
The Land Use –
Water Quality Connection

Whitney Jenkins
Coastal Training Program Coordinator

North Carolina Coastal Reserve &              
National Estuarine Research Reserve





We have changed the 
natural hydrology.



Parking Lots



Parking Lots Continued



Parking Lot & Street Runoff



Ditching



Cul-De-Sacs



Rooftop Runoff



Curbs and Gutters



Vegetated Buffers &
Living Shorelines





What is a Watershed?



(Osmond, 2000)

What is a Watershed?



What North Carolina river basin 
do you live in?













What are the intended uses of 
our water resources? 



Intended Uses of 
Water Resources

• Aquatic life habitat
• Drinking water
• Swimming
• Fishing



What is a Water Quality Impairment?

The inability of a water resource to meet its 
intended uses.  

For example, an estuary is impaired when high 
levels of bacteria ban the harvesting of oysters.



Shellfish Harvest Closure Map

https://ncdenr.maps.arcgis.com/apps/webappvi
ewer/index.html?id=5759aa19d7484a3b82a8e4
40fba643aa

http://portal.ncdenr.org/web/mf/testing-sites

Swimming Advisory Map

https://ncdenr.maps.arcgis.com/apps/webappviewer/index.html?id=5759aa19d7484a3b82a8e440fba643aa
http://portal.ncdenr.org/web/mf/testing-sites
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CHANGES IN SHELLFISH CLOSURE BOUNDARIES



Pollution Sources:
Point Source



Pollution Sources:
Nonpoint Source



Pollutants of Concern
• Nutrients- nitrogen and phosphorus can lead 

to algal blooms, eutrophication, and fish kills
• Microbes- public health risk, can lead to 

closure of fishing areas and loss of revenue 
(i.e. bacteria, viruses, parasites)

• Sediment- clogs drainageways, clouds rivers, 
and degrades aquatic habitat



Nutrients





Nutrients



Eutrophication



Nutrients & Microbes



Nutrients & Microbes



Nutrients & Microbes



Nutrients & Microbes



Nutrients & Microbes



Nutrients & Microbes



Nutrients & Microbes



Nutrients & Microbes







Sediment



Sediment



Sediment



Stormwater pollutants also include any 
materials that can build up on impervious 
surfaces: oil, grease, trash, auto fluids, dirt, etc.



So what’s the bottom line...
• Everything is connected 
• What we do on the land affects...

– Water quality
– Animal habitat
– Our economy (i.e. tourism, commercial fishing)
– Our quality of life

• It has been proven that conventional 
development does not protect water quality

• We can develop the land AND protect water 
quality





Final Quiz! 



Algal Blooms



Submerged Aquatic Vegetation



Oyster Beds



Introduction to 
Low Impact Development

Borrowed from Dwane Jones



What is Low Impact Development (LID)?
• Plan, design, construct, & manage each 

development site to protect, or restore, the 
natural hydrology of the site so that the overall 
integrity of the watershed is protected. 



What is Low Impact Development (LID)?
• Hydrologically functional landscape
• Disconnecting impervious surfaces
• Reducing stormwater volume



Which illustration accurately depicts LID? 

A B

A
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Conventional Development



3.The Stormwater “Super-Highway”



Imperviousness effects stream quality

Center for Watershed Protection
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• Removal of all vegetation

Conventional Development



• Removal of all vegetation
• Compacting the soil 

Conventional Development



• Removal of all vegetation
• Compacting the soil 
• Putting in large areas of hard (impervious) 

surfaces

Conventional Development



• Removal of all vegetation
• Compacting the soil 
• Putting in large areas of hard (impervious) surfaces
• Reduced infiltration

Conventional Development



• Removal of all vegetation
• Compacting the soil 
• Putting in large areas of hard (impervious) surfaces
• Reduced infiltration
• Increased in surface runoff

Conventional Development



• Removal of all vegetation
• Compacting the soil 
• Putting in large areas of hard (impervious) surfaces
• Reduced infiltration
• Increased in surface runoff
• Stormwater runoff overwhelms streams:

• Causing flooding 
• Damaging public and private property 
• Polluting waterbodies and wildlife 

habitat

Conventional Development



Collect and convey stormwater runoff through storm 
drains and pipes

Conventional Development



Conventional Development
This typically requires extensive use of pipes and 
sometimes large, costly, stormwater control measures. 



Low Impact Development



The LID “Toolbox”
• There are many practices that make up LID



The LID “Toolbox”
• There are many practices that make up LID

• LID is not a one-size-fits-all approach



The LID “Toolbox”
• There are many practices that make up LID
• LID is not a one-size-fits-all approach

• Local conditions matter
– High water table? 
– Clay soils?



Limit site disturbance, clearing, and 
grading. Work with natural features.





Minimize Lot Clearing & 
Promote Tree Conservation



Bioretention

• Many applications, including:
– Parking lot islands
– Median strips
– Residential lots (e.g. rain gardens)
– Office parks

• Landscape amenities, not just plumbing



Bioretention



Bioretention

Source:  Chatham County Cooperative Extension - NC State University



Bioretention



Bioretention



Shared Driveway



House Setbacks

• Relax side yard setbacks 
and allow narrow frontages 
to reduce total road length

• Relax front setback 
requirements to minimize 
driveway lengths



House Setbacks: Shorter Driveways



House Setbacks:
Room for Open Space



Permeable Paving
• Parking stalls

• Overflow parking

• Driveways

• Walkways





Rooftop Runoff: Green Roofs



Green Roof Cross-Section

Source: www.greensulate.com/green_roofs.php



Rainwater Harvesting

• Irrigation
• Vehicle washing      

(fire trucks)
• Street sweepers
• Toilet flushing



Rainwater Harvesting

3,000 Gallon Cistern

Pump Station



Retrofit Opportunities



Retrofit: Bioretention

Source: Larry Gavin



Retrofit: Curb Cuts



Retrofit: Stormwater Wetland



Retrofit: Stormwater Wetland



Retrofit: Stormwater Wetland



Courtesy LID Center, MD



LID Conventional 
Development

Minimize land clearing Removal of most or all 
native vegetation

Amended soils Compacted soils

Minimize use of 
impervious surfaces

Excessive use of impervious 
surfaces

Infiltration Costly Infiltration

Natural hydrology Severely altered hydrology

Let’s Compare…



• Reduced capital costs
• Reduced operating costs
• Marketing benefits
• Increased value
• Health & productivity gains
• Water quality benefits over conventional 

development
• Personal satisfaction through stewardship

Why LID?



• Outdated development codes
• Developers often not interested in 

“experimentation”
• Lawsuits? Lawsuits are often based on a deviation 

from standard practice
• Developers build what is selling; consumers buy 

what is on the market
• Some benefits not easily quantified or measured

Why Not LID?



Where can I get more information?





Low Impact Development
A Guidebook for North Carolina

www.onsiteconsortium.org/npsdeal/
NC_LID_Guidebook.pdf

http://www.onsiteconsortium.org/npsdeal/NC_LID_Guidebook.pdf




Low Impact Development in 
Coastal South Carolina

www.northinlet.sc.edu/lid/

http://www.northinlet.sc.edu/lid/


Summary

As our state continues to develop, the 
need for effective stormwater 
management will also grow. 



Summary
Water quality regulations are often 
reactive measures to degraded 
environmental conditions. As responsible 
citizens, we should focus on preventative 
actions to safeguard our natural 
resources. 



Summary

In the long run, doing what is good for 
the environment is good for the 
economy. Clean water and healthy 
habitats makes coastal real estate more 
desirable. 
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