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Presenter
Presentation Notes
NASA’s Earth System Observatory is a constellation of satellite observing systems that addresses the five major designated observables from the 2017 NASA Earth Science Decadal Survey. The Atmosphere Observing System, or AOS, addresses two of these designated observables, aerosols and clouds, convection, and precipitation, or CCP. In this talk, I will provide a brief background on the decadal survey recommendations, the AOS science objectives, and the observing system.
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ATMOSPHERE OBSERVING SYSTEM

Pre-decisional

Current concept achieves Aerosol and CCP science AOS-SKky (usteq
Z= Doppler Rad
« Delivers globally distributed measurements over a range of temporal Miowave Radiometer % [ AOS- Storn:n (LS fed)

scales Backscatter Lidar

Polarimeter
» Complemented by sub-orbital element (e.g., science & cal/val)

AOS-Sky satellite represents Decadal Survey Minimum
candidate architecture

» Expecting to pursue Pre-formulation study with ASI on a lidar separate
from AOS-Sky

P M M [Japan led]

« CSA HAWCsat adds information on aerosol and moisture profiles Il Ku Wide Swath DOP I
: i | Microwave Rad_lometer:' ;
Generous contributions from JAXA and CNES enable ‘w o,

critical science over varying times of day

« Addresses DS stated importance of diurnally varying measurements for
COR

» Provides continuity with TRMM/GPM with Doppler capability and new

time-differenced radiometer measurements A0S wil fiy in two orbits: Polar & Inclined

 U.S. backscatter lidar adds aerosol and cloud detection as well as PBL

; ; : Graphic reflects initial architecture concept directed at KDP-
height information

A. Additional direction was provided to study architecture
changes, which are still on-going.
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Text is fairly self explanatory. The two project are designed to get both global coverage, as needed to monitor the rapidly changing polar regions, and varying-time-of-day measurements to observe diurnally varying convection, high clouds, and aerosols. The AOS Sky observatory is basically the candidate architecture from the Decadal Survey. Much of the rest is enabled by international partnerships.
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Cloud forr.na-tlon, sport,
characteristics, Climate sensitivity

vertical transport
removal

/

Precipitation formation
Cloud lifetime

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

Cloud environment: * N
Aerosols, * . B
thermodynamics, dynamics Precipitation
rate, efficiency

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?

3. AEROSOLS: What processes
determine the spatio-temporal
structure of important air pollutants
and their concomitant adverse
Impacts on human health,
agriculture, and ecosystems?
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Presentation Notes
AOS address three major themes from the Decadal Survey as shown here. The Climate theme addresses coupled aerosol-cloud-precipitation processes that are a key driver of uncertainty of the radiative forcing of climate. The convection theme focuses on the dynamics of convection and its relationship to cloud and precipitation processes. The Aerosol theme addresses the properties of aerosols; their emission, transport, and removal; and the impact of aerosols on air quality and human health.
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Most Important DS Objectives

Climate:

C-2a. Reduce uncertainty in low and high
cloud feedback by a factor of 2.

C-2h. Reduce total aerosol radiative
forcing uncertainty by a factor of 2.

Convection:

W-4a. Measure the vertical motion within
deep convection and heavy
precipitation rates

W-2a: Larger range environmental
predictions

Aerosols:

W-5a. Improve the understanding of the
processes that determine air
pollution distributions ...

W-2a: Larger range environmental
predictions

Relationship Between DS And AOS Science
Objectives and Geophysical Variables

Related AOS Science
Objectives

. Low clouds
. High clouds
. Cold cloud and precipitation

processes

. Aerosol direct effect and

absorption

. Aerosol indirect effects

. Convective storms, including
dynamics

. Aerosol attribution and air

quality

. Aerosol, Removal,

Redistribution and Processing

Key AOS Geophysical

Variables
e ¢ (Cloud profiles
e o Cloud optical depth
e o Cloud droplet effective radius
e Cloud ice particle size
e o Cloud liquid water path

e o |ce water path
© e e o Precipitation profiles/rate

e o |n-precipitation vertical air
motions

e e In-cloud vertical air motion

e ¢ ¢ Aerosol extinction profile

. e o o Aerosol-cloud feature mask

e ¢ ¢ Aerosol optical depth
e o Aerosol absorption properties

e o Aerosol fine-mode effect radius |
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Presentation Notes
This slide shows the traceability of AOS geophysical variables to AOS objectives and Decadal Survey “Most Important” science objectives. The DS objectives are color coded by science theme (climate, convection, aerosols). The eight AOS science objectives are directly related to the DS objectives, but reorganize the objective by topic area. On the right, the colored dots show the applicability of the different GVs to the science themes. 
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The inclined project is comprised of contributions from NASA, JAXA, and CNES. JAXA will contribute a Ku-band wide-swath precipitation radar with nadir Doppler capability for measuring convective vertical air motions. Dense over-sampling at nadir combined with the use of the displaced phase center antenna, or DPCA, approach for better removal of spacecraft motion and non-uniform beam filling effects allows us to obtain good measurements of the structure of convective vertical motions for many convective systems. CNES will provide two identical passive microwave radiometers with channels ranging from 89-325 GHz for characterization of ice cloud properties. The tandem radiometers provide the time rate of change of brightness temperatures over a 2-minute period to allow inference of evolving microphysics and convective vertical ice mass flux. NASA will provide a two-wavelength backscatter lidar with performance similar to or better than CALIPSO, but in a more compact, lower-cost package. The lidar will provide profiles of aerosols and clouds as well as boundary layer height. The expected launch is no later than March 2029. 
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Single-Frequency Doppler Radar
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A Visual View of AOS-Sky Measurements

Microwave Radiometer: 89-700 GHz
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AOS will have a cloud-profiling Doppler radar, either at W or Ka band. The project is currently conducting trade studies within industry to examine available capabilities. We also continue to fund a JPL study of a dual-band solution. The path forward will depend on the outcome of this trade study. AOS is currently exploring a partnership with the Italian Space Agency for a three-wavelength (355, 532, 1064 nm) backscatter lidar, with Raman channels for nighttime extinction measurements. The lidar would also provide measurements relevant to ocean, land, and snow properties. NASA will fly a multi-wavelength, multi-angle polarimeter for determination of aerosol and cloud properties (0.5 km resolution at nadir, 0.9 km resolution at swath edge, swath width of ~300 km). A passive microwave radiometer with frequencies near 89, 118, 183, 325, and 640-700 Ghz will provide measurements of high cloud properties and precipitation. The Canadian Space Agency will provide a far infrared imaging radiometer on the AOS spacecraft for ice cloud properties and longwave radiation measurements and a second spacecraft carrying aerosol and moisture limb imagers for determining the profiles of aerosols and moisture in the upper troposphere and lower stratosphere.
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* We are feeling the impacts from climate change now
o Temperature extremes, Fires & Air Quality impacts, too little and too much precipitation
o Extreme storms — increasing in intensity and $$

» Planet may reach 1.5°C warming in a decade but projections have considerable uncertainty
o Need improved observations to constrain models and improve scenario modeling

Key elements of i 2023,
the Earth- i '

MCR KDP-A

observing system

- Possibl Possibl
of satellites related : ey Posshle D ossy [
tO atmOSpherIC —- mission mission

measurements are i CSA
coming to an end e,

. . ! P ‘ Possible
in the very near g2 | extended
future. JAXA CNES
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The Earth’s climate is rapidly changing and leading to unprecedented extremes in weather. Current observatories and near-term missions will end toward the end of the decade. It is important that we get the next generation of observing systems ready to continue these critical measurements. GPM is boosting its orbit to extend mission life and have overlap with AOS-Storm. AOS-Sky will proceed as fast as available budget and schedules will allow to try to minimize an expected gap following the EarthCare mission.
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* AOS is two projects focused on coupled aerosol-cloud- B
precipitation processes AOS-Sky sieq Fre-decisional

« AOS-Storm proceeding as planned per Mission g AOS-Storm rus e

Microwave Radiometer

Confirmation Review Backscater Lidar e . Backscatter Lidar £

Polarlmeter ~==Microwave Radlometer ]

» Exploring trades for AOS-Sky
o Potential partnership with ASI on polar lidar
o Current trade studies underway for radar

o Additional trades may be necessary in near term due to
budget profile uncertainty

I Ku Wide Swath Doppl‘ekr%‘" Rl
| Microwave Radlometer i _‘ e
AOS-Storm- Class C A v HAWCst 1
| e NLT March 2029 launch A [canada i

e 407-430 km orbit, 55° inclination
e 1-2-yr mission life, 3 yrs of consumables

AOS-Sky- Class C

e NET December 2031 launch
e 450 km orbit, sun-sync-13:30 LTAN

e 3-yr mission life, 5 yrs of consumables

Aeré‘?g%& Water Vapor Limb Imagers

KDP A. Additional direction was provided to study
architecture changes, which are still on-going.
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Hopefully self explanatory.
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