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GEOS-Chem nested simulation over North America

GEOS-5 surface pressure at 2x2.5 and 0.5x0.667 resolution 

A nested version of GEOS-Chem with the GEOS-5 native 0.5ox0.667o resolution over 

North America and adjacent oceans (140-40W, 10-70N), and 2ox2.5o resolution over 

rest of world. Developed by Chen et al. [2009] for E. Asia and adapted by A. van 

Donkelaar (Dalhousie) for N. America.

 Detailed Ozone-NOx-VOC-aerosol coupled chemistry

 Wet deposition includes scavenging in convective updrafts, rainout and 

washout from convective anvils, and large-scale precipitation (Liu et al. 2001)

 Dry deposition follows a standard resistance-in-series scheme (Wesely 1989)

 Applied to 2006-2008 simulations

2°x2.5°
0.5°x0.667°



NH3 and NOx emissions in the United States (2006)

2.88 Tg N  per annum

6.66 Tg N a-1

Annual NOx emission

Annual NH3 emission Seasonal variation

 NH3: anthropogenic (81%), natural (19%)

 NOx: anthropogenic (83%), lightning (9.5%), soil (6.2%), and fire (0.7%)

Mostly from 

agriculture

Mostly from 

transport and 

power plants 



Constrain NH3 emissions using NHx measurements

NHx measurements at Midwest-RPO and 

SEARCH sites

 We derive monthly scaling factors to 

match the mean NHx concentrations 

observed at Midwest-RPO sites. 

These scaling factors are applied 

nationwide. 

 The seasonality is independently 

verified by NHx measurements at 

SEARCH sites.

Midwest-RPO Ammonia monitoring sites 

SEARCH

2004-2005

2006

Midwest-RPO

SEARCH



Model evaluation of NH4
+, NO3

- and SO4
2- wet deposition

Comparison of wet deposition fluxes shows a good agreement, also verifies 

the emissions in the model.

b ≡ model biasAnnual mean of 2006



Model evaluation of HNO3 concentrations (2006)
Annual mean HNO3 at CASTNet (10m) GEOS-Chem (70m)

5-15% overestimate

GEOS-Chem (10m)

r=0.72, b=78% r=0.66, b=24%

ICARTT DC-8 (July-August 2004)

 The lowest GEOS-Chem level is centered at 

70m. Concentrations at 10m can be inferred 

from the Monin-Obukhov similarity theory. 

 The coarse vertical resolution does not allow a 

direct comparison with CASTNet measurements 

at 10m, especially for HNO3 where there is a 

large vertical gradient near surface.

 The model overestimate of HNO3 also lead to 

overestimates of NH4
+ and NO3

- aerosol 

concentrations in the surface layer. 



Annual wet, dry and total nitrogen deposition over the US

GEOS-Chem simulation at 0.5x0.667 resolution averaged for 2006-2008

 NOy dry deposition is the largest contributor. HNO3 accounts for 65% of 

the NOy dry deposition.

 NHx contribute 36% of the total nitrogen deposition, up to 55% over its 

source region. 

1.25 Tg N a-1

1.28 Tg N a-1

1.03 Tg N a-1

2.95 Tg N a-1

6.52 Tg N a-1

NH4
+ wet deposition NHx dry deposition Total deposition

NO3
- wet deposition NOy dry deposition

Numbers are total deposition 

amounts over the contiguous 

US. 



Nitrogen deposition budget and source attribution 

2006 annual total nitrogen emission and deposition fluxes over the 

contiguous United States 

 Domestic anthropogenic emissions account for 72% of the NHx deposition and 

81% of the NOy deposition.

 30% of the US NH3 anthropogenic emissions and 40% of the NOx anthropogenic 

emissions are exported out of the US continent.



Extra slides



Model evaluation of surface aerosol concentrations

The model overestimates NH4
+ and NO3

- concentrations because of the 

overestimate of HNO3 concentrations in the surface layer.

Annual mean of 2006



Diagnose the 10m/70m concentration ratio for HNO3

Deposition flux: Fd = Cz x vd

vd= 1 / (Ra + Rb + Rc)

Aerodynamic 

resistance 

(Ra)

Sub-layer 

resistance 

(Rb)

Surface

resistance

(Rc)

Cz

C2

C1

C0

C10m/ C70m = 1 – Ra’ x vd

Assuming constant deposition fluxes in the model 

surface level, we can compute the aerodynamic 

resistance from 70m to 10m and estimate the C10m/ C70m 

ratio:

The remaining overestimates mostly occurs in 

winter due to high simulated HNO3 over Ohio.

Annual mean HNO3 concentrations



Comparison with OMI tropospheric NO2 column

For April - November 2006; OMI data from KNMI

 The simulated NO2 tropospheric columns are 20% lower than OMI 

measurements in the southeastern US and western US. 

 OMI data is biased high by 21%-33% over the southeastern US compared 

with surface NO2 measurements [Lamsal et al., 2010].



Contributions from individual nitrogen species

 Both wet and dry deposition show a broad summer maximum, mostly driven by 

the seasonality of emissions (black solid lines).

 Wet deposition accounts for 55% of the total NHx deposition. Dry deposition of 

NH3 gas accounts for 36%. 

 HNO3 dry deposition accounts for 65% of NOy dry deposition, followed by NO2

22%.

Seasonal variation of nitrogen deposition averaged over 2006-2008



Contributions from anthropogenic vs. natural emissions

 Domestic anthropogenic contributions: 72% of NHx and 81% for NOy. 

 Foreign anthropogenic contributions: 8% for NHx and 6% for NOy. 

 Natural source contributions: 20% for NHx and 13% for NOy.

2006 annual mean


