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1. What is MIRA? 2. The SAPM Topic Group

* Fine particulate matter (PM, 5) 1s a major contributor to air pollution and negatively impacts human health

* SAPM aims to provide intercomparisons of various methods and techniques for retrieving surface PM, 5 assisted
by satellite remote sensors, global aerosol models, and in situ aerosol measurements

* Overall motivation of our work: enhance PM, s coverage beyond in situ ground stations

* Projects/topics are generally characterized by requests for additional scientific data (both
observational and modeled)

Spaceborne lidar -Aerosol vertical structure in the column and
* Purpose: to contextualize both observations and model results through encouragement of holistic ?active ensor) bresence/absence of near-surface aerosols

projects and collaborations -Daytime & Nighttime measurements

Spaceborne
radiometer
(passive sensor)

* A forum that fosters international collaborations amongst the aerosol Modeling, In situ, and
Remote sensing specialties
* A collection of interdisciplinary and independently funded projects/topics with clear goals

-Spatial and temporal coverage are sparse
-Longer latency, so near-real time (NRT) 1s difficult

-No nighttime data available
-Only column-integrated aerosol view; no vertical
structure

-Spatial and temporal coverage

MIRA webpage: :
-City level trends

https://science.larc.nasa.gov/mira-wg/

Sign up for MIRA emails at:
https://espo.nasa.gov/lists/listinfo/mira/

-Uncertainties in emissions & aerosol speciation
-Skill in relating AOD to PM, s & capability of accurate
representation of aerosol vertical profiles

-Spatial and temporal coverage

Aerosol Model -NRT analysis/products

CALIOP curtain plots (https://www-calipso.larc.nasa.gov/products/lidar/browse images/production/) “Request for international datasets*
* To improve/validate the PM, ; estimates, the SAPM Topic Group seeks international

in situ datasets of:
* Mass s?atterlng/absorpt.lon coefficient and aerosol hygroscopic properties SAPM webpage:

b for various aerosol species

o B=E * Ground-based PM, ; concentrations

532 nm Total Attenuated Backscatter, km" sr'  UTC: 2007-08-15 06:57:03.0 to 2007-08-15 07:10:31.6 Version: 4.10 Standard Nighttime 532 nm Total Attenuated Backscatter, km” sr' UTC: 2017-06-15 07:49:30.0 to 2017-06-15 08:02:58.7 Version: 4.10 Standard Nighttime
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Elevated aerosol plume Near-surface aerosol (@) Mask cloudy profiles and re- (2 Perform 1-D EnsVar assimilation | (3) Convert speciated mass
grid to the same resolution. to retrieve aerosol extinction. concentrations to total PM, s.

https://www-calipso.lare nasa.gov/products/lidar/browse_images/

*Unlike column-integrated aerosol optical thickness (AOT) from passive sensors, lidars provide aerosol vertical
distribution, including aerosol extinction near the ground (a more realistic representation of near-surface
aerosol properties)*
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X = Predicted extinction
Xo = GEOS 1064nm extinction CATS TAB (km-1 Sl"1)
H = Linear operator TR, e T e R
P = GEOS error covariance oo T s e T ek
R = CATS error covariance
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PM, 5 derivation algorithm (using CALIOP aerosol
extinction & assumed mass extinction efficiency):

PM . cx @x1000
2:5 (XgeatX frnt&yps)

* @gcat —> mass Scattefing efﬁCienCy (3-40 m? g'l) — — _ —_— Retrieved Aerosol Extinction ' P
a,,, = mass absorption efficiency (0.37 m? g!)
¢ 2> PM, ; to PM,, ratio (0.6)

o > extinction coefficient (m-1)
1000 = unit conversion factor

GEOS-5 TAB (km-'sr) s | Retrieved PM, s (ug/m3)

p A
I} ,"‘\

1) R

O N WUy ®
i

Altitude (km)

Hygroscopic 1-RH \ 7T
frh = ( )

growth factor 1—RHref Initial Validation Efforts j — :
= 70 ""1lllllll|||IHH['I]|llllll|IHI”'1|||HIII|II]”'1||IH|IIIIII/H) . : —
. g 60 rzA;( 034 40 Longitude (deg)
Spatial Mean PM, ; from EPA and CALIPSO (2007-2018) o 50 = 008 -
e N = 2061 £ 5 TAB = Total Attenuated Backscatter
Nighttime CALIOP T 40 8
| g 30 5 ---Case study over Europe on 12 Sep 2016---
] 5 20
o 20 8 . PM, 5
a. £ : e 0 ° °
S |, 5 CATS retrieved PM, (ug/m3) Initial Validation Efforts
%9 10 20 30 40 50 60 70 . >3 I
EPA PM2.5 (ug/m™) 120 40 PMZ.S
”E 70 "'11;2:1;_”[”[1””””I|H[[T'11Illllll||l][['1]]|HIIIIIII/H 50 4 (ug/mg)
§ 60 F =028 ; 100 - 30 50
B = 50 Lysmt=0.01 £ 41
* o = 4350 < 808 20
000 250 500 750 100 125 150 175 20.0 & 40 & 40- 40
Mean PM2.5 Concentration (ug/m?) 2 30 w 60 L H
2 20 8 40 > 30
J 10 =
EPA and CALIOP PM, : Trends (2007-2018) 5 | 20 L
120 114-108-102 ~96 00 -84 78 ~72 -6 -120-116 108102 -96 _90 _54 78 -72 _op S N e % 10 20 30 40 50 60 70 - 20
gw R P A 5 : \ N j EPA PM2.5 (ug/m’)
2 )3 ‘ 63 < o« 75 . 70 Emn?n[l|||mrr]n|mn||mr'm||||||||m[m||||n|||||rr/1u 140 . L 10
< 5 9 o 9 (1S g 60 :E r=0.36 15D —_ 160
7 5 3 4 3 . 2_F 010 2 s 4 " ~ CATSretrieved PM,s| [l |
9 g 9 3% B 3 n £ N=5935 & 100 < 3 5 --- Station data PM,
" W ™M W o E 4OEE s % 5 i 100
i ) - P N7 Nighttime™ 3 5 80
3 - 5 8 \\ CALIOP[® % "\ CALIOP [ £ FF : @ £ MM (Ph%i) A
) \N- Y, @ /2/\ L L Vo a 205 E < ° . KT
~120-114-108-102 -96 -90 -84 -78 -72 -66 - ~120-114-108-102 -96 -90 -84 -78 ~72 ~6B 120-114-108-102 -96 —90 -84 -78 -72 —66 = 105 = 40 Spam Germany Poland i 2°‘N h
I . . : ; A1 o i
00‘ 10 éo 30 ‘ 40 50 60 70 20 37.4°°N 42.7I‘;N 47.i:N 50.2I °°N 51.7I °°N 0 5 10 5 & 25 2 »
_10 6 9 2 5 10 EPA PM2.5 (ug/m?) -12.0°F 3.0°F 77°E 20.0°E 335°F Profile Number
PM2.5 C tration Trend 12 . . . . .
BaGaTae oty per 12 ysom) (“New approach for PM, ; air quality retrievals using the NASA CATS spaceborne lidar and GEOS-5
(Toth et al., 2022, Atmos. Env., https://doi.org/10.1016/j.atmosenv.2022.118979) (Travis Toth) model”, Matus et al., in prep.) (Alex Matus)
6. Exploring City Trends in PM, : using MODIS AOD
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