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HZERILH TR FEE T 5 EE O FEAEBES L, B0 TR XD, % OFE R snEigE© 022k
PEDHENR A3 TH 5. AWIFETIE, REHERELEEN] TEME L 72 b~ A 7 v BBEEE (MWR) BIIRER S I
I ZhoezFNT,

2012~20144-7 » 8 H ONWEOMMEF 2HhH L, HFHH - NERHCHHE L2, s OBFI ORI
JIFET N (NHM) 12 & 2 BUEEBRRER 2B —HEEM & L, MWR BUHIEZ 72808 1 Rtz s 7 — 2 A1k
W &0 BT RO RS 2 Sl - AR D BTG 2K o, RIMBETEHEINE T Z QTR RS NHM X 0 &
WEZ L 2R L, NHM TREITE g o HHOR b LB S EOBMR 2 HEHIcoR Uiz, £, Wi
EOWEFEH « PEFEH & b1, HEMIC K D BHTEROIE R 77—V & IZIZRIS 2 S EEAYL.5 km DUF TR « 7K
FEDEARL TARLEL THB Y, BELEHRLIIOEE THEAEHOIE S WERICRZETH S Z Ehbro

7z,

1. [FC®Ic

BRI RK[ECEDLDNIZERE DT,
L 2 i ISR ES UIE LIEFE L, JHHIAFTARR®
%* MERLIcksWERLLST, 0L S akt
R & BREARIE TRLEMEREA] TR
FLENTEBY, TFEHELL TWw 2 KR RithE
TUTHTFHBERIRLEA S THDE (W - H
2015), Z D7, MWEOFLEEZKINIC FHEIT 2
ZEERHMICLT, BEICOID0E (LUF, HAR:
M) OFEELRKEU T — 5 % v OREEFAERT D L
TIEHIBRESS O T T T & 7z (FHEIIT 1966 ;
Yonetani 1975 ; J#7L - #0E 1998 ; RALE 1998 ; HID
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1% 2 2002 ; ¥ B 1% &> 2004 ; Nomura and Takemi
2011). UL, SMREBERZHZLT 2BE T CHAET
57, BJIFHEEY OGO EEME X+ Tk
W,

% 2T, BRI B T 2 5850 HAR LRI D
W, VT aRCIRRIBNC X 20Es k3 nT
W % (Kuwagata and Kimura 1995 ; A1 »
1997 ; KAHE A 1999 ; Iwasaki and Miki 2001,
2002). KFTiE» (1999) 1%, FERCEFICHELRT
% 2 HETY v 7Rl 217, FWHEH - FEFREH

BIZHFIIARELEEMET Lz L 2R LT, &

, BWREHTOAHBENTEE (LFC : Level of
Free Convection) fFEfEL, HH X LFC 28ME T 3
5 VSR E LIz tHmEL TWwE, L, Z
o OEATIIRIHEPIFITICE E > TEY, VU THE
HIOFHE S ERE b R LMWz, IIEERCHRET
2 0P EE D FEEBREDS; D $hIE RS R H 2 LRI D F 78
FEE < bho Ty,

BRI T T 2 MM EO S FERES & L
T, BT 15 /itIEERIC & 2 mo Lo
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SR AN EETCH L EFZ SNTWD  (ERE - AR
1998 ; Kuwagata 1997). < O /F#{EEIZHFOKRE
TREOFRIC & WEEICBRE[ENTER S 11, K
S[UEMEE N KRE S Kb Z L TRERa S (B - &
1979 5 JEIL « =& 1998). HZPHHFEFIC 36 1 2 g
DEREREREIC DV TIR Y ¥ TBHIR M ERIC & 25
BTSN D E N T3 DO (Fujibe and
Asai 1984 ; Kondo 1990), [LHEHTOMNIEDFEAE
WEED 2 JRHEERIC D W T, Z DR « B0
S ENERSE DR IE AT Th B,

F7z, WHERE2SONETIE Z ORMIERIC L > T
RKRJAUTEOARERE WS Z D, FHBICTREAKR
(PWV : Precipitable Water Vapor) 38§19 2 &
£ GPS (Global Positioning System) 7% Fw 7z
Wgen» oS Tw s KA 1994 5 KK IE»
1997 ; Iwasaki and Miki 2001, 2002 ; Li et al.
2008). EZHEBILMI T ERICEABEEN TG W I &
DEIS TV 55 (Fujibe 1988 ; 757k « A 1998),
FH0O PWV OB R IFREAFE I IS L Tw 2
(Ohtani 2001 ; Sato and Kimura 2005). GPS iz X
% PWV I3 mSEE 2 B 5355 O T ST RE T & 5 43,
IKELRDREFEE R TH 57080, BIIFI5OMERE
DERIITER W,

% 2T, Sato and Kimura (2005) 1%, #1558
HR GPS 12 & 2 PWV T2Y M 2 MEE L 7- 5B ¥k
ETNVOREEHWT, KR[ETTFSOSRERGE D
imE L7z, Lal, BUETIRE 7 VICB T 5 HsKHIC
VRS NE OB OFHBEE 13 H iR
BEVPFEEZET 2 ONTETL, FESClEHF
RO TESREBBENKRE L LRSI TV S
(Hanna and Yang 2001 ; Zhang and Zheng 2004 ;
Zhang et al. 2013 ; Dimitrova et al. 2015). Z®D7z
W, HFERPERILHIC B 26 MEOFEREES O ERE
RS 5701, BHlcE W EHEE - SR
73 FIF « BT FRBRES A RIS 2 LB D
5.

AR, M ERER < 4 7 o B E (MWR
Microwave Radiometer) 7% i\ CESEE 2 KB
RN T 2O AN R ENTE TS, MWR
FEICARER L BARTEE D D 520~30 GHz & %
WRRE D B %50~60 GHz 1 OJRUT R (MR R )
2 A~ B0 AN ORI RE CEIHIMTRE CTH 5.
FOEZ OSSR « KEKRORE 7T 7 7 4 Vo
T v Y AIVOMEREZFEE BIAEHE) LT, K
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SHRE OB R 2 B fE 2R 2 LT, BERN
iR - KEKOME 71 7 7 4 V2 PWV, $HER
HEAEERZHE (VM) =) TE&3, INET,

MWR B SO O i JE SR B O B8 % Bl /7 5
BZHHY % Neural Network (NN ; Solheim et
al. 1998) X3 M) —TFEBNLSEHAINTE
D, BRI AT AFEOETF RS O MR
EEIOFEMECHEH I TWwS Knupp et al. 2009 ;
Chan 2009 ; Chan and Lee 2011 ; Chan and Hon
2011 ; Madhulatha et al. 2013 ; Raju et al. 2013 ;
Ratnam et al. 2013 ; Cimini et al. 2015). L»L,

NN &2V b)—=7TlE, PWV EOHERHS =T
GPSIc L 2 PWV L [AISELBETHESNEZHDOD
(Cadeddu et al. 2013 ; Araki et al. 2014), ${E 70
77 ANVBRRTRE 1-3 km R0 122, KEK
ERIRATECLERELPREVEWLSISHELH 5
(Araki et al. 2015 ; Cimini et al. 2015).

Z D72, R TIEBIETRE 7V ORSE L ENTiE
ZE—HEEME LT, MWR BHIE % vz 800 1
RICE 57— WAL F %k (IDVAR : one-
dimentional variational technique) 12 X b EksRE 7
i - KELRORE 70 7 7 A VEG LRSI N
TWw3 (Hewison 2007 ; Cimini et «l. 2011, 2015 ;
Ware et al. 2013 . A0 2015 . Araki et al. 2014,
2015). Araki ef al. (2015) 1%, 201244 ~6 HIZ5K
KPR (KBRS IFH; BT ERERL) Tfiok
MWR ##l % & &1z, NN, IDVAR, 1DVAR D
—HEBBCHAVO N[ RITHHNFE TV
(NHM ; Saito et al. 2006) OF5H & FHEFICB T 55
EREBUER 2L, BADZWERE TIX
IDVAR ARG T b &0 TRl - KBEKX 7w 7 74
N OBHREE SR Hn L 2R L, &
7z, Araki et al. (2014) 1%, IDVAR %#20124 5 H
6 HOD L IETHOEEEFCHHAL, EEHEON 1
FEFEIFE R & B  ACTN Z L L Cniz 2 b
2oL, 20X, MWREBHI Zd 12 Lk
IDVAR &, RSB75 % SHE - kI T
ELFEELELTCEMITH S,

Z 2T, AWBETIE, IhETY r Bl RET
TNCTEREETH-TmHE - MREELRIY 70
7 74 v MWR BRI E D IDVAR 2 L o
TH 2T, ERONFLOBA lAadabE CE
FEER L TR S 2 0 IRE O FEAEBIS O T 25 87
B, HEMRFEEHEOMIcT 2 22 HNET
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5. 2012~20144F1C SARATSERT & /K IE & O 2L [FH]
e [ N LRERFERERT I FE S REMse] kY, ®
ML ER T MWR 213 U L3 2 EY) £—
-8 X AR 2 EEL 72, AW T,
[ETOME v 4 v R A 07745 - EIEEHT—
FUZMZ T, ZOREMEETH S 7z MWR S H
T —% ZMHWz1IDVAR I X 2T 258 L, B
Lt CHE T 2 WMEBOEHKH - NEFRHEI, 71¥
1 - BF RS O ShE S & H 2B 2~
7z,

2, 7%

KT TIE, MWR & L C 5 5TEB B 2 EE T 0 /N ]
W1, EE530m) % E L 72 MP-3000A
(Radiometrics #f) #H w7z, 2O MWR Z K /N>
F219 v >3 (22~30 GHz), VN> F14F v > %
WV (51~59 GHz) ORIEJTIFM OMEEIRE 23> NiE
300 MHz T#+®H~# oM cBEl T 5. %7,

137" 138
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37 37
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Fig.1. Observation sites and topography
around the Central Mountains in Japan.
White and black circles respectively
denote AMeDAS sites (surface wind and
temperature) and local observatories (sur-
face wind, temperature, and pressure). The
white star indicates the location of the
Ogouchi site. Radiosonde observations
have been conducted twice a day at
Tateno.
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MWR 1 13 EE, &R - AR - B S E
D >y —, RIEBHARIBEET (%RI.6~11.5
um) BEIRS TS, MWR BHIEO W % 4Gk
J %728, Araki ef al. (2015) & EEEZBHRERE
MW7 KIE (BT E4E 2 \), EROBMEIC X 21
IE (B4 7 VIckAA), BN SNy F—
ADEH (BIIRT & 4 2 ~ 3 [|), HHSs (2 H
W 1E) ZEMEL 7.

ZOMOBE T —5 L LT, F1RIGRTRETT
AT ADKI « B, [EREE LRI RSRENT O
KUl + A - [EOH ER[GEN T — 2, EHORES
KRBT -5, BBRGOV 4 N Tu 7 7 A7 7 =8 %
AT I 7z,

3. BRI

3.1 HfloHh

AT, BBRA 7 —VOEILORELZ T TV
75 WHZFERE R H AR OHRERILHNIC B 1 2 Wi EE O )
Pt 27200z, O E&IR, QORERS, @Rk
&% 3O0%M% AT, 2012~2014FED 7, 8 H
RIS HRIRH 21T - 72,

9, O L5RICL 254 LT, Nomura and
Takemi (2011), Kuwagata (1997) &%Z%12, Hi
&, THEE, e, B, BN, NTAO 6 fiEReT
THRESIR230°CLA O H 2l L7z, Rz, @
BIC X 55 M LT, Kanae et al (2004),
Nomura and Takemi (2011), Takemi (2014) %%
Fi, ETRETH (HEN] LEZE L MO H %k
HL7z. 2Dtk 09, 21FOH ERGETHAMIO
FEHI (130-150°E, 30-40°N) Wiz HEHF.LONA b
oy 7, GEE - - AR E RS OB A
7=V OIEEISIDELE L A WEBRHI D A E R L7z,

Z Dk, GREKEICE ZEMEEHMAT 5, HEKNA
HRBFERATROBAEZMIBT 272012, #2113
Nomura and Takemi (2011) %, 00~12fF#i1ZBH5
D7 R Y AHE TREADBI & 172> - 725541 % fif
IR EL TS, S OFEIZhEsILIH 2 & £ 20
BRI 2 5 & LTz s, ARBFE Tl sl =
SELLVHFAZHRELTWS, Z0O®, Nomura
and Takemi (2011) &[EBASEMEEZ#EAT 2 L, A
H o H% & 720 THkise L 72 Bk, M HEBRTIC LS
B CHTREDFEE L I K DFERIH 2% <RI 5
Wb, iz, HEILHTRAET ZHTMEDAKFEA
TV IZ T 2 LA 1~ km 2D T, v—
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F—Tad—EFROoNDE DD, 7 ALY ATREHS
NTwRWHEAIL L Aonk, 2T, AffgET
&, RO E COFRERE 1km) % FElilH
A o4EE (137-141°E, 34.5-38N ; $HIK 345 1
EFRLC) THBLL 72T E RAcy (mmh™!) %
WTREARE D2 ERR LTz, RAcyld & OFEEEA I
& EN L2 TORTOFNTNE ORI & BRI FH T
Ho THHLIZDDTH S, A TIE, HH03~09
B D R IZ RAuA30.05 mmh~' Bl b T & 2 ZH4113 k2
L7z, ZOBMEIR, HFoFELc s 20 5E &
BANID A B =X N THERENCFEAET BN L 720 R E
L DREARR®, FOERERAKEZRETE 2 L 512K
ELiz. ThodD3DOFMIZED, Gil29F:FlH
Haniz.,

NS DEMTEERERILHL T O IRE O EHI
YN TE T2 2 L 2R T 2720, s hi:
EHHNCB T 5 RADRKRIIEZHER T 2 (H2Ma
D AlD, &HEFO RAMEFHIFICIZIZIZ0 TH 2
28, 12REDARRICIER L, 1THRRICIRAME 2R > Tz,
Z D%, RAWIZUFFIC T THA LT, ZOHE
i, W A (2004) S Kuwagata (1997) 12 k-

(a) Central Mountains region
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(b) Ogouchi region
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Fig.2. Diurnal variations of (a) hourly RAcy
(mm h™') in the Central Mountain region
(137°E-141°E, 34.5°N-38°N, same as the
domain of Fig. 1) and (b) RAy; (mm h™?)
in the Ogouchi region (138.5°E-139.5°E,
35.3°'N-36.3°N) for all extracted cases (29
samples). White, black, and gray bars
respectively indicate the data of all, active
(11 samples), and non-active cases (18
samples).
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THHsSh - SHAMERORBM e EENTH S, &
7z, i S NP OMEBDS OFHEUE ][R T2 IR
TG 2 ER L CREER LT & 2%, HARMTIZAY
HEKUEOBNENTHY, i LETHLHREA
T VOERFZRoNKhol (KK, ZOREE
T A (2004) % Sato and Kimura (2005) &
BEWTHY, BUNCHEOEIMTZ TwE 2 EE2X
F5d 5.

3.2 WRAEFEH - AEFEH D534

TR % TR L C O TRIBEI OTEFEH - NiEF
HIZHHET 2, 1THRRCERKRE %2R RAcw DI &,
HEGIHE O HAEFT RADIEOBIR 2 HERT 2 &
(% 3 a), 17 D RAcu#30.15 mmh~'2LF Tl H
HEF RA»Y 1 mmh ' BUFIZ 78 o T 2 BHIHEEH L
TBY, TNUAOEFEIHL2BEBEDES D E 2RK->
Twie, 2O Eeh s, K TIEITRED RAy
0.15 mmh ! LAF OFH = A iiimaE O ~iEFEH (Non-
Active, 185F#l), Zn s Z2iEHKH (Active, 115
) EEFLI. EFEH - NEFKEHED RAWTH17
BHZ B AMEDS TN T L7223, 2 OEIZLEFNCKT L T
WERH TN 265, PERHTE3ISD 1T 57
(%2Ma).

ARG CESE LIIEFH « NEFEHICB U 2 ks
PERTHANCTERR T . &4 Mz, WwRE - NEFHE
D, fRFRRICHEET <12, 17, 220 DR 1 KBk E
2 1mmh 'L EDOFESFEDOAKFESH 2 RS, HF
H OREASERE 1%, 120512 13 B Lt DA & 0 i W b
TELZDIZ TS, 17THICIERERS L ALBI 5 o P
WesowEm kol BE4Ka). 20, KEAME

(a) Central Mountains region (b) Ogouchi region
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Fig.3. (a) Relationship between RAqy at 17
JST and RAy accumulated for a day. (b)
is same as (a), but for RAy at 15 JST and
RAo; accumulated for a day. Circles and
triangles respectively indicate the active
and non-active cases.
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R EICEL 50, 2B 3EFESEEET
10~30% DM BN B o nfe, 2D & 5 BRI,
Sato and Kimura (2005) <° Kuwagata (1997) T#k
bNBRKORHEBEENTH S, —H, FEFRHOD
REABERE I, IEFEH AT TR - 1o b8, 17HF
T TUHEES % i K D b 2 HIR DAY 2 & v
IETIIEFRH EHBEL Tz, Zhohrs, EFREH
WE LGS CHRET 2 W REBOEH 2 BYIICHHET
ETW3EVZ 5, 7o, NEFRHIXEHRE LR UH
PR - BB - TR ORKREO STt S
72 OO, THROBARFESEFEH L I1XH S »Ic i
ZoTBY, EHHEOBREGOMKICHL Twa,
il U 723500 36 U % SR EE O SR BREE S & HER
T 570, HHRA - NEFKBEIC, FROH SR,
JA, WEHSE OB O V- 1555 2 VR L TR L 7=
CE5K). ZOfEE, EHRH - REFH L bIcH ER
WS A3 T & T2 12RRIC IZ R R AT b B RO EL
FUESEDSEABRL L, KPRl & HARYHEI O 5 T

FEic S s R e (5K a, b). 15ERICHh
U CRWESIEO LS TS0, BIBFE CpE
A D FED ST D OUFE L E - 72, HFEH I
TEFEH I AT 2N ST H1.5~2.5 hPa
K<, HESED0.5~2CHEL>7bDD (5K
c), WEFEH EEFH CIRNESRTIC D S YEE O A
SRR A, ORIk E ENIFR sk
Motz O &S e FRNC B 2 JEHITEER O K
SO, EFE - REFKH & bIeTigE
E—E L T3 (Kuwagata 1997 ; 75kE « ARk 1998 ;
Sato and Kimura 2005).

2T, BASIFMNBREIS O /NN T O
MWR BUHIFE R 2 Fv 3 720, FEfli 258 5 5w
TR T ORKERE I X D SN IETEH - ANERH
23, INHNFEZC BT 2 BARFEICB W T HEVLD D
% 2 L RMERT 5. NI % HULIZHY100 km DY O
FEIL (B 4 Kb O REAR S ; 138.5-139.5°E, 35.3-
36.3°N) 129V T, RAcy & FIREICHIARAL L 72 BTN
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Fig.4. Horizontal distributions of frequency of rainfall equal to and larger than 1 mm h™* at 12, 17, and

22 JST for (a) active and (b) non-active cases.
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HERAGDERT 24 2 Db ITRT. RAgld RAcy
LY, [EFEHIFI5E; & 200, AIEFSH I 15
KEEFE > Toie, BIFCFEFALETRIC D72 5 1LIEE T
1E, 15~16/F & 19~200F12 372 D DK DOREA BB
e an s (Fujibe 1988 ; 2Rk - AN
1998 ; Twasaki and Miki 2002), ¥&FH O/NANTO
BEAEEME LA L T D, —F, WFEH - ANEHH &
HICHRE 2 F D158 D RAos & HEE RAo % LHiE
T2 (3KDb), RAMIZFEHB TR W D0,
BB 2 B HEESEH - NEFHTHMTE 2, Zh
£ 0, ARG THEL oL 81 2 3G B O

TZRWEFEZSND,

3.3 #i b~ A 7 v RERBENC X 2 BT O

i

AHFFE T, INATHNO MWREHHIFEREZ 6 L1
1DVAR F#: (Araki ef al. 2015) 12X > CTKIR « 7K
HELROMET D7 7 A VETT 2. AFETE, K
wEARELREHOSE T 7 7 A V%) MY —Np
ZRx L, UTOFMBEAKT i/ 5%
Gauss-Newton 512 XL D3R 5%,

Ji:%(xi*xb) "B (X — Xb)

WERH - NERHE, ANTWNEE O TEE & b Xt +%[F(Xl) *y]TR_l[F(Xi) 7y:| 1)
LTHBY, AFAWICBT 5 MWR BHIER % o T
LTI T B B ORI AL T L

(a) Active (b) Non-Active (c) Active — Non-Active
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12 JST
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f 38° 33‘L : 138
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Fig.5. Distributions of surface fields at 12 and 15 JST averaged for (a) active, (b) non-active cases, and
(c) difference of active cases from non-active cases. Shade and black contours respectively indicate
observed surface temperature (°C) and sea level pressure (hPa). The vector arrows show the averaged

surface wind.
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Xi+1 :Xi+ (B_l +HiTR_1Hi) -1
[H'R ' (y—F(x;)) =B (x;—xv) ] (2)

Z 2T, ilkGauss-Newton DD K LEHEICK
J2A7T 7, xeldHE—HEMBDO T2 774V, H;
FY N VR RN U B R OB IRE O
S E ARESEGHICS T2 vyaE7 >, BERIZ
FNE I xe & BUHIBEE R y ORZEILHEWATY], F
X)) EFE—HEEEDO 70 7 7 AV SHIHFE L 72%&
JE B oD ME E R R 3K 3. FEAM I Araki el al
(2015) =&z,

IDVAR W2 E—HEM L L ¢, NHM itk 3
BB SRR R % v 2, HEf it & 2 5 900 km 1975
ZEESEE & L, B L 72 200008 & 24 RIRE
539 D BUEERR E1T o 7o, WA - BREICIZRR)T
A BT % FAV, KRR 2 km OFFE %2175
7. SREJEII50/8 T, SAE S RAEIE T C40m, b
UT886m (£ TV by ZIEKI22 km) DHERT &
L7z, ST A2 V¥ —y a Y 2HAL T
&, NHM OB FfES% 1E Saito et al. (2006) &1
ERICRE & Le, FHERESRIZ105 i L, /NI
WO MWR BHIREZ RN HR L 728018 7" 0 7 7 4
WERIERT 5. INANICE T % FEEERE X530 m TH 2
DL, NHM OE€ 7 VEERIFH760m TH 5 2 &
6, NHM O 7 v 774 VORKFE (FE20m)
DZEEIR 2 BRI B L & ¥ CHEIEE L £ 7 IUVEE O
M ORIESAR2ER LTz, £z, AERKQREELIZOW
TR, EFEGLETVEROMIZNEHM O 7u 7 7
ANVDE FNEOESHWEFR U TH S EIREL:. 20D
R KR OWE 70 7 7 AV EE—HEME L
T, MWR BIHIEF %145 12 1DVAR 12 & 5 87 2 175
7z. 1DVAR O #7455 o $/ 18 53 iR 68 13 NHM & [H]
UThs. MWRKIEEH 7 —5 ZREKOEELZ
U CRENEIT 5729 (Araki et al. 2015),
D BRI D T — 5 12w T D AH1IDVAR % Ejifi
L7,

WEFEH « TWEFEH OKRKENT 15350 AZA bR %40
BT 57291z, IDVAR & NHM 12 & 2 G5« A%
[OSHE 71 7 7 A Vv EFKICL T, PWV, b LT
%t 5 B B (LCL : Lifted Condensation Level),
LFC, @y ABH #h & = » v ¥— (CAPE :
Convective Available Potential Energy), ¥ a v
& —ZZEFaH (SSI : Showalter Stability Index), Y
77 v F$88 (L1 : Lifted Index), K#8%8 (KI: K-
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Index), b—% v F—% )L X$5H (TTI: Total
Totals Index) DOEMLERE*HWCHEwmE T 5.
LCL, LFC, CAPE DWW T, Hi_[ A & b
500 m F COVHRRZELTIE RS LT LREL T
HH Lo, 2 OMORERRBOFETTE LA 5o
L7,

3.4 NHM OiEzF: £ 1IDVAR OB
IDVAR OFE—H#EEE & 9 % NHM Dzt 2
TET 2720, FTFHRTH LT LINELTH S
NI OHL E DK « KELREE IO WT, 2EfIT
1043 Z &1z NHM & 8BRS R 2 e U 72, 28 6 I
NHM FHEE O EBEIH & Oz D% (Mean
Difference : MD) &, {7 ® = 3 S 3 ¥ 5 R &
(Root-Mean-Square : RMS) #/R7. SIRIZOWT
1%, BEEFTIZ06~09F 121.0~1.5°COE /N A 7 A M
Hotzh, ZOMOKEMTIIE N1 7 2 13ER1.0°C
MUTF#o (6 Xa). Zhickic L TRMS b
06~09RFIZK & < %2 o7z, —H, /INAIRTIZ00~09HF
FTCEARUBICIENA T AN DD, BEEFHEERC
06~09F12 RMS K& < o7z, 09~21FFI2 1 ¢
WNITAT b KRS ENA 7 AR S, 13~16[F12
WRMS 28 3°Clz L T iz, AELQGEBEIZDWT

(a) Temperature
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Fig.6. Diurnal characteristics of mean differ-
ences (MDs, black) and root-mean-square
(RMS, gray) differences of NHM-simulat-
ed (a) surface temperature (°C) and (b)
water vapor density (g m~®) with respect
to surface observations at Tateno (solid)
and Ogouchi (dashed) for all extracted
cases.
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Fig.7. Comparisons between NHM-simulated
and observed vertical profiles for (a) tem-
perature (°C) and (b) water vapor density
(gm™) at 9 JST at Tateno for all extract-
ed cases. Black solid and dashed lines
respectively indicate the mean difference
(MD) and root-mean-square (RMS) dif-
ference of NHM-simulated profiles with
respect to observed profiles.
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Fig.8. Diurnal characteristics of the mean dif-
ference (MD, solid) and root-mean-square
(RMS, dashed) differences of NHM-
simulated (gray) and 1DVAR-derived
PWVs (black) with respect to NN-derived
PWVs for all extracted cases.
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Fig.9. Diurnal variations of stability indices of (a) PWV, (b) LCL, (¢) LFC,

(d) CAPE, (e) SSI, (f) LI, (g) KI, and (h) TTI calculated by atmo-
spheric thermodynamic profiles derived from NHM-simulation (gray)
and 1DVAR technique (black) averaged for active (solid) and non-
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Fig.10. NHM-simulated and 1DV AR-derived
profiles of (a) temperature and (b) water
vapor density at 6 (dashed) and 12 JST
(solid) averaged for active (NHM : black,
1DVAR :red) and non-active cases
(NHM : gray, IDVAR : blue).
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Fig.11. Time-height cross sections of wind
velocity (shade) and horizontal wind
(barb) averaged for (a) active and (b)
non-active cases, which are obtained by
the Kumagaya wind profiler.
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Fig.12. Time series of the differences of atmo-
spheric temperature (K) at the level of
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rived thermodynamic profiles (black)
from the brightness temperature (TB ; K)
obtained from infrared channel.
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Fig.13. Mean difference between ther-
modynamic profiles averaged for active
and non-active cases at Tateno. Observed
(Sonde, black) and NHM-simulated pro-
files (NHM, gray) for (a) temperature
and (b) water vapor density. Black and
gray circles in each panel indicate statisti-
cally significant difference between active
and non-active cases for observed and
NHM-simulated profiles, respectively.
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FEHIBLHS - TH D, 1000 ] kg 'L EoHigy 7o
ni: (Blda). WNANREALISL T b WEER TIER
L ER>THY, /NN L FRFIZ700 ] kg ' B
@ MUCAPE % - Tz, 0685 o158 £ Tz,
/NI R T1k MUCAPE %3400 T kg 'BAES#A L T
BY, HELILHLE B S L # B T AR MUCAPE
DRI Z > Tz (BB14 D).

—7, PWV BEEREED D 2 7 01 LT
HOSHE O FEM T HE L v, 15FF TIZFEE D O LM
AL TSIz, Z0OmiE L & [F U44~46 mm
O PWV 4L Twd (BBl4K c). 06HFH & 150
T, ANAIN R & S HRER I L O R B O R B
% iz PWV 28 4 mm BLEBE A U T s 2 FHIR A3
S5 THBY, ZOHTH/NTND S LFLR, iR
DUHEETIE PWV 236 ~8mm Ll E¥INL Twiz
(HE14 d). —F, PWV 23BN 72 ISR 12 T v
ETEPWY R 2~4mmiALTH Y, IWELHT
D PWV A FMfESRIC & 2 ¥ Eh o O FEAkZE
SERBERTH S 2 L2 TR LTWE, Z0k5%k
FRER LB B T B 4% 0 PWV 810 K946 O
#%, Sato and Kimura (2005) %13 U ® &3 %477
e L EE&MTH S, U EDOKRN®S, AWfFRICHE T
Z/NEINIZ 38 1) % BV 77735 O $hTE A <0 H 2 bRtk
&, TEILHAIE Th 2 REDILN Y B R 7o B )%
BOEHNICH 2 LEZTL W ENFE»D SN,
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Fig.14. Horizontal distributions of NHM-simulated (a) MUCAPE (J kg™!) at 15 JST and (b) difference
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BRI TR H OFRICHKE T 2 B O
TR - JIFRBRERS O SATERGE & HALRREIC D W
T, 2012~20144F 122 CHEERE L EENT (INITN)
TERLUIHLE~ A 7 aBBEE (MWR) B &6
koHilk, v R FuTrA4 T, BEEHED LI
HEFHIc A L7z, MWR BIHIE 2 w7z 88E 1K
FEESHET — % At (IDVAR) 2 &> TE s iz
BB 5 EHE - GREELRSRBNY a7 74
WS, IEFH « NEFH & b ICBYET 7V TIIRE
T2 ELDTERP-IHFOFRS RIFEERED -
2, HHMEEEOE TR > TWwa 2 & 2R
FNCRS 2 N TE e, &7z, TG OERE SR
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L1DVAR Z#AEDLELMBIIC L D, HHfEE L FH
UCSAE A7 =V Th % @ER 1 ~1.5km LN CHF#&
T CRIR - KRR DICHART 22 LT, %
H « RiEFEH &b ICKROREPITRLEMLL T3
ERHS Mo, KRAREE D 2 £
1%, WERH ETNEFRA CRISEEE TEEREND S
ZEMbhols, TOZ s, HEGBERILMTIE
T MM EOWEFH - NEFHOEVIE, TNLEIH
HEN5 &Y BANCRK[ T E TR, KR EHETE
B, KETTETEMETH S £ v ) KERENFEEOTR
EETHRE > T3 2 EMHERTE 72,
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EASE R BN T O T A NESD I EBFEH L.
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INETEEND 2 {HREOTF5Th o7, BEFH
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¥ (Chuda and Niino 2005) ®#E&HZIZUDHET 2
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E =
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1187 | BELERBBOE LT
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ZFRRE (hPa) 2L, 72k 21E To,id, [Ex
DI ELE y £ THEWICE S LT -BO KR
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ZEERT 5.
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Abstract

Convective clouds often develop in the afternoon on fair-weather summer days around the Central
Mountains in Japan. Vertical structure and diurnal variation of the dynamic and thermodynamic environ-
ments for the convective cloud development have not been well understood because of sparse observation
data. In this study, vertical structure and diurnal variation of the environments for both active and non-
active convection cases were statistically investigated using the data from a ground-based microwave
radiometer (MWR), surface weather observation system, a wind profiler, and radiosonde during July and
August from 2012 to 2014.

Firstly, typical cases were extracted and classified into active and non—active convection cases. From
the results of surface and wind profiler observations, it is shown vertical structures and diurnal variations
of thermally—induced local circulations were similar for both active and non-active cases. Vertical profiles
of atmospheric temperature and water vapor were retrieved by a one-dimensional variational (1IDVAR)
technique combining the MWR observation data and the results of the JMA Non-Hydrostatic Model
(NHM) simulations. Comparison with radiosonde data, surface weather data, and cloud base temperature
obtained from an infrared radiometer indicated that 1DVAR-derived profiles were more reliable than
NHM-simulated profiles. Statistical analysis based on the 1DVAR-derived thermodynamic profiles
revealed that the lifted condensation level (ILCL) increased and the level of free convection decreased
during daytime for both active and non-active cases, although the NHM could not reproduce the diurnal
variation of the LCL. It was found that the diurnal change of unstable atmospheric stratification was
caused by increased temperature and water vapor density at the altitudes less than about 1.5 km, which
was the same vertical scale of thermally-induced local circulation, for both active and non-active cases.
Stability indices also showed that atmospheric stratification was significantly unstable for active cases

compared with non-active cases.
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