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From Kunkel et al. 1999, Bull. Am. Met. Soc.



April 16, 2007, NY



Bring it closer to home …. 
What floods cost in New York annually. 

In thousands of 
current dollars
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R. Pielke, M. Downton, Z. Barnard-Miller
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Factor #1: 
Changes in Precipitation Patterns – Northeastern U.S. 

http://yosemite.epa.gov/oar/
globalwarming.nsf/content/
us-newyork.html

(From Kunkel et al. 1999, Bulletin of American Meteorological Society)



From IPCC, Feb. 2, 2007 



Northeastern U.S. Climate –
Future directions

#1  Climatic Changes

2006 Union of Concerned Scientists
http://www.northeastclimateimpacts.org



Watershed:  all of the area which captures 
rainfall and contributes to stream flow,
i.e. the “bowl”.

Factor # 2:  Poor Watershed Management

Watershed
divide



Balance between precipitation, runoff    , 
infiltration      , and evapo-transpiration

Cross-section of a watershed



Overland runoff
via stream channel

networks

Watershed 
divide

Stream numbering

Photo: Y. Arthus Bertrand



Low flow

High flowButtermilk Falls,NY

Natural stream flow patterns

rain

Groundwater
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Impervious
Surfaces:
Rooftops
Parking lots
Driveways

Compacted 
Soils:
Lawns,
Crop fields



time (hrs/days/weeks)

stream
height

post-development

pre-development

• in frequency and magnitude of floods

• in summer droughts

• degraded water quality – erosion 

• loss of diversity of fish and aquatic animals

Impervious surfaces impact the natural patterns of flow:
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E.P.A. Phase II Stormwater Regulations 2003
For 450 towns in New York – Municipal Separate Storm Sewer Systems

Rt. 89, Tompkins Co., 
Feb 2006

Main focus is on 
construction activities



Roadside Ditches –
the unrecognized factor

in stormwater
runoff management



Managed by highway staff to prevent
road flooding and traffic accidents

rarely linked to watershed mgmt issues



Principal Investigators:
Rebecca Schneider, Dept. Natural Resources
Todd Walters, Dept. Biological & Envir. Eng.
Art Lembo, Steve DeGloria, Dept. Crops & Soils

Roadside Ditches Program 
Contributors

Collaborators:
Sharon Anderson, Cayuga Lake Watershed Network 
Lynn Irwin, Cornell Local Roads Program
Nancy Trautmann, Dept. Natural Resources
Eric Halstead, Town of Candor Highway Dept.

Sponsors:
U.S.D.A. CSREES, Cornell University – CALS (2004-2007)



Cornell’s Roadside Ditch Program

RESEARCH Objectives:
1) How do different ditch management practices 

affect the quantity and type of materials moving
into streams (TSS, bedload, dissolved chemicals, water)?

2) What percentage of the total stream load and flow 
is contributed by the network of ditches in a watershed?

3) Develop a model that estimates ditch loadings
based on internal and/ or external land use characteristics?

EXTENSION Objectives:
1) Build awareness of the issue and alternative management

practices for town highway staff and town planners.

2) Educate youth about ditches and how they affect streams.
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2) Monitor:
• Total water flow
• Suspended sediment
• Dissolved chemicals

• Bedload sediment

Research
1) Map:
• ditch lengths,
• mgmt types
• connections

to streams



Ditches:            142 km
70% linked to stream,
largely in 1st order,
headwaters.

Stream Channel Density
1.6 km-1  to 4.1 km-1

Enfield Creek

Road length 87 km 

Stream length 88 km 

Divide   56 km 2 in size

Vegetated 

Scraped, exposed

Results



Approximately 25%
of the surface runoff

from the entire 
Doolittle Watershed

is potentially intercepted
and diverted by ditches.

Ditch drainage
basins



Discharge and TSS concentration for rain event of 10/25/05 at Ditch 2
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Tioga Co.
Susquehanna River10/23/05  site 1    14:12



Mean Peak conc. by Percent of exposed substrate at the bottom
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0.16As3-Anions

3,205.36Ca2+

75.78K+

737.39Mg2+

11,100.58Na+

Cations

2.90Zn

3.79Cr

0.25Pb

1.28Cu

6.39Ni

52.27Fe

1.48Mn

22.64Al

Trace 
Metals

21.43NO3
- + NO2

-

83.43Total P

1.43Ortho-Phosphates 

Total load (kg)Element

Nutrients

Summary of Chemicals Transported in Ditches 

Dissolved Chemical Loads 

A diversity of 
chemicals 

dissolved in the
water and 

adsorbed on the 
sediment particles 
are transported by 

ditches 
downstream.

De-icers





Significant quantities
of bedload transport
move in scraped and
exposed ditches.



Roadside Ditch Impacts

a)  mechanism for increased
land-water linkages 

b)  conduit for rapid runoff
c)  internal source of sediment 

and other contaminants



d) Potential influence on stream erosion.

Ditch influence on
erosion?

Moose River, Adirondacks



Extension to New York Stakeholders

• MS4 Town Highway Staff and Local Governments 
45 Regional Workshops to over 2000 highway staff
and local government officials. 

• K-12 education – Workshops, Activities for mapping
ditches using GPS (Global Positioning System)
Interactive Web site 
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Rainwater Runoff Flow Path 

1 
Impervious 
surfaces of

roofs, driveways,
parking lots 

2
Transfer
Pipes 

3
Roadside

Ditch

4
Stream

Recommendations for Improving the 



Recommendation (1) :
Where possible, replace impervious surfaces 

with permeable pavements. 



Recommendation (1) For Croplands:
• Improve soil infiltration

using mulches, cover
crops



Recommendation (2) :

Disconnect house runoff from 
roadside ditches.

(required by NYS building code) 



Recommendation (2):
Use rain gardens, rain 
barrels, and low-lying 
depressions to capture rain 
from rooftops. 



Recommendation (3) :
Don’t scrape ditches and 
leave them exposed to 
erosion during
storm events. 



Recommendation (3):
• Use hydroseeding immediately after ditching
• Hydroseed early in the season to allow sufficient 

growing time, and not immediately before rain.

• If scraping is 
necessary, do it
in patches with
vegetated strips
left downslope
to capture 
sediments.



Recommendation (4)
• Disconnect ditches from streams.
• Use infiltration basins or detention ponds that allows for 

groundwater recharge. 



Acknowledgments:
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Stormwater management is risky business.  

Questions? 


