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Disclaimer 

This draft analysis is a working document and should not be considered final; all information 
contained herein is subject to change. The analysis is based on best available information for 
specific threats and assets at the time the analysis was conducted. Quantitative results 
presented herein are preliminary and are based on data with inherent uncertainties and 
generalized assumptions; site-specific evaluations of vulnerability and risk are beyond the 
scope of this assessment and should be reserved for a detailed evaluation of specific 
adaptation measures. Updates will be provided as new information is made available and key 
findings are re-assessed accordingly. 
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Executive summary 
To become better prepared as it faces both 
existing hazards and a changing 
environment, the Land of Sky region of 
western North Carolina—which, for 
purposes of this project, includes the 
counties of Buncombe, Haywood, 
Henderson, Madison, and 
Transylvania—has undertaken a resilience 
planning process to consider threats and 
hazards to the region’s economic 
development and transportation assets with 
a goal of becoming more resilient to them, 
and to integrate the results into a localized 
perspective for future planning purposes. 
 
Using the “Steps to Resilience” from the 
U.S. Climate Resilience Toolkit and guided 
by UNC Asheville’s National Environmental 
Modeling and Analysis Center (NEMAC), 
representatives from the Land of Sky 
Regional Council, the Asheville-Buncombe 
County Economic Development Coalition, 
and the French Broad River Metropolitan 
Planning Organization invited participants 
from area counties and municipalities to 
attend a workshop held March 12, 2018, 
during which participants determined key 
regional economic development and 
transportation assets and examined climate 
and non-climate stressors leading to threats 
and hazards that could negatively impact 
those assets. NEMAC then performed an 
exposure analysis on a limited set of 
identified asset-threat pairs and presented 
initial findings in a follow-up workshop held 
May 22, 2018. 

 
Final results of the full resilience assessment 
are intended for use and integration into 
individual communities’ existing hazard 
mitigation, comprehensive, and emergency 
management plans. The data presented in 
this preliminary assessment should be 
considered as draft information until it is 
reviewed and refined for use in each 
individual jurisdiction. 
 
Key findings from the exposure assessment 
include: 
 

ǒ Landslide exposure was assessed 
only for Buncombe and Henderson 
counties due to the unavailability of 
data for Haywood, Madison, and 
Transylvania counties. As landslides 
are a significant region-wide threat, 
those counties should consider an 
investment in landslide mapping.  

ǒ Retail properties are exposed to 
flooding across the region. 

ǒ Regional wildfire exposure is very 
high. 

ǒ Transportation and economic 
development are linked assets when 
examining exposure (and 
subsequent vulnerability and risk). 
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Introduction 
Communities across the United States are 
dealing with impacts from more frequent 
weather and climate-related threats. Since 
1980, there have been more than 200 
billion-dollar weather and climate-related 
disaster events in the United States.1 The 
scientific consensus, as reported in the third 
National Climate Assessment,2 highlights 
the fact that the frequency of extreme 
weather events is increasing, and that they 
are expected to become even more 
frequent and severe in the future. To further 
exacerbate the issue, certain regions of the 
country are facing increased stressors not 
related to climate—such as population 
growth, development, and economic and 
demographic shifts. 
 
To better address impacts related to these 
events and shifting realities, communities 
are incorporating resilience and adaptation 
into their municipal planning. Resilience 
planning considers ways that communities 
can prepare for climate- and 
non-climate-related impacts to protect 
people and community assets and best 
deliver key services. 
 
To become better prepared as it faces both 
existing hazards and a changing 

environment, the Land of Sky region of 
western North Carolina is undertaking a 
resilience planning process to consider 
threats and hazards to the region’s 
economic development and transportation 
assets with a goal of becoming more 
resilient to them, and to integrate the 
results into a localized perspective for 
future planning purposes. 
 
To this end, the Land of Sky Regional 
Council partnered with UNC Asheville’s 
National Environmental Modeling and 
Analysis Center, or NEMAC, to lead its 
planners and jurisdictional representatives 
through a series of workshops and activities 
aligned with the “Steps to Resilience” 
outlined in the U.S. Climate Resilience 
Toolkit.3 This phased approach provides 
communities, municipalities, and 
organizations with a blueprint for climate 
resilience planning. 
 
This report outlines activities undertaken by 
participants relating to “Step 1—Explore 
Hazards” and the beginning of “Step 
2—Assess Vulnerability & Risks” of the 
Steps to Resilience. 

   

6 



Project teams 
A core project team was assembled in October 2017 and included representatives from the 
Land of Sky Regional Council, the Asheville Chamber of Commerce/Asheville-Buncombe 
County Economic Development Coalition, and the French Broad River Metropolitan Planning 
Organization. The Land of Sky Regional Council was responsible for logistical coordination, 
information gathering, and participation in planning needed for this project. An invited 
participant team provided input and guided the analysis. A team from NEMAC provided 
facilitation of the process as well as technical support and scientific analysis. 

Core project team 

Erica Anderson  Economic and Community Development 
Director, Land of Sky Regional Council 

Jon Beck  GIS Planner, Land of Sky Regional Council 

Heidi Reiber  Director of Research, Asheville-Buncombe 
County Economic Development Coalition | 
Asheville Chamber of Commerce 

Mary Roderick  Regional Planner, Land of Sky Regional 
Council 

Lyuba Zuyeva  French Broad River Metropolitan Planning 
Organization Director 

Participant team 

Mark R. Burrows  Planning and Community Development 
Director, Transylvania County 

Matt Champion  Senior Planner, City of Hendersonville 

Crystal Johnson  Geological Engineer, North Carolina 
Department of Transportation 

Nick Kroncke  Regional Planner, French Broad River 
Metropolitan Planning Organization 

Jody Kuhne  Regional Engineering Geologist, North 
Carolina Department of Transportation 

Sara Nichols  County Planner, Madison County 

Josh O’Conner  Recreation Services Manager, Buncombe 
County 

Autumn Radcliff  Planning Director, Henderson County 

Amber Weaver  Sustainability Officer, City of Asheville 

Tristan Winkler  Transportation Planner, French Broad River 
Metropolitan Planning Organization 
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NEMAC team 

Jim Fox  Director, Lead Facilitator 

Nina Hall  Project Lead, Writer/Editor, Facilitator 

Dave Michelson  Resilience Analyst, Facilitator 

Matt Hutchins  Resilience Analyst 

Karin Rogers  Resilience Analyst 

Caroline Dougherty  Principal Designer 

Kim Rhodes  GIS Associate/Cartography 

Rachel Dunn  Writer (Student Intern) 
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Climate-related threats 
According to the NOAA Storm Events Database, between 1997 and 2017 there has been an 
estimated $159+ million in damage from climatic and extreme weather events in the Land of 
Sky region.11  
 
It should be noted that NOAA’s National Centers for Environmental Information, which 
produces the database, recognizes this as a partial record for some events and notes that in 
some cases the damages are broad estimates. 
 
The table below summarizes these events. Note that the events in this summary at least 
partially took place in the Land of Sky region—thus some of the estimates may include damage 
totals that may have been reported from neighboring counties. This summary helps to identify 
the types of past events that have been most devastating. 
   

Storm events that included the Land of Sky region from 1997 to 2017 
Event Type  Count  Estimated Losses 

Storms 
(Hail, Heavy Rain, High/Strong/Thunderstorm Wind, 
Lightning, Tornado) 

1,144  $15,483,000 

Flood/flash flood  232  $136,069,000 

Winter weather 
(Blizzard, Cold/Wind Chill, Extreme Cold/Wind Chill, 
Freezing Fog, Frost/Freeze, Heavy Snow, Ice Storm, 
Sleet, Winter Storm) 

388  $8,281,000 

Drought  168  * 

Wildfire   *  * 

Total  1,933  $159,833,000 

* Data not available     
In an initial review of comprehensive and hazard mitigation plans, regional counties and 
municipalities have acknowledged that they are facing shared climate-related threats and 
hazards. Some of these include: 
 

ǒ Flooding  ǒ Extreme heat events 

ǒ Nuisance flooding, runoff, and erosion  ǒ Water shortage 

ǒ Landslides  ǒ Supply chain interruption 

ǒ Wildfire   
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The threats and hazards selected for this analysis were limited by the scope of work, but are 
existing hazard events that have impacted the community in the past and have the potential to 
change in frequency or severity in a changing climate. 
 
The table is an inventory of the threats addressed in the exposure analysis and their associated 
climate and non-climate stressors. This inventory was captured based on the project team’s 
institutional knowledge of past events, the NOAA National Centers for Environmental 
Information Storm Events Database,11 and regional climate trends and projections from the 
second and third National Climate Assessments.2,12 The table is followed by a description of 
each of these threats.  
 

Climate threats considered in the assessment 

Climate Threat  Climate Stressor  Non-Climate Stressor 

Flooding  Extreme precipitation  Impervious surfaces 

Landslides  Extreme precipitation  Steep slope development 
and vegetation removal 

Wildfire  Temperature variability, 
drought 

Fuels and vegetation, 
human-caused ignitions 
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Flooding 
Precipitation trends are changing 
both nationally and in the 
Southeast and contribute to 
climate threats such as flooding. 
For more information, refer also to 
the discussion of heavy 
precipitation events in the climate 
stressors section of this report, 
above. 
 
For purposes of this assessment, 
the threat of flooding was defined 
by the flood hazard areas as 
determined by the North Carolina 
Floodplain Mapping Program 
(NCFMP)13; assets within any of 
these flood hazard zones were 
determined as being exposed to 
flooding.  
 
A 100-year flood event has a 
one-percent chance of occuring 
every year, while a 500-year flood 
event has a 0.2-percent chance of 
occuring in any given year.  
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Landslides 
Landslides in western North Carolina are, like flooding, associated with climate stressors 
related 
to the amount and timing of precipitation. The primary non-climate stressors contributing to 
the threat of landslides are development and the removal of vegetation on steep slopes. 
 
Landslide events include debris flows, rock slides, mudslides, earth slides, and movements.14 
Most of the loss of life associated with the 2004 precipitation events in the region was 
attributed to landslides that occurred throughout western North Carolina. Research by 
scientists and North Carolina state geologists have explored how landslide events in western 
North Carolina are often associated with certain thresholds of extreme precipitation. For 
example, it is estimated that four rainfall events in 2013 resulted in at least 300 landslide events 
in the region.15 The chart below shows the rainfall amounts for selected storms that triggered 
landslides, mainly debris flows, in western North Carolina from 1876 through 2015. 
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For purposes of this assessment, 
the threat of landslides was 
defined by potential debris flow 
areas in Buncombe and Henderson 
counties, as determined by the 
North Carolina Department of 
Environmental Quality (NCDEQ).16 
Assets within any of these potential 
debris flow pathways were 
determined as being exposed to 
landslides.  
 
 
 
Landslide exposure was assessed 
only for Buncombe and Henderson 
counties; data was unavailable for 
Haywood, Madison, and 
Transylvania counties. 
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Wildfire 
Wildfire is a natural disturbance that provides benefits to ecosystems and natural systems, but 
it can become a threat when it negatively impacts communities and the assets we value. 
Drought conditions can lead to a greater chance of wildfire. 
 
The primary non-climate stressor related to the threat of wildfire is the management of fuels 
and vegetation. Lack of active fuel management can contribute to a decline in fire-resilient 
ecosystems, an increase in wildfire burn severity, and increased risk of destructive wildfires that 
damage landscapes and threaten people and communities. 
 
The threat of wildfire was defined by areas with burn probability, as defined by the Southern 
Group of State Foresters (SGSF).17 Assets within areas with any burn probability were 
determined as being exposed to the threat of wildfire. 
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Assets 
Assets were identified by exploring the project team’s institutional knowledge of shared types 
of assets as well as local comprehensive and hazard mitigation plans, but were limited by the 
scope of work. The following asset categories (broad) and the assets that define them (more 
specific) were used for the exposure analysis. 
 

Assets considered in the assessment 

Asset Category  Description 

Properties   

Commercial Properties  Includes non-residential properties that serve 
businesses and organizations. They also typically 
support commerce, jobs, and tourism. Includes Retail, 
Office, Industrial, Institutional, and Utility parcels. 

Transportation   

Roads  Includes all major and secondary roads and considers 
the road infrastructure potentially inundated and 
exposed to damage. 
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Step 2 | Assess vulnerability & risks—exposure 
analysis 
Exposure is the presence of people, assets, 
and ecosystems in places where they could 
be adversely affected by hazards. 
 
This section of the report presents the 
results of an exposure assessment of 
spatially differentiable assets and threats in 
the Land of Sky region performed as the 
beginning of “Step 2—Assess Vulnerability 
& Risks” of the Steps to Resilience. 
 
This exposure assessment can be used as 
the basis of any subsequent vulnerability 
assessment performed in the project’s next 
phase. 
 
For each of the identified major assets and 
threats, the spatial intersection was 
assessed to determine the proportion of 
asset categories that are exposed to 
specific threats. This assessment was 
performed at the specific asset level (e.g., a 
property parcel or road segment) and then 
aggregated to the census tract scale, 
enabling comparison with socioeconomic 
data. This process is further described in 
Appendix A. 
 
 
 
 
 
 
 
 
 
 
 

Key findings from the exposure assessment 
include: 
 

ǒ Landslide exposure was assessed 
only for Buncombe and Henderson 
counties due to the unavailability of 
data for Haywood, Madison, and 
Transylvania counties. As landslides 
are a significant region-wide threat, 
those counties should consider an 
investment in landslide mapping.  

ǒ Retail properties are exposed to 
flooding across the region. 

ǒ Regional wildfire exposure is very 
high. 

ǒ Transportation and economic 
development are linked assets when 
examining exposure (and 
subsequent vulnerability and risk). 
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