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Synopsis

In this study, we analyzed the water vapor structure around convective clouds and tried to

index the water vapor at middle-level through the results of numerical weather model simu-

lations. Then, we analyzed water vapor observation result through new index. First, the in-

vestigation of water vapor structure around the developed convective cloud and the statistical

analysis led to the interpretation that the water vapor content at an altitude of 2 km has a

significant effect on the intensification of rainfall. Next, a new index, AWV ., was proposed

to describe water vapor at an altitude of 2 km. Compared to the available precipitable water

vapor index (PWV), AWV . was shown to significantly discriminate the enhancement of

rainfall intensity. Finally, the observation results were analyzed through AWV . and PWYV,

but there was no significant difference between them. As the reason of that, the not enough

special distribution of observation can be mentioned.
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Fig.1 Water vapor vertical distribution in 35.5N,
129.75E at (a) 09:00JST on July 4th, 2020 (in
Kumagawa Gouu event), (b) 15:00JST on July 4th,
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Fig. 2 Propagation delay. The red line means delay by
water vapor, the green line means delay by dry air and
the blue line is total delay by water vapor and dry air.
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Fig. 3 Metrological data in Otemachi observed by JMA. (a) Atmospheric Pressure [hPa], (b) Temperature [°C], (c)

Relative Humidity [%].
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Fig. 5 Verification of reproducibility of CReSS.
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Fig. 6 Rainfall intensity and PWV at (a) 04:00JST, (b) 01:00JST, (c) 01:25JST on July 4th, 2019. The shade
means rain rate [mm- hr=1], and the contour means PWV [mm].
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Fig. 7 Analysis area at (a) 01:15JST, (b) 01:25JST, (c) 01:35JST. The shade means rain rate [mm- hr=1].
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Fig. 17 PWYV observed by GNSS, and rain rate observed by XRAIN. The shade means PWYV, and the contour
mean rain rate. The black-colored triangles mean the XRAIN radar sites, and the black-colored circles means

GNSS receiver sites.
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Fig. 18 Water vapor mixing ratio calculated from metrological data observed by Tokyo Metropolitan Government
Bureau of Environment, and rain rate observed by XRAIN. The shade means water vapor mixing ratio [gkg™!],
and the contour means [mm- hr=1]. The black-colored inverted triangles mean observation sites of Tokyo Metro-

politan Government Bureau of Environment.
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Fig. 19 Water vapor flux [gkg' - ms™'] calculated by MSM.

HFE T OKELEIT Skm Aviabdb ki
WM EIT - 72, HREAITOKRLIZADOHTWLZRN
TR DB BRI L AR MIE 2 B> T 5. 01:00 12
BOWTHIHWERAREL TWANR, HFREATDOKE
KEIZFERAFEA L TW ARV T S iR oK
AEK[EIT ST ER <1E72W ([Fig. 18](a)) . BN RKXXH
LD EZOHOHEFIZEIT S HOHIX 04:42 THY
7, HOHE LIZS o720 08:00 EH S HFK
DR B 2 15 7= ([Fig. 18](b)) . Huzkmm o /k7%
KA 11:00 EICIIIER ICE < o> T b ([Fig.
17](c)). % D% & HiFm DA KK RITE VIR IEE F -
THY,20:05 EIZAREHIRKA OF YA NI TRA
$% ([Fig. 18](d)). A= 23 Fe /5 L 7= %P o Hi 32 1 0
AREKEITRAEERNCBO T HLIEFICHWIREETH -
7o, 21:00 EIZITAREBNIIEFICHEL TV D, RKEH
MHEE LB D, HRROKESETEVRETH-
7= ([Fig. 18](e)). 2019 4£ 7 A 23 BIXF#% 6 Hikim
DKFRE BT VIREBIZH o 72, 24 B ORRRIHIE
DHER % MSM IZ XL DKEK T T v 7 AT DWW THRYT
52 & THERTS.

MSM % HWTEH LR E LD KER T T v

7 Algkg! - ms' & [Fig. 191\C/~7. HUERHIFHT DK
KEDD720 01:00 EHIZE W TKRER T 7 v 7 Adh
20N SVIREEIC B D ([Fig. 19](a)). UL, HhFdm
DO KRFET R 2 1A 72 08:00 EIZITH AR
K[R7 7 v 7 APPhEWREICH D ([Fig. 19](b)). =D
8, T ORHFICKAKEEEIN LA 7o DIIKFE
KROMANFE TR ERNEEENS. hoFK
ELTIHERIZE > THEmAIRD b, HMERICE
ENBKSMER LI-AREEREZLONE. —F,
11:00 EITIEAEEED B FE_ EICRIA A 72K KR
% < BRI MmAVIAT R 7 3 R T & 5 ([Fig.
19](c)). F7z, 13:00 ED HIFRTHEDN S KR ED
Z LA TEY, ZHIC L > TKREKERZ IR
AR ShTWEEE2oNn5. DLy, HiFkm
DKL RO AZEAIZ OV T, 11:00 FHE LA IC 2V T
TERFLED D DKERIMAD BN RKZNEZZ DN
273, 01:00 EHA> 5 08:00 BEIZ 23T TORIF D2 kidk
RPN O HTR H DIK Sy DRI IR E OO TEHED
HENRRENIENEZLNS.

IS ORIMFHEE T OKRBERNE L XD L
NTETCWDENERICHERTS.

— 199 —



4.2.2 T OKERIZK BEMN

M T OKEBLKDEE L 1&ETE

DT, T VKRR ORESTHEOVA & TR
BROT— 22 HHBREELWERELT, #F Ik
EROBIEEIT ).

22ICTCRHBA L@ Y, M ORI A & X
SHAR ONEIE B & T2 2 & CRUAA & SRR
KRARGEABEZBET SN TE5. Lo, Ko
EREHTHIHEEICBOTE, ELWEIR T2
BRBEEDGFEET D, BRI O TS AR E
DORFENAR+5372720, BB & KR o7 —
X, WA AL, R R & L7 BRIC [Fig. 20]
WORT LD ICRMARE(ER RN D72 EW bR
REBO RN T — Z TG B Lz, £z,
M7 VA ORE R, BlHRB LRI SICRIET

DT R CORRIE—ER LICWATND EAE LT,

AFFRIZBNWTHERAT L7 —2 D5 HO b AR
YRR O T — 5 % [Fig, 21]icm. M7 kA
I X ABBNIKRARIC L A BIEOHxt &2 5HEl3 5 2
EIETEY, FERRICITRBERR & AKFEKIC L D BIED
ZEE B A 3 LTV 5. [Fig. 21](a) O ftlh iz ik <
ERERIC L ABIED S AEN O OB EZ R LT
%, KFERUC L D BIE DMt BT WS D72 OICLLT
DENEEAT o 12,

(a) T POBHEIEIIVHARERCEASETE
B EREROT— 2 EAWTHE SN H 5,
IR ITOHBERR EKRERIT L 2 EIEDHI &
Ao (t) [ps-km'] & RIBEZ O 1 7 PN X 2 BT &
Adg(to)[ps] & Z B A S SR O B [km] 2 A

delay[ps]
2 5 3

D
o

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
(a)

delay[ps]
N
S

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
(b)

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
(c)

8000

delay[ps]
>
=3

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00

Fig. 21 Process of coping with Chideji data
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Fig. 22 Observed area by chideji.
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Fig. 23 Time change of water vapor by (a) ground

measuring instrument in Otemachi (b) chideji data.
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Fig. 24 Daily change of water vapor at surface observed by chideji. The colored straight line means water vapor
mixing ratio [gkg™'], and the contour means rain rate [mm-hr].
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Fig. 25 Rainfall intensity and water vapor around surface observed by chideji. The colored bar means water vapor
mixing ratio [gkg™'], and the contour means rain rate [mm-hr!].
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Fig. 26 The area where the g, is averaged
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Fig. 27 Averaged ¢, profile.
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Fig. 28 AWV, calculated from GNSS and chideji, and rain rate observed by xrain
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Fig. 29 Area for PW and AWV in CReSS.
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Fig. 30 Time change of AWV, and PWV observed
by GNSS and chideji
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Fig. 32 The area where the mean temperature is calculated.
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Fig. 33 Time change of AWV, and PWV observed by
GNSS and chideji, corrected by using temperature.
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Fig. 35 Water vapor flux at surface calculated by
MSM.
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Fig. 36 Process of rainfall enhancement.
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