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Radiation products in EarthCARE mission

3602 T. Wehr et al.: EarthCARE mission overview

Table 8. EarthCARE data product levels.

Level 0 (L0) product Raw instrument science packets, ordered in time, with duplicates removed, annotated with quality
flags and time stamps related to the data acquisition at the ground station. For expert users only, not
distributed.

Level 1b (L1b) product Calibrated instrument data processed to physical units, with error bars, quality flags and geolocations.

Level 1c (L1c) product MSI-only: L1b data re-sampled onto the grid of one selected MSI reference channel.

Level 1d (L1d) product Special/auxiliary products created to support higher-level processing of EarthCARE products. (The
only L1d product is the joint standard grid.)

Level 2 (L2) product Derived geophysical variables, either at the same resolution and location as L1b data (“native grid”)
or re-sampled to a common grid (joint standard grid), with error bars, quality flags and geolocations.

Level 2a (L2a) product (EarthCARE-specific definition) L2 product derived from one single EarthCARE instrument.

Level 2b (L2b) product (EarthCARE-specific definition) L2 product synergistically derived from two or more EarthCARE
instruments.

Figure 25. Overview of ESA L2a and L2b data products containing retrieved aerosol, cloud, precipitation and radiation parameters. The
column in the middle lists the names of the respective L2 data products.

The S-band station, at Kiruna, Sweden, will downlink
the telemetry (TM) data from the satellite and uplink the
telecommand (TC) data. The two X-band stations for trans-
mission of the science data will be located in Kiruna, Swe-
den, and Inuvik, Canada.

Figure 23 illustrates the elements and data flow of the over-
all EarthCARE ground segment structure. Auxiliary meteo-
rological data are provided by ECMWF.

Figure 24 shows the components of JAXA’s EarthCARE
mission operation system. It consists of a data-processing
system (DPS), a data transfer and management system
(E-XING), a consolidated data dissemination system (G-
Portal), and the third-generation JAXA Supercomputer Sys-
tem (JSS3) used for product reprocessing. DPS receives CPR
L0, L1 of ESA sensors and other data necessary for data pro-
cessing from ESA, and it generates CPR L1b and higher-

level products. E-XING transfers relevant data between DPS
and facilities inside and outside of JAXA, and it archives
the data in the dedicated storage system. G-Portal dissem-
inates JAXA and ESA products on the Internet, providing
users with functions of catalogue search and data retrieval.
The reprocessing of products after an algorithm update is
performed on the Linux server cluster deployed in JSS3.

Data latency. The EarthCARE ground segment has been
designed for fast data processing to prevent data accumula-
tion and backlog. All instruments’ Level 1b/1c and Level 2a
data products will be made available to users within 24 h of
sensing, Level 2b products will be made available to users
within 48 h of sensing and any contingency case will be re-
covered within 5 d.
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Figure 26. Overview of JAXA L2a and L2b data products containing retrieved aerosol, cloud, precipitation and radiation parameters. The
column in the middle lists the names of the respective L2 data products (TOA/BOA, top of atmosphere/bottom of atmosphere; IWC, ice
water content).

8.2 Data products

All data products generated in the frame of the EarthCARE
mission are categorised per product level. The definition of
each product level has been specifically tuned for the Earth-
CARE mission and can be found in Table 8.

L1 products of an instrument of EarthCARE will be devel-
oped by the agency responsible for the instrument; namely
L1 products of the ATLID, MSI and BBR are developed
by ESA and the CPR L1 product is produced by JAXA. As
for L2 products, both agencies develop algorithms indepen-
dently, although continuous exchange of information is be-
ing conducted between Japan and Europe through the Joint
Algorithm Development Endeavor (JADE) under the frame-
work of the Joint Mission Advisory Group (JMAG). The pro-
duction model and L2 data products of ESA and JAXA are
described by Eisinger et al. (2023).

Users can acquire products of both agencies from the web-
sites of both agencies; the ESA website provides JAXA prod-
ucts in addition to ESA products, and the JAXA G-Portal
website distributes ESA and JAXA products as well. There-
fore, users can access all the products in a single place.

L0 data products consist of re-sorted science packages of
the individual instruments transferred from the satellite to the
ground segment. They are not available to users and therefore
not described. The ESA PDGS processes the L0 data prod-
ucts of the ATLID, MSI and BBR into the calibrated instru-
ment Level 1b (L1b) data products. The JAXA PDGS does
the same for the CPR data products. Level 1a data products
are not produced.

The L1b products are calibrated and geolocated instrument
data in scientific units and consist of the data products C-
NOM, A-NOM, M-NOM, B-NOM and B-SNG, plus addi-

tional calibration products, which are generally not of inter-
est to scientific users and therefore not described here. M-
RGR is a re-gridded MSI L1c product. (Note that users inter-
ested in BBR radiances are advised to use BM-RAD instead
of B-NOM or B-SNG.) As the only L1d data product, the X-
JSG data product contains the “joint standard grid” used by
many of the L2a and L2b processors as a retrieval grid. This
is required in particular for synergistic retrievals as every in-
strument has its own characteristic spatial sampling, while
for the geophysical product retrieval, mapping of the vari-
ous input data onto a joint grid is a prerequisite. The L1b,
L1c and L1d data products are described by Eisinger et al.
(2023).

The L2 data products include a comprehensive range of
geophysical parameters related to aerosols, clouds, precipi-
tation and radiation. Figures 25 and 26 provide an overview
of the ESA and JAXA L2a and L2b data products containing
retrieved aerosol, cloud, precipitation and radiation parame-
ters.

A complete list of all L2a and L2b data products with
references to the corresponding publications describing the
products, retrieval algorithms and their validation is given by
Eisinger et al. (2023).

8.3 Level 2 retrievals’ supporting science

For preparation and verification of the scientific processors
that produce the L2a and L2b data products, a number of
supporting scientific activities have been carried out. In par-
ticular, the development of an EarthCARE end-to-end simu-
lator and suitable test scenes was required. Furthermore, an
aerosol model as a basis for aerosol typing was developed
and a study was carried out to inter-compare the microphys-
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ESA L2 products JAXA L2 products

 Radiation products developed independently in ESA & JAXA
 Conducting “radiative closure study” with 1D/3D-RT validated against BBR fluxes 
 Intercomparison of ESA & JAXA radiation products (ACM-RT & ALL_RAD) ongoing

L1: B-NOM (ESA), B-SNG (ESA)

 “Measured” L2 radiances/fluxes: BM-RAD (ESA), BMA-FLX (ESA)
 “Computed” L2 radiances/fluxes: ACM-RT (ESA), ALL_RAD (JAXA)



Forward radiative transfer and products (ACM-RT)

Inputs
- ACM-COM contains synergy retrieval (ACM-CAP) and 

composite based on L2 products
- ACMB-3D contains scene construction information

1D broadband radiative outputs
- Radiative fluxes and heating rates profiles (LW, SW)

- All-sky, clear-sky and pristine
- Only on the retrieval “curtain”

- Direct and diffuse downwelling SW surface fluxes

3D broadband radiative outputs
- Quantities averaged to “assessment domain”

- Currently 21 km along track and 5 km across track
- SW radiative profiles and heating rate profiles
- Direct and diffuse downwelling SW surface fluxes
- Upwelling LW fluxes at coregistration height
- LW and SW radiances for each view
- Currently computed every 21 km along track



Radiative transfer closure and products (ACMB-DF)

- Simplest assessment is how much BBR and RT
fluxes differ relative to threshold

- E.g., is flux difference greater than 10 W/m2

- Better to report probability of differences
- E.g., what is probability flux difference is 

greater than 10 W/m2

- Brings in BBR, RT and retrieval uncertainties

- Flux computed by radiative transfer models is not computed in same way as from satellites

- For 1D closure “x” are fluxes directly from radiative transfer model averaged to assessment domain.

- For 3D closure “x” are fluxes created by transforming assessment domain mean radiances to fluxes the same way for 
BBR observations and RT calculations

- We also provide upwelling fluxes directly from 3D RT models

- The L1 BBR products (B-NOM, B-SNG) are described in the presentation on Monday by Clerbaux and the L2 BBR 
products (BM-RAD, BMA-FLX) are described in the next talk by Velazquez Blazquez



JAXA “4-sensor” product (ALL_RAD) processing

Adapted from Eisinger et al. (AMT ’24)

 JAXA 1-sensor L2 products from 
CPR/ATLID/MSI are jointly used as 
input to 1D-RT computation

 The computed fluxes are validated 
against BMA-FLX

 See Takashi Nagao’s talk later for 
details of algorithm & validation
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Abstract. This study developed an algorithm for the Level 2
(L2) atmospheric radiation flux and heating rate product by
a Japanese team for Earth Cloud, Aerosol and Radiation Ex-
plorer (EarthCARE). This product offers vertical profiles of
downward and upward longwave (LW) and shortwave (SW)
radiative fluxes and their atmospheric heating rates. This pa-
per describes the algorithm developed for generating prod-
ucts, including the atmospheric radiative transfer model and
input datasets, and its validation against measurement data of
radiative fluxes. In the testing phase before the EarthCARE
launch, we utilized A-Train data that provided input and out-
put variables analogous to EarthCARE, so that the devel-
oped algorithm could be directly applied to EarthCARE af-
ter its launch. The results include comparisons of radiative
fluxes between radiative transfer simulations and satellite and
ground-based observations that quantify errors in computed
radiative fluxes at the top of the atmosphere against Clouds
and the Earth’s Radiant Energy System (CERES) observa-
tions and their dependence on cloud type with varying ther-
modynamic phases. For SW fluxes, the bias was 24.4 W m�2,
and the root mean square error (RMSE) was 36.3 W m�2

relative to the CERES observations at spatial and tempo-
ral scales of 5° and 1 month, respectively. On the other
hand, LW exhibits a bias of �10.7 W m�2 and an RMSE
of 14.2 W m�2. When considering different cloud phases,
the SW water cloud exhibited a bias of �11.7 W m�2 and
an RMSE of 46.2 W m�2, while the LW showed a bias of
0.8 W m�2 and an RMSE of 6.0 W m�2. When ice clouds
were included, the SW bias ranged from 58.7 to 81.5 W m�2

and the RMSE from 72.8 to 91.6 W m�2 depending on the
ice-containing cloud types, while the corresponding LW bias
ranged from �8.8 to �28.4 W m�2 and the RMSE from 25.9
to 31.8 W m�2, indicating that the primary source of error
was ice-containing clouds. The comparisons were further
extended to various spatiotemporal scales to investigate the
scale dependency of the flux errors. The SW component of
this product exhibited an RMSE of approximately 30 W m�2

at spatial and temporal scales of 40° and 40 d, respectively,
whereas the LW component did not show a significant de-
crease in RMSE with increasing spatiotemporal scale. Ra-
diative transfer simulations were also compared with ground-
based observations of the surface downward SW and LW ra-
diative fluxes at selected locations. The results show that the
bias and RMSE for SW are �17.6 and 172.0 W m�2, respec-
tively, which are larger than those for LW that are �5.6 and
19.0 W m�2, respectively.

1 Introduction

Clouds and aerosols play a significant role in shaping the
Earth’s radiation budget, exerting a substantial influence on
global climate. Changes in the planet’s radiation balance can
affect atmospheric circulation patterns (Hartmann and Short,
1980; Liebmann and Hartmann, 1982). In particular, the en-
ergy imbalances caused by aerosols and clouds, quantified
by their radiative forcing, can affect atmospheric circulations
and the transport of water vapor. However, their quantita-
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Pre-launch version of algorithm 
(Yamauchi et al. AMT ’24)



Intercomparison of ACM-RT & ALL_RAD: Example 1

Upward LW Flux at TOA

Downward LW Flux at SFC

Upward SW Flux at TOA

Downward SW Flux at SFC

 Intercomparison currently focused on 1D-RT results
 Baseline version used: “AB” for ACM-RT-1D; “vAc” for ALL_RAD
 Shown below is a scene with relatively good agreement but differences in SW@SFC

2025/1/15
(03598E)

SFC measurement 
info needed

SFC measurement 
info needed



Intercomparison of ACM-RT & ALL_RAD: Example 2

Upward LW Flux at TOA

Downward LW Flux at SFC

Upward SW Flux at TOA

Downward SW Flux at SFC

 Shown below is a scene with some differences between the two products at TOA/SFC
 Partly due to differences in cloud/aerosol properties retrieved from CPR/ATLID/MSI 
 Possible feedback onto the aerosol/cloud retrievals -> Better radiative closure!

2025/1/14
(03587D)

JAXA/MSI-COT missing

Common bias?

SFC measurement 
info needed

SFC measurement 
info needed



Global statistical comparison: ACM-RT & ALL_RAD

Period:  Jan. 14–16, 2025 

Upward
TOA

Downward
SFC

SW LW[ all-sky ]

 Overall good agreement for 
both SW/LW at TOA/SFC

 Better agreement in LW 
than in SW

 Need detailed comparisons
 Clear/cloudy scenes
 Polluted/pristine scenes

 Need to trace back to 
aerosol/cloud properties
 Feedback on retrievals
 Better radiative closure
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Summary & Outlook

Radiation products are developed independently in ESA & JAXA through 
radiative transfer (RT) simulations and BBR measurements

The computed fluxes with 1D/3D-RT are validated against BBR fluxes to 
serve as radiative closure study at TOA

Intercomparison of ESA & JAXA radiation products is now ongoing
Currently focused on 1D-RT results
Early results show good agreement with its degree dependent on scene

Need to trace back to aerosol/cloud properties in ESA/JAXA sides
Feedback onto the CPR/ATLID/MSI retrievals of aerosol/cloud properties
Towards higher degree of radiative closure

Validations at SFC against ground-based flux measurement (e.g. BSRN) 
would also be useful/necessary for radiative closure at SFC
For better constraint on atmospheric radiation budget 


