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Abstract

In order to predict the intensity and location of extreme weathers, such as torrential rainfall by individual
thunderstorm or typhoon, we are developing the new methodology of weather monitoring using a ground
AWS network with lightning sensors and micro-satellites weighting about 50kg, which will realize quasi-real-
time thunderstorm monitoring with broad coverage. Based on the AWS network data, we plan to operate
micro-satellites 1n nearly real-time, manipulating the attitude of satellite for capturing the most dangerous or
important cloud 1mages for 3D reconstruction. We have developed and launched several micro-satellites and
been improving the target pointing operation for this decade. We succeeded 1n obtaining the images of the
typhoon center at a resolution of 60-100 m for Typhoon Trami1 in 2018 and Typhoon Maysak 1n 2020. Using 4
or a few 10s 1images captured from different angles by one micro-satellite when it passed over the typhoon
area, 3D models of typhoon eye were reconstructed, which have a ground resolution of ~100 m. Due to the
unusual temperature profile around typhoon eye, it’s very ditficult to estimate the height distribution of cloud
top only with a thermal infrared 1image at a resolution of 2 km taken by geostationary meteorological satellite.
This 1s one of the biggest limitations 1n estimating the precise intensity of typhoons, namely, the center
pressure or the maximum wind velocity. The on-demand flexible operation of micro-satellite will achieve the
high accuracy estimation of typhoon intensity as well as the speed estimation of individual thunderstorm
development, which can be applied to disaster management. This research was conducted by a mixed team of
Japan and the Philippines, supported by Science and Technology Research Partnership for Sustainable
Development (SATREPS), which 1s funded by Japan Science and Technology Agency (JST) / Japan
International Cooperation Agency (JICA).
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Goal of this program

Combination of micro-satellite and lightning network

Micro-satellite l

A/\ \ Data anaIyS|s

Internet

VAN

VAN Lightning network




Lightning measurement



AWS with lightning sensor: P-POTEKA/V-POTEKA
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~70 sets were shipped to the Philippines



Stake holder meeting in the Philippines




Installation at Rescue Emergency Disaster Pasig

Installation at Pasig RAVE



P-POTEKA

39 sites completed among 50

s NG - R e A Xl A - {% B -

1 ASTI 2018/ 08/ 29« | 14.6471N, 121.0727E«
2+ MMDA EFCOS+ 2018/ 11/ 21+« | 14.5987N, 121.0832E+~
3 MMDA Tapayan«” 2018/ 11/ 22« | 14.8414N, 121.1156E
4 MMDA Szn Andres« 2018/ 11/ 23+« | 14 5837N, 121.0081E#
5 DOST« 2019701/ 22+« | 14.4896N, 121.0527E«
6+ De la Sallz Aranelz Universily« 2019/ 01/ 24+« | 14 6705N, 120.3974E
7+ MMDA Catmon+ 2019701/ 28+ | 14.6706N, 120.8552E+
8¢ CAAP# 2019/01/ 29« | 14 5141N, 121.0044E+#
9+ Valenzuelz Bragy. Punturin+ 2019702/ 11+ | 14.7409N, 120.8899E+
1C+ | Valenzuelz Brgyv. Ugong+ 2019/ 02/ 11+ | 14 6941N, 121.0036E+~
11+ | Valenzuelza DRRMQ + 2019/ 02/ 13+ | 14.6934N, 120.8683E+~
12+ Las Pifas Dr Fealiman C. Aguliar Memorial College+~ | 2019702/ 18+ | 14 4385N, 121.0037E+«
13+ | Las Pinas Elias Aldana Brgy. Hall+ 2019702/ 20+ | 14.4778N, 120.8799E+
14+ | Las Pifas Science High Schocl+ 2019702/ 271+ | 14.4350N, 120.2844C~
18« | MMDA Bzlut+ 2019702/ 28« | 14.6297N, 120.868TE+~
1€+ | Pasig RAVE~ 2019703/ 06+ | 14.5729N, 121.0974C~
17+ | Rescue Emergency Disaster Pasig+« 2019703/ 07« | 14.5702N, 121.0818E+~
1€« | MMDA Libertad PS8+ 2019703/ 11+« | 14.8448N, 120.9893E
19+ Valenzuela Brgy. Eagbaguin+ 2078/03/ 13« | 14.7134N, 121.0005E+
20+ Nazvolas Cenlennial Park « 2079/03/ 14« | 14 65C9N, 120.84T7SE+
21+ Unibersidad de Manlila«~ 2079/05/ 22« | 14 5917N, 120.2871SE+
22+ Bayzanan Elementary School, Munlinlupa City « Z2019/08/ 04+« | 14 2471N, 121 .0313E+
23+«  Anabu “-3, Imus Cily+ 2019/ 06/ 08+ | 14 39E2N, 120.8339CE+
24+~ Xavier School, San Juan City+ 2019/ 07/ 02+ | 14 3623N, 121.0243E+~
25+« E Library, Technaological College, Fateras City+ 2019/ 07/ 11+« | 14 H4E7N, 121 0665E+
26+ O Building, Mandaluyong City+~ 2019/ 08/ 30+ | 14 5TE9N, 121.0333E~
27+ Ceolegio de Muntilupa « 20759/ 05/ 04+« | 14 4575N, 121.0573E+
28+« NAMRIA, Taguig City <’ 2079/ 00/ 08« | 14 53E4N, 121.047ZE«
29« New Eilibic Prison (NEP). Muntinlupa City «” 2079/ 10/ 149+« | 14 .38326N, 121.0337E+«
30« Technological University of Philippines, Taguig City «’ 2079/ 10/ 14« | 14 5707N, 121.0358E «
31+ Greenhelghts Subdivision, Paranague Clty« 2078/ 10/ 28« | 14 ATZ28N, 121.0185E+
32+ PAGASA Science Garcen Complex, Quezon City « 2078/ 10/ 28+ | 14 6449N, 121.0449E+
33+« Quezon City Sclence High Schoo!+ 20719/12/ 17+« | 14 .6589N, 121.0298E+
34« Brygy. Nagkaisang Nayorn« 2020/01/ 28« | 14 71S2N, 121.0285E+
35+«  Bray. Sineguelasan, Bacoor Cily < 2020/03/ 12+«

14 45S9N, 120.832CE+«
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Infrasound sensor calibration using fireworks

EGU21-16237
Estimation of dissipated lightning energy by infrasound measurement
by Narumi Watabe et al.
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V-POTEKA

Rooftop at Hokkaido Univ.

A Installation in the Philippines




Lightning geolocation by V-POTEKA




V-POTEKA

0 sites completed among 10

A A - BB R4 - ax i H « DAT-RE
1+« | University of the Philippine, Los Bafos+ 2018/ 11/ 27+ | 14.1650N, 121.2501E+ |
2+ | Puerto Prinsesa, Palawan+ 2019/ 06/ 18+| 9.7400N, 118.7586E+ |
3¢ | Legaspi, Albay+ 2019/ 06/ 26+ | 13.0803N, 123.4369E+ |
4+ | Davao+ 2019/ 07/ 25+ | 7.1280N, 125.6549E
5« PAGASA-Dagupan+ 2019/ 11/ 29+ | 16.0870N, 120.3519E+ |
6+ | PAGASA-Muioz+ 2020/ 02/ 12+| 15.7359N, 120.9368E+« |
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Lightning geolocation by V-POTEKA

Purwadi, PhD thesis,

Hokkaido UNnv.

Temperature



Typhoon
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Time variation of lightning activity arriving at typhoon center
Purwadi, PhD thesis, Hokkaido Unibv.



Micro—satellite
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Target pointing and moon shot by micro-satellite



3D cloud modeling
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DIWA processed by Hokkaido Univ.

Typhoon #24, 2018 (Trami) captured by micro—satellite, DIWATA-1



3D cloud modeling near typhoon center by airplane




3D cloud modeling

Castro et al., Scientific Reports 10, Article number: 7570 (2020)
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captured by micro—satellite, DIWATA-1


https://www.nature.com/srep
https://www.nature.com/srep

54 km

Castro et al., Scientific Reports 10, Article number: 7570 (2020)
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https://www.nature.com/srep
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3D cloud modeling

PHL-Microsat

captured by micro—satellite, DIWATA-2



PHL-Microsat

Typhoon Maysak 1n 2020
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PHL-Microsat

Typhoon Maysak 1n 2020




We are developing the new methodology of weather monitoring using a ground AWS network with lightning sensor:
and micro-satellites weighting about 50kg, for quasi-real-time thunderstorm monitoring with broad coverage.

We are establishing nearly real-time cloud imaging, manipulating the attitude of satellite for capturing the most
dangerous or important cloud 1images for 3D reconstruction.

We have developed and launched several micro-satellites and been improving the target pointing operation for this

decade. We succeeded 1n obtaining the images of the typhoon center at a resolution of 60-100 m for Typhoon Trami
2018 and Typhoon Maysak in 2020.

The on-demand flexible operation of micro-satellite will achieve the high accuracy estimation of typhoon intensity a
well as the speed estimation of individual thunderstorm development, which can be applied to disaster management.



