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7.0 EXECUTIVE SUMMARY

Climate change is impacting Vermont’s infrastructure, including transportation (roads and
rail), buildings, utilities (electricity, water, wastewater, and fuel), and dams. Both increasing
temperatures and extreme events (e.g., flooding) have—and will continue to—impact these
sectors. All Vermonters use at least a subset of the state’s infrastructure: driving on public
roads, crossing public bridges, or using power and other utilities. Therefore, damage to
infrastructure from climate change is highly visible and impactful to people’s daily lives.
These climate impacts are not distributed evenly across the state. Climate risks to
infrastructure are greatest in Rutland County and the Northeast Kingdom, and lowest in
Chittenden County. In response, Vermont has recently enacted numerous regulatory and
incentive-based climate policy changes.

This chapter is most relevant for the following groups: municipalities (see road damage,
building damage, water system damage); regional planners (see all topics); public utilities,
state officials and policymakers (see flood damage broadly, impacts to dams); and private
landowners and land managers (see privately owned roads, dams, and buildings).

The most significant climate impacts on Vermont’s infrastructure include:

e Culverts are at risk from more frequent flooding and freeze-thaw cycles. Nine
municipalities have 25% or more of their culverts listed in poor condition, mostly in
mountainous, remote, or financially disadvantaged areas. The proportion of road
culverts in poor condition is highest in Rutland and Washington counties, and lowest
in Chittenden County.

e Models show Vermont’s road surfaces will deteriorate more quickly compared to the
national average due to increased heat and precipitation severity.

e \Vermonters reported 9,234 instances of significant damage to their homes or
businesses following flood events in July 2023 and 2024. The damage reported was
greatest in Washington and Caledonia counties.

e Burying power distribution lines underground, also called undergrounding, reduces
utility vulnerabilities to climate change. The state’s three largest utilities have
undergrounded most lines in Chittenden County, but the rest of Vermont remains
vulnerable. A quote from a Vermont Electric Cooperative (VEC) representative
illustrates this issue: “We are lucky if we improve 10-12 miles of line annually and
have over 2,400 miles of distribution.”

e Agingwood power poles are atincreased risk of decay from more frequent and severe
precipitation. Municipalities in Lamoille and Essex counties are most at risk; the
mean power pole age in this region is 40 years or older.
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Vermont has 34 electric substations and 41 wastewater treatment facilities located
in (currently mapped) 100-year flood zones. During flooding in July 2023, 23
wastewater treatment plants were damaged; catastrophic damage to two of those
plants (Johnson and Ludlow) resulted in tens of millions of dollars in repair costs and
hundreds of thousands of gallons of untreated sewage entering waterways.
Vermont has 69 high hazard dams and 190 dams that are greater than 100 years old,
mostly located in Windham and Windsor counties. These dams are at greater risk of
overtopping or reaching catastrophic failure during flood events.

There are many effective adaptation strategies to respond to these climate impacts
including:

Following road-stream crossing installation best management practices
Downgrading underused roads to Class IV and replacing unnecessary bridges and
culverts with fortified low-water crossings

Using updated climate-change scenarios in pavement grading (i.e., planning ahead
for climate impacts on road surfaces, as has been done in Maine)

Experimenting with innovative strategies for reducing the impact of temperature
swings on roadways—such as cold patch asphalt, “hot box” units, and geosynthetic
wicking fabrics—and upscaling these strategies when financially feasible
Supporting proactive, community-led efforts for flood mitigation, including pre-
trained disaster preparedness volunteer corps and citizen monitoring of blocked
culverts that pose a flood risk

Incentivizing low-risk development, as encouraged by the 2024 Vermont Flood Safety
Act

Funding the Vermont Weatherization Assistance Program and investing in efficient
new construction

Funding distribution line undergrounding; Al prediction tools can help utilities
prioritize lines for upgrades

Removing aging and inactive dams, while remaining sensitive to cultural values

Addressing climate change impacts on infrastructure requires cross-boundary work that

draws upon diverse sources of knowledge, resources, and firsthand perspectives to
strengthen community adaptation and mitigation efforts. Infrastructure is a cross-cutting
issue and additional relevant chapters in this report include, 4 Water Resources, 8 Energy, 9

Outdoor Recreation and Tourism, 10 Human Health, and 11 Community Development.
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7.1 KEY MESSAGES

1. Outdated, undersized, or under-engineered road and rail stream crossings are
vulnerable to severe flood events. Road surfaces are at-risk from intense rains,
increasing temperature variability, and extreme heat.

2. At least 10,000 buildings are located within the mapped 100-year floodplain,
meaningthereis a 1% chance that these buildings will experience flood damage each
year. Many of these maps have not been updated to reflect increases in flood
frequency and severity in a changing climate, indicating that this number may be an
undercount. Buildings outside of floodplains may also be impacted by flash flooding
or by erosion hazards from intense rains.

3. Older buildings are particularly vulnerable to flooding and may be weakened by more
variable temperatures and precipitation regimes. Weatherization can reduce these
impacts.

4. Frequentflood eventsincreasingly endanger the power grid, as well as drinking water,
wastewater, and fuel infrastructure. Of Vermont’s 334 electric substations, at least
34 (or 10.2%) are located in a flood zone. Wet snow, ice storms, and high wind
periods pose additional threats to power grids.

5. Vermonthas over 1,000 known dams, of which nearly 50% are inactive. Severe floods
can cause water to overtop both active and inactive dams, posing a threat to people
and property downstream.

7.2 BACKGROUND

Climate change driven increases in the frequency and severity of precipitation events,
extreme heat, and temperature fluctuations impact infrastructure, including roads, rail,
buildings, utilities, and dams. Damage to infrastructure from climate change is highly visible
and impacts people’s everyday lives. For example, damage to transportation networks from
floods, heat, or temperature-variability can lengthen commutes or block access to essential
services, like hospitals, grocery stores, and pharmacies. Severe power grid damage from
wind and ice can cause communities to lose power more often and for longer. Most
dramatically, more frequent and severe floods can damage people’s homes and businesses,
and therefore, their lives and livelihoods. Dam overtopping events (i.e., when a dam’s
reservoir fills faster than water can be released, causing it to spill over the top of the dam)
can exacerbate impacts in communities already experiencing flooding or erosion hazards.

Responding and adapting to these infrastructural challenges is uniquely difficultin Vermont.
Most municipal budgets are dedicated to school funding and town highway maintenance,
leaving little room for funding climate adaptation measures. As climate change causes
severe precipitation events to rise, the cost of maintaining roads in a state where the
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majority (54.1%) are unpaved is only expected to increase (DeAndrea, 2024). Therefore,
understanding and adapting to climate change impacts on infrastructure is critical for
individual, community, and state-wide climate resilience.

This information will be particularly useful for infrastructure asset managers, policymakers,
and planners at the state, regional, and municipal levels.

Although the chapter’s primary focus is on assessing the impacts of climate change on
infrastructure, contributing factors and adaptation considerations are also included in
many of the subsections. More detailed state-level strategic planning for climate change
can be found throughout the Vermont Climate Action Plan (Vermont Climate Council,
2025b).

7.3 DAMAGE TO ROADS AND RAIL

7.3.1 Road and rail crossing damage from extreme precipitation events
Impacts
In Vermont, climate change is expected to cause more frequent and severe flooding events

(see Climate Change in Vermont 2.6.2). Stream crossing infrastructure is increasingly atrisk,
with outdated, undersized, and under-engineered bridges and culverts regularly failing in

high-flow conditions (Galford et al., 2021; Figure 7-1). Severe flooding events can result in
water ponding (i.e., pooling) above the inlet of a structure and potentially overtopping and
washing out the road. It can also result in a culvert “blowing out” of the road and being
pushed downstream, resulting in a road gap until the structure is replaced. Vermont
Emergency Management (VEM) estimates that Tropical Storm Irene damaged 960 culverts
in 2011 (Vermont Emergency Management, 2018). Recently, the July 2023 flood event
damaged 826 culverts on public roads, leading to the temporary closure of over 300 miles
of roadway throughout the state (Knapschaefer, 2023; Wright, 2024). These road closures
can have awide range of impacts, ranging from longer commutes to complete isolation from
essential services (see Human Health 10.4.1 and Community Development 11.5).
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Figure 7-1 Culvert collapse on a road in Brattleboro, Vermont following heavy rain, 2021

Source: Joshua Carnes (2021)

For bridges, the most common source of damage during flooding is bridge scour, where
powerful floodwaters erode material around the pier or abutment of a bridge, causing the
structure to crumble (Anderson, 2018). In Vermont, one study estimated 326 bridges were
damaged by Tropical Storm Irene, with the majority of those (55.6%) experiencing scour
damage (Anderson, 2018). The 2018 State Hazard Mitigation Plan has a higher estimate of
bridge damage (480 bridges) from Irene (Vermont Emergency Management, 2018). The July
2023 flood event resulted in at least 30 bridges experiencing scour damage and requiring
replacement, with 14 temporary bridge requests made by municipalities to the Vermont
Agency of Transportation (VTRANS) (Wright, 2024). Flooding in December 2023 did not result
inanytemporary bridge requests, indicating low bridge scour damage from that flood hazard
event (Wright, 2024). The highly localized late-July 2024 flooding destroyed 16 bridges within
only a few towns in the Northeast Kingdom (Goff & Banacos, 2024).

Flooding as severe as those events is hazardous because it can result in both access issues
and significant economic costs. These floods prevented access to homes and working lands,
and sometimes cut off vulnerable groups from emergency services ((Vermont Emergency
Management, 2023b). At the same time, there can be significanteconomic impacts: The July
2023 flood resulted in $157 million in spending for both emergency and permanent repairs
by the Federal Highway Administration (Wright, 2024). Additionally, rail networks were
damaged across the state, resulting in $70 million in repairs to 41% of Vermont’s rail
network mileage, including 25 bridges and 32 culverts (Wright, 2024).

The December 2023 flood event caused at least $1.9 million in damage to public roads
(McDonald &Wilson, 2024). The cost of repairs to public roads has historically been partially
covered by the U.S. Federal Emergency Management Agency (FEMA) when a federal disaster
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declaration is made. After the December 2023 flooding, up to 75% of total damages were
covered by the federal government (FEMA and the Federal Highway Administration) or the
state (on state highways). For municipal roads, the remaining cost is absorbed by town
budgets, which vary significantly depending on tax base, town size, and other expenses.
Individual landowners are responsible for paying the full cost of repairs and replacements
of private roads—including driveways, farm roads, or forest roads that are often required for
access to homes and properties. Landowners vary widely in their capacity to bear this cost.
As of July 2025, Vermont still has over $200 million of needed infrastructure repairs due to
the 2023 flood event alone (Vermont Department of Housing and Community Development,
2025).

Outdated, undersized, or under-engineered structures, even if they do not fail, can impede
aquatic organism passage, cause local erosion, and obstruct sedimenttransport ata reach-
scale (a reach is a section of stream with consistent hydrologic conditions) following high
streamflow events (Cocchiglia et al., 2012; Gillespie et al., 2014; Lehrter et al., 2024).
Erosion of sediment at road-stream crossings and along road ditches and cross drains
contributes to downstream phosphorus loading, which is especially relevant in the
phosphorus-impaired Lake Champlain Basin (LCB; Wemple et al., 2021). Increased erosion
rates from severe storms further the fragmentation of aquatic habitat by increasing
impassable drop heights between road crossing structures and streams (Lehrter et al.,
2024). Put differently, the greater the distance between the road crossing and the stream,
the more unlikely it is that aquatic organisms will be able to travel upstream. Currently, only
6% of road-stream crossings in the LCB provide full passage to aquatic organisms (Lake
Champlain Basin Program, 2024). Without action to upgrade structures, increased erosion
from regular high streamflow events will only worsen this problem.

Contributing Factors

A bridge’s condition contributes to its risk of failure in an extreme event. Vermont has 2,533
bridges, and 59 (2.3%) of these have substructures in poor condition (Vermont Association
of Planning and Development Agencies, 2025), which leaves these structures vulnerable to
failure. At the time of the last Vermont Climate Assessment (2020), the ratio of bridges with
substructures in poor condition was 2.25%, suggesting no trend either in terms of bridge
deterioration or rate of improvement (Vermont Association of Planning and Development
Agencies, 2025).

The condition of culverts (both on roads and railways) is also a contributing factor to their
failure risk. As of October 2025, Vermont has 113,373 inventoried culverts. Of those culverts,
14,506 (12.8%) are classed as in critical, urgent, or poor condition (Vermont Association of
Planning and Development Agencies, 2025). Towns in Rutland and Washington counties
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have the highest proportion of culverts in poor condition or worse (Figure 7-2). There are also
nine municipalities in Vermont that have 25% or more of their culverts listed as beingin poor
condition or worse: Winhall, Newport City, Maidstone, Fair Haven, Hubbardton, Fayston,
Eden, Sudbury, and Panton. Most of these municipalities are either mountainous, remote, or
contain disadvantaged census tracts (i.e., areas that are above set thresholds for
environmental or socioeconomic indicators).

Figure 7-2 Percent of culverts in poor, critical, or urgent condition by town in Vermont, 2025

Source: The Vermont Association of Planning and Development Agencies (2025); Vermont Center for
Geographic Information (2025b, 2025c)

Note: Data visualization by Luke Briccetti and Hannah C. Turner
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Many of Vermont’s culverts are likely to be more than 50 years old, which is generally
considered at the top end of the typical lifespan for a steel corrugated culvert (Gillespie et
al., 2014). Data on culvert age is limited; as of October 2025, only 8.6% of structures within
the Vermont Association of Planning and Development Agencies (VAPDA) culverts database
had a listed installation year. This data gap will improve as newer structures continue to be
installed statewide, but it highlights a current vulnerability for municipalities that may not
know how to prioritize the replacement of structures without a more complete dataset.

There are also ecological impacts of bridge and culvert conditions and design. Of the state’s
18,698 culverts and bridges spanning perennial streams (i.e., streams that contain water
year-round), approximately 58.6% are significantly constricting the stream channel (i.e.,
spanning less than 50% of the stream channel), and 34.6% are listed as either “not providing
aquatic organism passage” or “providing only very limited passage” (Vermont Agency of
Natural Resources, 2023). Both of those attributes indicate undersized, non-climate
resilient structures.

American Beavers (Castor canadensis) often construct dams at river chokepoints such as
road culverts. Beavers provide broad, landscape-level benefits that make ecosystems more
resilient to climate change, including water storage that reduces overall flood risk and
buffers systems against drought risk (Thompson et al., 2021). However, beaver dams atroad
crossings may result in localized ponding and flooding, thereby impacting surrounding
residents or business owners. Also, many residents perceive the bursting of dams at road
crossings or further upstream to be a cause of road damage during extreme weather events
(Briccetti, unpublished data). The scientific evidence for this view is mixed, as some studies
have found significant damage from beaver dam failures (Hillman, 1998; Reister, 2018),
whereas other, more recent studies have found that beaver dam failure had little impact on
peak discharge during a flood (Biron et al., 2025; Westbrook et al., 2020).

Changing beaver population size in the state has consequences for infrastructure planning.
These populations are increasing, although they remain at 2-20% of pre-colonial densities
(Scamardo et al., 2022). One study in Vermont found that beaver populations increased by
120% between the mid-1980s and 1990s (Vermont Fish & Wildlife Department, 2025). The
lack of beavers on the landscape before this time allowed for the installation of undersized
culverts to become the norm, and undersized culverts are more likely to be the target of
beaver dam building efforts (Burchsted et al., 2010; Wohl, 2005). As a result of these
dynamics and the increasing frequency of flood events, beavers are often a target of human-
wildlife conflict (Jonker et al., 2006; Yarmey & Hood, 2020). The following is an example
response to beaver damage that reflects the complicated sentiments associated with
beaver management decisions.
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They[The beavers]filled that culvert several times...every morning[a neighbor] would
come down there'd be water running down the road, and they'd pull out sticks and
mud and stuff and get it flowing again, but by the time they got home in the afternoon
it was, you know, flowing down the road again. So, you can either trap them or you
can shoot them. | took six beavers out of there...What | hate is just killing them and
not using the hides or whatever. | hate just killing to kill, but — | did. (landowner in
Lamoille County)

Adaptation Considerations

Installing newer structures (e.g., culverts, bridges) that are sized, aligned, and graded
appropriately will reduce road-stream crossing infrastructure vulnerability to climate
change. Collectively, these recommendations are referred to as Best Management
Practices (BMPs). For sizing, Vermont BMPs generally call for the structure to be 1.2x the
bankfull width of the stream channel (i.e., 20% wider than the stream’s high-water mark),
although this can vary depending on the stream’s natural flow regime (Vermont Fish &
Wildlife Department, 2016; Figure 7-3). For alignment, a greater than 45° stream inlet
approach angle is recommended to reduce the risk of erosion at the bend as well as
associated road washouts during flood conditions (Vermont Fish & Wildlife Department,
2016). Removing structures altogether (e.g., when those structures are obsolete) is also an
effective tactic for risk reduction. This tactic is common on private lands, especially on
forest roads. Vermont’s “Logging Acceptable Management Practices” guidelines direct
loggers to install various types of temporary crossings on logging trails, such as corduroy
crossings, which consist of logs laid side-by-side perpendicular to the road; these are
relatively straightforward to install and to remove in low-flow areas (Vermont Department of
Forests, Parks, and Recreation, 2019). While not effective in many situations, abandonment
of some public roads—particularly Class IV roads, which are public roads not actively
maintained by the town or state—and removal of their road crossings can reduce hazard
risks and ecological consequences. There are, of course, trade-offs: even when a road is
used infrequently, closing it may result in the loss of culturally or socially significant access
routes, or an inequitable distribution of consequences due to lost access. In certain
situations, a palatable compromise on vulnerable roads might be following up on a culvert
or bridge removal with the fortification of a low-water crossing for 4-wheel drive vehicles.
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Figure 7-3 Characteristics of a well-designed stream crossing. In addition to the characteristics
listed, this structure also shows a crossing width 1.2x stream bankfull width; i.e., 20% wider
than the high-water mark

Source: Massachusetts Department of Fish and Game (2018)

The current version of the Vermont Stream Alteration Rule was enacted in 2017, and
describes the parameters needed to receive a permitto replace or modify a stream crossing
on a perennial stream. It contains provisions to protect aquatic life and build climate
resilient infrastructure (Vermont Department of Environmental Conservation, 2017).
Therefore, to receive a Stream Alteration Permit, new structures on perennial streams
legally cannot constrict stream channels or prevent aquatic organism passage. As
mentioned above, approximately 58.6% of culverts and bridges spanning perennial streams
significantly constrict the stream channel, and 34.6% do not provide adequate aquatic
organism passage (Vermont Agency of Natural Resources, 2023). By comparison, of
structures listed in the VAPDA database as installed since 2017, only 21.9% constrict the
stream channel, and only 15.9% of structures act as a passage barrier; although this list of
structures is not limited to perennial streams (VAPDA, 2025). These values indicate that
regulatory changes to new structure acceptability have likely increased the infrastructure
resilience of public roadways to climate change.

Prioritization of infrastructure repair and replacement is increasingly important. The cost of
maintaining road infrastructure (including crossings) has increased due to climate-driven
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environmental factors (e.g., more severe rainfall events and frequent freeze-thaw cycles),
regulations intended to reduce the impact of these factors (e.g., the Municipal Roads
General Permit), and market pressures (e.g., escalating costs for materials, rising
healthcare costs for municipal workers). As a result, strain on municipal budgets from
highway department costs have increased, leading to either budgetary increases (i.e., cost
passed on to taxpayers) or static budgets (i.e., paying the same for less road maintenance;
K. Cubbon, personal communication, November 19, 2025). Vermont’s extensive,
accessible data on structures and streams provides a useful baseline for prioritizing
structure replacements. For example, Vermont’s Stream Geomorphic Assessment data has
been shown to be useful for predicting the likelihood of bridge scour (Anderson, 2018).
Conversations at the municipal, state, and federal level need to address the economic
strain municipalities face from regularly needing to install larger, more expensive structures
to bolster their resilience to increased flooding under climate change.

Much less is known about structure resilience on private land, although it can be inferred
that the ability of a landowner to maintain or increase structure resilience is highly
dependentontheir financial capacity to do so. A case study of 56 structures on private roads
in the LCB found that 33 (59%) crossing sites assessed were severely constricted, while 28
(50%) crossing sites had severe barriers to aquatic organism passage (Briccetti, 2025). This
finding reflects the challenge road crossings can pose to both private landowners (e.g.,
infrastructure failure risk) and ecosystems (e.g., sediment loading, impaired aquatic
organism passage) when faced with increasing extreme weather. As part of this same study,
a survey of 158 private road crossing owners revealed that landowners who actively manage
their land (e.g., for timber, maple sugar, or other agriculture) feel more confident in their
ability to manage a road crossing, should the need arise (Briccetti, 2023). Targeted outreach
towards landowners that passively manage their lands on the “how” of managing road-
stream crossings could improve adoption rates of road crossing BMPs.

Strengthening and modernizing stream crossing infrastructure may require more
institutional support and funding. Vermont has historically provided support for project
planning, with tools like VTRANS’ Transportation Resilience Planning Tool (Vermont Agency
of Transportation, 2026). Aspects of the Vermont Agency of Natural Resources (VTANR) Atlas
(VTANR, 2024) can be used to assist planners with prioritizing the replacement of vulnerable
road-stream crossing. Vermont was set to receive $63 million annually from 2022-2026
through the federal Bipartisan Infrastructure Law (The White House, 2022), and much of the
funding that has already been received went toward climate-resilient upgrades to road-
stream crossing infrastructure. The on-the-ground impact of that investment remains to be
seen, as does the future of federal investment in infrastructure amid a rapidly changing
funding landscape.
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7.3.2 Road erosion damage from extreme precipitation events
Impacts
Beyond road-stream crossings, erosion from roadside drainages and unpaved road surfaces

are also an issue that is exacerbated by increased precipitation frequency and severity
associated with climate change (see Climate Change in Vermont 2.5.2 and 2.6.2). One of

the most visible impacts of increased erosion on the road surface is unpaved road rutting
(i.e., depressions or grooves), which can increase road roughness and decrease
accessibility, especially on high-slope road surfaces (Remmers et al., 2023; Wemple et al.,
2017). Erosional damage can occur on the road surface, bed, and shoulder when roads
located in river corridors are undermined during flooding (Wang et al., 2024). Incision of
ditchesis another common visible impact of erosion (Katz et al., 2014). Less visibly, erosion
causes an increase in suspended sediment and sediment phosphorus contributions to
surface waters and downstream water quality (Wemple, 2013; Wemple et al., 2021; see
Water Resources 4.5). Estimates from 2013 indicate that erosion on the roadside or road
surface of unpaved roads in Vermont accounts for 17% of the yearly suspended sediment
and 28% of the phosphorus load contributed by upland drainages. An estimate from the
Winooski River Watershed asserts that this erosion would account for 11% of the
watershed’s total phosphorus load (Wemple, 2013). Additionally, while agriculturally-
enriched sediments are often present in flatter areas, which usually result in less total
erosion, these soils often have higher phosphorus concentrations (Perillo et al., 2019).
Therefore, roadside erosion in agricultural, low-relief areas is also contributing to
phosphorus loading issues in impaired watersheds.

Gully erosion (i.e., when concentrated runoff incises soils, forming a defined channel) is also
higher near roads. This can result in elevated sediment and phosphorus loading, as well as
increased susceptibility to mass failures such as landslides or rockfalls (Figure 7-4; see
Water Resources 4.5.4). These events have the potential to destroy road infrastructure,
homes, and other buildings. Gully depth at road drainage outlets increases during times of
high rainfall, especially in areas with slopes above 23% and with high percentages of
surrounding impervious surfaces (Wemple, 2013; Wemple et al., 2021).
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Figure 7-4 An example of mass failure (landslide) from gully erosion in Montgomery, Vermont,
June 22, 2021. Dashed blue lines outline the landslide extent and high-water extent

Source: Luke Briccetti (2021)

Adaptation Considerations

In response to growing concerns about water quality following Tropical Storm Irene and
worsening algae blooms, Vermont passed the Vermont Clean Water Act (Act 64) in 2015
(Vermont Clean Water Act, 2015). This legislation sought to address multiple causes of
nutrient pollution, including road erosion. As a result, the Municipal Roads General Permit
(MRGP) was drafted in 2017 (and amended in 2023) as a policy mechanism for addressing
municipally owned road segments with high erosion levels (Vermont Department of
Environmental Conservation, 2023). The Vermont Department of Environmental
Conservation (VTDEC) developed a set of standards through the MRGP to be assessed at
regular intervals by municipalities (or regional planning commissions assisting
municipalities) through a Road Erosion Inventory (REI) procedure. The REI seeks to assess
various factors that can facilitate erosion (e.g., steep slope, poor roadway crowning, culvert
dimensions) and recommends erosion mitigation BMPs to reduce damage (e.g., roadside
ditch fortification with stone at steep road segments, more pronounced crowning, or resized
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roadside ditch culverts). The MRGP mandates that 7.5% of road segments—and 20% of road
segments assessed to be “Very High Priority”—are brought up to MRGP standards each year
by municipalities, with the goal of having allroads in the state meet MRGP standards by 2036
(VTDEC, 2023). BMPs identified in the MRGP reduce erosion, including in stream gullies,
where stabilizing road drainage outfalls with rock have been shown to reduce gully erosion
rates (Wemple et al., 2021).

Since MRGP implementation in 2017, the state has invested significant resources into
climate-resilient road upgrades to fund these state-mandated changes. For instance,
12,839 road segments have been upgraded, with 66% of those segments funded using state
grants, 24% funded by municipalities, and 10% funded using other sources (including
federal dollars; C. McGann, personal communication, Nov. 20, 2025). However, progress
reports for each municipality show that current MRGP compliance varies significantly. While
certain municipalities have already brought all roads up to MRGP standards, others have
made much less progress (VTANR, 2025). In total, as of 2023, 19% of road segments in
Vermont required future upgrades to meet MRGP compliance (Figure 7-5). Since the
inception of the program, 26% of road segments have been upgraded according to VTDEC;
though this likely is an undercount since municipalities do not always document all road
work (C. McGann, personal communication, Nov. 20, 2025). It is also important to note that
some roads that previously met MRGP standards may have fallen out of compliance
following the flood events in 2023 and 2024, since flood events can still damage roads that
meet climate resilience standards. Overall, following road drainage BMPs will resultin roads
that are more likely to receive compliant MRGP scores, and consequently, to withstand
storm events.

While mandated road erosion mitigation upgrades are only in place on public roads, private
road REls are currently being designed in northwest Vermont as a mechanism for identifying
voluntary road erosion mitigation projects (Northwest Regional Planning Commission,
2025; Box 7-1). Through grants provided by Vermont’s Clean Water Service Provider
organizations, water quality organizations can work with private road owners to fund erosion
mitigation projects; an operationalized private road REI would provide a mechanism by
which to more efficiently identify and prioritize projects that enhance climate-resilience.
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Figure 7-5 Road segments prioritized for upgrade and already upgraded to reach Municipal
Roads General Permit (MRGP) compliance; segments upgraded since 2017 are represented by
blue lines, and segments prioritized but requiring future upgrades to comply with the MRGP are
represented by red lines, inset of central Vermont for more detail, 2025

Source: Chad McGann, Municipal Roads Program Coordinator at Vermont Department of Environmental
Conservation (2025)
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Box 7-1: Applying the Road Erosion Inventory (REI) process to private roads

The Northwest Regional Planning Commission conducted a private Road Erosion
Inventory (REI) in the Lake Carmi watershed in 2021 with funding from the Lake
Champlain Basin Program (Remmers et al., 2023). Lake Carmi is a relatively shallow,
algae bloom-prone lake in Franklin County encircled by seasonal camps, almost entirely
serviced by privately owned roads. The REIl found that 27% of road segments in the
watershed did not meet Municipal Roads General Permit (MRGP) standards, with the
most common issues being poor drainage off the road, insufficient crown, and poor
drainage culverts. The REI results were then used to prioritize segments for updates, and
the regional planning commission worked with private landowners to implement two
erosion mitigation projects in the watershed. However, it was also clear from this project
that MRGP standards are not uniformly applicable to private roads where areas inherently
may be managed to look and function differently than on public roads. This pilot
prompted work on creating a new REI protocol in Vermont that can be applied to private
roads, which will hopefully result in baseline erosion data that can help planners prioritize
and implement private road erosion reduction projects across the state.

State Route 120 at the north end
of Lake Carmi during a harmful
algae bloom event, 2017

Source: County Courier (2017)

7.3.3 Road damage from extreme heat

Impacts
Extreme heat is another climate impact that is predicted to harm road infrastructure in
Vermont, by reducing the structural stability of pavement (Gudipudi et al., 2017). Reduced

structural stability can threaten both the structural and functional capacity of roadways by
hastening wear and tear. Specifically, extreme temperatures can increase incidences of
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fatigue cracking (Figure 7-6a), rutting (Figure 7-6b), buckling of concrete (Figure 7-6¢; Sias et
al., 2025), and roughness (Figure 7-6d). Additionally, the impacts of heat on pavement can
combine with impacts from other climate drivers to hasten road wear and tear (Sias et al.,
2025). A 2014 study projected that the useful life span of pavement in New England
decreased from 16 to 4 years, with an 100% increase in average maintenance costs due to
all climate drivers combined (Daniel et al., 2014). Data on how temperature increases alone
will impact Vermont are limited. A 2017 pavement stability study modelled that fatigue
cracking from heat would increase by 6-8% in Vermont, and rutting from heat by 30-35%
(Figure 7-7), which are both on the higher end of statewide increases nationally, but similar
to other high latitude or altitude states (Gudipudi et al., 2017). It can be difficult to isolate
which specific environmental drivers (e.g., heat, precipitation, freeze-thaw cycles) decrease
pavement stability in a specific location, but pavementreplacement and maintenance costs
per municipality have increased in recent years throughout Vermont (K. Cubbon, personal
communication, November 19, 2025).

Figure 7-6 Examples of different types of wear and tear due to extreme heat, clockwise from
top left: fatigue cracking (a), rutting (b), concrete buckling (c), visible roughness (d)

Source: (a) Alpha Paving (2020), (b) Pavement Interactive (2000), (c) Arapahoe Sheriff via 9News (2018), and
(d) Steph Harris via ABC News (2018)
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Figure 7-7 Modelled national increases (percent change) in the incidence of a) pavement fatigue
and b) cracking and rutting, for the years 2040-2060

Source: Gudipudi et al. (2017)

Although dirt and gravel roads do not exhibit the structural stability impacts that occur on
pavement, trafficked unpaved roads can produce airborne dust particles during high heat
and low-precipitation time periods, which can reduce local air quality and affect human
health (Chen et al., 2019; Midwest Research Institute, 1998; see Human Health 10.5).

Adaptation Considerations

In Vermont, pavement design has historically prioritized minimizing pavement structural
stability risk from freeze-thaw cycles and excess precipitation (VTRANS, 2023). With greater
high-heat days, Vermont roadways will experience heat-related stressors more often, in
addition to the existing stressors that are typically prioritized. As such, correct asphalt
grading, which requires matching pavement type and thickness to anticipated stress from
traffic and natural stressors, is predicted to become more important throughout the United
States, including in Vermont (Underwood et al., 2017). Correct asphalt grading requires
sustained investmentin engineering and construction, which raises costs. Therefore, due to
their resource constraints, municipalities are likely to shoulder a disproportionate road
maintenance cost as they adapt to increased heat.

Engineering roads using modelled temperature increases for different climate change
scenarios can help ensure roads are resilient to increased heat stress. For example, a
national modelling study found that Maine is predicted to have comparably low heat
impacts due to the state using thicker pavements than needed for relatively low-traffic roads
(Gudipudi et al., 2017). As Maine and Vermont are similar economically, topographically,
and climatically, Maine’s paving strategies might have potential in Vermont. A willingness to
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adjust engineering assumptions to match modelled temperature increases is a key factorin
successfulroad infrastructure climate adaptation, as opposed to adhering to the status quo.

For unpaved roads, adjusting road materials might be an effective strategy for reducing the
impact of dust on the surrounding environment and community. However, replacing
unpaved roads with pavement is unlikely to be economically feasible for smaller
municipalities in many situations, exposes roads to other climate stressors described above,
and glosses over the cultural significance of the dirt road network to many Vermonters
(Fairfax, 2025). Instead, dust suppression materials—often calcium chloride—can be
applied to unpaved roads. However, this adds to the chloride load in water bodies, which is
already elevated due to winter road salt (e.g., sodium chloride) application (Franklin
Regional Council of Governments, 2001; Vermont Senate Committee on Natural Resources
and Energy, 2025). When applied correctly, calcium chloride used for dust suppression is
more likely to remain on the road surface than winter de-icing materials, and thus is less
likely to contaminate water bodies (Franklin Regional Council of Governments, 2001). The
Vermont Local Technical Assistance Program—a state level program that provides
technical assistance to municipal highway departments—provides trainings and assistance
in dust suppression best practices (Vermont Senate Committee on Natural Resources and
Energy, 2025). Expanding this program and creating funding pathways that allow program
employees to work with private contractors could be a strategy for balancing dust
suppression and water quality.

7.3.4 Road damage from temperature swings

Frozen periods in New England are anticipated to shorten by 10-20% between 2000-2029,
from the 1970-1999 average of 9-13 weeks (Daniel et al., 2018), a change that Vermonters
are already experiencing with 23.7 more freeze-free days/year within the last half decade
(2020-2024) compared to the 1900s (See Climate Change in Vermont 2.4.4). Additionally,
Vermont is experiencing greater winter temperature variability, with rising mean winter
temperatures (VTRANS, 2023; see Climate Change in Vermont 2.4.3). This temperature

variability increases the number of freeze-thaw cycles in the winter and in shoulder seasons
(e.g., November-December, March-April), which threatens the structural capacity of
roadways (Laurynas, 2022; see Climate Change in Vermont 2.4.3). Similar to extreme heat,

temperature variability (especially increased freeze-thaw cycles) can lead to structural
threats to roadways through transverse (thermal) cracking, which appears as cracks
perpendicular to traffic (Graham & Fitch, 2007). Thaw cycles can weaken the bond between
cement/asphalt and the subgrade below, leading to both transverse cracking and surface
erosion (i.e., raveling; Raffaniello et al., 2022; Sias et al., 2025; Figure 7-8).
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Figure 7-8 Example of a transverse (thermal) cracking of pavement in Dorset, Vermont, 2015

Source: Fitch & Tremblay (2015)

Warmer winters and thaw cycles cause snow and ice to melt, resulting in the formation of
water beneath the road surface. During the spring thaw period, the road surface sits on a
saturated layer of subgrade and is most at risk of damage from heavy traffic loading (Daniel
et al., 2018). Then, rapid temperature drops create frost heaves when subsurface water
freezes forming an ice lens, which expands, contracts, and lifts the road surface (Sias et al.,
2025; Figure 7-9).

Figure 7-9 Ice lens formation and growth, which results in frost heaves that can damage asphalt
pavements

Source: Ahmad & Khawaja (2018)

Frost heaves impact the daily lives of Vermonters; as cracks form they can damage a
vehicle’s tires and suspension system (Doyle, 2018). A VTRANS maintenance engineer
shared, “Some frost heaves...are so substantial that if drivers pass over them, even obeying
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the speed limit, they can catch air” (McArdle, 2018).10/5/2026 4:50:00 PM Unlike potholes,
frostheaves impair the overall road structure, making it more difficult to repair (Doyle, 2018).

Adaptation Considerations

These climate-change-induced structural and functional threats suggest the need for efforts
to harden and maintain roadways. Roads that are built on top of frost susceptible base soils,
like siltand clay, willabsorb more water than materials like granular sand or gravel (McArdle,
2018). Adaptation strategies to address the structural impacts of increased water beneath
the road surface during freeze-thaw cycles include restricting traffic loads and using coarse
grained soil as a capillary barrier above the groundwater table (Elshaer & Decarlo, 2021).

Current adaptation strategies being used across the state include the use of cold patch
asphalt, which temporarily seals cracks and potholes, followed by the application of longer-
lasting hot mix asphalt, applied during warmer months (Brown, 2019). Some
municipalities—including Colchester, South Burlington, and Waterbury—are purchasing
portable “hot box” units, which can streamline the maintenance process (Brown, 2019).
Heating cold patch asphalt lengthens its effectiveness, minimizes labor, and eases
application (Brown, 2019). The hot box unit can also create a hot mix from recycled asphalt
year-round, which is a more durable solution (Brown, 2019). However, these units can cost
between $20,000-30,000. The Montpelier public works director said the city had to rely on
manual patching until funds were freed from their equipment budgets (Brown, 2019).

Additional innovation may be required for roadways to adapt to increasing freeze-thaw
cycles and soil moisture. A case study in Hartland, Vermont demonstrated the effectiveness
of using geosynthetic wicking fabrics to improve rutting resistance of the pavement on a
gravel surface, low volume access road (Elshaer & Decarlo, 2021). The structural integrity of
the road had been compromised so that a single vehicle pass would cause excessive
roadway surface rutting during the spring thaw period. Geosynthetic wicking fabric served
as an effective moisture barrier to prevent groundwater from rising into unbound roadway
layers and to drain water out of the pavement structure.

7.4 DAMAGE TO BUILDINGS

7.4.1 Building damage from floods

Impacts

In Vermont, flood risk is often concentrated along rivers and streams, reflecting the state's
historical city and town settlement patterns along these waterways (see Community
Development 11.6.3). Development within these river corridors is increasingly vulnerable to
fluvial (i.e., riverine) erosion and inundation, due to the natural meandering of rivers (State
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of Vermont, 2026b). Locations damaged in the July 2023 flood are largely consistent with
those that experienced damage during Tropical Storm Irene in 2011, highlighting patterns in
flood risk and exposure in Vermont. The greatest damage was concentrated in Montpelier
and Barre, while other towns along the Green Mountain crest and in the Northeast Kingdom
also experienced damages, including but not limited to Ludlow, Londonderry, and Hardwick
(Vermont Department of Housing and Community Development, 2025).

Roughly 10,000 structures in Vermont are located within the FEMA mapped floodplain zone
(State of Vermont, 2026a). This is due to be updated, so the current number may be an
undercount. As a specific example of what this means for communities, in Montpelier, 12%
of the city’s buildings are located in Special Flood Hazard Areas (SFHAs), demonstrating the
risk of dense historic floodplain development (VTANR, 2026). 10/5/2026 4:50:00 PMHowever,
40% of flood insurance claims nationally come from outside of the FEMA mapped floodplain,
demonstrating that floods are not restricted to mapped vulnerable locations (FEMA, 2022).

Vermont’s housing affordability shortage introduces an additional challenge for climate
adaptation, as low-income homeowners may struggle to afford repairs or to find accessible
housing outside floodplains and river corridors (FEMA, 2022; see Community Development
11.3.2). Manufactured housing communities are more vulnerable to flooding damage as
many are built on land with poor drainage, lack proper elevating and anchoring of homes,
and were constructed prior to current land use regulations that analyze site hazards (Baker
etal., 2014; see Community Development 11.3.1).

The July 2023, December 2023, and July 2024 flooding events caused large-scale
infrastructure damage. Both catastrophic fluvial inundations (i.e., from the overflowing of
rivers), and pluvial flooding (i.e., from heavy precipitation and snowmelt) have increased in
Vermont, as evidenced by these recent flooding events (see Climate Change in Vermont
2.5.2 and 2.5.3). These extreme precipitation events lead to widespread erosion damage,
especially in mountainous settings (Mingle, 2025), which can cause large-scale
infrastructure damage, such as destabilized building foundations (Field Geology Services,
2007).

The flooding of July 2023 resulted in a federal emergency declaration, numerous mudslides
and landslides which stranded residents and destroyed homes, and caused at least $600
million in estimated damages (Banacos, 2023; Soares et al., 2025; Vermont Agency of
Administration, 2023). Following the December 2023 floods, Gov. Phill Scott reported
dozens of flooded basements in homes across several towns, the evacuation of 30-50
homes in Moretown Village, and the flooding of 12 manufactured homes in Brattleboro
(Scott, 2024; Figure 7-10). In July 2024, 4-8 inches (101-203mm) of torrential rainfall led to
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rapid flash flooding in Orleans, Caledonia, and Essex counties and destroyed at least 42
homes (Goff & Banacos, 2024).

Figure 7-10 Flooding from the Winooski River in Waterbury, Vermont on Dec. 19, 2023

Source: Glen Russell/VTDigger (2023)

Vermonters and Vermont businesses self-reported significant flood damage to their homes
in recent years via the 211 human services helpline, with 9,234 total reports between July
2023 and October 2024 (Vermont Emergency Management, 2023a; Figure 7-11). Across the
three flooding events, structural damage reports were highest in Washington County. Most
reports (5,026) occurred following the July 2023 flooding, with significant self-reported
damage reports (2,898) following the two major flood events in July 2024. Relatively few
damage reports were registered during the December 2023 floods (109 total between homes
and businesses), but it is important to note that the rain-on-snow flood events that can
occur during “shoulder seasons” remain a significant concern to developed areas in the
floodplain.
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Figure 7-11 Total reports of property damage by county to 211 filed by residents and business
owners during the July 2023, December 2023, and July 2024 flooding events
Source: Vermont Emergency Management (2023a)

Note: Data compiled by Jessica A. Balerna and visualized by Hannah C. Turner

In terms of specific structural damage, structure walls and roofs are most often impacted
due to hydrostatic pressure, erosion, and moisture saturation (FEMA, 2014a). In Washington
County—where communities in the Winooski River floodplain were severely flooded in July
2023—self-reports of damage were particularly high, with 439 reports related to structure
foundations and 829 reports regarding structure walls/roofs (Vermont Emergency
Management, 2023a; Figure 7-12). The structuralimpacts recorded because of the July 2023
flooding spanned foundation damage to structures in Washington, Windsor and Lamoille
counties, and basement damage to structures in Washington, Addison, Windsor, and
Orange counties. The most notable impacts of December 2023 pluvial flooding took place
in the Winooski River Basin, and self-reports of residential properties in Chittenden County
note 21 flooded basements, 14 homes with wall/roof damage and seven homes with
foundation damage. July 2024 flooding damage spanned structures largely in Caledonia
(156 reports of foundation damage, 200 reports of wall/roof damage) and Washington
counties (134 reports of foundation damage, 143 reports of wall/roof damage).
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a. 211 reports of flood damage to residential homes by type (July 2023)
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Figure 7-12 Reports of damage (by type) to 211 of a) residential property (by type) following the
July 2023 and b) following July 2024 flooding events
Source: Vermont Emergency Management (2023a)

Note: Data compiled by Jessica A. Balerna

Residential nonstructural flood damage costs include emergency temporary and long-term
lodging for those displaced, as well as the costs of cleanup from property damage (Rhodes,
2023; see Community Development 11.3.2). A July 2025 report estimated that Vermont still
has over $100 million in unmet housing need as a result of damage from the summer 2023
flood event alone (Vermont Department of Housing and Community Development, 2025).
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The projected increase in fluvial flood risk in Vermont is estimated to total $2.13 billion in
property damage over the next 100 years (Gourevitch et al., 2022)10/5/2026 4:50:00 PM
Climate change is expected to result in an increase of the cost of these damages to $5.29
billion (Gourevitch et al., 2022)10/5/2026 4:50:00 PM

Adaptation Considerations

Addressing infrastructural inequities and weaknesses across Vermont requires hazard
mitigation and pre-disaster planning at the household, community and state levels (see
Community Development 11.6).

The Vermont Emergency Management Hazard Mitigation Assistance Program funds
structural elevation, mitigation reconstruction, and floodproofing of nonresidential and
municipal buildings (Vermont Emergency Management, 2023b). Structural elevation has
been pursued as an adaptation strategy in municipalities hardest hit by the July 2023
flooding, supported by the 2024 Community Resilience and Disaster Mitigation Grant
Program (Smith, 2024). Funding recipients for residential structure elevations were chosen
in Barre, Montpelier, Hardwick, Cambridge, and Ludlow (Smith, 2024). These awards cover
up to $300,000 per structure, ensuring that the lowest floor and all attendant utilities are
elevated at a minimum of 2’ (60.96 cm) above the base flood elevation (Smith, 2024). The
fund was intended to prioritize elevation projects for homeowners with greater economic
need and to prevent repetitive loss in low income and marginalized communities (Vermont
Emergency Management, 2026).

Funding elevation projects will build flood resiliency and lower damage costs in
communities hardest hit by continuous flooding events.

‘One Montpelier woman lives in a flood-damaged 1870s farmhouse with her two
children. After the flood they had nowhere to go. They have been living with no floors,
no walls. She's been cooking on a grill that entire time,’ city councilperson Lauren
Hierl said. ‘The woman has spent at least $40,000 toward the work of drying out and
demolding the house,’ she said. ‘She has added insulation and subfloors and no
longer has a bathroom on the first floor. If a buyout happens, the bank owns the home
so she and her children will be homeless.’ (Rathke, 2024).

Mitigation along these lines can reduce risk to individual buildings and communities;
however, considering that more than 3,000 reports were made to 211 for structural damage
in 2023 and 2024 (Figure 7-12), the pace of mitigation must increase to make a statewide
impact.

Flood proofing may reduce the costs associated with flood recovery but does not eliminate
the threat of flood damage. Even when floodwaters are not moving, they exert hydrostatic
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pressure on buildings, which increases with water depth, while floodwater saturated soil
produces a buoyancy force on basement floors (Figure 7-13). Standard wood frame and
masonry constructed walls are not built to withstand this added pressure, causing walls to
be pushed in or out (Federal Emergency Management Agency, 2014). Wet floodproofing,
when lower levels of non-residential structures are allowed to flood, attempts to counteract
and equalize this pressure (American Society Civil of Engineers & FEMA, 2022). This
floodproofing technique suggests the elevation of mechanical equipment, integration of
flood damage resistant materials, anchoring of the structure, and use of flood openings
(American Society of Civil Engineers & FEMA, 2022).

Figure 7-13 Depiction of hydrostatic pressure from saturated soil producing a buoyancy force
on a) a structure with slab flooring and b) a structure with a basement level

Source: Federal Emergency Management Agency (2014)

Towns across Vermont have implemented innovative community-level projects to empower
and connect residents to direct flood mitigation action. To supplement volunteer work,
Waterbury, Vermont has hired a part-time Natural Disaster Preparedness and Response
Coordinator to increase the town's flood response rate and overall planning efficiency.
Waterbury has also established a Natural Disaster Preparedness Committee Volunteer
Corps to be trained in team leadership, administration, communications, property
assessment, inventory, mucking, and transportation (M. Dugan, personal communication,
December 11, 2025). In response to July 2024 flooding, the Black River Action Team’s
“Cavendish Culvert Crawlers” initiative was created to assess damaged and blocked
culverts to support town staff in culvert and ditch maintenance (Okemo Valley TV, 2025). As
part of a partnership between Dartmouth College, Black River Action Team, Cavendish
Connects, and Black River Valley Resources, student volunteers created a culvert
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monitoring citizens science app for volunteers to survey culverts in Cavendish (Okemo
Valley TV, 2025). Community-level mitigation and response projects will be increasingly
importantin building localflood resilience and can be modeled similarly in towns across the
state.

Furthermore, incentivizing low-risk development will also promote more resilient building
infrastructure. The Vermont Flood Safety Act of 2024 regulates new development in river
corridors to reduce future flood damage (State of Vermont, 2026¢). The act provides VTANR
with the authority to regulate development in river corridors within river watersheds two
square miles or greater, and the VTDEC will begin requiring development permits in river
corridors in 2028 (State of Vermont, 2026c¢). Additionally, the Flood Hazard Area and River
Corridor Rule recognizes that historic floodplain encroachments and flood mitigation
approaches have sustained Vermont’s flood vulnerability, thus the rule aims to comply with
National Flood Insurance Program criteria by discouraging encroachment in undeveloped
flood hazard areas and river corridors (Vermont Watershed Management Division, 2014).

Flood risk disclosure provisions outlined in Act 52 require that the buyer of a property must
be informed of flood risks associated with their property; these went into effect in
September 2025 (State of Vermont, 2026d). Understanding past and potential risk means
that property owners can act to protect and adapt their homes accordingly by purchasing
flood insurance and floodproofing. Ultimately, a combination of development regulations,
structural adaptation, and hazard mitigation planning will be required to reduce building
damage from flooding.

7.4.2 Warmer winters and temperature swings damage buildings

Impacts

Increasingly variable temperatures and warmer winters exacerbate strains on Vermont’s
older buildings. Certain building materials are more vulnerable to temperature variability
and increased winter precipitation. For example, brick and ceramic building components
experience frost damage from freeze-thaw cycles, while stone is prone to weathering and
erosion from high precipitation (Phillipson et al., 2016). Both metal and wood experience
deterioration (corrosion and biological deterioration, respectively) from precipitation and
temperature changes (Phillipson et al., 2016). Older buildings require proper maintenance
to preserve the natural thermal mass of masonry that can regulate internal temperatures.
Proper maintenance includes preventing the absorption of water during insulation, blocking
unused fireplace openings, capping chimneys, and maintaining mortar joints (Preservation
Trust of Vermont & Vermont State Historic Prevention Office, 2021). To mitigate building
degradation, infrastructure must be designed to protect buildings against extreme weather
events with improved drainage, insulation, and flood defense.
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Vermont has some of the oldest housing stock in the country; an estimated 29% of homes
in Vermont were built in 1939 or earlier (Van Hoesen & Letendre, 2013; Figure 7-14).
Vermont’s oldest buildings lack newer energy efficiency building standards and were not
designed or built to withstand a changing climate. Buildings from this era in the Northeast
U.S. often experience efficiency issues due to balloon frame construction (exterior walls
that lack insulation), leaky foundations, poorly sealed doors and windows, and insufficient
attic insulation (Van Hoesen & Letendre, 2013). These inefficient building envelopes are
more vulnerable to additional moisture and deterioration of building materials caused by
increasing freeze-thaw cycles (Auld et al., 2007).

Figure 7-14 Number of homes built in 1939 or earlier by county

Source: Vermont Housing Finance Agency (2023)

Note: Data visualization by Hannah C. Turner

Vermont Climate Assessment 2025 31



Adaptation Considerations

Infrastructure

There are several existing programs designed to mitigate energy expenditures and
strengthen resilience, but it will be critical that these programs prioritize adapting existing
buildings and focus on weatherizing Vermont’s oldest buildings. Home weatherization for
low- and moderate-income households is one of the recommendations in the Vermont
Climate Action Plan (VCAP; Vermont Climate Council, 2025a). The plan states that current
federalfunding has the capacity to weatherize about 4,000 homes annually, with an average
cost of $11,000 per home (Vermont Climate Council, 2025b). The Municipal Energy
Resilience Program (Vermont Agency of Administration, 2025) is a state-level program
intended to help municipalities improve community energy resilience. Vermont
appropriated $45 million through the Municipal Building Energy Resilience Program (Act 172,
2022) to support free building energy resilience assessments, capacity-building mini-grants,
and larger implementation grants for municipalities to promote energy resilience such as
weatherization, fuel switching, and renewable energy generation. Notably, this program only
applies to municipal buildings. Multifamily new construction might consider implementing
the Efficiency Vermont High Performance standard, providing incentives to improve thermal
envelopes, airtightness, water conservation, and efficient appliances, lighting, and
equipment (Bushey, 2025). The Vermont Weatherization Assistance Program, offers free,
whole-home energy improvements to eligible Vermonters; however, the program relies on a
blend of funding sources and faces budgetary uncertainty when federal funding is in flux—
as it was in Fiscal Year 2026 (Wilcox, 2025; see Energy 8.5). Moving forward, incremental
weatherization will require bridging a foreseeable federal funding gap at the state level,
requiring further discussion about this as a priority.

7.5 DAMAGE TO UTILITIES

7.5.1 Power Grid

Impacts

Extreme weather events pose increasing challenges to power grids in Vermont. Most (80%)
of U.S. power outages stem from extreme weather events (American Society of Civil
Engineers , 2025). In Vermont, power outages and other damage to utilities are becoming
more severe due to the increased intensity of wet snow, winds, and ice storm events (C.
Brunner, personal communication, Nov. 19, 2025). Between 2008-2019, energy outages
were highest during shoulder seasons (especially late fall/early winter) due to high winds that
damaged utility poles and powerlines, and wet snow that caused tree branches to snap and
damage powerlines (see Figure 6-12 in Galford et al., 2021). In the years since, this trend has
persisted. Utilities continue to see a similar frequency of outage events during the late
fall/early winter, combined with an increase in the severity of these events (C. Brunner,
personal communication, Nov. 19, 2025). Beyond the short-term impact of outages, climate
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stressors can also be linked to decreased power grid infrastructure lifespans (Fant et al.,
2020) due to damages to distribution/transmission lines from lightning strikes, wildfire
damage, and greater risk from increased vegetation growth (Fant et al., 2020; FEMA, 2022;
Lawrence Berkeley National Laboratory, 2024). Aboveground lines are particularly at risk. In
Vermont, areas outside of Chittenden County or downtown centers tend to exclusively have
aboveground transmission and distribution lines (Figure 7-15), posing both an equity and
community resilience concern. Underground lines are more resilient and tend to be
concentrated in Chittenden County, as well as dense downtown centers statewide.

Figure 7-15 Overhead and underground lines for Vermont’s two largest utilities, Green
Mountain Power (9/5/2025) and VEC (10/20/2020)

Sources: Green Mountain Power (2025), Vermont Electric Cooperative (2020)

Note: Data visualization by Hannah C. Turner

Wood poles usedinthe electric grid are also atrisk of increased decay under climate change
from more intense precipitation, warmer temperatures, and flooding (Merschman et al.,
2020). Older poles are more at risk of failure (American Society of Civil Engineers, 2025). On
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average, poles in the northeast region of the state are older, while poles in Chittenden,
Addison, and Orange counties have been installed more recently (Figure 7-16). The national
“Infrastructure Report Card” on energy released by the American Society of Civil Engineers
describes how wood power line poles under 60 feet (18.28 m) tall are “not required to be
built to withstand severe storms.” Approximately 91% of Vermont’s land area is serviced by
three utility providers: Green Mountain Power (GMP), VEC, and Washington Electric
Cooperative (WEC), and at least 98.9% of poles managed by these three providers are under
60 feet tall (Vermont Center for Geographic Information, 2025a).

Figure 7-16 Mean age of wood power poles, aggregated to municipality for Vermont’s three
largest utility providers: GMP, VEC and WEC, areas shaded with yellow are serviced by one of
Vermont’s 14 other utility providers

Sources: Green Mountain Power (2022); Vermont Center for Geographic Information (2025c); Vermont
Department of Public Service (2020); Vermont Electric Cooperative (2020a)

Note: Data visualization by Luke Briccetti and Hannah C. Turner
Electric substations are atrisk from increased floods (Fant et al., 2020). Substation damage

can lead to power outages, fires, and—especially when a control house is impacted—costly
repairs (FEMA, 2022). Of Vermont’s 334 substations, at least 34 (or 10.2%) are in aflood zone
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(Figure 7-17). This analysis is likely an undercount, as parts of the Connecticut River
watershed lack any flood zone mapping.

Lastly, increased heat can also reduce peak electricity capacities for transmission lines,
substation transformers, and distribution transformers (Bartos et al., 2016).

Figure 7-17 Map of electric substations and wastewater treatment facilities, highlighting the
34 substations and 41 wastewater treatment facilities located within flood zones

Sources: Flood maps outside of the Lake Champlain watershed (Federal Emergency Management Agency,
2024); Flood maps within the Lake Champlain watershed (Vermont Center for Geographic Information,
2022); Substations (Vermont Department of Public Service, 2021); Wastewater facilities (Vermont Agency of
Natural Resources, 2022)

Note: Data visualization by Hannah C. Turner
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Adaptation Considerations

Adaptation measures are available at the household, community, and regional/state levels.
For households, using renewable energy backup systems can act as a safeguard against
prolonged utility outages. Backup systems include traditional woodstoves or microgrids
(provided via backup batteries or solar energy). Both individual households and municipal
buildings should invest in backup systems to provide the most resilience during
emergencies (Galford et al., 2021). Utilities can bolster the resiliency of their grid by
subsidizing battery backup systems. For example, GMP, the state’s largest utility provider,
operates a program that allows homes vulnerable to power outages to lease backup
batteries from the utility (GMP, 2023; Weiss-Tisman, 2025). This program helps homeowners
to avoid the costly investment of purchasing the battery outright and allows GMP to meet
resiliency challenges during peak demand when energy is most expensive to purchase.

Undergrounding lines can reduce power grid vulnerability to extreme weather events,
especially in rural areas where repairs are likely to take longer and be costlier (Lawrence
Berkeley National Laboratory, 2024; Wilson & Jarecki, 2023). Utilities have also sought to
“harden” the aboveground grid by using more durable line types, relocating lines away from
vegetation, and physically protecting vulnerable lines with coverings (Dumarevskaya &
Parent, 2023; VEC, 2024). These strategies can be implemented by the state’s largest
electrical utilities, but also by the 14 other utility providers in Vermont that operate within
the bounds of denser villages and city centers (for example, the Burlington Electric
Department). These processes require significant investment on the part of utilities, which
have historically used federal programs, such as FEMA mitigation funding (VEC, 2023), to
move undergrounding and hardening efforts forward.

Congress appropriated $10.5 billion in grid resilience and $1.0 billion for rural grid
infrastructure resilience nationally as part of the Infrastructure Investment and Jobs Act in
2022. In Vermont, this funding was used by utilities for both line undergrounding and grid
hardening (GMP, 2023; VEC, 2023). For example, VEC used much of this funding to
proactively remove ash trees impacted by Emerald Ash Borer (Agrilus planipennis; C.
Brunner, personal communication, Nov. 19, 2025). Emerald Ash Borer weakens ash trees
and makes them more prone to blowing down during a severe storm (see Forests 3.7.1).
Despite this increase in funding and efforts to improve lines, grid hardening and line
undergrounding efforts are not keeping up with increases in storm severity. For example, a
VEC representative wrote: “We are lucky if we improve 10-12 miles of line annually and have
over 2,400 miles of distribution.” (C. Brunner, personal communication, November 19,
2025).
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Box 7-2: Using artificial intelligence (Al) to predict grid vulnerability

Vermont Electric Cooperative (VEC), Vermont’s second-largest utility provider by service
territory, recently became the first utility in the country to implement a machine learning
tool that predicts grid vulnerability using artificial intelligence (Giles, 2025). The utility
intends to use this software tool, Rhizome, to help them prioritize their limited resources
for grid upgrades in the areas that are most vulnerable. VEC has found Rhizome to be
particularly effective at predicting vulnerability to ice storms, and how the vulnerability of
areas of the state to ice storms will change over time (C. Brunner, personal
communication, Nov. 19, 2025). This initiative can serve as a pilot study for using similar
prioritization tools by utility operators throughout the state, allowing utilities to better
focus their investment strategies.

7.5.2 Fuel, wastewater, and drinking water distribution grid

Although Vermont has no natural gas processing or storage facilities, natural gas processed
elsewhere is still part of Vermont’s infrastructure. Vermont Gas Systems (VGS) serves
56,000 consumers in Franklin, Chittenden, and Addison counties via a combined 981 miles
of distribution and transmission pipelines (U.S. Department of Energy, 2021; U.S. Energy
Information Administration, 2024; VGS, 2025). There is also one petroleum pipeline (the
Portland-Montreal Pipeline) that travels 117 miles through the northeast portion of the state,
which is only in use intermittently (GMP, 2023; Weiss-Tisman, 2025).

Fuel pipelines are generally comprised of pressure-resistant steel; however, exposure to
pollutant-laden floodwaters can increase corrosion, especially at valves, which can
increase the likelihood of gas leaks (Laciak et al., 2020). These pipelines do travel through
flood zones (Bartos et al., 2016; U.S. Energy Information Administration, 2025) although they
are buried at least four feet (1.21 m) deep in most locations, and seven feet deep under
streams (Polhamus, 2017). Therefore, they are generally not considered to be significantly
at risk from flooding. However, there are some sections of the more recently constructed
Addison County pipeline that are buried as shallow as three feet (.91 m) deep, which has
resulted in community action and fines against VGS, despite the state Public Utility
Commission ruling that the pipelines in these locations are largely safe (Polhamus 2017,
Poux 2025). As of 2018, natural forces (including floods) had caused about $25,000 in
economic damage to Vermont’s natural gas pipelines per year (U.S. Department of Energy,
2021).

Gas lines and appliances within flood-prone homes and businesses are at higher risk.
Floods can damage gas valves, burners, and control systems (Bedrich, 2026; Fasel, 2025),
which can result in costly repairs and gaps in heating coverage. Gaps in heating during a
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flood can be particularly harmful during rain-on-snow flooding—such as the December
2023 flood—when outside temperatures can be dangerously cold. Importantly, damage to
gas lines and appliances can result in fires, explosions, or carbon monoxide poisoning, and
is thus a danger for gas customers living in flood zones.

Much like natural gas lines, drinking and wastewater distribution systems are at risk from
flooding where they enter homes and businesses. During the summer floods in 2023 and
2024, 537 Vermonters reported damage to their home water systems, including 237 people
in Washington County (Vermont Emergency Management, 2023a; Figure 7-18). Water
distribution systems are also comprised of strong materials (usually copper or steel) and are
often buried, reducing the risk they face from climate stressors. However, 15.8% of
wastewater and 11.5% of drinking water distribution line segments in Vermont are located
in a 500-year flood zone (Figure 7-19). The villages of Pownal, Richford, Waterbury,
Wilmington, and Woodstock/South Woodstock have the highest percentage of at-risk lines.
Locations where distribution pipes are embedded in roads at undersized road-crossings are
at particularly high risk, because these pipes can be in danger of pressure-driven blow-outs
(see 7.3.1). Thereis currently no statewide database that can be used to identify water mains
near at-risk culverts/bridges; however, damage to these distribution lines from both culvert
blowouts and floodwaters has been reported in news articles and town meetings across the
state. These include reports from St. Johnsbury (Waterhouse, 2024), Middlebury (Berlin et
al., 2023), Barton, Plainfield (Barton Village, Inc., 2024), and Barnet (Krupp, 2024).

Of note is that about 40% of Vermonters get their drinking water from wells (Dieter & Linsey,
2017) and about 55% of Vermont wastewater disperses through on-site septic systems
(Vermont Department of Public Health, 2024). There is less publicly available data for on-
site septic systems and less risk from extreme weather events. Despite this lower risk, some
septic damage was reported to 211 by Vermonters during the 2023-2024 floods (168 total
reports; Vermont Emergency Management, 2023a; Figure 7-18).
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Figure 7-18 Total number of 211 reports of damage to residential utilities (electric, gas, septic,
and water) aggregated by county following the July 2023 and July 2024 Vermont floods

Source: Vermont Emergency Management (2023a)

Note: Data compiled by Jessica A. Balerna and visualized by Hannah C. Turner and Hannah Peplinski
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Figure 7-19 Drinking and wastewater distribution lines (including combined sewer systems)
located in flood zones in Vermont. Orange areas indicate lines within flood hazard zones,
while white areas represent lines outside of flood zones. Note that not all water distribution
lines located in flood zones are necessarily flood-vulnerable, and that some areas of Vermont
do not have mapped floodplain data

Sources: Flood maps outside of the Lake Champlain watershed (Federal Emergency Management Agency,
2024); Flood maps within the Lake Champlain watershed (Vermont Center for Geographic Information,
2022); Wastewater distribution lines (Vermont Department of Environmental Conservation, 2025)

Note: Data visualization by Hannah C. Turner

Lastly, water treatment plants are at risk. These plants are often built in flood zones, since
treated wastewater must be released into surface waters. Of Vermont’s 232 wastewater
treatment facilities, at least 41 (or 17.7%) are located within currently mapped flood zones
(Figure 7-17). During the July 2023 floods, 23 of those plants were damaged by flooding,
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including reported catastrophic damage to plants in Johnson and Ludlow (Lindholm, 2023;
Naishadham et al., 2023). These two damaged plants alone resulted in tens of millions of
dollars in repairs, and hundreds of thousands of gallons of untreated sewage entering state
waterways (Lindholm, 2023; Naishadham et al., 2023; Figure 7-20).

Figure 7-20 Damage to the Johnson Wastewater treatment plant controlroom after the July 2023
floods. The high-water mark can be seen on the windowpane at the top left corner of the image

Source: Vermont Agency of Natural Resources (2023)

7.6 DAM OVERTOPPING RISK

7.6.1 Impacts

Dam overtopping risk in Vermont has risen with increasing flood intensity. Following the July
2023 flooding in Vermont, five dams failed and 57 others overtopped (D’Auria, 2024). Dam
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overtopping can exacerbate the impacts of downstream flooding by causing floodwaters to
arrive all at once rather than spread out over a normal flood pulse. Beyond increasing the
magnitude of a flood, this can also put lives at greater risk due to the sudden nature of dam
failure floods (FEMA, 2012).

As of October 2025, the U.S. Army Corps of Engineers rated 69 dams in Vermont as “high
hazard”, meaning that if they were to fail or overtop, there would be significant danger to
human lives (U.S. Army Corps of Engineers, 2025). Some dams that came close to
overtopping in 2023 included dams which were built explicitly for flood control, such as the
Wrightsville and Waterbury Reservoir dams; their failure would have caused catastrophic
downstream damage to populated areas such as the village of Montpelier (Casey, 2024).
High hazard dams are located across the state, with a higher concentration located in
southern Vermont, particularly Windsor and Rutland counties (Figure 7-21).

Dams also fundamentally impact aquatic ecosystems. Most dams prevent aquatic
organism passage, fragmenting aquatic species and disconnecting them from accessible
habitat (Chan et al., 2025). Dams also impede sediment transport, which can both change
the ecosystem upstream of the dam and increase erosion rates downstream, since less
sediment travels from upstream to refill material that was removed during natural erosional
processes downstream (The Nature Conservancy, 2023). As erosion rates are reflective of
increased precipitation frequency and intensity (see 7.3.2 and Water Resources 4.5.4),
impeded sediment transport from these dams has a greater impact on ecosystems as they
are subject to various climate stressors.
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Figure 7-21 A) Mapped dams in Vermont aggregated to the county level, where white circles
are dams that are less than 100 years old and red circles are dams that are greater than 100
years old; and B) dams listed as significant or high potential hazard aggregated to the county
level, where pink circles are high hazard dams that are less than 100 years old and red circles
are high hazard dams that are greater than 100 years old

Sources: U.S. Geological Survey (2023); Vermont Center for Geographic Information (2025b); Vermont
Department of Environmental Conservation (2022)

Note: Data visualization by Luke Briccetti and Hannah C. Turner

7.6.2 Contributing factors

Like most of New England, Vermont has a high number of older dams, originally meant for
mills or textile manufacturing and constructed 100 or more years ago (VTANR, 2022).
Vermont has, at minimum, 190 dams that were built 100 or more years ago, with a higher
concentration in southern Vermont, particularly Rutland and Windsor counties (Figure 7-21).
This number is likely an undercount as not all dams in Vermont have been inventoried, and

of Vermont’s >1,000 inventoried dams, less than 50% have a listed year of construction
(VTANR, 2022).

Additionally, many of Vermont’s dams are breached (e.g., partially failed; VTANR, 2022).
These dams are often not maintained and therefore at an even higher risk of complete
structural failure. Such dams also contribute to the impediment of sediment transport, but
unlike maintained, in-use dams (e.g., those used for power generation, flood control,
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recreation), inactive dams exert this ecosystem-level impact for no discernible purpose. Of
Vermont’s 1,084 known dams, 530 (or 48.89%) have no listed purpose (VTANR, 2022).
Additionally, 174 of those dams are fully or partially breached, indicating that they are falling
into disrepair.

7.6.3 Adaptation considerations

Dam removal is a key strategy for reducing the hazard risk and ecosystem-level impacts
posed by dams, which is exacerbated by increased flood frequency and intensity under
climate change. As of October 2025, Vermont has removed 80 dams, prioritizing inactive
dams no longer serving a purpose. This is more than any other U.S. state per capita
(Knapschaefer, 2025). These projects are complicated and expensive, often requiring many
partners and funding sources (Free VT Rivers, 2025). Organizations have used FEMA
disbursements following Tropical Storm Irene and the July 2023 flooding to complement
existing funding sources to remove dams, reducing risk to properties downstream.

Two initiatives by the Vermont state legislature have significant implications for addressing
hazardous dams: updates to the Dam Safety Rule (DSR; VIDEC, 2020) and the newly
enacted Flood Safety Act (Flood Safety Act, 2024). Under the DSR, VTDEC has the discretion
to inspect dams assessed to be above “minimal” hazard level at any time. The rule also
mandated thatthe agency complete periodic daminspections following aninitialinspection
(Table 7-1). The rule also asserts dam owner responsibility for further study or dam
repair/removal, if the dam is determined to be unsafe.

Table 7-1 Dam inspection schedule in the DSR (2020)

Hazard Classification Frequency
High 2 years
Significant 5years

Low 10 years
Minimal None

Note: The first inspection shall be performed when initiated or required by Vermont Department of
Environmental Conservation and subsequent inspections shall be performed in compliance with the table
above

The Flood Safety Act (2024) establishes new dam regulations. The bill expanded the state’s
ability to compel dam owners to repair or remove dams for safety, while also enabling the
state to regulate dams for water quality. Additionally, the act allows individual citizens to
petition the state to initiate new inspections of dams on safety grounds, established a new
fund for dam removal and repair grants, increased staffing in the dam safety department,
and consolidated dam oversight into one department (VTDEC). Although the state is still in
the implementation phase of some of these changes—for example, oversight consolidation
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is not required to be completed until 2028—the newly established fund for dam repairs and
removals was allocated $3 million for dam mitigation projects in Vermont’s Fiscal Year 2024
budget (Vermont Legislature Joint Fiscal Office, 2024), but the implementation of these
funds has yet to occur. These regulations have also increased institutional support from the
state to deal with hazardous and aging dams; however, there is a capacity gap for some
private and municipal landowners, who under these regulations have more responsibilities
if their dams are deemed unsafe. It also remains to be seen whether increased staffing and
funding to the dam safety program is enough to offset this gap.

Box 7-3: The cultural significance of dams — Swanton Village dam

Sociocultural attachment to active and inactive dams contributes to their presence and impacts
in Vermont. For some, these dams provide recreation, aesthetic value, and/or represent a place’s
cultural heritage (Fox et al., 2016; Guilfoos & Walsh, 2023; Magilligan et al., 2017; Parent et al.,
2024). For others, dam removals may represent unwelcome government overreach (Fox et al.,
2016; Magilligan et al., 2017). For example, the removal of the Swanton Village Dam on the
Missisquoi River would have cascading positive impacts on fish passage and sediment transport,
both of which are of increasing importance with a changing climate. Vermont Fish and Wildlife
has supported removal of the Swanton Village Dam since at least 2008, as it would represent a
significant habitat restoration opportunity and the dam has historically not been maintained to
VTDEC standards (Davis, 2014). However, the dam has been protected by the village due to its
historical and aesthetic value (Dobbs, 2016; Polhamus, 2016). The village explored using the dam
for hydro power generation through two different developers, with the project finally being
abandoned in March 2025 (McCallum, 2025). Environmental groups are willing to pay for the dam
to be removed, but it remains unclear whether the village will allow removal to move forward
despite being unable to use the dam for electricity generation. While momentum has
accelerated for dam removals in recent years, it is also clear that these removals are currently a
culturally complex process, which is a reality that project planners must contend with.

The Swanton Village Dam in 2015

Source: Vermont Department of Fish & Wildlife
(2015)

7.7 ANOTE ON TRANSPORTATION EMISSIONS

While Vermont’s total emissions contributions to global climate change are small, the state
has some of the highest per capita emissions in the country. Reports on Vermont’s annual
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greenhouse gas (GHG) emissions (Climate Action Office, 2025), as well as goals to reduce
emissions (Vermont Climate Council, 2025b) have both been produced in recent years and
are the appropriate resources for readers interested in this topic.

The Vermont GHG Inventory evaluates emissions across a variety of sectors, including
transportation networks and personal vehicle usage. Transportation is the largest source of
GHG emissions in Vermont, making up 40.2% of the state's total as of 2022 (VTANR Climate
Action Office, 2025; see Energy 8.3). This largely stems from personal vehicle usage;
Vermont drivers have the highest average miles traveled per capita in the Northeast U.S.
(Galford etal., 2021). On-road gas and diesel emissions make up 68% of total transportation
emissions, with light-duty gasoline vehicles (e.g., cars, SUVs and small pickup trucks) being
the largest contributor to this category (Table 7-2). Heavy-duty diesel vehicles are the
second largest contributor to on-road emissions (e.g., trucks, tractors, and buses).

Table 7-2 Transportation emissions (MMTCO.e) for multiple sectors over time

Sector 1990 2005 2010 2019 2020 2021 2022
Transportation/ mobile sources

3.48 4.33 3.67 3.50 3.02 3.24 3.22
(MMTCO.e)

Motor gasoline (onroad and

2.54 3.05 2.63 2.42 2.01 2.19 2.19
nonroad; COy)

Diesel (onroad; CO,) 0.41 0.70 0.63 0.65 0.61 0.66 0.64
Diesel (nonroad; COy,) 0.31 0.33 025 030 0.29 0.26 0.26
Jet fuel and aviation gasoline (COy) 0.08 0.13 0.07 0.07 0.06 0.09 0.09
Other sources (CO,, CH4, N2O) 0.14 013 0.09 0.06 0.05 0.05 0.04
Ethanol (biogenic CO,)* 0.00 0.01 0.17 0.17 0.14 0.16 0.16
Biodiesel (biogenic CO,)* 0.00 0.00 0.00 0.02 0.02 0.02 0.02

Source: Climate Action Office (2025)

Note: *Biogenic totals are not included in gross total estimates

The VCAP identifies vehicle GHG emissions reductions as a key priority recommendation
(Vermont Climate Council, 2025a). Vehicle emissions reduction strategies include
maintaining Vermont’s adoption of the Advanced Clean Cars Il and Advanced Clean Trucks
compliance requirements, which were paused following Executive Order 04-25, that aim to
gradually increase sales of zero emission vehicles to 100% by 2035 (U.S. Department of
Energy, 2026; Vermont Department of Environmental Conservation, 2026). Additional
priority recommendations include defending states’ authority laid out in Section 177 of the
Clean Air Act, ensuring consistent electric vehicle (EV) incentive funding for low- and
moderate-income vehicle purchasers, and supporting investments for the equitable
distribution of fast EV charging. The VCAP also aims to invest in public, multimodal
transportation to reduce the need for single occupancy vehicles.
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Vermont is actively working to address transportation emissions, from implementing
personal investing in pedestrian/bicycle
modernizing freight planning (Cambridge Systematics, Inc., 2023; Vermont Agency of
Transportation, 2021), but there are additional opportunities for infrastructure planning

vehicle incentives to infrastructure and

improvements. As the state aims to increase the rate of housing construction, supporting
mixed use neighborhood zoning and reducing sprawl may help address housing mismatch
and vehicle needs for commuting.

7.8 TRACEABLE ACCOUNTS

Traceable accounts describe the confidence level—i.e., the degree of certainty in the

scientific evidence—for each key message resulting from this chapter. This analysis is based
on the U.S. Global Change Research Program guidance in the Fifth National Climate

Assessment (USGCRP, 2023).

Confidence Very high

Level

Evidence Level Strong Moderate Suggestive Inconclusive
evidence: evidence: several | evidence: evidence: limited
established courses, some a few sources, sources,
theory, multiple | consistency, limited extrapolations,
resources, methods vary, consistency, inconsistent
confident and/or models findings, poor
results, well- documentation incomplete, documentation
documented limited, etc. methods and/or methods
and accepted emerging, etc. not tested, etc.
methods, etc.

Consensus High consensus | Medium Competing Disagreement or

Level consensus schools of lack of opinions

thought among experts
Key Message #1:

Outdated, undersized, or under-engineered road and rail stream crossings are vulnerable to
severe flood events. Road surfaces are at-risk from intense rains, increasing temperature
variability, and extreme heat.

Very High

High consensus, multiple evidence bases and
documented occurrences of direct impacts across the
state (Gudipudi et al., 2017; Sias et al., 2025; The Vermont
Association of Planning and Development Agencies, 2025;

Confidence level
Evidence base
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Vermont Agency of Natural Resources, 2023; Wemple et
al., 2021; Wright, 2024).

Major uncertainties Cases of extreme heat currently impacting pavement
stability are difficult to document.

Key Message #2:

At least 10,000 buildings are located within the mapped 100-year floodplain, meaning there
is a 1% chance that these buildings will experience flood damage each year. Many of these
maps have not been updated to reflect increases in flood frequency and severity in a
changing climate, indicating that this number may be an undercount. Buildings outside of
floodplains may also be impacted by flash flooding or by erosion hazards from intense rains.

Confidence level Very High

Evidence base High consensus and evidence base of increasing
frequency of extreme flooding events, reported building
damage, and state requests for emergency funding for
damage (Banacos, 2023; Soares et al., 2025; State of
Vermont, 2026a; Vermont Emergency Management,
2023a).

Major uncertainties Less documentation of how buildings are impacted by
temperature variability.

Key Message #3:

Older buildings are particularly vulnerable to flooding and may be weakened by more
variable temperatures and precipitation regimes. Weatherization can reduce these impacts.

Confidence level High

Evidence base High evidence documenting the large percentage of aging
housing stock in Vermont (Van Hoesen & Letendre, 2013;
Vermont Housing Finance Agency, 2023) and high
consensus of structural vulnerabilities of older building
design (Phillipson et al., 2016; Preservation Trust of Vermont
& Vermont State Historic Prevention Office, 2021).

Major uncertainties Lacking documentation of specific structural failures due to
temperature variability in Vermont.

Key Message #4:

Frequent flood events increasingly endanger the power grid, as well as drinking water,
wastewater, and fuel infrastructure. Of Vermont’s 334 electric substations, at least 34 (or
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10.2%) are located in a flood zone. Wet snow, ice storms, and high wind periods pose

additional threats to power grids.

Confidence level

High

Evidence base

Major uncertainties

High consensus and evidence base on relationship between
storm severity and power grid vulnerabilities (American
Society of Civil Engineers, 2025; Fant et al., 2020;
Merschman et al., 2020; Vermont Center for Geographic
Information, 2025a). Strong evidence base and
documentation of increased flooding impacting fuel/water
infrastructure in homes/businesses (Vermont Emergency
Management, 2023a).

Low documentation of fuel/water distribution grids
impacted by severe storms in the state, despite
circumstantial evidence indicating risk.

Key Message #5:

Vermont has over 1,000 known dams, of which nearly 50% are inactive. Severe floods can

cause water to overtop both active and inactive dams, posing a threat to people and

property downstream.

Confidence level

Very High

Evidence base

Major uncertainties

High evidence base (Vermont Department of Environmental
Conservation, 2022) and documentation of distinct cases in
the state (D’Auria, 2024; Knapschaefer, 2025; U.S. Army
Corps of Engineers, 2025).

None.

7.9 RESOURCES

e 2025 Vermont Climate Action Plan — Recommended Priority Actions

e Municipal Roads General Permit Mobile Map

e Vermont Agency of Natural Resources Atlas

e Vermont Greenhouse Gasses Inventory

e Vermont Transportation Resilience Planning Tool
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