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Aircrafts often encounters turbulence (aviation turbulence), which potentially causes The locations of turbulence in PIREP are 50°N The number frequencies of quantities associated with >
injuries. Predicting turbulence is critically important for safety of aviation aircrafts. widely distributed over Japan. Particularly, the reported turbulence are normalized by the CARATS data 00ts,
However, it is still difficult to accurately predict the turbulence. One of the major number of cases is concentrated along the I Thus, larger values indicate higher probability of oCCUrTence .
reasons for the difficulty would be that general features of turbulence are not fully popular flight routes between Tokyo and big ™, of turbulence.
understood, gglcjeiii.oasiﬁg}el::lﬁg%krawh?rz]gefi?%%;%slnaroun 4 agen FAN The highest probability is in the range between 30000 and |
« Wolff and Sharman (2008) analyzed pilot reports (PIREPs) from 1994 to 2005 to Okinawa, which is located in the south west of ggogg dTrE fglflci;vne ditzééh,?g ef E%Tbﬁlg?wcc)g lt soriggtol?k;[. - zzz.ﬁtudf:;o-sz)% "
examine the statistics of upper-level aviation turbulence over United States and main island and one of the most popular 0 0 0 ’ Y b
: : : . L L occurred in the range from 139 to 141 deg, followed by 002
revealed that many cases in western regions are caused mountain waves while destinations for vacation in Japan. that from 133 to 137 de
cases in south are associated with convective clouds. The number of cases . [ 09, . 0015
. : . ; . . . e 30°N The highest probability is observed in the range from 33 to
associated with mountain waves is smallest in summer, whereas those with Fig. 3: Spatial distribution of turbulence around 35 deq of latitude and the probability decreases with oo
convective clouds are smallest in winter. Japan reported in PIREP from 2006 to 2018. latitudges " ’ »
« Lane et al. (2009) _also iInvestigated the turbulence statistics over Qreenland_based The spatial distribution of normalized number of turbulence 0
*(()n éhle PIREPs, which showed that a low--level cyclones play a role in producing - 20?&00; . ‘;30°E . 14d°|£ .. by the CARATS data displays that the probablitiy is high o 0 % e
urbulence. w » » » » » . . .
around Tokyo and Osaka in low altitudes, especially below
« Kim and Chun (2011) conducted a statistical analysis of aviation turbulence over 1000 | A periodic annual variation is clearly 25000 ft. In high altitudes, high probability regions are not 002 @
south Korea using PIREPs from 2003 to 2008 except for 2005. They showed that _ o concentrated, but observed separatedly. 0015
the number of cases is largest in spring and the total number increases from 2003 800 lobser_ved._ the nurgber (?If_cases 'S 1N gl;e.nerlal |
to 2008. Whereas the number of cases is dominant along major flight routes, there agge N évmk;ter ahn smzla Ig stL)Jmmfer_ tis a]fo .
are local peaks in the spatial number distribution. 600 ¢ opserved that the total number ot cases o 0005,
turbulence increases with time especially . . .

. . . . . 400 & fter 2014 Fig. 6: Same as Fig. bd-f, but for those normalized by the oL mENEEEEENEEE.
Since there are number of international and domestic flights over Japan, it is % % arie - CARATS data <
expected that significant number of airplanes encounter turbulence. However, the 200 | '
statistics of turbulence over Japan has never examined. Fig. 4: Spatial distribution of turbulence 50°N ~F200 : 50°N F200-250 1 50°N F250-300
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2. Flight info. (horizontal location and level);: CARATS open data by Ministry of categories, but the number is d | s0o0)
Land, Infrastructure, Transport and Tourism (MLIT), Japan in May 2015 greatly different (Fig. 5a). The 2 f 2000 . F300-350 1 . F350 1
number of reported cases of | | | |
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5 GTM: light minus largest in spring season, intensity altitude (x 107y | |
_GT: light particularly from March to May, B 40N los 40N 106 Fig. 7: Horizontal distribution of
| GTP: Tight plus and smallest in summer, July and s | number of cases of turbulence
MOD: moderate August (Fig. 5c). This is consistent ** 12000, o ke o %4 at the five levels in the 0.4 x 0.4
: MODP: moderate plus with previous studies for United so00! o000 | _ - s _ - deg area normalized by the
40°N = SEV: severe States (Wolff and Sharman 2008) son0 I | I " CARATS data.
= SRR Fig. 1: Horizontal locations of the CARATS flight and for South Kore.a (Kim et al. . 3000, B ek e M B — et AT
P data in May 2012. et @ 2011). Turbulence is mostly el
gl reported mainly from 9to 21 local  ° " *> L., """ """ R :
30°N 25 2 151 j time, which approximately . » . ‘ M
| | corresponds to the period of o o o _ o _
N active flight operation for domestic™™® | | We conducted a statistical analysis of aviation turbulence over Japan by an_alyzmg the
O 4 o flights (Fig. 5b). The largest 000 PIREP data from 2006 to 2018. The number of cases of turbulence is dominant along
one | | number is observed from 9 to 13 ®® the major flight routes in Japan, especially concentrated around Tokyo. The number of
201@0"“E 130°E  140°E 150°E %0 200 250 300 350 400 local time. 4000 cases varies seasonally: the largest number is observed from January to June, whereas
altitude (x10°2ft) Turbulence is frequently observed 2000 the number is smallest in summer. We will investigate turbulence cases associated with
. 0 0 clouds and those without clouds by using satellites.
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the number frequency decreases .
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