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TERMINOLOGY USED IN THIS GUIDE

RFFL 
Project

RFFL Project is the general term for an activity within the global 
RFFL Network. A RFFL Project may consist of a single or multiple 
locations where DRM plots are located.

RFFL Location

RFFL Location is the area where DRM plots are located. The simplest 
RFFL Location would have several DRM plots that show, in side-
by-side comparison, different management techniques (Do-Noth-
ing, Business-As-Usual, and Innovative treatments). More complex 
RFFL Locations are possible, for example with more than one inno-
vative treatment.

DRM Plot 
A Demonstration, Research, and Monitoring (DRM) plot receives a 
specific treatment, applied at operational scale. In statistical termi-
nology this is the experimental unit. Also called the treatment plot.

Measurement 
plot

Sometimes it is more practical to sub-sample particular variables 
in smaller plots than the entire DRM Plot, for example survival in 
a large, planted plot. These Measurement Plots (or subplots) are 
areas within a DRM Plot where subplot measurements are taken. 
Often these are named by the target of measurement, e.g., herba-
ceous plot.

Split plot

A Split Plot is an area within the larger DRM Plot where variations 
on the treatment may be compared. For example, within a planting 
treatment plot, Split Plots may consist of different stock types (bare 
root vs. container), or provenances (e.g., with different drought 
tolerances).

Research Plot
An existing forest/agriculture/ecological research plot (RP) at the 
time of starting an FLR process.
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Block

A block is a group of DRM Plots (experimental units) that show some 
similarity/homogeneity between each other. Blocks can be side-
by-side or in different locations. Random allocation of treatments 
to plots within blocks reduces experimental error. When a block 
contains plots with all of the treatments applied, it is the same as 
a replicate.

Sub-Block

A Block may need to be split into several Sub-Blocks when there is 
not enough space for a whole block at any of the areas available for 
an RFFL location. This is often the case in an already forested area, 
where the available experimental areas are those available after 
harvesting. The Sub-Blocks for each a Block should be as similar as 
possible.

Replicate

A replicate is the number of independent instances of a treatment 
that occur within an experiment, i.e., several experimental units re-
ceive the same treatment. For RFFL, we require a minimum of two 
replicates. When a block contains plots with all of the treatments 
applied, it is the same as a replicate.

Randomized 
Complete Block 

(RCB) design

This is the preferred RFFL experimental design with blocks of equal 
size, each of which contains all the treatments. Thus, in an RCB, a 
block contains a full replicate of treatments. 1
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CHAPTER 1. Introduction
The UN Sustainable Development 
Goals and the Rio Conventions1 on 
climate change, biodiversity and land 
degradation identified the need for 
new approaches to managing forested 
landscapes that were more  resilient 
and better adapted to global environ-
mental change. The Resilient Future 
Forests (RFFL) Network responds to this 
challenge with designed, landscape-level 
field trials that support implementation 
of new silvicultural techniques and 
restoration methods. With a globally 
distributed network of landscape-level 
field trials, the RFFL Network aims 
to generate the information needed 
to select a portfolio of species and 
management methods that provide 
economically desired, climate-adapted 
species and silvicultural methods that 
meet the needs of society.

The Resilient Future Forest Labo- 
ratory Global Network
The Resilient Future Forests Laboratory 
(RFFL) is a global network of long-term, 
operational-scale plots that demon-
strate forests managed for resilience 
and adaptation to change. The RFFL 
Network covers large gradients of 
climatic and socio-economic condition. 
The aim of the RFFL Network is to 
show how to transform landscapes 
and land use to greater resilience 
under future conditions. The RFFL 

Network does this by engaging with 
the forestry and agriculture sectors, 
conservation community, land managers 
and investors, as well as government 
decision-makers. The RFFL Network is 
supported by the International Union of 
Forest Research Organizations (IUFRO) 
and is open to partners that agree to 
contribute to the overall objectives of  
establishing field trials that meet 
mutually accepted criteria, conducting 
inventories and monitoring activities, 
and sharing relevant data and results.

The RFFL approach is conceptually 
simple: Compare current (Do-Nothing 
and Business-As-Usual) with Innovative 
Methods in large, operationally esta- 
blished plots that have an underlying 
experimental design. The Do-Nothing 
“treatment” illustrates what passive 
management produces over the 
long-term (Table 1). Existing land-use 
and local conditions are the starting 
point, with the assumption that current 
management and/or conditions can 
be improved. Current conditions may 
be a degraded location (bare ground), 
abandoned pasture or agriculture (bare 
ground), an unsustainably managed 
existing forest, or an existing forest 
maladapted to future climate. Including 
a Do-Nothing treatment is a control; 
it may also be a Business-As-Usual 
treatment (Table 1).

1United Nations Framework Convention on Climate Change (UNFCCC), United Nations 
Convention on Biological Diversity (UNCBD), United Nations Convention to Combat  
Desertification (UNCCD)
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Alternatives to Business-As-Usual (BAU) 
management must produce added value 
and rest on a solid scientific foundation. 
These two demands, demonstrated 
efficacy under operational conditions 
and rigorous experimental validation, 

are the foundation of the RFFL Network 
of demonstration plots, which are 
underlain by a research design that 
support long-term monitoring.

Treatment Description

Do-Nothing
Passive or Non-Management; could be the baseline con- 
dition as it changes over time. Also functions as the 
Control.

Business-As-Usual (BAU)
Current practice, presumably using the best available 
technology or most common tree species.

Innovative

New, improved practice or new genetic material that 
could be developed elsewhere but locally innovative; 
could be a silvicultural method; new plant material 
and/or species, provenances, hybrids, clones; or a new  
sensor.

 Table 1. The range of treatments evaluated in an RFFL Project.

The Context: RFFL, Forest Land-
scape Restoration and the Role of 
IUFRO
Humanity is facing triple threats from 
the loss and degradation of natural 
systems, declining biodiversity, and a 
warming and less predictable climate. 
In many regions of the world a rapidly 
degrading natural environment coupled 
with drastic declines in socio-economic 
conditions demands a more active role 
of forest science in designing future 
resilient landscapes by integrating trees 
for a wide range of goals and purposes. 

Fortunately, forest science has in its 
disciplinary DNA the ability to respond 
to challenges.

We can look back to a wealth of 
knowledge generated through research 
plots in all types of forest ecosystems 
around the globe. The objectives 
of those efforts have included 
understanding growth performance 
of tree species in their native habitat, 
species introduced to localities outside 
of their natural habitat, and improved 
management methods. Early field-based 
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research using permanent monitoring 
and experimental plots dates back at 
least to the 19th Century with emphasis 
on provenance trials and monitoring of 
performance. Examples of such long-
term research in Europe include trials 
of Douglas fir (Pseudotsuga menziesii) 
seed sources for use in British forests 
(Fletcher and Samuel, 2010), survival 
of Douglas fir  provenances in Austria 
(Chakraborty et al., 2019), or the 
studies on the influence of exposure 
and suitability for different tree species 
on marginal agriculture lands in North 
Wales (Kerr, 2014). Comprehensive 
research on the adaptability of 
Norway spruce (Picea abies) under 
changing environmental conditions 
in 13 European countries under the 
leadership of IUFRO that started in  
1964 generated important insights 
useful for developing future forest 
management strategies (Liepe et al., 
2019). In North America, a wide range of 
field research trials were established for 
investigating provenance performance 
in relation to abiotic conditions, par- 
ticularly climate. These were sub-
sequently monitored over decades (Risk 
et al., 2021; Park and Rodgers, 2023). 

Starting in the early 20th Century, 
permanent sample plot systems were 
established in tropical high forests in 
Southeast Asia, West and Central Africa 
and Central and South America with the 
aim to monitor the impacts of timber 

logging on the regeneration and recovery 
of tree species of commercial value 
(Alder and Synnott, 1992; Picard et al., 
2010; Cho and Mesh, 2016).

Comprehensive ecological monitoring 
focusing on species diversity, 
growth, mortality, regeneration of 
woody vegetation, and various other 
ecological parameters has been ongoing 
since the early 1980s in different 
initiatives throughout the tropics. The 
international network established by 
the Smithsonian Center for Tropical 
Forest Science aims to improve the 
understanding of tropical forests. The 
network includes long-term research 
on large, 50-ha (hectare) permanent 
forest census plots on Barro Colorado 
Island, Panama; Pasoh Malaysia; 
Bukit Timah, Singapore; and Korup, 
Cameroon (Condit, 1998). Similar 
objectives of ecological monitoring 
are pursued on long-term permanent 
sample plots in dryland forests by the 
DRYFLOR Initiative (Latin American 
Seasonally Dry Tropical Forest Floristic 
Network2) that provides guidance for the 
assessment of woody vegetation.

In response to increasing concern for 
deforestation and forest degradation 
in the tropics, permanent sample plot 
systems were expanded to serve for 
research and demonstration of im-
proved forest management practices, 
particularly addressing reduced impact 

2The DryFlor Field Manual for Plot Establishment and Remeasurement: http://www.dryflor.
info/files/Protocol_v1.2_English.pdf

http://www.dryflor.info/files/Protocol_v1.2_English.pdf
http://www.dryflor.info/files/Protocol_v1.2_English.pdf
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logging, silviculture treatments, and 
restoration of degraded forest stands 
(Sist and Bertault, 1997; Priyadi et al., 
2006). Many of the earlier initiatives are 
today part of a pan-tropical network (i.e., 
Tropical Managed Forest Observatory) 
investigating the response of tropical 
forests to logging, in terms of biomass 
dynamics, timber volume recovery, and 
changes in species composition over 
time3.

Large-scale operational plot systems for 
monitoring, demonstration, and lear-
ning are one way of making innovative 
solutions work for policy and on-the-
ground management. Demonstrating 
various management options on the 
ground, including other land uses 
(not only forests), drive home the 
landscape implications of innovative 
forest management. Recent initiatives 
working towards this end include the 
Experimental Forest Management Pro-
ject in Switzerland (Forrester et al., 
2019), or the EU-funded project “Superb 
– Upscaling Forest Restoration”4. While 
the former systematically exploits 
the wealth of past permanent plot 
measurements of Swiss forests to 
inform stand management regimes, 
the latter forward plans to link practical 
and scientific knowledge for the 
establishment of concrete restoration 
actions in 12 large-scale demonstration 
areas throughout Europe.

IUFRO scientists have developed the 
Resilient Future Forest Laboratory 
initiative (RFFL) to translate established 
scientific knowledge into the design of 
future forest landscapes. The goal is to 
focus past field research, experiments, 
and other scientific work toward 
landscapes that are resilient under 
climate change and at the same time 
able to provide desired good and services 
providing more benefits to nature 
and people5. The core elements of the 
RFFL are operationally established, 
large demonstration, research, and 
monitoring plots that compare Business-
As-Usual (BAU) with Innovative Manage-
ment Techniques.

The RFFL Network supports efforts 
to develop climate-adapted forestry 
and offers a significant opportunity 
for synergy with Forest Landscape 
Restoration (FLR) efforts (Spathelf 
et al., 2018; Stanturf et al., 2019). 
Therefore, the RFFL Network can be 
integral to FLR  projects that support 
participatory decision making by all 
relevant stakeholders, demonstrating 
feasible options in managing forests and 
other natural resources in a specific local 
context, and ultimately contributing 
to progress by integrating innovation 
into conventional wisdom and current 
practices.

3Tropical Managed Forest Observatory, https://tmfo.org/
4Superb, https://forest-restoration.eu/
5RFFL Website 2023, https://www.iufro.org/science/special/spdc/netw/rffl/

https://tmfo.org/
https://forest-restoration.eu/
https://www.iufro.org/science/special/spdc/netw/rffl/
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The establishment of RFFL locations 
on the ground can be viewed as a tool 
within the broader FLR process that 
generates multiple benefits (Figure 1). 
The FLR context involves long-term 
processes of stakeholder engagement 
addressing broad land management 
issues across agriculture, forestry, water 
management and other sectors using 
land and vegetation resources. In getting 
started with an FLR initiative, existing 
research plots (RPs) can illustrate past 
and ongoing research on designing not 
only climate-resilient but also productive 

landscapes. In many countries forest and 
agricultural research organizations have 
existing field experiments that could 
serve as nuclei for shaping the direction 
of initial discussions with stakeholders 
on establishing an RFFL Project. These 
can be combined with innovative 
techniques into pilot projects for FLR, 
using various forest species mixtures, 
reduced impact harvesting systems, 
agroforestry with multiple layers of 
vegetation for agriculture production 
integrated with trees, soil conservation 
measures, and the like.
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Figure 1. The supporting role of RFFL field locations within the FLR implementation 
process.
RP – existing forest/agriculture/ecological research plots at the time of starting an FLR 
process.
RFFL – field installations established based on FLR goals, specific objectives, or ex-
panded existing RPs. RFFL is a long-term endeavor like the FLR process. (Amended 
from Stanturf et al., 2017)

During the process of conceptualizing 
an FLR project, efforts by front-
runners should be supported. These 
early adopters (Innes, 2009) are 
testing innovative approaches in land 
management that can be discussed 
as alternatives to established BAU 
management approaches.

Investing further into expanding 
such RFFL field sites and adding new 
components across the landscape will 
provide excellent opportunities for 
demonstration and capacity building 
on FLR for a wide range of stakeholders 
during the implementation phase of an 
FLR project.

IUFRO, as the global network for forest 
science cooperation, will support the 
emerging Resilient Future Forests 
Laboratory Global Network as this 
is in line with IUFRO’s objectives of 
promoting science collaboration across 
the globe. More specifically, IUFRO will 
promote the sharing of best practices in 
long-term monitoring of forests based 
on past and ongoing projects; contribute 

to capacity building in proven RFFL 
procedures and census protocols; assist 
IUFRO members and partners around 
the globe in generating results of long-
term field projects on RFFL by involving 
scientists from various regions and 
disciplines; and incorporating relevant 
RFFL results into its interaction with 
policy and practice at regional and global 
levels.

In conclusion, the RFFL initiative is 
intended to complement existing and 
ongoing local and national field research 
efforts that have been established to 
design forest management strategies 
leading to more resilient forests able to 
cope with the rapidly changing climatic 
and socio-economic conditions.

Purpose, Target Audience, 
and Intended Use of the RFFL 
Documentation Guide
This RFFL Guide provides guidance 
on establishing and maintaining an 
RFFL Project, collecting data, and 
sharing results. This Guide is intended 
primarily for anyone directly involved 
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in proposing and establishing an RFFL 
Location. Scientists, practitioners, 
consultants/advisors, and landowners 
(individuals or organizations responsible 
for the land on which the RFFL is 
located) all will benefit from this Guide. 
Other users who could find this Guide 
useful include staff of agencies, donor 
organizations, civil society, and non-
governmental organizations (NGOs) 
who are interested in the results of an 
RFFL Project. This Guide can also help 
to explain the project to visitors who 
are interested in the comparison of BAU 
with innovative treatments. Visitors 
might include school groups or clubs, 
farmer organizations, or others generally 
interested in forestry and conservation. 2Organization of the Guide

The Guide describes three main 
activities: (1) Visualizing and Concept-
ualizing an RFFL Project [Chapters 1-4], 
(2) Detailed descriptions of the main 
activities needed to Implement an RFFL 
Project [Chapters 5-9], and (3) activities 
needed to Sustain an RFFL Project over 
the long-term [Chapter 10]. Various 
appendices follow, with examples of 
forms and further resources.
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CHAPTER 2. Useful Concepts
The RFFL concept focuses on im- 
proving landscapes through adaptive 
management, incorporating stake-
holder participation in design and 
implementation. In this chapter, these 
concepts are briefly described. The RFFL 
is based on Demonstration, Research, 
and Monitoring (DRM) plots that 
serve two purposes, demonstration 
and research (Gardiner et al., 2008). 
They demonstrate to stakeholders, 
local communities, foresters, wildlife 
managers, and the public ways to 
manage forests sustainably, including 
costs and benefits that can be 
extrapolated to inform practice. Even 
operational scale, however, might 
not reflect all the costs and benefits 
of upscaled and fully implemented 
practices. Especially, innovative methods 
could easily be more expensive at the 
outset than BAU, until innovations are 
widely implemented, and economies 
of scale are realized. The research 
focus documents stand development, 
including response to climate change. 
Research can also estimate biomass 
production and carbon sequestration, 
structural development related to 
wildlife habitat, biodiversity, visual 
effects, and economic benefits.

Landscapes
Landscapes can be viewed from multiple 
perspectives based on their attributes, 

including what they mean and how 
their resources are used (Greider and 
Garkovich, 1994). Landscapes have 
biophysical features (e.g., mountains, 
streams, forests, and soils) and 
constructed features (e.g., buildings, 
roads, drainage ditches, and mines). 
Physically, landscapes are large areas, 
on the order of 1,000s to 10,000s of ha 
(Forman and Godron, 1986), comprised 
of a collection of heterogeneous, smaller 
units that are themselves more or less a 
homogeneous mosaic of microhabitats. 
Topographic features (i.e., slope, aspect, 
shape, and elevation) contribute to this 
heterogeneity.

In practice, landscape definition 
is a function of the phenomenon 
under consideration. For example, in 
geomorphology a landscape is defined 
by the diverse landforms it contains 
(Garner, 1974). Ecologically, a landscape 
is a mosaic of interacting ecosystems 
(Forman and Godron, 1986). Landscapes 
are not defined, however, only by 
what is found within a geographical 
space. Nearby external factors (e.g., 
transportation, migration) and distant 
factors (e.g., international agreements, 
globalization, climate warming) affect 
the landscape and outside actors 
and the choices they make can shape 
the landscape in ways that are not 
completely apparent (IPBES, 2018).
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From a human perspective, a cultural 
landscape has associations and uses 
that yield a sense of place (Kibler et 
al., 2018). The biophysical attributes 
are tied together to give a sense of 
a place connected to other places 
physically, culturally, or economically. A 
socioeconomic landscape encompasses 
the linkages of a place with other places 
through trade and governance. Different 
segments of the population residing 
in a landscape may perceive and value 
the landscape differently. For example, 
long-term residents may have a stronger 
emotional attachment than newcomers 
to some features of a landscape (Vorkinn 
and Riese, 2001; Stedman, 2003).

Stakeholders
In the most general sense, a stakeholder 
is an individual or group that has an 
interest in any decision or activity of an 
organization (ISO 26000:20106). The 
person or organization that owns (or 
is responsible) for the land on which 
an RFFL plot is located is an important 
stakeholder, but many others are, by 
our definition, stakeholders (Figure 2). 
Stakeholders’ perceptions and visions 
about the future landscape will drive the 
selection and implementation of new 
silvicultural methods, choice of trees 
species, and forest structures. Our own 
experience, and the experience of others, 
has shown that early communication 
and involvement of local communities 
can improve project success (Höhl et 

al., 2020). RFFL Projects are unlikely 
to proceed in total isolation; to be 
successful, potential conflicts between 
personal, professional, and stakeholders’ 
interests must be acknowledged, and 
such conflicts addressed through open 
communication, appropriate reporting 
and incentive systems and, where 
necessary, third party review.

Stakeholders are diverse, with varied 
interests and different levels of 
familiarity and understanding of 
forestry. Stakeholder identification and 
engagement is a key component of RFFL 
Projects, especially, but not limited to, 
societies with complicated land tenure 
and governance (Bryson, 2004; Reed et 
al., 2009; Kusters et al., 2018; Ceccon, 
2021; Elias et al.; van Oosten et al., 
2021; Nousiainen and Mola-Yudego, 
2022). Even in industrialized societies 
with well-defined land ownership, forest 
managers must involve the public in 
forest planning and management as well 
as environmental impact assessment 
of management interventions (Kangas, 
1994; Buchy and Hoverman, 2000; 
Sheppard, 2005; Fischer, 2018; Lieffers 
et al., 2020; Mansuy et al., 2020; Hansen 
et al., 2021).

6 https://www.iso.org/iso-26000-social-responsibility.html

https://www.iso.org/iso-26000-social-responsibility.html
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Figure 2. Stakeholders groups. 
Stakeholders come from all walks of life, from both public and private sectors. 
(Source: Broadhurst et al., 2023)

Themes
Because of the diversity of local contexts 
and objectives, this Guide includes a 
section of local examples that illustrate 
the translation of landscape-level and/
or national/Sustainable Development 
Goals (SDG) into concrete designs for 
restoration and Sustainable Forest 
Management (SFM) on the ground. 
These Visions are organized as Themes, 
including the following:
• Managing Existing Stands for 

Production and Multiple Uses
• Restoring Degraded or Bare Sites for 

Erosion Control or Biodiversity
• Conserving or Restoring Biodiversity 

or Wildlife Habitat
• Integrating Trees into Agriculture 

(Agroforestry) 

• Adapting to Changed Climate

This list of possible Themes is not 
exhaustive, but it captures the main 
challenges that RFFL is designed to 
address. These Themes are described 
in greater detail, with some potential 
treatments, in Chapter 3.

Terminology
A quick note on the terminology used 
in the Guide. An RFFL Project is specific 
to an organization, for example a 
landowner, company, or agency hosting 
one or more RFFL Locations. An RFFL 
Location is the place where treatments 
are applied to Demonstration, Research, 
and Monitoring (DRM) plots. 
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The simplest type of RFFL Location has 
at least two blocks of DRM plots that 
each has the full set of treatments (i.e., 
BAU, Innovative, and Do-Nothing plots). 
An RFFL Project may have multiple 
locations to account for spatial and/or 
temporal variation, or to demonstrate 
different treatments. An RFFL Location 
may have more than one BAU method, 
Innovative treatment, or both. In 
practice the requirement for large plots 
may constrain the number of treatments 
and replications at an RFFL location, 
since the available experimental area 
may be restricted. Plot design and 
variations are discussed in Chapter 6.

Adaptive Management
The aim of the RFFL Network is that 
results from RFFL Projects are embedded 
in an adaptive management framework 
(Figure 3), to guide sustainable forest 
management in a local context. Simply 
using techniques developed elsewhere 
without testing their effectiveness under 
local conditions can lead to failure. 
Adaptive management is a process for 
evaluating results and adjusting actions, 
or triggering intervention, on the basis 
of what has been learned (Walters and 
Holling, 1990; Williams, 2011). Learning 
occurs from feedback from monitoring. 
By comparing current practices (Do- 
Nothing, Business-As-Usual) to meth-
ods that are locally innovative or 
novel, an RFFL Project provides a basis 
for management choices, economic 
decisions, and the application of chosen 
regimes.
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Figure 3. The adaptive management framework. 
More detailed steps in the planning phase (upper figure) in the Framework for an 
RFFL Project (lower figure).

The Planning and Doing phases of 
adaptive management are treated in 
greater detail in Chapters 4-9 of this 
Guide. Building a Project Plan begins 
by Visioning the future landscape, 
identifying issues of concern with 
stakeholders. The resulting Theme of the 
RFFL Project guides the Conceptualizing 
steps of identifying Objectives, selecting 
Locations, devising Treatments and a 
Design. The Doing phase implements 
the RFFL Project Plan by installing the 
treatments, measuring and analyzing 
data. The long-term effort of an RFFL 
Project is Sustained by archiving and 
managing data, continued monitoring, 
and periodic reporting (Chapter 10).

Demonstration, Research, and Mo- 
nitoring  (DRM) Plots 
The DRM plots are the key element 
of an RFFL Project. They are large, 
operationally established, at least 0.5 
ha but preferably 1 ha or larger. Large 
plots generally increase the costs of 
installation and measurement over 
smaller plots, but they have four 
advantages. First, large plots enhance 
the visual impact of treatment effects. 
Second, they enable visitors to visualize 
how the treatments would look on the 
visitors’ home landscapes. Third, large 
plots provide treatment effects more 
comparable to what is normally occurs 
in practice, incorporating micro-site 
variations, and reducing edge-effects. 
Fourth, large plots allow for layering of 
additional studies within the framework 
of the primary study (e.g., biodiversity, 
provenance, insects, pathogens, soils, 
micro-climate).
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DRM Plots

DRM plots help to uncover conflicts 
and synergies with other sustainable 
development and biodiversity targets by:

• Addressing key local questions 
related to forest landscapes manage-
ment

• Demonstrating innovative silvicul- 
tural techniques

• Testing new materials–provenances, 
species

• Utilizing new sensors and monitor-
ing/inventory techniques to docu-
ment benefits

• Communicating and openly sharing 
information locally, regionally, and 
globally to improve public under-
standing, engagement, ownership, 
and participatory decision making.

Questions for Chapter 2

• Have stakeholders (people and agencies) been identified, contacted, informed, 

(and if appropriate, invited to participate)?

• Have traditional owners been contacted about cultural sensitivities, location 

access, traditional ecological knowledge on the target species, and potential 

participation in the project?

• Are there any resource, social, cultural, ethical, or legal barriers to stakeholder 

engagement?

• Is there a clear statement outlining stakeholders’ roles, responsibilities and expec-

tations for the life of the RFFL Project?

• How will any different treatment objectives among stakeholders be addressed? 

• Are there any procedures for addressing conflicts of interest?

• Does a project or research partnership need to be developed or formalized?
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CHAPTER 3. Getting Started
A flexible approach to developing an 
RFFL Project is project cycle manage-
ment (European Commission, 2004; 
Stanturf et al., 2017), as we have 
adapted it in Figure 2. Visioning 
produces the overall Theme of the RFFL 
Project by engaging with Stakeholders 
and identifying the Issues to be 
addressed. The generalized Theme of 
the RFFL Project is turned into 
concrete, measurable Objectives in the 
Conceptualization phase. This develops 
the Treatments and selects the Locations. 
An idealized Design structures the layout 
of the Treatments on the Location, 
which is comprised of the DRM Plots. 
Implementing and Sustaining are the 
doing phases, that is, the steps needed 
to turn the idealized project Design 
into reality, an Installed RFFL Location 
where Treatments are Measured, and the 
data produced are Analyzed. The long-
term nature of RFFL Projects is secured 
by Sustaining activities that include 
Data Management, Monitoring, and 
Reporting. This approach is systematic, 

stepwise, but flexible. In practice, it likely 
is iterative, and some steps may proceed 
simultaneously. The central record, the 
Project Plan, starts out as a somewhat 
informal Concept Paper that becomes 
the formal design document. A template 
for the Concept Paper is included in 
Chapter 5. A Concept Paper summarizes 
important information about an RFFL 
Project and can be used to quickly 
inform stakeholders of the overall nature 
of the RFFL Project.

Examples of RFFL Projects
The RFFL Network can accommodate 
projects at different scales, for example 
stand- or landscape-level. An RFFL 
Project may be comprised of one 
or more RFFL Locations. The basic 
RFFL unit is a group of at least three 
DRM plots that compare Control and 
Business-As-Usual Treatment with an 
Innovative Technique. All are established 
operationally (Figure 4).
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Figure 4. Site preparation, Bornholm 
Denmark. 
The previous unstable spruce plantation 
was removed, and the site prepared 
(left) for planting several productive 
species mixtures of either conifers 
or broadleaves (right), ranging from 
native species to non-native species 
mixtures. The no-planting treatment 
relying on natural regeneration repre-
sents Do-Nothing; a low-stocked na- 
tive broadleaves planting is a non-
productive treatment. Both this and the 
Do-Nothing treatment represent what 
some stakeholders see as a “biodiversity 
forest.”

An RFFL Project could compare, for 
example, different regeneration meth-
ods (e.g., natural regeneration, direct 
seeding, and planting), as seen in the 
Sharkey Restoration Research and 
Demonstration Site in Mississippi, USA 
(Figure 5). Here the treatment plots 
were established in former soybean 
fields. The natural recolonization plot 
(i.e., Do-Nothing) functioned as the 
control. Two BAU treatments, direct 
seeding and planting Nuttall oak, 
were compared to the Innovation of a 
cottonwood nurse crop interplanted 
with Nuttall oak. 
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Figure 5. The Sharkey Restoration  
Research and Demonstration Site. 
The aerial view of the stand-level pro-
ject above shows four treatments and 
three blocks. Also in this view are other 
experimental installations at the Shar-
key Site. The panels to the left show the 
four treatments (natural recolonization,  
direct seeding Nuttall oak, planting 
bareroot Nuttall oak, and interplanting 
Eastern cottonwood and Nuttall oak, a 
two-step process (Gardiner et al., 2008; 
Stanturf et al., 2009; Strickland et al., 
2017).

An RFFL Project can be comprised 
of multiple RFFL Locations, possibly 
to illustrate different stand-level 
treatments imposed on different 
portions of the landscape (e.g., even-
aged vs. uneven-aged management, 
variable density thinning, corridor 
designs). An example from the Missouri 
Ozarks Ecosystem Project (Figure 
6) illustrates a multi-location RFFL 
Project. This landscape is an area of 
publicly owned forests, with selected 

compartments (Figure 6A). Within a 
compartment (Figure 6B), locations 
were delineated by slope, aspect, and 
forest type (e.g., yellow = ridges, red = 
side slopes with south and west aspect, 
green = side slopes with north and east 
aspect, grey = side slopes north and east 
aspect with dry mesic limestone forest 
type). Within locations (Figure 6C), 
four treatments were assigned to stands: 
regeneration cut, intermediate cut, no 
management, old-growth set aside.
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Figure 6. An example of a multi-
location, landscape project.
(A) Compartments within a forest 
management unit based on public 
ownership; (B) locations (blocks) 
within compartments based on slope, 
aspect, and forest type; (C) stands 
within a location that receive particular 
silvicultural treatments (Examples from 
the Missouri Ozarks Ecosystem Project 
(Brookshire et al., 1997).

Describe the Project
Early in the RFFL Project life a general 
description of the project helps with 
planning, communicating to potential 
partners, and securing funding. A 
description may begin as a general 
statement and become more specific and 
detailed as planning progresses. Each 
RFFL Project has a “Theme,” a vision 
(Stanturf et al., 2017) for addressing 
the key issues that the innovative 
treatments are designed to mitigate 
or improve. Defining the themes can 
develop from participatory planning 
with stakeholders or discussions 
between researchers and managers, 
or from formal assessments made 
by agencies or third parties. The 
Theme need not specify treatments or 
interventions at this point.

Engage Stakeholders
Identifying and engaging stakeholders 
occurs throughout the planning and 
design of an RFFL Project. Stakeholders 
with the power to approve or veto 
the project and location, such as 
landowners and agencies, are the most 
critical stakeholders to engage early in 
the planning process. As the project 
takes shape and specific locations and 
treatments are selected, a broader group 
of stakeholders will emerge.

State Objectives and Design Treat-
ments
The process for setting objectives and 
deciding on treatments is described in 
greater detail in Chapter 4. Objectives 
should reflect a shared understanding 
of the initial environmental and social 
conditions and address the identified 
environmental issues expressed in 
the theme. Treatments should meet 
sustainability criteria of ecologically 
appropriate, economically viable, 
and socially acceptable. An RFFL 
Project should include a Business-As-
Usual (BAU) or current management 
intervention, compared to Innovative 
treatments (i.e., treatments are 
innovative or novel in the local context) 
as well as a control (Do-Nothing).
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Stakeholder Engagement

Seven useful principles for stakeholder 
involvement come from business 
management*: 
1. Acknowledge and actively monitor 

the concerns of all legitimate stake-
holders, and take their interests 
appropriately into account in 
decision-making and operations

2. Listen to and openly communicate 
with stakeholders about their res-
pective concerns and contributions, 
and about the risks that they assume 
because of their involvement with 
the project 

3. Adopt processes and modes of 
behavior that are sensitive to the 
concerns and capabilities of each 
stakeholder constituency

4. Fairly distribute the benefits and 
burdens of project activity among 
stakeholders, considering their 
respective risks and vulnerabilities

5. Work cooperatively with other 
entities, both public and private, to 
ensure that risks and harm arising 
from project activities are minimized 
and, where they cannot be avoided, 
appropriately compensated.

6. Avoid activities that might jeopardize 
human rights or give rise to risks 
that would be unacceptable to 
relevant stakeholders.

*Clarkson Principles of Stakeholder 
Management, source:  
https://www.stakeholdermap.com/
principles-stakeholder-management.
html 

Select the RFFL Location(s)
Identify the Project Location and its 
Boundaries
Locating an RFFL Project can be com-
plicated. The motivation for an RFFL 
Project may come from researchers or 
land managers who may approach a 
research organization or landowner. 
Either way, selecting an appropriate 
location should follow the general 
guidelines outlined below, particularly 
representativeness and accessibility. 
The location selection process likely 
will involve examining maps and stand  
descriptions as well as site visits.

Ownership of a potential RFFL Location 
is an important consideration for the 
long-term integrity of the project.  
Most of the time, public ownership is 
more stable than private ownership, 
although not always. Even though 
a location may remain in public 
ownership, management staff can 
change, and new staff may be unaware of 
the need to maintain the location. Also, 
organizational objectives and activities 
might compromise location integrity if 
communication is not maintained with 
land management staff, whether in 
public agencies or private organizations.
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The size of an area needed for an RFFL 
Location depends on the number of 
treatments and replications. A “mini-
mum-sized” project might have three 
treatments and 2 replications, resulting 
in 6 DRM plots. An individual DRM 
plot will have one treatment over the 
whole area (at least 0.5 ha, preferably 1 
ha or larger). With buffers and access, 
this location could require 7 or more ha. 
A more realistic size would be upwards 
of 50 ha to allow for more treatments 
and more replications; even larger plots  
(> 1ha) could be desirable.

One (or usually more) measurement 
plots will be contained within a DRM 
plot. The variable being measured 
determines the size of the measurement 
plot (e.g., smaller measurement plots 
are used for seedling survival but larger  
ones for DBH of large trees). To examine 
more questions of interest, it may be 
desirable to divide the treatment plot 
into split plots to evaluate additional 
treatments. For example, the whole 
treatment plot may be one species and 
the split plots may test different stock 
types (e.g., bareroot vs. container). 
Of course, each split plot will need to 
be measured separately. For example, 
in the Sharkey Location (Figure 5) 
the cottonwood/red oak plots divided 
into four split plots with different 
cottonwood clones.

Once a location (or several potential 
locations) has been agreed upon, it is 
time to engage with a broader group 

of stakeholders. While there may be 
an expectation that the land owning 
organization has the legal right to 
treat the location as it wishes, in 
reality there are more organizations, 
and individuals with an interest 
in how the land is treated. Some 
stakeholders are easily identified–other 
government agencies (e.g., agriculture, 
water, or mining ministries), local 
communities, environmental NGOs. 
Some stakeholders may not be readily 
apparent, especially low-status or 
marginal groups in society that could 
include women, youth, or landless 
farmers (Mansourian, 2016; Mansourian 
et al., 2019; Dawson et al., 2021). The 
local context is critical in determining 
who are the stakeholders.

Describe the Location(s)
A more detailed description of 
the Project Location is needed for 
implementation and documentation. 
This should include any restrictions 
on use such as deed restrictions, legal 
constraints, and permits required by 
government agencies. This can also 
include informal restrictions. We can 
provide two examples from our own 
experience. (1) In planning a large 
research project on National Forest land 
in Louisiana, USA, a site that was ideal 
in all respects was ruled out because 
of restrictions on ground disturbance; 
the site had been used by the military 
and potentially unexploded ordinance 
remained in the soil. (2) Informal 
restrictions may not render a site 
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General Guidelines

• Select sites that are representative  
of the landscape in terms of bio- 
physical conditions, species compo-
sition (remnant or potential), and the 
targeted management techniques. 

• If applicable, emphasize the land- 
scape level and delineate different 
land uses. 

• Select easily accessible areas; a 
demonstration area inaccessible to 
the intended audience is of little 
value. For example, some visitors 
to a site may be unprepared or 
unwilling to trek long distances 
across inhospitable terrain. This 
is particularly true of visitors who 
routinely do not work in the field, 
such as policymakers. 

• While accessibility is important, 
the location should not be 
disproportionately more exposed to 
human influence simply because it is 
more accessible.

• Involve managers in the design and 
installation of experiments. This a- 
ssures visitors that innovative treat- 
ments can be replicated on their own 

sites with existing equipment and 
materials. 

• Choose treatments with the eco- 
nomic, ecological, and social poten-
tial to be replicated over large areas. 

• Compare Innovative Treatments 
with Business-As-Usual Management

• Install treatments by operational 
methods to generate information on 
realistic costs and benefits. 

• Locate treatments near to one 
another or side-by-side for visual 
comparison on a common location. 

• Geo-reference and permanently mark 
locations, with established and geo-
referenced photo points.

• Develop a data management sys-
tem at the outset to archive and 
protect data, set out terms of use 
by the research community, that is 
accessible to managers, with analysis 
and interpretation for adjusting 
management practices. 

• Commit to long-term location main-
tenance and monitoring to realize 
the full value of the DRM plots.

unacceptable but nevertheless, must 
be considered. In the Kyrgyz Republic, 
one of our RFFL Locations was annually 
harvested for forage by local agency 
staff to feed their own livestock. This 
posed a risk to the survival of planted 
seedlings. Collaborating with staff, we 

were able to mitigate this risk by clearly 
communicating the risk and marking 
planting spots to be avoided. This 
allowed staff to continue reaping their 
forage benefit without harming the 
planted seedlings.
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Questions for Chapter 3

• What are the key questions or issues to be addressed?

• Have project objectives been defined? 

• What are the treatments? Do they include innovations?

• Have the key selection criteria for a location been identified? 

• Is there a need for a target/reference location?

• Have the attributes of the location been identified and documented?

• Are stakeholders engaged in designing the project? 4
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CHAPTER 4. Conceptualizing the 
RFFL Project
The goal of RFFL is to address key 
local issues related to managing 
forest landscapes. Objectives are 
answers to the key questions raised 
by the issues, a realized vision of the 
desired future landscape. Themes are 
the RFFL way of bundling objectives 
into coherent strategies for selecting 
treatments. Objectives determine 
the Theme, whether it is production 
forest management (e.g., for CO2-
sequestration, timber or other wood 
or non-wood outputs), afforestation, 
erosion control, agroforestry, or 
conservation or restoration of natural 
areas for biodiversity or wildlife.

Beginning an RFFL Project can seem 
daunting, with so much required, 
including a large enough land area. 
Sometimes it makes sense to start small 
and slowly develop an RFFL Project. 
The reality is that often large projects 
began with a nucleus of smaller plots 
and expanded to become a larger  
installation. As mentioned in Chapter 
1, an RFFL Location can be a pilot for 
a large Forest Landscape Restoration 
(FLR) effort. The RFFL approach 
facilitates progressively developing 
a large project, in that a Project can 
have multiple Locations, which can be 

established over several years. Indeed, 
a Project may be designed to develop 
over time, such that results from initial 
stages are expected to influence later 
treatments. While our goal is large 
RFFL Projects covering 100s of ha, it is  
not necessary that the entire Project is 
established at the outset.

Objectives, Themes, and Treatments
Deciding on objectives begins with a 
shared understanding of the initial 
environmental and social conditions. 
Existing land-use and biophysical 
conditions represent the starting 
point at each RFFL Location. From 
this common foundation, two general 
questions arise: Do we have the 
conditions we want; and do we want 
an existing condition (Figure 7)? 
Answering these questions should 
lead to a consensus determination of 
feasible objectives. There are four general 
types of objectives, meant to Achieve 
a desired condition or outcome, Avoid 
an undesirable outcome, Preserve a 
desirable existing condition, or Eliminate 
an undesirable condition. The point 
of RFFL is that the landscape needs 
restoration or that current management 
can be improved to be more sustainable 
or better adapted to future climate.
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Deciding on treatments should 
proceed from a shared understanding 
of objectives among stakeholders 
and treatments should meet the 
sustainability criteria of ecologically 
appropriate, economically viable, and 
socially acceptable. Consideration should 
be given to long- and medium-term, 
primary and secondary objectives as 
well as the specific targets to be achieved  
in the shorter time horizon. This 
is indeed challenging, as multiple 
objectives can be remarkably diverse 

and require some compromise and 
balancing of the interests and priorities 
of stakeholders. In some instances, 
innovative treatments may face 
regulatory obstacles. For example, 
current legislation or regulations 
may preclude use of novel (non-
native) species or genetic material. 
Notwithstanding legal obstacles, 
dispensation may be obtainable for 
scientific experiments like the RFFL 
and for innovations that could increase 
capacity to adapt to climate warming.

Figure 7. Two questions for framing objectives.
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The RFFL approach requires comparing 
current practice to an innovation. 
The current practice, Business-As-
Usual (BAU), covers a range of initial 
conditions and common management 
interventions. In some locations, BAU 
may be a degraded site that is grazed 
(or overgrazed), abandoned pasture or 
agriculture, or a spent mine site. At other 
locations, BAU may refer to current 
forest management that is unsustainable 
now or will be maladapted to future 
climate conditions.

The third treatment in our RFFL 
design is a control or do nothing and 
see how the system develops. On the 
one hand, a non-intervention control 
might be inappropriate in some cases, 
such as when the current condition 
is unacceptable to stakeholders. On 
the other hand, the non-intervention 
control could be to allow natural 
regeneration. Whether or not to include 
a non-intervention control should be 
decided in each case, keeping in mind 
the need for a true control to evaluate 
the effectiveness of a treatment and 
the experimental design underlying the 
DRM plots.

An RFFL Location may have multiple 
objectives and each objective may need 
one or more treatments appropriate 
to local conditions. Some examples of 
objectives and potential treatments 
are shown in Table 2 at landscape and 
stand scales. The treatment possibilities 
shown are suggestions to demonstrate 
departures from current practice 
(BAU). Treatments are determined 
by management objectives that may 
require stakeholder consultation. The 
treatments shown in Table 2 do not 
preclude the design of other treatments 
that are based on specific conditions of 
the RFFL Location and the experience of 
forest managers.
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Objective Landscape Treatment Stand Treatment

Reduce soil erosion

Achieve (establish) protective 

forests on ridgetops and 

slopes greater than 55%

Plant multispecies with 

local and climate adapted 

provenances

Preserve existing forest cover 

through continuous cover 

silviculture

Use variable density thinning 

to change stand structure

Eliminate row crop 

agriculture on sloping lands
Convert to agroforestry

Avoid clear-felling
Use (institute) uneven-age 

management

Increase biodiversity

Achieve (establish) 

multispecies stands

Plant multiple climate 

adapted provenances and 

translocated species

Preserve corridors between 

protected areas

Protect and enlarge 

remnant stands by natural 

regeneration

Avoid harmful exotic 

plantations in buffer areas 

around protected areas

Plant multispecies stands 

with local and climate 

adapted provenances

Eliminate harmful 

plantations of exotic 

species

Convert exotic plantations 

to native species by creating 

gaps and underplanting 

broadleaves

Improve water quality 
and/or quantity

Install and/or maintain 

riparian buffers

Plant multispecies buffer 

strips with local and climate 

adapted provenances

Avoid/remove water 

consumptive species 

plantings in headwaters

Reduce overstory density in 

stands in headwaters

Table 2. Examples of innovative treatments.
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Objective Landscape Treatment Stand Treatment

Improve productivity

Concentrate management 

on responsive sites, increase 

stocking or reduce 

rotation age

Quickly regenerate 

stands after harvesting or 

disturbance by planting 

site-adapted, genetically 

improved material

Increase climate 
adaptivity

Re-introduce prescribed fire 

according to future climate

Plant species or provenances 

adapted to future climate

Replace monospecific stands 

with multi-species, multi-

layer stands

Reduce stocking levels at 

planting or by thinning to 

increase drought tolerance

Underlying Experimental Design
The RFFL Project serves both 
demonstration and research purposes. 
For research purposes, we prefer 
the underlying experiment to be a 
Randomized Complete Block (RCB) 
experimental design, where all 
treatments are applied to units within 
a block. Blocking allows for spatial 
replication of treatments; thus, no 
treatment is assigned twice to the same 
block. Treatments are randomly assigned 
to plots. All manipulated locations 
(i.e., where vegetation is manipulated) 
should be treated within the same year 
so that year-to-year variation in growth 
drivers do not confound the replication, 

unless year-to-year variation is one of 
the treatment factors (e.g., planting 
in successive years to capture climate 
variability).

The RCB design assumes that the blocks 
are considered independent of one 
another. Blocking can be used to capture 
variability in the landscape. Plots are 
assigned to blocks by visual observation, 
based on their subjectively determined 
similarity (e.g., similar topography and 
vegetation density). For example, in the 
Sharkey location (Figure 5), the plots in 
Block III were wetter than the other two 
blocks.
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Treatments are randomly assigned to 
plots within a block by first ordering the 
plots from each block using a random 
numbers table. Each plot within the 
randomly ordered list for a block is 
assigned a treatment number in its turn, 
again, using a random numbers table. 
Then, someone assigns a treatment to 
each treatment number, without having 
any prior knowledge of the previous 
randomization results. Thus, each 
treatment is randomly assigned to a plot 
within a block. 

An RCB design is flexible and extra 
blocks can be added in subsequent years 
or at other locations. Also, possible 
destruction of a site, say from a wildfire, 
can be accounted for within a block 
design. As a practical matter, if plots are 
very large it may be convenient to install 
permanent measurement plots that 
are randomly or systematically located 
within each treatment plot (experimental 
unit). If the available experimental area 
is restricted in size, it may be impractical 
to locate all treatments in a block in 
contiguous plots. In this case, the plots 
within a block should be as similar as 
practical.

Treatments by Themes
Managing Existing Stands for Wood/
Non-Wood Products and Multiple Uses
These plots are designed to document 
Sustainable Forest Management (SFM) 
practices; SFM is understood as “the 
production of forest goods and services 
for the present and future generations” 
(MacDicken et al., 2015). Production 
forests can be managed for multiple uses 
or functions, but often emphasize CO2-
sequestration, timber, or other wood 
or non-wood outputs. The scientific 
basis for forest management has been 
the discipline of silviculture, which is 
evolving from the traditional command 
and control paradigm (as codified in 
Matthews (1991) to a more nuanced 
view of managing forests for complexity 
(Messier et al., 2013). This shift in 
perspective has not occurred everywhere, 
but the trend internationally is to favor 
greater diversity of species composition 
and complex stand structures.

The following treatment possibilities 
are only suggestions to demonstrate 
departures from current practice (BAU). 
Innovative treatments are determined 
in a local context, and management 
objectives could require stakeholder 
consultation. The treatments listed 
in Table 3 are illustrative and do not 
exclude the design of other treatments 
that are based on local conditions and 
experience.
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Table 3. Potential innovative treatments in existing stands.

Forest Condition Potential Treatments

Degraded forest 
(lacking desired species)

Clear fell and plant novel species

Enrichment planting

Framework species method

Assisted natural regeneration

Blowdown: with or without salvage logging; 
retention harvest; plant novel species

Agroforestry methods

Partial overstory removal, 
underplanting

Erosion control (re-seed native
understory; mulching); with or 
without salvage logging; plant

desired species

Degraded forest (lacking 
desired structure)

Partial overstory removal (retention thinning, 
gap creation)

Clear fell with residuals; variable
density thinning

Degraded forest (lacking 
natural fire regime)

Fuel reduction by mechanical or chemical means

Re-introduce prescribed fire
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Restoration of Degraded or Bare 
Sites
Severely degraded areas and bare ground 
likely will require some form of artificial 
regeneration, given the limited dispersal 
distance of many desirable species. 
Nevertheless, local stakeholders may 
prefer species with specific desirable 
attributes, such as fast growth, high 
quality timber, multi-purpose use, soil 
conservation, and provision of NWFPs. 
The choice of species should be made in 
consultation with stakeholders.

Planting is the most likely regeneration/
restoration method for bare sites. 
Depending upon site conditions and 
distance to seed sources, natural 
regeneration and planting may 
combined, but this is likely to be a rare 
occurrence. Direct seeding is a lower 
cost alternative to planting but often 
unsuccessful (Grossnickle and Ivetić, 
2017) although techniques such as 
seedballs may be candidates for small-
scale experimentation. To be successful, 
species must be adapted to current site 

conditions and robust enough to endure 
future changes in climate (e.g., increased 
drought and wildfire).

Selecting which species to plant, by 
what method, and in what density and 
pattern are decisions based on objectives 
and site conditions (Stanturf et al., 
2019). Possible decisions are illustrated 
in Table 4. High-quality stock, planted 
correctly at the proper time, maximizes 
survival. Good quality seedlings provide 
an opportunity to influence the genetics 
available for adapting to climate change. 
Nursery stock also can be selected for 
desirable traits, such as growth rates, 
tree form, fruit or nut production, 
fodder, utility for wildlife, and soil 
improvement potential (Sacande and 
Berrahmouni, 2016).

Table 4. Active restoration designs.
Active restoration designs, from simple 
to complex, based on number of species 
and cohorts and spacing (terminology 
from Stanturf et al., 2014).

Number of 
species

Number of 
cohorts

Spacing Variations Options

Single

Single Uniform Bare ground
Planted into cover 

crops or with partial 
overstory retained

Taungya

Trees interplanted 
with agricultural 

crops until canopy 
closure
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Number of 
species

Number of 
cohorts

Spacing Variations Options

Dispersed

Cluster 
planting

Later infilling by 
natural regeneration

Applied 
nucleation

Later infilling by 
natural regeneration

Multiple

Single

Uniform

Temporary 
mixture

Inter-planting or 
nurse crop that is 

removed early

Permanent, 
simple mixture

Single species rows 
or blocks

Random
Permanent 

intimate 
mixture

High density plant-
ing, Framework 

species

Uniform
Permanent 

intimate 
mixture

Designed mixture

Dispersed
Framework 

species 
planting

Complemented by 
natural regeneration

Multiple

Dispersed

Permanent, 
intimate 
mixture

Cluster with 
multiple species and 
natural regeneration 

between clusters

Permanent, 
intimate 
mixture

Nucleation and 
natural regeneration 
to fill-in open spaces

Uniform or 
random

Underplanting
With or without 
partial overstory 

removal

Random
Release 
advance 

regeneration

With or without 
partial overstory 

removal
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A single species, planted in rows at a 
designated spacing between rows and 
plants within rows, results in a uniform 
planting that often is described as a 
plantation. Cluster planting and applied 
nucleation are dispersed alternatives 
to uniform planting and can be of 
single species or mixtures, in one or 
more cohorts (age groups). Nurse crops 
are another alternative to a uniform 
planting of a single species. A nurse crop 
could combine a fast and a slow growing 
species (for example, the Sharkey 
locations; Figure 5); the nurse species 

could be a shrub or a tree that is either 
removed or suppressed as the slower 
growing species becomes dominant. 
Whatever the planting design chosen 
(Stanturf et al., 2014), plant material can 
vary by stock type (container, bareroot, 
rooted cutting) and by genetics (local 
or seed sources or improved material) 
or from introduction of novel species 
or provenances (assisted migration). 
Availability of nursery material and cost 
often determine the stock type used 
(Figure 8).

Figure 8. Common stock types. 
Top left to right, polybag, very common (DH), bareroot, typical for many conifers (TL), 
hard- and soft-sided containers (KD), Jiffy 7© pot with air pruned roots (EB).Container 
types or systems allowing air pruning are generally recommended to ensure symmetric 
and well-structured root systems. Bottom left to right, different sized seedlings for dif-
ferent objectives (TL), bareroot seedling that began in a container then outplanted for 
additional growth (TL), Populus unrooted pole (JS), Populus cuttings with maximum 
diameter 45 cm and at least one bud (JS). (Sources: Diane Haase (DH), Thomas Landis 
(TL), Kasten Dumroese (KD), Evgeniy Botmann (EB), John Stanturf (JS).
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Site preparation may improve survival, 
establishment, and growth. Trenching, 
mounding, bedding, or subsoiling 
may be needed to improve physical 
soil conditions. Land forming by 
creating terraces on sloping land, water 
harvesting micro-catchments in semi-
arid environments, and traditional 
methods such as zai pits that are dug in 
the soil during the dry season to catch 
water and collect compost are other 
possibilities (Figure 9). Site preparation 
may also reduce invasive species. New 
plantings may need protection from 
livestock (fencing or seedling protectors) 
and wildfire.

Figure 9. Water collecting planting sites. 
Pits dug with the excavated soil forming 
a berm to capture runoff water in semi-
arid plantings. A zai pit would be shaped 
as a half-moon. (Source: IUFRO Archive)

Conservation or Restoration for 
Biodiversity or Wildlife Habitat
Management to conserve or restore 
biodiversity can be a primary or 
secondary objective. We see four 

approaches to this theme: (1) Restoring 
degraded stands within protected or 
conservation areas where biodiversity 
is the primary objective; (2) Converting 
production forests to more natural struc- 
ture and/or composition; (3) Rewilding 
landscapes; and (4) Increasing bio-
diversity at the stand level, which often 
will be a secondary objective. Some 
potential treatments are shown in  
Table 5.

Restoring degraded stands within 
protected areas might be needed to 
counteract the effects of encroachment 
by farmers, loggers, or miners, or 
following natural disturbances such 
as extreme fires, cyclones, or mass 
movements (e.g., landslides). Many 
of the planting techniques described 
for restoring degraded stands (Table 
4) can be used. Relatively undisturbed 
stands in protected areas can be useful 
as a counterfactual to restoration of 
degraded stands. Monitoring per-
manent plots in undisturbed stands 
will demonstrate growth over time, 
demonstrating changes in biodiversity 
and carbon storage under non dis-
turbance conditions. Because they will be 
sensitive to wildfire and browsing, plots 
in undisturbed stands probably need 
some level of protection.

Another possible starting point is 
production forests that are to be 
converted to more natural composition 
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and structure. Biodiversity can be 
increased by creating gaps in the 
overstory of a monospecific plantation, 
for example, and relying on natural 
regeneration, direct seeding, or plan-
ting in the gaps to increase species 
diversity. Of course, entirely removing 
the plantation overstory or partially 
removing by retention harvesting 
(Gustafsson et al., 2012; Thom and 
Keeton, 2020) and planting a mixture of 
native or non-native species are quicker 
ways to change composition. Altering 
stand structure by transformation 
through continuous cover methods is a 
longer-term process that can also change 
composition toward more shade tolerant 
species (Nyland, 2003; Pommerening, 
2006; Stanturf et al., 2014).

Rewilding is a landscape-level technique 
to restore biodiversity through an 
interconnected network of reserves 
and re-introduction of apex carnivores 
(e.g., wolves) or large herbivores. This 
3Cs approach (core, corridors, and 
carnivores) of trophic rewilding is an 
ecological restoration strategy that relies 
on increasing populations of extant, 
large fauna or species introductions to 
restore top-down trophic interactions 
and promote self-regulating biodiverse 
ecosystem (Soulé and Noss, 1998; 
Donlan, 2005; Corlett, 2016; Svenning 
et al., 2016). Herbivores, rather than 
carnivores, are emphasized as the active 
restoration agent in Europe but spatial 

connectivity has been emphasized 
in both Europe and North America. 
Another form of rewilding involves the 
release of captive-bred animals to the 
wild, a form of assisted migration or 
species reintroduction (Novak et al., 
2021).

Biodiversity can be increased in stands 
under any intensity of management 
using simple tools such as retaining 
microhabitats in downed woody debris, 
standing snags, or old, low-value trees 
(so-called wolf trees). Multiple taxa 
that rely on microhabitats associated 
with old forests can be artificially 
enhance by wounding trees, creating 
nest cavities, and leaving high stumps 
after thinning (Vanha-Majamaa et al., 
2007). Belowground biodiversity is 
mostly an unexamined topic (Prescott 
and Grayston, 2023) except for 
inoculating seedlings with mycorrhizae 
before planting on non-forested sites 
or stockpiling topsoil in mined land 
reclamation (Macdonald et al., 2015; 
Frouz, 2021).
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Forest Condition Potential Treatments

Bare ground Afforest with desired species

Monoculture

Clearfell and regenerate (natural, plant, or sow), use 
nurse trees or sacrificial trees or shrubs

Thin and leave to create deadwood

Secondary forest

Retention thinning or gap creation, underplant 
with desired species

Transform structure by continuous cover methods

Create artificial nest holes

Assisted translocation of rare or threatened species

Rewilding Fence and introduce large herbivores

Integrating Trees into Agriculture 
(Agroforestry)
Agroforestry, or the broader term of 
trees-on-farms, uses trees mixed with 
crops, livestock, or both on the same 
area of land (Zomer et al., 2014; Bishaw 
et al., 2022; Gassner and Dobie, 2022; 
Chirwa et al., 2023). The mixtures may 
be intimate (the stricter definition 
of agroforestry) or dispersed (e.g., 

woodlots, riparian buffer, or one or 
a few trees next to a field or house). 
The benefits of these systems are 
many: increased habitat, biodiversity, 
corridors for animals, pollen and seeds, 
and especially food production and 
food security. Besides growing timber, 
fuelwood, fruit, nuts, and fodder for 
farmers to use or sell, agroforestry 
improves soil fertility and regulates 

Table 5. Potential treatments for conserving or restoring biodiversity or wildlife habitat.
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water supply and quality. Agroforestry 
systems can be a simple combination 
of a single crop species with one tree 
species, or complex mixtures of several 
crop and tree species, even with livestock 
mixed in (Table 6). Agroforestry systems 
have been used not only to increase 
food production but also for landscape 
restoration (Erdmann, 2005; Djanibekov 
et al., 2016; Hardy et al., 2018; Bargués-
Tobella et al., 2020).

Agroforestry systems must be 
appropriately designed to provide 
benefits, including the right species in 
combination, suitable for local soil and 
climate conditions, and acceptable to 
local cultural practices and available 
resources. Agroforestry can deliver 
significant environmental benefits but 
usually, delivery of these benefits is up 
to the smallholder. Perhaps more so  
than any other theme, agroforestry 
themed projects must engage 
stakeholders. Typically, the smallholder 
who might adopt an innovative practice 
is at best a part-time farmer who relies 
on other income sources. The target 
audience, then, often has limited 
resources, avoids risky investment 
(including own time and labor), and 
looks for short-term return. Treatment 
design therefore should closely involve 
small-holders and prioritize beneficial 
social as well as environmental outcomes 
(Mercer, 2004; Ollinaho and Kröger, 
2021; Gassner and Dobie, 2022).

Co-Designing 
Agroforestry Systems

Knowledge needed in co-designing 

treatments with farmers incudes: 

• The needs, aspirations, and capa-

cities of farmers and their families

• The profitability of different agro-

forestry products 

• Local conditions that might affect 

the profitability or feasibility of such 

products

• Different agroforestry systems in 

which selected products can be 

grown

• Farmers experience with agro-

forestry techniques

• Tenure arrangements (vague or in-

secure tenure favors very short-term 

returns).

(Adapted from Gassner et al., 2022b)
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Table 6. Potential treatments for integrating trees into agriculture.
Diverse systems available that must be adapted to social and ecological conditions 
(Gassner et al., 2022a)

Agroforestry Method Potential Treatments

Silvopasture          Combine trees and livestock                              

Linear plantings          

Wide-spaced, single or multiple rows of 

trees bordering agriculture fields

Living fences and zero-grazing units

Multi-strata perennial crops

Cacao or coffee under timber or N-fixing 

tree species

Crops under two tree species (fruit and 

timber)     

Cacao and banana under timber species

Home garden (mixtures of cacao with 

fruit, timber, legume trees)

Cacao or coffee under thinned native 

forest

Alley cropping

Trees and other crops (spacing between 

trees rows narrower than intercropping); 

often to establish monoculture timber 

planting (taungya)

Rainforestation

Successional, multi-strata system to 

restore native forest cover; multiple crop 

and tree species



40

The Resilient Future Forest Laboratory Guidebook

Adapting to Changed Climate
Forests are critical to climate change 
mitigation and adaptation, particularly 
in the short-term. For RFFL Projects, a 
primary objective could be to sequester 
and store more carbon. Increasing 
productivity, planting longer-lived 
species, or lengthening the rotation/
cutting cycle have been advocated 
but may also increase vulnerability to 
disturbances from fire, wind, or pests. 
Adaptation is critical to maintaining 

any gains from mitigation as well as 
to conserve carbon stocks. Potential 
treatments are shown in Table 7. Key 
approaches are increasing diversity in 
forests by creating mixtures, reducing 
water use and drought stress through 
density management, and restoring 
native fire regimes (Spittlehouse and 
Stewart, 2004; Stanturf et al., 2015; 
Vilà-Cabrera et al., 2018; Jandl et al., 
2019). 

Table 7. Potential treatments for adapting to climate change.

Adaptation 
Strategies

Potential Treatments

Increase forest area
Afforest with mixtures of climate-adapted local or

 novel species

Increase climate-
adapted species

Favor minor species that are better adapted to future 
climate in thinning and regeneration

Regenerate by planting mixtures of climate-adapted local 
or novel species (assisted migration)

Rehabilitate degraded stand composition by 
underplanting with climate-adapted local or 

novel species

Reduce vulnerability

Reduce stand density for drought adaptation

Reduce stand density and use prescribed burning to avoid 
megafires

Restore natural disturbance processes (e.g., fire, flooding)

Increase connectivity between forested patches
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Assisted migration (AM) is an adaptation 
strategy for overcoming the gap between 
a changing climate and an evolutionary 
response by forest trees. AM is the 
movement of species and populations 
to facilitate natural range expansion 
in response to climate change (Pedlar 
et al., 2012; Williams and Dumroese, 
2013; Dumroese et al., 2015; Winder et 
al., 2020; Clark et al., 2022). While AM 
may be used to avoid losses in forest 
growth and productivity, AM may also 
be used to prevent species extinctions 
and to sustain ecosystem services 
and biodiversity. Target migration 
distances are a way to differentiate 
among the three approaches: assisted 
population migration (moving species 
or provenances within their current 
range), assisted range expansion 
(moving from the current range to 
suitable areas adjacent to the current 
range), or assisted species migration 
(moving a species far outside its current 
range). Details on some of the genetic 
implications of AM are summarized in 
Table 8.

AM is fraught with uncertainty about 
future climate conditions and risks that 
include failure to successfully establish 
a sustainable population or adversely 
impacting the receiving ecosystem 
by genetic pollution, hybridization, 
impairment of ecological function and 
structure, or introduction of insects or 

pathogens (Williams and Dumroese, 
2013; Stanturf et al., 2024). Projections 
of future climate are uncertain at the 
temporal and spatial scales relevant to 
determining how, when, and where to 
implement AM and manage resulting 
forests. Initially, the important question 
is which species? Some guidance 
may come from bioclimatic models 
to delineate current and projected 
distributions. This must include genetic 
information for species of interest. 
When to implement AM is an iterative 
question; climatic and landscape 
conditions will change. For this reason, 
risk status also will change over time. 
When and where to move a species is 
important; maladaptation is a risk if a 
species is introduced too soon or to an 
improper receiving environment. An 
RFFL Project that includes translocating 
species or provenances to adapt to 
climate change might utilize existing 
guidance on provenance testing, such 
as (McLeod et al., 2009). The DREAM 
project, implemented in North America, 
suggests a complete experimental 
approach (Royo et al., 2023).
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Table 8. Strategies for species provenancing.

Provenan- 
cing

strategy

Brief 
description

Advantages Disadvantages Best to use Source

Local

Collection of seeds 
vary in the focal 

site.
Risk level depends 

on original 
population size.

No risk of 
maladaptation 

and outbreeding 
depression.
Low failure 

rates.

Risk of genetic drift.
Low production of 

new genotypes.
Conditions driving 

local adaptation can 
change.

Where 
only local 

populations 
remain, and 

no substantial 
change of 

distribution is 
predicted.

 (Broadhurst 
et al., 2008; 
Sgrò et al., 

2011; Breed 
et al., 2013)

Site-
adjusted

Use of a 
comprehensive 

landscape genomic 
approach to select 

the best mixture of 
genotypes for focal 

site.

Minimize 
outbreeding 

depression and 
at the same time 
increase genetic 

diversity and 
reduce the risk 
of inbreeding 
depression.

High costs 
associated with 

genomic analyses 
and the complexity 

of bioinformatic 
and statistical 

analyses.

Restore sites 
ranging 
between 

moderately 
disturbed 
and highly 
degraded.

 (Carvalho et 
al., 2021)

Regional 
admixture

Seeds are sourced 
from multiple 

populations within 
the same region as 
the focal site and 

mixed prior to use.

Increase 
the genetic 

diversity, while 
restricting seed 

origins to a 
regional scale 
will maintain 

regional 
adaptation.

Risk of outbreeding 
depression. 

Conditions driving 
local adaptation can 

change.

When  risk 
of non-local 
provenances 

to disrupt 
natural 

patterns of 
within-species 

biodiversity 
exists and 
will affect 
ecological 
networks.

 (Bucharova 
et al., 2022)
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Provenan- 
cing

strategy

Brief 
description

Advantages Disadvantages Best to use Source

Composite

Mimic natural gene 
flow patterns by 

use of seed mixture 
from populations at 
various distances to 

the focal site.

Encourages 
production of 

new genotypes, 
potentially 

facilitating rapid 
adaptation to 
novel condi-

tions.

Using seed from 
distant sources may 
result in maladapta-
tion to local condi-

tions.
Outbreeding de-

pression risk.

Where no 
significant 

range shifts 
are predicted, 
and only small 
local popula-
tions remain.

 (Breed et al., 
2013; Breed 
et al., 2018; 
Broadhurst 
et al., 2023)

Admixture

Collection of seeds 
from wide array 
of provenances, 

capturing a 
wide selection 
of genotypes 
from various 

environments with 
no spatial bias 

towards the 
focal site.

Build 
evolutionary 
resilience by 
introduction 

of more 
additive genetic 

variation.

Risk of introducing 
invasive genotypes.

High risks of 
introducing 

maladapted seed. 
Substantial risk 
of outbreeding 

depression.

Where drastic 
changes are 
confidently 
predicted, 

growth data is 
lacking.

 (Breed et al., 
2013)

Predictive

Use of genotypes 
that are determined 

to be adapted 
to projected 
conditions.

Requires data on 
local adaptation of 
many populations.
Requires climate 

projections for the 
target species and 

planting site.

Low risk of 
maladaptation, 

inbreeding 
depression, and 

outbreeding 
depression.
Low risk of 

failure if seed 
source is 

matched well 
with predicted 
environments.

Substantial risk of 
failure if seed source 

is poorly matched 
with predicted 
environments.
Lack of data on 

local adaptation for 
most species.

Uncertainty of 
climate change 

predictions.

For species ex-
pressing local 
adaptation to 
environmen-
tal variables.

 (Sgrò et al., 
2011; Breed 
et al., 2013)
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Provenan- 
cing

strategy

Brief 
description

Advantages Disadvantages Best to use Source

Climate-
adjusted

Combine genetic 
diversity and 
adaptability, 

targeting projected 
climate change 

directions.
Collection of seeds 

biased toward 
the direction of 

predicted climatic 
change, but not 
exclusive to it.

Enhance 
climate-

resilience 
of planting 

material 
by mixing 
genotypes 

from a climatic 
gradient, 

including local 
genotypes as 

well.

Risk of outbreeding 
depression.

Risk of disruption 
of local adaptation 

to non-climatic 
factors. Lack of 
future climate-

matching 
populations.

Where data 
on inter-

population 
genetic 

variation are 
available.

 (Prober et 
al., 2015)

(Source: updated from Ivetić and Devetaković, 2016 and Stanturf et al., 2024).

Questions for Chapter 4

• What are the key questions?

• What Theme is your RFFL Project?

• Are innovative as well as BAU treatments part of the design?

• Which experimental layout will be used (e.g., randomized complete block design, 

split plot design, or something else)?

• Will blocking be needed to minimize local variability?

• How will the treatments be randomized?

• Which of the properties affected by the treatments will be measured?

• If assisted migration is a component, are there restrictions on use of novel spe-

cies?

• How will costs to implement the project be tracked? 
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CHAPTER 5. RFFL Location
Selecting a location should involve stake- 
holders who might provide land for 
the project or have concerns about 
treatment outcomes. Fully describing  
the project can begin with a Concept 
Paper that evolves into a complete 
project description.

Selecting a Location
Selecting an RFFL Location begins by 
defining the landscape of interest; this 
could be a watershed, an administrative 
jurisdiction, or ownership type (e.g., 
private forest estate or public land). 
Locations should be representative of 
the conditions of the region in which 
innovative treatments eventually may be 
applied. While it might be easier to set 
up DRM Plots on a flat, uniform location, 
they will be of little value if most of the 
target locations are on slopes or rocky 
areas. Nevertheless, individual locations 
should be reasonably uniform in terms 
of aspect, slope, soil parent material, 
and soil type so that the treatment 
results reflect treatment differences 
rather than environmental differences. 
Blocking may be needed to account for 
variable conditions (e.g., different slope 
positions). Locations with existing forest 
cover should be as uniform as possible 
with respect to tree species and density, 
deadwood, etc., except when any of these 
form part of the experimental design. 
Take care to minimize partially hidden 

variability, e.g., old skid trails.

Often the landscape is a mosaic of 
different land uses, including farms. 
Attention to land use history may 
uncover evidence for hidden variability 
caused by past management or uti-
lization such as changes in inundation 
regime caused by dams and other 
flow obstructions, invasive species, 
or hazardous fuel buildup from fire 
suppression. Current conditions, such 
as high ungulate populations that 
make it extremely difficult to naturally 
regenerate forests, must be considered 
when demonstrating how to build a 
diverse, climate-adapted forest.

Locating potential areas for RFFL 
Locations can be challenging and 
local knowledge can be extremely 
helpful in finding and selecting from 
potential areas. Forest managers and 
local stakeholders can have detailed 
knowledge and experience that could 
be invaluable; especially if this can be 
documented on topographic or soil 
maps, aerial photographs, or from 
management records.

Drones can be beneficial in reducing the 
amount of field effort required to assess 
the suitability of possible locations 
in terms of proximity to human 
disturbance, ephemeral drainage, and 

5
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other factors that might otherwise result 
in inappropriate locations. A consumer 
drone carrying a basic video camera 
can be effective and they are relatively 
affordable and available; more advanced 
sensors (e.g., LiDAR or multispectral 
cameras) can provide even more 
information.

Locations should be large enough to 
accommodate all the treatments along 
with appropriate buffers. For landscape-
level demonstrations, each treatment 
plot should be 8-10 ha to encompass 
a range of variability, thus locations 
should be >40 ha in area. For stand-
level demonstrations, treatment plots 
should be a minimum of 0.5 ha to mimic 
operational methods and 1 ha is better. 
In woodlands or low-density stands, 
larger plots may be needed to ensure 
that mortality estimates are accurate (in 
the wet tropics, the guideline is >200 
stems are needed for accurate estimates 
of mortality over time (SEOSAW 
Partnership, 2021).

Adequate access is an important 
consideration in selecting an RFFL 
Location. Certainly, locations should be 
accessible to fulfill the demonstration 
purpose of DRM plots, but accessibility 
is important as well for maintenance 
and protection operations and for 
regular monitoring. Inclement weather 
(rain or snow) access may be crucial if 
maintenance or monitoring activities 
need to take place during the season.

Drones and Remote Sensing

Drones (uncrewed aerial vehicles) 
are the remote sensing platform and 
with an RGB camera, LiDAR, or other 
sensors, they can inventory and monitor 
DRM plots. Drones expand information 
and documentation available relative to 
traditional and manual field methods 
but can also considerably reduce costs 
per ha. This allows increasing the size 
and/or number of plots or the frequency 
of measurement. Additionally, drones 
can provide information on the 
surrounding landscape. Drones can 
inventory initial DRM plot conditions 
and during stressful periods such as 
drought or frost, particularly for novel 
species.

Drones with LiDAR can describe growth 
variability at micro-scale. LiDAR is 
exceptionally precise, often measuring 
distances down to the cm resolution. 
Additionally, LiDAR can penetrate dense 
vegetation and capture ground elevation 
data beneath the canopy, measuring 
vertical structure that is essential for 
canopy height estimation, biomass 
assessment, and habitat analysis.
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Land ownership and access rights may  
be clearly defined or somewhat fluid. 
Even in countries with legal land 
ownership systems (de jure), there may 
be informal or traditional rights (de 
facto) to access and use land. Landowners 
and informal land users need to be 
apprised of the DRM plots, what 
treatments they will receive, and the 
kind of access needed (such as by foot, 
horse or motorized vehicles, season and 
frequency, etc.) and have given informed 
consent for the plots to be established 
and accessed by visiting groups.

The long-term integrity of the DRM 
plots should be considered in location 
decisions. Even though land ownership 

may change, it may be possible to 
ensure continued access and use of the 
plots if it can be included in documents 
transferring ownership. Even plots on 
public land may be vulnerable to human 
disturbance, such as intensive grazing 
(Figure 10). As much as possible, steps 
should be taken to secure sufficient 
long-term institutional support for, 
and integrity of, the DRM plots. It is 
important to maintain good relations 
and communicate with landowners, 
agency staff, and important stakeholders 
for early warning of any activities (e.g., 
change of ownership, management 
activities, disturbances) that threaten 
integrity of the plots.

Figure 10. Livestock grazing
(Left) Horses grazing a walnut plantation 
in Kyrgyzstan, with negative effects on soil 
erosion and understory diversity. (Right) 
A silvopastoral system used in South 
America that was adapted to restoration 
plantings subject to livestock or wildlife 
browsing. (Source: John  Stanturf)
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Describing the Project Location
The RFFL Location should be docu-
mented once it has been selected. This 
requires describing in greater detail the 
location and its characteristics, including 
the existing conditions, history, and 
previous land use. The location can be 
documented on applications such as 
GoogleEarth or a mapping app (Figure 
11). Driving instructions to the plots 
should be written, with a map, in a 
project file (Chapter 10).

Several factors that must be considered 
in designing and implementing an 
RFFL Project will determine plot sizes, 
layouts, and measurement protocols. 
Of paramount, practical concern always 
are, “Is the available land large enough 
to accommodate the project? Are the 
available finances sufficient (short-term) 
to establish the plots and (long-term) 
to continue monitoring the plots long 
enough to adequately answer important 
questions?”

Within the constraints posed by the 
answers to these questions, uncertainty 
is another influential factor. Because 
RFFL plots are meant to last and be 
useful for the long-term, new questions 
may arise for which the RFFL plots 
may provide answers. Since we have 
incomplete knowledge of potential 

future uses of the RFFL plots, they 
should be easy to maintain and monitor 
even if future funding is limited, so that 
there is continuity of measurement.

Future environmental conditions are 
uncertain due to climate change and 
other impacts, therefore the RFFL 
design should be robust enough to 
remain relevant. On the bright side, 
emerging innovation and technology 
such as Uncrewed Aerial Vehicles (UAV 
or drones) and LiDAR could make 
monitoring quicker, less expensive, and 
more precise (Sparrow et al., 2020). 
Some examples of plot layouts and 
measuring schemes are provided in 
Chapter 6.



50

The Resilient Future Forest Laboratory Guidebook

General Location Description 

A location description should include 

the following biophysical information: 

• Location: describe the site’s location 

in terms of the country, state and 

district, and its latitude, longitude 

and elevation; indicate location on a 

map or a visualization such as Google 

Earth. 

• Climatic conditions: general climatic 

data are available from WorldClim 

and other websites if local weather 

summaries are not available.

• Remnant vegetation: describe any na- 

tural vegetation on or near the site, 

specifying the dominant species 

present. 

• Geology: identify the underlying 

bedrock or regolith type from 

geological maps or field observations

• Topography: note the landform (e.g., 

valley flat, hillcrest, hillslope), slope 

gradient, and aspect.

• Soil type: provide generalized soil 

associations or descriptions if de-

tailed soil maps are not available.

• Management history: describe the 

history of the site and its past and 

current land-use.

Concept Paper
The idea for an RFFL Project can begin in 
many ways, from a casual conversation 
among colleagues, a proposal written 
in response to a Request For Proposals 
from a funding agency, or an idea 
submitted to an agency responsible 
for implementing a new program. 
Early ideas will evolve into better 
defined concepts and eventually into 
an implementation plan. Writing down 
these ideas, knowing they are subject 
the change, is the beginning of project 
planning. Describing the project location 
can be the beginning of planning 
and documenting the RFFL Project.  
A Concept Paper using the template such 
as the one in Table 9 helps to organize 
thoughts, present critical issues to 
consider, and can evolve into a complete 
project plan. An early draft of a plan to 
restore the Atlantic Forest in Paraguay 
using the template is illustrated in 
Appendix 3.
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Directions: Fill in this template as best you can at this stage of development. The items 
listed in each section are just examples, to give you an idea of what we are looking for. 
We are looking for a comprehensive overview of your RFFL concept, not all the details.  
If you cannot complete a section now, do the best you can. The template can be refined 
and completed over time.

PROJECT 
TITLE

The title should include some reference to the RFFL Location, like a place name.

LOCATION
Give the best geographic location that you can, preferably latitude and  
longitude, nearest town, etc.

SCALE
What is the size of the RFFL Location?
How representative is the RFFL Location in the region and/or country?

GOVER-
NANCE

Who owns or controls access to the land the RFFL will be located on? For ex-
ample,
• Public land (forest reserve, nature reserve or park, etc.)
• Corporate owner 
• Private owner
• Community managed land 
• Traditional tenure
Who are the main stakeholders in the landscape? For example,
• Communities
• Government agencies 
• NGOs 

Table 9. A Concept Paper template with essential features of an RFFL Project plan.
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VISION

State the problem or problems that are being addressed addressing one or 
two main issues, for example:
• Resiliency of forests at risk from climate change requiring adaptation  

to future climate.
• Overgrazing, illegal logging, and wildfire have deforested the watershed, 

increasing soil erosion and mass movements.
• Deforestation and conversion to cattle grazing have reduced biodiversity 

and other ecosystem services.
• Monocultures of non-native species have reduced biodiversity and other 

ecosystem services.
• Invasive species have reduced biodiversity and other ecosystem  

services.
• Wildfire suppression has altered natural fire regimes and 

increased frequency and intensity of large fires that endanger local  
communities and reducing biodiversity and other ecosystem  
services.

CONCEPT

State the objectives of the treatments to be demonstrated at the RFFL  
Location, for example, to:
• Increase forest and agricultural productivity, climate benefits and 

biodiversity of degraded agricultural land.
• Reduce soil erosion and mass movement.
• Introduce or create value chains for marketable products and/or 

services.
• Convert monoculture plantations of non-native species to native,  

mixed species stands.
• Restore natural fire regime and reduce frequency and/or intensity of 

wildfires.

ACTIONS

Briefly describe the treatments to achieve the objectives, including:
• Do nothing (this could be natural regeneration).
• Business-as-Usual (BAU) treatment (for purpose of comparison with  

innovation).
• Innovative treatment(s).
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SUSTAIN-
ING

Short-term and long-term monitoring schedule, including what will be 
monitored, by what measurement, at what interval, by whom, applying what 
type of technology, for example:
• From year 1 to year 5, assess survival at end of growing season and 

measure seedling height, by student crews or local communities  
etc.

• From year 6 to year 20, measure height and diameter of trees, by student 
crews.

• From year 1 to year 20, measure biomass of herbaceous species in  
clip plots, by student crews.

• From year 1 to year 20, monitor direct expenditures and volunteer  
time for maintaining the RFFL Location.

• From year 1 to year 20,  record sales of non-timber forest products, 
firewood, and medicinal plants including amount (volume/mass) and 
quality and related market value or incomes.

BENEFITS

Project local, regional, and national benefits from the RFFL Project including 
products and materials needed for a sustainable future, for example: 
• Sale of non-timber forest products, firewood, medicinal plants.
• Controlled grazing after establishment and height growth above  

browse line.
• Jobs created for seedling production, tree planting and maintenance of 

plantations.
• The planted forests facilitated natural regeneration and enhanced  

tree species composition and diversity. 
• Improved soil fertility, and increased carbon sequestration due to 

increased tree cover. 
• Conversion of degraded forests to plantations can restore key tree  

species that dominated the original forest and other critical ecosystem 
services.

• Contributes to the national landscape restoration agenda, restoration 
of ecosystem services, climate change mitigation/ adaptation efforts,  
as well as disaster risk reduction.

• Meeting national restoration commitments under the Bonn Challenge, 
LAC 20x20, or AFRI100. 

• Meeting national biodiversity commitments.
• Meeting national climate change mitigation commitments (NDC).
• Management options, techniques, strategies and governance lessons 

for engaging local communities that were developed, may guide future 
landscape restoration projects/ initiatives.
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A project description should explain 
the contemplated interventions and 
needed resources, including labor, 
equipment, and biotic material and 
sources. The plot sizes, layouts, and 
measurement protocols need to be 
consistent with each purpose. In all 
cases, the goal of a plot is to both 
demonstrate management objectives 
and activities as well as provide a basis 
for conducting research into the efficacy 
of forest management techniques 
and their effects on environmental 
factors. A project description is useful 
in negotiating with partners for in-
kind donations, for example with forest 
agency staff to prepare planting sites 
and other establishment activities.  
In some cases, location establishment 
costs can be covered by agency budgets 
as part of their normal activity. In one 
RFFL Location on private land, the 
RFFL Project covered establishment 
costs that were over and above 
“normal” costs that were covered by 
the landowner. This included the higher 
costs for non-native seedlings.

Figure 11. Example landscape description 
from the Aktash Basin in Uzbekistan.
The Aktash watershed is located in 
Uzbekistan, in the western Tien Shen 
mountain range, at 41o39’23.73”N, 
69o45’51.82”E. Elevation is 110-1600 
masl. Portions of the watershed were 
afforested in the late 19th, early 20th 
Century. Two RFFL Locations will be 
established in the watershed, on different 
aspects. Older afforestation (from the 
late 1800s) is the reference condition 
(Ouyang et al., 2023).
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Questions for Chapter 5

• Is the selected location easy to access? 

• Are there any seasonal limitations on access?

• Is the area available large enough to accommodate proposed treatments?

• Are there significant legacies of past land use?

• Are there any ethical considerations related to accessing or using the location  

(e.g., cultural heritage values, threatened species presence)?

• How secure is tenure at the location?

• Are there any permits, permissions, or  licenses required to access the location?

• Are there any human health and safety or ethical risks that need to be considered, 

and how will these be mitigated? 

• Is the selected location at risk for any disturbances (e.g., fire, flood, clearing, 

encroachment, browsing/grazing)? 

• Is any location preparation or maintenance work necessary, including infrastruc- 

ture (e.g., weed management, herbivore-exclusion fencing)?

• How long will location maintenance be required? 6
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CHAPTER 6. Implementation
The Block of DRM plots at a Location 
are underlain by an experimental 
approach. This requires properly 
defined treatments, randomization, 
and replication to determine cause 
and effect. If done properly and results 
differ among treatments, cause and 
effect can be inferred. Managers can 
use information from the DRM Plots to 
adjust their use of the treatments in the 
future, i.e., by adaptive management 
(Figure 2). Thus, the DRM Plots will 
become more valuable as time passes and 
deserve some thought as to long-term 
integrity.

DRM plots are designed to compare 
management methods. This could be 
different regeneration methods such 
as natural regeneration, direct seeding, 
and planting, as for example in Figure 5. 
Treatments are imposed operationally; 
therefore, treatment plots should be 
a minimum of 0.5 ha plus buffers. 
Large plots may cost more to install 
and measure, but they have several 
advantages over smaller plots. First, 
large plots enhance the visual impact of 
treatment effects. Second, large plots 
let visitors visualize the treatment 

in other landscapes (i.e., their own). 
Third, large plots allow for layering of 
additional studies within the framework 
of the primary study. In the Sharkey 
example (Figure 5), the interplanting 
treatment was a split-split plot with four 
cottonwood clones and disking between 
the cottonwood rows in year 1 or years 
1 and 2, before the oaks were planted. 
Splitting the innovative treatment 
addressed two additional questions 
(which clones were best adapted to the 
site conditions and whether disking 
was needed in the second year) without 
adding more treatment plots. This was 
possible because the treatment plot was 
large (8 ha).

Installing Plots
The basic DRM unit is the Treatment 
Plot or Experimental Unit. This plot 
receives one of the treatments being 
demonstrated, applied operationally to 
the whole plot (and possibly to a buffer 
around the plot). Underlying the RFFL 
concept is the Randomized Complete 
Blocks (RCB) experimental design. A 
block of treatment plots is where each 
and all treatments are implemented 
(Figure 12).
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Figure 12. A four-treatment cluster. 
The cluster shown here has four treat-
ments: BAU 1 and BAU 2, Innovation, 
and Control (which could be natural  
regeneration or do nothing). 

Because the Treatment Plots are large 
(ideally, at least 1 ha), measuring 
everything within each Treatment 
Plot could consume a lot of time and 
resources. The solution is to measure a 
sample of Measurement Plots within 
each Treatment Plot (Figure 13). The 
data from several Measurement Plots 
can be averaged to give a result for 
the Treatment Plot. The number, size, 
and shape of measurement plots are a 
function of the variable of interest, the 
variability of environmental conditions 
within the treatment plot, and the 
size of the treatment plot. It is often 
desirable to include a buffer around 
each Treatment Plot to avoid cross 
contamination. In the example plot in 
Figure 13, Treatment A is surrounded 
by a buffer; within the Treatment plot 
are 6 Measurement Plots labeled m1A to 
m6A, systematically placed to cover the 
variability within the plot.

Figure 13. Example of a treatment plot 
with 6 measurement plots and a buffer.
The numbering scheme here is treat-
ments = A, B, C, D, and measurement 
plots are labeled as m1TreatmentA to 
m6TreatmentA.

This example in Figure 13 of a 
treatment plot with several embedded 
measurement plots is fairly easy to 
implement but other plot layouts 
are acceptable. To gain explanatory 
power and increase the probability 
of detecting a significant difference 
between treatments, sample size can be 
increased by adding additional treatment 
plots. Blocking also can be used to 
minimize the effects of site variability 
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that is unrelated to treatment effects 
and to increase chances of detecting 
meaningful differences between treat-
ments (Broadhurst et al., 2023). Blocks 
within a location can be across a known 
environmental gradient or attribute 
(e.g., soil type). Treatments must 
be randomized within each block to 
distribute any remaining or unknown 
environmental variation (Figure 14). In 
some cases, the desired number of blocks 
may not fit within a single location, and 
several nearby locations may be used.

Blocks also can be distributed across 
multiple locations to extend the applica-
bility of the experiment (Broadhurst 
et al., 2023). Such ‘across-location’ 
replication increases the overall power 
of the experiment (i.e., the ability to 
detect statistically significant results). 
Replicating at different locations allows 
the results to be generalized to a wider 
range of conditions and to test how well 
an innovative treatment performs under 
different climates and other location-
related factors. Additionally, having  
more replicates protects the viability 
of the demonstration and experiment 
against the risk of failure because of 
disturbances such as floods, fires, or 
windstorms. For example, our Sharkey 
experiment (Figure 5) suffered a tornado 
after 20 years that damaged one plot of 
direct seeded oaks.

Figure 14. The basic Randomized 
Complete Blocks (RCB). 
This is the preferred design for RFFL 
Projects. Each color represents a 
plot with one of the four treatments 
(e.g., four seed provenances or four 
species), with six replicate plots of 
each treatment. Randomized complete 
block is established at a location with 
an environmental gradient (e.g. soil 
water availability). Border plants in the 
grey area surrounding the experiment 
can provide a buffer around the edges.  
Th RCB design can accommodate various 
plot sizes. Each circle can represent 
one plant (e.g. a single-plant plot), a 
group of plants, or a native vegetation 
patch treated in a particular way.  
(Adapted from Broadhurst et al., 2023)
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Another example proposed from Estonia 
(Figure 15) compares different species 
in single-species plots (BAU) with some 
mixtures (Innovative). This includes a 
“Do-Nothing” treatment, basically natural 
regeneration. The distance between trees 
in the rows is varied, requiring larger 
plots. Plots vary in size to make the 

Figure 15. Potential design for BAU and mixed species.
Innovative treatments with three species (Norway spruce, silver birch, and Scots 
pine) in different mixture configurations (single seedlings of each species, three 
seedlings of each species in a row planting, three configurations of a block plant-
ing with 25, 100, or 225 seedlings of each species planted in a cell). Species are  
color-coded.

balance of species possible in larger group 
sizes. With a regular plot size of 0.5 ha, 
9 treatments and 2 blocks, the design 
needed 10 ha plus buffers (including the 
larger 1 ha plots needed for the 0.125 
ha group mix to evenly represent each 
species in squared groups).
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Split-Plots
The effect of two different factors can 
be examined in a small area by using a 
split-plot design of one factor embedded 
within the other (Figure 16). Effectively 
there are two experimental units of 
different sizes. A typical example of 
a split-plot design is an irrigation 
experiment where irrigation levels are 
applied to large areas (the main plot), 
and factors like varieties and fertilizers 
are assigned to smaller areas (split-plots) 
within irrigation treatments. In an RFFL 
example, the main treatments could 
be different site preparation methods 
and the split-plots of different species 
mixtures or provenances of a target 
species. A landscape example might have 
a retention harvest applied to a large 
area (main plot) with different patterns 
of retained trees (dispersed versus 
clumped), or different percentages of 
retained basal area in the split-plots.

For our RFFL purposes, two blocks 
with all treatments in each block is 
a good design. Even better would 
be more blocks. While we prefer 
the RCB experimental design, other 
designs could be acceptable as long 
as the demonstration purpose is met 
(i.e., operationally established, easily 
accessible, large plots) and the statistical 
design is appropriate to answer the 
critical questions.

Figure 16. A split-plot design.
This split-plot has two factors (e.g., 
fencing and prescribed burning 
treatments). Each circle represents a 
‘sub-plot’ randomly assigned to one 
of the four fencing treatments, given 
different colors (beige = open, green 
= low fence, light blue = wide mesh 
high fence, dark blue = fine mesh high 
fence). The red transparent rectangle 
represents the burning treatment, that 
has been randomly assigned to ‘whole 
plots’ (in this case half of the block), 
for comparison with the unburned 
control in white. (Adapted from 
Broadhurst et al., 2023)

Some RFFL Projects require a plot 
design that differs from the preceding 
examples. In agroforestry, for example, 
alley cropping is a common management 
technique. This consists of widely spaced 
tree rows interspersed with “alleys” of 
forage or vegetable crops. One effect of 
interest is whether yields of the ag crop 
is affected by the trees (e.g., reduced 
by competition for water or light or 
increased by protection from wind or 
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frost). In RFFL, we may be interested 
in testing new tree species, different 
spacing of the trees, or some other 
management activity as well as the effect 
on the vegetable crop. A typical plot 
design might be similar to that shown 
in Figure 17 where measurement plots 
for the vegetables are placed at several 
distances from the trees. Not shown are 
the plots to measure the trees.

Figure 17. Alley cropping design. 
Sampling design for an alley cropping 
agroforestry experiment. The trees 
are measured along the rows and the 
understory between trees is measured 
in 1 m2 plots. The crops in the alleys are 
measured along transects in 1 m2 plots; 
the first plot is 0.5 m from edge of the 
tree row, and then in plots in the next 
3 vegetable rows. Additional vegetable 
plots are between tree influence. 

Landscape Level RFFL Projects
A Landscape RFFL Project incorporates 
different stand-level treatments imposed 
at operational scale, for example in 
different management compartments 

within a forest management unit. 
While terminology used in different 
countries may vary, generally there is a 
hierarchy of units: a larger ownership 
or landscape unit is divided into 
compartments that are based on easily 
recognized geographic features such 
as roads or waterways. Stands within 
a compartment usually are delineated 
by landscape features such as slope 
and aspect, by vegetation features 
such as age, species composition, 
and tree density, or a combination of 
these features. Treatments that can be 
compared at the landscape scale could 
be, for example, even-aged vs. uneven-
aged management, variable density 
thinning, or corridor designs such as the 
steppingstone (Figure 18).

A Landscape RFFL may correlate with an 
administrative unit or a physiographic 
feature such as a watershed. Within 
the landscape, the compartments may 
be used as blocks in an experimental 
design. Locations within a compartment 
may be delineated by relatively stable 
features such as slope and aspect, with 
individual stands within a location 
delineated by vegetation characteristics 
such as age or density of the overstory, 
for example the Missouri Ozarks 
Ecosystem Project shown in Figure 6 
(Brookshire et al., 1997). The spatial 
arrangement of locations can be part of 
the treatment, as in the steppingstone 
approach connecting forest fragments in 
Sri Lanka (Figure 18).
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Figure 18. Steppingstone example from 
Sri Lanka.
A landscape-level experiment to con-
nect remnant forest patches with 
planted “stepping stone” plots of 
early successional native trees. Early 
successional trees or shrubs can be 
directly seeded or naturally regenerated 
between the planted plots. Remnant 
patches are surrounded by tilled areas to 
encourage natural regeneration. (Source: 
Gunaratne et al., 2014)

Measurement Plots
A quick review of terminology is in 
order here. The RFFL is based on DRM 
Plots where the main treatments are 
applied. These plots ideally are 1 ha or 
larger, but 0.5 ha is acceptable if the 
area of the RFFL Location is limited. 
In experimental design (statistical) 
terminology, these are the experimental 
units. In all RFFL Projects, vegetation 
will be measured and commonly all 

overstory trees in the treatment pot 
are measured. But other measured 
variables, such as clip plots for 
herbaceous plant biomass, soil samples, 
etc. cannot be measured on the entire 
plot either because it is too laborious 
or because it would disturb the plot 
too much. Therefore, subsampling the 
treatment plot is a useful strategy and 
these measurement plots should be 
representative of the whole treatment 
plot conditions and robust to small-
scale variation. The number and size 
of measurement plots must balance 
available resources with scientific rigor, 
and the features that are being measured.

For most RFFL Projects, 3 or more 
measurement plots within each 
treatment plot should be sufficient, 
depending on size and initial condition 
of the treatment plot (bare ground or 
with forest cover). Local experience 
should be a good guide for the necessary 
measurement intensity. If a split plot 
design is used, where the treatment 
plot is subdivided and other treatments 
are applied to the split plots, then each 
split plot may also be sampled with 
a sufficient number of measurement 
plots. Because of the inherent species 
diversity and spatial variation in 
different biomes, the necessary plot size 
varies. For example, stand dynamics 
of relatively undisturbed tropical fo-
Wrests require plots as large as 50 ha 
to encompass the high diversity of 
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species. Temperate and boreal forests 
are often less diverse, such that 1 ha 
plots are sufficient to study dynamics 
(Pretzsch, 2009). In grasslands, smaller, 
1 m2 plots are sufficient but many more 
plots are required due to the high spatial 
variability (Sparrow et al., 2020).

Initial conditions influence the types 
of measurement plots. Remember 
that RFFL is a long-term endeavor 
so that while measurement plots in 
young stands can be small, plot size 
must increase as trees grow and the 
stand develops. There are at least five 
situations where measurement plots 
would be needed. 
1. Degraded or bare sites: Plots on 

these sites measure the effect 
of different active regeneration/
restoration treatments including 
site preparation techniques, planting 
designs, and species selections. 
The underlying research objective 
is to determine the cost-effective 
measures for restoring degraded 
sites. Possible planting designs are 
varied (Table 4) and measurement 
plots are needed in each group 
of planted seedlings in dispersed 
designs (e.g., cluster planting). In 
the simplest single cohort designs, 
measurement plots would need to 
capture microsite variability and 
can be placed systematically (for 
example, as shown in Figure 13). 
As the stands develop (e.g., reach 

canopy closure), measurements 
should be similar to those of 
existing stands. Other variables of 
interest include soil (e.g., pits or core 
samples) and competing vegetation 
(clip plots) that should be measured 
outside of the plots measuring 
effects on the target vegetation to 
avoid disturbance. 

2. Manipulation of Existing Stands: 
There are many options for 
measuring the effect on vegetation 
of manipulations of existing stands, 
depending on how intensively the 
stand is manipulated and the spatial 
arrangement of the interventions 
(e.g., thinning or retention levels vs. 
clear-cut) and which vegetation layer 
is being measured. Measurement 
plots are usually comprised of nested 
sub-plots of different sizes to capture 
growth of different-sized plants 
(e.g., 1 m2 plots for tree seedlings 
and herbaceous plants versus 0.1 
ha plots for overstory trees). The 
overall measurement plot can be 
rectangular (Figure 19 and Figure 
20) or variations on circular (e.g., 
Figure 21). Vegetation sampling can 
be combined with other variables in 
biodiversity sampling (Figure 22, 
Chapter 7).

3. Growth Dynamics or Reference 
(unmanipulated) Stands: Plots 
placed in unmanipulated forested 
areas provide information on forest 
conditions as they change over time, 
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such as changes due to changing 
climate. In this case there are no 
“treatment plots” as there is no 
intervention. The size and number 
of measurement plots is dictated 
by species diversity and spatial 
variability. These measurement plots 
are generally large (as noted above, 
in tropical forests as large as 50 ha) 
and may utilize any of the plot 
layouts shown (Figure 19 and Figure 
20), in particular for biodiversity 
sampling (Chapter 7). 

4. Natural Regeneration: Natural 
regeneration could be a treatment 
on its own (e.g., after a clearcut) 
or at the edge of a remnant stand 
as in the steppingstone example 
(Figure 18). A regeneration plot size 
of 4 m2 should be large enough to 
accommodate at least one tree stem 
as the stand matures. The number 
of measurement plots needed is 
determined by the area of the treated 
plot. Recommendations for plot size 
in regeneration surveys vary from 4 
m2 (moist temperate) to 50 m2 (wet 
tropics). As the stands develop (e.g., 
reach canopy closure), measurements 
should be similar to those of existing 
stands. 

5. Agroforestry: The great variety of 
agroforestry techniques precludes 
any standard approach to measuring/
monitoring. Generally, however, 
the objectives require that both the 

trees and the food/forage crop be 
measured, to determine whether 
proximity to the trees reduces or 
improves yield of nearby crops 
plants. Even if competition for light, 
water, and nutrients affects the crop 
plants, protection from wind and 
reduced evaporation may benefit the 
crop plants near the trees. Placement 
of the treatment plots relative to 
predominant wind direction during 
the growing season and aspect 
could be critical. Assuming rows 
of trees (single or multiple tree 
rows), measurement plots could be 
rectangular, incorporating several 
trees, and in a transect projecting 
into the crop alley far enough that 
plants in the measurement plots 
at end farthest from the trees are 
essentially growing in the open 
(Figure 17). 

Existing Stand Examples
To illustrate possible measurement 
plots in existing stands, here are three 
documented methods in use. The 
Carolina Vegetation Survey (Figure 
19) and the US Forest Service Forest 
Inventory (Figure 21) are used 
extensively in temperate forests. 
The example for dry tropical forests 
(Miombo) comes from Mozambique 
(Figure 20).
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Figure 19. Plot design for measuring silvicultural treatments.
Design of the Carolina Vegetation Survey 0.1 ha modular measurement plot, an 
array of 10 main modules (each 10 m x 10 m) where all trees 10 cm DBH or larger 
are measured. Four of these modules are designated for more intensive measuring 
of stems smaller than 10 cm but larger than 5 cm DBH. Within the 4 intensive  
modules there are intensive subplots of 1 m2 for measuring seedlings (advance 
regeneration); two shaded subplots in each module are for measuring herbaceous 
species. (Sources: Peet et al., 1998; Lee et al., 2008)

Carolina Vegetation Survey
Measurement plots in existing stands 
(manipulated or not) might use this 
modification (Figure 19) of the Carolina 
Vegetation Survey (Peet et al., 1998; 
Lee et al., 2008). The 50 m X 20 m plot 
consists of a 5 by 2 array of 10 main 
modules (each 10 m x 10 m), for a total 

of 1,000 m² (0.1 hectare). There is an 
interior array of four intensive modules 
(in a 2×2 array). Within the intensive 
modules there are 1 m2 intensive corner 
sub-plots (Figure 19). If larger plots are 
desired, the 50 m X 20 m plot can be 
enlarged by adding another array (e.g., 
50 x 40 m plot).
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To measure these plots, start at the 
plot origin, run a tape measure along 
the plot centerline. Once established, 
the center line position should be 
permanently marked with a permanent 
marker every 10 m including both ends 
of the tape (this results in six markers). 
Next mark the edges and outer corners 
of the four intensive modules with 
perpendicular tapes. Place permanent 
markers at the four outside corners of 
the intensive modules. The far outside 
corners of the 20×50 m plot are marked 
with temporary flagging. Modules are 
numbered in counter-clockwise order 
starting in the lower left. In contrast, 
corners of the modules are numbered in 
a clockwise fashion.

In each main module, measure all trees 
with dbh ≥ 10 cm for species, vigor 
and health, and crown condition. In 
the intensive modules, measure the 
trees and shrubs as well with diameters 
between 5 cm ≥ dbh <10 cm. In all the 
intensive sub-plots, measure the number 
of seedlings of natural regeneration by 
tree species (individuals with dbh <5cm 
and height less than 2 m). In the shaded 
intensive sub-plots, measure the cover 
class of each herbaceous species (grass, 
herbs, forbs).

Growth Dynamics in Mozambique
The growth dynamics plots were 
designed as permanent plots similar to 
those of the Mozambique Permanent 
Sampling Plots (Fernandes et al., 
2020) that were compatible with 
national REDD+ monitoring. Standard 
forestry measurement techniques were 
assumed. These plots were designed to 
demonstrate the growth of Miombo 
types and for determining changes in 
biodiversity and carbon storage under 
non-disturbance conditions. Because 
the area was vulnerable to wildfire and 
browsing, the plots needed a level of 
protection. The measurement plot layout 
is shown in Figure 20.

The recommended plots are one ha 
squares (100 m x 100 m). This size 
and shape includes the greatest 
variability possible while reducing 
variance and standard error. It also 
facilitates calibration with satellite 
and drone images used for quantifying 
aboveground biomass. To minimize 
human interference, there should be a 
buffer 25 m wide around the periphery 
of the plot.
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Figure 20. Design of a permanent growth plot in Mozambique. 
The left panel shows the dimensions of the permanent plot (100 m x 100 m) that 
can be used to track growth and stand dynamics over time. This plot is surrounded 
by a 25 m buffer. The right panel shows details of the measurement plot, subdivided 
into subplots for traversing the measurement plot. Five subplots (in yellow) are  
for measuring saplings and 15 microplots (shown in blue) are for measuring 
herbaceous plants and tree seedlings. Permanent plot markers are placed at the four 
outer corners. (Source: Adapted from Fernandes et al., 2020)

To facilitate measurement, divide the 1 
ha plot into 50 sub-plots, each 20 m x 10 
m. Start measurements in the southwest 
corner A(SO). This is the point where the 
plot coordinates are taken to facilitate 
the re-measuring team. All trees with 
dbh ≥ 10 cm are measured and species, 
vigor, and crown condition noted. 

To measure trees and shrubs with 
diameters between 5 cm ≥ dbh <10 cm, 
select 5 of the 20m x 10 m subplots 
(shown in yellow in Figure 20). These 
measurement subplots are selected 
systematically. The 20 m x 10 m mea- 
surement sub-plots are labeled according 

to the scheme shown in Figure 20, 
beginning at the southwest corner, 
traversing the 1 ha plot in a continuous 
loop.

Smaller sub-plots of 1m x 1m (1m2, 
shown in blue in Figure 20) are for 
measuring the herbaceous layer (grass, 
herbs, forbs) and natural regeneration of 
tree species (individuals with dbh <5cm 
and height less than 2 m). These 15 sub-
plots are to be established in the North-
South direction, excluding the first and 
last rows of sub-plots. Each 1 m2 subplot 
should be in the upper northeast corner 
of the 20m x 10m subplot. 
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Figure 21. Forest Inventory plot layout.
This example of a forest dynamics 
plot is from the US Forest Service 
Inventory and Analysis program that  
samples forests nationwide. (Adapted 
from Bechtold and Scott. 2005; 
Tinkham et al., 2018)

Forest Inventory Plots

The design used nationwide for 
continuous forest inventory by the 
US Forest Service is another type of 
permanent growth plot. (Figure 21). At 
each permanent sample location, there 
are clusters of four points arranged 
such that point 1 is central, with points 
2 through 4 located 36.6 m from point 
1 at azimuths of 0°, 120°, and 240°. 
Each point in the cluster is surrounded 
by a 7.3 m fixed-radius subplot. All live 
and standing dead trees over 12.7 cm 

DBH are inventoried on the subplots. 
Each subplot is surrounded by a 17.95 
m fixed-radius macroplot, which is used 
for sampling rare occurrences such 
as large trees (e.g., 100 cm DBH and 
greater) or mortality. In each subplot 
there is a  microplot with 2.1 m radius, 
offset 90° from plot center to avoid 
trampling, where saplings and seedlings 
are measured. On a subset of sample 
locations, additional site-level (e.g., 
litter and soil) and tree-level (e.g., crown 
condition) variables are measured.
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Questions for Chapter 6

• Which experimental layout will be used (e.g. completely random design, 

randomized block design, split plot design, incomplete block)?

• What are the response variables?

• Which predictor variables will be monitored?

• Are there any nearby sources of competing vegetation that may interact with the 

project?

• Have planting materials or seed sources sufficient for the project been identified?

• Are they available in sufficient quantity in a timely manner for the project?

• Who will be responsible for location maintenance and its costs?
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CHAPTER 7. Biodiversity Sampling
Forest landscapes are important for 
biodiversity, comprised of a mosaic of 
management systems and tree species 
that allow for natural processes. Such 
diverse forest landscapes should 
integrate other forest functions and 
services beyond biodiversity (Simons 
et al., 2021). A standard protocol for 
sampling and monitoring biodiversity 
will be useful for RFFL Locations that 
have the primary theme of conserving 
or restoring biodiversity or wildlife 
habitat. The same protocol could be 
useful for monitoring the effects on 
biodiversity of RFFL Locations with 
forest management themes, whether for 
producing timber, watershed protection, 
carbon sequestration, or for adapting 
to changing climatic conditions. Some 
of the sampling requires specialized 
knowledge and the ability to identify 
species within different taxa.

The biodiversity monitoring protocol 
will rely on measurement plots within 
each operational (experimental) unit 
to be able to cover the heterogeneity 
within treatments in the same way as 
among treatments (Burrascano et al., 
2021). For simplicity, the standard 
operational unit is assumed to be 1 ha, 
but survey arrangements can be adjusted 
for RRFL Locations based on their  plot 

arrangements. In this way, the protocol 
allows for covering all components of 
biodiversity including the plot level (= 
alpha-diversity), the within and among 
plot level (= beta-diversity), and the 
level of the RFFL Location representing 
mosaic landscapes (= gamma-diversity) 
for different taxonomic groups.

Biodiversity monitoring should be 
preceded by site characterization in 
terms of water and nutrient availability 
(including soil type characterization) 
to exclude site effects that could 
influence biodiversity. In addition to 
measurements taken within the DRM 
plots, characterize surrounding habitats 
within a radius of 2,000 m from the 
DRM plot center in order to consider 
landscape-level effects on biodiversity 
(Le Provost et al. 2021). Use satellite 
images for this characterization. 
Additionally, sample ground vegetation 
for each identified habitat type in the 
surrounding area.

Based on the sampled biodiversity data 
and measured data on other ecosystem 
services, use methods proposed by Schall 
et al. (2020) and Neyret et al. (2021) 
to simulate the effect on combining 
different management alternatives 
on biodiversity and other services to 
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visualize the effect of management 
decision. Results will be compared to 
pure business-as-usual landscapes to 
evaluate the potential of alternative 
approaches for a sustainable future. Data 
on economics will be provided by local 
partners and stakeholders.

Biodiversity Sampling Priority Le-
vels
The biodiversity monitoring protocol 
contains different priority levels (Figure 
22): A minimum requirement for each 

location is measurement of forest 
structures and vascular plants (priority 
1). These features are indicators for the 
biodiversity of other taxonomic groups 
(Neff et al., 2021; Vandekerkhove et 
al., 2021). Vegetation monitoring may 
show the effects of global warming 
and can demonstrate the suitability of 
different management strategies for 
maintaining species of the natural forest 
communities (Heinrichs et al., 2019; 
Heinrichs et al., 2021).

Figure 22. Biodiversity monitoring.
A general scheme for monitoring biodiversity at three priority levels. (Source: Steffi 

Heinrichs)
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Priority 1: Sampling of forest struc-
tures as habitats and indicators for 
biodiversity
Depending on the RFFL Location, this 
will cover potential relicts of the former 
forest stands at the sites (e.g., stumps, 
deadwood), but mainly newly developing 
structures with time since establishment 
of the RFFL Locations such as tree-
related microhabitats. Although new 
restoration sites probably will not carry 
many structures in the beginning, 
regular monitoring will demonstrate the 
pace of forest structure development. 
The development and decomposition of 
deadwood is also a critical component of 
carbon stocks.

Sampling of forest structures will include 
the measurement of living trees (> 7 cm 
DBH), standing dead trees (> 7 cm DBH), 
downed dead trees (> 7 cm diameter), 
and tree-related microhabitats (Larrieu 
et al., 2018). Assessments will be 
conducted in 5 x 500 m² circular subplots 
per treatment plot (assuming 1 ha in 
size) for living trees and standing dead 
trees, as well tree-related microhabitats. 
From the center of the circular subplots, 
assess structure along three 15 m 
transects for downed deadwood using 
a line-intersect method (Commarmot 
et al. (2013); Figure 22). In addition, 
assess natural forest regeneration and 
browsing intensity on a 4 x 4 m plot in 
the east of each circular subplot. For this, 

the naturally occurring regeneration will 
be assigned to different height classes (< 
20 cm, 20 – 50 cm, > 50, > 100, > 150, 
> 200, …up to a DBH of 7 cm) and each 
individual stem will be assessed for 
browsing impact.

Priority 1: Survey of vascular plant 
species and ground dwelling bryo-
phytes
Next to their function as primary 
producers and their bottom-up effect on 
higher trophic levels (Neff et al., 2021), 
vascular plants are also good indicators 
for changing environmental conditions. 
Species in the herb layer, with their 
distinct niches, can respond quickly 
to changing conditions either by local 
colonization or abundance shifts but 
also by local extinction (Verheyen et al., 
2017).

Conduct vegetation surveys on five, 
10 x 10 m subplots covering the tree 
layer (woody species > 5 m), shrub layer 
(woody species 0.5 to 5 m), herb layer 
(herbaceous species and woody species 
< 0.5 m), and soil dwelling bryophytes 
on all plots. Directly estimate the cover 
value of each species in each layer as 
a percentage. A recommendation is to 
take hemispheric photographs at each 
subplot center and in the four corners; 
this reflect the light availability for the 
understory.
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For this species group, conduct annual 
monitoring to disentangle treatment 
effects from annual fluctuations. 
Depending on phenology, two surveys 
per year are sufficient, one in spring and 
one in late summer. Annual sampling 
may be contributed to worldwide 
databases such as LOTVS (Long-Term 
Vegetation Sampling; https://lotvs.csic.
es/).

Priority 2: Arthropods at the 
ground (ground dwelling beetles 
and spiders)
Sampling arthropod diversity within 
and among treatments should focus first 
on epigean arthropods covering ground 
dwelling beetles (mainly ground beetles 
and a few saproxylic beetles) and spiders 
(and harvestmen). Ground beetles con-
tain a high number of conservation 
relevant species and are often included in 
monitoring schemes (Kotze et al., 2011). 
Spiders are considered good indicators 
for structural complexity. Install pit 
fall traps at three subplot centers of the 
forest structure and vegetation sampling. 
This allows a direct connection to the 
vegetation and forest structure. Traps 
should be emptied at least once a month 
during the growing season. Ground 
dwelling arthropod species often show 
a strong dependence to vegetation 
structures that are covered by the 
vegetation sampling (Samu et al., 2014; 
Schall et al., 2018). 

Priority 2: Full sampling of 
bryophytes as potential indicators 
for microclimatic conditions
Bryophytes are susceptible to micro-
climatic changes within forests and have 
been shown to benefit from untouched 
forests (Paillet et al., 2010). While soil 
dwelling bryophytes will be sampled 
in the course of the annual vegetation 
surveys, other substrates are an 
extension of the sampling protocol. This 
includes bryophytes on deadwood, living 
trunks up to 2 m, and rocks. For each 
species, the cover value will be estimated 
directly in percent based on the specific 
sample unit (e.g., trunk area). Only 
substrates will be sampled that are in the 
10 x 10 m vegetation survey plots. One 
survey per year is sufficient.

Priority 3: Birds – often used as 
biodiversity indicator 
Birds are the most sampled taxonomic 
group worldwide and they often rely 
on structural features within forest 
stands and/or forest landscapes (Schall 
et al., 2020). They can also function 
as ecosystem engineers by creating 
tree-related microhabitats. A point-
stop transect sampling can be used 
through the plot center ranging from 
north to south. Sampling will last for 1 
minute (individuals are noted based on 
sightings and calls) at the start and end 
point; for 5 minutes at the plot center; 
and at 2 points within the plot (25 m 

https://lotvs.csic.es/
https://lotvs.csic.es/
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from the edge and plot center). Two 
measurements per year (one in spring 
and one in summer) are recommended.

The monitoring protocol may be 
expanded to sampling additional orga-
nismic groups including different fungi 
groups (priority 4, Figure 22). On 
newly established RFFL Locations (i.e., 

bare ground or following clear-felling), 
investigate successional stages of forest 
establishment using a space-for-time 
approach (i.e., chronosequence) by sam-
pling nearby stands, especially older, 
reference stands.

Questions for Chapter 7

• Will additional expertise be required and is there a plan to secure it? 

• Is there sufficient budget to contract for additional expertise?

• Does any special equipment need to be obtained (by purchase, lease, or loan)?

• Will any training be required and, if so, who needs it and who will do the training?
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CHAPTER 8. Measuring and Analysis
RFFL Projects are located in many 
different environmental and social situ-
ations, thus there is no one-size-fits-all 
prescription for what to measure and 
monitor. Different objectives and star- 
ting points (bare ground or existing 
forest cover in varying stages of 
development and/or degradation) mean 
there is no universal set of variables 
to measure, nor how they should be 
measured. Nevertheless, in this chapter 
we present some general principles to 
follow and some suggestions of what to 
measure.

In simple terms, measure what matters; 
data should be matched with objectives. 
RFFL Projects are meant to be long-
term, so that measurements will be 
repeated and analyzed accordingly. 
The intensity (number) and frequency 
(how often) of a measurement will be 
determined by objectives and variability 
in the property being measured (both 
spatial and temporal). Use technology 
if it helps (easier, quicker, or cheaper 
to use) and if it does not introduce bias 
or limitations. Whatever methods are 
used, they should be compatible with 
local standard measurements in order 
to be comparable. Be sure to document 
all measurement procedures and use the 

information for training the people who 
will take the measurements.

Measuring/Monitoring
The distinction between measuring and 
monitoring is fuzzy but the rationale 
relates to the intensity of effort. Hutto 
and Belote, (2013) provide a useful 
characterization of different forms and 
intensities of monitoring (Table 11).

In the early years of an RFFL Project, 
measurements could be more extensive 
(i.e., more things will be measured) 
and more intensive (i.e., measured 
more frequently). For example, newly 
planted seedlings might be measured 
within a few months of planting to 
detect early mortality and then at the 
end of each of several growing seasons 
to measure survival and growth. After 
a while, perhaps 3 to 5 years, growth 
measurements might be monitored 
every 5 years or so. Another example is 
soil organic matter (SOM), something 
that is depleted quickly but replenishing 
takes a long time. Soil organic matter 
could be measured before treatments are 
imposed to provide a baseline, perhaps 
again after the first year to detect any 
treatment-imposed variation, then 
not measured again until 5-10 years 
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SMARRT Indicators 

Measure variables that important 
for decisions with small changes 
traits attributable to the imposed 
treatments (i.e., specific and time-
bound). Use standard measures that 
are easy, affordable, and give results 
that are understood by stakeholders. 
Indicators (measurements variables) 

should follow the SMARRT acronym: 

• Simple to measure, such as percent 

cover, number of species, etc. 

• Measurable with ease, requires little 

expertise, and are affordable 

• Relevant by being linked to key stages 

of ecosystem change, management  

actions, succession, and function;

• Reliably related to ecosystem state 

and function in predictable ways 

with known certainty; 

• Timely in that their remeasurement 

can be done coincident with key 

stages of ecosystem change, and they 

provide data for preemptive adaptive 

management.

(Adapted from Mansourian et al., 2005; 

Dey and Schweitzer, 2014)

later simply because change is too 
gradual to detect on a short-interval. 
If the research interest is in very labile 
fractions of soil organic matter, however, 
sampling would be more frequent. The 
determining factor is what question(s) 
are we asking, which relates back to 
the theme and objectives of the RFFL 
Project.

A common acronym for measurements 
is they should be SMART–Specific, 
Measurable, Achievable, Relevant, and 
Time-Bound. Dey and Schweitzer (2014) 
provided more targeted guidance on 
what to measure. As they pointed out, 
not everything that can be measured 
should be measured.
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Table 10. The four categories of monitoring activity.
The type of monitoring can be distinguished by the goal-oriented questions they are de-
signed to address. Each type of monitoring can be useful for an RFFL Project. (Adapted 

from Hutto and Belote, 2013)

Type of 
monitoring

Goal-oriented 
question

Design approach Source RFFL Uses

Surveil-
lance

Are landscape 
properties 

changing in some 
undesirable way 
through time?

Re-sampling landscape 
response variables 

through time; 
establishing time 

series data; looking for 
correlations between 

land-use and the 
presence or absence of 

some indicator

Continuous Forest 
Inventory, Soil 
Survey, Land 

Use Inventories, 
other information 

available from 
public and private 

sources.

Description of the 
landscape context for 
an RFFL Project; site 
selection; description 

of baseline 
conditions.

Implemen-
tation

Was a 
management 
prescription 
implemented 

according 
to contract 

specifications?

Project-specific 
qualitative and 

quantitative data 
collection (not 

necessarily requiring 
statistical design)

Monitoring 
following treatment 
implementation for 
contract purposes, 

establishment 
reporting.

Initial measurements 
of how treatments 
are implemented, 

useful for reporting 
and accountability.

Effective-
ness

Did management 
actions achieve 

the social, 
economic, or 

ecological goals 
and objectives 
outlined in the 
prescription?

Before–after, control–
impact (BACI) 

experimental design 
of treatments. Can be 
analyzed by ANOVA, 

correlation, or 
hierarchical statistical 

modeling

RFFL 
measurements 

using the 
Randomized 

Complete Blocks 
(RCB) or another 

design.

The scientific 
foundation of 

an RFFL Project, 
used to compare 

BAU to innovative 
treatments and 

demonstrate their 
relative effectiveness 

and/or utility in 
meeting objectives.
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Type of 
monitoring

Goal-oriented 
question

Design approach Source RFFL Uses

Socio-
Ecological 

effects

Did management 
actions result in 
socio-ecological 

tradeoffs or 
unintended 

consequences? 
Were innovative 

treatments 
successful over 
the long-term?

Before–after, control–
impact (BACI) 

experimental design 
of treatments. Can be 
analyzed by ANOVA, 

correlation, or 
hierarchical statistical 

modeling

RFFL 
measurements 

using the 
Randomized 

Complete Blocks 
(RCB), or another 

design of the 
project combined 

with data from 
surveillance 
monitoring.

Periodic assessment 
of results from 

the RFFL Project 
enables adaptive 

management, 
additional 

interventions, 
or changes to 
management.

Only those measurements that are 
appropriate to the objectives of the RFFL 
Project are valuable (i.e., measurable, 
achievable, and relevant). Dey and 
Sweitzer (2014) prefer to measure 
variables that detect small changes in 
ecosystem traits attributable to the 
imposed treatments (i.e., specific and 
time-bound). Their preferred indicators 
are standard measures that are easy, 
affordable, and give results that are 
understood by stakeholders.

Following Dey and Sweitzer (2014), use 
standard methods and do not replace 
local instructions that might already 
exist, except to update them in the 
light of the climate/biodiversity crises. 
Since the RFFL is about forests, a lot of 
attention will be paid to plant-related 
measurements. But keep in mind the 
theme and objectives; if the RFFL  

Project is focused on improving 
watershed conditions, for example, soil 
erosion and water quality will need to be 
measured; this is what Hutto and Belote 
(2013) called outcome monitoring. 

Measuring and collecting data can use 
remote sensing platforms and sensors, 
with drones and advanced sensors 
such as LiDAR increasingly available. 
Traditional methods, manually on the 
ground, however, remain the most 
available methods. Mobile telephone-
based applications are increasing 
productivity and lowering the cost 
of these labor-intensive methods. 
Schweizer et al. (2024) identified 43 
phone-based apps aimed at forest 
restoration monitoring. These apps 
either estimated a monitoring indicator 
or  helped field data entry. Some of 
the date they measured included plant 
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diameter and height, canopy openness, 
ground cover, individual leaf area, soil 
parameters, seedling planting and 
survival, and identification of plant and 
bird species. Most produced digital field 
data sheets. While the ubiquity of mobile 
phones suggests that measuring and 
monitoring apps have great potential, 
they found identifying plant species in 
biodiverse forests is challenging and 
still requires local botanical expertise. 
Most of the apps need internet access to 
function, a critical drawback in remote 
areas. 

Here are some criteria for choosing what 
to measure. Measurement variables 
should: 
• Have spatial and temporal charac-

teristics, that is, they should measure 
variation over space and time)

• Be the smallest set that can be simply 
and easily measured to sufficiently 
monitor change

• Be easy to measure, reliable, and 
have predictive capability

When resources are limited, focusing 
on key indicators or surrogates may 
be a valid compromise. They should 
still meet the objectives, even though 
they might not be as accurate as 
more costly measurements. Similarly, 
measurements at multiyear intervals 
may miss significant variation due to 
weather or other factors (e.g., insect 
infestation) but still give a valid sense 

of the effectiveness of an innovative 
treatment compared to BAU methods. 
In some cases, the trajectory of change 
may be more important than static 
measurements in time, such as long-
term growth decline due to changing 
climate.

Biophysical Indicators (Measure-
ments) 
The vision of the RFFL Network is 
to establish and maintain long-term 
DRM plots, thus somewhat intensive 
measurements are called for, including 
following the growth of individual 
target trees over time. All RFFL Projects 
will measure vegetation and because 
there is much variation in size criteria 
for seedlings, saplings, and trees, the 
size criteria should be documented. In 
the plot layout examples described in 
Chapters 7 and 8, the cutoff between 
sapling and tree varied from 4 to 8 cm 
DBH. This reflects local tradition and 
usage and highlights that these criteria 
should be well documented in the RFFL 
Project Plan and suggests the need to 
measure by individual plants rather than 
by size class. Suggested indicators to 
measure are shown in Table 11. 
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Type Class Unit Indicator Notes

Woody 
plants

Seedling Species
Use a standard 3-letter abbreviation, e.g., PSY 

for Pinus sylvestris

Height
For natural regeneration, average of 5 dominant 

individuals in the plot; for planted seedlings, 
measure each individual

Root 
Collar 

Diameter 
(RCD)

For natural regeneration, average of 5 dominant 
individuals in the plot; for planted seedlings, 

measure each individual

Damage
For natural regeneration, average of 5 dominant 

individuals in the plot; for planted seedlings, 
measure each individual

Browse 
intensity

For natural regeneration, average of 5 dominant 
individuals in the plot; for planted seedlings, 

measure each individual

Sapling Species
Use a standard 3-letter abbreviation, e.g., PSY 

for Pinus sylvestris

Height

Locally defined, often less than 2 m high, 
typically growing vigorously and without dead 
bark or more than an occasional dead branch. 

Definition should be documented.

Diameter
Locally defined, often 4 cm DBH or less; 

document definition.

Damage
Note damage from biotic agents (e.g., ungulates, 

rodents, insects, disease) and abiotic agents 
(frost, drought, inundation)

Tree Number
Record trees as cut, dead if missing or new if 

recorded for first time.

Species
Use a standard 3-letter abbreviation, e.g., PSY 

for Pinus sylvestris

Table 11. Vegetation measurements.
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Type Class Unit Indicator Notes

Height
Count each stem on multi-stemmed plants as 

individuals

Diameter 
(DBH)

Paint (with permanent paint) a narrow strip at 
dbh on measured trees. This will standardize the 
measurement point and help recognize recorded 

trees versus in-growth. 
When new trees appear, paint the dbh point.

Crown 
projection

Optional

Crown 
condition

Optional

Crown 
depth

Optional

LAI Leaf area index

Understory
Herba-
ceous 
plants

Species
Use a standard 3-letter abbreviation; if identity 

uncertain, use a number and verify later by 
herbarium botanist

Weight Multiple 1 m2 clip plots in the measurement plot

Ground 
layer

% cover

Cover can be summarized to family, genus, 
species, growth-form levels, or as fractional 

cover (e.g., fraction of photosynthetically active 
vegetation, dead vegetation, and bare substrate)

Necromass Stem Broken If possible, record species and DBH

Tipped If possible, record species and DBH

Downed Size Transect and planar intercept method

Decay 
class

For larger material

Litter Weight
Multiple 1 m2 sample plots in the measurement 

plot
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Soil Sampling
The importance of soils for forest 
productivity has long been recognized; 
consequently, soils are frequently 
manipulated to increase survival 
of planted seedlings or amended to 
overcome moisture and nutrient 
deficiencies. Recently, the critical 
contributions of soils to biodiversity 
and ecosystem services has gained 
widespread appreciation (Williamson 
et al., 2016). Information on soil and 
landscape properties is necessary 
for location selection design and 
most importantly, for identifying 
the properties that affect treatment 
outcomes. Understanding soil characte-
ristics and especially variability  
(Figure 23) is important to design 
of an RFFL Project in three ways: (1) 
soil variability in the Project Location 
might affect plot design, (2) soils could 
have characteristics that need to be 
manipulated to improve success of the 
treatments, and (3) proposed treatments 
could degrade soils and adversely affect 
their functioning. Some characteristics 
(e.g., soil depth) can be infeasible to 
modify, in which case blocking plot 
locations is sufficient.

Soil and topographic maps, including 
digital elevation models, can provide 
an initial perspective on important 
properties. Interpretive maps might be 
available for predicting productivity, 
soil erosion, or nutrient runoff based 
on soil properties. In some countries, 

ecological site classification systems are 
available based on soil, topographic, 
and climate variations. A management 
interpretation summary for each of 
the FAO’s subgroups is accessible 
through the LandPKS app (https://
landpotential.org/). Vegetation or soil 
patterns visible on aerial or satellite 
imagery can highlight  areas where soil 
properties vary. Local knowledge and 
information, including BAU practices 
such as soil preparation, will be helpful. 
Nevertheless, actual sampling of soils 
is necessary for describing the baseline 
conditions and identifying changes in 
soil properties such as bulk density and 
organic carbon content (Herrick et al., 
2023). Some properties are relatively 
static, such as texture and depth, and 
initial profile sampling may be sufficient. 
Other relatively dynamic properties 
that are affected by treatments will 
need repeated measurements (e.g., 
soil organic carbon (SOC) content, 
moisture and nitrogen availability). For 
these properties, sampling depth and 
frequency will need to be specified in the 
measurement and monitoring plan.

Two traditional ways to sample soil 
are to open a pit or by penetrating 
the surface. Soil pits that expose the 
horizons are described by their visual 
characteristics and by horizontal sam-
pling. Sampling by core samplers 
from the surface produces volumetric 
samples. Both methods provide essential 
descriptive baseline data but periodic 

https://landpotential.org/
https://landpotential.org/
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remeasurement to detect change is 
best done by core samplers that remove 
material for analysis or by probes such 
as suction lysimeters, TDR (time domain 
reflectometry), or other specialized 
instruments. The choice of method 
depends on objectives and the details  
are beyond the scope of this general 
manual. Accordingly, only sampling 
location and general methods are 
described.

A soil profile pit for baseline descriptions 
and location characterization could be 
opened on each block, depending on 
soil variability (Herrick et al., 2023). 

The pit should be opened outside of 
the treatment plots, in the buffer zone. 
Open the profile where it presents the 
same characteristics as the soil in the 
central part of the plot. The profile 
should have minimum dimensions of  
1.5 m x 1 m, to a depth of 1.5 m. This will 
allow a description of the distribution 
of the large roots in the profile and for 
assessing the depth of the active rooting 
zone. Describe the profile according 
to international standard methods  
(Jahn et al., 2006). A larger pit is more 
useful for demonstrations and tours and 
in that case, orient the pit so that the 
afternoon sun strikes the best long face 
of the profile.

Figure 23. Soil profiles illustrate variability. 
These profiles are of the 12 major orders of soil taxonomy. Top, from left to right: 
Entisols, Inceptisols, Alfisols, Mollisols, Ultisols, Oxisols. Bottom, from left to right: 
Aridisols, Andisols, Vertisols, Histosols, Spodosols, Gelisols. - Modified from US De-
partment of Agriculture, Natural Resources Conservation Service; https://www.nrcs.
usda.gov/resources/education-and-teaching-materials/the-twelve-orders-of-soil-tax-
onomy

https://www.nrcs.usda.gov/resources/education-and-teaching-materials/the-twelve-orders-of-soil-taxonomy
https://www.nrcs.usda.gov/resources/education-and-teaching-materials/the-twelve-orders-of-soil-taxonomy
https://www.nrcs.usda.gov/resources/education-and-teaching-materials/the-twelve-orders-of-soil-taxonomy
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For periodic measurements of potential 
change in dynamic characteristics such 
as soil organic carbon, use core sampling 
in designated measurement plots or in 
the buffer outside of treatment plots 
(Figure 24). Alternate sampling spots 
in remeasurements so that successive 
samples are taken from different spots. 
An effective technique is to sample the 
litter layer (i.e., dead plant material 
including freshly fallen leaves) from a 
larger area, for example a 1m2 rectangular 
or circular sample. Deposit the litter in a 
single paper bag, resulting in one sample 
from each measurement plot. Within 
the exposed surface, remove 4 mineral 
soil subsamples with a round corer (e.g., 
5 cm diameter). Retain one sample for 
bulk density determination separately 
and combine the other samples. These 
combined samples account for some 
spatial variability in soil properties.

The depth to sample the mineral soil is a 
matter of objectives and expected change; 
the IPCC recommends a minimum depth 
of 30 cm for evaluating changes in SOC. 
If determining treatment effects on soil 
organic carbon, then sampling 0-5 cm or 
0-10 cm provides the highest likelihood 
of detecting short-term change. Over the 
long-term, deeper sampling to 1 m may 
be needed to show the effects of deeply 
rooted trees and shrubs as compared to 
the shallow roots of herbaceous plants.   

Smith et al. (2020) compared several soil 
sampling designs to evaluate the effect 

of site-specific variability on precision 
of estimates. They found that at the 
local (farm-scale), regular grid sampling 
designs provided adequate precision and 
avoided potential bias from clustering 
around “hot-spot” carbon locations. 
Nevertheless, a large number of soil 
samples is often required (Garten Jr. and 
Wullschleger, 1999; Vanguelova et al., 
2016; Smith et al., 2020).

Figure 24. Sampling baseline soil 
conditions or in plots that are not 
manipulated by treatments can be 
done in buffer zones so as to leave the 
measurement plot undisturbed. Four 
core samples (brown circles) are in the 
buffer zone. A profile pit is dug outside 
(shown at the right) of the entire plot. 
(Source: Adapted from Fernandes et al., 
2020)

Detecting short-term changes in soil 
organic carbon (SOC), of great interest 
in climate change mitigation (e.g., carbon 
sequestration), is challenging due to 
inherent spatial and temporal variability 
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and slow change in SOC. The basic 
method in forest soils is to quantify the 
fine earth (<2 mm) and coarse mineral 
(>2 mm) soil fractions and the organic 
carbon concentration (%) of the fine earth 
fraction. Converting C-concentration to 
C-content requires estimating soil bulk 
density, assuredly difficult in rocky soils 
(Page-Dumroese et al., 1999; Throop et 
al., 2012; Poeplau et al., 2017). Because 
management can change bulk density 
(either denser by compaction or erosion, 
or less dense by tillage and root growth), 
the amount of soil can change within 
a given sampling depth (Mayer et al., 
2020). The recommendation, therefore, 
is to sample by equivalent mass basis 
(Ellert and Bettany, 1995; Wendt and 
Hauser, 2013; Upson et al., 2016). 
Other complications with bulk density 
measurement arise in soils with shrink-
swell clay minerals (e.g., Vertisols).

Financial and Socioeconomic Mea-
surements
Estimates of the cost for reforestation or 
restoration vary widely, from USD 14/ha 
for natural regeneration to USD 34,000/
ha for large scale, active restoration 
(Crouzeilles et al., 2017; Crouzeilles et 
al., 2020). Objectives and the type of 
interventions are the driving variables. 
The timeframe for including costs also 
vary among estimates; some costs only 
consider the immediate treatments; 
others look at the entire life cycle of a 
stand, including long-term management 

expenses. A very few estimates include 
monitoring. Labor costs are notably 
higher in the Global North and vary 
among countries in the Global South. 
As noted in Chapter 9 on preparing a 
project budget, a full cost accounting will 
include donated and in-kind resources, 
in addition to direct project expenses. 
Exact cost figures are less important 
than reasonable estimates of all 
appropriate costs.

A critical step in cost estimation is to 
clearly define the project objectives and 
appropriate intervention strategies 
(Chapter 9). Different approaches will 
likely have different costs. Landscape 
projects might include multiple treat-
ment types, with different costs, so they 
will need to be budgeted separately. 
Within the same landscape, or for stand-
level RFFL Projects, different treatments 
will have different cost components.

A complete comparison of different 
treatments (i.e., BAU vs. Innovative) 
requires estimating benefits as well 
as costs, which raises three sticky 
methodological issues. Perhaps the 
most difficult is how to estimate non-
market costs and benefits that include 
most ecosystem services. Another 
vexing issue is identifying who will 
receive benefits and who will bear the 
costs, that is, issues of distributional 
effects and intergenerational equity. 
A full analysis of costs and benefits 
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requires estimates over time with proper 
discounting. Some form of maintenance 
is usually needed for at least a couple 
of years. Determining when the project 
is considered “completed” for the sake 
of estimating costs (e.g., 3 years, 5 
years, 20 years) is a challenge, and some 
benefits may not accrue until much 
later (e.g., returns from timber harvest). 
Financial analysis for comparing forest 
management interventions when bene-
fits have well-defined value such as 
stumpage is straightforward, using land 
equivalent value (LEV), internal rate of 
return (IRR), and return on investment 
(ROI) see for example Clutter et al. 
(1983; Zhang and Pearse (2011).

Fortunately, these are areas of active 
research, and some tools are already 
available. Tools for extended cost-benefit 
analysis for environmental projects are 
well established and have been applied 
toward forest restoration (Verdone, 
2015). There are multiple methods for 
estimating carbon benefits (e.g., Hoover 
et al., 2000; Nair, 2011) and several 
accounting methods are developing 
for other ecosystem services including 
watershed modeling (e.g., Logsdon 
and Chaubey, 2013; Costanza et al., 
2017; Carlucci et al., 2020). Most RFFL 
Projects, however, will only be able to 
document readily quantified costs and 
benefits.

Analyzing Treatments
The recommended experimental design 
of RCB underlying the DRM plots lends 
itself to using analysis of variance 
(ANOVA). The simplest model estimates 
a response variable at the location level 
by examining block and treatment 
effects. The error term is the interaction 
of the block and treatment effects. This 
model is used to compare response 
variables measured at only one point in 
time, i.e., after one time step.

The simple model can only use data 
from one year at a time or by pooling 
data over the years. If the DRM plots 
are maintained as planned and the 
same plots are measured repeatedly 
over several years, a repeated measures 
ANOVA is needed to analyze the data. 
This is also called a split-plot-in-time 
design. This model is needed to analyze 
pre-treatment, post-treatment, and 
one-year and later post-treatment data. 
The error term for treatment effects is 
the interaction of block x treatment. The 
error term for time effects is the 3-way 
interaction of time, block, and treatment 
effects.

For more complicated designs, it is best 
to consult a statistician. As an example, 
the restoration plots on bare ground 
could be divided into split plots to test 
the effects of different planted species 
or stock types. Measurements over 
time would require a split-plot repeated 
measures ANOVA.
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Questions for Chapter 8

• What will be measured and why?

• Over what timeframe and frequency will properties be measured?

• What methods will be used to monitor the location?

• How frequently will the location be monitored?

• Does anyone require training to conduct the measurements? 

• How will the data be recorded, both at the location and in the record keeping  

system?

• How will costs and benefits be measured?
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CHAPTER 9. Preliminary Planning
Conduct Pre-Project Monitoring as 
Needed
Some RFFL Projects might need 
to monitor conditions prior to 
implementing treatments. As an 
example, projects that seek to improve 
watershed conditions using paired 
watersheds will need to establish pre-
treatment streamflow or water quality 
conditions. Characterizing the landscape 
context using surveillance monitoring 
(Hutto and Belote, 2013) and remote 
sensing data will facilitate setting 
objectives and defining treatments. 
For more detail on monitoring, see  
Chapter 8.

Install Any Infrastructure Needed 
to Facilitate Project Implementation 
Some locations could require 
considerable preparation before imple-

menting treatments, including needed 
infrastructure. Watershed projects 
might need a stream gauging station 
to measure streamflow or groundwater 
observation wells. Other projects that 
use non-native plants or different 
provenances of native plants might 
have to grow their own seedlings if 
appropriate material is not available. In 
our Central Asia project, the innovative 
treatment required material that was 
not available locally and we also used an 
innovative nursery technique to grow 
the seedlings that we needed (Figure 
25). We had to acquire the components, 
build a platform, assemble and test the 
irrigation system before planting seeds. 
Container seedlings will be ready for 
outplanting in 4 months.

Figure 25. Micro-nursery.
Micro-nursery set up in Uzbekistan, Left photo shows the table holding the trays that 
are flood irrigated with the Jiffy 7© pots; under the table the water reservoir and pump. 
The right photo shows the germinated walnut and pistachio seedlings, about 2-weeks 
old. (Photos Palle Madsen)
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Prepare a Preliminary Budget 
A preliminary budget should be prepared 
once the location and treatments have 
been selected. Along with specifying 
the resources needed, including who 
is responsible, a project budget should 
Identify the costs of the project 
activities. Listing all of the costs might 
indicate that the project design has to 
be modified to keep costs reasonable or 
within budget. It is critical to anticipate 
all costs and compare that to the funding 
available. If necessary, the location 
design can be modified to bring costs, 
labor, and other resources in line with 
available support.

The preliminary budget also serves as a 
template for documenting expenditures 
for establishing the RFFL Location and 
to document the costs of innovative 
treatments. Specifying a project 
budget at the outset also facilitates 
documenting actual project costs, 
both direct and indirect (including 
in-kind contributions by partners). 
One objective of RFFL Projects is to 
document actual costs of innovative 
versus business-as-usual treatments and 
a projected project budget begins that 
process. Once the treatments have been 
finalized and the tasks scheduled for 
establishing the RFFL Location, circle 
back and update the budget to include all 
costs.

Budgeting and accounting principles 
distinguish major categories of costs, 
primarily fixed versus variable costs 

(Figure 26). Fixed costs remain the same 
regardless of the level of use or output. 
Fixed costs may include lease and rental 
payments, and infrastructure. Take for 
example a nursery to produce seedlings 
for an afforestation project. Land lease, 
machinery rental, and construction 
material to build a greenhouse would 
be fixed costs. Once the number of 
seedlings needed to be produced 
annually is determined, the size of the 
nursery could be designed accordingly. 
These costs would not change, even 
if the nursery was operated at less 
than full capacity. The variable costs 
would include labor, soil amendments, 
containers, electricity to operate 
irrigation, among other consumables. 
These costs would vary depending on 
how many seedlings were produced.

Another distinction is between 
personnel and capital costs, usually 
because they are accounted for 
differently for tax purposes (equipment 
may only be a capital cost if its useful 
life exceeds some threshold number of 
years). Donors may differ in what they 
allow in a grant: equipment purchase 
might not be allowed, or only salaries of 
temporary employees are allowed. 

Other distinctions in budgeting by 
donors are between direct costs paid by 
a grant or by a project versus in-kind 
contributions of land, labor, or other 
items such as vehicles furnished by the 
project partners. For example, an RFFL 
Project involving several universities 
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and installed on company land by 
company staff could have a number of 
in-kind contributions. Often a donor 
will not pay the salary of senior staff 
(e.g., university faculty); the time they 
contribute to the project would be an 
in-kind contribution. Some donors 
require a percentage of total project 
costs to be paid by the partners (e.g., 
25%) and allow in-kind contributions to 
cover this amount. Other donors may 
not require in-kind contributions, yet 
it can be helpful to show this in a grant 
application.

Projects need support staff, 
administrators and office workers who 
support project staff with a myriad of 
business activities including purchasing, 
travel arrangements, and many 
kinds of reporting. Buildings (offices, 
laboratories, garages, etc.) are other 
necessary but usually shared expenses 
that seldom can be charged directly to 
a project. Donors and public agencies 
who are accustomed to granting to 
universities allow a percentage of direct 
project costs to be added to cover these 
overhead expenses. At times, this may 
be a fixed percentage set by donor policy,  
or it could be a negotiated amount 
between a university and an agency.  
And to make matters even more 
complicated, some direct costs may 
be excluded from the calculation of 
allowable overhead. An example budget 
spreadsheet is shown in Appendix 2.

Budget Direction From a  
Donor 

• Salaries: includes salaries of emplo- 

yees (in case you are in the 

exceptional situation that salaries 

for the PI or other senior contri- 

butors are requested, please 

explain).

• Consumables: includes consumables, 

service fees, and other operative 

costs.

• Knowledge Transfer: please specify 

the different sub-categories such as 

publication*, participation at and 

travel to conferences, or workshops, 

study visit, etc.  

• Equipment: specify which equip-

ment and how many.

• Other costs: include costs that 

are not reflected in the previous 

categories (indicate type of costs in 

the column “Description”). 

*Note that we encourage open access 
publication and support costs if 
needed and budgeted. As many 
institutes have agreements with 
publishers, we request an invoice for 
Open Access publications. 
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Figure 26. Major cost categories in a  
project budget.

Train Personnel
RFFL Projects include innovations that 
could require specialized training of 
staff who will supervise and implement 
establishment and monitoring. In 
addition to technical tasks, some 
concepts underlying the innovations 
may be new to local staff and ensuring 
that everyone knows the why, as well as 
the how, contributes to the likelihood 
of successfully implementing the 
treatments. Capacity building and know- 
ledge sharing is a goal of the RFFL 
Network, requiring training of all staff. 
Training is critical if local community 
members will measure and monitor (i.e., 
citizen science (Kosmala et al., 2016; 
Pocock et al., 2017; Miller-Rushing et al., 

2019). The Project Concept Paper or Plan 
should be useful for developing needed 
training.

Schedule Tasks
Even the simplest project is comprised 
of many steps that must be taken in 
the proper sequence, at the appropriate 
time. Some steps are best taken 
simultaneously and completed before 
beginning a subsequent step that 
depends on their results. For example, 
planting a site can require preparatory 
work to be completed months before 
planting; plant material needs to be 
grown, starting months or even years 
before outplanting, and seed must be 
collected before plants can be raised 
in the nursery. In the case of masting 
species such as Quercus spp., seed years 
may be infrequent and acorns cannot be 
stored for long, creating special problems 
for scheduling.

Along with a detailed task timeline, 
it is advisable to specify who will be 
responsible for each of the tasks and 
when they must be completed. Project 
management software is available for 
complex projects, but a spreadsheet is 
often sufficient. A simple example is 
shown in Table 13 for the RFFL Project 
in Uzbekistan. The partial timeline 
covers the stages in setting up a micro-
nursery (Figure 25) to grow container 
seedlings for outplanting.
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Table 12. Example of a (partial) project task timeline. 
This partial timeline lists the activities needed to set up a micro-nursery to grow 
container seedlings.

Year Date Activity Responsible Comments

2022 Fall
Assemble and test 

micro-nursery
Timur Done November 2022

Fall
Walk through 

instructions from the 
nursery expert

Timur, 
Evgeniy, 

Daria, and?

Preliminary training done 
November 2022, waiting 

on video from Peter to 
complete

Fall
Find out 

stratification needs 
for almond

Evgeniy Contacting expert

Fall
Purchase additional 

materials for nursery, 
greenhouse

Timur, Palle
Spare pump, plastic for 

cover, sand or vermiculite 
to cover seeds

Fall
Get seed for early and 

late planting
Evgeniy

Get acorns from nursery; 
split into two lots, store 

half for late planting

Fall
Pre-germination 
treatments, as 

needed
Evgeniy Seed for early planting

Fall
Prepare all planting 
sites at Burchmulla

Leshoz

Same for both Jiffy and 
bareroot, 1m x 1m per 

plant, depends on slope; 
also, for late planting

Fall
Order/reserve 

bareroot seedlings
Evgeniy

Depends on what species 
are available
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Year Date Activity Responsible Comments

2023
 Late 

January

Sow all seeds in Jiffy 
pots, cover with sand 

or vermiculite
Nursery staff Per manual directions

Late 
January

Moisten seeds with 
sprinkler until 
germination

Nursery staff Per manual directions

By April 
10

Plant Pilot Jiffy 
seedlings

Burchmulla
Timur or Daria should 

supervise on-site

By April 
10

Plant Pilot bareroot 
seedlings

Burchmulla
Timur or Daria should 

supervise on-site

Summer Irrigate all seedlings Burchmulla

Irrigate 4-5 times over 
the season; weed around 

seedlings and break up soil 
surface so that all water 
goes into the soil; same 

amount of water for each 
seedling

May
Measure initial 

height on all Early 
Pilot seedlings

Field Staff
Both Jiffy and bareroot 

seedlings

October
Measure survival and 
growth all Early Pilot 

seedlings
Field Staff

Both Jiffy and bareroot 
seedlings
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Long-term Management and Moni-
toring
The Project Plan should include a 
description of the intended management 
of the DRM Plots over time, including 
a re-measurement schedule. The long-
term plan should indicate what measures 
are needed and who is responsible for 
maintaining the integrity of the site, 
controlling access, refreshing plot corner 
markers, etc. The monitoring and re-
measurement plan should indicate 
the intervals between measurements, 
which depend on objectives, nature of 
the treatments, and rate of change in 
the measured property. For example, 
planted seedlings need to be measured 
until established, presumably at least 

annually for 3-5 years to determine 
survival/mortality, browsing or other 
damage, and growth. From then 
on, measurements can be on the 
same schedule as overstory trees. In 
comparison, SOC changes slowly and it 
is likely a remeasurement sooner than 
5 years after treatment will not show 
a meaningful difference.  Whenever a 
remeasurement occurs, a monitoring 
report should be written and stored in a 
knowledge management system and sent 
to partners on the agreed upon schedule. 
The knowledge management plan, 
including who has access to the data, 
authorship guidelines, and other topics 

are described in Chapter 10. 

Table 13. Example of a remeasurement schedule for the overstory trees. 
Time 0 is before any treatments are applied; Time 1 is the first measurement 
immediately after treatments. Times 0 and 1 could be in the same year, for example to 
measure how much biomass was removed in a thinning. Instead, the measurements 
could be separated by a year (growing season). Intervals between measurements 
depend on objectives, nature of the treatments, and rate of change in a property.
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Documentation
Thorough documentation is necessary 
to maintain the integrity of long-
term installations like the RFFL 
Locations. Descriptions of locations, 
treatments, plot designs, and project 
management have been discussed in 
previous chapters. Here we describe the 
measures needed to mark, reference, and 
document plots.

Plot Documentation
All types of plots (i.e., treatment and 
measurement) should be thoroughly 
documented, beginning with geo-
referencing plot locations. To enable 
later researchers to locate plots, a map 
should be included in documentation 
that shows access routes, georeferenced 

locations, and paths to plots including 
waypoints using GPS. 

The following are some general 
guidelines:
• Geo-reference the plot corners and 

the plot center. 
• A sketch map of tree locations can 

aid in re-measurement (see Appendix 
1). Alternatively, map the canopies 
of each measurement plot by drone, 
pre- and post-treatment (Figure 27).

• For treated plots, if possible, measure 
the amount of material removed  
(by stem size and species).

• For individual tree growth response 
on larger trees, label each stem post-
treatment. 

Figure 27. Drone image of a Danish forest.
Processed image combining RBG image with LiDAR taken from a drone of a forested 
area in Denmark. Further development of high-resolution drone based remote 
sensing is likely to change future monitoring by providing geolocated information 
at higher precision and lower costs that before. Scientists or other professionals 
responsible for RFFL projects need to be aware of how data taken from their project 
by different technologies can be meaningfully linked and remain loyal to the long-
term project objectives. (Photo Palle Madsen)
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Labeling System
Develop a labeling system and apply it 
consistently for all samples. For example, 
a system could begin with a location 
reference, possibly an abbreviation of 
the geographic location. Then use an 
alphanumeric system to indicate block, 
treatment plot, measurement plot, etc. 
What is important is that each sample 
has a unique label and the key to the 
labeling is documented in the knowledge 
management system as well as the data 
sheets.
 
In plots with large trees, we recommend 
labeling individual stems for tracking 
growth and mortality over time. All 
individuals with DBH 10 cm and 
larger should be identified to species 
(botanical name). Number stems in plots 
consecutively as they will be measured. 
For example, in the plot layout in Figure 
19, stems would be numbered from 1 
in each 20 m x 10 m sub-plot. Each tree 
can be labeled with a unique code on a 
metal plate affixed to the tree above dbh 
(Figure 28). In this way the growth of 
individual trees can be measured over 
time. If a tree is removed or dies, the 
label is kept and is not assigned to any 
other individual.

A simple diagram of tree locations on 
each plot can aid in re-measurement and 
help identify missing trees or in-growth. 

An example of a stand map in a field 
inventory form is shown in Annex 1. A 
more advanced method is to fly a drone 
over the plots and record the stand on 
video and identify large individual trees. 
Drones can fly small LiDAR equipment 
to develop more precise maps and even 
measure tree heights, although this 
requires relatively expensive equipment 
and specialized data processing 
capability (Figure 27).

Smaller trees, 10cm < DBH ≥ 5cm, are 
to be labeled with a similar code. In 
subsequent re-measurements, if a tree 
moves into the larger size class (i.e., 10 
cm or greater), it gets a new label with 
the appropriate number. In this way, 
recruitment and mortality can be tracked 
over time.
The metal identification labels should 
be affixed to the trees on the side of 
the direction in which the sub-plot is 
walked during measurement, at 5 cm 
above the DBH measurement. If the 
trunk has anomalies that prevent this 
placement, put the label below the 
dbh measurement point. To allow for 
diameter growth without having to 
remove and re-affix the label, the label 
should be attached with a galvanized 
steel nail, leaving a free space of 2-3 
finger widths between the label and the 
trunk (Figure 28).
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Figure 28. Example of permanent label.
Label affixed to trees of different  
diameters with metal plates attached 
with a galvanized nail that allows for dia- 
meter growth over time. (Photo Michael 
Kleine)

Another approach to labeling individual 
trees is to use radio frequency iden-
tification (RFID) tags (Bowman, 
2010; Marczewski et al., 2016). RFID 
technology allows field crews to locate 
individual trees repeatedly under natural 
conditions. RFID tags are a microchip 
with an attached antenna, and together 
with an appropriate reader, data can 
be read from the chip. RFID tags can be 
used in conjunction with other marking 
techniques such as physical tags and GPS 
coordinates. For example, the largest 
tree in each sub-plot could be marked 
with an RFID tag embedded in the bole 
just above ground level so that even 
if the tree is removed, the stump can 
identify the tree.

Photo-points
Document conditions with photos of the 
plots (Hall, 2002; Watson and Novelly, 
2004). Photograph the surrounding 
landscape from a fixed photo-point 

that is georeferenced; take photos from 
plot corners, looking towards the plot 
center. Use the same camera with the 
same zoom and resolution settings for 
all photos. Set the camera to the widest 
possible zoom setting and the highest 
resolution.

At each photo point, place a numbered 
metal pole for future reference, using a 
plot numbering scheme with additional 
labeling for the photo points (Figure 
29). Frame each picture to include the 
top of the pole (showing the pole ID 
number) in the lower right-hand corner. 
Use a compass to record the direction 
of the photo. Repeat photo-monitoring 
in the mid-dry and wet seasons and at 
each re-measurement. Transfer photos 
to the knowledge management system 
as soon as possible and rename the files 
with unique identifiers that include plot 
identification and photo date.

Figure 29. Photo-point identification.
Photo-point identified by a pole showing 
the plot ID number. (Photo courtesy of 
Stephen Elliott)
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Questions for Chapter 9

• Has the project location/s been selected according to stated selection criteria?

• Is the project location easy to access? 

• Are there any potential risks to the project location (e.g., fire, flood, clearing, 

disturbance)?

• Have any necessary permissions, licenses, or permits been obtained?

• Are there any ethical considerations related to accessing or using the location (e.g., 

cultural heritage values, threatened species presence)?

• Will any preparation work or maintenance be required (e.g., feral, animals and 

weed management, herbivore-exclusion fencing)?

• Will removal of natural regeneration within the experimental plots be required to 

prevent confounding or biasing of the results?

• Has a preliminary budget been developed and agreed to by the relevant 

stakeholders (e.g., partners, funding body, scientists)?

• Are all relevant stakeholders in agreement about their financial and in-kind 

contributions and allocations for project components?

• Has a person/party been designated responsible for financial management?

• Have project reporting timeframes and requirements been identified (e.g., for 

funders)?

• Will major equipment need to be purchased?
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CHAPTER 10. Data Management
Data management is critical for 
maximizing the value of an RFFL 
Project. Increasingly, funding agencies 
ask for a data management plan and 
require data from funded activities 
be made publicly available. Journal 
publishers commonly require data used 
in articles to be freely available. A well-
structured data management system is 
invaluable for analyzing the collected 
data, documenting the results obtained, 
and disseminating information to be 
incorporated into adaptive management 
that makes changes as understanding 
is deepened or new conditions arise. 
The value to the RFFL Network is that 
partners can compare results, make 
connections between RFFL Projects and 
RFFL Locations, and ensure that the 
information from the long-term study 
will be accessible in the future. 

A data management system should be 
designed with data capture, retrieval, 
and use in mind. Critical questions to 
be considered in designing a system are  
how will data be described, stored, 
updated, retrieved, and used? Who will 
perform these tasks? Who will have 
access to the data, and what constraints 
will there be on access? Sharing data 
among partners is one of the principles 
of the RFFL Network. Publicly 
sharing data (i.e., open data) provides 
opportunities to standardize data 

collection methods and data analysis 
techniques (Reichman et al., 2011), but 
requires agreement in how to share, use 
and cite data (Zimmerman, 2008). 

The crux of a data management system is 
data standards, the rules governing how 
data are described and recorded. Data 
standards are a common format that 
allows partners to freely share, exchange, 
and understand data. A simple example 
of a data standard is “tree diameter 
will be measured at breast height, 
defined as 1.3 m above ground level, 
using a diameter tape or caliper, and 
recorded to 2 decimal places.” Funding 
agencies often require adherence to 
the FAIR Guiding Principles (findable, 
accessible, interoperable, reusable) for 
data description and recording. The 
FAIR principles seek to facilitate the 
reusability of data and enhance the 
ability of machines to automatically find 
and use data (Wilkinson et al., 2016).

Metadata, data that provide information 
about the primary (i.e., collected 
data), are critical when collecting and 
synthesizing data from long-term,  
large-scale, and trans-disciplinary pro-
jects such as RFFL. Adequate metadata 
ensures that differences in the way data 
were collected over time or by different 
individuals or groups can be taken into 
consideration. Absence of sufficient 

10
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metadata, or lack of confidence in 
how primary data were collected, may 
prevent analysis or render interpretation 
questionable.

Earlier (Chapter 8) we talked about what 
to measure and offered the advice of Dey 
and Schweitzer (2014) to use standard 
measures that are easy, affordable, 
and give results that are understood 
by stakeholders (i.e., SMART). Using 
standard measuring methods make 
possible comparisons between locations 
or between measurement years. None-
theless, sometimes a non-standard me- 
thod is necessary, or possibly innovative, 
and this should be noted in the 
metadata. As an example, measuring 
DBH at the standard height of 1.3 m  
may be infeasible if the tree has 
buttresses; the actual measurement 
height should be noted in the metadata 
file. 

Another example of the need for 
metadata is that even when using 
a standard, accepted taxonomy for 
species (which is recommended), 
taxonomies can change, and species 
can be renamed. Users of the data need 
to be certain of species identifications 
and metadata should document the 
taxonomic authority that was followed 
and when standards have changed. 
Moreover, technological advancements 
including applications, sensors, and 
remote sensing platforms such as drones 
make it easier to collect field data, but  

different hardware and software 
can introduce variation in data. 
Manufacturers and equipment models, 
software versions, flight specifications, 
dates of data collection, are examples 
of the kinds of metadata that should be 
recorded.

Protocols for how and where to store 
primary data and metadata are yet to 
be agreed upon but for the time being, 
the best practice is to store data in 
multiple locations for security and to 
control access. Today, local storage by 
each partner is advised as well as cloud 
storage.

Access to data might be needed between 
landowners and stakeholders, e.g., 
forestry agencies, research institutions, 
NGOs, and local communities. Levels 
of access to the primary data and their 
use can be defined in Memoranda of 
Understanding (MOU). Individuals or 
organizations could be granted different 
levels of access (for example, read 
only versus the ability to add or revise 
data). The data sharing protocol may 
differentiate between raw plot data and 
stand summaries, for example. There are 
platforms for sharing forest data, see  
for instance http://www.forestplots.net/  
and https://seosaw.github.io/.

Reporting on project outputs and 
outcomes may be required by funding 
agencies and partners. Having a system 
set up for reporting on your projects 

https://seosaw.github.io/
https://seosaw.github.io/
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Example User Agreement

• The user agrees to notify the RFFL 
scientists who gathered data 
prior to use in any publication or 
presentation. The user will provide 
them with formal recognition 
that, at the researcher’s discretion, 
may include co-authorship or 
acknowledgements on publications. 
The level of recognition should 
be negotiated between the data 
producer and end user before 
manuscripts are started.

• The user realizes that the resear-
chers who gathered these data may 
be using them for scientific analyses, 
papers or publications that are 
currently planned or in preparation, 
and that such activities have 
precedence over any that the user 
might wish to prepare. In this case, 
the user should be prepared to delay 
publication of their research until 
the data producer has published 
their own.

• Because it may be possible to 
misinterpret a data set if it is taken 
out of context, the user will seek 
the assistance and opinion of those 
RFFL researchers involved in the 
design of a study and the collection 
of the data as the user analyzes the 
data. Moreover, the user realizes 
that these datasets may not be 
complete, and it may contain errors. 

(https://www.sega.nau.edu/data)

may save time when reports are due and 
may also provide valuable information 
for communicating project outcomes in 
other fora such as scientific meetings or 
briefing decision makers.

Access and use of data can be controlled 
though request systems that require 
potential users of the data to contact 
specific researchers who maintain 
control of the data. An example of an 
agreement for use of data comes from 
the Southwest Experimental Garden 
Array (SEGA) in Australia that outlines 
the conditions for data (sidebar).

Reporting
Communicating about the RFFL Project 
is an important task with different 
objectives depending on the target 
audience. A generalized process for 
communicating (Figure 30) begins with 
putting your ideas down on paper (real 
or electronic). Before implementing a 
Project, getting funding and enlisting 
partners probably will require a written 
statement of purpose, expected 
results and/or benefits, and an idea 
of necessary resources. These topics 
can be summarized in a Concept Paper 
(Appendix 3). Turning the concept 
into a concrete Project Plan or funding 
proposal is the next step. Once Project 
implementation begins, there likely 
will be some necessary deviations from 
the plan so an Establishment Report 
tells the story of what was actually 
done, as opposed to the planned 

https://www.sega.nau.edu/data
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implementation. Over time, periodic 
Monitoring (or Re-measurement, Pro- 
gress) Reports document results and let 
partners and stakeholders know how 
the Project is progressing. At some point 
it may be necessary to prepare a final 
report that documents the completed 
project, or at least the results at the 
end of the funding. At different stages 

in the process, technical and popular 
publications should be prepared to 
publicize the project and update the 
RFFL website. The following sections 
detail the different phases of the 
communication process. 

Figure 30. A generalized process for documenting, reporting, and communicating an 

RFFL Project.
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Project Plan/Proposal
A written Project Plan is a guide to 
implementing and maintaining an 
RFFL Project and its Locations. A study 
plan keeps everyone on track as to how 
to implement the project, hopefully 
anticipating issues that  can arise in the 
field. A Project Plan also protects the 
integrity of the project so that over time, 
as conditions and personnel change, the 
original objectives, methods, and data 
collected are maintained and preserved. 
A Project Plan requires all involved to 
clearly define objectives. The Project 
Plan begins to document the study and 
provide a sound basis for analysis and 
interpretation of the results. 

The Project Plan can follow different 
structures and use various names for 
component sections. A Project Plan 
can simply be a more detailed version 
of the Concept Paper, or it may use 
the structure as required by a funding 
agency’s proposal. At a minimum, the 
Project Plan should include a statement 
of the specific objectives; a description 
of the initial Baseline Conditions; 
the treatments to be imposed; and a 
description of the field, and laboratory 
methods planned for use in the  
research. The plan should also include 
a schedule of activities, an estimated 
budget, and a description of the people 
responsible for implementing the project 
and data archiving plans. 

Funding agencies often require a 
statement of what results are anticipated 
and who might benefit if the project 
is successful. A plan for disseminating 
the results also might be required that 
discusses anticipated applications and 
venues for presenting expected results. 
Additionally, funding agencies often ask 
for identification of potential obstacles 
or problems, any safety and health 
hazards associated with the project, and 
ways to deal with them.

Establishment and Monitoring Re-
ports
Project Plans represent the best possible 
outcome, an idealized version of the 
RFFL Project. In the course of installing 
a Project, it is common to encounter 
conditions or situations where the 
project cannot be implemented as 
planned. As an example, seedlings of 
all species might not be available in 
the first year so that some species are 
planted later than others. Or drought 
conditions or herbivore browsing might 
cause unacceptable levels of mortality. 
An Establishment Report is used to 
document details of anything that 
differs or deviates from the Project Plan 
or provides more detail of treatments 
and methods than were provided in the 
Project Plan, for example, GPS locations 
of plot corners. 
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Some minimum topics to include in the 
Establishment Report are:
• The date of establishment
• The person supervising the establish-

ment or preparing the report
• Actual locations, including maps, 

directions to the location, GPS coor-
dinates, and plot layout

• Identification/numbering scheme 
used for plots and samples

• Significant observations that may 
facilitate later interpretation and 
analysis, and 

• Actual costs for materials and time 
for labor.

The Project Plan should have a 
Monitoring Plan with a schedule for 
re-measurement of the RFFL Project 
locations. The data collected at each 
monitoring date should be documented 
in a Monitoring Report. Some infor-
mation (or metadata) to include, besides 
the actual measurement data, include 
the following:
• Dates of measurement
• Names of persons who did the 

measuring
• Any disturbances, damage, or chan- 

ges that affect the integrity of 
the DRM plots such as wildfire, 
windstorms, grazing, insect attacks, 
etc.

• Any further treatments that were 
applied as planned, such as thinning

• Significant observations that may 
facilitate later interpretation and 
analysis.

All reports should be included in the 
data management system.

Publications (including authorship)
The reports described above can 
be considered internal to the RFFL 
Network, but they provide the content 
for wider dissemination. RFFL Projects 
supported by external funding 
undoubtedly will be required to report 
on progress to funding agencies and 
partners, who likely will have their own 
requirements for structure, content, and 
style. Other reporting opportunities 
include fact sheets, brochures, and field 
trip handouts.

Two formal venues for disseminating 
results are scientific journal articles and 
publishing on the RFFL website (https://
resilientfutureforest.org). Publishing in 
journals involves issues of data access 
and credit.  Journals credit authorship 
to those who have made a substantial 
contribution. 

https://resilientfutureforest.org
https://resilientfutureforest.org
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Authorship Decisions

There should be an agreed process for 
deciding on use of data and authorship 
of publications. The criteria should be 
based on who has made a substantial 
contribution. The policy of the Journal 
of Forestry is one example of a policy.  
It states that 
“authorship constitutes the following 
roles in manuscript development:
• The individual has participated 

sufficiently in the research, design, 
or analysis of the study

• The individual has participated in 

the drafting, critical review, and  
evaluation of the manuscript.

• The individual agrees to be accoun-
table for the work following publi-
cation.”

These are reasonable requirements that 
govern authorship of publications based 
on RFFL Projects.
(Source: https://academic.oup.com/jof/pages/
general_instructions#AuthorshipPolicy)

Questions for Chapter 10

• Who will establish and maintain metadata (dataset descriptions) and ensure 

consistency (data custodian)?

• Who will have access to the database, including read/write authority?

• Are there agreed upon protocols for managing sensitive data?

• Is the database platform appropriate to hold the data and is its ongoing main-

tenance supported?

• Who will analyse, review and report the data?

• What are the intellectual property (i.e., data) sharing arrangements?

• Is there a communication and outreach plan?

• How will authorship of reports and research papers be determined?

• How will results and interpretations be disseminated and by whom?

• How will all contributions be acknowledged?

https://academic.oup.com/jof/pages/general_instructions#AuthorshipPolicy
https://academic.oup.com/jof/pages/general_instructions#AuthorshipPolicy
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Appendices
1. Sample Field Sheet with Tree Map

Field Inventory 2021

Supporting Information from the 2019 field inventory

  Plot name: 1434

  Tree location map
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2. Sample Budget Spreadsheet

Year 1 Year 2 Year 3 Year 4 Total

Category
Descrip-

tion

ABC 

ORG

Other 

sources

ABC 

ORG

Other 

sources

ABC

ORG

Other 

sources

ABC 

ORG

Other 

sources

ABC 

ORG

Other 

sources

1. Salaries

Jane Smith 
(position)
John Smith 
(position)

0

0

0

0

0

0

2. Consu- 

mables

Animal costs
Lab consu- 
mmables
....

0

0

0

0

0

0

3. Know-

ledge 

Transfer

Publication

Participation 

at conferences

...

0

0

0

0

0

0

4. Equip-

ment

0

0

0

0

0

0

5. Other

costs

0

0

0

0

0

0

Total 0 0 0 0 0 0 0 0 0 0

Total Project costs:             0

Total budget (total requested  
budget for all partner institutions)

Currency (please use the 
local currency of the 

PI’s institution)

Enter 
Currency

Exchange 
Rate

Enter exchange 
rate(s) if 

applicable
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PROJECT 
TITLE

Towards to the Forest Restoration Landscape of Eastern Region  
of Paraguay

Location

Itabó Natural Reserve of Itaipu Binacional
District of Santa Fé of Paraná, Department of Alto Paraná, Paraguay
Site 1: 21 J 732630.00 m E 7218900.00 m S
Site 2: 21 J 747086.00 m E 7211667.00 m S

Scale

The RFFL plot is part of the Itaipu Biosphere Reserve. 
It is located within the formation of the Alto Paraná Atlantic Forest, shared 
by countries such as Paraguay, Brazil and Argentina. Considered a biodiver-
sity hotspot and with a high level of threat today.
The study area will have 80 hectares.

3. Concept Template for the Paraguay RFFL Location
(Completed at a workshop by Lila Gamarra Faculty of Agrarian Sciences National  
University of Asuncion and Haroldo Silva, Action Environmental Division, Itaipu  
Binacional)
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Gover-
nance

Who owns or controls access to the land the RFFL will be located on?
• Private land (Itaipu Binacional)
• Who are the main stakeholders in the landscape?
• Producers mainly of extensive agriculture and livestock
• Cooperatives 
• Indigenous Communities
• Private protected areas of Itaipu Binacional (autonomous)
• Government agencies (INFONA, MADES)
• NGOs 

Vision

State the problem or problems that are being addressed, addressing one or 
two main issues
• Deforestation and conversion to cattle grazing and agriculture have  

reduced biodiversity and other ecosystem services
• Resiliency of forests at risk from climate change requiring adaptation 

to future climate
• Erosion and compaction of the soil (mechanical and physical proper-

ties)
• Reduced ecosystem services
• Biodiversity loss and endangered species
• Reduced socioeconomic benefits of the forest to people

Concept

State the objectives of the treatments to be demonstrated at the RFFL 
Location:
• Increase forest productivity, climate benefits and biodiversity of 

degraded agricultural land
• Reduce soil erosion and mass movement
• Introduce or create value chains for marketable products and/or 

services
• Convert monoculture plantations of non-native species to mixed 

species stands
• Reduce forest restorations costs 
• To maximize forest uses and improve life quality.
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Actions

Briefly describe the treatments to achieve the objectives, including:
• Do nothing (this could be natural regeneration).

Treatment 1
Passive restoration
In this treatment, the behavior of the plant species present on the site 
will be observed without any type of intervention.
• Business-as-Usual (BAU) treatment (for the purpose of comparison 

with innovation).

Treatment 2
Reforestation with tree native species selected just for one criterion 
(forest cover)
Currently the main criterion for the selection of tree species for 
restoration purposes is growth, and the size and density of the crown. 
In this way, the rapid formation of a forest cover is achieved, the 
presence of competing plants is reduced, and the maintenance cost is 
reduced. The use of this method is spreading in the eastern region of 
Paraguay.
• Innovative treatment(s).

Treatment 3
Reforestation with tree native species selected for multiple criterion 
and uses of other groups of plants
This treatment proposes to use, in addition to the treatment 2 
criterion, multiple selection criteria that consider aspects such as: 
conservation status of the species, quality of the wood, medicinal and 
honey. This will also include other groups of plants such as certain 
shrubs, herbaceous plants and epiphytes of known economic value.

Treatment 4
Reforestation with exotic fast-growing species (Eucalyptus) mixed 
with native tree species (high timber value)
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This treatment poses an option for the restoration of legal reserve 
forests in Paraguay seeking to be attractive to producers and reduce 
the costs of establishing plantations for forest restoration purposes. 
In the first stage, eucalyptus trees will be planted in strips only once. 
Once the eucalyptus trees are harvested at 7 years old, native species 
with high economic value will be established for sustainable use.

Treatment 5
Reforestation with Yerba Mate 
This treatment proposes the use of fast-growing native forest species 
in association with Yerba mate, considering the cultural and economic 
importance of the latter for the Paraguayan population.
In principle, fast-growing native forest species will be planted until 
there is sufficient coverage for yerba mate to be installed, since it is a 
species that does not tolerate direct exposure to the sun. It should be 
noted that the part used to make tea is the leaves and the harvest cycle 
is 4 years.

Sustaining

Short-term and long-term monitoring schedule, including what will be 
monitored, by what measurement, at what interval, by whom, applying 
what type of technology:

1st year (each 3 months)
• Chemical, physical and biological properties of the soil
• Taxonomic identification of seedlings
• Ground cover plant
• Coverage of grasses and other competitors
• Height, neck diameter and breast height and seedling cover
• Classification in successional groups, dispersal syndrome, origin
• Survival
• Herbivory rate
• By student crews.
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2nd year (each 6 months)
• Taxonomic identification of seedlings
• Height, neck diameter and breast height and seedling cover
• Classification in successional groups, dispersal syndrome, origin
• Regeneration studies
• Ground cover plant
• Coverage of grasses and other competitors
• By student crews.

3-5  year (each 1 year)
• Height, neck diameter and breast height and seedling cover
• Classification in successional groups, dispersal syndrome, origin
• Regeneration studies
• Ground cover plant
• Coverage of grasses and other competitors
• By student crews.

6-10  year (each 2 year)
• Height, diameter and seedling cover
• Classification in successional groups, dispersal syndrome, origin
• Regeneration studies
• Ground cover plant
• Coverage of grasses and other competitors
• By student crews.

11-20 year (each 3 year)
• Chemical, physical and biological properties of the soil
• Diversity, biomass, structure and composition treatment
• Diversity (trees species, groups of plants, functional diversity)
• Regeneration studies
• By student crews.
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Benefits

Project local, regional, and national benefits from the RFFL Project 
including products and materials needed for a sustainable future, for 
example: 

• Production of medicinal plants for self-consumption and for sale.

• Production biomass and timber for self-consumption and for sale. 

• Improve connectivity between remnant forests.   

• Jobs created for seedling production, tree planting and 

maintenance of plantations.

• The planted forests facilitated natural regeneration and enhanced 

tree species composition and diversity. 

• Improved soil fertility, and increased carbon sequestration due to 

increased tree cover. 

• Conversion of degraded forests to plantations can restore key 

tree species that dominated the original forest and other critical 

ecosystem services.

• Contributes to the national landscape restoration agenda, 

restoration of ecosystem services, climate change mitigation/ 

adaptation efforts, as well as disaster risk reduction.

• Meeting national biodiversity commitments.

• Meeting national climate change mitigation commitments (NDC).

• Meeting national forest restoration plan commitments. 

• Management options, techniques, strategies and governance 

lessons for engaging local communities that were developed, may 

guide future landscape restoration projects/initiatives. 

• Building local capacity and knowledge in landscape forest 

restoration
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Potential
Partners

Who are the partners? 
Actual
• National University of Asuncion: Students, Professor: Plot  

monitoring, data processing, research, communication
• Itaipu Binacional: Provide the land and the plots establishment  

and support for monitoring
• IUFRO: Research, communication

Potential
• Paracel S.A. (Private sector - Pulp industry)
• Agro Industrial Guarapi S.A. (Private sector)

Design

• What size area? 
1 ha (100x100 m)
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Work
Plan

Year 0
• Pre-treatment activities
• Objectives
• Design for each treatment
• Species selection for each treatment
• Get seedlings 
• Define activities dates for each treatment 

Year 1
• Establishment activities (treatments, immediate post-treatment 

tending)
• Soil analysis
• Plantation
• Maintenance activities (plant competitor control, ants control, trees 

reposition)

Measurement schedule
Monitoring diversity, biomass, structure and composition treatment
• Year 1 (each 3 months)
• Year 2 (each 6 months)
• Year 3 - 5 (each 1 year)
• Years 6 - 10 (each 2 year)
• Years 11 - 20 (each 3 year)

Grass cover 
• Year 1 - 2 (each 3 months)
• Year 3  - 4 (each 4 months)
• Year 5 (each 6 months)
• Year 6 - 10 (each 2 year)
• Years 11 - 20 (each 3 year)

Soil
• Years 5, 10, 20 
Success or adaptive management
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Data  
Manage-

ment

Where will data be stored (locally and IUFRO)
• National University of Asuncion - Itaipu Binacional - IUFRO

Who will have access (edit, add, read-only)
• National University of Asuncion - Itaipu Binacional (edit - add)
• IUFRO (add suggestions, read)
• Forestry National Institute INFONA (read only)
• Environmental and Sustainable Development Ministry MADES (read only)

Budget 
and

Finance

Budget
01_21062023_RFFL Budget Template.xlsx
• Grant proposals, funding sources (actual and potential)
• Owner land and treatment installation costs: Itaipu Binacional

Potential
• Owner land and treatment installation costs: Paracel S.A. (Private sector - 

Pulp industry) and Agro Industrial Guarapi S.A. (Private sector)

Reporting 
and Docu-
mentation

What stakeholders need reporting? How frequently?

What financial reporting is required (who needs it, what do they need)
• Semester expense list
• Study Plan (the fully described concept note)
• Establishment report (how was it actually done, how did it deviate from 

the plan, what problems were encountered that might affect results, etc.)

After the establishment
• Monitoring reports (after each re-measurement)
• Annually

Communi-
cation

• Stakeholder communication
• Community outreach
• Media (press, on-line, etc.)

http://01_21062023_RFFL Budget Template.xlsx
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4. Useful Apps and Websites

Africa Tree Finder: shows data on the distribution of indigenous tree species in 
different natural vegetation types, combined with information on the products and 
services that the tree species can provide. Currently maps are only available for Kenya 
and Uganda.
https://lnkd.in/e4JxrwDB 

Capfitogen: software for eco-geographical characterization of the germplasm 
collecting sites - identifies seed zones.
http://www.capfitogen.net/  

Climate Data Online: CDO provides free access to NCDC’s archive of global historical 
weather and climate data in addition to station history information.
https://www.ncei.noaa.gov/cdo-web/

CORDEX: Regional climate projections are results from regional climate model 
simulations which have been generated by multiple independent climate research 
centres.
https://confluence.ecmwf.int/display/CKB/CORDEX%3A+Regional+climate+projec-
tions?src=contextnavpagetreemode
  
Diversity For Restoration - decision-making on the use of appropriate tree species 
and seed sources for tree-based restoration.
https://www.diversityforrestoration.org/

EFI: European Forest Institute has several online databases on different aspects of 
European forests, forestry and forest research. These include EFISCEN  - The European 
Forest Information Scenario Database a forest inventory database of European 
countries, used in particular by the EFISCEN forest scenario model. LTFRA - Long 
Term Forest Resources Assessment Database on forest resources in the UNECE region. 
FPTF - Forest Products Trade Flow Database, has precise estimates of the trade flows. 
DFDE - Database on Forest Disturbances in Europe. EFIMED allows searching data 
on the state of the Mediterranean forests, the quantity and value of wood and non-
wood forest goods and services. These databases can be accessed free of charge after 
registering. 
https://efi.int/knowledge/databases

ESA Climate Change Initiative: open data portal, free and open access to all Essential 
Climate Variable data products developed by the ESA Climate Change Initiative. 
https://climate.esa.int/en/data/#/dashboard

https://lnkd.in/e4JxrwDB
http://www.capfitogen.net/
https://www.ncei.noaa.gov/cdo-web/
https://confluence.ecmwf.int/display/CKB/CORDEX%3A+Regional+climate+projections?src=contextnavpagetr
https://confluence.ecmwf.int/display/CKB/CORDEX%3A+Regional+climate+projections?src=contextnavpagetr
https://www.diversityforrestoration.org/
https://efi.int/knowledge/databases
https://efi.int/knowledge/databases
https://climate.esa.int/en/data/#/dashboard
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FAO Forest Restoration Monitoring Tool (FAO, 2012): operational guidelines for the 
restoration of degraded areas particularly in dry land forests.
http://www.fao.org/sustainable-forest-management/toolbox/tools/tool-detail/
en/c/233276/

ForestPlots: focuses on the tropics, includes over 6.8 million tree measurements from 
more than 21,000 species. The first was made in 1939.
http://www.forestplots.net/

Global Temperature Data Sets: overview & Comparison Table. Global surface 
temperature data sets are an essential resource for monitoring and understanding 
climate variability and climate change.
https://climatedataguide.ucar.edu/climate-data/global-temperature-data-sets-
overview-comparison-table
       
iNaturalist: a place to record and organize nature findings, meet other nature 
enthusiasts, and learn about the natural world. It encourages the participation of a 
wide variety of nature enthusiasts, including, but not exclusive to, hikers, hunters, 
birders, beach combers, mushroom foragers, park rangers, ecologists, and fishermen.
https://www.inaturalist.org/

LandPKS: a mobile app to identify land potential and monitor change over time. The 
mobile device can be used for soil identification, land cover and soil health monitoring, 
land management and farm record keeping.
https://landpotential.org

LOTVS: Long-Term Vegetation Sampling; a collection of temporal vegetation data 
recorded using permanent plots worldwide. At present, it includes vegetation time-
series  from 79 datasets, for a total of ~8000 plots and ~4500 plant species recorded.
https://lotvs.csic.es/

Monitoring & Inventory Tools: Northwest Natural Resources Group. Includes sample 
forms for small landowners.
https://www.nnrg.org/resources/monitoring-and-inventory-tools/

Northeast Temperate Network Long-term monitoring protocols: US National Park 
Service, temperate forests; various protocols. 
https://www.nps.gov/im/netn/protocols.htm

Open FORIS: a collection of free open-source solutions for forest and land 
monitoring. Includes applications for field data collection, Data management, visual 
interpretation, and geospatial analysis.
https://openforis.org/

http://www.fao.org/sustainable-forest-management/toolbox/tools/tool-detail/en/c/233276/
http://www.fao.org/sustainable-forest-management/toolbox/tools/tool-detail/en/c/233276/
http://www.forestplots.net/
https://climatedataguide.ucar.edu/climate-data/global-temperature-data-sets-overview-comparison-table
https://climatedataguide.ucar.edu/climate-data/global-temperature-data-sets-overview-comparison-table
https://www.inaturalist.org/
https://landpotential.org
https://lotvs.csic.es/
https://www.nnrg.org/resources/monitoring-and-inventory-tools/ 
https://www.nps.gov/im/netn/protocols.htm 
https://openforis.org/
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Regreening  App: phone-based app for gathering insights into how farmers are 
preserving and nurturing trees on their land. Developed as part of the Regreening 
Africa project, which aims to combat land degradation across Ethiopia, Ghana, Kenya, 
Mali, Niger, Rwanda, Senegal, and Somalia.
https://lnkd.in/eGBShNxV 

Restor: open-data platform, to access ecological insights at the site level,  show 
current and potential tree cover, which species of flora could exist, and how much 
potential carbon could be stored - monitor recovery and impact.
http://www.restor.eco/        

Restoration Diagnostic: a method for developing forest landscape restoration 
strategies by rapidly assessing the status of key success factors.
https://www.wri.org/publication/restoration-diagnostic       

Restoration Opportunities Assessment Methodology: to evaluate restoration 
readiness prioritize restoration sites, support decisions on intervention types, 
collaborative costing and benefit-sharing.

https://www.iucn.org/theme/forests/our-work/forest-landscape-restoration/
restoration-opportunities-assessment-methodology-roam 

RFFL: the Resilient Future Forest Laboratory is a global network of demonstration 
and research plots that cover large gradients of climatic and socio-economic condition.
https://resilientfutureforest.org       

SeedIT: phone app, to track, manage and diversify seed collections.
https://seedit.io/ 

SEOSAW: The Socio-Ecological Observatory for Studying African Woodlands is a 
network of scientists and woodland survey plots in Africa with the long-term goal of is 
to understand the response of African woodlands to global change.
https://seosaw.github.io/ 

SER 5-Star Recovery System: assessing and ranking a site’s degree of recovery over 
time compared with the reference ecosystem. 
https://www.ser.org/page/SERNews3113   

SUPERB: Systemic solutions for upscaling of urgent ecosystem restoration for forest-
related biodiversity and ecosystem services; 12 large-scale demonstration areas 
representing the diversity of stressors on European forests and the wide range of 
necessary restoration actions that consider entire socio-ecological systems.
https://forest-restoration.eu/

https://lnkd.in/eGBShNxV
http://www.restor.eco/
https://www.wri.org/publication/restoration-diagnostic
https://www.iucn.org/theme/forests/our-work/forest-landscape-restoration/restoration-opportunities-a
https://www.iucn.org/theme/forests/our-work/forest-landscape-restoration/restoration-opportunities-a
https://seedit.io/
https://seosaw.github.io/  
https://www.ser.org/page/SERNews3113
https://forest-restoration.eu/ 
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Tropical Managed Forest Observatory: a pan-tropical network aiming at 
understanding the long term effects of logging on tropical forest ecosystems. TmFO 
encompasses more than 600 permanent forest plots spread across three continents 
(Latin America, Africa and South East Asia).
https://tmfo.org/

Vegetationmap4Africa web-based vegetation map with complementary species/site 
matching tool for Africa.    
https://vegetationmap4africa.org/ 

WePlan-Forests: a range of advanced forest ecosystem restoration planning and 
spatial modelling solutions to support decision makers and policy development.
http://weplan-forests.org/

World Bank Group, Climate Change Knowledge Portal: climate data aggregations at 
national, sub-national, and watershed scales.
https://climateknowledgeportal.worldbank.org/ 

WorldClim: database of high spatial resolution global weather and climate data. These 
data can be used for mapping and spatial modeling.
https://worldclim.org/data/index.html 

WorldClim Bioclimatic variables: derived from the monthly temperature and rainfall 
values in order to generate more biologically meaningful variables. These are often 
used in species distribution modeling and related ecological modeling techniques.
https://www.worldclim.org/data/bioclim.html 

https://tmfo.org/
https://vegetationmap4africa.org/
http://weplan-forests.org/
https://climateknowledgeportal.worldbank.org/
https://worldclim.org/data/index.html
https://www.worldclim.org/data/bioclim.html
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5. Useful Manuals and Guidelines

Plot Design
Andrew, lan. 1986. Simple experimental design for forestry field trials (revised 

edition). FRI Bulletin No. 71. Forest Research Institute, New Zealand Forest 
Service. Private Bag, Rotorua, New Zealand. https://scion.contentdm.oclc.org/
digital/collection/p20044coll6/id/90/

Broadhurst L, Prober SM, Boggs G, Bush D, Breed MF, Dickson F, Harrison PA, Jellinek 
S, Lynch AJJ, Rymer PD, Young RE, Commander LE (eds) 2023, Guidelines 
for embedded experiments in ecological restoration and management 
in Australia (CSIRO). https://wabsi.org.au/latest-research/guidelines-for-
embedded-experiments-in-ecological-restoration-and-management-in-australia/

Lopez-Gonzalez, G., Lewis, S.L., Burkitt, M. and Phillips, O.L. 2011. ForestPlots.net: 
a web application and research tool to manage and analyse tropical forest 
plot data. Journal of Vegetation Science 22: 610–613. https://doi.org/10.1111/
j.1654-1103.2011.01312.x

Lopez-Gonzalez, G., Lewis, S.L., Burkitt, M., Baker T.R. and Phillips, O.L. 2009. 
ForestPlots.net Database. www.forestplots.net. Date of extraction 
[09/12/2023]

Lott, Rosemary H. and Wardill, Trevor. 2009.  Designing silvicultural research trials. 
RIRDC Publication No 08/197. Rural Industries Research and Development 
Corporation, Barton, ACT, Australia. https://agrifutures.com.au/wp-content/
uploads/publications/08-197.pdf

McLeod, Ian, Vercoe, Tim, Robins, Lisa. 2009.  Designing farm forestry trials for 
species and provenance selection. RIRDC Publication No 09/016. Rural 
Industries Research and Development Corporation, Barton, ACT, Australia. 
https://www.researchgate.net/publication/287336138_Designing_Farm_
Forestry_Trials_for_Species_and_Provenance_Selection

Moonlight, Peter, Karina Banda-R, Oliver L. Phillips, Kyle G. Dexter, R. Toby 
Pennington, Tim R. Baker, Haroldo Cavalcante de Lima, Laurie Fajardo, Roy 
González-M., Reynaldo Linares-Palomino, Jon Lloyd, Marcelo Nascimento, 
Darién Prado, Catalina Quintana, Ricarda Riina, Gina M. Rodríguez M., Dora 
Maria Villela, Ana Carla M. M. Aquino, Luzmila Arroyo, Cidney Bezerra, 
Alexandre Tadeu Brunello, Roel Brienen, Domingos Cardoso, Kuo-Jung Chao, 
Italo Antonio Cotta Coutinho, John Cunha, Tomas Domingues, Mário Marcos do 
Espirito Santo, Ted R. Feldpausch, Moabe Ferreira Fernandes, Zoë A. Goodwin, 
Eliana María Jiménez, Aurora Levesley, Leonel Lopez-Toledo, Beatriz Marimon, 
Raquel C. Miatto, Marcelo Mizushima, Abel Monteagudo, Magna Soelma 
Beserra de Moura, Alejandro Murakami, Danilo Neves, Renata Nicora Chequín, 
Tony César de Sousa Oliveira, Edmar Almeida de Oliveira, Luciano Paganucci 
de Queiroz, Alan Pilon, Desirée Marques Ramos, Carlos Reynel, Priscyla M.S. 
Rodrigues, Rubens Santos, Tiina Särkinen, Valdemir Fernando da Silva, Rodolfo 

https://scion.contentdm.oclc.org/digital/collection/p20044coll6/id/90/
https://scion.contentdm.oclc.org/digital/collection/p20044coll6/id/90/
https://wabsi.org.au/latest-research/guidelines-for-embedded-experiments-in-ecological-restoration-a
https://wabsi.org.au/latest-research/guidelines-for-embedded-experiments-in-ecological-restoration-a
https://doi.org/10.1111/j.1654-1103.2011.01312.x
https://doi.org/10.1111/j.1654-1103.2011.01312.x
http://www.forestplots.net
https://agrifutures.com.au/wp-content/uploads/publications/08-197.pdf
https://agrifutures.com.au/wp-content/uploads/publications/08-197.pdf
https://www.researchgate.net/publication/287336138_Designing_Farm_Forestry_Trials_for_Species_and_Pr
https://www.researchgate.net/publication/287336138_Designing_Farm_Forestry_Trials_for_Species_and_Pr
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M.S. Souza, Rodolfo Vasquez, Elmar Veenendaal. DryFlor field manual for 
plot establishment and remeasurement. 2022. http://www.dryflor.info/files/
ppp310112-sup-0001-supinfo_english.pdf 

Päivinen, Risto; Lund, H. Gyde; Poso, Simo; Zawila-Niedzwiecki, Tomasz. (eds.) 1994. 
IUFRO international guidelines for forest monitoring; A Project of IUFRO 
Working Party 4.02.02. IUFRO World Series Report 5. International Union of 
Forestry Research Organizations, Vienna, Austria. https://www.researchgate.
net/publication/289985206_IUFRO_International_Guidelines_for_Forest_
Monitoring 

Phillips, Oliver, Baker, Tim, Feldpausch, Ted, Brienen, Roel. 2001. RAINFOR field 
manual for plot establishment and remeasurement. https://rainfor.org/wp-
content/uploads/sites/129/2022/06/RAINFOR_field_manual_EN.pdf  

Biodiversity Sampling
Burrascano S., Trentanovi G., et al., 2022. Handbook of sampling for multi-taxon 

biodiversity studies in European forests. PM edizioni, Varazze (Savona). ISBN 
978-88-31222-50-1. DOI https://doi.org/10.48250/1051 .

Gaines, William L.; Harrod, Richy J.; Lehmkuhl, John F. 1999. Moni-
toring biodiversity: quantification and interpretation. Gen. 
Tech. Rep. PNW-GTR-443. Portland, OR: U.S. Department of Agri- 
culture, Forest Service, Pacific Northwest Research Station. 27 p. https://
www.researchgate.net/publication/251812120_Monitoring_Biodiversity_
Quantification_and_Interpretation

Jungmeier, M. and Yenilmez Arpa, N. 2022. Guidelines for biodiversity monitoring. 
Ankara, FAO and MAF. https://doi.org/10.4060/cb8370en

Kanowski, J. and Catterall, C. P. (2007) Monitoring revegetation projects for 
biodiversity in rainforest landscapes. Toolkit Version 1, Revision 1. Marine and 
Tropical Sciences Research Facility Research Report Series. Reef and Rainforest 
Research Centre Limited, Cairns. http://rrrc.org.au/publications/biodiversity_
monitoring3-html/

Ralph, C. John; Geupel, Geoffrey R.; Pyle, Peter; Martin, Thomas E.; DeSante, David F. 
1993. Handbook of field methods for monitoring landbirds. Gen. Tech. Rep. 
PSW-GTR-144-www. Albany, CA: Pacific Southwest Research Station, Forest 
Service, U.S. Department of Agriculture; 41 p https://www.fs.usda.gov/psw/
publications/documents/psw_gtr144/psw_gtr144.pdf 

White, Andrew, Sparrow, Ben, Leitch, Emrys, Foulkes, Jeff, Flitton, Rick, Lowe, 
Andrew J., Caddy-Retalic, Stefan. 2012. AusPlots rangelands survey protocols 
manual version 1.2.9, 2012, University of Adelaide Press. https://www.tern.org.
au/wp-content/uploads/TERN-Rangelands-Survey-Protocols-Manual_web.pdf 

World Wildlife Fund. 2017. Camera-trapping for Conservation: A Guide to Best-
practices. https://www.wwf.org.uk/sites/default/files/2019-04/CameraTraps-
WWF-guidelines.pdf

http://www.dryflor.info/files/ppp310112-sup-0001-supinfo_english.pdf
http://www.dryflor.info/files/ppp310112-sup-0001-supinfo_english.pdf
https://www.researchgate.net/publication/289985206_IUFRO_International_Guidelines_for_Forest_Monitor
https://www.researchgate.net/publication/289985206_IUFRO_International_Guidelines_for_Forest_Monitor
https://www.researchgate.net/publication/289985206_IUFRO_International_Guidelines_for_Forest_Monitor
https://rainfor.org/wp-content/uploads/sites/129/2022/06/RAINFOR_field_manual_EN.pdf
https://rainfor.org/wp-content/uploads/sites/129/2022/06/RAINFOR_field_manual_EN.pdf
978-88-31222-50-1. DOI https://doi.org/10.48250/1051
https://www.researchgate.net/publication/251812120_Monitoring_Biodiversity_Quantification_and_Interp
https://www.researchgate.net/publication/251812120_Monitoring_Biodiversity_Quantification_and_Interp
https://www.researchgate.net/publication/251812120_Monitoring_Biodiversity_Quantification_and_Interp
https://doi.org/10.4060/cb8370en
http://rrrc.org.au/publications/biodiversity_monitoring3-html/
http://rrrc.org.au/publications/biodiversity_monitoring3-html/
https://www.fs.usda.gov/psw/publications/documents/psw_gtr144/psw_gtr144.pdf
https://www.fs.usda.gov/psw/publications/documents/psw_gtr144/psw_gtr144.pdf
https://www.tern.org.au/wp-content/uploads/TERN-Rangelands-Survey-Protocols-Manual_web.pdf
https://www.tern.org.au/wp-content/uploads/TERN-Rangelands-Survey-Protocols-Manual_web.pdf
https://www.wwf.org.uk/sites/default/files/2019-04/CameraTraps-WWF-guidelines.pdf
https://www.wwf.org.uk/sites/default/files/2019-04/CameraTraps-WWF-guidelines.pdf
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The Resilient Future Forest Laboratory Guidebook

129

Other
ArborGen. 2023. Seedling care and planting guide. https://www.arborgen.com/wp-

content/uploads/2023/11/Seedling-Care-and-Planting-Guide-2023.pdf 
Beck, H.E., Zimmermann, N.E., McVicar, T.R., Vergopolan, N., Berg, A., Wood, E.F., 

2018. Present and future Köppen-Geiger climate classification maps at 1-km 
resolution. Scientific Data 5, 180214. https://doi.org/10.1038/sdata.2018.214 
(open access)

Bonfantine, K., J. Zebrowski, and A. Egan. 2011. Guidelines and protocols for 
monitoring riparian forest restoration projects. A publication of the New 
Mexico Forest and Watershed Restoration Institute. www.nmfwri.org

Hall, F.C., 2002. Photo point monitoring handbook: Part A-field procedures. Gen. 
Tech. Rep. PNW-GTR-526. Portland, OR: U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Research Station. https://www.fs.usda.gov/research/
treesearch/3255 

Multiparty Monitoring and Assessment Guidelines for Community-based Forest 
Restoration in Southwestern Ponderosa Pine Forests. Chap 5  Ecological Moni- 
toring Tools and Methods. www.fs.usda.gov/Internet/FSE_DOCUMENTS/
fsbdev3_021209.pdf

Olson, D. M., Dinerstein, E., Wikramanayake, E. D., Burgess, N. D., Powell, G. V. N., 
Underwood, E. C., D’Amico, J. A., Itoua, I., Strand, H. E., Morrison, J. C., Loucks, 
C. J., Allnutt, T. F., Ricketts, T. H., Kura, Y., Lamoreux, J. F., Wettengel, W. W., 
Hedao, P., Kassem, K. R. 2001. Terrestrial ecoregions of the world: a new 
map of life on Earth. Bioscience 51(11):933-938.  https://files.worldwildlife.
org/wwfcmsprod/files/Publication/file/6kcchn7e3u_official_teow.zip?_
ga=2.84132569.1989780214.1710175470-1833943345.1710175469

Pearson, T.R.H., Brown, S.L., Birdsey, R.A., 2007. Measurement guidelines for the 
sequestration of forest carbon. In. U.S. Department of Agriculture, Forest 
Service, Northern Research Station. https://doi.org/10.2737/nrs-gtr-18 

Yıldıray Lise, Y., Kılıçgil, E., Durmuş, M. & Zeydanlı, U. 2023. Guidelines on forest 
biodiversity monitoring methodologies for Central Asian countries. Ankara, 
FAO. https://doi.org/10.4060/cc7279en 

https://www.arborgen.com/wp-content/uploads/2023/11/Seedling-Care-and-Planting-Guide-2023.pdf
https://www.arborgen.com/wp-content/uploads/2023/11/Seedling-Care-and-Planting-Guide-2023.pdf
https://doi.org/10.1038/sdata.2018.214
http://www.nmfwri.org
https://www.fs.usda.gov/research/treesearch/3255
https://www.fs.usda.gov/research/treesearch/3255
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev3_021209.pdf
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev3_021209.pdf
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/6kcchn7e3u_official_teow.zip?_ga=2
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/6kcchn7e3u_official_teow.zip?_ga=2
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/6kcchn7e3u_official_teow.zip?_ga=2
https://doi.org/10.2737/nrs-gtr-18
FAO. https://doi.org/10.4060/cc7279en


130

The Resilient Future Forest Laboratory Guidebook

References
Alder, D., Synnott, T., 1992. Permanent Sample Plot Techniques for Mixed Tropical 

Forest. Oxford Forestry Institute, University of Oxford.
Bargués-Tobella, A., Hasselquist, N.J., Bazié, H.R., Bayala, J., Laudon, H., Ilstedt, U., 

2020. Trees in African drylands can promote deep soil and groundwater recharge 
in a future climate with more intense rainfall. Land Degradation & Development 
31, 81-95. https://doi.org/10.1002/ldr.3430

Bechtold, W.A., Scott, C.T., 2005. The forest inventory and analysis plot design. In: 
Bechtold, W.A., Patterson, P.L. (Eds.), The Enhanced Forest Inventory and 
Analysis Program - National Sampling Design and Estimation Procedures, Gen. 
Tech. Rep. SRS-80. Asheville, NC: U.S. Department of Agriculture, Forest Service, 
Southern Research Station, pp. 25-42.

Bishaw, B., Soolanayakanahally, R., Karki, U., Hagan, E., 2022. Agroforestry for 
sustainable production and resilient landscapes. Agroforestry Systems 96, 447-
451. https://doi.org/10.1007/s10457-022-00737-8

Boinot, S., Fried, G., Storkey, J., Metcalfe, H., Barkaoui, K., Lauri, P.-É., Mézière, D., 
2019. Alley cropping agroforestry systems: Reservoirs for weeds or refugia for 
plant diversity? Agriculture, Ecosystems & Environment 284, 106584. https://
doi.org/10.1016/j.agee.2019.106584

Bowman, K.D., 2010. Longevity of radiofrequency identification device microchips 
in citrus trees. HortScience 45, 451-452. https://doi.org/10.21273/
HORTSCI.45.3.451

Breed, M., Stead, M., Ottewell, K., Gardner, M., Lowe, A., 2013. Which provenance 
and where? Seed sourcing strategies for revegetation in a changing environment. 
Conservation Genetics 14, 1-10. https://doi.org/10.1007/s10592-012-0425-z

Breed, M.F., Harrison, P.A., Bischoff, A., Durruty, P., Gellie, N.J., Gonzales, E.K., 
Havens, K., Karmann, M., Kilkenny, F.F., Krauss, S.L., 2018. Priority actions 
to improve provenance decision-making. Bioscience 68, 510-516. https://doi.
org/10.1093/biosci/biy050

Broadhurst, L., Prober, S., Boggs, G., Bush, D., Breed, M., Dickson, F., Harrison, 
P., Jellinek, S., Lynch, A., Rymer, P., Young, R., Commander, L. (Eds.), 
2023. Guidelines for Embedded Experiments in Ecological Restoration and 
Management in Australia. CSIRO.

Broadhurst, L.M., Lowe, A., Coates, D.J., Cunningham, S.A., McDonald, M., Vesk, P.A., 
Yates, C., 2008. Seed supply for broadscale restoration: maximizing evolutionary 
potential. Evolutionary Applications 1, 587-597. https://doi.org/10.1111/
j.1752-4571.2008.00045.x

Brookshire, B.L., Jensen, R., Dey, D.C., 1997. The Missouri Ozark forest ecosystem 
project: past, present, and future. In: Brookshire, Brian L. Shifley, Stephen R. 
(Eds.) Proceedings of the Missouri Ozark Forest Ecosystem Project Symposium: 
an experimental approach to landscape research; 1997 June 3-5; St. Louis, MO. 
General Technical Report NC-193. St. Paul, MN: US Department of Agriculture, 
Forest Service, North Central Forest Experiment Station: 1-25., pp. 1-25.

https://doi.org/10.1002/ldr.3430
https://doi.org/10.1007/s10457-022-00737-8
https://doi.org/10.1016/j.agee.2019.106584
https://doi.org/10.1016/j.agee.2019.106584
https://doi.org/10.21273/HORTSCI.45.3.451
https://doi.org/10.21273/HORTSCI.45.3.451
https://doi.org/10.1007/s10592-012-0425-z
https://doi.org/10.1093/biosci/biy050
https://doi.org/10.1093/biosci/biy050
https://doi.org/10.1111/j.1752-4571.2008.00045.x
https://doi.org/10.1111/j.1752-4571.2008.00045.x


The Resilient Future Forest Laboratory Guidebook

131

Bryson, J.M., 2004. What to do when stakeholders matter: stakeholder identification 
and analysis techniques. Public Management Review 6, 21-53. https://doi.org/1
0.1080/14719030410001675722

Bucharova, A., Lampei, C., Conrady, M., May, E., Matheja, J., Meyer, M., Ott, 
D., 2022. Plant provenance affects pollinator network: Implications for 
ecological restoration. Journal of Applied Ecology 59, 373-383. https://doi.
org/10.1111/1365-2664.13866

Buchy, M., Hoverman, S., 2000. Understanding public participation in forest planning: 
a review. Forest Policy and Economics 1, 15-25. https://doi.org/10.1016/S1389-
9341(00)00006-X

Burrascano, S., Trentanovi, G., Paillet, Y., Heilmann-Clausen, J., Giordani, P., Bagella, 
S., Bravo-Oviedo, A., Campagnaro, T., Campanaro, A., Chianucci, F., De Smedt, 
P., García-Mijangos, I., Matošević, D., Sitzia, T., Aszalós, R., Brazaitis, G., Cutini, 
A., D’Andrea, E., Doerfler, I., ..., Ódor, P., 2021. Handbook of field sampling for 
multi-taxon biodiversity studies in European forests. Ecological Indicators 132, 
108266. https://doi.org/10.1016/j.ecolind.2021.108266

Carlucci, M.B., Brancalion, P.H.S., Rodrigues, R.R., Loyola, R., Cianciaruso, M.V., 2020. 
Functional traits and ecosystem services in ecological restoration. Restoration 
Ecology 28, 1372-1383. https://doi.org/10.1111/rec.13279

Carvalho, C.S., Forester, B.R., Mitre, S.K., Alves, R., Imperatriz-Fonseca, V.L., Ramos, 
S.J., Resende-Moreira, L.C., Siqueira, J.O., Trevelin, L.C., Caldeira, C.F., Gastauer, 
M., Jaffé, R., 2021. Combining genotype, phenotype, and environmental data 
to delineate site-adjusted provenance strategies for ecological restoration. 
Molecular Ecology Resources 21, 44-58. https://doi.org/10.1111/1755-
0998.13191

Ceccon, E., 2021. Challenges during the execution, results, and monitoring phases of 
ecological restoration: Learning from a country-wide assessment. PLOS One 16, 
e0249573. https://doi.org/10.1371/journal.pone.0249573

Chakraborty, D., Matulla, C., Andre, K., Weissenbacher, L., Schueler, S., 2019. Survival 
of Douglas-fir provenances in Austria: site-specific late and early frost events 
are more important than provenance origin. Annals of Forest Science 76, 100. 
https://doi.org/10.1007/s13595-019-0883-2 

Chirwa, P.W., Musokwa, M., Mwale, S.E., Handavu, F., Nyamadzawo, G., 2023. 
Agroforestry systems for mitigating climate change and reducing carbon 
footprints of land-use systems in Southern Africa. Carbon Footprints 2, 1. 
https://doi.org/10.20517/cf.2022.081601

Cho, P., Mesh, S., 2016. Field Manual for Permanent Sampling Plot, Establishment and 
Re-measurement. Belize Environmental Research Institute.

Clark, P.W., Freeman, A.J., D’Amato, A.W., Schaberg, P.G., Hawley, G.J., Evans, K.S., 
Woodall, C.W., 2022. Restoring a keystone tree species for the future: American 
chestnut assisted migration plantings in an adaptive silviculture experiment. 
Forest Ecology and Management 523, 120505. https://doi.org/10.1016/j.
foreco.2022.120505

Clutter, J.L., Fortson, J.C., Pienaar, L.V., Brister, G.H., Bailey, R.L., 1983. Timber 
Management: A Quantitative Approach. John Wiley & Sons, Inc., New York.

https://doi.org/10.1080/14719030410001675722
https://doi.org/10.1080/14719030410001675722
https://doi.org/10.1111/1365-2664.13866
https://doi.org/10.1111/1365-2664.13866
https://doi.org/10.1016/S1389-9341(00)00006-X
https://doi.org/10.1016/S1389-9341(00)00006-X
https://doi.org/10.1016/j.ecolind.2021.108266
https://doi.org/10.1111/rec.13279
https://doi.org/10.1111/1755-0998.13191
https://doi.org/10.1111/1755-0998.13191
https://doi.org/10.1371/journal.pone.0249573
https://doi.org/10.1007/s13595-019-0883-2
https://doi.org/10.20517/cf.2022.081601
https://doi.org/10.1016/j.foreco.2022.120505
https://doi.org/10.1016/j.foreco.2022.120505


132

The Resilient Future Forest Laboratory Guidebook

Commarmot, B., Brändli, U.-B., Hamor, F., Lavnyy, V. (Eds.), 2013. Inventory of the 
largest primeval beech forest in Europe: A Swiss-Ukrainian scientific adventure. 
Swiss Federal Research Institute, Ukrainian National Forestry University, 
Carpathian Biosphere Reserve, Birmensdorf, Switzerland; L’viv, Ukraine;  
Rakhiv, Ukraine.

Condit, R., 1998. Tropical Forest Census Plots: methods and results from Barro 
Colorado Island, Panama and a comparison with other plots. Springer Science & 
Business Media.

Corlett, R.T., 2016. Restoration, reintroduction, and rewilding in a changing world. 
Trends in Ecology & Evolution 31, 453-462. https://doi.org/10.1016/j.
tree.2016.02.017

Costanza, R., De Groot, R., Braat, L., Kubiszewski, I., Fioramonti, L., Sutton, P., Farber, 
S., Grasso, M., 2017. Twenty years of ecosystem services: how far have we come 
and how far do we still need to go? Ecosystem Services 28, 1-16. https://doi.
org/10.1016/j.ecoser.2017.09.008

Crouzeilles, R., Beyer, H.L., Monteiro, L.M., Feltran-Barbieri, R., Pessôa, A.C., Barros, 
F.S., Lindenmayer, D.B., Lino, E.D., Grelle, C.E., Chazdon, R.L., 2020. Achieving 
cost‐effective landscape‐scale forest restoration through targeted natural 
regeneration. Conservation Letters 13, e12709. https://doi.org/10.1111/
conl.12709

Crouzeilles, R., Ferreira, M.S., Chazdon, R.L., Lindenmayer, D.B., Sansevero, J.B., 
Monteiro, L., Iribarrem, A., Latawiec, A.E., Strassburg, B.B., 2017. Ecological 
restoration success is higher for natural regeneration than for active restoration 
in tropical forests. Science Advances 3, e1701345. https://doi.org/10.1126/
sciadv.1701345

Dawson, N.M., Coolsaet, B., Sterling, E.J., Loveridge, R., Gross-Camp, N.D., 
Wongbusarakum, S., Sangha, K.K., Scherl, L.M., Phan, H.P., Zafra-Calvo, N., 
Lavey, W.G., Byakagaba, P., Idrobo, C.J., Chenet, A., Bennett, N.J., Mansourian, 
S., Rosado-May, F.J., 2021. The role of Indigenous peoples and local communities 
in effective and equitable conservation. Ecology and Society 26. https://doi.
org/10.5751/ES-12625-260319

Dey, D.C., Schweitzer, C.J., 2014. Restoration for the future: endpoints, targets, and 
indicators of progress and success. Journal of Sustainable Forestry 33, S43-S65. 
https://doi.org/10.1080/10549811.2014.883999

Djanibekov, U., Dzhakypbekova, K., Chamberlain, J., Weyerhaeuser, H., Zomer, R., 
Villamor, G., Xu, J., 2016. Agroforestry for landscape restoration and livelihood 
development in Central Asia. ICRAF Working Paper 186. World Agroforestry 
Centre East and Central Asia, Kunming, China 2015, 1-31, 

Donlan, J., 2005. Re-wilding North America. Nature 436, 913-914. https://doi.
org/10.1038/436913a

Dumroese, R.K., Williams, M.I., Stanturf, J.A., Clair, J.B.S., 2015. Considerations for 
restoring temperate forests of tomorrow: forest restoration, assisted migration, 
and bioengineering. New Forests 46, 947-964. https://doi.org/10.1007/s11056-
015-9504-6

https://doi.org/10.1016/j.tree.2016.02.017
https://doi.org/10.1016/j.tree.2016.02.017
https://doi.org/10.1016/j.ecoser.2017.09.008
https://doi.org/10.1016/j.ecoser.2017.09.008
https://doi.org/10.1111/conl.12709
https://doi.org/10.1111/conl.12709
https://doi.org/10.1126/sciadv.1701345
https://doi.org/10.1126/sciadv.1701345
https://doi.org/10.5751/ES-12625-260319
https://doi.org/10.5751/ES-12625-260319
https://doi.org/10.1080/10549811.2014.883999
https://doi.org/10.1038/436913a
https://doi.org/10.1038/436913a
https://doi.org/10.1007/s11056-015-9504-6
https://doi.org/10.1007/s11056-015-9504-6


The Resilient Future Forest Laboratory Guidebook

133

Elias, M., Kandel, M., Mansourian, S., Meinzen‐Dick, R., Crossland, M., Joshi, D., 
Kariuki, J., Lee, L.C., McElwee, P., Sen, A., Sigman, E., Singh, R., Adamczyk, 
E.M., Addoah, T., Agaba, G., Alare, R.S., Anderson, W., Arulingam, I., Bellis, 
S.i.K.V., Birner, R., De Silva, S., Dubois, M., Duraisami, M., Featherstone, 
M., Gallant, B., Hakhu, A., Irvine, R., Kiura, E., Magaju, C., McDougall, C., 
McNeill, G.D., Nagendra, H., Nghi, T.H., Okamoto, D.K., Paez Valencia, 
A.M., Pagella, T., Pontier, O., Post, M., Saunders, G.W., Schreckenberg, K., 
Shelar, K., Sinclair, F., Gautam, R.S., Spindel, N.B., Unnikrishnan, H., Wilson, 
G.a.t.a.g.n.a.N., Winowiecki, L., 2021. Ten people‐centered rules for socially 
sustainable ecosystem restoration. Restoration Ecology 30, e13574. https://doi.
org/10.1111/rec.13574

Ellert, B.H., Bettany, J.R., 1995. Calculation of organic matter and nutrients stored in 
soils under contrasting management regimes. Canadian Journal of Soil Science 
75, 529-538. https://doi.org/10.4141/cjss95-075

Erdmann, T.K., 2005. Agroforestry as a tool for restoring forest landscapes. In: 
Mansourian, S., Vallauri, D., Dudley, N. (Eds.), Forest Restoration in Landscapes. 
Springer, pp. 274-284.

EuropeanCommission, 2004. Project Cycle Management Guidelines. EuropeAid 
Cooperation Office, Brussels.

Fernandes, A., de Sousa, C., Mafalacusser, J., Alves, T., 2020. Manual para a instalação 
de monitoria de parcelas de amostragem permanentes. Fundo Nacional de 
Desenvolvimento Sustentável. Ministério da Agricultura e Desenvolvimento 
Rural. República de Moçambique, Maputo.

Fischer, A.P., 2018. Forest landscapes as social-ecological systems and implications 
for management. Landscape and Urban Planning 177, 138-147. https://doi.
org/10.1016/j.landurbplan.2018.05.001

Fletcher, A.M., Samuel, C.J.A., 2010. Choice of Douglas Fir Seed Sources for Use 
in British Forests Forestry Commission Bulletin 129. Forestry Commission, 
Edinburgh.

Forman, R., T.T. , Godron, M., 1986. Landscape Ecology. John Wiley & Sons, Inc., New 
York.

Forrester, D.I., Nitzsche, J., Schmid, H., 2019. The Experimental Forest Management 
Project: An overview and methodology of the long‐term growth and yield plot 
network. Swiss Federal Institute of Forest, Snow and Landscape Research WSL, 
Birmensdorf.

Frouz, J., 2021. Soil recovery and reclamation of mined lands. In: Stanturf, J., 
Callaham, M. (Eds.), Soils and Landscape Restoration. Elsevier, New York, pp. 
161-191.

Gardiner, E., Stanturf, J., Leininger, T., Hamel, P., Dorris, L., Portwood, J., Shepard, 
J., 2008. Establishing a research and demonstration area initiated by managers:  
the Sharkey Restoration Research and Demonstration Site. Journal of Forestry 
106, 363-369. https://doi.org/10.1093/jof/106.7.363

Garner, H., 1974. The Origin of Landscapes. Oxford University Press, New York.
Garten Jr., C.T., Wullschleger, S.D., 1999. Soil carbon inventories under a bioenergy 

crop (switchgrass): Measurement limitations. Journal of Environmental Quality 
28, 1359-1365. https://doi.org/10.2134/jeq1999.00472425002800040041x

https://doi.org/10.1111/rec.13574
https://doi.org/10.1111/rec.13574
https://doi.org/10.4141/cjss95-075
https://doi.org/10.1016/j.landurbplan.2018.05.001
https://doi.org/10.1016/j.landurbplan.2018.05.001
https://doi.org/10.1093/jof/106.7.363
https://doi.org/10.2134/jeq1999.00472425002800040041x


134

The Resilient Future Forest Laboratory Guidebook

Gassner, A., Bande, M., Harrison, R.D., Mercado, A., Miccolis, A., Mukuralinda, 
A., Neidel, D., Okia, C.A., Somarriba, E., Thorne, P., 2022a. From principles to 
practice: Key systems. In: Gassner, A., Dobie, P. (Eds.), Agroforestry: A Primer. 
Center for International Forestry Research (CIFOR) and Nairobi: World 
Agroforestry (ICRAF), Bogor, Indonesia, pp. 114–153.

Gassner, A., Chiputwa, B., Coe, R., Dobie, P., Ihli, H.J., Somarriba, E., Miccolis, A., 
McMullin, S., Pinon, C., Winter, E.M., 2022b. Co-design and establishment 
of agroforestry systems. In: Gassner, A., Dobie, P. (Eds.), Agroforestry: A 
Primer. Center for International Forestry Research (CIFOR) and Nairobi: World 
Agroforestry (ICRAF) Bogor, Indonesia, pp. 70–87.

Gassner, A., Dobie, P., 2022. Agroforestry: A Primer. CIFOR/ICRAF, Bogor and Nairobi.
Greider, T., Garkovich, L., 1994. Landscapes: The social construction of 

nature and the environment. Rural Sociology 59, 1-24. https://doi.
org/10.1111/j.1549-0831.1994.tb00519.x

Grossnickle, S.C., Ivetić, V., 2017. Direct seeding in reforestation–a field performance 
review. Reforesta, 94-142. https://doi.org/10.21750/REFOR.4.07.46

Gunaratne, A., Gunatilleke, C., Gunatilleke, I., Madawala, H., Burslem, D., 2014. 
Overcoming ecological barriers to tropical lower montane forest succession on 
anthropogenic grasslands: Synthesis and future prospects. Forest Ecology and 
Management 329, 340-350. https://doi.org/10.1016/j.foreco.2014.03.035

Gustafsson, L., Baker, S.C., Bauhus, J., Beese, W.J., Brodie, A., Kouki, J., Lindenmayer, 
D.B., Lõhmus, A., Pastur, G.M., Messier, C., 2012. Retention forestry to maintain 
multifunctional forests: a world perspective. BioScience 62, 633-645. https://doi.
org/10.1525/bio.2012.62.7.6

Hall, F.C., 2002. Photo point monitoring handbook: Part A-field procedures. Gen. 
Tech. Rep. PNW-GTR-526. Portland, OR: U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Research Station.

Hansen, A.C., Clarke, N., Hegnes, A.W., 2021. Managing sustainability risks of 
bioenergy in four Nordic countries. Energy, Sustainability and Society 11, 20. 
https://doi.org/10.1186/s13705-021-00290-9

Hardy, K.A., Thevs, N., Aliev, K., Welp, M., 2018. Afforestation and reforestation of 
walnut forests in southern Kyrgyzstan An economic perspective. Mountain 
Research and Development 38, 332-341. https://doi.org/10.2307/26869937

Heinrichs, S., Ammer, C., Mund, M., Boch, S., Budde, S., Fischer, M., Müller, J., 
Schöning, I., Schulze, E.-D., Schmidt, W., 2019. Landscape-scale mixtures of 
tree species are more effective than stand-scale mixtures for biodiversity of 
vascular plants, bryophytes and lichens. Forests 10, 73. https://doi.org/10.3390/
f10010073

Heinrichs, S., Öder, V., Indreica, A., Bergmeier, E., Leuschner, C., Walentowski, H., 
2021. The Influence of Tilia tomentosa Moench on plant species diversity and 
composition in mesophilic forests of western Romania–a potential tree species 
for warming forests in central Europe? Sustainability 13, 7996. https://doi.
org/10.3390/su13147996

Herrick, J.E., Maynard, J.M., Bestelmeyer, B.T., Carey, C.J., Salley, S.W., Shepherd, 
K., Stewart, Z.P., Wills, S.A., Ziadat, F.M., 2023. Practical guidance for deciding 
whether to account for soil variability when managing for land health, 

https://doi.org/10.1111/j.1549-0831.1994.tb00519.x
https://doi.org/10.1111/j.1549-0831.1994.tb00519.x
https://doi.org/10.21750/REFOR.4.07.46
https://doi.org/10.1016/j.foreco.2014.03.035
https://doi.org/10.1525/bio.2012.62.7.6
https://doi.org/10.1525/bio.2012.62.7.6
https://doi.org/10.1186/s13705-021-00290-9
https://doi.org/10.2307/26869937
https://doi.org/10.3390/f10010073
https://doi.org/10.3390/f10010073
https://doi.org/10.3390/su13147996
https://doi.org/10.3390/su13147996


The Resilient Future Forest Laboratory Guidebook

135

agricultural production, and climate resilience. Journal of Soil and Water 
Conservation 78, 125A-133A. https://doi.org/10.2489/jswc.2023.0706A

Höhl, M., Ahimbisibwe, V., Stanturf, J.A., Elsasser, P., Kleine, M., Bolte, A., 2020. 
Forest landscape restoration—what generates failure and success? Forests 11, 
938. https://doi.org/10.3390/f11090938

Hoover, C.M., Birdsey, R.A., Heath, L.S., Stout, S.L., 2000. How to estimate carbon 
sequestration on small forest tracts. Journal of Forestry 98, 13-19. https://doi.
org/10.1093/jof/98.9.13

Hutto, R.L., Belote, R., 2013. Distinguishing four types of monitoring based on the 
questions they address. Forest Ecology and Management 289, 183-189. https://
doi.org/10.1016/j.foreco.2012.10.005

Innes, J.L., 2009. The promotion of ‘innovation’ in forestry: a role for government or 
others? Journal of Integrative Environmental Sciences 6, 201-215. https://doi.
org/10.1080/19438150903090517

IPBES, 2018. Summary for policymakers of the thematic assessment report on land 
degradation and restoration of the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services. In: Scholes, R., Montanarella, L., 
Brainich, A., Barger, N., Brink, B.t., Cantele, M., Erasmus, B., Fisher, J., Gardner, 
T., Holland, T.G., Kohler, F., Kotiaho, J.S., Maltitz, G.V., Nangendo, G., Pandit, 
R., Parrotta, J., Potts, M.D., Prince, S., Sankaran, M., Willemen, L. (Eds.). IPBES 
Secretariat, Bonn, Germany.

Ivetić, V., Devetaković, J., 2016. Reforestation challenges in Southeast Europe facing 
climate change. Reforesta, 178-220. https://doi.org/10.21750/10.21750/
REFOR.1.10.10

Jahn, R., Blume, H., Asio, V., Spaargaren, O., Schad, P., 2006. Guidelines for Soil 
Description. FAO, Rome.

Jandl, R., Spathelf, P., Bolte, A., Prescott, C.E., 2019. Forest adaptation to climate 
change–is non-management an option? Annals of Forest Science 76, 48. https://
doi.org/10.1007/s13595-019-0827-x

Kangas, J., 1994. An approach to public participation in strategic forest management 
planning. Forest Ecology and Management 70, 75-88. https://doi.
org/10.1016/0378-1127(94)90076-0

Kerr, G., 2014. The first field experiment in the world to use a randomized 
experimental design: History, results, and interpretation. Forest Science 60, 
1194-1204. https://doi.orgh/10.5849/forsci.13-166

Kibler, K., Cook, G., Chambers, L., Donnelly, M., Hawthorne, T., Rivera, F., Walters, L., 
2018. Integrating sense of place into ecosystem restoration: a novel approach to 
achieve synergistic social-ecological impact. Ecology and Society 23, 25. https://
doi.org/10.5751/ES-10542-230425

Kosmala, M., Wiggins, A., Swanson, A., Simmons, B., 2016. Assessing data quality in 
citizen science. Frontiers in Ecology and the Environment 14, 551-560. https://
doi.org/10.1002/fee.1436

Kotze, D.J., Brandmayr, P., Casale, A., Dauffy-Richard, E., Dekoninck, W., Koivula, 
M.J., Lövei, G.L., Mossakowski, D., Noordijk, J., Paarmann, W., 2011. Forty 
years of carabid beetle research in Europe–from taxonomy, biology, ecology 

https://doi.org/10.2489/jswc.2023.0706A
https://doi.org/10.3390/f11090938
https://doi.org/10.1093/jof/98.9.13
https://doi.org/10.1093/jof/98.9.13
https://doi.org/10.1016/j.foreco.2012.10.005
https://doi.org/10.1016/j.foreco.2012.10.005
https://doi.org/10.1080/19438150903090517
https://doi.org/10.1080/19438150903090517
https://doi.org/10.21750/10.21750/REFOR.1.10.10
https://doi.org/10.21750/10.21750/REFOR.1.10.10
https://doi.org/10.1007/s13595-019-0827-x
https://doi.org/10.1007/s13595-019-0827-x
https://doi.org/10.1016/0378-1127(94)90076-0
https://doi.org/10.1016/0378-1127(94)90076-0
https://doi.orgh/10.5849/forsci.13-166
https://doi.org/10.5751/ES-10542-230425
https://doi.org/10.5751/ES-10542-230425
https://doi.org/10.1002/fee.1436
https://doi.org/10.1002/fee.1436


136

The Resilient Future Forest Laboratory Guidebook

and population studies to bioindication, habitat assessment and conservation. 
ZooKeys, 55-148. https://doi.org/10.3897%2Fzookeys.100.1523

Kusters, K., Buck, L., de Graaf, M., Minang, P., van Oosten, C., Zagt, R., 2018. 
Participatory planning, monitoring and evaluation of multi-stakeholder 
platforms in integrated landscape initiatives. Environmental Management 62, 
170-181. https://doi.org/10.1007/s00267-017-0847-y

Larrieu, L., Paillet, Y., Winter, S., Bütler, R., Kraus, D., Krumm, F., Lachat, T., Michel, 
A.K., Regnery, B., Vandekerkhove, K., 2018. Tree related microhabitats in 
temperate and Mediterranean European forests: A hierarchical typology for 
inventory standardization. Ecological Indicators 84, 194-207. https://doi.
org/10.1016/j.ecolind.2017.08.051

Lee, M.T., Peet, R.K., Roberts, S.D., Wentworth, T.R., 2008. CVS-EEP Protocol for 
Recording Vegetation All Levels of Plot Sampling Version 4.2. University of 
North Carolina, Chapel Hill, North Carolina.

Lieffers, V., Pinno, B., Beverly, J., Thomas, B., Nock, C., 2020. Reforestation policy has 
constrained options for managing risks on public forests. Canadian Journal of 
Forest Research 50, 855-861. https://doi.org/10.1139/cjfr-2019-0422

Liepe, K.J., Mittelberg, H.S., Liesebach, M., 2019. Der IUFRO-
Fichtenherkunftsversuch von 1964/68. In, Forstpflanzenzüchtung für die 
Praxis, 6. Tagung der Sektion, Forstgenetik/Forstpflanzenzüchtung, 16 bis 18 
September 2019 in Dresden.

Logsdon, R.A., Chaubey, I., 2013. A quantitative approach to evaluating ecosystem 
services. Ecological Modelling 257, 57-65. https://doi.org/10.1016/j.
ecolmodel.2013.02.009

MacDicken, K.G., Sola, P., Hall, J.E., Sabogal, C., Tadoum, M., de Wasseige, C., 2015. 
Global progress toward sustainable forest management. Forest Ecology and 
Management 352, 47-56. https://doi.org/10.1016/j.foreco.2015.02.005

Macdonald, S.E., Landhäusser, S.M., Skousen, J., Franklin, J., Frouz, J., Hall, S., 
Jacobs, D.F., Quideau, S., 2015. Forest restoration following surface mining 
disturbance: challenges and solutions. New Forests 46, 703-732. https://doi.
org/10.1007/s11056-015-9506-4

Mansourian, S., 2016. Understanding the relationship between governance and forest 
landscape restoration. Conservation and Society 14, 267-278. https://www.jstor.
org/stable/26393248

Mansourian, S., Vallauri, D., Dudley, N., 2005. Forest Restoration in Landscapes: 
Beyond Planting Trees. Springer, New York.

Mansourian, S., Walters, G., Gonzales, E., 2019. Identifying governance problems and 
solutions for forest landscape restoration in protected area landscapes. Parks 25, 
83-96, 

Mansuy, N., Burton, P.J., Stanturf, J., Beatty, C., Mooney, C., Besseau, P., Degenhardt, 
D., MacAfee, K., Lapointe, R., 2020. Scaling up forest landscape restoration in 
Canada in an era of cumulative effects and climate change. Forest Policy and 
Economics 116, 102177. https://doi.org/10.1016/j.forpol.2020.102177

Marczewski, T., Ma, Y., Sun, W., 2016. Evaluation of RFID tags to permanently mark 
trees in natural populations. Frontiers in Plant Science 7, 1342-1342. https://
doi.org/10.3389/fpls.2016.01342

https://doi.org/10.3897%2Fzookeys.100.1523
https://doi.org/10.1007/s00267-017-0847-y
https://doi.org/10.1016/j.ecolind.2017.08.051
https://doi.org/10.1016/j.ecolind.2017.08.051
https://doi.org/10.1139/cjfr-2019-0422
https://doi.org/10.1016/j.ecolmodel.2013.02.009
https://doi.org/10.1016/j.ecolmodel.2013.02.009
https://doi.org/10.1016/j.foreco.2015.02.005
https://doi.org/10.1007/s11056-015-9506-4
https://doi.org/10.1007/s11056-015-9506-4
https://www.jstor.org/stable/26393248
https://www.jstor.org/stable/26393248
https://doi.org/10.1016/j.forpol.2020.102177
https://doi.org/10.3389/fpls.2016.01342
https://doi.org/10.3389/fpls.2016.01342


The Resilient Future Forest Laboratory Guidebook

137

Matthews, J.D., 1991. Silvicultural Systems. Oxford University Press.
Mayer, M., Prescott, C.E., Abaker, W.E.A., Augusto, L., Cécillon, L., Ferreira, G.W.D., 

James, J., Jandl, R., Katzensteiner, K., Laclau, J.-P., Laganière, J., Nouvellon, Y., 
Paré, D., Stanturf, J.A., Vanguelova, E.I., Vesterdal, L., 2020. Influence of forest 
management activities on soil organic carbon stocks: A knowledge synthesis. 
Forest Ecology and Management 466, 118127. https://doi.org/10.1016/j.
foreco.2020.118127

McLeod, I., Vercoe, T., Robins, L., 2009. Designing Farm Forestry Trials for 
Species and Provenance Selection. Institution: Rural Industries Research and 
Development Corporation Barton ACT, Australia.

Mercer, D.E., 2004. Adoption of agroforestry innovations in the tropics: A 
review. Agroforestry Systems 61, 311-328. https://doi.org/10.1023/
B:AGFO.0000029007.85754.70

Messier, C., Puettmann, K.J., Coates, K.D., 2013. Managing Forests as Complex 
Adaptive Systems: Building Resilience to the Challenge of Global Change. 
Routledge, New York.

Miller-Rushing, A.J., Gallinat, A.S., Primack, R.B., 2019. Creative citizen science 
illuminates complex ecological responses to climate change. Proceedings of 
the National Academy of Sciences 116, 720-722. https://doi.org/10.1073/
pnas.1820266116

Nair, P.K.R., 2011. Methodological challenges in estimating carbon sequestration 
potential of agroforestry systems. In: Kumar, B.M., Nair, P.K.R. (Eds.), Carbon 
Sequestration Potential of Agroforestry Systems: Opportunities and Challenges. 
Springer Netherlands, Dordrecht, pp. 3-16.

Neff, F., Brändle, M., Ambarlı, D., Ammer, C., Bauhus, J., Boch, S., Hölzel, N., Klaus, 
V.H., Kleinebecker, T., Prati, D., 2021. Changes in plant-herbivore network 
structure and robustness along land-use intensity gradients in grasslands and 
forests. Science Advances 7, eabf3985. https://doi.org/10.1126/sciadv.abf3985

Neyret, M., Fischer, M., Allan, E., Hölzel, N., Klaus, V., Kleinebecker, T., Krauss, J., 
Le Provost, G., Peter, S., Schenk, N., 2021. Assessing the impact of grassland 
management on landscape multifunctionality. Ecosystem Services 52, 101366. 
https://doi.org/10.1016/j.ecoser.2021.101366

Nousiainen, D., Mola-Yudego, B., 2022. Characteristics and emerging patterns of 
forest conflicts in Europe - What can they tell us? Forest Policy and Economics 
136, 102671. https://doi.org/10.1016/j.forpol.2021.102671

Novak, B., Phelan, R., Weber, M., 2021. U.S. conservation translocations: Over a 
century of intended consequences. Conservation Science and Practice. https://
doi.org/10.1111/csp2.394

Nyland, R.D., 2003. Even-to uneven-aged: the challenges of conversion. Forest 
Ecology and Management 172, 291-300. https://doi.org/10.1016/S0378-
1127(01)00797-6

Ollinaho, O.I., Kröger, M., 2021. Agroforestry transitions: The good, the bad and 
the ugly. Journal of Rural Studies 82, 210-221. https://doi.org/10.1016/j.
jrurstud.2021.01.016

https://doi.org/10.1016/j.foreco.2020.118127
https://doi.org/10.1016/j.foreco.2020.118127
https://doi.org/10.1023/B:AGFO.0000029007.85754.70
https://doi.org/10.1023/B:AGFO.0000029007.85754.70
https://doi.org/10.1073/pnas.1820266116
https://doi.org/10.1073/pnas.1820266116
https://doi.org/10.1126/sciadv.abf3985
https://doi.org/10.1016/j.ecoser.2021.101366
 https://doi.org/10.1016/j.forpol.2021.102671
https://doi.org/10.1111/csp2.394
https://doi.org/10.1111/csp2.394
https://doi.org/10.1016/S0378-1127(01)00797-6
https://doi.org/10.1016/S0378-1127(01)00797-6
https://doi.org/10.1016/j.jrurstud.2021.01.016
https://doi.org/10.1016/j.jrurstud.2021.01.016


138

The Resilient Future Forest Laboratory Guidebook

Ouyang, Y., Stanturf, J.A., Williams, M.D., Botmann, E., Madsen, P., 2023. 
Quantification of mountainous hydrological processes in the Aktash River 
watershed of Uzbekistan, Central Asia, over the past two decades. Hydrology 10, 
161. https://doi.org/10.3390/hydrology10080161

Page-Dumroese, D.S., Brown, R.E., Jurgensen, M.F., Mroz, G.D., 1999. Comparison 
of methods for determining bulk densities of rocky forest soils. Soil 
Science Society of America Journal 63, 379-383. https://doi.org/10.2136/
sssaj1999.03615995006300020016x

Paillet, Y., Bergès, L., Hjältén, J., Ódor, P., Avon, C., Bernhardt‐Römermann, M., 
Bijlsma, R.J., De Bruyn, L., Fuhr, M., Grandin, U., 2010. Biodiversity differences 
between managed and unmanaged forests: Meta‐analysis of species richness in 
Europe. Conservation Biology 24, 101-112. https://doi.org/10.1111/j.1523-
1739.2009.01399.x

Park, A., Rodgers, J.L., 2023. Provenance trials in the service of forestry assisted 
migration: A review of North American field trials and experiments. 
Forest Ecology and Management 537, 120854. https://doi.org/10.1016/j.
foreco.2023.120854

Pedlar, J.H., McKenney, D.W., Aubin, I., Beardmore, T., Beaulieu, J., Iverson, L., O’Neill, 
G.A., Winder, R.S., Ste-Marie, C., 2012. Placing forestry in the assisted migration 
debate. BioScience 62, 835-842. https://doi.org/10.1525/bio.2012.62.9.10

Peet, R.K., Wentworth, T.R., White, P.S., 1998. A flexible, multipurpose method for 
recording vegetation composition and structure. Castanea, 262-274, https://
www.jstor.org/stable/4033979

Picard, N., Magnussen, S., Banak, L.N., Namkosserena, S., Yalibanda, Y., 2010. 
Permanent sample plots for natural tropical forests: A rationale with special 
emphasis on Central Africa. Environmental Monitoring and Assessment 164, 
279-295. https://doi.org/10.1007/s10661-009-0892-y 

Pocock, M.J., Tweddle, J.C., Savage, J., Robinson, L.D., Roy, H.E., 2017. The diversity 
and evolution of ecological and environmental citizen science. PloS One 12, 
e0172579. https://doi.org/10.1371/journal.pone.0172579

Poeplau, C., Vos, C., Don, A., 2017. Soil organic carbon stocks are systematically 
overestimated by misuse of the parameters bulk density and rock fragment 
content. SOIL 3, 61-66. https://doi.org/10.5194/soil-3-61-2017

Pommerening, A., 2006. Transformation to continuous cover forestry in a changing 
environment. Forest Ecology and Management 224, 227-228. http://dx.doi.
org/10.1016/j.foreco.2005.12.036

Prescott, C.E., Grayston, S.J., 2023. TAMM review: Continuous root forestry–Living 
roots sustain the belowground ecosystem and soil carbon in managed forests. 
Forest Ecology and Management 532, 120848. https://doi.org/10.1016/j.
foreco.2023.120848

Pretzsch, H., 2009. Forest Dynamics, Growth, and Yield. Springer.
Priyadi, H., Gunarso, P., Kanninen, M., 2006. Permanent sample plots, more than just 

forest data. In: Proceedings of International Workshop on Promoting Permanent 
Sample Plots in Asia and the Pacific Region: Bogor, Indonesia, 3-5 August 2005. 
CIFOR, Bogor.

https://doi.org/10.3390/hydrology10080161
https://doi.org/10.2136/sssaj1999.03615995006300020016x
https://doi.org/10.2136/sssaj1999.03615995006300020016x
https://doi.org/10.1111/j.1523-1739.2009.01399.x
https://doi.org/10.1111/j.1523-1739.2009.01399.x
https://doi.org/10.1016/j.foreco.2023.120854
https://doi.org/10.1016/j.foreco.2023.120854
https://doi.org/10.1525/bio.2012.62.9.10
https://www.jstor.org/stable/4033979
https://www.jstor.org/stable/4033979
https://doi.org/10.1007/s10661-009-0892-y
https://doi.org/10.1371/journal.pone.0172579
https://doi.org/10.5194/soil-3-61-2017
http://dx.doi.org/10.1016/j.foreco.2005.12.036
http://dx.doi.org/10.1016/j.foreco.2005.12.036
https://doi.org/10.1016/j.foreco.2023.120848
https://doi.org/10.1016/j.foreco.2023.120848


The Resilient Future Forest Laboratory Guidebook

139

Prober, S., Byrne, M., McLean, E., Steane, D., Potts, B., Vaillancourt, R., Stock, W., 
2015. Climate-adjusted provenancing: a strategy for climate-resilient ecological 
restoration. Frontiers in Ecology and Evolution 3. https://doi.org/10.3389/
fevo.2015.00065

Reed, M.S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., Prell, C., 
Quinn, C.H., Stringer, L.C., 2009. Who’s in and why? A typology of stakeholder 
analysis methods for natural resource management. Journal of Environmental 
Management 90, 1933-1949. https://doi.org/10.1016/j.jenvman.2009.01.001

Reichman, O.J., Jones, M.B., Schildhauer, M.P., 2011. Challenges and opportunities 
of open data in ecology. Science 331, 703-705. https://doi,org/10.1126/
science.1197962

Risk, C., McKenney, D.W., Pedlar, J., Lu, P., 2021. A compilation of North American 
tree provenance trials and relevant historical climate data for seven species. 
Scientific Data 8, 29. https://doi.org/10.1038/s41597-021-00820-2

Royo, A.A., Raymond, P., Kern, C.C., Adams, B.T., Bronson, D., Champagne, E., 
Dumais, D., Gustafson, E., Marquardt, P.E., McGraw, A.M., Miesel, J.R., Munson, 
A.D., Périé, C., Moreira, F.J.T., Ola, A., Bouchard, M., Bissonnette, J.-F., 2023. 
Desired REgeneration through Assisted Migration (DREAM): Implementing 
a research framework for climate-adaptive silviculture. Forest Ecology and 
Management 546, 121298. https://doi.org/10.1016/j.foreco.2023.121298

Sacande, M., Berrahmouni, N., 2016. Community participation and ecological criteria 
for selecting species and restoring natural capital with native species in the 
Sahel. Restoration Ecology 24, 479-488. https://doi.org/10.1111/rec.12337

Samu, F., Lengyel, G., Szita, É., Bidló, A., Ódor, P., 2014. The effect of forest stand 
characteristics on spider diversity and species composition in deciduous-
coniferous mixed forests. The Journal of Arachnology 42, 135-141. https://doi.
org/10.1636/CP13-75.1

Schall, P., Gossner, M.M., Heinrichs, S., Fischer, M., Boch, S., Prati, D., Jung, K., 
Baumgartner, V., Blaser, S., Böhm, S., 2018. The impact of even‐aged and 
uneven‐aged forest management on regional biodiversity of multiple taxa in 
European beech forests. Journal of Applied Ecology 55, 267-278. https://doi.
org/10.1111/1365-2664.12950

Schall, P., Heinrichs, S., Ammer, C., Ayasse, M., Boch, S., Buscot, F., Fischer, M., 
Goldmann, K., Overmann, J., Schulze, E.D., 2020. Can multi‐taxa diversity 
in European beech forest landscapes be increased by combining different 
management systems? Journal of Applied Ecology 57, 1363-1375. https://doi.
org/10.1111/1365-2664.13635

Schweizer, D., Cole, R.J., Werden, L.K., Cedeño, G.Q., Rodriguez, D., Navarro, K., 
Esquivel, J.M., Max, S., Chiriboga, F.E., Zahawi, R.A., Holl, K.D., Crowther, 
T.W., 2024 Review and assessment of smartphone apps for forest restoration 
monitoring. Restoration Ecology n/a, e14136. https://doi.org/10.1111/
rec.14136 

SEOSAW partnership, 2021. A network to understand the changing socio-ecology of 
the southern African woodlands (SEOSAW): Challenges, benefits, and methods. 
Plants, People, Planet 3, 249-267. https://doi.org/10.1002/ppp3.10168

https://doi.org/10.3389/fevo.2015.00065
https://doi.org/10.3389/fevo.2015.00065
https://doi.org/10.1016/j.jenvman.2009.01.001
https://doi.org/10.1126/science.1197962
https://doi.org/10.1126/science.1197962
https://doi.org/10.1038/s41597-021-00820-2
https://doi.org/10.1016/j.foreco.2023.121298
https://doi.org/10.1111/rec.12337
https://doi.org/10.1636/CP13-75.1
https://doi.org/10.1636/CP13-75.1
https://doi.org/10.1111/1365-2664.12950
https://doi.org/10.1111/1365-2664.12950
https://doi.org/10.1111/1365-2664.13635
https://doi.org/10.1111/1365-2664.13635
https://doi.org/10.1111/rec.14136
https://doi.org/10.1111/rec.14136
https://doi.org/10.1002/ppp3.10168


140

The Resilient Future Forest Laboratory Guidebook

Sgrò, C.M., Lowe, A.J., Hoffmann, A.A., 2011. Building evolutionary resilience for 
conserving biodiversity under climate change. Evolutionary Applications 4, 326-
337. https://doi.org/10.1111/j.1752-4571.2010.00157.x

Sheppard, S.R., 2005. Participatory decision support for sustainable forest 
management: a framework for planning with local communities at the landscape 
level in Canada. Canadian Journal of Forest Research 35, 1515-1526. https://
doi.org/10.1139/x05-084

Simons, N.K., Felipe-Lucia, M.R., Schall, P., Ammer, C., Bauhus, J., Blüthgen, N., Boch, 
S., Buscot, F., Fischer, M., Goldmann, K., 2021. National Forest Inventories 
capture the multifunctionality of managed forests in Germany. Forest 
Ecosystems 8, 1-19. https://doi.org/10.1186/s40663-021-00280-5

Sist, P., Bertault, J., 1997. The STREK project. FAO Forest Harvesting Bulletin 7, 4, 
Smith, P., Soussana, J.-F., Angers, D., Schipper, L., Chenu, C., Rasse, D.P., Batjes, 

N.H., van Egmond, F., McNeill, S., Kuhnert, M., Arias-Navarro, C., Olesen, J.E., 
Chirinda, N., Fornara, D., Wollenberg, E., Álvaro-Fuentes, J., Sanz-Cobena, 
A., Klumpp, K., 2020. How to measure, report and verify soil carbon change to 
realize the potential of soil carbon sequestration for atmospheric greenhouse 
gas removal. Global Change Biology 26, 219-241. https://doi.org/10.1111/
gcb.14815

Soulé, M., Noss, R., 1998. Rewilding and biodiversity: complementary goals for 
continental conservation. Wild Earth 8, 18-28, 

Sparrow, B.D., Foulkes, J.N., Wardle, G.M., Leitch, E.J., Caddy-Retalic, S., van Leeuwen, 
S.J., Tokmakoff, A., Thurgate, N.Y., Guerin, G.R., Lowe, A.J., 2020. A Vegetation 
and soil survey method for surveillance monitoring of rangeland environments. 
Frontiers in Ecology and Evolution 8. https://doi.org/10.3389/fevo.2020.00157

Spathelf, P., Stanturf, J., Kleine, M., Jandl, R., Chiatante, D., Bolte, A., 2018. Adaptive 
measures: integrating adaptive forest management and forest landscape 
restoration. Annals of Forest Science 75, 55; https://doi.org/10.1007/s13595-
13018-10736-13594.10.1007/s13595-018-0736-4

Spittlehouse, D.L., Stewart, R.B., 2004. Adaptation to climate change in forest 
management. BC Journal of Ecosystems and Management 4, 1-11, 

Stanturf, J., Mansourian, S., Kleine, M., 2017. Implementing Forest Landscape 
Restoration, A Practitioner’s Guide. International Union of Forest Research 
Organizations, Vienna, Austria.

Stanturf, J., Palik, B., Dumroese, R.K., 2014. Contemporary forest restoration: A 
review emphasizing function. Forest Ecology & Management 331, 292–323. 
https://doi.org/10.1016/j.foreco.2014.07.029

Stanturf, J.A., Gardiner, E.S., Shepard, J.P., Schweitzer, C.J., Portwood, C.J., Dorris 
Jr, L.C., 2009. Restoration of bottomland hardwood forests across a treatment 
intensity gradient. Forest Ecology and Management 257, 1803-1814. https://
doi.org/10.1016/j.foreco.2009.01.052

Stanturf, J.A., Ivetić, V., Kasten Dumroese, R., 2024. Framing recent advances in 
assisted migration of Trees: A Special Issue. Forest Ecology and Management 
551, 121552. https://doi.org/10.1016/j.foreco.2023.121552

Stanturf, J.A., Kant, P., Lillesø, J.-P.B., Mansourian, S., Kleine, M., Graudal, L., 

https://doi.org/10.1111/j.1752-4571.2010.00157.x
https://doi.org/10.1139/x05-084
https://doi.org/10.1139/x05-084
https://doi.org/10.1186/s40663-021-00280-5
https://doi.org/10.1111/gcb.14815
https://doi.org/10.1111/gcb.14815
https://doi.org/10.3389/fevo.2020.00157
https://doi.org/10.1007/s13595-13018-10736-13594.10.1007/s13595-018-0736-4
https://doi.org/10.1007/s13595-13018-10736-13594.10.1007/s13595-018-0736-4
https://doi.org/10.1016/j.foreco.2014.07.029
https://doi.org/10.1016/j.foreco.2009.01.052
https://doi.org/10.1016/j.foreco.2009.01.052
https://doi.org/10.1016/j.foreco.2023.121552


The Resilient Future Forest Laboratory Guidebook

141

Madsen, P., 2015. Forest landscape restoration as a key component of climate 
change mitigation and adaptation. International Union of Forest Research 
Organizations (IUFRO), Vienna.

Stanturf, J.A., Kleine, M., Mansourian, S., Parrotta, J., Madsen, P., Kant, P., Burns, 
J., Bolte, A., 2019. Implementing forest landscape restoration under the Bonn 
Challenge: A systematic approach. Annals of Forest Science 76. https://doi.
org/10.1007/s13595-019-0833-z

Stedman, R.C., 2003. Is it really just a social construction?: The contribution of the 
physical environment to sense of place. Society and Natural Resources 16, 671-
685. https://doi.org/10.1080/08941920309189

Strickland, M.S., Callaham Jr, M.A., Gardiner, E.S., Stanturf, J.A., Leff, J.W., Fierer, 
N., Bradford, M.A., 2017. Response of soil microbial community composition 
and function to a bottomland forest restoration intensity gradient. Applied Soil 
Ecology 119, 317-326. https://doi.org/10.1016/j.apsoil.2017.07.008

Svenning, J.-C., Pedersen, P.B., Donlan, C.J., Ejrnæs, R., Faurby, S., Galetti, M., 
Hansen, D.M., Sandel, B., Sandom, C.J., Terborgh, J.W., 2016. Science for a 
wilder Anthropocene: Synthesis and future directions for trophic rewilding 
research. Proceedings of the National Academy of Sciences 113, 898-906. 
https://doi.org/10.1073/pnas.1502556112

Thom, D., Keeton, W.S., 2020. Disturbance-based silviculture for habitat 
diversification: Effects on forest structure, dynamics, and carbon storage. 
Forest Ecology and Management 469, 118132. https://doi.org/10.1016/j.
foreco.2020.118132

Throop, H.L., Archer, S.R., Monger, H.C., Waltman, S., 2012. When bulk density 
methods matter: Implications for estimating soil organic carbon pools in rocky 
soils. Journal of Arid Environments 77, 66-71. https://doi.org/10.1016/j.
jaridenv.2011.08.020

Tinkham, W.T., Mahoney, P.R., Hudak, A.T., Domke, G.M., Falkowski, M.J., Woodall, 
C.W., Smith, A.M.S., 2018. Applications of the United States Forest Inventory 
and Analysis dataset: a review and future directions. Canadian Journal of Forest 
Research 48, 1251-1268. https://doi.org/10.1139/cjfr-2018-0196

Upson, M.A., Burgess, P.J., Morison, J.I.L., 2016. Soil carbon changes after 
establishing woodland and agroforestry trees in a grazed pasture. Geoderma 
283, 10-20. https://doi.org/10.1016/j.geoderma.2016.07.002

van Oosten, C., Runhaar, H., Arts, B., 2021. Capable to govern landscape restoration? 
Exploring landscape governance capabilities, based on literature and stakeholder 
perceptions. Land Use Policy 104, 104020. https://doi.org/10.1016/j.
landusepol.2019.05.039

Vandekerkhove, K., Van de Kerckhove, P., Leyman, A., De Keersmaeker, L., Lommelen, 
E., Esprit, M., Goessens, S., 2021. Monitoring Programme on Strict Forest 
Reserves in Flanders (Belgium): Methods and Operational Protocols: With an 
Overview of the Intensive Monitoring Sites. Reports of the Research Institute 
for Nature and Forest 2021(28). Research Institute for Nature and Forest, 
Brussels.

Vanguelova, E.I., Bonifacio, E., De Vos, B., Hoosbeek, M.R., Berger, T.W., Vesterdal, 

https://doi.org/10.1007/s13595-019-0833-z
https://doi.org/10.1007/s13595-019-0833-z
https://doi.org/10.1080/08941920309189
https://doi.org/10.1016/j.apsoil.2017.07.008
https://doi.org/10.1073/pnas.1502556112
ttps://doi.org/10.1016/j.foreco.2020.118132
ttps://doi.org/10.1016/j.foreco.2020.118132
https://doi.org/10.1016/j.jaridenv.2011.08.020
https://doi.org/10.1016/j.jaridenv.2011.08.020
https://doi.org/10.1139/cjfr-2018-0196
https://doi.org/10.1016/j.geoderma.2016.07.002
https://doi.org/10.1016/j.landusepol.2019.05.039
https://doi.org/10.1016/j.landusepol.2019.05.039


142

The Resilient Future Forest Laboratory Guidebook

L., Armolaitis, K., Celi, L., Dinca, L., Kjønaas, O.J., Pavlenda, P., Pumpanen, J., 
Püttsepp, Ü., Reidy, B., Simončič, P., Tobin, B., Zhiyanski, M., 2016. Sources 
of errors and uncertainties in the assessment of forest soil carbon stocks at 
different scales—review and recommendations. Environmental Monitoring and 
Assessment 188, 630. https://doi.org/10.1007/s10661-016-5608-5

Vanha-Majamaa, I., Lilja, S., Ryömä, R., Kotiaho, J.S., Laaka-Lindberg, S., Lindberg, H., 
Puttonen, P., Tamminen, P., Toivanen, T., Kuuluvainen, T., 2007. Rehabilitating 
boreal forest structure and species composition in Finland through logging, dead 
wood creation and fire: The EVO experiment. Forest Ecology and Management 
250, 77-88. https://doi.org/10.1016/j.foreco.2007.03.012

Verdone, M., 2015. A Cost-Benefit Framework for Analyzing Forest Landscape 
Restoration Decisions. IUCN, Gland, Switzerland.

Verheyen, K., De Frenne, P., Baeten, L., Waller, D.M., Hédl, R., Perring, M.P., Blondeel, 
H., Brunet, J., Chudomelová, M., Decocq, G., 2017. Combining biodiversity 
resurveys across regions to advance global change research. BioScience 67, 73-
83. https://doi.org/10.1093/biosci/biw150

Vilà-Cabrera, A., Coll, L., Martinez-Vilalta, J., Retana, J., 2018. Forest management 
for adaptation to climate change in the Mediterranean basin: A synthesis 
of evidence. Forest Ecology and Management 407, 16-22. https://doi.
org/10.1016/j.foreco.2017.10.021

Vorkinn, M., Riese, H., 2001. Environmental concern in a local context: The 
significance of place attachment. Environment and Behavior 33, 249-263. 
https://doi.org/10.1177/00139160121972972

Walters, C.J., Holling, C.S., 1990. Large-scale management experiments and learning 
by doing. Ecology 71, 2060-2068. https://doi.org/10.2307/1938620

Watson, I., Novelly, P., 2004. Making the biodiversity monitoring system sustainable: 
Design issues for large-scale monitoring systems. Austral Ecology 29, 16-30. 
https://doi.org/10.1111/j.1442-9993.2004.01350.x

Wendt, J.W., Hauser, S., 2013. An equivalent soil mass procedure for monitoring soil 
organic carbon in multiple soil layers. European Journal of Soil Science 64, 58-
65. https://doi.org/10.1111/ejss.12002

Wilkinson, M.D., Dumontier, M., Aalbersberg, I.J., Appleton, G., Axton, M., Baak, 
A., Blomberg, N., Boiten, J.-W., da Silva Santos, L.B., Bourne, P.E., Bouwman, 
J., Brookes, A.J., Clark, T., Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, 
C.T., Finkers, R., Gonzalez-Beltran, A., Gray, A.J.G., Groth, P., Goble, C., Grethe, 
J.S., Heringa, J., ’t Hoen, P.A.C., Hooft, R., Kuhn, T., Kok, R., Kok, J., Lusher, 
S.J., Martone, M.E., Mons, A., Packer, A.L., Persson, B., Rocca-Serra, P., Roos, 
M., van Schaik, R., Sansone, S.-A., Schultes, E., Sengstag, T., Slater, T., Strawn, 
G., Swertz, M.A., Thompson, M., van der Lei, J., van Mulligen, E., Velterop, J., 
Waagmeester, A., Wittenburg, P., Wolstencroft, K., Zhao, J., Mons, B., 2016. 
The FAIR Guiding Principles for scientific data management and stewardship. 
Scientific Data 3, 160018. https://doi.org/10.1038/sdata.2016.18

Williams, B.K., 2011. Adaptive management of natural resources—framework and 
issues. Journal of Environmental Management 92, 1346-1353. https://doi.
org/10.1016/j.jenvman.2010.10.041

https://doi.org/10.1007/s10661-016-5608-5
https://doi.org/10.1016/j.foreco.2007.03.012
https://doi.org/10.1093/biosci/biw150
https://doi.org/10.1016/j.foreco.2017.10.021
https://doi.org/10.1016/j.foreco.2017.10.021
https://doi.org/10.1177/00139160121972972
https://doi.org/10.2307/1938620
https://doi.org/10.1111/j.1442-9993.2004.01350.x
https://doi.org/10.1111/ejss.12002
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.1016/j.jenvman.2010.10.041
https://doi.org/10.1016/j.jenvman.2010.10.041


The Resilient Future Forest Laboratory Guidebook

143

Williams, M.I., Dumroese, R.K., 2013. Preparing for climate change: Forestry and 
assisted migration. Journal of Forestry 114, 287-297. https://doi.org/10.5849/
jof.13-016

Williamson, J.C., Bestelmeyer, B.T., McClaran, M.P., Robinett, D., Briske, D.D., Wu, 
X.B., Fernández-Giménez, M.E., 2016. Can ecological land classification increase 
the utility of vegetation monitoring data? Ecological Indicators 69, 657-666. 
https://doi.org/10.1016/j.ecolind.2016.05.030

Winder, R.S., Kranabetter, J.M., Pedlar, J., 2020. Adaptive management of landscapes 
for climate change: How soils influence the assisted migration of plants. In: 
Stanturf, J.A., Callaham, M.A. (Eds.), Soils and Landscape Restoration. Academic  
Press, New York.

Zhang, D., Pearse, P.H., 2011. Forest Economics. UBC Press.
Zimmerman, A.S., 2008. New knowledge from old data. Science, Technology, & 

Human Values 33, 631-652. https://doi.org/10.1177/0162243907306704
Zomer, R.J., Trabucco, A., Coe, R., Place, F., Van Noordwijk, M., Xu, J.C., 2014. Trees 

on farms: an update and reanalysis of agroforestry’s global extent and socio-
ecological characteristics. In: Working Paper, ICRAF, Bogor, Indonesia.

https://doi.org/10.5849/jof.13-016
https://doi.org/10.5849/jof.13-016
https://doi.org/10.1016/j.ecolind.2016.05.030
https://doi.org/10.1177/0162243907306704


IUFRO Headquarters

Marxergasse 2, 1030 Vienna, Austria 
Tel: + 43-1-877-0151-0 
Fax: +43-1-877-0151-50
www.iufro.org




