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Schematic representation of tropical cyclone
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The momentum equations of horizontal motion in the cylindrical

coordinates are

dv, V3 1 dp
_ _ 20— _-ZF 1
dt Jv r p Or (1)
dvg VU 1 Op
4 i = 2
d MR r p rof 2)

where 0 is the tangential direction and r is the radial direction.

The Lagrange differential is

i—2_|_ ﬁ_|_ i (3)
at ot Tor 00



If tropical cyclone is In steady state, Eq. (1) will become

2

vy 10p
vg + — = — — 1
Jvs r p Or (1)

This balance equation iIs referred to as the “gradient
wind balance”. Basic state of a tropical cyclone is
approximated by the gradient wind balance as well
as the “hydrostatic balance” as

62 RdTv

Qa—p — P (2)




Using the gradient balance equation, Eq. (1) and the
hydrostatic balance equation, Eqg. (2), the thermal wind
balance equation is obtained as,

dvg oT,
Olnp —Ha or (1)
where )
v
e (22 47) 2)

1s Inertia parameter.



The inner core structure of tropical cyclone

HURRICANE "HILDA" OCTOBER 1,1964
VERTICAL CROSS—-SECTION
OF TEMPERATURE ANOMALIES (°C)
(FROM MEAN ANNUAL TROPICAL ATMOSPHERE)

50,000} £ G————=———"""" " T T L T T T T e 1.0

e

I - -
IICIIFLT § tI/ . ’.' e ‘n‘"’ /-Jf// I, f“

o
[=]
2
)

30,000

IN FEET (MEAN ANNUAL TROPICAL)
-

ALTITUDE
5

PRESSURE

"8'FLT[1

SURFACE
(WEST)

125MB

150MB.

+ ={180MB

—|200MB.

250MB.

300MB.

400MB.

X 500MB

SO00MB,

+ “1650MB.

TOOMB
TSOMB.
B8OOMB.

SCOMB.

RADIAL DISTANCE [IN NAUTICAL MILES FROM
GEOMETRICAL CENTER OF HURRICANE EYE

100CMB.

80 (easm

Freure 9.—Vertical cross section of temperature anomaly prepared

from the soundings presented in figure 8.

Hawkins and Rubsam (1968)
Warm core structure above the
tropical cyclone center.

Jordan (1961)

The lower part of the center is moist
and the relative humidity decreases
with height.

Shea and Gray (1973)
Gray and Shea (1973)

They hypothesized that the warm
core Is caused by diabatic heating of
the descending motion in the eye.

By Hawkins and Rubsam (1968)
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Structure of tropical cyclone
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Typhoons are the most devastating weather system.

Violent wind and heavy rainfall associated with a typhoon cause

huge disaster in East Asia including Japan.

Payment of insurance due to disasters in Japan

No. Disaster Region Year/Month 1078¥
1 TY #19 All Japan Sept. 1991 5,680
2 TY #18 All Japan Sept. 2004 3,874
3 snowstorm  Kanto Feb. 2014 3,224
4 TY #18 Kyushu, W.J.  Sept. 1999 3,147
5 TY #7 Kinki Sept. 1998 1,599
6 TY #15 Kyushu Aug. 2015 1,410
7 TY #23 Western Japan  Oct. 2004 1,380
8 TY #13 N. Kyushu Sept. 2006 1,320
9 TY #16 All Japan Aug. 2004 1,210
10 TY #15 Shizuoka Sept. 2011 1,123

From The General Insurance Association of Japan
http://www.sonpo.or.jp/archive/statistics/disaster/

Typhoons are still the largest cause of natural
disaster in Japan.

Flooding Kinu River on Sept. 20, 2015
i e e Y od



http://www.sonpo.or.jp/archive/statistics/disaster/
http://www.sonpo.or.jp/archive/statistics/disaster/

The location of typhoon maximum
intensity is migrating northward with time.
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Increase of typhoon risk in mid-latitude regions

Owing to the climate change, a supertyphoon

IS projected to reach the main islands of
Japan with keeping supertyphoon intensity
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® These results raise great concern regarding future change in typhoon intensity in the
western North Pacific.

® However, the historical data of typhoon include large uncertainty.

® |n particular, intensity of intense typhoons includes large error after the termination of the
typhoon reconnaissance by the US aircraft in 1987.

® |In fact, the annual number of the JIMA-strongest category of typhoon (10 min. averaged

sustained y?vind IS 54 m/s or more) shows large difference between JMA and JTWC.
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No in-situ observation by an aircraft makes it unknown which is better estimation of intensity;
JMA or JTWC.



Problem in typhoon intensity prediction
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In the last 25 years, track prediction has been improved while intensity not

Improved.

For accurate and quantitative prediction of typhoon intensity;

» High resolution: 2km at least to resolve inner core process of tropical
cyclones (e.g. Hill and Lackmann 2011).

» Non-hydrostatic, cloud-resolving model without convective parameterization.

» Cloud microphysics, PBL model, Ocean model.

» And in-situ observation data.
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Diamond Air Services (DAS) will operate the Gulfstream Il aircraft for the project.
DAS is located in the Nagoya City Airport which is close to Nagoya University.




€ The period of the research is 5 years; from 2016-2020.

€ The Gulf Stream Il aircraft will be used for dropsonde observation surrounding a
typhoon (similar to DOTSTAR in Taiwan).

& A test flight was made on July 27, 2017 to the north of the Noto Peninsula .

€ Typhoon observations will be made for the 4 years; 2017-2020. Once or twice
flights a year because the budget is limited.

€ The main target area of observation is the south of Okinawa.
€ Dropsonde data is planned to transmit to GTS in real-time. __
@ We hope that T-PARCII cooperates with Taiwan CWB observation. &=
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Newly teveloped dual twoi'éhannel receiver of dropsonde in Gl
(Meisel electric Co and Nagoya University)



Newly developed dropsonde
(Meisel electric Co and Nagoya University)




ed by Meisel Electric Co.

Type name IMDS-17
Accuracy Temperature + 0.5degC
0 (612 Humidity + 5% RH
Pressure *+1 hPa

Wind Speed =+ 0.2m/s

Wind Dir. =+ 5 degree

Sensor Type Temperature Thermistor
Humidity Capacitive

Pressure Silicon

Wind GPS

Weight 110 g
Dimension 7cm @ x 28 cm
Battery CR123x1
Terminal spd Approximately 13 m/s
Transmitter Modulation 1200 BPS FSK
Power 100 mW

Freq. Step 100 kHz

Freg. Band 400.1- 406.0
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JTWC 20171021 06UTC: Supertyphoon LAN (2017)
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Typhoon LAN(T1721) JMA forecast at 06 JST 21 Oct.,
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N Typhoon LAN (2017) [best track]
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Scatter diagram JMA RSMC Typhoon SLP and WS
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maximum wind speed

Scatter diagram JTWC slp—ws
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Flight pass of GlI ferry from Nagoya-Komaki to Kagoshima

= fij e

| I_L_H,JH h |
e
3 "“{”‘L.,,..s |
':r-?. S

AR L éDD kr



Flight pass of observation from Kagoshima to Kagoshlma
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Flight pass of observation from Kagoshima to Nagoya-Komaki
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LAN (1721) 925 hPa 0540 UTC 21 OCT. 2017
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LAN (1721) 925 hPa 0650 UTC 21 OCT. 2017
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From: Peter Black - NOAA Affiliate

Date: Sun, 22 Oct 2017 19:30:50 -0700

Subject: Re: [Tropical-storms] Fwd: [T-PARCII-obs:0218] Re:
[T-PARCII-advisory-board:0027] Re: dropsonde observation to typhoon Lan
To: Kazuhisa Tsuboki

Dear Tsuboki-san-

There Is nothing so exciting in this world as flying into
the eye of a major hurricane. It i1s another world that
opens up as you penetrate from turbulence and darkness
Into the calm, clear eye like the curtain opening on the
stage of a famous play. This Is such a spectacular and
magical place, ===--

Again | congratulate you and your team. === -
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