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Executive Summary 

INTRODUCTION 

If you don’t like the weather in Vermont, wait ten minutes. So the saying goes. The weather is in 
the conversations of Vermonters, those who visit for sports and scenery, and those who depend 
on Vermont products and commerce. Recent flooding events, especially Tropical Storm Irene in 
2011, were catastrophic for several communities and natural areas throughout Vermont. These 
required heroic responses and unanticipated resources from individuals and towns, as well as 
State and Federal agencies. Climate affects so much of our lives that the possibility of significant 
disruption in patterns due to global climate change spurs us to speculation, and preparation. The 
regional climate models predict that the changing patterns we have observed so far – increases in 
temperature and more extreme fluctuations in precipitation – are likely to continue. If you don’t 
like the climate in Vermont, wait 50 years, but we can’t promise you’ll like it any better. 

While impacts on communities and infrastructure tend to grab the spotlight after storms and 
other extreme weather events, Vermont’s natural resources are the backbone on which our 
livelihoods and quality of life depend. Changes to climate will directly affect Vermont’s 
natural resources, the services they provide, and the natural heritage they bestow. 
Therefore, through this report and efforts that will follow, the Vermont Agency of Natural 
Resources (ANR) is addressing climate change impacts on four natural resource sectors: wildlife, 
(Division of Wildlife), fisheries (Division of Fisheries), forestry (Division of Forestry), and 
water resources (Watershed Management Division).  

The purpose of this report is to gather 
information about climate change in Vermont as 
it relates to natural resources and to propose a 
strategic framework for continued climate 
change vulnerability assessment and action 
planning. Climate-driven changes in plant and 
animal communities, and climate change 
impacts on other aspects of Vermont’s 
environment, will likely affect the way 
Vermonters perceive their natural surroundings, 
engage with natural resources for livelihoods and enjoyment, and do business in the state. 
Developing vulnerability assessments, which describe the types of changes expected, and 
adaptation strategies, which help manage or reduce negative effects, will be essential to prepare 
Vermonters for these impending changes. The strategic adaptation framework in this report is 
based on our scientific understanding of climate change exposures (the types of climatic changes 
expected that affect resources), our understanding and expectations of natural resource 
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vulnerability to those exposures, and our perceptions of cooperative opportunities for addressing 
these vulnerabilities. In this report, we present the groundwork for the framework through 
chapters addressing climate change exposures, vulnerability-specific elements within each of the 
natural resource sectors, and ongoing and proposed actions that can be or have been taken to 
prepare for the expected changes.  

There are two types of adaptation strategies that we do not address in this report:  Mitigation of 
climate change exposures by reducing greenhouse gas emissions; and adaptation strategies 
involving the modification of infrastructure, such as roads and water/wastewater systems. 
Mitigation is an essential strategy for reducing the exposures, vulnerabilities, and the need for  
adaptation actions. However, Vermont is already addressing mitigation through established goals 
for reduction of greenhouse gas emissions. These goals require broad participation beyond that 
of the ANR, so while those efforts are supported strongly by ANR they are not described in this 
report. Likewise, infrastructure modification can have important links to natural resources, but 
infrastructure modification and maintenance is beyond the scope of ANR’s immediate 
responsibilities. That being said, many infrastructure adaptation strategies, such as promoting 
stable stream and river channels, can also be beneficial to vulnerable habitats and species.  

EXPOSURES 

One component of vulnerability assessments is to evaluate exposure, or the amount of climate-
related change a species or habitat is likely to experience. For this project, we assessed exposure 
by examining historical trends in climatic data and future modeled projections. Together, the 
historical and projected trends provide a best estimate of exposures that will be experienced in 
Vermont through mid-century (Betts 2011a). 

During the past 50 years, there has been a consistent pattern of warming in Vermont. Mean 
annual air temperature at long-term weather stations in Vermont has been increasing at a rate of 
0.28 °C (0.5 °F) per decade (Betts 2011a, Betts 2011b). Seasonal differences are evident, with 
mean winter temperatures rising fastest. There has also been an increase in the number of 
extremely hot days and a decrease in the number of extremely cold days (DeGaetano and Allen 
2002, Hansen et al. 2012). The length of the growing season has increased (Betts 2011a). These 
warming trends are projected to continue (UCS 2006). 

Historical trends in annual precipitation are highly variable but there has been a long-term 
trend towards overall wetter conditions in the Northeast (Karl et al. 2009, Hayhoe et al. 
2007). In Vermont, precipitation has increased by 15-20% in the past 50 years, and total 
precipitation is expected to continue increasing in all seasons except summer (Betts 2011a, UCS 
2006). Heavy precipitation events also have been increasing across much of the Northeast in 
recent decades, and this trend is also expected to continue (Hayhoe et al. 2007, UCS 2006, 
Karl et al. 2009).  
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These warming temperatures and changing precipitation patterns affect snowpack and the 
timing and volume of streamflow. Over the last several decades in the Northeast, less winter 
precipitation has been falling as snow and more as rain, resulting in a reduced snowpack, more 
streamflow in winter and spring, and less streamflow in summer and fall.  There also has been a 
clear trend towards earlier snowmelt runoff/spring peak flow (Hayhoe et al. 2007). Ice dynamics 
are changing as well. The duration of ice on rivers and lakes has been decreasing, with later 
freezing dates and earlier ice-out dates (UCS 2006). All of these trends are projected to continue 
(UCS 2006, Hayhoe et al. 2007). 

Extreme weather events have become more frequent and intense during the past 40 to 50 
years (Karl et al. 2009). In the Northeast, more frequent short-term droughts are projected to 
occur as the rising temperatures increase evaporation rates and reduce soil moisture in the 
summer.  There are also projected to be reduced streamflows during the summer due to declining 
springtime snowpack and rises in temperatures and evaporation (Karl et al. 2009, Hayhoe et al. 
2007).  

VULNERABILITY 

Vulnerability assessments were conducted to identify which habitats or species are likely to be 
most strongly affected by projected climatic changes and to understand why these resources are 
likely to be vulnerable. The habitat assessments focused on 4 major habitat groups: upland 
forests, wetlands, rivers, and lakes.  

A number of climate-related impacts are expected to affect all habitat groups, including: 
compositional shifts resulting in the eventual loss of cold-adapted species and an increase in 
warm-adapted species; an increase in physiological stress from heat and/or water limitation in 
the summer, which is likely to result in increased susceptibility to pests and disease; and an 
increase in the spread of invasive species due to increased disturbance from extreme climatic 
events. Habitats in the Champlain Valley could be particularly vulnerable to heat stress and 
water limitation since this area is naturally warmer and drier than other parts of Vermont. 

Forest health and productivity are likely to be compromised in many regions of the state. 
With respect to forested habitats, montane/high elevation spruce-fir forests in southern Vermont 
and associated species like the Bicknell’s thrush are expected to be most vulnerable, while oak-
pine forests are likely to benefit from warming temperatures and expand northward. Of 
particular, immediate concern are impacts from increased heat stress and water limitation in the 
summer, increasing spreading of pests like the hemlock and balsam woolly adelgid, and weather 
patterns with early spring thaws and late frosts, which can impact regeneration in species like 
apples and sugar maples by damaging buds, blossoms and roots. 

Water sources and soil composition are the key factors in the vulnerability of wetland habitats. 
Acidic bogs are expected to be particularly vulnerable because of their specialized habitat 
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requirements (cold climate, short growing season, and slow rate of decay of organic matter). 
Wetlands that receive groundwater inputs are expected to be less vulnerable to changing 
precipitation patterns, since regional ground water flow systems provide buffering from possible 
disruptions in surface water inputs to wetland areas.  

Coldwater habitats and species associated with river and lake habitats (e.g., brook trout and 
eastern pearlshell mussel) are expected to be highly vulnerable to climate change. Impacts 
from warming temperatures will be mediated and potentially reduced by localized, protective 
factors, such as groundwater influence, stream shading and orientation.  

Due to expected changes in precipitation patterns, both increased flooding and extended 
dry periods are expected. The increase in heavy precipitation events could lead to more 
flooding and is likely to exacerbate existing problems related to nutrient (particularly 
phosphorous) and sediment loading, as well as shoreline erosion. Extended summer low flow 
periods in combination with warming temperatures are likely to cause increased physiological 
stress, mortality to aquatic species, along with algal blooms and decreases in water quality. 

Assessments of vulnerabilities in this document should be reviewed and further developed 
as more information becomes available. The process that was developed for documenting 
exposures, sensitivities, and mediating factors at the vulnerability workshop could be used if 
additional habitats and species of interest are assessed in the future, or to update the initial 
assessments prepared for this report. 

ADAPTATION  

The Vermont ANR can prepare for the changes associated with vulnerabilities by planning and 
implementing adaptation actions. Climate change adaptation actions are adjustments in natural 
or human systems in response to actual or expected climatic effects that moderate harm or 
exploit beneficial opportunities. Specific actions that can be taken were cataloged during a 
climate change adaptation workshop. These steps represent individual strategies that will move 
ANR towards a comprehensive adaptation plan.  

During the workshop, it was made clear that many of the actions needed to adapt to climate 
change are strongly aligned with actions needed and already initiated to reduce various 
types of pollution in Vermont’s watersheds. This alignment relates to the ecological resiliency 
that is built into an environmentally intact system. For example, many of the non-climatic 
stressors affecting lakes and streams are likely to be exacerbated by climate change. These 
stressors include nonpoint source nutrient and sediment runoff, reductions in groundwater flow 
during summer, loss of riparian shading, degradation of shoreline habitat, loss of river functions 
from encroachment, spread of aquatic invasive species, etc. Many potential climate change 
adaptation strategies could entail management of these same stressors to protect habitats and 
biological communities from the effects of warming and changing hydrology.  
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More than in almost any other area of environmental management and policy, climate change 
will require the use of innovative management approaches. For example, adaptive 
management will be required as we make assumptions about future conditions and how best to 
cope with them, monitor the results of management actions closely, and then use the monitoring 
results to inform future decision making. In addition, management actions will include many 
sectors and many managers that might otherwise remain focused on a single sector. The climate 
change strategies will be most effective if they address common ground and common objectives 
for climate and sound natural resource management.  Management actions will have four general 
goals, as follow:  

• Increase Resistance: Retain existing ecological conditions, assist the habitat or species 
forestall impacts 

• Promote Resilience: Buffer impacts and improve the capacity of a system to return to 
desired conditions after disturbance, or as a means to retain the same essential function, 
structure, identity, and feedbacks in an altered state  

• Enable Transformation: Efforts that enable or facilitate the transition of ecosystems to 
new functional states; proactive strategies that anticipate the nature of climate-change 
induced transitions and, working with these anticipated trends, include actions that 
facilitate transitions that are congruent with future climate conditions, while minimizing 
ecological disruption and undesired outcomes 

• Realignment: Focus on systems that already have been disturbed beyond historical 
ranges of natural variability, and recognizing the irreversible change, plan to optimize 
the system, which might not necessarily include restoration to the historic or pre-
disturbance condition 

Within the management goal types, the actions can be further categorized by action type: 

• Monitoring and assessment 
• Technical assistance related to climate and adaptation issues 
• Regulation 
• Education and outreach/engagement 
• Conservation/land stewardship and land use planning 

Finally, the applicability of actions can be qualified by evaluating the following aspects: 

• Effectiveness at mitigating (and the scientific basis for recommending actions) 
• Operational feasibility (amount of money and resources required to implement) 
• Degree of current implementation  
• Level of alignment with current policies, procedures, BMPs 
• Social/political acceptability and feasibility 
• Potential for securing funding 
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With this structure for identifying management actions in place, a list of potential actions was 
compiled for each natural resource sector by reviewing regional climate change strategies and 
through the interactive workshop of ANR and other scientists and managers. The actions and 
strategies were varied, though cross cutting themes were identified and selected actions were 
explored in further depth. Some of the critical actions are extensions of existing efforts. The 
specter of exacerbated effects due to climate change adds urgency to these actions. Examples of 
critical actions are as follow: 

• Restoring beneficial functions of natural areas 

• Identifying and conserving natural areas that provide important ecosystem services  

• Capturing as much clean water precipitation as possible using low impact 
development 

• Building bigger crossings and culverts to accommodate sediment transport and 
connectivity 

• Analyzing groundwater issues related to agricultural tile drainage and water 
withdrawals 

• Promoting riparian stability and filtering functions through appropriately sized 
stream, river, lake, and wetland buffers. 

• Improving connectivity and corridors for wildlife movement through intact habitats 

• Monitoring pests and invasive species 

• Wetland mitigation in relation to disturbance and increased water stress at both 
flood and drought stages 

 
Climate Change Planning Actions 

The next steps that the ANR needs to take to move ahead with climate change planning can be 
implemented in three areas, including establishment of guiding principles, continuing work on 
vulnerability assessments and adaptation strategies, and follow-up in specific focus areas. At a 
broad scale, the ANR should adopt guiding principles and tools for managing in light of 
uncertainty, including a formal endorsement or acknowledgement of the spectrum of 
management actions (resistance, resilience, enabling transformation, and realigning 
management). In addition, a formal process should be established for integrating climate change 
and management actions into Agency planning processes. The Agency also needs to define end 
products and objectives of the climate change adaptation planning process. One possible end 
product is a comprehensive adaptation plan. These plans are typically a multi-sector effort 
involving water resources, agriculture, forest and terrestrial ecosystems, bay and aquatic 
ecosystems, growth and land use, energy development, and public health. The higher level and 
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other efforts should be supported by the Agency through planning for programs, budgets, 
staffing, and regulations.  

A cooperative effort must continue so that work initiated at the vulnerability assessment 
and adaptation strategies workshops can be completed or resolved as needed. The 
workshops successfully introduced planning and assessment processes that should be repeated to 
address remaining questions about vulnerability and exposure, and to go further in depth for 
certain vulnerabilities and adaptation strategies. ANR could continue the work that was initiated 
during the vulnerability assessment and adaptation strategies workshops by reconvening the four 
major habitat work groups (forests, rivers, lakes/ponds and wetlands) to continue and build on 
this work. In addition to the four major habitat groups, we recommend initiatives to address 
climate, species-specific planning, and documentation of existing on-the-ground management 
actions. 

At a smaller scale, focus areas were identified as important cross-sector themes at the 
adaptation strategies workshop. The areas identified were as follows:  

• Promote resilience and resistance by reducing other stressors  
• Conserving refugia  
• Monitoring and assessment 
• Data infrastructure 
• Landscape-level planning 
• Groundwater 
• Sustainable flows 
• Ecosystem services  
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1.0 INTRODUCTION 
 
Global climate change represents an unprecedented challenge to ecosystem management, and to 
the natural heritage and resources of the State of Vermont. Scientists predict that climate change 
will affect virtually all sectors, from food and water security, to disaster risk reduction and 
human health, to opportunities for business investment and private sector growth. In Vermont, 
average temperatures have increased by 0.28 °C per decade in the last fifty years (Betts 2011a, 
Betts 2011b), signaling that the effects of climate change are already being felt. In addition to 
shifts in habitat and natural communities, recent increases in the frequency, intensity and amount 
of precipitation may be driving delayed agricultural plantings, flooding damage to public 
infrastructure, and changes to river and watershed systems throughout Vermont. 

 
Changing temperature and precipitation 
patterns will directly and indirectly 
affect Vermont’s natural resources, the 
services they provide, and the natural 
heritage they bestow. The Vermont 
Agency of Natural Resources (ANR) is 
focused on potential impacts on four 
natural resource sectors: wildlife, 
(Division of Wildlife) fisheries (Division 
of Fisheries), forestry (Division of 
Forestry), and water resources 
(Watershed Management Division). 
Some climate-related impacts, such as 
compositional shifts in plant and animal 
communities, will affect all four sectors.  
Warming temperatures are expected to 

contribute to eventual reductions in cold-adapted species and range expansions of warm-adapted 
species (Manomet & NWF 2012a, Manomet & NWF 2012b).  
 
Other impacts will be more sector-specific. Forest health and productivity may be affected by 
increased heat stress and water limitation in the summer and an increase in the spread of pests 
like the hemlock and balsam woolly adelgid. Expected water quality impacts include increased 
flooding and erosion, intensified storm water runoff, and more algal blooms in nutrient-rich 
waters due to increasing temperatures. More frequent or severe storm-flow events, such as those 
that Vermont experienced in 2011, could increase physical damage to public and private 
structures, exacerbate existing problems related to nutrient and sediment loading and require 
more extensive treatment to remove these excess pollutants.  

Hermit thrush 
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These and other climate-related effects will likely affect the way Vermonters perceive their 
natural surroundings, engage with natural resources for livelihoods and enjoyment, and do 
business in the state. Developing vulnerability analyses and adaptation strategies will be essential 
to preparing Vermonters for these impending changes. The purpose of this report is to propose a 
strategic framework for climate change vulnerability assessment and action planning, especially 
for coordination among Vermont ANR departments and actions. Towards that end, this report 
attempts to standardize the terms that are used in climate change analyses, describe predicted 
changes in climate patterns, summarize the habitats and species within each of the four ANR 
sectors that are vulnerable to changes in climate exposures, and recommend strategies for 
adaptation that would reduce detrimental effects of climate change.  

 

1.1 State and Climate Change Team Response 
 

With leadership from the Governor’s office and the Vermont Climate Cabinet, agencies and 
organizations serving Vermont are 
developing many different climate 
change assessments, action plans, and 
responses.  The Vermont 
Comprehensive Energy Plan and VTrans 
Climate Change Action Plan, among 
others, address greenhouse gas (GHG) 
emissions and agency-specific actions 
such as renewable energy generation.  
All of these related actions offer 
perspectives, research, action plans and 
templates that may be useful in building 
the State’s strategy.  Because of its role 
as steward of the state’s natural 
resources, the ANR has a particular need 
to integrate adaptation planning as well 
as mitigation into action alternatives. To 
do so, the ANR requires detailed 
assessment and planning in order to 
anticipate and manage climate change 
impacts on the State’s natural resources 
and communities.  

American black bear 
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1.2 Technical Methodology 
 

In developing a State Climate Change Adaptation Strategy, the ANR Climate Change Team will 
need to work across many parts of the agency, often with different missions, authorities, and 
resources. ANR must determine how to adapt to climate-related changes that may have already 
begun, to strategically plan for future climate scenarios that could impact wildlife, fisheries, 
forestry, and water resources, and to develop a basis for setting adaptation priorities across 
sectors with different characteristics and values. The tasks to develop an adaptation strategy 
include data gathering on climate change exposures and perceived or expected impacts on 
resource, descriptions of regional vulnerability analyses that incorporate exposures and impacts 
and that could be used as examples of approaches to a Vermont-specific vulnerability analysis, 
interactions with stakeholders to present and refine conclusions, and development of the 
adaptation strategy itself. 

One of the purposes of this project was to lay the groundwork for continuing efforts towards 
Vermont-specific vulnerability analyses. Before this project was initiated, there had been no 
attempt to generate a Vermont-specific analysis for all sectors being addressed in this report. To 
inform Vermont’s approach, the ANR sought examples of vulnerability analyses and adaptation 

strategies from the region 
(Appendix 1A). By 
compiling regional 
examples, the ANR may 
decide to apply regional 
findings in Vermont either 
selectively or without 
modification, to apply 
approaches from the 
regional examples in 
Vermont-specific analyses, 
or to recognize data gaps 
that should be filled through 
continuing research.  

This project involved 
understanding and evaluating the activities of several divisions and sectors of ANR, housed in 
different departments of the Agency. The recommended adaptive strategies include both broad 
and specific approaches, so that the overall strategy will be cohesive within the Agency and will 
also address unique concerns within each division. Recommendations developed for this project 

Painted turtle 
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targeted each specific division, but also took into account possible regulatory overlap and 
potential inter-agency conflicts.  

 

1.3 Climate Change Vulnerability and Adaptation 
One of the first hurdles to clear when communicating about climate change is explaining the 
terms used to describe processes, analyses, and outcomes.   

Vulnerability is a function of the sensitivity of a particular ecological system or species to 
climate changes, its exposure to those changes, and its capacity to adapt to those changes (Figure 
2) (Glick et al. 2011a) Vulnerability is expressed as a predicted impact. Unless a focused and 
intensive analysis is conducted, the predicted impact will be on a narrative or ordinal scale, such 
as “improved conditions”, “no effect”, “degraded conditions”, or “severely degraded conditions”. 
The statements of predicted impact should be accompanied by statements of uncertainty – the 
likelihood of predicted impacts based on assumptions, variability, and unknowns that were part 
of the prediction. 

Exposure is a measure of the amount of a change in climate and associated problems a species or 
system is likely to experience (Glick et al. 2011a). Exposures can be observed in historical data 
and can be projected using climate models. Climate models are hypothesized and calibrated 
estimates of changes expected in climate variables over time into the future. The time frame for 
the models usually depends on the initial perception of critical changes and the urgency of 
management actions. Typical time frames estimate climate conditions in 50 or 100 years (mid-
century or end of century), with more accuracy expected for nearer term predictions. The 
variables addressed in climate change models tend to focus on patterns and extremes of 
temperature and precipitation, though these two factors are related to additional variables such as 
wind, drought, peak and low flows, and other complex secondary effects. Climate models are 
usually spatially explicit because the effects can differ by topography, latitude, and prevailing 
spatial weather patterns. Downscaling is the technique by which patterns observed in large scale 
models are applied to a smaller scale, as when a northeastern U.S. model is used to predict 
climate change effects in Vermont. 
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Figure 1. Key components of vulnerability, illustrating the relationship among exposure, 
sensitivity, and adaptive capacity (IPCC 2007a in Glick et al. 2011a). 

 

Sensitivity measures whether and how much a species or system is likely to be affected by a 
given change in climate (Glick et al. 2011a). For example, temperature tolerances in fish are well 
established in the context of preferential ranges and limits of tolerance for growth, reproduction, 
or survival. Likewise, the sensitivities of plant species have been categorized according to 
hardiness, which corresponds to hardiness zones that are mapped across Vermont and the U.S. 
(USDA 2012). Sensitivity can be assessed at multiple scales, from individual species (where 
more detailed information may be available) to mid-scale assemblages of organisms or habitats 
to large scale ecosystems (where some conjecture is necessary due to complex and increasingly 
unpredictable interactions among ecosystem components). The sensitivity of individual species 
is relevant for those species that are of particular importance in Vermont because of heightened 
sensitivity and already limited habitat (threatened and endangered species) or for species that are 
culturally significant, such as brook trout or maple trees. However, assessing the sensitivity of all 
species in Vermont is not feasible because the shear diversity of flora and fauna would 
overwhelm our ability to catalogue each species and their sensitivities to multiple climate change 
variables. Even narrowing the focus to Species of Greatest Conservation Need (SGCN) in the 
VT Wildlife Action Plan would result in too many species to possibly summarize. In addition, 
SGCN species may have been identified for reasons not related to climate change. For efficiency 
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and because protection of habitats is the mechanism by which sensitive species will be protected, 
this report focuses mainly on vulnerabilities of habitats and assemblages of organisms.  

Adaptive capacity refers to the opportunities that may exist to reduce the potential impact of 
exposures to sensitive species or systems (Glick et al. 2011a). Adaptive capacity is usually 
limited to the natural qualities, acclimation tolerances, and behavioral traits that are inherent to a 
species, assemblage, or habitat. To continue the example with fish species, though the 
temperature tolerance of a species may be exceeded by exposure to increased temperatures, fish 
have the adaptive capacity to migrate, thereby decreasing their vulnerability as long as cooler 
water bodies are accessible. Adaptive capacity is sometimes thought of in terms of 
responsiveness to societal efforts to protect against the harmful effects of climate change 
exposures. 

An adaptation strategy is a proposed activity or management process that is intended to reduce 
or eliminate the potential impacts of climate change on vulnerable natural resources. The process 
includes identification of management options (activities) as one step in the framework (Figure 
2). Adaptation strategies can include mitigation of climate effects; regulation; incentives; 
education and outreach; urban and watershed planning; monitoring of species, habitat and 
ecosystem change; physical habitat manipulation; and individual species management. Within 
these categories and others, specific goals, objectives, and actions can be proposed, 
implemented, and monitored for effectiveness in their intended outcomes. An additional type of 
adaptation strategy is realignment of restoration and management activities to reflect changing 
conditions. These types of strategies prepare for inevitable changes if impacts cannot be averted.  
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Figure 2. Framework for developing climate change adaptation strategies (Glick et al. 
2011a). 

 

There are two types of adaptation strategies that are not addressed in this report: mitigation of 
climate change exposures by reducing greenhouse gas emissions; and strategies related to 
modification of infrastructure. Vermont has established goals for reduction of greenhouse gas 
emissions in statute that call for a 50% reduction in state greenhouse gas emissions from 1990 
levels by 2028. Vermont also participates in a regional program (the Regional Greenhouse Gas 
Initiative) to reduce emissions from the electricity sector. These efforts are important but in order 
to have an effect on the forecasted change in the regional and global climate in the second half of 
the century a much more robust international effort to reduce greenhouse gas emissions will be 
required. Mitigation and other types of adaptation strategies are linked, in that effective 
mitigation reduces the need for adaptation. Both are essential parts of a comprehensive response 
strategy. The threat of irreversible impacts makes the timing of mitigation efforts particularly 
critical.  

Climate change effects can include changes in the landscape that impact societal investments 
such as roads, buildings, bridges, utilities, and other structures. In turn, protection and 
improvement of those investments can occur in tandem with protection of natural resources. For 
example, stable stream channels generally provide better aquatic habitat than unstable ones. 
Stable stream channels are also better than unstable ones for protection of roads, bridges, and 
buildings. Therefore, adaptation strategies that promote stable stream channels are beneficial to 
both aquatic life and infrastructure near the channels. Such strategies include appropriate bridge 
and culvert design and maintenance of a functional floodplain for water storage during flooding 
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events. Adaptation strategies should not be blind to efforts to manage the built environment, 
especially when there are multiple purposes for adapting to climate change. The effects of 
tropical storm Irene were acutely obvious in the context of infrastructure and personal properties. 
Vermont’s response to that event and to the possibility of more frequent extreme flows in the 
future should consider both the built and natural environments.  

 

1.4 Regional Resources 
There are several states in the northeast that have prepared or are working to prepare 
vulnerability analyses, climate change adaptation strategies, or resource specific action plans. 
These examples as well as regional efforts conducted by federal agencies and regional groups are 
the primary resources for information and approaches. They include: 

• Maine is working on species- and habitat-based vulnerability assessments, using expert 
elicitation and online surveys 

• New York has used both species-level (using NatureServe; see Schlesinger et al. 2011) 
and habitat-level approaches (Galbraith 2012), has published The ClimAID Integrated 
Assessment for Effective Climate Change Adaptation (Rosenzweig et al. 2011) and 
recently held a workshop to brainstorm climate change adaptation strategies. 

• New Hampshire has just finished a series of adaptation strategies workshops. They are 
using the vulnerability assessments that they have completed as baselines for system-
specific adaptation strategies. They are not taking a species-specific approach, but rather 
a habitat-based approach, and are identifying key species within each habitat. Draft data 
are available (New Hampshire Fish and Game 2012). 

• Massachusetts was the first state to conduct a habitat-based vulnerability assessment. 
They used expert elicitation and Hector Galbraith was the lead on these efforts (Manomet 
2010a-c (Volumes 1-3)). The ‘Massachusetts Climate Change Adaptation Report’ was 
published by the Massachusetts Climate Change Adaptation Advisory Committee in 
2011. MA is one of the first states to start implementing climate change adaptation 
strategies. 

• Connecticut published results from species- and habitat-based vulnerability assessments 
in ‘The Impacts of Climate Change on Connecticut Agriculture, Infrastructure, Natural 
Resources and Public Health’ (Adaptation Subcommittee to the Governor’s Steering 
Committee on Climate Change 2010). 

• Rhode Island is conducting an assessment of climate change effects on water utilities, 
which may have some bearing on issues in VT. 

• Pennsylvania. The Union of Concerned Scientists published the report ‘Climate Change 
in Pennsylvania - Impacts and Solutions for the Keystone State - A Climate Impacts 
Assessment for Pennsylvania’ in 2008. PA has conducted climate change vulnerability 
assessments for 85 species using NatureServe’s Climate Change Vulnerability Index 
(CCVI v2.0). 

• Wisconsin.   Reports generated by WDNR provide high quality examples of 
vulnerability analyses and adaptation strategies – there are some differences in focus due 
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to different environmental settings and institutional structures, but the approach and 
content are largely applicable in Vermont.  

• Northeast Association of Fish and Wildlife Agencies (NEAFWA) has supported 
research to generate the following highly relevant reports: Northeastern Terrestrial 
Habitat Classification System (NETHCS); The Vulnerabilities of Fish and Wildlife 
Habitats in the Northeast to Climate Change; and Climate Change and Cold Water Fish 
Habitat in the Northeast: a Vulnerability Assessment. 

• The U.S. Global Change Research Program (GCRP) oversees the quadrennial National 
Climate Assessment reports and supports climate change-related research projects such as 
the National Scale Modeling to Evaluate Impacts of Climate Change on Hydrology and 
Water Quality project, which includes downscaled data sets from the New England 
coastal basin. GCRP is currently supporting a project to lay the analytical foundation for 
a regional long-term climate change monitoring network in the Northeast. 

• The U.S. Forest Service Northern Research Station provides both eastern tree and bird 
species vulnerability projections through their on-line “Climate Change Tree Atlas” and 
“Climate Change Bird Atlas” databases: 
http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html# 

 

1.5 Vermont Initiatives  
The current effort to address climate change issues in Vermont is preceded by several other 
efforts. Vermont Governor Peter Shumlin established the Climate Cabinet in 2011. The cabinet 
is charged with providing comprehensive leadership by coordinating climate change efforts, 
including the reduction of greenhouse gas emissions & reliance on fossil fuels, providing 
outreach and education as well as implementing climate change adaptation efforts across all state 
agencies and departments. One of the major initiatives of the Climate Cabinet is the development 
of the state’s Comprehensive Energy Plan (CEP) with the Department of Public Service. 

The VTrans Climate Change Action Plan has three major focus areas: 1) Reducing GHG 
emissions from the transportation sector, 2) Protecting Vermont’s transportation infra-structure 
from the effects of climate change, and 3) Reducing VTrans’ operational impacts on climate 
change. VTrans and the ANR may benefit from cooperation regarding integration of adaptation 
for transportation infrastructure with natural resources, especially bridges, culverts, and riparian 
corridors.  

The ANR has published a series of Climate Change Adaptation papers addressing each of its 
sectors and other subjects (http://www.anr.state.vt.us/anr/climatechange/Adaptation.html). This 
set of papers provides a brief overview of the challenges facing the different sectors of Vermont, 
what programs are already in place to address those challenges, and what steps need to be taken 
next to continue adapting to the impacts of climate change. For example, “Climate Change and 
Vermont’s Waters” (Pealer and Dunnington 2011) provides an excellent summary of potential 
ways that climate change may impact Vermont’s water resources, lists management strategies 
currently employed by the Watershed Management Division that will likely play an important 

http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html
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role in climate change adaptation and mitigation, lists additional strategies that would be helpful 
to implement in the future, and identifies future research needs. 

The Vermont Surface Water Management Strategy describes how the Watershed Management 
Division (WSMD) interacts with partners to protect surface waters through management of 
pollutants and stressors that affect the uses and values of Vermont’s surface waters 
(http://www.vtwaterquality.org/swms.html). The Strategy presents the Division’s goals, 
objectives and approaches for the protection and management of Vermont’s surface waters, and 
will help to guide the Department’s future decision-making to ensure efficient, predictable, 
consistent and coordinated management actions. Surface waters are defined as all rivers and 
streams, lakes, ponds, reservoirs, and wetlands in Vermont. 

The Vermont 2010 Forest Resources Plan (FRP) is a proactive, comprehensive and balanced 
approach to the management of Vermont’s forests. It provides an assessment of conditions and 
trends of the forest resources in the state, discusses threats to them, and identifies priority areas 
to focus resources. While the Plan identifies long‐term strategies for assuring that our forests are 
healthy and providing ecological services while meeting the economic needs of the citizens of 
Vermont, specific actions are identified in annual work plans. A 3-year project is underway to 
develop forest adaptation strategies and apply these at 3 climate change demonstration areas on 
state land.  Specific sections on climate change adaptation, monitoring and forest management 
will be included in the 2015 updated Plan.  

Vermont’s 2005 Wildlife Action Plan (Kart et al. 2005) identifies conservation strategies 
designed to prevent wildlife from becoming endangered or threatened. To incorporate new 
knowledge and fill data gaps, fish and wildlife agencies are required to revise their Wildlife 
Action Plans by 2015. Using guidance prepared by the Association of Fish and Wildlife 
Agencies (AFWA 2012), states are incorporating climate change assessments into their updated 
plans. In 2012 the Vermont Department of Fish and Wildlife (VFWD) began this process. These 
assessments will help State agencies modify their management plans to incorporate strategies 
that will build resiliency, enhance ecosystem function and allow species and habitats to adapt to 
climate change if possible. 

1.6 Stakeholder Outreach and Engagement 
The ANR Climate Change Team and the Governor’s Climate Cabinet are working to frame 
adaptation and mitigation issues to actively inform and engage Vermonters in positive and 
thoughtful ways.  The Adaptation White Paper series developed by ANR is using scientific and 
technical information to form policy outlines. The Citizen Science outreach is providing valuable 
and locally-derived data on immediate issues such as ice fishing and sugaring season duration. 
The Climate Change Team is issuing regular newsletters and social media bulletins on the 
Agency’s work.  
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One of the most promising aspects of the state’s outreach is locally-derived and specific data on 
climate-related issues that immediately and directly affect Vermonters. Growing season and 
sugaring season lengths, plant hardiness zones, ice-out dates and ice duration data, snowfall and 
precipitation, and information on trout and other sport species translate “climate change” into a 
tangible, relatable issue with real-life implications.  This approach also highlights key adaptation 
measures that will make a difference to the state’s natural heritage and highlight how Vermonters 
and businesses use and manage the natural environment.  By focusing on issues relevant to 
various stakeholders, the state has an outstanding opportunity to provide leadership on climate 
change adaptation, public communication, and genuine citizen engagement.  

This project provides the opportunity to directly connect state employees who will benefit from 
working together—collapsing organizational or institutional boundaries. By providing this forum 
for identifying common interests and linkages, and by collaborating on key findings, this project 
can make new connections that may endure long after the project is completed and to each 
sector’s lasting benefit. Tetra Tech recognizes that collaboration is essential to maximize the 
impact of the limited financial and natural resources. Creating and enhancing the agency network 
increases the likelihood that individuals will work together on adaptation and mitigation 
strategies, and on sharing information, to reach common aims and influence stakeholder 
attitudes. 

 

1.7 Climate Change Exposure Pathways 
Two workshops were held over the course of this project. The first was on vulnerability 
assessments, and the second was on adaptation strategies. During each workshop, participants 
discussed plausible sets of climate change scenarios, starting with expected climatic changes and 
working down conceptual pathways to vulnerabilities. In the adaptation strategies workshop, 
participants also discussed actions that could be taken to help to reduce adverse impacts of 
climate change, or ways in which to take advantage of beneficial changes.  

Figure 3 illustrates a climate change exposure pathway. In this example, air temperature and 
extreme precipitation events are increasing. These changes lead to exposures of higher peak 
flows and flooding and higher water temperatures in rivers and streams. These exposures affect 
the suitability of the habitat, which becomes degraded due to physical channel disturbance and 
reduced dissolved oxygen. Ultimately, stream organisms that are vulnerable to increased 
temperature, decreased dissolved oxygen, and decreased habitat stability are at risk in the system.  

The adaptation actions that could be implemented to avert the loss of sensitive taxa include 
mitigation of climate change effects, protection of floodplain and riparian vegetation, allowing 
natural channel adjustments through state land acquisition in the floodplain, reduction of peak 
flows through watershed and hydrologic management, restoration of habitat features through 
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targeted Best Management Practices (BMP), and monitoring of habitat, temperature, and biota 
through the ANR and volunteer programs.  

  

 

 

Figure 3. Conceptual diagram of climate change exposure pathways that lead to 
vulnerabilities in aquatic species.  
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2.0 EXPOSURES 
 

2.1 Overview 
The first component of vulnerability is exposure, which is defined as the amount of climate-
related change a species or system is likely to experience (Glick et al. 2011a). This section 
provides an overview of expected changes in Vermont based on both historical climate trends 
and regional projections from climate models. 

 

2.2 Historical trends  
Historical trends in Vermont have been documented for many climate variables, including:  
 

• Air temperature (annual, seasonal, monthly) 
• Precipitation (annual, seasonal, monthly) 
• Extreme events (extreme-heat days, intense precipitation events, droughts) 
• Snow (snow cover, snow depth, snow density) 
• Flow/runoff (mean annual, low, high, shifts in timing) 
• Evaporation 
• Soil moisture 
• Ice dynamics (ice-out dates in rivers and lakes; ice cover period) 
• Onset of spring (lilac leaf out dates; sugar maple leaf out dates) 
• Length of growing season (freeze dates, sugar maple growing season) 

 
Summaries of historic trends in the aforementioned variables for Vermont (where available) and 
for the Northeast are described below. The Vermont-based analyses are based on data from its 
network of weather stations.  There are currently more than 200 weather stations in Vermont, 
over 100 of which are active (this number includes volunteer stations). An inventory of these 
weather stations can be found in Appendix 2A.  
 
Historic Temperature Trends 
During the past fifty years, there has been a consistent pattern of warming in Vermont (Betts 
2011a, Betts 2011b). From 1960-2008, mean annual air temperature at four of Vermont’s long-
term weather stations (Burlington, Cavendish, Enosburg Falls, St. Johnsbury) has been 
increasing at 0.28 °C (0.5 °F) per decade, with steeper rates of increase in recent decades. 
Seasonal differences are evident, with mean winter temperatures rising fastest (0.5±0.16 °C 
(0.91±028 °F) per decade).  The summer trend is 0.23±0.07 °C (0.4±0.12 °F) per decade (Betts 
et al. 2011a). Warming trends have also been documented on Mount Mansfield (Wright 2009) 
(Appendix 2B). The warming trends seen in Vermont are consistent with regional trends 
(Trombulak and Wolfe 2004, Hayhoe et al. 2007, UCS 2006a).  
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There has also been an increase in the number of extremely hot (maximum temperatures greater 
than 90°F) days in summer, and the number of extremely cold temperature days has decreased 
(DeGaetano and Allen 2002, Hansen et al. 2012, UCS 2006a).  
 
While trends in air temperature have been well-documented, the same cannot be said for water or 
soil temperatures. There is a lack of long-term continuous water temperature data in Vermont, 
and none of the real-time USGS Daily Streamflow Network gages in Vermont are currently 
recording water temperature (USGS 2012). A regional effort is currently underway to compile 
water temperature records in the Northeast and put the locations in an interactive Google Earth 
map interface (Dave Armstrong USGS, personal communication 2012). Two soil climate 
stations were installed in 2000 by the NRCS in forests in Underhill and Sunderland to record soil 
temperature and moisture conditions at 5 depths, in addition to other related meteorology 
(http://www.wcc.nrcs.usda.gov/scan/Vermont/vermont.html). 
 
Historic Precipitation Trends 
Trends in annual precipitation are highly variable but historical records do show a consistent 
long-term trend in annual precipitation towards overall wetter conditions in the Northeast (Karl 
et al. 2009, Hayhoe et al. 2007, Keim et al. 2005). In Vermont, precipitation has increased by 15-
20% in the past fifty years, with increasing trends throughout much of the year (Betts 2011a). 
Increases in heavy precipitation (greater than 2 in. in less than 48 h) have been observed across 
much of the Northeast in recent decades (Hayhoe et al. 2007, Wake and Markham 2005, UCS 
2006a, Karl et al. 2009). Over the last 50 years, there has been a 67% increase in the amount of 
rain falling during very heavy precipitation events in the Northeast (Karl et al. 2009). 
 
Historic Snow Trends 
There is a trend towards reduced snowpack and increased snow density (UCS 2006a, Hodgkins 
et al. 2006a, Huntington et al. 2004, Karl et al. 2009). In Maine, a decrease in average 
March/April snowpack depth has been documented (Hodgkins and Dudley 2006a).  
 
Historic Streamflow Trends 
A list of USGS gages in Vermont, with spatial location (latitude/longitude), status 
(active/inactive) and period of record can be found in Appendix 2C. The current status of some 
gages is uncertain due to funding issues, but as of fall 2012, there are about 50 active gages in 
Vermont.  
 
In the Northeast, there has been a clear trend towards earlier snowmelt runoff/spring peak flow 
and earlier center-of-volume runoff dates (Dudley and Hodgkins 2002, Hodgkins et al. 2002, 
Hodgkins and Dudley 2006a, Hodgkins and Dudley 2006b, Huntington et al. 2004, Hodgkins et 
al. 2003, Hodgkins et al. 2005a, Hodgkins et al. 2009). Advances of 1–2 weeks in the date of 
peak streamflow have been observed over the northern part of the Northeast, with most of the 
change occurring from 1970 to 2000 (Hodgkins et al. 2003, 2005a).  
 
Based on studies in Maine, there have been few significant changes during the last century in the 
magnitude, timing, or duration of low streamflows (Dudley and Hodgkins 2005, Hodgkins et al. 
2005b) or in total annual runoff volume (Hodgkins and Dudley 2005, Dudley and Hodgkins 
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2002). At some streamflow-gaging stations in Maine, annual peak flows have increased 
significantly during the last 50 to 100 years (Hodgkins and Dudley 2005, Collins 2009).  
 
Historic Trends in Ice Dynamics 
The duration of ice on rivers and lakes has been decreasing, with later freezing dates and earlier 
ice-out dates (Betts 2011a, Magnuson et al. 2000, Dudley and Hodgkins 2002, Hodgkins et al. 
2002, Hodgkins et al. 2005c, UCS 2006a). The trends in the fall onset of ice are significant at 
fewer stations than that observed for ice-off dates (Dudley and Hodgkins 2002). Excluding Lake 
Champlain, ice-out data are available for 17 of Vermont’s lakes and ponds, with the oldest 
record dating back to 1933. Trend plots for these 17 lakes and ponds can be found in Appendix 
2D. Most of these data are collected by citizen scientists. 
 
Historic Trends in Extreme Events 
Extreme weather events have become more frequent and intense during the past 40 to 50 years, 
and the destructive energy of Atlantic hurricanes has increased in recent decades (Karl et al. 
2009). 
 
Historic Trends in Length of Growing Season/Onset of spring 
The winter season has been shrinking and becoming less severe (Betts 2011b). On average, the 
last spring freeze has come earlier and the first fall freeze has come later; thus, the freeze period 
has gotten shorter and the growing season has gotten longer in Vermont (Betts 2011a, UCS 
2006a). The retreat of spring freeze dates is the primary cause of the lengthening growing season 
(vs. the autumn first freeze) (Schwartz et al. 2006). Forest monitoring of sugar maples in spring 
and fall shows a lengthening of the growing season in Vermont, and from 1990 to 2006. The 
average length of the growing season, from budbreak to leaf drop, was 186 days in 2012, 16 days 
longer than the long term average (personal communication – Sandy Wilmot). Eight of the last 
11 years have had longer than normal growing seasons. Vermont has gone from mostly USDA 
winter hardiness zone 4 to mostly zone 5 (USDA 2012). 
 
Appendix 2E contains a list of additional resources, along with some more detailed results for the 
parameters described above. In addition, temperature and precipitation trend plots generated 
using The Nature Conservancy’s Climate Wizard (Girvetz et al. 2009) are included in Appendix 
2F. 
 

2.3 Future climatic projections 
Computer models cannot predict the future exactly, but there have been major advances in the 
development and use of models over the last 20 years, and current models give us a reliable 
guide to the broad direction and range of likely changes in temperature and precipitation. Future 
projections vary depending on what model/s and emissions scenarios (Nakicenovic et al. 2000) 
are being used, what timeframe (e.g., mid vs. late century) is being evaluated, and what 
geographic area is being targeted. 
 
Most of the projection data used in this project came from 3 sources: the 2006 Northeast Climate 
Impacts Assessment (NECIA) (UCS 2006a); a journal article on past and future changes in 
climate and hydrologic indicators in the Northeast (Hayhoe et al. 2007); and a report prepared for 
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the U.S. Global Change Research Program on climate change impacts in the United States (Karl 
et al. 2009). Projection data from these sources are consistent with those being used by other 
Northeastern states. .  Some states, like Maine and New York, have done additional state-specific 
analyses on climatic projections (Jacobsen et al. 2009, New York City Panel on Climate Change 
2009, Rosenzweig et al. 2011). Updated projection data will become available later this year 
with the release of the 2013 National Climate Assessment report (NCADAC 2013). 
 
Projected trends for the Northeast are summarized below. Most are continuations of the historic 
trends described in the previous section.  
Table 1 contains a synopsis of these projections.  
 
Projected Temperature Trends 
Temperatures are projected to continue increasing over time (UCS 2006a, Hayhoe et al. 2007, 
Karl et al. 2009). Based on averaged model-projected changes, mean annual temperature are 
projected to increase from 3.7°F (lower emissions) to 5.8°F (higher emissions) by mid-century 
(2040-2069) and 5.0°F (lower emissions) to 9.5°F by the end of the century (2070-2099) 
compared to a 1961-1990 baseline modeled average (UCS 2006a). Trend rates will differ across 
seasons, with larger temperature increases occurring in winter versus summer (UCS 2006a).  
By mid-century (2040-2069), mean winter temperatures are projected to increase by 4.3°F (lower 
emissions) to 6.1°F (higher emissions) and by the latter part of the century (2070-2099), 5.8°F 
(lower emissions) to 9.8°F (UCS 2006a). Increases in mean summer temperatures are projected 
to range from 3.8°F (lower emissions) to 6.4°F (higher emissions) by mid-century (2040-2069) 
and 5.1°F (lower emissions) to 10.6°F by the end of the century (2070-2099) (UCS 2006a). 
There will be more frequent extreme-heat days (maximum temperatures greater than 90°F) (UCS 
2006a, Karl et al. 2009). 
 
Projected Precipitation Trends 
Total precipitation in Vermont is expected to increase in all seasons except summer. By the end 
of the century, projected increases under the higher emissions scenario are about 15% in winter, 
10% in spring, 5% in fall, and no change in summer (Karl et al. 2009, Betts 2011b). Confidence 
in projected changes is higher for winter and spring than for summer and fall (Karl et al. 2009).  
Frequency of heavy precipitation events is likely to increase in all seasons, with the heaviest 
precipitation events occurring in the summer season (Karl et al. 2009).  
 
Projected Snow Trends 
There will be less winter precipitation falling as snow and more as rain (UCS 2006a, Karl et al. 
2009). The duration and extent of snow cover will continue to decrease (UCS 2006a, Hayhoe et 
al. 2007, Karl et al. 2009). Vermont’s snow season could be cut by more than half by late-
century under the high emissions scenario (vs. roughly one-third under the low emissions 
scenario) (UCS 2006b).  Both high and low emissions scenarios show large reductions in the 
length of the snow season in winter/early spring, with reductions in the number of snow days 
projected to range from 25 (lower emissions) to50%(higher emissions) by the end of the century 
(2070–2099) (Hayhoe et al. 2007). There will continue to be an increase in snow density as snow 
becomes wetter or more “slushy” (UCS 2006b, Karl et al. 2009).  Multiple melt events in the 
winter could lead to possible flooding (Betts 2011b). 
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Projected Streamflow Trends 
More high-flow and low-flow events are projected to occur annually (Hayhoe et al. 2007).  Peak 
streamflow in spring is projected to continue to occur earlier in the year, with further advances of 
5–8 days by mid-century and up to 15 days by the end of the century (Hayhoe et al. 2007). There 
will be a general tendency towards more streamflow in winter and spring, and less in summer 
and fall. This translates into higher winter high flow events and lower summer low flows 
(Hayhoe et al. 2007). There are projected to be reduced summer streamflows due to declining 
springtime snowpack and rises in temperatures and evaporation (Karl et al. 2009, Hayhoe et al. 
2007). Projected future changes in low-flow amounts and duration differ significantly between 
emissions scenarios (Hayhoe et al. 2007). There will also be an increased likelihood of high flow 
events in the winter, particularly under the higher-emissions scenario, which implies a greater 
risk of flooding (UCS 2006a).  
 

Table 1. Summary of model-projected changes in temperature, hydrology, extreme 
events and phenology.  

 Parameter Trend Projections (range = low to high emissions scenario) 

T
em

pe
ra

tu
re

 

Annual 
temperature Increase 

By mid-century (2040-2069), average projected increases range 
from 3.7 to 5.8°F compared to 1961-1990 baseline modeled 
average; by end of century (2070-2099), projected increases 
range from 5.0 to 9.5°F (UCS 2006a). 
 

Seasonal 
temperature Increase  

Winter: by mid-century (2040-2069), projected increases range 
from 4.3 to 6.1°F compared to 1961-1990 baseline modeled 
average; by end of century (2070-2099), projected increases 
range from 5.8 to 9.8°F (UCS 2006a).  
Summer: by mid-century (2040-2069), projected increases 
range from 3.8 to 6.4°F compared to 1961-1990 baseline 
modeled average; by end of century (2070-2099), projected 
increases range from 5.1 to 10.6°F  (UCS 2006a). 
 

# Hot days Increase 

By mid-century, models project 20 to 30 days per year (lower 
emissions) or 30 to 60 days per year (higher emissions) over 
90˚F; by end of the century, most northeastern cities are 
projected to experience over 60 days each year with 
temperatures over 90˚F (higher emissions) (UCS 2006a). 
 

# Cold days Decrease Reduction in days with cold (<0° F) temperatures (Karl et al. 
2009) 

H
yd

ro
lo

gy
 

Annual 
precipitation Increase By end of century, projected total increase of 10% (about 4 

inches per year) (UCS 2006a) 

Seasonal 
precipitation Variable 

More winter rain, less snow; by the end of the century, projected 
increases under the higher emissions scenario are about 15% in 
winter, 10% in spring, 5% in fall, and no change in summer 
(Karl et al. 2009, Betts 2011b) 

Heavy rainfall 
events Increase More frequent and intense (UCS 2006a) 
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Soil moisture  Decrease Reduction in soil moisture and increase in evaporation rates in 
the summer (UCS 2006a) 

Snow Decrease 
Vermont’s snow season could decrease by more than half by 
late-century under the high emissions scenario or roughly one-
third under the low emissions scenario (UCS 2006b).  

Spring flows 
Earlier, 
reduced 
volume 

Earlier snowmelt, earlier peak streamflows in spring with 
reduced volume; peak spring flows could occur 5–8 days earlier 
by mid-century and up to 15 days earlier by the end of the 
century (Hayhoe et al. 2007) 

Summer low 
flows Increase Extended summer low-flow periods; projected changes differ 

significantly between emissions scenarios (Hayhoe et al. 2007)  
Ice dynamics Changing Less ice cover, reduced ice thickness (UCS 2006b) 

Variability Increase More high-flow events and more low-flow events over the 
course of the year (Hayhoe et al. 2007) 

Ex
tre

m
e 

ev
en

ts
 Flood events Increase More likely, particularly in winter and particularly under the 

high emissions scenario (UCS 2006a) 

# of Short-term 
droughts Increase 

By mid-century, there are projected to be more frequent short-
term droughts (an average of two every three years) under both 
high and low emissions scenarios, with a slightly higher 
frequency under the higher-emissions scenario (UCS 2006a) 

Storms Increase More frequent and intense (UCS 2006a) 
Fire Increase More likely (UCS 2006a) 

Ph
en

ol
og

y 

Growing season Increase 

By mid-century the growing season may be 2–4 weeks longer 
than the 1961–1990 reference period, and by end-of-century 
(2080–2099), it may be extended by an average of 4 weeks 
(lower emissions) to 6 weeks (higher emissions) (Hayhoe et al. 
2007) 

Onset of spring Earlier 

By end of century, key harbingers of spring are expected to 
arrive 1-2 weeks earlier under a lower emissions scenario and 
almost 3 weeks earlier under a higher emissions scenario (UCS 
2006a) 
 

Onset of fall Later 

By end of century, could arrive 2 weeks later under a lower 
emissions scenario or 3 weeks later under a higher emissions 
scenario (UCS 2006a) 
 

Biological 
interactions Changing  Could potentially be disrupted (Staudinger et al. 2012) 

 
Projected Trends in Ice Dynamics 
The trend towards decreasing duration of ice on rivers and lakes is projected to continue (UCS 
2006b, Karl et al. 2009). 
 
Projected Trends in Extreme Events 
The intensity of hurricanes is likely to increase this century (Karl et al. 2009). By mid-century, 
there are projected to be more frequent short-term droughts (an average of two every three years) 
under both high and low emissions scenarios, with a slightly higher frequency under the higher-
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emissions scenario (UCS 2006a). This is because rising temperatures will increase evaporation 
rates and reduce soil moisture in summer. By the end of the century, short-term droughts under 
the higher-emissions scenario may be as frequent as once per year in parts of the Northeast (UCS 
2006a). Only a slight increase in drought risk is expected under the lower-emissions scenario 
(UCS 2006a).  As soil moisture is depleted and vegetation becomes increasingly water stressed, 
the risk of wildfires will increase (UCS 2006a, Brown et al. 2004, Amiro et al. 2001). 
 
Projected Trends in Length of Growing Season/Onset of Spring 
By mid-century the growing season may be 2–4 weeks longer than the 1961–1990 reference 
period, and by end-of-century (2080–2099), the growing season may be extended by an average 
of 4 weeks under the lower emissions scenario and 6 weeks under the higher emissions scenarios 
(Hayhoe et al. 2007). If current high emissions continue, Vermont’s summer climate by 2080 
will feel similar to the climate of northwest Georgia for the period 1961-1990 (Figure 4) (UCS 
2006b). However, if emissions are greatly reduced, the climate of Vermont will more closely 
resemble the climate of southeastern Ohio (UCS 2006b). 

 
Appendix 2G contains additional results for all of these parameters. In addition, early, mid and 
late-century projections for temperature and precipitation under high and low emissions 
scenarios were generated for 15 different models using The Nature Conservancy’s Climate 
Wizard tool. Tables with these results can be found in Appendix 2H. 
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Figure 4. This map from the Northeast Climate Impacts Assessment (UCS NECIA 2006b) 
gives a visualization of what summers in Vermont will feel like over the course of this 
century under lower- and higher-emissions scenarios. If current high emissions 
continue, Vermont’s summer climate by 2080 will feel similar to the climate of northwest 
Georgia for the period 1961-1990. However, if emissions are greatly reduced, the climate 
of Vermont will more closely resemble the climate of southeastern Ohio (UCS NECIA 
2006b). 
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2.4 Mapping 
Mapping exercises were performed to identify potential exposure ‘hot spots’ in Vermont. These 
are areas that have shown or are projected to experience the greatest amount of change in 
temperature and precipitation. Figure 5 shows baseline (1961-1990) historic patterns in mean 
annual air temperature and precipitation, overlaid with delineations of Vermont’s biophysical 
regions (Thompson and Sorenson 2000). Western (Champlain Valley and Taconic Mountains) 
and the southeastern corner of Vermont have the warmest mean annual temperatures, while the 
Northeastern Highlands and higher elevation areas like the Northern Vermont Piedmont 
experience the coolest annual temperatures (Figure 5). The greatest amount of precipitation falls 
along the Green Mountains, which run along the central ‘spine’ of Vermont, while areas in 
western (in particular Champlain Valley) and eastern Vermont have the lowest amounts of mean 
annual precipitation. 
 
Future projected temperature patterns differ very little across the state. Mid-century projections 
show slightly greater changes occurring in the northern half of the state during the winter (Figure 
6A). Slightly greater increases in mean annual precipitation are projected to occur in the southern 
part of Vermont, but there is greater uncertainty in projected precipitation patterns vs. 
temperature patterns (Figure 6B). For more information on easy-to-use mapping interfaces like 
the Climate Wizard, see Appendix 2I.  
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Figure 5. A) Average annual mean temperature (°C) 1961-1990; B) Average annual 
precipitation (mm) 1961-1990.  Map produced using the ClimateWizard © University of 
Washington and The Nature Conservancy, 2009. Base climate data from the PRISM 
Group, Oregon State University, http://www.prismclimate.org. Biophysical regions are as 
follows: CV=Champlain Valley; TM: Taconic Mountains; VV=Vermont Valley; 
NM=Northern Green Mountains; SM=Southern Green Mountains; NP=Northern Vermont 
Piedmont; SP=Southern Vermont Piedmont; NH: Northeastern Highlands (from 
Thompson and Sorenson 2000). 
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Figure 6. A) Projected mid-century departure mean winter (Dec-Feb) temperature (°C) 
(2040-2069 vs. 1961-1990); B) Projected mid-century departure mean annual precipitation 
(mm) (2040-2069 vs. 1961-1990). Maps produced using the ClimateWizard © University of 
Washington and The Nature Conservancy, 2009. Base climate projections downscaled by 
Maurer, et al. (2007). We acknowledge the modeling groups, the Program for Climate 
Model Diagnosis and Intercomparison (PCMDI) and the WCRP’s Working Group on 
Coupled Modeling (WGCM) for their roles in making available the WCRP CMIP3 multi-
model dataset. Support of this dataset is provided by the Office of Science, U.S. 
Department of Energy. Biophysical regions are as follows: CV=Champlain Valley; TM: 
Taconic Mountains; VV=Vermont Valley; NM=Northern Green Mountains; SM=Southern 
Green Mountains; NP=Northern Vermont Piedmont; SP=Southern Vermont Piedmont; 
NH: Northeastern Highlands (from Thompson and Sorenson 2000). 
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3.0 VULNERABILITY ASSESSMENT 

3.1 Approach  
 
Vulnerability assessments are conducted to identify which species or habitats are likely to be 
most strongly affected by projected climatic changes and to understand why these resources are 
likely to be vulnerable (Glick et al. 2011a). On July 9, 2012, the Vermont ANR convened a 
workshop  of natural resource professionals with expertise in four areas:  forests and upland 
habitats; wetlands; streams and rivers; and lakes. This workshop was designed and intended 
primarily for sharing information about the progress made so far on the climate change 
adaptation plan, findings on climate change exposures, background on climate change exposure 
and adaptation planning terms, and the recommended process for completing a vulnerability 
assessment as part of the adaptation plan. Towards that end, a series of presentations were made 
in the morning for orientation. A vulnerability assessment process for documenting exposures 
and sensitivities was conducted in an afternoon session broken out into four groups representing 
the major habitat types. During these break-out sessions, each group focused discussions 
somewhat differently, but attempted to refine habitat units and to assign vulnerability ratings to 
each unit.   
  
An expert elicitation/consensus approach was used, which is consistent with what many other 
states (NY, MA, NH, ME, CT) and NEAFWA have done. This approach relies on expert 
judgments to assess vulnerability and can range from highly formal and controlled elicitation-
based models and processes to less formal. It is relatively inexpensive, flexible and rapidly 
applied. It requires time and active participation and is limited by the knowledge base of the 
participants. Also, it is iterative – people’s thoughts may change. 
 
At the workshop, much of the discussion was focused on assessing habitats. A habitat-based 
approached is preferred by some because of the strong association between habitat (in particular, 
geology and habitat heterogeneity) and biodiversity (Anderson and Feree 2010). Habitat also 
offers a better organizational framework than species, which can cross multiple habitat types and 
can be overwhelming when assessed in large numbers. Drawbacks to focusing solely on the 
habitat-based approach are that there can be problematic classification and scale issues and 
important information conveyed by species (e.g., keystone species, compositional changes) may 
be missed.  
 
Worksheets were developed to help structure the workshop discussions (examples of habitat and 
species worksheets can be found in Appendix 3A). When designing the worksheets, ideas and 
approaches used by other states and entities (e.g., Manomet & NWF 2012a, Comer et al. 2012, 
Whitman et al. 2010, New Hampshire Fish and Game 2012) were considered.  Participants were 
asked to think of both negative and positive effects (direct and indirect) associated with key 
climate factors, reasons for these impacts, and mediating factors. Non-climatic factors and how 
those rate in relation to climatic factors were also discussed, but to a lesser extent. Participants 
were asked to assign vulnerability and confidence scores to a variety of habitats and species, 
using the definitions shown in Table 2 and Table 3. Although the end score was important, the 
reasons behind the scores are of equal or greater importance, since other researchers might reach 
different conclusions from similar lines of evidence.  
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At the end of the day, vulnerability ratings were not complete for each habitat type, but progress 
was made. A complete and thorough vulnerability assessment requires considerably longer than 
one afternoon for each of the major habitat types. Some groups were able to meet after the 
workshop to complete a more thorough and detailed set of vulnerability assessments; in these 
cases, the more comprehensive results have been integrated into this report. Workshop 
worksheets were supplemented with results from the regional NEAFWA assessment, other states 
and from relevant literature. Results from this exercise should be regarded as a work in progress 
and warrant closer review by experts from the Vermont ANR. 
 
Some species-level vulnerability assessments were completed at the workshop and during 
follow-up meetings. Workshop participants took the following into consideration when making 
their assessments: habitat specificity, range, environmental or physiological tolerance, 
interspecific or phenological dependence, mobility and vulnerability to exotic pathogens or 
invasive species. Species with specialized habitat and microhabitat requirements, poor or limited 
opportunity to establish at new locations,  highly fragmented populations and/or occur at the 
southern edge of their range are generally considered to be most vulnerable (Foden et al. 2008, 
Whitman et al. 2012, Schlesinger et al. 2011). Completed worksheets can be found in Appendix 
3B. 
 
Species are being assessed in greater detail as part of the 2015 Wildlife Action Plan updates that 
are currently underway. In addition to expert elicitation, Vermont Fish & Wildlife is using 
NatureServe’s Climate Change Vulnerability Index (CCVI) to assess some species. The CCVI 
uses a scoring system that integrates a species’ predicted exposure to climate change within an 
assessment area and three sets of factors associated with climate change sensitivity, each 
supported by published studies: 1) indirect exposure to climate change, 2) species-specific 
factors (including dispersal ability, temperature and precipitation sensitivity, physical habitat 
specificity, interspecific interactions, and genetic factors), and 3) documented response to 
climate change (NatureServe 2011).  The ANR should also watch for a comprehensive report by 
Whitman et al. that contains expert elicitation assessments on 442 species (this report should be 
released in 2013). 
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Table 2. Definitions of vulnerability for habitat and species-level assessments. 

Vermont Workshop (timeframe: 2050) NatureServe Habitat Vulnerablity 
Assessment (Comer et al. 2012) 

(timeframe: 2060) 

NEAFWA  
(Manomet & NWF 2012a) 
(timeframe: unspecified) 

Extremely 
Vulnerable 

Abundance and/or range extent 
in Vermont extremely likely to 
substantially decrease (>90% 
loss) or disappear 

Very High 
Vulnerability 

Extremely likely to 
substantially decrease or 
disappear 

Critically 
Vulnerable Likely to be eliminated 

Highly 
Vulnerable 

Abundance and/or range extent 
in Vermont likely to decrease 
significantly (60-90% loss) 

High 
Vulnerability 

Likely to decrease 
significantly Highly 

Vulnerable 
Likely to be greatly 
reduced 

Moderately 
Vulnerable 

Abundance and/or range extent 
in Vermont likely to decrease 
(30-60% loss) 

Moderate 
Vulnerability Likely to decrease 

Vulnerable Relatively unaffected 
Slightly 
Vulnerable 

Available evidence does not 
suggest that abundance and/or 
range extent in Vermont will 
change (decrease, 15 - 30% 
loss) 

Low 
Vulnerability Presumed stable 

Not 
Vulnerable, 
No Effect 

Abundance and/or range extent 
in Vermont likely to increase or 
decrease by less than 15% 

Increase 
Possible or 
Likely 

Available evidence suggests 
that abundance and/or range 
extent in Vermont is likely to 
increase (>15% increase) 

Not 
Vulnerable Expansion likely 

Less 
Vulnerable 

Habitats that may 
extend their range 

Least 
Vulnerable 

Habitats that may 
greatly extend their 
range 

Unknown/ 
Uncertain 

Available evidence not 
available or not conclusive at 
this time 

Insufficient Evidence ------ 

*at the Vermont workshop, a scoring scale more in line with the NatureServe scale was used; this was because people did not have the experience necessary to 
distinguish “slightly vulnerable” from “not vulnerable”, nor did they feel comfortable using a quantitative scale.
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Table 3. Definitions of confidence. 

Vermont Workshop NEAFWA (Manomet & NWF 2012a) 

Low Not very confident (0-30% certainty 
in vulnerability score) Low Approximate confidence level of 

<30% 

Moderate Somewhat confident (30-60% 
certainty in vulnerability score) Medium Approximate confidence level of 

30-70% 

High Very confident (>60% certainty in 
vulnerability score) High Approximate confidence level of 

>70% 
 
 
 

3.2 Classification 
Selecting appropriate classification schemes for each habitat type was an important and 
challenging step.  Ultimately, it was approached from a management perspective, such that some 
community types were ‘lumped’ together because they are expected to respond similarly to 
climate change, meaning that similar strategies could be employed when managing them. 
 

3.2.1 VT-based classification schemes 
The upland and wetlands groups assessed the natural communities described in Thompson and 
Sorenson 2000. Natural communities are defined as interacting assemblages of organisms, their 
physical environment, and the natural processes that affect them (Thompson and Sorenson 
2000).  At a coarser-scale, natural community types are grouped into formations. Tables with 
descriptions of natural community types grouped by formation can be found in Appendix 3C. 
These tables include patch codes, which indicate the extent to which the natural community 
types occur in the Vermont landscape, and state ranks, which indicate the relative rarity of 
natural community types and are assigned by the Vermont Natural Heritage Inventory. 
Descriptions of the patch codes and state ranks can be found in Table 4 and Table 5, 
respectively. 
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Table 4. Patch codes indicate the extent to which the natural community type occurs 
across the Vermont landscape. 

Code Description 

M Matrix 

A natural community type that is dominant in the landscape, occupying 
1,000 to 100,000 contiguous acres. Matrix communities have broad 
ecological amplitude, occurring across a wide range of soil and bedrock 
types, slopes, slope aspects, and landscape positions. Regional scale 
processes such as climate typically determine their range and distribution. 

L Large 
A natural community type that occurs in the landscape on a scale of 50 to 
1,000 acres and is usually associated with a single dominant ecological 
process or environmental condition such as fire or hydrology. 

S Small 

A natural community that occurs in the landscape as small, discrete areas 
typically less than 50 acres, and for some types, consistently under an acre 
in size. Small patch communities occur where several ecological processes 
and environmental conditions come together in a very precise way. 

 
 
Table 5. State ranks indicate the relative rarity of natural community types and are 
assigned by the Vermont Natural Heritage Inventory. 

S1 Very rare in the state, generally with fewer than five high quality occurrences 

S2 Rare in the state, occurring at a small number of sites or occupying a small total area in the 
state 

S3 
High quality examples are uncommon in the state, but not rare; the community is restricted in 
distribution for reasons of climate, geology, soils, or other physical factors, or many examples 
have been severely altered 

S4 Widespread in the state, but the number of high quality examples is low or the total acreage 
occupied by the community type is relatively small 

S5 Common and widespread in the state, with high quality examples easily found 

 
 
Several different classification schemes were considered for rivers. These included the 4 stream 
types used by the biomonitoring group (VT DEC 2004: small high gradient, moderate high 
gradient, warm water moderate gradient and slow winder); a more detailed grouping developed 
by TNC (TNC 2008); and groupings based on geomorphologic principles employed by the 
Rivers program (Milone and MacBroom 2008, Rosgen 1996, Montgomery and Buffington 1997, 
Schumm 1977). At the July 9th workshop, the geomorphic classification scheme/s used by the 
Rivers program was cross-walked with the biological classification scheme/s used by the 
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biomonitoring group, and came up with 4 broad stream groupings: high gradient 
source/headwater streams; moderate gradient transfer streams; moderate gradient response 
streams; and low gradient response streams. Participants assessed impacts of climate change on 
physical processes in 3 of these stream classes: high gradient source/headwater streams; 
moderate gradient transfer streams; and low gradient response. Descriptions of the biological-
geomorphological classification groups can be found in Appendix 3D. More work needs to be 
done to further refine this classification scheme. Also, it should be noted that not all streams fit 
into these groupings (e.g., small, low elevation streams flowing into Lake Champlain).  
 
The Vermont Lakes Program uses a classification scheme based on size and trophic status. 
During the July 9th workshop, the lakes group decided to group lakes into 2 categories for 
assessment: unstratified and stratified lakes. New Hampshire did something similar when 
assessing the vulnerability of their lakes to climate change (New Hampshire Fish and Game 
2012).    
 

3.2.2 Regional classification schemes 
Attempts were made to cross-walk Vermont’s habitat types with those assessed by other states as 
well as those assessed as part of the regional NEAFWA effort. This was a difficult task because 
different states use different classification schemes. This was further confounded by the fact that 
when assessing habitats for climate change, habitats are often further grouped based on how they 
are expected to respond to climate change.  
 
A regional classification scheme has been developed for terrestrial habitats (TNC/NEAFWA, 
2011). Cross-walk files are available to link the regional terrestrial habitat classification systems 
with each state’s existing scheme. A table with the regional terrestrial habitats found in Vermont 
can be found in Appendix 3E. The habitats assessed for the regional NEAFWA work are based 
on this regional scheme. To make the NEAFWA results more relevant at a state-level, the region 
was divided into 4 latitudinal zones, as depicted in Figure 7 (Manomet & NWF 2012a). The 
northern half of Vermont falls within Zone 1 and the southern half is in Zone 2 (Figure 7).  
 
TNC has also developed a regional classification scheme for freshwater streams (Olivero and 
Anderson 2008). The classification groups are based on thermal class, gradient, size and 
geology. The Vermont-based scheme described in Appendix 3D is similar in that it is based 
largely on size and gradient, with thermal class and geology as secondary considerations. 
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Figure 7. Latitudinal zones used in NEAFWA model application (from Manomet & NWF 
2012a). 

 

3.3 Upland forests 
 
There are 3 upland forest formations in Vermont: spruce-fir-northern hardwood, northern 
hardwood and oak-pine. Descriptions of these formations along with a brief summary of their 
potential susceptibility to climate change can be found in Table 6. Descriptions of natural 
community types within these formations can be found in Appendix 3C. Table 7 through 9 show 
regional results (Manomet & NWF 2012a) cross-walked with Vermont’s natural community 
types.   
 

3.3.1 Climate change vulnerability ratings 
 
The climate change vulnerability ratings were based primarily on regional results (Manoment & 
NWF 2012a), US Forest Service publications (Rustad et al. 2012, Iverson et al. 2008, Prasad et 
al. 2007), results from other states ( 
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Table 10) and results from an expert elicitation exercise on tree species by a working group in 
Vermont Forest & Parks (in progress). During the July 9th workshop, only the spruce-fir-northern 
hardwood formation was assessed (Appendix 3F). Although these results were utilized, more 
weight was placed on the sources cited above because they are more comprehensive. Results 
presented here warrant closer review by experts in Vermont and should be regarded as a first 
step, not a final product. 
 
Results anticipated by 2050 are as follows: 
 

• Most likely to be negatively affected (high confidence):  
o high elevation spruce-fir forests in southern Vermont  
o species associated with montane forests, like the Bicknell’s thrush 

 
• Most likely to benefit (high confidence):   

o oak-pine forests and associated species 
o pests that were previously limited by winter temperatures (e.g., hemlock woolly 

adelgid) 
o non-native invasive plants, especially Asiatic bittersweet 

 
 
Northern hardwood forests are expected to be less vulnerable to climate change than the montane 
spruce-fir forests, but abundance and compositional changes are expected to occur within this 
formation, and these changes are likely to be more evident in southern versus northern Vermont 
(Manomet and NWF 2012a). Distributions of montane, northern hardwood and oak-pine forests 
are shown in Figure 8. 
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Table 6.  Descriptions of Vermont’s upland forest formations (Thompson and Sorenson 
2000) and their potential susceptibility to climate change. Natural community types 
within these formations are described in Appendix 3C.  

Formation Description Potential Susceptibility to Climate 
Change 

Spruce-Fir-
Northern 
Hardwood 
Forests 

Forests of this formation characterize 
Vermont's coldest regions. At higher elevations 
and in low, cold, moist areas, red spruce and 
balsam fir may dominate the canopy. Warmer 
or better drained sites have significant amounts 
of hardwoods (yellow birch, sugar maple, and 
beech) along with softwoods in the canopy. 
Human or natural disturbance can also lead to 
temporary dominance by hardwood species. 

Found in colder regions of Vermont 
with abundant precipitation.  Many 
component species are at the 
southern limit of their ranges in 
Vermont. Snow pack and soil 
saturation are important climate 
factors. 

Northern 
Hardwood 
Forests 

Forests of this formation are best developed at 
Vermont's middle elevations and forests of this 
formation are widespread in the state. Beech, 
sugar maple, and yellow birch are the 
prominent tree species, but hemlock, red oak, 
red maple and white pine can be common as 
well, and red spruce makes an occasional 
appearance. These are the dominant 
communities in nearly all biophysical regions, 
excepting the highest elevations of the Green 
Mountains and the lowest elevations in the 
Champlain Valley. 

The dominant forests in Vermont 
with component species generally 
widespread in the community's 
range. Sugar maple is a keystone 
species and sensitive to site 
conditions. Climate related changes 
in soil organic matter, available 
moisture, available nutrients and soil 
temperature may lead to general 
sugar maple decline and loss of 
associated species. 

Oak-Pine-
Northern 
Hardwood 
Forests 

Forests of this formation are best developed in 
the warmer regions of Vermont - the southern 
Vermont Piedmont, Champlain Valley, and the 
lower elevations in the Taconic Mountains. 
This formation is typically found on dry 
hilltops, surrounded by lower slopes of forests 
in the Northern Hardwood Formation. In this 
formation, hardwoods such as sugar maple, 
beech, and yellow birch are common, but 
warmer climate species such as red oak, 
shagbark hickory and white oak can be present 
in significant numbers. White pine is a 
prominent part of this formation. 

Found in the warmer and drier 
regions of Vermont.  Many 
component species are at the 
northern limit of their ranges in 
Vermont. 
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Table 7. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System 
(NETWHCS) (Gawler et al. 2008) and NEAFWA results (Manomet & NWF 2012a) with 
natural community types from Vermont’s Spruce-Fir-Northern Hardwood Forest 
formation. During the vulnerability workshop, participants rated this formation as 
moderately vulnerable, with medium confidence. Descriptions of the natural community 
types can be found in Appendix 3C. Vuln=vulnerability; Conf=confidence. 

Natural 
Community 

Types 

VT 
Patch 
Size 

VT 
State 
Rank 

NETWHCS Habitat System 
NEAFWA  

Zone 1 (N) Zone 2 (S) 
Vuln Conf Vuln Conf 

Subalpine 
Krummholz S-L S1 

Acadian-Appalachian Subalpine 
Woodland and Heath-
Krummholz 

-- -- -- -- 

Montane 
Spruce-Fir  M S3 

Acadian-Appalachian Montane 
Spruce-Fir Forest 

Relatively 
unaffected High Highly 

Vuln High Montane 
Yellow 
Birch-Red 
Spruce  

M S3 

Lowland 
Spruce-Fir  L-M S3 

Acadian Low-Elevation Spruce-
Fir Forest and Flats -- -- -- -- 

Acadian Sub-Boreal Spruce 
Barrens -- -- -- -- 

Red Spruce-
Northern 
Hardwood  

M S4 Laurentian-Acadian Northern 
Hardwoods Forest Less Vuln High Relatively 

unaffected High 

Red Spruce-
Heath 
Rocky 
Ridge  

S-L S3 Northern Appalachian-Acadian 
Rocky Heath Outcrop -- -- -- -- 

Boreal 
Talus 
Woodland  

S S3 Laurentian-Acadian Acidic Cliff 
and Talus -- -- -- -- 

Cold-Air 
Talus 
Woodland 

S S1 Laurentian-Acadian Acidic Cliff 
and Talus -- -- -- -- 
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Table 8. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System 
(NETWHCS) (Gawler et al. 2008) and NEAFWA results (Manomet & NWF 2012a) with 
natural community types from Vermont’s Northern Hardwood Forest formation. During 
the vulnerability workshop, participants did not have time to rate this formation. 
Descriptions of the natural community types can be found in Appendix 3C. 

Natural 
Community 

Types 

VT 
Patch 
Size 

VT 
State 
Rank 

NETWHCS Habitat 
System 

NEAFWA  
Zone 1 (N) Zone 2 (S) 

Vuln Conf Vuln Conf 

Northern 
Hardwood 
Forest 

M S5 

Laurentian-Acadian 
Northern Hardwoods 
Forest 

Less Vuln High Relatively 
unaffected High 

Rich Northern 
Hardwood 
Forest 

S-L S4 

Northern 
Hardwood 
Talus 
Woodland 

S S3 

Mesic Red 
Oak-Northern 
Hardwood 
Forest 

L S4 
Appalachian 
(Hemlock)-Northern 
Hardwood Forest 

-- -- -- -- Hemlock-
Northern 
Hardwood 
Forest  

L-M S4 

Hemlock 
Forest S S4 

Laurentian-Acadian 
Pine-Hemlock-
Hardwood Forest 

-- -- -- -- 

Temperate 
Hemlock 
Forest 

S-L S4 -- -- -- -- -- 
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Table 9. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System 
(NETWHCS) (Gawler et al. 2008) and NEAFWA results (Manomet & NWF 2012a) with 
natural community types from Vermont’s Oak-Pine Forest formation. During the 
vulnerabilityworkshop, participants did not have time to rate this formation. Descriptions 
of the natural community types can be found in Appendix 3C. 

Natural 
Community 

Types 

VT Patch 
Size 

VT 
Patch 
Size 

VT 
State 
Rank 

NETWHCS 
Habitat System 

NEAFWA  
Zone 1 (N) Zone 2 (S) 

Vuln Conf Vuln Conf 

Northern 
Dry Rocky 
Forests and 
Woodlands 

Red Pine 
Forest or 

Woodland 
S S2 

Laurentian-
Acadian Northern 
Pine-(Oak) Forest 

-- -- -- -- 

Limestone 
Bluff Cedar-

Pine 
S S2 

Laurentian-
Acadian 
Calcareous Rocky 
Outcrop 

-- -- -- -- 

Transition 
Hardwood 

Talus 
Woodland 

S S3 

Central 
Appalachian Pine-
Oak Rocky 
Woodland 

Least 
Vulnerable High Least 

Vulnerable High 

Southern 
Dry Rocky 
Forests and 
Woodlands 

Red Cedar 
Woodland S S2 

Dry Oak 
Woodland S S2 

Pitch Pine-
Oak-Heath 

Rocky Summit 
S S1 

Dry Oak S S3 

Central 
Appalachian Dry 
Oak-Pine Forest 

Least 
Vulnerable High Least 

Vulnerable High 

Dry Oak-
Hickory-

Hophornbeam 
S-L S3 

Dry Mesic 
Forests and 
Woodlands 

with 
Deeper Soil 

White Pine-
Red Oak-Black 

Oak 
L S3 

Mesic Maple-
Ash-Hickory-

Oak 
L S3 

Appalachian 
(Hemlock)-
Northern 
Hardwood Forest 

-- -- -- -- 

Mesic 
Clayplain L-M S2 

North-Central 
Interior Wet 
Flatwoods 

-- -- -- -- 

Sand-Over-
Clay L S2 -- -- -- -- -- 

Pine-Oak-
Heath 

Sandplain 
L S1 

Northeastern 
Interior Pine 
Barrens 

-- -- Least 
Vulnerable High 
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Table 10. Results of vulnerability assessments from other states that pertain to forest 
habitat types. 

State Community Vulnerability 

New Hampshire (New 
Hampshire Fish and 
Game 2012) 
DRAFT 

High-elevation spruce fir High (possibly extreme) 
Low-elevation spruce fir Moderate-High 
Northern-hardwood conifer Moderate 

Hemlock-hardwood pine forest Moderate-High (depending on 
latitude) 

Pine barrens Low-moderate 

Rocky ridge/talus slopes Low 

Maine (Whitman et al. 
2010) 

Mountaintop forest (including 
krummholz) High 

Coniferous forest High 
Deciduous and mixed forest High 
Dry woodlands and barrens Low 

New York (Galbraith 
2012) 

Mountain spruce-fir forests 

In progress 
Spruce-fir forests and flats 

Mixed Northern Hardwoods 
Oak-Pine Forest 
Oak Forest 
Pine Barrens 

Massachusetts (Manomet 
2010b) 

Spruce-fir forest High 

Northern Hardwood Forest Moderate-High 
Pitch pine scrub-oak Low 

Connecticut (2010) Upland forest complex Moderate 
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Figure 8. Current distribution maps of A) Acadian-Appalachian Montane Spruce-Fir-Hardwood forest, which corresponds to Vermont’s montane 
forests (Gawler et al. 2008); B) Laurentian-Acadian Northern Hardwood forest, which corresponds to Vermont’s northern hardwood forests 
(Gawler et al.  2008); C) Central Appalachian Dry Oak-Pine forest, Central Appalachian Pine-Oak RockyWoodland, Laurentian Acadian Northern 
Pine (Oak) forest, which corresponds to several of Vermont’s northern and southern dry rocky forests and woodlands (Gawler et al. 2008). These 
maps are based on GIS files from the Northeast Terrestrial Habitat Mapping Project (NEAFWA 2011).
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3.3.2 Mechanisms by which climate change is expected to impact upland forests 
Although the vulnerability ratings are important, it is also important to understand the 
mechanisms leading to the ecological effects, as this will help inform adaptation strategies. 
Climate change will have both direct and indirect effects on forest ecology. Table 11 provides a 
summary of mechanisms by which climate-related factors are expected to impact upland forests 
in Vermont (by necessity, in many cases these are oversimplifications of highly complex and 
inter-related pathways). The bulleted text below highlights commonly cited themes in the 
literature and vulnerability assessments that were reviewed. There is a high level of certainty in 
the climatic projections associated with these pathways.   
 

• Compositional changes associated with rising temperatures/changes in thermally suitable 
habitat, resulting in the eventual loss of cold-adapted species and an increase in warm-
adapted species.  

• Increase in overwinter survival of pests, such as balsam and hemlock woolly adelgid.  
• Increased physiological stress from heat and/or water limitation, resulting in increased 

susceptibility to pests and disease, decreased productivity and increased tree mortality.  
• Increased physical damage and disturbance from extreme storm events (e.g., wind and 

ice), which facilitates the spread of invasive species (Rustad et al. 2012).  
• Early spring thaws/late frosts can damage flowers which affect subsequent regeneration 

potential, and vegetation and roots which affect tree productivity. 
• Increased likelihood of disease damage, as the suitability of conditions for pathogen 

survival, reproduction, spread, or host infection will increase as climate changes 
(Kliejunas 2011) 

 
Some of the complex, interacting relationships described above are depicted in Figure 9. 
Additional resources describing potential impacts of climate change on forests can be found in 
Appendix 3G.
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Table 11. Expected effects of key climate factors on upland forest habitats. 

Key Climate Change 
Factors 

Confidence in 
projection Ecological Effects Timeframe Sensitivity Factors 

Warming 
temperatures High 

Compositional changes associated with changes 
in thermally suitable habitat (loss of cold-
adapted species and increase in warm-adapted 
species) 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Orientation (north/south 
facing), topography/slope, 
elevation, latitude, soil type, 
geology, ability of species to 
migrate to suitable habitat, 
browsing preferences 
(Rodenhouse et al. 2009) 

Increase in overwinter survival of pests, such as 
balsam and hemlock woolly adelgid Immediate 

Increased physiological stress, resulting in 
increased susceptibility to pests and disease, 
decreased productivity and increased tree 
mortality 

Immediate 

Increased evapotranspiration, resulting in a 
decrease in soil moisture; moisture 
limitation/stress negatively impacts productivity 
and survival in many species 

Immediate 

Increased decomposition rate of organic material  
may enrich soils and make them more suitable 
for competitors 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Decrease in winter snow pack, leading to change 
in deer and moose browsing patterns, which 
affects regeneration 

Immediate 

Increase in extreme 
storm events (e.g., 
wind and ice) 

High 
Increased physical damage and disturbance, 
leading to gap formation, which facilitates the 
spread of invasive species 

Immediate 
Topography/slope, stand 
density, soil depth, root 
structure 
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Table 11. continued… 
Key Climate Change 
Factors 

Confidence in 
projection Ecological Effects Timeframe Sensitivity Factors 

Phenology (timing) High 

Longer growing season Immediate   

Early spring thaws/late frosts can damage buds, 
blossoms & roots, which affects regeneration Immediate Topography 

Change in freeze/thaw cycles could disrupt 
regular periodicity of cone cycles Immediate Timber harvesting, size and 

age of trees 

Asynchronous changes in phenology may 
negatively impact some migratory species and 
pollinators 

Immediate   

Increase in fire risk Medium 

Increased physical damage and disturbance, 
leading to gap formation, which facilitates the 
spread of invasive species Long-term, but 

localized effects 
could occur on a 
shorter timescale 

Topography, orientation, soil 
type, understory 

Loss of fire intolerant species and increase in 
fire tolerant species, such as red and pitch pines 

Increase in number of 
short-term droughts Medium 

Declines in forest productivity and tree 
survival associated with water limitation 
(Williams et al. 2013, Anderegg et al. 2012) 

Long-term Soil type (ability to retain 
moisture) 
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Figure 9. Depiction of some of the complex pathways by which key climatic factors can 
impact biology in upland forest habitats (provided by Sandy Wilmot, Vermont Forest & 
Parks). Additional effects can be expected on wildlife and vegetation. 

 

3.3.3 Non-climatic stressors 
It is important to consider climate change in the context of other stressors. In some cases, non-
climatic stressors may pose a much larger threat than climate change; in others, climate change 
may exacerbate impacts from non-climatic stressors; in yet others, climate change will cause 
greater ecological impacts than the non-climatic factors.  
 
 
The following non-climatic stressors have been identified as causing high stress to Vermont’s 
forests: 

• Air pollution (e.g., ozone, acid deposition, nitrogen deposition) (Rustad et al. 2012, Kart 
et al. 2005) 

• Invasive species (e.g., garlic mustard, buckthorn, honeysuckle, Japanese barberry) 
(Rustad et al. 2012) 
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• Pests and pathogens (Rustad et al. 2012) 
o Introduction of Emerald ash borer (which is not as closely tied to temperature as 

the woolly adelgids) poses a major threat to ash survival 
• Introduction of Asian long-horned beetle could greatly impact hardwoods 
• Insect outbreak behavior in general is expected to intensify (Logan et al. 2003) 

• Habitat conversion (Kart et al. 2005) 
• Habitat degradation (Kart et al. 2005) 

 

3.3.4 Major unknowns/research needs 
The following were cited as major unknowns that could potentially play an important role in 
shaping how forests are impacted by climate change: 
 

• Our inability to accurately project changing precipitation patterns 
• Cloud cover  

o this has too many complex feedback loops for projection 
o it affects many aspects of plant productivity (e.g., photosynthesis, relative 

humidity, forest carbon and water cycling) 
o it is closely tied to montane spruce-fir forests, which are expected to be highly 

vulnerable to climate change (Thompson and Sorenson 2000). 
• CO2 fertilization 

o complex feedback loops with evapotranspiration (Rustad et al. 2012) 
• Nutrient cycling (Rustad et al. 2012) 
• Biological interactions 
• Loss of snow cover 

o uncertain as to how/if this will directly impact tree species 
o change in survival of ground-dwelling pathogens and other organisms  

 

3.4 Wetlands 
The following 5 wetland formations were assessed: open peatlands, marshes and sedge 
meadows, shrub swamps, hardwood swamps, softwood swamps. Seeps, vernal pools and 
floodplain forests were also considered in follow-up exercises. Descriptions of these formations 
along with a brief summary of their potential susceptibility to climate change can be found in 
Table 12.  Descriptions of natural community types within these formations can be found in 
Appendix 3C. Table 13 through 17 show regional results (Manomet & NWF 2012a) cross-
walked with Vermont’s wetland natural community types.   
 

3.4.1 Climate change vulnerability ratings 
The climate change vulnerability ratings were based primarily on regional results (Manomet & 
NWF 2012a), results from other states (Table 18), literature (e.g., Winter 2000) and follow-up 
expert elicitation exercises by VT Fish & Wildlife. During the July 9th workshop, alluvial swamp 
and cattail marsh natural community types were assessed. Completed worksheets from this and 
the follow-up exercises can be found in Appendix 3H. Although these results were utilized, more 
weight was placed on the aforementioned sources because they are more comprehensive. Results 
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presented here warrant closer review by experts in Vermont and should be regarded as a first 
step, not a final product. 
 
Results anticipated by 2050 are as follows: 
 

• Most likely to be negatively affected:  
o Acidic bogs, fens and peatlands (high confidence) 
o Cold-adapted species (high confidence) 
o Wetlands that depend on precipitation for their source of water (medium 

confidence, due to uncertainties associated with precipitation models) 
 

• Most likely to benefit (medium confidence):   
o Marsh and Sedge Meadow 
o Shrub Swamps 
o Warm-adapted species 

 
Acidic bogs, fens and peatlands are rare in the state (Figure 10A), while freshwater marsh and 
shrub swamp wetlands make up a relatively large proportion of the Vermont landscape (Figure 
10B) (Thompson and Sorenson 2000). Water source and the soil composition (organic versus 
mineral) are key factors affecting the vulnerability of wetlands to climate change. Acidic bogs 
and peatlands are particularly vulnerable because of their specialized habitat requirements (cold 
climate, short growing season, organic matter that accumulates faster than it decays). It is 
important to understand the relative contributions of precipitation vs. groundwater resources 
when assessing vulnerability, as wetlands that receive groundwater inputs are expected to be less 
vulnerable to changing precipitation patterns due to the buffering capacity of regional ground 
water flow systems (Winter 2000). Due to the uncertainties associated with precipitation models, 
there is a relatively high degree of uncertainty about the impacts that climate change will have on 
local hydrologic processes and wetlands (Manomet & NWF 2012a). Participants at the workshop 
generally regarded projections for increased annual precipitation as a positive and summer low 
flows/drought conditions as a major negative. 
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Table 12.  Descriptions of Vermont’s wetland formations (Thompson and Sorenson 2000) and their potential susceptibility 
to climate change. Natural community types within these formations are described in Appendix 3C. 

Type 
Formation Description Potential Susceptibility to Climate 

Change 

Open & 
Shrub 

Wetlands 

Open 
Peatlands 

Peat-accumulating wetlands with stable water tables at or near the organic 
soil surface, generally lack seasonal flooding, and mosses and liverworts are 
consistently abundant. Trees are generally sparse or absent, except for in 
Black Spruce Woodland Bog and Pitch Pine Woodland Bog. 

Peat accumulating wetlands are 
susceptible to oxidizing conditions 
associated with drier summers and 
warmer temperatures. 

Marshes and 
Sedge 

Meadows 

Wetlands with standing or slowly moving water with depths that may 
fluctuate seasonally. The soils are primarily mineral, with well-decomposed 
organic mucks in some cases. Herbaceous plants are dominant. 

Susceptible to changes in volume and 
seasonality of precipitation and snow 
melt. 

Wet Shores 
Sparsely vegetated wetland communities that occur along the shores of 
rivers and lakes and are subject to seasonal flooding and scouring.  The 
mineral soils range from mud and silt to cobble. 

Susceptible to changes in frequency and 
duration of flooding and severity of storm 
events. 

Shrub 
Swamps 

Shrub-dominated wetlands typically have significant seasonal flooding and 
variable soils types. Shrubs that typically dominate include speckled alder, 
willow, sweet gale, and buttonbush. 

Varied susceptibility based on hydrologic 
regime. 

Forested 
Wetlands 

Hardwood 
Swamps 

Dominated by broad-leaved deciduous trees, but may have lesser amounts of 
conifers. Dominant trees may be red maple, silver maple, black ash, green 
ash, or black gum. Soils are mineral or organic. Depends upon source water. If source 

water is from ground water seepage, the 
seepage will moderate fluctuations in 

precipitation. If source water is derived 
from local watershed runoff, the wetlands 
will be susceptible to changes in volume 
and seasonality of precipitation and snow 

melt. 

Softwood 
Swamps 

Dominated by conifers, including northern white cedar, red spruce, black 
spruce, balsam fir, tamarack, and hemlock. Broad-leaved deciduous trees 
may be present but are less abundant than conifers. Soils are mineral or 
organic. 

Seeps and 
Vernal Pools 

Typically very small and occur in depressions or at the base of slopes in 
upland forests. Seeps have abundant groundwater discharging at their 
margins and usually a lush growth of herbs. Vernal pools are depressions 
that fill with water in the spring and fall and typically have little herbaceous 
cover. 

Floodplain 
Forests 

Usually dominated by silver maple or sugar maple, with abundant ostrich 
fern or sensitive fern. Closely associated with river and lake floodplains and 
have exposed mineral soils of alluvial origin. 

Susceptible to changes in frequency and 
duration of flooding and severity of storm 
events. 
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Table 13. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System (NETWHCS) (Gawler et al. 2008)   
and NEAFWA results (Manomet & NWF 2012a) with natural community types from Vermont’s Open Peatlands formation. 

Natural 
Community 

Types 

VT 
Patch 
Size 

VT 
State 
Rank 

VT 
NETWHCS Habitat System 

NEAFWA  
Zone 1 (N) Zone 2 (S) 

Vuln Conf Vuln Conf Vuln Con
f 

Dwarf Shrub 
Bog S S2 

Slightly vuln 
if 

groundwater 
fed; 

moderately 
vuln if 

precipitation 
dependent 

Medium 

Boreal-Laurentian Bog/ North-
Central Interior and Appalachian 
Acidic Peatland 

Highly 
vuln High Highly 

vuln High 
Black Spruce 
Woodland 
Bog 

S S2 Boreal-Laurentian Bog 

Pitch Pine 
Woodland 
Bog 

S S1 North-Central Interior and 
Appalachian Acidic Peatland 

Alpine 
Peatland  S S1 Acadian-Appalachian Subalpine 

Woodland and Heath-Krummholz -- -- -- -- 

Poor Fen S S2 Boreal-Laurentian-Acadian Acidic 
Basin Fen 

Highly 
vuln High Highly 

vuln High 

Intermediate 
Fen (ground 
water 
moderation) 

S S2 Laurentian-Acadian Alkaline Fen -- -- -- -- 

Rich Fen 
(ground water 
moderation) 

S S2 North-Central Appalachian Seepage 
Fen -- -- -- -- 
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Table 14. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System (NETWHCS) (Gawler et al. 2008)  and 
NEAFWA results (Manomet & NWF 2012a) with natural community types from Vermont’s Marsh and Sedge Meadow 
formation. 

Natural Community 
Types 

VT 
Patch 
Size 

VT 
State 
Rank 

VT NETWHCS  Habitat 
System 

NEAFWA  
Zone 1 (N) Zone 2 (S) 

Vuln Conf Vuln Conf Vuln Conf 
Shallow Emergent Marsh S S4 

Moderate Medium 

Laurentian-Acadian 
Freshwater Marsh Less Vuln Medium Less Vuln Medium 

Cattail Marsh S-L S4 
Deep Broadleaf Marsh  S S4 
Wild Rice Marsh  S S3 
Deep Bulrush Marsh  S-L S4 

Sedge Meadow S S4 Laurentian-Acadian Wet 
Meadow-Shrub Swamp Less Vuln Medium Less Vuln Medium 
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Table 15. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System (NETWHCS) (Gawler et al. 2008)and 
NEAFWA results (Manomet & NWF 2012a) with natural community types from Vermont’s Shrub Swamps formation. 

Natural Community 
Types 

VT 
Patch 
Size 

VT 
State 
Rank 

VT NETWHCS Habitat 
System 

NEAFWA  
Zone 1 (N) Zone 2 (S) 

Vuln Conf Vuln Conf Vuln Conf 

Alluvial Shrub 
Swamp L S3 

Moderate Medium 

Central Appalachian Stream 
and Riparian/ Laurentian-
Acadian Floodplain 
Systems         

Alder Swamp L S5 Laurentian-Acadian Wet 
Meadow-Shrub Swamp 

Less Vuln Medium Less Vuln Mediu
m 

Sweet Gale Shoreline 
Swamp  S S3 

Boreal-Laurentian-Acadian 
Acidic Basin Fen 

Highly 
vuln High Highly 

vuln High Buttonbush Swamp S S2 

Buttonbush Basin 
Swamp S S2 
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Table 16. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System (NETWHCS) (Gawler et al. 2008) and 
NEAFWA results (Manomet & NWF 2012a) with natural community types from Vermont’s Basin Swamps and Wetlands 
formation. 

Natural Community Types VT 
Patch 
Size 

VT 
State 
Rank 

VT NETWHCS Habitat 
System 

NEAFWA  
Zone 1 (N) Zone 2 (S) 

Vuln Conf Vuln Conf Vuln Conf 

Red Maple-Sphagnum Acidic 
Basin Swamp S S3 

Moderate Medium 

Northern Appalachian-
Acadian Conifer-
Hardwood Acidic 
Swamp 

-- -- -- -- 

Spruce-Fir-Tamarack Swamp L S3 
Boreal-Laurentian 
Conifer Acidic Swamp 

-- -- -- -- 

Black Spruce Swamp S S2 -- -- -- -- 

Hemlock-Sphagnum Acidic Basin 
Swamp S S2 

North-Central 
Appalachian Acidic 
Swamp 

-- -- -- -- 

Red Spruce-Cinnamon Fern 
Swamp S S3 -- -- -- -- -- 

Red Maple-Black Gum Swamp S S2 -- -- -- -- -- 
Red Maple-White Pine-
Huckleberry Swamp  S S1 -- -- -- -- -- 
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Table 17. Cross-walk of the Northeast Terrestrial Wildlife Habitat Classification System (NETWHCS) (Gawler et al. 2008) and 
NEAFWA results (Manomet & NWF 2012a) with natural community types from Vermont’s Ground Water Seepage and 
Flooded Swamps formation. 

Natural Community Types VT 
Patch 
Size 

VT State 
Rank VT 

NETWHCS Habitat System 
NEAFWA  

Zone 1 (N) Zone 2 (S) 
Vuln Conf Vuln Conf Vuln Conf 

Northern White Cedar 
Swamp S S3 

Slightly 
vulnerable Medium 

Laurentian-Acadian Alkaline 
Conifer-Hardwood Swamp/ 
Acadian-Appalachian 
Conifer Seepage Forest 

-- -- -- -- 

Red Maple-Black Ash 
Seepage Swamp S-L S4 

Laurentian-Acadian Alkaline 
Conifer-Hardwood Swamp -- -- -- -- 

Red Maple-Northern White 
Cedar Swamp L S3 

Calcareous Red Maple-
Tamarack Swamp S S2 North-Central Interior and 

Appalachian Rich Swamp 
-- -- -- -- 

Red or Silver Maple-Green 
Ash Swamp L S3 -- -- -- -- -- 

Hemlock-Balsam Fir-Black 
Ash Seepage Swamp S S3 -- -- -- -- -- 
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Figure 10. Current distribution maps of A) North Central Interior and Appalachian Acidic Peatland and Boreal-Laurentian Bog, 
Boreal-Laurentian-Acadian Acidic Basin Fen, which corresponds with several of Vermont’s open peatland natural community types 
(Gawler et al. 2008); and B) Laurentian-Acadian Wet Meadow Shrub Swamp and Laurentian-Acadian Freshwater Marsh, which 
corresponds with several of Vermont’s marsh and sedge meadows and shrub swamp natural community types (Gawler et al. 2008). 
These maps are based on GIS files from the Northeast Terrestrial Habitat Mapping Project (NEAFWA 2011). 
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Table 18. Results of vulnerability assessments from other states that pertain to wetland 
habitat types. 

State Community Vulnerability 

New Hampshire      
(New Hampshire 
Fish and Game 2012) 
DRAFT 

Marsh/shrub wetlands Low 
Peatlands Moderate-high 
Northern swamps Moderate-high 
Temperate swamps Low-moderate 
Floodplain forests Moderate-high 
Vernal pools High 

Maine          
(Whitman et al. 
2010) 

Emergent marsh and wet meadows Moderate 
Shrub-scrub wetland Moderate 
Peatlands High 

Forested wetland Moderate 

New York (Galbraith 
2012) 

Mixed hardwood swamp 

In progress 

Hardwood swamp 
Conifer forest swamp 
Northern white cedar 
Boreal forested peatland 
Open acidic peatlands 
Open alkaline peatlands 
Freshwater marsh 
Wet meadow/shrub swamp 

Massachusetts 
(Manomet 2010b) 

Emergent marsh Moderate-high 

Shrub swamp Relatively unaffected (slight 
increase or decrease possible) 

Spruce-fir boreal swamp High-critically high 

Hardwood swamp No effect-moderate 
Riparian forest Moderate 
Vernal pools Low-moderate 

Connecticut (2010) 
Forested swamps High 
Bogs and fens Low 
Herbaceous freshwater wetlands High 
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3.4.2 Mechanisms by which climate change is expected to impact wetlands 
Although the vulnerability ratings are important, it is also important to understand the 
mechanisms leading to the ecological effects, as this will help inform adaptation strategies. 
Table 19 provides a summary of mechanisms by which climate-related factors are expected to 
impact wetlands in Vermont. The bulleted text below highlights commonly cited themes in the 
literature and vulnerability assessments that were reviewed.  There is a high level of certainty in 
the climatic projections associated with these pathways. 
 

• Compositional changes associated with rising temperatures/changes in thermally suitable 
habitat, resulting in the eventual loss of cold-adapted species and an increase in warm-
adapted species.  

• Increase in overwinter survival of pests, such as the hemlock woolly adelgid.  
• Increased physiological stress from heat and/or water limitation, resulting in increased 

susceptibility to pests and disease, decreased productivity and increased mortality.  
• Increased physical damage and disturbance from extreme storm events (e.g., wind and 

ice), which facilitates the spread of invasive species 
• Increased decomposition rate of peatlands/organic material, which, in combination with 

drier soils and a longer growing season, could lead to significant changes in overall 
species composition of peatlands and the eventual conversion to a different habitat type 
(e.g.,. replacement by more forested wetlands or non-wetland habitats) 

 
The following pathways are precipitation-dependent, thus they are more uncertain: 
 

• Shortening or lengthening of effective hydroperiods, which impacts amphibian breeding 
success (lengthening would be beneficial; shortening would be detrimental) 

• Changes in duration and seasonality of flooding; eventually this could lead to localized 
shifts in vegetation composition and structure (Whitman et al. 2010) 

 
Some of the complex pathways by which warming temperatures can impact peatland habitats are 
depicted in the conceptual diagram in Appendix 3I. Additional resources describing potential 
impacts of climate change on wetlands can be found in Appendix 3J. 
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Table 19. Expected effects of key climate factors on wetland habitats.  

Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Warming 
temperatures High 

Compositional changes associated with changes in 
thermally suitable habitat (loss of cold-adapted 
species and increase in warm-adapted species) 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Orientation (north/south facing), 
elevation, latitude, 

topography/slope, groundwater 
influence, water depth size and 

connectivity of wetland, localized 
factors (e.g., surrounding land use, 

buffers) 

Increase in overwinter survival of hemlock woolly 
adelgid Immediate 

Increased physiological stress, resulting in increased 
susceptibility to pests and disease, decreased 
productivity and increased mortality 

Immediate 

Increased evapotranspiration, resulting in a decrease 
in soil moisture; this could result in the loss of 
species that require permanent soil saturation and 
immersion 

Immediate 

Increased decomposition rate of peatlands/organic 
material, which, in combination with drier soils and 
a longer growing season, could lead to significant 
changes in overall species composition of peatlands 
and the eventual conversion to a different habitat 
type (e.g., replacement by more forested wetlands or 
non-wetland habitats) 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Increase in 
extreme storm 
events (e.g., 
wind and ice) 

High 

Increased physical damage and disturbance (swamps 
in particular are susceptible to windthrow because 
trees in these habitats tend to be shallowly rooted 
(New Hampshire Fish and Game 2012 - draft)); this 
leads to gap formation, which facilitates the spread 
of invasive species 

Immediate Topography/slope, soil depth, root 
structure 
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Table 3-19. Continued… 
Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Phenology 
(timing) High 

Longer growing season Immediate   
Asynchronous changes in phenology may negatively 
impact some migratory species and pollinators Immediate   

Change in freeze/thaw cycles could disrupt 
amphibian breeding cycles and impact breeding 
success 

Immediate 
  

Increase in 
number of 
short-term 
droughts 

Medium 

Moisture limitation/stress negatively impacts 
productivity and survival in many species; 
precipitation-dependent wetlands (and associated 
species) will be particularly vulnerable 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Ability of soils to retain moisture, 
groundwater discharge, water depth 
(shallower water communities are 
believed to be more vulnerable), 
size and connectivity of wetland, 

localized factors (e.g., surrounding 
land use, buffers), topography/slope 

Increase in fire 
risk Medium 

Fire could erode peat beds and expose mineral 
substrates, which could favor more tree growth 
(NEAFWA 2012 draft) 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Changing 
precipitation 
patterns 

Medium 

Changes in duration and seasonality of flooding; 
eventually this could lead to localized shifts in 
vegetation composition and structure (e.g., longer 
durations of immersion could result in the 
replacement of shrub swamp by emergent wetlands) 
(Whitman et al. 2010) 

Immediate 

Could shorten or lengthen effective hydroperiods, 
which impacts amphibian breeding success 
(lengthening would be beneficial; shortening would 
be detrimental) 

Immediate 
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3.4.3 Non-climatic stressors 
 

Non-climatic, “traditional” stressors (e.g., habitat loss and fragmentation) are expected to pose a 
greater threat to freshwater marshes and shrub swamps than climate change (Manomet & NWF 
2012a). The 2005 Vermont Wildlife Action Plan notes that habitat alterations, degradation and 
conversion can be harmful to amphibians, which rely on connectivity/movement corridors to get 
to and from breeding, feeding, and seasonal habitats (Kart et al. 2005). It is possible that beavers, 
which are expanding their range, may mediate some climate-related impacts (Appendix 3B). 
 

3.4.4 Major unknowns/research needs 
The following were cited as major unknowns that could potentially play an important role in 
shaping how wetlands are impacted by climate change: 
 

• Our inability to accurately project changing precipitation patterns 
• Hydrology of wetlands (groundwater-surface water interactions) 
• Nutrient cycling/chemistry (will fens stay alkaline?) 
• Cloud cover  
• CO2 fertilization 
• Biological interactions 
• Impact of changing ice dynamics 

 
 

3.5 Rivers 
At the workshop, assessments of the impacts of climate change on physical processes were made 
for three stream types: high gradient/high elevation/headwater, moderate gradient and low 
gradient. As described in Section 3.2.1, these stream types represent a merging of geomorphic 
and biological classification schemes (for more details, see Appendix 3D). While this 
classification scheme may be adequate for assessing impacts of climate change on physical 
processes, it may not adequately account for biological considerations. During a follow-up expert 
elicitation exercise, a group from VT Fish & Wildlife assessments felt that small streams should 
be split into at least 3 classes when assessing biology: Lake Champlain (high pH and ANC), low 
gradient marsh and high gradient/coldwater/high elevation (Appendix 3K). More work will need 
to be done to reach agreement on appropriate stream classification/s to use in light of climate 
change.   
 

3.5.1 Climate change vulnerability ratings 
Our climate change vulnerability ratings were based primarily on regional results (U.S. 
EPA2013a, in progress), results from other states (Table 20), literature and expert elicitation. 
During the July 9th workshop, the effects of climate change on the following physical stream 
processes were assessed for the 3 stream types: 
 

• Stream, Riparian, and Floodplain Connectivity 
• Sediment Regime 
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• Hydrologic Regime 
• Temperature Regime 
• Large Wood and Organics Regime 

 
Appendix 3J contains the completed worksheets, along with a follow-up assessment by a group 
from VT Fish & Wildlife on ecological impacts of climate change on small streams. Although all 
of these results were utilized, more weight was placed on the sources cited above because they 
are more comprehensive and capture additional aspects of how climate change is likely to impact 
stream ecology. Results presented here warrant closer review by experts in Vermont and should 
be regarded as a first step, not a final product. 
 

• Most likely to be negatively affected:  
o Coldwater habitats with the following types of natural characteristics will likely 

be most vulnerable to increasing temperatures: 
 poor shading 
 south-facing 
 little or no groundwater influence  
 low to mid elevation streams with poor connectivity 
 located in southern Vermont (latitudinal influence) or the Champlain 

Valley, which is warmer and drier than other parts of the state (Figure 11) 
o Small to medium-sized streams with little or no groundwater influence will likely 

be most vulnerable to extended summer low flow periods and drought  
o Flat low elevation streams are likely to warm faster than streams with steep 

gradients (Loarie et al. 2009, Isaak and Rieman 2013) 
o Streams in steep catchments with low capacity to absorb water (e.g., via 

floodplains, wetlands, open water) will likely be most vulnerable to flooding  
o Cold water species like brook trout, slimy sculpin, eastern pearlshell mussel, 

Appalachian brook crayfish and coldwater macroinvertebrates (Appendix 3L). 
 

• Most likely to benefit (high confidence):   
o Warm-adapted species 
o Invasive species like Japanese knotweed (Fallopia japonica) 
o Species that have a high capacity to adapt to high levels of disturbance 

 
All streams will be affected by climate change because stream processes are closely tied to 
temperature and hydrology, but coldwater habitat in particular is expected to be highly 
vulnerable to climate change (Table 20). Based on Olivero and Anderson’s 2008 regional 
freshwater aquatic habitat classification scheme, Vermont’s streams are mostly cold and 
coolwater (Figure 12). When assessing the vulnerability of coldwater habitats to climate change, 
it is important to remember that localized factors such as groundwater influence, stream shading 
and stream size can mediate increases in water temperature associated with increasing air 
temperatures (Manomet & NWF 2012b). 
 
It is also important to consider actual temperature values and how these relate to thermal 
tolerance limits of aquatic organisms (where such information is available). Regional thermal 
tolerance values are now available for more than 300 aquatic macroinvertebrates (U.S. 
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EPA2013a, in progress) (Appendix L). It seems likely that more organisms will be closer to their 
thermal tolerance limits in transitional coolwater versus the coldest coldwater streams; thus 
greater compositional changes may occur in these transitional areas.  
 
Table 20. Results of vulnerability assessments from other states that pertain to running 
waters. 

State Community Vulnerability 
Manomet & NWF 
2012b Coldwater fish habitat Not rated 

New Hampshire      
(New Hampshire 
Fish and Game 
2012) 

River shores Moderate-high 
Warm rivers Low 
Cold rivers High 

Maine          
(Whitman et al. 
2010) 

Rivers and streams High 

Massachusetts 
(Manomet 2010b) Coldwater rivers and streams High 

Connecticut 
(2010) 

Coldwater streams and associated riparian zones High 
Major rivers and associated riparian zones High 
Warm water streams and associated riparian zones Medium 
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Figure 11. Maps of (A) PRISM mean annual air temperature (°C) (1971-2000) and (B) PRISM mean annual precipitation (mm) 
in Vermont DEC’s 17 watershed planning basins (VT DEC 2013).
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Figure 12. Map of the regional aquatic freshwater classification scheme, which is based on stream size, gradient, geology 
and temperature (Olivero and Anderson 2008). 
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It is also important to evaluate flow conditions in combination with temperature, especially when hotter than normal temperatures 
occur in combination with drought (low flow) conditions (Van Vliet et al. 2011). This is one of the scenarios that U.S. EPA and Tetra 
Tech evaluated when conducting a vulnerability assessment of watersheds in the Northeast (Figure 13). Results indicate that streams 
in the Champlain Valley may be more vulnerable to a low flow/warming temperature scenario, mainly because this area is warmer and 
drier than other parts of the state (Figure 11). In regards to baseflow, Vermont generally rates in the middle when compared to other 
Northeastern states (Figure 14), with some exceptions, like the Battenkill and Dog, which are known for their strong groundwater 
influence. 
 
U.S. EPA and Tetra Tech also evaluated a scenario of increased peak flow events. Patterns of peak flows are complex over space and 
time, and no spatially explicit modeling projections are available for this exposure. Because of these data limitations, each catchment 
was assumed to have an equal chance of being exposed to extreme high flows, which can occur at any time of the year. Parameters 
related to water input and water storage capacity were evaluated. These included mean (terrestrial) slope of the catchment (Figure 
15A), percent open water and wetland (Figure 15B). Percent non-developed floodplain was also evaluated (Figure 16). Results 
indicate that Vermont is generally more vulnerable than other Northeastern states to flood events, based on topography and land cover. 
Intact floodplains can help dampen the impacts of flood events, as was demonstrated along Otter Creek during Irene (VANR 2011). 
 
Vulnerability to shifts in the timing of winter/spring runoff was also assessed. Snow water equivalent (SWE)1 projections (Hayhoe et 
al. 2007) were used to identify areas where the rain/snow line is expected to shift by the greatest amount. It was hypothesized that this 
will likely correspond with areas of greatest change in the timing and amount of spring runoff, and that aspect/orientation will play an 
important role as well. Based on the results, south-facing watersheds in southeastern and central Vermont are likely going to 
experience (or may already be experiencing) the greatest amount of change (Figure 17). 
 

                                                           
1 SWE is the amount of water contained within the snowpack. It can be thought of as the depth of water that would theoretically result if you melted the entire 
snowpack instantaneously 
 



VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  61 
 

 



VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  62 
 

Figure 13. Flow diagram showing the different sets of exposure and sensitivity variables that were considered in U.S. EPA’s watershed-level 
climate change vulnerability analysis (EPA 2013a, in progress).
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Figure 14. Baseflow index (source: Wolock 2003) in (A) Vermont DEC’s 17 watershed planning basins (VT DEC 2013) and (B) 
the Northeast. 

 

Figure 15. Map of: A) mean local catchment slope as calculated by TNC from the USGS NED 30m digital elevation model 
(http://ned.usgs.gov/) (source: Olivero and Anderson 2008); and B) % open water and wetlands (source: NLCD 2001 land 
cover data associated with NHDPlus catchments (local+upstream) (Horizon Systems 2012)). 

 

http://ned.usgs.gov/
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Figure 16. Percent floodplain (wet-flat) in NHDPlus local catchments (source: active river 
area GIS layer (Smith et al. 2008)).  
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Figure 17. Map of projected change in snow water equivalent [(2036-2065)-(1961-1990), 
under the high (a1) emissions scenario; average of HadCM3 and PCM models]. Data 
provided by Justin Sheffield, Princeton University. 

 

3.5.2 Mechanisms by which climate change is expected to impact rivers 
Although the vulnerability ratings are important, it is also important to understand the 
mechanisms leading to the ecological effects, as this will help inform adaptation strategies. Table 
21 provides a summary of mechanisms by which climate-related factors are expected to impact 
running waters in Vermont. In addition, a summary of expected effects of key climate factors on 
physical processes that shape stream ecosystems can be found in Table 22. This is based largely 
on input that was received during the July 9th workshop. Climate change can influence thermal 
and hydrologic regimes via a number of complex pathways. The bulleted text below highlights 
several commonly cited themes in the literature and vulnerability assessments that were 
reviewed.   
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• Compositional changes associated with rising temperatures/changes in thermally suitable 

habitat, resulting in the eventual loss of cold-adapted species and an increase in warm-
adapted species.  

• Increased physiological stress from heat and/or water limitation, resulting in increased 
susceptibility to pests and disease, decreased productivity and increased mortality.  

• Increased physical damage and disturbance from extreme storm events (e.g., wind and 
ice), which facilitates the spread of invasive species.  

 
The following pathways related to extended summer low flow conditions are affected in part by 
precipitation, thus they are more uncertain: 
 

• Reduction in amount of wetted habitat (edge habitat in particular), which leads to more 
predation and more competition for limited resources. 

• Reduced dissolved oxygen (particular when low flow conditions occur in combination 
with warm temperatures) which causes physiological stress and in some instances, 
mortality. 

• Decrease in water quality due to concentration of toxins. 
 
The timing of flow events is critical ecologically because the life cycles of many aquatic and 
riparian species are timed to either avoid or exploit flows of variable magnitudes (Poff et al. 
1997). Figure 18 depicts the close link between salmon life cycle events and annual flow cycle in 
Maine. Conceptual diagrams depicting additional pathways by which climate change can impact 
streams can be found in Appendix 3M, and additional resources describing potential impacts of 
climate change on rivers can be found in Appendix 3N. 
 



VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  67 
 

Table 21. Expected effects of key climate factors on running waters. Sensitivity factors are factors that will lessen or 
worsen the degree of impact. Some are naturally occurring and cannot be altered (e.g., elevation, latitude), while others can 
be influenced by human factors (e.g., shading/riparian buffer). 

Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors (+/-) 

Warming 
temperatures High 

Loss of cold water (in-stream) habitat, resulting in 
compositional changes (loss of cold-adapted species like 
brook trout, slimy sculpin and eastern pearlshell) and 
increase in warm-adapted species). 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Orientation (north/south 
facing), topography/slope, 

latitude, elevation, groundwater 
influence, shading, watershed 
size, color, localized factors 
(e.g., surrounding land use), 

connectivity (ability for 
organisms to disperse locally 

and regionally), availability of 
refugia, warming from human 

constructed impoundments 

Increase in overwinter survival of hemlock woolly 
adelgid, resulting in loss of riparian shading Immediate 

Increased physiological stress, resulting in increased 
susceptibility to pests and disease, decreased productivity 
and increased mortality 

Immediate 

Increased evapotranspiration, resulting in a decrease in 
soil moisture in riparian areas (and potentially in a 
decrease in the water table); certain organisms are 
particularly vulnerable to moisture limitations 

Immediate 

Complex, interacting changes in stream productivity 
(primary productivity, respiration, decomposition) and 
function 

Immediate 

Changing metabolic rates, physiology, and life-history 
traits of aquatic species 

Immediate 
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Table 3-21. Continued… 
Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Extended 
summer low 
flows/increase 
in short-term 
droughts 

Medium 

Reduction in amount of wetted habitat (edge habitat in 
particular), which leads to more predation and more 
competition for limited resources 

Immediate to 
long-term 

Groundwater, watershed size, 
underlying geology, type and 

size of tributary streams, 
degree of channel alteration, 
surrounding land use (e.g., 

impervious cover) 

Loss of connectivity with the riparian zone and potentially 
within the channel (e.g., channel-pools may become 
disconnected from riffles due to drying), which affects 
inputs into the stream (e.g.,  large woody debris, leaf litter) 
and processing of those inputs 
Increased accumulation of fine sediments in the channel, 
which could impact species with life stages that are sensitive 
to sedimentation (e.g., eggs and larvae of many invertebrates 
and fish require flushing flows to remove and transport fine 
sediments that would otherwise fill the interstitial spaces in 
productive gravel habitats (Poff et al. 1997)) 

Immediate to 
long-term 

Groundwater, watershed size, 
underlying geology, type and 

size of tributary streams, 
degree of channel alteration, 
surrounding land use (e.g.,  
impervious cover), effluent 
from waste water treatment 

plants 

Reduced dissolved oxygen (particular when low flow 
conditions occur in combination with warm temperatures) 
which causes physiological stress and in some instances, 
mortality 
Changes in algal dynamics (e.g.,  composition, frequency of 
blooms (more blooms are likely to occur when low flow 
conditions occur in combination with warm temperatures), 
which affects dissolved oxygen dynamics (e.g.,  diurnal flux) 
Decrease in water quality due to increased concentration of 
pollutants and toxins (e.g., from waste water); also, changing 
temperature and flow conditions can affect the toxicity of 
some substances (e.g.,  ammonia) 
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Table 3-21. Continued… 
Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Increase in 
heavy rainfall 
events & 
flooding 

High 

Increased mortality (some organisms, like mussels, could be 
physically crushed, buried and/or dislodged into the riparian 
area) 

Immediate 

Availability of refugia, 
infiltration/capacity of 

catchment to absorb water 
(e.g., open water and wetlands, 

accessibility of floodplain), 
topography/slope, watershed 
size, erodibility of soils, soil 
saturation, bedrock control, 
vegetation, localized factors 

(i.e. surrounding land use (e.g., 
impervious surface, degree of 

encroachment, buffers)), timing 
of events relative to phenology, 

location of and design of 
infrastructure (e.g., culvets, 

bridges), human maladaptive 
response (i.e. instream channel 
manipulation following floods) 

Scour could negatively impact long-lived species that are slow 
to recolonize (e.g., mussels, mosses); impacts on fish and 
macroinvertebrates would be shorter-lived (e.g., 1-year) 

Immediate 

Facilitates spread of invasive species like knotweed Immediate 
Natural channel/geomorphic adjustments (i.e. channel 
widening, channel incision) could be beneficial or detrimental 
to aquatic habitat , depending on the organism and localized 
conditions (e.g., channel widening could lead to a decrease in 
riparian shading and LWD input; in the short term, channel 
incision could decrease the frequency of floodplain access 
during moderate flood events, resulting in higher 
power/scouring flooding and longer intervals between 
disturbance events that maintain floodplain/riparian habitats). 
Depending on the pace of climate changes and if/when climate 
re-stabilizes, rivers may eventually complete an adjustment 
process, leading to a less erosive, more stable form that 
includes beneficial floodplain access. Timeframe: immediate 
to long term. 

Immediate 

Increase in large woody debris inputs, which could be 
beneficial or detrimental, depending on the organism and 
localized conditions (Langford et al. 2012) 

Immediate 

Changes in water quality; these could be detrimental in some 
cases (i.e. more stormwater runoff means more nutrient, 
sediment and toxin loading flowing into receiving lakes) and 
beneficial  in others (e.g., more dilution, flushing of sediments, 
benthic algae could benefit). 

Immediate 
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Table 3-21. Continued… 
Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Increase in 
heavy rainfall 
events & 
flooding 

High 

Mobilization of legacy sediments, thus impacting 
sediment and hydrologic regimes Immediate 

Infiltration, refugia, erodibility, 
topography, slope As channels widen in response to water and sediment 

inputs, waters will become shallower Immediate 

Increase in 
wind and ice 
storms 

High 

Increased physical damage and disturbance to riparian 
zone, which facilitates the spread of invasive species 

Immediate 
Topography/slope, soil depth, 
root structure, timing of storm 

relative to forest phenology Increase in large woody debris inputs (could be beneficial 
or detrimental, depending on the organism and localized 
conditions (Langford et al. 2012)) 

Phenology 
(timing) High 

Earlier spring runoff in combination with warmer spring 
temperatures impact aquatic insect emergence, breeding 
cycles and migration 

Immediate   

Asynchronous changes in phenology may negatively 
impact some species Immediate   

Changes in timing of leaf off (and also potentially in the 
species of trees contributing leaf litter) will affect 
organisms that process leaf litter, and also affect impacts 
from storm events (i.e fewer leaves means that water will 
be delivered to the channel faster; more leaves means 
more trees will break crowns under heavy snow/ice 
loads) 

Immediate   
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Table 22. Expected effects of key climate factors on physical processes that shape stream ecosystems (adapted from 
Milone & MacBroom, Inc. 2008). 

Physical process Description Links with stream ecology  Vulnerability to key climate factors 

Temperature 
Regime 

The daily and seasonal instream 
water temperatures influenced by 
climate, riparian canopy, 
hydrologic regime (particularly 
groundwater components), and 
valley and stream morphology 
and aspect 

Temperature influences metabolic rates, 
physiology, and life-history traits, helps to 
determine rates of important community 
processes such as nutrient cycling and 
productivity, and affects overall ecosystem 
functioning (Allen 1995, Poole and Berman 
2001) 

Temperature (annual, seasonal, 
extremes, variability), exacerbated by 
extended summer low flows and 
droughts 

Hydrologic 
Regime 

The timing, volume, and duration 
of flow events throughout the 
year and over time, which may be 
influenced by the climate, soils, 
geology, groundwater, watershed 
land cover, connectivity of the 
stream, riparian, and floodplain 
network, and valley and stream 
morphology 

The life cycles of many aquatic and riparian 
species are timed to either avoid or exploit 
flows of variable magnitudes. The natural 
timing of high or low streamflows provides 
environmental cues for initiating life cycle 
transitions in fish, such as spawning, egg 
hatching, rearing, movement onto the floodplain 
for feeding or reproduction, or migration up-
stream or downstream. Species with life stages 
that are sensitive to sedimentation (e.g., eggs 
and larvae of many invertebrates and fish) 
require high flushing flows to remove and 
transport fine sediments that would otherwise 
fill the interstitial spaces in productive gravel 
habitats (Poff et al. 1997).  

All precipitation and flow-related 
parameters  

Stream, 
Riparian, and 
Floodplain 
Connectivity 

The unimpeded movement of 
materials (water, sediment, and 
organic material) and organisms 
both longitudinally up and down 
the watershed and vertically 
between the stream channel and 
its riparian area and floodplain 

Important for refugia (e.g., from floods or high 
temperatures), breeding and nursery grounds, 
terrestrial and aquatic organism interactions and 
exchange of nutrients and organic matter  
(Elosegi et al. 2010) 

Flood events could increase 
connectivity (which could be 
beneficial); extended summer low 
flows could result in a loss of 
connectivity; uncertain about impacts 
of changing ice dynamics 
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Table 3-22. Continued… 
Physical process Description Links with stream ecology  Vulnerability to key climate factors 

Sediment 
Regime 

The size, quantity, sorting, and 
distribution of sediments, which 
may differ between stream types 
due to their proximity to different 
sediment sources, their 
hydrologic regime, their stream, 
riparian and floodplain 
connectivity, and valley and 
stream morphology 

Sediment can be beneficial or detrimental to fish 
and aquatic macroinvertebrates by either 
providing or polluting habitat; this outcome 
depends on the timing of delivery, the volume, 
and the caliber of the sediment, which are 
contingent on the basin-specific processes and 
sources that generate sediment (Goode et al. 
2012) 

Precipitation and flow-related 
parameters can have direct effects; 
changes in temperature and hydrology 
that promote vegetation disturbances 
(e.g.,, wildfire, insect/pathogen 
outbreak, drought-related die off) 
could increase sediment yield (Goode 
et al. 2012) 

Large Wood and 
Organics Regime 

The diversity, quantity, and 
physical retention of organic 
material available for biological 
uptake and physical refugia 
(moderating the expenditure of 
energy), which may be influenced 
by the primary productivity 
within the stream channel and 
riparian zone, watershed and 
floodplain connectivity, the 
hydrologic regime, and the stream 
and valley morphology 

Can provide high-quality habitat (or in some 
cases, food), important for hydraulic, nutrient 
and organic matter retention (Elosegi et al. 
2010); can have conflicting effects on stream 
fish populations (Langford and Langford 2012) 

Could see increased contributions from 
floods, extreme storms (e.g.,  ice and 
wind), fires; precipitation and flow-
related parameters affect transport 
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Figure 18. Salmon life cycle plotted in relation to yearly flow cycle (Ricupero 2009). 

 

3.5.3 Non-climatic stressors 
Vermont’s Surface Water Management Strategy has identified and developed strategies for 
addressing 10 stressors that are having the greatest negative impact on Vermont’s aquatic 
ecosystems (VT DEC 2013). These include: 
  

• Invasive species 
• Channel erosion 
• Encroachment 
• Land erosion 
• Thermal stress (certain land uses, activities, discharges, and the physical condition of the 

aquatic ecosystem can influence water temperatures beyond natural variation) 
• Acidity 
• Toxic substances 
• Flow alteration 
• Non-erosion nutrients 
• Pathogens 
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The increase in heavy rainfall events and flooding that are projected to occur with climate 
change are likely to exacerbate the spread of invasive species, erosion, and the influx of 
nutrients, sediments and toxins, and warmer air temperatures will likely worsen thermal stress. 
Warmer temperatures in combination with extended summer low flow periods will affect the 
toxicity of substances like ammonia. 
 
Regarding impacts on hydrology, based on a case study in the Piedmont, land use effects are 
likely going to predominate over climate change effects under high flow scenarios, and climate 
change will predominate over land use under low flow scenarios (U.S. EPA 2012a). While it is 
not a great concern at this time, in the future, extended summer low flow conditions could be 
exacerbated by water withdrawals. Figure 19 shows which towns in Vermont are projected to 
experience the greatest percent changes in withdrawals of groundwater from 2005 to 2020 
(Medalie and Horn 2010). In Vermont’s Wildlife Action Plan (Kart et al. 2005), habitat 
alteration and degradation are identified as threats to aquatic communities. Habitat 
alteration/degradation following Irene have had negative impacts on fish populations (VFWD 
2012).  



VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  75 
 

 
Figure 19. Withdrawals of groundwater in Vermont in 2005 and projected percent 
changes in withdrawals of groundwater from 2005 to 2020 (from Medalie and Horn 2010). 
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3.5.4 Major unknowns/research needs  
The following are major unknowns and/or research needs that could potentially play an 
important role in shaping how rivers are impacted by climate change: 
 

• Inability to accurately project changing precipitation patterns. 
• Lack of continuous water temperature and flow data. 
• Lack of understanding of groundwater-surface water interactions and the State’s 

groundwater resources. 
• Lack of understanding of how conditions from past years affect current conditions (“lag 

year effects”). 
• Lack of understanding of how changes in the timing of winter-spring streamflow will 

affect macroinvertebrates that are collected by biomonitoring crews during their late 
summer/fall index period. 

• Nutrient cycling. 
• Biological interactions. 
• Impacts of changing ice dynamics on aquatic ecosystems. 
• Impacts of changing large woody debris inputs on aquatic ecosystems. 

 

3.6 Lakes 
At the workshop, assessments of the impacts of climate change on overall lake function were 
made for two lake types: stratified and unstratified. This is consistent with the approach that was 
used by New Hampshire Fish and Game (2012). Stratified lakes develop a thermocline, which 
separates warm surface waters from colder, deeper water (referred to as the hypolimnion). In the 
winter, the temperature profile becomes more uniform, as the lakes ‘turn over,’ with the slightly 
warmer denser water shifting to the bottom, and ice usually forming on the surface. Only a 
subset of lakes and ponds that stratify have enough oxygenated cold water below the thermocline 
to provide suitable habitat for aquatic species such as lake trout (these are sometimes referred to 
as 2-story fisheries). These are large, deep oligotrophic or mesotrophic lakes, and include Lake 
Champlain. 
 
While this classification scheme may be adequate for assessing impacts of climate change on 
overall lake function, it may not adequately account for biological considerations. During a 
follow-up expert elicitation exercise, a group from VT Fish & Wildlife used a different scheme: 
Dystrophic-High Elevation Acidic; Mesotrophic/Eutrophic stratified & unstratified; and 
Oligotrophic Lakes – stratified (Appendix 3O). More work will need to be done to reach 
agreement on appropriate lake classification/s to use in light of climate change. 
 

3.6.1 Climate change vulnerability ratings 
Our climate change vulnerability ratings were based primarily on results from other states (Table 
23), literature and follow-up expert elicitation exercises by VT DEC. Completed worksheets 
from the July 9th workshop and from a follow-up exercise by VT Fish & Wildlife can be found in 
Appendix 3O. Results presented here warrant closer review by experts in Vermont and should be 
regarded as a first step, not a final product. 
 



VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  77 
 

• Most likely to be negatively affected:  
o Coldwater species in smaller stratified lakes and ponds that lack extensive deep 

water habitat and have: 
 poor shading 
 little or no groundwater influence  
 low to mid elevation 
 located in southern Vermont (latitudinal influence) or the Champlain 

Valley, which is warmer and drier than other parts of the state (Figure 11) 
 

• Most likely to benefit:   
o Warm-adapted species like alewives (Stager and Thill 2010) 
o Invasive species 

 
Two factors that will strongly influence how individual lakes respond to climate change are:    
 

• Where the lake gets its water from -  lakes can receive water from precipitation, surface 
runoff (streams and rivers) and groundwater 

• Where it is positioned in the landscape - lakes higher in the landscape receive a larger 
percentage of their incoming water from precipitation than lakes lower in the landscape, 
and thus are more sensitive to drought (Kratz et al. 2006 

 
 
Table 23. Results of vulnerability assessments from other states that pertain to lake 
habitat types. 

State Community Vulnerability 
New Hampshire (New 
Hampshire Fish and 
Game2012) 

Stratified lakes Moderate-high 
(depending on size) 

Coldwater ponds Moderate-high 

Maine (Whitman et al. 2010) Freshwater lakes and ponds High 

Massachusetts (Manomet 
2010b) 

Large coldwater lakes Moderate-high 
Smaller coldwater lakes and ponds Critically high 
Coldwater kettle ponds Moderate 
Warmwater ponds and lakes Likely to benefit 

Connecticut (2010) Lakes, ponds, impoundments and 
shorelines Moderate 

 
 

3.6.2 Mechanisms by which climate change is expected to impact lakes 
Although the vulnerability ratings are important, it is also important to understand the 
mechanisms leading to the ecological effects, as this will help inform adaptation strategies. 
Climate change will have both direct and indirect effects on lakes. Table 24 provides a summary 
of mechanisms by which climate-related factors are expected to impact lakes in Vermont. The 
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bulleted text below highlights commonly cited themes in the literature (e.g., Brooks and Zastrow 
2002) and from the expert elicitation exercises:   
 

• Compositional changes associated with changes in thermally suitable habitat (loss of 
cold-adapted species and increase in warm-adapted species) 

• Increased hydrologic and nutrient loading, including increased intensity and seasonality 
of runoff 

• Altered habitat and nursery function of littoral zones 
• Longer growing seasons will allow for greater annual primary production in littoral areas, 

more organic matter accumulation, and greater macrophyte growth  
• Increase in algal blooms, especially when warm temperatures occur in combination with 

low flow/low lake level and nutrient-rich conditions 
• Complex changes in the food web 

 
Predicting the effects of climate change on lakes is very challenging due to localized factors, 
complexities associated with stratification and mixing patterns and knowledge gaps. Some of the 
complex relationships between increasing temperatures and biological responses in stratified 
lakes and littoral habitats are depicted in conceptual diagrams in Appendix 3P. Additional 
resources describing potential impacts of climate change on lakes can be found in Appendix 3Q. 
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Table 24.  Expected effects of key climate factors on lake habitats.  

Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Warming 
temperatures High 

Compositional changes associated with changes in 
thermally suitable habitat (loss of cold-adapted species and 
increase in warm-adapted species) 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

Morphometry (e.g., shape, 
depth), shading, flushing rate, 
groundwater, exposure to wind 
and other factors that promote 
mixing, cloud cover, elevation, 

latitude, orientation, 
topography/slope, soil and 
sediment type, contributing 
watershed, localized factors 

(e.g., impoundments, 
surrounding land use, buffers, 

boat traffic), availability of 
refugia 

Increase in decomposition of algae and zooplankton on the 
lake bottom, which could increase the chance of late 
season hypoxia Immediate 

Complex changes in the food web, changing biological 
interactions Immediate 

Increase in suitable habitat for some aquatic invasive 
species Immediate 

Altered habitat and nursery function of littoral zones Immediate 
Longer growing seasons will allow for greater annual 
primary production in littoral areas, more organic matter 
accumulation, greater macrophyte growth and shallowing 

Immediate 

Increase in algal blooms, especially when warm 
temperatures occur in combination with low flow/low lake 
level and nutrient-rich conditions 

Immediate 

(Stratified) Increase in average thermocline depth, 
resulting in the loss of cold, deep water hypolimnetic 
habitat and the eventual loss of cold-water species such as 
lake trout 

Long-term, but 
localized effects 
could occur on a 
shorter timescale 

(Stratified) Earlier onset of thermal stratification, which 
could produce greater hypolimnetic hypoxia at the end of 
the summer, which would cause mortality and promote 
greater phosphorus release from the sediments 

Immediate 
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Table 3-24. Continued… 
Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Decrease in 
duration of 
ice and/or 
snow cover 

High 
Reduced albedo will result in greater heat absorption; in 
stratified lakes, this will contribute to earlier onset of 
thermal stratification 

Immediate 
Morphometry (e.g., shape, 

depth), shading, 
groundwater,cloud cover, 

elevation, latitude, orientation, 
topography/slope, contributing 

watershed, localized factors 
(e.g., surrounding land use, 

buffers) 

Extended 
summer low 
flows/increase 
in short-term 
droughts 

Medium 

Lower water levels, resulting in sediment exposure and 
drying, which impairs littoral habitat and promotes 
mercury methylation; small, shallow lakes are particularly 
sensitive to drought 

Medium to long-
term, but localized 
effects could occur 

on a shorter 
timescale 

Increase in 
heavy rainfall 
events & 
flooding 

High 

(Large, stratified lakes) Very large flood events and 
associated sediment and nutrient loading could increase 
turbidity, reduce light penetration with both positive and 
negative influences on productivity, e.g., increased 
nutrients vs. reduced light 

Immediate 

Capacity to absorb water (e.g., 
surrounding wetlands), 

topography/slope, watershed 
size, morphometry (e.g., 

shape, depth), contributing 
watershed, shoreline substrate, 

localized factors (e.g., 
surrounding land use) 

(Small, shallow lakes) Hydrologically sensitive to 
individual flood events and associated sediment and 
nutrient loading 

Immediate 

Facilitates spread of invasive species Immediate 
Shoreline erosion, structural damage Immediate 
Large woody debris inputs could increase or decrease; 
potential net loss is likely to occur in poorly buffered 
shore areas  

Immediate 

Influx of nutrients, sediments and toxins Immediate 
Precipitation-driven increases in DOC concentration not 
only increase the cost of water treatment for municipal use 
(Haaland et al. 2010), but also may alter the ability of 
sunlight to inactivate parasites and pathogens in water, by 
absorbing ultraviolet radiation (UV) that would otherwise 
be an effective control (Staudinger et al. 2012) 

Immediate 
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Table 3-24. Continued… 
Key Climate 
Change 
Factors 

Confidence 
in 

projection 
Ecological Effects Timeframe Sensitivity Factors 

Increase in 
heavy rainfall 
events & 
flooding 

High 

Potential for increase in methyl mercury absorption in 
food chain as reservoir/lake levels are managed in 
response to precipitation extremes (drought and flood) 

Immediate Topography/slope, watershed 
size, morphometry, land use 
(immediately adjacent area & 
in contributing watershed), 
shoreline substrate, in-stream 
impoundments (and types) 
upstream, In-lake management 
practices 
 

More water could increase the assimilative capacity for 
some pollutants Immediate 

Sedimentation could impact reproductive and 
rearing/larval fish in near shore habitats  Immediate 

Flooding can give fish access to additional backwater 
habitats Immediate 

Increase in 
extreme 
storm events 
(e.g., wind 
and ice) 

High Storms with high winds could increase shoreline erosion, 
mainly in large lakes Immediate 

Topography/slope, watershed 
size, morphometry (e.g., shape, 
depth), contributing watershed, 
shoreline substrate, localized 
factors (e.g., surrounding land 
use) 

Phenology 
(timing) High 

Warmer spring temperatures affect aquatic insect 
emergence, breeding cycles and migration Immediate   

Asynchronous changes in phenology may negatively 
impact some species Immediate   

Fluctuating 
lake levels High Frequency, duration, and timing affect amphibian and 

reptile breeding success Immediate   

 

 
 

 
 



VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  82 
 

3.6.3 Non-climatic stressors 
As discussed in Section 3.5.3, Vermont’s Surface Water Management Strategy has identified and 
developed strategies for addressing 10 stressors, several of which are likely to be exacerbated by 
climate change. Increased sediment and nutrient loading in Vermont’s lakes is of great concern, 
as it could accelerate eutrophication and contribute to harmful algal blooms. Nutrient TMDLs 
have been developed for several of Vermont’s lakes. Phosphorus is of particular concern in Lake 
Champlain (LCBP 2012), as are invasive species, such as zebra mussels, Eurasian milfoil, and 
the spiny water flea. Degradation of shoreline habitat has also been identified as a major threat to 
Vermont’s lakes (VANR 2011). 
 

3.6.4 Major unknowns/research needs 
The following are unknowns that could potentially play an important role in shaping how lakes 
are impacted by climate change: 
 

• Changes in the timing of ice-in and ice-out will have unknown implications for lake and 
pond ecosystems 

• Cloud cover 
• Mixing patterns 

 

3.7 Habitats Not Assessed 
Table 25 contains a list of vulnerability ratings assigned to habitats (natural and 
anthropogenically impacted) that were not assessed during this exercise. These include upland 
meadows, outcrops, cliffs and talus and various other habitats (e.g., grasslands, urban, early 
successional). Results for alpine meadows are of particular interest. Alpine meadows are 
extremely rare in Vermont (Thompson and Sorenson 2000). They occur in 3 locations: Mount 
Mansfield, Camels Hump and Mount Abraham. Based on the regional assessment, alpine 
meadows are highly vulnerable to climate change (Manomet & NWF 2012a). In contrast, New 
Hampshire assigned a rating of low vulnerability to their alpine meadow habitats based on 
research conducted on Mount Washington (New Hampshire Fish and Game 2012). Vermont 
should consider assessing some of these additional habitat types in future work. 
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Table 25.  Results of vulnerability assessments from other states that pertain to habitats 
not assessed at the July 9th workshop. 

State Community Vulnerability 

New Hampshire (New 
Hampshire Fish and 
Game 2012) 
DRAFT 

Alpine Low 
Rocky ridge/talus slopes Low 
Shrubland Low 

Grassland Low 

Caves In progress 

Maine (Whitman et al. 
2010) 

Alpine High 
Shrub/early successional and regenerating 
forest Low 

Cliff face and rocky outcrops (including 
talus) Moderate 

Grassland/agricultural/old field Low 
Urban/suburban Low? 
Caves and mines Low 

New York (Galbraith 
2012) 

Subalpine woodland and shrub 

In progress 

Plantation and disturbed land pioneer 
forests 
Non-native upland forest 
Cliff and talus 
Rocky outcrop 
Caves and tunnels 
Native barrens and savanna 
Non-native shrublands 
Old field managed grasslands 
Cultivated crops 
Pasture-hay 
Urban and recreational grasses 
Commercial/industrial and residential 
Residential rural 
Surface mining 
Powerline 

Connecticut (2010) 

Early successional shrublands/forests Low 
Rocky outcrops/summits Low 

Talus slopes High 
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4 ADAPTATION FRAMEWORK  
The vulnerability section includes discussions about the habitats and types of species that are 
most and least vulnerable to climate change effects. The Vermont ANR can prepare for the 
changes associated with those vulnerabilities by planning and implementing adaptation 
strategies. This section describes adaptation in general, presents results of the adaptation 
workshop, and recommends a framework for pursuing individual strategies and an overall 
adaptation plan. 
 

4.1 Climate Change Adaptation 
This section was adapted from work prepared by Staudinger et al. (2012). 
 

4.1.1 What is Climate Change Adaptation? 
The Intergovernmental Panel on Climate Change (IPCC) defines adaptation in several ways, all 
of which include perceived climate change effects and managing natural and human systems to 
moderate those effects. The definitions of climate change adaption are as follows, the last of 
which was prepared in a special report on extreme climate events and explicitly separates 
processes in human and natural systems: 
 

Initiatives and measures to reduce the vulnerability of natural and human systems 
against actual or expected climate change effects (IPCC, 2007b). 
 
Adjustment in natural or human systems in response to actual or expected climatic 
stimuli or their effects, which moderates harm or exploits beneficial opportunities 
(IPCC, 2007a).  
 
In human systems, the process of adjustment to actual or expected climate and its 
effects, in order to moderate harm or exploit beneficial opportunities. In natural 
systems, the process of adjustment to actual climate and its effects; human 
intervention may facilitate adjustment to expected climate (IPCC 2012). 

 
Adaptation is a process in which appropriate management responses to protect valued resources 
can be identified and carried out. The process happens in the midst of change and must be 
flexible to continuing incremental change with an intended outcome, though the ultimate 
outcome is uncertain. Therefore, specific adaptation goals and objectives may be established, but 
continual reevaluation and adjustment of adaptation approaches must be one of the management 
activities to accommodate ongoing environmental and climatic change and the consequences of 
ecological and human responses to these changes (Fazey et al. 2010). 
 

4.1.2 Re-thinking Traditional Management Approaches 
Policies, planning processes and management actions already exist to support climate change 
adaptation and will continue to be relevant.  Many of the existing efforts of the ANR will build 
resiliency in natural systems and help the agency to plan for and minimize the impacts of climate 
change in the future. In some cases, however, the goals, objectives, or priorities of managers may 
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change in response to current or future climate change (AWFA 2009). Because of continually 
changing conditions at multiple scales of space and time, the actions needed to support habitats 
and species may shift over time. More than in almost any other area of environmental 
management and policy, climate change will require the use of adaptive management: making 
assumptions about future conditions and how best to cope with them, monitoring the results of 
management actions closely, and then using the interim results to inform future decision making. 
 
Climate change is occurring now and is predicted to continue and potentially accelerate in the 
future. Existing conservation efforts will be complicated in several ways because predictions are 
uncertain and individual, interactive, natural, and human responses are complex. Because the 
predictions that are being used have measurement error, uncertainty must be accepted as a part of 
the management process. Climatic changes have occurred and are highly likely to continue to 
occur, but the degrees to which changes will occur vary widely depending on model 
assumptions, continuance of patterns, stressor-response relationships, and many other spatial and 
temporal variables. The projections in climate change exposures are uncertain in the coming 
decades, and our knowledge of biological and ecological responses to these changes are also 
uncertain (Glick et al. 2011a). The capacity of habitats and species to adapt to climate change is 
one of the least understood aspects of climate science though it is critical in predicting changes in 
future environmental conditions (Donelson et al. 2011). Although it is daunting, uncertainty is 
not an excuse for inaction and it should simply be acknowledged as inherent to the adaptation 
framework. 
 
The temporal dimension to climate-change adaptation is also a critical part of the framework. 
Traditional natural resource management has been ‘retrospective’ – utilizing knowledge of past 
and current conditions to inform today’s management actions. However, managers are now being 
asked to operate in a system where the future will not resemble the past in some very basic ways 
and such retrospective planning may no longer be effective.  The typical priority setting for 5-15 
year management plans will still be required, but in addition, managers need to ask “Where are 
we going, and by when?” Those projections must be translated into actions to be taken in the 
near-term, or medium-term, or longer term, including monitoring activities for long term 
readjustments (AWFA 2009). A dilemma facing resource managers is the need to balance near-
term goals for protecting and restoring species and ecosystems with longer-term goals for 
sustaining functional ecological systems in the face of climate change. 
 
Some of the longer term considerations for managers include incorporation of shifting baselines 
into their plans. While traditional goals have been maintaining an existing desired condition, or 
restoring species or habitats to some desired historical state (Craig 2010), now the historical 
reference points should be used with caution in the goal setting process (Millar et al. 2007). 
Rapid changes now underway will make efforts to restore or maintain historical conditions 
increasingly difficult. In the words of Milly et al. 2008), “Stationarity is dead”. In the future 
natural systems will fluctuate within a background of variability that is no longer stable.  
 
One aspect of instability in planning is the movement of species to new ranges. Conservation 
plans have commonly assumed a stationary climate and defined static protected areas; deer 
wintering areas protected by Vermont’s Act 250 process are a prime example. However, fixed 
boundary preserves may become ineffective in protecting those species that move into 
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unprotected areas to follow preferred climate conditions (Monzón et al. 2011, Parmesan 2006). 
Such shifts and realignments will make protecting species and ecosystems in their current 
locations difficult and in many cases impossible.  
 
Because of projected shifts in habitats and species with climate change, the need to address 
resource conservation and management across political jurisdictions will challenge existing 
models for planning, regulation, and management. Many Federal laws and regulations are not 
well-prepared to address the challenges that will be posed by a shifting climatic baseline and its 
attendant ecological responses (Ruhl 2010). Likewise, planning in Vermont is primarily 
implemented at the municipal level; regional planning and conservation needed to manage more 
dynamic areas is a relatively undeveloped practice. Cooperation among states, municipalities, 
agencies, and divisions within agencies will be needed to allow for implementation of forward-
looking goals that are not accommodated in existing legislation, regulations, or institutional 
cultures. 
 
For some species, it may be difficult to protect the range into which they would prefer to move 
(Scott et al. 2005). For example, alpine species typically move upslope when temperatures warm. 
However, such movement is not possible for communities that are already restricted to isolated 
mountain peaks. Consequently, sensitive monitoring and plans to recognize and address 
extirpation may be required (Scott et al. 2005).  
 
Conservation strategies typically are designed to address existing environmental stressors, such 
as habitat disturbance, invasion of undesirable species, pollution from common waste products 
and land disturbance, and overharvesting of biological resources (Wilcove et al. 1998). 
Ecosystems and biodiversity are already threatened by these stressors individually and 
interactively (Heathwaite 2010, Strayer 2010). Climate change may magnify the effects of many 
existing stresses on habitats and species (Staudinger et al. 2012). These multiple sources of 
environmental change make the task of isolating and managing climate-specific impacts 
challenging. However, isolating climate change impacts may not be necessary. If efforts are 
being made to manage the other stresses, then climate change may only increase the urgency of 
these efforts without requiring new efforts. 
 
Human responses to climate change may result in increasing pressure on remaining natural areas 
and the connections among them. For example, climate-driven population shifts may increase 
population density in Vermont, which would consequently increase demands on natural 
recreational areas and other natural resources. Likewise, implementation of adaptation actions 
such as infrastructure adaptation to protect people and property or implementation of climate 
mitigation efforts may affect natural resources in unanticipated ways. While these causes may be 
unmanageable, the effects could be the responsibility of the ANR. 
 
As climate change increasingly affects natural resources, managers will need to prioritize 
management actions in light of severity of effects and availability of resources. Conservation 
triage is the process of prioritizing the allocation of limited resources to maximize conservation 
returns, relative to the conservation goals, under a constrained budget (Bottrill et al. 2008). 
Managers will be forced to decide which of multiple conservation targets should be protected, 
how much intervention is possible, and if limited intervention would be effective (Hagerman et 
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al. 2010). As West et al. (2009) stress, “even with substantial management efforts, some systems 
may not be able to maintain the ecological properties and services that they provide in today’s 
climate. For other systems or species, the cost of adaptation may far outweigh the ecological, 
social, or economic returns it would provide. In such cases, resources may be better invested 
elsewhere.” 
 

4.1.3 Adaptation Goals and Objectives 
Adaptation to climate change in the context of natural resource management is primarily about 
managing change (Millar et al. 2007, Link et al. 2010, West et al. 2009). In order to maintain 
ecosystem functioning, natural resource managers are pursuing a variety of adaptation 
approaches, including increasing resistance to climate change, promoting resilience, enabling 
ecosystem transformation, and realigning restoration and management activities to reflect 
changing conditions (Millar et al. 2007, AWFA 2009) (Table 26). Some combination of these 
approaches is likely to be needed to meet broader conservation objectives.  
 
Table 26. Climate change adaptation management continuum (Millar et al. 2007, Glick et 
al. 2011a, Peterson et al. 2011, AWFA 2009) 

Goal Approach Intent 
 
Maintain status quo 
conditions, "buy 
time" 
  

Increase Resistance Retain existing ecological conditions, assist the habitat 
or species forestall impacts 

Promote Resilience 

Buffer impacts and improve the capacity of a system 
to return to desired conditions after disturbance, or as 
a means to retain the same essential function, 
structure, identity, and feedbacks in an altered state 
(Walker et al. 2004) 

Actively manage 
system transitions 
that are seen as 
inevitable; accepting 
or facilitating change  
 

Enable 
Transformation 

Efforts that enable or facilitate the transition of 
ecosystems to new functional states; proactive 
strategies that anticipate the nature of climate-change 
induced transitions and, working with these 
anticipated trends, include actions that facilitate 
transitions that are congruent with future climate 
conditions, while minimizing ecological disruption 
and undesired outcomes 

Realignment 
(Peterson et al. 

2011) 

Focus on systems that already have been disturbed 
beyond historical ranges of natural variability, and 
focuses on restoration of the system, although not 
necessarily to its historic or predisturbance condition 

 
 
Management goals should be understood on a spectrum that starts at one end to resist changes to 
protect high value and climate-sensitive assets. On the other end of the spectrum, management 
can include actively facilitating changes and encouraging inevitable system transitions so that 
desirable ecological attributes are retained, rather than allowing complete collapse of ecosystem 
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functions and services. These management ideas resemble conventional conservation 
management, but they are materially different in the way the concepts and actions are applied 
(Mawdsley et al. 2009).  
 
Actions intended to resist climate change are those that forestall undesired effects of change 
and/or manage ecosystems so they are better able to resist changes resulting from climate 
change. Resilience actions focus on managing for viable habitats and species to increase the 
likelihood that these will accommodate gradual changes related to climate, and tend to return to 
pre-disturbance conditions. Enabling transformation is an intentional management action that 
accommodates change rather than resisting it by actively or passively facilitating ecosystems to 
respond as environmental changes occur. Realigning management activities focuses on the idea 
that rather than restoring habitats to historic conditions, or managing for historic range of 
variability, the management and restoration goals would be adjusted to current and anticipated 
future conditions (Millar et al. 2007, Magness et al. 2011). 
 

4.2 The Adaptation Strategy Workshop 
In December 2012, the Vermont ANR convened a workshop to provide a forum and initiate the 
process of developing adaptation strategies around key climate change factors. Participants 
included a mix of climate change and natural resource experts as well as policy makers and 
managers. A major goal of the workshop was to brainstorm on ways in which the ANR can move 
forward with developing adaptation strategies around key climate change factors. Four 
workgroups focused on strategies to address ecological impacts on the habitat groups:  Ponds and 
lakes; rivers; wetlands; and upland forests. The strategies were in direct response to the 
vulnerability assessments developed during the July vulnerability workshop. 
 
As with the July workshop, participants were divided into the habitat groups based on their area 
of expertise. Worksheets were provided to focus on specific scenarios and to elicit parallel 
information from each breakout group (Appendices 4A-D). In the first breakout session, 
relatively simplistic likely/probable scenarios of future climate and ecological conditions were 
described (in keeping with Cross et al. 2012 and AWFA 2009). Next, expected ecological effects 
and sensitivity/mediating factors associated with these scenarios were summarized based on 
results from the vulnerability assessments, and the groups were asked for additional insights. 
Then, participants brainstormed adaptation strategies, framed by the following question: What 
actions or strategies could increase the beneficial impact of mediating factors, reduce 
vulnerability to exposures/effects, and create greater resilience for the habitat type? While doing 
this, the groups kept the following categories in mind and attempted to ensure that each category 
had at least some representation: 
 

• Monitoring and assessment 
• Technical assistance related to climate and adaptation issues 
• Regulation 
• Education and outreach/engagement 
• Conservation/land stewardship and land use planning 
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Initially, the workshop organizers thought the groups would be brainstorming separate sets of 
strategies for each scenario, and in some cases for specific habitats (e.g., precipitation-dependent 
peatlands). However, it soon become apparent that many of the strategies applied to multiple 
scenarios and multiple habitats, so the brainstormed strategies were  ultimately compiled into one 
list and participants noted which strategies applied only to specific scenarios or habitats. The 
cross-cutting nature of some strategies may be an advantage when implementation is considered, 
in that wide applicability may be preferable to limited applicability. In some sessions, the groups 
also identified key research needs and data gaps needed to support some of the strategies. 
 
In the second breakout session, each group selected at least one strategy and then one specific 
on-the-ground action or step or investment needed to implement the strategy. After the groups 
noted whether actions were existing or new, they discussed which program or entity should be 
involved and which broad habitat groups (rivers, lakes, wetlands, upland forest) the action 
applied to. Then they rated the action-item based on the following considerations (see ‘Top 
Picks’ worksheet template in Appendix 4E):  
 

• Effectiveness at mitigating (e.g.,  scientific basis for recommending this action) 
• Operational feasibility (e.g., Amount of $, resources required to implement) 
• Degree of current implementation  
• Level of alignment with current policies, procedures, BMPs 
• Social/political acceptability and feasibility 
• Potential for securing funding 

 
In the final session, a participant from each group gave a 5-minute summary of their top picks for 
adaptation strategies and described the implementation of an on-the-ground management action. 
To conclude, the following questions were discussed:  
 

• Where do strategies repeat and overlap?  Which have the greatest synergy among habitat 
types? 

• What was missing from our discussions? 
• Of the topics discussed, which are outside the purview of the ANR? 
• Was the process that was followed at this workshop valuable? How well did it work? 

What would you change? 
• If the ANR moves forward with this, who is interested in participating in that process? 

 
Results from the brainstorm sessions are included in Appendices 4F-I and are discussed in more 
detail in Section 4.3. 

4.3 Next steps 
Much of Vermont’s success in dealing with future climate change effects will depend upon its 
ability to respond, recover and adapt. Preparedness and advance planning will be essential.  
This section of the report provides guidance and recommendations to ANR for planning and 
regulatory initiatives aimed at addressing the effects of climate change. The steps that are 
recommended here represent a compilation of focus areas and needs identified by sector leads, 
participants at the December 11 adaptation strategies workshop, publications and reports 
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completed by outside agencies, and data gaps that were apparent to Tetra Tech in compiling this 
report.  
 
Potential next steps are organized into 3 sections: 
 

• Establish guiding principles, process and products (Section 4.3.1). 
• Continue the work initiated at the vulnerability assessment and adaptation strategies 

workshops (Section 4.3.2). 
• Follow up on the initiatives/focus areas that were identified as important cross-sector 

themes at the adaptation strategies workshop (Section 4.3.3).  
 
If the state moves forward with any of these, it will need to put systems and an organizational 
framework in place to achieve them. Chances for success will be improved if these efforts (1) 
span sectors; (2) if scientists and managers are engaged in collaborative dialogue; and (3) if the 
state involves a wide array of stakeholders in the process, including local experts, state, federal 
and private organizations other state agencies (e.g., VTrans and ACCD), interested public 
audiences, and natural resource-based industries whose interests will be affected by climate 
change (e.g., agriculture, forestry, hunting, fishing, wildlife viewing, skiing/snowmobiling, 
tourism and other recreational user groups).  
 

4.3.1 Establish Guiding Principles, Process and Products 
Moving ahead, it would be helpful if the state developed a cohesive plan with higher level 
guiding principles to address climate change-related issues, such that the various groups working 
on these issues would understand how their efforts fit into a bigger picture. Steps that would help 
take the state in that direction include:     
 

• Adopting guiding principles and tools for managing in light of uncertainty, including a 
formal endorsement or acknowledgement of the spectrum of management actions 
(resistance, resilience, enabling transformation, and realigning management).  

• Developing a formal process for integrating climate change and management actions into 
Agency planning processes. 

• Defining end products and objectives.  
 

4.3.1.1 Management approach in light of uncertainty 
As discussed in Section 4.1.2, goals, objectives, or priorities of managers may change in 
response to current or future climate change. Agencies will need to develop and implement 
strategies based on incomplete or uncertain information and adjust these strategies as needed 
based on monitoring or new information. Given the pace and magnitude of climate change, a 
more flexible form of management will be increasingly important (AWFA 2009). In light of 
these changes, the ANR should consider evaluating whether its current principles, strategies and 
planning approaches adequately address these challenges.  
 
If the ANR decides to integrate adaptation planning into its existing efforts, it can look to 
numerous recent publications for guidance (for example, U.S. EPA 2009, Halofsky et al. 2011, 
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Peterson et al. 2011, Weeks et al. 2011, Poiani et al. 2011). Staudinger et al. (2012) distills 
information from these publications into five general principles, which can be readily 
incorporated into most conservation and management planning processes: 
 

• Link actions to climate impacts. 
• Embrace forward-looking goals. 
• Consider broader landscape context. 
• Select strategies robust to an uncertain future. 
• Employ agile and informed management. 

 
The ANR can also look to a number of existing tools for making management decisions in the 
context of incomplete information, uncertainty, risk and change (Staudinger et al. 2012). These 
tools, which are described in more detail in Appendix 4J, include: 
 

• Adaptive management (e.g., Conroy et al. 2011).  
• Scenario-based planning (e.g., Peterson et al. 2003). 
• Structured decision-making (e.g., Ohlson et al. 2005). 
• Risk management (e.g., Willows and Connell 2003). 

 

4.3.1.2 Process for integrating climate change into planning and implementation 
This report provides a very initial look at what the ANR is currently doing to conserve natural 
resources, species and habitats through the lens of climate change.  Further planning will require 
that the ANR look in far greater depth at new approaches and tools, as well as its budgets, 
staffing, and guidance to determine what additional actions it should be taking in light of a 
changing climate (AFWA 2012).  
 
If the ANR decides to adopt a formal process for integrating adaptation planning into its existing 
planning efforts, it can repeat the procedures presented in this report in greater depth and with 
greater specificity relative to programs, budgets, staffing, and regulation. The process includes 
identifying the resources to be protected, defining vulnerabilities, and formulating feasible 
adaptation strategies and actions. These steps were outlined in preceding chapters. The final step 
is implementing the strategies and actions, with monitoring and assessment of each of the steps 
to confirm their efficacy.  
 
In addition to the process used in developing this report, the ANR can look to several 
publications for guidance. Appendix 4K contains several examples of step-by-step processes that 
have been adopted by other entities, including those put forth by the Climate-Smart Conservation 
workgroup convened by the National Wildlife Federation (Stein et al. written communication 
2012, in Staudinger et al. 2012), the Association of Fish and Wildlife Agencies, U.S. EPA  and 
the Center for Climate Strategies (CCS). As discussed in Section 1, because this project has an 
ecological focus and involves the ANR’s Forestry, Fisheries, Wildlife and Water Resources 
sectors, the management plans that have greatest relevance to this project are the Vermont 
Surface Water Management Strategy (SWMS), the Vermont Forest Resources Plan (FRP) and 
the Vermont Wildlife Action Plan. Table 27 lists the long-term goals/desired future conditions 
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currently included in these plans. These goals should be reassessed in light of climate-related 
impacts and vulnerabilities to ensure they are forward-looking and climate-informed. 
 
The appropriate timeframe for integrating climate change into existing planning efforts will vary 
among projects. Table 28 describes timeframes for integration including ‘no regrets’ (within 5 
years), anticipated (5-15 years) and ‘wait and watch’ (15-30 year), which have been commonly 
applied by other entities (Comer et al. 2012). A planning horizon of about 30 years is often 
considered reasonable for climate sensitive projects because there is much more certainty about 
the impacts of climate over the next 20-30 years versus beyond (Staudinger et al. 2012). 
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Table 27. Goals in Vermont planning documents with relevance to this project.  

Planning Document 
Year 

Published/ 
Updates Due 

Long-Term Goals/Desired Future Conditions 

Vermont Forest Resources Plan 
(FRP) ‐ State Assessment and 
Resource Strategies (Plan) 
(Vermont Forest, Parks, & 
Recreation2010) 

2010/2015 

• Conserve biological diversity across all landscapes. 
 

• Maintain and enhance forest ecosystem health and productivity. 
 

• Maintain and enhance forest contribution to ecosystem services. 
 

• Maintain and enhance an ethic of respect for the land, sustainable 
use and exemplary management. 
 

• Vermont has a legal, institutional and economic framework in 
place for forest conservation and sustainability. 
 

Wildlife Action Plan  
(Kart et al. 2005)  2005/2015 

• Conserve, enhance, and restore Vermont’s natural communities, 
habitats, and species and the ecological processes that sustain them. 
 

• Provide a diversity of fish- and wildlife-based activities and 
opportunities that allow the safe and ethical viewing, regulated 
harvesting, and utilization of fish, plant and wildlife resources 
consistent with the North American model of fish and wildlife 
conservation. 
 

• Maintain safe fish and wildlife based activities and limit harmful 
human encounters with fish and wildlife species and provide general 
public safety service incidental to primary fish and wildlife 
enforcement duties. 
 

Surface Water Management 
Strategy (VT DEC 2013) 

updated as 
necessary 

• Protect, maintain, enhance and restore the biological, chemical and 
physical integrity of all surface waters. 
 

• Support the public use and enjoyment of water resources. 
 

• Protect the public health and safety. 
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Table 28. Situations in which ‘no regrets,’ ‘anticipated’ and ‘wait and watch’ actions have 
been commonly applied by other entities (Comer et al. 2012). 

Actions Timeframe Situations in which commonly applied 

No regrets Within the next 5 
years 

When the climate change factors relate to the 
stressors that are best known and are currently 
being addressed within managed areas; 
considered relatively robust to uncertainty in 
how climate change will play out in a given 
location. 

Anticipated Over the coming 5-15 
years 

Where indirect effects stressors are less well 
known, and/or interactions with climate change 
are less clear; additional information will be 
required to move forward, but participants 
could foresee their implementation. 

Wait and 
watch 

Anticipate over a 15-
30 year timeframe 

Limited amount of current knowledge; research 
questions are specified, investment will be 
required over upcoming decades in order to 
determine appropriate management actions. 

 

 

4.3.1.3  End products 
This report represents a first step in helping the ANR develop climate change adaptation 
strategies. If Vermont decides to pursue this further, it should decide what end products it is 
working towards. One possibility could be a comprehensive adaptation plan. These plans are 
typically a multi-sector effort involving water resources, agriculture, forestry, terrestrial and 
aquatic ecosystems, , growth and land use, energy development, and public health (AFWA 2009, 
Choudhury 2012). As of March 2011, sixteen states (AK, CA, CT, FL, IL, MA, MD, ME, NC, 
NH, NY, OR, PA, VA, WA, and WI) either had an integrated state-level adaptation plan for 
biodiversity conservation or were in the process of completing their State adaptation plan 
(Choudhury 2012). Seven of those states (CT, FL, MA, ME, OR, PA, and WA) had a legislative 
mandate to create a sector-wide state adaptation plan. Those that were not prompted by 
legislative mandates were mostly guided by an executive order from the state’s governor 
(AFWA 2009, Choudhury 2012).  
 
Whatever the end product, climate change is such an active area of research that the ANR should 
plan to update any climate sensitive reports – notably those related to habitat, invasive species, 
and variability in temperature and rainfall- periodically. In particular, the ANR should plan to 
review and integrate results from the U.S. Global Change Research Program’s National Climate 
Assessment (NCA) reports, which are updated at least every 4 years and act as status reports 
about climate change science and impacts on the natural environment, agriculture, energy 
production and use, land and water resources, transportation, human health and welfare, human 
social systems, and biological diversity. The next National Climate Assessment (NCA) is 
scheduled to be completed in 2013. 
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4.3.2 Continue Work Initiated at the Workshops  
While progress was made on vulnerability assessments and adaptation strategies during this 
project, results presented in this report should be regarded as a first step, not a final product, and 
warrant closer review by experts. If the ANR decides to continue the work that was initiated 
during the vulnerability assessment and adaptation strategies workshops, the four major habitat 
groups (forests, rivers, lakes/ponds and wetlands) should continue to meet so that they can build 
on this work. The groups should have adequate representation from each sector (as appropriate) 
and outside experts should also be included. Lists of potential participants can be found in 
Appendix 4L.  The ANR could also seek assistance from outside groups like the University of 
Vermont (UVM) Research on Adaptation to Climate Change (RACC) team.  
 
This section contains recommendations on follow-up tasks that would help the ANR move 
forward with climate change vulnerability assessments and development of adaptation strategies. 
Prior to engaging in these efforts, it would be helpful if the ANRcould provide participants with 
a clear understanding of what the information produced by these groups would be used for. Also, 
systems and an organizational framework would need to be put into place to allow for 
communication and sharing of information across the various work groups.  
 

4.3.2.1 Vulnerability assessments 
As discussed in Section 3, a methodology for assessing vulnerability was developed, and 
vulnerability assessments were completed for a number of habitats and species. However, more 
work needs to be done. The vulnerability ratings warrant closer review by the ANR experts, and 
some habitats and species of interest have yet to be assessed. If the ANR decides to continue 
with the vulnerability assessment work that was initiated during this project, it should consider 
reconvening the four major habitat groups (forests, rivers, lakes/ponds and wetlands) that met 
during the vulnerability assessment workshop. Each group could take the following general steps 
(to start): 
 

1. Review and add to the results in Section 3. If revising any results (e.g., assigning new 
ratings), each group should carefully document how it arrives at the revision since the 
group’s thinking may change over time and because different people might draw different 
conclusions from similar lines of evidence. 

2. Rate non-climatic stressors, per the methodology used in the report on the Vulnerabilities 
of Fish and Wildlife Habitats in the Northeast to Climate Change (Manomet & NWF 
2012a). 

3. Identify and prioritize research needs. 
4. Conduct periodic literature searches to stay abreast of the latest information and tools that 

are becoming available (starter lists can be found in Appendices 3G (forests), 3J 
(wetlands), 3N (rivers) and 3Q (lakes)). 

5. Track initiatives being carried out at the national, regional, state, local levels that pertain 
to each habitat group. 

 
In addition to these general steps, a starter list of more specific tasks for each habitat group can 
be found in Table 29. Additional resources that could potentially be used for habitat-level 
vulnerability assessments in Vermont include NatureServe’s Habitat Climate Change 
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Vulnerability Index (HCCVI) (Comer et al. 2012), and the landscape change 
models/conservation decision-support tools currently being developed by  the University of 
Massachusetts and partners (McGarigal et al. 2011). 
 
Table 29. Starter list of more specific tasks for each major habitat group. 

Habitat group Tasks 

 Forests 

1. Finish the modeling/expert elicitation exercise on tree species that is 
currently being conducted by Vermont Forest, Parks, & Recreation. 

2. If forest formation-level assessments are deemed useful, review the 
assessment on spruce-fir forests that was completed at the 
vulnerability assessment workshop and complete similar worksheets 
for northern hardwood and oak-pine forest formations (or natural 
community types within those formations, as appropriate). 

3. Assess additional forests types, such as urban forests. 
4. Conduct periodic literature searches; add new citations to Appendix 

3G (consider making this into an annotated bibliography). 
5. Watch for final results from the following outside efforts: 

a. The regional-level NEAFWA report on the Vulnerabilities of 
Fish and Wildlife Habitats in the Northeast to Climate Change 
(Manomet & NWF 2012a). 

b. The state-level habitat vulnerability assessments from New 
York and New Hampshire. 

 Rivers 

1. Review and finalize the classification scheme developed during the 
vulnerability assessment workshop (Appendix 3D). 

a. Reconcile differences with the classification scheme used by 
Fish & Wildlife (Appendix 3K) (e.g., should additional 
classes, such as cold water/low elevation/mussel streams in 
the Lake Champlain Valley be broken out). 

2. Review and finalize the table on expected effects of key climate 
factors on physical processes that shape stream ecosystems (Table 
22). 

3. Conduct periodic literature searches; add new citations to Appendix 
3L (consider making this into an annotated bibliography). 

4. Watch for final results from the following outside efforts: 
a. The regional-level NEAFWA report on climate change and 

cold water fish habitat in the Northeast (Manomet & NWF 
2012b). 

b. The regional-level watershed-scale climate change 
vulnerability assessment being conducted by U.S. EPA Office 
of Research and Development (contact: Britta Bierwagen: 
Bierwagen.Britta@epa.gov). 
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Table 29. Continued … 

 Lakes 

1. Review and finalize the classification scheme developed during the 
vulnerability assessment workshop (stratified and unstratified). 

a. Reconcile differences with the classification scheme used by 
Fish & Wildlife (Appendix 3O) (dystrophic, mesotrophic, 
oligotrophic). 

2. Revisit the discussion on whether littoral habitat and eutrophic lakes 
should be assessed separately. 

3. Conduct periodic literature searches; add new citations to Appendix 
3N (consider making this into an annotated bibliography). 

 Wetlands 

1. Review and finalize the vulnerability assessment worksheets.  
a. Ensure that the Water Resource-Wetlands group has a chance 

to review worksheets that were completed after the workshop. 
2. Conduct periodic literature searches; add new citations to Appendix 

3I (consider making this into an annotated bibliography) 
3. Watch for final results from the following outside efforts: 

a. The regional-level NEAFWA report on the Vulnerabilities of 
Fish and Wildlife Habitats in the Northeast to Climate Change 
(Manomet & NWF 2012a). 

b. The state-level habitat vulnerability assessments from New 
York and New Hampshire. 

 
In addition to reconvening the forests, rivers, lakes and wetlands habitat groups, the ANR could 
seek assistance from the Vermont Weather Climate Research group being run by Lesley-Ann L. 
Dupigny-Giroux (VT_WX_CLIMATE_RESEARCH@list.uvm.edu) and the UVM Research on 
Adaptation to Climate Change (RACC) team on the following tasks: .  
 
 

1. Review Section 2 of this report. 
2. Review the climatic data inventory in Appendix 2A. 
3. Update projection data as appropriate after the 2013 NCA report is finalized. 
4. Ask each major habitat group to provide a climatic data ‘wish list.’  
5. Disseminate desired information and tools to each group (as able). 
6. Identify and prioritize research needs.  
7. Conduct periodic literature searches to stay abreast of the latest information and tools that 

are becoming available. 
 
 
The ANR could use the results of continuing vulnerability assessments that are being assembled 
for the 2015 Wildlife Action Plan updates. Tasks could include: 
 
 

1. Review the species worksheets that have been completed to date (Appendix 3B). 
2. Conduct assessments on additional species. 
3. Disseminate species-level information to the appropriate habitat groups. 

mailto:VT_WX_CLIMATE_RESEARCH@list.uvm.edu
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4. Discuss anticipated future changes, such as: 
a. What are the implications of a species, such as the Bicknell’s Thrush, being listed for 

climate change? 
b. The ANR should start a dialogue on the use of translocations or “assisted migrations” 

management for climate-sensitive species with poor mobility (e.g. Eastern Pearlshell 
mussel). 

c. What will be the role of non-native and invasive species in climate-altered 
ecosystems? Will managers adopt goals focused on sustaining ecosystem processes 
and services rather than compositional patterns, which emphasize native species? 

5. Identify and prioritize research needs.  
6. Conduct periodic literature searches to stay abreast of the latest information and tools 

that are becoming available. 
 
Additional resources that could potentially be used for species-level vulnerability assessments in 
Vermont are listed in Table 30. 
 
Table 30. Additional resources that could potentially be used for species-level 
vulnerability assessments in Vermont. 

Resource Description 

NatureServe’s Climate 
Change Vulnerability 
Index (CCVI) 
(NatureServe 2011) 

Uses a scoring system that integrates a species’ predicted exposure to 
climate change within an assessment area and three sets of factors 
associated with climate change sensitivity, each supported by 
published studies: 1) indirect exposure to climate change, 2) species-
specific factors (including dispersal ability, temperature and 
precipitation sensitivity, physical habitat specificity, interspecific 
interactions, and genetic factors), and 3) documented response to 
climate change. Results can vary depending on climatic projection, life 
history and distribution data that are used. Thus, we recommend that 
the input data come from critically-reviewed, primary sources 
(examples of such sources can be found in Appendix 4N). 

Whitman et al. 2012 Vulnerability of Wildlife and Plant Species of Special Concern in 
Maine - contains expert elicitation results for 442 species. 

Schlesinger et al. 2011 Calculated the relative vulnerability of 119 of New York’s Species of 
Greatest Conservation Need (SGCN) using NatureServe’s CCVI. 

Matthews et al. 2007 A Climate Change Atlas for 147 Bird Species of the Eastern United 
States. 

Vermont Forests, Parks 
& Recreation, in 
progress 

Expert elicitation on vulnerability and adaptation of 30 tree species. 

 

4.3.2.2 Continued development of adaptation strategies 
As discussed in Section 4.2, the four major habitat groups (forests, rivers, lakes/ponds and 
wetlands) that met during the adaptation strategies workshop brainstormed lists of adaptation 
strategies that would strengthen the resilience of habitats and species to changing climate 
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scenarios (such as increased temperature and more frequent large precipitation events). Results 
from these brainstorm sessions can be found in Appendices 4F-I.  
 
If the ANR decides to move forward with the adaption strategies work that was initiated through 
this project, it could reconvene these groups and ask them to review and add to the lists in 
Appendix 4F-I. The groups could follow a methodology similar to that which was used at the 
workshop. The groups could identify which strategies are most likely to be effective across a 
range of climatic scenarios versus those that may only be effective under a particular scenario 
(AWFA 2009). This does not require precise modeling; rather, it can be done using simplistic 
climatic scenarios like those that were used at the workshop.  
 
Another tool that the groups could use are the conceptual diagrams that were developed for the 
vulnerability assessments; these can be used to identify steps in the causal pathways where 
management actions can be applied (Appendices 3I (wetlands), 3M (rivers) and 3P (lakes)). 
Also, more and more outside resources are becoming available. Some examples are listed in 
Table 31. It is important that each group conducts periodic literature searches to stay abreast of 
the latest information and tools. 
 
Table 31. Examples of publications that provide helpful information on developing 
adaptation strategies (this is by no means all-inclusive; many more resources exist). 

Resource Description 

Glick et al. 2011b 
A review of climate change adaptation literature 
(www.nwf.org/~/media/PDFs/Global-Warming/Reports/Moving-the- 
Conservation-Goalposts-2011.ashx). 

Mawdsley et al. 2009 A Review of Climate-Change Adaptation Strategies for Wildlife 
Management and Biodiversity Conservation. 

Dawson et al. 2011 Journal article that discusses possible adaptation responses in terms of 
intensity of intervention. 

NCADAC  2013 
(draft) 

The National Climate Assessment will be finalized in 2013; it contains 
more information on adaptation strategies than the previous document. 

Staudinger et al. 2012 
Impacts of Climate Change on Biodiversity, Ecosystems, and 
Ecosystem Services: Technical Input to the 2013 National Climate 
Assessment. 

Lawler et al. 2010 Journal article on resource management in a changing and uncertain 
climate.  
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Table 31. Continued … 
Association of Fish and 
Wildlife Agencies 
2009 

Voluntary guidance for States to incorporate climate change into State 
Wildlife Action Plans and other management plans. 

USFWS and NOAA 
2012 

National fish, wildlife, and plants climate adaptation strategy 
(http://www.wildlifeadaptationstrategy.gov/). 

Thompson, E.H. 2002 Vermont’s Natural Heritage: Conserving Biodiversity in the Green 
Mountain State. 

State adaptation reports Examples are listed in Appendix 1A (e.g., Massachusetts, New York, 
Connecticut, Wisconsin). 

Swanston and 
Janowiak, 2012 

Forest adaptation resources: climate change tools and approaches for 
land managers. US Forest Service Gen. Tech. Rep NRS-87. 

 
Many of the strategies that were discussed at the workshop and that are described in the literature 
are broad-level. While these are helpful for identifying ranges of management options, a ‘one 
size fits all’ generalized approach does not work when it comes to implementation, as there are 
too many site-specific factors to consider. The broad level strategies must be translated into 
actionable site- and target-specific recommendations (Heller and Zavaleta 2009). If the ANR 
wants to develop a more formal framework for translating these principles and strategies into 
place- and target specific actions, possible frameworks include the Adaptation for Conservation 
Targets (ACT) framework described in Cross et al. 2012 and the framework used by Comer et al. 
2012 to develop lists of ‘no regrets’, ‘anticipated’ and ‘wait and watch’ actions.  
 
In addition to reconvening the major habitat groups, the ANR could conduct a comprehensive 
inventory of existing on-the-ground management actions that includes the following information:  
 

• List of management actions and specific responsibilities for each. 
• Resources (e.g. money, staff time) being devoted to each action from agency and other 

sources. 
• Some measure of effectiveness at mitigating (e.g. scientific basis for recommending this 

action). 
• Degree of current implementation (e.g. geographic reach, timeframes, regularity). 
• Level of alignment with current policies, procedures, and best management practices. 
• Social/political acceptability and feasibility. 
• Potential for securing supplemental funding. 
• Expected timeframe for implementation. 
• Assessment of whether the action can be used to address climate change. 

 
These lists could be organized by the management categories listed in  

Table 32, which are used in the Vermont Surface Water Management Strategy. 
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Table 32. Management categories used in the Vermont Surface Water Management 
Strategy. 

Management Category Description 
Monitoring & 
Assessment 

Activities to document locations of climate change impacts and 
identify areas to protect or remediate. 

Technical Support  Programs to assist individuals and organizations with the development 
of projects to address climate change. 

Rules and Regulations That address climate change, including permitting programs. 
Education and 
Outreach  

Activities that confer understanding to the general public on the 
importance of the stressor. 

Funding Programs that provide cost-share assistance or complete funding for 
projects. 

 

4.3.3 Follow up on focus areas identified at the adaptation strategies 
workshop 
 
At the adaptation strategies workshop, the following initiatives/focus areas were identified as 
important cross-sector themes that would strengthen the resilience of habitats and species to 
changing climate scenarios: 
 

• Promoting resilience by reducing other stressors 
• Conserving refugia 
• Monitoring and assessment 
• Data infrastructure 
• Landscape-level planning 
• Groundwater 
• Sustainable flows 
• Ecosystem services 

 
If the ANR and its partners decide to pursue any of these focus areas, this section discusses steps 
that could be taken to further these initiatives. These focus areas have not been prioritized.  

4.3.3. 1 Promote resilience and resistance by reducing other stressors  
 
Ecosystems already are showing impacts from a range of anthropogenic stressors including land 
use change, pollution and non-native invasive species.  Complex interactions can occur among 
these stressors, and teasing out climate change effects from these other stressors can be 
challenging. Overall, it is anticipated that climate change will magnify the effect of many of 
these existing stressors on ecosystems and species (Staudinger et al. 2012). On top of this, as 
evidenced during Irene, the way in which humans respond to climatic events can become new 
stressors themselves and may exacerbate existing threats.  
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In light of this, strategies aimed at reducing stressors will take on added importance and urgency. 
Reducing others stressors was a significant topic of discussion at the adaptation strategies 
workshop and is also a common theme in the literature. This is generally regarded as one of the 
most valuable and least risky strategies available for climate change adaptation, because many of 
these strategies are likely to be beneficial regardless of future climate conditions, and oftentimes 
there is a large existing body of knowledge about their impacts and solutions (thus the term ‘no 
regrets’ strategy) (Comer et al. 2012).  
 
If the ANR decides to pursue this focus area, it should consider performing the following tasks: 
 

• Conduct an inventory of the ANR actions and planning efforts aimed at reducing existing 
stressors, as described in Section 4.3.2.2 

• Assess these actions in light of climate-related impacts and vulnerabilities (do these 
actions adequately protect the environment and human populations from the additional 
stresses of climate change?) 

 
In addition to these general needs, at the workshop, some specific themes emerged as having 
added importance. These included: 
 

• Reducing impacts from nonpoint source pollution (e.g., sediments, phosphorus, and 
nitrogen). These pollutants are expected to be exacerbated due to increases in storm 
intensity and heavy precipitation events. Resulting changes in natural stream morphology 
and related hydrographs could also negatively impact aquatic ecosystems (U.S. EPA 
2012a). During the adaptation strategies workshop, participants discussed Act 138, 
known as the Rivers and Lakes Bill (S.202), which was signed into law by Governor 
Shumlin in 2012.  Act 138 should be evaluated in light of climate change (does it provide 
adequate protection of Vermont’s water resources in light of changing climatic 
conditions?). Also, because much of its focus is on human infrastructure, it should be 
evaluated in light of ecological considerations as well. During our informal assessment of 
Act 138 at the workshop, many of its features were believed to be beneficial under future 
climate scenarios, including: 
  

o Restore beneficial functions of wetlands, floodplains, river corridors, riparian and 
shoreland areas. 

o Reducing floodplain and river corridor encroachment. 
o Reducing stormwater runoff. 
o Lakeshore protection. 
o Protecting riparian buffers 

 
• Improving flood resiliency. A recent report by the Lake Champlain Basin Program 

outlines 15 policy recommendations that would help protect life and property along 
tributary corridors. Examples include identifying Fluvial Erosion Hazard (FEH) areas, 
conducting flood hazard mapping, establishing lakeshore protection areas, and 
developing Risk Management Plans for critical water infrastructure sites and hazardous 
waste sites (LCBP 2013). 
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o Managing streams for equilibrium condition. With the increased likelihood of heavy 

precipitation events, protection of river processes and floodplain function take on added 
importance. Provisions in Act 138 as well as guidance from the Vermont River 
Management Program (RMP) on river corridor protection and restoration projects and 
river corridor easements (Kline 2010a, Kline 2010b, VT DEC 2013b) can help provide 
such protections. 
 

o Decreasing Runoff and Increasing Stormwater Infiltration. This would improve flood 
resiliency in light of projected increases in storm intensity and heavy precipitation events. 
Actions could include:  

o Wetland and floodplain restoration.  
o Green Infrastructure/Low Impact Development. 

 
o Providing better technical assistance, guidance materials and alignment of 

programs and funds at the town and community level. At the workshops, it was noted 
by many participants that municipal elected officials and appointed boards are often 
unaware of the authority that they do have under Vermont law to manage and protect 
shorelines, wetlands, and riparian areas through zoning, planning, and conservation 
actions.  A greater mutual understanding of state and municipal authorities and options 
for improved resource protection was seen as highly beneficial.  Among the areas for 
action discussed were strategies for: 

o Providing technical assistance and guidance materials to towns and communities 
that will help them better understand climate change impacts and will empower 
them to act  

o Aligning state level programs and funds (including Municipal Planning Grants 
and other non-ANR resources) to make it easier for towns to address issues 
associated with climate change, or to enable watershed groups or other NGOs to 
assist towns with climate change adaptation specifically in mind 

 
• Reducing impacts from invasive species, insect and disease pests. These are likely to 

become more pervasive due to warming temperatures, an increase in the frequency of 
extreme events and increasing carbon dioxide concentrations (Driscoll et al. 2011). 
Managers will have to reevaluate the role of non-native and invasive species in climate-
altered ecosystems and make decisions on whether to adopt goals on sustaining 
ecosystem processes and services rather than compositional patterns.  

 
• Targeting areas with high chances of recoverability. Since there are limited resources 

for implementation of climate change adaptation strategies, it will be important for the 
ANR to get the “best bang for its buck.” Examples of existing methodologies that can be 
used to help target areas for restoration include: 

o Tactical Basin Planning (one component of which is identification of healthy or 
recoverable watersheds).  

o Identification of critical source areas (e.g., Missisquoi Bay Basin Project: 
Identification of Critical Source Areas of Phosphorus Pollution 
(http://www.lcbp.org/ijc.htm) (LCBP 2010)). 

http://www.lcbp.org/ijc.htm)
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o When fully implemented, the Act 138 “Rivers Bill” will allow the ANR to 
regulate floodplain developments through a General Permit, which would create 
an opportunity to spend limited state resources on those floodplain activities 
which have the greatest potential to impact floodplain functions.  

o Sizing infrastructure (e.g., culverts) to accommodate sediment transport and 
connectivity. This takes on added importance in light of projected increases in storm 
intensity and heavy precipitation events, as it improves the resiliency of the road network 
and allows for the passage of aquatic organisms (Milone & MacBroom 2009).  
 

• Taking measures to protect against maladaptive human responses. Much of 
Vermont’s success in dealing with extreme climatic events will center on how it 
responds, recovers and adapts. Sometimes addressing one stressor may exacerbate 
another. It is important to anticipate these situations and take steps to ensure that the 
response and recovery does not worsen potential impacts from future events. Examples of 
future scenarios that could be discussed include: 

o If extended summer low flow periods occur as projected, this could result in 
increased water demand (e.g., for irrigation). Does Vermont have systems in place 
to handle this potential increase?  

o If total annual precipitation increases and more heavy precipitation events occur, 
it is possible that more drainage systems (e.g., tile drains that remove excess water 
from the soil) will be put into place. If this happens, what impacts will this have 
on hydrology and water quality in receiving waters?  

 
There are a number of existing resources that may be helpful to the ANR in its efforts to reduce 
existing stressors in light of climate change. Some examples are listed in Table 33. 
 
Table 33. Resources that may be helpful to the ANR in its efforts to reduce existing 
stressors in light of climate change.  

Resource Description 

NCADAC  2013 
(draft) 

The National Climate Assessment will be finalized in 2013; it contains information 
on interactions between climate change and existing stressors.  

Staudinger et al. 
2012 

Chapter 5 is about Impacts of Climate Change on Already Stressed Biodiversity, 
Ecosystems, and Ecosystem Services (http://assessment.globalchange.gov).  

U.S. GCRP 2009 Educational materials can be found in its report titled ‘Climate literacy - the 
essential principles of climate sciences - a guide for individuals and communities’ 
(http://www.globalchange.gov/resources/educators/climate-literacy). 

Lake Champlain  Lake Champlain TMDL work that takes climate change into account is currently 
being performed by Tetra Tech; also watch for nutrient modeling work being done 
by the UVM RACC team. 

VT DEC and 
VTrans (2013) 

The Vermont River Management Program (RMP)/VTrans standard operating 
procedures for managing streams, the RMP’s rule on culvert sizing, and the 2013 
road and bridge standards that contain stormwater management practices to improve 
resilience of road network 

http://www.epa.gov/ncea
http://www.globalchange.gov/resources/educators/climate-literacy
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Table 33. Continued … 

Riparian buffers 
(VANR 2005) 

The ANR’s Riparian Buffers and Corridors Technical Papers 
(http://www.anr.state.vt.us/site/html/buff/buffer-tech-final.pdf).  

River restoration 
(Palmer et al. 2005) 

This journal article contains insights on how to define success in river restoration: 
Palmer et al. 2005. Standards for ecologically successful river restoration. Journal 
of Applied Ecology 42: 208–217. 

Wetland Reserve 
program (USDA 
NRCS 2013) 

Farm Bill programs, such as the Wetland Reserve program, can provide 
compensation to landowners to protect areas that provide important habitat for 
wetland birds 
(http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/wet
lands/). 

Greenseams 
(Milwaukee 
Metropolitan 
Sewerage District 
2013) 

Greenseams: Flood Management in Milwaukee is a pioneering flood management 
plan that utilizes green infrastructuregreen infrastructure technology and has 
assisted with the acquisition of over 2,100 acres of flood prone, hydric (water 
absorbing) soils within the Milwaukee metropolitan area 
(http://www.conservationfund.org/project/greenseams_program).  

Recovery Potential 
Screening Tool 
(U.S. EPA 2012b) 

EPA’s Recovery Potential Screening Tool assists restoration programs in deciding 
where to invest their efforts for greater likelihood of success 
(http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/recovery/index.cfm). 

Healthy Watersheds 
Initiative (U.S. 
EPA 2012c) 

Identifying and Protecting Healthy Watersheds 
Concepts, Assessments, and Management Approaches. This technical document 
was developed to help implement the Healthy Watersheds Initiative (HWI) 
(http://water.epa.gov/polwaste/nps/watershed/hw_techdocument.cfm). 

Wilbanks and 
Fernandez  2012 

Climate Change and Infrastructure, Urban Systems, and Vulnerabilities – 
Technical Report to the U.S. Department of Energy in Support of the National 
Climate Assessment 
(http://www.esd.ornl.gov/eess/Infrastructure.pdfhttp://www.esd.ornl.gov/eess/Infr
astructure.pdf). 

 

4.3.3.2 Conserving refugia  
Participants at the adaptation strategies workshop expressed a strong interest in taking measures 
to protect refugia. The term ‘refugia’ was not formally defined, but it was loosely interpreted to 
mean a place on the landscape where organisms could survive periods of unfavorable climatic 
conditions. Workshop participants seemed particularly interested in protecting and monitoring 
cold water species, but were also interested in tracking trends in cool and warm water taxa. 
 
If the ANR and its partners decide to pursue this focus area, they should consider performing the 
following tasks: 
 

http://www.northeastclimatedata.org/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/wetlands/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/wetlands/
http://www.climatewizard.org/
http://www.climatewizard.org/
http://www.conservationfund.org/project/greenseams_program
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/recovery/index.cfm
http://water.epa.gov/polwaste/nps/watershed/hw_techdocument.cfm
http://www.anr.state.vt.us/dec/geo/grndwaterinx.htm
http://www.anr.state.vt.us/dec/geo/grndwaterinx.htm
http://www.esd.ornl.gov/eess/Infrastructure.pdf
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1. Develop a methodology (with a sound scientific basis) for defining and identifying 
refugia within each major habitat group.  

2. Identify indicators to track. 
3. Identify refugia.  
4. Prioritize. 
5. Protect. 
6. Monitor (are hypotheses holding true? are organisms responding as expected?). 
7. Adapt as need be. 

 
There are a number of existing resources that could potentially be used to help identify refugia. 
Some of these are listed in Table 34. 
 
Table 34. Potential mechanisms for identifying refugia that were discussed at the 
adaptation strategies workshop and via follow-up exchanges. 

Resource Description 

Ashcroft 2010 
Provides guidance on how to define the term “refugia” and 
contains a list of potential methodological issues that can 
arise when identifying refugia. 

BioFinder (VANR 
2013) 
(aquatic and terrestrial) 

BioFinder is a map and database identifying Vermont's 
lands and waters supporting high priority ecosystems, 
natural communities, habitats, and species. The most 
comprehensive assessment of its kind in Vermont, 
BioFinder was developed to further stewardship and 
conservation efforts (http://biofinder.vermont.gov/). 

VT DEC 
(streams) 

Utilize information gathered for Tactical Basin Planning: 
• Water Quality and Biological Assessments 
• Stream Geomorphic Assessments 
• Assessment and Listing Process 
• Identification of Healthy or Recoverable Watersheds 

Consider the following additional information:  
• Connectivity (Martin and Apse 2011) 
• Invasive species 

(http://imapinvasives.org/vtimi/map/) 
U.S. EPA (2013a, 
unpublished) 
(streams) 

Utilize GIS layers that are being created for the regional, 
watershed-scale vulnerability assessment. 
Examine distributions of stream macroinvertebrate thermal 
indicator taxa (Appendix 3L). 

NEAFWA 2011 
(forests and wetlands) 

Utilize the GIS layers from the Northeastern Terrestrial 
Habitat Mapping Project; this is a standardized terrestrial 
wildlife habitat classification system for the Northeast 

Olivero and Anderson 
2008 (streams) 

Utilize the GIS layer from the Northeast Aquatic Habitat 
Classification; this includes a thermal classification scheme. 

Anderson et al. 2012 
(terrestrial) 

Utilize information gathered for the report “Resilient Sites 
for Terrestrial Conservation in the Northeast and Mid-
Atlantic Region.”  
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At the workshop, some potential mechanisms by which the ANR could protect refugia were 
discussed. Examples include:  
 

• Education and outreach 
o Disseminating information to the appropriate partners (in this case, planning and 

conservation commissions, land trusts, NGOs, etc.). 
o Holding a workshop for the VT League of Cities & Towns. 

• Alignment of resources  
o Allowing more funds from the Vermont Housing and Conservation Board to be 

used for protection of surface waters and associated natural resources.  
o Create a conservation fund dedicated to lakeshore properties and wetlands (either 

existing land trusts could utilize this fund or new lake and wetland trusts could be 
formed). 

o Create incentives through the current use program. 
o Create incentives, involving all state programs, to promote greater water quality 

and flood resilience. 
o Evaluate all grant programs to determine whether they are incentivized to 

accomplish the desired result 
• Regulatory 

o Designate aquatic refugia as Outstanding Resource Waters. 
o Enact provisions of Act 138 that restore beneficial functions of wetlands, 

floodplains, river corridors, riparian and shoreland areas. 

4.3.3.3 Monitoring and assessment 
Monitoring data will take on added importance, and different forms, in light of climate change. 
These data are needed to inform adaptive management and help managers make decisions in 
increasingly complex and uncertain situations (AFWA 2009). While there is a need for improved 
species and habitat monitoring across entire ranges and regions, it is unlikely that states will have 
sufficient resources and expertise to address these needs adequately on their own.  
 
Participants at the adaptation strategies workshop emphasized repeatedly the importance of 
improving and adjusting monitoring efforts and of enlisting help from outside organizations such 
as citizen scientist organizations, universities and NGOs. If the ANR and its partners decide to 
pursue this focus area, it would be helpful to start with the following steps:  
 

1. Conduct an inventory of existing citizen, university, government and NGO monitoring 
efforts, including budgets, geographic coverage, information gathered, and staffing. 

2. Evaluate whether these data and methods are sufficient in light of climate-related 
exposures, impacts and vulnerabilities. 

3. Explore additional monitoring possibilities, including the potential for volunteer or 
crowd-sourced data and for creating a collaborative data clearinghouse. 

4. Identify and prioritize needs. 
5. Conduct periodic literature searches to stay abreast of the latest information and 

monitoring tools that are becoming available. 
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6. Track initiatives being carried out at the national, regional, state and local levels that 
pertain to each habitat group. 

7. Identify and pursue funding opportunities. 
 
If the ANR and its partners conduct an inventory, they could start by reviewing the monitoring 
information that Tetra Tech compiled for this project (see Appendix 2A for climatic data, 
Appendix 4N for long-term monitoring data and Appendix 4O for data gaps). The following 
types of questions should be addressed:  
 

• What indicators/parameters are being collected? 
• Who is collecting these data? 
• Where are the data being housed? 
• What are the objectives of the monitoring program that these data are being collected for? 
• Is the monitoring program likely to continue achieving its objectives in light of climate 

change? 
• What else can we ask people to collect (e.g. should we ask citizens collecting lake ice out 

data to start collecting ice-in data as well?)  
• Are there existing monitoring frameworks that can be utilized if we ask people to collect 

new information? 
 
It is also important that the ANR and its partners give careful consideration to the indicators that 
are being collected and tracked over time.  As noted throughout the workshops, non-traditional 
indicators such as ice-in and leaf-out dates are important in climate change monitoring.  
Effective indicators have the following characteristics (per Janeto et al. 2012):  
 

• They represent a basic understanding of how a system (or some component of the 
system) works. 

• They are quantitatively meaningful, can be tracked over time, and are able to be tied-back 
either to measurements or models. 

• Their derivation is well-documented and transparent, and the data on which they depend 
are well understood with respect to their quality and heritage. 

• They are able to represent uncertainties in underlying measurements and knowledge. 
• They are easily interpreted and useful for decision-making. 

 
In addition to these general needs, at the workshop and in Tetra Tech’s data gap analysis, some 
specific themes emerged as having added importance. These included: 
 

• Climate change response/adaptation monitoring. In this project initial steps were 
taken towards assessing vulnerabilities of habitats and species to climate change. These 
assessments are based largely on modeling and expert elicitation. It will be important for 
the ANR to collect observational data to track whether climatic changes are occurring as 
projected, whether species and habitats are responding as expected and which mediating 
factors (e.g. orientation, shading) provide the greatest buffering capacity against warming 
temperatures and changing precipitation patterns. 
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The State currently monitors forest health indicators annually from aerial survey and 
ground plot information on species distribution, growth, regeneration, mortality, soil 
conditions, spring and fall phenology, pests, and forest disturbances. As a partner in the 
Vermont Monitoring Cooperative, the State also monitors forest conditions at high 
elevations where other weather and environmental monitoring is co-located, such as on 
Mount Mansfield and in the Lye Brook Wilderness. Given the diverse nature of each 
forest stand, and the individual land use histories, stand level monitoring by forest 
professionals would greatly enhance understanding of forest changes and the 
effectiveness of adaptation strategies. 

 
• Sentinel monitoring networks. Currently there is a lack of adequate time-series data to 

support analysis of trends and variability in ecologic conditions. To help fill this data gap, 
in recent years, various groups within the ANR have established long-term monitoring 
sites in minimally disturbed rivers, lakes and wetlands. Monitoring at these sites is 
currently being conducted by the Monitoring, Assessment & Planning Program, the 
Wetlands Program, and Lakes and Ponds. Each network should be re-evaluated in light of 
climate change (Is the current site selection adequate? Are ranges of elevational and 
latitudinal gradients being captured? Should more parameters be collected?). Some 
immediate needs for these networks, broken down by habitat group, include: 

  
• Rivers 

o Find funding to purchase water temperature sensors and pressure transducers 
for sites that lack gages 

o Seek assistance with installation of the pressure transducers 
o Develop thermal indicator metrics for stream macroinvertebrate taxa 

(Appendix 3K) and track trends in these metrics over time  
o Work with municipalities, regional commissions, and others to ensure that 

long-term gaging sites are continued 
 

• Wetlands  
o Find funding to support the hiring of an additional staff member  
o Work to resolve lab issues that arose after Irene 

 
• Lakes  

o Design an inland lakes monitoring network that has a mix of stratified and 
unstratified lakes 

o Research which parameters to collect (temperature, wind, cloud cover, ice, 
dissolved organic carbon (DOC2), water clarity, etc.) 

o Find funding for implementation  
                                                           
2 DOC is the tea-colored material that comes largely from decomposition of terrestrial plants. It plays 
many important roles in aquatic ecosystems. In recent decades, studies have shown an approximate 
doubling in the amount of DOC in inland waters (Findlay 2005, Evans et al. 2006). DOC will be an 
important parameter to track in light of climate change because precipitation-driven increases in DOC 
concentration not only increase the cost of water treatment for municipal use (Haaland et al. 2010), but 
also may alter the ability of sunlight to inactivate parasites and pathogens in water, by absorbing 
ultraviolet radiation (UV) that would otherwise be an effective control (Staudinger et al. 2012). 
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• Forests 
o Use new tools such as “Biofinder” to re-assess forest monitoring locations. 
o For existing monitoring plots, intensify monitoring of regeneration as an 

indicator of the future forest. 
o Develop guidelines for and work towards broader implementation of 

monitoring at the stand level to evaluate changes and the effectiveness of 
adaptation strategies, including indicators such as:  
 early regeneration success (<6 years post harvesting), 
 level of tree dieback and mortality unassociated with harvesting,  
 frequency of species based on their regional distribution (northern or 

southern edge of range), and  
 frequency and intensity of disturbance agents (pests, droughts, fire, 

invasive plants). 
 

• Develop a statewide, cross-sector, long-term monitoring plan for brook trout. Brook 
trout are considered to be highly vulnerable to climate change due to their specific 
thermal and hydrologic requirements (Appendix 4N). Different groups within and outside 
of the ANR (e.g. Monitoring, Assessment & Planning Program, Fisheries, Green 
Mountain National Forest) are currently collecting information on brook trout but there is 
not a cohesive statewide monitoring plan for tracking long-term trends in the distribution 
and abundance of this important species. 

 
• Citizen science could help fill the void of biodiversity time series data if tools are 

provided to mobilize citizen scientists to deposit and share data in readily accessible 
networks (Staudinger et al. 2012). This would be a win-win because the ANR would get 
much needed data while raising public awareness and appreciation for biodiversity. 
Efforts should be made to expand and build on existing efforts in Vermont (see Appendix 
4N), and to pursue an organized, collaborative approach with organizations statewide. 

 
• Airborne and satellite remote sensing. Technological advancements continue to be 

made. Different types of sensors can now be combined on the same aircraft to provide 
information on ecosystem composition and function (Asner et al. 2008, Vierling et al. 
2011, Swatantran et al. 2012). Eventually, these airborne sensors will be deployed on 
satellite platforms, which will enable global observations of key elements of biodiversity 
(some in situ data will still need to be collected in order to validate or “ground truth” the 
aerial imagery) (Staudinger et al. 2012). It is important that the ANR stay abreast of the 
latest technology and monitoring tools because a number of different types of imagery 
could potentially be used to help with monitoring efforts in forests, rivers3, lakes and 
wetlands.  

                                                           
3 At the workshop, the rivers group discussed how valuable it would be to obtain additional Light 
Detection And Ranging (LIDAR) imagery. Efforts are underway to collect statewide LIDAR imagery but 
they are slow to move forward due to funding limitations. In light of climate change, it would be valuable 
to collect multi-date imagery, so that sediment budgets could be calculated and tracked over time. 
Depending on the timing and frequency at which the imagery is taken, sediment estimates could 
potentially be correlated with specific storm events as well. To learn more, contact the Statewide LiDAR 
team (David Brotzman - davidb@vcgi.org).  

https://tmail.tetratech.com/OWA/redir.aspx?C=kByS67s9602BHaDdyWbmmhqlIaMPvs8Ix24Sn0Ea_Iyf7_QapD5p0vz-QnTSSRukQyAIFbCDAHM.&URL=mailto%3adavidb%40vcgi.org
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• Track the spread of invasive species. Warming, an increase in the frequency of extreme 

events, and increasing carbon dioxide concentrations are thought to have facilitated the 
spread of invasive species (Driscoll et al. 2011). Efforts should be made to inventory as 
much of the State as possible for invasive species, upload the data into iMapInvasives 
(http://imapinvasives.org/vtimi/map/), forecast and prioritize emerging threats and 
develop proactive plans for early detection and eradication of the highest priority species.  
This is an area that could be aided by development of citizen monitoring. 

 
Some resources that might be helpful to the ANR if it decides to pursue this focus area are listed 
in Table 35. 
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Table 35. Resources on monitoring and descriptions of regional and national monitoring 
initiatives. 

Resource Description 

AFWA 2012 This document by the Association of Fish and Wildlife Agencies provides 
excellent guidance on monitoring strategies in light of climate change. 

NCA Indicators 
(Janetos et al. 
2012) 

This report titled ‘National Climate Assessment Indicators: Background, 
Development, & Examples’ provides excellent guidance on the selection of 
indicators.  

US EPA (2013, 
in progress) 
 

In 2011-2012 with the assistance of Northeastern states and EPA Region 1, 
EPA’s Global Change Impacts and Adaptation Group and Tetra Tech laid 
the analytical foundation for a pilot reference monitoring network for 
freshwater medium-high gradient wadeable streams in Maine, New 
Hampshire, Vermont, Massachusetts, Connecticut, Rhode Island and New 
York. Five sites in Vermont have been proposed for this network. For more 
information, contact Britta Bierwagen 
(Bierwagen.Britta@epamail.epa.gov). 
Tetra Tech is currently working with U.S. EPA on a document on 
Guidelines for Continuous Monitoring of Temperature and Flow in 
Wadeable Streams.  

National 
Network of 
Reference 
Watersheds 
(NWQMC 2011) 

Efforts are underway to establish a collaborative and multipurpose National 
Network of Reference Watersheds and Monitoring Sites for Freshwater 
Streams in the United States. National Water Quality Monitoring Council. 
(2011). These efforts are being coordinated with the GCRP network 
described above. More information is available at: 
http://acwi.gov/monitoring/workgroups/wis/National_Reference_Network_f
or_Streams.pdf 

Hydrologic 
climate-response 
program 
(Hodgkins et al. 
2009) 

A framework has been established for U.S. Geological Survey hydrologic 
climate-response program in Maine. Efforts are underway to find funding 
for this network (pubs.usgs.gov/fs/2009/3044/pdf/fs2008-3044_508.pdf). 

National 
initiatives on 
water supply and 
water quality 
issues (U.S. EPA 
2012d) 

In the National Water Program 2012 Strategy: Response to Climate Change 
report, EPA describes an initiative aimed at improving access to vetted 
climate data and hydrological science, modeling and assessment tools.  

Euro-limpacs 
indicators (2013) 

The Euro-limpacs consortium has done extensive work on identifying 
indicators for climate change impacts in Europe (http://www.climate-and-
freshwater.info). 

VFWD 2000 

Evaluation of Wild Brook Trout Populations in Vermont Streams. Project 
No: F-36-R-3; this report could be used as a starting point for designing a 
statewide monitoring plan for tracking long-term trends in the distribution 
and abundance of brook trout. 

 

http://www.anr.state.vt.us/site/html/buff/buffer-tech-final.pdf
http://www.anr.state.vt.us/site/html/buff/buffer-tech-final.pdf
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4.3.3.4 Data infrastructure 
Workshop participants would like to see a platform created that allows for sharing, accessing and 
disseminating information. This theme was also identified in Staudinger et al. 2012 (“improved 
observation capabilities, more sophisticated data infrastructures and modeling platforms, as well 
as coordinated, landscape-level monitoring approaches will continue to be essential in improving 
climate change research; greater coordination among observations, databases, modeling, and 
emerging policy mechanisms will increase our ability to detect, track, project, and understand 
climate induced changes in biodiversity”). 
 
If the ANR and its partners decide to pursue this focus area, they should consider performing the 
following tasks: 
 

• Evaluate what is currently being done with monitoring and assessment data - 
o Is the current system adequate? 
o What type of information is currently being collected?  
o Who is collecting the information? 
o Where are those data being housed?  
o What types of new information does the ANR and its partners want to collect?  
o How will these data be used? 
o Who will be using these data? 
o What types of functionality will they want? 

• Conceptualize options for storing and sharing information. 
• Track data infrastructure initiatives being carried out at the national, regional, state, local 

levels. 
• Identify potential funding opportunities. 

 

4.3.3.5 Landscape-level planning 
One of the main impacts of climate change will be to increase the likelihood and magnitude of 
shifts in the distributions of species, habitats, and ecosystems. Although Vermont’s current 
network of protected lands and waters, and the many public, private and non-profit agencies 
involved, are important resources for protecting biodiversity and ecosystems, as habitats and 
species shift their locations, the current network of protected areas, the stewardship and 
management approaches used, and the process currently used to prioritize conservation parcels 
may become insufficient or require substantial changes. Many of the climate adaptation 
strategies that are now being designed focus on enhancing habitat connectivity (e.g., Heller and 
Zavaleta 2009, Groves et al. 2012, Manomet 2010c); but additional focus on conservation and 
conservation stewardship for resilience, and prioritizing acquisitions, will need to be 
incorporated as climate change effects are better understood. 
 
Habitat connectivity and landscape-level planning were common themes at the adaptation 
strategies workshop as well. Strategies that were commonly cited across habitat groups included:  
 

• Identify and preserve movement corridors, noting where this could also provide greater 
connectivity for the spread of invasive species. 
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• Improve habitat connectivity to facilitate movement of displaced organisms (e.g., by 
improving culvert sizing in road/bridge standards). 

• Improve buffering to safeguard core, high-quality habitats or natural systems function. 
• Conserve large blocks of habitat where large areas can facilitate adaptation and 

resilience. 
 
If Vermont decides to pursue this focus area, it should consider forming a work group that: 
 

• Conducts an inventory of the ANR actions and planning efforts aimed at enhancing 
habitat connectivity. 

• Links to other land conservation funds, trusts, and organizations active in Vermont and 
adjacent states to get a consolidated picture of land conservation efforts and investments. 

• Assesses these actions in light of climate-related impacts and vulnerabilities.  
• Explores additional possibilities for implementing landscape-level planning.  
• Identifies situations in which enhanced connectivity is likely to be undesirable (e.g. 

concerns have been raised about connected landscapes potentially becoming “pipelines” 
for invasive species).   

 
There are a number of existing resources that can help aid in these efforts. Some examples are 
listed in Table 36. 
 
Table 36. Resources for landscape-level planning. 

Resource Description 
TNC The Staying Connected Initiative (SCI). This is a Nature Conservancy-led 

four-state, 21-partner group of Vermont organizations and agencies that has 
come together to find ways to secure habitat connectivity. 

Anderson et al. 
2012 
(terrestrial) 

Utilize information gathered for the report “Resilient Sites for Terrestrial 
Conservation in the Northeast and Mid-Atlantic Region.”  

National 
initiatives on 
habitat corridors 
(U.S. EPA 
2012d) 

U.S. Environmental Protection Agency. 2012. National Water Program 2012 
Strategy: Response to Climate Change. The NWP intends to develop a 
national framework for a network of remaining healthy watersheds and 
aquatic ecosystems, including natural infrastructure for habitat corridors, and 
intends to support state and tribal efforts. 

BioFinder 
(VANR 2013) 
(aquatic and 
terrestrial) 

BioFinder is a map and database identifying Vermont's lands and waters 
supporting high priority ecosystems, natural communities, habitats, and 
species. The most comprehensive assessment of its kind in Vermont, 
BioFinder was developed to further stewardship and conservation efforts 
(http://biofinder.vermont.gov/). 
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Northeast 
Aquatic 
Connectivity 
(Martin and 
Apse 2011) 

Northeast Aquatic Connectivity - An Assessment of Dams on Northeastern 
Rivers 
(http://static.rcngrants.org/sites/default/files/final_reports/NEAquaticConnect
ivity_Report.pdf) 

Invasive 
speciesmapping 
(TNC 2013) 

Continued mapping of invasive species across the state will take on added 
importance (http://imapinvasives.org/vtimi/map/). 

Jackson and 
Pringle 2010 

Journal article that describes situations in intensively developed landscapes 
in which reduced hydrologic connectivity is desirable. 

VT DEC 
(streams) 

Make use of the existing Tactical Basin Planning framework. 
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4.3.3. 6 Groundwater 
Groundwater is a very important yet poorly understood resource. Groundwater flow paths are 
often complex; data and information are limited, difficult to collect and highly technical; and in-
depth study and analysis can be expensive (Brown et al. 2007). Despite our knowledge gaps, we 
do know that groundwater can serve very important ecological functions in aquatic systems. In 
streams, wetlands and lakes, it can help maintain flows that are vital to organisms, and baseflow 
or cool water inputs can help mediate responses to warming temperatures (Brown et al. 2007, 
Tague et al. 2008). Groundwater is also important for humans since it provides much of the 
Nation’s public and domestic water supply and supports agricultural and industrial pursuits 
(USGS 2009). We are unsure exactly how groundwater will be affected by climate change, but 
do know that changes in temperature and precipitation patterns can have a substantial influence 
on recharge, discharge, and water-table fluctuations in many aquifers (USGS 2009), and that 
groundwater dynamics vary over space and time based on climate, topography, landscape, and 
geological characteristics. 
 
At the adaptation strategies workshop, participants expressed an interest in trying to move 
forward with the following items: 
 

1. Find funding for the “Comprehensive Groundwater Characterization of Targeted 
Watersheds” modeling exercise, which would look at water budgets and base flow 
issues.  The models would allow for the testing of various scenarios related to 
groundwater/surface water interaction on a watershed scale. The Vermont Geological 
Survey (VGS) has proposed this work through a DEC strategic planning process. If 
funding is obtained, it will take two years from July 1, 2013 to finish two targeted 
watersheds.   

2. People acknowledged a general need for developing a better understanding of 
groundwater resources (extent, source and movement) in Vermont. Information on 
base flow availability and/or contributions is needed in order to develop water quantity 
and water quality management strategies. 

3. Integrating groundwater into the Surface Water Management Strategy. Interactions 
between surface and groundwater are difficult to observe and measure (thus, groundwater 
is often ignored in water-management considerations and policies), but the importance of 
considering ground water and surface water as a single resource has become increasingly 
evident (Winter et al. 1998). 

4. Establishing a sentinel groundwater monitoring network.  Currently there is a 
groundwater level monitoring network funded by the USGS that consists of 13 wells in 
different geographic areas. With funding cuts, USGS is carrying a minimal network of 
sand and gravel wells. The network’s main purpose is to get a sense of drought conditions 
in the State. Limitations of the current network include: 

 
o There are no bedrock wells in the system (groundwater in Vermont is 

generally contained in either bedrock fractures or glacial deposits of sand and 
gravel). 

o The network does not monitor for water quality.     
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Additional data gaps were evident to Tetra Tech as this report was compiled. These include: 
 

o Developing a better understanding of which species depend on groundwater, and 
how/why they rely on groundwater. 

o Developing a better understanding of how alterations in the amount and quality of 
groundwater affect groundwater-dependent biodiversity. 

o A state-wide inventory or mapping of groundwater resources that integrates with or 
builds off of the geologic map that was recently completed (Ratcliffe et al. 2011) would 
be useful. This would apply to both water availability and to water quality.  

o Learn more about recharge rates.  
 
 
Some outside resources that could potentially serve as useful models for furthering knowledge of 
groundwater resources in Vermont are listed in Table 37. This list is not all-encompassing. 
 
Table 37. Outside resources that could potentially serve as useful models for furthering 
our knowledge of groundwater resources in Vermont. 

Resource Description 

Brown et al. 2007 

A Methods Guide for Integrating Groundwater Needs of Ecosystems and 
Species into Conservation Plans in the Pacific Northwest. Limited tools 
are available for identifying linkages between biodiversity and patterns of 
groundwater systems. This guide can be used by people with no technical 
training in groundwater hydrology. It was developed for the Pacific 
Northwest, so rock permeability would be quite different in Vermont, but 
otherwise it could be a reasonable analogy. 

California’s 
Groundwater Ambient 
Monitoring & 
Assessment Program 
(GAMA) project 

CA has a program designed to assess water quality basin by basin, for a 
host of constituents related to specific issues. It combines water quality, 
geochemistry, geology, and flow to understand and assess the resource 
(http://www.waterboards.ca.gov/gama/). 

New York State 
Groundwater 
Assessment 

NY has a program to assess ambient ground water quality in basins across 
the state. Using a basin approach similar to that used for the surface water 
program, they sample in each of NY’s 8-digit Hydrologic Unit Code 
(HUC) basins over a 5-year period. This is conducted jointly with USGS. 
(http://www.dec.ny.gov/docs/water_pdf/305bgrndw10.pdf). 

New Hampshire 
Groundwater 
Assessment 

Statewide aquifer maps like New Hampshire's could be helpful for 
statewide planning (e.g. Moore et al. 2002 - 
http://water.usgs.gov/pubs/pp/pp1660/). 

 
In addition to groundwater quality and quantity, Vermont should also evaluate its groundwater 
regulations in light of climate change to understand potential vulnerabilities for this resource. 
Climate change could contribute to an increased demand for water withdrawals within the State 
(e.g. more irrigation due to prolonged summer low flow periods; increased withdrawals for 
snowmaking due to a decreased snow pack), as well as from outside the State (e.g. water 
shortages in other States, contamination of drinking water supplies). 

http://water.usgs.gov/pubs/pp/pp1660/
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4.3.3.7 Sustainable flows 
Extended summer low flow periods are projected to occur in Vermont due to changing patterns 
of precipitation and snowmelt and increased water loss due to evaporation as a result of warmer 
temperatures. At the adaptation strategies workshop, participants in the rivers and lakes breakout 
sessions expressed concerns about impacts this will have on water supply, water quality and 
habitat functions. Ecological impacts were discussed, since flow regime is a primary determinant 
of the structure and function of aquatic and riparian ecosystems. Workshop participants also 
talked about impacts on water use and infrastructure, since water needs for agriculture, industry, 
and energy production, and waste water treatment are likely to increase, and even moderate 
reductions in low summer flows could put pressure on surface water resources (UCS 2006a). 
Balancing human and ecological needs is likely to become more challenging in the future. 
 
If the ANR and its partners decide to pursue this focus area, they should consider performing the 
following tasks: 
 

• Assess Vermont’s current flow regulations in light of climate-related impacts and 
vulnerabilities - 

• Are they forward-looking and climate-informed? 
• Do they adequately protect Vermont’s water resources given the changes in 

hydrology that are projected to occur (in particular the extended summer low 
flows)? 

• Do they take into account anticipated changes in water demand (e.g. increase in 
water withdrawals and water storage for irrigation)? 

• Do they adequately account for ecological considerations? 
• Is adequate information available to make informed decisions? 

• Evaluate whether the flow statistics that typically constitute design flows for water 
quality planning (e.g. 7Q10s - the lowest 7-day average flow that occurs (on average) 
once every 10 years) will still be adequate under future climate scenarios. 

• Explore proactive actions that could be taken to ensure that drinking water and 
wastewater systems (water sector) are sustainable and can fulfill their public health and 
environmental mission. 

• Track national and regional initiatives and potential funding opportunities. 
 
If it is concluded that updates should be made to Vermont’s flow regulations, there are a number 
of resources that Vermont could look to for guidance. Some examples are listed in Table 38. 
These include Ecological Limits of Hydrologic Alteration (ELOHA), which is a framework for 
developing regional environmental flow standards. Vermont can also learn from actions taken by 
other states, such as Maine. In 2007, Maine became the first state in the USA to adopt statewide 
environmental flow and lake level standards based on principles of natural flow variation 
necessary to protect aquatic life resources and important hydrological processes (for more 
details, see Table 38). Descriptions of actions that other states have taken can be found in 
Appendix 4P. 
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Table 38. Resources that Vermont could look to for guidance on sustainable flow issues. 

Resource Description 

Maine Department of 
Environmental 
Protection 2007 

Chapter 587: In-stream Flows and Lake and Pond Water Levels.  
To enact this rule, Maine set up an incentive program with farmers 
and an Agricultural Water Management Board to coordinate 
activities.  The Board is comprised of members from Maine DEP, 
Department of Agriculture, federal agencies, and various commodity 
groups.  Funds come from NRCS, which uses the rule as source for 
accessing EQIP and AMA funds.  The state initially passed an 
irrigation bond as well to provide additional funds (that has now run 
out). DEP works closely with potato growers, which have the greatest 
irrigation demands, and public water supply companies. For more 
information, contact Nick Archer: nick.d.archer@maine.gov. 

ELOHA (Poff et al. 
2010) 

Journal article on the Ecological Limits of Hydrologic Alteration 
(ELOHA): a new framework for developing regional environmental 
flow standards. 

Massachusetts 
Sustainable-Yield 
Estimator 
(Archfield et al. 
2010) 

A decision-support tool to assess water availability at ungaged stream 
locations in Massachusetts (pubs.usgs.gov/sir/2009/5227/). 

National initiatives on 
water supply and 
water quality issues 
(U.S. EPA 2012d) 

U.S. Environmental Protection Agency. 2012. National Water 
Program 2012 Strategy: Response to Climate Change 
(http://water.epa.gov/scitech/climatechange/2012-National-Water-
Program-Strategy.cfm) 

EPA’s Climate 
Resilience Evaluation 
and Awareness Tool 
(CREAT) (2013b) 

Software that assists drinking water and wastewater utility owners 
and operators in assessing their risk to potential climate change 
impacts(http://water.epa.gov/infrastructure/watersecurity/climate/crea
t.cfm) 

Handbook for Water 
and Wastewater 
Utilities (U.S. EPA 
2012e) 

Planning for Sustainability – A Handbook for Water and Wastewater 
Utilities, Report EPA-832-R-12-001.  
(http://water.epa.gov/infrastructure/sustain/upload/EPA-s-Planning-
for-Sustainability-Handbook.pdf). 

Climate Ready Water 
Utilities Toolbox 
(U.S. EPA 2011) 

Provides access to resources containing climate-related information 
relevant to the water sector 
(http://www.epa.gov/safewater/watersecurity/climate/toolbox.html.ht
tp://www.epa.gov/safewater/watersecurity/climate/toolbox.html). 

Safe Water RI (in 
progress) 

Tetra Tech is evaluating the impacts of climate change on drinking 
water utilities in Rhode Island. This project will be completed in 
2013.  

WaterSMART 
(USBR 2011) 

A publication by the U.S. Department of the Interior, Bureau of 
Reclamation on how to Sustain and Manage America’s Resources 
(http://www. usbr.gov/WaterSMART/) 

 
 

mailto:nick.d.archer@maine.gov
http://www.vtwaterquality.org/swms.html
http://www.epa.gov/safewater/watersecurity/climate/toolbox.html
http://www.epa.gov/safewater/watersecurity/climate/toolbox.html


VT ANR Climate Change Adaptation Framework  May 31, 2013 
 

Tetra Tech, Inc.  120 
 

 

4.3.3.8 Ecosystem services 
Humans benefit from a multitude of resources and processes that are supplied by ecosystems, 
such as timber and agricultural yields, recreation (e.g. winter sports, angling), nutrient cycling, 
waste processing and protection from natural hazards. Some refer to these as “ecosystem 
services.” It is easier to place a value built infrastructure than on ecosystem services, since the 
former have easily recognized economic value. Vehicles like fishing licenses, stormwater 
permits, wetland mitigation, etc. are attempts to put monetary value on ecosystem services. 
However, the valuation attempts do not capture all of the services provided by ambient 
environmental systems, such as a forest stand in a potential development zone. In addition, the 
valuation is often based on willingness to pay rather than on comprehensive loss of benefit due to 
management of the ecosystem. Identifying and conveying clear connections between biodiversity 
loss, reduced ecosystem services, and societal benefits remains a challenge (Staudinger et al. 
2012).  
 
At the workshop, participants expressed an interest in doing a better job of identifying and 
quantifying the goods and services that ecosystems provide, especially since climate change is 
likely going to result in the loss or disruption of some ecosystem functions. This is an active area 
of research, and more and more guidance documents and tools are becoming available (for some 
examples, see Table 39). Not all of these approaches require converting things to a dollar value; 
measures like reduced risk, jobs and human well-being can also be effectively captured (Reyers 
et al. 2012). 
 
If the ANR and its partners decide to pursue this focus area, they should consider performing the 
following tasks: 
 

1. Review resources like the ones listed in Table 39 
2. Work on developing language/information on ecosystem services that could potentially 

be integrated into planning documents and educational materials 
3. Conduct periodic literature searches to stay abreast of the latest information and tools 
4. Track the international and national initiatives (IPBES and QuEST) that are described in 

Table 39. 
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Table 39. Examples of initiatives, guidance documents and tools for assigning values to 
ecosystem services. 

Resource Description 
Intergovernmental 
Platform on 
Biodiversity and 
Ecosystem 
Services (IPBES) 

Established in 2010, this organization is akin to an Intergovernmental Panel 
on Climate Change (IPCC) for biodiversity (see Larigauderie and Mooney 
2010). IPBES provides an international policy framework for domestic 
action linking its assessments of climate to those for biodiversity and 
ecosystem services. 

White House 
report (PCAST 
2011) 

The White House charged the Federal interagency community to conduct a 
Quadrennial Ecosystems Services Trends (QuEST) Assessment, which will 
provide an integrated and comprehensive overview of the condition of the 
country’s ecosystems, with projected trends in ecosystem change. This 
effort will be closely coordinated with the National Climate Assessments. 

Staudinger et al. 
2012 

Chapter 7 Proposed Actions for the Sustained Assessment of 
Biodiversity, Ecosystems, and Ecosystem Services. 

Griffiths et al. 
2012 

U.S. Environmental Protection Agency Valuation of Surface Water Quality 
Improvements. This article addresses three issues that have been 
particularly challenging in estimating the benefits from water quality 
improvement: defining standardized measures of water quality 
improvement, measuring benefits arising from ecological protection and 
restoration, and measuring nonuse benefits. 

U.S. GCRP, 
National Climate 
Assessment 2011 

Valuation Techniques and Metrics for Climate Change Impacts, Adaptation, 
and Mitigation Options 
(http://globalchange.gov/images/NCA/valuation%20workshop%20report_fi
nal_12-13-2011.pdf). 

Perrings et al. 
2011 

Journal article on the Biodiversity and Ecosystem Services Science-Policy 
Interface. 

U.S. EPA 2010 
Guidelines for Preparing Economic Analyses 
(http://yosemite.epa.gov/ee/epa/eerm.nsf/vwAN/EE-0568-50.pdf/$file/EE-
0568-50.pdf). 

UCS 2009 Quantifies the cost of inaction in the report titled “Climate Change in the 
United States – The Prohibitive Costs of Inaction.” 

 

4.4 Summary 
 
This report can be used as a reference in future planning steps as the ANR continues to address 
climate change effects to sensitive natural resources. The framework described within this 
document and presented during two workshops can become the basis for future climate change 
processes. The basic structure of the framework includes (1) projections of climate change 
exposures, (2) evaluation of the vulnerability of habitats and species, and (3) definition of 
adaptation actions, strategies, and priorities. Each of these steps was initiated during preparation 
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of this report using existing literature and regional studies as well as input from natural resource 
and climate experts. These initial efforts could not be comprehensive and do not represent a 
climate change plan. They are merely examples of parts of a process that the ANR can use as a 
basis in ongoing efforts, either as a unified agency-wide climate change plan or for integrating 
climate information into existing planning efforts.  
 
From the multiple existing statewide and regional climate change projections, we see that there is 
general consensus that temperatures are likely to rise, precipitation patterns will change, and 
extreme weather events will occur more frequently and to greater degrees. While multiple 
sources agree on the general trends, they do not agree completely on the magnitude of the 
changes over equal time periods. We can be relatively certain that the trends are evidence of 
future conditions and we will experience the projected changes, though the time-frame is 
uncertain. While we see variation in projections across the northeast region, variation of effects 
in Vermont are associated with latitude and elevation only in theory.  
 
Vulnerability assessments were conducted to identify which species or habitats are likely to be 
most strongly affected by projected climatic changes and to understand why these resources are 
likely to be vulnerable. The results presented in this report are based largely on expert elicitation 
and modeling, and represent a compilation of information from the first workshop, follow-up 
exchanges, reports from other states, the regional NEAFWA report and published literature. 
Results should be reviewed closely and developed in greater depth as more information becomes 
available. The process that was developed for documenting exposures, sensitivities, and 
mediating factors at the first workshop could be used if additional habitats and species of interest 
are assessed in the future. 
 
The adaptation actions arrived at during the second workshop represent substantial strategies for 
implementation in the future. The strategies are in keeping with what is being published in other 
states. However, the workshop was limited in scope due to time constraints. The identified 
strategies will need to be developed in greater depth and additional strategies need to be 
identified to address new approaches and different vulnerabilities. The process by which 
adaptation actions were derived can be repeated to identify new strategies. The workshop format 
and worksheets allow exploration of the feasibility of implementation of actions, at least as a first 
step. 
 
Dire warnings of warming trends continue to dominate the current media with regards to climate 
change. Extreme weather events such as superstorms Irene and Sandy have been experienced in 
Vermont and the region. Because these trends and conditions are expected to continue, the ANR 
should be encouraged that investment in climate change adaptation will pay off with protections 
of natural resources. Although the projections and vulnerabilities are full of uncertainties, 
existing climate trends which may compound existing stressors should add emphasis to the 
urgency in treating the stressors, at least.  
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