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 Section 2.3 Impacts to the Stream Channel  

 

As pervious meadows and forests are converted into less pervious urban soils, or pavement, both the 

frequency and magnitude of storm flows increase dramatically.  As a result, the bankfull event occurs two 

to seven times more frequently after development occurs (Leopold, 1994).  In addition, the discharge 

associated with the original bankfull storm event can increase by up to five times (Hollis, 1975). As 

Figure 2.4 demonstrates, the total flow beyond the “critical erosive velocity” increases substantially after 

development occurs. The increased energy resulting from these more frequent bankfull flow events results 

in erosion and enlargement of the stream channel, and consequent habitat degradation.   

 

Figure 2.4  Increased Frequency of Erosive Velocities After Development 

 
 

 

Channel enlargement in response to watershed development has been observed for decades, with research 

indicating that the stream channel area expands to between two and five times its original size in response 

to upland development (Hammer, 1972; Morisawa and LaFlure, 1979; Allen and Narramore, 1985; 

Booth, 1990).  One researcher developed a direct relationship between the level of impervious cover and 

the “ultimate” channel enlargement, the area a stream will eventually reach over time (MacRae, 1996; 

Figure 2.5). 
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Figure 2.5  Relationship Between Impervious Cover and Channel Enlargement
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Historically, New York has used two-year control (i.e., reduction of the peak flow from the two-year 

storm to predeveloped levels) to prevent channel erosion, as required in the 1993 SPDES General Permit 

(GP-93-06). Research suggests that this measure does not adequately protect stream channels (McCuen 

and Moglen, 1988,  MacRae, 1996).  Although the peak flow is lower, it is also extended over a longer 

period of time, thus increasing the duration of erosive flows.  In addition, the bankfull flow event actually 

becomes more frequent after development occurs. Consequently, capturing the two-year event may not 

address the channel-forming event. 

 

This stream channel erosion and expansion, combined with direct impacts to the stream system, act to 

decrease the habitat quality of the stream. The stream will thus experience the following impacts to 

habitat (Table 2.3): 

• Decline in stream substrate quality (through sediment deposition and embedding of the substrate) 
• Loss of pool/riffle structure in the stream channel 
• Degradation of stream habitat structure  
• Creation of fish barriers by culverts and other stream crossings 
• Loss of “large woody debris,” which is critical to fish habitat 
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Table 2.3  Impacts to Stream Habitat 

Stream Channel  Impact Key Finding Reference Year 
Habitat Characteristics 

Embeddedness 
Interstitial spaces between substrate fill 

with increasing watershed 
imperviousness 

Horner et al. 1996 

Important for habitat diversity and 
anadramous fish. Spence et al. 1996 Large Woody Debris 

(LWD) Decreased LWD with increases in 
imperviousness Booth et al. 1996 

Altered pool/riffle sequence with 
urbanization Richey 1982  

Changes in Stream Features Loss of habitat diversity Scott et al. 1986 
 

Direct Channel Impacts 
Reduction in 1st Order 

Streams 
Replaced by storm drains and pipes 
increases erosion rate downstream 

Dunne and  
Leopold 1972 

Channelization and 
hardening of stream 

channels 

Increase instream velocities often 
leading to increased erosion rates 

downstream 
Sauer et al. 1983 

Fish Blockages Fish blockages caused by bridges and 
culverts MWCOG 1989 

 
 

 Section 2.4 Increased Overbank Flooding    

 

Flow events that exceed the capacity of the stream channel spill out into the adjacent floodplain.  These 

are termed “overbank” floods, and can damage property and downstream structures. While some 

overbank flooding is inevitable and sometimes desirable, the historical goal of drainage design in New 

York has been to maintain pre-development peak discharge rates for both the two- and ten-year frequency 

storm after development, thus keeping the level of overbank flooding the same over time. This 

management technique prevents costly damage or maintenance for culverts, drainage structures, and 

swales. 

 

Overbank floods are ranked in terms of their statistical return frequency.  For example, a flood that has a 

50% chance of occurring in any given year is termed a “two-year” flood.  The two-year event is also 

known as the “bankfull flood,” as researchers have demonstrated that most natural stream channels in the 

State have just enough capacity to handle the two-year flood before spilling out into the floodplain.  

Although many factors, such as soil moisture, topography, and snowmelt, can influence the magnitude of 

a particular flood event, designers typically design for the “two-year” storm event.  In New York State, 
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the two-year design storm ranges between about 2.0 to 4.0 inches of rain in a 24-hour period.  Similarly, a 

flood that has a 10% chance of occurring in any given year is termed a “ten-year flood."  A ten-year flood 

occurs when a storm event produces between 3.2 and 6.0 inches of rain in a 24-hour period.  Under 

traditional engineering practice, most channels and storm drains in New York are designed with enough 

capacity to safely pass the peak discharge from the ten-year design storm. 

 

Urban development increases the peak discharge rate associated with a given design storm, because 

impervious surfaces generate greater runoff volumes and drainage systems deliver it more rapidly to a 

stream.  The change in post-development peak discharge rates that accompany development is profiled in 

Figure 2.6.  Note that this change in hydrology increases not only the magnitude of the peak event, but the 

total volume of runoff produced. 

 
Figure 2.6  Hydrographs Before and After Development 
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 Section 2.5 Floodplain Expansion   

 

In general, floodplains are relatively low areas adjacent to rivers, lakes, and oceans that are periodically 

inundated.  For the purposes of this document, the floodplain is defined as the land area that is subject to 

inundation from a flood that has a one percent chance of being equaled or exceeded in any given year.  

This is typically thought of as the 100-year flood. In New York, a 100-year flood typically occurs after 

between five and eight inches of rainfall in a 24-hour period (i.e., the 100-year storm).  However, snow 

melt combined with precipitation can also lead to a 100-year flood.  These floods can be very destructive, 

and can pose a threat to property and human life. 

 

As with overbank floods, development sharply increases the peak discharge rate associated with the 100-

year design storm.  As a consequence, the elevation of a stream’s 100-year floodplain becomes higher and 

the boundaries of its floodplain expand (see Figure 2.7).  In some instances, property and structures that 

had not previously been subject to flooding are now at risk.  Additionally, such a shift in a floodplain’s 

hydrology can degrade wetland and forest habitats. 

 

Figure 2.7  Floodplain Expansion with New Development 

 
 



New York State Stormwater Management Design Manual             
 

2-14 

 Section 2.6  Impacts to Aquatic Organisms   

 

The decline in the physical habitat of the stream, coupled with lower base flows and higher stormwater 

pollutant loads, has a severe impact on the aquatic community. Research suggests that new development 

impacts aquatic insects, fish, and amphibians at fairly low levels of imperviousness, usually around 10% 

impervious cover (Table 2.4).  New development appears to cause declining richness (the number of 

different species in an area or community), diversity (number and relative frequency of different species 

in an area or community), and abundance (number of individuals in a species).    

 

Table 2.4   Recent Research Examining the Relationship of 
Urbanization to Aquatic Habitat and Organisms 

Watershed 
Indicator Key Finding Reference Year Location 

Aquatic insects 
and fish 

A comparison of three stream types found urban 
streams had lowest diversity and richness.  Urban 
streams had substantially lower EPT scores (22% 

vs 5% as number of all taxa, 65% vs 10% as 
percent abundance) and IBI scores in the poor 

range. 

Crawford & 
Lenat 1989 North 

Carolina 

Insects, fish, 
habitat  water 

quality, 

Steepest decline of biological functioning after 
6% imperviousness.  There was a steady decline, 
with approx 50% of initial biotic integrity at 45% 

I. 

Horner et al. 1996 Puget Sound 
Washington 

Fish, Aquatic 
insects 

A study of five urban streams found that as land 
use shifted from rural to urban, fish and 
macroinvertebrate diversity decreased. 

Masterson & 
Bannerman 1994 Wisconsin 

Insects, fish, 
habitat, water 

quality, riparian 
zone 

Physical and biological stream indicators 
declined most rapidly during the initial phase of 

the urbanization process as the percentage of total 
impervious area exceeded the 5-10% range. 

May et al. 1997 Washington 

Aquatic insects 
and fish 

There was significant decline in the diversity of 
aquatic insects and fish at 10% impervious cover. MWCOG 1992 Washington, 

DC 

Aquatic insects 
and fish 

Evaluation of the effects of runoff in urban and 
non-urban areas found that native fish and insect 
species dominated the non-urban portion of the 

watershed, but native fish accounted for only 7% 
of the number of species found in urban areas. 

Pitt 1995 California 

Wetland plants, 
amphibians 

Mean annual water fluctuation inversely 
correlated to plant & amphibian density in urban 

wetlands.  Declines noted beyond 10% 
impervious area. 

Taylor 1993 Seattle 
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Table 2.4   Recent Research Examining the Relationship of 
Urbanization to Aquatic Habitat and Organisms 

Watershed 
Indicator Key Finding Reference Year Location 

Aquatic insects 
& fish 

Residential urban land use in Cuyahoga 
watersheds created a significant drop in IBI 

scores at around 8%, primarily due to certain 
stressors that functioned to lower the non-

attainment threshold When watersheds smaller 
than 100mi2 were analyzed separately, the level 
of urban land use for a significant drop in IBI 

scores occurred at around 15%. 

Yoder et. al. 1999 Ohio 

Aquatic insects 
& fish 

All 40 urban sites sampled had fair to very poor 
index of biotic integrity (IBI) scores, compared to 

undeveloped reference sites. 
Yoder 1991 Ohio 

IBI:    Index of Biotic Integrity:  A measure of species diversity for fish and macroinvertebrates 
EPT: A measure of the richnies of three sensitive macro-invertebrates (may flies, caddis flies, and 

stone flies), used to indicate the ability of a waterbody to support sensitive organisms. 
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