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Constellation
Satellites by

JAXA’'s GCOM- [
W, .. -

Global Precipitation Measurement (GPM)

GPM Core oy S B The GPM is an international mission consisting of
Observatory ——us B the GPM Core Observatory by NASA-JAXA and

by NASA-JAXA e, e constellation satellites by international partners for

high-precision and high-frequency global

precipitation observation.

4250, 500m
27 range gates

(P 120 km up 6 iy 2015 The GPM Core Observatory is equipped with the
/,Jc'li’: Dual-frequency Precipitation Radar DPR
developed by JAXA and NICT and the GPM

........ _ o Microwave Imager (GMI) developed by NASA.

- - ' ==

SPY Cerweliaen - o g Y | B B The GPM Core Observatory was launched by the H-
pril 2019 MétOp A/B/C g iri:‘l':f'!'.‘“‘; ‘ « GPM C(c’\)‘;eSSJbAsxir)vator\/ . .
‘ gy ITA rocket from the Tanegashima Space Center in
February 2014, and has been in operation for 10

International V4 years since February 2024.
partners, e.g., B é fcs/sho)

m We have provided global merged precipitation
products, such as JAXA's GSMaP and NASA's
IMERG that integrate the GPM Core Observatory
and constellation satellites.




Dual-frequency Precipitation
Radar (DPR)
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Use cases are collected in the book “Case studies demonstrated by TRMM/GPM/GSMaP”

https://www.eorc.jaxa.jp/GPM/doc/data utilization/latest jireishu e.pdf



https://www.eorc.jaxa.jp/GPM/doc/data_utilization/latest_jireishu_e.pdf

Japanese GPM Product:
Global Satellite Mapping of Precipitation

b : e i O * Hourly global rainfall data
_ K Ll e G N e %) M T  Spatial resolution: about 11x11km
COnSt_e"atJQn A B S W% . ¢ . = - * Various version such as real-time for
Satellites ___ N ’}j#d | monitoring or long—term gauge—adjusted
i g : o Q\%* for climatological purposes
— W~ %y :

g , o . Sl \ & * registered users
gmme—<0 @GPN * ™ e o AN i from 151
Core B - countries/regions
r'h’s""-I"REC:Ian|0NulE».SU\"\E"‘?"“\ Satelllte (aS of the end of June 2024)

+ website users

GSMaP is a blended Microwave-IR product and has been
developed in Japan for the GPM mission.
U.S. counterpart is “IMERG”

A review paper of GPM-GSMaP V03 & V04 was published: Kubota et al. 2020

GPM-GSMaP V05 (algorithm version 8) was released in Dec 2021, and the
reprocessing the data since 1998 was completed in July 2023.

A review paper of V05 (algorithm version 8) was submitted as Kubota et al. (2024)



https://sharaku.eorc.jaxa.jp/GSMaP_NOW/index.htm
https://sharaku.eorc.jaxa.jp/GSMaP_NOW/index.htm

St

MOSDAC.

https://www.mosdac.gov.in/gsmap-isro-rain

* Create more than 20-year GSMaP rainfall
product adjusted by rain gauge
measurements over the India, with Indian
Meteorological Department (IMD) daily
gridded rainfall product

* Improvements are significant in orographic
regions with high rainfall amounts, such as
the western Ghats and northeastern parts of
India.

Kumar et al. 2022, ESS
https://doi.org/10.1029/2022EA002595
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e Under the JAXA and the ISRO cooperation, we have developed the merge
rainfall product with rain gauges over the India and been available from ISRO

Kumar et al.

1 (2022): Fig.1
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https://doi.org/10.1029/2022EA002595
https://www.mosdac.gov.in/gsmap-isro-rain

Reprocessing for construction of longer-term GSMaP dataset

* The new version (algorithm version 8, Kubota et al. 2024) of the GSMaP is available
during a period during the past 25 years since Jan. 1998.

— Precipitation estimates for the period during 1998-2000 are available only in the V8 (Red line).

« We're now developing improvements of GSMaP toward a future version upgrade
(target schedule: April 2026).

GSMaP V8vsV6 Ocean
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Dual-frequency Precipitation Radar (DPR) status

All data collection is The GPM Core Observatory (GPM-CO) satellite performed two orbit boost
nominal and instruments maneuvers on Nov. 7 and 8, 2023 that raised its altitude from 407km to
are in good condition. 442km.
— This is because the recent lifetime estimates had been getting shorter due to

unexpectedly high solar activity, which caused additional atmospheric drag on
the spacecraft. It was predicted that the mission could end in mid-2027.

— The primary goal of restoring GPM-CQ’s lifetime is to allow the GPM mission to
overlap with the satellites associated with the future Atmosphere Observing
System (AOS) mission planned by NASA, JAXA, and other agencies, allowing for
inter-calibration of instruments between the GPM and the AOS missions.

e By this orbit boost, the lifespan of the GPM-CO became closer to the
original estimates of ending in the early 2030’s.

e On March 5, 2024, JAXA and NASA resumed the GPM/DPR Standard
products(L1B are VO7B, other products are VO7C), which corresponded to
the GPM orbit boost.

— Evaluations for impacts of the GPM orbit boost to the DPR observations were described
in Kubota et al. (2024, Proc. IGARSS).

* Instrument footprints and swath widths increased proportionately with the altitude change.

+ Radar sensitivity was reduced slightly.




JAXA’s Next-generation Precipitation Radar Project

« The JAXA has studied a feasibility of a next generation precipitation radar with Japanese science team

and user community.

» The EarthCARE satellite carries the first Cloud Profiling Radar (CPR) with a Doppler capability in space. The
CPR has been developed by the JAXA and the NICT.

v CPR can contribute to IPWG community by measuring light precipitation.
 Our targets for the next generation precipitation radar in the Precipitation Measuring Mission (PMM)
Observatory will be Doppler Observations, Higher sensitivity measurements with scanning capability.
v JAXA has participated in NASA's Atmosphere Observing System (AOS) mission.
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Challenges in measuring Doppler velocities from Space

e Measurements of Convection (vertical atmospheric motion) by Doppler velocities

from space is desirable for understanding of cloud-precipitation process.

e On the other hand, estimating Doppler velocities from space is very challenging
because of satellite motion, velocity folding, and nonuniform beam filling.

Process of cloud microphysics considered
in a model (Sui, Satoh, and Suzuki 2020)

Cumulus parameterization

|
faqv .—“-—qrﬁr’"
\V;lv \ 9t )m . La
u ed detrainment ¢ "Bescale p
Organized detrainment of mass, Cale PreCipitation

A fi0at, water vapor and cloud \Ofstr.mformcb 3
Uds

5 Detrained cloud
Compens@ting
Subsiddgice ‘ >

detrainfentrain J LOnGensatng
e

stablize
atmosphere)

/)
[
O

simulate convecticn
explicitly

destablize

[u:nmsph ere) oy \‘
700~ \ ‘
B i : /
X%y y "‘ % & t
850 y i M ’\3\ resolution
Evaporation of precipitation
hpa F@ in subcloud layer

Low resolution

Microphysics
Parameterization

Challenges in measuring Doppler velocities from Space
(lllingworth et al. 2015)
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Sl ‘The CPR onboard the ESA-JAXA EarthCARE satellite is the world’s first spaceborne |
i Doppler radar in the W-band (94 GHz) and was jointly developed by JAXA and NICT. A&SS
JAXA/NICT/ESA released EarthCARE/CPR first images on 27 June 2024.

First images from CloudiRrofiling‘Raday
onboard Earth Cloud'Aerosol and Radiation Explorer (EarthCARE) "Hakuryu"
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~ World's first measurement of vertical cloudimotion from space -

(c) JAXA/NICT/ESA s://www.youtube.com/watch?v=1wIHIE6_RX8


https://www.youtube.com/watch?v=1wIHIE6_RX8

JAXA’s PMM Observatory

Zo A in the AOS (Atmosphere Observing System) mission
World's first satellite-based Ku-band Major characteristics
(13GHz) doppler precipitation radar Frequency 13.6 GHz
(KUDPR) IS planned in the JAXA’s PMM. Observation - Doppler obs. mode (at—nadir)
The KuDPR will be two-antenna system that adopts Displaced modes * Dense sampling obs. mode (near—nadir)
Phase Center Antenna (DPCA) approach (Durden et al. 2007, * Normal scan obs. Mode (similar to that of
2023, Tanelli et al. 2016, Nakamura and Furukawa 2023). GPM/KuPR)

— The DPCA approach can lead to more accurate
Doppler measurement.

Doppler obs. Dense sampling obs.
Ku-band Doppler | onkyrad
' ALl (3 FOVs)
Precipitation Radar (KuDPR) f*’z‘ N

II

a design life of 5 years)
An experimental

observation of doppler beam
scanning to measure
horizontal winds is also
planned.
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e |nJune 2023, JAXA’s Precipitation Measuring Mission (PMM) Project Team was established on for the
Spacecraft carrying the Ku-band Doppler Precipitation Radar, with participation in NASA AOS mission.




e Features of KuDPR in the
AQOS mission

> JAXA’s KuDPR in AOS will
focus on advanced

observation of precipitation.

» Doppler velocity obs.
» High sensitivity obs.

» International collaboration
with NASA AOS mission will
bring us integrated
understanding of Aerosol,
Cloud and Precipitation
processes.

» International collaboration
also enhances the mission
value for improving
weather/climate models.

April 2019

Megha-Tropiaues

(figure by NASA/GSFC)

AOS Architecture (Jan-2023 Version)
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* Synergy of GPM/DPR and

PMM/KuDPR

» The overlap between the
GPM-Core and the TRMM
satellite observations at the
start of GPM was essential to
ensure consistency between
the instruments.

» Overlap between GPM and
the PMM/KuDPR will provide
similar benefits for
construction of longer-term
precipitation dataset.

AOS will fly in two orbits: Polar & Inclined

(figure by NASA)




Summary

e Dual-frequency Precipitation Radar (DPR) status

— The GPM Core Observatory (GPM-CO) satellite performed two orbit boost maneuvers on Nov. 7 and 8,
2023 that raised its altitude from 407km to 442km.

— On March 5, 2024, JAXA and NASA resumed the GPM/DPR Standard products(L1B are VO7B, other
products are VO7C), which corresponded to the GPM orbit boost.

e Global Satellite Mapping of Precipitation (GSMaP)

— GSMaP adjusted by gauge data over the India (Kumar et al. 2022, https://doi.org/10.1029/2022EA002595)
— Reprocessing for longer-term GSMaP dataset since Jan. 1998 (Kubota et al. 2024, submitted)

e AOS/PMM Qbservatory with KuDPR

— JAXA’s Precipitation Measuring Mission (PMM) carrying the Ku-band Doppler Precipitation Radar
(KuDPR), with participation in NASA Atmosphere Observing System (AQOS) mission.

e The ESA-JAXA EarthCARE satellite carries the world’s first spaceborne Doppler radar in the W-band (94 GHz) by
JAXA and NICT (https://www.youtube.com/watch?v=1wlIHIE6 RX8).
— International collaboration with NASA AOS mission will bring us integrated understanding of Aerosol,

Cloud and Precipitation processes, and also enhances the mission value for improving weather/climate
models.



https://doi.org/10.1029/2022EA002595
https://www.youtube.com/watch?v=1wIHIE6_RX8
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