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Motivation

NH; affects the earth environment :

NH; bidirectional mechanism arises from the thermodynamics and ubiquity of
these substances in environment media due to wide scale fertilizer application.

NH; bidirectional exchanges change deposition and ambient concentrations.

Physical Process Analysis :

e  What are the governing processes that reflect NH; bidirectional exchange?

e How does the bidirectional mechanism affect the atmospheric lifecycle of NH,?




Objectives and Goals

The objectives are
*to observe how the NH; bidirectional exchange changes ambient NH,

concentrations and aerosol concentrations

eto investigate the physical processes both in base and bidi cases and how
they changes due to the NH; bidirectional exchange

eto examine the changes in the range of influence of NH;, horizontally and

vertically

The of this study is
to characterize the physical processes related to NH; bidirectional exchange and

to investigate how Process Analysis (PA) can inform the inverse modeling such
as Air Mass Factor (AMF) method or Adjoint method.




Physical Process Analysis
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Emission Map

NH, emission in CONUS (August, 2009)
(NH; sources = agricultural fertilization + animal lots + industry)
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Changes in spatial distribution of NH; due to bidirectional mechanism

Monthly mean spatial distributions from NH; CMAQ output (August, 2009)
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NH; Physical Process Analysis in a cell
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Fractions of Physical Processes with respect to NH;_emission (Column Averaged Values)

Loss process:
® aerosol Dry deposition W
cloud Aerosol A\
dry Wet deposition AN

deposition

W vertical dif. Horizontal

® vertical adv. adveCﬁ0n¢

fraction over NH3_emission

horizontal
dif.
horizontal
adv.




Fractions of Physical Processes with respect to NH,;_emission (Column Averaged Values)
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Fractions of Physical Processes with respect to NH3_emission (Column Averaged Values)
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The vertical distribution of the fraction of individual processes over NC TES transect
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eSurface layer : majority of NH; gain/loss occurs.

In this local site, NH; loss in base case > in bidi case.
eBetween 1% layer and above surface, maximum vertical gradient of N concentration.

eAbove surface to 10t layer (about PBL), gain due to diffusion, loss due to horizontal advection
=>»NH; pumping (due to diffusion) and transported out NH, due to horizontal advection.
eAbove PBL, aerosol gain/loss processes are dominant.

eBidirectional exchange magnifies this phenomena.




How far is the range of horizontal advection processes due to bidirectional exchange?
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6 regions were selected
based on fertilization area
and geographical location
SE: South East US

NE: North East US

MW : Midwest US

MT: Mountain US

S: South US

W: West US

In the same region,
the distance between
source regions is more
than 10 cells.

The area caused by ncells = [(ncells*(East+West) x 12km]x[(ncell*(North+South) x 12km)]

where, East=West=North=South=1.




Ranges in the influence of horizontal advection
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Conclusions and Implications

1. Domain wide
NH, bidirectional exchange:

I:NH3]dry_dep w [NH3] ¢ [NH4+] ¢ [NO3-] ¢ I:NH4+]wet_dep *

2. From process analysis at a high CAFO emission site:

* Increase in NH; losses due to bidirectional exchange include
aerosol production, wet deposition, and horizontal advection.
e Decrease in dry deposition losses

3. Changes in the range of advection influence depend on land use type and
density of source region: The stronger NH; bidirectional exchange, the longer
transport (e.g. Southern part of US and Western Part of US).

*NH; bidirectional mechanism is likely to increase lifetime of NH,
through longer transport than the case of no NH; bidirectional exchange.




Implications for Inverse Modeling

e Simple inverse modeling such as is applicable in transformation
dominant regime. If transport dominant regime needs to be included, the error
estimation due to horizontal advection should be taken into account.

All the individual physical processes can be analyzed.
: The effects of NH; bidirectional exchanges can be proved in the characteristic
processes of NH; bidirectional exchange, such as dry deposition and vertical
diffusion, aerosol/cloud processes in transformation dominant regime, and
advection process in transport dominant regime.




*NH; vs.
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Bias and bidi effect in the EUS, August 2009
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The vertical distribution of the fraction of individual processes apart from NC TES transect
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*N |loss due to removal processes: base case < bidi case by more than O(1)

eAbove surface, gain due to diffusion, loss due to aerosol and cloud process.

=>» Multi-phase process (transformation) is vigorous rather than transport in all the layers.
*The changes in N in NH; are net loss in lower atmosphere, net gain in upper atmosphere.

*The vertical changes in N mass due to physical process are less steep than those in NC transect.
*Cloud process causes a loss in the lower atmosphere but a gain in the upper atmosphere.

*The changes in the fraction of horizontal advection process by the extent of horizontal
advection are important to determine NH; lifetime and aerosol growth.




