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Introduction

. PM2.5 (particulate matter, or acrosol particles,
witﬁw jianﬁeter l[::ss t{:nan 2.5 um) is aT«:yP
comPoncnt determining air cLualitg

. Rcmot? sensin Ci:a ibi ity o atmo?j:)her'c
aerosol optica efﬁc (AOD) couldlead to a

rd

uantum leap in otr ability of air Ii}%
glmnitorin aIEI rcdictior“?, es ec%‘f gr regions

where surface onitoring networ
+ Iwill discuss:
— What are the ad\:janta%cs and limitations of using the
a

oes not exist

current satellite data for rcgional AQ (PM2.5)
studies?

— Canwe use data assimilation to imProvc PM2.5
Prcclic‘cion‘?

— What are the critical data needs?




QI. What are the aclvantages
and limitations of using the
current satellite data For

regional AQ (PM2.5) studies?
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1IR3 MODIS

(0.47 = 2.13 um)

Daily near global coverage

Morning and afternoon observations
Size information (fine/coarse)

High spatial resolution (1 - 10 km)

Large uncertainties or not data over bright surfaces
No vertical information

No speciation

No data when cloudy

MISR

(0.45— 0.87 um)

High accuracy over land

Size information

Air mass differentiation

Plume height information in some cases
(Particle shape information)

Limited area coverage (global coverage every ~7
days)

Hit or miss — difficult for daily AQ monitoring
Almost no vertical information

No speciation

No data when cloudy

OMI

(0.27 = 0.50 um)

Daily near global coverage

Detecting aerosol over bright land surface
Aerosol absorption (thus information of BC or
dust)

Aerosol Index detecting aerosol in clouds
Precursor measurements (SO,, NO,)

No vertical information

No speciation
77?

GLAS

(0.532 & 1.064 pum)

lceSat

Vertical distributions
Cloud information

Very limited space and time coverage
Uncertainties in retrieving extinction profiles

CALIOP

(0.532 & 1.064 pum)

Calipso

(not launched)

Vertical distributions
Cloud information

Limited space and time coverage
Uncertainties in retrieving extinction profiles
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Air Quality Index Categories for PM2.5

- Moderate

MODIS AOD tracks PM2.5, providing
guidancc for PM2.5 forecasts

(Figures from Al-Saadi et al., BAMS 2005)

PM2.5 and MODIS AOD 20030801-20030930
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Can satellite AOD data be uatitativel used
to Preclict surface PM2.57

. chﬂ{: aerosol cornPosition and vertical distribution do not vary
muc

* No, if aerosol comPosition and vertical distribution vary a lot

. Mnge scl?‘, if the AOD are supplfmentccl with vertical data or a
reliable c emistrg~transport model

Correlations between AOD and PM2.5(hourly)
April 1 to September 30, 2002
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Engel-Cox et al. (2004)
show that the correlation
coefficients between the
MODIS AOD and surface
PM2.5 measurements vary
with locations: better
correlated in the eastern
US than in the western US
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AOD from Terra-MODIS
PM2.5 from STN and IMPROVE networks




GOCART:

global
model

Aerosols
from the
GOCART
model
include:
Sulfate,
OC, BC,

dust, &
sea-salt

GOCART model shows a similar
rclationship between AOD and PM2.5

Corrgelation qufficient qf AOT vs ]PM2.5 200104

50N

45N A

40N -

35N

30N -

50N

- 45N

- 40N

30N -

Corrgelation qufficient

of AOT vs PM2.5 200109
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e AOD and PM2.5 1s better corre ated in the eastern half of the

U.S. than in the western

« AOD and PM2.51s better correlated in Sel:)tember than in

April

e Thisis mainlg because the changc in cornposition ancl/ or

vertical structure
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Cornposition and vertical distribution
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Sulfate is the major aerosol type for both seasons

OH Franklin 40.00N 82.50W 200104 OH Franklin 40.00N 82.50W 200109
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Aerosols are mostly located within the boundary layer for both seasons




Western
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Surface PM2.5
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altitude (km)

ComPosition and vertica

C istri ® ution:

Example: Western U.S.
P
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Aerosol composition changes with seasons
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Aerosols vertical distribution changes with seasons




Figures from:
L Smoke mixing in Marglancl 20-22 Julg 2004
Jlll(iﬁslc-;;:ox (Engel-Cox et al., Atmos. Environ., 2006)
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What are the aclvani:agcs and limitations of using the
current satellite data for rcgional AQ (PM2.5) studies?

. Advantaécs:
1 ing vcr? useful guidancc - “big icture”

— Prowi
com ositioH)and vertica Proﬁlcs are rclativcgg stable (e.g,

— When aeroso
eastern US in sumimer/fa ,AOD is Proportional to PM2

— Proﬁ'ling data (c.g. GLAS) can Providc vertical information
* Limitations:
—  Quantitative use is not always possiple, especially at places (e.g. western
US) where aerosol composf‘gioﬁ an vcrticgl Pro{#cﬂ"nfvc ar‘gc v%riations

— Satellite data arT not always available (c.g., no data when c oudy, sparse
tcmPoral/ spatial coverage

— Retrieval uncertainties
e Bestuse:

~ MODIS (and OMY):
. Dalil guidance for PM2.5 Prediction
. Scaligng to PM2.5 for selected time and locations

- MISR:
. Gathcring Iong-tcrm data (e.g. monthlg average for multiplc gcars) for research
. Sclccting sPeciﬁc time/location for sPcciﬁ'c case studies

— GLAS (and CALIOP):
. lntcrprctingAOD-PMZj relationships (including Plumc hcigl'lt)




Q2. Can we use data
assimilation to imProve PM2.5
Prccliction?




Assimilating AOD alone is not sufficient

— ﬁ/ t t9 e of aerosols? Di%h;rcnt aerosol ‘cyPcs have
irrerent mass extinction etrhicienc
— W

nere is ‘chc acroso| ocatccl‘? Acrosol aloFt clocs not aFFcct
surtace AQ

— What about those £aps and bias?

Assimi ating surface PM2.5 and chemical composition
may not be consistent with column AOD

Assimi aﬁn radiance (clircctlg measured by satellite)
S very cha cnging

— Particle shaPe

— Surface albedo

— Mixing state

— Satellite viewing, %cometrg, etc etc etc

Multi-dimensional (3-D Plus inf)or ation on
composition) ]asTimi ation may be the best, but
currentlg as little data




MODIS-AERONET

MISR-AERONET

AOD from MODIS, MISR, AERONET:
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‘Monthly avg AOT GOCART-AERONET 200104
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GOCART vs. AERONET & IMPROVE:

Monthly avg AOT GOCART-AERONET 200109
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Opi:imal integration (*fake” assimilation) of MODIS,

MISR, and GOCART

¢ Wei hing uncertainties in both satellite and
moc%el to obtain a best and complete
clescriPtion of AOD distributions (Yu et al.,
2003)
— Over land: mostlg MISR-GOCART integration
— Qver ocean: mostlg MODIS-GOCART
integration
. Usi?;? aerosol comPositions and vertical

Erro es from the model to “retrieve” PM2.5
om the integratecl AQOD Product:

A OD assim
mod e/ A O D

mod e/

PM?2.5 = PM2.5

corrected




MODIS, MISR, GOCART, and MO_MI_GO, 200104

MQDIS Monthly avg total AOT at 550 nm 200104
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MODIS

GOCART

MO_MI_GO improves the a

eement with AERONET

measurements of column AOT...

Monthly average AOT 550 nm 2001
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g 2001

PM2.5 GOCART mon_avi
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does not translatetoab
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agreement with IMRPOVE PM2.5
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@yMl Canwe use data assimilation to improve

PM2.5 Prediction?

Using aerosol assimilation of satellite data may not
iml:)rove PM2.5 Precliction comParecl with using
model only, due to lack of constraints of vertical
Proﬁ'lc ang coml:)osition

+ 3_D assimilation (e.g. AOD+Hidar) is likclg to
signiﬁ'cantlg enhance the PM2..5 estimation but may
not be Practical for claily forecasts

. Without (a) high qualitg model(s) the clualitg of

assimilation cannot sustain

. Model clcvcloEment and improvcment is the kcg to
integrate the nowleclge and data for forecasts,
assessments, analgses, and observation clesigning




Q3. What are the critical needs?

Spacc sensor for global or near global coverage:
— Vertical Proﬁ'le measurement to resolve BL
— ComPosition
~ Daily revisit (minimum)
. Ground-based networks for diurnal variation,
detailed coml:)osition, and for satellite validation
(mostlg Iikelg over North America and E:urol:)c):
~ AERONET type + lidar
— Chemical composition (IMPROVE tyPc)

e In-situ measurements (once in a while) in kcg areas

e These data Proviclc critical information for model
evaluation, imProvcmcnt, and clcvelopmcnt




Combination of model and data can:

. Fill the gaps of observations

. Provide “inside” information of unmeasurable
quantities

. Link data from different Platef:orms (5|:>ace,
ground, aircraft)

e Derive relationships between remote-sensed
data (AOD, extinction etc) to surface
concentrations and aPPI3 these relationships
to regions where AQ measurement is none
(e.g. eveloPingcountries)

 Provide AQ Forccast, assessment, and
management 5trategg




