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Thanks for the introduction Allegra. This morning I am going to present the key findings of a USGS study of the Effects of Urban Development on Stream Ecosystems in Nine US metropolitan areas. Before I discuss the project findings, I want to provide some context for the study by (1) summarizing urbanization trends in the US and (2) considering what we see when we walk along natural and urban streams.



Ther shall no man or woman, Launderer or Launderesse, dare to 
wash any uncleane Linnen, drive bucks, or throw out the water 
or suds of fowle cloathes, in the open streete, within the 
Pallizadoes:…. Nor shall any one aforesaid, within lesse than a 
quarter of one mile from the Pallizadoes, dare to doe the 
necessities of nature, since by thse unmanly, slothfull, and 
loathsome immodesties, the whole Fort may bee choaked, and 
poisoned... 

Excerpt from the first sanitation law in 
Virginia in 1610 

Source: Virtual Jamestown 
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Concern about the impacts of urban development is not a new story. The first sanitation law aimed at protecting stream water quality was enacted in Virginia over 400 years ago in the three year old colonial settlement at Jamestown.Since then, urban development has been a key agent of environmental change in the United States. The urban footprint on the American landscape has expanded during a century and a half of almost continuous development. 



Night lights slide 

 The Urban Footprint Is Expanding 
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Eighty percent of Americans now live in metropolitan areas , and the advantages and challenges of living in these developed areas— convenience, congestion, employment, pollution—are part of the day-to-day realities of most Americans. (CLICK)   Places like Atlanta, Georgia, have experienced phenomenal growth as demonstrated by the expanding urban footprint from the 1970s to 2001.  An average of 69,000 people moved into the Atlanta metropolitan area each year in the 1990s. Most of the population growth occurred outside the city limits—it was estimated that almost 50 acres of tree cover were lost to urban development every day during the 1990s.



Drawing by Frank Ippolito, Production Post Studios, 110 North Fulton St., Bloomfield, N.J. 
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When considering the advantages of urbanization and its impacts  on urban streams, we must carefully weigh the benefits these streams provide to all of us. Natural stream ecosystems  contribute to our  well-being by providing benefits such as recreation, drinking water, and aesthetic pleasure, among other things. Protecting high quality streams can yield significant economic benefits.  For example, by restricting development activities in their water-supply system watersheds, New York City’s Department of Environmental Protection  avoided building water filtration systems that would have cost the city an estimated $4 to $6 billion dollars.  [CLICK]



Drawing by Frank Ippolito, Production Post Studios, 110 North Fulton St., Bloomfield, N.J. 
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The urban footprint on the American landscape has definitely left its mark on urban streams, as is evident in this figure, which summarizes many of the impacts we see when we walk along these streams.  Urban development affects the physical living space for organisms that live in or near the stream, referred to as stream habitat.   Urban development alters stream hydrology, as impervious surfaces increase the speed and amount of storm water runoff reaching the stream.  Finally, urban development alters water chemistry.  Chemical compounds can be introduced into streams from direct sources, such as effluent discharge, and from indirect sources, such as stormwater laden with pesticides or road salt. 



This study provides a unique vantage 
point on the effects of urbanization 
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One final piece of the context for this study relates to NAWQA’s unique study design. We used a uniform approach in all nine metropolitan areas.   We examined  impacts in each city using study watersheds that represented a range of urban development conditions – from high to low levels of urban development.  That way we could assess the impacts of many levels of urbanization at the same time, rather than study changes as they occurred over years .  No other previous study in the US has combined this consistent study design and sampling approach over such a wide geographic area.  This consistent approach allows us to not only provide information about the impacts of urban development on the condition of algae, macroinvertebrate, and fish communities that live in streams but to assess how these impacts vary around the country.



Low Urban Development  
(less than 20 percent urban development) 
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This slide taken near Moriah, NC illustrates what relatively low levels of urban development look like on the ground.Deep Creek near Moriah, NC  0-20 UI



High Urban Development  
(more than 60 percent urban development) 
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This slide, showing an area near Graham, NC,  illustrates a relatively high level of urban development.Little Alamance Creek near Graham, NC



Degradation in the condition of organisms that live in the stream 
begins at the earliest stage of urban development.  

The response of stream biota to urban development varied 
across the country.  

You can’t single out one cause for the degraded conditions 
we see as we walk along urban streams.  
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Here are the three key findings that I’ll tell you about in the presentation.  [CLICK]:Our first finding is that degradation in the condition of organisms that live in the stream begins at the earliest stage of urban development.  There is no safe level  of urban development that is protective of biological communities found in natural streams... [CLICK]Second, the response of stream biota to urban development varies across the country. Management goals and strategies that are appropriate in one part of the country may not work elsewhere. [CLICK]Third, you can’t single out one cause for the degraded conditions we see as we walk along urban streams.  The story of urban streams is complex, with many interacting characters, which complicates the challenge of managing these streams. [CLICK]



Urban Development Increased 
Streamflow Flashiness 
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How is urban development in a watershed connected to the condition of a stream’s aquatic life? Let’s look at each of the ways  urban development impacts streams – habit, hydrology, and chemical pollutants.  Urban development typically increases the amount of impervious surfaces in a watershed, such as streets, parking lots, gutters and storm drains.  These impervious surfaces move large amounts of water to nearby streams within a short period of time following heavy rains and storms. As shown in the figure on the right, streamflows in urban areas,  indicated by the red line, rise and fall quickly compared with undeveloped watersheds, and reach  much higher flow levels.  This pattern of streamflow response is referred to as streamflow flashiness. The rapid rise of streamflow and the equally quick return to normal levels can have a large impact on urban streams, particularly the places where organisms live.  That brings us to stream habitat. 



Urban development often resulted in 
stream channel deepening and widening 
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Habitat is the living spaces of algae, macroinvertebrates, and fish. Flashy streams scour sediment from the channel and streambank and can cause stream channels to deepen and widen making it difficult to support healthy biological communities.



Urban Development Increased the 
Number and Concentrations of 

Insecticides 
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Generally speaking, urban development increases the number and concentration of contaminants in urban streams. For example, the concentration of the insecticide chlorpyrifos was strongly related to urban development in Atlanta, Raleigh, and Dallas, and the concentration of chlordane was strongly related to urban development in Raleigh. All three study areas are in areas of high termite activity, and these compounds have been used for termite control. Chlordane continues to be detected in urban streams even though its use has not been allowed by EPA since 1988.A new class of insecticides called pyrethroids has replaced compounds like chlordane for uses such as termite control. One or more pyrethroids were detected in streambed sediments at about half of all stream locations that were sampled. Pyrethroids were the primary contributors to the signal of increased sediment toxicity as urban development increased.. 



What did we think would happen? 
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With these physical and chemical findings in mind, let’s look more closely at the impacts of urban development on the algae, macroinvertebrates, or fish that live in streams.It has been generally assumed that the condition of a stream’s biological communities would respond to urban development in the manner shown in this figure. [CLICK] At low levels of urban development, the condition of stream organisms would be resistant to degradation. [CLICK]As levels of urban development increase, the condition of these organisms would decline rapidly. [CLICK]Finally, this trajectory ends in a period of exhaustion, when no further degradation in the biological community can occur, because conditions have literally flat-lined. In fact, we found the actual response of aquatic life to urban development is very different  from this hypothetical response. 



There is no “safe zone” of  
urban development 
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 As seen in this example from  Boston, a stream’s biological condition starts to decline immediately at low levels of urban development.  By the time a stream’s watershed reaches 20 percent urban development, the biological condition already had declined by 25 percent.  Plus, the decline in biological condition is  steady as urban development increases and there is no evidence of a level of urban development beyond which the decline in aquatic life health stops.   This response to urban development has two implications. First, there is no level of urban development that  protects  stream health; even at the onset of urban development, stream health begins to degrade.   Second, because the biological condition continues to degrade as  urban development increases, stream restoration efforts are likely to help improve the health of many streams in urban areas, even if their  conditions are quite poor. 



Impacts of Urban Development  
Vary by Region 
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Our second major finding is that while this decline in biological condition occurred everywhere we studied, the rate and manifestation of that decline varied across the country.  Why does this occur?The functioning of stream ecosystems is affected by factors such as climate, geology, topography, land cover, and dominant land-use patterns. These factors create a template for the basic condition of a stream’s hydrology, habitat, and chemistry…this template, in turn, influences the species that make up a stream’s biological communities. This basic template varies across the country.  In general, the biological communities of streams in each of these regions will possess relatively distinct characteristics.  This is true both before and after urban development occurs. While urban development always leads to some decline in biological conditions, the characteristics of this decline will vary by region.



Pre-urban land use affects the response  
to urban development 

Land cover prior to  
urban development Loss of Sensitive  

     Species 
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Let me give you an important example of the cause of regional differences –  the way land is used before urban development influences aquatic life health after development.  This  figure shows the loss of sensitive species from streams following urbanization. The smallest loss of sensitive aquatic species occurred in Denver, Dallas, and Milwaukee metropolitan areas. (CLICK)The largest loss of sensitive aquatic species occurred in the Boston, Portland, Salt Lake City, Birmingham, Atlanta, and Raleigh metro areas. (CLICK)The loss of sensitive invertebrate species after urbanization was much greater when development occurred on forested land, because prior to urbanization, streams in these more forested watersheds tended to have a relatively high diversity of macroinvertebrates, including sensitive species.  There were more sensitive species available to lose once urban development began.  (CLICK)In Denver, Dallas, and Milwaukee metro areas, the biological communities in streams had already endured some degree of degradation, associated with agricultural activities. Relatively sensitive invertebrate species were mostly absent from streams in agricultural watersheds, so there were fewer species that could be lost following urban development. 



No Single Environmental Factor Was 
Universally Important in Explaining the  

Effects of Urban Development 
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Finally, across all nine study areas, no one  environmental factor was consistently more  important than the others in explaining the effects of  development on the condition of stream organisms.  Changes in hydrology, habitat, and stream chemistry essentially act in concert to affect a stream’s biological condition Not only was no single environmental factor most important, but the three biological communities that were surveyed—algal, invertebrate, and fish—had different responses to the trajectory of changing environmental factors and urban development.   What this suggests is that regardless of the organism, multiple stressors contribute to the declining condition of these organisms.   And  the response will look different depending on the particular organism.  Together, the three organisms provide complementary evidence of urban impacts.



Linking Science with Management Needs  

Passing the “so what?” test: 
 

• Science findings are 
understandable 
 

• Account for multiple stressors 
 

• Describe uncertainty levels 
 

• Evaluate multiple management 
options 
 

• Easily updated with new 
information 
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Now I want to turn from these key findings to talk about how the assessments we’ve  done as part of this project can inform management decisions. When I began managing this study 6 years ago, I would have said that the most interesting thing about studying the effects of urban development on stream ecosystems was creating models that described the reaction of ecosystems to urbanization. . Specifically, I would have done a typical scientific study that examined the results of urbanization in terms of technical metrics indicated by the white boxes in this figure.As the study continued I began to wonder about stopping the modeling effort at this point in the diagram, because really, how much do most managers care about, or even understand, the endpoints of a model that stops at the white boxes?In this study we had an interesting opportunity to try and remedy this “so what?” problem.  Working with scientists and managers from EPA and several New England states, we reanalyzed data from the New England study to see if we could predict a measure of stream health that would be more useful to managers. What are some of the key things we learned about doing better at addressing the “so what?” challenge? 



Biological Condition 
an understandable and science-based  

indicator of stream health 
Categories of Biological Condition 

Urban Development 

6. Poor 

5. Fair 

4. Good/Fair 

3. Good 

2. Very Good 

1. Excellent 
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The first lesson is that you need to be clear about the objectives that matter to decision makers.  In this case, what mattered was meeting water quality standards and avoiding the imposition of a TMDL.  We used something called the Biological Condition Framework as our measure of how water quality standards were affected by urban development.   



25% 

Likelihood of meeting 
water quality 
conditions Excellent 

Poor 
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The second lesson is that predictive water quality models can be used to examine the impacts of possible management actions on these water quality objectives that matter to a decision maker.The simple example shown in this slide assumes a high level of urban development and degraded hydrology, habitat, and stream chemistry conditions. If the water quality standard requires Category 3 conditions or better, the model indicates that the likelihood of meeting water quality standards is only 25%, or the sum of the probabilities predicted by a model of the stream being in category 1, 2, and 3. 



Reduce 
Flashiness 

Improve 
Water Quality 

What if best management practices are introduced 
into the watershed? 
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The third lesson is to report these findings in a way that is comprehensible and easily linked with a manager’s objectives.For example, let’s say that that a decision maker is facing a situation where urban development in a watershed is high and management actions are being considered that improve the chance of meeting water quality standards and avoid the need for a TMDL.What happens if management actions that reduce stream flashiness and improve water quality by reducing chemical contaminants are implemented, even if the level of urban development remains high?
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Reduce 
Flashiness 

Improve 
Water Quality 

Assessing the effects of BMPs on 
meeting water quality standards 

Excellent 

Poor 
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[CLICK]In this situation,  if best management practices are implemented that reduce flashiness and improve water quality, the likelihood of meeting water quality standards improves from 25 to 70 percent, where 70 percent is the sum of the predicted probabilities associated with categories 1-3.This graphical approach for predicting the condition of urban stream ecosystems provides decision makers with concrete information about the consequences of management actions, expressed in terms that connect to things they care about, and which can be grasped intuitively.    Expressing the likelihood of meeting, or failing to meet, a target with important consequences enables decision makers to  assess policy options using an objective and transparent approach.  



For More Information 

http://water.usgs.gov/nawqa/urban 

Impacts of Urban 
Development on  
Stream Ecosystems 

Urban Watershed  
Management Actions Videos  
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In closing the presentation I want to reiterate the findings of our study and to point to sources of additional information about the study and its results.Our first finding is that degradation in the condition of organisms that live in the stream begins at the earliest stage of urban development.  There is no “safe” level of urban development that is protective of biological communities found in natural streams. Because the biological condition continues to degrade over the range of urban development, stream restoration efforts are likely to help improve the health of many streams in urban areas, even if the biological condition is poor.Second, the response of stream biota to urban development varied across the country. There is no reason to expect that implementing the same policies to protect water quality as watersheds development will have a uniform effect across the country.Third, urban streams are affected by multiple stressors…you cannot single out one cause for the degraded conditions we see as we walk along urban streams.  Finally, the value of these findings were increased by using models to assess the effects of  management actions on objectives and priorities decision makers care about.  The publications from which this information comes are at the back of the room.  Additional information about the study and study results, including the circular being released today, a report examining water quality management responses to urban development, a project fact sheet and poster, and numerous interpretive reports and the underlying data, are available on the project website indicated at the bottom of the slide.Thank you for your attention and I’d welcome any questions.
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