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Abstract: 

Drainage area is a measure of the number of acres feeding into a creek. 

Drainage area threshold is the amount of acreage required for the creek to be 

included on a map. Watersheds mapped according to higher drainage area 

thresholds will show creek systems that are shorter and concentrated at the 

bottom of the watershed. Watersheds mapped according to lower drainage 

area thresholds show creek systems that are longer and extend further up 

the watershed. Since all watersheds are subject to different land uses, soil 

types, geology, etc., they should be mapped according to different drainage 

area thresholds. Headwaters are where creeks begin. There is empirical 

evidence that properly functioning headwaters significantly reduce erosion, 

improve water quality, slow stormwater flows, and provide habitat. If 

municipalities use lower drainage area thresholds to define their creeks, they 

can include more headwaters in their creek setback requirements. This 

professional report identifies the Harris Branch watershed as being under 

relatively more pressure to develop and exhibiting more environmental risk 

than other watersheds in Austin, Texas’ Desired Development Zone. Creeks 

in the watershed are redrawn according to reduced drainage area thresholds 

using a simple ArcGIS analysis. The analysis reveals a critical mass where 

creek setbacks appear to be too extensive. If creeks with a drainage area of 5 

acres are protected by development code, the setbacks created have excessive 

branching that could be too restrictive for development. A critical mass ratio 

should be considered when determining which drainage area threshold is 

most appropriate for a watershed. The critical mass ratio is equal to the 

number of branches allowed per a specified distance of creek centerline. The 

process of identifying this critical mass ratio can help growing cities find a 

balance between the need to encourage development in designated areas and 

the need to protect natural creek systems everywhere. I recommend that 

municipalities review the effects of reducing drainage area threshold for each 

watershed, and then identify the drainage area threshold that, when 

protected by setback requirements, allows for extended and connected 

greenways as well as an increase in density.  
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1 

The river itself has no beginning or end. 

In the beginning, it is not yet a river; 

in the end, it is no longer a river. 

What we call the headwaters is only a selection from among the 

innumerable sources from which flow together to compose it. 

At what point does the Mississippi  

become what the Mississippi means?” 

 –T.S. Eliot1 

 

 Chapter 1: Introduction  

This report is a two-fold analysis. First, watersheds within the Desired 

Development Zone of Austin, Texas’ extra-territorial jurisdiction are 

prioritized by environmental vulnerability and pressure for development. 

Secondly, the impact on development patterns from reducing drainage-area-

threshold in the identified watersheds are assessed. Drainage-area-threshold 

is one of several variables used to delineate creek centerlines. The higher the 

drainage area threshold, the shorter and more concentrated at the bottom of 

a watershed the creek centerlines will be. Conversely, the lower the drainage-

area-threshold, the further these creek centerlines are extended into lower-

                                                
1 T.S. Eliot's Introduction to Adventures of Huckleberry Finn, 1950 Reprinted in Norton Critical 
Edition of The Adventures of Huckleberry Finn. [Text pulled from Myer et. al. 2003, pp1] 



 

2 

order creek systems, or headwaters. Headwaters are where the creeks begin. 

They play a lead role in the transfer of water between the surface and water 

table. If properly protected and maintained, they can significantly improve 

water quality problems caused by non-point source pollution, as well as 

provide  other ecological and recreational services. The aim of this 

professional report is to determine whether or not reductions in drainage 

area threshold will lead to a more open space-oriented form of development, 

or processes that identify conservation areas then plan development for a site 

around them.  

Ultimately, the results indicate reducing drainage-area-threshold can 

help preserve open space and environmentally sensitive areas. Reducing 

drainage area thresholds can initiate the first step in open space design.  

 

Open Space and Riparian Preservation. 

According to Randall Arendt, open spaces and farmland should be 

preserved. Arendt brings attention to the fact that conventional development 

absorbs open spaces in an unsustainable way. Conventional forms of 

development mis-use minimum lot size requirements, which can manifest  in 

the form of zoning code with the intention of  preserving open space or rural 

character. In effect, this rule actually promotes sprawl instead of hindering it 
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because it spreads development across the landscape. (Arendt 1994, pp86). 

 Sprawl is undesirable for many reasons. It is visually repetitive and 

often paves over natural features that once provided views and ecological 

services in order to accommodate larger lot sizes. Sprawl is often devoid of 

common space where community interaction would otherwise take place. 

Sprawl is the reason why many Americans spend hours of their day behind 

the wheel, only to arrive at a home that is isolated and lacking a sense of 

community (Duaney et al.  2000, ppxiii). (See Figure 1 below.) 

 

Figure 1: Conventional (above) and Cluster Development (below) 

 

(Arendt 1996) 
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Open space design should replace current development models. 

Common natural areas created from this type of development serve 

hydrological, resource supply, ecological, recreational, and/or aesthetic 

purposes (Arendt 1994, pp70-71).  

 

Open Space Design 

There are four steps in open space design. The first and most 

important step calls for “greenlining” or identifying land that will not be 

developed. Primary conservation areas are generally environmentally 

vulnerable and include areas such as floodplains, wetlands, and steep slopes. 

Environmental vulnerability is a concept that can be defined by one or many 

factors. In this report, environmental vulnerability is a product of proximity 

to the following specific weighted variables: proximity to roads, industrial 

uses, wildlife habitat, springs, wetlands, and recharge features. Secondary 

conservation areas include open spaces that provide view-sheds, or 

recreation. Property outside these areas are then identified a developable 

properties (Arendt 1994, pp253-254).  

The second step in open space design involves determining the 

approximate building locations without delineating lot boundaries.  Arendt 

recommends siting homes adjacent to conservation areas in order to 
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capitalize on the view-sheds they create. Throughout his book, Rural by 

Design, Arendt argues that homes with natural views have higher market 

values than homes that do not, and that conventional development is often 

devoid of natural views.  

The third step is to design street alignments and informal footpath 

networks. The fourth and final step is to draw property lines. This entire 

process tends to draw smaller lots than what is normally permitted with 

conventional zoning (Arendt 1994, pp255). Figure 2 shows a developers’ 

proposed plan, which represents conventional design, and then depicts how 

open space design can be used to protect open space and natural beauty while 

still building the same number of houses. 
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Figure 2: Conventional Versus Open Space Design 

 
(Arendt 1994, pp277) 

 

 

Drainage Area and Open Space Design 

Extending creek buffers to include more lower-order creeks can work to 

appease Arendts’ principle of preserving open space as well as Smart Growth 

principles that seek to prevent untamed sprawl. Reductions in drainage area 

threshold create creek centerlines that extend further into a watersheds’ 

headwaters. Establishing  creek buffers that are more inclusive of headwater 
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systems can aid in the implementation of the  aforementioned first and most 

important step in open space design, greenlining.   

 

 Nonpoint Source Pollution and Water Quality Protection 

 Numerous studies indicate the relationship between NPS pollution and 

water quality (Garcia; Meyer et. al., Tran; City of Austin 1980, US EPA 

2010). NPS pollution is a type of polluted run-off released from a variety of 

sources.  

NPS pollution often infiltrates water systems via zero-, first-, and 

second-order streams, or headwaters. In these upper reaches of the 

watershed, a creek network can travel back and forth, between the surface 

and underground. This fact illuminates a need for the inclusion of these 

small, and often difficult to detect, creeks when floodplains and buffer 

requirements are determined. This is especially important in 

environmentally sensitive watersheds where drinking water supply or 

wildlife habitat is at risk. It is also important in watersheds that are under 

pressure for development due to sprawl or expanding metropolis.  

 Water quality can have  a direct impact on drinking water supply as 

well as the lifestyles and well-being of a community. The EPA and various 

states have asserted that many of their water bodies remain un-fishable and 
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un-swimmable despite water protection efforts because of non-point source 

pollution (US EPA 2004).  

Water quality protection is becoming increasingly synonymous with 

watershed protection and management. In Texas, groundwater conservation 

districts, regional water planning groups, and municipalities often play a 

lead role in watershed protection and management. Local water quality 

protection and improvement efforts often take the form of regulations of 

storm water systems and riparian buffer requirements. Other tactics include 

enforcing or promoting open space preservation, rainwater harvesting and 

bay-scaping, and brownfield remediation. 

 

Protecting Watersheds in Austin, Texas  

This report is a study of eastern watersheds  in Travis County, shown 

in Figures 3 and 4 on the following page. Austin has a history of 

environmental awareness and civically engaged citizens. The city’s first 

comprehensive plan, the Austin Tomorrow Plan, asserted the communities 

desire to preserve natural, open spaces and protect water quality. The Save 

Our Springs initiative and subsequent related ordinances designed to protect 

Austin’s watersheds were the result of a citizen based initiative. Currently, 
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the city of Austin (COA) is developing a new comprehensive plan titled, 

‘Imagine Austin.’ 

 

Figure 3: Travis County, Texas 

 
 

Figure 4: Urbanized Areas in Travis County 

 
 (data from General Land Office 2009) 

 

 

As indicated by Figure 5, Austin’s urban core has surrounding open 

space that is quickly being eaten up by development. While developing the 
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Austin Tomorrow Plan, stakeholders and community members asserted a 

desire to preserve open spaces, natural areas, creek environment, and water 

quality (City of Austin 1979, pp113). 2 

Figure 5: Austin’s Urbanized Areas Over Time 

 
(COA 2009) 

                                                
2
 At present, the City of Austin (COA) is in the 2

nd
 phase of developing a new Comprehensive Plan, the 

Imagine Austin Plan. The three phase of the plan are as follows: Plan Kick-off, Vision and Plan 

Framework, and the Comprehensive Plan itself. The COA intends to begin the 3
rd

 and final phase at the end 

of 2010. (COA, http://www.ci.austin.tx.us/compplan/theprocess.htm) 

 



 

11 

Austin’s Smart Growth Strategy 

Smart Growth is a set of principles intended to counteract the negative 

impacts of sprawl, including: increasing traffic jams; deteriorating 

environmental conditions; the destruction of farmland, open spaces, and 

natural beauty; and weakening of the central city tax base (Peiser 2001, 

pp278).  

The City of Austin announced its own Smart Growth Initiative in late 

1998.  Aiming to enhance neighborhoods in the urban core and protect 

environmentally sensitive areas, the Desired Development Zone (DDZ) and 

the Drinking Water Protection Zone (DWPZ) were delineated. The DWPZ was 

determined because it contained the following environmental factors: 

watersheds contributing to Austin’s water supply, endangered species 

habitat, a portion of the Edwards Aquifer feeding Barton Springs, and steep 

sloped and shallow soils not well suited for high density development.  

As shown in Figure 6 on the following page, DWPZ swallows a large 

portion of the western half of Travis County and, in turn, the DDZ 

encompasses the Eastern half of Travis County. The presence of a newly 

constructed toll-road on the eastern outskirts of Austin extra-territorial 
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jurisdiction (ETJ),  SH130, is catalyzing development by increasing 

accessibility and mobility in the area.3   

 

Figure 6: Austin Drinking Water Regulation Areas 

 

 
        (data from COA 2009) 

 

                                                
3
 SH 130 is part of the Central Texas Turnpike System, which is designed to “improve 

mobility and relieve congestion on I-35 and other major transportation facilities within the 

Austin-San Antonio corridor,” (centraltexasturnpike.org).  
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In order to make progress towards Smart Growth, it is important to 

continuously refine and improve upon development guidelines, regulations, 

and incentives in areas where development is being encouraged. Adjusting 

current regulations can help communities adapt to changes in population 

growth or access to resources. Creating and implementing new laws, 

regulations or programs can often be equated to re-inventing the wheel, 

especially when it comes to NPS pollution. This report is an examination of 

how refining current regulations can promote a more desirable form of 

development and protect water quality from NPS pollution.  

 

Research Questions 

This professional report examines two important  

 Question 1: Which watersheds in Austin, Texas’ Desired Development 

Zone are under greater pressure to develop and also exhibit critical 

environmental features at risk? 

 

 Question 2: What effect would reducing the drainage area thresholds, 

and in turn, altering the City of Austin’s creek setback requirements have on 

development patterns and water quality? 

 



 

14 

Methods Summary 

 ArcGIS spatial analysis tools are used to run a suitability analysis to 

identify watersheds in the DDZ that are under the most pressure to develop 

and also exhibit important environmental features at risk. ArcGIS hydrology 

tools, an extension of the spatial analyst toolset, are then employed to 

delineate new creek centerlines in one of the watersheds prioritized in the 

suitability analysis. The new creek centerlines are used to create creek 

buffers to depict the potential impact that altered regulation can have on 

development.  
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Chapter 2: Background 

Urban land cover undoubtedly contributes to increases in water 

pollution. NPS contaminants enter creeks at much higher rates when the 

land is highly developed and the ground is no longer able to detain, retain, 

and treat contaminated water before it is funneled into a creek system.  

Runoff from impervious cover of developed lands typically contains high 

amounts of nutrients from lawn fertilizers and animal wastes as well as other 

non-point-source pollution (Chang 2008). Impervious cover also increases 

storm water flow rates which, in turn, increase potential for erosion and 

flooding of properties downstream. Protecting headwater streams and creeks 

can alleviate some of these undesirable effects of impervious cover.  

‘Headwater’s are difficult to map because by nature, they are dynamic 

and do not always exhibit a defined centerline.  ArcGIS is a geographic 

information processing software than can enable planners to more accurately 

map the headwater streams in a wateshed.  

 

Headwater Streams  

Quality of remote imaging used to calculate creek centerlines can also 

have a significant impact on centerline accuracy. The Pacific Streamkeeper’s 

Federation defines headwater as un-branched tributaries of a creek. 
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Webster’s dictionary defines it as the smallest streams that combine to make 

a larger stream. According to the Strahler Stream Ordering approach, zero-, 

first- and second- order creeks make up the headwaters and constitute any 

waterways in the upper reaches of the watershed (Garcia 2004, pp1). These 

lowest-order creeks drain extensive surface areas of land within a watershed 

and are not always directly in contact with higher order streams but instead 

act as a direct connection with the water table below ground. It is estimated 

that 75- 80% of the nation’s waterways are headwater streams according to 

this definition (James 2007, Myer 2003)4.   

Headwaters may fall off the creek centerline making them difficult to 

draw on a map. Creek centerlines can be used by cities when they define 

creek setback requirements. The extent of a creek centerline depends on the 

drainage area threshold used to define the creek. Drainage area threshold 

equals the number of acres draining into the lowest altitude spot in the area.  

It is the minimum value are required for a creek centerline to form, or be 

drawn. If no creek centerline is drawn, no creek setbacks can be protected. As 

s a result, headwaters are often paved over, and if necessary culverted, when 

the area is developed.  

                                                
4 According to the Missouri Stream Team and the Oregon Headwaters Research Cooperative, and 
Garcia, headwater streams make up 75-95% of stream length within a watershed.  
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Headwater stream characteristics vary significantly from region to 

region. In prairie regions, headwaters often look like low-lying grasslands 

lacking a clearly defined channel or conduit. In more woody areas headwaters 

are made more visually identifiable by organic debris lining the channel. 

(Missouri Stream Team, 2003).   

 

Grassland versus Woody Vegetation 

 Riparian vegetation is often used to stabilize the stream banks, 

prevent erosion, create habitat, and reestablish natural creek morphology. 

Generally, riparian zones have either wooded or grassy vegetation. Woody 

vegetation includes both shrubs and trees with a density that covers 75% of 

the canopy and has at minimum height of 2 meters. Grassy vegetation 

includes grasses and other herbaceous species that do not exceed 2 meters in 

height (Lyons, 2000, pp920).  

 Most efforts to measure the effects of riparian buffers on stream 

quality are studies of wooded riparian zones, not grassy or herbaceous 

riparian zones. However, some research indicates that grassy riparian zones 

provided equal or greater benefit than wooded riparian zones. Grassy 

vegetation must cover at least 75% of the ground but can have a few 

scattered trees or shrubs (Lyons, 2000, pp920).  
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 When stream banks are shallow, and drainage area threshold is low, 

grassy vegetation may prove to be more effective in preventing erosion 

(Lyons, 2000, pp921). In some cases, the shade from large trees can reduce 

the fecundity of the under-story leaving bare ground, which is more 

vulnerable to erosion. Woody vegetation has the potential create unstable 

areas where the root systems of dead trees shift. Woody vegetation also 

produces organic debris that can promote eutrophication of water bodies 

downstream.  

  Grassy and wooded riparian zones produce very different stream/ creek 

morphologies. Studies have shown that grassy riparian zones tend to be 

much narrower than wooded riparian zones because grassy vegetation is 

better at prevention erosion. Wooded zones have greater variability in water 

flow velocities, channel dimensions, and substrate materials (Lyons, 2000, 

pp921).  

 

 Dynamic Equilibrium  

Natural creek systems are adaptable and sustainable when they are 

allowed to function properly and achieve or work towards dynamic 

equilibrium. When this dynamic equilibrium is upset by rapid changes in 

development patterns stream instability can occur. The product of sediment 
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load and sediment size is directly proportional to the product of stream slope 

or discharge. Increased run-off can aggrade creek beds (Rosgen 1996, Baker 

et al. 2004).  The tendency for natural creek paths to change is especially true 

for headwaters. These creeks are constantly re-adjusting their 

hydromorphology to accommodate changes in surrounding landscapes. This is 

one characteristic that makes it difficult to maintain accurate stream maps 

that include headwater or lower-order streams.  

 

 Importance of Headwaters 

 The scientific community has, for quite some time, acknowledged the 

ecological importance of headwater streams.5  Much like wetlands, these 

waterways exhibit temporal characteristics that make them unique and 

valuable.  Figure 7 depicts many of the ecological benefits of headwater 

streams including spawning sites, rich feeding areas, and thermal refuge.  

 

 

                                                
5 “The flow of water in natural channels may be described as perennial, intermittent or ephemeral. A 
perennial stream carries some flow at all times. An intermittent stream is one at which, in low flow, 
dry reaches alternate with flowing ones along the stream length. Those which carry water only 
during storms, and are therefore called ephemeral, are generally smaller but much more numerous 
than the perennial ones…Despite the fact that the channels of ephemeral streams are generally 
recognized to have an important part in the erosion of land and the resultant production of fluvial 
landforms, they have not received careful or concentrated investigation.” (L. Leopold and J. Miller, 
1956) 
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Figure 7: Ecological Importance of Headwater Streams  

 
        (Myer 2007, pp92) 

  

 Urbanization can severely impact the ecological functions of headwater 

streams. Because of their location at the top of the watershed, impaired 

headwater streams can negatively impact the entire downstream system. For 

the same reasons, these streams also provide crucial support to stream 

vitality. 

 These primary tributaries filter excess nutrients and sediment from 

water as it enters larger order streams. This collection of organic debris in 

turn provides food and habitat for local fauna. The habitat created is unique 

and can support unique species that depend of the ebb and flow of a variant 

system (Missouri Stream Team, 2003).  
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These lower order streams drain a much greater portion of the 

watershed area and have a much greater length of riparian zone interaction 

than higher order streams. Ironically, higher order streams are more often 

the focal point for NPS pollution initiatives (Garcia 2004).  

    

 Mapping Headwaters 

 Headwaters are often un-named and rarely appear on maps. Accurate 

stream maps are necessary for investigations into the extent and source of 

NPS pollution and can also be used to shape development in a way that is 

better at preserving open space than conventional design. Maps of lower 

order streams are useful in urban planning activities including but not 

limited to: stream protection during development or mining of natural 

resources; when implementing road construction projects and industrial 

recruitment efforts.  

Local, state, and federal agencies across the U.S. have relied on US 

Geological Survey 1:24,000 scale topographic maps for information on stream 

networks for planning, management, and regulatory programs related to 

creeks. Digital Elevation Models (DEMs) derived from these topographic 

maps generally result in a resolution of 30m or less. Unfortunately, this scale 

is too large to accurately detect and delineate low-order creeks (Garcia 2004).  
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This inaccuracy varies with multiple factors including the geology of 

the area, and the quality of data. When using data from the USGS 

topographic maps, stream length calculations in North Carolina on average 

overestimate the presence of headwaters in the Coastal Plains by 31%, and 

underestimate the presence of headwater streams in the Piedmont by 25%, 

and in the Mountains by 50% (Garcia 2004, pp2).  Higher resolution imagery 

is needed in order to generate meaningful waterway and watershed boundary 

maps.  

 In 2003, the city of Austin (COA) hired a private contractor to gather 

topographic information using Light Detection and Ranging technology 

(LIDAR). These maps have a much higher resolution and, as a result, can 

provide a more accurate and useful DEM from which creek centerlines can be 

derived.  

 

 GIS, Planning, and Water Quality 

 Spatial data serves an infinite number of planning functions. 

Geographic information systems (GIS) play a critical role in the development 

and distribution of this information. GIS models have historically been 

created and employed by experts. However, as more and more “non-experts” 

have been included in the planning process, GIS systems are becoming more 
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and more accessible and user-friendly. GIS can be used to enhance the public 

participation process by providing graphic displays to clearly illustrate 

concepts such as sprawl, and watershed boundaries (Malczewski, 7/2004, 

pp2). In Texas, the Texas Natural Resource information Service (TNRIS), the 

City of Austin (COA), the Texas Water Development Board (TWDB), the 

General Land Office (GLO), as well as the Capital Area Council of 

Governments all devote significant time and resources into developing GIS 

data and making it readily available to the public.  

Despite the fact that processing this data requires a certain level of 

skill and access to the appropriate central processing unit (CPU) strength 

and software, the collection of geodatabases available empowers local 

governments, agencies, academic groups, and citizens by providing options 

for infinite degrees of spatial analysis. It is this collaborative effort that 

makes research such as that presented in this report possible. 
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 Chapter 3: Regulatory Framework for Creek Setbacks 

 Creek Setbacks are important because they serve multiple urban 

planning objectives including: storm water management, water quality 

protection, and erosion prevention. Federal influence on water quality 

protection takes the form of broad regulation, funding, and education. In 

Texas, most of the actual influence on the form of development, and in turn 

the condition of water quality, happen at the local level. Creek setbacks, 

specifically, are requirements are most often enforced at the municipal level.  

 

 Lower Colorado Regional Authority 

 LCRA Highland Lakes Ordinance 

The LCRA implemented the Highland lakes ordinance. This ordinance, 

is a successful attempt to improve water quality by, in part, protecting more 

headwater creeks. According to this ordinance, creeks in this watershed are 

protected with buffers when the drainage area exceeds 5 acres. These buffer 

zones must remain free of construction except for utility and roadway 

crossings and low-impact parks (Hegemier 2007).  
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 Ground Water Conservation District 

 The Barton Springs/ Edwards Aquifer Conservation District 

(BSEACD) was created for the purpose of protecting Barton Springs and the 

Edwards Aquifer. Portions of the DDZ that lie within the BSEACD, are 

outside the City of Austin’s extra-territorial jurisdiction (ETJ).  

 

 Envision Central Texas 

 The Trust for Public Land Texas Chapter is collaborating with 

Envision Central Texas to develop “Greenprint for Growth” programs for 

Travis, Hays, Williamson, Caldwell, and Bastrop counties. This effort in 

combination with the Travis County greenprint will make a regional 

planning resource available to Central Texas communities as they plan for 

growth and development.  If future developments concede to preserve areas 

determined by this regional effort, a connected greenway and creek network 

will be preserved regardless of the density achieved.  

  

City of Austin  

A. City of Austin Regional Water Quality Plan 

 Austin’s Regional Water Quality Plan recommends that stream buffers 

should include the entire floodplain delineated by the Federal Emergency 
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Management Agency (FEMA) plus 25 feet on either side (Gillfillan 2008, 

pp18).  The planning area is the Barton Springs segment of the Edwards 

Aquifer and its contributing zone. The area covers northern Hays County, 

southwest Travis County and a small section of Blanco County. The area 

includes the cities of Dripping Springs, Austin, West Lake Hills, Buda, Hays 

City, Kyle, Mountain City, Rollingwood, Sunset Valley, the Villages of Bee 

Cave and Bear Creek and the areas of the Barton Springs/Edwards Aquifer 

and Hays Trinity Conservation Districts.   

 

 B. Water Quality Management & Comprehensive Planning  

The “Austin Tomorrow” plan was the first official comprehensive plan 

created for and by City of Austin stakeholders in 1980. This plan declared 

non-point source pollution a threat to Austin’s environmental and economic 

vitality (NVSWCD 1994, pp 51).  The Austin City Charter6: grants its’ 

comprehensive plan the ability to shape development. It does this by 

requiring all public or private development, regulatory policy, or public 

expenditure of funds to be in compliance with the plan.7 Goals identified by 

                                                
6 Article X: Planning; Section 5. Available ftp: 

http://www.amlegal.com/austin_nxt/gateway.dll/Texas/austin/charter/articlexplanning?f=tem

plates$fn=default.htm$3.0$vid=amlegal:austin_tx$anc=LPTOC5 
7 “No public or private development shall be permitted, except in conformity with such 

adopted comprehensive plan or element or portion thereof, prepared and adopted in 

conformity with the provisions of this article. Upon adoption of a comprehensive plan or 

element or portion thereof by the city council, all land development regulations including 
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the Austin Community were the preservation of open space, natural areas, 

creek environments, and water quality (City of Austin 1980, pp 113). 

 With the goal of protecting drinking and recreational water sources in 

the Austin area, the city of Austin adopted a series of Comprehensive 

Watersheds Ordinances on February 25, 1988. These ordinances were 

eventually combined into a single code to be applied to all areas within 

Austin’s jurisdiction and ETJ.   

 

C. Creek Buffers 

Research has shown that protection, preservation, and rehabilitation 

of lower order streams such as headwater, can have a greater impact on 

water quality than the same treatments to larger creeks toward the bottom-

end of a watershed (USFWS 2005, pp 1.6-18). 

Despite this, Austin, Texas, as well as many other cities across the 

United States, have designed their land development codes to create buffers 

largely for higher-order portions of a stream network. 

 

 

                                                                                                                                            
zoning and map, subdivision regulations, roadway plan, all public improvements, public 

facilities, public utilities projects and all city regulatory actions relating to the land use, 

subdivision and development approval shall be consistent with the comprehensive plan, 

element or portion thereof as adopted.” (City of Austin) 
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City of Austin Waterway Classifications 

The COA defines waterways by watershed classification and drainage 

area. Currently, buffers are assigned to waterways classified as major, 

intermediate, and minor. For the purposes of this report, we will use consider 

creek to be creeks and use the terms inter-changeably.  

The Desired Development Zone (DDZ) is made up of Urban and 

Suburban watersheds. In Suburban watersheds, major rivers have a 

drainage area greater than 1280 acres; the intermediate classification applies 

to waterways with a drainage area between 640 and 1280 acre; and minor 

waterways have a drainage area between 320 and 640 acres. In Urban 

watersheds any waterway with a drainage area equal to or greater than 64 

acres is subject to buffer requirements (See Table 1 on page 29).  

Lower order creeks are not granted any buffer protections. However, 

the Drainage Criteria Manual for the City of Austin mandates that any 

concentrated flow be treated with some sort of storm water management 

mechanism8.  

 

                                                
8 “For purposes of this Drainage Criteria Manual, a drainage area of 64 acres or greater is 

required within a contributing watershed to create a "flood plain". For areas of flow with less 

than 64 acres of contributing area, no flood plain shall be defined; however, with regards to 

the drainage criteria contained in this manual any concentrated flow necessitates the 

dedication of a drainage easement,”(City of Austin, Drainage Criteria Manual, 2009).  
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Table 1: City of Austin’s Waterway Classifications 

WATERWAY  

CLASSIFICATIONS 

URBAN 

SUBURBAN 

CITY 

LIMITS 

SUBURBAN  

North  

Edwards/ETJ 

WATER 

SUPPLY  

SUBURBAN 

WATER  

SUPPLY  

RURAL 

BARTON  

SPRINGS  

ZONE 

Minor 

64 acres 320-640 

acres 

320-640 acres 128-320 

acres 

64-320 

acres 

64-320 acres 

Intermediate 

64 acres 640-1280 

acres 

640-1280 acres 320-640 

acres 

320-640 

acres 

320-640 acres 

Major 

64 acres over 1280 

acres 

over 1280 

acres 

over 640 

acres 

Over 640 

acres 

over 640 

acres 

  

          Williamson/Sl

aughter 

same as WSS 

     (WPDRD 2009) 

 

Watershed Classifications 

Minor, intermediate, and major waterways are classified according to 

the type of watershed to which they contribute and their drainage area 

threshold. The COA has 5 classifications for watersheds: the Barton Springs 

Zone, Water Supply Rural, Water Supply Suburban, Urban, and Suburban. 

(See Figure 8.)  
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Figure 8: City of Austin Watershed Regulation Boundaries 

 
 

(data provided by COA) 

 

Urban watersheds extend southward from the north side of the 

Colorado River watersheds between Johnson Creek to US highway 183 to the 

south side of the Colorado River between Barton creek and US highway 183. 

These watersheds include Blunn, Buttermilk, East Boggy, East Bouldin, 

Fort, Harper Branch, Johnson, Little Walnut, Shoal, Tannehill, and West 

Bouldin Creek watersheds (COA, § 25-8-2 D-8).  Urban watersheds are 

defined by their impervious cover. Urban watersheds are so designated when 

more than 20% of the net site area is impervious ((COA, § 25-8-211).  



 

31 

Suburban watersheds have the broadest classification of the watershed 

classifications. These watersheds are those that “are not otherwise classified 

as urban, water supply suburban, water supply rural”, or the Barton Springs 

Zone. This is the largest group and it includes the following watersheds: 

Brushy, Carson, Cedar, Cottonmouth, Country Club East, Country Club 

West, Decker, Dry Creek NE, Dry Creek East, Elm Creek, Elm Creek South, 

Gilleland, Harris Branch, Lake, Maha, Marble, North Fork, Plum Creek, 

Rattan, Rinard, South Boggy, Walnut, Wilbarger creek watersheds; and 

portions of Onion, Bear, Little Bear, Slaughter, and Williamson Creek that 

are not part of the Edwards aquifer recharge  or contributing zone(COA, § 25-

8-2 D-7).  

 

Water Quality Zones 

There are three water quality zones: these zone further divide 

waterway classifications that lead to buffer designations. The Critical Water 

Quality Zone (CWQZ) includes the 100 year floodplain, with additional area 

included in buffers along minor, intermediate, and major waterways. Critical 

water quality zones are defined in Urban watersheds along each waterway 
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with a drainage area of at least 64 acres (COA, § 25-8-92 D).9 Boundaries of 

the CWQZ extend 100 feet from the waterway centerline.  

The Water Quality Transition Zone (WQTZ) is “adjacent and parallel 

to the outer boundary of each critical water quality zone,” (COA, § 25-8-93). 

Minor waterways in this zone are assigned a 100 foot buffer; intermediate 

waterways are given a 200 foot buffer; and major waterways a 300 foot buffer 

(See Table 2 on page 33). 

The Uplands Zone encompasses all land and waters not included in a 

critical water quality zone or a water quality transition zone (COA, § 25-8-

94). Waterways do not have required setback in this zone (See Table 2 on 

page 33). 

 

 

 

 

 

 

 

 

                                                
9 The area bounded by IH-35, Riverside Drive, Barton Springs Road, Lamar Boulevard, and 

15th Street is excluded from this rule.  
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Table 2: City of Austin’s Waterway Setbacks  

WATERWAY  

SETBACKS 

URBAN 

SUBURBAN  

CITY 

LIMITS 

SUBURBAN  

North  

Edwards/ETJ 

WATER 

SUPPLY  

SUBURBAN 

WATER  

SUPPLY  

RURAL 

BART

ON  

SPRIN

GS  

ZONE 

Critical 

Water Quality 

Zone 

            

Minor 

50-400 ft. 50-100 ft. 50-100 ft. 50-100 ft. 50-100 ft. 50-100 

ft. 

Intermediate 

50-400 ft. 100-200 ft. 100-200 ft. 100-200 ft. 100-200 

ft. 

100-200 

ft. 

Major 

50-400 ft. 200-400 ft. 200-400 ft. 200-400 ft. 200-400 

ft. 

200-400 

ft. 

Water Quality 

Transition 

Zone 

            

Minor 

Not 

Required 

100 ft. 100 ft. 100 ft. 100 ft. 100 ft. 

Intermediate 

Not 

Required 

200 ft. 200 ft. 200 ft. 200 ft. 200 ft. 

Major 

Not 

Required 

300 ft. 300 ft. 300 ft. 300 ft. 300 ft. 

           (WPDRD 2009) 

  

Critical Environmental Features 

 COA regulations assert that residential lots may not include an 

environmental feature or be located within 50 feet of a critical environmental 

feature (§ 25-8-281 (B)). Critical environmental features are defined as, “ 

features that are of critical importance to the protection of environmental 

resources, and includes bluff, canyon rimrocks, caves, sinkholes, springs, and 
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wetlands,” (§ 25-8-1 (5)).  A minimum of a 150 foot buffer from the edge of the 

critical environmental feature is required. If the feature is a recharge feature 

the buffer can be up to 300 feet wide. Inside these buffers, development and 

wastewater disposal is prohibited and reasonable natural vegetative cover 

must be maintained. Hiking trails and yards can exist inside but no less than 

50 feet away from the critical environmental feature (§ 25-8-281 (B)). 

 

 Proposed Changes 

The COA Watershed Protection and Development Review Department 

(WPDRD) is currently evaluating the potential affects of reducing drainage 

areas that define waterway as well as its waterway buffer ordinances. The 

COA Watershed Protection and Development Review Department (WPDRD) 

is currently conducting a  study on the effects of reducing the current 64 acre-

drainage-area requirement for Urban creeks to a 32 acre-drainage-area 

threshold. In Suburban watersheds drainage areas are under consideration 

for being reduced to 640 acres for major creeks, 320 acres for intermediate 

creeks, and 64 acres for minor creeks (Gilleland Creek Ordinance and 

Planning Work Group 2008).  
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Chapter 4: Process 

 One of the most pressing challenges with mapping and delineating 

headwater streams is the availability of current topographic maps and digital 

elevation models from which they are derived. Running such hydrological 

models requires significant data storage and processing capacity. Because 

this process is time and resource intensive, it is often cost-effective to process 

one watershed at a time, prioritizing the watersheds under pressure to 

develop that also exhibit environmental vulnerability. 

 This chapter describes a process to evaluate which watersheds are 

under pressure for development and also exhibit environmentally vulnerable 

features. This analysis can help cities prioritize wataersheds as they begin to 

assess the inclusion of more headwaters in the creek setbacks. Then, reduced 

drainage area thresholds are used to redraw creek centerlines of a watershed 

identified as a priority by the previous analysis. Creek buffers are derived 

from the new centerlines and more inclusive setback standards to depict the 

change in the shape of setback created by the various drainage area 

thresholds.  
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Step 1: Identify Vulnerable Watersheds in the DDZ 

 Suitability analysis take into consideration geographic and spatial 

information regarding specified variables and weights each variable 

according to their importance or capacity to influence the result or effect 

being studied (Berke et al. 2006). For the purposes of this report, a suitability 

analysis will be used to identify which watersheds are under relatively more 

pressure to develop and are also more environmentally vulnerable than other 

watersheds in the DDZ. Headwater preservation efforts should be prioritized 

in watersheds located within the DDZ because this area encompasses 

virtually all of eastern Travis County. Only watersheds in the DDZ will be 

considered for this analysis because development is encouraged in the DDZ 

and pre-emptive action can help to shape future development in a more 

sustainable and rational way.  

Further, only watersheds that are within the City of Austin’s ETJ will 

be considered because in those watersheds the city has some meaningful 

influence on development. (See Figures 9 and 10). The resulting map can be 

used to prioritize watersheds for the reconsideration of current drainage area 

threshold. 
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Figure 9: City of Austin Jurisdictional Boundaries 

 

      (data from COA) 
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Figure 10: Study Area- within the DDZ and the ETJ 

 

        (data provided by COA) 

 

 Variables that Make Watersheds Vulnerable  

Proximity to Major Roads 

Highways and major roads are sources of NPS pollution (EPA Office of 

Water 1995, pp1). Roads are impervious surfaces and as result, they 

contribute to increased stormwater flows and reduced retention and recharge. 
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The vehicles that travel these roads are sources of pollutants that can collect 

and seep into nearby waterways. Therefore, watersheds closer to major roads 

and highways have increased environmental risk. According to the Lower 

Colorado River Authority (LCRA), water quality of Gilleland Creek and other 

tributaries of the Colorado River may be affected by the SH 130 corridor. City 

of Austin studies indicate that the tributaries are vulnerable to stormwater 

pollution and erosion (LCRA 2006).  

The presence of a major transportation corridor also promotes 

development because it greatly increases accessibility. State Highway 130 is 

a newly constructed four-lane toll road in the DDZ. According to the Texas 

Department of Transportation (TXDOT), the highway is designed to relieve 

congestion off of the centrally located I-35 corridor, particularly semi-trucks. 

This new route will attract commercial and industrial development because 

there are large areas of undeveloped land accessible by frontage roads along 

the highway (LCRA 2006). It has already catalyzed an increase in production 

of gravel and sand aggregate in the Colorado River floodplain.  New pits have 

open and existing ones have expanded.  
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Centralized Water and Sewer Lines 

Less initial investment can often mean more economic return for 

developers. Often cities will invest in water and sewer line installments in 

order to promote development in a particular area. Development is much 

more likely to occur when centralized water and sewer lines are already 

installed.  

 

Proximity to Industrial Uses 

The City of Austin defines industrial uses as manufacturing, 

warehousing, equipment sales and service, recycling and scrap, or animal 

handling. Industrial uses increase environmental risk. However, they also 

promotes development by creating a need for businesses that provide services 

for employees at the industrial site as well as well as the need for nearby 

housing to accommodate the growing desire for mixed-use communities and 

transit-oriented development.  

 

Proximity to Potential Greenways and Open Space 

Potential Greenways were delineated and defined by the City of Austin 

in 2007. The data layer created by the COA “shows all major creeks and 

tributaries that could potentially serve as the backbone of a future trail 
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system as well as smaller tributary connections” (COA 2007, Potential Park 

Greenways metadata). This is land that should not be developed but if 

protected will attract more development wanting to capitalize on the future 

parks system. A visit to the Town Lake trail or some of the hiking trails in 

Austin’s “green belt” would prove dissenting opinions wrong. The trails are 

always in use and on a beautiful day, it is very difficult to find a parking 

space near one of the trail entrances. Everyone wants to live near the 

greenbelt and real estate prices reflect this. Proximity to potential greenways 

increases the pressure to develop.  

 

 Proximity to Bird Habitat 

 The City of Austin’s Parks and Recreational Department (PARD) has 

consolidated data from various sources on documents bird and wildlife habitat. 

This data does not represent all the wildlife habitat within the City of Austin. 

Instead, it only depicts documented and reported habitat. Preserving wildlife 

habitat is a critical part of planning for Smart Growth. However, this 

information was provided by volunteers and is weighed less heavily than the 

other variables because the data itself is incomplete and potentially no longer 

accurate having been collected over a period of ten years.   
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 Proximity to Wetlands, Recharge Features, and Springs 

 Wetlands are known for providing unique habitats and their presence 

allows for biodiversity and other ecological services similar to headwater 

streams (Myer et al 2003, pp9). While there are very few wetlands in Travis 

County, their effect on the environment and water quality should not be 

underestimated or ignored. Recharge features and springs as well as wetlands 

act as gateways between the surface flows and groundwater table.  Wetlands 

with relatively more of these features will fall into a higher priority category in 

the suitability analysis results. Proximity of impervious cover and/or urban 

development to wetlands, springs, recharge features and wildlife habitat 

increase environmental risk. COA code recognizes wetlands and springs as 

critical environmental features (COA, § 25-8-1). Table 3 lists the variable used 

in the priority analysis and their weighted values.  
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Table 3: Pressure to Develop / Environmental Risk Variables 

 

Variable: 
 

Effect 

 

Weighted Value: 

Proximity to Highways and 

Major Roads 

Increase pressure to 

develop and 

environmental risk 

17.5% 

Proximity to Industrial Uses Increase pressure to 

develop and 

environmental risk 

5% 

Proximity to Centralized 

Water and Sewer Lines 

Increase potential to 

develop 

25% 

Proximity to Potential 

Greenways 

Increase potential to 

develop 

5% 

Proximity to Recharge 

Feature 

Increased 

environmental risk 

12.5% 

Proximity to Wetlands and 

Springs 

Increase 

environmental risk 

12.5% 

Proximity to Springs Increased 

environmental risk 

12.5% 

Proximity to identified Bird 

Habitat 

Increase 

environmental risk 

10% 

 

Undeveloped or Rural Parcels 

The City of Austin defines undeveloped or rural parcels as rural-uses, 

vacant land, or land under construction. The presence of vacant properties 

provides an opportunity to develop on a clean slate, which is very appealing 

to developers. This variable would pull the directional raster data created in 

the priority analysis in too many directions so it can not be included as a 

weighted variable. Undeveloped/ rural land is low hanging fruit for 

development as well as open space conservation. Figure 11 shows the extent 

to which rural and undeveloped parcels span across the DDZ watersheds.  
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Figure 11: Undeveloped/ Rural Properties in Study Area 

 
     (data from COA) 

 

 The developed parcels will be clipped from the highest priority areas. 

Then the watersheds with the highest percentage of undeveloped properties 

in the highest priority areas can be identified using ArcGIS spatial analysis 

tools.  
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Figure 12: Study Area Limited to DDZ, ETJ, and Undeveloped/ Rural 

 

 

The study area does not encompass any whole watersheds. Forty-four 

watersheds overlap with the study area. Twenty-two are either wholly or 

partially classified as suburban watersheds by the COA. The remaining 

twenty-two watersheds overlapping with the study area are classified as 

urban watersheds.  
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Figure 13: Results from Priority Analysis 

 

 The priority analysis indicates that the closer to the urban core, the 

more pressure to develop and the more environmental risk. Watersheds 

between IH35 and SH130 are considered the highest priority according to his 

suitability analysis.  
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Figure 14: Watersheds in Top 3 Priority Zones 
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 Selection of Harris Branch Watershed 

 Harris Branch was selected for further analysis because it was the 

watershed with the highest percent of area inside the top 3 priority zones 

defined by the suitability analysis. Table 4 lists the top ten watersheds under 

this criteria.  

 

Table 4: Watersheds with Highest Proportion in  

High Priority Areas (Zones 1, 2, and 3) 
Watershed % Total Area Inside Highest  

Priority Areas 

Harris Branch 55% 

Rinard Creek 50% 

North Fork Dry Creek 47% 

Marble Creek 41% 

Carson Creek 32% 

Cottonmouth Creek 29% 

Walnut Creek 26% 

Tanehill Branch 21% 

Lake Creek 21% 

South Boggy Creek 19% 

 

 It spans the distance between I35 and 130, with the edges touching 

both highways. It is also adjacent to the Gilleland Creek Watershed and 

drains into Gilleland creek which has experienced documented 

environmental distress from the development of SH 130 (Gilleland Creek 

Ordinance and Planning Work Group 2009, LCRA 2006). Figure 15 reveals 

Harris Branch topography in the context of Travis county. Figure 16 shows 

neighboring watersheds.  
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Figure 15: Harris Branch Watershed 

 

Figure 16: Harris Branch Watershed 
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Step 2: Alternate Drainage Area Threshold Analysis 

The City of Austin’s Watershed Planning and Protection Department 

provided the Harris Branch DEM used in this report. The watershed data file 

is a polygon file derived from LIDAR data collected by Sanborn Inc. in 2003. 

This LIDAR data is used to create Digital Elevation Models (DEMs), which 

are much more accurate than DEM downloaded from the USGS (COA, 

watershed layer metadata). 

An accurate topographical map is the basis for all stream network 

maps and is where drainage area analysis begins. Light Detection and 

Ranging (LiDAR) is an active, remote-sensing technology that can be used to 

develop high resolution topographical data over large areas. If accurate, this 

data can be used to interpolate a Digital Elevation Model (DEM), which are 

in turn used to map river systems based on drainage area thresholds.  

 A DEM is a digital representation of an elevation surface.  Examples 

include a (square) digital elevation grid, triangular irregular network, and a 

set of digital line graph contours or random points. DEMS can be used to 

extract channel networks, drainage divides, flow paths, and topographic and 

morphological features of a catchment area.  
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Figure 17: DEM of Harris Branch 

  

(DEM provided by the City of Austin WPDRD) 

 

 ArcGIS 9 has a spatial analyst extension with a set of hydrology tools 

that will be used to redraw the stream networks for a section of Harris 

Branch watershed. These hydrology tools can be applied individually or used 

in a sequence to create a stream network or delineate a watershed. The tools 

used for the purposes of this report will be used in the following sequence: fill, 

flow direction, and flow accumulation. The fill tool is used to clean up the 
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DEM and reduce error. The Flow Direction tool is then used to create a raster 

file that describes the direction of surface water flows. The results can then 

be used to generate a flow accumulation grid using the Flow Accumulation 

tool. This is the final raster layer that is used to draw new creek centerlines 

based on reduced drainage area thresholds.  

 

 Fill 

 The fill hydrology tool can be used to fill sinks, or cells with an 

undefined drainage direction, in a surface raster removing small 

imperfections in the DEM caused by roads or other obtrusions. These 

imperfections create broken stream lines by causing gaps in flow direction 

grid (Wadsworth 2010, pp3). The pour point is the boundary cell with the 

lowest elevation for the entire contributing area for the sink. This is the point 

where water exits the system.  The high frequency and repetitious nature of 

the fill data demands strong central processing unit (CPU) and data storage 

capabilities (ESRI 2006). 

 

 Flow Direction 

 Once the data has been filled and some of the errors have been 

corrected, the flow direction hydrology tool is used to generate an output flow 
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direction raster file. This data shows the flow of cells with a flow direction 1, 

2, 4, 8, 16, 32, 64, or 128. Cells without these values have an undefined flow 

direction. This implies that they only receive flow.  

 A single flow direction grid was generated. This is a numerical 

representation of the flow direction field in which each cell takes on one of 

eight values depending on which of its eight neighboring cells is in the 

direction of steepest descent 

 

 Flow Accumulation 

 The flow accumulation hydrology tool generates a raster file that 

depicts the accumulated flow to each cell. Flow accumulation data can be 

used to generate stream networks by applying a threshold value to specified 

cells with the highest accumulated flow.   

 

Figure 18: Flow Direction to Flow Accumulation 

 
      (ESRI 2006) 

 



 

54 

 Create a Drainage Area Threshold Stream 

 The number of 10 ft cells in a specified drainage area threshold was 

calculated using the flow accumulation grid and the Single Output Map 

Algebra tool, a spatial analyst tool in ArcGIS.10. Table 5 shows the number of 

cells identified in the flow accumulation grid that equal specified drainage 

areas thresholds. Any flow path that has a value of 2,178 or more is draining 

at least 5 acres.  

 

Table 5: Number of Cells Contributing to Drainage-Area-Thresholds 

Creek Drainage 

Area Threshold: 

Number of 10 ft cells 

1280 acres  556,000 

640 acres  278,000 

32 acres  140,000  

64 acres      27,878 

32 acres      13,939 

16 acres        6,970 

5 acres        2,178 

 

 

 

 

 

                                                
10

 The following formula was used: [ desired drainage area threshold (acreage) * 43,560 ft
2
/acre ] / cell area 

= number of cells in drainage area threshold.  

Example: [64acres*43,560 ft
2
/acre] / 100 ft

2
 = 27,878  
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Step 3: Buffer Creation and Comparison  

If suburban waterways are redefined to have lower drainage area 

thresholds, creek centerlines will extend further into the watershed they 

define. Once documented on a map, these new branches of creek centerline 

extensions can be protected by setback requirements. Table 5 on the following 

page shows current setback standards for Urban and Suburban waterways 

compared to the more inclusive setback approaches that can result from 

reduced drainage area thresholds.  

 

Table 6: Waterway Setback Adjustments 

 Drainage Area Thresholds for Creek Delineation  

Drainage 

Area 

(acres) 

 

5 acre 

 

16 acre 

 

32 acre 

 

64 acre 

 

Current 

Urban 

 

Current 

Suburban 

 Waterway Setbacks 

5-64 25ft X X X X X 

16-64 25ft 50ft X X X X 

32-64 25ft 50ft 50ft X X X 

64-150 50ft 50-100ft 50- 100ft 50-100ft 50-400ft X 

150-320 50- 100ft 50- 150ft 50- 150ft 50- 150ft 50- 400ft X 

320-640 50- 200ft 50- 200ft 50- 200ft 50- 200ft 50- 400ft 50- 100ft 

640-1280 50- 400ft 50- 400ft 50- 400ft 50- 400ft 50- 400ft 100- 200ft 

> 1280 50- 400ft 50- 400ft 50- 400ft 50- 400ft 50- 400ft 200- 400ft 

 

Figures 19a, 20a, 21a, and 22a show adjusted creek centerlines based 

on reduced drainage area thresholds for one site. The numbers represent flow 
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accumulation grid calculations for how many 10ft cells are draining into the 

creek at the specified locations. Figures 19b, 20b, 21b, and 22b represent the 

same creeks but with the cell number converted to drainage area in acres. 

Figure 16c, 17c, 18c, 19c represent potential buffer requirements based on 

the maximum setback distance stated in Table 7 above.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

57 

Figure 19: 64 acre creek 

19a: Pixel Values                         19b: Drain Acreage 

  �   

 

19c: Creek Setbacks Under New Threshold Requirements 
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Figure 20: 32 acre creek 

20a: Pixel Values      20b: Drain Acreage 

  �  
 

20c: Creek Setbacks Under New Threshold Requirements 
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Figure 21: 16 acre creek 

 

21a: Pixel Values        21b: Drain Acreage 

  �  
 

21c: Creek Setbacks Under New Threshold Requirements 

 



 

60 

Figure 22: 5 acre creek 

 

22a: Pixel Values         22b: Drain Acreage 

  �  
 

22c: Creek Setbacks Under New Threshold Requirements 
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Figure 23 is a comparison of the creek buffers that could result from 

reduced drainage area thresholds combined with more inclusive setback 

requirements [also previously represented by Figures 19c, 20c, 21c, and 22c.] 

Without any measurements, this series of buffers demonstrate that 

protecting lower order creeks will preserve and protect more acreage than 

current development patterns.  

Extending creek centerline branches further up the watershed will 

protect more headwater streams and creeks while ate the same time 

establishing connected greenways that can serve hydrological, ecological, and 

recreational purposes. The COA Watershed Protection Department has 

stated that length and continuity contribute more to the benefits of creek 

setback than width (Gilleland Creek Ordinance and Planning Work Group 

12/4/2009, pp3)  
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Figure 23: Waterway Buffer Comparison 

 

Figure 23a: 64 acre creek      Figure 23b: 32 acre creek  

  
 

Figure 23c: 16 acre creek       Figure 23d: 5 acre creek 
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Ch. 5: Discussion  

The following chapter discusses variables that are not accounted for in 

the analysis described in Chapter 4 including vegetative cover, soil 

composition, and slope. These factors can have a significant influence on a 

creek networks’ ability to prevent erosion, treat NPS pollution, and manage 

stormwater flows.  

The steps taken in this professional report are simplified versions of 

what should be done in professional practice. There are many other variables 

to consider that could change to results of each step in the analysis. However, 

access to time and resources may demand that a fast and simple assessment 

of drainage area thresholds be conducted. In such a case, repeating the 

processes set forth in this report is appropriate and absolutely better than 

conducting no such analysis at all.  

 

 Vegetation for Buffers in the Eastern Watersheds 

 East Austin was prairie grasslands before it was settled and developed 

as farmland. In order for creek buffers to maintain their natural function, 

native grass species should be used as vegetative cover. While this is a broad 

recommendation for the DDZ, in practice, the vegetative cover required 

should be determined on a site by site basis to accommodate varying land 
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uses and circumstances. If the buffer zone is less than 75 feet in total width, 

forestation and vegetative installments of larger plants, such as trees or 

shrubs, may be necessary for the buffer to effectively serve as an agent of 

water quality improvement (Gilleland Creek TMDL Ordinance and Planning 

Work Group 2008). Since buffer lengths can vary based on site circumstances, 

vegetative requirements should reflect the needs of the site.  

  

Process Critique 

Suitability Analysis 

Based on the suitability analysis, Harris Branch is a Suburban 

watershed that is under relatively more pressure for development and 

exhibits more environmental risk than other watersheds in the DDZ. The 

suitability analysis can be used by any city or planning agency that wants to 

prioritize watersheds by risk in order to plan for further investigation into 

policies that affect the shape of new development. However, it is important to 

recognize that the value of importance applied to each variable is likely to 

change from region to region due to variation in data quality, resolution, and 

arbitrary influences such as community values. 
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 Headwater Characteristics  

 The method of drawing new creek centerlines used in this report, does 

not produce the most accurate results primarily because it ignores several 

important elements that can have a profound effect on watershed hydrology.   

There is more variability in nature in deciding where streams begin than can 

be extracted from the elevation alone. Other factors include but are not 

limited to slope, climate, soils, and geology. Channels on steep slopes begin 

abruptly and usually result from landslides. Channels on gentle slopes begin 

gradually and bear evidence of overland flow. One study conducted in Oregon 

and California revealed that there is an inverse correlation between slope at 

the head of a channel and the area size of the source (Montgomery et al. 

1988, pp232).  

 The elevation-based creek delineation process used in this report also 

assumes that stream networks occur by branches of the network extending 

from the base. There are studies that indicate hillside channels in the 

Tennessee Valley and southern Sierra areas are broken and have gaps in the 

channel pathway. In these areas hill slope is a dominant factor in dictating 

where the source of a waterway begins. (Montgomery et al. 1988, pp234).  

 

 



 

66 

Creek Delineation  

In a study done in 2004, the most accurate headwater stream maps 

were derived by using a hydro-enforced TIN for generating the base DEM, 

and extracting the stream network from this base DEM using ArcHydro and 

the AGREE algorithm (Garcia 2004, pp28).  In this study, a hydro-enforced 

TIN was used to generate the DEM of Harris Branch watershed. However, 

due to CPU and other resource constraints, the AGREE model was not used 

and a generalized channel network delineation method was employed using 

simpler tools in the ArcGIS spatial analysis extension.  

The AGREE model incorporates more of the aforementioned variables 

ignored by the analysis used in this report. While these creek centerlines are 

less accurate than the AGREE model can provide – they are able to quickly 

depict what an extended buffer would probably  look like on the ground. 

When in need of greater accuracy, the AGREE method should be employed. 

However, when time and resources are limited, the simple spatial analysis 

can still provide valuable insight on the appropriate drainage area for a 

specific watershed.   
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Ch. 6: Recommendations 

Headwater streams are valuable and should be protected. One way to 

preserve these lowest-order streams is to include more of them in creek 

setback requirements. This final chapter describes recommendations for 

improving creek setback requirements by making them more inclusive. 

 

 Drainage Area Threshold Reduction  

 Reducing drainage area threshold can help stretch creek buffers 

further up the watershed. Creek setbacks contribute to the first step in open 

space design: pre-development preservation otherwise known as greenling.

 Reduction to drainage area coupled with more inclusive setbacks will 

not alone promote open space design with clustered development. This stems 

from the fact that creeks do not touch upon all cherished open spaces. 

Cherished open spaces can consist of farmland, prairie, or mountain ridges. 

Other regulatory or incentive-based mechanisms need to be used to promote 

open space design described by Randal Arendt. Reducing drainage area 

threshold can be one of a multiple of development code alterations and 

incentives that lead to the adoption of open space design in Austin, Texas. 
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 Regional Level of Buffer Planning 

  Future research should seek to identify the cumulative effects of 

preserving headwater streams on a regional scale. Headwaters data should 

be collected from participating municipalities and agencies. Comparisons of 

the degree of headwater protection, and damage from erosion downstream 

can reveal if more inclusive policies are measurably beneficial. Existing 

regional planning groups, such as Envision Central Texas, have already 

created a forum for dialogue about regional planning goals. This organization 

would be an appropriate orchestrator of research to bear evidence on the 

impacts of creek setback requirements. 

 

Map Lower Order Streams Locally 

When considering all of the characteristics that bear influence on the 

formation and function of creek systems, it becomes evident that processing 

the large datasets requires refined software, and the appropriate CPU size 

with significant data storage capacity. Also, headwaters can have a tendency 

to change course or formation in response to nearby changes in land use.  

Mapping these lower order creeks should be done at the local level because 

they are resource intensive and need to be revised on a regular basis.   
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 Flexible Buffer Laws 

 There is some empirical evidence that length and continuity of the 

buffer is more important than the width. New regulations should reflect this. 

If buffer length is increased, buffer width downstream can be appropriately 

decreased.   

 It is also important that if such regulations be adopted, that they are 

flexible to accommodate the variety of development types, geological 

elements, impervious coverage, and watershed characteristics. As was the 

case for the LCRA Highland Lakes ordinances, flexibility in solutions to 

development impacts empowers the development community and offsets the 

sentiment that environmental protections hinder economic growth.   

   

Inclusion by Critical Mass  

Figure 23, shown again on page 71, shows how creek setback area 

increases as drainage area threshold requirements are reduced. For the study 

area in these maps, conservationists with the objective of water quality 

protection and preservation of wildlife corridors may argue that the most 

protective drainage area threshold is best, therefore the 5 acre drainage area 

is appropriate. Developers and property owners may assert that 5 acre creeks 

impose too many restrictions and hinder economic investments in the 
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community. Somewhere between the 32 acre creek and the 5 acre creeks, a 

critical mass appears to be reached. Critical mass is the amount or level 

needed for a specific action to occur. At some point there are so many 

branches in a small area, that the economic cost is too great.  

Figure 23a: 64 acre Figure 23b: 32 acre  

  
 

Figure 23c: 16 acre Figure 23d: 5 acre  

  
 

As long as we have longer reaching creek centerlines, creek setback can 

include more headwaters. The excessive branching in Figure 23d appears to 

be more than is necessary to accomplish goals achieved by preserving creek 

setbacks. I recommend that municipalities review the effects of reducing 
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drainage area threshold for each watershed, and then identify the drainage 

area threshold that, when protected by setback requirements, allows for 

extended and connected greenways as well as an increase in density.  

A critical mass ratio should be applied when establishing creek setback 

requirements for a watershed. The Critical Mass Ratio follows the rule below.  

Critical Mass Ratio = Creek Branch Allotment 

           Creek Branch Distance 

 

 

For example, if it is determined that there should be no more than 1 

branch per 10 feet, the Critical Mass Ratio = 1/10. This ratio will vary from 

watershed to watershed. However, watersheds that share many of the same 

characteristics will have ratios that are similar in value. Calculating this 

critical mass ratio can help cities determine the drainage area threshold 

necessary for areas under pressure for development by establishing dialogue 

for a cost-benefit analysis.  

The Critical Mass Ratio is one way to look at the connection between 

creek centerlines and initiation of new creek channels. While one does not 

cause the other, looking at the shape of creeks with different drainage area 

threshold will can help regulators decide which drainage area threshold is 

most appropriate for a watershed.  
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 The Austin Watershed Protection Master Plan acknowledges that 

there are problems with planning for growth when only one objective is 

considered at a time. When stormwater management, water quality, and 

erosion control efforts are being designed, they should be coordinated. For 

example, a concrete flood stormwater channel might solve a flooding problem, 

but it might also speed up flows and cause excessive erosion downstream 

(Drew et al 2008, pp2). Creek buffers effectively work to achieve all three 

goals and when planning for the growth of a city, solutions that address more 

than one problem should be considered first. 
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Appendix A: ArcGIS Data Sources 

 

All maps were made using the following Projected Coordinate System:  

 NAD_1983_StatePlain_Texas_Central_FIPS_4023_feet  

 

Data from the City of Austin Website: 

Land Use from 2006 

Future Land Use 

Parcels from 2008 

Watersheds 

Potential Creek Greenways 

Street centerlines 

Recharge Area Boundaries 

Aerial Photos from 2008 

 

Data from Watershed Protection and Review Dept. 

Harris Branch watershed DEM 

 

Data from the City of Austin Parks and Recreation Department 

Springs 

Wetlands 

Bird Habitat 

 

Data from the General land Office: 

Urbanized Areas 

 

Data from the Texas Water Development Board.  

Hydrology  

 

Capital Area Council of Governments 

2008 Parcels boundaries 

2008 Land Fragmentation Analysis 

 

 

 

 

 

 

 

 



 

74 

Appendix B: Suitability Analysis  

 

Select the Desired Development Zone polygon from the Comprehensive 

Watershed Ordinance data layer provided by the City of Austin. Create a new 

layer from this selection.  

 

Clip the watershed layer (COA) to the Desired Development Zone Layer. Now 

only watersheds in the desired development zone will be considered for the 

analysis.  

 

Clip the new watershed layer that represents the watersheds in the DDZ to 

the City of Austin Jurisdiction layer.  

 

Clip all variable layers to this final watershed layer so that only variables 

found within these identified watersheds will be included in the analysis. The 

following layer files were clipped to such boundaries: Major Roads, Land Uses 

from 2006, Springs, Potential Greenways, Wetlands, and Identified Wildlife 

Habitat.  

 

From the newly clipped Land Use 2006 layer, the industrial, open space, and 

undeveloped parcels were identified. Separate layers of each parcel type were 

created. 

 

Once all of the variable layers have been clipped to the DDZ and Eastern 

Watershed Boundary, their feature classes need to be simplified so that they 

only represent the fields being represented in the analysis. This is 

accomplished using the dissolve tool. 

 

Once the layers are dissolved, we can begin the raster analysis using ArcGIS 

spatial analysis tools. Set the extent of the spatial analysis to the study area 

and run a straight line analysis to determine direct proximity to the 

variables.  

 

Once all of the variables have been assessed, their results are combined and 

weighted according to the value of importance using the raster calculator.  

 

Tolerance for landfills given 0.5 miles to better include effects of leaching 

from sources outside the study area.  
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Appendix C: Drainage Area Threshold Recalculation 

 

The DEM provided by the City of Austin Watershed Protection and 

Development Review Department  

 

The output cell size, or resolution, of the analysis should be the same as the 

DEM layer.  

 

Fill � Flow Direction � Flow Accumulation 

 

Since the original DEM is an interger grid, this grid should also be an 

interger grid.  

 

Generate Drainage Area threshold Stream 

 

When creating a drainage area threshold stream, employ the Single Output 

Map Algebra calculator, a Spatial Analyst tool. The following formula is 

entered into the expression window: “ con(fac >= [number of cells draining 

into sink], 1, 0)”.  

 

Draw New Creek Buffers 

 

Open the Identify tool window.  

 

Set the ‘Identify from’ option to the Flow Accumulation Grid result layer.   

 

Click on newly identified sink points of buffer system. These are the 

intersections of the lower order streams with their respective higher order 

streams.  

 

The pixel value is then used to calculate drainage area. Multiply the pixel 

value of the sink[number of ells draining into the sink] by 100ft2 [area of cells 

on the DEM] and divide the result by 43,560ft2. 
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Appendix D: City of Austin Water Quality Code 

 

§ 25-8-91  WATERWAY CLASSIFICATIONS. 

     (A)     This section classifies the significant waterways in each watershed 

according to drainage area. 

     (B)     In a suburban watershed: 

          (1)     a minor waterway has a drainage area of at least 320 acres and 

not more than 640 acres; 

          (2)     an intermediate waterway has a drainage area of more than 640 

acres and not more than 1280 acres; and 

          (3)     a major waterway has a drainage area of more than 1280 acres. 

     (C)     In a water supply suburban watershed: 

          (1)     a minor waterway has a drainage area of at least 128 acres and 

not more than 320 acres; 

          (2)     an intermediate waterway has a drainage area of more than 320 

acres and not more than 640 acres; and 

          (3)     a major waterway has a drainage area of more than 640 acres. 

     (D)     In a water supply rural watershed: 

          (1)     a minor waterway has a drainage area of at least 64 acres and not 

more than 320 acres; 

          (2)     an intermediate waterway has a drainage area of more than 320 

acres and not more than 640 acres; and 

          (3)     a major waterway has a drainage area of more than 640 acres. 

     (E)     In the Barton Springs Zone: 

          (1)     for the Barton Creek, Bear Creek, Little Barton Creek, Little 

Bear Creek, and Onion Creek watersheds: 

               (a)     a minor waterway has a drainage area of at least 64 acres and 

not more than 320 acres; 

               (b)     an intermediate waterway has a drainage area of more than 

320 acres and not more than 640 acres; and 

               (c)     a major waterway has a drainage area of more than 640 acres; 

and 

          (2)     for the Slaughter Creek and Williamson Creek watersheds: 

               (a)     a minor waterway has a drainage area of at least 128 acres 

and not more than 320 acres; 

               (b)     an intermediate waterway has a drainage area of more than 

320 acres and not more than 640 acres; and 

               (c)     a major waterway has a drainage area of more than 640 acres. 

Source: Sections 13-2-521, 13-2-541, 13-2-561, and 13-2-581; Ord. 990225-70; 

Ord. 031211-11. 
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Glossary: 

 

BSEACD   Barton Springs/ Edwards Aquifer Conservation District  

COA   City of Austin 

CPU   central processing unit 

CWQPZ  Critical Water Quality Protection Zone 

DEM   digital elevation model 

EPA   Environmental Protection Agency 

ETJ   extra-territorial jurisdiction  

FEMA  Federal Emergency Management Agency 

GIS   geographic information system 

LCRA   Lower Colorado River Authority 

TCEQ   Texas Commission on Environmental Quality 

TGLO   Texas General Land Office 

TMDL  Total Maximum Daily Load 

TNRIS  Texas Natural Resource Information Service 

TSSWCB  Texas State Soil and Water Conservation Board 

TXDOT  Texas Department of Transportation 

USEPA   United State Environmental Protection Agency 

USFWS  United States Fish and Wildlife Service 

USGS   United States Geological Survey 

WPDRD  Watershed Protection and Development Review Dept. 

WQTZ  Water Quality Transition Zone 
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