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What Is AOS?

ATMOSPHERE OBSERVING SYSTEM

* AOS Is a Decadal Survey mission that will deliver transformative
space-based, airborne, and ground-based observations fundamental
to understanding coupled aerosol-cloud-precipitation processes that

profoundly impact weather, air quality and climate and play a critical
role in feedbacks to the global water and energy cycles
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(a) Global temperature change

* We are feeling the impacts from climate change 6 | Historical 51 -
now. Extreme weather events are increasing g, Josis 3 o
significantly and in 2022 alone, there were 18 I R s
weather/climate disaster events exceeding S1 billion s * -, 8
in the United States. N e ] 3
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* The planet may reach 1.5°C warming in a decade.
The Earth system has moved from an era of linear to Carbon dioxide
exponential change, driving a new era of surprises Sitrwekibed
in how the Earth System responds to these changes. ozone

Stratospheric
water vapour

Albedo Land use

Change in effective radiative forcing from 1750 to 2019

Light absorbing particles on
snow and ice

Contrails & aviation-

* Interactions between aerosols, clouds and

precipitation are the largest source of uncertainty Tlotmamm::;::i __I—A'dt:

in climate models and impact our ability to Soler !
attribute past changes and make skillful projections. Gl L S

IPCC AR6 Report (Forster et al. 2021)
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 Aerosols are critical to the

R i formation and properties of
clouds
 Seeds of cloud formation
ce and : Ice and ® o g ;
mixedphose . g miea-phose @A * Impact precipitation
water water © « & * %, e
e e o+ Swalfer number * | * development and cloud
Supercooled o .of smaller-dro pé o Supercooled . 2f larger Qropg ) 4 ’
. watel.'dl:opleits. P o waterdrople:ts e e o ® ° ® " ||fet|me
o AT T T * Can change how clouds
ish aeroso l;.ee ;lced: @r° l i ’oi"(;n .,.° °"Hl.cr‘;;a:§édb{;ez l’;t‘i:OJP : I i
High scrosol ;;aﬁgaergggfﬁeptﬁ:: o Lovaermal s fs" ey reflect or scatter radiation
o TR "fetime iR "feﬂme * Interactions are key driver of
o uncertainty in radiative forcing
of climate

* While still uncertain, aerosols
may modify convection

Adapted from Stephens (2021) and Miilmenstadt et al. (2021)
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AOS addresses priority science called W
out by multiple Earth Science Decadal Y, \C
Survey panels and related to two High Clouds.  Convegtion  Snowfall & Glacial s arp.
designated observables i '
e Aerosols (A)
* Clouds, Convection, & Precipitation

(ccP) N

S Aerosols. s s

S e ,G-'-'.-_R'adiative
and.Removal- DY O Cffacts

Aerosol Impacts on Clouds

AOS focuses on three themes:
Climate sensitivity and feedback
Convective storm formation
processes

Aerosol distributions and processes

=
Infiltration

Aquifer storage
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1. CLIMATE: How can we improve our ability to predict local and regional climate response to
natural and anthropogenic forcings and reduce the uncertainty in global climate sensitivity?

Projected future warming is highly
(a) Global temperature change uncertain. The two largest sources of
uncertainty are

6 - Historical 51 B _ 1% :
188p119 11 =6 1) the radiative forcing by aerosol
o . ‘ B / that force the response and
= 4 38rE8 5 e i) cloud feedbacks that define the
o N | @ response.
g 2 __ = i
o . R
e A ~—° =
= 5 _ B, A seven-fold range in ‘aerosol indirect
o -—V..m/\// _ T 0 S radiative effects’ results merely by
- Near Mid Long 0 £ 5 : S
T term | changing how a model makes light rain
=2 ! R B (Jing and Suzuki, 2019)
1950 2000 2050 2100
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2. CONVECTION: Why do convective storms, heavy precipitation, and clouds occur exactly
when and where they do? How do microphysical properties relate to storm dynamics?

The World Economic Forum (WEF, 2020)
assessment of risks identified the change
in extreme weather as both the most
likely and most impactful on the future
economies of the world. ——.

Aerosols, _— A
thermodynamics, dynamlcs Precipitation
rate, efficiency

FRESH WATER/

High clouds

Cloiid Clistae: | Hadley/Walker Circulation

Deep Subsidence

Convective storms deliver the majority of C
onv

the fresh water for society in the form of
rain and snow and are a principal source l
of life-threatening severe weather. '

---------------------- L OW Clouds

tr ulpwmds

|
. warm, western tropical oceans cold, eastern subtropical ocean
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3. AEROSOLS: What processes determine the spatio-temporal structure of important air
pollutants and their adverse impacts on human health, agriculture, and ecosystems?

* Aerosol profile and amount

* Aerosol type, particle size

 Emission, transport and
removal

* Radiative effects of
aerosols

* Diurnal component to dust
and smoke emissions

2017 Jul 31

Pre-Decisional — AOS is in Phase A and NASA makes no commitments on the final design of the mission or instruments



EARTH SYSTEM OBSERVATORY
@

ATMOSPHERE OBSERVING SYSTEM

While aerosols, clouds, and precipitation all have important science
objectives on their own, it is their interactions that are most in need

Change in effective radiative forcing from 1750 to 2019

Carbon dioxide

Cloud formation, Air quality

Other well-mixed 0
e = CHy N5
characteristics, Tran.sp.ort Climate sensitivity greenhouse gases ‘
vertical transport Radiative effect: Ozone

Stratospheric

water vapour Licht absorbl il

ight absorbing particles on
Albedo Land use snow and ice

Contrails & aviation-
Aerosol

induced cirrus
removal /

Aerosol

Aerosol-cloud Aerosol-radiation

Total anthropogenic

Solar -

L e S s S EE B S B e R B S B B R

-2 -1 0 1 2 3
IPCC, ARG, Ch. 7 Effective radiative forcing (W m‘2)
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Why AOS Is Needed Now

e Key elements of the Earth-observing system of satellites related to
atmospheric measurements are coming to an end in the very near future.

o CloudSat, CALIPSO, Aqua, Terra ending soon; GPM will end before AOS

* Major gaps in observing aerosol-cloud-precipitation interactions are
imminent, threatening our ability to detect important trends in climate
forcings and feedbacks during this period of exponential change in our
climate

* Precipitation measurements that have become critical to the applications
community over the potentially 30 years of TRMM and GPM will come to an
end should the inclined orbit element of AOS not launch by 2029

Pre-Decisional — AOS is in Phase A and NASA makes no commitments on the final design of the mission or instruments 11
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« Factors shaping architecture construction and S0t AOS Inclined launch
= [US led]
Concept development Z== Single-frequency Doppler Radar :(L)TSI-\;I?UrSc:d]ZOZQ
o Cost-capped mission that utilizes relatively mature g"a‘;’gm’:rfi?:;°m“e’ WS Backscatter Lidar
measurement capabilities D i A “SaMicrowave Radio

o Microphysical understanding requires synergistic ing Reiormetey ~ S\ 7 Swingh EIB
multi-instrument approaches 2 S
International partnerships

o Continuity desired (but not required) to the extent
practical Vi

o Applications considered from early stages PMM sspanteds
il . B Ku WitesSwiath Dopp
« Completed Mission Concept Review, May I MicruaveRadigmeter,

2022

* Independent Review Board (IRB) study
August-September 2022

« Key Decision Point A review, January 13, 2023

NET December 2031

A0S will fly in two orbits: Polar & Inclined
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Ka-band Simulated Reflectivity (dBZe) W-band Simulated Reflectivity (dBZe) 3 Ao S_ P [US led]

Single-frequency Doppler Radar,
Microwave Radiometer [
Backscatter Lidar _
Polanmeter

AOS-I jus fed]

_ Backscatter Lidar

Altitude (km)
Altitude (km)

1

80 100 120 140 80 100

Along-Track Distance (km) Along-Track Distance (km)

JAXA Wide Swath Ku Doppler Radar B o i S e m {

B Microwave Radiometer
‘ HAWCSH [Canada led]
Aer@_@&_WaterVapor Limb Imagers

A0S will fly in two orbits: Polar & Inclined
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182.31 GHz Nadir | 180.31 GHz Nadir | 177.31 GHz Nadlr I

Courtesy of Yuli Liu, UMBC
32510 9 GHz Nadir | 325+3 4 GHz Nadir | 325j_|-11.5 GHz Nadir |

Cloud environment:
Aerosols, i 12 e
thermodynamics, dynamlcs Precipitation
rate, efficiency

AOS Architecture Overview

170.5 GHz Nadir |

» 6_8 GHz Nadir |

PMM [Japan Ied]
[ @ | Ku Wide. Swath Doppfe Rad4r

ommitments on the fina design of the mission or instruments

AOS-P [usied

= Sinale-freauency Doppler Radar
Microwave Radiometer :
Backscatter Lidar _
Polanmeter

AOS-I (us fed]

Backscatter Lidar

N ‘ ; ‘.“L:a = .‘g‘ €
- - f»«
- HAWCS‘a [Canada led]
3 Aer@ﬁ%&vWaterVapor Limb Imagers

A0S will fly in two orbits: Polar & Inclined
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AOS Architecture Overview
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532 nm, 1064 Backscatter Lidar

24 August 2015 20:29:11-21:14:36 UTC i AOS-P (usreq)
M ' Single-frequency Doppler Radar ,

Microwave Radiometer o)

Backscatter Lidar _

AOS-I ;us fed]

Backscatter Lidar

Altitude (km)
1064 nm ATB km™" s

PMM papan fed \

HAWCS‘a [Canada led]

Aer@@%& Water Vapor Limb Imagers

-
()}

-b
o
Depolarization Ratio

Altitude (km)

A0S will fly in two orbits: Polar & Inclined
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UV-VIS-NIR-SWIR Multi-angle Polarimeter

AOS-P (us led]
== Single-frequency Doppler Radar

AOD from HARP 0 Microwave Radiometer AOS-1 s I?d]
: , oS ; N Backscatter Lidar

Cloud-top properties available« Backscatter Lidar _ o, di

also Polarimeter s } w—aMicrowave Radiometer [

| 3/ FIR Imaging Radiometeg &

|
’M 9 ) ”’%aﬁ ~L;¥71"_~ | Ay

PMM [JépJan led] :
KN Ku Wide Swath Dopp
I Microwave Radiometer

N <

[ .’}. ; ‘j,,".,;
HAWCSH [Canada led]
Aer@%&vWaterVapor Limb Imagers

&

A0S will fly in two orbits: Polar & Inclined
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Canadian Space Agency Longwave-Far Infrared

Imaging Radiometer (4-73 pm), AOS-P rusiea

Single-frequency Doppler Radar
A |/Moi Limb S di Microwave Radiometer ) AOS I[USI?d]
eroso/ oisture Lim ounding Rackecattor Lidar LA Backscatter Lida
o : A E . ——==Microwave Radiometer |
35 km Polarimeter , : .
- ¥
TICFIRE
Longwave
Radiative
o Forcing
SHOW PMM papan ey
I Ku Wide Swath Dopp o ki d g8 L
| Microwave Radiometer ‘4+ -
\k': S .4.“"" -i
Understandin , .-, = : chsahf[Canadaled]
& nteractions. B N\ : ' @U;&WaterVaporLimblmagers
= Cloud of aerosol, W N o
T _ clouds and :
vptliCa water vapour
Depth Cloud requires SHOW,
Water |"I|'.. icle ALl and TICFIRE
Vapour o1 £
5 km Profile Ref.: Landon Rieger

A0S will fly in two orbits: Polar & Inclined
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« New Science —

e

- g idar

o Globally distributed and diurnally varying vertical Curtain g
alr motions in convection

o Coupled dynamics and aerosol, cloud, and
precipitation measurements, longwave radiation

o Short time-interval evolution of convective
clouds

o Diurnal variability of coincident precipitation,
cloud, and aerosol profiles

- Measurement Synergies

o Lidar, polarimeter, and CSA ALI provide
enhanced information on aerosol properties , LER g PN
o Lidar, radar, and passive sensors provide V. ¥ e S

Comprehen5|ve propertles Of CIOUdS Doppler radar+lidar+passivé sensor synergy: adds
dynamical information to cloud/precipitation

Pre-Decisional — AOS is in Phase A and NASA makes no commitments on the final designFBforHilﬂgsaih@rpﬂﬁﬁdl%lﬂfoperties 18

Lidar+polarimeter synergy for aerosols: provides
significant retrieval advances over lidar alone
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Low Clouds: Microphysics, precipitation
initiation

ATMOSPHERE
Observing System

Convection/High Clouds: Microphysics
and dynamics, anvil cirrus lifecycle.

Vertically resolved aerosol-cloud-radiation
interaction processes and lifecycle.

Large airborne campaigns
 Mid-latitude continental, 2029 or 2030
* QOceanic, 2032-2033

Campaigns after launch to enable cal-val

Payloads depicted
are notional...
instruments to be
prioritized /
deconflicted for
each campaign

Radar Lidar |

\_ Radar

\ Radiometer
—> =

Spectrometer

Notional ER-2
Polarimeter payload

Radar Notional P-3 payloaa

19
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Summary

* AOS Is designed to take synergistic measurements related to
o Climate sensitivity and feedbacks
o Convective storm formation processes
o Aerosol distributions and processes

« AOS is urgently needed as current observing systems are ending at a
time when climate is rapidly changing

« Large, complex mission with multiple international partners needed to
address the different measurement needs for characterizing aerosols,
clouds and precipitation

* Inclined-orbit observatory launch no later than mid 2029
 Polar-orbit observatory launch no earlier than late 2031

Pre-Decisional — AOS is in Phase A and NASA makes no commitments on the final design of the mission or instruments 20



