
ᡂᒙᅪ✺↛᪼ ᫬ࡢ TTL ෆࡢຊᏛ㐣⛬ࡢኚ໬࡚࠸ࡘ࡟ 
-඲⌫㠀㟼ຊᏛࣔࡢࢱ࣮ࢹࣝࢹゎᯒ- 

Ụཱྀ⳯✑ 㸦஑኱࣭ᛂຊ◊㸧ࠊᑠᑎ㑥ᙪ 㸦ྡ኱ S࣭TE୕ࠊ 㔜኱㸧ࠊ㑣㡲㔝ᬛỤ (JAMSTEC) 
 
 ࡟ࡵࡌࡣ 1
1ࠊ࡚࠸⏝ࢆࢱ࣮ࢹ ほ࡟୺࡛ࡲࢀࡇ 㐌㛫௨

ෆࡢᡂᒙᅪࡿ࠶࡛㇟⌧ࡢ✺↛᪼ ⌧㇟

(Stratospheric Sudden Warming; SSW) ࡟╔

ㄪࢆ⛬ຊᏛⓗ⤖ྜ㐣ࡢᑐὶᅪ࡜ᡂᒙᅪࠊࡋ┠

ࡑࠋ[Eguchi and Kodera, 2007; 2010] ࡓࡁ࡚࡭
SSWࠊᯝ⤖ࡢ 㞼✚ࡢᖏᇦ⇕࡟ᚋࢺࢵࢭࣥ࢜

ᑐὶάືࡀάⓎࠊࡾ࡞࡜኱つᶍᚠ⎔ሙࡀ

(Walker ᚠ⎔ࡽ࠿ Hadley ᚠ⎔࡟) ኚ໬ࡿࡍ

ࡢᖏᇦ⇕ࡓࡲࠋࡓࢀࡉ♧ࡀ࡜ࡇ Brewer- 
Dobson ᚠ⎔᪼ୖࡢὶᙉ໬ࡿࡼ࡟ୗ㒊ᡂᒙᅪ

ᖏᑐὶᅪ⏺㠃㑄⛣ᒙ⇕ࡧࡼ࠾  (Tropical 
Tropopause Layer; TTL) ᩿ࡢ⇕ⓗ࡞㝆 ࠊ࡜

࠺క࡟ࢀࡑ TTL ෆࡢᕳ㞼ࡢቑຍࡸỈ⵨Ẽ㔞

࣮ࢹᐈほゎᯒࠊࡋ࠿ࡋࠋࡓࢀࡉㄆ☜ࡀῶᑡࡢ

ࡇ࠸⢒ࡀ⬟㖄┤ศゎࡢࢱ࣮ࢹ ほᫍ⾨ࡸࢱ

࡞ࡀࢱ࣮ࢹ ほࡢ⇕㠀᩿⇕ຍࡸ㖄┤ὶࠊࡸ࡜

SSWࠊࡽ࠿࡜ࡇ࠸ ᫬ࡢᡂᒙᅪຊᏛሙࡢᑐὶ

ᅪຊᏛሙ (✚㞼ᑐὶάື➼) ࡟୚ࡿ࠼ᙳ㡪

 ࠋ࠸࡞࠸࡚ࢀࡉ࡟࠿ࡽ࡛᫂ࡲࢀࡇࡣヲ⣽ࡢ
ᮏ◊✲࡛ࠊࡣ✚㞼ᑐὶࣥࣙࢩ࣮ࢮࣜࢱ࣓ࣛࣃ

࠸࡞࠸࡚ࡋ⏝฼ࢆ Non-hydrostatic global 
model (NICAM) [Satoh et al., 2008] ࡢฟຊ್

ຊᏛ㐣ࡢTTL ෆ ࡟≉ࡢSSW ᫬ࠊ࡚࠸⏝ࢆ

 ࠋࡍ♧ࢆᯝ⤖ࡓࡋゎᯒ࡚ࡋ┠╔࡟⛬

 ࢱ࣮ࢹ 2
ゎᯒࡣ࡟ NICAM ࡛ィ⟬2009ࠊࡓࢀࡉ ᖺ 12
᭶ 20 ᪥ࡽ࠿ 2010 ᖺ 2 ᭶ 14 ᪥ࡢ 3 ᫬㛫㛫㝸

㛫್ (2▐ࡢ ḟඖࡣࢱ࣮ࢹ 1 ᫬㛫㛫㝸ࡢᖹᆒ

⾲ࡣヲ⣽ࡢ௳ィ⟬᮲) ࡓࡋ⏝฼ࢆ (್ 1 ཧࢆ

14 ࡣỈᖹゎീᗘࠋ(↷ ੊ ࢆ 1 ᗘࢹࢻࢵࣜࢢ

ࡓࡲࠊࡋኚ᥮࡟ࢱ࣮ 1 ᪥ᖹᆒ್ࢆࢱ࣮ࢹసᡂ

࡬ᯝ⤖ࡿࡼ࡟ᮏෆᤄసᴗࠋࡓ࠸⏝࡟ゎᯒ࡚ࡋ

ࡣ࡟㖄┤᪉ྥࠋ࠸࡞ࡣᙳ㡪ࡢ 40 ᒙ (0-38km; 
stretching grid) ࡛ࠊTTL ௜㏆ (10-20 km) ࡣ
⣙ 9 ᒙ (⣙ 120m 㛫㝸) Ꮡᅾࠋࡿࡍ 
౑⏝ࡓࡋ≀⌮㔞ࠊࡣẼ ࠊ㖄┤㢼ࠊᮾす㢼ࠊ

༡໭㢼ࠊẚ‵ࠊ㞼Ỉ㔞ࠊ㞼ị㔞 (㞷ࠊ㟠ྵࢆ

୧ࡢᨺᑕᐤ୚࡜⌮≀㠀᩿⇕ຍ⇕⋡ (㞼ࠊ(ࡴ

᪉) ࠊ㞼㔞*ࠊ㝆Ỉ㔞* (*2 ḟඖࢆ (ࢱ࣮ࢹ⏝

᪥୍ࡳࡢࢱ࣮ࢹ㝆Ỉ㔞ࠊ⋠⇕㠀᩿⇕ຍࠋࡓ࠸

✚⟬㔞ࢆゎᯒࠋࡓ࠸⏝࡟ 

3 ⤖ᯝ 
3.1 NICAM ෆ࡛෌⌧ࡓࢀࡉ SSW 
ᅗ 1 (a, b) ࡟ᴟᇦ࡜⇕ᖏᇦࡢẼ 100 ࡜ hPa 
୰⦋ᗘ࡛ࡢ eddy heat flux (v’T’) ࡢ᫬⣔ิࢆ

1ࠋࡍ♧ ᭶ 7 ᪥ࡽ࠿ v’T’ ࡀᚎ࡟ࠎᙉࠊࡾࡲ

ᖏᇦ⇕࡟㏫ࠊ ໭ᴟᇦ࡛᪼ࠊ࡚ࡏࢃྜ࡟ࢀࡑ

࡛㝆 ࠋࡿࢀࡽࡳࡀNICAM ෆ࡛෌⌧࡚ࢀࡉ

ࡿࡍẚ㍑࡜ ᐇ኱Ẽ (ᅗ A)⌧ࢆ SSW ࡓ࠸

᪥㛗ᩘࡶᮇ㛫⥆⥅ࠊࡃ⣙ 5 ᪥᪩ࡀ ᪼ࠊ࡜

ᅗࠋ࠸ 1 (c) ࠊࡾࡼ⇕ᖏᇦࡢ㝆 1/15ࠊࡣ 㡭
༡༙⌫࡛㛤ጞࠋࡿ࠸࡚ࡋ༡༙⌫࡛㝆 ࡽࡳࡀ

๓ᚋࡢࡑࠊࡋ࡜ 㑄⛣ᮇ (ii)ࢆᮇ㛫ࡿࢀ 7 ᪥

㛫ࢀࡒࢀࡑࢆ (i) ࢺࢵࢭࣥ࢜ࣞࣉᮇࠊ (iii) 
ᡂ⇍ᮇ (mature) ࡜タᐃࡓࡲࠋࡓࡋᅗ 1 (d) 
⛣࡟⌫༡༙ࡀ㞼άືࠊࡣ࡛ ᮇ㛫 (ii)ࠊࡾࡼ

ࡀ㞼άືࡶࡾࡼ ᮇ㛫 (iii) ࡛ᮇ㛫 (i)ࠊࡋື

άⓎࠋࡿ࠸࡚ࡗ࡞࡜ 
ᅗ 2 ᮇ㛫ࠋࡍ♧ࢆኚ໬ࡢᗘ᪉ྥ⤒ࡢ㞼άື࡟

(i) ࡛ࠊࡣ୺࡟す㒊ኴᖹὒୖ࡛✚㞼ᑐὶάື

ࡀάⓎᇦࡢࡑࡣ࡛ ᮇ㛫 (ii)ࠊࡾ࠶άⓎ࡛ࡀ

༡ࠊࡋື⛣࡟໭༙⌫ഃࡢ⇕ᖏ཰᮰ᖏࡀᙅࡗࡲ

Ⓨࠊ⏕Ⓨࡀὒす㒊࡛ྎ㢼ࢻࣥ࢖ࡓࡲࠋࡿ࠸࡚
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㐩ࠋࡿ࠸࡚ࡋ㖄┤᪉ྥ࡜ࡿࡍ┠╔࡟ (ᅗ 2 (c, 
d))ࠊす㒊ኴᖹὒୖ࡜す㒊ࢻࣥ࢖ὒୖ࡛ TTL
ෆ࡟㈏ධࡿࡍ✚㞼ᑐὶ (ྎ㢼) ࡀάⓎ࡞࡟

ୗ㒊ᡂᒙᅪ (100 hPaࡓࡲࠊ࡜ࡇࡿ࠸࡚ࡗ ࡼ

ࡽぢ࡟ᗘ᪉ྥ୍ᵝ⤒ࡀὶ᪼ୖ࡛ (✵ୖࡶࡾ

 ࠋࡿ࠿ࢃࡀ࡜ࡇࡿࢀ

3.2 ᑐὶᅪෆࡢ༡໭ᚠ⎔ሙࡢኚ໬ 
ᅗ 3 (a) ࡟ゎᯒᮇ㛫୰ࠊ⇕ᖏᇦୗ㒊ᡂᒙᅪ 
(70 hPa) ࡢ㖄┤ὶ࡜┦㛵ࡢ㧗࠸㖄┤ὶࡢ⦋

ᗘࠊ㧗ᗘࠋࡍ♧ࢆSSW ᮇ㛫୰ࠊTTL ෆ࡜༡

⦋ 20 ᗘ㸫10 ᗘ࡛ᑐὶᅪୗᒙࡽ࠿ TTL ࠿࡟

㡿ᇦ࡛ࡢࡇࠋࡿࢀࡽࡳࡀ㡿ᇦ࠸㧗ࡀ㛵┦࡚ࡅ

ᅗ) ࡾ࡞࡜άⓎࡀ㞼ࡣ 3 (b))ࡓࡲࠊᑐὶᅪୗ

ᒙࡢỈ⵨Ẽࡀ཰᮰ࡿ࠸࡚ࡋ (ᅗ 3 (c))ࠋTTL
ෆ࡛ࠊࡣ㝆 ࡚ࡗࡼ࡟஝⇱ࠊࢀࡽࡳࡀᮇ㛫 
(ii) ࡛ࠊࡣẼ ೫ᕪࡀ㉥㐨㠀ᑐ⛠࡛ࡵࡓࡿ࠶ 
(ᅗ 1 (c))ࠊప⦋ᗘ༡༙⌫ഃ࡟஝⇱೫ᕪࡽࡳࡀ

㉥㐨ᑐࡀ㝆 ᇦࠊࡣ࡛ ᮇ㛫 (iii)ࠋࡿ࠸࡚ࢀ

⛠ᵓ㐀ࠊࡾ࡞࡜஝⇱ᇦࡶ㉥㐨ᑐ⛠ࡢᵓ㐀࡞࡜

 ࠋ(␎┬ᅗ) ࡓ࠸࡚ࡗ

3.3 ᡂᒙᅪࡢࣝࢼࢢࢩୗ㝆ఏᦙ 

ᅗ 4 (a,b) ࡟Ẽ ࡢ᫬㛫ኚ໬⋡ 
డ்
డ௧ 㟼ⓗ࡜ 

Ᏻᐃᗘ ௚ఏ
డఏ
డ௭ࠊ㖄┤ὶࡢ᫬㛫㧗ᗘ᩿㠃ࡍ♧ࢆ 

(T ࡣẼ ࠊȟ ࡣ ఩ࠊg ࡣ㔜ຊຍ㏿ᗘ)ࠋ

ᮇ㛫 (ii) ࡟ప ೫ᕪ࡜୙Ᏻᐃᇦࡀ TTL ෆ

ὶ᪼ୖࡓࡲࠋࡿࢀࡽぢࡀᵝᏊࡿ࠸࡚ࡋୗ㝆ࢆ

೫ᕪࡌྠࡶ᫬ᮇ࡜㧗࡛ࡉୗ㝆ࢀࡇࠋࡿ࠸࡚ࡋ

 ᘧࡢࢫࣥࣛࣂࡢຊᏛ⇕ࠊࡣ
డ்
డ௧ = െܰଶכݓ + ܳௗ       (1) 

ࢧ࢖ࣂࢺࣥࣛࣈࡣ N2 ࠋࡿࡁゎ㔘࡛࡚࠸⏝ࢆ

ࣛ᣺ືᩘࠊw* ࡣṧᕪ㖄┤ὶࠊQd ࡣ㠀᩿⇕ຍ

⇕⋡ (ᨺᑕࠊ₯⇕➼) ࠋࡍ⾲ࢆ(ヲ⣽ྑࡣ࡟㎶

ᣑᩓࠊ㏦㍺ࡢ㖄┤᪉ྥࠊ༡໭ࡿࡼ࡟ ࠊἼ࡟

ຠᯝࡀຍࠋࡿࢃ) ᅗ 4 (d, e) (1) ࡟ ᘧࡢ㧗ᗘ 
20 ੊ (ୗ㒊ᡂᒙᅪ) 14 ࡜ ੊ (TTL ୗ➃) 

㧗ᗘ 20 ੊ (ᅗࠋࡍ♧ࢆ᫬⣔ิࡢ㡯ྛࡢ 4 
(d)) ࡛ࠊࡣ୰⦋ᗘࡢἼୖࡢ᪉ఏ᧛ࡢᙉࡾࡲ 
(ᅗ 4(c)) ࡿࡼ࡟⇕ᖏᇦ᪼ୖࡢὶ (w*) ࡢᙉ໬

ࠊ᩿࡚ࡗࡼ࡟ ⇕ⓗ࡞㝆  (డ்డ௧ ࢀࡉᨭ㓄ࡀ (0>

ᅗ) ࡣ࡛ ੊ 14 ࠊࡋᑐ࡟ࡢࡿ࠸࡚ 4 (e) )ୖࠊ
᪼ὶ᩿ࡿࡼ࡟⇕ຍ⇕㡯࡜ᨺᑕ࡜㞼ᙧᡂ (₯
⇕ຍ⇕) ࡿࡼ࡟㠀᩿⇕ຍ⇕⋡㡯ࢫࣥࣛࣂࡀ

TTLࠋࡿ࠸࡚ࡵỴࢆẼ ኚືࡢ࡛ࡇࡑࠊࡋ
ෆ࡛ࠊୖࡣ ᪉ࡽ࠿ᚎ࡟ࠎᡂᒙᅪ᩿ࡢ⇕ຠᯝࡀ

ᙅࠊࡾࡲᑐὶᅪⓗࡓ࠸࡚ࡗ࡞࡟ (ᅗ┬␎)ࠋ 

 ࡵ࡜ࡲ 4
NICAM ࠊ࡚࠸⏝ࢆSSW ᮇ㛫ࡢ TTL ෆࡢ

ᡂᒙᅪ࡜ᑐὶᅪࡢຊᏛሙࡢ⤖ྜ㐣⛬࠸ࡘ࡟

࡚ㄪࠋࡓ࡭ᮇ㛫୰ࠊ⇕ᖏୗ㒊ᡂᒙᅪ (70 hPa) 
 ࡽ࠿ᑐὶᅪୗᒙࡢ༡༙⌫ప⦋ᗘࠊ࡜㖄┤ὶࡢ
TTL ࡢ࡛ࡲ㖄┤ὶࡢ┦㛵ࡀⰋࡓࡲࠋࡓࡗ࠿ 
SSW ࡟క࠺⇕ᖏୗ㒊ᡂᒙᅪ᪼ୖࡢὶࡢᙉ໬

㟼ⓗᏳᐃᗘࡿࡼ࡟ࢀࡑࠊ 㝆࡞ⓗ⇕᩿ࡿࡼ࡟

࠼ᤊࢆᵝᏊࡿ࠸࡚ࡋୗ㝆࡟ࠎᚎࠊࡀࡾࡲᙅࡢ

TTLࠊࡀୗ㝆ࡢὶ೫ᕪ᪼ୖࡢࡇࠋࡓ ୗ➃࡟฿

㐩ࡓࡋ㝿ࠊᑐὶᅪ᪼ୖࡢὶ (✚㞼ᑐὶ) ࡢά

Ⓨᇦࠊࡁࡘࡧ⤖࡜⤖ᯝⓗ࡟ᑐὶᅪࡢ✚㞼ᑐὶ

άືᇦࢆ༡ࠊࡏࡉື⛣࡟SSW ๓ࢺࢵࢭࣥ࢜

 ࠋࡓ࠸࡚ࡏࡉάⓎ໬ࡶࡾࡼ

ㅰ㎡ 
ᮏ◊✲ࠊࡣ⛉◊㈝ⱝᡭ (B) (#23710025) ࡜ᇶ

┙ (C) (#25340010) ࡢ⿵ຓࠋࡿ࠸࡚ࡅཷࢆ 

ཧ⪃ᩥ⊩ 

Eguchi and Kodera (2007) GRL, DOI: 
10.1029/2006GL028744  

Eguchi and Kodera (2010) SOLA, 
DOI:10.2151/sola.2010-035 

Satoh et al. (2007) J. Computational Physics, 
DOI:10.1016/j.jcp.2007.02.006 

Ueyama et al. (2013) JAS, DOI: 
http://dx.doi.org/10.1175/JAS-D-12-0174.1 
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⾲㸯㸸ᮏ◊✲࡛⏝ࡓ࠸ NICAM ィ⟬᮲௳ 
Horizontal grid spacing 14 km 

Vertical domain 0 m ~ 38,000 m, 40-levels (stretching grid) 

Integration 60 days from 20 Dec 2009 to 14 Feb 2010 

Initial conditions Interpolated from NCEP tropospheric analyses (6 hourly, 1.0 degree grids) 

Boundary conditions SST(slab ocean model), Sea ICE (weekly data), ETOPO-5 topography,  

Matthews vegetation, UGAMP ozone climatology (for AMPI2) 

Shallow clouds Boundary layer Mellor-Yamada level 2 (Mellor and Yamada 1982; Noda et al. 2010] 

Cloud microphysics Moist convection, no cumulus parameterization NSW6 [Tomita, 2008] 

Radiation MSTRNX [Sekiguchi and Nakajima, 2008] 

 

ᅗ 1㸸(a) ໭༙⌫୰㧗⦋ᗘ (60N-90N) ࡜⇕ᖏᇦ (15S-15N) ࡢẼ  [K] ࡜ (b) 100hPa ໭༙⌫୰

⦋ᗘ (45N-75N) ࡢ v’T’ [m/s K] ࡢ᫬⣔ิࠋ(c) Ẽ ೫ᕪ [K] (⦋ᗘ 90S-90N) ࡜ (d) ඲㞼㔞 
(⦋ᗘ 30S-10N)ࡢ᫬㛫⦋ᗘ᩿㠃ࠋ⦪Ⅼ⥺ࡣᮇ㛫 (i)࢜ࣥࢺࢵࢭ๓ (pre-condition), (ii)㑄⛣ᮇ 
(transition), (iii) ᡂ⇍ᮇ (mature) ࠋࡍ⾲ࢆ(c) ෆࡣ࣮ࢱࣥࢥࡢ 2K 㛫㝸ࠋ඲࡚ 1/1㹼31ࠋ 

 

ᅗ 2㸸(a, b) 㞼⏕ᡂࡿࡼ࡟㠀᩿⇕ຍ⇕⋡ [K/day] ࡢỈᖹศᕸࠋ(c, d) 20S-10S ᖹᆒࡓࡋ㖄┤ὶ 
[m/s] ࡢ⤒ᗘ㧗ᗘ᩿㠃ࠋ(a, c) ᮇ㛫 (i)ࠊ(b, d) ᮇ㛫 (ii)ࠋ(c, d) ෆࡢᶓⅬ⥺ࡣ TTL (150hPa, 85hPa) 
 ࠋࡍ♧ࢆ

(b) 

(c) 

(d) 
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ᅗ 3㸸⦋ᗘ㧗ᗘ᩿㠃 (a) 70hPa ⇕ᖏᇦ (20S-20N) ᖹᆒࡓࡋ㖄┤ὶྛ࡜⦋ᗘ࣭㧗ᗘࡿࡅ࠾࡟㖄┤

ὶࡢ࡜┦㛵ಀᩘࠋᮇ㛫 ࠋỈ⵨Ẽ㔞 [10-6kg/kg] (c)ࠋ㠀᩿⇕ຍ⇕⋡ [K/day]ࡿࡼ࡟㞼ᙧᡂ (b)ࠋ1/7-26
(b,c) ⤯ᑐ್ࠊ࡛࣮ࢱࣥࢥࢆᮇ㛫 (i) ࡢࡽ࠿೫ᕪࠋࡍ♧࡛࣮ࣛ࢝ࢆ(b) ࡣ࣮ࢱࣥࢥ 10-3+i (i=0,1,2) 
[K/day]ࠋ(c) 10×104 ࡣ࣮ࢱࣥࢥi/3 (i=0,1,2,·  ·  · ,10) [10í6 kg/kg]ࠊኴ◚⥺࡜ 4.6 ࡣ 100 [10í6 kg/kg]ࠋ 

 

 
ᅗ 4㸸(a) Ẽ ࡢ᫬㛫ኚ໬⋡ [K/day] (࣮࢝ࣛ)ࠊ static stability ࡢ᫬㛫ኚ໬⋡ -0.02 [10-4 s-2/day] 
᫬⣔ิ (ᅗࡢ’v’T (c)ࠋ᫬㛫㧗ᗘ᩿㠃ࡢ㖄┤ὶࡓࡋつ᱁໬ (b) ࡜ (࣮ࢱࣥࢥ) 1(b) ࠋ(ࡌྠ࡜(d, e) 
⇕ຊᏛࡢࢫࣥࣛࣂ᫬⣔ิ (20S-5N ⦋ᗘᖏᖹᆒ)ࠋ㯮⥺㸹μT/ μtࠊ㟷⥺㸹-N2w*ࠊ㉥⥺㸹㠀᩿⇕ຍ

⇕⋡ Qd (㞼ᙧᡂ࡜ᨺᑕ㐣⛬)ࠋ 

 

ᅗ A㸸ERA-interim ࡿࡼ࡟ᴟᇦࡢ(a) Ẽ ࠊ(b) ⇕ᖏᇦࡢẼ ࠊ(c) 100hPa ୰⦋ᗘࡢ v’T’ࠊ(d) 3
᪥㛫⛣ືᖹᆒࠊ⤒ᗘᖹᆒࡓࡋ OLR (እྥࡁ㉥እᨺᑕ) [W/m2] ࡢ᫬㛫⦋ᗘ᩿㠃ࠋ඲࡚  ࠋ1/1-2/11

(a) T, 80N-90N, 
30hPa 

(b) T, 25S-25N, 
50hPa 

(c) v’T’, 45-75N, 
100hPa 

(d) 

12


