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Problem and Approach
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• How to meet nonpoint source pollution reduction goals through 

ecosystem restoration and watershed management?

–Focus has been on nitrogen

• Watershed restoration to solve nutrient pollution problems requires 

reducing sources and  increasing removal options.

–Understand and model the pollution sources and removal options

–Enhance biological removal

– Increase retention time and connectiveness

• Opportunities for multiple benefits can lead to better outcomes.

– Integrate ecosystem restoration with infrastructure improvements

–Understand costs, benefits, and payback times for ecosystem 

restoration
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Field, laboratory, and modeling research can 

support water quality improvement in watersheds 

with excess nutrient pollution problems.
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Biogeochemical processing is the driver of 

nitrogen attenuation, but where and how?

Biological denitrification removes nitrate 



Engineered infrastructure and ecosystem 

management practices can help reduce 

nitrogen pollution in watersheds



N-Sink is a web based decision support tool for land 

use planners and managers that shows locations 

sensitive to nitrogen pollution within a watershed. 



N-Sink uses hydrology, land cover, and best 

available biogeochemistry data to estimate 

nitrogen retention along the flowpath.

1)  Start with hydrology in a 
watershed (e.g. Niantic R.)

2) Move water and N where 
landscapes remove N along path.           
(e.g. 93%  N removed 7% remains) 

3) Repeat every grid cell to see 
where N is and is not retained to 
generate a “heat map”.



Ecosystem restoration can help improve 

nutrient retention.

Big Spring Run in 

Lancaster, PA

Yakima River in 

Washington State



Disconnected floodplains have low  denitrification, 

so remove the sediments and reconnect the 

floodplain. 

Big Spring Run in Lancaster, PA is a unique example.



Big Spring Run - Groundwater nitrate 

decreased four years after restoration.



Infrastructure within the watershed 

requires management and repair.

This provides opportunity for more sustainable decision 

making, protection of resources, and restoration of 

ecosystem services like nutrient retention.
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Quantifying the water quality and ecosystem 

service benefits of floodplain restoration
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We can classify the ecosystem services and 

look at their value in a floodplain. 



Used data from 5 floodplain restoration projects from 

Yakima County, WA and 151 projects from a national 

database to determine value and payback period
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Floodplain Ecosystem Service value is 

derived primarily from Cultural and 

Regulating Services

Shrestha et al. 2017, in review

Regulating Services

35% 



The cost can be very high and 

variable, but payback period is rapid

National1 

Restoration Cost 

per acre per 

project ($)

National1

Payback period 

per project 

(years)

Washington 

State2

Restoration 

Cost per project 

per acre ($)

Washington 

State2 Payback 

period per 

project (years)

No. of projects n = 151 n = 5

Mean 28,388 1.01 100,884 3.58

Std. Dev 89,841 3.19 90,722 3.22

Max 739,017 26.24 215,000 7.64

Min 0 0 1,282 0.05

Median 1,651 0.06 66,667 2.37

Table 5: Cost of floodplain reconnection and payback period based on NRRSS database (modified from Shrestha et al. in review)
1 Based on the National River Restoration Science Synthesis database 
2 Based on the Yakima County floodplain restoration data 



Thank you.
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