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Introduction

The United Nations (UN) Summit on Biodiversity held on 
September 20, 2020, focused on the need for urgent actions 
to conserve biodiversity in support of more sustainable global 
development. The Summit highlighted the important role that 
biodiversity has for making progress toward the UN Sustainable 
Development Goals and urged key sectors to address causes of 
biodiversity loss. To help address those issues, this paper reviews 
relationships among biodiversity, forests, and global climate 
change. We then provide examples and recommend steps that 
can be taken to reduce biodiversity losses through stakeholder 
engagement in improved forest management.

Relationship between Biodiversity, Forestry, and Climate 

Change

Biodiversity, forests, and climate change are inextricably and 
strongly linked [1]. Climate change affects forests directly by 
influencing species composition, growth rates, and mortality and 
indirectly by altering the intensity and frequency of disturbances  

 
that can modify forest structure, function, and composition  
[2,3]. In turn, forests affect climate change, for about half of the 
biomass of a tree is made up of carbon. As a tree grows, carbon 
is sequestered, and, when it dies, decays, or is burned, carbon is 
released back to the atmosphere.

At the same time, the distribution and abundance of species 
(biological diversity) are governed by environmental factors, 
including climate and the ecosystem in which they occur [4]. 
Forest ecosystems provide distinct light, soil, moisture, and other 
conditions for the plants and animals that inhabit them. Hence, 
changes to forests or climate affect biological diversity.

While the extraction and combustion of fossil fuels are 
responsible for the vast majority of increases in atmospheric 
carbon and other greenhouse gases (GHGs) and, therefore, 
climate change forcing, deforestation has contributed about 12% 
of total global climate forcing GHGs between 2007 and 2016 [5,6]. 
However, terrestrial systems are also a large, active, net sink for 
carbon, meaning that global lands sequester far more carbon 
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via photosynthesis in a typical year than volumes emitted from 
land, i.e., from fires, deforestation, and other changes in land use 
and cover [7]. Maintaining and increasing net terrestrial carbon 
sinks requires planning and appropriate management across all 
landscapes, including forests. 

Most terrestrial ecosystems on earth have already been 
impacted by anthropogenic activities ranging from urban 
development and agriculture, to extractive enterprises such as 
mining, logging, and oil and gas field development. Parks and 
other protected areas are legally established on 16% of global 
land area [8]. Despite legal protections, parks in many parts of 
the world lack the staff and resources required to achieve their 
goals. Furthermore, many major ecosystem disturbances occur 
independent of park boundaries. Legally protected areas are 
increasingly impacted by invasive species, disease, pests, extreme 
weather events, and other disturbances associated with climate 
change and human interventions. Therefore, taking responsibility 
for, and investing in, improved management of ecosystems 
is critical both for biodiversity conservation and to achieve 
“natural climate solutions” [9]. Indeed, reforestation and forest 
management are estimated to offer more than twice the climate 
mitigation potential of that offered by avoided deforestation alone 
[9,10]. 

Better forest management is needed to reverse the negative 
impacts of human activities in occupied forest landscapes around 
the globe. Recent analyses underscore that the impacts of long-
term forest degradation in the Brazilian Amazon surpass those 
of deforestation [11]. However, better forest management to 
reduce degradation requires long-term investments and market 
incentives that reward specific practices benefiting biodiversity, 
such as the retention of large deadwood structures [12]. Significant 

commitments of time and resources are required to identify and 
protect critical habitats to support biodiversity goals within 
forest landscapes and to provide ongoing support for stakeholder 
engagement and shared project goals [13].

The UN Convention on Biological Diversity emphasizes that 
initiatives for reducing emissions from deforestation and forest 
degradation (REDD+ ) would both reduce climate-forcing GHG 
emissions and are an important means to conserve biodiversity 
[14,15]. Other studies in Africa and the United States highlight 
the need to consider the relationships among land-use options, 
biodiversity, carbon stocks, and climate in order to conserve 
high value attributes of forest ecosystems while providing 
forest services to society [16,17]. Stakeholder engagement to 
develop more sustainable forest and land management plans is 
also a critical element to enable progress toward multiple goals 
simultaneously [17,18].

Examples of Forest Management Approaches Supporting 
Biodiversity and Greenhouse Gas Mitigation

Many biodiversity conservation initiatives prioritize hot 
spots [19] or high conservation-value (HCV) areas [20] where 
forests play key roles not only for habitat to support threatened 
biodiversity but also for carbon storage and sequestration services 
that support climate goals. However recent studies emphasize 
the role of good land management to simultaneously achieve 
multiple conservation, climate mitigation, and development goals 
[21,22]. Furthermore, integrated landscape approaches provide a 
strategy to engage multiple stakeholders to reconcile societal and 
environmental objectives for the landscape and identify trade-offs 
and potential synergies for more sustainable and equitable land 
management [23].

Table 1: Steps to slow the loss of high conservation value (HCV) forests.

1. Engage stakeholders 

Engage local communities and other stakeholders to define species of concern and areas of high conservation value 
from their perspectives. Stakeholders include local champions, appropriate levels of government, civil society, and 

private sector representatives, who need to participate in the process so that they can support the outcomes and can 
take next steps to better manage and conserve species and areas with HCVs. 

2. Evaluate threats Identify and evaluate current and potential threats and impacts on species, communities, and ecosystems of concern 
under imminent forces of change. Engage local universities, researchers, and experts in this evaluation.

3. Establish conservation 
goals

Use participatory methods to establish conservation goals for specific areas, time horizons, and forces of change. 
Recognize that areas of special value to stakeholders can be very small or large. Integrated land-use management plans 

should acknowledge and respect cultural traditions and resources. Ensure that local stakeholders benefit from the 
selected conservation goals, for they must perceive value in conservation efforts to support them. 

4. Develop and implement 
monitoring systems

Establish clear criteria and indicators for measuring progress toward the achievement of management plan goals. For 
HCV forests, include extents and conditions of specific vegetation types or classes, including relevant indicators of 

biodiversity. Document baselines and secure resources and training to enable continued monitoring of changes in the 
selected indicators. 

5. Conduct periodic re-
views of progress

Ensure that annual targets are clear, relevant, and measurable and that progress toward conservation goals is moni-
tored in a timely manner. Prioritize and then apply all available tools to achieve the priority conservation goals. Define 

mechanisms, responsibilities, and back-up plans to implement timely corrective actions when monitoring identified 
problems. 
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6. Start small & build on 
successes 

Start with a manageable set of goals and indicators that focuses on priorities and hotspots. Apply results of periodic re-
views to identify options for continual improvements using an approach such as the one we document here [18]. With 
initial success, additional support is more easily obtained. Consider opportunities to leverage resources by developing 

broad-based support for smart development initiatives such as those for infrastructure options that meet people’s 
needs while avoiding unnecessary losses of forest and biodiversity [e.g.,38]. 

7. Identify high-value res-
toration opportunities

Consider opportunities for forest and ecosystem restoration in fresh water/riparian zones or sensitive areas (wet-
lands, mangroves, managed lands that impact downstream reefs and marine ecosystems) as recommended in the 
UNEP ecosystem restoration framework [39]. An established program can attract additional resources to support 

next steps and restoration. Develop plans that integrate science, indigenous knowledge, and local stakeholders in the 
process required to achieve more sustainable outcomes.

8. Collaborate 

Build collaborative relationships with local governance and civil society organizations to support the integrated 
management plans and goals. Based on steps 1 and 2, develop support networks to monitor projects that threaten HCV 
areas, paying special attention to transportation infrastructure. Incorporate field surveys, environmental assessment, 

and monitoring activities to identify and protect HCV areas as prerequisite and integral components of large infrastruc-
ture projects. 

An example that merits recognition is community forest 
management in the Peten Department of Northern Guatemala [24-
26]. Within the Multiple Use Zone of the Maya Biosphere Reserve, 
forest management concessions for timber and non-timber 
products are found to be instrumental in achieving biodiversity, 
climate, and social development goals. The concessions began 
operations in 1994 and comprise 400,000 hectares of public 
lands. Under the terms of the 25-year concessions, a management 
plan was developed and approved granting community members 
responsibilities to implement the plan and control deforestation 
and wildfires. Multiple evaluations over the past two decades 
by development agencies and environmental non-governmental 
organizations (NGOs) alike have found that the lands managed by 
communities are better conserved than two of the neighboring 
strict conservation areas in the Maya Biosphere Reserve. While 
the National Parks Laguna del Tigre and Sierra Lacandon were 
created in 1990 in the same law that established the Maya 
Biosphere Reserve and are of similar size to the Multiple Use Zone, 
these two National Parks, under federal government management, 
have suffered from intensive illegal activities, including logging 
and land invasions, as well as repeated, extensive wildfires. 
The challenges in these two parks reflect problems that have 
been endemic in this frontier region for decades due to a lack of 
adequate institutional presence and effective governance. While 
significant improvements in the administration of parks have 
been achieved since the Maya Biosphere Reserve was created, 
the community concessions have proven to offer a more effective 
solution to achieve multiple conservation and development 
goals. And the community managed concessions have endured 
despite the persistence of illegal activities, land-tenure conflicts, 
and other threats to forest ecosystems across the south-central 
Yucatan peninsula.

Causes of Deforestation

Identifying the root causes of deforestation is key to 
developing effective solutions that conserve HCV forests. Satellite 
imagery and analyses are useful to document changes in land 
cover but can make it too easy to correlate a current land cover 

or crop with deforestation. Remote sensing can provide useful 
information about change but does not tell us why forests are lost.

Context matters. Site-specific drivers of forest degradation 
and loss must be addressed locally and early if forests are to be 
conserved. Thus, it is critical to involve all relevant stakeholders 
in a process that identifies HCV areas and develops plans for 
their management. Studies on the ground and involving local 
stakeholders are needed to assess factors responsible for 
deforestation. Local champions and collaborators are essential to 
gain an understanding of the context and site-specific processes 
that lead to forest degradation and changes in land cover. Typically, 
a combination of actors (people and institutions), policies, and 
site-specific opportunities (e.g. forest access, resource extraction, 
land speculation, and markets) drive initial degradation and 
subsequent deforestation.

It is erroneous to simply assume that a particular product 
associated with a land use (e.g., beef from pasture) or subsequent 
land-cover class (e.g., change from forest to grassland) are 
indicators of the cause of an observed deforestation event. Such 
land covers and uses following forest degradation or deforestation 
will change over time in response to many variables that are 
distinct from the drivers that initiate human incursions and 
related forest disturbances. As recent experiences in southeast 
Asia and Brazil illustrate, singling out a specific commodity such as 
soybeans (Glycine max) or oil from palms (Elaeis spp.) is unlikely 
to impact deforestation rates unless the root causes are also 
addressed. Rather than modeling potential relationships such as 
deforestation that is assumed to be linked to agricultural exports, 
it is more important to work with communities on the ground to 
understand and address causal factors and catalysts that enable 
and precipitate degradation and deforestation processes.

Studies that consider long-term trends find that mining, 
logging and other extractive enterprises, and government-
facilitated colonization and development programs have been 
major drivers of deforestation for centuries. Such programs were 
associated with different types of products [e.g., rubber (Hevea 
brasiliensis), tea (Camellia sinensis), rice (Oryza glaberrima or O. 
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sativa), and palm oil] as well as the exploitation of wildlife, timber, 
minerals, or fossil fuels. Migration into forest frontiers has also 
been catalyzed by large infrastructure projects such as dams and 
hydropower, new industrial centers, ports, and railways. The 
interactions among policies and customs that make forest lands 
accessible to the public, allow claims to be made based on cleared 
land, or otherwise facilitate new development in frontier regions 
are causes for most observed deforestation.

The International Center for Forestry Research (CIFOR) 
finds that complex land-tenure conflicts and inadequate forest 
governance are among the important underlying causes of recent 
deforestation in Indonesia [27]. Another study of recent changes 
in nearby Myanmar identifies large corporate concessions on 
public lands for timber extraction, corresponding infrastructure 
development, and civil conflicts associated with weak land tenure 
as the primary causes of deforestation [28]. And, in South America, 
nearly half of the Peruvian Amazon has been physically disturbed 
by oil and gas concessions that create extensive new systems for 
forest access via work camps, hundreds of exploratory wells, and 
more than 104,000 km of seismic lines [29].

Experiences gained in Guatemala’s Maya Biosphere 
Reserve illustrate the need for clearly defined land  tenure,  
physical  presence, technical support, and proper incentives for 
management. When communities were given clear responsibilities 
and authorities for management and technical assistance for 
planning and business development, they were able to improve 
protection of large tracts of public forest lands under concession 
agreements. During the same period, neighboring lands in 
National Parks and the Multiple Use Zone that lacked community 
concessions continued to be plundered.

Studies based on causal analysis of empirical evidence [30] 
are consistent with observations of the authors during decades of 
service working to protect forests and biodiversity in developing 
nations in Africa, Central America, and South America. While 
studies differ in location, focus, and types and sources of data 
analyzed, there is broad consensus that improving roads, bridges, 
ports, and other means to access hitherto undisturbed forests, 
combined with opportunities to claim land or extract natural 
resources, are among the key causes of forest degradation and 
deforestation. Any large infrastructure project that could increase 
access to relatively undisturbed forest lands should therefore be 
analyzed before breaking ground to avoid or minimize negative 
environmental impacts. Further, any projects that proceed 
must be monitored to ensure compliance with environmental 
management and mitigation plans.

Ways to Protect Forests

Identifying and conserving high-value assets within the 84% 
of the world’s forests that do not have legal protected status 
[8] require resources and incentives for analysis and improved 

management for multiple objectives. Management actions and 
goals depend on site-specific conditions that help define which 
areas are best suited for targeted ecosystem services (e.g., water 
regulation, or specified habitat), sustained harvests of timber 
or non-timber products, or combinations of services. Political 
boundaries do not recognize important ecosystem interactions. 
Therefore, forests that border protected areas merit special 
consideration in planning, management, and monitoring. And 
HCV forests within protected areas merit special attention to 
assure their continued conservation and protection. Analysis and 
planning should be supported to consider options to conserve 
species of special concern that are identified with stakeholders 
and to incorporate a landscape approach to achieve biodiversity 
conservation goals in tandem with the provision of other products 
and services [31,32]. The community forest concessions in 
Guatemala offer excellent examples of management plans that 
support diverse forest products, ecotourism, and conservation 
objectives.

Specific actions to support REDD+ and biodiversity 
conservation goals are recommended in Table 1. The 
recommendations are based on research, case studies, and 25+ 
years of personal field experience working in developing nations 
to promote natural resource management and the conservation 
of forests and biodiversity. The eight steps listed in Table 1 have 
emerged as important ingredients for successful projects that 
aim to conserve forests and biodiversity while also meeting local 
development needs. Policy reforms and other interventions that 
may take longer or involve a wider group of stakeholders are also 
important to complement local initiatives.

Infrastructures for transportation can be particularly 
deleterious to protection of HCVs. Road building and road 
improvements are direct and rapid contributors to losses of HCV 
forests [33-35]. Many field-based deforestation studies underscore 
that international financing for large infrastructure projects 
(dams, bridges, ports, and railways), extractive enterprises, and 
agricultural expansion has often been directly linked to building 
roads, creating new access to forest areas, and subsequent loss of 
HCVA forests and biodiversity [36]. Indeed, roads and corruption 
are common enabling conditions for the loss of tropical forests and 
other HCV areas [37]. However, infrastructure can be designed to 
meet transportation needs while protecting areas of HCV [38].

 All lands are disturbed and degraded to varying degrees. 
Investments, management for restoration,  and implementation 
of strategies that contribute to natural climate solutions [9, 10] 
will support achievement of several SDG targets including those 
for climate change. Conservation, restoration, and/or improved 
land management actions that increase carbon storage and/or 
avoid greenhouse gas emissions can be implemented in forests, 
wetlands, grasslands, and agricultural lands around the world 
to provide over one-third of the climate mitigation needed 
by 2030 to stabilize warming to below 2°C [9]. These natural 
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solutions along with aggressive reduction in fossil fuel emissions 
provide ways to deliver on the Paris Climate Agreement as well 
as improve soil productivity, clean air and water, and maintain 
biodiversity. In addition, knowledge gained from monitoring and 
rigorous scientific research should be used to inform continual 
improvement of forest management and should be reflected in 
decision-making.

Conclusions 

Examples such as the community forest concessions 
in the Peten, Guatemala, demonstrate that it is feasible to 
combine incentives for management, restoration, conservation, 
production, and monitoring in a single package adapted to local 
conditions. Stakeholders and local context must be considered 
when designing ways to conserve biodiversity and forest habitats. 
Working to improve management and reduce degradation in 
forest landscapes that are not formally protected provides timely 
and important interventions to help nations realize targets for 
climate, biodiversity, and other Sustainable Development Goals. 
Conservation of HCV forests can be achieved by joining forces 
with communities, industries, local governments, and other 
stakeholders to identify and invest in opportunities that improve 
land management and productivity. Targeted interventions can 
effectively conserve areas that are high priorities to local and 
global communities. 
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