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Overview

How would a comprehensive inorganic aerosol
adjoint augment the functionality of CMAQ-ADJ?

What is the process of adjoint development?

In what sensitivity regime are Atlanta aerosol?
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Regional influence of inorganic aerosols

e Aesthetic o
e Hinder visibility

e Acid rain damage

e Ecological

e Nitrification of ecosystems
(Galloway et al., 2004)

—pidemiological

¢ Potential of inorganic fine
particulate matter (PMa.s) to
degrade health (schiesinger, 2007)
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Importance of sensitivity calculations:
Comprehensive understanding of PM formation
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Comprehensive understanding of PM formation
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Importance of sensitivity calculations:
Comprehensive understanding of

Direct
Decoupled

Georgia [ hstiiute
o Technclocny:

PM formation

Adjoint
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Inorganic aerosol thermodynamic equilibrium

4 )
NaHSO, , I I 9 =K (T
NH,HSO, , Na,SO, , NaCl, P O
(NH,),SO,, (NH,)sH(SO,),, NH,NO,, NH,CI, ’
NaNO, K,SO,, KHSO,, KNO,, KCI, CaSO,, .
] —
Ca(NOS) CaCl,, MgS0,, MgCl,, Mg(NO,), a; s = D,
1 Salts
M
Vi (v, +v_) V_
J
a’ =V, mrm. Gaseous
Agueous species Specles
Na*, NH,*, H+, OH-, HSO,, SO,2", NOy, ClI, H,0, HNO,, HCI,
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ISORROPIA (Nenes et al., 1998)
ISORROPIA |l (Fountoukis and Nenes, 2007)
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Treatment of deliguesced aerosol only in CMAQ

-
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NHs, H,0

(Gaseous
Species
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ISORROPIA (Nenes et al., 1998)
ISORROPIA |l (Fountoukis and Nenes, 2007)
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Transforming ISORRO

ISORROPIA

(Nenes et al., 1998, 1999)

Aerosol Phase
Gas Phase
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}:F
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J

PlA Into an adjoint
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Adjoint of ISOFT\’ROPIA

_Sensitivity of aerosol
concentration to total

of each species

= ISOADJ

(1)

Total concentrations b

RH, Temperature

KAdjoint forcing vector
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Implementation of automatic differentiation ™"

ISORROPIA
(Nenes et al., 1998, 1999)

y = FX)
{ } ( Total Concentration’ Adjoint of |SOBROP|A
=F

Aerosol Phase Relative Humidity oF
Gas Phase X (X, A)

L Temperature )

_Sensitivity of aerosol or |

gas phase concentration | = ISOADJ[RH, Temperature

Total concentrations }

to total of each species Adjoint forcing vector

TAPENADE

(Hascoet et al., 2004)

(%)T =Q(F.x.y)

Adjoint of ISORROPIA = Q(ISORROPIA)




Forward execution of ISO
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Partitioned
Concentrations

~

lterative root
seeking algorithm
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Calculation of
activity coefficients
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Augmentation of ISO
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Verification of adjoint performance

e Method

* Finite difference sensitivity
AINO, (aq)] [NO;,(aq)](Tota| NH,+ 1 h) [NO;,(QQ)](TotaI NH, - 1/ h)
AfTotal NH,]  (Total NH. + % h)— (Total NH_ % h)

e Adjoint-produced sensitivity
o(NO, ) (oF T(X . )
J(Total NH ) | ox INOg )]

¢ Ammonium-sulfate-nitrate systems

® 5 - 95% relative humidity




Adjoint-produced sensitivities (mol/mol)
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Elucidating the
physical system:

Sensitivity of sulfate
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Elucidating the
physical system:

Sensitivity of sulfate
N (SO4%) to total

jon
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Elucidating the
physical system:

Sensitivity of sulfate
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Elucidation of the physical system:
Sensitivity of ammonium ion (NH4%) to total sulfate
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Elucidation of the physical system:
Sensitivity of ammonium ion (NH4%) to total sulfate
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Elucidation of the physical system:
Sensitivity of ammonium ion (NH4%) to total sulfate
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Elucidation of the physical system:
Sensitivity of ammonium ion (NH4™) to total sulfate
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Elucidation of the physical system:
Sensitivity of ammonium ion (NH4™) to total sulfate

— 200

HNO3
HoSO4

— 150

9_
®)
(;-Jow jow)
AlAIISUSS

o

o
o
N

Ul
o

¢-W 8JBJLN [e10L jown QX

0.0
05 0 0080(210002
00990010 . 0 00 2:00006
Total Ammonia 7770.0029,0030 000010 Total Sulfate

(umol m3)
NOXs
NHs+ g2

NHz*

(umol m3)




Georgialnstitute
ot Technologyy*

Elucidation of the physical system:
Sensitivity of ammonium ion (NH4™) to total sulfate
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Regional sensitivity exploration:
Characterization from ANARCHE in Atlanta
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Sensitivity exploration for Atlanta:
Ammonium ion to total sulfate adjoint-derived sensitivity

N
O

(i-low jow)
9leyng [e10] O} wWniuowWWY Jo AJAINISUSS

O
0

O
o

0.0000?2
0.0000
0.000% 0010 1915 0020 o 0.000:00008 4
ol A | 0.09%0,002% 1030 0.005;92008 Total Sulfate
otal Ammonia (umol m)

(umol m)



Georgialnstitute
ot Technologyy*

Sensitivity exploration for Atlanta:
Ammonium ion to total sulfate adjoint-derived sensitivity
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Sensitivity exploration for Atlanta:
Ammonium ion to total sulfate adjoint-derived sensitivity
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On-going work & Applicability

e Completion of the adjoint of e Augmented capability for regional
ISORROPIA model data assimilation
e Treatment of Na and CI ¢ Inclusion of inorganic aerosol

and aerosol precursors

* Including crustal species of
ISORROPIA I e Efficient source-apportionment
for selected receptors

e Integration into CMAQ-ADJ
e Potentially beneficial for
epidemiological studies

e Useful for regulatory applications
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Solution algorithm of SO
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Verification of adjoint performance o echmology
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(Capps, et al., manuscript in preparation)



