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PREFACE 

Context and scope 

This assessment is a fundamental component of the Urban Forestry Climate Change Response Framework project 

and builds off methods developed for the Chicago Wilderness Urban Forestry Vulnerability Assessment (Brandt et 

al. 2017). This project builds on lessons learned from the Climate Change Response Framework: a collaborative, 

cross-boundary approach among scientists, managers, and landowners to incorporate climate change considerations 

into natural resource management. Each project interweaves four components: science and management 

partnerships, vulnerability assessments, adaptation resources, and demonstration projects. This assessment focuses 

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

We designed this assessment to be a synthesis of the best available scientific information. Its primary goal is to 

inform those that work, study, recreate, and care about the urban forests and natural areas in the Austin region. As 

new scientific information arises, we expect that new efforts will need to be undertaken to reflect that acquired 

knowledge and understanding. Most important, this assessment does not make recommendations about how this 

information should be used.  

The scope of the assessment is the urban forest, broadly defined to include both developed and natural settings 

within the urban landscape.   

Author Contributions and Acknowledgements 

Leslie Brandt developed the assessment methodology, report structure, and led the writing of chapters 3 and 4. Cait 

Rottler and Wendy Gordon led the writing of chapter 2 and assembled climate change projections and historical 

data. April Rose, Lisa OôDonnell, and Stacey Clark led the writing and mapping for chapter 1.  Annamarie Rutledge 

led the writing for chapter 5 with help from Emily King, April Rose, and Lisa OôDonnell.  

We wish to thank the municipal foresters, park district representatives, natural areas managers, and others that 

participated in the vulnerability and adaptation workshops that contributed to this report. We also wish to thank Bill 

Reiner for his assistance with the species list, and the workshop planning committee.   
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CHAPTER 1: THE CONTEMPORARY LANDSCAPE 

This chapter describes the structure and function of Austinôs urban forest, the forces that shaped it, and current 

stressors. This information lays the foundation for understanding how shifts in climate may contribute to changes in 

Austinôs trees and urban forests, and how climate may interact with other stressors present on the landscape.  

Key Points 

ǒ Austin is composed of two ecoregions: Edwards Plateau to the west and Blackland Prairie to the east.  

ǒ Austinôs urban forest is made up of approximately 34 million trees with a tree canopy covering about 31% 

of the city.  

ǒ The majority (92%) of trees are native to Texas, and the 10 most common trees account for 84% of all 

trees. 

ǒ 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. 

ǒ Austin is located on a distinct ecological divide. East Austin includes the Blackland Prairie with deep, rich 

soils, and West Austin includes the Edwards Plateau, characterized by shallow soils over limestone.  These 

areas support different tree species that are uniquely adpapted to each ecoregion.  Development, population 

growth, and land-use change have transformed the areaôs vegetation structure, composition, and function.  

ǒ Additional stressors and threats to Austinôs trees and natural areas include drought, alteration of soil,  non-

native invasive plant species, shifts in fire regime, and insect pests and diseases, including oak wilt, 

emerald ash borer, Dutch elm disease, and bacterial leaf scorch. 

ǒ Managers in Austinôs natural and developed areas are working to manage Austinôs urban forest to ensure it 

continues to provide benefits 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 historical record, how climate 

is projected to change over this century, and impacts to Austinôs urban forest and natural areas.  

Key Points 

ǒ 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 most recent 30-year 

average.  

ǒ Austin has been getting slightly wetter on average, but precipitation can vary widely within and between 

years, and future projections of precipitation are uncertain.  

ǒ It is highly probable there will be both an increase in heavy rain events and severe droughts in the future 

decades, which will stress the areaôs trees.  

ǒ Overall, the balance of precipitation and temperature may shift Austinôs climate to be more similar to the 

arid Southwest.  

ǒ Changes in temperature and precipitation may also exacerbate current stressors such as non-native invasive 

plants, insect pests, and pathogens.  

CHAPTER 3: VULNERABILITY OF AUSTINôS TREES 

This chapter summarizes expected changes in habitat suitability and the adaptive capacity of different species in 

Austinôs developed and natural areas. 
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Key Points 

ǒ Modeling Native Trees: Species distribution modeling of native trees suggests 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. 

ǒ Projected Changes from Heat and Hardiness Zone Shifts and Species Ranges: For species for which no 

model information is available (rare, non-native, or cultivars), shifts in heat and hardiness zones could have 

a positive effect on 23 species, while 60 species had either hardiness zone, heat zone, or range limits (or a 

combination thereof) that may suggest a negative effect. 

ǒ Adaptive Capacity of Urban Trees: Adaptive capacity of 104 species was evaluated using scoring systems 

for planted and natural environments, with many non-native invasive species among those with the highest 

capacity to adapt to a range of stressors. For planted/developed conditions, 29 species received a high 

adaptability score, 18 received a low adaptability score, and the remaining 57 received a medium 

adaptability score. For natural areas (both native and naturalized), 43 species received a high adaptability 

score, 13 received a low adaptability score, and 48 received a medium adaptability score  

ǒ Overall Vulnerability of the Austin Regionôs Trees: An analysis of vulnerability that combines model 

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 also vulnerable in 

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 AUSTINôS URBAN FOREST  

This chapter focuses on the vulnerability of the urban forest in Austinôs developed and natural areas to climate 

change. Vulnerability is the susceptibility of a system to the adverse effects of climate change and is a function of a 

systemôs impacts and adaptive capacity.  

Key Points 

ǒ Both natural and developed areas in the Austin region show some degree of vulnerability to changes in 

climate. 

ǒ Natural and developed upland areas in West Austin are vulnerable to drought, erosion, and wildfire and 

have less tree canopy diversity than East Austin.  

ǒ Natural and developed areas in East Austin are vulnerable to shrink-swell from precipitation changes and 

flooding due to their presence at lower elevations, but have a greater potential for a diverse tree canopy 

than West Austin. 

ǒ 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 

¶ 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.  

¶ Given the uncertainties around the effects of climate change 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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¶ Climate change challenges will also present opportunities for land managers and other decision-makers to 

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 Change Response Framework project 

(www.forestadaptation.org/urban) and is supported jointly by the USDA Southern Plains and Northern Forests 

Climate Hubs. This project builds on lessons learned from the Climate Change Response Framework: a 

collaborative, cross-boundary approach among scientists, managers, and landowners to incorporate climate change 

considerations into natural resource management. Each project interweaves four components: science and 

management partnerships, vulnerability assessments, adaptation resources, and demonstration projects (Fig. X.1). 

The Austin assessment uses methods developed in the Chicago Wilderness region pilot (Brandt et al. 2017) and also 

methods developed for assessing vulnerability of natural areas (Brandt et al. 2016).  

 

Figure X.1. Climate Change Response Framework components.  

The overarching goal of all Framework projects is to incorporate climate change considerations into forest 

management. The overall goal of the Urban project is to ensure that urban forests will continue to provide benefits to 

the people that live in urban communities as the climate changes. We define the urban forest as all publicly and 

privately owned trees within an urban areað including individual trees along streets and in backyards, as well as 

stands of remnant forest. The Urban project works across organizations, both public and private, to work toward this 

goal by accomplishing the following objectives: 

¶ Engage with communities that are interested in adapting their urban forest management to climate 

change. 

¶ Work with these communities to assess the vulnerability of their urban forests to climate change. 

http://www.forestadaptation.org/urban
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¶ Identify and develop tools to aid adaptation of urban forests to climate change. 

¶ Develop real-world examples of climate-informed 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 south-central US through 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 Service 

¶ USDA Natural Resources Conservation Service  

¶ City of Austin, TX  

¶ Texas A&M Forest Service 

¶ The Nature Conservancy 

 

Austin has a long track record of environmental stewardship; in 2019 the National Wildlife Federation honored 

Austin as the nationôs most wildlife -friendly city, and in 2013, American Forests named Austin one of the 10 Best 

Cities for Urban Forests. Strong public-private-partnerships provide the benefit of numerous resources that the local 

community actively leverages to further support the local ecosystem. 

 

Scope and Goals 

The primary goal of this assessment is to summarize potential changes to the urban forest of the Austin region under 

a range of future climates, and determine the vulnerability of trees and developed and natural landscapes to those 

changes. The assessment also includes a synthesis 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 throughout the document.  

This assessment covers the extraterritorial jurisdictional boundary of the City of Austin and encompasses 400,882 

acres (Fig. X.2). Municipalities within this boundary are also included in the assessment.  



Front Matter 

10 

 

 

Figure X.2. !ǎǎŜǎǎƳŜƴǘ !ǊŜŀΦ ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘ ŀǊŜŀǎ ƛƴŎƭǳŘŜǎ ǘƘŜ Ŏƛǘȅ ƻŦ !ǳǎǘƛƴΩǎ ŜȄǘǊŀ-jurisdictional boundary and all 

municipalities and ownerships within.  

 

Assessment Chapters 

This assessment comprises the following chapters:  

Chapter 1: The Contemporary Landscape describes 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 Impacts summarizes our current understanding of past and 

projected future changes in climate in the Chicago Wilderness region. 

Chapter 3: Vulnerability of Austinôs Trees summarizes the projected changes in habitat suitability and adaptive 

capacity for trees found in the Austin region. 

Chapter 4: Vulnerability of Austinôs Urban Forest summarizes the vulnerability of the urban forest in three 

developed areas and four natural community types in Austin. 

Chapter 5: Management Considerations summarizes implications of climate change for the management of 

Austinôs urban forest.  
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CHAPTER 1: THE CONTEMPORARY LANDSCAPE  

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

along streets and in backyards, as well as stands of remnant 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 different entities. The urban forest is shaped by 

ecosystems, landforms, and environmental gradients that existed prior to Euro-American settlement. The ecoregion 

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

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

history influences current forest composition. In this section we will describe the structure and function of Austinôs 

urban forest, the forces that shaped it, and current stressors. This information lays the foundation for understanding 

how shifts in climate may contribute to changes in Austinôs trees and urban forests, and how climate may interact 

with other stressors present on the landscape. 

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 impacts of climate change. This vulnerability assessment follows up on the Urban 

Forest Inventory and Analysis (Nowak et al., 2016) and the City of Austinôs Urban Forest Plan (City of Austin, 

201). This assessment includes all public and private land within the City of Austin 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 in Central Texas, Austin is nestled at the junction of the Edwards Plateau and the Blackland Prairie. It is 

divided by the Balcones Escarpment fault line (Texas Parks & Wildlife, 2013). The escarpment plays a role in 

regulating climate in the Austin area; although maximum elevation change is only a few 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 characteristics 

between ecoregions present unique challenges for the cityôs economic, environmental, climate changeïrelated, and 

social planning.   
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Figure 1.1. Ecological Regions in the Austin, Texas, Assessment Area. From Vegetational Areas of Texas, by F. W. Gould, G. 

O. Hoffman, & C. A. Rechenthin, C.A. (1960). Created from map in F. W. Gould (1975). Updated by TPWD GIS Lab 

1/09/2004. Retrieved August 27, 2019, from https://tpwd.texas.gov/gis/data/baselayers/naturalsubregions -zip/view  

  

---------------------------------------Text Box--------------------------------------------------------------- 

Box 1.1 More information on trees and natural areas in the Austin region  

The resources below provide more information regarding the urban forest and natural areas in Austin:  

 

Austinôs Urban Forest (Nowak et al., 2016)  

Provides an assessment of Austinôs tree composition and their ecosystem service values. 

 

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

 

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

 

ǒ Land Development Code 

www.austintexas.gov/department/austin-city-code-land-development-code  

 

ǒ Environmental Criteria Manual 

http://www.austintexas.gov/department/austin-city-code-land-development-code
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library.municode.com/tx/austin/codes/environmental_criteria_manual?nodeId=ENCRMA 

 

ǒ ImagineAustin - Green Infrastructure Priority Program 

www.austintexas.gov/page/GreenInfrastructure 

 

ǒ Climate Protection Resolution 

austintexas.gov/page/climate-protection-resolution  

 

ǒ Invasive Species Management Plan 

austintexas.gov/sites/default/files/files/Watershed/invasive/COA-ISMP-Final-7-11-12.pdf 

 

ǒ Watershed Protection Management Plan 

www.austintexas.gov/department/watershed-protection-master-plan 

 

ǒ Austin/Travis County Community Wildfire Protection Plan 

www.austintexas.gov/wildfireprotectionplan 

 

-----------------------------End Text Box--------------------------------------------------------------------  

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 eastern and 

southern boundaries are defined by a now-inactive fault zone, the Balcones Escarpment (Small, Hanson, & Hauwert, 

1996). This ecoregion is largely a dissected limestone plateau that is hillier to the south and east (the ñHill Countryò; 

see Diamond & True, 2008), 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 topography: 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 flash-flooding 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 (Griffith et al., 2004). 

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. The predominant vegetation association is mature, closed-canopy Ashe juniper-oak forest, 

although more open woodlands and shrublands also occur in this area. The eastern edge of the Edwards Plateau  

ecoregion has been identified as a biodiversity ñhot spotò with many endemic and imperiled species, including rare 

plants, cave and spring invertebrates, Eurycea salamanders, and the golden-cheeked warbler (Setophaga 

chrysoparia). 

Blackland Prairie 

This  ecoregion found in the eastern portion of Austin is distinguished from surrounding regions by its fine-textured, 

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 and Low Terraces.  

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; pasture and forage production for livestock is common (Griffith et al., 2004). Large areas of the region are 

https://library.municode.com/tx/austin/codes/environmental_criteria_manual?nodeId=ENCRMA
http://www.austintexas.gov/page/GreenInfrastructure
https://austintexas.gov/page/climate-protection-resolution
https://www.austintexas.gov/sites/default/files/files/Watershed/invasive/COA-ISMP-Final-7-11-12.pdf
http://www.austintexas.gov/department/watershed-protection-master-plan
http://www.austintexas.gov/wildfireprotectionplan
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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 switchgrass (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 and forest were common along rivers and creeks (Diamond & Smeins, 1993); 

today pecan, cedar elm, various oaks, and sugarberry dot the landscape, with mesquite invading the edges. 

Historically important natural landscape-scale disturbances included fire and indigenous wildlife grazing (primarily 

bison and, to a lesser extent, pronghorn antelope). Fire and infrequent but intense short-duration grazing suppressed 

woody vegetation and invigorated herbaceous prairie species (Eidson & Smeins, 1999). Human settlement and 

wildfire suppression have also contributed to the invasion of non-native species, such as King Ranch bluestem, 

bermudagrass, Arrundo, and Chinaberry.  

Natural communities  

Edwards Plateau: Historical  

Fossilized pollen of oak, juniper, other tree species, grasses, 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 forests dominated by Ashe juniper and other 

woody species along the eastern edge of the Edwards Plateau (Weniger 1984; Smeins et al 2001; Nelle 2012; 

OôDonnell, 2019,). These accounts 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 following European settlement (OôDonnell, 2019; Weniger, 1984), 

which undoubtedly altered the vegetation communities. In addition to the endangered golden-cheeked warbler, 

which breeds exclusively in the Ashe juniper-oak forests of Central Texas, observations of the passenger pigeon 

(Ectopistes migratorius) (Lockwood, 2010); flying squirrel (Pteromys volucella) (Roemer, 1935); and black bear 

(Ursus americanus) were 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 (Bray, 1904a; Keddy-Hector, 2000). After clearing, much of the topsoil was lost due to subsequent goat 

and cattle overgrazing and erosion (Marsh and Marsh, 1992). On some steep slopes, this soil loss has greatly 

reduced the revegetation potential (City of Austin & Travis County, 2018). Current and past over-browsing by 

white-tailed deer has further reduced understory flora diversity and species abundance (Russell & Fowler, 2004; 

Russell, Zippin, & Fowler, 2001). While oaks tend to re-sprout following fire, Ashe juniper does not and is slow to 

recover (Reemts & Hansen, 2008, 2013). However, 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 (Q. buckleyi), escarpment live oak (Q. fusiformis), shin oak (Q. sinuata var. breviloba), 

escarpment black cherry (Prunus serotina var. eximia), Texas ash (Fraxinus texensis), and cedar elm (Ulmus 

crassifolia). In addition to seedlings of the canopy trees, common understory species include Texas mountain laurel 

(Dermatophyllum secundiflorum), Carolina buckthorn (Frangula caroliniana), yaupon holly (Ilex vomitoria), red 

buckeye (Aesculus pavia var. pavia), Mexican buckeye (Ungnadia speciosa), Lindheimer silk-tassel (Garrya ovata 

var. lindheimeri), and elbowbush (Forestiera pubescens) (City of Austin & Travis County, 2018). Texas madrone 

(Arbutus xalapensis) becomes more common on the western edge of the Austin area. Some areas, particularly along 

riparian corridors, have experienced compositional shifts due to non-native species invasions from species such as 

privet, Chinaberry, and Chinese Pistache. 
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Blackland Prairie: Historical 

Historical accounts suggest the the forested part of the Blackland Prairie region was dominated by flood-tolerant 

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

1858). Kennedy (1844, page 158) described Onion Creek as flowing ñthrough a fine rolling country of mingled 

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, besides, cedar, southern live oak, white, red, and post oak, hackberry, 

mulberry, wild peach, & cedar elm.ò Other creeks were also similarly wooded, with prairie in between. Portions of 

the Blackland Prairie in East Austin have sandy soil that have historically supported post oak woodlands (Terrell, 

1910).  

Blackland Prairie: Current 

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 honey mesquite (Prosopis glandulosa), and groves of 

eastern red cedar (Juniperus virginiana) and cedar elm (Ulmus crassifolia) are also common in these areas. 

Shrubland patches can be found in the uplands as well, dominated by legume species like retama (Parkinsonia 

aculeata), catclaws (Senegalia berlandieri, S. roemeriana, S. wrightii), and other thorny bushes such as toothache 

(Zanthoxylum hirsutum) and Brasilwood (Condalia hookeri). 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 19th and 20th centuries likely resulted in considerable degradation of riparian 

woodlands through both channelization and deforestation. Impacted floodplains left fallow and allowed to recover 

are typically dominated by cedar elm (Ulmus crassifolia), retama (Parkinsonia aculeatea), hackberry (Celtis 

occidentalis), and sugarberry (Celtis laevigata) with green ash (Fraxinus pennsylvanica) dominating the wetter 

portions near creek banks and with cottonwood (Populus deltoides), American sycamore (Platanus occidentalis), 

and black willow (Salix nigra) represented in smaller numbers along with non-native invasive species such as 

Chinaberry and privet. Seemingly undisturbed riparian remnants are less common and have more complex woody 

communities that, in addition to the above species, include canopy species such as pecan (Carya illinoiensis), 

American elm (Ulmus americana), red mulberry (Morus rubra), Anacua (Ehretia anacua), gum bumelia 

(Sideroxylon lanuginosum), catalpa (Catalpa speciosa), osage orange (Maclura pomifera), black walnut (Juglans 

nigra), and honey locust (Gleditsia triacanthos). These remnants typically have an understory consisting mostly of 

roughleaf dogwood (Cornus drummondii), Carolina buckthorn (Frangula caroliniana), possumhaw (Ilex decidua), 

yaupon (Ilex vomitoria), chickasaw plum (Prunus angustifolia), Mexican plum (Prunus mexicana), and soapberry 

(Sapindus saponaria).  

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 

Terraces (Figure 1.2). These natural 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 Parks and Wildlife Departmentôs Ecological Mapping 

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 criteria of overstory cover and 

species composition, understory species composition, hydrology, productivity, and disturbance potential. If the 

description of a vegetation type didnôt meet the criteria for one of the four natural community type categories, it was 

included in a fifth, non-assessed category called ñOtherò (e.g., grasslands, open water, urban, and cropland) (see 

Table A.1, appendix A). 
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Figure 1.2. Map of the Natural Communities included in the Assessment: Upland Forest, Upland Woodland, Upland Mixed 

Shrubland, and Floodplains and Terraces. Natural communities were mapped by grouping vegetation types from the Texas 

tŀǊƪǎ ŀƴŘ ²ƛƭŘƭƛŦŜ 5ŜǇŀǊǘƳŜƴǘΩǎ Ecological Mapping Systems data (See Table 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 or Indicator Woody Species 

Upland Forest usually found on flats, steps, and lowlands in 

steeper slope areas with greater soil depth 

Trees:  Ashe juniper, Texas red oak, Texas/escarpment 

live oak, white shin oak, cedar elm, sugarberry, post 

oak, blackjack oak, Arizona walnut, Escarpment black 

cherry, Texas ash, gum bumelia, Texas redbud, Carolina 

buckthorn, rusty blackhaw, red buckeye, Mexican 

buckeye, Mexican plum, Texas madrone 

mesic microclimates 

high level of diversity in overstory 

mixed evergreen and deciduous tree species in 

the canopy 

typically >70% canopy tree cover  

shade, leaf litter, and rocky substrates can limit 

herbaceous vegetation 

  

Shrubs:  shrubby boneset, [ƛƴŘƘŜƛƳŜǊΩǎ silktassel, 

yaupon, American beautyberry, agarito, Texas 

mountain laurel, possumhaw, elbowbush, Texas 

persimmon, catclaw mimosa, evergreen sumac, 

fragrant sumac 

Upland 

Woodland 

usually found on plateau tops and areas with 

more shallow soils 

Trees:  Ashe juniper, Texas/escarpment live oak, cedar 

elm, sugarberry, post oak, white shin oak, blackjack 

oak, Shumard oak, southern live oak, mesquite, eastern 

redcedar, gum bumelia historically fire driven, removing shrub layer but 

leaving overstory intact 

patchy shrub cover interspersed with pockets of 

herbaceous cover 

 

Shrubs:  Texas persimmon, yaupon, agarita, Texas 

mountain laurel, whitebrush, flameleaf sumac, 

elbowbush, catclaw mimosa, fragrant sumac, evergreen 

sumac 

mixed evergreen and deciduous, or only 

deciduous, tree species in the canopy 

typically <70% tree cover  

overstory trees are usually not as tall as in 

Upland Forest 

 

Upland Mixed 

Shrubland 

usually found on xeric sites, slope edges, and 

along grasslands and woodlands in areas with 

very shallow soils 

Trees:  Texas/escarpment live oak, Ashe juniper 

 

trees do not dominate the canopy or tend to be 

stunted 

Shrubs:  Texas persimmon, mesquite, agarita, Texas 

mountain-laurel, Lindheimer's prickly pear, lotebush, 

fragrant mimosa, evergreen sumac, Texas colubrina, 
historically fire-driven 
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mixed evergreen and deciduous woody species whitebrush, Lindheimer's silktassel, prairie sumac, 

Mexcian buckeye, elbowbush, kidneywood 

Floodplains 

and Terraces 

located in valley floors of large rivers and 

perennial streams, and buffer zones of 

headwaters 

Trees: sugarberry, cedar elm, Texas/escarpment live 

oak, green ash, pecan, American elm, American 

sycamore, little walnut, western soapberry, Texas 

oak/Buckley oak, black walnut, Eastern cottonwood, 

Ashe juniper, Chinaberry, bald cypress, boxelder, Texas 

ash, Vitex, Chinese elm, wafer ash, mesquite, black 

willow, Mulberry sp. , Eastern redcedar, gum bumelia 

erosional (riparian) sites are gravelly, cobbly, 

and rocky 

 

depositional (floodplain) sites have alluvial 

deposition 

Shrubs:  Zanthoxylum sp., Texas persimmon, common 

buttonbush, possumhaw, desert willow, huisache, 

roughleaf dogwood, yaupon, Baccharis, Chinese tallow, 

Japanese honeysuckle historically driven by hydrology and floodplain 

dynamics 

loamy, clayey, and sandy bottomland soils are 

influenced by outwash from surrounding 

landscape 

species composition varies by stream order, 

successional stage, and flooding regime 
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Current Conditions in the Austin Region 

Land use and ownership  

Trees and forests in Austin are arrayed across land cover, use, and 

ownership, including highly developed, privately owned 

commercial, mixed-use, or residential locations to publicly owned 

and managed natural areas. Developed areas make up 39% of the 

total land area, while natural areas including agricultural uses 

make up 57% of the total land area. The remaining land area is 

composed of open water (Table 1.2, Figure 1.3).  

 

 

 

Figure 1.3. Land Cover Classes within the Assessment Area, based on the National Land Cover Database. Developed 

includes residential, commercial, and industrial land.  

 

Table 1.2 

Land Cover Types in the Assessment Area, based 

on the National Land Cover Database  

 

Land Cover Type Percent 

Agriculture 10.91% 

Developed, High Intensity 4.93% 

Developed, Low Intensity 10.78% 

Developed, Medium Intensity 10.01% 

Developed, Open Space 13.57% 

Natural Area  46.63% 

Open Water 2.62% 

Other 0.56% 

Grand Total 100.00% 
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Roughly 24% of Austinôs total land area is owned by the City of Austin. Figure 1.4 shows the distribution of parks 

owned by the City of Austin and areas of the Balcones Canyonlands Preserve (all ownerships) within the assessment 

boundary.  

 

 

Figure 1.4. Map Showing the Distribution of Parks Owned by the City of Austin and Areas of the Balcones Canyonlands 

Preserve (All Ownerships) within the Assessment Boundary. 

Species composition patterns  

The Austin region is a mixture of remnant (pre-settlement) trees, planted trees, and spontaneous recruitment from 

both sources. Urban forests often have higher tree species diversity 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 and non-native) dominate developed areas. Non-native 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 juniper, Texas/escarpment live oak, Texas red oak, and cedar elm alongside 

planted native and non-native trees. 

Austinôs Urban Forest Inventory and Analysis (FIA) report summarizes the urban forest as of 2014 (Nowak et al., 

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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ǒ Austinôs urban forest contains an estimated 34 million trees. 

ǒ Tree canopy covers approximately 31% of the city.  

ǒ The most common species are Ashe juniper, cedar elm, southern live oak, sugarberry, and Texas 

persimmon. 

ǒ The 10 most common trees in Austin account for 84% of all trees. 

ǒ 92% of trees are native to Texas. 

ǒ Trees with diameters less than 5 inches account for 62% of the tree population.  

ǒ The largest concentration of trees with a diameter greater than 15 inches are found along the Interstate 35 

corridor; while these large-diameter trees are only 3 % of the total population, they comprise 18 % of the 

total leaf area.  

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

urban forest.  

Evergreen forest comprised largely of southern live oak and Ashe juniper covers 17% of the city. This land cover 

type is predominantly in the Edwards Plateau of West Austin. It contains 50% of Austinôs trees and provides 49% of 

the leaf surface area (Nowak et al., 2016). Austin has more small trees than large trees, which is a positive indicator 

of long-term sustainability of tree cover. The most common small-diameter 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 large-diameter (diameter greater than or equal to 15 

inches) trees are Ashe juniper, southern live oak, cedar elm, pecan, sugarberry, Texas red oak, honey mesquite, 

Chinaberry, and cottonwood. Many of the most common large-diameter species are not represented in small-

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

large-stature trees, this may reduce the future potential canopy cover of Austin. 

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 regions (Table 1.3). In other words, two species (Ashe juniper and 

southern live oak) in West Austin make up 80% of species composition in the area, while four species (Ashe juniper, 

cedar elm, honey mesquite, and southern live oak) make up 60% of species composition in East Austin. The 

abundance of the most common species varies between these two regions. 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 Austin, while southern live 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 species that arenôt present in the east, while East Austin 

contains an additional 29 species compared to the west. 

 

Table 1.3 

Estimated composition of Tree Species by Common Name across West and East Austin, Texas. Source: 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.  

 

Common Name 
Scientific 
Name 

% of 
Total: 
West 
Austin 

% of 
Total: 
East 

Austin 

Common Name Scientific Name 

% of 
Total: 
West 
Austin 

% of 
Total: 
East 

Austin 

American elm 
Ulmus 
americana 

< 1% 1% Loquat Eriobotrya japonica < 1% - 

American 
sycamore 

Platanus 
americana 

1% 1% Mescal bean 
Dertmatophyllum 
secundiflorum 

< 1% < 1% 

Ashe juniper Juniperus ashei 68% 20% Mexican white oak 
Quercus 
polymorpha 

- < 1% 
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Common Name 
Scientific 
Name 

% of 
Total: 
West 
Austin 

% of 
Total: 
East 

Austin 

Common Name Scientific Name 

% of 
Total: 
West 
Austin 

% of 
Total: 
East 

Austin 

Bald cypress 
Taxodium 
distichum 

< 1% - Mimosa, silktree Albizia julibrissin - < 1% 

Bastard (white 
shin, scalybark, 
Durand) oak 

Quercus 
sinuata 

1% - 
Northern 
hackberry 

Celtis occidentalis - 2% 

Berlandier ash 
Fraxinus 
berlandieriana 

- 1% bǳǘŀƭƭΩǎ ƻŀƪ Quercus texana - < 1% 

Black walnut Juglans nigra < 1% < 1% 
Other or unknown 
live tree 

  < 1% - 

Boxelder Acer negundo - 3% Paper mulberry 
Broussonetia 
papyrifera 

1% - 

Bur oak 
Quercus 
macrocarpa 

- < 1% Pecan Carya illinoiensis 1% 2% 

Cedar elm 
Ulmus 
crassifolia 

2% 18% Post oak Quercus stellata - < 1% 

Cherry and plum 
spp. 

Prunus spp.  < 1% - Prairie sumac Rhus lanceolata < 1% - 

Cherry laurel 
Prunus 
caroliniana 

- < 1% Red mulberry Morus rubra - < 1% 

Chinaberry 
Melia 
azedarach 

< 1% 1% River birch Betula nigra - < 1% 

Chinese elm 
Ulmus 
parvifolia 

- < 1% 
Roughleaf 
dogwood 

Cornus drummondii - < 1 % 

Chinese pistache 
Pistacia 
chinensis 

- < 1% Shumard oak Quercus shumardii < 1% 1% 

Chinese privet 
Ligustrum 
sinense 

< 1% 2% Slippery elm Ulmus rubra - < 1% 

Chinese 
tallowtree 

Triadica 
sebifera 

< 1% < 1% Southern live oak Quercus virginiana 14% 12% 

Chinkapin oak 
Quercus 
muehlenbergii 

< 1% < 1% Southern magnolia 
Magnolia 
grandiflora 

- < 1% 

Chittamwood, 
gum bumelia 

Sideroxylon 
lanuginosum 

- 1% Sugarberry Celtis laevigata  1% 8% 

Crape myrtle 
Lagerstroemia 
indica 

1% 1% Sweet acacia 
Vachellia 
farnesiana (Acacia 
farnesiana) 

- < 1% 

Eastern 
cottonwood 

Populus 
deltoides 

- < 1% Texas ash Fraxinus albicans 1% - 

Eastern red 
cedar 

Juniperus 
virginiana 

- 1% Texas madrone Arbutus xalapensis < 1% - 

Eastern redbud 
Cercis 
canadensis 

< 1% - Texas persimmon Diospyros texana 1% 2% 

Edible fig Ficus carica - < 1% Texas red oak Quercus buckleyi 4% 1% 

Florida thatch 
palm 

Thrinax radiata - < 1% 
Texas/escarpment 
live oak 

Quercus fusiformis - < 1% 

Glossy privet 
Ligustrum 
lucidum  

< 1% 1% Velvet ash Fraxinus velutina < 1% 1% 

Goldenrain tree 
Koelreuteria 
paniculata 

- < 1% Water oak Quercus nigra - < 1% 

Green ash 
Fraxinus 
pennsylvanica 

< 1% 6% Western soapberry 
Sapindus saponaria 
var. drummondii 

- 1% 

Honey mesquite 
Prosopis 
glandulosa 

< 1% 10% White mulberry Morus alba < 1% - 
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Common Name 
Scientific 
Name 

% of 
Total: 
West 
Austin 

% of 
Total: 
East 

Austin 

Common Name Scientific Name 

% of 
Total: 
West 
Austin 

% of 
Total: 
East 

Austin 

Japanese privet 
Ligustrum 
japonicum 

- < 1% Winged elm Ulmus alata - 1% 

Jerusalem thorn 
Parkinsonia 
aculeata 

- < 1% Yaupon Ilex vomitoria 1% - 

 

Major stressors and threats to Austinôs trees and natural areas  

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 is projected to continue growing 30% each decade until 2050 (U.S. Census Bureau, 

2017). Infrastructure projects such as roadway expansions impact greenspaces. Increasingly, mixed-used and multi-

family developments are beginning to infill Austin neighborhoods to accommodate population growth. This ñurban 

infillò may increase pressure on existing trees and natural areas, limit space for new trees, and exacerbate the already 

challenging urban growing conditions by increasing the heat island effect, radiant heat, and soil moisture 

evaporation.  

Land-use 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, landscaping, and 

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 help preserved and newly planted trees thrive in both current and future conditions. Austinôs tree 

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 updated in 2010 to add protections for ñHeritageò trees, a class of 

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 property will have 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 natural landscapes 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, 1995). Fragmentation 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 habitat may be extirpated 

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 contain non-native invasive species. 

Consequently, they tend to be less biologically diverse than core areas, and offer less useful habitat for wildlife 

(Saunders et al., 1991).  

Air Pollution 

Air pollutants such as ground-level ozone (O3), sulfur oxides (SOX), nitrogen oxides (NOX), and particulate matter 

(PM) can inflict harm on urban trees both directly and indirectly. Elevated O3 concentrations can cause visible 

damage to foliage, reduce plant reproduction and growth rates, and reduce tree survival rates. Elevated SOX and 

NOX concentrations also cause direct injury 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 (PM2.5), which also causes harm to vegetation. 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 measures. Overall, the Austin area has seen a 16-17% 

decrease in ground-level ozone levels compared to 10 years ago. However, while the Austin areaôs air pollution 

levels comply with all National Ambient Air Quality Standards (NAAQS), there is evidence that elevated 

concentrations of these pollutants may harm urban trees even at levels that are meeting federal standards (CACOG, 

2019). An analysis by the Capital Area Council of Governments (CACOG) of local O3 data from 2010-2015 

showed a strong negative correlation with humidity (i.e., when the air is drier, O3 concentrations are higher), and a 

positive correlation with temperature (i.e., O3 concentrations are higher when it is hotter). Consistent with these 

results, the region experienced high O3 concentrations during 2011 and 2012 when 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 summers. Drought exacerbates 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 Service estimated 

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 Schwinning (2019) reported a 20% crown mortality for Ashe juniper and 23% for Texas/escarpment 

live oak on the Edwards Plateau, with tree mortality decreasing with increasing tree size. Ashe juniper is the most 

common species in the Austin area (Nowak 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 other urban 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, soils tend to be 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 deposition of heavy 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 pits: cut-outs in the sidewalks or 

along roads where trees are planted, which are frequently nutrient deficient andheavily compacted (Craul, 1999).  

Non-native invasive plant species 

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

native invasive species comprise 5.1% of the tree population, about 1.7 million trees (Nowak et al., 2016). Two non-

native invasive trees comprise a significant portion of Austinôs urban forest: chinaberry is found throughout Austin 

and is among the 10 most common small-diameter and large-diameter trees in Austin. Glossy privet (ligustrum) is 

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

impacts in natural and riparian areas where its tendency to become a monoculture 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 regional invasive species 

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 edge of the Edwards Plateau (Stambaugh, Sparks, & Abadir, 2014).  

Based on historical eyewitness accounts (OôDonnell, 2019; Weniger, 1984), few fires were mentioned in the 1700s 
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and those that were present appeared to have been small and used to hide or escape and to communicate (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 domestic livestock, changing fire frequencies undoubtedly altered the 

structure and composition of the vegetation in the region, but the full effects are unknown. Bray (1904a, 1904b) 

discussed soil erosion and drying, oak re-sprouting, and regrowth of Ashe juniper 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 vigorously re-sprouted, while Ashe juniper (which does not re-sprout) has been 

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

 

Sixty percent of the structures in Austin are in the Wildland Urban Interface (WUI), areas where wildlands and 

communities mix. Austin 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 non-native insect pests and diseases affect trees and forests, especially in developed areas. Trees and 

forests are often already under stress due to the ñurban condition,ò which usually includes poor soil quality, 

inadequate volume, and the urban heat island. Stressed trees are more vulnerable to insects and diseases. In Austin, 

the primary pest and disease threats include oak wilt, emerald ash borer, Dutch elm disease, and bacterial leaf 

scorch.  

Hypoxylon ï Hypoxylon is a fungal infection of the sapwood caused by the fungus Biscogniauxia atropunctatum. 

The fungus is widespread in Austinôs natural and developed areas and infects a wide variety of host trees. It invades 

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 Austinôs trees due to stress from projected biotic and abiotic conditions.   

Oak wilt  - Oak wilt is a primary fungal pathogen that invades the vascular system of oak trees. While all oak trees 

are susceptible, live oak and red oak species are the most commonly affected trees in Austin. Both oak groups are 

found throughout Austin but are more prevalent in West Austin. Live oak trees are most commonly impacted by the 

underground spread of the fungus through root graft connections. Naturally occurring escarpment live 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 fungal spore dispersal 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 vector (Coleoptera: Nitidulidae) may be impacted positively or negatively by 

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 the tree canopy. The majority of naturally occurring ash (Fraxinus 

pennsylvanica, F. texana) exist in riparian areas and undeveloped areas. All of the Arizona ash (F. velutina) were 

planted and are located in developed and maintained areas. Texas A&M Forest Service has 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 several other communities 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, especially in East 

Austin. Cedar elm trees have intermediate susceptibility to DED and are found in naturally occurring stands 

throughout Austin and are also widely planted. Elm bark beetles are a primary vector. They breed in dead and dying 

elms, where the pathogen forms 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 eventually fatal disease caused by the bacterium 

Xylella fastidiosa. It 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 symptoms can appear 

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 may 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 region  

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 protecting their 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 the Endangered Species Act in 1996 by the U.S. Fish and Wildlife Service and jointly held by Travis County 

and the City of Austin. A number of cooperating partners own and manage lands dedicated to the BCP, including the 

Lower Colorado River Authority, the Nature Conservancy of Texas, Travis Audubon Society, and several private 

landowners. These partners collectively manage over 31,780 acres as mitigation for seven endangered species (one 

neotropical migratory songbird and six karst invertebrates) and 28 species of concern (one neotropical migratory 

songbird, two perennial plants and 25 karst invertebrates). The BCP also provides habitat for many other native 

plants and 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 juniper-oak forests and karst ecosystems, as well 

as shrublands. Regenerative strategies to 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 conditions (by providing shade and capturing, spreading, and 

sinking rainfall); non-native invasive species removal; restoration of karst ecosystems; reforestation; and 

connectivity with other forests and protected areas. 

The WQPL conserves land in fee title and conservation 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 manages over 11,000 acres as fee simple. 

While most of WQPL is managed for grassland, management of woodlands in preparation for climate change may 

include promoting old-growth conditions, shaded fuel breaks, diversity planting, strategic thinning to encourage 

canopy diversity and resource availability, or even pre-transitioning to a more drought-tolerant community type such 

as an open woodland or shrubland, depending on factors such as endangered species habitat, topography, aspect, soil 

conditions, access, canopy composition, and proximity to wildland-urban 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 composition and management differ as well. Trees selected for planting on streets and 

http://www.fws.gov/endangered/laws-policies/index.html
http://www.fws.gov/
http://www.austintexas.gov/department/wildland-conservation-division
http://www.lcra.org/Pages/default.aspx
http://www.lcra.org/Pages/default.aspx
http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/texas/index.htm
http://travisaudubon.org/
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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 pH, and poor drainage (Nowak, 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 adapted to conditions in East 

Austin and species such as escarpment live oak and Ashe juniper are better adapted to conditions in West Austin.  

Municipal foresters and land managers in Austin adhere to the ñright tree, right placeò concept when planting new 

trees, considering factors including the availability 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% of a given 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 for structural pruning 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 maintenance. Additionally, there may be supply chain limitations. Growers 

and nurseries may be providing what is currently in demand, not what municipal foresters would like to start 

incorporating into urban forests.  

Austinôs Urban Forest Master Plan  

The City of Austin completed an Urban Forest Master Plan in 2014 to guide comprehensive management for trees 

and vegetation on Austinôs public property. The requirement for a plan is both codified (Section 6-3-5) and 

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 Austinôs urban forest as a healthy and sustainable mix of trees, 

vegetation, and other components that comprise 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 stewardship framework, and resource management policies 

and practices.  

 

Summary 

Austinôs urban forest, shaped by ecosystems, landforms, and environmental gradients, is made up of interconnected 

natural areas and developed sites. Rapid growth paired with climate change presents a concern for Austinôs trees and 

green spaces. Composed of two ecoregionsðEdwards Plateau and Blackland Prairieðand divided by the Balcones 

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

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

as current conditions, stressors, and management provides a foundation for how a shifting climate may impact 

Austinôs trees, urban forests, and landscape stressors. In terms of tree species composition, the majority of West 

Austin (68%) is composed of Ashe juniper, followed by southern live oak (14%), while East Austin is composed of 

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

threats to Austinôs trees and natural areas include land-use change, development, and fragmentation; drought; 

alteration of soil; non-native invasive plant species; shifts in fire regime; and insect pests and diseases. Austinôs 

Urban Forest Master Plan (2014) was developed to guide tree and vegetation management on Austinôs public 

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 forests and shrublands, and develop strategies to counter 

climate change effects. 
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Key Points 

ǒ Austin is composed of two ecoregions: Edwards Plateau to the west and Blackland Prairie to the east.  

ǒ Austinôs urban forest is made up of approximately 34 million trees with a tree canopy covering about 31% 

of the city.  

ǒ The majority (92%) of trees are native to Texas, and the 10 most common trees account for 84% of all 

trees. 

ǒ 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. 

ǒ Austin is located on a distinct ecological divide. East Austin includes the Blackland Prairie with deep, rich 

soils, and West Austin includes the Edwards Plateau, characterized by shallow soils over limestone.  These 

areas support different tree species that are uniquely adpapted to each ecoregion.  Development and land-

use change have transformed the areaôs vegetation structure, composition, and function.  

ǒ Additional stressors and threats to Austinôs trees and natural areas include drought, Development, land-use 

change, and population growth have transformed the areaôs vegetation structure, composition, and function.  

ǒ Additional stressors and threats to Austinôs trees and natural areas include drought, alteration of soil, non-

native invasive plant species, shifts in fire regime, and insect pests and diseases, including hypoxylon, oak 

wilt, emerald ash borer, Dutch elm disease, and bacterial leaf scorch. 

ǒ Managers in Austinôs natural and developed areas are working to manage Austinôs urban forest to ensure it 

continues to provide benefits for all members of the community. 

end text box------------------------------------------------------------------------------------------------ 
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CHAPTER 2: CLIMATE TRENDS, PROJECTIONS, AND IMPACTS  

Austinôs natural areas are strongly influenced by past and current climate, and future changes will likely have far-

reaching impacts. Likewise, decision-making around which trees and other vegetation to plant in developed areas is 

also strongly influenced by 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 century, and impacts to Austinôs urban forest and natural areas.  

Unless otherwise noted, climate projections were retrieved from the Climate Mapper tool (Hegewisch, Abatzoglou, 

Chedwiggen, & Nijssen, 2019).  The tool uses the University of Idahoôs gridMET meteorological dataset of 

historical data (Abatzoglou, 2013), and includes projections from two emissions scenarios (RCP 4.5 and RCP 8.5) 

and 20 climate models downscaled to a 4km resolution. The 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 urban heat islands and northfacing slopes. RCP stands for ñrepresentative 

concentration pathwayò and is a scenario of future greenhouse gas concentrations in the atmosphere. RCP 4.5 

represents a scenario where greenhouse gas emission rates are dramatically reduced, whereas 8.5 can be considered 

a ñbusiness as usualò scenario; that is, emissions keep growing at the current rate. This report used the CNRM-CM5 

model (a model that tends to be cooler and wetter than average projections) with RCP 4.5 and the HadGEM2-ES365 

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 futures (Abatzoglou & Brown, 2012). 

Historical climate trends were retrieved from the NOAA Climate at a Glance tool (NOAA, 2019). Climate at a 

Glance was developed to facilitate near real-time 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 data (last 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 described in 30-year 

decadal averages, also called ñnormals.ò The most recent 30-year normal dates from 1981-2010. Over that period, 

the average annual temperature in Austin was 52ºF in the winter and 84ºF in the summer, with an average minimum 

of 40ºF and an average maximum of 98ºF. There were, on average, about 10 days each year where the heat index 

exceeded 105ºF.  

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 minimum temperatures have been 

increasing at a rate of 0.3°F per decade (Figure 2.1). Since the year 2000, all years have been above the 1961-1990 

average, which is a standard baseline period of comparison for examining climate trends (IPCC, 2019). The decade 

2000-2010 was the warmest on record for the contiguous United States, and also for Austin. Recent years have been 

increasingly hot. Six of the hottest 10 years in Austin have occurred between 2000 and 2019.  

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

temperatures above 100ºF has already exceeded the historical average of 13 days per year multiple times this 

decade. For example, there were 51 days of 100ºF or more during the summer of 2018. Among the top 10 years with 

the most 100ºF days, eight are in the 21st century. Summer 2019 was the second-hottest behind 2011, when drought 

blanketed much of the western United States. September 2019 was the hottest on record with an average temperature 

of 88ºF, 8ºF above the 1981-2010 average and 4ºF hotter than the next-warmest Septembers (2011 and 2005). 

September 2019 was, on average, hotter than June and July of 2019 and had more triple-digit days than July (a total 

https://climatetoolbox.org/tool/Climate-Mapper
https://www.ncdc.noaa.gov/cag/
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of 19). For that month, overnight lows were 76.1ºF, almost 7ºF warmer than the usual 69.4ºF; 99.8ºF was the 

average high temperature. The 1981-2010 average high was 90.5ºF (NOAA, 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 unclear if the same trend is occurring in the 

southern Great Plains (USGCRP, 2018). 

  
 

 

 
 

Figure 2.1. Changes in Annual Temperature over the Observational Record from 1938 to 2018 for Austin, Texas. 

The gray line indicates the 1961-1990 average and the blue line shows the trend over the observational record. A 

A 

B 

C 
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indicates mean annual maximum temperature. B indicates mean annual temperature. C indicates mean annual 

minimum temperature. Source: NOAA, https://www.ncdc.noaa.gov/cag/ 

 

Precipitation 

Austin is classified as humid subtropical, meaning it has hot, humid summers 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 precipitation during the same 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 to one-third of all droughts in the past 50 years 

broken by flood-inducing rainy periods (USGCRP, 2018). Over the past several decades (1994-2017), Austinôs 

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, and summerðvirtually 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.  

 

Figure 2.2. Changes in Annual Precipitation over the Observational Record from 1938 to 2018 for Austin, Texas. 

The gray line indicates the 1961-1990 average and the blue line shows the trend over the observational record. 

Source: NOAA, https://www.ncdc.noaa.gov/cag/ 

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 

https://www.ncdc.noaa.gov/cag/
https://www.zotero.org/google-docs/?1JOalQ
https://www.ncdc.noaa.gov/cag/


Chapter 2: Climate Trends, Projections, and Impacts 

 

35 

 

temperature is expected to increase by 5ºF by 2100. The maximum summer temperature is expected to increase by 

3ÜF, and the minimum winter temperature is expected to increase by 5ÜF. Increases under the ñbusiness as usualò 

scenario, RCP 8.5, are greater. By 2100, average annual temperature and seasonal maximum temperatures are 

expected to increase.  

Table 2.1 

Projected Temperatures and Days with Heat Index above 105ºF for the Austin Area through 2099 

 

30-Year 

Normal 

RCP 4.5 w/ CNRM-CM5  

(low emissions) 

RCP 8.5 w/HadGEM2-ES365  

(high emissions) 

1981-2010 2010-2039 2040-2069 2070-2099 2010-2039 2040-2069 2070-2099 

Mean Temperature (ᴌ) 

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 (ᴌ) 

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 Temperature (ᴌ) 

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 >105ᴌ 

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 the impacts 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 (Table 2.2). 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 change in soil 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. Finally, it should 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 using present-day 

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  

Normal 

RCP4.5 w/ CNRM-CM5  

(low emissions) 

RCP8.5 w/HadGEM2-ES365  

(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 33.5 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 14.1 -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 

 

 



Chapter 2: Climate Trends, Projections, and Impacts 

 

37 

 

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, it is possible 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 destructive (USGCRP, 2018). Over the past several decades (1994-2017), 

Austinôs extreme rainfall events have become more extreme than in the past (Perica et al., 2018). The formerly 500-

year storm event is now the 100-year storm event. Likewise, what was the 100-year storm event is now the 25-year 

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 Impacts on the Areaôs Trees and Green Spaces 

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 the average minimum temperature over a 30-year 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 scenario). With warming winter temperatures, the 

growing season, as determined by the number of days above freezing, could potentially increase to 300-359 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 heat-tolerance zone of 9 to zone 11 or 12 by 2100, exceeding the tolerance of many 

species currently present.   

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 
(Days)  

278 276 286 300 299 319 359 

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 (1971-2000), 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 experience 30-60 more 

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

Increases in temperature from climate change can be exacerbated in urban areas (Wilby, 2008). Urban areas with 

one million or more people can be 1.8 to 5.4ÁF warmer than their surrounding rural areas due to the ñurban heat 

island effectò from heat-absorbing infrastructure such as pavement and buildings (Akbari, 2005). The heat island 

effect can make urban areas one or more hardiness zones warmer than the surrounding area, facilitating the growth 

of more southern species (USDA, 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 major highways and development were several degrees warmer 

than areas in the city with dense tree cover or large rivers (City of Austin, 2019). 

https://www.zotero.org/google-docs/?oQIxa3


Chapter 2: Climate Trends, Projections, and Impacts 

 

38 

 

The combination of climate change and the urban heat island will affect the growth and survival of Austinôs trees. 

Trees that are intolerant of 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, yaupon, and sweet acacia (huisache) can tolerate extremely 

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

Drought Stress and Aridification   

The 100th meridian is a distinct belt that marks the transition from the wet eastern U.S. to the dry west, so-named 

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, 

due to rising temperatures and shifting winds affecting rainfall pattern (Seager et al., 2018). Historically, Austin was 

described as being within that distinct belt between 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 higher temperatures (in most years). Increases in 

evapotranspiration are expected to exacerbate aridity if they arenôt balanced with increases in precipitaiton 

(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 drought in the desert Southwest is increasingly replaced by the concept of aridification, i.e., a 

transition to from a temporary state of dryness to a permanent one (USGCRP, 2018). 

Short- and long-term changes in moisture availability can have dramatic impacts on the Austin regionôs urban forest. 

The drought from 2010 to 2011 led to a loss of 10% of Austinôs trees. Statewide, the drought had the highest impact 

in post oak woodlands, pinyon-juniper shrublands, and Ashe juniper woodlands (Schwantes et al., 2017). The 

severity of the drought led to losses of some species that are often considered relatively drought-tolerant, such as 

Ashe juniper, Texas persimmon, and Texas/escarpment live oak. Habitat conditions will undoubetedly affect tree 

vulnerability and susceptibility to climate change.  For example, one study suggests that severe drought could kill a 

large fraction (18-85%) of intermediate- to large-sized Ashe juniper trees growing in full sun in Central Texas 

savannas (Polley, Johnson, & Jackson, 2018), while another (Crouchet, Jensen, Schwartz, & Schwinning, 2019) 

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

water sources used by trees (e.g., rainwater, soil water, groundwater) vary by tree species, time of year, edaphic 

conditions, and other factors (Estrada-Medina et al., 2013; Swaffer et al., 2014; Oerter, Siebert, Bowling, & Bowen, 

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

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

Ashe juniper, Texas/escarpment live oak, and mesquite to tap deep water sources may be constrained by local 

geology (Jackson, Moore, Hoffman, Pockman, & Linder, 1999; Litvak, Schwinning, & Heilman, 2010). Future 

increases in temperature and vapor pressure deficit, especially under a higher-emissions scenario, could create 

conditions for another high-mortality event by the end of the century  (Schwantes 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 irrigation. However, 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 developing 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 temperature (Bender et al., 2010). Being 

several hundred miles inland from the coast, Austin rarely experiences hurricane conditions, though storms 

accompanied by high winds and extreme rainfall are not infrequent during spring 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. 

https://www.zotero.org/google-docs/?nPTTgw
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Trees can vary greatly by species in their ability to survive severe storms. Based on surveys following hurricanes in 

Florida, trees exhibiting high survival after storms that are also found in Austin include southern magnolia, southern 

live oak, sweetgum, and crape myrtle (Duryea, Kampf, & Littell, 2007). Species with lower survival included cherry 

laurel, sycamore, Chinese tallowtree, and pecan. 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 the next chapter suggests some of the most wind-

vulnerable trees in Austin include sugarberry, velvet ash, Ashe juniper, littleleaf/goldenball leadtree, and escarpment 

black cherry, particularly when growing on particularly when growing on steep slopes or as single trees (closed 

canopy forests help to protect individual trees from wind damage). Chinese pistache and Chinese tallowtree are 

considered among the most wind-resistant. Location of a tree, such as on a steep slope, and the depth of its root 

system may ultimately 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 in impervious cover can dramatically increase the size and frequency of flood events (Hollis, 1975). 

However, Austin has always been highly flood-prone due to its topography and karst geology. In fact, this region of 

Texas is known as ñflash flood alley.ò The risk of flooding in Austin has increased in the past few decades (Perica et 

al., 2018), and could become higher if heavy rains increase in frequency and intensity. 

Typically, urban floods are short-lived, but extended 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 attacks by insect pests and diseases (Bratkovich et al., 

1993). Some species are more tolerant of flooding than others. Flood-intolerant species include upland species such 

as catclaw, Texas madrone, Anacacho orchid tree, and others that are more adapted to dry, well-drained soils. 

Species that are generally 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, western soapberry, bald cypress, Montezuma cypress, and 

American elm. In addition to differences among species, age class and vigor can also affect flood-related damage 

and mortality.  

Air and Soil Pollution 

Air and soil pollution from ozone, nitrogen deposition, dust, heavy metals, nitrogen and phosphorus deposition, 

application of fertilizers, herbicides, and pesticides, and sulfur dioxide can all affect tree health. Elevated 

temperatures, as are projected to occur from both the urban heat island and climate change, can increase the rate of 

ground-level ozone formation (Jacob & Winner, 2009; Nowak et al., 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 million (Nowak et al., 2016). However, trees can also 

contribute to air pollution via the production of volatile organic carbons (VOCs), which can be precursors to ozone 

production as well as harmful to human health. However, the role of trees in regulating ozone levels is complex, as 

trees emit biogenic volatile organic carbons (BVOCs) 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 BVOC with the highest potential to contribute to ozone formation and is 

typically emitted by broad-leaved species, and monoterpenes typically emitted by conifers may also be pre-cursors 

(Aydin et al., 2014; Fitsky et al., 2019). The major emitters of these BVOCs in the Austin region include oak 

(isoprene) and juniper (monoterpenese) species. The quantity and compositions of emissions are affected by 

environmental stressors (Anderson et al., 2000; Fitsky et al., 2019). For example, BVOC emissions depend partially 

on temperature, 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 

ozone-sensitive trees as well as have negative implications for human health. (Fitsky et al., 2019). Benefits of 




























































































































































