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Precipitation   =   Runoff   +  Groundwater  +  Evaporation/transpiration

Watersheds determine the quantity and 
quality of water available 
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• Canopy interception
• Porous, organic soils



• Impervious  

surfaces

• Compacted 

soils with

limited organic

matter
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Post-Development
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POST-development

PRE-development

• increase in frequency and magnitude of floods

• increase in stream dry out, water table decline  

Human activities have shifted the balance



Re-plumbing
Roadside Ditches

1. Watershed framework 
2. Roadside ditches – our key findings
3. Roadside ditches - what it takes to change management
4. Stakeholder engagement



Roadside Drainage Networks

▪ Floods?

▪ Droughts?

▪ Water pollution?

What role do 
they play in:



Study Sites

NY

PA



Approaches

(2) MONITORING
• Total water flow
• Suspended sediment 
• Dissolved chemicals
• Bedload
• Fecal coliforms

(1) GPS and ARC-GIS 
MAPPING
• Ditch lengths
• Connections to streams 
• Management types  

(3) MODELING



1      Increased connections between land and stream 
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S ACROSS BASINS:
Watershed surface area          16 miles2 (42.3 km2)

Stream length 41 miles (66.0 km) 
Ditch connected length    32 miles (51.0 km)
# of intersections w/streams      94

Stream density 
without DITCHES 1.55 km/km2

with DITCHES       2.73 km/km2 

1.7 – 4 times greater connection of land to water

ditches
& streams

ditches



• Road surfaces cover 1% of watershed surface area.

• Ditch drainage basins intercept ~22 % of the 
surface runoff and  shallow groundwater  from 
each watershed.

2   Increased capture of watershed runoff 

1.63 km 
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Decreases travel time across 
the watershed

Dr. Brian Buchanan Dr. Todd Walter

3 Rapidly shunts water and 
contaminants to stream
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4 Increases magnitude of stream flooding 
Ditch discharges into streams result in increased peak flows (avg 78%) and total flows (avg 57%)

Dr. Brian Buchanan
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Ditch 

confluence

upstream

downstream

5    Alters stream geomorphology  

1.5 m

4.0 m

• High volume discharges
• Instream bank scour
• Stream dry - out 
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6 Source of sediment from ditch when 
scraped and left exposed

Mean Peak conc. by Percent of exposed substrate at the bottom
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7 Transports contaminants from adjacent land uses
(sediment, phosphorus, de-icer salts) 
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High concentrations of fecal coliforms immediately 
after spreading and continuing for months.

8    Rapid conduit of viable microbes from  livestock,  
manure,  septic tanks. 

Kim Falbo McGarry Dr. Dan Buckley
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Photos: W. Hecht 

Ditches contribute to 
sediment and nutrient inputs
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How to change a century of 
roadside ditch practices?



Build awareness  - fact sheets

Dr. David Orr



Workshops and presentations

90  Presentations to ~3,500  town highway staff  (2018), 
natural resource professionals, government  officials 

Annual Cornell Local Roads Highway School



Re-plumbing watersheds through 
improved roadside ditch management



BMPs:   Strategies to Reduce Flooding 

Disconnect ditches from streams.

Divert flow to infiltration basins, constructed wetlands, or 

detention  ponds  that allow for groundwater recharge.

Save the rain for a 

droughty day!



Mow ditches, 

instead of scraping.

Strategies to Reduce Pollution 

Hydroseed immediately 
after ditching.



Avoid V shaped ditches –

promotes rapid flow, prone to erosion.

BMPs: Basic design and maintenance

V-shape



Ditch shape is important  - slow down flow; can be 
mowed 

BMPs:  Basic design and maintenance

U
Trapezoid



Bioswale – filled ditch with coarse gravel and pipe 
underdrain as bottom layer

- Topsoil and grass as upper layer

BMPs:  Strategies to reduce or filter out contaminants

Filled V shape



BMPs:     Strategies to reduce pollution 

Use check dams to slow down 
erosive ditch flow. 



Problems with overly deep ditches:

• Slumping, erosion, and sediment pollution

• Safety concerns for off-shoulder driving

•Unstable, steep sides. 

Deeper ditches actually  intercept  and capture 

MORE 

water 

infiltration

BMP: Don’t dig a deeper ditch

Surface 

runoff
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Local Scale – Realities of practice 
2014 Survey of NYS town highway

999 town and county superintendents
40% response rate 

85% are elected officials  

Anthony 
Johnson

Dr. Shorna Allred

Dr. David Orr



• 36.8 %  use full scraping or reshaping without any 
reseeding as their primary method of ditch 
management

• 46.4% scrape their ditches > once every 2 to 4 yrs



NYS has 117,000 miles of town roads 
1/3 to 1/2  of the roadside ditches across NYS 

are in fair to poor condition 



• Inconsistent 
• Non-hierarchical
• Guidelines, not mandates 
• BMPS - which, when?
• Limited trans-boundary 

engagement

Distribution of road ownership and management     
responsibilities in the Chesapeake Bay Watershed states.

Sara Davis Reynolds

Engage with stakeholders
- decision-makers 

Chesapeake Bay Watershed
2017 Adopted roadside ditch 
mgmt for their TMDL options

Roadside ditch governance 



Stakeholders for Waterburg Creek
Tributary to Cayuga Lake



Reported barriers

2)  Right-of-Ways 

1)  Limited Resources
• Time 
• Labor 
• Small town budgets
• Equipment

3)  Farmers and tiling 

ROWs



ROWs

Private Landowners: 
Their Ditches 

and Right Of Ways (ROWs)

Tompkins County 2019
320 surveys - 39% return rate  

• 36% unsure about ROWs
• 82% in ditches for trash, mowing, gardening
• 50%  never think about ditch waters but 78% would reduce 

fertilizer / pesticide use to avoid polluting 
• 55% never met their highway staff, but 82% glad they maintain them
• > 50% would accept increase in taxes or widening the ditch to 

reduce pollution 

Kalena Bonnier-Cirone



Results of 2019 Survey of Tompkins County Private Landowners 



Your Ditch and You – What can you do?  

Less than 2 ft deep?

• Mow or weed-whack your ditch but keep at least several inches of plant growth.

• Pick up any trash that may have dropped from containers or vehicles.

• Redirect gutter drains away from the roadside ditch and into a rain garden.

• If you are installing tile drains in your lawn or field, direct them away from ditch.

Greater than 2 ft deep?

• Slightly widen your V-shaped ditch to allow reconfiguring it into a trapezoidal shape that 
allows mowing.

• Talk to your highway staff about options to improve safety and functioning of the ditch.

• Reach out to your county’s Soil & Water Conservation District staff for assistance with 
funding, design and implementation. 



Proceedings National Academy of Sciences  Aug 2018 

Key metric:  water quality, measured as mean dissolved oxygen deficiency (DOD) in rivers and streams in a 

watershed for a given year, to quantify public good provision. 

3 measures of group activity in a watershed in a given year:

total number of active groups, total donations to all  groups in the watershed, and total expenditures 

(net of fundraising) by groups in the watershed.

The increased presence and activity of watershed groups resulted in lower 

dissolved oxygen deficiency and higher proportions of swimmable and fishable 

water bodies. Increased donations to and expenditures by the groups also 

related to improved water quality.       DOD decreased by 2.6%/yr

Good News!     Thank you for all your efforts! 

Analyzed 2,150 watershed groups from 1996 – 2008

watershed groups can impact water quality in various ways, including oversight and monitoring, 

direct actions such as organizing volunteers for cleanups or restoration, and indirect actions like 

advocacy and education.



“With the increase of  the amount of  rainfall per storm in

recent years, it is hard to manage the amount of  water entering the 

ditches which contributes to larger ditches, etc…”

Highway Superintendent comment regarding current challenges. 

Creek flooding Chautauqua Lake 2021

F.Lazarus


