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Executi ve Summary

Impacts from climate change are already being felt in Virgingen rising sea levels on the coast to increasingly
severe flash floods and heat waves inlaBdsed on the latescientific research, we expect observed changes in
the Virginia Piedmont to worsen over the coming years and decades

Albemarle County needs to prepare for the drastic shifts in temperatures, precipitation, and seasonal patterns
that climate change is brging to our region. These shifts will bring shocks and stressors to our local community,
economy, environmentand infrastructure

To adapt to climate changéauild resilience to the shocliswill bring, and reduce harmful impacte our commu-

nity, we need to engage inhoughtful, inclusive planning that centers community members who will be most
affected Several recent County documents, including the Comprehensive Plan (2015) and the Climate Action Plan
(2020), call on stafb create a climate adaptain and resilience plan forepare for and to alleviatthe challenges
brought by climate change

The first step in planning for resilience is to understand the specific climate change risks that we will face here in
Albemarle County. This report, tiiimae Vulnerability and Risk Assessmembvides a comprehensive overview
of those risks.

What This Report Is

To assess climate change related risks for Albemarle Countjithate Vulnerability and Risk Assessméaien-
tifies which natural hazards exacetbd by climate change will affect our regiamho and whain our community
will be most exposetb these hazardsand where there is greater vulnerability to adverse impacts.

Specifically, this reporanalyzes five areas of information related to how climate change will affect us in
Albemarle County:

1. majorchanges to temperature and precipitationy 2050 and 2075 that will drive acute shifts in weather
patterns and exacerbate natural hazards that we experience;

2. the primaryhazardsthat our community is rast likely to face on those time horizons, including extreme
heat, drought, wildfire, flooding, pests and disease, and disruptions to seasonal weather patterns;

3. the groups and areas of our community that will be mesposedto these hazards, which mayryaby
hazard (e.g., a drought will affect the whole county, whereas a flash flood might affect a specific part of
the county);

4. social, economic, ecological, and infrastructural conditions that may make some community members,
businesses, and habitats movalnerableto these hazards; and

5. the harmfulimpactsthat are likely to occur when a hazardous event takes place.

Key Concepts

The report analyzes the interaction among several conditions, trends, and likely events, defined below. Unless
otherwise noted, these definitions are drawn from Chapter 19 of the reftirhate Change 2014: Impacts, Ad-
aptation, and Vulnerabilitpy the Intergovernmental Panel on Climate Change (IPCC).

Albemarle County Climate Vulnerability and Risk Assessmpht



Climate Changé NS F S NHerniisifts in2eyhferatures and eather patterns. These shifts may be natural,

such as through variations in the solar cycle. But since the 1800s, human activities have been the main driver of
climate change, primarily due to burning fossil fuels like coal, oil and gas. Burning fdsgjehaerates greenhouse

J+ra Syraairzya OGKFG FOdG tA1S I ofly1SiG é¢NIYLLISR | NBdzy
6! YAGSR blidAz2yaszs a2KFG L&A /fTAYFOS [/ KFEy3aSKeéo o

Hazards\ y Of dzZRS GG KS LR GSYdAl f -8d0ddpNdNBSY OISt 2FF$y ¢ | 2 NING NS ¢
loss of life, injury, or other health impacts, as well as damage and loss to property, infrastructure, livelihoods,
ASNIDAOS LINP@GAaAz2YyY SO2aealdsSvyaz |yR Sy@dANRekacdbaed f NI
by climate change that are most relevant to Albemarle County; these include:

NP Extreme Heaincludes temperatures that are much hotter and/or more humid than average, .

-.- well as unseasonable weather. In the summer, this can causerékeatd illness, and in the late
! winter and early spring, this can cause damage to orchards and other agrcultur

N
’

Droughtincludes a prolonged period of abnormally low rainfall, which can lead to lower surfe
and ground water levels.

Wildfire includes a destructive fire that can quickly spread over brush and forested land.

Floodingincludes fluvialor riverine) flooding caused by excessive or intense precipitation.

Sk p & P

Disease and Pestilendacludes pests and diseases that harm people, woodland, and agricull

ExposureNE FSNA (2 GKS GLINBaSyOS 2F LIS2L) S> t AQPSt AK22RAX
and resources, infrastructure, or economic, social, or cultural assets in places and settings that could be adversely

A 2 4 A x

FFFSOGSRE 0@ IWKithoselexdderated Bylclindta changel

VulnerabilitySy O2 YLJ 4a4S& GKS GLINRPLISyaAide 2N LINSBRAALRAAGAZY
a variety of concepts and elements including sensitivity or susceptibility to harm and lack of capeocjig and
I RILJG ¢

Impactsd NB T S Nffectson iafiral and human systems of extreme weather and climate events and of climate
changeb ¢

RiskNBFSNE (2 GKS aLRGSY(dAlrf F2NJ 02y asSljdsSyO0Sa oKSNB
uncettain, recognizing the diversity of values. Risk is often represented as probability of occurrence of hazardous
SgSyia 2N GNByRa YdzZf GALX ASR o0& GKS AYLI OlGa AF (GKSaS

¢CKS F2ff2¢Ay 3 3 NGirbdkeXChange R@raportidépsts these/ contefts and the relationships
among them:
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FigureA: Replica ofFigure 191, Chapter 19: Emergent Risks and Key Vulnerabiliti€jnrate Change 2014: Impacts, Adaptation, and
Vulnerability(IPCC AR5 WG22014 p.1046).

Climatechange(shown on the left) produces and exacerbates speh#izards including individuaéventsand
trendsover time.Socioeconomic processéat rightt 4 KA OK O ybroad/sét bfdaBt&s séich as wealth,
social status, and gendar and to some extenclimate change (left) producexposureand vulnerability. Haz-
ards, exposure, and vulnerability are the three factors that directly produceiskécenter) of adversémpacts
The graphic shows that the overall system can be a cyclical process, ininvpadts can in turn affect climate
change and socioeconomic processes.

Method

The basic approach of this assessment is to consider the interaction between what climate change will bring to
our region and how that will affect the people, natural environrdnilt environment, and economy specific to
Albemarle County. We do this by considering the intersection of climatted hazards and specific conditions

on the ground. Sometimes this literally takes the form of a layered map. For examplguie73 we depict the

areas of the county most likely to experience extreme heat superimposed on a countywide geographic distribution
of buildings in poor condition or withowtentral cooling in order to identify areas that will be more affected by

the hotter heat waves anticipated in the future.

Using the formal concepts introduced above, the method involves considering cliglated hazards exposure

to those hazards, andulnerabiliyi 2 G KS KIFT I NRAQ ST¥FFSOGa Ay O2yadzyOiA?z
ards based on what several climate models in aggregate predict for our region in the coming deestese

heat, drought, wildfire, flooding, and pests and diseaste. identify exposure and vulnerability to these hazards

based on a review of numerous socioeconomic indicators for Albemarle County. Putting these together, we

Albemarle County Climate Vulnerability and Risk Assessmpghnt



guantify predicted impact$or the years 2050 and 2075 and under two future climate changeasi®En low
emissions anthighemissions

When we display this information in tables, charts, and maps, we highlight key observations for the reader to
consider. Each chapter contains a detailed description of the data used and how we presentétrigved all
the data for this report from publicly accessible databases, County datasets, or partner organizations.

How to Readthe Report

Most of the chapters of this report follow a similar structure. Understanding that structure will help readers nav-
igate the information and locate sections of interest.

Thelntroduction presents the purpose of this report, outlines the topics covered within it, and defines key termi-
nology. It largely mirrors the Executive Summary.

Chapter 1: Albemarle CountgrovidesY T2 NX¥' I G A2y FyR RFEGF | 02dzi GKS O2dzy/i
ronment, (3) built environment, and (4) economy. These four categories form the basis of information about con-
ditions in the county that may contribute to exposure and vulnerabilityamards exacerbated by climate change.
Subsequent chapters on specific hazards will reference these four categories when discussing exposure and vul-
nerability. Chapter 1 could be understood as corresponding tast@oeconomic processdspicted at rightin

the IPCC 2014 graphic shown above.

Chapter 2: Climate Changeesentspredictions over time for changing temperature and precipitation patterns

in Albemarle County, based on multiple climate change moditapter 2 corresponds to thdimate system
depicted at left in the IPCC 2014 graphic shown above. These broad shifts in regional climate patterns set the
stage for specific hazards discussed in subsequent chapters.

Chapters 37 cover the following climateelated hazards in order: extreme heat, drowghildfire, flooding, and
pests and diseases. These chapters follow a similar structure to one another, outlined below:

1 Background:This section provides contextual information about the hazard in question and related con-
cepts.

9 Current and Future Conditits: This section discusses the specific predictions for the hazard in question,
based on the broader climate models presented in Chapter 2. The material in this section corresponds to
the likelyhazards one of the direct factors for risk in the IPCC 2@daphic.

 Exposuret KA & aSOGA2y LINRPOARS&E | ONAST 20SNWASs 2F K
environment, and economy may be exposed to the hazard. Only those categories that are explicitly ex-
posed to the hazard are discussed in this section, whictesgmts one of the direct factors for risk in
the IPCC 2014 graphic.

1 Vulnerability: This section examines potential vulnerabilities to the clirra&iated hazard that may
worsen the impacts for some groups or parts of the community, addressing each oliheategories
introduced in Chapter 1: (1) population, (2) natural environment, (3) built environment, and (4) econ-
omy. The section represents one of the direct factors for risk in the IPCC 2014 graphic.

1 Potential ImpactsThis section combines the preuminformation of each chapter and descrstibe
impacts that will likely occur in the event of a given haz&v@ categorize impacts by the same four cat-
egories introduced in Chapter 1 and discussed in the section on vulnerability: (1) populationufa) nat
environment, (3) built environment, and (4) economy. The section corresponds to the central risk item
in the IPCC 2014 graphic.
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Throughout the report, we use several visual icons to help the reader identify the hazards and aspects of the

community tha will be impacted.

Hazards
Extreme Heat Drought Wildfire Flooding Pests & Disease
\6/ Q x6r
g v ‘s gL
Community Category

People Natural Environment Built Environment Economy

0000 q e

it g R g

Conclusions

Average temperatures in Albemarle County will rise significantly over the coming decades. That will lead to hotter
summers and warmer winters. Events and trends associated with the hazards discussed in this report will include
longer, hotter heat waves thaose public health risks and shifting seasonal patterns that bring early blooms, late
spring frosts, and early fall frosts, which can harm agriculture and our broader natural environmentetmong
average warming will produce longer dry spells betwegnfall and more intense precipitation when it does rain,
yielding the dual prediction of increased drought and flooding. Warmer temperature averagesoyear in-
creasing heat waves, and longer dry spells will increase the risk of wildfire in our (elgfmugh that risk will

remain low compared to other parts of the United States). Longer summers and warmer winters will increase the
prevalence of pests that can spread disease to humans, animals, and plants.

¢tKS FT2ftf28Ay3 | NB Dpecific foredalftes impaEts forkBembidd Ciunyife) e year 2050
under thehigh emission scenario:

1 We will experience triple the number of days with temperatures above 95°F and five to nine times as
many days with evening temperatures greater than 75%iRich can exacerbate heat illnegsproxi-
mately 37,000 additional people will be exposed to heat island effect, and rates of heat illness will double.

1 The probability of a major drought occurring will increase sixfold, and average annual agricult@sl loss
due to drought will increase more than twand-a-half times.*

9 Financial losses fromill increase more than twand-a-half times, and the need for shelters for displaced
people will increase more than sixfold.

I The number of days when more than two imshof rain falls is expected to double, and the amount of
rainfall associated with a 16@ear, 24K 2 dzNJ a G 2N)Y gAft Ay ONBFaS FTNRBY wmn

1  We will experience an additional month per year of mosquito activity, increasing the prevalence of vector
borne illness.

*Note: Increasing likelihood of drought and extreme precipitation may come as a surprise to readers. Climate
models predict less frequent rain throughout the year but more precipitation during individual storms.

The following table and chai provide a summary of the relevant vulnerabilities, risks, and predicted impacts for
2dzNJ O2YYdzyAdGe GKIFIG FNB RAaAaOdzaaSR Ay RSGFAE Ay GKS N
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The following tabldists the most relevant vulnerabilities for each climatdated hazard that wedientified across

the four categories of people, natural environment, built environment, and economy. Awareness of these vulner-

abilities will inform efforts to engage our community and build resilience to climate change.

Wi PEOPLE NATURAL | il S A Economy
ENVIRONMENT | EHEE ENVIRONMENT | A7
w * Elderlyand children * High chill requirementorchards + Buildingsin poororvery poor = Agriculture, forestry, fishing,
E — * Below povertyline * Heatintolerantplantvarieties condition and hunting
sl W< * Noair conditioning + Long-haired livestock « Uninsulated buildings * Construction
Fag 'ﬂ_: % * :oor h‘?alth ¢+ Livestock without access to shade + Non-heat-tolerantrail, . Manufiilcturl.ng )
= + No vehicle access bridges, and roads * Quarrying, oil and gas extraction
w + Emergency responders + Recreation
* Pets
l:|_: * Elderlyand children « Youngertrees + Businessesrequiringlarge *+ Agriculture
Q_. (U] * Below povertyline * Droughtintolerantplantvarieties amounts of water = Manufacturing
o, =2 * Poor health + Sandy soils and soils without clay « Businesseswitha supply * Mining, Quarrying, oil and gas
¥ O * Novehicle access * Farmsnotusing rotational chain dependenton water extraction
QD: + Those with shallow wells grazing «  Water utilities * Recreation
w + Elderlyand Ch”‘?“'e"' + Farmswithout adequate water + Buildings and infrastructure *+ Forestry
o * Below povertyline supply located in wildland-urban * Hunting
o = Poorhealth * Farmswith fuel storage adjacent interface (WUI) * Recreation
9 . :E Vehlid_e accejs e to equipment, buildings, and « Businessesand homes * Businesseslocated in wildfire
= * oseliving and workingin livestock withoutdefensible zones high hazard area
; secluded areas (limited roads « Orchards andvineyardswithout
in and out) fire breaks
* Elderlyand children + Grazinglandin floodplain +  Mobile homes and buildings *+ Businessesrequiringemployees
(] * Below povertyline « Barnsandstorage buildingsin with short foundations such or customers to travel through
. (@] * Poor health floodplain as slab on grade. flooded roadways
Oy 9 = Novehicle access « Agriculture susceptible to long + Buildings and infrastructure * Businessesdirectly exposed to
(T * Thoie required to travel for duration floods exposedto flooding without flooding
wor flood-proofing
- w * Elderlyand children Trees stressed dueto drought + Grassand brush height * Agriculture, forestry, fishing,
%) 2 - Below povertyline conditions around buildings and hunting
ﬁ U|_') wi . Pre—existingljlealth conditions Damaged trees from animal + Dryerlandscapingwithout « Recreation
w » People workingoutdoors browsing, wind, lightning, standing water
o () * Petexposure flooding, wildfire
FigureBLIN2 A RSa | @GAadzrt RSLIAOUAZ2Y 2F UKS NARail Sldzl A2
KITFNR2dza S@Syida 2N UNBYRa Ydzt 0ALX ASR higBestiigkoScurd Y LJ O

when higher hazard probability occursconjunction with high impact in the event of a hazard. Tdveest risk
occurs when lower hazard probability and lower impact occur togetllerdium riskoccurs when a hazard is
highly probably but the impact is relatively low or when a hazard is nalyltb occur but the impact would be
high if that hazard did occur.

Four charts appear in FiguB each reflecting the risk associated with the four community categories: people,
natural environment, built environment, and economy. Each chart plots tleelfazards by the respective haz-
I NRQ& LINRBoloAfAdGE FYR GKS AYLIOG AT GKIG T I NR

KET T 20
same across all parts of the community or for all hazards.
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Finally the following tabled dzY' Y I NA T S &

Figure BVisual depiction of the riskjedzl
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sions scenarios. The third column (Current) providesual averages ovegreriods spanning ten to fifty years,
depending orthe impactvariable Columns 4 project impacts for each year and emissions scenavith the

exception of floodingonly modeled for 2075igh emissions)

T Annual Impacts Current(Avg. ZOSQc I__ow 205Qc High 2075( I__ow 2075( I_-ligh
Annual) Emissions Emissions Emissions Emissions
Heat lliness (People) 22 +73% +100% +123% +173%
. - +$100K +$250K
Livestock Losses Minimal Not Modeled $150K Not Modeled $300K
I Extreme Heat Agriculture Loss $357,508 +16% +69% +59% +142%
_\.’_ Frost Agriculture Loss $581,589 +30% +41% +41% +77%
N Fruit Set Failure Agriculture Loss $21,317 +99% +149% +139% +288%
Air Conditioning CostResidential $7,842,744 +112% +134% +184% +260%
Air Conditioning CostOther Bldgs.| $1,805,278 +112% +134% +184% +260%
Transportation Loss $0 $0 +$20K$30K | +$20K$30K | +$125$175K
Economic Impact due tdeat $20,000,000 +499% +587% +570% +792%
Drought Agriculture Loss $289,317 +84% +177% +146% +223%

Albemarle County Climate Vulnerability and

Risk Assessmphilt



Hazard

Current(Avg.

2050¢ Low

2050¢ High

2075¢ Low

2075¢ High

Annual Impacts

Annual)

Emissions

Emissions

Emissions

Emissions

Q_‘ Water Costs $206,953 +149% +274% +304% +431%
Algae Bloom Costs $103,100 +31% +44% +57% +83%
¥ Business Loss $203,490 +84% +177% +146% +223%

Displaced Population (People) 0.36 +317% +567% +456% +983%

;Lél))llc Shelter Requirements (Peo 0.03 +233% +567% +567% +900%

& Wildfire Agricultural Loss $6,800 +84% +177% +146% +223%
Wildfire Building Loss $137,726 +84% +177% +146% +223%

Wildfire Utility Loss $2,500 +84% +177% +146% +223%

Wildfire Economic Loss ($) $24,934 +84% +177% +146% +223%
Displaced Population (People) 2 Not Modeled | Not Modeled | Not Modeled +120%

. ;‘él)’“c Shelter Requirements (Peo 0.8 Not Modeled | NotModeled | NotModeled |  +138%
YY) Flood Agriculture Loss $118,526 Not Modeled | Not Modeled | Not Modeled +150%
Flood Building Loss $503,131 Not Modeled | Not Modeled | Not Modeled +301%

Flood Economic Loss $799,527 Not Modeled | Not Modeled | Not Modeled +182%

Human Lyme Disease (Cases) 40 +43% +43% +75% +80%

s Other _Tlck/MosqwteSpread Hu- 13 +38% +46% +T7% +77%

'_;Il: man Disease (Cases)

Pests/Disease Agricultural Loss $69,928 +5% +6% +7% +9%

Next Steps

Climate change will have significant impacts on pleeple, natural and built environments, and economy of Al-
bemarle County. Taken together, these projected impacts illuminate the urgency and importance of climate ad-
FLIGFGAZ2Y YR NBaAftASYyOS LXFyyAy3as | a ¢ $dnfPlan: Gnde®2 y i A
standing the information in the Climate Vulnerability and Risk Assessment will enable staff to facilitate a more
equitable and inclusive planning process, and ultimately to create a plan with more effective adaptation and re-
silience strateigs.

The information in this report will inform climate adaptation and resilience planning in two ways: First, we will
use the findings to support community engagement early in the planning process, conducting targeted outreach
to groups inourcommunitg K2 Y& 06S Y2NB @JdzZ ySNIroftS (G2 GKS AYLI O
findings will allow us to develop datlriven, projectbased strategies to build community resilience.
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Impacts from climate change are already being ifeNirginia from rising sea levels on the coast to increasingly
severe flash floods and heat waves inlaBdsed on the latest scientific research, we expect observed changes in
the Virginia Piedmont to worsen over the coming years and decades

AlbemarleCounty needs to prepare for the drastic shifts in temperatures, precipitation, and seasonal patterns
that climate change is bringing to our region. These shifts will bring shocks and stressors to our local community,
economy, environmentand infrastructue.

To adapt to climate changéauild resilience to the shocliswill bring, and reduce harmful impacte our commu-

nity, we need to engage ithoughtful, inclusive planning that centers community members who will be most
affected Several recent Countypduments, including the Comprehensive Plan (2015) and the Climate Action Plan
(2020), call on stafb create a climate adaptation and resilience plampitepare for and to alleviatthe challenges
brought by climate change

The first step in planning feesilience is to understand the specific climate change risks that we will face here in
Albemarle County. This report, tiidimate Vulnerability and Risk Assessmpravides a comprehensive overview
of those risks.

What This Report Is

To assess climate change related risks for Albemarle Countjithate Vulnerability and Risk Assessméaien-
tifies which natural hazards exacerbated by climate change will affect our regiarand whain our community
will be most exposetb these haards and where there is greater vulnerability to adverse impacts.

Specifically, this repodnalyzes five areas of information related to how climate change will affect us in Albemarle
County:

1. majorchanges to temperature and precipitationy 2050 and @75 that will drive acute shifts in weather
patterns and exacerbate natural hazards that we experience;

2. the primaryhazardsthat our community is most likely to face on those time horizons, including extreme
heat, drought, wildfire, flooding, pests andsdase, and disruptions to seasonal weather patterns;

3. the groups and areas of our community that will be mesposedto these hazards, which may vary by
hazard (e.g., a drought will affect the whole county, whereas a flash flood might affect a spetiGt pa
the county);

4. social, economic, ecological, and infrastructural conditions that may make some community members,
businesses, and habitats movalnerableto these hazards; and

5. the harmfulimpactsthat are likely to occur when a hazardous event talese.

Key Concepts

The report analyzes the interaction among several conditions, trends, and likely events, defined below. Unless
otherwise noted, these definitions are drawn from Chapter 19 of the reitirhate Change 2014: Impacts, Ad-
aptation, and Vinerabilityby the Intergovernmental Panel on Climate Change (IPCC).

Albemarle County Climate Vulnerability and Risk Assessmpgist



Climate Changé NB F S NHerniisifts in2eyh@eratures and weather patterns. These shifts may be natural,

such as through variations in the solar cycle. But since the 1800s, humeatieschave been the main driver of

climate change, primarily due to burning fossil fuels like coal, oil and gas. Burning fossil fuels generates greenhouse
Jra Syraairzya OGKFG FOdG tA1S I ofly1Si ¢ NIiSWBSN) NBEzNA
6! YAGSR blidAz2yaszs a2KFG L&A /fTAYFOS [/ KFEy3aSKeéo o

Hazards\ y Of dzZRS a G KS LR IGSYdAl f -RYORUDIE yIOSe 201t yv& @820l £ 2 I
loss of life, injury, or other health impacts, as well as damage and loss to properastructure, livelihoods,
ASNIDAOS LINP@GAaAA2zYyY SO2aeadsSvyaz yR SYy@ANRBYYSyGlt NXB
by climate change that are most relevant to Albemarle County; these include:

NP Extreme Heaincludes temperatures that are much hotter and/or more humid than average, .
-.- well as unseasonable weather. In the summer, this can causerékeatd illness, and in the late
! winter and early spring, this can cause damage to orchards and other agrcultur

N
’

Droughtincludes a prolonged period of abnormally low rainfall, which can lead to lower surfe
and ground water levels.

Wildfire includes a destructive fire that can quickly spread over brush and forested land.

Floodingincludes fluvial (or riverine) flooding caused by excessive or intense precipitation.

Sk p & P

Disease and Pestilendacludes pests and diseases that harm people, dlaad, and agriculture.

ExposureNE FSNA (2 GKS GLINBaSyOS 2F LIS2L) S> t AQPSt AK22RAX
and resources, infrastructure, or economic, social, or cultural assets in places and settings that could béy/adverse

I FTFSOGSReE o6& KITFENRAZ aLISOATAOFIEte G(GkKz2asS SEIFOSNDBIGS
VulnerabilitySy O2 YL 8aSa GKS GLINRLISyaAde 2N LINBRAALRAAGAZY
a variety of concepts and elements including sensitivity or susceptibility to harm and lack of capacity to cope and

F RI LIG ®é€

Impactsd NB T S Nffectsponnétiiteand human systems of extreme weather and climate events and of climate
changeb ¢

RiskNBFSNE (2 GKS aLRGSY(dAlrf F2NJ 02y asSljdsSyO0Sa oKSNB
uncertain, recognizing the diversity of values. Risk snofépresented as probability of occurrence of hazardous
SgSyia 2N GNByRa YdzZf GALX ASR o0& GKS AYLI OlGa AF (GKSaS
The IPCC hadsodefined risk ast 1 KS L2 GSYyGAlFf F2NJ I ROSNES 02y aSljdsSyo
ognizing thediversity of values and objectives associated with such systems. In the context of climate change,
risks can arise from potential impacts of climate change as well as human responses to climate change. Relevant
adverse consequences include those on lilies|ihoods, health and wellbeing, economic, social and cultural as-
asStia FyR Ay@SaldySyidas AYFNI adNHzOGdzZNETZ aSNBAOSaE oAy
2019).
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¢KS F2ff26Ay3 3 NlimdkeBandge RAréportiid&psts these/ contefts and the relationships

among them:
Vulnerability SOCIOECONOMIC
EHAE i PROCESSES
Natural Socioeconomic
Variability RISK Pathways

. Emergent

Adaptation and
Mitigation

Anthropogenic Actions

Climate Change

Governance

EMISSIONS
and Land-use Change

Figure A: Replica of Figure-19Chapter 19: Emergent Risks and Key Vulnerabiliti€jnrate Change 2014: Impacts, Adaptation, and
Vulnerability(IPCC AR5 WG22014 p.1046).

Climatechange(shown on the left) produces and exacerbates speh#izards including individuakventsand
trendsover time.Socioeconomic processéat rightt 4 KA OK O ybrokd/sét bfdaBt&s séch as wealth,
social status, and gendar and to some extenclimate change (left) producexposureand vulnerability. Haz-
ards, exposure, and vulnerability are the three factors that directly produceiskécenter) of adversémpacts
The graphic shows that the overall system can be a cyclical process, inimpaxits can in turn affect climate
change and socioeconomic processes.

Building Resilience to Climate Change

Completing the climate risk assessment is an important step in building resilience in our commuihii¢éBCC
defines resilience athe capaciy of social, economic, and environmental systems to cope with a hazardous event
or trend or disturbance, responding or reorganizing in ways that maintain their essential function, identity, and
structure, while also maintaining the capacity for adaptatiearning, and transformatian(Arctic Council, 2013).

The National Oceanic and Atmospheric Administratid®AA has defined five steps to resilience in thes. Cli-
mate Resilience Toolk&hown inFigurel. This report covers the first two steff&) Explore Hazards and (2) Assess
Vulnerability and Riskuture workwill includeidentifying climate adaptiorand resiliencestrategies after the
conclusions of this report have been considered.
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Explore Hazards

Assess Vulnerability & Risk

Investigate Options

Figurel: NOAA Climate Resilience Toolkit

This report is being completeat the same timeas theupdate to theRegionaHazard Mitigation Plafor the
Thomas Jefferson Planning Distrithere is overlap between the two documenasd Figure2 compares the
hazard mitigation process with the climatbangeadaptation processThe major differences include the longer
planning time horizon for climate adaptation, the types of hazamissidered, and the additional environmental
impacts from climate change.

Climate Adaptation Hazard Mitigation

Longer term

= s Short planning
planning time

time horizon

horizon Social Impacts
. Immediate
Clllma.te Economic and Built Emergency
Projections Environment

Response Needs
Impacts

Growth Modeling
Natural Hazards
Focus on Fixing

Focus on Fixing Equity Current Issues

Future Issues Considerations

Future Conditions  Historical Hazard
Data

Terrorism and
Technological

Environmental
Hazards

Impacts

Figure2: ClimateChangeAdaptation and Hazard Mitigation

In 2020, he County Board of Supervisors adopte@limate Action Plgrwhichfocuses orstrategiesto reduce
greenhouse gas emissioasd the severity of global climate change, known as climate chantgation. This
proces also has overlaps with identifying climate adaptation strategisch focus on preparing féihe impacts
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of climate change on our local communiBigure3 comparescommonclimate adaptation strategiesndclimate
mitigation strategies.

Adaptation Mitigation

Forest protection

a

and use changes, Green \
Relocation Infrastructure Renewable energy \
Infrastructure & Solar + Storage Combined heat & power

Building design Resilient Urban Transport
Flood mitigation Water & Energy

Conservation Methane capture and use

Food supply protection Building

Weatherization !ndustnal process
improvements

Sustainable transportation

Business Continuity -
plans Low-input
agriculture Carbon sinks

Community
engagement

green

™ g
Figure3: ClimateChangeAdaptation and Climat€hangeMitigation (Green Resilience Strategies, 2017)

This report will helgCountyelectedofficials andstaff, localbusinesses, andommunity membersdentify current
and future vulnerabilities and risks froatimate changefocusing on fivdnazards extreme heat, drought, wild-
fire, flooding, and diseases and pes@ther climate change impacts are considersdch as unseasonable
weather, frost damagdruit set losqcovered in extreme heat), and algal blooms (covered in drough® report
will help the Couty quantify thelocalimpactsof climate change and build resilience

Method

The basic approach of this assessment is to consider the interaction between what climate change will bring to
our region and how that will affect the people, natural environment, built environment, and economy specific to
Albemarle County. We do this bgresidering the intersection of climateelated hazards and specific conditions

on the ground. Sometimes this literally takes the form of a layered map. For examplguie73we depict the

areas of the county most likely to experience extreme heat superimposed on a countywide geographic distribution
of buildings in poor condition or without central cooling in order to identify areas that will be more affected by
the hotter heat waves anticipated in the future.

Using the formal concepts introduced above, the method involves considering cliglated hazards exposure

to those hazards, andulnerabiliyii 2 G KS KIFT I NRAQ STFSOGa Ay fikeydazry Ol A 2
ards based on what several climate models in aggregate predict for our region in the coming teexiiese

heat, drought, wildfire, flooding, and pests and disease. We identify exposure and vulnerability to these hazards
based on a review afumerous socioeconomic indicators for Albemarle County. Putting these together, we quan-

tify predicted impactgor the years 2050 and 2075 and under two future climate change scenddasemissions
andhighemissions
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Although we model each of the five lmdst extreme heat, drought, wildfire, flooding, and pests and disease

in separate chapterst is important to understand that these hazards are interconnected. For example, droughts
and extreme heat create the conditions for wildfire and for flooding wiaém occurs. Additionally, socioeconomic
factors such as population change or intentional changes in land use can exacerbate the conditions for these haz-
ards.

When we display this information in tables, charts, and maps, we highlight key observatiadhs feader to
consider. Each chapter contains a detailed description of the data used and how we present it. We retrieved all
the data for this report from publicly accessible databases, County datasets, or partner organizations.

How to Readthe Report

Most of the chapters of this report follow a similar structure. Understanding that structure will help readers nav-
igate the information and locate sections of interest.

Thelntroduction presents the purpose of this report, outlines the topics covered withiand defines key termi-
nology. It largely mirrors the Executive Summary.

Chapter 1: Albemarle CountyJNE A RSa AYF2NXI GA2Yy FyR RIFEGF Fo2dzi (K:
ronment, (3) built environment, and (4) economy. These four categories floe basis of information about con-

ditions in the county that may contribute to exposure and vulnerability to hazards exacerbated by climate change.
Subsequent chapters on specific hazards will reference these four categories when discussing exposure and
nerability. Chapter 1 could be understood as corresponding tast@oeconomic processdspicted at right in

the IPCC 2014 graphic shown above.

Chapter 2: Climate Changeesentspredictions over time for changing temperature and precipitation patser

in Albemarle County, based on multiple climate change moditapter 2 corresponds to thdimate system
depicted at left in the IPCC 2014 graphic shown above. These broad shifts in regional climate patterns set the
stage for specific hazardéscussed in subsequent chapters.

Chapters 37 cover the following climateelated hazards in order: extreme heat, drought, wildfire, flooding, and
pests and diseases. These chapters follow a similar structure to one another, outlined below:

1 Background:Ths section provides contextual information about the hazard in question and related con-
cepts.

9 Current and Future Condition$his section discusses the specific predictions for the hazard in question,
based on the broader climate models presented in Chapt& he material in this section corresponds to
the likelyhazards one of the direct factors for risk in the IPCC 2014 graphic.

 Exposuret KA & aSOGA2Yy LINRPOARS&E | ONAST 20SNWASs 2F K
environment, and ecaomy may be exposed to the hazard. Only those categories that are explicitly ex-
posed to the hazard are discussed in this section, which represents one of the direct factors for risk in
the IPCC 2014 graphic.

1 Vulnerability: This section examines potentiallaerabilities to the climateelated hazard that may
worsen the impacts for some groups or parts of the community, addressing each of the four categories
introduced in Chapter 1: (1) population, (2) natural environment, (3) built environment, and (4) econ-
omy. The section represents one of the direct factors for risk in the IPCC 2014 graphic.

9 Potential ImpactsiThis section combines the previous information of each chapter and desthibe
impacts that will likely occur in the event of a given haz&v@ céegorize impacts by the same four
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categories introduced in Chapter 1 and discussed in the section on vulnerability: (1) population, (2) natu-
ral environment, (3) built environment, and (4) economy. The section corresponds to the central risk
item in the IPC 2014 graphic.

Throughout the report, we use several visual icons to help the reader identify the hazards and aspects of the
community that will be impacted.

Hazards
Extreme Heat Drought Wildfire Flooding Pests & Disease
N Q_‘ xkr
* & 4 * X

CommunityCategory
People Natural Environment Built Environment

Economy

HHHE W

e

Albemarle County Climate Vulnerability and Risk Assessmpgibt



Chaptelrbedmar |l e Coun

Albemarle County icatedin the Piedmont region of Virginia, approximately 110 miles southwest of Washing-
ton, D.C. and 70 miles northwest of Richmond. It is bordered by the counties of Augusta, Buckingham, Fluvanna,
Greene, Louisa, Nelson, Orange, and Rockinghanit surroundsthe independentGty of CharlottesvilleThe

county has an area of approximately 726 square miles.

The region of Virginia to become Albemarle County was originally inhabited by Sipeaking Native American

tribes: the Monacan, Occaneechfaponj and Titelo (Swanton, 1952)The county was originally annexed from

the western part of Goochland County in 1744 and was named in honor of Willem Anne van Keppel, the Second
Earl of Albemarland then governor of the colonfhe 1744 county boundary was altered later to crefatgherst,
Buckingham, Fluvanna, and Nelsmunties as well as tdelp create Appomattox and Campbell CountiEse

current county boundaries were formed in 1777.

The County consists of the Town ob®sville in the south; the Village of Rivanna in the east; the communities of
Crozetin the west, Hollymeadn the north, and Piney Mountaiim the north; seven neighborhoods including
Pantops in the east; and four rural are&syure4 shows these different communities across the county.

Rural Area 1

Piney Mountain

Neighborhood 4

Rural Area 4

/Town Of Scottsville

5 25 0 5 Miles
N T

Figure4 : Albemarle County Communities
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Population 4Mf

To determine how the populationvill be impacted by climate changeie need to identifycharacteristicghat
may make a household vulnerablgccording to the U.S. Census Bureau, Albemarle CQuatgulationin 2020
was112,395 The demographic estimates are providediamblel.

Tablel: Racial Groups in Albemarle Cou(ityS. Census Bureau)

Race Population Percent

White 81,866 72.84%

Black 9,953 8.86%

Asian 8,222 7.32%

American Indian or Alaskan Native 286 0.25%
Native Hawaiian or Pacific Islander 50 0.04%
Other Race 4,101 3.65%

Two or More Races 7,917 7.04%

The population also inclu@é,453 Hispanic or Latino residentghich make up 7.5% of the populatioFhetotal
population has been steadily growisgce the 1940sTable2 shows the populatiomnd percent changby dec-
ade for thecounty.

Table2: Population GrowtlfU.S. Census Bureau)

Year Population % Change
2020 112,395 13.6%
2010 98,970 24.9%
2000 79,236 16.5%
1990 68,040 22.0%
1980 55,783 47.7%
1970 37,780 22.0%
1960 30,969 16.2%
1950 26,662 8.2%
1940 24,652 -8.6%
1930 26,981 3.8%
1920 26,005 -12.90%
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Figure5: Population Density (U.S. Census, 2020)

We useddcal and national datt create vulnerability indicators for the countyhichwe categorized intseveral
groups of related indicatorgiousehold, poverty, health, technology, and institutional housing. These indicators
show characteristics of populatisithat havehistoricallybeen either more susceptible or have more difficulty
adapting tosystemic shocks

Table3 shows the household indicators for vulnerable populasiorhese indicatoraere collectedfrom the 2019
release of theAmerican Community Survey (ACHB)eACSdata table name is provided in theolumn labeled
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a urcet. In general, Albemarle County has an older population compared with the State and national numbers.
The populatiorof those who are 65 years of age or older, 65 years of age or atddiving alone, and grandpar-
ents responsible for the grandchildren are tegkhan average.

Table3: Potential Vulnerability Household Indicators

Household Indtators Albemarle  Virginia  United States Source

65 years or older 18.01% 15.90% 16.50% 20152019 ACS, S010:
65+ Years Old and Living Alone 16.19% 10.35% 10.98% 20152019 ACS, DP0Z
Grandparent Responsible for Grandchild Under  2.28% 2.11% 2.04% 20152019 ACS, DPO02
Under 18 years 19.70% 21.80% 22.20% 20152019 ACS, S010:
Single Parent Household 4.18% 6.25% 6.35% 20152019 ACS, DPOZ
No High School Diploma 7.94% 9.92% 11.47% 20152019 ACS, S150:
Limited English 1.56% 2.80% 4.30% 20152019 ACS, S160:

Table4 shows the poverty indicators for the vulnerable population. These indicators also were cofiecteithe
2019ACS data releasén general, fewer people are below the poverty level, unempiipyandwithout vehicle
access than the State and national averages. The median annual household incomealsatbe national
average¢ KAa R2SayQid YSIy GKIFIG GKSNB I NByQid LI NH&A 2F !
that the county averages are smalléran the national or state averageAreas of povertand other vulnerability
indicatorswill be identifiedlater in this report.

Table4: Potential Vulnerability Poverty Indicators

Poverty Indicators Albemarle Virginia United States Source

Median Annual Household Income $79,880 $74,222 $62,843 20152019 ACS, S1901
Below Poverty Level 6.2% 9.94% 12.30% 20152019 ACS, S1701
SNAP/Food Stamps 4.83% 7.80% 10.70% 20152019 ACS, S2201
Received Publiassistance Income 4.75% 5.74% 6.61% 20152019 ACS, B17015
Housing Costs 30% or More of Incor 17.93% 19.55% 21.10% 20152019 ACS, B25101
Crowding (More People Than Room: 3.33% 4.69% 4.90% 20152019 ACS, B25014¢(
Unemployed 2.60% 4.00% 4.50% 20152019 ACS, DP03
No Vehicle Access 4.73% 6.10% 8.60% 20152019 ACS, S2504

Table5 shows the health indicators for the vulnerable populatidhese indicators were collectédm the 2019
ACS data release afrdim the Center for Disease Control (CDC) Behavioral Risk Faxteill8nce System (BRFSS)
datafrom 2018.In general, there are smaller percentagdsealthissues with the population in Albemarle when
compared to State and national averages.

Table5: Potential Vulnerability Health Indicators

Health Indicators Albemarle Virginia United States Source
Disabled 8.75% 12.20% 12.70% 20152019 ACS, S181
Obesity 27.45% 31.90% 31.74% 2018 BRFSS
Adult Asthma 8.60% 8.60% 9.50% 2018 BRFSS
Eéh(r)?:n[;lbc Obstructive Pulmonary Disea 5.50% 5.90% 6.60% 2018 BRESS
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High Blood Pressure 28.00% 33.60% 32.30% 2018 BRFSS

Kidney Disease 2.40% 3.00% 2.90% 2018 BRFSS
Diabetes 8.30% 9.50% 10.90% 2018 BRFSS
Poor Mental Health (Self Assessed) 13.16% 13.24% 14.10% 2018 BRFSS
Poor Physical Health (SAl§sessed) 10.57% 11.75% 13.10% 2018 BRFSS
No Health Insurance 6.70% 7.90% 9.20% 20152019 ACS, S270

Table6 showsindicators forhome conditionghat may increase vulnerabilityThese indicators were collected
from the 2019 ACSdata release and theAlbemarle County Parcel Dataom 2@1. In generalthe Albemarle
County numbers are similar to the State and national numbafs.did not collectState and national data for
central air conditioningAC)or house condition

Table6: Potential Vulnerability Home Conditions

Home Conditions Albemarke Virginia United States Source
Multi-Unit Structures (10 or More) 12.60% 14.11% 14.19% 20152019 ACS, K202504
Mobile Homes 4.11% 4.92% 6.16% 20152019 ACS, K202504
Renters 34.04% 33.87% 35.89% 20152019 ACS, B25003
No Central AC 15.46% Unknown Unknown 2021, County Parcel Data
Poor House Condition 1.35% Unknown Unknown 2021, County Parcel Data
Very Poor House Condition 0.70% Unknown Unknown 2021, County Parcel Data

Table7 showstechnologyindicatorsthat may increase vulnerabilityThese indicators were collectém the
2019ACS data release. In general, thanber of households without a computer was higher than the State and
nationalaverages. The number of households without broadband internet was compamatile State and na-
tional numbers.

Table7: PotentialVulnerability- Technology Indicators

Technology Indicators Albemarle Virginia United States Source
Household Without Computer 8.50% 7.00% 7.10% 20152019 ACS, DP02
Household Without Broadband Internet 13.00% 13.30% 13.60% 20152019 ACHP02

Table8 shows institutional housing indicatotisat may increase vulnerabiliisource:2020 Decennial Census$n
general, Albemarle County has a smaller population in correctional facilities codnpettee State and national
averagsa. In contrast,more peopléelive in higher education housing and nursing facilities than the State average.
There are no military barracks in the county.

Table8: PotentialVulnerability- Institutional Housing Indicators

Institutional Housing Indicators Albemarle Virginia United States

Population in Correctional Facilities 0.30% 0.68% 6.16% 2020, DEC, P5
Population in Higher Education Housing 5.08% 1.07% 8.32% 2020, DEC, P5
Population in Nursing Facilities 1.07% 0.42% 4.88% 2020, DEC, P5
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To help determine the future impact on the county population, we needed to determine what the popwhtion
likely be in the future.We combined ®{ ® / Sy adza 51 GF gAGK GKS | yAOGSNRERAG
population projection datao produceFigure6. A trend linebased onthe Weldon Cooper projectiongsredicts
populations for 2050 (151,651) and 2075 (184,763).

Albemarle County Population Projections
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Figure6: Albemarle County Population Projections (U.S. Census, 2020; University of Virginia Weldon Cooper Center, 2019).

Natural Features %

Natural features are an important community asde#t have more than just an economic valrheyprovide
health and environmental benefithat are difficult toquantify,and they also help reduce the impacts of climate
change.

l'f0oSYlFNIS / 2dzy (idchdelivgstock dmpituftureFf@dstd, gaktBisin land conservation, and parks.

Livestock

There are more tha®00 farms in Albemarle Counfl SDA NASS, 201Wost of the livestock farms raise cattle
although several also raise horses and pouliigure7 shows the number olivestockraisingfarms by livestock
type; Figure8 shows the numbeof animals raised in the countZounty livestock farmers sell $10.78#llion of
livestock per year.
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Number of Farms

= Cattle (411)

= Pigs (29)

= Sheep (59)

Goats (69)

= Horses (307)

= Poultry (372)

= Other (63)

Figure7: Number of Livestock Raising FaitdSDA NASS, 2017)

Number of Animals

= Cattle (21,644)

= Pigs (894)

= Sheep (2,886)
Goats (1,016)

= Horses (2,076)

= Poultry (38,385)

= Other (1,353)

Figure8: Number of Animals Raised orrifia (USDA NASS, 2017).
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Agriculture

Cultivated crops, hay, orchards, vineyards, and pastureland can be found throughout the county. In 2019, there
were approximately 90,432 acres of hay and pastureland and 4,523 acres of cultivated=@ap=9 shows the
location of the cropland. Hay is the primary field and pasture crop grown in the county at nearly 80% of the overall

cropland. Apples and vineyardse also prevalent ithe amount of acreageas well as economic value to the
region.

Figure9: Cropland
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Orchards and Vines (acres)

= Apples (1,130 ac.)

= Grapes (922 ac.)

= Cherries (27 ac.)
Peaches (32 ac.)

= Pears (11 ac.

= Pecans (6 ac.)

u Other (4 ac.)

FigurelQ: Orchards and Vines by Type (USDA NASS, 2017).

Cropland (acres)

= Corn (1,795 ac.)

= Sorghum (~60 ac.)

= Soybeans (3,136 ac.)
Potato/Sweet Potato (7 ac.) /

= VVegetables (85 ac.)

= Orchards (2,132 ac.)

Figurell: Cropland by Type (USDA NASS, 2017)

Figurel0 shows theacreageof orchards and vines by type and Figurell shows theacreageof crops by type
Sone agriculture is more susceptible to climate change than others.
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Forests

Forest land isa natural assethat pro-
vides health benefits, recreation, ant
economic valueandwill help lessen the
impacts of climate chang&orestedar-
eas reduce the heat island effect of ul
ban areas and reduce the magnitud
and impacts of flood eventn 2019, the
forested area of the county consisted of
approximately 213,327 acres of decidt
ous forest, 20,847 acres of evergree
forest, and 70,637 acres of mixed fores
Figurel2 shows the location of the dif-
ferent forested parts of the county.

Tree species thapopulate manyfor-
ested areas include Virginia Pine, Lo
lolly Pine, Red Maple, Eastern Redced
Dogwood, Eastern Redbud, White As
Black Gum, Yellow Poplar, and Whi
Oak.Over 8 million cubic feet of harves
removals from timberland are con
ducted annually (USFS EMZdtbr,
2021).

To understand how the natural environ
ment has changed over the yeamse
analyzedand use datdrom Global For-
est Watch, established by the World Re 1 [__] Atbemarle County
sources InstitutgWRI)to provide data 4] Forest Type

and tools for monitoring forestsTheir : - Deciduous
tool depictshow land covehas changed : :

over time (Figure 13). From 2001 to | Evergreen
2016, 3.8% of all land cover in Albemar Mixed

Figurel2: Forest Land

County changed from forest to grasslanc
(Global Forest Watch026).

Additionally, Global Forest Watch collects data on tree cover loss and gain. From 2013 to 2020, 93% of tree cover
loss in Albemarle County occurred within the natural forest (Global Forest Watch, Zi@el4 showsgross

tree cover loss in Albemarle County from 2001 to 20%8 including tree cover gain. From 2001 to 2012, Albe-
marle Countyexperienceda grosstree cover gain of 13,467 acres aadjrosstree cover loss of 17,703 actes
resulting in a net loss of 4,236 acres of trees.
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Figurel3: Albemarle County Land Cover Change (Z00116) (Global Forest Watch, 2016)

Annual Tree Cover Loss in Albemarle County (Does Not Include
Tree Cover Gain)

3500
3000
2500

2000

............
..............
............
...........
..............
............
............
..........
..........

1500
0.3% average annual

tree cover lossate

1000

Acres of Tree Loss per Year

500

2000 2010 2020 2030 2040 2050 2060 2070
Year

Figurel4: AnnualTree Cover Logs Albemarle County

30| Albemarle County Climate Vulnerability and Risk Assessment



Land Conservation

Land in a land conservation program should be cons
ered a natural asset since it protsctatural and eco-
logical resourcedncluding drinking waterLand con-
servation will also help lessen the impacts of clime
changeUndeveloped natural areasduce the heat is-
land effect of urban areas and the magnitualed im-
pactsof flood events.

Thereare three programghat help protect and pre-
serve natural and ecological resources in the county
restricting development.Figurel5 identifies the loa-
tion of these land conservation programBhese ap-
proximations are likely high since a parcel of land
be completely or partially in a program, and the a
proximations include the total area of every participa
ing parcel.

1) Agricultural/Forestal DistrictsThere are ap-
proximately 64,217 acres in this program
which landowners are expected to limit deve
opment on their parcelor up toten years

2) Conservation EasemesitThere areapproxi-
mately 109,285 acres in conservation eas:
ments which protect landrom development
in perpetuity.

3) Open Space Use Agreements (OSUAge
are approximately 2,579 acres in open spa
useagreements whichlimit construction and Conservation Easement

|:| Albemarle County
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RSOSE 2 LIVS y ii F OGAGA G Figurel5: Land Conservation Areas
land from four to ten years.

Parks

Albemarle County is home to thirtegrublicparksencompassing,093 acres. It also contains 14,131 acres of the
Shenandoah National Paik the northwest. Figurel6 shows the location of thee parks.Park land is a natural
asset used for recreation, environmental education, positive health impactssagidl events. It will also help
lessen the impacts of climate changgredudngthe heat island effect of urban areas and reshgthe magnitude

of flood events. The parks in Albemarle County include:

1 Beaver Creek PafR12 acre}
Charlotte Y. HumphriBark(28 acre9
Chris Greene Lake P4887 acre9
Darden Towe Pard15acre9
Dorrier Park4 acre9

Mint Springs Valley Pa(gk08acre9

= =4 =4 -4 4
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Patricia Ann Byrom Forest Preserve R&8< acre9
Preddy Creek Trail Pa@b2acre9

Simpson Parkl4 acre9

Totier Creek Parig05acreg

Walnut Creek Parf658acre9

Crozet Par23 acred

Heyward Community Foregt50acre9
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Figurel6: Parks in Albemarle County
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Climate Mitigation

Several conservation practices also have apieric and climate benefits, through carbon sequestration and/or
reduction of greenhouse gas (GHG) emissions. The N&wal Resources Conservation Ser¢idBCyand Col-
orado State University have developed a carbon and greenhouse gas evahithiortheir conservation practice
planningtool, called COMET Plann¢o help identify thequantitative benefits of conservation practicder cli-
mate mitigation(COMET Planner)

Table9 shows the conservation practices in Albemarle County with climate benefits implemented in 2019, the
number of practices implemented, the soil carbon benefit in metric tons, and the greenlgassesduction in
metric tons ofcarbon dioxideequivalent.

Table9: Climate Mitigation Assets (2019)
Conservation Practices with Climate Benefits Impl Numberim- Soil Carbon Greenhouse Gases (Me

mented in Albemarle County plemented (Metric Tons) ric Ton CQEquivalent)
Cover Crop Traditional Rye Early Other 8 75.728 64.523
Cover Crop Traditional Wheat Early Aerial 8 2.909 2.479
Cover Crop Traditional Wheat Late Other 8 19.003 16.191
Cover Crop Traditional Wheblormal Other 8 179.840 153.231
Forest Buffer 15 40.832 745.200
Grass Buffer 12 95.511 117.659
Grass Buffeg Narrow with Exclusion Fencing 1 6.176 7.608
Grass Buffeg Streamside with Exclusion Fencing 1 572.975 705.844
Grass Buffeg Narrow 12 13.827 17.033
Land Retirement to Ag Open Space 8 631.644 631.644
Precision Intensive Rotational/Prescribed Grazing 1 160.599 240.229
Tillage ManagemenrConservation 8 100.125 104.987
Tillage ManagemenContinuous High Residue 8 1,165.958 1,222.583
Tree Planting 14 73.771 4,448.561
Tree Planting; Canopy 3 0.060 3.621
Wetland Restoration Floodplain 14 1.579 95.199

Cover Cropstop right) include grasses, legumes, anirbs planted for seasonalegeta-
tive cover.Grass Buffersre strips of permanent vegetation at the edge or perimeter ¢~ -
a field (bottom right).

By limiting soitdisturbing activities liketillage, carbon emissions are minimized and re

tained in the soil. o

Establishing vegetation such as woodland, forests, ameétlands throughtree planting ="
andwetland restorationincreases biomass carbon stocks.

Photos from USDA NRC
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Built Environment H@A

Most developmentin Albemarle Countyoc-
curswithin designated growth areagccord-
Ay3a G2 GKS |/ 2 dbpui B0 af
new construction has occurred in the desi
nated growth areasover the last ten years
Commercial properties ar@rimarily located
around Charlottesile (including Pantops)
along Route 29 (north of Charlottesvillalong
I-64; and in thecommunityof Crozetyillage of
Rivanna, andTown of Scottsville. Industrial
properties are located along the Route 29 ar
I-64 corridors, near Crozet and Scotteyiand
around CharlottesvilleEducational and gov-
ernmental facilities are spread ouaicrossthe
county to servepopulation centers.

The total structures in theounty have a re-
placement value of approximately $23.4 bi
lion. Figure17 shows the value of the struc-
tures by occupancgsa percentage Residen-
tial structurescomprise a large majorityf the
building stock &  ZHigbrelA8shows thege-
ographic distributionof structures by occu-
pancy type.

Additionally, we usethe CountyQ darcel data
to graph the number and types of buihd)s
built eachdecade in the countyWe addeda
trend linebased orthe past two decadeto es-
timate the number of singkkamily homes in
2050 and 2075Figurel9 depictsthe number
of singlefamily homes in the county from 190(
until 2020 with a trend line to 207%igure20
depicts the number of all other residential

Structure Value

= Agricultural (0.2%)

= Commercial (12.9%)

= Educational (2.9%) //
Governmental (1.4%)

= |Industrial (1.5%)

= Religious (0.6%)
= Residential (80.5%)

Figurel?: Value of Structures by Occupan

Legend

:l Albemarle County

Building Occupancy

buildings bydecadebuilt along with a trend Agricultural
line for building type. There was a large il Commercial
crease in mobile homes from 1980 until 20C Educational
and a moderate increadeom 2000to the pre- Governmental
sent. The number of dupkes and townhomes Industrial
has increased since the 1960s while the numy, qure18: Buildings in Albemarle County Religious
ber of apartments has increased since théoccupancy Type Residential

1990s. In the most recent decade, there ha:
also been an increase in hotels, dormitory
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housing, and nursing home@Ve depict singldamily homesseparatly becausehey numter an order of magni-
tude greater tharall other building types; in the same chétte values foall other building typesvould benearly
indistinguishable.

Number of Single-Family Homes in Albemarle County
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30000

umber of Homes

< 20000
10000
0

1900 1920 1940 1960 1980 2000 2020 2040 2060 2080
Year

Figurel9: Single Family Homes ShowngcadeBuilt in Albemarle CountyVe depict all other residential building typesa separate
chart belowto allow for greater visual detail.

Albemarle County Climate Vulnerability and Risk Assessmp3bt



Other Residential Building Types excludingSingle-Family Homes)
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Figure20: Other Residential Buildings ShownDgcadeBuilt in Albemarle CountyLinear trend lines depict a rough estimatefuture
growth. We depict singldamily homes in a separate chada allow for greater visual detail.
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Commercial Buildings
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Figure21: Commercial Buildings ShownbgcadeBuilt in Abemarle County

We also used the county parcel data to show how commercial buildings have increased over time, depicted in
Figure2l. Retail, professioriaand technical services, wholesale, and restaurants have increased rapidly over the
last forty years. Other commercial types have increased more slowly over time.
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Other Structures
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Figure22: Other Structures Shown BecadeBuilt in Albemarle County

Figure22 depicts how the number of neresidential and norcommercial buildings has changed over time, based

on county parcel data. Schools, government buildings, and light industrial buildings have increased rapidly since
the 1970s. Churches have increased stiyamlier time and other building types have increased more slowly over
time.

The followingsectiorsLINE @A RS | RRAGA2Y I RSGFAf A 2y GKS O2dzyie Qs
portation, and utilities.
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Critical Facilities

Facilities involved withemergencyresponse
(e.g., fire stations, rescue squads, polic
stations, emergency operations centers, ar
hospitalg, as well as nursing homes an
schools are considered critical facilitiedt is

important to understand howhe structure or

function of critical facilities maybe be

impacted by hazards exacerbated by clima
change.

The following critical facilities were identifiec
and mapped irfFigure23:

Police stations 3 P

Hre stations 11 /

Rescue squads 8

Emergency operations centers 2

Hospitals 2

Nursing homes 16

Public schools 23 Legend
Private schools 12

|:| Albemarle County

Police Station

9 Fire Station

Historic Districts

Albemarle Countys home toseveralhistoric

districts and properties, and th&nited Na-

tions Educational, Scientific and Cultural C
ganization UNESCOWorld Heritage Site of B o
Monticello | y° R GKS Ly A &S NE AFlgure23: Critical Facilitietn Albemarle Count
ademical VillageThecountyQ & K helpd 2 NB

create arobust tourismindustry. Historic Dis-

tricts in thecountyare:

1 ' ROIyOS aAft fistoricistitlk Adixace Rillsisne ofIAlbemarle County's most recognizable
milling communities and contains resources dating back to the early 1800s.

1 BatesvilleHistoric Distict ¢ A small community in the southwestern part of Albemarle County at the in-
tersection of Plank Road and Craig's Store Rioatincludes two country stores and a post office.

1 Covesville RBtoric Districtc Located southeast of Charlottesville, Covéswilas added to the National
Register of Historic Places in June of 2005. It developed in response to religious settlement, transportation
routes, and a successful apgeowing climate.

91 Crozet hbtoric Districtc Crozet Historic District began in 1876aasailroad stop that gave rise to a cross-
NEIFR&a @GAffFr3aAS ft2y3 ¢KNBES b200KQR w2l R® | LINP A& LX
the village into a thriving community at the turn of theentieth century.

1 Proffit Hstoric Districtg Proffit dates to around 1870 when former slaves John Coles and Benjamin Brown
purchased land from W. G. Carr. Plans were made to lay out a village, which became home to a community
of freed African Americans

Rescue Squad
<« Hospital
k Emergency Operations Center
m  Nursing Home
4 Public School

4 Private School
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9 Skyline Drive Historic District
Constructed in the 1930;ssev-
eral hundred Shenandoah Na
tional Park structures are listec
in the National Register of His
toric Placesincluding buildings 3\ &8
(e.g., Big Meadows Lodge ;& EENANEE
bridges, stondined ditches, cul-
verts, and retaining walls

1 Southern Albemarle Ruraligdd
toric District¢ 85,000acre his-
toric district in southeastern Al- < 3 ca;ff.E > 22
bemarle County, which was [ = T
added to the Virginia Landmark: ¥\  RuraL {
Register and the Nimnal Regis-
ter of Historic Places in 2006
The district includes manfis-
toric properties, such as Monti-
cello, Ash Lawatighland, Tall-

&

Eartysville

SOUTHWEST
MOUNTAINS
" RURAL

PROFFIT

e
/

RUGBY ROAD!
uvas

WOOLEN
A MILLS
\ / N VILUAGE

X
BATESVILLE

Legend

|:| Albemarle County
Historic District Name

W(-)0d, Pine Knot, and Jeffersol 2 o | ADVANCE MILLS
Mill. RURAL [ | BATESVILLE

T Southwest Mountain Rural ist
toric District ¢ District extends
from the OrangeCounty line
south towards Charlottesville
encompassing state scenic roac
ROUte 20 and ROUte 231 Prc -SOUTHERNALBEMARLE RURAL
tected by over 15,000 acres o : [ | SOUTHWEST MOUNTAINS RURAL
conservation easements, the | [ Juwa
district is home tseverahistor- || WOOLEN MILLS VILLAGE

[ ] covesviLLE
[ |crozer

*’ [ | GREENWOOD-AFTON RURAL
& [ ] ProFrIT

[ ] ruceY ROAD
[ scotTsviLLE

. N . Fi 24: Hi ic Distri in Al |
ically significant dwellings, such igure istoric Districts in Albemarle County

as Castle Hill, Clover Es, and Cobham Park. In addition to many historic agricultural structures, the
district contains several African American settlements

1 UVA Area ldtoricDistrict (Albemarle County and Charlottesviltelocated in Western Charlottesviléad
part of Albenarle, this district includes many original buildings and grounds designed by Thomas Jeffer-
son.

1 GreenwoodAfton Hstoric District (Albemarle Augustaand Nelson Countieg)Located orl6,200 acres
in northwestern Albemarle Countgonsists of severaiistoric villages, including Yancey Mills, Afton,
Greenwood and the historically AfricaAmerican enclaves of Newtown and Freetown.

9 Scottsville kistoric District(Albemarle and Fluvanna Countigdpcludes the town of Scottsville in south-
ern Albemarle Countglong the James River.

A map of these historic districts is providedHigure 24
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Housing

According to the 2020 U.S. Census, there wefg91households in Albemarle County. This number includes
singlefamily homes, multfamily homes, mobile homes, nursing homes, and institutional hou3ing.number
does not include people staying in hotalsd motelsBased orcounty parcel and building footprint data (2021),
Figure 25shows the percentage ahe number ofhousingstructuresin the county.The vast majority are single
family homesMulti-family structuresand nursing homes are located in the urban areas outside of Charlottesville,
on the Route 29 corridor, and in Rivanna, Scottsville, and Cidpéile homesare lacated throughout the county.
Residentsn mobile homesnursing homesand institutional housing may be more susceptible to climate impacts.

Figure26 provides a map showing the housing types in the county. Housing Structures

= Single Family Home
(91.8%)
Multi-Family Home (3.9%)

= Mobile Home (4.1%)

= Nursing Home (0.1%)

Figure 25: Percentage of Housi
Structures by Type

Nursing Home

! Mobile Home
Institutional Housing
Hotel-Motel

Multi-Family Home
Figure26: Distribution of kbusing Structures byype

Single Family Home

The parcel data from the county provisiaformation onthehomeQ a 02 y RA (i A Zeidentialtiudurem ® nz"z
are in poor conditionand0.8% are in very poor conditiohlomes inpoor and very pooconditionsare found
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throughout the county.Such structuresould be

more susceptible to climate change impadiggure Housing Condition
27 depicts the percentagelistribution of housing

conditions andFigure28 shows the geographic dis = Average (73.0%) \
tribution of these conditions acrss the county. = Excellent (1.3%)

= Fair (5.5%) .

= Good (13.8%) —
Poor (1.4%)

= Very Poor (0.8%)

= Unknown (4.2%)

Figure27: Housing Conditions Chart

Legend

|:| Albemarle County

Condition
! Very Poor
Poor
! Fair
! Average
+ Good

! Excellent

Figure28: Housing Condition
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Homes Grouped by Year Built

= < 1801 (6.9%)
= 1801-1900 (3.5%)
= 1901-1930 (3.4%)

1931-1960 (7.0%)
= 1961-1990 (39.0%)

= 1991-2020 (40.2%)

County parcel data also idenids when
homes were built, shown inFigure 29.
Older homes are found throughout the
county and may be more susceptible to cli-
mate change impactsAlthough most
homes were built after 1960, more than
ten percent were built before 1900. The
are several historical homes in the county.
Figure30 shows residential structures by
year of construction The red and orange
dots indicate homes built prior to 1931,
most of whichare located outside the de-
velopmentareas

Figure29: Percentage of homes built in -3@ar incrementdetween 1901 and 202(h a 100-year incremenbetween 1801 and 1900, and

prior to 1801.

Figure30: Residential Home Year Bilap

Legend

|:| Albemarle County

Residential

Year Built
<1800
1801 - 1900
1901 - 1930
1931 - 1960
1961 - 1990
1991 - 2020
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Transportation

Three major transportation corridors run through Albemarle County: Interstate 64, U.S. Route 250, and U.S. Route
Hpd adzOK 2F (KS O2 dzdlengtiese rodtbsMany &f th&KdecbndanCréadsNieBarow and

hilly, and somehaverestrictions for larger trucks’ hee is aregional RideShare prograimat matches commuters

who wish to carpool.

Both freight and passenger service trains run nestluth and eastvest. Amtrak operatesa station in Char-
lottesville with a northsouth route going to Culpeper (north) and Lynchburg (south), and a west route going to
Staunton.There is an additional freight service which goes east from Charlottesville through the county.

The Charlottesville Area Transit (CAT) provides bus transportatioraifotisville and the surrounding devel-

oped areasincluding the Route 29 corridor and Pantops. All CAT buses are accessible to people with disabilities
and areequipped withwheelchairlifts. Prior to 2020, eea youth(under 18)were allowed to ride freeaswere
University of Virginia employees and City of Charlottesville employees. Reduced/ésessvailable for seniors

65 or older, people with qualifying disabilities, Albemarle County employees, and those with a Medicare Card.
Since 2020, CAT has dliated ridership fares until further notice

JAUNT, Inc. is a regional public trans-
portation system that provides service
to Albemarle County as well as the sur-
rounding counties and Charlottesville.
JAUNT operatei both rural and ur-
ban areasand residents can tse itto
commute to work, recreation, shop-
ping, andother destinations It is pro-
vided at low or no cost to the general
public, seniors, and students. Trans-
portation is also provided to those with
disabilities.

The Charlottesvill&lbemarle Airport
is located in the northern part of the

Legend

|:| Albemarle County

— Highway

—— Secondary Road
——— Railroad

Bus Stop
Airport Type
Z  Private
Z  Public

Figure31: Albemale County Transportation

county, about eight miles north of
Charlottesville American Airlines,
Delta Airlines, and United Airlinesp-
erateroutes to Atlanta, Charlotte, Chi-
cago, New York, Philadelphia, and
Washington D.C. There are iffe addi-
tional private runways in the county.
Figure31shows the roadways, rail, air-
ports, and bus stops in Albemarle
County.
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Utilities
Utilities can help the population adapt to climate change, by providing electricity to help cool and heat buildings

and water during periods of drougHhtosing utilities due to impacts from a climatgacerbated hazarcan cause
major social and economic impacts to the community.

The Albemarle County Service Authority (ACSA) provides safe water, wastewater, and fire protection infrastruc-
ture to 20,252 customers in Albemarle Couriijie Rivanna Authorities provide cteavater to ACSAnd Char-
lottesvillethroughfive drinking water reservoirs: (1) Ragged Mountain Reservoir, (2) Sugar Hollow Reservoir, (3)
South Fork Reservoir, (4) Beaver Creek, and (5) Totier Creek. Combined, these reservoirs contain 3.4 billion gallons
in water storageRivanna Authoritiealso manage six water treatment plants with a combined nominal capacity

of 19 million gallons per dafjrigure32 showsthe areasof the countyto which ACSA providesgater and sewer
service.Water and sewer pump stations, water and sewer treatment plants, and water tanks are simothe

map.

There arefour power suppliersthat
service Albemarle Countpppalachian
Power CompanyCentral Virginia Elec-
tric Cooperative, Dominion Virginia
Power,and Rappahannock Electric Co-
operative.Figure32 also shows thédo-
cations ofelectric substationsThere
are three major natural gas lines in and
adjacent to the county including the
Columbia Gas line in the northeast cor-
ner of the county, the Columbia Gas
line onthe western part of the county,
and the Transcontinental Gas litteat
runsalong the eastern border just out-
A side the countyFigure32shows the lo-

Walnut

st cation of these three gas lines.

Earlysville

Legend

Esmont B, |:| Albemarle County
o o, ! Sewer Pump Station Water/Sewer Service

Gas Pipeline

Sewer Treatment Plant Water Only
Water Pump Station - Water and Sewer
Water Treatment Plant Water to Existing Structures

Water Tanks Limited Service

Electric Substation City Sewer and Water

Figure32: Utilities
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Economic Growth and Development &

The economy in Albemarle County is diversified with agricultutacation, government, health care, manufac-
turing, recreation, and tourism. The county has maintained a steady growth rate and healthy economy due, in
part, to its proximityto major transportation routes and the City of Charlottesviitebeingpart of amajor wine
producing region, antb tourismat several significanhistoric sitesin 2020, there were 57,733 employees work-

ing in the countywith 65% in the private sector and 35% in the public sector.rébbgrossdomesticproduct

(real GDP) for theCharlottesvilleAlbemarle Metropolitan Statistical Area (MSA) was $12.343 Billion in 2020 (Al-
bemarle County Economic Outlook, 2021).

TablelOprovides the number of employees working in the county by industry and year. The 2021 and 2022 num-
berswere forecasts.

Tablel0: Number of Employees in Albemarle CouAty asterisk (*) indicates forecasted data.
Employees Employees Employees Employees Employees Employees
(2017) (2018) (2019) (2020) (2021) (2022)

Industry

Accommodation and Food Ser-

vices 4,087 4,395 4,398 4,398 3,439 3,598
Administrative and Waste Service 2,094 2,148 2,098 2,098 2,018 2,037
Ag.,Forestry, Fishing, and Huntin 594 607 686 686 666 722
ﬁ‘:: EMERETTEND, EM0/REEee: o opp 1,795 1,730 1,730 1,687 1,698
Construction 2,356 2,390 2,267 2,267 2,309 2,285
Educational Services 888 880 879 879 874 876
Finance and Insurance 925 961 980 980 1,019 1,058
Health Care and Social Assistanc 6,316 6,303 6,486 6,486 7,066 7,219
Information 723 769 796 796 766 810
Management of Companies 1,374 1,336 1,332 1,332 1,329 1,319
Manufacturing 2,121 2,119 2,147 2,147 2,182 2,213
Mlnlpg, Quarrying, Oil and Gas E 57 54 16 46 48 44
traction

Other Services 1,962 1,990 2,046 2,046 1,972 2,029
\';L"efgss'ona' s T 3713 3,714 3714 3875 3,922
Public Administration 1,604 1,627 1,671 1,671 1,681 1,729
RealEstate and Rental/Leasing 868 880 957 957 970 1,027
Retail Trade 6,149 6,240 6,175 6,175 5,740 5,799
Transportation & Warehousing 710 741 829 829 922 1,004
Unclassified 102 117 96 96 99 98
Utilities 42 30 30 30 29 25
Wholesale Trade 641 701 732 732 687 739

From 2001 to 2021, the combined GDP of Albemarle and Charlottesville has grown steadily with the population.
Figure33 showsthe growth in GDRrom 2001 to 2021.S Bureau of Economic Analysi¢)e added drend line
to depict a possible growth projectidn the coming decadeddoweverY | y& FI OG2NA OFy OKI y!
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GDP from one year to the nexdnd this trend line should ndie seenas ax economic forecastigure34 (next
page)shows how each sector contributed to the overall GDP of Albemarle County and Charlottesville.

Albemarle and Charlottesville GDP
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Figure33: Albemarle County and Charlottesvil®ss domestic producGDR by year(U.S. Bureau of Ecomic Analysis2021)
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Albemarle County and Charlottesville GDP by Sector (2001-2020)
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ChaptClri ahange

In thisreport, wefocused on identifying hazards that are exacerbated by climate change and modeling the impacts
of those hazards. To bettemomprehendthe hazard impactsye must first understandhe future climate.We
explore the following hazards in this report:

Extreme Heaincludes temperatures that are much hotter and/or more humid than average, .
-.- well as unseamable weather. In the summer, this can cause heddted illness, and in the late
winter and early spring, this can cause damage to orchards and other agriculture.

Droughtincludes a prolonged period of abnormally low rainfall, which can lead to lower surfe
and ground water levels.

¥
& Wildfire includes a destructive fire that can quickly spread over brush and forested land.
.‘“ Floodingincludes fluvial (or riverine) flodinlg caused by excessive or intense precipitation.
o

Disease and Pestilendacludes pests and diseases that harm people, woodland, and agricull

Figure35: Connecting Climate Change, Hazards, and Other Community Changes

Although we model these hazards separately, it is important to un-
derstand that they are interconnected. For example, droughts and
extreme heat create wildfire conditions. Other factors such as land

Future Future X .
ez Temperature cover and populatlon char_lge can exacerbate conditionsdnards
Change G such as flooding and wildfire.
Figure35 depicts how climate change, associated haz-
ards, and other community changes are intercon-
Extreme neCted
Flood
Heat .
/ Current Climate
Disease The current climate of the county is similar to other,
Pests mid-Atlantic communitiesHistorically, he average Jan-
uary temperature is 3% while the average July tem-
perature is 77F. The typical growing season lasts 210

days, with the last freeze usually occurring in early April
and the first freeze usually occurring in early Novem-
ber. The precipitation varies from an average low of 2.9
inches in February toraaveragehigh of 3.5 inches in

Drought Wildfire

Land Cover
Change

Population
Change
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May. The wetter season lasts 4.6 months from Apfil tilAugust 3.

Temperature and precipitation observations have been recorded at Monticeldbdemarle County since 1950
and at the Charlottesvilldlbemarle Airporsince 1961Graphs showing observations in this report were created
using the observed temperature and precipitation data collected at Montidslldhe NOAA Global Historical
Climaology Network (GHCNThe current climate graphs have been placed adjacent to the future predictions to
allow for easier comparison

Climate Change Projections

Topredicthow the climate in Albemarle Counill changewe useclimate models to simulate future conditions.

These models consist of a seriesegfiations based on the laws of physics, fluid motion, and chemistry. Atmos-
pheric models calculate winds, heat transfer, radiation, relative humidity, and surface hydwihilgyoceanic

models calculate the physical and thermodynamical processes of the oceans. Atmospheric and oceanic models
can be integrated to form an atmospheoeean coupled general circulation model with submodels for sea ice
and evapotranspiration over lain There arenultiple climate models from around the worldf which thirty-two

will be used for this report. The climate models selected have publicly available results and were used to inform
the IPCC Fifth Assessment Report. The climate mbdetsgridied the entire worldor the calculations including

the interactions with neighboringrids

These grids are very course and require statistical downscaling do be more relevant to a Statityical
downscaling applies relationships to transform thesgé-scale projectiorgridsto smaller grids athe local level.

The process develops statistical relationships by comparing fine spatial scale observed conditions to climate model
simulations of the same time period. These statistical relationships @ dlpplied to the entire time period of

the climate model simulation to produce finer geographic resolution for analysis. Downscaling is important for
vulnerability and risk assessments where climate projections may be affected by localized conditioas ®uch
pography elements that are too fine to be captured by the global climate models.

Climate risk and vulnerability assessments also require predicting

1000 - what the international commuity will do to curb greenhouse gas
1 RCP2.6 emissions. To help show this uncertainty, four emissions scenarios
3 900~ were developed to reflect different paths forward. These emissions
a 8004 scenarios are called Representative Concentration Pathways
= | (RCPs). Two emissions scémmrwere selected for this report
-% 700 - RCP8.3vhich represents significant increases in emissions through
= ] the end of the centunand aligns with the current trajectoryand
& 6004 RCP4.5which represents an increase in emissions until 20419,
§ 1 lowed bya decline ad stabilization by the end of the centui§f-he
o 500 - lowest emission scenarig RCP2.@equires a decline in emissions
O 400 - startingin 2020, Sincehisis no longer possibJ&kRCP4.5epresents
] our bestcase scenaridn this reportwe refer toRCP4.asthe low
300 : emissions scenario and RCP&she high emissions scenariig-

d I T ¥ I ¥ 1
2000 2025 2050 2075 2100 ure 36 shows the atmospheric concentration of carbon dioxide
Figure36: IPCC RCPs (van Vuuren et.al, 2011 (parts per million) under the fourRCPsThe value after RCP (e.g.
4.5 or 8.5Yefers tothe cumulative measure of human emissions of
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greenhouse gasdsom all sources expressed in watts per square meter (IPCC AR5, R8ddipnal information
on RCPs may be foumatithe IPCC Data Distribution Centre

We usedwo different statistical downscaling methodologies for this reptire Localized Constructed Analogues
(LOCA) techniqu@ierce, D.W., et al., 2@}, downloaded herehttps://esgf-node.lInl.gov/projects/esgfinl/ and
the Multivariate Adaptive Constructed Analogs (MACA) technigi&@CA, Abatzogloand Brown, 2012) down-
loaded herehttps://climate.northwestknowledge.net/ MACAMe selected thesewo methodologiesbased on
datareliability andavailability Most of the analysis conductedtinis report used LOCA Coupled Model Intercom-
parison Project Phase 5 (CMIRE)a, except forthe heat index analysisvhich used the downscaled specific
humidity and temperature data from MACA.

The LOCA data includes 32 climate mottedsprovide daily maimum temperature, daily minimum temperature,
and daily precipitation at a 1/¥6degree spatial resolutiooovering 1950 through 210&ach grid cell has a spatial
area of approximately 3.4 miles by 3.4 mil€kis dailyobserved andgrojecteddata was ued in the hazard sec-
tions to help determine future probabilities or likelihood of an event occurrihg. 2050 time horizomisesdaily
projecteddata from 2035 to 2063he 2075 time horizon usgprojecteddata from 2060 through 2090. This pro-
vided 3l years ofmodeleddata at each time horizon to help determine probabilities.

The MACA data includes 20 climate models covering 2006 through 2100, providing daily and monthly data for
maximum temperature, minimum temperature, precipitatiancumulation, and maximum and minimum relative
humidity at a 1/16' degree spatiatesolution (approximately 3.4 miles by 3Wles).The modeled data begins in

2006 so it can be compared to the observed data for the regMthough the climate modelingtddi | 62 Yy Qi 0 ¢
exact match with the recorded observations, the statistical probabilities shoarlgéspond reasonabhyell.

Climate Indicators

There areseveralwayswe canassess the climate hazards identified as a concern to the County. Cihzaige
indicators provide a means to project chronic and acute changes that may be representative of the climate haz-
ards. These indicators were identified based on an initial review of sensitivities #uedesir categories of peo-

ple, natural environment, buiknvironment, and economto ensure the indicators wermostapplicable to the
vulnerability analysis, as well as a review of similar efforts undertakether communities.Tablell provides a

list of the climatechangeindicators and their associated hazar8eame of the climatehangeindicatorsmay not

be well known and have been defined below.

Tablell: Climate Change Indicatoasdthe HazardsThey Exacerbate

ClimateChangdndicator Excessive Drought  Wildfire Flood Dlse_ase/
Heat Pestilence

Cooling Degree Days \%

Heating Degree Days \%

Growing Degree Days \%

Days with Mainum Tempgerature> 87°F \% \% \% V

Dayswith Maximum Temperature> 95°F \Y, Vv Vv Y,

Days with Mirmum Temperature< 32°F Vv Vv

Days with Maium Temperature< 32°F Vv \%

Days with Minimum Temperature > 80 \ \

Average Daily Maximum Temperature \% \% \%
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https://sedac.ciesin.columbia.edu/ddc/ar5_scenario_process/RCPs.html
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://climate.northwestknowledge.net/MACA/

ClimateChangdndicator Excessive Drought  Wildfire Flood Dlsgase/
Heat Pestilence

Awerage Daily Minmum Temgerature \Y \% \

Heat Index > 100°F \Y

Total Annual Precifation \Y \Y Vv Vv

Total Monthly Precipation V V \% \%

Days with >1" Precifation \%

Days with # €reciptation Vv

bdzYo SNJ 2 ¥ 5 NRrechilatior) Y

Acooling degree daig calculated when the average temperature in a day is ab&%e. Values are calculated by
subtracting 65F from the mean daily temperature and summing those values over the period of interest. Studies
have shown that when the outside temperature reaches this level, people consider cooling their building. It is a
measurement to help quantify the demand for egg needed to cool buildings.

A heating degree dajs ameasure that reflects the amount of energy it takes to heat the indoor environment
whenthe daily average temperature is below 65°F. Values are calculated by subtracting the mean daily tempera-
ture from 65°F and summing those daily values over the period of interest. The lower a location's number of
heating degree days, the lower the demand for energy for heating.

A growing degree dajs calculated when the temperatunditions are right for plantsral animals to grow or
develop. As development can only occur when temperature exceeds a species' base temperature (50°F for our
calculations), values are calculated by subtracting 50°F from the mean daily temperature and summing the posi-
tive results overhe period of interest.

In the remainder of this chapter, wdisplaytwo chartsfor each of the climatehangeindicators the first shows

the observed data that has been recorded in the Copautylthe second shows the modeled data for the low and

high emssions scenarios. A trend line has been added to the observed data for the last 25 years. Trend lines have
also beemadded tothe two emissions scenariokey dservationsaccompanyeach chartSubsequent chapters
contain alditional temperature and precipitation analy$s each hazard.

52| Albemarle County Climate Vulnerability anBisk Assessment



Albemarle County Observed Cooling Degree Days
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Figure37: Observed Cooling Degree Déyonticello Station, GHCN, 29)1

Albemarle County Modeled Cooling Degree Days
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Figure38: Modeled Cooling Degree Dgi©CA, Pierce et 2014)

Observations

Over the last 30 years, there has been an upward trend in cooling degree days.

In the coming decadesh¢ number of days people will choosedaoltheir homes and work areas will
increase By the end of the century, the numberadoling degreedays per year will more than double
according to the high emissions scenario.
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Albemarle County Observed Heating Degree Days
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Figure39: Observed Heating Degree Dély®nticello Station, GHCN, 2019)

Albemarle County Modeled Heating Degree Days
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Figure40: ModeledHeatingDegree Days (LOCA; Pierce et al. 2014)

Observations

The number of days people will choose to heat their homes and work areas will decrease. By the e

the century, the number dfieating degrealays per year wilbe reduced by 38%ccording to the lgh
emissions scenario.
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Albemarle County Observed Growing Degree Days

8000

7000

6000

5000

4000

3000

Growing Degree Days (°F-Days)

2000
1950 1960 1970 1980 1990 2000 2010
Year

Figure4l: Observed Growing Degree Déywonticello Station, GHCN, 291

Albemarle County Modeled Growing Degree Days
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Figure42: Modeled Growing Degree Day$CA; Pierce et al. 2014)

Observations

Over the last 3Qears, there has been an upward trend in growing degisges

Looking ahead hte number of days which animals and plan{gcluding invasive species, ticks,
and mosquitoesgan grow and develowill continueto increase. By the end of the century, the
number of days per year withcrease more than 50%ccording to the high emissions scenario.
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Albemarle County Observed Number of Days with Maximum Temperatures >
87°F
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Figure43: Observedlumber of Days with Temperatures >8{REDAS 1972019)

Albemarle County Modeled Number of Days with Temperatures > 87°F
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Figure44: Modeled Number of Daysitiw Temperatures >8F(LOCA, Pierce et al. 2014)

Observations

Although he number of days per year with temperatures greater thafF88 not a typical climate indicatot
we included itafter reviewing the temperatures when emergency services were needed fosrbleaed ill-
ness.

Over the last 30 years, there has been an upward trend.

By the end of the century, the number of days per yearduallbleaccording to the high emissions segio.
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Albemarle County Observed Number of Days with Maximum Temperatures >
95°F
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Figure45: Observed Maximum Temperatures 3®@onticello Station, GHCN, 291

Albemarle County Modeled Number of Days with Maximum Temperatures > 95°F
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Figure46: Modeled Maximum Temperatures *8%LOCA, Pierce et al. 2014)

Observations

The number of days wittemperatures greater than 9% showshe amount of extreme heat our
community will be faced with in the futur®y the end of the century, the number of days per yea

will quadruple according to the high emissions scenario.

Over the last 30 years, there fibeen a slight upward trend.
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Albemarle County Observed Number of Days with Minimum Temperature < 32°F
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Figure47: Observed Number of Days with Minimum Temperature®k (82onticello Station, GHCN, 291
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Albemarle County Modeled Number of Days with Minimum Temperature < 32 °F
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Figure48: Modeled Number of Days with Minimum Temperature®’€B20CA; Piee et al. 2014)

Observations

The number of days with temperaturésssthan 32°F shows tht the conditions for pests and some in-
vasive species will increase and tineanberof chill hours required for many fruits will decrea8sy. the

end of the century, the number of days per y&dth freezing temperatures will be nearly halved.

Over the lasBOyears there hasalreadybeen a downward trend.
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Albemarle County Observed Number of Days with Maximum Temperatures <
32°F
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Figure49: Observed Number of Days per Year with MaximumpBeatures < 3Z (Monticello Station, GHCN, 28)1

Albemarle County Modeled Number of Days with Maximum Temperatures < 32°F

20
18
16 —@— Low Emissions
14 Weighted Mean
s —— High Emissions
>12 Weighted Mean
g10
28
° 6
4
2
0
2020 2030 2040 2050 2060 2070 2080 2090 2100
Year

Figure50: ModeledNumber of Days per Year with Maximum Temperatures <(BZ¥E€A, Pierce et al. 2014)

Observations

The number of days witmaximumtemperatures less than 3 shows that the conditions for pest

and some invasive species will increase anditin@berof chill hours required for many fruits will
decrease. By the end of the century, theeragenumber of days per year with 