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Presentation Overview

Chesapeake Bay Program system of models

Chesapeake Bay Airshed Model

How much of the load is coming from the air?

Management scenarios used

Modeling and Analysis Tools for the 2017 “Mid-point Assessment”

Opportunities for input 
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The Chesapeake Bay 
Airshed

About 570,000 square miles  

Seven times the size of the 
Bay’s Watershed.

50 percent of the nitrate 
deposition to the Bay is from air 
emission sources in Bay 
watershed states.

25 percent of the atmospheric 
deposition load to the 
Chesapeake watershed is from 
the remaining area in the airshed

25 percent of deposition is from 
the area outside the airshed
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Total Nitrogen Input Loads
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The CBP Airshed Model
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Presenter
Presentation Notes
The Chesapeake Bay Program Airshed Model is a combination of a regression model of wet
deposition (Grimm and Lynch 2007), and a continental-scale air quality model of North America
called the Community Multiscale Air Quality Model (CMAQ) for estimates of dry deposition
(Dennis et al. 2007; Hameedi et al. 2007).



The CBP applies a regression model (J Lynch & J 
Grimm) to the monitoring station wetfall data to get 
spatially detailed daily ammonia and nitrate 
deposition.

For the detailed spatial scales of the Phase 5 , the CBP 
refined spatial and temporal variations in wet 
deposition.

Phase 4 Watershed Model

• 15 NADP/NTN monitoring stations
• 1984-1992

Phase 5 Watershed Model

•29 NADP/NTN monitoring stations
•6 AirMoN monitoring stations
• 1984-2001
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From monitoring stations we get:
- Daily precipitation volumes
- Weekly NH4

+ concentrations
- Weekly NO3

- concentrations

How the Atmospheric Deposition Simulation Works
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Presenter
Presentation Notes
Wet deposition is simulated using a regression model developed by Grimm and Lynch (2000,
2005; Lynch and Grimm 2003). The regression model provides hourly wet deposition loads to
each land-segment based on each land-segment’s rainfall. The regression model uses 29 National
Atmospheric Deposition Program (NADP) monitoring stations and 6 AirMoNa stations to form a
regression of wetfall deposition in the entire Phase 5.3 Model Domain over the entire simulation
period (Figure 5-10).

Modeled concentrations compared very
well with event chemistry data collected at six NADP/AirMoN sites in the Chesapeake
watershed. Wet deposition estimates were also consistent with observed deposition at selected
sites.
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NH4
+ Wet-fall Concentration (mg/L)

May 1, 1998
NH4

+ Wet-fall Deposition (kg/ha)
May 1, 1998

Estimates produced by applying daily ammonium concentration model to grids of estimated daily 
precipitation from the National Weather Service Climate Prediction Center’s U.S. Daily Precipitation Analyses.

Regression Model Estimated Atmospheric Deposition
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NH4
+ Wet Deposition (kg/ha)

Mean annual (1985-2001)
NO3

- Wet Deposition (kg/ha) 
Mean annual (1985-2001)

Estimates produced by applying daily ammonium and nitrate concentration model to grids of estimated daily 
precipitation from the National Weather Service Climate Prediction Center’s U.S. Daily Precipitation Analyses.

Regression Model Estimated Atmospheric Deposition
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 Community Multi-scale Air Quality (CMAQ) Model:

o Replaces Regional Acid Deposition Model (RADM).

o Provides estimates of wet:dry for nitrate and ammonium providing dry 
and total deposition and completing the base daily deposition data set.

o In scenario mode, CMAQ provides estimates of nitrogen deposition 
resulting from changes in emissions from utility, mobile, and industrial 
sources due to management actions or growth.  The base deposition 
determined by regression is adjusted by a reduction ratio deposition 
determined by CMAQ.

o CMAQ estimates the influence of source loads from one region on 
deposition in other regions.  
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How the Atmospheric Deposition Simulation Works
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Presenter
Presentation Notes
The CMAQ Model is a fully developed air simulation of the North American continent (Dennis
et al. 2007; Hameedi et al. 2007). CMAQ simulates deposition to the Chesapeake watershed
(indirect deposition) and tidal Bay (direct deposition) for every hour of every day for the
representative year. A variety of input files are needed that contain information pertaining to the
modeling domain, which is the entire North American continent. They include hourly emissions
estimates and meteorological data in every grid cell as well as a set of pollutant concentrations to
initialize the model and to specify concentrations along the modeling domain boundaries. The
initial and boundary concentrations were obtained from output of a global chemistry model.
The CMAQ Model simulation period is for one year, 2002, with the 2002 year characterized as
an average deposition year. The 2002 CMAQ simulation year was used to provide the monthly
dry deposition estimate for all years of the 1985 to 2005 Phase 5.3 simulation. Phase 5.3 dry
deposition input estimates are derived from the Community Multiscale Air Quality Model as
monthly average inputs expressed as a daily load (USEPA 1999).
An adjustment for the 20-year trend in atmospheric deposition loads was applied by using the
trend developed in the wet deposition regression model and assuming the dry deposition trend to
be the same as the wet in the separate nitrate and ammonia estimates.
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The following list of key air scenarios are illustrative of what was used for the CBP 
Reevaluation: 
• 2015 CAIR (all current national air regulations included) 1/06.
• 2020 CAIR (all current national air regulations included)  1/06.
• 2020 CAIR with additional, aggressive utility or electric generating units (EGU) 
controls 7/06.
• 2030 CAIR with aggressive EGU controls 4/06.
• 2020 CAIR with additional, aggressive EGU, industry, and mobile source 
controls (to approximate a Limit of Technology future) 7/06.
• Allocation of Bay State responsibility to watershed deposition for PA, VA, MD, 
DE, WV, NY 9/06 (each State requires a separate scenario).

Example CMAQ Scenarios Supporting the 
Reevaluation
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Summary of key points and next steps

2012 is the timeframe for 
COG to provide input on 
potential Airshed Model 
changes and scenarios.

COG Air & Water staff 
coordinating to assess the 

Airshed & Wateshed
Models and their 

assumptions/scenarios.

WRTC’s July 12th

Meeting
• Special Speaker - John 

Sherwell, MD-DNR
• COG staff will also have updates 

and recommendations

What additional 
questions/information 
would the WRTC like to 

have addressed?

Please feel free to call or 
email with questions:
• Steve Bieber
• Telephone: 202.962.3219
• Email:  sbieber@mwcog.org
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