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EarthCARE Satellite

Institutions

European Space Agency (ESA) ./ National Institute of
Information and Communications Technology (NICT) .
Japan Aerospace Exploration Agency (JAXA)

Launch

JFY2022 ( = Apr. 2022-Mar. 2023)

Mission Duration

3-years

Mass Approx. 2200kg
Sun—synchronous sub-recurrent orbit
Orbit Altitude: approx. 400km
Mean Local Solar Time (Descending): 14:00
Repeat Cycle 25 days
Orbit Period 5552.7 seconds
Semi Major Axis 6771.28 km
Eccentricity 0.001283
Inclination 97.050°

. EarthCARE

4 T.th Cloud, Aerosol and Radiation Explorer

esa /v//z?:%a\‘A

EarthCARE

Earth Clouds, Aerosol and Radiation Explorer

EarthCARE is a joint Japanese-
European mission to observe clouds,
aerosols and radiation.

Observation Instruments on EarthCARE

Cloud Profiling Radar w7 4XA
Atmospheric Lidar Cesa

Multi-Spectral Imager  @esa

Broadband Radiometer @esa

Synergetic Observation by 4 sensors
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Strategy

Earth Cloud, Aerosol and Radiation Explorer

Gosa P 4410

MSI - o i flight direction .
500 m x 500 m \ Observation of 4 sensors
GSD < 500 m )
Swath >150 km \ (mowe)
(35 km / 115 km) \ & . :
-- S, https:// /
R QA\ ps://WWWw.eorcC.jaxa.|p
A T
& % EARTHCARE/museum/mo
%?/ & .
L (<]
10 km x 10 km @Q/"/ CPR \&' vie_gallary.htmi
GSD<10km o< 1km
'| \ GSD 0.5 km .
| S g;gﬂ ;nDD averaging < 500 m 5;';§§.
||.54 55// Goal 100m !
_ __LQ—?a—w s;e_rag__ ———— BBR Nadir view ‘__‘—-——
— < +/-3.66°

Synergetic Observation by 4 Sensors on Global Scale
*3-dimentional structure of aerosol and cloud including vertical motion
*Radiation flux at top of atmosphere

*Aerosol — cloud — radiation interactions



https://www.eorc.jaxa.jp/EARTHCARE/museum/movie_gallary.html

Sensors

CPR

Cloud Profiling Radar

Instrument

94 GHz (W-band) Doppler Radar

Center Frequency

94.05 GHz

Sampling

Horizontal : 500 m
Vertical : 500m (Oversampling

100m)

Footprint

Approx. 800m (Horizontal)

Pulse Repetition
Frequency

6100 ~ 7500 Hz (Variable PRF)

Observation Height
Range

Surface to 20km (low latitude), 18km, 16km,

(high latitude)

Observable Parameters

r

Radar Reflectivity
Doppler Velocity
Gas Attenuation Factor
Cloud Mask
Cloud Particle Type

CPR Observation

4 Satellite Flight Direction

Liquid Water Content | Direction

Ice Water Content
Liquid Effective Radius
Ice Effective Radius
Optical Thickness

Nadir Direction

Footprint

~

ertical Sampling 500m

Horizontal Sampling 500m

‘\{.

EarthCARE

Earth Cloud, Aerosol and Radiation Explorer

CPR

The World’ s First Satellite-
borne Doppler Cloud Radar

CPR is a 94 GHz (W-band) Doppler Radar jointly
developed by Japan Aerospace Exploration Agency
(JAXA) and National Institute of Information and
Communications Technology (NICT).

From its millimeter radar signal, it has the
capability to observe vertical distribution and
physical characteristics of cloud and drizzle.

In addition, information on the in-cloud vertical
motion by Doppler measurement function has the
potential to contribute to the understanding of
cloud and precipitation process.

EarthCARE CPR has approximately 10 times higher
sensitivity compared to CloudSat CPR onboard in
the A-Train Constellation.
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ﬁ l EarthCARE

Earth Cloud, Aerosol and Radiation Explo

CPR Observation (by NASA CloudSat) //m%@w

A orbit on 20 May 2006
(Stephans et al. 2008)

S Features of
A MODIS image of a A & = EarthCARE/CPR :
warm frontal system & “ More sensitivity than
h LA CloudSat/CPR
by larger antenna size
(2.5 m diameter) that is,
-29dBZ—>-35dBZ.
e Capability of the
doppler velocity
measurement

Cloud profiling radar
(CPR) reflectivity by
CloudSat satellite
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Earth Cloud, Aerosol and Radiation Explorer

Cloud Product by EarthCARE/CPR’/ =

N . . i _ a L, EarthCARE JAXA Product List

kb .&,stw"'fer’w“~ il

log[beta532(/m/sr)]

Processing

Lovel Primary Parameters

Sensor(s)

Cloud Mask

08

o]

Cloud mask

(L)

Cloud Particle Type

Altitude (km)

-]

[

Lidar Only Mask (C2)

Radar Reflective Factor
with Attenuation
Correction
Liquid Water Content
[ce Water Content
Effective Radius of Liquid
Effective Radius of lce
Optical Thickness

[-1-]

CPR L2a

Cloud Particle Type

Altitude (km)

@

Particle Type (C2)

Cloud Microphysics Al
(LWC, reff, etc) : Mr W By Prof. H. Okamoto (Kyusyu

Univ.)’ s group

Log IWC [g/nmi] for specular
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JAXA & ESA Level 1 Product & EarthC ARE
JAXA Standard Level 2 Product v R Gesa wicP JeA

CPR ATLID MSlI
\
@ Data Rel
L | 1 Single Sensor Cesa esa p —Cesa ata Tielease
eve . L1 L1 L1 L1 > 6 months after
Engineering
Values launch
___________________________________________________________________________________ <
Single S | cPR J : CD , ALCD 287, msI 287,
Level 2a "¢ ‘ L2a ’ L2a L2a
Geophysical values — — Data Release
(microphysics etc.) Product Product

> 9 months after

launch
L2§

2 Sensors Synergy Product

0o

Multiple Sensors
(Synergy)

Level 2b Geophysical values
(microphysics etc.) CcPR J;q"g - [ cPR Data Release
L2b ATLID L2b
g > 18 months
MsSI
ESR after launch
3 Sensors Synergy Product 4 Sensors Synergy Product J
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EarthCARE JAXA Product 4 m S

e Level 1 product will be developed by sensor provider agencies.
v" i.e. JAXA will provide CPR Level 1 product

e JAXA and ESA develop Level 2 geophysical products individually, under the
framework of the Joint Mission Advisory Group (JMAG).

e JAXA and ESA products will be distributed by both agencies.

e For JAXA Level 2 Products, it is consisted by two categories;

O Standard Products
— strongly promoted to be developed and released
— processed and released from JAXA G-Portal
— all data will be able to be sent to ESA when produced

O Research Products
— promoted to be developed
— released from JAXA Earth Observation Research Center(EORC)
— some are planned to be upgraded to standard products



EarthCARE Products . EarthCARE

4 Earth Cloud, Aerosol and Radiation Explorer
JAXA & ESA Product (L1b/c:Stand-alone)

© Processing Product Name - . . Grid Spacing File Unit Data Volume
Sensor(s rimary Parameter .
Level (Product ID for ESA) Horizontal Vertical ~File Format per day*
Received Echo Power / Radar Reflectivity
CPR One-Sensor ) )

Factor / Doppler Velocity / Pulse Pair 0.5 km | 0.1 km 1/8 orbit

CPR L1b Received Power and ) i 51.3GB
Covariance / Spectrum Width HDF
Doppler Product
Surface Radar Cross Section 0.5 km -
Rayleigh and Mie Backscattering coefficient

0.285 0.103 1/8 orbit
ATLID L1b A-NOM * Mie component has horizontal and vertical 91.6GB

km km netCDF

depolarization component
Radiation Intensity

* Visible(0.67um), Near IR(0.865um), 1/8 orbit
MSI L1b M-NOM 0.5 km - 83.9GB

SW IR(1.65um, 2.21um), LW IR(8.80um, netCDF

10.80um, 12.00um)
SW and LW Radiation 1/8 orbit
BBR L1b B-NOM 10 km - 2.3GB
(Forward, Nadir, Backward) netCDF

Processing Product Name

Primary Parameter

Sensor(s)

Grid Spacing

Horizontal Vertical

File Unit
File Format

Data Volume
per day*

Level (Product ID for ESA)
L1b Radiation Intensity

MSI Lic M-NOM

(interpolated to the location of a

reference band)

0.5 km

1/8 orbit
netCDF

18.3GB

* 125 files per day is assumed without compression. ATLID, MSI, BBR is ESA product.

10



JAXA Standard Products (L2a:Stand-alone)< /

‘\‘-‘.

EarthCARE

]".ulh Cloud, Aerosol and Radiation Explorer

Processing Primary Parameter Grid Spacing File Unit Data Volume
Sensor(s) Level Product Name : Spatial-integrated values will be also generated) Horizontal Vertical File Format per day*
CPR One- Integrated Radar Reflectivity Factor 1/8 orbit
CPR L2a sensor Integrated Doppler Velocity 1 km 0.1 km 116.0GB
Gas Correction Factor HDF
Echo Products
Cloud Mask / Cloud Particle Type /
CPR One- Liquid Water Content / Ice Water Content / _
CPR L2 Effective Radius of Liquid Water Cloud / 1 km 0.1 km 1/8 orbit 131.8GB
a sensor Effective Radius of Ice Water Cloud HDF :
Alre] etz Optical Thickness 1 km -
Feature Mask 0.2 km 0.1 km
ATLID One- Target Mask Tkm | 0.1km
sensor Aerosol Extinction Coeff. / Aerosol Backscat.
Coeff. 10km | 01 km 1/8 orbit
ATLID L2a Cloud and / Aerosol Lidar Ratio / Aerosol Depolarization Ratio HDF 10.8GB
Acrosol Cloud Extinction Coeff. / Cloud Backscat. Coeff. /
Products Cloud Backscat. Coeff. / Cloud Depolarization Ratio 1 km 0.1 km
Cloud Depolarization Ratio 1 km 0.1 km
Cloud Flag including Cloud Phase /
Optical Thickness of Liquid Water Cloud /
ey Lo MSI One-sensor Effective Radius of Liquid (1.6 ¢m) / 05 K 1/8 orbit 163.6GB
a . . - .5 km - .
Cloud Products Effective Radius of Liquid (2.2 um) / HDF
Cloud Top Temperature /
Cloud Top Pressure / Cloud Top Height
TI

* 125 files per day is assumed without compression.
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JAXA Standard Products (L2b:Synergy) 4 o om eommtimmei

Processing Primary Parameter

Sensor(s) Product Name (  :Spatial-integrated values will be also
Level generated) Horizontal Vertical

Cloud Mask / Cloud Particle Type /
Radar Reflective Factor with Attenuation /

Grid Spacing File Unit Data Volume
File Format per day*

CPR GPRHAURD Liquid Water Content / Ice Water Content / 1 km 0.1 km 1/8 orbit
v L2b Synergy Effective Radius of Liquid Water Cloud / 136.7GB
ATLID Effective Radius of Ice Water Cloud HDF
Cloud Products
Optical Thickness 1 km -
Cloud Mask / Cloud Particle Type /
CPR Radar Reflective Factor with Attenuation /
+ CPR-ATLID-MSI Liquid Water Content / Ice Water Content / 1 km 0.1 km 1/8 orbit
. . o orbi
ATLID I Effective Radius of Liquid Water Cloud / 136.7GB
+ L Synergy Cloud Effective Radius of Ice Water Cloud HDF
MSI AT Optical Thickness /
Liquid Water Path / Ice Water Path 1 km -
Four Sensors SW Radiative Flux / LW Radiative Flux 10 km -
4 o 1/8 orbit
sensors L2b Synergy Radiation SW Radiative Heating Rate / HDF 7.3GB
Budget Products LW Radiative Heating Rate 10 km 0.5 km
12

* 125 files per day is assumed without compression.



“. EarthCARE
JAXA Research Products (L2a:Stand-alone)y /| oo

Grid Spacing File Unit

Processing Primary Parameter

Status o : ;
Sensor(s) L ovel 4 Product Name : Spatial-integrated values will be also generated) Horizontal Vertical File Format

Doppler velocity correction value
Red CPR One-sensor (considering inhomogeneity) / 1/8 orbit
Doppler Products Doppler velocity unfolding Value / 1 km 0.1 km HDF

Radar Reflective Factor with Attenuation

CPR One-sensor

. ; 1/8 orbit
CPR L2a ER Rain and Snow Rain Water Content / Snow Water Content / Rain < km 0.1 km
Rate / Snow Rate HDF
Products
CPR One-sensor 1/8 orbit
ER Vertical Velocity Vertical Air Motion / Sedimentation Velocity 1 km 0.1 km
Products HDF

Aerosol Extinction Coefficient (Water Soluble) /
Aerosol Extinction Coefficient (Dust) / 1/8 orbit
Aerosol Extinction Coefficient (Sea Salt) / 1 km 0.1 km HDE

Aerosol Extinction Coefficient (Black Carbon)

ATLID One—sensor
ATLID L2a ER Aerosol Extinction
Products

Optical Thickness of Ice Cloud with Reflection

method / Effective Radius of Ice Cloud .
ER Ichgs(;lgundePer:iZ;s (1.6 um) / Effective Radius of Ice Cloud 0.5 km - 1/8 orbit
(2.2 ¢tm) / Ice Cloud Top Temperature / Ice Cloud HDF
MSI L2a Top Pressure / Ice Cloud Top Height
MSI One—sensor Aerosol Opticlal Thiotkness (Ocean) / 1/8 orbit
ER Aerosol Products Aerosol Optical Thickness(Land) / 0.5 km -
Angstrom Exponent (Ocean) HDF

“Red R” = Research product, would be processed in JAXA EORC Research and Application System, and to be upgraded to standard after one year or later when the release accuracy is applo?)/ed.
“ER” = Research product, would be processed in JAXA EORC Research and Application System. “LR” = Research product, would be processed in Japanese Laboratories



" EarthCARE
JAXA Research Products (L2b:Synergy) ¢ 7 rocoms s

Grld Spacmg

Processing Stat Primary Parameter File Unit
Sensor(s) L ovel Atus Product Name : Spatial-integrated values will be also generated) Horizontal Vertical File Format
CPR-ATLID Synergy .
il Particle Mass Ratio Mass Ratio (2D_Ice/IWC) 1 km - 1/8 orbit
R Products HDF
CPR CPR-ATLID Synergy Rain Water Content / Snow Water Content / Rain 1/8 orbit
+ L2a | ER R Gl Rate / Snow Rate Thkm | 0.1 km
ATLID HDF
CPR-ATLID Synergy .
ER Vertical Velocity Vertical Air Motion / Sedimentation Velocity 1 km 0.1 km 1/8 orbit
Products HDF
ATLID Aerosol Extinction Coefficient (Water Soluble).”
ATLID-MSI synergy Aerosol Extinction Coefficient (Dust).” 1/8 orbit
+ L2a ER Aerosol Gomponents Aerosol Extinction Coefficient (Sea Salt).” 10 km 0.1 km
Products Aerosol Extinction Coefficient (Black Carbon).”Mode HDF
MSI Radius
Cloud Mask / Cloud Particle Type
ngl#d Watelr?Cdonten;clf IcedV\\,l\?ter %(?nteczjn} / 1/8 orbit
ective Radius of Liqui ater Clou .
CPR_ATLID-MSI Effective Radius of Ice Water Cloud 1 km 0.1 km HDE
ynergy (with Doppler)
LR Cloud Doppler
Products Optical Thickness” 1/8 orbit
Liquid Water Path.”Ice Water Path 1 km -
CPR (with Doppler) HDF
: CPRgATLID_MSI Rain W C /'S W C / R 1/8 orbit
ynher ain Water Content now Water Content ain orpi
ATLID L2a LR Rain and Snow Rate / Snow Rate 1 km 0.1 km
+ Products HDF
CPR—ATLID MSI
MSI . . . . 1/8 orbit
LR Vertlcyarlli;gx)clty Vertical Air Motion / Sedimentation Velocity 1 km 0.1 km ordt
Products HDF
CPR_ArTLrID_MSI Effective Radius of Ice Cloud derived from Emission 1/8 orbit
LR ED t4 thod Method.” Optical Thickness of Ice 0.5 km -
ml?:’srlgguc’fs e Cloud derived from Emission HDF

“Red R” = Research product, would be processed in JAXA EORC Research and Application System, and to be upgraded to standard after one year or later when the release accuracy is app1047ed.
“ER” = Research product, would be processed in JAXA EORC Research and Application System.

“LR” = Research product, would be processed in Japanese Laboratories




~ EarthCARE
Stations & Data latency /Q

Earth Cloud, Aerosol and Radiation Explor

@esa w7 41

B Stations:
« Esrange/Kiruna & Inuvik (SSC)
« Two 13-m antenna at each GS

location S 3

- 10 combined passes per day CaRee
baseline

- Kiruna: 10p/d, 5.6/7.9 mean/max WS 5 R
minutes per pass e A/ N Okees N

« Inuvik: 10p/d, 5.8/7.9 mean/max
minutes per pass

B Data latency

 a. Nominal (60% of data) : max.
93 minutes

 b. Worst case (blind orbits):
203 minutes max

15



EarthCARE JAXA Science Team
Algorithm & Simulator (asof2019)

.

PI

Cl

Standard

Standard

EarthCARE JAXA Project Scientist

Hajime Okamoto (Kyushu Univ.)

EarthCARE

7 Earth Cloud, Aerosol and Radiation Explorer

NERCE]

Standard

Standard

4-Sensors

Joint-Simulator

Yuichi Ohno Hajime Okamoto -IIl(i)sr:\]iZuwkal Takashi Nakajima Kentaroh Suzuki Masaki Satoh
(NICT) (Kyushu Univ.) (NIES) (Tokai Univ.) (Tokyo Univ.) (Tokyo Univ.)
Hiroaki Horie Kaori Sato Rei Kudo Tsuneaki Suzuki Akira Yamauchi Yousuke Satoh Roh Woosub
(NICT) (Kyushu Univ.) (MRI) (Tokai Univ.) (Tokyo Univ.) (Hokkaido Univ.) (Tokyo Univ.)
" T . . . e . . . Tampei Hashino
Kenji Sato Eiji Oikawa Akiko Higurashi Eiji Oikawa Miho Sekiguchi (Koch Univ. of
(NICT) (Kyushu Univ.) (NIES) (Kyushu Univ.) (Tokai Univ.) Technorgy)
Yuichiro Hagihara Hiroshi Ishimoto Yoshitaka Jin Junya Uchida Toshihisa Matsui
(JAXA) (MRI) (NIES) (Tokyo Univ.) (NASA)
Yongxiang Hu Hitoshi Irie
H H CPR- ATLID- CPR-ATLID- 4-
(NASA) (Chiba Univ.) CPR ATUD M BBR ATLID Msl Msl Sensor
Standard | 1] | | |
Research | 1} | | | 1&.




JAXA Algorithm development with the ’ EarthCARE

/ ]".ulh Cloud, Aerosol and Radiation Explorer

Joint-Simulator L1 synthetic data 4 PR @esa nicP SPHA

* Level 2 algorithm development ongoing

— Now All JAXA EarthCARE L2 algorithms can input synthetic data with the

JAXA/ESA L1 formats from the Joint-Simulator and output physical variables in
the JAXA L2 format.

* JAXA L2 ATBD is provided in the JAXA/EORC Website:
http://www.eorc.jaxa.ip/EARTHCARE/index.html

EarthCARE L1 Simulation by the Joint-Simulator
EarthCARE L1 data construction in Japan using NICAM- SPRI NTARS data

Algorithms have been developed using the synthetic data by o N 4 Rar ety B26] .
the Joint-Simulator in the JAXA EarthCARE Science team. Lidar N = g & CPRRadar ' m R
TR S 10* i i i Y L reflectivit " I ' l 'Mﬁ | | B
i . Simulation _.. 'y i Ny i)

e i from NICAMS || simoetion g iy
(Lastversion: = B from NICAM = 10
only cloud 4 20
signals I 30

Simulated) 666666666666 243231 -15/21.1 -5.7/19.4 36176 12.915.8

Lat/Lon [deg]

Timeis
in UTC.

0.65 um radiance 0.86 um radiance 1.61 pm radiance
WmZstr ' um™'] WmZstr ' um™'] WmZstr ' um™)

250
1

%0 MSI
.. Simulation

200

200 220 240 260 280 300 150

« NICAM 3.5 km simulation, 2008 June 19t 00Z

* The data was interpolated based on the sampling procedure of each sensor.

» The orbit was simulated such a way that EarthCARE passes equator at 14:00
local time in the descending node.

100

50

17

kK w
™\ Satellite track



http://www.eorc.jaxa.jp/EARTHCARE/index.html

' EarthCARE

JAXA A-Train Product for EarthCARE </ @osa Nﬁ%m

e JAXA has provided the Latest algorithms for
h
"EarthCARE Research A-Train art f ARE
Product" since Oct. 2017. ,
Algorithms for

— http://www.eorc.jaxa.jp/EARTHCARE/re
search product/ecare monitor e.html

A-Train satellites

EarthCARE Research A-train Product Monitor [ 0ata Access [UNSHESUIER l
5 i Observation Date:

Stant 2"[1'3'.» ,(,b lr.'a :.1 $‘S 19 5 ‘::m JAXA
A-Train Product

N

Validation using Applications:
”“;E"’f-—:mw;“‘::ﬁm [ — heritages of the Cloud/Aerosol/Radiati
T N s ground observations, on Process study,
“Japanese validation Model evaluations,
rehearsal” ...etc.

Toward long-term dataset with the
A-Train and the EarthCARE... 18



http://www.eorc.jaxa.jp/EARTHCARE/research_product/ecare_monitor_e.html

Applications with weather/climate models A 4

ECMWEF & ESA joint works of the
Data Assimilation are on-going.
Publications in the ECMWEF:
https://doi.org/10.1002/9j.3878
https://doi.org/10.1002/qj.3879

JAXA is now coordinating data assimilation
studies with the JMA and evaluations of
the Japanese climate models (JMA/MRI,
MIROC, NICAM, ...).

EarthCARE

Earth Cloud, Aerosol and Radiation Explorer

Potential of EarthCARE for improving weather forecasts
via assimilation of radar reflectivity and lidar backscatter

Marta Janiskova
Mark Fielding

8th International EarthCARE science wolgshop
Fukuoka, November 2019

Why assimilate EarthCARE?

NEXRAD-MODEL Normalized mean bias 20020101-20180630
FC00Z

06 OB

« Weather forecast skill in global models o4

continues to advance via improved model

realism and improved initial conditions.

02 A
-00

02|

Normalized mean bias

* Observations sensitive to water vapour and o4l
clouds have dominated recent observation 08
capability. However, they do not constrain the 02:109,04708 08 (0708700, 1011012 13 4S18718.17) 18
full structure of clouds.

+ EarthCARE radar and lidar observations
could help fill the gap in information content
and improve the usage of passive sensors by
providing the correct vertical context of
clouds.

NEXRAD-MODEL Mean correlation 20020101-20180630
FC00Z

— USA

Mean correlation

0.0
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
Y

‘ear (20xx)
Short-term forecasts of precipitation over the US continue to improve
Thanks: Philippe zLopez

SSECMWE  curopean centre ror mepium aance weamier ForecasTs

» The recent ESA project (finished Autumn 2018)
developed technical capability to assimilate cloud radar
and lidar observations at ECMWF, facilitating the:

1. Monitoring of data quality in near real-time
against the operational model.

2. Model-to-observation evaluation of cloud and
precipitation and subsequent model
development.

3. Potential for improving the model analysis
leading to direct improvements of forecast skill.

Expected data coverage for 12 hours

Janiskova, M., and M. D. Fielding, 2018: Operational Assimilation of Space-borne Radar and Lidar Cloud Profile Observations for
Numerical Weather Prediction’. ESA Contract Report 4000116891/16/NL/LvH; ECMWF, Reading, UK (available from ESA), 164 pp.



https://doi.org/10.1002/qj.3878
https://doi.org/10.1002/qj.3879

! EarthCARE

Earth Cloud, Aerosol and Radiation Explor

Summary Ao mﬂﬂ%\m

e EarthCARE Overview

— EarthCARE is a joint Japanese-European mission to observe clouds, aerosols and
radiation (Overview paper: lllingworth et al. 2015, BAMS,
https://doi.org/10.1175/BAMS-D-12-00227.1 )

— will be launched in JFY2022 ( = Apr. 2022-Mar. 2023)

— Features of the EarthCARE/CPR developed by Japan

v More sensitivity than CloudSat/CPR by larger antenna size (2.5 m diameter) that is, -
29dBZ - -35dBZ.

v’ Capability of the doppler velocity measurement

e Algorithm status

— Developments by 6 Algorithm Pls are ongoing.

— JAXA L2 ATBD is provided in the JAXA/EORC Website:
http://www.eorc.jaxa.jp/EARTHCARE/index.html

 JAXA A-Train Product for EarthCARE
— http://www.eorc.jaxa.jp/EARTHCARE/research product/ecare monitor e.html

* Applications with weather/climate models

— Data assimilation, evaluations of climate models, ...


https://doi.org/10.1175/BAMS-D-12-00227.1
http://www.eorc.jaxa.jp/EARTHCARE/index.html
http://www.eorc.jaxa.jp/EARTHCARE/research_product/ecare_monitor_e.html

7 Earth Cloud, Aerosol and Radiation Explorer

| ' EarthCARE

Appendix



! EarthCARE

Sensors

AT I— I D Global Observation of Cloud and

Atmospheric Lidar Aerosol Vertical Profile and Optical
Properties

ATLID

ATLID is a High Spectral Resolution Lidar (HSRL) developed by
European Space Agency.

Instrument 355nm High Spectral Resolution Lidar (HSRL)

- Rayleigh Channel
Channel - Mie Channel (Horizontal Polarization)

: , e Different from the traditional Mie lidar, it has the capability to
- Mie Channel (Vertical Polarization)

separate Rayleigh scattering signal (originate from
Sampling Horizontal : 285m / Vertical : 100m

— — atmospheric molecules) and Mie scattering signal (originate
Polarization 3 polarization angles

from aerosol and cloud) by high spectral resolution filter. Thus
Observation ) by high sp )

Direction 2-3° Off Nadir (TBD) it has the potential to independently retrieve backscattering

coefficient and extinction coefficient of atmospheric particles.

TS Satellite Flight Direction

oy Observation of Fine Particles within
the Atmosphere

Observable Parameters

. L. ATLID Observation
Backscattering Coefficient Direction

Target Mask 2 - 3° Off-nadir

Feature Mask

Nadir Direction

By 355nm (UV) wavelength, ATLID has the capability to detect
fine particles, such as thin cloud and aerosol, that were

]; difficult to be observed by radars. In addition, it also has the

capability to achieve information of particle shapes by

Extinction Coefficient

Vertical Sampling
Depolarization Ratio Lo

Lidar Ratio Footprint 30m

Horizontal Sampling polarization observation.
285m 22




Sensors

N

EarthCARE

Earth Cloud, Aerosol and Radiation Explorer

MSI

Multi-Spectral Imager

Instrument

Pushbloom Imager

Wavelength Band
(Visible / Near-Infrared /
Shortwave Infrared)

0.670 mm, 0.865 mm, 1.65 mm, and 2.21
mm

Wavelength Band
(Thermal Infrared)

8.80 mm, 10.80 mm, and 12.00 mm

Observation Width

150 km (-35 km to +115 km)*

Footprint

500 m x 500 m

*This asymmetry is intended to reduce the influence of sunglint

Measurement of Cloud by Multiband

MSI is an optical sensors with 7 channels from visible to thermal

infrared, which measures the cloud distribution and cloud physical

properties including cloud effective radius and optical thickness.

MSI

1N Satellite Flight Direction

MSI Observation Direction
Nadir Direction

Observation Width 150km (-35km~ 115km)
Footprint 500m X 500m

Observable Parameters

4 )
Cloud Flag / Cloud Phase

Liquid Optical Thickness
Liquid Effective Radius (1.6um)
Liquid Effective Radius (2.2um)

Cloud Top Height
Cloud Top Pressure

Cloud Top Temperature

23



Sensors

N

EarthCARE

Earth Cloud, Aerosol and Radiation Explorer

BBR

Broadband Radiometer

-Short wave : 0.2 - 4.0 um
- Long wave : 4.0 - 50 um*

- Short wave: 0 — 450 W/m?2/str
- Long wave: 0 — 130 W/m?/str

Observation Direction | nadir, forward (55 deg), backward (-55 deg)

Wavelength Range

Dynamic Range

Footprint 10 km x 10 km

*The spectral radiance in Long-wave channel is calculated from
Short-wave and Total-wave (0.2- 50 um) observations. (based on MRD)

Measurement of Radiation Flux at Top of
Atmosphere

BBR has the sensitivity to longwave and shortwave band, and
has the potential for longwave and shortwave radiation flux at
the top of atmosphere to be retrieved.

BBR

1N Satellite Flight Direction

55° Forward

55° Backward

Footprint 10 km X 10 km

Observable Parameters

Radiation (Longwave / Shortwave )
Radiation Flux(Longwave / Shortwave )

24



| " EarthCARE
EarthCARE Orbit AT

asa w5 4414

: Approx. 14:00 (Descending)
2:00 (Ascending)

45'N 1

45'S - | as's

* Longitude of Ascending Node is TBD.



