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Because climate change may alter forest disturbance regimes, quantifying baseline patterns of forest damage is critical for 
developing adaptive management strategies. To this end we developed a novel online disturbance mapping platform 
called the Northeastern Forest Health Atlas. Within the northern forest region, we identified several hotspots with 
multiple disturbance events, with some locations experiencing as many as 12 years of disturbance in the 17-year record. 
About 3.4% of the region’s forestland area has been disturbed annually on average based on aerial inset and disease 
surveys.  Repeated insect disturbance often co-occurred with other causal agents (typically abiotic), indicating that 
secondary stressors are important contributors to forest dynamics. 

Funding support for this project was provided by the Northeastern States Research 
Cooperative (NSRC), a partnership of Northern Forest states (New Hampshire, Vermont, 

Maine, and New York), in coordination with the USDA Forest Service.
http://www.nsrcforest.org 

Disturbance dynamics across the Northern Forest: Synthesizing NSRC studies 
of ecosystem change within a regional forest health mapping framework
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Project Summary
We conducted a geospatial synthesis of research and monitoring data related to forest disturbance in the Northern Forest region 
(northern New York, Vermont, New Hampshire and Maine).  This resulted in two main products: 1) an analysis of disturbance 
trends and patterns interpreted from aerial detection survey (ADS) data, and 2) an online portal integrating data from previous 
NSRC projects and forest health ADS data in a seamless, interactive mapping framework, called the Northeastern Forest Health 
Atlas (NEFHA).  The latter, developed in cooperation with the Forest Ecosystem Monitoring Cooperative (FEMC), provides free 
and open access to two critical types of data.  These are (1) field-based research findings on disturbance-related studies, and (2) 
historical damage polygons mapped through the ADS and insect and disease surveys (IDS) (1918-2016) conducted by states in the 
region and the USDA Forest Service. 
We employed the NEFHA to investigate inter-annual and cumulative 
disturbance patterns at a regional scale spanning 17 years (2000-2016).  
This effort involved examining the spatiotemporal patterns by damage 
type, causal agent, and agent category. Our analysis indicated that 
approximately 11.0 million ha of forestlands (10% of the study region) 
have experienced at least one disturbance event over the 17-year 
period, annually averaging 647,425 ± 215,482 hectares. The average 
annual disturbance area represents 3.4% ± 1.1% of the region’s total 
forestland. While there were no detectable linear, long-term trends in 
annual extent or relative abundance of disturbance by specific agents, 
we found that some ecoregions experienced higher disturbance rates 
than others. Insects caused the greatest amount of mapped disturbance 
(8,097,969 ha), and a relatively small number of invasive insects (19 
species) were responsible for half of this damage. 
Within the region, we identified several hotspots with multiple 
disturbance events, with some locations experiencing as many as 12 
years of disturbance in the 17-year record. Repeated insect disturbance 
often co-occurred with other causal agents (typically abiotic), 
indicating that secondary stressors are important contributors to forest 
dynamics. Because climate change may alter the types, intensities, and 
frequencies of forest disturbance, quantifying baseline patterns is 
critical for detecting shifts in disturbance dynamics and developing 
adaptive management strategies. 

Patterns of repeated defoliation from 1918 to 2016.

https://www.uvm.edu/femc/forest-health-atlas


Background and Justification

This project aimed to develop a regional geospatial synthesis of 
research and monitoring data related to forest disturbance in New 
York, Vermont, New Hampshire, Maine and Massachusetts. It 
combines data from aerial detection surveys flown in those states 
with field-based data on tree mortality and forest disturbance 
collected by Northeastern States Research Cooperative-funded 
(NSRC) scientists and other researchers in a single interactive data 
exploration platform. By integrating data from research projects and 
forest health aerial detection surveys in a seamless, interactive 
mapping framework across spatial and temporal scales, users are 
now able investigate the extent and severity of different disturbances 
across the region. In addition, by combining the aerial survey and 
research datasets, this project enables improved interpretation of the 
geospatial data and make information from research studies 
accessible to a much broader audience while establishing a scientific 
baseline for subsequent assessments. 

Forest disturbances have significant influences on tree vigor, species composition, and biodiversity, as well as carbon sequestration and other 
important ecosystem services. Recognizing the importance of monitoring forest disturbances, federal and state agencies in the United States have 
conducted annual aerial detection surveys (ADS) to quantify the spatial extent and severity of forest damage by type and causal agent. Although 
these geospatial data have been collected for decades, until recently, they had not been synthesized across our region for multiple decades. 
Moreover, the NSRC has supported over 300 studies to date.  Although these studies address many of the disturbance factors listed above, 
particularly in the themes of forest management, forest health, and atmospheric pollution, NSRC studies typically have focused on individual 
causes and consequences of change at specific locations and spatiotemporal scales.  The disparate nature of these studies hinders a general 
understanding of disturbance dynamics and spatial patterns across the region, but it also presents an unusual opportunity for integration across 
multiple disturbance agents, locations, and scales, particularly in concert with other forest health datasets.

Finally, by making all products publicly available through an interactive mapping portal, the outcomes of this project will help
decision makers access additional, easy-to-use information to account for historical patterns of disturbance as they respond to 
emerging challenges associated with global change.

Tree mortality on Mt. Pierce, NH.  Photo credit W. Keeton



Methods
Conceptual model for 
general methodological 
approach.  Methods were 
elaborated and expanded 
throughout the course of the 
project.



• Compiled all NSRC-funded research into a dataset that could be examined for themes, topics, and key personnel by 
extracting information from  the NSRC website. Of 306 studies examined, we identified 102 studies as generally relevant to 
the themes of forest disturbance and damage. Of those, 59 also likely contained field data or information relevant to the 
NEFHA. In total, we contacted 42 NSRC-funded researchers and obtained relevant data from their NSRC funded studies. 

• Combined all available aerial survey data for the region (Maine, Massachusetts, New Hampshire, New York, and 
Vermont), spanning the years 1918 to 2016, into a cohesive and standardized dataset.  Utilized data for the time period in 
which available data were most comprehensive, robust, and consistent across the region (2000-2016) for analysis of patterns.

• Facilitated two regional workshops with NSRC researchers, federal, state, and academic curators of forest health surveys to 
coordinate data archive, distribution, and analysis; develop a Northeastern Forest Health Atlas by combining aerial 
detection survey data and other existing maps across state borders, ownerships, and ecoregions.

• Developed and now hosting an online NSRC mapping interface that links NSRC study locations with NSRC data on forest 
health and disturbance and overlays from the regional disturbance atlas; enabled custom stakeholder queries of disturbance
agent, timing, response variable, and relative damage.

• In peer-reviewed publications and a technical report, synthesized findings from NSRC-funded studies of forest health and 
disturbance with other published research and the regional disturbance atlas; quantified spatial and temporal patterns of 
disturbances and stressors among states and ecoregions to inform adaptive forest management.

• The geospatial synthesis was designed to:
– Identify the most widespread,  frequent, and most severe damage agents across the region
– Quantify the relationship between multiple disturbance at a given location and forest health/resilience
– Examine potential abiotic drivers of changes in disturbance patterns
– Locate types of forests most at risk for future disturbances
– Identify changes in the frequency/severity of disturbance agents across time and space

Methods (Continued)



https://www.uvm.edu/femc/forest-health-atlas

Results/Project outcomes

https://www.uvm.edu/femc/forest-health-atlas


The number of 
studies tagged with 
each topic on the 
NSRC website. It is 
possible for a single 
project to be tagged 
with multiple terms.



Locations of mapped forest damage polygons in the study region (MA, ME, NH, NY, VT) from 
2000 to 2016 according to insect and disease surveys, including the total area (ha) and percent 
forest cover per state. Different colors indicate the number of years that damage was mapped over 
the 17-year record. Insets show examples of high damage occurrence in each state.



Total extent (ha) of approximate percent forest cover 
and mean percent of forest disturbed per year for the 
five states comprising the study region.



Forest damage (2000–2016) for the study region (MA, ME, NH, NY, and VT) according to insect and 
disease surveys: (a) damage extent (million ha) by causal agent category, (b) percent of forest disturbed 
by state, and (c) damage extent (million ha) by damage type. Note that “mortality” is current-year 
mortality. Causal agent categories and damage types with minimal annual damage extents were excluded 
for clarity.



Estimated annual percent of 
area damaged by ecoregion 
according to insect and 
disease surveys. Map colors 
correspond to one of 10 
ecoregions (note that some 
ecoregions are not 
contiguous). Inset figures 
show annual damage by 
year per ecoregion 
(expressed as a percentage 
of ecoregion affected; note 
that percent scales vary by 
ecoregion). Colors of bars 
in insets correspond to the 
agent categories developed 
in this study.



Frequency (number of years observed) and maximum single extent (largest individual polygon 
attributed to agent; log10 transformed; ha) by damage agent. Point size corresponds to the total 
extent (million ha) recorded for that agent over the 17-year period (2000–2016), and color 
corresponds to agent category developed in this study. We excluded the "Unknown" category of 
damage agents from this figure. For clarity, we included common names for only those agents 
that have affected a total of>50,000 ha. Note that points have been jittered for visualization 
purposes.



(Right) Estimated annual extent 
damaged (ha) of (a) diseases and 
(b) insects according to insect 
and disease surveys (2000–
2016). Color corresponds to 
causal agent origin: invasive in 
eastern North America, native to 
eastern North America, or 
unknown species.

(Below) The 10 causal agents with the largest total mapped extent (ha) over the study region from 2000 to 2016 according to 
insect and disease surveys. Agent subcategory was provided by the IDS program, which we simplified into eight broad 
categories (Table 3); origin indicates if agent is native (N) to eastern North American, invasive (I) to eastern North America, or 
of unknown (U) origin; total extent (ha) is a sum of all damage attributed to that agent (expressed as a percentage of total 
mapped damage); N years is the number of years identified in the record; mean (±SE) extent is total extent divided by N years 
mapped; mortality ratio is the total extent divided by the total extent specified as "current-year mortality".



Implications and applications
in the Northern Forest region

• Annual aerial surveys, combined with assessments of inter-annual and cumulative patterns like those that we have 
provided here, deliver critical information about the impact of forest stressors and help inform resource management. 
Results from this study will support forest managers and policy makers in prioritizing areas with elevated 
susceptibility to insects and other damage agents of concern.

• A suite of chronic and episodic damage agents should be monitored and considered in long-term forest management 
planning. Insect infestations were the most common and widespread damage agents and also were associated with the 
largest cumulative extent of tree mortality. Invasive insects impacted twice as much area as native species over the 
17-year record.

• Currently, each year state and federal agencies invest considerable resources in aerial sketch-mapping in order to 
create one of the only spatially and temporally explicit records of forest damage in the region. With the creation of the 
Northeastern Forest Health Atlas, quality-controlled, detailed spatial forest damage data now are available to the 
public in a novel, interactive portal. This database will likely facilitate ongoing and future studies examining the 
attributes and spatiotemporal patterns of forest damage and disturbance across a region where key questions remain.

• Our findings underscore the importance of targeted, consistent, and standardized forest damage and disturbance 
monitoring across state boundaries in heterogeneous regions like the northeastern US. Largescale, long-term 
monitoring is essential to understanding the patterns and processes of forest damage and associated effects on 
biodiversity and ecosystem services. 

• The Northeastern Forest Health Atlas, as well as timely syntheses and analyses such as ours, will allow forest 
managers and policy makers to monitor forest disturbance, detect novel introductions or changing patterns, and 
inform adaptive management strategies to help sustain the region’s forest resources.



Future directions

• With the Northeastern Forest Health Atlas now active and 
accessible through the FEMC website, a central repository and 
portal for forest disturbance data is now available for the public, 
forest managers, policy makers, and scientists.

• FEMC will work to continuously update the database, allowing 
future assessments of disturbance trends and patterns building 
on the initial analysis we have conducted in this study.
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carbon storage, and stand dynamics. Ecological Applications 28: 798–815.

Technical Report:
Duncan, J.A., E.R. Tait, G.W. Meigs, A.M. Kosiba, J.A. Pontius, and W.S. Keeton. 2018.
The Northeastern Forest Health Atlas, Technical Report.  Forest Ecosystem Monitoring Network, Burlington, VT.
https://www.uvm.edu/femc/forest-health-atlas/methods

Presentations:
Duncan JA, Kosiba AM, Meigs G, Pontius J, Tait E. 2018. The Northeastern Forest Health Atlas – Making a century of mapped damage 
to forests easy to understand and access. New England Society of American Foresters Annual Winter Meeting, Nashua, NH. March 28,
2018.

Kosiba, AM, Meigs, GW, Duncan, JA, Pontius, JA, Keeton, WS, and Tait, ER. Regional spatiotemporal patterns of forest disturbance 
using aerial detection surveys. Forest Ecosystem Monitoring Cooperative Annual Meeting, Burlington, VT.  December 15, 2017. 

Keeton, W.S. and G. W. Meigs. Intermediate severity windthrow effects on forest structure and carbon dynamics in the eastern United 
States: implications for adaptive management. International Union of Forest Research Organizations (IUFRO), 125th Anniversary 
Congress, Freiburg, Germany. Sept. 18-22, 2017. Invited talk.

Meigs, G.W. and W.S. Keeton. Intermediate-severity wind disturbance in mature temperate forests: Effects on legacy structure, carbon 
storage, and stand dynamics. Ecological Society of American Annual Conference. Portland, OR. August 6-11, 2017.
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List of products (Continued)
Presentations (continued):

Meigs, G. and W.S. Keeton.  Wind disturbance in temperate forest ecosystems.  Forum Carpaticum. Bucharest, Romania, Sept 28-30, 
2016.

Meigs, G., W.S. Keeton, and A. Weisinger-Flood*. Forest structure, composition, and regeneration following wind disturbance in mixed 
hardwood-conifer ecosystems. Eastern Canada and United States Forest Science Conference (ECANUSA).  Burlington, Vt. Sept. 30, 
2016. *Presenter

Posters:

Kosiba AM, Duncan JA, Truong J, Pontius JA. 2018. New tools for assessing and communicating forest health information. New 
England Society of American Foresters Annual Winter Meeting. Nashua, NH. March 28, 2018.

Dr. Garrett Meigs presenting 
early results of this study at the 
Forum Carpaticum in Bucharest, 
Romania, October 2016.  The 
talk compared disturbance 
dynamics in the U.S. Northeast 
with wind disturbance in central 
and eastern Europe.



List of products (Continued)
Regional workshops with state and federal forest health and disturbance experts to coordinate data standardization, 
distribution, and synthesis. Successfully organized two December 2016 workshops, a day-long workshop with 8 state and 1 
federal forest health practitioners and a second workshop with over 50 stakeholders in in conjunction with the Vermont 
Monitoring Cooperative annual meeting (now called Forest Ecosystem Monitoring Cooperative – FEMC).

Northern Forest Health Atlas that integrates existing aerial surveys of forest health and disturbance (tree mortality and 
decline). https://www.uvm.edu/femc/forest-health-atlas

Online map interface that displays NSRC forest health and disturbance study locations, available datasets, and products 
with annual data from the forest health atlas.  

Engagement with stakeholders throughout the region to share the mapping interface and findings. Building on workshops 
with regional stakeholders from state and federal agencies and other FEMC meeting participants from a variety of 
affiliations, we are currently conducting another round of outreach in conjunction with the online mapping interface.

Aerial detection survey data 
synthesis workshop, Aiken 
Center at UVM, Dec. 2016

https://www.uvm.edu/femc/forest-health-atlas

