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Urban areas experience the loss of natural stream channels through conversion to 

artificial conveyances.  This process tends to target headwater and other low order 

streams.  The purpose of this study is to determine the patterns of stream loss in Denton, 

Texas, and explore the regulatory structure that manages these streams.  Historic and current 

maps and stream data are used to map Denton’s streams and categorize them according to 

their vertical connectivity as: 1) “intact”, streams that are open to the atmosphere and connect 

to groundwater; 2)  “concrete”, channelized streams open to the atmosphere but cut off from 

groundwater; and 3) “buried”, streams disconnected from the atmosphere and groundwater.  A 

review of federal, state, and local regulatory codes and interviews with local government 

officials and other stakeholders elucidates stream management in Denton.  Results from these 

analyses reveal high rates of stream loss in the urban center with low rates overall.  The federal 

Clean Water Act and the local Environmentally Sensitive Areas code serve as the primary 

protective measures for natural streams.  These regulations discourage stream impacts through 

expensive and complex permitting requirements.  However, the policies allow minor impacts 

that may cause cumulative effects.  This study aims to inform future policy-making decisions 

and contribute to the knowledge of the environmental regulation of streams. 
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CHAPTER 1 

STREAM LOSS: WHAT IT IS AND WHY IT HAPPENS 

Introduction 

Streams are an important and beneficial feature on the landscape.  They provide a 

multitude of services to society, both as simple conveyances of water and as an integral part of 

aquatic ecosystems (Tsakaldimi & Tsitsoni 2015).  On a landscape scale, low-order streams may 

seem unimportant as any single stream reach may make up a small fraction of the total 

catchment area.  However, low-order streams together make up a large proportion of the 

entire watershed (Meyer & Wallace 2001).  Unfortunately, the small size of these streams 

leaves them vulnerable to pollution, physical alteration, and other forms of degradation. 

The process of urbanization in particular has a drastic effect on the environment and 

results in a suite of impacts to streams (Walsh et al. 2005).  Currently half of the world's 

population lives in urban areas and that number is growing as more people move to cities 

(United Nations 2014).  As urbanization continues stream ecosystems are replaced with urban 

infrastructure, and cities lose the services that were once provided by healthy streams.   

If streams are so important, why do we not protect them?  Our society relates to the 

environment through a complex system of interacting organizations.  The framework of 

environmental governance is one way of understanding this system.  Lemos and Agrawal (2006) 

describe environmental governance as the system through which individual actors and 

organizations affect environmental outcomes.  They argue that there are three main groups––

state, market forces, and community interests––that interact to form partnerships and 

contestations to manage natural resources (Lemos and Agrawal 2006).  Ideally, this results in a 
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more democratic system and allows different actors to leverage various strengths in dealing 

with environmental issues.  Regardless it creates a system with high diversity due to the wide 

range of local conditions.  How streams are protected therefore varies by location. 

To contribute to the literature on the governance of streams, this study focuses on the 

processes and outcomes on streams of environmental governance in a specific locality.  How 

effective are the regulations that protect streams in the City of Denton, Texas?  I hypothesized 

that Denton would display significant stream loss concentrated in the urban center and that the 

structure of governance would give priority to larger water bodies and economic concerns.  To 

test this hypothesis, I mapped and classified streams in the City of Denton, analyzed local 

policy, and investigated the structure of local water governance.  This research aims to inform 

future policymaking decisions and advance the knowledge of stream governance. 

 
Background Literature 

Stream Degradation 

Streams are affected by anthropogenic activities in various ways.  First, urbanization 

often results in the reduction or complete removal of riparian buffers (Roy et al. 2014).  A 

healthy river typically has a large riparian buffer surrounding it that consists of tall trees on and 

near the river banks and lower vegetation as you move away from the channel (Sweeney 

2004).  Vegetation provides organic matter inputs, absorbs floodwaters, sequesters nutrients, 

and can remove pollutants (Castelle 1994, Sweeney 2004, Roy et al. 2014).  As the areas around 

streams are built up, riparian buffers are the first to be affected through deforestation.  Second, 

excess fertilizers from agriculture and other pollutants further stress stream systems (Paul & 

Meyer 2001).  In urban areas, impervious surfaces are prevalent, leading to more stormwater 
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runoff and increasing sediment loads (Walsh et al. 2005).  Third, urban streams are often 

channelized by straightening reaches.  Channelization shortens the overall length of a stream 

and generates faster, higher peak flows during flooding (Walsh et al. 2005).  Together, the 

higher flood peaks, increased nutrient and pollution content, modified physical structure, and 

decreased species richness that characterize urban streams is referred to as “urban stream 

syndrome” (Walsh et al. 2005).  Finally, an extreme form of stream degradation, and perhaps 

the least well studied, is the physical alteration of stream channels. In urban areas, many 

streams are channelized, culverted, paved over, replaced with piping, or simply filled in leading 

to a direct channel loss (Elmore & Kashal 2008, Stammler et al 2013, Napieralski 2015, Julian 

2015).   

There are many processes that can lead to the loss of stream channels in urban areas.  

Many of these processes occur to control flooding.  Urban streams are frequently channelized, 

straightening out the meanders, to increase flow velocity in order to reduce local flooding.  This 

process not only reduces total stream length but decreases habitat diversity (Karr & Schlosser 

1978).  Some of these channels have the streambed and banks covered with concrete to 

prevent erosion.  This separates the stream from the groundwater and eliminates the benthic 

ecosystem.  In the past, urban streams were often used as sewers; as these cities grew the 

streams were covered up for sanitary reasons (Broadhead 2013).  In modern cities, this also 

occurs when stormwater systems are integrated with, or simply replace, streams.  As 

impervious surface cover increases, less water infiltrates into the ground.  This mechanism, 

often combined with groundwater withdrawals, lowers the water table.  If the water table 

drops too far streams will dry up even if the land had been conserved. 
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Rates of stream burial are affected by several physical factors such as topography, soil 

type, and stream order.  Weitzell et al. (2016) found that, while the main correlate to stream 

loss was impervious surface cover, rates of stream burial were negatively correlated with slope.  

In other words, streams in flatter areas are the first to be paved over.  In a rural, mostly 

agricultural area, it was found that there was less stream burial in areas with rocky or clay soils 

and less precipitation (Stammler 2013).  Generally speaking, these studies show that there will 

be higher rates of stream burial in landscapes that are conducive to human use. 

The size of a stream also influences how likely it is to be buried.  A first order stream is 

one with no tributaries; these streams are therefore quite small.  Most studies have found that 

first order streams are buried at the highest frequency (Elmore & Kaushal 2008, Julian 2015, 

Meyer & Wallace 2001, Stammler 2013).  This presumably is due to the extra difficulty in 

burying larger streams, the sheer number of first order streams in a watershed, and regulatory 

practices (Elmore & Kaushal 2008, Julian 2015). 

Stream loss occurs across all human-modified landscapes (e.g., agricultural areas, 

Stammler 2013), but urban areas display the highest rates of stream loss, with localized areas 

showing up to 100% stream loss in regions termed “urban stream deserts” (Napieralski 

2015).  Stream burial, or at least channelization, occurs across the US (Napieralski & Carvalhaes 

2016) as well as in Europe (Broadhead 2013, Tsakaldimi 2015), and Asia (Asakawa et al. 2004, 

Kim et al. 2008).  The general trend that has been found is that the more dense areas, city 

centers for instance, show the highest rates of stream loss.  As you move away from these 

areas and impervious surface cover decreases, so do rates of stream loss (Weitzell et al. 2016).  

In the city of Baltimore, for example, 66% of the streams are now buried while the larger 
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metropolitan area has lost 20% to burial (Elmore & Kaushal 2008).  One watershed near 

Atlanta, Georgia, was estimated to have lost a third of total stream length to burial, while the 

Rogue River watershed near Detroit has lost 22% of its streams since 1949 (Meyer & Wallace 

2000, Napieralski 2015). These rates are often low estimates as it is almost impossible to 

determine the full natural extent of a river network (Meyer & Wallace 2000, Stammler 2013). 

 

Stream Ecosystem Services 

The River Continuum Concept developed by Vannote (1980) describes river systems as a 

gradual, interconnected continuum of physical, chemical, and biological processes.  According 

to his theory, small streams like headwaters depend almost entirely on terrestrial input of 

material and as you go downstream the ecosystem relies more and more on in-stream 

transport (Vannote 1980).  The biota in large rivers or lakes, therefore, depends upon these 

small streams to accumulate nutrients and organic matter and transport them downstream.  

Small streams are also efficient at cycling nutrients due to their size which creates a high ratio 

of stream bed area to water volume.  The hyporheic zone, basically the stream bed, is where 

interchange occurs between groundwater and the stream (Morrice 2000).  Inorganic nitrogen is 

cycled into forms more amenable for biotic uptake, and much of the nitrogen is simply released 

through denitrification (Peterson et al. 2001).  Finally, small streams provide a specific habitat 

that certain species require or use as refuge (Meyer et al. 2003).   

In human settings, especially urban areas, ecological integrity is often neglected while 

economic growth is given priority.  Yet, natural ecosystems serve many functions and perform 

many processes that benefit society; framing ecological functions in this manner can be useful 
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to prove the importance of healthy ecosystems (Palmer 2004).  This concept of identifying what 

ecological functions are useful to society is commonly referred to as ‘ecosystem services’ 

(Millennium Ecosystem Assessment (MEA) 2005).  According to the MEA (2005), there are four 

general categories of ecosystem services: provisioning, regulating, supporting, and cultural.  

Provisioning services provide actual products such as food, water, wood, or energy.  Regulating 

services control and mediate natural systems such as air quality, flood control, or carbon 

sequestration.  Supporting services are needed for the continued functioning of ecosystems 

and therefore are the basis for all other services.  Some supporting services are primary 

production, photosynthesis and nutrient cycling.  Cultural services are intangible benefits such 

as recreation, aesthetic value, or sense of place.   

A healthy stream offers many of these different types of ecosystem services.  Streams 

provide water for municipal use and in some cases food resources (Everard & Moggridge 2012).  

By cycling and absorbing nutrients, as well as sequestering sediments, streams improve water 

quality  (Meyer & Wallace 2000, Alexander 2007, Kaushal & Belt 2012).  Streams have the 

ability to replenish groundwater or, alternatively, are replenished by groundwater depending 

on weather conditions.  A natural stream is also sinuous, slowing the water flow and therefore 

reducing flood peaks (Palmer 2013).  Studies have also shown that water bodies regulate 

microclimate, and can cool surrounding areas (Sun & Chen 2012).  Urban areas often have a 

heat island effect and streams have been shown to locally mitigate this (Kim et al. 2008).  

Finally, streams can offer many cultural services.  Urban areas in particular tend to lack natural 

spaces which can increase stress among residents (Hartig 1991).  Streams provide a natural 

element on the landscape which can decrease stress and provide restorative mental health 
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benefits (Hartig & Kahn 2016).  Local residents can also use a stream recreationally, and view 

them as aesthetically pleasing (Yli-Pelkonen 2006).   

Urban streams are subject to a variety of impacts that degrade the stream, alter 

ecological processes, and reduce the provisioning of services.  Many of these impacts occur 

simply due to the high proportion of impermeable surfaces and greater rates of pollution in 

urban settings.  When an urban stream is buried, or encased in a pipe, it still receives the same 

input of polluted runoff but is also disconnected from the soil, groundwater and from other 

terrestrial inputs such as sunlight or leaf litter.  Burial of a section of stream channel degrades 

the ecological functioning compared with open reaches.  Specifically, studies have found that 

the buried portions of a stream had lower rates of nitrogen uptake and less primary 

productivity (Beaulieu et al. 2014, Hope et al. 2014).  In terms of wildlife habitat, one study on 

aquatic insects found that small culverts—piped sections of stream across a road—presented 

enough of a barrier that population size decreased significantly with each road crossing (Blakely 

2006). 

Certain services, such as provision of municipal water supply, are easily assessed and 

valued by municipalities.  Other functions, such as wildlife habitat, provide more indirect 

benefits which may be unknown to policy makers.  There has been little research that 

specifically addresses which ecosystem services provided by streams are valued in urban areas.  

Bolund & Hunhammar (1999) catalogued all ecosystem services that the city of Stockholm 

received from a variety of ecosystem types.  They concluded that streams provided 

microclimate regulation and recreational/cultural value (Bolund & Hunhammar 1999).  Lundy & 

Wade (2011) compared ecosystem services provided by different types of water bodies, 
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including both “channelized watercourses” and “natural and restored watercourses.”  They 

found that channels have greater erosion control than natural watercourses but fail to provide 

primary production, oxygen production, soil formation, or any of the cultural services.  One 

study evaluated the services provided by a stream in London, and gave the highest value to 

tourism and recreational use of the surrounding park (Everard & Moggridge 2012).  They also 

found that the stream regulated microclimate and air quality, protected against erosion, and 

provided flood control (Everard & Moggridge 2012).  Unfortunately, none of these studies 

offers the perspective of the city or municipality that would benefit from the stream.  It is 

unknown whether or not the local governments knew about or valued the ecosystem services. 

Urban stream restoration, because it is most often implemented by the municipality, 

can give insight into how municipalities value urban stream services.  Stream restoration is the 

practice of improving the condition of a degraded stream, and many cities have allocated 

sizable funds towards these projects (Bernhardt & Palmer 2007).  By investing in these streams, 

they are hoping to restore one or more of the ecosystem services that stream would provide.  

One analysis of restoration projects in the Mid-Atlantic and the greater Chicago area found that 

most objectives focused on protecting or stabilizing the stream banks and slowing the flow of 

water (Brown 2000).  In Seattle, Washington, a number of streams have been restored in order 

to recover salmon spawning grounds (Booth 2005).  Bernhardt et al. (2005) attempted to 

review all stream restoration projects in the US.  They found that goals varied, but commonly 

included enhancing water quality, managing riparian zones, improving in-stream habitat, 

providing fish passage, and bank stabilization.  One unique example of a stream restoration 

project is the Cheonggyecheon creek in Seoul, South Korea.  This stream previously had a 
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highway running over it and the project ending up costing hundreds of millions of dollars.  

While improving the aesthetics, increasing tourism, and ecology were all seen as goals, the 

main purpose of the project was symbolic; the government of Seoul wanted to present a new 

vision of the city as friendly towards both people and the environment (Nam-choon 2005).  As 

demonstrated by the variety of different goals, streams provide many different services for 

cities. 

Scientists studying stream restoration projects have found a number of resultant 

benefits, though these may not always correspond to the original intent of the project and 

rarely, if ever, do streams reach pre-disturbance conditions (Booth 2005, Violin et al. 2011).  

Some of these studies have assessed the perspectives and values of local residents.  Purcell et 

al. (2002) surveyed residents living near a 70-m stretch of previously culverted stream after it 

was restored.   They found that most residents responded positively to the project and believed 

the main goals were to “rejuvenate native biology/landscape”, improve aesthetics, and improve 

water quality.  A city engineer, meanwhile, had actually determined that it would be cheaper in 

the long term to restore the stream than to maintain the original culvert (Purcell et al. 2002).  

Other studies on stream restoration have concluded that projects with high degrees of 

community involvement are more successful in the long term and lead to positive local 

perceptions of the stream (Smith et al. 2016).  In Japan, Asakawa et al. (2004) found that local 

residents view nearby stream improvements more positively if the project includes recreational 

use, aesthetic improvement, safe access for swimming, and community participation.  Studies 

not focused on restoration also  show that people prefer landscapes with water features (Lundy 

& Wade 2011) especially in arid or semi-arid environments (Burmil et al. 1999).  Though it is 
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hard to quantify the cultural benefits of streams, these studies all show that residents do place 

value on them. 

 

Stream Governance 

Stream burial is a direct result of development and urbanization and is therefore driven 

by political, economic and social factors.  Together, these factors form a structure of 

environmental governance.  Lemos and Agrawal (2006, p. 298) define environmental 

governance as “the set of regulatory processes, mechanisms and organizations through which 

political actors influence environmental actions and outcomes.”  Though laws are established 

by governments, governance also includes market forces and community interests.  These 

actors collaborate, form partnerships, and engage in conflicts with each other to form a 

complex administration over natural resources (Lemos and Agrawal 2006).  The governance 

structure is further complicated as each part is itself a conglomerate.   

The government functions hierarchically, from federal to local, while there are a 

multitude of commercial interests competing over resources.  Ideally, these interactions result 

in a more democratic system, which allows different actors to leverage diverse strengths to 

address environmental issues (Emel & Roberts 1995).  In the United States, the main regulation 

that presides over rivers and streams is the Clean Water Act (CWA).  This legislation was drafted 

by Congress in 1971 and became law in 1972.  The CWA is administered and updated by the US 

Environmental Protection Agency (EPA) but regulated by the US Army Corps of Engineers 

(USACE).  Any activity that may impact a stream requires a permit from USACE, however several 

nation-wide permits have been issued that waive this requirement for certain small-scale 
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activities (Meyer & Wallace 2000).  Unfortunately, it has been shown that seemingly minor 

degradations to streams can have major negative ecological effects on downstream areas 

(Meyer, Poole & Jones 2005).   

State and local governments can create their own regulations while local USACE offices 

may have differing interpretations of federal guidelines (Doyle et al. 2013).  The role of 

government agencies in the governance of water bodies therefore varies among regions.  This is 

not surprising, given that offices must deal with varied hydrologic characteristics that require a 

range of local policies (Doyle et al 2013).  At the local level, specific cases are often handled by 

individuals who must make judgment calls as they relate statutory guidelines to unique 

circumstances (Doyle et al 2013).  This can lead to variation in the application of policies.  On 

the other hand, certain criteria can be adopted universally once a locality puts them into 

practice.   

Most studies on water governance explore interactions between the state and certain 

stakeholders.  For example, Gandy (2002) describes the history of drinking water in New York 

City and how the local government lost influence as governance evolved to be more inclusive of 

diverse stakeholders.  In the past, the city was able to make decisions based solely on its own 

interests, but now must compete or cooperate with higher-up government regulatory agencies, 

commercial interest groups (such as farmers or logging companies), and local ecologists.  Emel 

& Roberts (1995) researched different forms of groundwater governance in the Texas 

panhandle and parts of New Mexico.  They found that private ownership with no regulation led 

to greater, possibly unsustainable, groundwater extraction but also that broad state regulations 

were inflexible to specific situations, leading them to support local community governance 
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(Emel & Roberts 1995).  Similarly, Antunes et al. (2009) examine management strategies in 

Europe and advocate for a “deliberative process” that involves taking into account the views of 

all stakeholders (e.g. governmental organizations, environmental non-profit groups, 

hydrologists) as well as future outcomes.  Pataki et al. (2011) propose a framework they call 

“socio-ecohydrology” that incorporates ecology, hydrology, direct human use, and ecosystem 

services to inform and develop best management practices.  These studies suggest a growing 

awareness, at least among academic researchers, that many perspectives and stakeholders 

must be balanced to achieve water governance. 

One area of water governance that illustrates the interaction between government and 

commercial interests is wetland mitigation.  The goal of mitigation is to sustain or increase 

ecosystem services despite development that would otherwise degrade the environment 

(Robertson 2004, Doyle et al 2013).  One way to accomplish this is to require land developers to 

improve or restore a designated area of wetlands, thereby offsetting the area being 

destroyed.  Unfortunately, it is difficult to measure and quantify ecosystem services lost by 

development or gained by mitigation.  This complexity has led many regulators to simplify the 

issue by quantifying wetlands lost and mitigation required by acreage (Robertson 

2004).  Furthermore, the acres that are restored may be in a completely separate wetland.  The 

USCAE originally required compensatory restoration to be administered on-site.  However, 

mitigation banking was created in Chicago when a developer obtained a large plot of damaged 

wetland and asked the local USACE office if he could restore that to mitigate for other projects 

(Robertson 2004).  Mitigation banking is now standard despite the possible differences in 

ecosystem function between wetlands (Robertson 2004).  Another issue with mitigation is the 
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prevalence of Rosgen’s Natural Channel Design approach to stream restoration (Lave 

2014).  This is the most widely adopted approach in the United States for stream restoration yet 

ecologists argue that it is not the most ecological and may even lead to country-wide 

homogenization of stream channels (Lave 2014).  Lave (2014) suggests that Rosgen’s method 

gained prevalence due to the privatization of stream restoration.  Market forces choose this 

method even though empirical studies showed many flaws. 

 

Conclusion 

Streams offer numerous benefits for society including a clean water supply, downstream 

flood control, recreation, and aesthetics.  Anthropogenic changes to the landscape have 

altered, and in some cases removed, streams, thereby reducing or eliminating the services they 

provide.  As municipalities have become increasingly aware of the potential value of streams, 

they have begun to restore streams and take steps to prevent further degradation.  Effectual 

regulation requires the incorporation of a variety of scientific and social viewpoints.  

Environmental governance involves many stakeholders including commercial interests who 

often prefer simplicity and cost effectiveness.  
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CHAPTER 2 

STREAM PROTECTION AND REGULATION: THE CASE STUDY OF DENTON, TEXAS 

The physical loss of streams is a pervasive phenomenon in large urban areas (Napieralski 

& Carvalhaes 2016).  Previous research has shown that many urban streams, especially first and 

second order streams, have been buried underground or channelized and lined with concrete 

(Walsh et al. 2005).  Small streams improve water quality, regulate microclimate, and provide 

many cultural services (Kim et al. 2008, Meyer & Wallace 2000, Yli-Pelkonen 2006).  

Channelization and burial of streams degrades their environmental functioning, resulting in the 

loss of these ecological benefits (Elmore & Kaushal 2008). 

Though spatial patterns of stream loss have been studied to some extent (Julian et al. 

2015, Stammler et al. 2013), less attention has been given to how governance processes 

influence this process.  Water governance involves many stakeholders and, in order to be 

effective, must incorporate local conditions with larger governmental regulations (Doyle et al 

2013).  This leads to varied structures of governance across municipalities, regions, and 

countries.  Research examines environmental governance relating to diverse water-related 

topics such as urban water supply (Gandy 2002), groundwater rights (Emel & Roberts 1995), 

and wetland mitigation (Robertson 2004).  However, there are scant papers connecting stream 

loss to water governance. 

To fill this gap, this research aimed to examine stream governance in the City of Denton, 

Texas.  First, the stream network within the city was mapped and categorized to identify altered 

stream reaches.  Next, the policies and regulations at local, state, and countrywide were 

analyzed.  Finally, stakeholders were interviewed to discuss what perspectives they held and 
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the application of the policies.  Altogether, this study takes a case study approach to reveal the 

structure and efficiency of stream governance in Denton, Texas. 
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CHAPTER 3 

METHODS 

Study Area 

This study focuses on stream loss patterns and the governance processes underlying 

them in the City of Denton, Texas, within the drainage basins that overlap city boundaries.  The 

City of Denton has an area of 246 km2 (U.S. Census Bureau 2016) and includes many small 

streams (Figure 1).  Pecan Creek and Copper Creek are the two largest streams entirely 

contained within the city limits.  The lower Hickory Creek watershed dominates the 

southwestern area of Denton, and parts of Clear Creek run through the northern section.  All of 

these streams flow directly into Lake Lewisville and thus are part of the larger Lake Lewisville 

watershed, which eventually drains into the Trinity River.  The city displays a gradient of 

development from the small urban core, through suburbs, and into open agricultural areas.  

This provides an opportunity to analyze stream loss across the urban-rural gradient.  

The Pecan Creek Watershed runs through downtown Denton and transects through 

heavily urbanized areas (Figure 1).  Hickory Creek overlaps with the southern portion of the city 

but is mostly cropland, pasture, and shrubland.  There are some conserved riparian corridors 

and some parks closer to the city, but in general very little of the overall area remains as natural 

land cover.  The soil underlying this region is mixed with predominantly sandy loam and clay 

soils (Ford & Pauls 1980).  Denton receives an average of 958 mm of rainfall per year though 

this number can vary dramatically, often with droughts punctuated by wetter years depending 

on the influence of El Niño–Southern Oscillation (National Weather Service 2016).  Due to 
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extended periods of hot, dry weather, especially in July and August, most streams are 

intermittent or ephemeral. 

In recent decades, the City of Denton has undergone tremendous urban growth and 

expanded outwards from the city center.  Rapid growth followed the completion of interstate 

35 in 1969, which runs through the city as well as the Dallas/Fort Worth International Airport 

which opened in 1974 (Ahles 2014).  According to U.S. census data, Denton had a population of 

26,844 in 1960.  The population rose to 113,383 in 2010 and was estimated to be 133,808 as of 

July, 2016. This recent surge in development is ideal for studying stream loss patterns and 

processes as the overall landscape has changed significantly in a relatively short period of time 

and suburban development continues to expand. 

The City of Denton also has a history of environmental action (Maqbool 2015).  For 

example, in 2014 a grassroots movement petitioned for a ban on hydraulic fracturing within the 

City.  It went to a public vote, that passed with 59% voting in favor.  Following this, in 2015 the 

Governor signed a law pre-empting that decision and restricting the extent to which 

municipalities can regulate drilling.  In terms of the city’s energy, 40% is produced from 

renewable sources, mainly wind and recaptured methane, and there are plans to expand wind 

and solar power (Dearman 2015).  As well, the city has a program called “Sustainable Denton” 

devoted to “improving our quality of life and protecting our environment” (City of Denton 

2012).  In fact, one of the key focus areas in the City’s strategic plan is “Sustainability and 

Environmental Stewardship” (City of Denton 2016), and specific plans exist for protecting 

water, air quality, open/natural spaces, and other environmental issues.  Another key focus 

area is “Economic Development”.  How the City can balance sustainability with continued 
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growth and development provides a unique opportunity to study local environmental 

governance. 

 
Figure 1: Locations of major streams within the boundaries of the City of Denton.  The 
background is NAIP 2014 high resolution (1m) aerial imagery.  Inset: State of Texas, USA, with 
Denton, Texas (yellow).   

 

Stream Mapping and Classification 

Stream sections were categorized into three groups in accordance with their vertical 

connectivity.  A “buried” stream is cut off entirely from all inputs: atmospheric, terrestrial, and 

groundwater.  This includes culverts as well as headwaters that have been completely filled in.  

A “concrete” stream is cut off from groundwater and soil but receives terrestrial input as well 
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as sunlight.  These are seen as concrete-lined channels.  A “natural” stream retains full vertical 

connectivity. 

Mapping a complete stream network requires multiple datasets because it has been 

shown that even U.S. Geological Survey (USGS) maps are not accurate down to the smallest 

streams (Meyer 2000, Elmore 2008).  The full stream channel extent in the City of Denton was 

quantified using publicly-available data and maps of stream networks, aerial photography, and 

visual identification, all within a Geographic Information System (GIS).  ArcMap 10.4.1 was used 

to compile and analyze the map and data.  Streams were represented as polylines.  A 1:1200 

scale flowline shapefile from the USGS National Hydrology Dataset (NHD) was used to provide a 

current baseline.  This was clipped with a polygon representing the city boundaries which was 

downloaded from the City of Denton’s open data website.  Current satellite imagery was 

obtained from the 2014 National Agriculture Imagery Program (NAIP).  Aerial photography of 

Denton from 1942, 1952, 1964, and 1972 was retrieved from the city’s website.  USGS 7.5-

minute topographic quadrangle maps from 1962 provided a historical survey of stream 

channels  Four quadrangles were needed to cover the full extent of the city.  These maps and 

the aerial photography were added to the dataset and georeferenced using the NAIP imagery 

as a base map. 

The NHD stream lines were copied as a new layer that was edited to reflect current 

position and classification.  I inspected, classified, and, if needed, altered this layer a few 

segments at a time.  First, the lines were viewed while overlaid on the historical maps.  

Additional channels or extensions from the ends of streams were manually digitized.  These 

lines were then compared with the NAIP imagery and, if needed, shifted to reflect the current 
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course.  Finally, the lines were classified according the vertical connectivity.  Concrete channels 

are visually apparent from satellite view.  A stream covered by trees was assumed to be natural, 

but otherwise any imperceptible stream was classified as buried.  If both the inlet and outlet of 

a buried section were visible a line was drawn straight between them unless there was 

indication of the stream’s path underground.  In cases where only the outlet was found, the 

lines drawn followed the historical data.  If a line segment contained multiple stream 

classifications it was split.  Google Earth, which provided a series of images from 1995 to 2016, 

was used to verify any cases which were unclear. 

This final streamline layer was then copied and the new layer was categorized by 

Strahler stream order.  Fourth order and larger streams were not distinguished.  Adjacent line 

segments were joined if their order and classification were the same.  Segments that 

overlapped multiple stream orders were split.  The field calculator was used to calculate the 

length of each section. 

 

Stream and Land Cover Analyses 

I ground truthed the data to determine the error rate.  Fifteen percent of the buried and 

concrete stream segments were randomly chosen giving fifteen buried segments and nine 

concrete segments.  Additional segments were randomly chosen from the Strahler segments 

such that 15% of each order (first, second, third, and fourth or greater) was chosen.  This 

provided a total of 38 first order stream segments, 11 second order stream segments, four third 

order stream segments, and two stream segments of fourth order or higher.  Altogether, 55 

stream segments were chosen.  For each segment I recorded one or, in some cases, two sets of 
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latitude and longitude coordinates.  The first coordinate was the midpoint of the segment.  The 

second coordinate, if applicable, was for a road crossing of the segment to aid in accessibility. A 

handheld GPS was used during ground truthing to find the exact coordinate of the stream 

segments.  It was then recorded whether or not the initial classification of the stream was 

correct.  Actual distance from the stream to the coordinate point was also noted. 

Additional analyses were conducted to determine which factors correlate with stream 

loss in Denton.  These factors included land cover, stream order, and distance from the urban 

core.  The City of Denton is centered around a town square that is built around a historic 

courthouse.  The relationship between stream loss and distance from the square was 

examined.  First, a rectangular polygon was drawn around the Courthouse-on-the-Square.  

Buffers were placed around the polygon at 1, 3, 5, and 7 km (Figure 5).  Copies of the final 

stream lines were clipped to each buffer so that the length of each stream type within the 

buffer zone could be calculated. 

Previous literature has shown that lower order streams display higher rates of stream 

burial (Elmore & Kaushal 2008, Julian 2015).  To verify if small streams are lost at a faster rate 

than larger streams, loss of different order streams was compared.  A “small stream” is defined 

here as any first or second order stream according to the Strahler number.  Within each order, 

the overall length of buried and concrete streams was calculated and compared with the total 

length.   

Land cover and density of development has also been shown to influence rates of 

stream loss (Elmore & Kaushal 2008, Weitzell et al. 2016).  In order to determine land cover in 

Denton, I used National Landcover Database (NLCD) 2011 data.  Visual inspection of the land 
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cover overlaid with satellite imagery revealed fields that appeared homogeneous yet contained 

multiple land cover types.  These types included cultivated crops, hay/pasture, shrub/scrub and 

herbaceous.  All of these land covers contain vegetation under 5 meters tall.  Due to this 

similarity they were grouped together into Low Stature Vegetation.  High and medium intensity 

development, defined by 80-100% and 50-79% impervious surface cover, were grouped into 

High Density Development.  Low intensity development (20-49% impervious surface cover) was 

grouped with developed open space into Low Density Development.  Deciduous and evergreen 

forests were grouped into Forest.  Woody and herbaceous wetlands, as well as open water, 

were grouped into Wetlands.  In order to determine if there was any correlation with stream 

loss, channel length was calculated within each category and transformed into percentage 

length within that category. 

Denton has a future land use plan slated for 2030.  I downloaded the shapefile of this 

plan and extracted any residential, commercial, or industrial zones.  I then clipped a copy of the 

stream line layer first by undeveloped land cover and then by the extracted zones.  The streams 

that remained were quantified to determine possible rates of future stream loss. 

 

Policy Analysis 

To understand stream governance processes affecting stream loss patterns requires 

investigation of the decision-making process at all levels of governance.  First, the various 

existing laws and policies at the federal, state and local levels were investigated and compiled 

with attention paid to recurring patterns as well as differences between them and official 

documents discussing legal intent (Kitchin & Tate 2000).  Particular attention was paid to 
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determining if any stream protections are dependent on stream size. 

Semi-structured informal interviews with local decision makers and stakeholders were 

conducted to gain insight into how permitting processes work, what is or is not valued, and how 

different stakeholder groups interact.  The Institutional Review Board (IRB) approved this 

process (see Appendix A).  Nine interviews were conducted; each interview lasted about an 

hour.  Two officials from the City of Denton, whose contact information was found online, were 

interviewed first.  At the conclusion of an interview the respondent was asked if they knew 

anyone else who might know more about the topic from another viewpoint.  Later, using a 

snowballing technique (Montello & Sutton 2006), respondents were identified using these 

recommendations.  Additional interview respondents included environmental consultants 

(n=2), engineers (n=3), and a regulatory specialist in the USACE.  Due to the informal nature of 

the interviews the conversations often jumped around and did not necessarily address each 

question. Additionally, after a few interviews, two more questions were added (Appendix B).  In 

order to maintain confidentiality respondents were coded as ‘R#’ with numbers being assigned 

sequentially.  The interview data was summarized using interpretive analysis to determine any 

commonalities, contradictions or general themes present (Kitchin & Tate 2000). 
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CHAPTER 4 

RESULTS 

Streams and Land Cover in Denton 

Denton was found to contain 531 km of stream channel length.  Over 17 km of this is 

buried with almost 18 km concreted (Table 1).  In total, 6.6% of the stream channel length in 

Denton is buried or channelized (Table 1).  Burial and channelization are clustered in the center 

and along the developed areas of the city (Figure 2).  The urban center of the City of Denton is 

the Denton Square.  Within 1 km of this area, only 3.7% of the stream length is natural, and 

80.4% is channelized.  Percentages of buried and channelized stream length decrease with 

increasing distance from the city (Figure 3).  Development radiates out from the square and 

also extends to the Southeast.  Correspondingly, most buried and channelized stream sections 

are found in this area (Figure 4). 

This pattern becomes clearer when the streams are analyzed by land cover.  Agricultural 

and land covers of other low vegetation was found to comprise most of the area in Denton, 

followed by developed land (Figure 5).  Areas with high density development display the 

highest rates of burial and channelization, with almost 60% of channel length impacted.  This is 

followed by low density development where ~25% of channel length is either buried or 

channelized (Table 2).  Developed areas contain the vast majority of areas with stream loss.  

Burial and channelization are exceedingly rare in areas with other land covers. 
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Stream Type Total Channel Length (km) % of Total Channel Length 
Buried 17.35 3.27 

Concrete 17.97 3.38 
Lake 21.00 3.95 

Natural 474.97 89.40 
Table 1: Total and percentage channel length of each stream type category in the City of 
Denton as of 2016. 

 

 
Figure 2: Stream network in the City of Denton, Texas, with channels classified by vertical 
connectivity.  Inset: Zoomed in view of the center of Denton with the town square indicated. 
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Figure 3: Buffers of 1, 3, 5, and 7 km from the Denton Square and the percentage of each 
stream type within these buffers 

 

Figure 4: Stream type across developed and undeveloped areas.  NLCD 2011 data was 
aggregated with all development types grouped together compared with the remaining land 
cover types. 

 



27 

 
Figure 5: Aggregated land cover in the City of Denton, Texas (data from NCLD 2011).  

 
Stream Type High Density 

Development 
Low Density 

Development 
Low Stature 
Vegetation 

Forest Wetland 

Buried 36% 9.8% 0.7% 0.2% 0.1% 
Concrete 23% 15% 0.5% 0.04% 0% 
Natural 41% 75.2% 98.8% 99.8% 99.9% 

Table 2:  Percentage channel length of stream types across aggregated land covers (NLCD 
2011). 

 

Low order streams are, almost by definition, more numerous than higher order streams 

in any system but in Denton this also correlated with channel length.  First order streams 

represent almost half of the total stream channel length in Denton, and as order increases, 

total length decreases (Figure 6).  In Denton, over half of the channelized stream length and ~ 
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90% of buried stream length is comprised of first order streams (Figure 7).  In first order stream 

channels there are over 15 km of burial and over 10 km of channelization.  These streams 

generally drain small areas and pose less of a flood risk, which may contribute to their increased 

rate of burial rather than channelization.  On the other hand, second and third order streams 

display higher rates of channelization over burial.  Fourth and higher order streams had no 

channelization and a miniscule amount (<0.1 km) of burial.  The burial of larger streams in this 

area consists mainly of road crossings. 

Ground truthing revealed that eight of 55 stream segments were misclassified, giving an 

error rate of 14.5%.  All eight stream segments were initially classified as natural but included a 

small segment of burial due to road crossings.  In terms of stream length, therefore, the error 

rate would be lower as most of the segments are still natural.  All streams are within 10 m of 

the expected coordinates. 

There is 235.86 km of natural stream channel in areas which are currently undeveloped 

but which are zoned for residential, commercial, or industrial use in the 2030 plan.  This 

represents almost half (47.6%) of the natural stream length in Denton.  This study calculated a 

6.6% rate of stream loss across the entirety of Denton but it was concentrated in the developed 

area.  If that rate is applied to these streams future developed would result in the loss of over 

15 km of natural stream channel.  If, however, these streams are buried/channelized at the 

same rate as current low density developed land cover (9.8% buried and 15% concrete) the 

impact would be sizable.  Over 23 km would be buried with another 35 km channelized in 

concrete leading to a total loss of 58 km of channel length. 
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Figure 6:  Percentage stream length by Strahler stream order within Denton, Texas. 

 

 
Figure 7: Total length of altered stream channels by Strahler stream order in Denton, Texas.  
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Policy 

The main federal policy that protects streams in the USA is the Clean Water Act (CWA) 

section 404.  The CWA covers all Waters of the United States (WOTUS) and requires a permit 

from the Army Corps of Engineers (USACE) for any impact on these waters (Doyle et al. 2013).  

Despite the EPA’s administrative control over CWA, the USACE maintains regulatory power over 

the CWA  The USACE ensures that any impacts are minimal and often requires compensatory 

mitigation for large projects.  In defining the purpose of this process, an oft-used phrase  is “no 

net loss” (Zinn & Copeland 2007).  This idea attempts to retain the total benefit accrued from 

aquatic ecosystems while allowing continued development.  If one such ecosystem is damaged 

or destroyed, another must be restored or created to offset that loss and sustain the total sum 

of ecosystem services (Zinn & Copeland 2007). 

While the USACE issues individual permits specific to a project, they also have general 

nationwide exemption permits.  These nationwide permits allow for various commercial, 

industrial and agricultural activities with minimal impacts and serve to simplify the permitting 

process.  Some of the general permits allow certain types of land development to impact up to 

300 feet of stream channels (U.S. Army Corps of Engineers [USACE] 2017).  Another allows 

culverts to be placed at road crossings and in situations where less than 1/10 of an acre is 

disturbed no USACE  notification is required (USACE 2017).  Even without a qualifying 

nationwide permit, the USACE grants individual permits for greater impacts but in such cases 

will always require compensatory mitigation to offset the loss. 

Part of the USACE process is to first comply with other national and state level 

regulations.  US Fish and Wildlife, for example, restricts alteration of habitats that contain 
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endangered species (Zinn & Copeland 2007).  In Texas, there are several state organizations 

that also restrict development in specific cases.  The Texas Commission on Environmental 

Quality (TCEQ) has guidelines for input into streams that includes infill, but generally just 

regulates pollutants (Texas Commission on Environmental Quality 2013).  The Texas Historical 

Commission restricts disturbance of any historical or culturally important sites (Texas Historical 

Commission 1997).  In some cases, they may require a developer to hire an archaeologist to 

confirm that a potential development site has no archaeological remains.  Aside from these 

circumstances, however, Texas state laws regarding streams only address issues such as water 

rights and provide no protective measures. 

In Denton, on the other hand, there are additional policies regulating streams.  The City 

of Denton has defined certain areas as Environmentally Sensitive Areas (ESAs).  Regarding 

streams, all riparian buffers are classified as ESAs (City of Denton 2005).  If a stream drains less 

than one square mile it is given a 50-foot buffer from the stream centerline whereas streams 

draining larger areas are given 100-foot buffers.  ESAs are protected from any development 

with no minimum allowance.  Any disturbance in an ESA requires not only the relevant federal 

permits, but an additional city permitting process which includes discussion and approval at 

public Planning and Development meetings.  Similar to the USACE requiring mitigation, the City 

of Denton requires developers to submit an “Alternative ESA plan” which must show how 

habitat will be restored or otherwise improved (City of Denton 2005). 

The ESA code was developed as part of a collaborative effort between the city and the 

EPA’s XL program (City of Denton 2010).  The XL project was an effort by the EPA to encourage 

communities to take additional steps towards environmental protection.  Denton applied and 
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was approved for the project in 2000 with the goals of increasing watershed protection and 

stormwater management (City of Denton 2010).  Part of the proposal included codifying 

protections for stream buffers which is what led to the addition of ESAs in the development 

code (City of Denton 2010). 

 

Stakeholder Interviews 

In total, nine respondents were interviewed (Table 3).  One interview was conducted on 

the UNT campus, one in a restaurant, and the rest at the respondent’s place of 

work.  Respondents included employees of the City of Denton, environmental consultants, and 

an employee of the USACE.  Most lived or worked primarily in Denton.  Interviewees provided 

diverse perspectives and insight into different parts of the development and permitting 

process, particularly in regard to local specifics.   

Several themes emerged from the interviews, while other questions received mixed 

responses.  The first unifying theme was how the USACE permitting process was costly, in terms 

of time and money.  Respondents overwhelmingly viewed this bureaucracy negatively.  For 

example, Respondent 9, a USACE agent, said that there were “multiple levels of complexity 

which probably could be simplified” that were “to the detriment of proper 

analysis.”  Respondents 8, and environmental consultant, and 9 also gave details about the 

length of time a permit takes.  A Nationwide General permits may take 4-6 months to obtain 

and most of that time is spent researching and preparing the application.  Once a complete 

application is sent in, however, the USACE must respond in 45 days.  If the proposed impacts 
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are larger, and an individual permit is required, the process can take over a year and the USACE 

has 120 days to respond. 

Another key message was the large number of people and organizations who must give 

approval before any project that affects a stream.  Respondents 1 and 2, both town planners, 

described the process within the City of Denton.  Development plans are first given to Town 

Planners who pass it through the Development Review Committee (DRC).  The DRC consists of 

experts in each area of municipal code, including an environmental expert.  Finally, the plan 

must be approved at a Planning and Zoning commission meeting, which is held publicly and 

therefore open to public input. 

Most respondents, 6 of 9, spoke about the compromises that must be made between 

human and environmental needs.  Respondent 4, a city engineer, explained that from a 

planning perspective the main concern of the City was for “lives and property.”  An 

independent civil engineer (R6) said it was “great to have nature but in urban areas there are 

limits” and argued that it would be unrealistic to expect to preserve natural habitat within the 

small areas untouched by urbanization.  All respondents agreed that ecological functioning was 

important but not necessarily more important than economic growth or public safety.   

Interviewees who had previously worked in other areas were asked how regulations in 

Denton compared with other cities and how other states compared with Texas.  3 respondents 

said that stringency in applying the CWA varied across the country.  Respondent 9, speaking 

about the Fort Worth district of the USACE said it was “not [the] most aggressive, not the 

least.  We are well balanced.”  On the state level, Texas was described as less stringent than 

states on the East or West coast, but more rigorous than other western states.  All respondents 
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who spoke about this agreed that Denton was stricter than most cities.  Respondent 6 said that 

“most [cities] just refer you to the Army Corps” while Denton has its own process.  Other cities 

may be following behind; Respondent 8 believed that most cities were beginning to increase 

regulations for fear of losing federal funding.   

Issues regarding the protection of smaller streams was discussed with the 

respondents.  Respondent 8 noted that, in agreement with the literature, on USGS maps and 

other data sources “ephemeral streams often aren’t there.”  Official policy states that the 

defining marks of a stream are the streambed, bank, and “ordinary high water marks” but there 

must also be connection to navigable waters.  Respondent 3 said that if a stream flows into a 

pond with no outflow it would be considered disconnected.  Additionally, Respondents 8 and 9 

both observed that in and around Denton there are many ephemeral streams that are “spatially 

intermittent”.  That is to say, there may be sections of a well-defined channel interrupted by 

flatter areas which would display sheet flow during flood events.  These interruptions make it 

difficult to prove connectivity to navigable waters and therefore whether or not they fall under 

WOTUS.  However, Respondent 9 held the belief that the Fort Worth district recognized the 

importance of small streams and was very concerned with protecting ephemeral streams in 

particular. 

Another question that received a mixed response was how or if cumulative impacts 

were assessed.  Specifically the question of whether or not the USACE accounts for this was 

brought up in other interviews and received somewhat contradictory responses.  Respondent 7, 

an environmental engineer, claimed that the USACE considered previous alterations before 

approving new ones, while Respondent 8, an environmental consultant, argued that there was 
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no code or regulation that allowed them to distinguish between earlier and later alterations of 

the same stream.  As an employee of the USACE, Respondent 9 shed light on the matter, noting 

that it is true that there is no policy allowing regulators to hold later proposals to higher 

standards.  However, cumulative effects could be controlled through the establishment of a 

Special Area Management Plan (SAMP), which would place an area under greater protection 

but requires a lot of work to establish.  Respondent 9 felt it was unlikely that a SAMP would be 

created in Denton but also granted that an individual regulator could use their discretion and 

apply the policy more strictly to plans involving a stream that exhibit previous impacts. 

Respondents were also asked how stream regulations had changed over time and 

unanimously said regulations today are stricter than they once were.  Respondent 9 said that 

the change was “not exactly the regulations but the application of the regulations” referring 

back to the layers of complex bureaucracy.  Respondents 1 and 2, both town planners, pointed 

out that the ESA policy is 15 years old and represents a significant improvement.  Respondent 3, 

another town employee, spoke of a “change in the paradigm” as we now attempt to mimic the 

natural systems as best we can.  Respondents were then asked if current policies were 

adequate to protect streams.  This question produced many hesitant answers, such as “Is it 

perfect? No” (R3); “there has been an effort, but there could be more effort” (R5); and that it 

depends how you define ‘adequate’ and the answer “gets back to social values” 

(R6).  Respondent 9 answered the most definitively, saying “no, nonpoint source pollution is 

probably the biggest threat” adding that this type of pollution was difficult to regulate. 

Finally, respondents were asked how they predicted regulations would change in the 

future.  A few common threads emerged, including a trend towards increasing awareness.  Four 



36 

of the respondents observed a trend of regulation becoming more stringent over time and 

expected this would continue.  Respondent 3 said “we’re becoming more aware of the services 

nature provides” while Respondent 9 simply said “it’ll get more complex.”  Three other 

respondents, however, admitted uncertainty due to the shifting nature of 

governments.  Respondent 1 said “[city] councils come and go, some pro-developer, some pro-

environment” and pointed out that while a sustainably minded council may block any major 

impacts for a time, a pro-developer council could approve many projects with little regard for 

consequences.  On the other hand, Respondent 8, an environmental consultant, disagreed with 

both ideas saying “I don’t think it’ll change very much” and that specific politicians would not 

make a big difference.  Aside from changes in policy, new and environmentally friendly 

technologies are gaining favor.  Respondent 4, a city engineer, mentioned that while solid 

concrete previously was used to reinforce stream channels many current projects were using 

ArmorFlex.  This material is a preformed mat of concrete blocks with open spaces allowing 

vegetation and preserving the groundwater connection.  

Coded 
Name Organization Occupational Field Lives or works in Denton? 

R1 City of Denton Planning and Development Yes 
R2 City of Denton Planning and Development Yes 
R3 City of Denton Environmental compliance Yes 
R4 City of Denton Engineering Yes 
R5 Consulting Environmental Consultant Yes 
R6 Engineering Firm Civil Engineer Yes 
R7 Engineering Firm Environmental Engineer Yes 
R8 Consulting Environmental Consultant No 
R9 USACE Regulatory No 

Table 3: Interview respondents, coded in the order they were interviewed. 
  



37 

CHAPTER 5 

DISCUSSION 

Patterns of Stream Loss 

The rate of stream burial in Denton was ~3.3% by stream length, with total stream loss 

of 6.6%.  These rates are considerably lower than rates found in other urban areas.  Julian et al. 

(2015) found a 21% decrease in watershed channel density while Stammler et al. (2013) found 

14% burial by length in an agricultural area.  Elmore and Kaushal (2008) found that 21% of 

streams were buried in their study area around Baltimore City, with the city proper showing a 

rate of 66% burial.  Denton is still expanding and growing and the city limits include large rural 

areas with many natural streams, which may skew the results.  However, while this may 

partially explain the low rates, if solely areas of developed land cover in Denton are included in 

the analysis, rates of stream burial are still relatively low at  ~15%.   

There are two reasons why Denton experienced low rates of stream loss. The first 

reason has to do with possible methodological shortcomings in in this study, which may not 

have captured the full extent of stream loss.  Many concrete channels were noted during 

digitization and ground truthing, yet these were not included in maps or analysis due to lack of 

evidence for a previously occurring natural stream.  Graf (1977) showed that urbanization can 

increase drainage density through the construction of artificial channels that become necessary 

as impervious surface cover rises.  If a channel is completely artificial, it does not represent true 

stream loss.  It is also possible that some small channels replaced historical streams that were 

too small to be included on early maps or identifiable in aerial photographs.  There is the 

additional possibility that small streams were completely buried before the creation of any 
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records.  It is thus conceivable that the methods used in this study under represent the full 

natural extent of the stream system and thus underestimated total stream loss.  Second, low 

rates of stream loss could be attributed to the timing of regulations protecting streams, such as 

the CWA.  Urban development in older cities may have occurred before there were meaningful 

regulations.  For example, Baltimore reached its population peak of nearly a million around 

1950 (U.S. Census  Bureau) while the CWA was enacted in 1972.  Denton’s population, on the 

other hand, has more than tripled since 1970 resulting in growth that was more regulated .  The 

low rates of stream loss seen in Denton may reflect the effectiveness of the CWA to protect 

streams. 

General patterns of stream loss did, however, correspond with previous literature 

findings that show burial disproportionately affects smaller, especially first order, streams 

(Elmore and Kaushal 2008).  In Denton, most buried streams are first order streams, while 

fourth order or larger streams show minimal alteration.  Elmore and Kaushal (2008) found a 

positive correlation between stream burial and the density of urban development.  Similarly, in 

Denton, streams in the urban center of the city are the most likely to be buried or channelized.  

Rates of modification decline with increasing distance from the city center.  Pecan Creek is the 

most altered stream; its course runs through the center of town.  Impervious surface cover has 

also been shown to positively correlate with stream loss (Weitzell et al. 2016).  I used land cover 

data as a proxy for impervious surface cover and found that areas defined as developed 

represented almost all of the stream loss.  Medium and heavy development (>50% impervious 

surface cover) areas displayed higher rates of stream loss than low density development.  

Overall, findings from this study show that, in Denton, greater rates of stream loss occur in the 
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center of town, in areas with high impervious surface cover and primarily affect low order 

streams.  

 

Governance Processes  

Taken together, the interviews provided a qualitative description of the development 

process, the stakeholders involved, and the different values held.  In environmental 

governance, there is a relationship between the government, commercial interests, and the 

local community (Lemos and Agrawal 2006).  Granted that individuals within the local 

government are themselves community members, this study showed minor influences coming 

from the community.  The main finding was that the local and federal institutional regulations 

require commercial groups to undergo review and permitting processes that are costly and 

time consuming.  Though generally perceived negatively by stakeholders, the bureaucratic 

process in fact contributes to stream protection.  A USACE permit, especially an individual 

permit, is a significant hurdle for any project that might affect a stream.  Respondent 4, an 

engineer for the City of Denton, mentioned a recent example where the city concreted a small 

section of stream for erosion control, saying “it was expensive for the city” and “the whole 

process took a while.”  This respondent explained that the project needed an individual permit 

and the city was required to purchase mitigation credits.  Respondent 8, an environmental 

consultant, said that real estate developers are therefore forced to “look for creative options” 

to avoid or minimize impacts.  An environmentally friendly plan will be approved faster and 

avoid excess mitigation costs.  For that reasons, the costs associated with obtaining a permit 

serve to encourage developers to minimize the environmental impacts on streams. 
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Aside from the USACE, there are many various actors play roles in stream governance.  

There are the various Texas governmental organizations that address specific circumstances 

such as endangered species habitat or historical sites.  Within the City of Denton there are town 

planners, the Development Review Committee and engineers who review any plans.  On the 

commercial side, a real estate developer will often hire civil engineers and environmental 

consultants.  The engineers must design the project with relevant policies in mind while the 

consultants verify that all regulations are being followed and, if necessary, obtain the proper 

permits.  The number of people who must approve a project may act as a protective measure.  

As Doyle (2013) argues, individuals handle each case and may interpret and apply policies 

differently under different circumstances.  Passing a proposal through multiple people 

increases the chance that someone will oppose it or suggest a more low-impact design.  

Another interviewee (R9), working within the USACE, agreed with Doyle’s assertion saying “we 

have discretion on how hard we apply [the CWA]”.  Especially in Denton, where multiple 

individuals and committees must give approval to a set of development plans, there are many 

opportunities for one person to stop a proposed plan or at least suggest revisions. 

Another common theme revealed in the interviews was the compromise between social 

and ecological needs.  This relates to Pataki’s (2011) socio-ecohydrology, where decision 

makers take many factors into account, considering both natural and cultural needs.  

Respondents noted that stream protection is similar to “a balancing act” and that Denton is a 

rapidly growing city.  Respondents also noted the tendency of landowners to want full control 

over their property.  Environmentally Sensitive Areas compete for space in a landscape already 

split between agriculture, suburbs and urban areas.  Furthermore, Denton prioritizes flood and 
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erosion control over environmental protections.  Respondent 4 even mentioned a recent 

project where the city concreted a small section of stream to prevent erosion despite local 

disapproval.  It could be argued that greater awareness of ecosystem services, and more 

research into the monetary value provided, would lead to better management practices.  

However, Denton officials seemed knowledgeable concerning the many values of streams and 

were merely prioritizing.  As a city official, (R3) stated “it would be wonderful if we could 

conserve everything.  [But] is it feasible?”  The result is that regulators who try to protect 

streams must work within a system that accommodates continued growth and development. 

 

Cumulative Impacts 

The idea that multiple minor impacts along a stream could cause cumulative effects, and 

an uncertainty as to how or whether this would be monitored, emerged from early interviews. 

One interviewee (R5) used the phrase “death by a thousand paper cuts” to refer to how federal 

regulations allow minor channel impacts with what seems like no regard for whether or not the 

stream has been impacted in other places.  Though Denton regulates all development in ESAs, 

there is one USACE general permit that allows small culverts to be placed at road crossings 

without even notifying the Corps.  Theoretically, several properties along a stream could alter a 

small part of the stream, leading to larger cumulative impacts.  Though not directly quantified, 

this study found many instances where a culvert accommodated a road crossing.  In fact the 

main errors that ground truthing identified were culverts under roads which could not be seen 

from available imagery.  There are probably many more unobserved culverts as only a fraction 

of the streams were ground truthed. 
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Patterns and Trends in Stream Governance 

Though the CWA applies to the entire country, respondents agreed with Doyle (2013) 

and reported that the application of the CWA varied across from one district to another.  Emel 

and Roberts (1995) found that there was little regulation in the Texas panhandle, and though 

it’s true that Texas has few regulations the panhandle falls within a separate USACE district.  

The Fort Worth district that includes Denton was described as moderately strict, while Denton 

itself was seen as having much greater protections than most cities and towns.  This is likely one 

factor explaining the low rate of stream loss found in Denton.   

When asked how current policies compared to those in the past the respondents all 

claimed that protections are much greater today.  The ESA code is a good example of this, as 

there are no other policies in Denton which protect the ecological integrity of streams.  

Temporal analysis of stream loss would be needed to show exactly how much of an effect this 

policy had and whether rate of stream loss decreased after it was passed.  Despite these 

advances in policy stream loss still occurs which is reflected in the consensus among 

respondents that, though regulations have increased to better protect streams, there is 

uncertainty and doubt that the regulations go far enough.  There was also hesitation concerning 

the future of these regulations.  It seems likely, however, that trends will continue and 

protections will continue to be added.  Respondent 3 argued that the value of intact 

ecosystems, including streams, is better documented and is becoming more well known. As 

more people become aware of this issue and more sustainable options are presented, the 

governance likely could shift towards greater sustainability. 
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How Are Smaller Streams Valued? 

Due to the pattern of stream burial disproportionately affecting low order streams 

(Elmore & Kaushal 2008), I hypothesized that smaller streams would be valued less than larger 

streams.  The results were mixed on this issue.  Lower stream order did correlate with greater 

stream loss, but this may be due to other factors.  For example it is more difficult, logistically 

speaking, to bury a large stream.  In terms of Denton’s policy, the ESAs draw a distinction 

between streams based on the size of their drainage basin.  In one regard, this affords less 

protection to small streams as a stream that drain just under a square mile receives half the 

buffer that one which drains slightly over one square mile receives.  On the other hand, any 

stream recognized by the city is protected no matter how small and in any case the actual 

channel is always protected.   

Under the CWA and ESA policies, small streams (at least those that are undeniably 

WOTUS) are given the same protections as large rivers.  That being said, the minimal impacts 

allowed in the nationwide permits would have a proportionately greater effect on a smaller 

stream.  Additionally, in Denton many streams are spatially intermittent.  This leads to many 

streams being considered disconnected thus making them harder to regulate.  Despite this gap 

in the policy, Respondent 9, who works for the USACE, said that small streams are given 

additional attention due to the dry weather in this region.  Whether or not this attention 

translates into applicable policy, it does contradict my hypothesis.  The value of small streams 

appears to be acknowledged by stakeholders yet no actual policy grants them greater 

protection and the minimal allowances may disproportionately impact them. 
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Outcomes of Stream Governance 

The processes of stream governance have advantages and disadvantages.  Figure 8 

presents a conceptual model showing the major stakeholders, their motivations and the factors 

that protect streams or allow alteration.  In the center are the four major groups of 

stakeholders identified in this study.  The arrows on either side represent policies, attitudes, 

and functions that lead to both positive (on the right) and negative (on the left) outcomes. 

The regulations set by the USACE and Denton lengthen the development process and 

increase costs if a stream is being impacted.  These regulations also commonly require 

mitigation work that adds further costs.  A degree of expertise, provided by environmental 

consultants and engineers, is required to navigate these policies and design a suitable 

plan.  Real estate developers are thus incentivized to stay away from streams or at least 

minimize the planned impact.  This was noted by Respondent 2, a town planner, who had 

recently noticed an increase in Alternative ESA plans and explained, “All the easy land has been 

developed.”  This implies that developers have been avoiding ESAs since the code was 

added.  That represents a positive outcome of the ESA code.  However, the recent change is 

worrying.  If developers have no other choice they will propose development in ESAs.  Denton 

officials will attempt to ensure that the new plans are environmentally sound, yet inevitably, 

compromises will be made.  This shows how the regulatory structure is incomplete. 

One such gap in the protection of streams is the lack of guideline with which to address 

cumulative impacts.  As ground truthing revealed, many road crossings contain a short culvert 

that can be difficult to spot remotely.  Though minor in terms of channel length, these culverts 

are numerous and degrade the larger stream system.  Employees of the USACE, meanwhile, are 
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embedded within the bureaucracy that decreases the amount of time available for scrutinizing 

plans or monitoring streams.  This results in less oversight and more impacts being 

tolerated.  Governmental organizations are also under pressure to authorize development 

because denying it would stifle economic growth.  Denton, meanwhile, is additionally 

concerned with protecting people and their property from flooding and erosion.  As a result, 

certain impacts are considered necessary.  This is seen in the recent projects mentioned by 

Respondent 4, a city engineer.  Concrete channelization in particular is used to shield the banks 

from erosive forces.  Moreover, channelization increases flow velocity (Walsh et al. 2005) which 

may necessitate additional concretion.  Finally, the commercial interest groups are motivated 

to maximize profits.  This may lead developers, as well as consultants and engineers, to do the 

bare minimum that is required to reach the city’s or the USACE’s standards.  For example, a 

residential development could plan on destroying 300 feet of stream bed knowing that it would 

still fall under a general permit.  This epitomizes the general weakness of the stream 

regulations: the policies were not designed for stopping all impacts.  They may encourage zero-

impact designs but conditionally allow minor alterations.  The outcome is that large 

channelization projects, such as those seen in the center of Denton, are highly restricted and 

unlikely to occur, but minor impacts, including culverts under road crossings, are condoned. 
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Figure 8: Positive and negative outcomes of policy application and stakeholder motivation on 
stream protection in Denton, Texas. 

 

Future Implications 

Viewing historic aerial photography revealed that many of the major channel alterations 

in the center of Denton took place prior to the passing of the CWA in 1972.  Furthermore, 

Denton added ESA regulations to the municipal code in 2002.  Along with expanding regulations 

the interviews suggest a growing awareness of stream importance and an advancement of low 

impact techniques.  Yet recent satellite imagery proves that some channelization has occurred 

in the past decade.  One official from the City of Denton (R3) made the point well, 

acknowledging that current policies are not perfect yet arguing that complete conservation was 

not feasible.  As Denton moves forward there are plans to develop the area in the southwest 

which currently holds many natural streams (Figure 9).  



47 

 
Figure 9: Left: Future Land Use map (Page 66 of the Denton Plan 2030).  Pale yellow and orange indicate residential zoning.  Right: Stream type across developed and 
undeveloped areas. (NLCD 2011) 
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If this occurs, it is likely that some streams will be preserved and others will be modified using 

low impact techniques, but it is almost inevitable that some streams will be buried.  This could 

double, or more, the total amount of stream loss if the rates approach that seen in low density 

developed areas.  Unless there is movement towards restoration, natural stream channels and 

the services they provide will be lost.  
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CHAPTER 6 

CONCLUSION 

Stream loss occurs across all landscapes but mostly in urban areas, leading to a loss of 

the ecosystem services that streams provide.  This study evaluated the condition of streams in 

the City of Denton and investigated the mechanisms of governance over streams. Roughly 3% 

of stream channel length is buried with another ~3% channelized in concrete.  Higher rates of 

stream loss are found in the center of Denton and in other urban areas.  Consistent with past 

research, most stream burial and channelization affects low order streams.  Denton contains a 

few heavily altered streams yet has stricter regulations than most cities in the area.  While 

these protections certainly make a difference, there is still emphasis placed on protecting 

property from erosion and flooding and allowing the development of land areas for economic 

gain.  The general trajectory of government policies has been towards increasing environmental 

regulations, although changes in  elected officials could undo this progress.  The process of 

obtaining USACE permission to alter a stream is difficult and costly if the impact is large, which 

serves to encourage preservation.  However, small impacts are allowed with little difficulty.  

This makes local ordinances such as Denton’s ESAs all the more important. 

As urban areas grow there is an urgent need to address environmental issues such as 

stream loss.  Initial protection of streams decreases later costs to replace or restore ecosystem 

services.  This study found that a growing awareness of ecosystem services along with 

technological advancement has led to increased regulation.  Yet there were also certain 

weaknesses in the protection of streams such as the allowance of minor alterations.  Studies 

such as this can encourage future policy makers to recognize the importance of natural areas 
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and pass additional environmental legislation.  Further studies are needed to analyze the 

strengths and weaknesses of stream governance in other locations and to determine additional 

factors that lead to effective policies. 

 

Conclusions: Filling in the Gaps of Stream Regulation 

This study examined the patterns of stream loss and the governance of streams in the 

City of Denton, Texas.  Quantification of stream burial and concrete channelization shows that 

stream loss is concentrated in the urban core.  Policy analysis revealed a local Planning and 

Zoning statute that granted streams a degree of protection beyond state and federal 

regulations.  Interviews with stakeholders provided a picture of how stream regulations are 

applied.  This research combines and contributes to various topics within geography, including 

environmental governance and ecosystem services.  Numerous researchers have shown stream 

loss or burial in urban areas (Elmore & Kaushal 2008, Julian et al. 2015, Meyer & Wallace 2001, 

Napieralski & Carvalhaes 2016).  Others have examined water policy and governance but 

focused on drinking water supplies (Gandy 2002), compensatory mitigation (Doyle et al. 2013, 

Robertson 2004), groundwater withdrawal (Emel & Roberts 1995) or chose a broader 

watershed management approach (Antunes et al. 2009).  Less attention is given to the specific 

connection between environmental governance and stream loss.  This study expands on 

previous work to fill that gap by describing the structure of stream governance in a locality. 

 

 Stream Classifications 

Previous studies on stream alteration have examined streams burial (Elmore & Kaushal 
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2008, Julian et al. 2015, Napieralski & Carvalhaes 2016), impoundment (Benke 1990), road 

crossings (Blakely et al. 2006), or channelization (Lundy & Wade 2011).  Still others have 

focused on the overall impact of urbanization, taking into account not only stream loss but also 

pollution, land cover change, altered hydrology, and other factors (Walsh et al. 2005, Violin et 

al. 2011).  This study took a unique perspective, focusing on physical alteration and vertical 

connectivity.  There was a weakness to this approach as it basically ignored earthen 

channelization that can remove bank vegetation and decrease channel length.  A more 

complete classification system would include all types of channelization and bank 

alteration.  This study also highlighted the need to examine stream loss across a gradient of 

urbanization.  The most stream loss occurred in areas with dense development, with less in 

areas of lighter development, and almost none in the more vegetated regions.  On the other 

hand, Stammler et al. (2013) showed significant stream loss in an agricultural area and Paul & 

Meyer (2001) suggest that, despite urban areas showing higher rates of stream loss by area, 

agriculture may be a larger driver of overall stream loss due to the much greater area of 

farmland than cities.  Future studies should further examine stream loss along the urban 

gradient and whether the mechanism or type of stream loss, burial vs. channelization for 

instance, differs. 

 

Patterns of Stream Loss 

Much of the stream loss in Denton occurred close to the town center.  The urbanization 

and associated land cover change in this area took place many years prior to the CWA.  There 

may be a pattern where current stream loss occurs in smaller segments.  Further studies could 
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test the hypothesis that large-scale stream alterations were more common in the past while 

smaller alterations are more common today.  This somewhat contrasts the study by Julian et al. 

(2015) which showed large decreases in channel density after 1975.  Perhaps this is due to 

variances in governance between locations, where the CWA exerts varying degrees of 

influence. There is a need for further research to determine what circumstances can lead to 

more or less stream loss.  Within Denton a temporal analysis could determine how effective the 

ESA policy has been by examining rates of stream loss in the years prior to, and after its passing. 

 

Ecosystem Services 

Ecosystem services encompass any function or resource produced by an ecosystem that 

contributes to human well-being (Millennium Ecosystem Assessment 2005).  Healthy streams in 

urban areas have been shown to improve water and air quality, aid soil formation, regulate 

microclimates, serve as wildlife habitat, increase aesthetics, and provide recreational and 

educational opportunities (Bolund & Hunhammar 1999, Yli-Pelkonen 2006, Kim et al. 2008, 

Lundy & Wade 2011, Everard & Moggridge 2012).  Other studies have shown that many urban 

streams, especially those which are buried, are degraded and display weakened ecological 

functioning and reduced quantity and quality of services they are able to supply (Allan 2004, 

Lundy & Wade 2011, Zhou et al 2011, Beaulieu et al. 2014, Hope et al. 2014).  Erosion control 

and water supply are exceptions, as they enhanced by channelizing a stream and constructing 

impoundments, respectively (Lundy & Wade 2011).   

In this study, stakeholders were well informed about the many services provided by 

streams. Interview respondents even credited the recognition of ecosystem services, 
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specifically the value of streams, for increased regulation.  However, they were also aware of 

the benefits (local flood and erosion control) of engineered stream.  Accordingly it would be 

helpful for future studies to compare the costs and benefits of natural versus engineered 

streams.  This also speaks to the need for engineers to consider alternate, lower impact designs 

and technology when modifying stream channels. 

 

Environmental Governance 

Environmental governance broadly includes the knowledge, motivation, actions and 

interactions of governmental, commercial, and community groups regarding the environment 

(Lemos & Agrawal 2006).  Research into water-related governance has revealed that neither 

top-down governance nor complete privatisation is optimal, instead advocating for a balanced 

and communal approach wherein regulations are locally flexibility and based in sound scientific 

knowledge (Emel & Roberts 1995, Antunes et al. 2009).  This study shed light onto the 

processes of governance surrounding streams in Denton.  Scientific knowledge is accepted but 

not always prioritized.  Little integration exists between local and federal governmental 

organizations with even less between government and commercial groups.  However, Denton 

does represent an example where a community decided to protect natural areas and took an 

effective step to do so by instituting ESAs.  This case study provides a trigger for future studies 

to examine more localities and eventually begin to draw wider conclusions on stream 

governance. 
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Implications for Future Policy 

This study makes several implications on the policies that regulate streams.  While 

Denton protects ESAs and there are extensive policies on the federal level, there are few state 

laws (in Texas) that protect streams.  Mostly the protective policies that apply to streams do 

not actually focus on them, instead protecting historical sites or endangered species.  This 

means that if a city has no specific policy it falls solely to the USACE to regulate.  Consequently, 

this study signifies a need for greater state-level environmental regulation regarding 

streams.  Alternatively, it would be beneficial if more cities took steps similar to Denton’s and 

passed policies which gave streams (and other natural areas) protection beyond what the 

USACE grants.  Finally, this study brings attention to a gap in existing policy regarding 

cumulative effects of numerous small impacts.  While there are ways for individual regulators 

to address the issue there is no formal policy regarding the accumulation of stream 

modifications.  Perhaps these cumulative impacts are not widely known to cause problems 

despite evidence that road crossings can have a significant impact on the ecology of streams 

(Blakely 2006).  Whatever the case may be, it is necessary for future policy to address 

cumulative effects to adequately protect small streams. 

 

Questions of Conservation 

This study opens up many questions for future research.  One question, directly raised 

by an interview respondent, is what is the biggest threat to streams?  While stream loss can be 

highly visible in many urban settings, other threats, such as nonpoint source pollution, may 

cause more overall degradation.  Ideally, streams would be protected from all threats through 
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proper environmental governance but in the meantime a degree of prioritization would help 

focus efforts.  Building off of the earlier question, are urban streams important to 

protect?  Again, it would be ideal to preserve all streams but in reality organizations have 

limited resources.  A stream in urban areas will sustain impacts such as pollution and high flood 

peaks from impervious surfaces regardless of physical alteration.  Thus it may be more effective 

to concentrate efforts on conserving healthy streams.  On the other hand, for much of the 

population that lives in cities, urban streams can provide direct benefits.  Conserving an urban 

stream may not be the best use of resources from an ecological standpoint but makes sense if 

there is more emphasis on human use.  Such social value judgements would be enhanced 

through inclusion of scientific frameworks, such as ecosystem services, that illustrate the 

benefits streams provide. 

 

Summary 

To conclude, this study measured stream loss and provided details of the relevant 

environmental governance in Denton, Texas.  This study corroborated evidence that first order 

streams sustain the greatest losses and that impervious surface cover is positively correlated 

with stream loss.  It also shows that the current governance structure has certain strengths and 

serves to discourage major stream alterations yet allows minor impacts such as road crossings.  

Denton’s ESA code is the result of collaboration with the EPA and represents a practical 

measure of environmental protection which will hopefully spread to other cities.  Further 

cooperation between key stakeholders and decision makers would be ideal to address issues 
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such as cumulative impacts and other threats to streams.  This and future studies will be 

essential for informing future policy-making. 
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APPENDIX A 

STREAM DIGITIZING
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NHD flowlines (in pink) overlaid on a 1962 topographic map showing a gap in a stream 

line. 
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NHD flowlines overlaid on 2014 NAIP imagery.  Inset: Shows zoomed in location of exposed 
concrete channel. 
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Final stream lines after addition of missing segment and classification.   
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APPENDIX B 

IRB APPROVAL
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APPENDIX C 

INTERVIEW QUESTIONS
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Name:___________________________               Position:_______________________________ 

Date:_________________________ 

 

How long have you lived in Denton? 

 

How long have you had this job? 

 

What exactly are your job duties? 

 

 

Do you live near a stream? If so, which one? 

 

 

What (other) streams are you aware of in Denton? 

 

 

When you think of streams in Denton, what image comes to mind? 

 

 

 

So if someone wants to develop or construct something over or near a stream, what’s your role 

in the process? 

 

 

 

 

How many people/organizations have to give approval before development plans go through? 
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How much collaboration is there between organizations? (Can you describe the nature of these 

collaborations?) 

 

Does the process differ depending on who is applying for a permit? (commercial developer or 

resident landowner or government body) 

 

 

 

How long does this process generally take? How straightforward or difficult is it? 

 

 

 

 

Do residents of Denton use the streams? 

 

 

 

What’s the value of streams? 

 

 

 

Are there other service(s) that a stream provides for the city? 

(Flood control, recreation, aesthetics, habitat for wildlife, water quality) 

 

 

 

Do you think current environmental policies adequately protect these functions? If not, what 

could be improved upon? 
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Do you think current environmental policies adequately protect streams in general? If not, what 

could be improved upon? 

 

 

 

How do current stream protections compare to those in the past? 

 

 

 

 

 

What do you think is the future trajectory of these policies? 

 

 

 

 

 

 

[Additional questions] 

How do the regulations in Denton/Texas/this USACE region compare to other 

cities/states/regions? 
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If the regulations allow minimal impacts, do they address cumulative effects of many smaller 

impacts along the length of a stream? 
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