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Chapter 1. Introduction
Erie County, New York, has been proactive in planning for and working to mitigate the
impacts of climate change expected for the Western New York region. Efforts to-date
include the Healthy Niagara-Niagara River Management Plan Phase I (BNW, 2014), the
Multijurisdictional Natural Hazard Mitigation Plan Update (MNHMP) (URS, 2015), the
Climate Action and Sustainability Plan (CASP) (Erie County, 2019a), and the Regional
Niagara River-Lake Erie Watershed Management Plan Phase II (Erie County, 2019b). All of
these initiatives provide a strong foundation to build upon in this Climate Vulnerability
Assessment (CVA) Sensitivity Analysis Report (SAR). While the before mentioned
documents provide planning for many aspects of climate change impact mitigation and
adaptation efforts, they do not clearly identify the sensitivity of key areas of the County
governance as well as its residents to climate-change related hazards, which is the focus
of this SAR report. By sensitivity, we mean the degree to which systems’ functionality
are affected, either adversely or beneficially, by climate change related hazards. This
sensitivity analysis is a key step in assessing County’s overall vulnerability to climate
change.
Studying sensitivity and its relation to overall climate vulnerability in a variety of contexts
has been the subject of numerous reports in the literature and media (Aldia Environment,
2020; NBS News, 2020; Rochester, 2018; Frankson et al, 2017; New York State, 2014).
Mapping sensitivity with Geographic Information Systems (GIS) is often utilized by similar
studies, as it allows for analysis of these issues in a spatial and temporal context (Colburn
et al, 2016; Margles et al, 2016; Kherde & Priyadarshi, 2014; Marshall et al, 2010; Andrew
et al, 2008; Smit & Wandel, 2006; Cutter et al, 2003; Fothergill, 2002; Moss et al, 2001). In
this manner, issues such as climate-related impacts and/or extreme events can be
analyzed across time and space to identify critical zones of impact or opportunities to
mitigate and lessen impacts. Thus, this project employed GIS at a variety of scales and
scopes to assess the sensitivity of Erie County to the climate-related hazards of 1) extreme
heat, 2) flooding, 3) wind, and 4) biological threats; and how these four types of hazards
interact with access and mobility to emergency services and critical infrastructure. For a
review of these specific threats, as well as the process used to determine them as priorities
for our CVA, please refer to our Phase I report, entitled “Climate Hazards Summary
Report” ( https://bit.ly/3coZOXP).
In this assessment, we spatially map socio-economic, landscape, and infrastructure data
related to the climate hazards listed previously, using a variety of resolutions, scales and
data sources. To be able to integrate this information, we standardize the hazard
sensitivity data into a range of -1 to +1. In other words, we transform the data to have a
mean of zero (average for the County) and a standard deviation of 1 (sensitivities closer
to +1 indicate the most sensitive areas, whereas sensitivities closer to -1 indicating the
least sensitive areas for each hazard threat). This is a technique commonly used to
integrate different types of data into a single index that we more easily compare as well
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as spatially map. We also employ a consistent color classification schemes across hazards
considered, as detailed on the next page.

Maps showing sensitivity to extreme heat, flooding,
and mobility factors are coded with the following
sensitivity color scheme (shown to the left) and
according to the following: yellow indicates far below
average, yellow-green indicates below average, green
indicates average, pink indicates above average, and
dark purple indicates far above average sensitivities.
With the exception of the section on vector-borne
Diseases (which uses a different, scenario-based
methodology), all of the sensitivity information is visualized in this way.
This assessment is the second phase of our overall Climate Vulnerability Assessment (CVA)
framework, outlined below. Erie County staff were involved at each step of the process to
ensure that the methods and data being used were appropriate for the needs of the
County. For each particular hazard we consider three facets of sensitivity at a certain
location to be analyzed: 1) sensitivity to landscape attributes (neighborhood location), 2)
sensitivity to socioeconomic attributes (neighborhood economics), and 3) sensitivity in
regards to mobility (neighborhood transportation infrastructure) (Figure 2). This
framework has been adapted from literature on analyzing and mapping vulnerability,
sensitivity and adaptive capacity (e.g., Kumar et al., 2016; Margles et al., 2016; and Shen et
al., 2016).
Our sensitivity assessment also incorporates aspects of human systems, natural systems,
and physical systems that are interconnected, but for communication purposes organized
around seven dimensions of the PEOPLES Resiliency Framework (Renschler et al, 2010)
(also detailed below) offering a holistic perspective of the County’s climate sensitivity. Each
perspective is summarized below.
Consideration of human systems includes how Erie County employees that are providing
services especially to vulnerable populations (homeless, economically disadvantaged,
minority communities, and the very young and/or old) and the vulnerable population
themselves are affected by the climate hazards discussed in this report. Natural systems
considered include parks and forests that are under the jurisdictional responsibility of the
County, in addition to climate and other environmental factors (i.e., the hydrological cycle
and habitat quality) involved in the various climate hazards outlined. In the context of this
CVA, physical systems are the physical infrastructure of Erie County, including
transportation infrastructure such as roadways, as well as other physical infrastructurerelated items such as traffic flow, mobility, sewers and County buildings.
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To analyze these systems, the CVA team interviewed multiple Erie County departments and
personnel, including:
- Department of Environment and Planning
o Environmental Compliance Services Division
▪ Sewers
▪ Watershed Management
▪ Sustainability
o Office of Geographic Information Systems
- Department of Homeland Security and Emergency Services
- Department of Health
o Division of Environmental Health
- Department of Social Services

Statement on Equity and Inclusion
This report recognizes that there are concerns with racial bias and equity that magnify
existing and upcoming issues related to the impacts of climate change. Examples of this can
be found in the analysis of temperature-related impacts. In this report, the focus is on
extreme heat, as that is a climate-related hazard that the region is generally not wellexperienced in mitigating. However, this is not to say that extreme cold won’t be a potential
climate hazard in the future, or that there aren’t vulnerable populations at risk of impact
during a snow emergency. It is also likely that the extent of this hazard will differentially
impact minority populations, who may see their mobility limited from unplowed roads and
unshoveled sidewalks and thus their accessibility to warming centers and other critical
services may be limited. Issues such as this were not addressed due to limitations in time,
resources, and data. The CVA team highly recommends that future studies discuss and
integrate the problem of racial bias and equity into future analyses.
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Climate Vulnerability Framework
In Figure 2, the overall framework for the collective assessment that will result in the final
climate vulnerability analysis is outlined. As noted above, the first step in this process,
assessing Climate Exposure, was completed in the CVA Climate Hazards Summary Report
from August, 2020. Exposure in that case was how climate threats and hazards could
impact the region. The climate hazards outlined in that report (extreme heat, flooding,
biological threats and wind) were the foundation for the analysis in this report.
Stakeholder engagement is a central component of all aspects of the process – with an
internal stakeholder committee comprised of Erie County employees as well as an external
stakeholder committee comprised of members of the Erie County Climate Change Task
Force (C3TF) providing input and feedback on each step of the process.
Sensitivity, or the degree to which the County is likely be affected by the identified climate
hazards, is assessed with respect to landscape elements that are present and that may
lead to elevated sensitivity when climate change is considered, as well as socioeconomic
issues that may exacerbate existing sensitivity to these landscape elements. We also
consider sensitivity in terms of mobility or limitations in mobility that may inhibit the
access to critical services in the event of climate-related emergencies and/or natural
disasters.
Adaptive Capacity, or the ability of the County to adjust and respond to climate risks, will
be qualitatively assessed through interviews and focus groups with County
representatives. This assessment will include consideration for proactive measures,
mitigative actions, direct response to events, and recovery from disasters. The next phase
of our CVA assessment will focus on this aspect and is not part of this report.
Vulnerability is the resulting combination of exposure, sensitivity, and adaptive capacity.
This is a relative measure of vulnerability the County is to the identified climate threats
and hazards. The final phase of our project will combine results from the Exposure,
Sensitivity, and Adaptive Capacity assessments to determine areas of concern and
priorities for future research and planning efforts.
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Figure 2: Climate Vulnerability Framework employed in this CVA process with Sensitivity highlighted as the aspect of
vulnerability for which this report is focused.

PEOPLES Resilience Framework
The PEOPLES Resiliency Framework was developed in 2010 (Renschler et al, 2010) in an
effort to define and quantify community resilience to disasters. The Framework features
seven interrelated dimensions, outlined below. Since the initial framework was
developed it has been useful in other analyses that have contributed to the body of
knowledge of sustainability and resilience studies (Cimellaro et al, 2016, Renschler, 2015,
Renschler et al, 2011).
This Framework provides an integrated, holistic lens with which to approach analysis of
sensitivity while integrating the results of the analysis in a useful and cohesive manner.
The results of this analysis will be analyzed quantitatively as well as qualitatively in the
lens of the PEOPLES Resilience Framework, as outlined in Figure 3. Each dimension is
described in detail in Table 1.
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Figure 3: PEOPLES Resiliency Framework that is used to organize and coordinate the process
of analyzing and interpreting sensitivity in a holistic fashion, allowing for an integrated
assessment of sensitivity across multiple frameworks and dimensions (Renschler
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Table 1: The PEOPLES Resiliency Framework and associated seven dimensions of resiliency

Population and Demographics: This dimension is related to social
vulnerability, which is a measure of the inability of a community to
overcome impacts that the community is exposed to.
Environmental/Ecosystem: Resilience as related to ecosystem
processes typically refers to the extent of environmental disturbance
that a given ecosystem can withstand without resulting in a reduction of
ecosystem function or significant damage to ecosystem structure.
Disturbance/recovery are quantified to measure ecosystem resiliency.

P
E

Organized Governmental Services: In this dimension, organized
governmental services refers to those that provide an orderly and
structured response to a disaster. Such services include those provided
by police, emergency response, public legal system, health dept., etc.

O

Physical Infrastructure: The physical infrastructure dimension includes
facilities and lifelines such as housing, commercial and cultural facilities;
as well as lifelines such as food supply, health care, utilities,
transportation and communication networks.

P

Lifestyle and Community Competence: This dimension measures the
impact of a disaster on a community and the post-disaster period of
recovery. A community’s recovery depends on the collective efforts of
the community, their ability to solve problems, ingenuity, and political
good will, among others.

L

Economic Development: Economic development refers to
measurements of the community’s products and services that are made
in and used in the community. Both employment and financial services
are included, as are subcategories such as the production and
employment of an industry, and financial services.

E

Social-Cultural Capital: Participation in civil and community
organizations, investment in the betterment and maintenance of
community structure, and providing incentive for citizens to stay and/or
return to the community are all attributes of the social-cultural capital a
community has.

S

126
127

11

128
129

Overview of Sensitivity to Climate Threats in Erie County
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Extreme Heat

131
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Sensitivity to extreme heat is a potentially major issue in the Erie County region. Where the
County has greater experience in addressing extreme cold and lake effect snowfall, thermal
vulnerability to heat waves and elevated temperatures may be particularly problematic for
residents as well as infrastructure not accustomed to high temperatures. It is predicted that the
region will experience more frequent and intense heat waves in the future (Luber, 2008).
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Flooding

137
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Patterns in precipitation are changing as a result of the impacts of climate change, and this has
resulted in greater frequencies of extreme rainfall events (Easterling et al, 2017). These events
exacerbate issues such as flooding and runoff, which impact Erie County’s property and
operations (County-owned roads, bridges and stormwater infrastructure, for example) as well
as private property and risks injury or death to the general public. Assessing where these
impacts will be most severe will allow the County to proactively work to mitigate them and/or
increase their adaptive capacity to ensure that the impacts are minimal and risk to public health
is minor.
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Biological Threats
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148
149
150
151
152
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The changing climate is reverberating through the Earth’s ecosystems, altering habitat
suitability and phenology for many species (Brownstein et al., 2005). This includes those species
that are involved in vector-borne disease (VBD) relationships, invasive County’s e species, and
native phenomena such as harmful algal blooms (HABs). As Erie County’s Department of Health
is the primary public health authority for the County, this issue is particularly relevant. Climate
change may result in exacerbated instances of VBDs, may make the habitat in the region more
suitable for new VBDs, and the same may be true for invasive species. Harmful algal blooms are
a natural occurrence that stems from a native species of aquatic cyanobacteria. These
cyanobacteria “bloom” under certain environmental conditions and can create potentially toxic
exudates that impact water quality for public and private wells, swimmers and recreationists, as
well as create a public health issue for those that come into contact with the bloom (Griffith
and Gobler, 2020). The conditions that promote HABs are also conditions expected as climate
change intensifies.
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Wind

160
161
162
163
164

Wind is closely intertwined with the hazards of temperature and precipitation, and as such may
be difficult to analyze separately from these hazards. However, there has been some local work
on the topic, and the results of these projects have found that high wind events have been
increasing in the region, as associated with thunderstorms (Vermette, 2017). Here, we provide
a summary of key issues/concerns related to wind for Western NY.
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Chapter 2: Sensitivity Analysis with Respect to Extreme Heat

166
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169
170
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173
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Extreme heat events are often underestimated. This is especially true in areas where the
climate is relatively cool throughout much of the year, such as much of the Northeastern US,
where the population is not accustomed (and the infrastructure may not be well-equipped) to
handle high temperatures. Extreme heat can cause heatstroke, a flare up of pre-existing
conditions (specifically respiratory and circulatory diseases), or even death (Luber, 2008).
Unfortunately, the number of deaths caused by extreme heat events is challenging to quantify
accurately, as deaths caused by these events usually have other contributing or underlying
factors, which is more likely to be reported. Deaths can also happen from complications years
down the line (e.g., Arguad, 2008). This is concerning, given that climate projections for the
region suggest that we will experience more frequent and intense heat waves (Luber, 2008).
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It is important to note that people throughout a region do not experience heat in the same
way. One’s microclimate can be influenced by the surrounding landscape, including things like
proximity to water systems, vegetation, as well as the built environment. Canopy cover (i.e.,
shading from tress) in particular has been observed to have a significant cooling effect on
microclimates, especially in the short term (Chatzidimitriou, 2015). Other important factors
include proximity to large roadways (Pohlman, 2009), proximity to the emissions of large trucks
(Dreher, 1998), and proximity to large bodies of water (Sun, 2012). These factors combined can
give a good image of the landscape’s sensitivity to changes in the microclimate.
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A person’s socio-economic status can also change how that person experiences heat. Economic
factors, like living below the poverty line or being unemployed, can affect which resources a
person has to combat extreme heat events (Morrow, 1999; Cutter, 2003). This is also true of
racial and ethnic minorities, as the result of decades of de jure and de facto discrimination in
housing (Morrow, 1999; Cutter, 2003). Physiologically, those aged under the age of 5 and over
the age of 65 are at the highest risk of being affected by extreme heat (Ngo, 2001). Social
isolation, or being confined to only one’s house or bed, can also be a factor making a person
more sensitive to extreme heat (Bouchama, 2007). Mobility factors, like using public transport
or walking or biking to work, can also make a person more vulnerable to extreme heat,
especially if they don’t have any other way of getting where they need to go. Finally, residential
and housing factors, such as when a dwelling was built and the number of families in one
household also affect sensitivity to heat; the older a building is, and the more families living
inside it, the more sensitive it is to extreme heat. (Cutter, 2003). Note that the methodology
used to determine sensitivity to heat builds upon previous work completed by Hamstead and
colleagues on thermal vulnerability in Erie County at the University at Buffalo (see Hamstead et
al. 2020 and UB Community Resilience Lab). In this section, we will investigate both the
sensitivity to the landscape and the sensitivity of the population based on a variety of socioeconomic factors.
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Methodology
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Heat sensitivity related to landscape is divided into two categories: 1) heat sinks and 2) heat
sources, with six sub-factors shared between them. Specific factors for each category were
chosen based on available data as well as their warming or cooling effect on surrounding
microclimates. Heat sinks include sub-factors that have a cooling effect, such as tree canopy
cover, proximity to water sources and the prevalence of pervious (or non-paved) surfaces. The
sub-factors included in the heat source category are aspects that have a warming effect,
including locations of industrial parcels and truck terminals. For each category, the data for
each sub-factor were averaged together across Erie County, creating an overall map of heat
sources and a map of heat sinks. To create the overall landscape sensitivity map (Figure 4), the
values for heat sinks were subtracted from the values of heat sources. Areas in yellow to green
colors are considered less sensitive to heat than the average across the region, and the pink to
purple areas are expected to be more sensitive to warmer temperatures during a heat wave.

Here we provide a summary of the methods and data used in our analysis. A more detailed
methodology is provided in the Appendix.
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Table 2: Factors included in the socio-economic sensitivity assessment

233
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Heat sensitivity related to
socioeconomic factors was also
considered in our analysis. The major
categories of socioeconomic sensitivity
include: economic sensitivity,
physiological sensitivity, social isolation,
mobility-based sensitivity, and
residential and housing sensitivity, each
with a variety of subfactors (see Table
2). Each sub-factor was included based
on the availability of data as well as
their expected influence on sensitivity
to heat, justified in peer reviewed
literature (Morrow, 1999; Cutter, 2003;
Ngo, 2001; Bouchama, 2007).

In general, a simple average was calculated for each of the sub-factors within a category at the
block group scale. After an average was found for each, the maximum and minimum averages
were identified for each category to standardize the data from -1 to 1 for easier comparison.
The results are shown in Figure X, with purple areas being more sensitive and yellow areas
being less so. Overall sensitivity to heat was found by adding the previous landscape and
socioeconomic sensitivities together. By doing this, lower numbers shown in yellow contain
more heat sinks and fewer sensitive populations, while higher numbers shown in purple contain
more heat sources and more sensitive populations.
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SENSITIVITY OF ERIE COUNTY TO EXTREME HEAT

242
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Figure 4: Overall sensitivity to extreme heat (c) derived from landscape (a) & socioeconomic variables (b)
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245

Table 3: Sensitivity to Extreme Heat as interpreted through the PEOPLES Resiliency Framework

Population and Demographics living in areas with a high sensitivity to the
landscape are more at risk of extreme heat-related problems, even if they are
not in a particularly sensitive population due to their socio-economic attributes.
Likewise, sensitive populations are more at risk, even if they are not in an area
of high exposure. And those who are both part of sensitive populations and live
in areas of high exposure are the most vulnerable.
Environments and Ecosystems, like those in Erie County Parks or forests in the
county are very impactful concerning extreme heat. The trees contained within
them are a part of exposure’s heat sinks, which cool the area surrounding them.
The shade they provide can be invaluable for sensitive populations in areas of
extreme heat.). Accessibility to locations that can provide a climate-controlled
is extremely important, whether their own home or a community or county run
building, because not having access to this service makes people much more
vulnerable to heat.
Erie County’s Organized Governmental Services are impacted by this
information. Specifically, this information would be very valuable to EMTs and
other crisis workers in the midst of an extreme heat event. These maps point
out both where (on average) the people most sensitive to an extreme heat
even live, where it’s bound to get the warmest, and where those two factors
overlap. This gives a rough idea of where resources should be allocated first, to
help the most amount of people.
Physical infrastructure like roads and buildings could be impacted by an
extreme heat event, especially those in areas of high exposure. Physical
infrastructure also impacts the microclimates surrounding it, with roadways and
industrial parcels in particular being incorporated into the study as heat
sources, and with buildings and asphalt in general contributing to the urban
heat island effect discussed before.
Even not during an extreme heat event, areas that have a highly sensitive
landscape are more likely to be warmer during the summer, decreasing the
quality of the Lifestyle and Community Competence of those living within those
areas. This would be, of course, exacerbated by an extreme heat event, but
even normal summer days would be warmer and more uncomfortable in areas
of high exposure.
An extreme heat event can impact both personal, corporate, and county
Economic Development. On the personal end, cooling costs can increase during
an extreme heat even. Corporate-wise, any jobs that have to be completed
outdoors will either need to be put on hold during the heat event or the times
that these jobs can be completed will need to be shifted. Finally, for the county,
pipelines and other materials can shift during an extreme heat event.
Social-Cultural Capital may be impacted during an extreme heat event, where
any outdoor events or activities may need more emergency personnel to attend
in the case of a heat-related injury. Proper precautions, including putting up
tents or moving indoors, will also have to be taken. Both adding more
emergency personnel and adding more shade to an event can put financial
strains on event hosts.
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Overall Sensitivity to Heat and Case Studies
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One limitation of this analysis is that only some important factors related to heat sensitivity
were taken into consideration based on available data and resources. For example, we did not
have access to data for the County related to other important factors including crime, health,
and weatherization efforts to date, particularly for socio-economic sensitivity. We were also not
able to include wind and moisture data for landscape sensitivity. There are also variations in
patterns of temperature based on seasonality and other microclimate factors, including wind
and moisture. For example, extreme heat is typically an issue of concern mainly during the
summer months, however above average temperatures occurring in other parts of the year
may have differentiating implications for the County. Also, while the overall sensitivity results
emphasize certain areas of the County as being more sensitive than others, this does not mean
to imply that residents in areas with below average sensitivity do not or will not experience
climate-related impacts associated with extreme heat. The micro-scale factors that play an
important role in how an individual may experience heat are beyond the scope of this report.
However, this is an important limitation of our work that must be considered when interpreting
and communicating the results. Additional scenarios that were not considered involve power
disruption during heat waves. In a setting where electrical demand is high to power air
conditioners, power disruption may exacerbate the impacts that a heat wave may have (i.e.
reduced air quality, increased risk of heat-related sickness and/or death – see the CVA Climate
Hazards Summary Report for more information).

Looking at the results of the overall sensitivity to heat, we can determine the block groups that
are the most and least sensitive to an extreme heat event, relative to other areas in the County.
Our findings indicate that the block group with the lowest sensitivity to heat is Marilla, NY. This
makes sense because the block group is filled with forests and grasslands, which have a
significant cooling influence on the area’s microclimate. The socio-economic sensitivity in the
Marilla block group is also low (although many other block groups have lower sensitivities).
Because this block group does have the lowest landscape sensitivity by quite a large margin,
these combine to create a low overall sensitivity to heat.
We find that the most highly sensitive block group to heat is in the City of Buffalo’s BroadwayFillmore neighborhood. This block group is residential and has the highest percentage of
economic and mobility-based sensitive populations (i.e., impoverished and relatively immobile)
in the County. The rest of the socio-economic factors are also relatively high compared to other
areas. In terms of the landscape, this block group is located in an area with a large net heat
source due to its very high number of industrial parcels and low percentage of canopy cover
and pervious surfaces. This means that during a heat wave this area would expect to be
relatively warmer than other areas. These sensitivities combine to create a high overall
sensitivity to heat.
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Chapter 3: Sensitivity Analysis with Respect to Flooding
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Precipitation patterns in Western NY are changing. Extreme rainfall events are becoming more
common in NY (New York State, 2014), and this trend is expected to continue (Easterling, et. al.,
2017; Frankson et al, 2017). The combination of an increase in intensity of rainfall, as well as an
increase in frequency of heavy rainfall events, will result in a variety of changes to rates of
erosion, as well as physical weathering, chemical weathering, and nutrient cycling (Chapin et
al., 2002). To aid Erie County in identifying high priority areas in its jurisdiction that may be
impacted by climate-related floods, we analyzed runoff generation potential across the County
from both a local and a downstream perspective. Local flooding issues include ponding of water
on roadways and on landscapes with a relatively flat profile, creating issues with flooding in
certain neighborhoods that are more sensitivity to this type of flooding than others.
Downstream flooding includes considerable runoff during heavy rain events that take
floodwater from steeper landscapes down into low lying areas. Both aspects of flooding are
important to consider, as they present different challenges to Erie County and private
homeowners. For example, identifying areas prone to local flooding can help target flood
mitigation measures such as creating dikes and berms to prevent damage; while identifying
areas prone to problematic runoff aids in targeting preventative measures (such as green
infrastructure) that work to enhance infiltration of stormwater before it runs off of the
landscape to create flooding issues off-site.
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Sensitivity to flooding was analyzed in ArcMap GIS to provide a relative measure of overall
sensitivity from both perspectives. Exposure to on-site flooding was assessed using hydrologic
soil group data extracted from the Natural Resource Conservation Service’s (NRCS) GIS soil
metadata. Exposure to downstream flooding was assessed by creating a topographical wetness
index (TWI) derived from elevation data. The Federal Emergency Management Agency’s (FEMA)
Special Flood Hazard Areas (SFHA) were also included in both the local and downstream
analysis, as this provided special emphasis on areas already considered at-risk of flooding. More
specific methods for our flooding sensitivity analysis are described in the Appendix C.

314
315
316
317
318
319
320
321
322
323
324
325

In this assessment, the impacts that infrastructure (such as culverts and stormwater systems)
may have in regards to flooding were not part of the analysis. The County-level scale of the data
unavoidably overlooks fine-scale elements of flooding, and the geographical data used is not
current to 2020-2021 time period. These issues are due to incomplete or missing data, as well
as capacity and funding in the project. There were also limitations when considering these
impacts across time and space, similar to extreme heat. The extent and duration of floods can
depend on a variety of factors – including the saturation of the soil, season, and topography.
While topography and some data on soils were included, not all factors (i.e. depth of snowpack
during a spring thaw) were able to be assessed. There are also issues that differentially impact
rural and agricultural areas – such as flood-related impacts on the functionality of drinking wells
and septic systems and nutrient-laden runoff from agricultural fields that degrade water
quality.
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Methodology - Local Flooding:

336
337
338
339
340
341
342

For comparison, maps showing both the current conditions (with D* soils ranked as +0.75), and
the potential changes that would be achieved if soils in certain areas were altered to improve
drainage (with D* soils ranked accordingly as A, B, or C soils) are included in the figures below.
It should be noted that while there are potential improvements in drainage as well as
reductions in risk of flooding not all locations are appropriate for these mitigations. Some areas
should be altered to retain water, not drain it; and others may have similar constraints on
modifications.
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Table 4: Hydrologic Soil Groups

The local, or on-site, flooding analysis included data on soils as well as maps of the “100-year”
flood zones (or Special Flood Hazard Areas - SFHA) as mapped by FEMA. Information on the
infiltration and runoff potential of soils was mapped using the USDA-NRCS Hydrologic Soil
Group (HSG) units. The HSG units included A, B, C, D*, D, and U designations, as outlined in
Table 4 below. The units were ranked, with soils possessing greater infiltration capabilities
given a negative ranking as they would infiltrate storm water and slow runoff; and soils
possessing little infiltration capabilities given a positive rating as they would poorly infiltrate
storm water and increase runoff. This dataset was combined with FEMA’s SFHA data to assess
the extent of local flooding potential.

Group
A
B
C
D*
D
U

Properties
Rapid Infiltration
Weak Infiltration
Low Infiltration
Undrained A-B-C Soils
Very Little Infiltration
Compacted Urban

Rank
-0.75
-0.5
+0.25
+0.75
+0.75
+0.8
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Methodology - Downstream Flooding:
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The results allow for a visual assessment of locations in Erie County that have greater potential
to see local flooding and ponding as well as where flood runoff is originating from during
extreme rain events. This provides Erie County with the opportunity to proactively mitigate
these issues.

Downstream, or off-site, flooding analysis included data on elevation that was manipulated in
GIS software to calculate a Topographic Wetness Index (TWI) and also included FEMA’s SFHA
data as well. The TWI was created using slope (% grade of the landscape), flow accumulation of
runoff, and flow direction of runoff – all derived from a Digital Elevation Model produced by the
United States Geological Survey (USGS). The TWI data was broken down into 5 numerical ranks
and reclassified to create an identical ranking system as shown above for the HSG data.
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HYDROLOGIC SOIL GROUP UNITS OF ERIE COUNTY AND FLOODING MITIGATION

This map shows current
conditions of Hydrologic soil
group units and their relative
capacity to allow the infiltration of
water. Note that this map does
not reflect stormwater
management infrastructure that
may be in place – only the physical
capacity of the soil to allow water
to infiltrate.
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This map shows opportunities to
enhance soils to allow for further
infiltration above the baseline
physical properties of a given HSG
unit. Again, existing stormwater
infrastructure is not factored in to
this analysis. However, it is clear
that there are many opportunities
for green infrastructure
development that will increase
infiltration and reduce runoff.
358
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Figure 5: Infiltration capacity of soils (current versus improved drainage conditions)
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SENSITIVITY OF ERIE COUNTY TO FLOODING BASED ON LOCAL PONDING

Sensitivity to Local Flooding
includes infiltration capacity of
soils in conjunction with 100-year
flood risk. Purple represents areas
that have a higher potential for
ponding during heavy rain events.
This map includes current
conditions of drainage.
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Sensitivity to Local Flooding with
altered soil conditions to improve
drainage. Note that there is a
substantial difference in potential
for flooding when drainage is
improved. While there are large
areas of opportunity for
improvement, there may be many
limitations in carrying out mitigation
projects, as not all of these regions
are appropriate to drain.
364
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Figure 6: Sensitivity to local flooding (current versus improved drainage conditions)
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SENSITIVITY OF ERIE COUNTY TO FLOODING BASED ON SOURCES OF RUNOFF AND FLOODING
DOWNSTREAM
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Analysis of Sensitivity to
Downstream Flooding
includes combination of a
Topographic Wetness Index
in conjunction with 100year flood risk. Purple areas
are areas that have a higher
potential to release
floodwater downstream,
potentially increasing risk of
flooding.
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Figure 7: Sensitivity to downstream flooding from sources of runoff
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Sensitivity to Flooding Case Studies
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The presence of the Buffalo River and Lake Erie add additional risk in regards to flooding in
Hoover beach, as shown by the seiche events witnessed in this example. East Aurora is not only
further inland, but the landscape has greater topographical diversity, which reduces the risk of
localized flooding and decreased runoff which can reduce risk of issues downstream. This is not
to say that there are no risks of either ponding or runoff in East Aurora, only that the relative
risk of serious flooding is lower based on the characteristics of the watershed.

Erie County has experienced flooding that has resulted in damage and disruption to
communities. In mid-November of 2020 (WGRZ, 2020), a storm battered the Hoover Beach and
First Ward of Hamburg and Buffalo, respectively. During this flood event, residents were
evacuated from homes at Hoover Beach in Hamburg, and major roadways such as Route 5 were
closed, potentially creating issues of access to emergency services for residents in the area.
Luckily, major damage was averted and there were no injuries reported. However, this site can
be used as a case study for the sensitivity analysis described above, where it can be analyzed
and compared to a less-prone area such as Majors Park in East Aurora.
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Figure 8: Flooding in the area around Hoover Beach in late 2020, Hamburg NY (WGRZ.com)
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Table 5: Sensitivity to Flooding as interpreted through the PEOPLES Resiliency Framework’s 7 Dimensions

Populations and Demographics such as Erie County employees and vulnerable
residents may be impacted by on-site flooding and runoff generation in a variety of
ways. Erie County employees tasked with managing damage to infrastructure or risk
to the public may be at risk of injury when managing extreme conditions, and
vulnerable segments of the population may have elevated risk of personal injury
and/or damage to their property through on-site flooding or erosion stemming from
runoff.
In the lens of the Erie County CVA, the dimension of Environment and Ecosystems
most directly relates to the parks and forests that Erie County manages an operates.
Flooding may damage infrastructure to trails and other park improvements, and
erosion may negatively impact the forest land that Erie County manages. These
maps above can aid the County in identifying priorities for proactive efforts to
prevent such occurrences and/or mitigate the extent of impact for climate-related
extreme precipitation events.
Services provided by Erie County are included in the PEOPLES dimension of
Organized Governmental Services. These services that Erie County provides include
maintaining infrastructure, health and human services, as well as emergency
services. All of these, and other, aspects of Erie County operations may be impacted
in the event of extreme events. These spatially mapped scenarios of flood risk allow
for identification of potential problem areas that may limit these services or inhibit
the public from accessing these services in times of emergency.
Transportation, sewers, and County-owned buildings are included in the dimension
of Physical Infrastructure. All of these aspects may be impacted by flooding.
Transportation corridors may be limited or destroyed by flood waters, sewers may
be overloaded with floodwater and rendered ineffective or damaged, and Countyowned buildings can be flooded and impacted in that sense. All of this collectively
creates sensitivity to the impact of climate-related extreme precipitation events.
With limited or interrupted access to certain services provided by the County, the
Lifestyle & Community Competence is impacted. This reduces the quality of life for
the residents of Erie County. To prevent this, the sensitivity analysis provided for
flooding can identify key areas of high sensitivity to focus preventative or mitigative
efforts.
The cost to Economic Development from extreme precipitation events may be
substantial. This analysis will allow for identification of mitigation targets that
increase percolation of flood waters in some areas while conducting runoff reduction
efforts in others. These projects reduce damage, increase quality of life, and
maintain access to governmental services.
Collectively, the Social-Cultural Capital of a region aids in not only maintaining
economic development, but enhancing it in the future through attracting additional
populations to the region. To do this, risk of floods and other extreme precipitationrelated hazards must be addressed through prevention or mitigation measures.
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Chapter 4: Sensitivity Analysis with Respect to Biological Threats
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A changing climate will not only result in altered patterns in temperature and precipitation. As
the environment changes, so does the habitat that is available for life in the region. These
changes in habitat suitability can lead to changes in the geographic range of many species.
Vector-borne diseases (VBD), invasive species and other biological threats may become more
prevalent or have a greater impact should the region become more suitable for their life history
needs (Brownstein et al., 2005). For example, diseases spread by mosquitoes and ticks may
become more prevalent where they do occur and/or established in areas where they do not
already occur (Khatchikian et al., 2013; Rochlin et al., 2013; Alto & Juliano, 2001). Additionally,
invasive species may follow similar patterns (Hellman et al, 2008; Rahel and Olden, 2008;
Mainka and Howard, 2010). Other biological threats, such as outbreaks of toxic cyanobacteria
blooms (“Harmful Algal Blooms” or HABs) in Lake Erie, are also exacerbated by climate change
and are a regional concern (Griffith and Gobler, 2020; Gobler, 2019). These issues have been
under consideration for Erie County in the past, as shown in the Climate Action and
Sustainability Plan (Erie County, 2019a). However, they have not been analyzed in conjunction
with the ability of the County to respond to biological threats that become exacerbated by
climate change. Thus, biological threats are analyzed here to provide a baseline assessment of
the sensitivity of the County to these types of impacts.
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In order to assess the risk that biological threats pose in the lens of a changing climate, a GISbased tool created by the United States Fish and Wildlife Service (USFWS) was utilized. Their
peer-reviewed Risk Assessment Mapping Program ( RAMP https://www.fws.gov/fisheries/ANS/pdf_files/RAMP-SOP.pdf) is used in a mapping software
program, and incorporates the known environmental variables that are present in a given
species’ native geographic range as applied to a new geographic area or given a certain level of
warming, in a map-based visualization (Sanders et al., 2018). The USFWS RAMP program’s
outputs include a point grid across the selected geographic region (in this case, it was the Great
Lakes Basin and/or New York State) that represents relative habitat suitability on a scale of 110. In the maps made of suitability for target species in Erie County, these relative rankings are
further stratified in a low, medium and high rank. These rankings are relative to Erie County
solely, and generally ranged from 5-9 in the original USFWS RAMP output.
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Figure 9: Two species analyzed in this process. The native black-legged tick (Ixodes scapularis) on the right and the invasive
Asian long-horned tick (Haemaphysalis longicornis) on the left
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HABITAT SUITABILITY FOR TWO SPECIES OF DISEASE-CARRYING TICK

433
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Figure 10: Habitat suitability as modeled by USFWS Risk Assessment Mapping Tool (4.5 RCP scenario), showing suggested
suitability in current conditions, 2050, and 2070. *Note differing color display in these maps where colors denote relative habitat
suitability,
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Sensitivity to Biological Threats Case Studies
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Five key case studies were conducted. Out of the 13 species that were analyzed using the
USFWS RAMP program, 4 were selected to review in this report. These are the Asian Tiger
Mosquito (Aedes albopictus), Asian Longhorned Tick (Haemaphysalis longicornis), Deer or
Black-legged Tick (Ixodes scapularis), Spotted Lanternfly (Lycorma delicatula) and the Asian
Swamp Eel (Monopterus albus). These species were selected as representative examples of an
invasive species that is involved in VBD that is currently present in Erie County (Aedes
albopictus) (Rochlin et al., 2013), an invasive species that is involved in VBD that is not currently
present in Erie County (Haemaphysalis longicornis) (Wormser et al., 2019), a native species that
is involved in VBD (Ixodes scapularis) (Khatchikian et al., 2012), and invasive species that are not
present in Erie County but are considered “Early Detection” species of concern for WNY PRISM
(Lycorma delicatula, Monopterus albus). Show on the above are two maps – one showing the
habitat suitability of the Asian Longhorned Tick and one showing the same for the Deer Tick
(Figure 10).
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There was a general trend in the change of habitat suitability for native versus invasive species
analyzed in this process. Native species, such as the Deer Tick, saw a decline in habitat
suitability over time. Invasive species, such as the Asian Longhorned Tick, saw an increase in
habitat suitability from the current to 2050 time interval, and a decline in habitat suitability in
the 2050-2070 time interval. This is interesting, and suggests that the current issues that Erie
County may face in terms of VBDs may morph and change in a dynamic process over time. The
current issues with disease and/or invasive species must be addressed, however the County
should look to the future when considering mitigation and prevention measures, as there may
be new species/diseases that move in and out of the area as the changing climate dictates the
suitability of the environment for a given species.
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It should be noted that the habitat suitability metrics are not intended to be an in-depth study
on precisely where and when an issue may arise in terms of disease or invasive species. Instead,
the analyses should be considered a starting point for a discussion on how to approach
monitoring existing issues, as well as ramping up surveillance for issues that are just now on the
horizon. Additionally, looking farther to the future may aid in readiness to adapt to a newlyintroduced species that may create problems not yet considered. An adaptive management
approach should be developed, where the County monitors these problems continuously to
address the known issues while working to provide information on issues not yet well
illuminated. Again, this analysis does not include seasonality and variation across the landscape
that may elevate or reduce the sensitivity of a given region to the impacts of biological threats.
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Table 6: Sensitivity to Biological Threats as interpreted through the PEOPLES Resiliency Framework’s 7 Dimensions

Sensitivity from these threats as related to the dimension of Population &
Demographics include human systems such as Erie County employees and vulnerable
populations. This includes employees that are conducting regular field work that puts
them in contact with vector borne diseases as well as control efforts that may include
insecticides or other chemical control that may present health hazards. In addition to
Erie County employees working in areas of high tick density, vulnerable populations
such as elderly and the immune compromised may face elevated risk of serious illness
and long-term disability from tick-borne illnesses as well.
The Environmental & Ecosystem dimension of the PEOPLES Resiliency Framework
includes natural systems, which are highly vulnerable to the impacts of invasive
species. Erie County parks and recreation spaces, as well as County-owned forestland,
face habitat degradation which synergistically inhibits the proliferation of native life
while reinforcing the ability of invasive species to flourish. Whether the goal of the
County is managing their lands for healthy ecosystems or valuable timber, invasive
species are an issue.
Organized Governmental Services such as the Erie County Department of Health
become overburdened when illnesses spread. Increases in the incidence of VBD
translate to increased resources that must be devoted to managing the issue. These
resources are frequently deducted from the County budget in other ways, depriving
other valuable programs of funds un the event of an emergency. Proactive measures
may reduce the severity and extent of these issues, and monitoring and surveillance
programs for new VBD or problematic invasive species may pay for themselves in
terms of avoided cost and expensive public health responses.
Vector-borne diseases don’t frequently have a direct impact on Physical
Infrastructure, however certain designs may promote a VBD and/or establishment of
an invasive species. For example, infrastructure designs that pond water in containers
may promote larval growth of Asian Tiger Mosquitoes and landscaping. Additionally,
Erie County buildings and County-owned properties that contains certain invasive
plants may promote the incidence of VBD, as seen with Japanese Barberry and Lyme
Disease (Jones, 2011).
Quality of Lifestyle and Community Competence suffers when VBD become more
common and natural areas become infested with noxious invasive species that
negatively impact human and ecosystem health. As noted above, these issues strain
budgets of Erie County services, necessitating trade offs with other valuable programs.
The impacts of VBD don’t only directly affect human health and strain municipal
budgets, they also carry costs to the public that become ill, all of which impacts
Economic Development. Additionally, one of the three main impacts that define what
an invasive species is refers to causing economic harm. Managing these species is
critical to a healthy economy.
In order to provide Social-Cultural Capital, a region must retain and attract new
residents. This is difficult to do if VBD create serious public health issues. Invasive
species degrade the health and aesthetic components of a region – further degrading
the attraction of new residents.
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Chapter 5: Sensitivity with Respect to Wind
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The most common association with a changing climate is the rising of temperatures, but as the
environment changes, so do it’s spatial and temporal wind patterns. Although wind and climate
change are inextricably linked, there is little discussion or analysis on the prospective changes
that will occur. Through a literature review and interviews with climate experts, this study
addresses three main aspects of climate change and wind: wind speed, wind direction and
maximum wind events recorded in Erie County, New York. This report also delves into climate
change’s impact on seasonality, and more specifically, tree health in years to come as the
climate warms.
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Higher Wind Speeds
Higher wind speeds will become more prevalent with a warmer climate. Judith Levan, a
Warning Coordination Meteorologist at the NOAA National Weather Service in Buffalo, New
York explained these effects in a series of interviews. Starting with our position in the
atmosphere, humankind lives at the bottom of the atmosphere, where the weight of the air
above us is called air pressure. Air pressure varies from day to day at the Earth’s surface as we
live at the bottom of the atmosphere. Areas where the air is warmed often have lower pressure
because the warm air rises. These areas are called low pressure systems (Levan, 2021). A lowpressure system has lower pressure at its center than the areas surrounding it. Wind blows
towards areas of low pressure, and where they meet, the air rises in the atmosphere. As the air
rises, water vapor inside condenses, creating clouds and precipitation. Levan said that wind
speed depends on the strength of the low-pressure system. The stronger the low-pressure
system is, the higher the wind speeds will be (“The Highs and Lows of Air Pressure”, 2021).
With increasing temperatures, the low-pressure system will be stronger, thus making wind
speeds stronger as well (Levan, 2021). It is also important to add that, that warmer air can hold
more water than cooler air, there is an increase of capacity to hold more water. That water is
part of the energy transfer from evaporating water as latent heat into the atmosphere. This
means when increased condensation in the atmosphere occurs there is more energy being
released adding to a higher temperature gradient and higher wind speeds. Therefore, higher
wind speeds will become more prevalent with a warmer climate.
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Scott Eichelberger, James McCAA, Bart Nijssen, and Andrew Wood furthered this research and
created the report “Climate Change Effects on Wind Speed” where they concluded that wind
speed values will likely increase over much of North America during the winter months December, January, and February, and decrease during the summer months - June, July, and
August, but overall strengthen in speed as the climate warms (Eichelberger et al., 2008). In
another report conducted to examine the projected changes to mean and extreme surface
wind speeds for North America based on regional climate model simulations, it was deemed
that changes in surface wind extremes have direct implications for buildings, infrastructure,
agriculture, power lines, the desert, and forestry. An interview was conducted with Troy
Schinzel, the Commissioner of Parks, Recreation & Forestry in Erie County to understand these
regional changes. So far, Parks has seen a multitude of high wind events that were not present
in previous years.
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Tree Health
These wind events have had a large impact on our trees and forests and the way that we
manage them. In our area, we have a plethora of trees infested by the invasive beetle species
the emerald ash border (Agrilus planipennis )(Schinzel, 2021). The emerald ash borer
(EAB)larvae feed on the inner bark of ash trees, disrupting the tree’s ability to transport water
and nutrients (Matsoukis). Now weakened, the trees in our area are more susceptible to
damage and wind storms that come through are knocking them down. With wind speed and
wind seiche events becoming more frequent, more trees will be knocked down and more
damages will arise (Schinzel, 2021).
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In addition to higher wind speeds resulting from climate change, wind direction will also change
with a warmer climate. Erie County, because of its latitude, usually has prevailing winds from
the southwest. Storms move from east to west, and since we are close to Lake Erie, the Lake
tends to turn winds to a more southwesterly direction. However, we could potentially
experience more northeasterly winds as the climate changes. This potential change will come in
with stronger low-pressure systems that are characterized with winds circulating in a
counterclockwise direction, resulting in winds generally from the northeast. Because the winds
are stronger, we will get odd direction storms more frequently (Levan, 2021). The
Intergovernmental Panel on Climate Change also notes this by saying “there is evidence for
long-term changes in large-scale atmospheric circulation, such as a poleward shift and
strengthening of westerly winds” (Eichelberger et al., 2008).
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The Regional Weather Patterns
In Western New York and the Great Lakes Region, our windiest season is winter because it has
the strongest regional storms (dominated by low-pressure systems) and our least windy season
is summer because it has the least regional storms (descending air in more frequent highpressure systems). The passage of these winter storms is controlled by the latitude and
waviness of the jetstream and the low-pressure and high-pressure cells. As the climate changes,
the latitude of the jetstream is expected to move slightly north, but not an immense amount
that would radically alter the number of storms we get. There is an expected slight increase in
winter storms since we miss some storms that currently pass to the south of us. In the summer,
it is also reasonable to expect a modest increase in the strength of a lake breeze, which is a
small-scale wind circulation caused by the land being warmer than the water. This is due to the
land warming faster than the lake in the future (Evans, 2021).
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As the climate changes we will also see out of season storms and these will result in more
damage. A snow storm in April or October will be more detrimental to trees, people’s houses,
and buildings because they are unexpected. In regards to trees, once leaves on trees are
budding out in spring or still remaining on the trees in the fall, the weight of the snow can
increase the likelihood of power outages in addition to bringing trees down. Additionally, the
weight of the snow will also make trees more susceptible to being knocked down by wind. As
for people’s houses and buildings, they are unprepared for the harsh winter environment so
early on in October. People most likely will not have their patio furniture or be prepared with

30

560
561
562

snow tires, etc for the winter in October as it is out of season. But, with climate change, out of
season storms will occur more frequently and more damage will arise as a result of unexpected
weather (Levan, 2021).
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Wind Pattern Change Case Studies
An examination of Western New York’s climate data from 1965 to 2016 clearly displays that the
area is impacted by climate change. A form of severe weather that may be on the rise in
Western New York is strong thunderstorm winds, which indicate a significant increase as time
goes on. Thunderstorm winds are defined as winds arising from convection, occurring within 30
minutes of observed or detected lightning, with speeds of at least 58 mph, or winds of any
speed producing a fatality, injury, or damage (Vermette, 2017).
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Shifting Wind Direction
The National Oceanic and Atmospheric Administration provides data on wind speed and
direction going back to 1942. Through use of this data “wind roses”, or diagrams showing
direction and speed of wind, can be created for specific years or general time intervals (NOAA,
2021). In this analysis, wind roses were created in 20-year increments for the entire dataset
that NOAA provides. These diagrams are shown below in Figure 11. Four wind rose diagrams
are compared side by side in this diagram. As noted in the interviews with Judith Levan, wind
direction does appear to be shifting over time. In the first wind rose, data from 1942 – 1962 is
displayed (A). In this time, the prevailing wind is coming from the southwest, but there are also
other stronger directional wind from the south and west as well. In the second wind rose, data
from 1962 – 1982 (B) is shown. Here one can see a stronger grouping of wind direction from the
southwest. By the 1982 – 2002 time period (C) , the prevailing wind is clearly from the
southwest, but there is also a strengthening directionality from the northeast as well. This trend
continues in the most current data, from 2002 – 2021 (D).
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Figure 11: Wind rose diagram for the Western New York area. The diagrams show how wind speed and direction is beginning to
shift.
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Sensitivity to Wind Case Studies
November 15, 2020 (WBEN, 2021)
● Wind gusts were hurricane force and nearing 70 mph along the Buffalo waterfront
and at the airport bringing many large trees down, and a seiche event causing lake
shore flooding
● National Grid and NYSEG pressed into action and tens of thousands without power
● City of Buffalo forestry crews responded to approximately 55 tree calls. Half
involves whole trees that were down.
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September 7, 1998 (NOAA, 2021)
● Derecho, a widespread, long-lived, straight-line wind storm that is associated with a
fast moving group of severe thunderstorms
● Some of the worst storm damage occurred in a band across western and central
New York, caused by up to 89 mph wind gust (recorded at the Rochester Airport)
● 89 mph wind gust at the Rochester Airport and 77 mph at the Syracuse airport were
recorded
● Damage was estimated at about 130 million dollars and hundreds of thousands of
homes and business lost power, with some remaining without power for a week
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March 8, 2017 (New York Upstate, 2021)
● Winds of up to 81 mph flipped over tractor-trailers, tore down trees and wires,
blocked roads and knocked out power to tens of thousands of people
● Down trees, sparking wires and CSX train derailed
● High winds create big waves along the break wall on Lake
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January 9, 2020 (11Alive, 2021)
● Wind gusts exceeding 60 mph
● The combination of rain and strong winds significantly increased the risk for
uprooted trees, downed power lines and widespread power outages.
● A wind gust of 69 mph was recorded at the National Weather Service office by the
airport
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Table 7: Sensitivity to Changes in Wind Pattern as interpreted through the PEOPLES Resiliency Framework’s 7 Dimensions

Sensitivity from these threats as related to the dimension of Population &
Demographics include human systems such as Erie County employees and
vulnerable populations. This includes people being impacted by wind damages to
homes, infrastructure and transportation in reaching their offices providing
essential services.
The Environmental & Ecosystem dimension of the PEOPLES Resiliency
Framework includes natural systems, which are highly vulnerable to changes of
wind patterns. These are mainly trees prone to damage due to age and foliage as
well as coastal areas in danger of flooding due to seiche events.
Organized Governmental Services are critical in providing advanced warning of
wind-related emergencies, as well as responding to these emergencies and
providing resources to recover from these disasters.
Physical Infrastructure may be impacted by damages resulting from windstorms
and erosion from wind-related seiche events. These damages in turn may
translate to loss of accessibility and mobility to emergency services that can
exacerbate the risk of damage and injury/death in the event of a disaster.
Lifestyle and Community Competence may be negatively impacted from an
increase in the frequency and severity of wind-related damage. Over time,
certain regions that may be in higher risk zones could see these impacts amplify,
reducing the community’s ability to recover from disasters.
Economic Development may be constrained due to the increased costs of
recovering from damages caused by wind. For example, an increase in seiche
events can result in an increase in the loss of lakeshore property and damage to
lakeshore homes. As these homes are frequently greater sources of revenue in
terms of property taxes, loss of the homes can have a greater effect on economic
development in general.
Social-Cultural Capital is difficult to maintain and harder to enhance when there
are elevated instances of wind that damage homes. The risk of such damages
may discourage movement into an area, reducing the ability to generate this
important social capital – with spillover impacts on the other dimensions noted
above.
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Chapter 6: Sensitivity with Respect to Mobility and Accessibility
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The question we explore is, Do those who are most sensitive to climate-related hazards have the ability
to reach the services and resources they need most? To answer this question, we explore how mobile
sensitive residents are, meaning what forms of transportation do they have available to them, and how
accessible are critical services and resources, including hospital emergency departments (EDs) and
library cooling shelters (CSs). While EDs are considered critical services providers in all types of hazards,
CSs are particularly important for providing services during extreme heat events. The scientific literature
has revealed numerous approaches for highlighting these concerns, especially as Geographic
Information Systems technology has become more commonplace (Cutter et al., 2000). The same
analysis was used for EDs and CSs respectively. In the first figure below, County census tracts are
displayed with area roads shown in grey, public transit lines shown in green, and EDs are shown in red,
and CSs shown in blue.

This chapter focuses on the ability of residents living in Erie County to access critical resources. A key
concern in the literature is the potential lack of access to care for underserved populations (Dolan,
2016). Levels of mobility (how far a person can travel in a given amount of time) and levels of
accessibility (the amount of services a person can reach in that given amount of time) vary across space
and socioeconomic demographics (Lee et al., 2018). To illustrate, research has shown that in some cases
emergency departments that specifically are meant to improve access to healthcare for underserved
populations will actually locate in socioeconomically advantaged areas (Carlson et al., 2019). The same
research asserts that, “For low-income populations in urban areas who often rely solely on public
transportation, location of healthcare services in close proximity to public transportation is an important
factor in access” (Carlson et al., 2019). No one would question the importance of public transportation
for urban residents in low-income communities. However, Erie County displays the full urban-rural
spectrum. Therefore, any study on county-wide access to emergency departments must consider
underserved and vulnerable populations in rural, urban, and suburban areas.
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Figure 12: Erie and Surrounding Counties with Roads (grey), NFTA-Metro System (green), EDs (red), and CSs (blue)
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Methodology
The methodology for this component of the Assessment was chosen to highlight the
comparative accessibility of Western New York area hospitals with emergency departments
(EDs) and cooling shelters (CSs) relative to levels of social vulnerability and capacities for
community resilience across Erie County. Figure 12 shows the location of 24 EDs and 37 CSs
relative to Erie County. Social vulnerability has been generally defined as the potential for loss
of life, quality-of-life, and property, and is an essential component in environmental hazard and
climate disaster mitigation strategies at the local, national and international levels (Cutter,
1996). The related concept of resilience is the ability of communities to respond to disaster
(Sherrieb et al., 2010). Mobility is incorporated into these ideas by considering the different
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forms of transportation a person might use to access area hospital EDs, including driving, public
transit, and walking. To account for vulnerability and resilience across Erie County, the
components of two Census-based approaches will be used, including the Census Bureau
Community Resilience Estimates, or CRE, (US Census Bureau, 2020) and Cutter’s Social
Vulnerability Index (Cutter, Mitchell and Scott 2000). Also collected are estimates from Google
Maps of travel times by the three modes of transportation from the center point of each census
tract in Erie County to EDs in Western New York. Using this data, we can investigate how
accessible critical services are (i.e., hospital EDs and cooling centers) in Erie County for residents
according to different levels of vulnerability (Community Resilience Estimates, Cutter’s Index),
and for different modes of transportation (driving, public transit, walking). The result are maps
of the County for each transportation mode, each showing the minimum travel times by mode
from the geographic center of each County census track to the closest ED or CS. These show
how accessible the nearest ED or CS is relative to a census tract’s level of social vulnerability.
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As with the other climate hazards assessed in this report, considerations of time of day,
seasonality, hours of operation of cooling centers were unable to be incorporated into the
report. These are important considerations however since the sensitivity of mobility and access
to emergency services discussed here may be heightened in instances of mobility-constricting
events, such as lake-effect snow storms and heavy rains or heavy traffic times. These factors
are interesting considerations for future work but the representations discussed here are based
on the average conditions and do not consider extreme events.
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It should also be noted that the critical facilities analyzed in this chapter (i.e. emergency
departments and cooling centers) are case study examples employed to illustrate the utility of
the analysis. There are undoubtedly other critical facilities where mobility is a factor in regards
to climate-related emergencies. Urgent care centers may be more common and more heavy
utilized than emergency rooms, and grocery stores and gas stations are also critical in times of
extreme events. As mentioned in the chapter on temperature, a power failure or other event
(i.e. flooding or downed trees) may make travel much more difficult or altogether impossible.
These scenarios above should be considered in future work to better inform these scenarios.
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ACCESSIBILITY OF EMERGENCY DEPARTMENTS IN ERIE COUNTY BASED ON TRAVEL TIME
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Figure 13: Accessibility of EDs via driving (a), transit (b) and walking (c).
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713

ACCESSIBILITY OF COOLING CENTERS IN ERIE COUNTY BASED ON TRAVEL TIME
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Figure 14: Accessibility of CS via driving (a), transit (b) and walking (c).
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Results1
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Figure 13(b) shows the comparative travel times by transit or public transportation. Here, the clustering
in the urban areas and the eastern rural areas is much more pronounced. Some relative changes also
occur in the southwestern portion of the county where many tracts display travel times even further
below what is expected (compared to driving times), and a few actually switch from having shorter
travel times than expected to having longer travel times than expected when comparing this map to the
one for the driving time model. Note that it is these southwesterly tracts that have the greatest
accessibility relative to their levels of vulnerability and resilience. Some changes are also visible in the
eastern part of the county where some tracts go from above average travel times for drive times, to
below average for transit times. The reason for these changes is likely to be driven by the geography of
the NFTA-Metro lines. NFTA routes are clustered near Buffalo but a few lines run along the lake shore
and out into the eastern parts of the county. Since this map only considers travel times via public transit,
many of these changes make sense. For the most vulnerable tracts in Figure 13(b), the average travel
time is approximately 196 minutes, or otherwise infeasible in the case of an emergency.
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Finally, the Figure 13(c) displays the travel times if one were to walk to an ED or CS. By visual inspection,
this map appears to be the most clustered. The lower than expected travel time cluster in the City of
Buffalo is north and east of the one uncovered in the transit results. It is similarly surrounded by many
average travel times. However, a southwest-northeast oriented area of higher than expected travel
times is uncovered, nearly unbroken, just outside of Buffalo. Beyond these census tracts, these is a
similarly-oriented region of tracts with walking travel times much lower than expected. Lastly, the most
easterly part of the County again shows much higher relative travel times. Since absolute travel times
are similar for many of these areas, the patterns displayed are likely induced by changes in vulnerability
from Census tract to Census tract. It is also worth noting where some values that are near to average in
the transit travel time results, become far below average for walking. These tracts mostly lie towards the

The results for this component of the Assessment are shown in the Census Tract maps in Figures 13 and
14. The color values shown in Figure 13(a) entitled “Accessibility of Emergency Departments in Erie
County Based On Travel Time” indicates the driving time necessary to reach an ED, in minutes (Google
Maps), relative to what is expected for a census’s tracts level of social vulnerability (Cutter’s Index, CRE).
This means that far above average values (purple) indicate driving travel times that are high for an
observed level of vulnerability. On the other hand, values far below (yellow) indicate travel times that
are low for an observed level of vulnerability. Expected drive times for a given level of vulnerability are
average values (green). Figure 13(a) shows that the values closest to average are mostly found near the
City of Buffalo, but also in some suburbs and more rural areas. The eastern rural tracts display a deep
cluster of comparatively high travel times and we see some of the lowest comparative travel times in
the southern and western parts of the county. These values make sense because if one were to have
only considered travel time, the lowest values would be in Buffalo where hospitals are more densely
located. Then middle values would be in the suburbs and the highest values would be in the rural areas.
However, since vulnerability has been considered, short travel times may be balanced by high
vulnerability resulting in average values in the city, far above average values in the eastern part of the
county, and far below average values in Lake Erie Beach. For the most vulnerable tracts in Figure 13(a),
the average travel time is approximately 24 minutes.

1

Preliminary results pending further review
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south and southeast of the City of Buffalo, indicating relatively more accessibility for those whom
neither driving nor public transit would be an option for reaching a hospital. For the most vulnerable
tracts in Figure 13(c), the average travel time is 212 minutes, or otherwise infeasible in the case of an
emergency.

761
762
763
764
765
766
767

Figure 14(a) displays noticeably different results when vulnerability is considered in terms of accessibility
of CSs instead of EDs. Although underlying social vulnerability remains the same, the distribution of CSs
around the County is not the same as the distribution of EDs, hence the different results. Here, although
the prevalence of above average transit times might seem abundant, the call for concern may not be too
high. For tracts with far above average expected travel times, the average time is approximately 7
minutes. This would be feasible for an individual to avoid danger via driving or being driven from their
home to a CS in the case of an extreme heat event.
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Figure 14(b) displays the results for vulnerability in terms of accessibility to CSs via public transit. Here,
the more rural tracts generally show the highest vulnerability in rural parts of the County where it is not
feasible to use public transit to reach a CS. This makes sense. If transit lines are far away and public
transit is the only means to reach a CS, then CSs will be inaccessible. Some interesting results lie in the
Census tracts constituting Springville, Concord and North Collins. In these census tracts, where public
transit is not available, travel times are initially assumed as being equivalent to walking the same
distance. On average, as population density increases, travel times decrease. Therefore, Springville, with
high population density, ought to have generally low travel times. However, without any transit lines,
when the comparing Springville to other similar lcoations, the accessibility of CSs is comparatively much
lower. The result is an increase in relative vulnerability. On the other hand, for Concord and North
Collins, these tracts are among the least densely populated in the county. However, the large size of
these tracts works in their favor as population density is low. To illustrate this, consider that Concord
and the western tract of Boston have roughly the same population, but Concord is between two and
three times the size of Boston’s western tract. The result is that the population density of Boston’s
western tract is more than twice that of Concord. Being that this approach is relative, not absolute
vulnerability, Concord is designated as a low vulnerability tract and the western tract of Boston is
designated as a highly vulnerable tract. How high? For far above average tracts on this map, the mean
travel time is approximately 87 minutes. In many cases, it would be infeasible to travel for 87 minutes to
seek shelter from extreme heat. However, this is significantly lower than the 196 minutes needed for an
individual to reach an ED via public transit from one the most vulnerable tracts in Figure 11(b).

788
789
790
791
792
793
794
795
796
797
798

Finally, Figure 14(c) displays the results for vulnerability in terms of accessibility to CSs when traveling by
foot. These too are driven most strongly by population density and by absolute travel times. Likewise,
the most vulnerable census tracts lie in the rural parts of the County, as well as near the airport and
slightly to the east in Lancaster. For the suburban tracts, population density is high but roads are sparse,
increasing walking times and therefore vulnerability. For the rural tracts, roads are sparse and travel
times tend to be even longer, resulting in even higher overall vulnerability. Like the transit map, large
rural tracts, with lower population density tend be less vulnerable as a whole, such as near North Collins
and Collins center. The wide distribution of CSs however, increases accessibility overall. Even for the
most vulnerable Census tracts in Figure 14(c), or those with the relative travel times farthest above
average, the average absolute travel time is 35 minutes, which, in many case cases, might be feasible for
accessing a CS during an extreme heat event.
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Table 8: Sensitivity to Mobility as interpreted through the PEOPLES Resiliency Framework’s 7 Dimensions

Populations and Demographics living more distantly from critical services and
resources are more vulnerable than those that live closer. Larger households will also
be more sensitive as accessibility to more resources will be required.
Aspects of the Environment and Ecosystem will play a role in vulnerability with respect
to mobility and accessibility to emergency services. Please refer to the sections on
Thermal Vulnerability and Flooding.
Erie County’s Organized Governmental Services will be interested in knowing where
the most vulnerable county residents live in relation to which services they need most.
In the results above, travel times to EDs and CSs are shown relative to their level of
social vulnerability are displayed. In the event of an extreme hazard, it is the citizens
who live in the least accessibility tracts that will have risk exacerbated by the amount of
time it will take to reach an ED or CS. Therefore, it may be useful for planners to keep a
watchful eye on these tracts.
By identifying accessibility as a function of travel times along public roads and
considering levels of vulnerability across the county, candidate tracts for future Physical
Infrastructure improvement and investment are identified. In other words, areas with
the lowest accessibility may make strong candidate sites for road or ED construction.
Lifestyle and Community Competence may prove difficult to negotiate since many
individuals prefer the urban/suburban/rural context they live in and would prefer not to
move, even for reasons of mobility or accessibility. With this in mind, it becomes more
important for residents and planners to identify precisely how risks and vulnerabilities
are spread across the county in order to preserve quality of life in the face of hazards.
Economic Development is an inherent component with respect to mobility and
accessibility to emergency services. First, many individuals in the urban population,
especially those living in low-income circumstances, do not own a vehicle. The maps
displayed in the results show large differences in travel times between driving and
public transit travel times. The situation worsens even more moving from public transit
to walking. On the other hand, this may identify opportunities for the private sector to
step in. Areas that are currently underserved may justify a private investment to
provide services. Moreover, efficient transportation systems (or the lack thereof) may
promote economic development (or hinder it) itself.
Social-Cultural Capital is sensitive to mobility and accessibility in that transportation
systems affect individuals’ ability to gather. For example, community centers can only
serve community members who can reach them. Opportunities for these groups and
facilities will exist in the areas that can be shown to be most underserved relative to
target populations.
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Case Studies
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The census tract with the greatest number of workers without access to a vehicle, that is, the
tract with the least mobility, is Census Tract 47. This urban tract is located in the Lasalle and
University Heights neighborhoods of Buffalo and is directly south of and adjacent to the
University at Buffalo South Campus. The results from the drive time, transit time, and walk time
models are all average, compared to the travel times across the County. This indicates that
relative to this tract’s degrees of vulnerability and resilience, its accessibility to hospital EDs is
relatively high. In other words, despite a low degree of vehicle ownership, access is still
available in other forms. This means vulnerability here is at least partially mitigated in terms of
ED access since travel times are relatively short.
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On the other hand, there are multiple census tracts where all workers have access to a vehicle,
including Census Tract 149.04. This rural tract is the located in the rural east of Erie County. For
all transportation modes, this tract is identified as having travel times above or far above
average relative to its levels of vulnerability and resilience. The accessibility of this area is
seemingly poor because the nearest hospitals are quite far and NFTA transit lines do not cross
this this tract. However, since these residents are highly mobile (i.e., have access to vehicles)
the overall accessibility is not as concerning.

Since accessibility to services in this context is greatly increased (in terms of travel times) on a
resident’s access to a private vehicle, the key case studies for this component focus on census
tracts with high and low access to vehicles. Two extreme cases are presented. For each case, it
is possible to interpret whether the mobility observed in the tract, as measured by the US
Census Bureau variable for number of workers with no vehicle available, reinforces or balances
what has already been observed in the same tract regarding accessibility to hospital EDs (shown
previously).
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Figure 15: Photograph of Main Street in Buffalo, running through the census tract with the lowest access to vehicles on the LEFT
and a rural road and land in a census tract with one of the greatest access to vehicles on the RIGHT (Source: google.com).
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Chapter 7: Conclusion
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This report analyzed the sensitivity of Erie County to multiple climate-related hazards (extreme
heat, flooding, biological threats, wind and how they interact with mobility and accessibility).
For each of these topics, the analysis showed a range of areas in the County with both below
and above average sensitivities. The analysis of extreme heat found regions in Erie County that
would experience above average sensitivity to extreme heat events, where impacts may be in
relation to a lack of access to cooling units or stations, older housing units that are poorly
designed, and built environments that are by nature much warmer than natural areas. The local
and downstream components of the analysis of sensitivity to flooding showed neighborhood
locales that may be more prone to flooded roadways and basements during heavy rain events;
as well as the locations where runoff was generated – impacting downstream communities. The
analysis of biological threats suggests that there will be new dynamics in habitat suitability that
enhance habitat for some species and degrade habitat for others – largely benefiting invasive
species that cause environmental, economic, and public health issues. Evaluating mobility and
accessibility in Erie County highlighted how convoluted accessibility can be for both urban and
rural residents, often counterintuitively. The urban-rural divide in regards to climate
vulnerability is documented in the literature (Cutter et al, 2016; Wells, 2012) and has been a
source of discussion during this analysis. Specifically, there was greater sensitivity to heat and
flooding in urban areas, while rural areas showed more sensitivity to mobility and access to
emergency services. Ultimately, each result presents a starting point for future discussions
related to evaluating adaptive capacity (Phase III of this CVA project), as well as future research
and reduction/mitigation measures.
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Despite the utility of these results, there are important limitations to consider. For all facets of
the analysis, there were limitations in data, capacity, and funding. This is not to say that a
robust analysis wasn’t conducted, only that there are many other directions of analysis and
research topics that could also be considered for each of the hazards under review. Another
issue is the issue of scale. Where data was available, it was frequently available at the federal,
state or county scale. These differences made analyses at fine spatial scales difficult, both for
specific hazards and for comparisons between analyses. Thermal sensitivity and
mobility/accessibility were analyzed at the census-tract scale, flooding was analyzed at the
pixel-level scale, and biological threats were analyzed at the state scale. To accommodate the
issue of differentiating scale in our data sources, the results were aggregated to display scales
between –1 to 1, and the averages of these scales displayed for analysis. Therefore the results
shows in the previous chapters display sensitivities relative to other locations within the
County.
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As noted above, there were a considerable number of additional avenues of research into how
sensitivity to climate-related impacts may impact Erie County. Further analysis on how these
hazards will impact the health of Erie County employees and residents will refine the
recommendations stemming from this research. How will extremely hot days impact those that
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work outdoors for Erie County in the summer months? How will flooding impact Erie County
facilities and the workers that may be present in those buildings? Will tick-borne illnesses be of
greater concern to these workers in coming decades? How does the stormwater system that
Erie County manages become stressed during heavy rains, and will this create blockages or
failures that can lead to flooding?
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There are several facets of sensitivity that were outside of the scope of this project but are
particularly important avenues for future research, and in some cases were emphasized by
project stakeholders. While not directly discussed in this report, agriculture is a vital industry
that may be negatively impacted by climate-related impacts. Extreme heat may stress crops
and reduce yields (Environmental Law and Policy Center, 2019). Heavy rains may flood
croplands and stifle productivity (Easterling et al, 2017). Invasive pests may decimate crops and
destroy harvests (Mainka and Howard, 2010; Hellmann et al, 2008). Wind may blow away prime
farmland and reduce the quality of soils in affected areas (Weil and Nyle, 2017).
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Climate migration is another important consideration. The Erie County region has recently been
described as a potential “climate oasis”, as the proximity to the Great Lakes region provides a
cooling effect in addition to ample fresh water (Aldia Environmental, 2020; NBC News, 2020).
However, these resources have been strained for decades from pollution and human
development, and may not be reliable as a resource in the ace of climate change and an influx
of additional human populations that further stress these ecosystems (Environmental Law &
Policy Center, 2019). Assessing Erie County’s sensitivity and ability to respond to this issue is
critical in preparing for the impacts that may result.
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How stormwater systems in Erie County interact with flooding is an aspect of the issue that was
not fully assessed in this analysis. These systems may provide drainage in both natural and
developed settings, and this drainage may alleviate excess runoff or local ponding in heavy rain
events. Conversely, these systems may become clogged and create issues with localized
flooding and elevated runoff. Thus, it is important to include where these systems are and how
they may be related to flood-prone landscapes in the analysis of sensitivity (Okazawa et al,
2011). This information will be incorporated into future reports.
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In summary, this sensitivity report has highlighted a number of important issues facing the
County specifically related to the climate impacts of heat, flooding, wind and biological threats.
The report also highlights areas for which further analysis and assessment are warranted to
have a richer understanding of specific, high resolution impacts of various climate change
threats and scenarios. The County views the results of this report as a foundation from which to
build a common understanding of the local impacts of climate change as well as strategies to
mitigate them. The next phase of the Climate Vulnerability Assessment is to assess the
adaptive capacity of the County to plan for and mitigate the consequences of the hazards
discussed here, and will be the focus of our next report.
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