EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title

BEEASREREZAVEREZFEICLIEASROTFAU AT LOSEL

Sub Title

Development of turbulence prediction system based on deep learning using various turbulence
indices

Author

B, ££83(Miyamoto, Yoshiaki)

Publisher

BEESEEZES

Publication year

2024

Jtitle

BENSCERBRRFEREESEREEEE (2023.)

JaLC DOI

Abstract

AHRTE, BRE/ASMEREROETERTHHARRICEBL. BXRZFHIIHVWT, 2OF
RAETS>EFILOBRER RERETSCEEZENELE, ARRE—EEB T3 EBEOEBHS
BELCRDBERBZHETZIENSE, BF RRATEAELFELCE>TVWS, COREA
. BEETILICLZEASHROFRUAOBEN T2 TRV EHTHD, RETE., ALRRTFAUTF—
2, ELBEOTFHREE (BEATRERRT ) PSRETATVAE N, BEF T TBRVLVRAS
EFIIOEBRH»ZREIMXEN BRI EEASND, TITHAARTE., HLLFRAEFILEZR
KLZOHEZO LTSRS, BEOEASKREMS - BET—2H 5, KSKEHEMT—X (B
AEFRINZ ) REBFAOABROCILKREREZ, BHCEICEHLE, 22T, ALSRERLE
LT, BFOASRTFRATEAVSNhTVWSEDEES 7 — ( Vertical Wind

Shear ) . KFEFREOFRMAERNDER ( Deformation ) . KRN EMZERE ( Static Stability ) & & %
AW, chsziidabthnld. FECS<KDIRREEZELITZEN TED, RICEH
CEICHELT, BREIEICTHZzLD L, ARROREMROBAETRE., ERTE UTHE
ST—HFREVW—FT, BRNESKFEFEAKREL: BHEEENNEVEVLSIHHANI RSN
o CORRR. BASHEATTRARBELEOD v NRRFRETESRIELD N
<, BRELCHSBHINZVWC LN RRE D, BE. SEEEEZERLL. FHIEICEE
TRLETTARENHMLEZHAATVS, AMEOERO -, KEKRF 2 OZFMEEJournal
of Applied Meteorology and Climatologyl= T#X & U THRK TS & H#(C, FE24EMZ. MAIER.
BRUOMEFHEIRZICE T 528, ( 24th Conference on Aviation, Range, and Aerospace
Meteorology, > 242 ) ICTRERETRE 2,

This study aims to focus on turbulence, a major factor in aviation accidents involving injuries, and
to develop and improve models for predicting turbulence in the airspace of Japan. Turbulence
becomes a significant challenge not only in terms of safety but also economically and
environmentally, as encountering turbulence once requires additional fuel consumption for
maintaining the aircraft's attitude. The inadequacy of existing models in predicting turbulence is
attributed to this. Although data predicting turbulence is currently provided daily by various national
forecasting agencies (such as the Japan Meteorological Agency), the insufficient accuracy
suggests a need to reevaluate the foundational aspects of existing models.

Therefore, in this study, past turbulence occurrence data, including location and time, were
compiled to calculate turbulence indices around the occurrence points using meteorological
reanalysis data (realistic for Japanese airspace) for each case. Vertical Wind Shear, Deformation
of horizontal fluid masses, and Static Stability of the atmosphere, commonly used in existing
turbulence forecasts from agencies like the Japan Meteorological Agency, were used as
turbulence indices. By combining these, it's possible to calculate numerous turbulence indices.
Next, classifying them by season and taking averages for each index, it was observed that in the
vicinity of turbulence occurrence points, vertical wind shear was significant in winter and spring-
autumn, while in summer, horizontal deformation was significant and static stability was low. This
suggests that turbulence is often caused by upper tropospheric jet streams from spring to autumn,
and in summer, cases associated with clouds are prevalent. Currently, we are attempting to
improve prediction accuracy by visualizing various indices and training them seasonally.

Some of the results of this study were published as a paper in the Journal of Applied Meteorology
and Climatology by the American Meteorological Society and presented at the 24th Conference on
Aviation, Range, and Aerospace Meteorology (held online).
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AR T, BREEESMEREHNOTERNTHIASRICEB L. BAZEHICEWT, ZOFREITI ETILDMFE
F-REBAETOCEEZBME L, BLRRIE—EERT 2 EMEADERBMBLR IR LR EEET 05D,
% - RIEMCHERERERICA O TWVWS, ZORRAIE. BEETNICLZEAIADOTAUOEENS+2TRWVEHT
H3, BETH, BLSRFHT—91E. TICEEOFHRERE (HEATIEIRF) MroREIATVWEH, BEN+H
TRURDNSETIDEBRY*REITHENHDEEZIOND, TITEARETIE. HLLWFRHETILEBELZ
DFHEEZB LT S7-H. BEDOILSRREMS - BET—9H 5, [IREBMEFT—9 (BARAEHBEEML) KEBR
ORBEDERRIEEEZ., BT EICEE L, IIT, iLRREEZEL LT BEOAIRTFATERAVLNTWSRE
DERE L 7— (Vertical Wind Shear) . KFEFRADRERDER, (Deformation) . KK[IDFHFMREE (Static
Stability) R EEAWE, IhorllAabtnid, EBICZDATREELAEHTEIENTE S, RICEHI
EICHFELT, BEZEICER%E LD E, ALRROREMSOABETIE. ERUE - MTHEYT7—DHPKREVW—AT,
EIENS K KEEFHAKREWY - BHREZEEN NI WVWEWSIREIFR LN, ZORERIE. FHLSTICHIT TEXRRE
EEOY vy PRSP RETILSAIELZZ DS, BEREICHESIERAIZVW ENTESIND, RE. KiEE
BAERILL, EHIEICEBETLIETTFABEODALERATVWS, AFROKRO—IE. KEIREEDE
firs5Journal of Applied Meteorology and Climatology|C T & L THRKRT % & HIC. F24@fZE. M. &
SUMEFHEIRPFICEA T 225 (24th Conference on Aviation, Range, and Aerospace Meteorology, # >~ 5 4
V) ILTRRETR T,

2. MAKRREEDOHE (F:R)

This study aims to focus on turbulence, a major factor in aviation accidents involving injuries, and to develop
and improve models for predicting turbulence in the airspace of Japan. Turbulence becomes a significant
challenge not only in terms of safety but also economically and environmentally, as encountering turbulence
once requires additional fuel consumption for maintaining the aircraft's attitude. The inadequacy of existing
models in predicting turbulence is attributed to this. Although data predicting turbulence is currently provided
daily by various national forecasting agencies (such as the Japan Meteorological Agency), the insufficient
accuracy suggests a need to reevaluate the foundational aspects of existing models.

Therefore, in this study, past turbulence occurrence data, including location and time, were compiled to
calculate turbulence indices around the occurrence points using meteorological reanalysis data (realistic for
Japanese airspace) for each case. Vertical Wind Shear, Deformation of horizontal fluid masses, and Static
Stability of the atmosphere, commonly used in existing turbulence forecasts from agencies like the Japan
Meteorological Agency, were used as turbulence indices. By combining these, it's possible to calculate
numerous turbulence indices.

Next, classifying them by season and taking averages for each index, it was observed that in the vicinity off
turbulence occurrence points, vertical wind shear was significant in winter and spring-autumn, while in
summer, horizontal deformation was significant and static stability was low. This suggests that turbulence is
often caused by upper tropospheric jet streams from spring to autumn, and in summer, cases associated with
clouds are prevalent. Currently, we are attempting to improve prediction accuracy by visualizing various indices
and training them seasonally.

Some of the results of this study were published as a paper in the Journal of Applied Meteorology and
Climatology by the American Meteorological Society and presented at the 24th Conference on Aviation, Range,
and Aerospace Meteorology (held online).
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