
To the lay person, a glance into a typical Vermont forest may seem like a thriving and healthy
ecosystem, teeming with plants and animals; however, this may not be the case ecologically.
This glance may miss a deeper picture of the forest’s overall health and resilience, including
the spatial arrangement of open and closed canopies, crown structures of individual trees,
diversity of tree species, tree age, understory and leaf litter composition, and the number of
dead trees in the canopy and on the ground—all important characteristics of ecosystem
function and health. These complexities have not only gone unnoticed by many people but
have not always been the primary focus of management efforts until the last few decades
(1,2). Since the latter half of the twentieth century, societal shifts supported by an increased
scientific understanding of the complex dynamics of forest ecosystems have led to shifts in
forestry practices (3). This greater recognition of ecosystem services has spurred a shift in
forest management objectives to encompass a broader range of values, such as creating a
healthy and resilient forest; and maintaining biodiversity, producing sustainable local wood
products, providing wildlife habitat and recreational opportunities, regulating surface water
flow, and optimizing carbon sequestration and storage. 

Forest Management as a Tool to Increase
Climate Resilience in our Forests   

Forests through the lens of the past and present 

Forest management plays a critical role in preparing and maintaining
healthy and resilient forests in the face of a changing climate and other
stressors such as pests, pathogens, and invasive plants. Past land use—

including agricultural clearing of more than 80% of the Vermont
landscape in the 19th and 20th century—and previous land use policies in

the late 20th century have left many forests lacking the ecosystem
characteristics that increase the likelihood of forest resilience in response

to current and future stressors. Sustainable forest management can be
used to address the lack of complexity in many forests with the intent to

increase resilience to climate change and other forest health threats. 



Simple Forest Diverse Forest

Forests in a changing climate   

 Our forests are now facing significant threats from climate change, with changes in
temperature and precipitation patterns as well as increases in human-introduced insects,
pathogens, and plants. Response to these stressors is often thought of in the context of
‘resilience’—the recovery and trajectory following a disturbance event (8,9). A resilient forest is
one that can recover quickly with minimal change to the forest. Therefore, an important
element of any strategy to promote resilience in our forests is to increase heterogeneity—
through adding species and age diversity, improving tree vigor, reducing competition, etc.—to
increase the likelihood of a forest to recover from climate change and other disturbances and
remain as an intact forest into the future (10–12).  

Further, past land use history has led to homogenized 
(i.e., similar) forests with simple age structure and lack of 
species diversity. In Vermont, the extirpation of indigenous 
knowledge and practices on the landscape, followed by the 
clearing of 80% of forests and subsequent farm abandonment 
in the 19th and 20th century led to regrowth of forests across the 
landscape that fall into this homogenized category (4,5). This landscape-scale disturbance
leading to homogeneous conditions across the state increases risk of forest degradation under
a changing climate. Forests with minimal species diversity and similar age and structural
composition have increased vulnerability to climate-related disturbances due to reduced
recovery pathways (e.g., a forest containing a greater diversity of species have an increased
capacity to adapt to warmer conditions or a pest outbreak than a forest containing one
species (6,7)), highlighting the importance of a heterogeneous landscape. 

Forests through the lens of the past 
and present continued... 
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Vertical structure includes the different canopy layers such as the forest floor,
understory, midstory, and canopy which represents different age classes. A range of age
classes and vertical structure adds resilience to a forest. 

At the landscape scale, structural complexity includes the presence of
young, mature, and old forests which creates a dynamic and resilient
landscape that supports a rich array of biodiversity, contributes to climate
regulation, and enhances ecological stability.

At the stand-scale, “structure” refers to the physical arrangement and
organization of various components within the ecosystem including the
following: 
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To add resilient characteristics to our forests, forests should be managed to improve structural
characteristics. Structural complexity at both the stand and landscape scale is important and
has been linked to increased resilience (13–15). 

Horizontal structure includes the spatial arrangement of trees and plants across the
landscape which can be uniform, random, or clumped. Through varying arrangements of
forests (e.g., canopy gaps, retention trees in openings, thinned canopies), there are
variable combinations of light, moisture, and temperature which in turn support a
diversity of regeneration conditions and habitat opportunities (16,17). 

Diversity of species and age classes is important given different species have different
characteristics and vulnerabilities. For example, having a monoculture of one species can
lead to greater vulnerability to drought or a certain pest or pathogen and carries
increased risk of reduced tree vigor and, in some cases, widespread mortality. 

Increased deadwood, such as snags (standing dead trees) and downed logs, provides
habitat for wildlife and arthropods, and contributes to nutrient cycling that supports
healthy and diverse soils and plants. Deadwood is an incredibly important structural
feature that improves water infiltration in the soil and can act as a ‘nurse log’ for the
establishment of future seedlings. 

All these structural elements can provide successful recovery (i.e., resilience)
in the face of novel stressors such as climate change while also supporting

broader biodiversity (18–21) and a greater range of wildlife habitat. 



harvest forest ecosystem, via silvicultural methods that avoid soil compaction, create site
conditions beneficial for the regeneration of species, leave some trees and downed logs for
wildlife habitat, and create breaks in the canopy to give regenerating seedlings access to sunlight.
It’s important to note that when forests are sustainably managed and trees are harvested and
then allowed to regenerate, the forested landscape persists and continues to provide ecosystem
services, such as water regulation, wildlife habitat, and carbon sequestration. For this reason,
sustainable forest management is not the same as fragmentation or deforestation which is
defined as the conversion of forest land to non-forest land as defined by the Intergovernmental
Panel on Climate Change (IPCC) (27). 
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Although it may seem counterintuitive,
active, sustainable forest management can
enhance or maintain these structural
characteristics in a forest landscape,
thereby directly contributing to forest
resilience and climate adaptation. One
aspect of sustainable forest management is
harvesting trees in a manner that promotes
both regeneration and a healthier post-

By managing forests with active timber harvests, we can add more structural diversity—both
horizontal and vertical—as well as species and age diversity. This may be accomplished through
varying silvicultural practices such as the following (2,25,26): 

Reserves: reserving healthy individual trees or groups of trees
within gaps or patch cuts to serve as seed source for future
regeneration, or support continuity of species associated with
individual trees or groups of trees like lichen, mycorrhizae,
wildflowers and others. Reserves may also apply to stands with high
structural diversity as part of a suite of management strategies. 

Single-tree selection and group selection: small to moderate gap
openings that mimic moderate disturbances like wind throw.
Smaller gaps favor shade-tolerant species and larger gaps favor
shade intolerant and intermediate intolerant species (27) that have
valuable adaptive characteristics (28).

Active Forest Management Can Increase
Structural Complexity in a Forest



These examples are not an exhaustive list but are representative of common silvicultural practices
used on state lands. All these strategies—including both active and passive management—require
careful consideration of forest regeneration, site conditions, invasive species, and future climatic

conditions. 

Patch cuts: larger cuts that are beneficial for wildlife species and
young forest habitat. In areas with high concentration of diseased
beech and granitic soils, larger patch cuts are recommended for the
regeneration of a more diverse forest (29) . 
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Shelterwood: variable size cuts through which a new generation of
trees is established naturally under the shelter of older trees by a
series of partial cuttings intended to stimulate seed production and
create favorable seedbed conditions. 

Strip cuts: harvesting long, narrow strips of forest, leaving adjacent
areas intact to provide seed sources and protection for
regeneration. This technique aims to promote natural regeneration,
reduce soil erosion, and maintain biodiversity. Shade-intolerant and
intermediate-tolerant species benefit from the increased light and
space provided by strip cuts, which mimic natural disturbances such
as windthrows and small-scale fires. 

Through active sustainable forest management
coupled with passive management strategies,

structural complexity increases, creating a more
resilient landscape that improves and maintains

an array of ecosystem services and addresses
social (e.g., wood consumption and production)
and ecological (e.g., promoting forest health and

resilience, carbon sequestration and storage,
biodiversity) needs while also bolstering

resilience to climate change impacts and other
forest health stressors. 
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