
1 

Estimating Loads and Trends of 

Atmospheric Nitrogen Deposition in the 

Chesapeake Watershed and Tidal Waters 

STAC Workshop on the  

 The Peculiarities of Perviousness 
 

April 22, 2014 

Lewis Linker & CBP 

Modeling Team 
linker.lewis@epa.gov 



2 

Overview: 

• Methods and Approaches in CBP 

Airshed Modeling  
 

• Trends in Chesapeake Nitrogen 

Deposition 
 

• Future Directions 
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Models and Methods: 
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Models and Methods: 

 

Locations of the 39 NADP/NTN 

(circle) and 6 AIRMoN 

(triangle) precipitation 

chemistry monitoring sites 

used for development of the 

wet-fall regression model. Also 

shown are the land-segments 

of the Watershed Model, which 

are the smallest spatial units of 

atmospheric deposition 

estimates used in the 

Chesapeake TMDL. 

A regression model 

developed by Grimm and 

Lynch was used to 

estimate hourly loads of 

wet deposition for the 

1985 to 2005 simulation 

period. 
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Models and Methods: 

 
The 12-km CMAQ model 

grid over the Chesapeake 

Bay basin and also 

showing watershed model 

segments (Dennis et al. 

2007). 
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Models and Methods: 

 Time series 

of estimated 

atmospheric, 

fertilizer, 

manure, and 

point source 

total nitrogen 

input loads 

to the 

Chesapeake 

Bay. 
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Models and Methods: 

 
Trend of 

estimated 

average nitrate 

and ammonia 

deposition 

concentrations 

to the 

Chesapeake 

watershed. 



• Significant CAA driven emission reductions over the past two 

decades 

– Illustration: decadal record of declining emissions 
 

• Long term decreasing trends in atmospheric nitrogen deposition 

concentrations and loads across Bay watershed 

– Illustration: nationwide maps of declines in nitrate concentrations 

– Illustration: long term declining nitrogen trends at select Bay watershed NADP 

stations. 
 

• Reflected in widespread achievement of air quality standards 

– Illustration: histograms of ozone non-attainment days over time  
 

• Nitrogen concentrations in headwater streams are also decreasing 

as a direct result 

– Illustration: graphics from Eshleman et al., 2013 ES&T paper  
 

• Nitrogen concentrations in Bay watershed’s largest rivers continue 

to decline (e.g.,  Potomac, Susquehanna) 
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 Trends - Key Messages: 
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Source: U.S. EPA “SO2 and NOx Emissions, Compliance, 

and Market Analyses” 2013. 

Key Message: NOx Emissions Declining 
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Key Message: NOx Emissions Declining 

 Estimated Portion of Deposited NOx Loads on the Chesapeake Watershed in 

Millions of Kilograms. 

Year 1990 2020 

Power Plants (EGUs) 40% (100) 17% (25) 

Mobile Sources (on-road) 30% (75) 32% (46) 

Industry 8% ( 20) 20% (29) 

Other (off-road-construction 

Residential and commercial) 

21% (53) 31% (45) 

Estimated portion of deposited NOx loads on the Chesapeake 

watershed from four sectors including EGUs, mobile sources, industry, 

and all other sources in 1990 and 2020.  Total annual deposited 

nitrogen loads to the Chesapeake watershed are estimated to be 

250 million kilograms in 1990 and 145 million kilograms in 2020. 

Units of percent and millions of kilograms in parentheses.  
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Source: U.S. EPA “SO2 and NOx Emissions, Compliance, 

and Market Analyses” 2013. 

Key Message: NOx Emissions Declining 
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Source: Washington Post “Breathing easier: Washington, 

D.C.’s remarkable improvement in air quality” by Jason 

Samenow.  September 26, 2013. 

Key Message: Air Quality Improving 
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Source: Washington Post “Breathing easier: Washington, 

D.C.’s remarkable improvement in air quality” by Jason 

Samenow.  September 26, 2013. 

But, we have now 

largely met the 

regions air quality 

standards and 

the trend will now 

flatten out as the 

emphasis is on 

maintaining air 

standard 

achievements. 

“Past 

performance is 

not indicative of 

future results.” 

Key Message: Air Quality Improving 
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Key Message: NADP Nitrate Deposition Declining 

  

 
 

 

 

Source: National Atmospheric Deposition Program (NADP)  
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Key Message: NADP Nitrate Deposition Declining 

  

 
 

 

 

Source: National Atmospheric Deposition Program (NADP)  
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Key Message: NADP Nitrate Deposition Declining 

  

 
 

 

 

Source: National Atmospheric Deposition Program (NADP)  
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Key Message: NADP Nitrate Deposition Declining 

  

 
 

 

 

Source: National Atmospheric Deposition Program (NADP)  
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Key Message: NADP Nitrate Deposition Declining 

  

 
 

 

 

Source: National Atmospheric Deposition Program (NADP)  
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Key Message: NADP Nitrate Deposition Declining 

  

 
 

 

 

Source: National Atmospheric Deposition Program (NADP)  











25 Source: Eshleman et al. 2013. Surface Water Quality is Improving due to Declining 

Atmospheric N Deposition. Environmental Science and Technology 47:12193-12200. 

Key Message: Better Than Expected Responses 
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Telling the Story to Scientific/Technical Audiences 



27 

Models and Methods: 
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Models and Methods: 
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Models and Methods: 

 



30 

Conclusions: 

 

• Atmospheric  deposition  reductions in NOx emissions are driven by 

national air quality standards based on human health concerns.  
 

• Significant reductions in NOx deposition has been observed in the 

Chesapeake watershed. Between 1985 to 2005 there was an 

estimated 30% reduction in NOx deposition in the watershed. 
 

• Trend in ammonia deposition is estimated to be unchanged 

watershed wide but increasing in regions with high animal 

populations. 
 

• Trend in reduction will flatten out as more air quality monitors record 

attainment of ozone and PM2.5 standards.  “Past performance does 

not guarantee future results.” 
 

• On the other hand, there has been coverage in the national press 

that the ozone air quality standard now set at 75 ppb, could go down 

to between 60-70 ppb. The NAAQS was last revised to 75 ppb in 

2008, and environmental groups have sued the agency seeking firm 

deadlines for a new standard based on the latest available scientific 

and technical information. 
 


