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Dual-frequency Precipitation Radar
DPR provides

D P Rj “reference standard”
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- Hourly global rainfall data

. Spatial resolution: about 11x11km

 monitoring or long-term gauge- % B i A
‘asy to monitor

Rea|t|me global ram

+" adjusted for climatological pufposes

8321 registrations

2 sy o ‘ ' W ..

. . :https //sharaku eorc. |axa pl ¢

from 141 countrles/re_glonS © GSMaP_NOWindeihm ‘
+ website users (not registered) g __  F L

fau‘

The unigue advantage of GSMaP

Space-based rainfall observations allow us to capture the rainfall
even in the area lack of ground-based observations.

Rainfall can be measured globally, continuous and same interval,
and consistent accuracy.

Open and freely available via web-based GUI, FTP site and data
analysis cloud platforms (ex. Tellus, GEE)

Long-term archive data for more than 20 yvears (since 2000)



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

Outline

Web-basis tools and dataset using Global
precipitation product “GSMaP”

Introduction of algorithm and validation

Practical use cases of the rainfall data including
WMO project




1. Web-basis tools and dataset

using Global precipitation
product “GSMaP”




GSMaP websites

® For users who would like to monitor
precipitation in realtime
...JAXA REALTIME RAINFALL WATCH
You can see global precipitation map,
updated every 30 minutes.

For users who would like to see
precipitation in the past specific date
...JAXA GLOBAL RAINFALL WATCH

You can see hourly global precipitation
map since March 2000.

For users who would like to see daily
p .% { > e“ A SN AT or monthly precipitation
2017.09-11418:00 - 1858 (UTC) AMVK 55 Ao PRI zoon L B = ...JAXA CLIMATE RAINFALL WATCH
You can see indices related to extreme
heavy rainfall and drought as well as
accumulated precipitation.

SUBSEASONAL TO SEASONAL (S2S) time-scale

outu.be/0JanK-fZMt4



https://sharaku.eorc.jaxa.jp/GSMaP_NOW/index.htm
https://sharaku.eorc.jaxa.jp/GSMaP/index.htm
https://sharaku.eorc.jaxa.jp/GSMaP_CLM/index.htm
https://youtu.be/0JanK-fZMt4
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Percentiles for extreme heavy rainfall,
and SPI for drought are used as indices.

Extreme heavy raln Drought

-------- [ ]
-20 -15 -12 08 04 04 08 12 15 20

Heavy rain area is  Colors show:

_ : Moderate drought
colored with pink. Severe drought

Darker pink indicates Extreme drought
heavier rain area.




Variables available on the website

Category Mea.n Ext_reme % of Top 10% Top 5 %
precip. rainfall Climatology rainy days precip. precip.
in @ month intensity intensity

| by | © | © o | | e | &
| S | © | & e [ [ e | &
| Pwisd | O ] O . ° | | © | ©
| Wl | © | & e [ [ e ] &
| Mo | O ] o 7

e e e I

Monthly

Index for Extreme heavy rainfall is
available in daily~weekly scale while PH
that for drought is in monthly scale. [

»

'~ '/re



Drought Index (SPI) @

1-month SPI

2-month SPI_

01 05 10

3

Climatology

5

10

15

cursor to the banner tole
check the e'S(E@ anation

20 35 50T

Rmnhll GSMaP R]KEN Weather | £
Realtime Nowcast Realtime

‘‘‘‘‘‘

Longitude:
Zoom:

Download PNG

10



Available variables depends on time
scales (daily, pentad and so on..)

+1 month

X | precipitation |

Exterme Rainfall ’

= q EEEEEEEEEEEEEEEEENEER In Case Of monthly I‘ain

Drought Index (SPI) @ - f I
ey — or exampie,
Extreme rainfall index

T ZmemthsPt
T 3memthsPl
and top 10%/5%
precipitation intensity

Statistics @

Climatology

| % of rainy days in a month |
AT EEEEEEEEEEEENEENENN

banners are masked out.
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JAXA Climate Rainfall Watch s Rainfall || GSMaP || RIKEN || Precip. || Weather

(Documents) [#F Watch Realtime Nowcast Forecasts Realtime

Submit ‘ Daily r’mm r"‘mm ) B ‘
Boci o, 7 7 S TS ) : L
s L L il Overlayer Opacity Control
Extreme Rainfall @ i A e | Opacity: CEEEEE———

Basemap Select

Drought Index (SPI) @

- Select Country --

oonruden #0 e, Location change

Latiude:

Longitude:

httlos://sharaku.eorc.jaxa.jD/GSMaP CLM/index.htmn


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

o

~
Click here

JAXA Realtime Rainfall Watch

" Weather

Rastime

oate: 202009 / 11§/ 23[§ 07:0007:50[f UTCI]

Tohew VOhew W ot

e O TSR

E Terms of Use

Please see "User Guide” for papers describing the Global Satellite Mapping of Precipitation (GSMaP).
. "Terms of Use of Research Data” (https://earth jaxa.jp/policy/en.html) is applicable to the following services.
JAXA Realtime Rainfall Watch (https://sgaraku.eorc.jaxa.jp/GSMaP_NOW/index. htrm)
JAXA GLOBAL RAINFALL WATCH (https://sharaku.eorc. jaxa. jp/GSMaP/index. htm)
JAXA Climate Rainfall Watch (https://sharaku.eorc jaxa.jp/GSMaP_CLM/index. htm)
GSMaP RNC : RIKEN Nowcast (https://sharaku.eorc.jaxa,jp/GSMaP_RNC/index_e.htm)
Please refer to the following example for indication of the credit of the GSMaP data
"GSMaP data by Japan Aerospace Exploration Agency (JAXA)."
(1) Protection of Personal Information & Handling of Personal Information

JAXA handles the personal information such as names and e-mail addresses in accordance with the Cede and
other laws and regulations regarding personal information including GDPR and JAXA'S rules on protaction of
personal information.

For details, refer to "Consent form for handling personal information based on GDPR" and "JAXA Privacy

Policy”
3AXA doesn't use registered personal information except for the following purposes:
« Statistic and analysis of data use

« Questionnaire surveys to users for improvement of the Service

+ Response to inquiries from users

In addition, JAXA employs other companies to perform functions on our behalf, The functions include the
system management, user management, and Help Desk operation
They may access to personal informatien to perform the functions, but may not use it for other purposes.

(2) Management of account and password

User account and password are managed and used under the responsibility of user. JAXA is not responsible to
you for any loss or damage or due to any other cause beyond the control of JAXA that may be caused by
misuse of user account and password by another person.

(3) Ownership of Data etc.

The copyrights of the standard products and other materials provided in the Service are the property of JAXA.

\rerms of Service?

Agree (Next) Disagree (Back)

You can download the data after user registration (free of charge).

https://sharaku.eorc.jaxa.jp/GSMaP/registration.html

User Registration

| smp 1

Input check E-mail

Register
(fill the form

Confirm Clear

Ftp server
information will be

sent via email
—"
riken_nowcast

climate

oW
standard
realtime_wver

[#] | realtime

Data specifications are

explained in the documents.
https://sharaku.eorc.jaxa.jp/GSMaP/

faq/GSMaP fagl8.html



https://sharaku.eorc.jaxa.jp/GSMaP/registration.html
https://sharaku.eorc.jaxa.jp/GSMaP/faq/GSMaP_faq18.html

2. Introduction of algorithm and validation

Algorithm
- How to generate GSMaP? -



';._E:’”.;' G SMCQCIP Global Satellite Mapping of Precipitation

Dual-frequency Precipitation Radar

-DPR 1 DPR provides

“reference standard” s .. .
> GPM veseeeem | CSHEEL
< I .;'_ Microwave ol (o

":‘:: Imager :
GPM% ‘

Core \
Observator

©IMA

Precibffétion | d Microwave N Infrared
Radar Radiometer Imager

How can these different sensors be used in the algorithm?



Features of sensors

Measure cloud top temperature

<, &S Infrared Imager e.g., Himawari/AHI
High Clouds « Measure cloud top temperature.
« Cannot directory observe precipitation.
Low clouds
. " " e.g., GPM/GMI

Microwave Radiometer (Imager/Sounder)

Measure microwave radiation Measure intensity of microwave radiation
emitted from drops )
& £ g PS4 that is constantly emitted from raindrops.
¢’ .“.  + Can estimate spatial distributions of

g\ 16 precipitation with wider swath
: L o - There are many microwave radiometers in

B gk . oOperation.

veroceans Over land
Directly observe vertical Precipitation Radar e.g., GPM/DPR

str%gture of precipitation « Actively emit pulse and measure the echoes

reflected back from drops.

« Can detect vertical distributions of precipitation
but narrow swath.

« There is only one precipitation radar in operation
over the world, developed by Japan. @




NASA-JAXA Joint Mission
“Global Precipitation Measurement (GPM) Mission”

6 ~ GPM Core Observatory
b

G P M _ 7 providing detailed observations of
L precipitation in combination of a

M ic rowave I m age r \\_l ' passive radiometer (NASA) and an

active radar (JAXA).

JAXA

--nict Dual-frequency
Precipitation Radar
(DPR)



Overview of GSMaP Algorithm

DMSP NOAA/MetOp

SSM/I1, SSMIS AMSU (sounder)

| I
( GSMaP Microwave
L Radiometer Algorithms
R

o |

: Rainfall Data from each
Rainfall

Data Microwave Radiometer
Base

(Okamoto et al. 2005, Kubota et al, 2007, Aonashi
et al. 2009, Ushio et al. 2009, Shige et al. 2009,
Kachi et al. 2011, Mega et al., 2014, etc.)




' Precipitation
. Radar

Look-up Table
(Microwave Imager) (Microwave Sounder)
GCOM-W/AMSR-2 NOAA-19/AMSU-A/MHS

. .= | Rainfall Data from
7 each Microwave
Radiometer

Depending on the type of
Microwave Radiometer,
precipitation intensity and
resolution slightly differ.



Overview of GSMaP Algorithm

Microwave Imager / Sounder

DMSP NOAA/MetOp

SSM/I, SSMIS AMSU (sounder)
I I

( GSMaP Microwave

L Radiometer Algorithms
|

,. Rainfall Data from each

Rainfall

Data Microwave Radiometer
Base |

Merged Microwave
Rainfall Data

(Okamoto et al. 2005, Kubota et al, 2007, Aonashi
et al. 2009, Ushio et al. 2009, Shige et al. 2009,
Kachi et al. 2011, Mega et al., 2014, etc.)




o~

-~
ok
‘W
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< & Rainfall Data from
».~| each Microwave

e

~ Radiometer

Precipitation
Radar
Imager / ‘
Sounder

Merged Microwave
Rainfall Data




Simplified explanation of Algorithm

Some area cannot be covered with
merged microwave rainfall data in one hour...

Merged Microwave
Rainfall Data

Yellow color indicates an area observed by microwave imager and sounder. @



Overview of GSMaP Algorithm

Microwave Imager / Sounder

DMSP NOAA/MetOp
SSM/I, SSMIS AMSU (sounder)
I I

1 GSMaP Microwave
L Radiometer Algorithms

. I

Rainfall Data from each

IR Imager

\

i

Precipitation
Radar

Rainfall "
Data Microwave Radiometer SECAEIIEIELR;
Satellite

Base | !

Merged Microwave I Microwave-IR Merged ]

Rainfall Data Algorithm (CMV, K/F)

(Okamoto et al. 2005, Kubota et al, 2007, Aonashi
et al. 2009, Ushio et al. 2009, Shige et al. 2009,
Kachi et al. 2011, Mega et al., 2014, etc.)




' IR'a’t_,.;(i
1 hour ~ &
before preseﬁt

Cloud
motion
vectors

(Ushio et al. 2009)

1-hour-before GSMaP

is propagated by the
motion vectors

o Vg
A w 14
-v‘_",\ 5 ',’ay h

2 i B hour
before presen‘t

lman Filter

Microwave Radiometer
(MWR) Data

GSMaP propagated using IR
motion vectors is overwritten by
MWR data within the last hour

’ ;'v Eresegnt




Overview of GSMaP Algorithm

Microwave Imager / Sounder

DMSP NOAA/MetOp
SSM/I, SSMIS AMSU (sounder)
I I

1 GSMaP Microwave
L Radiometer Algorithms

|
&;, g . Rainfall Data from each
m y fw Rainfall ) .

A ST Data Microwave Radiometer '
TRMM Base | SateI ite

Merged Microwave I Microwave-IR Merged ]

Rainfall Data Algorithm (CMV, K/F)
|

i

Geostationary

(Okamoto et al. 2005, Kubota et al, 2007, Aonashi Global Rainfall Map
et al. 2009, Ushio et al. 2009, Shige et al. 2009, +Gauge—ca|ibrated Rainfall

Kachi et al. 2011, Mega et al., 2014, etc.)
(0.1x0.1 deg. box, Hourly) e




2. Introduction of algorithm and validation

Validation Results
- What is the accuracy of GSMaP? -



JAXA’s GSMaP products

We provide various kind of GSMaP for various utilization purposes

GSMaP MVK GSMaP NRT GSMaP NOW
(standard) (near-realtime) (realtime)
* 3-day latency * 4-hour latency * On quasi-realtime
* past duration available * past duration available (a few minutes latency)

since Mar2000-will be Jan1998 since Mar2000-will be Jan1998

Each products has gauge-adjusted version using NOAA/CPC daily precipitation (Chen et al. 2008)

Higher Accuracy @ Lower Accuracy @
Lower Latency @ Better Latency @

Expected Purposes

Long-term Analysis for climate, Flood Analysis Weather Realtime
Agricultural monitor and/or prediction Monitoring




Snapshots of Daily Validation

May. 27, 2017, in 0.25 degree grid and daily accumulation

GSMaP_ NRT

GSMaP_NOW

JMA’s Radar- AMeDAS

V6.4

GSMaP_MVK .,

i e Realtlme ver5|on =

-------------------

Gauge callbrated”“
radar ancj,lysms“”‘

_— GSMaP Gauge —_—

NOAARHe;dmmEsbtmator

: ¥6.4133.0_VO3STD

Standard version

F764133.0\ oserGauge ad]USt6d o=
e ver5|on i

“well-known realtlme N
ramfall product” Y

Accuracy over Japan is -
GSMaP_Gauge >

> GSMaP_NRT > GSMaP_NOW
> NOAA H-E

0.39mmy/h




Snapshots of Daily Validation

GSMaP vs Radar-AMeDAS [Spatial Corr]

g | |
GSkIIaP Gauge GSMJP_NIRT . l |
0.8 _.-'. ' O i ....... i
= I o G g oy S O Wy S SN
g )--".l.ﬂ' T -\.i’,-’ff\\ ko " 'Cﬁ., L ‘T"TT --T--.T'\'-, ..... ¢ 5
g 0.6 r / \k /a‘\ \ T 500 S O Orrensyorers ? ,,j ,/ \4; ,L \L ) % ‘? ||:
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S 04 V| N LT | \
g . L~ \
K~ ~ 7 .
2 i ~L —K “"
0.2 - . iff{{f,{x% NOAA HydotrEstimator
i =+ V6 NRT
= w Vo NOW

b= — —a [T

0.0 L1 [ |

Apr2017  Jun2017  Aug2017  Oct2017

Accuracy over Japanis -
GSMaP_Gauge >

> GSMaP_NRT > GSMaP_NOW
> NOAA H-E

Dec2017  Feb2018  Apr2018  Jun2018  Aug2018  Oct2018  Dec2018

Accuracy varied seasonally around Japan, which
suggested that the accuracy depends on some factors
like precipitation amount and characteristics.



Same kind of validation analysis in Japan using JMA radar/gauge analyzed data and GSMaP_NRT
was conducted in some resolutions.

The accuracy got better as the spatial/temporal resolution became coarser, which is because shift
of location and time is canceled.

48N

45N

42N

39N

3-month accumulated precip(JJA 2015)
(a) JMA radar/gauge data

(b) GSMaP NRT

RMSE

Correlation Coefficient

36N 3
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30M

27N A r T - . : .
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GSMaP NRT [mm/h]
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3. Practical use cases of the rainfall
data including WMO project



Utilization in Asian Countries

GSMaP can be used for operational weather monitoring, rainfall analysis,
validation of prediction etc.

2

ﬁllSlMI:erutlyll_’.re‘cipitnxion i ; ' aP;aihfaII in October/NoVe '4. Weather radar at Virac
— =] T S (e ops b o was destroyed by
( . Ir icfgl Cygcqugigttacked Phil Ppines Typhoon Rolly/GONI
. »f{i‘.“. ‘ i 4 ) ::l,, B : :
r_‘f..?mr :
W
-2, s S_,w \r\: )
wj-..,‘_';z f“‘

(Left; taken in BMKG, right quated frm BMKG website) http//satelltbmqu0|d/BM KG/

BMKG, Indonesia operationally processes and displays the
GSMaP data for monitoring realtime rainfall, validating the

radar-among-rolly-casualties-in-catanduanes,
prediction with GSMaP, analysis, researches for the Space-based information is useful Doppler radar stations hitgs./ /v apele cominatlon/new: doppletadar o
improvement of warning. to know rainfall over the oceans installed in the Philippines
far from the radar site.
20179 55 EIF DRRD/EOCIC Tlmes e

Typhoons are usually
approaching from the
eastern ocean.

-> Virac radar can play
an important role for
rainfall monitoring.

Department of
Disaster Management
In Myammar uses
GSMaP for monitoring
spatially distributed
rainfall in real time.

| QUEZON,
| PAEAWAN

AN https://commons.wikimedia.org/wiki/File:PAG
ASA_Doppler_Radar_Network.png

https?//twitter.com/dost 'paéa’sa—ﬁtatué/f322645728213176320 .



http://satelit.bmkg.go.id/BMKG/
https://twitter.com/dost_pagasa/status/1322645728213176320
https://mb.com.ph/2020/11/03/pagasa-weather-radar-among-rolly-casualties-in-catanduanes/
https://commons.wikimedia.org/wiki/File:PAGASA_Doppler_Radar_Network.png
https://www.rappler.com/nation/new-doppler-radar-in-catanduanes-promises-more-accurate-forecasts

Utilization in Pacific Islands

Australia

GSMaP has been used for rainfall monitoring
by meteorological services in Pacific Islands.



Spatial distribution of the anomaly from climate normal by
approximately 20-year GSMaP data can help their decision making.

Case study for severe drought in Australia (Dec. 2019)

Reported by local Agency (BoM)

Australian Rainfall Deciles

Uull:mhu Based o Gddodnam
Ausiralian Bureau lev:wumlogr

m.gov.au/jsp/awap/rain/index.jsp?colour

Rainfall Decile Ranges

Highast an
Record

Very Much
AbOYE AvCrage

B9 Above Average

. ‘. 4 AT Avarage

2/ pa Bolow Average
L3

Very Much
Below Average

Lowest on
Recond

=colour&time=latest&step=0&map=decile&period=month&area=nat

1-month SPI detected by GSMaP
Good cons! '

GSMaP Application for Climate Extremes

. JAXA has participated in the WMO Space-based weather and climate extremes monitoring
(SWCEM) project with GSMaP for monitoring extremes.

The results were used in

WMO Statement on the
State of the Global Climate
in 2019] issued in March
2020

https://public.wmo.int/en/our-
mandate/climate/wmo-statement-state-of-

global-climate

WMO Bulletin issued in
March 2020.

https://public.wmo.int/en/resources/bulletin/wmo-

space-based-weather-and-climate-extremes-

monitoring-demonstration-project

WMO Statement on
the State of the
Global Climate in 2019 |\
i X T



http://www.bom.gov.au/jsp/awap/rain/index.jsp?colour=colour&time=latest&step=0&map=decile&period=month&area=nat
https://public.wmo.int/en/resources/bulletin/wmo-space-based-weather-and-climate-extremes-monitoring-demonstration-project
https://public.wmo.int/en/resources/bulletin/wmo-space-based-weather-and-climate-extremes-monitoring-demonstration-project

. JAXA has participated in the WMO Space-based weather and climate extremes monitoring
(SWCEM) project with GSMaP for monitoring extremes.

 We started to operate a website “JAXA Climate Rainfall Watch”, which provides information
about extreme heavy rainfall and drought over the world based on the GSMaP statistics.

Displaying accumulated ralnfall in some temporal scale (dally, pentad 3-day, weekly, 10-days and monthly) and 21 vear cllmate normal
JAXA Cllmate Rainfall Watch m sl 10| | Rainfall || GSMaP | RIKEN || weather 5 JAXA Climate Rainfall Watch Ml | Rain S KEN :

I Guide ‘Watch Realtime MNowcast Realtime

HAEE

SSSSSS

-1 W iy . | Area > 90" percentile
Drought in Australia (December 2019) | ~ o ' During Harold (April 3-9, 2020)
,}jﬂ EORC gz . — T /)4,;(,4 EORC @ .

Graphical User Interface of the "JAXA Climate Rainfall Watch" web5|te
(https://sharaku.eorc.jaxa.jp/GSMaP CLM/) ®



https://sharaku.eorc.jaxa.jp/GSMaP_CLM/

Disaster Risk Reduction and Management (DRRM)

» Cyclone/Heavy rainfall monitoring

 Flood forecasting (with ground rain
gauge) for areas with limited/lack of
ground-based observations system

 Real time landslide warning with
spatial risk information

Agriculture and Food Security Publlc Health

. . al f: nd Mz l
» Global and near real time drought and heavy rain G ol e
. ) . . . Vegetation Intervenﬁom
monitoring for national/regional food security / § \\ / \
* Weather index based insurance for agriculture Rai '_> sestngate —> 'L }_> el

tna @ Cambodla:Rabaambang \ /
5 1 |
Cal’ﬁ bOdIa |:|1-_s- . ‘ Temperature
00 #018 —
£ Climaze vicseprns | | Weoghorems ||
= : of mosqutoss parastes by bicng |
anag
£ ang
&
:3 00 https://www.eorc.jaxa.jp/GPM/doc/data_utilization/2019_jireishu_j.p
i df
5 Hing
Rice Growing

Y TEn EET

\ s15) Outlook Report

s F01s 2018 zrgu?r- 2018 1013 2018 RS e - Others
— http://www.aptfsis.org/publication ” ' Dagick Team Climate monitoring etc.

https://www.dagik.net/



http://www.aptfsis.org/publication
https://www.dagik.net/
https://www.eorc.jaxa.jp/GPM/doc/data_utilization/2019_jireishu_j.pdf

Summary

e As one of the Japanese GPM products, GSMaP has been
developed and widely used in various purposes.

e GSMaP is the multi-satellite product by using passive
microwave radiometers, IR imagers, and precipitation radars.

e GSMaP is used in Pacific Islands for monitoring realtime
rainfall distributions in large scale viewpoint.

e The data can be quickly checked using websites, and also be
downloaded via ftp site.



e JASMIN developed by JAXA provides satellite-based various agromet data for monitor.
— GEOGLAM was endorsed by the G20 Summit, aims to enhance regional and global agricultural production estimates

th rO Ug h t h e U Se Of Ea rt h O bse rvatio n S [Meeting of G20 Agriculture Ministers, G20 France 2011 Summit final declaration, 2011]

ability by using remote sensing, which is a component for GEOGLAM.

Asian agencies are implementing Asia-RiCE (Asia Rice Crop Estimation & Monitoring) to strengthen rice crop monitoring

JASMIN

- JAxa's Satellite based MonItoring Network system for FAO AMIS Market Monitor -
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Satellite derived agro-met information can support to judge rice growth.



http://suzaku.eorc.jaxa.jp/JASMIN/index.html

DPR data distribution

G = Portal G-Portal offers earth éfbvser\»/ati()n data

Globe Portal System free of charge for uselin‘various fields

First of all, search the data
you seek (no registration
required)

1 required for download.

Search by:
Physical quantities >
ote precipitation, ocean color, etc
% Spacecraft
\‘ sp vel, etc
@ Direct download N
Ho via ’, etc

2014/06/14 02Z

INFO [2020/11/04] Maintenance information (2020/11/05)
Due to system maintenance. new product registration will be temporarily suspended during the following period.
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User registration ( ]

Product information / operation Use cases

Tools / documents

Release started for GCOM-C/SGLI Products (Version 2)

Support / inquiry / FAQ

Announcement

-y
GCOM-C GCOM-C/SGLI >

Global Change Observation Mission- Climate

Search this site:

enHancED BY Google -

L4xA

Imaging procedure for GCOM-C (SHIKISAI) products using
QGIS

= AN

Copyright © Japan Aerospace
Exploration Agency

https://gportal.jaxa.jp/gpr/?lang=en



https://gportal.jaxa.jp/gpr/?lang=en

