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Motivation
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 Nitrate aerosol (NO3): a significant source of anthropogenic aerosols [IPCC, 2013]

e Nitrate aerosol (NO3):
O Similar radiative forcing compared to SO4 [Adams et al., 2001]
O Important for tropospheric chemistry [Liao et al., 2003]

O Animportant component of global nitrogen cycle [Soderlund and Svensson, 1976]



Introduction

In order to better treat NO3 aerosols, Model for
Simulating Aerosol Interactions and Chemistry
(MOSAIC) module [Zaveri et al., 2008] is coupled with
MAM4 and MAM7 (MOSAIC-MAMA4/7)

In the version of MAM coupled with MOSAIC, gas-
aerosol exchange is treated by MOSAIC. The

remaining processes are handled by MAM
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Introduction — new species in MOSAIC-MAMY7

Total aerosol tracers = 42
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Introduction — new species in MOSAIC-MAM4

Total aerosol tracers = 27
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Model and observation

e Model

O CAMb5.2.10 for six years (last five years for analysis)
O 1.9x2.5 resolution

O Cases: 1) MOSAIC-MAM7; 2) MOSAIC-MAM4; 3) MAMY7 and 4) MAMA4 (with MOZART

chemistry)

e Observation (a special focus on NO3)
O East Asia: EANET dataset (2005~2009)
O North America: IMPROVE dataset (2000~2015)
O Europe: EMEP (1986~1995, following Feng and Penner, 2007)

O Global: Aerosol mass spectrometry, AMS (since ~2000)



Results — computational coast

2.4h - 1 model 3h - 1 model year

year

3h - 1 model 4.2h = 1 model
year year

e 512 CPUs on NCAR Yellowstone
e MOSAIC-MAM vs. MAM: 25% ~ 40% more computational cost

e MOSAIC-MAM7 vs. MOSAIC-MAMA4: 40% more computational cost



Results — AOD simulations

MOSAIC-MAM4 0.086

MOSAIC_MAM4_AOD
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of largest dust
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MAM4 predict higher
AOD over ocean



Results — global budgets of chemical species
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Results =NO3 modeled by MOSAIC-MAM7 and MOSAIC-MAM4

Jan. MOSAIC-MAM7 Jan. MOSAIC-MAM4

Jan_MOSIAC-MAM7_NO3 burden 1.015 mg/m2 Jan_MOSAIC-MAM4_NOS3 burden 0.934 mg/m2

* InlJan., MOSAIC-MAMY7
predicts 8.6% more NO3
than MOSAIC-MAM4

e InJuly, MOSAIC-MAM7
predicts 8.2% more NO3
than MOSAIC-MAM4




Results — NO3 modeled by MOSAIC-MAM7

Jan. aitken + accumulation modes Jan. dust and sea salt modes Northern hemisphere

Jan_Fine mode_NO3 burden 0.397 mg/m2 Jan_Coarse mode_NO3 burden 0.618 mg/m2

e InlJan., large amount of
NO3 in aitken and
accumulation modes over
polluted region.

e InJuly, only small amount
of NO3 in aitken and
accumulation modes,
because of high temp.

 InJuly, large amount of
NO3 condensed on
fine/coarse dust modes
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Results — comparison against EANET

Correlation: 0.385
Model mean: 2.086 pg/m?3
EANET mean: 1.055 pg/m3

Tokyo

Model (ug/m?3)

Ha Noi

Observation (ug/m?3) NO3 surface concentration (pg/m3)



Results — comparison against EANET
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Results — comparison against IMPROVE

Correlation: 0.477
Model mean: 1.296 pug/m3
IMPROVE mean: 0.559 pg/m?3

Model (ug/m3)

Fine mode nitrate(pg/ms3)

Observation (pg/m3)



Results — comparison against EMEP

Correlation: 0.559
Model mean: 1363.5 pptv
EMEP mean: 1039.6 pptv

Model (pptv)

Observation (pptv) Equivalent gaseous volume mixing ratio (ppbv)



Results — comparison against AMS

Correlation: 0.291
Model mean: 1.417 pg/m3
AMS mean: 1.515 pg/m?3

Model (ng/m3)

Observation (pg/m?3)




Conclusions

e MOSAIC aerosol module, coupled with MAM7 and MAM4 in CAM model, is

used to simulate gas-aerosol exchange process.

e NO3 aerosols
0 exhibit significant seasonality, which is well captured by MOSAIC-MAM7

O are overestimated by model if compared against filter-type of observations; and

slightly underestimated by model compared against AMS

O are usually underestimated by MOSAIC-MAM7 over highly polluted cities,

indicating that additional work need to be done.



Results — computational coast

48 mins. 2 1 2.4h > 1 model  3h - 1 model year

model year year

1h = 1 model 3h - 1 model 4.2h = 1 model
year year year

e 512 CPUs on NCAR Yellowstone
e MOSAIC-MAM vs. MAM: 25% ~ 40% more computational cost

e MOSAIC-MAM7 vs. MOSAIC-MAMA4: 40% more computational cost



MOSAIC module is developed by Zaveri et al. [2008], which treats many processes
during the evolution of aerosol particles, such as nucleation, gas-aerosol exchange,

coagulation, wet/dry removal processes.

Gas Phase

In the version of MAM coupled with MOSAIC, gas-
aerosol exchange is treated by MOSAIC. The
remaining processes are still treated by MAM

Adaptive-step time-split Euler method is used for barticle
solving gas-aerosol exchange. Phase

Aqueous Phase

Source: presentation by Zaveri
WREF tutorial, 2008



	Testing MOSAIC aerosol scheme implemented in CESM and evaluation with observations
	Motivation
	Introduction
	Introduction –  new species in MOSAIC-MAM7
	Introduction –  new species in MOSAIC-MAM4
	Model and observation
	Results – computational coast
	Results – AOD simulations
	Results – global budgets of  chemical species
	Results –NO3 modeled by MOSAIC-MAM7 and MOSAIC-MAM4
	Results – NO3 modeled by MOSAIC-MAM7
	Results – comparison against EANET
	Results – comparison against EANET
	Results – comparison against IMPROVE
	Results – comparison against EMEP
	Results – comparison against AMS
	Conclusions
	Results – computational coast
	Slide Number 19

