessitates dialogue, compromise 
and a willingness among the forest in-
dustry, conservation groups and local 
stakeholders to experiment (Kremen 
and Merenlender, 2018).

A successful example of such dia-
logue and social learning is the New 
Generation Plantations initiative (NGP) 
(Silva, Freer-Smith and Madsen, 2019) 
led by the World Wide Fund for Nature 
(WWF). The initiative brings together 
businesses and communities from 
across the world that share ideas for 
innovation in plantation design and 
management that meet the needs of 
people, industry and the environment, 
with the aim of promoting more sus-
tainable landscapes. This includes in-
tegrating restoration and protection of 
native forests in sustainable business 

models that benefit nature and people 
while also producing economic ben-
efits (see Boxes 1 and 2 for examples 
of two case studies). To avoid risk of 
exclusion and marginalization, tenure 
issues are part of NGP’s integrated 
landscape approach through multi-
stakeholder engagement processes. 
NGP addresses biodiversity conserva-
tion by showcasing and supporting a 
portfolio of projects at local, regional 
and cross-regional scales. These pro-
jects include biodiversity monitoring 
in partnership with universities and 
environmental non-governmental or-
ganizations (NGOs), and assessment 
of management outputs using a range 
of performance indicators.

NGP also facilitates dialogue and ex-
perience sharing between public- and 
private-sector forestry organizations, 
local communities and smallholders, 
and the initiative catalyses donor in-
vestments for forest restoration and 
conservation projects. The approach 
aims to promote better landscape 
governance by integrating a variety of 
land uses and generating a wide range 
of ecosystem services.

Conclusion
The present global biodiversity cri-
sis must be tackled in the context of 
increasing global demand for food, 
fibre and energy, and climate change. 
Sustainable landscapes that inte-
grate complementary land uses and 
ecosystem services, accommodat-
ing both production and biodiversity 
conservation, are better equipped to 
respond to forecasted global-change 
scenarios. Well-managed forestry 
plantations, in the right places, can 
play a crucial role in the sustainability 
of such landscapes and in achieving 
biodiversity conservation goals. Fail-
ure to recognize this will seriously 
undermine the effectiveness of global 
conservation efforts. It is critical to 
stop neglecting tree plantations as 
“green deserts” and start working on 
feasible landscape-level solutions in 
which well-managed, appropriately 
governed and rightly located for-
est plantations, are integrated with 
other land uses, to simultaneously 
meet production, conservation and 
restoration goals and achieve overall 
landscape sustainability.
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The forest industry has a key role to play in achieving restoration goals. The efficacy and sustaina-
bility of its intervention often depend on how these goals are adapted to the local context and the 
extent to which they contribute to the Sustainable Development Goals. A typical challenge for the 
forest industry is that a significant percentage of lands granted by governments to companies 
as concessions are already inhabited, thus adversely affecting existing land users who may lose 
lands and livelihoods.i, ii The problems are even more complex where local land- and resource-use 
rights are unrecognized in law or undocumented, land governance is weak, or decision-making 
pro cesses lack transparency. Small-scale farmers may be particularly vulnerable if tenure sys-
tems are not well defined or implemented.iii Likewise, business entities also face significant op-
erational, financial and reputational risks.iv Disputes between business entities and local stake-
holders can lead to delays in launching projects and rolling out operations, or disrupt ongoing 

operations, leading to significant financial losses for the business entities. Conflicts with local stakeholders at times can 
result in cancellation of agreements before the start of operations. Such disputes and conflicts can be several times the 
average cost of implementing measures to mitigate social risks.v

Useful global instruments now exist to make land-based investments more responsible, which is achieved by recognizing 
the rights of local stakeholders, improving local livelihoods, being inclusive of smallholders and their enterprises, developing 
local skills and promoting meaningful collaboration, and innovative and transformative multistakeholder governance mod-
els,vi while mitigating risks to multinationals and large-scale business entities. These instruments include the Committee on 
World Food Security (CFS) Principles for Responsible Investments in Agriculture and Food Systems (RAI);vii and the voluntary 
guidelines on the Responsible Governance of Tenure of Land, Fisheries and Forests in the Context of National Food Security 
(VGGT), which promote secure tenure rights and equitable access to land, fisheries and forests with respect to all forms of 
tenure: public, private, communal, Indigenous, customary and informal.viii The United Nations Principles for Responsible 
Investment, the United Nations Global Compact,x and Making forest concessions in the tropics work to achieve the 2030 Agen-
da: voluntary guidelinesxi also provide useful guidance. The publication by FAO and Landesa, Applying responsible land-based 
investment models in forestry: promoting the use of global instrumentsxii provides further information on global instruments 
and examples of how these are being applied on the ground, and identifies practical steps that governments and non-gov-
ernmental stakeholders, including investors and business entities, can take to make such investments more responsible. 

Notes: 
i. Alforte, A., Angan, J., Dentith, J., Domondon, K., Munden, L., Murday, S. & Pradela, L. 2014. Communities as Counterparties: Preliminary Review of Concessions 

and Conflict in Emerging and Frontier Market Concessions. The Munden Project. Rights and Resources Initiative. https://rightsandresources.org/wp-content/
uploads/Communities-as-Counterparties-FINAL_Oct-21.pdf

ii. Lay, J., Anseeuw, W., Eckert, S., Flachsbarth, I., Kubitza, C., Nolte, K. & Giger, M. 2021. Taking stock of the global land rush: Few development benefits, many 
human and environmental risks. Analytical Report III. Centre for Development and Environment, University of Bern; CIRAD; German Institute of Global and Area 
Studies; University of Pretoria; Bern Open Publishing. https://doi.org/10.48350/156861

iii. Pointer, R., Sulle, E. & Ntauazi, C. 2023. Smallholder Views on Chinese Agricultural Investments in Mozambique and Tanzania in the Context of VGGTs. Sustain-
ability, 15(2): 1220. https://doi.org/10.3390/su15021220
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2000–2020

The world’s mangroves 2000–2020 
This report provides global and regional estimates of the area covered by mangrove forests, includ-
ing area changes between 2000 and 2020. It analyses the drivers of global, regional and subregional 
changes for the periods 2000–2010 and 2010–2020 with the aim of improving understanding of 
these drivers, their interactions and how their relative importance has shifted over time. This is the 
first global study of mangrove area to provide information on land use rather than land cover.

The role of forest ecosystem services 
to support the green recovery
Evidence from the Ecosystem Services Valuation 
Database

For more information, please contact: 

Forestry Division - Natural Resources and Sustainable 
Production
E-mail: NFO-Publications@fao.org
Web address: www.fao.org/forestry/en

Food and Agriculture Organization of the United Nations
Rome, Italy 
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The role of forest ecosystem services to support the green recovery  
Forests are an important component of natural capital and deliver a broad range of ecosystem 
services that underpin human well-being. The extent and condition of forests in many parts of the 
world, however, have declined dramatically during the preceding decades due to unsustainable 
harvesting of timber, forest fires, urbanisation, and conversion to agriculture. This paper is a back-
ground document developed for FAO’s flagship report, The State of the World’s Forests (SOFO) 2022. 
It reflects the results of a collaboration between FAO and the Foundation for Sustainable Develop-
ment (FSD) to update the Ecosystem Services Valuation Database (ESVD). 

OECD-FAO BUSINESS HANDBOOK  
ON DEFORESTATION AND DUE DILIGENCE  
IN AGRICULTURAL SUPPLY CHAINS

BROCHURE

OECD-FAO Business Handbook on Deforestation and Due Diligence in Agricultural Supply Chains 
This handbook on Deforestation and Due Diligence in Agricultural Supply Chains aims to help 
companies incorporate deforestation and forest degradation considerations in their supply chain 
due diligence and responsible sourcing efforts and adopt a holistic approach to deforestation risk 
and forest-positive outcomes. It builds on the risk-based due diligence framework of the OECD-
FAO Guidance for Responsible Agricultural Supply Chains, the leading international framework on 
responsible business conduct and risk-based due diligence in the agri-food sector.

– 1 –

Enabling Farmer-Led Ecosystems Restoration: 
Farmer Field Schools in forestry and agroforestry 

Enabling farmer-led 
ecosystem restoration
Farmer field schools on 
forestry and agroforestry 

Enabling farmer-led ecosystem restoration - Farmer field schools on forestry and agroforestry 
With agricultural expansion being responsible for almost 90 percent of deforestation worldwide, 
it is being coined as a leading driver of biodiversity and habitat loss around the globe. This situa-
tion presents a critical question: How can agriculture continue to feed growing populations while 
contributing to the urgent restoration of the planet’s ecosystems? This paper presents farmer field 
schools (FFS) as a valid response for answering the growing international call for a much-needed 
re-direction in agriculture. 

UNDERSTANDING 
AND QUANTIFYING  
MOUNTAIN TOURISM

The World Tourism Organization (UNWTO), a United 
Nations specialized agency, is the leading international 
organization with the decisive and central role in promoting 
the development of responsible, sustainable and universally 
accessible tourism. It serves as a global forum for tourism 
policy issues and a practical source of tourism know-
how. Its membership includes 159 countries, 6 territories,  
2 permanent observers and over 500 Affiliate Members.

The Food and Agriculture Organization (FAO) is a 
specialized agency of the United Nations system with a 
mandate to raise levels of nutrition and standards of living 
for all people, to promote production, productivity and 
effective distribution of food and agricultural products, to 
ensure sustainable utilization and management of natural 
resources, and to contribute toward promoting world 
economy and eradicate poverty and hunger. FAO works 
closely with Member Nations and a range of partners at 
national, regional and global levels to achieve these goals.

www.unwto.org 

www.fao.org 

Understanding and quantifying mountain tourism 
All around the world, mountain tourism is driven by the human desire to experience nature in unique 
settings. In turn, tourism has proved to be a lifeline for many communities in mountain regions, and 
it can play a leading role in sustaining systems that contribute to protect these fragile ecosystems 
from overexploitation and support their adaptation to climate change. This study, jointly developed 
by the Mountain Partnership Secretariat of FAO and the World Tourism Organization (UNWTO), 
addresses the current lack of relevant data and so improves our understanding of mountain tourism.  

https://doi.org/10.4060/cc7044en
http://www.fao.org/documents/card/en/c/cc7151en
https://www.fao.org/documents/card/en/c/cc6648en
https://www.fao.org/documents/card/en/c/cc6315en
https://www.fao.org/3/cc5210en/cc5210en.pdf
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The State of the World’s Forests 2022 
Forest pathways for green recovery and building inclusive, resilient and 
sustainable economies 
Against the backdrop of the Glasgow Leaders’ Declaration on Forests and Land Use and the 
pledge of 140 countries to eliminate forest loss by 2030 and to support restoration and sustain-
able forestry, the 2022 edition of The State of the World’s Forests (SOFO) explores the potential 
of three forest pathways for achieving green recovery and tackling multidimensional planetary 
crises, including climate change and biodiversity loss. The State of the World’s Forests 2022 
presents evidence on the feasibility and value of these pathways and outlines initial steps that 
could be taken to further pursue them. There is no time to lose – action is needed now to keep 
the global temperature increase below 1.5 °C, reduce the risk of future pandemics, ensure food 
security and nutrition for all, eliminate poverty, conserve the planet’s biodiversity and offer young 
people hope of a better world and a better future for all.

FOREST PATHWAYS FOR GREEN RECOVERY
AND BUILDING INCLUSIVE, RESILIENT

AND SUSTAINABLE ECONOMIES

THE WORLD’S  
FORESTS

THE STATE OF 

Global
Forest

Resources
Assessment

2020
Key findings

Global Forest Resources Assessment (FRA) 2020 Key findings

FAO Global Forest Resources Assessment (FRA) provides essential information for understanding 
the extent of forest resources, their condition, management and uses. The FRA 2020 Key Find-
ings reports present a synoptic view of the world’s forests and the ways in which the resources 
have changed in the period 1990-2020.

STANDARDS OF PRACTICE 
TO GUIDE ECOSYSTEM 
RESTORATION
A contribution to the United Nations Decade on  
Ecosystem Restoration

SUMMARY REPORT

Indigenous Peoples and 
traditional knowledge 
through the lens of award-
winning photographer 
Brent Stirton

FAO Committee on Forestry 
celebrates 50 years! 
Focus on contributions of 
forests to the Sustainable 
Development Goals

FAO ś work in forestry
under the FAO Strategic 
Framework 2022–2031

253
ISSN 0041-6436

FORESTS FOR 
A BETTER 
WORLD

Interview

FAO Goodwill Ambassador 
Her Royal Highness 
Princess Basma bint Ali  
Passion for sustainability 
and conservation

Vol. 73 2022/1

Standards of practice to guide ecosystem restoration: A contribution to the Unit-
ed Nations Decade on Ecosystem Restoration - Summary report 

Effective restoration of degraded ecosystems is of paramount importance for recovering 
biodiversity, ecosystem health and integrity, ecosystem goods and services, climate-change 
mitigation and human health and well-being. UN Decade partners, through a consultative 
process, offered ten principles for ecosystem restoration to create a shared vision and increase 
the likelihood of achieving the highest level of recovery possible. The goal of this document is to 
provide an overview of the standards of practice to guide ecosystem restoration and present the 
recommendations for the entire restoration process.

Unasylva No. 253: Forests for a better world

To coincide with the 50th anniversary of FAO’s Committee on Forestry (COFO), this edition of Un-
asylva showcases the ways in which forests are delivering the “four betters” and underscores how 
forests are crucial for resilient and sustainable agrifood systems in a changing climate. As FAO’s 
longest running periodical, Unasylva focuses on issues and themes relevant to forestry and forest 
industries and aims to bring globally significant developments in forestry to policymakers, forest 
managers, technicians, researchers, students and teachers around the globe.
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Global forest sector outlook 2050 
Assessing future demand and sources of timber for 
a sustainable economy

For more information, please contact: 
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The number of forest- and  
tree-proximate people
A new methodology and global estimates

For more information, please contact: 
 
Forestry Division - Natural Resources and Sustainable 
Production
E-mail: NFO-Publications@fao.org
Web address: www.fao.org/forestry/en

Food and Agriculture Organization of the United Nations
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Global forest sector outlook 2050: Assessing future demand and sources of timber for a 
sustainable economy. 

The global threats to climate, biodiversity and a healthy environment are mainly caused by 
the excessive use of non-renewable materials. The Food and Agriculture Organization of the 
United Nations (FAO), in collaboration with the International Tropical Timber Organization 
(ITTO) and Unique Consultancy, elaborated a Global Forest Sector Outlook 2050 to assess the 
capacity of wood supply to support a sustainable bioeconomy. The report presents a busi-
ness-as-usual scenario, based on the Global Forest Products Model (GFPM), and a bioeconomy 
scenario based on the impact of increased consumption of two wood products consolidated in 
the market: mass timber and manufactured cellulose fibre. 

The number of forest- and tree-proximate people - A new methodology and global 
estimates 

Mapping the spatial relationship between forests, trees and the people that live in and around 
them is key to understanding human-environment interactions. First, quantifying spatial re-
lationships between humans and forests and trees outside forests can help decision-makers 
develop spatially explicit conservation and sustainable development indicators and policies 
to target priority areas. This study combined tree cover and human population density data 
to map the spatial relationship between forests, trees and people on a global scale providing 
estimates of the number of forest-proximate people and tree-proximate people for 2019. 

FAO Yearbook of Forest Products (Multilingual)  

The FAO Yearbook of Forest Products is a compilation of statistical data on basic forest prod-
ucts for all countries and territories of the world.  The yearbook contains annual data on the 
production and trade in forest products for the years 2016-2020. This is the 74th issue of the 
FAO Yearbook of Forest Products, and all forest product data - including time series starting 
in 1961 - are available at: http://www.fao.org/forestry/statistics.

Principles for ecosystem restoration to guide  the United Nations Decade 2021–2030 

To support the implementation of the UN Decade on Ecosystem Restoration and help achieve 
its goals, there is a need for a shared vision of ecosystem restoration. A key step in creating 
a shared vision of ecosystem restoration is to adopt principles that underpin the full set 
of ecosystem restoration activities. To this end, this brochure presents ten principles for 
ecosystem restoration including a first principle that orients restoration in the context of the 
UN Decade, followed by nine best-practice principles. These best-practice principles detail 
the essential tenets of ecosystem restoration that should be followed to maximize net gain for 
native biodiversity, ecosystem health and integrity, and human health and well-being, across 
all biomes, sectors and regions.
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Collective tenure rights 
for REDD+ implementation 
and sustainable development 

WILDCHECK
ASSESSING THE RISKS AND OPPORTUNITIES 
OF TRADE IN WILD PLANT INGREDIENTS

Collective tenure rights for REDD+ implementation  and sustainable development 

This technical paper emphasizes the opportunity that REDD+ and the global climate agenda 
represent for countries to engage more actively in securing land and resource rights for Indige-
nous Peoples and local communities. At the same time, it stresses how collective tenure rights 
represent a key element to achieve long-lasting and successful results for REDD+, contributing 
to addressing global climate change.

Wildcheck – Assessing the risks and opportunities of trade in wild plant ingredients

Thousands of consumer products around the world contain ingredients obtained from wild 
plants. While these products have global markets and provide critical sources of income, they 
can also have deep ties to particular cultures and places. Along with a broader update on the 
state of the wild plants trade, the report provides a “profile” on each of the Wild Dozen species, 
summarizing key facts on production and trade. The information is aimed at industry, con-
sumers, policymakers, investors, and practitioners, concluding with a summary of what these 
various stakeholders can do to contribute to a sectoral shift towards responsible sourcing of 
wild plant ingredients.
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