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PREFACE

Context and scope

This assessment is a fundamental component dfithen ForestrClimate Change Response Framework project

and builds off methods developed for the Chicago Wilderness Urban Forestry Vulnerability Assessment (Brandt et
al. 2017) This projectbuilds on lessns learned from the Climate Change Response Frameawokaborative,
crossboundary approach among scientists, managers, and landowners to incorporate climate change considerations
into natural resourcenanagemengach project interweaves four compotg science and management

partnerships, vulnerability assessments, adaptation resources, and demonstrationThigessessment focuses

on both the developed and natural areas within the Austin region.

We designeahis assessmetd bea synthesisf the best available scientific information. Its primary goal is to
inform those that work, study, recreate, and care abouirthen forestsind natural areas in the Austagion. As
new scientific information arisegje expect that new efforts will ieel to be undertaken to reflect tlaaguired
knowledge and understanding. Most important, this assessimesinot make recommendati@mut how this
information should be used

The scope of the assgsent ighe urban foresbroadly defined to includeoth developed and natural settings
within the urban landscape.

Author Contributions and Acknowledgements

Leslie Brandt developed tlessessment methodology, report structure leshthe writing of chapters 3 and 4. Cait
Rottlerand Wendy Gordoled thewriting of chapter 2 and assembled climate change projections and historical
data. AprilRoseL i sa O6 Donnel |l , and &ndaappeng fochapter lkAnnamade Rutledge wr i t i n |
led the writing for chapter 5 with help from Emily King, ApribRs e, and Li sa OdDonnel |l

We wish to thank the municipal foresters, park district representatigsal areas managers, and otltleas
participated in the vulnerabilitgnd adaptation workshopisat contributed to this repoktVe also wish to thank Bil
Reiner for his assistance with the speciesdistl the workshop planning committee.
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CHAPTER 1: THE CONTEMPORARY LANDSCAPE

This chapter describes the structure and function of A
stressors. This information lays the foundation for understanding how shifts in climate may contribute to changes in

Austinds trees and urban forests, and how climate may |
Key Points
0 Austin is composedf two ecoregions: Edwards Plateau to the west and Blackland Prairie to the east.

0 Austinds ur ban appeorimasly 34nilson tneasdvih aurge candpy coveriagout 3%
of the city.

0 The majority 02%) of trees are native to Texas, ahd 10 most common trees account§d¥ of all
trees.

0 Natural areas, including agricultural uses, make up the majority of total land area (57%), while 39% of total
land area is considered developed area and the remaining is composed of open water.
0 Austinis located ora distinct ecological dividdzast Austin includes the Blackland Praingh deep, rich
soils, and West Austin includes the Edwards Plateau, characterized by shallow soils over limestone. These
areas support different tree species thatiarguely adpapted to each ecoregi@evelopmentpopulation
growth,andlandu s e change have transformed the areabs veget
0 Additional stressors and threats tatieralonsftolmis trees
nativeinvasive plant species, shifts in fire regime, and insect pests and diseases, including oak wilt,
emeraldash borer, Dutch elm diseasend bacterial leaf scorch.
0 Managers in Austinds nat ur alanangde dAeuseli onpdesd ua rbeaans f aor
continues to providbenefits for all members of the community

CHAPTER 2: CLIMATE TRENDS, PROJECTIONS, AND IMPACTS

This chapter summarizes what we know about how the climate has changed over the historidloecdimate
is projected to change over this century, and i mpacts

Key Points
0 Austin has been warming at a rate of about 0.4°F per decade since measurements began in 1938 and is
expected to increase by 5 to 10 degrees by the end of this century compared to the mostyeeent 30
average.

0 Austin has been getting slightly wetter average, but precipitation can vary widely within and between
years, and future projections of precipitation are uncertain.

0 Itis highly probable there will be both an increase in heavy rain events and severe droughts in the future
decades, whichwillstrs s t he areabs trees.

0 Overall, the balance of precipitation and temperatu
arid Southwest.

0 Changes in temperature and precipitation may also exacerbate current stressoracuoataginvasive
plants, insect pests, and pathogens.

CHAPTER 3: VULNERABILITY OF AUSTI NOS TREES

This chapter summarizes expected changes in habitat suitability and the adaptive capacity of different species in
Austindés devel oped and natural areas.
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Key Points
0 Modeling Nati\e TreesSpecies distribution modeling of natitreessuggests that suitable habitat may
decrease for 14 of 31 primarily northern species and remain stable for 10 species. Suitable habitat was
expected to increase for four species.

0 Projected Changes frohteat and Hardiness Zone Shifts and Species RaRgespecies for which no
model information is available (rare, noative, or cultivars), shifts in heat and hardiness zones could have
a positive effect on 23 species, while 60 species had either hardoves, heat zone, or range limits (or a
combination thereof) that may suggest a negative effect.

0 Adaptive Capacity of Urban Tree&daptive capacity 0104 species was evaluated using scoring systems
for planted and natural environments, with maoy-naive invasive species among those with the highest
capacity to adapt to a range of stressors. For planted/developed congRispscies received a high
adaptability scorel8 received a low adaptability score, and the remaiBihgeceived a medium
adapability score For natural areas (both native and naturaliz&8lypecies received a high adaptability
score,13received a low adaptability score, a#fdireceived a medium adaptability score

0 Overall Vul nerabil it vy Amahalysishobvulieralslity that coRleirggs noodeb s Tr ee s
projections, shifts in heat and hardiness zones, and adaptive capacity showed that in planted and developed
sites many of the same species rated as having high vulnerability in natural areas were algevuiner
urban areas. Species that were less adapted to urban sites were also listed as vulnerable, indicating that a
greater proportion of trees were considered vulnerable in developed sites.

CHAPTER 4: VULNERABILITY OF AUSTI NOS URBAN FO

Thischaptef ocuses on the vulnerability of the urban forest
change. Vulnerability is the susceptibility of a system to the adverse effects of climate ahdnige function of a
systembs i mpactizy,. and adaptive capac
Key Points
0 Both natural and developed areas in the Austin region show some degree of vulnerability to changes in
climate.

0 Natural and developed upland areas in West Austin are vulnerable to drought, erosion, and wildfire and
have less tree canopy éisitythan East Austin

0 Natural and developed areas in East Austin are vulnerable to-siéikfrom precipitation changes and
flooding due to their presence at lower elevations, but have a greater potential for a diverse tree canopy
than West Austin

0 The urban core and other highly developed areas will experience stress not only from changes in climate

but also from compounding effects of drought, heat, and local flooding from restricted soil conditions and

impervious surfaces.

CHAPTER 5: MANAGEMENT CONSIDERATIONS

Management considerations in this chapter are summarized by theme and include a range of issues that urban
foresters face

Key Points
1 Maintaining species diversity and selecting appropriate species for the projected changes in habitat
suitability will become more of a challenge for everyone, from land managers to the nursery industry.
1 Given the uncertainties around the effects of clen@tange it will be important for land managers to
continue to observe and document impacts on tree species and refine models and management strategies.
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1 Climate change challenges will also present opportunities for land managers and other-tedisisto
further engage with their communities, develop new partnerships and programs, expand their volunteer
base, and make investments in resilient landscapes.

INTRODUCTION

Context

This assessment is a fundamental component of the Urban Forestry Climate Rbspgese Framework project
(www.forestadaptation.org/urbpand is supported jointly by the USDA Southern Plains and Northern Forests
Climate HubsThis project builds on lessons learned from the Gin@zhange Response Framewak:

collaborative, crosboundary approach among scientists, managers, and landowners to incorporate climate change
considerations into natural resource managenksah project interweaves four components: science and
managemetrpartnerships, vulnerability assessments, adaptation resources, and demonstratior{Figpj&cts.

The Austin assessment uses methods developed @hilvago Wilderness region pilBrandt et al. 2017) and also
methods developed for assessing vidbdity of natural areas (Brandt et al. 2016)

Partnerships

Vulnerability
Assessment

Demonstration
Projects

Figure X.1Climate Change Response Framework components.

Theoverarching goabf all Framework projects i® incorporate climate change considerations into forest
managemeniThe overall goal ofhe Urban projects to ensure that urban forests will continue to provide benefits to
the people that live in urban communities as the climate chavWgedefine the urban forest as all publicly and
privately owned trees within an urban aseicluding individual trees along streets and in backyards, as well as
stands of remnant forest. The Urban project works acmagsizations, both public and private, to work toward this
goal by accomplishing the following objectives:

1 Engage with communities that are msted in adapting their urban forest management to climate
change.
1 Work with these communities to assess the vulnerability of their urban forests to climate change.


http://www.forestadaptation.org/urban

Front Matter

1 Identify and develop tools to aid adaptation of urban forests to climate change.
1 Develop ealworld examples of climatenformed management of urban forests.

The tools and approaches developed in the Urban project were originally designed to be applied to areas in the
Midwest and Northeast. This report expands that work to the-seutinal USthrough a partnership with the
Southern Plains Climate Hub.

Current partners in the effort include

Northern Institute of Applied Climate Science

USDA Southern Plains and Northern Forests Climate Hubs
USDA Forest Service

USDA Agricultural Research Sdce

USDA Natural Resources Conservation Service

City of Austin, TX

Texas A&M Forest Service

The Nature Conservancy

=A =4 =4 -4 -4 -4 A -4

Austin has a long track record of environmental stewardship; in 2019 the National Wildlife Federation honored
Austin as t hidiferfaendlycity,@red in@@L3, American Forests named Austin one of the 10 Best
Cities for Urban Forests. Strong pubjfidvate partnerships provide the benefit of numerous resources that the local
community actively leverages to further supportltdwl ecosystem.

Scope and Goals

The primary goal of this assessment is to summarize potential charigesitban forest of the Austin regiander

a range of future climates, addtermine the vulnerability of trees and developed and natural lands$cdpese
changesThe assessment also includesyathesis of information about the current landscape as well as projections

of climate and vegetation changes used to assess these vulnerabilities. Uncertainties and gaps in understanding are
discussed thneghout the document.

This assessment cogathe extraterritorial jurisdictional boundary of the City of Austin and encompasses 400,882
acreg(Fig. X.2). Municipalities within this boundary are also included in the assessment.
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Legend

World Street Map

Compiled at 1:300,000 scale in partnership with
the city of Austin and USDA Northern Forests
Climate Hub by Stacey Clark, 2019

U.S. Department of Agriculture, Forest Service

w»

Figure X.2l aaSaavYSyid ! NBlF o ¢KS I adasaaySsSy jurisdidiidhal bouddafyahddalR Sa G K
municipalities and ownerships within.

Assessment Chapters
This assessmenbmpriseghe following chapters

Chapter 1. The Contemporary Landscapedescribes existing conditions, providing background on the physical
environment, ecological character, and current management of developed and natural areas in the Austin region.

Chapter 2: Climate Trends, Projections, and Impactssummarizes our current derstanding of past and
projected future changes in climate in the Chicago Wilderness region.

Chapter 3: Vul ner absunimarizes the projeéted changesdnshabitat seimkslity and adaptive
capacity for trees found in the Austin region.

Chapt er 4: Vul nerabil it gummdrizedthesvtirienahility of the ubamfordstanrthees t
developed areas and four natural community types in Austin.

Chapter 5: ManagementConsiderationssummarizes implications of climate change for the ganant of
Austinbs urban forest.

10
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CHAPTER 1: THE CONTEMPORARY LANDSCAPE

The urban forest is defined as all publicly and privateiyed trees within an urban area, including individual trees

along streets and in backyards, as well as stangsrofant forest (Nowak et al., 2001). The urban forest of the

Austin region can be viewed as two separate but interconnected types: natural areas and developed sites. These areas
are managed and maintained in vastly different ways and often by differitieiseithe urban forest is shaped by
ecosystems, landforms, and environmental gradients that existed prior t#&fBarican settlement. The ecoregion

is defined by the tallgrasses of the Blackland Prairie to the east and the forests, woodlands, ofrtteMdisau

to the west, and is divided by the Balcones fault zone. While much of the region has been developed, its natural

hi story influences current forest composition. I'n this
urban forestthe forces that shaped it, and current stressors. This information lays the foundation for understanding
how shifts in climate may contribute to changes in Aus!

with other stressors present on thedscape.

LANDSCAPE SETTING

Austin is a vibrant community, home to many unique cultures and physical landscapes. The city is experiencing

rapid growth and change and is projected to continue on this path. Residents are concerned about the impacts of that
growth, along with potential impacts from climate change, on their trees and green spaces. In 2019 the city

underwent an Urban Forest Vulnerability Assessment to better understand the vulnerability of trees and urban

forests to direct and indirect impaafclimate change. This vulnerability assessment follows up on the Urban

Forest I nventory and Analysis (Nowak et al., 2016) and
201). This assessment includes all public and private land withinithefG\ustin and its extraterritorial

jurisdiction, which includes the Edwards Plateau and Blackland Prairie ecoregions, as defined by the Texas Parks &
Wildlife mapping (Gould, Hoffman, & Rechenthin, 1960).

Located inCentral Texas, Austin is nestledthe junction of the Edwards Plateau and the Blackland Prairie. It is

divided by the Balcones Escarpment fault line (Texas Parks & Wil@lifé3. The escarpment plays a role in

regulating climate in the Austin area; although maximum elevation changkyia ftew hundred feet, it is the first

topographic break inland from the Gulf of Mexico and thus influences weather, making Austin prone to large flood
producing storms (Abbott & Woodruff, 1986). This and other differences in biotic and abiotic chatiasteri

bet ween ecoregions present unigue chall enigdatsed, mr t he ci
social planning.

11



Chapter I: The Contemporary Landscape

Legend
E Assessment Boundary
Ir___—\ West/East split

austin_ecoregions
RegionName

Blackland Prairies

Edwards Plateau

Compiled at 1:300.000 scale in partnership with
the city of Austin and USDA Morthern Forests
Climate Hub by Stacey Clark, 2019.

o 25 5 10 Miles

U.5. Department of Agriculture, Forest Service

Figure 1.1EcologicalRegions in the Austin, Exas,AssessmentArea. FromVegetational Areas of Texaly F. W. Gould, G.
O. Hoffman& C. A. Rechenthin, C.AL960). Created from map irF. W.Gould (1975). Updated by TPWD GIS Lab
1/09/2004. Retrieved August 27, 2019, fromhttps://tpwd.texas.gov/gis/data/baselayers/naturalsubregions -zip/view

The resources below provide more information regarding the urban dmstatural areas in Austin:

Austinds Urban Forest (Nowak et al ., 2016)
Provides a assessment of Austingee compositiomnd theirecosystem service values.

Austin Urban Forest Master Plan (City of Austin, 2013)

Other resources and plans that infllence trees and vegetation in the Austin area:

0 Land Development Code
www.austintexas.gov/department/austity-codeland-developmentode

0 EnvironmentalCriteria Manual

12
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library.municode.com/tx/austin/codes/environmental criteria_manual?nodeld=ENCRMA

0 ImagineAustin- Green Infrastructure Prioritgrogram
www.austintexas.gov/page/Greenlnfrastructure

0 Climate Protection Resolution
austintexas.gov/pageiitiate-protectionresolution

0 Invasive Species Management Plan
austintexas.gov/sites/default/files/files/Watershed/invasive/TEMP-Find-7-11-12.pdf

0 Watershed Protection Management Plan
www.austintexas.gov/department/watersipedtectionmasterplan

0 Austin/Travis County Community Wildfirrotection Plan
www.austintexas.gov/wildfireprotectionplan

Landform, soils, and hydrology

Edwards Plateau

This ecoregion found in the western portion of Austin is an uplifted geological region of thick, mostly flat layers of
bedrock composed primarily of hard early Cretaceous limestone (Riskind & Diamond, 1988). Its edstern an

southern boundaries are defined by a fioactive fault zone, the Balcones Escarpment (Small, Hanson, & Hauwert,
1996). This ecoregion is largely a dissected |imestone
see Diamond & True2008), where it is easily distinguished from bordering ecoregions by the sharp fault line. The

eastern edgeis characterized by steep limestone karst terrane with a deep, cavernous aquifer (Edwards Aquifer)

(Small et al., 1996).

Soil depth varies by topogphy: hilltops have shallow soils while flat areas and lowlands have thicker soils. Soil
textures depend on the underlying parent material and surface vegetation. The Edwards Plateau is prone to high
intensity rainfall events, which can lead to fldkioding and erosion (Riskind & Diamond, 1988). Due to karst
topography (related to dissolution of limestone substrate) and resulting underground drainage, streams are relatively
clear and cool in temperature compared to those of surrounding areas (Gréfiti2604).

Major water sources in the Austin area include the Edwards Aquifer, the Colorado River and its network of

perennial and intermittent streams, and springs, of which the largest (Barton Springs) flows from the base of the

Balcones Escarpment. & predominant vegetation association is mature, cloaadpy Ashe junipeoak forest,

although more open woodlands and shrublands also occur in this area. The eastern edge of the Edwards Plateau
ecoregion has been i de n twithfmany dndeang ana imperileddsperies, rinsluding/rarédi h ot s |
plants, cave and spring invertebratésryceasalamanders, and the goldeimeeked warblerSetophaga

chrysoparia.

Blackland Prairie

This ecoregion found in the eastern portion of Austin is disistird from surrounding regions by its fitextured,
clayey soils and predominantly prairie potential natural vegetation (Griffith et al., 2004). Two subregions of
Blackland Prairie are found in Austin: the Northern Blackland Prairie and Floodplains arberraces.

The black clay soils are productive, which has led to conversion of much of the terrain into cropland and grazing
pastures (Texas Parks & Wildlife, 2013). This region now contains a higher percentage of cropland than adjacent
regions; pasturand forage production for livestock is common (Griffith et al., 2004). Large areas of the region are
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being converted to urban and industrial uses (Griffith et al., 2004). Dominant grasses include little bluestem, big
bluestem, yellow Indiangrass, and swijcass (Griffith et al., 2004). Within the Austin area, the Blackland Prairie
ecoregion contains the watersheds, tributaries, and riparian zones of the Colorado River, providing habitat for a
variety of wildlife species.

Deciduous bottomland woodland afwdest were common along rivers and creeks (Diamond & Smeins, 1993);
today pecan, cedar elm, various oaks, sughrberndot the landscape, with mesquite invading the edges.
Historically important natural landscageale disturbances included fire andigmhous wildlife grazing (primarily
bison and, to a lesser extent, pronghorn antelope). Fire and infrequent but interdarsitior grazing suppressed
woodyvegetatiorand invigorated herbaceous prairie species (Eidson & Smeins, 1999). Human setitament
wildfire suppression have also contributed to the invasiaorooiativespecies, such as King Ranch bluestem,
bermudagrass, Arrundo, and Chinaberry.

Natural communities

Edwards Plateau: Historical

Fossilized pollen of oak, juniper, other tree specgrasses, and forbs from Friesenhahn Cave in northern Bexar
County date to the last ice age, 14,000 to 20,000 years ago (Hall & Valastro, 1995). Eyewitness accounts of early
explorers, settlers, and scientists from 1700 to 1900 reported extensive ftaneshated by Ashe juniper and other
woody species along the eastedygeof the Edwards PlatealMeniger 1984Smeins et al 200Nelle 2012

06 Do n n e ). These acbolir®s,are supported by other documents, including field notes from original land
grants, maps, and photographs. Along with land clearing and introduction of livestock, historical records suggest
that the extent and frequency of fires increased foll o
which undoubtedly altered theegetation communities. In addition to the endangered galdeeked warbler,

which breeds exclusively in the Ashe junigmek forests of Central Texas, observations of the passenger pigeon
(Ectopistes migratorigys(Lockwood, 2010); flying squirreRteramys volucella(Roemer, 1935); and black bear

(Ursus americanyswere reported in forests of the Edwards Plateau during the 1800s.

In the Austin area, forests were logged in the late 1800s and early 1900s and are currently in various stages of
recovery (Bay, 1904a; KeddyHector,2000. After clearing, much of the topsoil was lost due to subsequent goat
and cattle overgrazing and erosidarsh and Marsh, 1992pn some steep slopes, this soil loss has greatly
reduced the revegetation potential (City of #vug Travis County,2018).Current and past owdarowsing by
white-tailed deer haturtherreduced understory flora diversity and species abundance (Russell & Fowler, 2004;
Russell, Zippin, & Fowler, 2001). While oaks tend tespzout following fire, Ask juniper does not and is slow to
recover (Reemts & Hansen, 2008, 20t¥)wever, Ashe juniper can recolonize formerly cleared areas and is a
dominant tree on the Edwards Plateau, occuring as both an early successional and climax species (Bray 1904a).

Edwards Plateau: Current

The dominant natural community type currently found in the Edwards Plateau is upland forest, dominated by Ashe
juniper, Texas red oak). buckley), escarpment live oak), fusiformi3, shin oak Q. sinuata var. breviloba
escarpmetblack cherry Prunus serotina var. eximjaTexas ashHraxinus texens)s and cedar eln{Imus

crassifolig). In addition to seedlings of the canopy trees, common understory species include Texas mountain laurel
(Dermatophyllum secundiflorimCarolina luckthorn(Frangula caroliniang, yaupon holly ex vomitorig, red

buckeye Aesculus pavia var. payiaMexican buckeyel{ngnadia speciogalindheimer silktassel Garrya ovata

var. lindheimerj, and elbowbushFprestiera pubesceh$City of Austin& Travis County, 2018 Texas madrone
(Arbutus xalapens)sbecomes more common on the western edge of the AustirSanee. areas, particularly along
riparian corridorshave experienced compositional shifts due to-mative species invasions from species agh

privet, ChinaberryandChinese Pistache.
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Blackland Prairie: Historical

Historical accounts suggest tthe forested part of thelackland Prairie region was dominated by fleoterant

trees along the Colorado River, such as ash, cottonwood, elm, pecan, and willow (De Espinoza, 1930; DeCordova,

1858). Kennedy (1844,pad®8 descri bed Oni on Cr eek @untryfolnongléedng At hr ou
prairie and woodland: about ten miles from its mouth there is a grove of the best description of cypress, to the extent
probably of six thousand acres. There are, besidemr southerrive oak, white, red, and post oak, hackberry,
mulberry, wild peach, &edarelm 6 Ot her creeks were also similarly wood
the Blackland Prairie in East Austin have sandy soil that have historically supported post oak woodlands (Terrell,

1910).

Blackland Prairie: Qurrent

Significant portions of the Blackland Prairie have been converted to rangeland or row crops over the last two
centuries. Overgrazed upland pastures are dominated by haseylite Prosopis glandulosaand groves of
eastern red ced@&luniperus viginiana) and cedar elmImus crassifolia arealso common in these areas.
Shrubland patches can be found in the uplands as well, dominated by legume species lik&aekamsargia
aculeatd, catclaws $enegalia berlandieri, S. roemeriana, S. wrightind other thorny bushes such as toothache
(Zanthoxylum hirsutujrand Brasilwood @ondaliahooker). The region is identified as the most altered ecoregion
in Texas with 1% of the native Blackland Prairie remaining today (Ramos & Gonzalez, 2011).

Agricultural development in the ¥9nd 20" centuries likely resulted in considerable degradation of riparian
woodlands through both channelization and deforestation. Impacted floodplains left fallow and allowed to recover
are typically dominatetly cedar elmWIimus crassifolig retama Parkinsonia aculeatdahackberryCeltis

occidentali3, and sugarberryQeltis laevigata with green ashHraxinus pennsylvanigalominating the wetter

portions near creek banks and with cottonwdedpulus deltoidds American gcamore Platanus occidentaljs

and black willow Galix nigrg represented in smaller numbeateng with nornative invasive speciesich as
Chinaberry and priveSeemingly undisturbed riparian remnants are less common and have more complex woody
communities that, in addition to the above species, include canopy species such aSgryeaitlifoiensis,

American elm Imus americang red mulberry forus rubrg, Anacua Ehretia anacu@ gum bumelia

(Sideroxylon lanuginosuyncatalpa Catalpa speiosa), osage orangévaclura pomiferd, black walnut Juglans

nigra), and honey locusileditsiatriacanthog. These remnants typically have an understory consisting mostly of
roughleaf dogwoodGornus drummond)jj Carolina buckthornHrangula caroliniang, possumhawliex decidug,

yaupon (lex vomitorig, chickasaw plumRrunus angustifoliz Mexican plum Prunus mexicanaand soapberry
(Sapindus saponarja

Natural community types within the study area

For the purposes of this urban forest vulnerability assessment, the natural communities within the area of interest

were divided into four types: Upland Forest, Upland Woodland, Upland Mixed Shrubland, and Floodplains and
TerraceqFigure1.2). These natwal community types have similarities in vegetation species composition, structure,

and potential for disturbance (Table 1.1). The four natural community types each include a unique grouping of

vegetation types, as described and mapped by the Texas Péwrks\ein | d1 i f e Depart ment 6s Ecol
Systems Data (Elliott et al., 2009, 2014). Only vegetation types that fell within the area of interest were included for
grouping into one of the four natural community types, based on differentiating critesiarsfory cover and

species composition, understory species composition, hydrology, productivity, and disturbance potential. If the
description of a vegetation type didndét meet the critei
included in afith,nora s sessed category called AOthero¢ (e.g., grass
Table A.1, appendix A).
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Legend

D Assessment Boundary

Ir | West/East split

- Upland Forest

Upland Woodland

Upland Mixed Shrubland

- Floodplains and Terraces
Other

Compiled at 1:300.000 scale in partnership with
the city of Austin and USDA Morthern Forests
Climate Hub by Stacey Clark, 2019.

n
n

1 Miles

U.5. Department of Agriculture, Forest Service

Figure 1.2Map of the Natural Communities included in the Assessment: Upland Forest, Upland Woodland, Upland Mixed
Shrubland, and Floodplains and Terraces. Natmaimunities were mapped by groupinggetationtypes from the Texas
tF Nl]& FyR 2 Af FEfolbgicBMappihaIystedisiatay(Seaiiable A.1, Appendix A).
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Table 1.1

Natural Community Types, the Defining Characteristics, and Dominant or Indicator Woody Species within Each Type

Natural
Community
Type

Defining Characteristics

Dominant a Indicator Woody Species

Upland Forest

usually found on flats, steps, and lowlands in
steeper slope areas with greater soil depth

mesic microclimates
high level of diversity in overstory

mixedevergreen and deciduous tree species i
the canopy

typically >70% canopy tree cover

shade, leaf litter, and rocky substrates can lim
herbaceous vegetation

Trees: Ashe juniper, Texas red obéxas/escarpment
live oak, white shin oak, cedar elsygarberry post
oak, blackjackak, Arizona walnut, Escarpment black
cherry, Texas ash, gum bumelia, Texas redbud, Carq
buckthorn, rusty blackhaw, red buckeye, Mexican
buckeye, Mexican plum, Texas madrone

Shrubs: shrubby bonesdt,A Y R K ShkESHD &
yaupon, American beautyberry, agarifbexas
mountain laurel, possumhaw, elbowbush, Texas
persimmon, catclaw mimosa, evergreen sumac,
fragrant sumac

Upland usually found on plateau tops and areas with | Trees: Ashe junipeTexas/escarpment live oak, cedar
Woodland more shallow soils elm, sugarberry post oak, white shin oak, blackjack
oak, Shumard oalsouthernlive oak, mesquiteeastern
historically fire driven, removing shrub layer bl redcedar, gum bumelia
leaving overstory intact
patchy shrub cover interspersed with pockets
herbaceous cover
Shrubs: Texas persimmon, yaupagaritg Texas
mountain laurel, whitebrush, flameleaf sumac,
mixed evergreen and deciduous, or only elbowbush, catclaw mimosa, fragrant sumac, evergre
deciduous, tree species in the canopy sumac
typically <70% tree cover
overstory trees are usually not as tall as in
Upland Forest
Upland Mixed | usually found on xeric sites, slope edges, and| Trees: Texas/escarpmerive oak, Ashe juniper
Shrubland along grasslands and woodlands in areas wit

very shallow soils

trees do not dominate the canopy or tend to b
stunted

historically firedriven

Shrubs: Texas persimmon, mesquite, agarita, Texas
mountairtlaurel, Lindheimer's prickly pear, lotebush,
fragrant mimosa, evergreen sumac, Texas colubrina,
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mixed evergreen and deciduous woody speci

whitebrush,Lindheimer's silktassel, prairie sumac,
Mexcian buckeye, elbowbush, kidneywood

Floodplains
and Terraces

located in valley floors of large rivers and
perennial streams, and buffaones of
headwaters

erosional (riparian) sites are gravelly, cobbly,
and rocky

depositional (floodplain) sites have alluvial
deposition

historically driven by hydrology and floodplain
dynamics

loamy, clayey, and sandbpttomland soils are
influenced by outwash from surrounding
landscape

species composition varies by stream order,
successional stage, and flooding regime

Trees: sugarberry, cedar elffexas/escarpmeriive
oak, green ash, pecan, American elm, American
sycamore, little walnut, western soapberry, Texas
oak/Buckley oak, black walnut, Eastern cottonwood,
Ashe juniper, Chinaberry, bald cypseboxelder, Texas
ash, Vitex, Chinese elm, wafer astesquite, black
willow, Mulberry sp., Eastern redcedar, gum bumelia

Shrubs:Zanthoxylum sp., Texas persimmon, commo
buttonbush, possumhaw, desert willow, huisache,

roughleaf dogwood, yaupon, Baccharis, Chinese talld
Japanese honeysuckle
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Table 1.2

Land Cover Types in the Assessment Area, ba
Chapter I: The Contemporary Landscape on the National Land Cover Database

Current Conditions in the Austin Region Land Cover Type Percent
Land use and OWnerShip Agriculture 10.91%
Trees and forests in Austin are arrayed across land cover, use, and
ownership, including highly developed, privately owned Developed, High Intensity 4.93%
commercial, mixeelse, or residential locations to publicly owned _
andmanaged natural areas. Developed areas make up 39% of tHgVeloped, Low Intensity 10.78%
total land area, while natural areas including a.gr.lcultural uses. Developed, Medium Intensity 10.01%
make up 57% of the total land area. The remaining land area is
composed of open water (Table 1.2, Figure 1.3). Developed, Open Space 13.57%
Natural Area 46.63%
Open Water 2.62%
Other 0.56%
Grand Total 100.00%
Legend
N D Assessment Boundary
A ;-____i West/East split
) NLCD 2016
NLCD_Comb
- Water
- Other

- Matural areas
- Developed
l:l Agriculture

Compiled at 1:300.000 scale in partnership with
the city of Austin and USDA Morthern Forests

o o s 10 Miles Climate Hub by Stacey Clark, 2019.
1 1 ]

U,S. Department of Agriculture, Forest Service

Figure 1.3 LandCover dasses within theAssessmentArea, based on the National Land Cover Databadeeveloped
includes residential, commercial, and industrial land.
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Roughly 24% of Austinés total |l and area i sonofpanked by t h
owned by the City of Austin and areas of the Balcones Canyonlands Preserve (all ownerships) within the assessment
boundary.

A Legend
A BCP and COA Parks
LandManage
I city of Austin
I city of Sunset Valley

- Lower Colorado River Authority
- Private Land Management
- Private Land Manager
- The Nature Conservancy
- Travis Audubon Society
- Travis County
=] coAparks (non-BCP)
D Assessment Boundary
"___—I West/East split

World Street Map

jers on Mill

»
3 Jollyville

o 2244 m’

Lost Creek

- [ §
-, Del Valle |

N .1’,112

W P

Compiled at 1:300,000 scale in partnership with
the city of Austin and USDA Northern Forests

oS % o Climate Hub by Stacey Clark, 2019
I 1 ]

U.S. Department of Agriculture, Forest Service

Figure 1.4 MapShowing the Distribution of Parks Owned by the City of Austin andAreas of the Balcones Canyonlands
Preserve @Il Ownerships) within the AssessmentBoundary.

Species composition patterns

The Austin region is a mixture of remnant (fsettlement) trees, planted trees, and spontaneous recruitment from
both sources. Urban forests often have higher tredespdiversity than the surrounding native landscapes (Nowak

et al., 2016). Parks, natural areas, and other open spaces tend to have a higher proportion of remnant native
vegetation, whereas planted trees (both native andhative) dominate developed ase Nonnative species are

found throughout. Because East Austin was historically prairie with the exception of some floodplain forests, there
are more tree species planted there that were not present historically. West Austin tends to be more of a mix of
remnant native trees such as Ashe junipexas/escarpmetive oak,Texas red oalkand cedar elm alongside

planted native and nemative trees.

Austinds Urban Forest I nventory and Anal Wswaketal,FI A) r ep
2016). The analysis gives land managers benchmark data to project trends and advocate for management practices
and resources to increase the resilience of the urban forest. The analysis finds that:
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0 Austinds ur b amestfmateds3giliontreesit ai ns

0 Tree canopy covemmpproximately 3% of the city.

0 The most common species are Ashe juniper, cedarselutherrlive oak, sugarberry, and Texas
persimmon.

0 The 10 most common trees in Austin account #Y%®f all trees.

0 92% of trees are native fbexas.

0 Trees with diameters less than 5 inches accour@¥4r of the tree population.

0 The largest concentration of trees with a diameter greater than 15 inches are found along the Interstate 35
corridor; while these largdiameter trees are only%8 of the total population, they comprise ¥8of the
total leaf area.

0 Large trees are a small proportion but a highly significant part of the ecosystem service benefits of the

urban forest.

Evergreen forest comprised largelysofutherrlive oak and Ashe jupier coverdsl 7% of the city. This land cover

type is predominantly in the Edwards Plateau of West Austin. Itcori@s of Austi nds 48%okes and
the leaf surface area (Nowak et al., 2016). Austin has more small trees than large trees, avhaditive indicator

of long-term sustainability of tree cover. The most common sdiatheter trees (less than or equal to 5 inches) are

Ashe juniper, cedar elm, Texas persimmon, sugarberry, live oak, yaupon holly, Texas mountain laurel, glossy privet
(ligustrum), chinaberry, and green ash. The most common-aiayeeter (diameter greater than or equal to 15

inches) trees are Ashe junipsoutherrive oak, cedar elm, pecan, sugarbefrgxasred oak, honey mesquite,

Chinaberry and cottonwood. Many dlhie most common largdiameter species are not represented in small

diameter species composition (Nowak et al., 2016). If current-tedare trees are not being replaced by other

largestature trees, this may reduce the future potential canopy cosesti.

West and East Austin see a few major differences in species composition, with a total of four species forming 10%
or more of species composition between both rexfibable 1.3). In other words, two species (Ashe juniper and
southerrive oak) inWest Austin make up 80% of species composition in the area, while four species (Ashe juniper,
cedar elm, honey mesquite, aswltherrlive oak) make up 60% of species composition in East Austin. The
abundance of the most common species varies betweenlesegions. In West Austin, Ashe juniper makes up

the majority (68%) of species compared to a fifth in East Austin. Cedar elm is more common in East Austin at 18%
compared to just 2% in the west. Honey mesquite makes up 10% of species in East Austsouttierrive oak

is similar at 12% and 14% in West and East Austin, respectively. There are also unique species found at lower

abundances in each region. West Austin contains 11 spe:

contains an adtilonal 29 species compared to the west.

Table 1.3

Estimated ompositionof Tree Species bydommonName acrossVest and East Austin, TexaSource: Austin Urban Forest
Inventory (Nowak et al., 2016).Note: this summary is an estimate based on sample plots and does not represent a
complete inventory.

% of % of % of % of
Scientific Total: Total: N Total: Total:
Common Name Name West East Common Name Scientific Name West East
Austin Austin Austin | Austin
American elm Ulmu_s <1% 1% Loquat Eriobotrya japonica] < 1% -
americana
American Plata_nus 1% 1% Mescal bean Dertma.tophyllum <1% <1%
sycamore americana secundiflorum
L . ] . . Quercus
Ashe juniper Juniperus ashe| 68% 20% | Mexican white oak - <1%
polymorpha
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% of % of % of % of
Scientific Total: Total: S Total: Total:
Common Name Name West East Common Name Scientific Name West East
Austin | Austin Austin | Austin
Baldcypress -clj—gxu(c):ﬂtjnr? <1% - Mimosa, silktree Albizia julibrissin - <1%
Bastard (white
shin, scalybark, Quercus 1% - Northern Celtis occidentalis - 2%
Durand) oak sinuata hackberry
Berlandier ash Ecr:rll)gggiseriana - 1% bdzi | £ f Qa | Quercusexana - <1%
Black walnut Juglans nigra <1% <1% cher or unknown <1% -
live tree
Boxelder Acer negundo - 3% Paper mulberry Brous_sonetla 1% -
papyrifera
Bur oak 2‘;‘2:32;% - <1% | Pecan Carya illinoiensis 1% 2%
Ulmus
Cedar elm crassifolia 2% 18% | Post oak Quercus stellata - <1%
g:;;rry and plum Prunus spp. <1% - Prairie sumac Rhus lanceolata <1% -
Cherry laurel Ea:Lrj:I:JnS;ana - <1% | Red mulberry Morus rubra - <1%
. Melia . . .
Chinaberry azedarach <1% 1% River birch Betula nigra - <1%
Chinese elm Ulmgs . - <1% Roughleaf Cornus drummondi - <1%
parvifolia dogwood
. . Pistacia -
Chinese pistacheg chinensis - <1% | Shumard oak Quercus shumardii| < 1% 1%
Chinese privet Is‘:ggﬁggm <1% 2% Slippery elm Ulmus rubra - <1%
Chinese Triadica s o . N 0 0
tallowtree sebifera <1% <1% | Southern live oak | Quercus virginiana| 14% 12%
Chinkapin oak Quercus h <1% <1% | Southern magnolia Magnplla - <1%
muehlenbergii grandiflora
g::]:tir:rvr\:gﬁ:’ Egj;?:gg:n - 1% Sugarberry Celtislaevigata 1% 8%
. Vachellia
Crape myrtle il_na(lj?;rlstroemla 1% 1% Sweet acacia farnesiana (Acacia - <1%
farnesiana)
E;fct)?lrv?/oo d ggﬁ;gfs - <1% | Texas ash Fraxinus albicans 1% -
E:j;?m red 3ﬁg:ﬁg:§ - 1% Texas madrone Arbutus xalapensis| <1% -
Cercis . .
Eastern redbud canadensis <1% - Texas persimmon | Diospyros texana 1% 2%
Edible fig Ficus carica - <1% | Texas red oak Quercus buckleyi 4% 1%
Florida thatch Thrinax radiata - <1% Texas/escarpment Quercudusiformis - <1%
palm live oak
Glossy privet :‘Jg:jsl}rr::m <1% 1% Velvet ash Fraxinus velutina <1% 1%
Goldenrain tree gg:itﬁllj;te;a - <1% | Water oak Quercus nigra - <1%
Green ash Fraxinus . <1% 6% Western soapberry| Sapindus saponaria - 1%
pennsylvanica var. drummondii
.. | Prosopis .
Honey mesquite glandulosa <1% 10% | White mulberry Morus alba <1% -
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% of % of % of % of
Scientific Total: Total: S Total: Total:
Common Name Name West East Common Name Scientific Name West East
Austin Austin Austin Austin
Japanese privet !_lgustrum - <1% | Winged elm Ulmus alata - 1%
japonicum
Jerusalem thorn Parkinsonia - <1% | Yaupon llex vomitoria 1% -
aculeata
Maj or stressors and threats to Austinbés trees and

Land-use change, development, and fragmentation
Development is the primary driver of forest change in the Austin region. From 2007 to 2017, Austin experienced
34.1% population growth and isgjected to continue growing 30% each decade until 2050 (U.S. Census Bureau,

2017).Infrastructure projects such as roadway expansions impact greenspa@asingly, mixeeused and muki
popul ation gr

family developments are beginning to infill Austin neighborhoadsta ¢ c o mmo d at e
on exi sti
challenging urban growing conditions by increasing the heat island effect, radianhidesdijl anoisture

infillo

evaporation.

may i

ncrease

pressur e

ng

trees

nat ul

and naf

Landuse change and development alter natural species composition, distribution, and the functional capacity of the
urban forest. While this can be detrimental, Austin has robust tree planting, tree preservation, lan@schping,
related environmental regulations that provide mutually beneficial outcomes for the developer, the community, and
the urban forest. Tree regulations and the environmental criteria manual prescribe tree species and planting
specifications that helpsee r v e d
preservation ordinance was one of the first in the country to protect trees on both public and private property.

Originally adopted in 1983, the ordinance was updlatel n

and

newly planted

2010

to add

trees

thrive

protections

n bot

for

select species that are greater than 24 inches in diameter at breast height. As long as Austin has tree preservation and
protection regulations, the trees on both public and private propeltyavi the opportunity to provide the
community with critical air, water, and public health benefits.

Land-use change and development are also detrimental to genetic diversity and the buffering potential of remnant

natural systems. Fragmentation of natlaadscapes leads to isolated populations that are unable to migrate easily
and exchange genetic material. This can reduce biological and genetic diversity (Fahrig, 2003; Harrison & Bruna,

1999; Robinson, Thompson, Donovan, Whitehead, & Faaborg, 199g)mEntation not only results in less
connectivity among natural areas but also changes the structure of existing sites. As sites become fragmented and
the amount of core ecosystem space is reduced, many plants and animals that rely on core habitatirpatede e
from the region (Saunders, Hobbs, & Margules, 1991). Additionally, habitat edges are more likely to be affected by
pollution runoff from nearby roads and industry, and are more likely to combainativeinvasive species.

Consequently, they terto be less biologically diverse than core areas, and offer less useful habitat for wildlife
(Saunders et al., 1991).

Air Pollution

Air pollutants such as grouddvel ozone (@), sulfur oxides (S§), nitrogen oxides (N&), and particulate matter
(PM) can inflict harm on urban trees both directly and indirectly. Elevatedo@centrations can cause visible
damage to foliage, reduce plant reproduction and growth rates, and reduce tree survival rates. Eleeatgd SO
NOx concentrations also cause direguiy to vegetation, with indirect impacts on ecosystems due to due to
deposition in the environment (for example, nitrogen and sulfur deposition alters soil biochemistry) and secondary
formation of fine particulate matter (RN, which also causes harmwegetation. Fortunately, concentrations of all
these pollutants have declined over the past decade and are projected to continue to decline over the next decade due
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to a combination of federal, state, and local pollution control measdvesall, theAustin area has seen a-18%

decrease in grouni@vel ozone levels compared to 10 years &tpweverwhi | e t he Austin areabs
levels comply with all National Ambient Air Quality Standards (NAAQS), there is evidence that elevated
concentrationsf these pollutants may harm urban trees even at levels that are meeting federal staAdaDds,

2019).An analysis by the Capital Area Council of Governments (CACOG) of local O3 data fror220%50

showed a strong negative correlation with humidity,(iéen the air is drier, O3 concentrations are higher), and a

positive correlation with temperature (i.e 3 @ncentrations are higher when it is hotter). Consistent with these

results, the region experienced highddncentrations during 2011 and 2018em it experienced severe drought

conditions. Drought conditions in these years also led to wildfires, which created large amounts of additional air
pollution within the region.

Drought

Moderate and severe drought is a normal part of most Texas sumnumrghDexacerbates stressful urban

conditions including poor soil quality, inadequate soil volume, irregular supplemental water, and the urban heat

island effect. Texas experienced the worst drought ever recorded in 2011. The Texas A&M Forest Servied estima

that 10% of trees were lost statewide in 2011, and weakened and stressed trees continued to succumb to secondary
stressors in subsequent years. Drought stress makes trees more vulnerable to insects and disease. Crouchet, Jensen,
Schwartz, and Schwinrmn(2019) reported a 20% crown mortality for Ashe juniper and 23%édgaséscarpment

live oakon the Edwards Plateau, with tree mortality decreasing with increasing tree size. Ashdguthipenost

common species in the Austin ai@bowak et al., 2016)and thus mortality of this species could have a significant

impact on the overall canopy

Alteration of soil

Changes in land use have altered soils in the region. Although little research is available specific to the Austin
region, studies from othewrban areas shed light on the likely impacts. In other areas, atmospheric deposition of
nitrate, ammonium, calcium, and sulfate ions has been detected in areas nearly 30 miles from the urban core (Lovett
et al., 2000). In heavily urbanized sites, soilgitembe compacted, which can decrease the rate at which water
enters the soil, increasing rainwater runoff and making it more difficult for trees to grow (Gregory, Dukes, Jones, &
Miller, 2006). Development and industrialization have caused the depasfitimavy metals like lead, copper, and
nickel (Pouyat, McDonnell, & Pickett, 1995). Heavy metals are more abundant in dense urban cores and are
associated with industrial areas, but are also deposited near roadways (Helmreich, Hilliges, Schriewer, & Horn,
2010). Runoff from limestone and concrete causes many urban soils to be more alkaline than is found in most
natural areas (Ware, 1990). The most severely altered soil conditions occur in tree-pitiss duthe sidewalks or

along roads where trees allamied, which are frequently nutrient deficiamtcheavily compacted (Craul, 1999).

Non-native hvasive plant species

Non-native invasivelant species influence the structure, composition, and functioning of forests in the area. Non

native invasivespecies comprise 5.1% of the tree population, about 1.7 million trees (Nowak et al., 20162 wo

natvei nvasive trees comprise a significant portion of Aus
and is among the 10 most common srdaimeter and largdiameter trees in Austin. Glossy privéggstrun is

one of the most common smadllameter trees. It is also found throughout Austin but causes the greatest adverse

impacts in natural and riparian areas where its tendency to becom®auitore reduces biodiversity. Glossy

privet further impacts the environment by shading out understory vegetation, leaving bare soil prone to erosion

during heavy rain or flood events. Nine of the 62 tree species found in Austin are on the regioned spexses

list (Watershed Protection Department, n.d.).

Shifts in fire regime

Although historical fire regimes are often assumed, little supporting documentation prior to European settlement

exists for either the Blackland Prairie or eastern edgeeoEtiwards Plateau (Stambaugh, Sparks, & Abadir, 2014).

Based on historical eyewitness accounts (OdDonnell, 20
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and those that were present appeared to have been small and used to hide or estapenamnthicate (smoke

signals). While the sample size is small and from a limited area, tree ring analyses collected from 158 tree slabs on
the Balcones Canyonlands Preserve suggest an increasing fire frequency on the eastern edge of the Edwards Plateau
following European settlement, with a peak in the 1950s, followed by a decreasing trend. Tree ring analyses on the
Balcones Canyonlands National Wildlife Refuge show a similar trend (Murray, White, & Yao, 2013).

Combined with logging and introduction of dostie livestock, changing fire frequencies undoubtedly altered the
structure and composition of the vegetation in the region, but the full effects are unknowrl ®régy, (1904)

discussed soil erosion and drying, oalspeouting, and regrowth of Ashe jper from seed, using areas near what

is today the Balcones Canyonlands Preserve as examples. Based on more recent research following a wildfire at Fort
Hood Military Reservation, oaks vigorouslysprouted, while Ashe juniper (which does nespeout) fas been

slow to recover (Reemts & Hansen, 2008, 2013). Comparable studies have not been found for the Blackland Prairie.

Sixty percent ofhe structures in Austin are in the Wildland Urban Interface (WUI), areas where wildlands and
communities mix. Austi Fire Department conducts prescribed burns in wildlands (areas greater than 10 acres) and
provides outreach to communities to help them establish Community Wildfire Protection Plans.

Insect pests and diseases

Both native and nonative insect pests anliseases affect trees and forests, especially in developed areas. Trees and
forests are often already under stress due to the fiur b
inadequate volume, and the urban heat island. Stressed trees avellmenable to insects and diseases. In Austin,

the primarypest and diseadhbreats include oak wilt, emerald ash borer, Dutch elm disease, and bacterial leaf

scorch.

Hypoxylon i Hypoxylon is a fungal infection of the sapwood caused by the fuBpgsgrauxia atropunctatum

The fungus is widespread in Austindés natur al and devel
a tree when resistance is weakened from biotic or abiotic factors, causing white rot decay of the sapwood. There is
no cure. We can expect more hypoxylon in Austinbés tree:

Oak wilt - Oak wilt is a primary fungal pathogen that invades the vascular system of oak trees. While all oak trees
are susceptible, liveak and red oakpeciesare the most commonly affected trees in Auddioth oak groupsire

found throughout Austin but are more prevalentiMastAustin. Live oak trees are most commonly impacted by the
underground spread of the fungus through root gafhections. Naturally occurrirgscarpmeniive oak stands

with interconnected root systems are found throughout central and West Austin, and they are planted throughout
Austin. Red oak trees also become infected and play an important role in fungalispersal and the creation of

new infection areas. Increased temperatures could reduce the viability and duration of fungal mats (pressure pads)
and spores, and the primary insect vecmléoptera: Nitidulidag may be impacted positively or negatively b

higher temperatures. General data and models to project insect transmission of oak wilt are lacking (Jagemann,
Juzwik, Tobin, & Raffa, 2018).

Emerald ash borer- The emerald ash borer insect was confirmed 200 miles from Austin in Fort Worth, Texas, in
2018. This insect causes catastrophic loss to all ash species. A major interstate highway connects the two
communities; emerald ash borer may already be in Austin but remains undetected. Ash is the ninth most common
tree in Austin and comprises 4.2% of thee canopy. The majority of naturally occurring astakinus

pennsylvanica, F. texah@&xist in riparian areas and undeveloped areas. All of the Arizon#& agl(tina)were

planted and are located in developed and maintained areas. Texas A&M Foriest I$%s a monitoring program to
assist with early detection.

Dutch elm disease Dutch elm disease (DED) is caused by a fungus that infects the vascular system of elm trees.
While DED has not been confirmed in Austin, it has been found in severalkothenunities throughout Texas. It is
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likely that the DED pathogen is more widespread throughout Texas but has simply avoided detection (Appel, 2009).
American elm trees are the most vulnerable. They naturally occur in floodplains and low terraces,\espEeist|

Austin. Cedar elm trees have intermediate susceptibility to DED and are found in naturally occurring stands
throughout Austin and are also widely planted. EIm bark beetles are a primary vector. They breed in dead and dying
elms, where the pathogdéorms copious spores in the galleries. As the new populations of beetles emerge from the
contaminated galleries, they disperse to feed in twig crotches on healthy elms.

Bacterial leaf scorch- Bacterial leaf scorch (BLS) is a chronic and eventuallyl fiisease caused by the bacterium
Xylella fastidiosalt is most commonly transmitted by insects with piercing mouthparts including the leafhopper,
sharpshooter, or spittlebug, which pierce and suck leaf tissue (Hu, 2018). Leaf and dieback symptonesican app
similar to drought and are most noticeable in late summer and early fall. Susceptible trees in Austin include oaks,
pecan, sycamore, sugarberry, mulberry, elm, and olive. There is no cure for BLS, but antibiotic treatments and good
cultural practices my help prolong the life of infected trees. High temperatures and drought amplify the stress of
BLS. With higher temperatures and drought, the impact of BLS on Austin trees is likely to increase.

Current Management
Management of natural systems in the rgion

On the Edwards Plateau ecoregion, natural areas consist of the Balcones Canyonlands Preserve (BCP) and Water
Quality Protection Lands (WQPL). Both BCP and WQPL are currently developing plans to prepare for climate
change with the goal of protectinggir vital watershed and habitat services. The BCP is a system of preserves
managed under the terms and conditions of the Balcones Canyonlands Conservation Plan, a regional permit issued
under theEndangered Species Aiat1996 by the).S. Fish and Wildlife Servicand jointly held by Travis County

and theCity of Austin A number of cooperating partners own and manage lands dedicated to the BCP, including the
Lower Colorado River AuthoritytheNature Conservancy of Texa&avis Audubon Societyand several private
landowners. These partners collectively manage over 31,780 acres as mitigatmref@endangered speciesne
neotropical migratory songbird and six karst invertebratesP8mgecies of concermfe neotropical migratory

songbird two perennial plants and 25 karst invertebrates). The BCP also provides habitat for many other native
plantsand animals and contributes to improved air and water quality and quality of life for the people of Austin.
Management focuses primarily on protecting and enhancing Ashe jio@kdorests and karst ecosystems, as well

as shrublands. Regenerative straedo help counter anticipated effects of climate change include promoting

healthy soils (including mycorrhizal networks and soil organic matter); the diversity of native plant composition and
structure (ground cover, shrub cover, canopy); mesic condifignsroviding shade and capturing, spreading, and
sinking rainfall);nonnativeinvasive species removal; restoration of karst ecosystems; reforestation; and
connectivity with other forests and protected areas.

The WQPL conserves land in fee title andsemration easement in the Barton Springs contributing and recharge

zones. The goal is to maintain and improve the quality and volume of water from project lands to recharge the

Barton Springs segment of the Edwards Aquifer. Currently, the WQPL manageslgd@0 acres as fee simple.

While most of WQPL is managed for grassland, management of woodlands in preparation for climate change may
include promoting olegrowth conditions, shaded fuel breaks, diversity planting, strategic thinning to encourage
canopydiversity and resource availability, or even-{mansitioning to a more drougtdlerant community type such

as an open woodland or shrubland, depending on factors such as endangered species habitat, topography, aspect, solil
conditions, access, canopy qoosition, and proximity to wildlandrban interface.

Selection and management of trees in developed sites

Trees that are planted in developed areas undergo much different stressors than trees in natural areas, and
consequently their species compositio ananagement differ as well. Trees selected for planting on streets and
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other developed areas need to withstand challenging environmental conditions such as urban heat island effects, air
pollution, and soils with compaction, high p&hdpoor drainagéNowak, 2012)These considerations can be added

to ecological considerations, such as soils and microclimates, which can also limit what species are suitable for
planting. For example, species such as shumard oak and southern live oak are better axtaptiidns inEast

Austin andspecies such as escarpment live oak and Ashe juniper are better adapted to conviemtA ustin.

Municipal foresters and | and managers in Austin adhere
trees, casidering factors including thevailability of potable or reuse water for establishment, drought tolerance,

heat tolerance, mature height, required maintenance, invasive potential, and wildlife benefit. Many urban foresters

aim to plant no more than 30% agiven family, 20% of a genus, and 10% of a species (Santamour, 2004).

However, recent studies suggest a more nuanced approach to managing for enhanced diversity (Lacan & McBride,
2008). Many municipal foresters have limited budget and capacity fatwstalipruning and are reluctant to plant

trees that require regular pruning to encourage good shape or to prevent against breakage; instead, they prefer trees
that can withstand storms with minimal maintenaaiditionally, there may be supply chain litaions. Growers

and nurseries may be providing what is currently in demand, not what municipal foresters would like to start
incorporating into urban forests.

Austinbéds Urban Forest Master Pl an

The City of Austin completed an Urban Forest Master Pl&0i# to guide comprehensive management for trees

and vegetation on Austin6s public proper35yand The requi r
recommended by the 2012 Imagine Austin Comprehensive Plan as a strategy to protect and expand green

infrastructure. The Urban Forester and Urban Forestry Board coordinate with forestry programs in various
departments to implement the plan, which envisions Aus!
vegetation, and other componertattcomprise a contiguous and thriving ecosystem valued, protected, and cared

for by the City and its citizens as an essential environmental, economic, and community asset. It provides baseline
measurements of the vegetative resource, the community sghiyafichmework, and resource management policies

and practices.

Summary
Austinbébs urban forest, shaped by ecosystems, | andfor ms,
natur al areas and developed sites. Rapid growth paired

green spaces. Composedwb ecoregiond Edwards Plateau and Blackland Prairiand divided by the Balcones

Escarpment fault line, Austin is prone to fleptbducing storms and unique challenges due to differences in biotic

and abiotic factors between the ecoregions. Understatitérgiructure and function of the landscape setting as well

as current conditions, stressors, and management provides a foundation for how a shifting climate may impact
Austinds trees, urdressorsihtermeofttes speciasrcamjtisa thednsjordyph ¥ est

Austin (68%) is composed of Ashe juniper, followeddoyitherrive oak (14%), whileEastAustin is composed of

Ashe juniper (20%), cedar elm (18%hyutherrlive oak (12%), and honey mesquite (10%). Current stressors and

threes t o Austinbds tr ees -uwadangeadevelopmént, and feagnentdtioncdrougtte | an d
alteration of soilnonnativei nvasi ve pl ant species; shifts in fire regi
Urban Forest Master Plan (2014)sva devel oped t o guide tree and vegetation
property. In addition, partners manage natural systems in the Austin region to preserve plant and wildlife habitat,

improve air and water quality, protect and enhance urban foresghangands, and develop strategies to counter

climate change effects.
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0 Austin is composed of twecoregions: Edwards Plateau to the west and Blackland Prairie to the east.

0 Austinds urban forest is made up of approxi mately 3
of the city.

0 The majority (92%) of trees are native to Texas, and thedd? common trees account for 84% of all
trees.

0 Natural areas, including agricultural uses, make up the majority of total land area (57%), while 39% of total
land area is considered developed area and the remaining is composed of open water.
0 Austin is locatd ona distinct ecological divide€East Austin includes the Blackland Prawigh deep, rich
soils, and West Austin includes the Edwards Plateau, characterized by shallow soils over limestone. These
areas support different tree species that are uniquiggpted to each ecoregionevelopment and land
use change have transformed the areads vegetation s

0 Additional stressors and threats tOevelapmentldnduges tr ees
changeand populationgrowth ave transformed the areads vegetation
0 Additional stressors and threats to Austinods trees

nativeinvasive plant species, shifts in firegime, and insect pests and diseases, includipgxylon,oak
wilt, emerald ash borer, Dutch elm disease, and bacterial leaf scorch.

0 Managers in Austinbés natur al and developed areas ar
continues to mvide benefits for all members of the community
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CHAPTER 2: CLIMATE TRENDS, PROJECTIONS, AND IMPACTS

Austinbés natural areas are strongly influenced by past
reaching impacts. Likewise, decisiomaking around which trees and other vegetation to plant in developed areas is

also strongly influencelly temperature and precipitation requirements for certain vegetation. This chapter

summarizes what we know about how the climate has changed over the historical record, how climate is projected to
change over this centur yestandmaturdlarggasact s t o Austinds wurbal

Unless otherwise noted, climate projections were retrieved frod@ltimate Mappetool (Hegewisch, Abatzoglou,
Chedwiggen, & Nijssen, 2019)Thet o o | uses the University of I dahodés gri
historical datg Abatzoglou, 2013)and includes projections from two emissions scenarios (RCP 4.5 and RCP 8.5)

and 20 clinate models downscaled to a 4km resolutiine spatial resolution is sufficient for looking at broad

climate trends across the metropolitan area, but not fine enough to identify specific microclimates that may be

significantly hotter or cooler, such as arbheat islands and northfacing slogeCP st ands for fArepres

concentration pathwayo and is a scenario of future gr et
represents a scenario where greenhouse gas emission rates are dramaditicaltl vehereas 8.5 can be considered
a Abusiness as usual 0 scenario; that is, emisCGMWbons kee|

model (a model that tends to be cooler and wetter than average projections) with RCP 4.5 and the Ha8&FM2
model (a model that tends to be hotter and drier than average) with RCP 8.5 as one attempt to bracket a range of
potential futuregAbatzoglou & Brown, 2012)

Historical climate trends were retrieved from the NO8KAmate at a Glance toNOAA, 2019. Climate & a

Glance was developed to facilitate near4teak analysis of monthly temperature and precipitation data across the
contiguous U.S. and intended for the study of climate variability and change. It is important to note that some of the
very recent datélast few months) are preliminary, and therefore are subject to change.

Observed Trends

Temperature

Temperatures in the Southern Great Plains, including Texas, have high interannual variability, and the region
experiences both heat waves and brief periods of extreme cold. Average climate is often descrilgedrin 30
decadal averages, 0allTée waybda roana dateeftom8IRD10. Over that period,

the average annual temperature in Austin was 52°F in the winter and 84°F in the summer, with an average minimum
of 40°F and an average maximum of 98°F. There were, on averagel@loays each year where the heat index
exceeded 105°F.

Temperatures have been increasing over the observational record in Austin, which goes back to 1938. Maximum
temperature has been increasing at a rate of 0.4°F per decade, and mean and minimutaresrigema been
increasing at a rate of 0.3°F per decade (Figure 2.1). Since the year 2000, all years habeugethe 1961990
average, which is a standard baseline period of comparison for examining climatélP&ls2019) The decade
20002010 was the warmest on record for the contiguous United States, and also for Austin. Recent ybaenhave
increasingly hot. Six of the hottest 10 years in Austin have occurred between 2000 and 2019.

It is unclear how climate change is currentifigeting heat wave occurrence, but the number of days with

temperatures above 100°F has already exceeded the historical average of 13 days per year multiple times this
decade. For example, there were 51 days of 100°F or more during the summer of 20Xthenmop 10 years with

the most 100°F days, eight are in the 21st century. Summer 2019 was thelsstesichehind 2011, when drought
blanketed much of the western United States. September 2019 was the hottest on record with an average temperature
of 8&F, 8°F above the 1982010 average and 4°F hotter than the wextmest Septembers (2011 and 2005).

September 2019 was, on average, hotter than June and July of 2019 and had mdigitrijales than July (a total
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of 19). For that month, overnight lowgere 76.1°F, almost 7°F warmer than the usual 69.4°F; 99.8°F was the
average high temperature. The 198110 average high was 90.5NOAA, 2019)

On the opposite end of the temperature spectrum, cold waves have occurred very infrequently in the past 15 years.
Further north, there is a trend toward fewer cold waves, but it is unttbardgame trend is occurring in the
southern Great Plaifl®) SGCRP, 2018)

Austin, Texas, Maximum Temperature, January-December

== Max Temperature — 19611590 Mean. 78.5°F — 1535-2018 Trend +0.4°F Decade
84.0 A
83.0
8.0
82.0
810
7.0
w800 K3
79.0 6.0
78.0
7.0 5.0
76.0
1940 1945 1550 1955 1960 1965 1970 1975 1980 1985 1990 195 2000 2005 2010 201§
Austin, Texas, Average Temperature, January-December
= pvg Temperature — 1961-1990 Mean: 8.0°F —— 1935-2018 Trend +0.3°F /Decade
2.0 B
2.0
1.0
0.0
1.0
™ 9.0 o
&
68.0 0.0
67.0
9.0
66.0
1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Austin, Texas, Minimum Temperature, January-December
== Min Temperature — 1961-1990 Mean: 57.6°F —— 1935-2018 Trend +0.3°F /Decade
610
6.0
60.0
5%.0 5.0
B &
580
4.0
57.0
56.0
3.0

1940 1945 1550 1955 1960 1965 1970 1975 1980 1985 1930 195 2000 2005 2010 2045

Figure 2.1Changes idnnual Temperature over theObservationaRecord from 1938 to 2018 for Austin, Texas.
The gray line indicates the 198990 average and the blue line shows the trend over the observational re&ord.
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indicatesmean annual maximum temperaturB.indicates nean annual temperatureCindicates nean annual
minimum temperature. Source: NOAMttps://www.ncdc.noaa.gov/cag/

Precipitation

Austin is classified as humid subtropical, meaning it has hot, humighers and predominantly mild, fairly dry

winters. Spring is generally the wettest season in Central Texas, and averaged almost 9.5 inches of precipitation

from 1981 to 2010. Winter is the driest season, and averaged less than 7 inches of precipitagidinedssime time

period. Overall, the average yearly rainfall in the Austin area from 1981 to 2010 was 33.5 inches per year. Swings

from drought conditions to heavy rains occur regularly, with up tetbiné of all droughts in the past 50 years

broken byflood-inducing rainy periodfUSGCRP, 2018)Over the past several decades (312941 7) , Austi nds
extreme rainfall events have become more extreme than in the past (Perica et al., 2018).

Overall precipitation has increased in Austin over the observational record, at a rate of 0.7 inches per decade.
Changes have not been the same across all seasons, however (see Appendix 2). There has been virtually no change
in precipitation in winter, spring,nal summed virtually all gains have been in fall. However, even in fall, these

changes have not been consistent, with both extremely dry and extremely wet years occurring in the recent past.

Austin, Texas, Precipitation, January-December
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Figure 22. Changes ilnnualPrecipitation over theObservationalRecord from 1938 to 2018 for AustingXas
The gray line indicates the 198990 average and the blue line shows the trend over the observational record.
Source: NOAAttps://www.ncdc.noaa.gov/ag/

Climate Projections

Temperature
Temperature in the Austin area is expected to increase in the future, regardless of the scenario (Table 2.1). Under the
RCP 4.5 scenario, which assumes a drastic reduction in global emissions of greenhouse gases, the average annual
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temperature is expected increase by 5°F by 2100. The maximum summer temperature is expected to increase by
S3UF, and the minimum winter temperature is expected to
scenario, RCP 8.5, are greater. By 2100, average anmyattature and seasonal maximum temperatures are

expected to increase.

Table 2.1

ProjectedTemperatures and Days with Heat Inddove 105°F for the Austirea through 2099

30-Year RCP 4.5 w/ CNRIZM5 RCP 8.5 w/HadGEMRS365
Normal (low emissions) (high emissions)

1981-2010 20102039 20402069 20702099 20102039 20402069 20702099

Mean Temperatureq )

Winter 52 54 56 57 55 58 61
Spring 68 70 71 73 71 75 78
Summer 84 85 86 87 88 91 94
Fall 70 72 73 73 74 77 81
Annual 68 70 72 73 72 75 78

Mean Maximum Temperature )

Winter 63 65 67 68 66 69 72
Spring 79 81 82 84 82 87 89
Summer 95 96 97 98 99 103 105
Fall 81 83 84 85 86 88 92
Annual 80 82 83 84 82 85 88

Mean Minimum Temperaturey( )

Winter 40 43 45 45 44 47 50
Spring 57 59 61 62 60 63 66
Summer 73 74 76 76 76 79 82
Fall 58 60 62 62 63 65 69
Annual 57 59 61 62 60 63 66

Days w/ Heat Index >1@5

Annual 10 20 33 43 38 86 122

Precipitation

In contrast to the effects of climate change on temperature, its effects on precipitation in the Austin region, and the
Southern Plains region as a whole, are less clear. Decreases in precipitation are likely, according to different climate
models, but thénpacts vary by season and scenario. Under RCP 4.5, overall annual precipitation is projected to
marginally decrease by 2100, but the effects are primarily expected during summer, winter, and fall, while spring
precipitation is expected to increase (Taht®). RCP 8.5, on the other hand, projects a similar annual loss, but the
decrease is projected for the summer months; the same scenario projects an increase in winter, spring, and fall
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precipitation (Table 2.2). Models do not project a measurable cliaisgéd moisture content, but the projected

increases in temperature coupled with even marginal decreases in precipitation could significantly reduce soil

moisture availability. Total runoff is projected to vary seasonally depending on scenario. Risalhyld be noted

that although climate models are projecting future decreases in precipitation, the current trend is the opposite (Figure

2.1). Forecasting precipitation in Central Texas is notoriously challenging to meteorologists usingdagsent

weather models due to the atmospheric dynamics of this region. Those same challenges hamper climate modeling of
this region.

Table 2.2

Precipitation, Soil Moisture, and Runoff for the Austin Area through 2099

30-Year RCP4.5 w/ CNRM-CM5 RCP8.5 w/HadGEM2-ES365
Normal (low emissions) (high emissions)
1981-2010 2010-2039 2040-2069 2070-2099 2010-2039 2040-2069 2070-2099
Mean Precipitation (inches)
Winter 6.7 6.7 7.1 6.6 7.6 7.1 8.3
Spring 9.4 9.7 9.5 10.2 9.9 8.1 9.5
Summer 7.9 7.8 8.7 7.5 6.2 4.9 5.6
Fall 9.1 8.2 8.8 8.6 9.2 9 9.7
Annual 335 33 34 33 33 29 33
% Change in Precipitation
Winter -4.4 0.7 -5.6 4.6 -0.9 14.2
Spring 1.2 -0.8 6.1 141 -7.1 9.3
Summer 1 13.9 -3.5 -28 -42.6 -35.2
Fall -9.9 -2.6 -6.4 0.1 -2.4 5
Annual -3.1 2.4 -2 -2.5 -13.5 -2.1
Averages Soil Moisture Content (inches)
Winter 19 18 18 19 19 18 18
Spring 19 18 19 19 19 19 18
Summer 18 18 18 18 18 17 17
Fall 17 17 17 18 17 17 17
Annual 18 18 18 18 18 18 17
Averages Total Runoff (inches)
Winter n/a 13 17 15 20 14 15
Spring n/a 20 20 17 19 13 18
Summer n/a 17 18 17 12 8 10
Fall n/a 12 20 21 13 14 15
Annual n/a 16 19 18 16 12 14
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Some sources also predict that the storms responsible for rain in the southern plains will become more severe

(USGCRP, 2018). However, these studies have been carried out on a regional scale, and since the effects are

unlikely to be spatially uniform, isipossible that some areas may see no increase in incidence or severity of severe
weather. If severe weather does become more common in the Austin area, severe storms (including hail) can be

expected to occur more often and be more destru@i8& CRP, 2018)Over the past several decades (12047),
Austindéds extreme rainfall events have become moere extr
year storm event is now the X§6ar storm event. Likewise, what was the 4@@r storm event is now the-3gar

storm event. It is not clear whether this is a result of climate change, but it is consistent with the expectation that

climate change will make extreme events more common.

Physical | mpacts on the Areads Trees and Gree

Shifts in Heat Tolerance and Cold Hardiness Zones

Climate change is expected to result in shifts in plant hardiness zones and heat tolerance zones (Table 2.3).
Hardiness zones are determined by theage minimum temperature over a&ar period, whereas heat zones are
determined by the number of days over 86°F. By 2100, Austin is expected to shift from cold hardiness zone 8b to
either 9a (lower emissions scenario) or 9b (higher emissions scenaitio)v&vming winter temperatures, the

growing seasoras determined by the number of days above freeezimgdg potentially increase to 36859 days
compared to the current 278 days. Thus, for the high emissions/hotter scenario, the growing season would be
virtually year round. Summer temperatures will also increase, resulting in a higher risk of heat stress. Austin is
expected to shift from its current heaterance zone of 9 to zone 11 or 12 by 2100, exceeding the tolerance of many
species currently prese

Table 2.3

Heat Tolerance, Cold Hardiness, and Growing Season Length in the Austin Area through 2099

Average RCP4.5 RCP8.5

1971-2000 | 2010-2039 | 2040-2069 | 2070-2099 | 2010-2039 | 2040-2069 | 2070-2099
Plant Heat-Tolerance Zone 9 10 11 11 10 11 12
Cold Hardiness Zone 8b 8b 9a 9a 8b 9a 9b
Growing Season Length 278 276 286 300 299 319 359

(Days)
Heat Stress

The number of hot days (over 100°F) is projected to increase, particularly under RCP 8.5 (USGCRP, 2018). Based
on historical data (1972000), the Camp Mabry weather station in Austin averaged 13 days per year over 100°F. By
late in the 21st century, if no reductions in emissions take place, the region is projected to expeSént®&0

days per year above 100°Fathit did at the end of the 20th century (USGCRP, 2018).

Increases in temperature from climate change can be exacerbated in urb&\Vabga2008) Urban areas with

one million or more people can be 1.8 to 5.4AF war mer |
i sl and ef f-absotbhing irffraswucturdseich fis pavement and buildiidsari, 2005) The heat island

effect can make urban areasecor more hardiness zones warmer than the surrounding area, facilitating the growth

of more southern speci@dSDA, 2012) In addition to ameliorating winter temperatures, heat island effects can also

make summer temperatures higher, especially near dark pavements and buildings. A recent study of the city of

Austin showed that areas around downtown and majbmigigs and development were several degrees warmer

than areas in the city with dense tree cover or large r{@g of Austin, 2019)
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The combination of c¢climate change and the urban heat i
Trees that are intolerant extreme heat will be that much more vulnerable in urban settings with an urban heat

island effect. Species already present in the landscape such as Texas mountain laurel, Jerusalem thorn (retama),

Mexican white oak, honey mesquite, Texas madrone, yaapahsweet acacia (huisache) can tolerate extremely

high heat and may be able to withstand even higher summer temperatures.

Drought Stress and Aridification

The 108" meridian is a distinct belt that marks the transition from the wet eastern U.8.doytivest, smamed

because it was closely aligned with the 100th meridian of longitude. However, that transition zone is no longer
aligned with the 100th meridian; it has migrated about 140 miles to the east, about the location of the 98th meridian,
dueto rising temperatures and shifting winds affecting rainfall pati@eager et al., 2018}istorically, Austin was
described as being within that distinct bedtween the dry deserts of the American Southwest and the lush, green,
more humid regions of the American Southeast. In the past decade, Austin has experienced a combination of drier
summers (in some years) and increased evapotranspiration due to highematares (in most yearshcreases in
evapotranspiration aexpected to exacerbate ariditf t hey ar endt bal anced with incr
(USGCRP, 2018)Austin, located at 97.7°W, is just east of the current dry line. If the dry line continues its eastward
migration in the coming decades as projected, Austin could find itself in the desert Southwest. This is significant
because the concept of droughthe desert Southwest is increasingly replaced by the concept of aridification, i.e., a
transition to from a temporary state of dryness to a permanefu@@&CRP, 2018)

Short and longterm changesni moi st ure availability can have dramatic
The drought from 2010 to 2011 |l ed to a loss of 10% of .
in post oak woodlands, pinyguaniper shrublands, antishe juniper woodlands&Schwantes et al., 2017)he

severity of the drought led to losses of some species that are often considered relativelytoieraght such as

Ashe juniper, Texas persimmon, ahelxaséscarpment live oaldabitat conditions will undoubetedly affect tree

vulnerability and susceptibility to climate change. For example, one study suggests that severe drought could kill a
large fraction (185%) of intermediateto largesized Ashe juniper trees growing in fullrsin Central Texas

savannas (Pldy, Johnson, & Jackson, 2018kile another (Crouchet, Jensen, Schwartz, & Schwinning, 2019)

found larger trees had higher survivival than saplings in cloaedpy woodlands. Studies have also shown that

water sources @sl by trees (e.g., rainwater, soil water, groundwater) vary by tree species, time of year, edaphic
conditions, and other factors (Estradadina et al., 2013; Swaffer et al., 2014; Oerter, Siebert, Bowling, & Bowen,

2018; Carriére et al. 2019). McCole adirn (2007) found that Ashe juniper uses primarily soil water most of the

year but changes to deeper water sources during sungheties have shown that the ability of species such as

Ashe juniper,;Texaséscarpment live oak, and mesquite to tap dedprgaurces may be constrained by local
geology(Jackson, Moore, Hoffman, Pockman, & Linder, 19698;ak, Schwinning, & Heilman2010). Future

increases in temperature and vapor pressure deficit, especially under aehiggsons scenario, could create

conditions for another highortality event by the end of the centu(@chwantes et al., 2017)

Trees in developed areas, such as residences and street trees, may be less susceptible to drought due to reduced
competition and increased maintenance and/or irrigaliowever, some street trees planted in confined spaces
could also experience drought stress if there is insufficient soil volume or if they are not properly cared for.

Hurricanes, Tornadoes, and Other Severe Storms

Overall, the number of hurricanes degng in the Gulf of Mexico is not expected to change, but the average
intensity of hurricanes is expected to increase due to rising sea surface temgBeatdee et al., 2010Being
several hundred miles inland from the coast, Austin rarely experiences hurricane conditions, though storms
accompanied by high winds and extreme rainfall are not infrequent dymiimgy conditions when the atmosphere
can be highly unstable, and during the fall tropical storm season. In fact, Central Texas has been the site of
numerous record rainfalls.
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Trees can vary greatly by species in their ability to survive severe stormasl @asurveys following hurricanes in
Florida, trees exhibiting high survival after storms that are also found in Austin include southern maguthigzn

live oak, sweetgum, and crape myi{Buryea, Kampf, & Littell, 2007)Species with lower survival included cherry
laurel, sycamore, Chinese tallowtreadaecan. Because of its unique climate and geology, Austin comprises a mix
of deeply rooted species that can potentially withstand high winds and shallowly rooted species that have the
potential to blow over. Our assessment of adaptive capacity in thehagpter suggests some of the most wind
vulnerable trees in Austin include sugarberry, velvet ash, Ashe juniper, littleleaf/goldenball leadtree, and escarpment
black cherryparticularly when growing oparticularly when growing on steep slopes or aslsitrges (closed

canopy forests help to protect individual trees from wind dam&jeheseistache and Chinese tallowtree are
considered among the most wiresistant. Location of a tree, such as on a steep slope, and the depth of its root
system may uiinately be more important than species in determining survival under severe storm conditions.

Flooding and Stormwater Runoff

Urban environments are more susceptible to stormwater runoff due to the high concentration of impervious surfaces.
Increases ifmmpervious cover can dramatically increase the size and frequency of flood @elliss 1975)

However, Austin has always been highly flepabne due to its topography and karst geology. In fact, this refjion o

Texas is known as #fAflash flood alley. o The risk of fl o
al., 2018), and could become higher if heavy rains increase in frequency and intensity.

Typically, urban floods are shelived, but exended flooding can stress trees, leading to leaf yellowing, defoliation,
crown dieback, and even death. Extended soil saturation can also make trees more susceptible to being blown over
in high winds. In addition, flooding can lead to secondary attacksdegt pests and diseagBsatkovich etal.,

1993) Some species are more tolerant of flooding than others. Hitadrant species include upland species such

as catclaw, Texas madrone, Anacacho orchid tree, and others that are more adapted teddaynedeoils.

Species that are gemdly tolerant of flooding include species that are adapted to floodplains and riparian areas such
as boxelder, sugarberry, desert willow, green ash, possumhaw, yaupon, Arizona walnut, sweetgum, Mexican and
American sycamore, Shumard oak, black willow, wastsoapberry, bald cypress, Montezuma cypress, and

American elm. In addition to differences among species, age class and vigor can also affeetdteddiamage

and mortality.

Air and Soil Pollution

Air and soil pollution from ozone, nitrogen depasitidust, heavy metals, nitrogen and phosphorus deposition,
application of fertilizers, herbicides, and pesticide®] sulfur dioxide can all affect tree health. Elevated
temperatures, as are projected to occur from both the urban heat island andctlangts can increase the rate of
groundlevel ozone formatiofJacob & Winner, 2009; Nowak et a&2016) leading to leaf damage and secondary
damage from insects and disease. It is estimated that the trees currently present in Austin help reduce ozone
pollution by over 1,000 tons per year at a value of $1.6 mi(lMowak et al., 2016)However, trees can also

contribute to air pollution via the production of volatile organic carbons (VOCSs), which can be precursors to ozone
production as well as harmful to human hedttbwever, the role of trees in regulating ozone levels is complex, as
trees emit biogenic vatile organic carbons (BVOCSs) that, which can contribute to decomposition of ozone but can
also be precursors to ozone production in the presence of nitrogen oxides (Wiedinmyer et al. 2001; Aydin et al.,
2014; Fitsky et al., 2019). Isoprene is the BVOChutite highest potential to contribute to ozone formation and is
typically emitted by broadkaved species, and monoterpenes typically emitted by conifers may alsedoesors

(Aydin et al., 2014; Fitsky et al., 2019). The major emitters of these BVO®=& iAustin region include oak

(isoprene) and juniper (monoterpenese) species. The quantity and compositions of emissions are affected by
environmental stressors (Anden et al., 2000; Fitsky et al., 2019). For example, BVOC emissions depend partially
ontemperature, and thus could potentially increase as summer temperatures increase. In an urban setting, increases
in BVOCs along with nitrogen oxide could lead to the formation ozone, which would could be harmful to some
ozonesensitive trees as well asveanegative implications for human health. (Fitsky et al., 2019). Benefits of
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