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Motivation

* N inputs into the environment: N emissions have increased >10
times from the preindustrial level (Holland et al., 1999, Galloway et al.,
2003).

* Ecological impacts of elevated N deposition (Galloway et al., 2008):

* nutrient imbalance

* loss of N-sensitive plant species

* invasion of non-native species
 soil and surface water acidifications

* Inter-annual variability plays an important role in watershed
biogeochemical processes in the western U.S. (Fenn et al., 2003).

e Wintertime N wet deposition rates in the Pacific Northwest
were modulated by ENSO events (Nergui et al., in review GBC).

» Atmospheric N budget is the first step in an overall N budget for
the region as part of our BioEarth project.
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An Atmospheric N Budget over the Pacific Northwest
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Surface N fluxes for December 1997

Total N emission (20.4 Gg N)
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Monthly N Emission by Source Type
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Seasonal N Budgets
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Annual N Budget for 1998

N transport in MNet N transport®
777 Gg Elf'fear i Atmos IJhE re 99.7 Gg Nfiear .
F Y
Total N emissions, 357.4 Gg N/year
Agriculture (NH3-N) 119.5 Total N deposition®, 256.9 Gg N/year
Mobile sources 111.1 Oxidized N 138.8
Area sources 86.8 Reduced N 111.9
Point sources 26.7 Organic N 6.2
Fire 8.1
Biogenic 5.2
Pacific Northwest

(WA, OR, ID)

Area = 803,166.4 km"

Considered N species: NO, NO2, NH3, HNO3, N205, HONO, PAN, ANO3, ANH4, and organic nitrate.



Vertically-integrated Boundary N Flux
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Boundary N Fluxes for December 1997
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Atmospheric N Budget for December 1997

Met boundary N flux
Atmosphere T .117Gg N;:mnth
Fy
Total N emissions,  20.4 Gg N/month Total N depositions, 10.1 Gg N/month
Mobile sources 9.01 Dry oxidized N 4.25
Area sources 6.80 Dry reduced N 1.91
Agriculture (NH3-N)  2.30 Dry organic N 0.18
Point sources 2.22 Wet oxidized N 2.93
Fire 0.07 Wet reduced N 0.88
Biogenic 0.03 Wet organic N 0.00
Pacific Northwest
(WA, OR, ID)

Area = 803,166.4 km®

Considered N species: NO, NO2, NH3, HNO3, N205, HONO, PAN, ANO3, ANH4, and organic nitrate.
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Summary

Total N emissions in the three states were about 357 Gg N in 1998,
with 96% from human activities.

A total of 257 Gg N/year was deposited in the region. It equals to 72%
of regional emissions.

Dry deposition was dominant (>60% of the total deposition) for all
seasons.

Based on emission and deposition fluxes, about 100 Gg N/year was
transported out of the region in 1998.

Future work

Calculate seasonal and annual net N transport of the region.
Complete the 1998/99 La Nifia year simulation.

Combine the results with terrestrial and aquatic N budgets to yield a
complete N budget for the region and for the Columbia River Basin as a
major synthesis product for the BioEarth project.
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WRF and CMAQ model configuration
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N species in the NEI-2002
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Observation
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WRF model performance
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CMAQ model performance
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Net N flux through three states’ boundary
December 1997
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Boundary NOx-N Fluxes for December 1997

NOX N Flux yyyymm: 199712
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Boundary NOy-N Fluxes for December 1997

NOY N Flux yyyymm: 199712
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Wintertime anomalies during 1998 E|l Nino and 1999 La Nina
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