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A U.S. Distribution of Impervious Area
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*Global average impervious area — 0.43%; U.S. average 1.05% (Elvidge et al. 2007)
*US - impervious surface area/person (297m?) (Range 0-400 m?/ person )

*Waters affected by impervious area are concentrated in U.S., Europe, Japan, China, India.



Urban Land Use Effects on Hydrology

Expansion of impervious surfaces.

Altered sediment and water supply to stream. r '

Runoff conveyed to channel by stormwater drains.

Lag between rain-storm discharge peak is shorter , peak is larger.

Stream channel incision/widening is common
(erosion>deposition).
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Land Use Effects on Streams in North Carolina

Urban runoff is the primary cause of stream
impairment in North Carolina

NC DWQ (2005

Sources of Impairment of Freshwater Streams and Shorelines, in miles, in North Carolina™

2005 Annual NPS Report to the U.S.
Environmental P

Urban land-use expanding-
Conversion of ag. and forest lands
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Urban Land-Use Gradient L Bz Rural
In Greenville, NC (>15% TIA) (<15% TIA)

Watersheds range from 4-37% TIA
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Well-drained sandy soils

Urban Land-
Use

:PiIIippi Branch
Total Impervious Area (4%)

Headwaters
Total Impervious
Area (67%)

Fornes Branch
Total Impervious Area (37%)



Urban Land-Use Effect on Catchment-Scale Infiltration Capacity

Total Impervious Area (%)
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Maximum

Decrease Mean watershed infiltration capacity = 6 cm/hr

Maximum decrease in infiltration capacity= 34%

As urban areas expand the land’s ability to soak up rain water decreases.




Urban

25 Changes in Stormwater
- — Totel Discharge Runoff due to Urbanization
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Stormwater runoff and peak floods have

Increased by over 3 X due to urban expansion in Greenville, NC
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More frequently occurring floods are more

i.e. 2 yr flood
Increases due to
urbanization are
much larger than
100 yr flood

increases

enlarged due to urban land-use

Enlargement of Flood-peak Discharge
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Stormwater Increases Cause
Channel Incision and Widening
for Headwater Urban Streams

Rural Streams
- Minor incision
- Surface water more likely to interact w/ riparian zone

Urban Streams

- Incised
- Surface water rarely interacts with riparian zone
- Urban streams were more incised (0.53 m deeper)
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Watershed Impervious Area Effects:
Bankfull Cross-Sectional Area

Percent TIA vs. Bankfull Cross-sectional Area / Watershed Area

@® Urban Streams
O  Rural Streams

As TIA increased
bankfull cross-
sectional area
increased.

>10% TIA
67% larger x-
sectional area
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How do changes in channel morphology affect
hydrology?

Fornes Branch

Greenville, NC =
(37% TIA) 13
Emma'f

HardiS'O:n e



Increasing urbanization

4% TIA 37% TIA




Channel Incision Ratio

Riparian Ground Water Depth

below Surface (m)

Channel Incision and Floodplain Water Table Decline
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Channel Incision Ratio

Channels incise, floodplain
groundwater levels drop and
become more seasonally
variable.

Streams become disconnected
from their floodplains.
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Urban Channel Enlargement in Headwater Areas
reduces the connection between stream and floodplain
valuable floodplain functions lost
(flood water and sediment storage, nutrient processing)




Summary
Coastal Plain urbanization alters hydrology and storm response along tributary streams:

Surface
water
level

Reducing infiltration and groundwater recharge

Increasing stormwater runoff (greater increases for more frequently occurring storms)
Incising and widening stream channels (also channelization may have occurred)
Reducing the connection between stream and floodplain in upper parts of watershed
Decreasing floodplain flood water storage and function as a sediment /nutrient sink

Increasing flood risk in lower parts of the watershed

Floodplain

Hardison et al. 2008



Exum et al. (2005)

Impervious Area Projections for
North Carolina

10% TIA threshold for stream impairment

By 2030- TIA expected to expand 3-4 times the
current extent. Streams in watersheds with
greater than 10% TIA will increase by 3,272
miles.

Urban stormwater will affect more NC
watersheds in the future, particularly in
Piedmont.

Coastal / Coastal Plain areas also will be
affected.




Thanks for your attention!

Acknowledgments

Collaborators
Tom Allen (ECU Geography)
Mark Brinson (ECU Biology)

Grad Students
Emma Hardison (ECU Biology)
Jason Soban (Geological Sciences)
Rob Howard (Geological Sciences)
John Deloatch (Geological Sciences)
Heather Hutchinson (Geological Sciences)

Funding
UNC Competitiveness Initiative
NC Water Resources Research Institute
North Carolina Ecosystem Enhancement Program



	���Urbanization and the Hydrologic Response to Storm Events �
	Slide Number 2
	Urban Land Use Effects on Hydrology
	Urban runoff  is the primary cause of stream�impairment in North Carolina �
	Slide Number 5
	�Urban Land-Use Gradient �in Greenville, NC�
	Urban Land-Use
	Urban Land-Use Effect on Catchment-Scale Infiltration Capacity
	Changes in Stormwater �Runoff due to Urbanization
	Slide Number 10
	More frequently occurring floods are more enlarged due to urban land-use
	Rural Streams �- Minor incision �- Surface water more likely to interact w/ riparian zone�
	Watershed Impervious Area Effects:�Bankfull Cross-Sectional Area
	How do changes in channel morphology affect hydrology?
	Slide Number 15
	Channel Incision and Floodplain Water Table Decline�
	Urban Channel  Enlargement in Headwater Areas �reduces the connection between stream and floodplain�valuable floodplain functions lost �(flood water and sediment storage, nutrient processing)
	Slide Number 18
	Impervious Area Projections for North Carolina
	Thanks for your attention!��Acknowledgments

