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Observing moisture in the marine atmosphere
using lidars on board the research vessel Mirai: A review
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The moisture in the marine lower troposphere is closely related to the weather and climate system. To
measure it to resolve the meso-scale variation, we tried to utilize the lidar systems on board the research
vessel Mirai. The first observation was made during the CINDY2011 field campaign in the Indian Ocean
by adding the capability of retrieving Raman scattering at 660 nm onto a high-spectral resolution lidar.
The obtained data successfully revealed the vertical transport of the moisture by cumulus quantitatively.
The success was followed by the Raman lidar system based on the Mie-scattering onboard lidar. With the
help of the dense radiosonde launches, the lidar (especially signals from 355-nm laser) successfully
retrieved the moisture in the marine atmospheric boundary layer (MABL) with error comparable to the
natural spatiotemporal variation. The case study demonstrated the capability to capture the meso-scale
patches of moist / dry MABL. Possible future improvements are also discussed.
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1. FC®IC

REHDKERNL, € ORZEMET WA - FAHNOMEALZ @ UCIEBR L OKTEBR), F 725 - -
EHFOLANF—EERZ LD, WK AT AICBWTRERD/NRT XA =5 Thb. MK TRROKE
SRR RTICH 505, Z ORI ERWIREL TV, —HTRAhOKELEHET 5
EFRMBARDF L CREL TV 2 A THAY 27 20205 ERPEAE, BABANDKELDK
PRWR, MIEIC X 2REROMERSE L E2 ML, FERNIOKELRGMAERECELEES. Zol
FEOIMIZIE, RSP QKT EDORZER DA ORI ETH 5.

FEERG RS IR 76, X ) REORERZGTOIHRE TR TH S, I KRMHEIC,
POKEA— PUVEEDHE S 2SO [ ERKIRARE (Marine Atmospheric Boundary Layer; MABL) | &, %
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DL [HHKRA] L2006 Ns. 209 BEICHRE TE O HHAROKERREE, KAehko
M EARGE (TRARE) OZILORBT 2 LR LTWEY. 72, ARIAKTEOKELREDSE
D, ML L72E - BKY AT AD%E - BERHICEELEHShTWAY, —J MABL I3, #EHRICE
WL, WEP B RERBE 20D, — T THHRKRNDOKELRMAGIRE 7> T D, ED S DK
SURET b W75 v 27 Z2] 13, MABLIHOKZELAEZDLDIZHEET Y. 72, MABL &
ZOWE EOHBKRE ORFELRISD FRCTHEOKEGLRICOEET L EE2 5N TWET. W7
T ADEHIBVTIIEY AT LMD ERMEBSEEHRSTB YY), 1 BRI OM AV ER
SIREED T — 7 HRD LN T WD, FAKEFMIIBWTIZ, MABL N TOKBZNKFERET BRI L 72
BEARFENDKERMIEIE 2o T D (Bl ZIE, 1TCZY, MERIRTH - RURFEARSEY, REARY, &
B, mE). oFD, TALSMEBETREICE T 2 KERRLHZILRET L L1E, EEOBAKY AT LD
PR PHNCATT R TH 5.

SO ) WCEELRKELRESAIED, W L TOBINCEE K o> & T L 9. AL HI3KAE
KREOHM DA EHL T ENTE LD, Wil FEoKEREHRE M 121 FEEATOREMNTIR)
KHLER Y S OBMALETH Y, KD AT b OREIEZ ST & %R LUT O Re R 4 ag o Bl i
WTHDH, FMESAM, FFICMABL NORREZEREELZ L LY. Zo0, il TEoKES
B OSNEI & 150 70 WE R R RE T1% 2 25 1 I ER BT A 5 OB AN L 70 5. Lo LISBUIAFTE AR
S, POMEOREDLDHL-OIBNEE LTATHTHY, BN N Z FTKIGERTER T T v b
TA—2Ah, THOLBRIARL TA R EDPSOFHNAEE L.

W2 S ORELA BTN 2 BEH - TE 72013, GRSV —2WOFITFTLEREE®S [TV VY
F| Thr ZoRb7IYy 7 EBMTERE, Y —o#icky, BIEICESL T TORD BELE
MWFEBEELTEHIATVWEY, LALI VAV Y FBIMNCENA V=Y - v — - HR (KFE -~
L55) FOWKES, TV T - G - BEGIEORM, €L T (L 0nRE) ATFrLETHY, Bl
BRI TD (BAREORIWY R REHZLZ RETE ) BIREHPRATH 5. £ 2 THREE %
XM EBTRELMRSETERE LT, BMEREIR)E— s Y Y Z7ORBPED SN TVS. FlZIE%
gL L, M RERER A 7 o Er, WM Es R (GpS & DRI L T GNSS &3 5) BEDIE
AT 2 O RCRAA O N TE . L LZEMY) E— b v ¥ v 7 TORES MBI TFEDZ <
BRZEFEELETHD. ZD720, HEETRERREONE S % 50 R B0 HeE T 5121, FEES o
SATFHASTTRE R BB ) E— b v YV V TRRBRSERTH S,

FROL) RN EHEAD L, FEERA, HIOTRETE TOKREREOBMOEIZ, @Y% 7T v b
TA—nk, FIHERTLIE VI —ZRHALIENLELEZONDL. ZOEHIIHL, Frld, MmEHF
ZEBH TSRS (LN JAMSTEC) OHFZEM [ADHW] L Ww)TF v b7 xr—2ak, [F4F—] L)ty
P—%BIRL, TOMAEDRICLZAKELABNEZED TE . AT, TOMEORIEICOVWTL
Ea—75.

2. HIERPE : [H50)] TOKEREAEI—HE ST 48R

WEEHERTEZEMT [A S ] (Fig. 1) 13 1998 SEO LA HBAE (2021 4F) F T, WF7EME LTI RE o
R BMfimaE ) ORET 1.5 » AEEE) 200 LB 2, 20ih S 3 2 15 WilER CHE 6 L
T&7:. KEOMEIIMAEBIEL /NS, B OB EN LIC&ET 5. F72, RO EREAR—2
3Z% 0 B OFIFER - EH L 55, BMFEHO—2L LT, #LKAPOKRER=EOBND
L Ol CEBINTE . BT, B2 SHAEICEL T, TVF Y V7% Hw7288E 5 A B
THb. EHBETIE3HFNEE 1~2 r AT 2 5BBEBN b ERS N TE 72 BllFT—7» 51, #
WO MY 72 KA LS ATV R, BRI TOMAK Y A F AP COKEREH D EpE S Tn
%. 2006 4EE D 51, GNSS OIRIFIEE Z FIH L 2z Sk S m (OTHKE) B2 LT g
o0 HIZ, <A 7 DRHEEETOBI L RASHT . LaLuedhoslilly, KEROSES%,
1 BRI LU T OB MR RE T, REMICHUET 5 2 L I3 L Tw i,

—HTI—WEITA =1L, WRIFAERKTELL BRI 7OV TIEH E25, [A 5] FHLS )5
LERE A Z 1 BER L T OGRAECEBIN L C& 7. T4 ¥ — N E N BREMIEFT (LU NIES) % k&
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Fig. 1 Photo of the research vessel (R/V) “Mirai". The blue and red broken circles indicate the locations where lidar systems
were (are) installed: Blue is for special container including HSRL (see section 3), while red is for “Mirai lidar” in the
radiosonde container (see section 4) .

L7270V —TFI2 &k 5T 1999 E b 5N, ZO%ICHE L % < O CHEBBIMAEL S Wz UK
B4y —FHary7+z [Abw] B (Fig. 1 ) WKELZAZANVTHY), HLaryFFNIZE
L— & — 3% L FEREN S Th Y 2003 EES ST 87 MELZZY AT AZHC [AHW]
FIXVTRERT Y7 (Fig 1) WICHESEL, EMROFEMEZLTLOLEE LaWEBIIEHAL
BITL7:. IS oI RIEER» DR E LT — 7 ORI L, 2L OREZ b 72607 6
213, TRTERICBT 227 0V VLS OGO BMMIRY, WIRTREZ Z2VWEZEDRH
W2V, SR 0C B EOLLICIEBINIC BN 2 BOREY, 087505, Th b ORERE & W% 0%
A, BO ALV ETDOIT 4 ¥ —REGBHNOBA L 5.

3. TIIUTAE—ICKBKETEAI : CINDY 7OV b

[A B 12011 4, B4 ~ FETOREBRRAMEEBIN 70y = 7 M THS [CINDY2011] I2&InL
72832 Z@BEo [H 5] CINDY i, NIES 13H 7212/ A2 b V4T 4 5 — (high-spectral reso-
lution lidar; HSRL) %2 A L7-.

CINDY2011 ®FEHWX, ~v 757>« Y2 7 YIEE) (Madden-Julian Oscillation; MJO) & X % #LKRAL
L7-EZBOAL Y FETOREBBOMIITH - 7. KEAOEMOEEYE 2 155 U 72 F081 O #5522 H
5, KERKIEREEBNELO—D2>TH 7. —J, HSRL O48 0 EBHIALI1E MIO 1) =701
REDHAITH o7z, L L, MEBOEMERICBWTEE (B - i) 1&, HSRL IKEL T~ ¥ il
DOFHIF ¥ ¥ ANV R L, KERREOSE G & B R R TR 2 74 74 712l ) Fwiz, B
FOFEE, HSRL IZ 660 nm DZEF v ¥ AV EMM L THB X5 LITEI LY. 0RO HSRL ©
Y% Fig. 2 2R

Bellenger et al. (2015)271%, Z® 660 nm F ¥ ¥ A VD ZEETHE L KBRS TRICEHRL, 994V ¥
FRI D 515 5 NP R ERBE L OE L DI LT, KEETHRITHVONS [KERKES
W] QB L7, 94 5 —TRONKBERREGIE VT VY FTH LN KEKR AL & O RS R
Fig. 3 TH 5. M7T— 5 OFBEHBOLBHHMIIR —HLTBY (Fig. 3(a), ZOWHEDOHBERED &1
1~4km CTO07 U LETHo7 (Fig. 3(b)). FEE 3.5km L F TR FRAENS% DL FICHIZ 6wz
(Fig. 3(c)). TNOLOEREISIX, MHETE, I 5 —DF—N—5 v TEEURETH 5 HHKKAD
HAICBWT, 94 5 —OKRERBEIIZS V4V v FRIMEICINHS 2 0% BEOTF—5 Tho72Z &
MBhhb. W% T~ Y HELE T Z BT 2R DKM ORTH - 72205, T 0 X9 7SR E e o a5
Bl 7T —% (159 - 90 m ) %ifF L TR ONDIZIRENTH - 72.

B2 Bellenger ef al. (2015)27Tld, D74 ¥ —@BlllF— % ORI TH 5 BRI HIEZE» L, T4
¥ — BRI AL ORERZLZ, [A5W] HEOERLRKD B & B#EA T TRIT 2 1T7% > 7. Fig. 4
(@) FERVHEE (BEHL -5 -0l —THEER 4km L) 25 L2288 5014 1 K22 (G2
KR 2B 5, T4 7 —BUIKESRRGLOZILZ R LTS, ED EZRIHFIELZHEZICIB VT, K
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Fig.2 Photo of high-spectral resolution lidar (HSRL) on
board R/V Mirai during MR11-07 (CINDY2011
cruise), for outlook (upper) and inside (lower) of
the system container.

AEIRA I MABL #5805 % 1 km O K5 FETHA, SE 1km~4km O HHRKTHEMLTW5
MEOWFETIX, MIO % EORBL L2 ZE 2oV TIE, J84 - EORNISHRE T E OBk b,
FRHBERCEELZ S TVD, EOMEIREINTVES D) Z I km D22 % P35 L 72211
Thotz. ZOWITIE, FHHREIEIVZ, | DOREICH) KELFBMASERMIIRENTBY, »oE
mHFERFIIREINTWS (Fig. 4(b). ITNOHOFHERPS, FERMEICEBIT2HE km A7 — IV OKERE
bDZ L DEEGHEEEDSHS TV B I EPERMITIR SN, L1 OBEFLEOREOREILE D725
T ONE B D EIICHR LIZEE, SRR - SiESHED 7 4 ¥ —KERT - 2 HwZo
WA REITH - 7=
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(a) Distributions of the water vapor mixing ratios (in g kg ~!) from HSRL (colors) and from radiosonde (black dots).
(b) Proportions of HSRL data that are removed for being outside the range of values observed by the radiosonde (black)
and the correlation between the remaining (quality-controlled) HSRL data and collocating radiosonde-derived data
(red). (c) Mean relative difference between the HSRL-derived and radiosonde-derived data (solid) and the correspond-
ing standard deviation (dashed). The relative difference is defined as (q (HSRL) —q(radiosonde))/ [(q (HSRL) +q
(radiosonde) ) /2], where g (x) is the water vapor mixing ratio derived by the method x. Quoted from Bellenger ef al.
(2015) (© American Meteorological Society) .

Local moisture variations

Moisture anomaly(g kg_1) Normalized distribution of

04 -0z 0.0 0.2 0.4 cloud base and echo-top heights
T e ] il
1 - 1 ! 1
. b 4
®) ! —— 99/0tgi0uq
5 Yo emen Cloud bases
L '\‘ --+- Echo-tops
4 -
=
=) y
T
2-
4 . 14 o
S .-';. 3 5 T
avg. convective cloud E §g -
0+ ———F O i L
T T T 0 T T T T
-1.0 -0.5 0.0 0.5 1.0 -10 0 10 20 30
Lag (hour) Moisture tendency (g kg’1 day71)

Fig. 4 (a) Time-height composites of HSRL-derived mean moisture anomalies (colors; in g kg~ day ~!) around shallow convec-

tive cloud cooccurrences of at least 2 min (260 cases). The small (large) dots show where the anomalies are different
from zero at the 95% (99%) level. The black curve (above the abscissa) is the mean convective cloud cover (proportion
of clouds with cloud-base height lower than 1.2 km using the ceilometer). (b) Mean instantaneous moisture tendency pro-
file (8q/ Oteioud; solid thick line) associated with shallow convective cloud occurrence. This tendency is computed from
(a) on a 25-min interval centered on lag O [time interval highlighted in (a) by vertical lines] and vertically averaged every
500 m. The error bars are the standard deviation of the moisture tendencies within each 500-m bin. Also superimposed is
the normalized distribution of the ceilometer-derived cloud-base heights lower than 1.2 km (dotted) and radar-derived con-
vective echo tops (dashed with plus signs). Quoted from Bellenger et al. (2015) (© American Meteorological Society) .

17



fREi

L=ty vy rail 0 3N 15 (2022)

4. FRVTAE—ICKBKATRER L | ERRYARM EBRAICETT

B ORI Tl _72 HSRL @ [& 5\ | #ikiE CINDY fi#iER 0 TH ), A<, &t i
AT Ro CELNIES ICL B I —#ELT A ¥ —8lllD, 20134EEZD>T—HRTT LI LEL . 2D
%%%%H,mmﬁ@#%u,MMMHﬂnmmk@%ﬁﬁ%kw%%t&%@ﬁ=—ﬁﬂa{y—ﬁw
FETHI L E o7 B ﬁﬁi@@i —WETA Y — (Vo FarFFRERN) Ok e R,
P7ARE L= HTHLA L, 2229~ VBELEHl ;5m%ﬁ%M%b%HM?5_kk&o
t.ywﬁt&f&%wj74&—"i,mmﬁﬁ#%ﬁﬂ@m%%%b,&E%%LOO%E(%&
) FTEMEZHRELTWVS, KETIEIO [R5V T4 77— X 5 KEBIFEHEO3IZonTRA
T 5.

[HBHW] T4 F—D 2021 SEREETO Y AT MK % Fig. 512, FE%ALAE% Table 1 IZRT. L—%—D
PEASP1X 1064 nm, 532 nm, 355 nm D 3 P ET, hﬁ%5m®nwx%ﬁhLLﬂ&ﬁunuff@ﬁﬁ
WCHTHT 5. KETTHELENETIX, 20em BEOE@EL @728, ¥4 27092 3I5—I125-5T7
BRI ON, BHEEOZHIMAELNSL. N2 T, LHEEEHNHAD 5cmf %ﬁfﬂ%ﬁl/’( 532 nm
DEFEZRELTWA.) 2055, 408nm (355 nm FHHBICH T2 KERK T ~ Y HEDEOBMA) o)t
X 2017 FFIEBME N2 DO TH Y, THUFHIKER T~ VLI 660 nm DA THEM S LTz —
F, 607nm 38T mm IZBWTER T~ VHERETOWET ¥ Y AV EETF2. Zhick ) (CINDY #
WMRE Y > THM > SE L TWie) IRRROBE LB, 28, R, KER IV EresE
FIXVREHEDHEMSLZLICLY, FroWMEFoORBLENT LI L2 HimAZ.

ZREFTHOARBRIRELZEHLHI121E, ROLZKELFREILE, BHSNLHESTHRELOMIZIX, DT
DR EAE L 7=

Oy (1) Soy (1) Ty(r)
Ona () Sn2(r) Taa(r)

q(r) = K() (1)

APORFTEUTE2ET q() BV Y VA 2B 2554 ¥ —HERERREL, 0,() 3 HELA x
(x IARZER wv] F723%8E (N2]) T8 —AEL )0 M2 RTEE S, ) IEHEUEx 120+ 55
< BRI HELRE, T,()IEEELER x ST 5, HEAR2 S 20 E ToORAOERE, LT, K0,

A
/ | Roof-window \Mirror \Beam splitter ' Lens [] Bandpath filter

H064nm 355nm line 1064nm line
532nm

DPulse

detector 532nm line Raman line

532/1064 BE

conditioner

Telescope2
Telescopel

PC
PMT

Shutter

Polarizer

AD AD AD
converter converter Converter

(355, 2ch) | | (532, 2¢h) | |(2064,532n)
TR

i i i
(387,408,

607,660) Amplifier Amplifier
(355/532, 4ch) || (1064/532n, 2¢h)

PMT

PMT PMT

Fig.5 Schematic diagram of the Mirai Raman-Mie lidar observation system. Quoted from the supplement for Katsumata et al.
(2020) (licensed under CC BY 4.0).
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Table 1 ~System specification of the Mirai Raman-Mie lidar observation system.
Quoted from the supplement for Katsumata er al. (2020) (licensed

under CC BY 4.0).
Transmitter
Laser Nd:YAG Quantel BrilliantEazy
Wavelength 1064 nm, 532 nm, 355 nm
Repetition rate 10 Hz
Pulse duration 5ns
Power (Nominal) Illg?) mJ (1064 nm), 100 mJ (532 nm), 50 mJ (355
Beam expander DWBX-10.0-5x-1064/532, BXUV-10.0-5x-355
Photodiode Hamamatsu
Receiver
Telescopes 20 cm diameter telescope, Celestron C8
5 cm diameter telescope,
Detectors
1064 nm Licel APD-1.0 (MR15-04), APD-3.0 (MR17-08)
532 nm Hamamatsu H10721-20
355 nm Hamamatsu H10721-210
660 nm PMT, Licel R9880U-20
607 nm PMT, Licel R9880U-110
408 nm PMT, Licel R9880U-113
387 nm PMT, Licel R9880U-110
Recorders
A/D converter Turtle TUSB-0261 ADMH
Transient recorder Licel TR40-80-12bit

Oy () Sy (1) T (1)
Onz (1) Sn2(r) Tya(r)
Ratio (SR(r)) &#i9 %) # KESKRALIHAT L2008, TH5.

SRR HHRICBOTIE, TF [ALW] 545 —DRELRBIICNTENR7+ =<V AZRT &
ZHME LT, BMZYHBREEKL, T4V U FEINKERE 54 7 —BIIMEZ 0 EhbeRrt2
LT q RO, ZONIIUTO3IERICHTONS - (1) BonBlEETE vz SR OREH-1
VWS ORL, (2) IYVF VY FTHIM S NAKESRREI (¢ &, HREHO SR £ DT % v
7z, Ly VHiEEEO K()OFM, FLT 3) BN K@)EHWETO SR1ELD q OFEH, TH5.

WE (1) 1I2BWT, XHFD S, (NI, FEF X P RVONEFHT > MWz, BROMEOBIZT< Y K

I—HEOWM G OEFEHVDL2O, &ETOF X Y FNVDF—% %L IHEBHINC30mBEOT— %12
B L7, $TEIPO TR RETREDT—5E LT, UTO200RkMERTLOEMHHRE L
2o 1R TEF 10U ETH AL, 91201 (SYVETRAELZRKEEZENICHER )
BEISkm UDEO T 2 W RETLAML, ThIVBVWESTHE L, THD. TRETIIEH
HEEZEICE L, S 4 280 T 2 HERe SR 0B A2 EE L2 IS, 1064nm F v ¥ A IVD I —
HELE S CTERWMAFAET L L eI N/ L v VHBDED 7 — 7 2 WER S A L. (01, 2
KEADZMHBERED HEM L7z, KAOHERS, B#EAKT — 7 X—Z CIRAS6P 2B L, [A5
W] OWE - BN ERRELTRD 2. FHEEOMEMALDOZ, Tn() DFHE TR 7T O VK ERADBEILE
LA Lz ox(id, KREREEBRZTHULMETHLZE, Thbb, 0,0/ 000 =1ZKELL. =
NEOHMALIC X ) M S N BEROREL, FEHICER SIS KW)ICEHRBICE TN, L HE L.

wE (2) ToOKP)OFEMIIE, EHOF—-5 2Lz, A5 —F—%1%, SR(» %, KERJFIIIC 10
S, LY VBRI 20m OBEITEE L), A4 AR EE. ¢(DIZOWTH, A5 —DL
VYWEE R FEAROBEIEEUE L L. 0 q(n) & () OMAEDERS K()ZHIB LA K(r)
3T VF VY FOBRBSEAET S0, KLy VMBI K() ORI Z RS, ENERRNR K

B SNTKBER I Br BRI~ Erolt (GlokEiks LLUF Signal
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(r)& L7

WP (3) TIE, B (2) TEHLAZKE)ZEHWT, SR Z ¢;(n)ICEH L7z SR()IE, EEREJFIANC 1
S, Ly VHEES AN 30 m OFEPHOFIHMETH ), EIRED gl(r) b H CREER S HETH L. D gl
(r) %, 1/8 BHICHBIM N TV S HARER 2 B LS EANOZIREZ AT, R ICRZZH T o FEt (R
B IANC 10 400, SEEHINC 120 m OFPH) %477 o 72, LR, SR EH#EHo 7 — 7509 5
2/3DHN % qi(r) DFE DR, FLEDO 7Y v FICEMT— % 25272,

PLEoWLE % 2015 4£00 MR15-04 fitifF, O, 2017 4E D MR17-08 it i O B 57— & 126F LT L 72.
EH S 0HiHED, AREBIHIRILAE (Years of the Maritime Continent; YMC) ¥ OBl & LT, 1 ¥ F3
7 - AR DI EBOWRMETE_BS N, TOM, [AdWV] F4 57—, KO3 MREDT %
VY FEIN AR & a3,

g DEBIHEH LB — % oI, Bk &% Table 2 12RT. ¢ l22WT, ARTIZLAE, 532nm 3%
BWITH T2 660nm KER T~ ) RUT60Tnm (BFEI~ V) OZRETEHVKERKRGLEY
qis32. 355 nm EEWITH T 5 408 nm KAEKR T~ ) KRU387Tnm (BHEI~ V) OZEETE KA
RBBIE quss, EFNENIERT 5. MRIT-08 flilETlX, 42D I VY EFZEF ¥ Y ANV ERE S &
TBY, qisn LW gpss DWTZ2HB L7z, —77 MR15-04 Tl 408 nm F ¥ ¥ R )V S RIEN 72 5 72720,
s DHREFHH L. 72, 74 ¥ —BINOSE S HRED AT - F v Y AVBICR RS, —F, FEHEL
THWE IV 7h, WHECHEH LR R > TwE, 20254705 %Y v FHOME
FEDEIXH 2% TH Y, AHMED 1% RBhb. ISR EA KON, HiEe WkEEICT
Zolz. K(r) OHEBIIE, HERBHICBGE SNV F VY FF— 7 28 THM L, BEORKILZ K-S 7.

Table 2 Summary of data used to estimate K () and to compare ¢; and ¢,5. Quoted from Katsumata et al. (2020)
(licensed under CC BY 4.0).

Name of Cruise MR15-04 MR17-08
Period for the analyses in the present study g(;V(ij;s) Dec. 17, 2015 Ezvéj}?s) 1Dec. 13, 2017
Lidar data Available ¢; products qis32 qi532, 41355
Number of profiles when | 92 56
qi is available
Radiosonde data Type of sensor RS92-SGP, Vaisala RS41, Vaisala
Nominal accuracy of | 5% 4%
relative humidity 2

Data after December 13, 2017 are omitted from the analyses in the present study due to insufficient quality of raw
data from Mirai lidar.

2 According to the manufacturer, as in Kawai ez al. (2017).

T4 ¥ —HHOKELTREILE, IV TFBANOZNERK TS, FTET— 7 2HAKTHRKRL7:
DM Fig. 6 THAH. MRIT-08 IZDWVTIE, qisin quzss DM, HIBREIZHR 09, ZFFIH# (RMSD)
39 0.5 g/kg (kD) 3%) T o72. T RMSD iE MABL N KERDZ2RIZET3 L MEETH
D, SVFI U TFEITA =L DKM BETREORBSIVHHTELEEZS5ND. —F MRI5-04 D
qis2 13, M BIAR B4 0.67 12, RMSD 13 1.2 g/kg (#fixf & D # 7%) Tdh o 7. T O fiL il g 0 7413,
MR17-08 fiLifE D )5 2347 — & DSRERREI M <, 1 HD ¢ ZHNT L0 flibh AT — 5 O¥r%
W O(HAEER T2 SEEREEZONL. —), EROBESMERLIZONFg T TH 5.
MR17-08 {22 WTIE, 355 1 EFE 0.85km FEEFE T, ¢usp IEE 045 km BE T THONTWD. HLiEI
HFONFH 7% MABL OJE E130.6km BREF TTH o 72, FOEEHIHNTIE, lgi—q.l 1307 g/kg LT
(s m D 5% LLF) I 5N TWwbD. —J MRI5-04 D g53 ® RMSD 12 1.0 g/kg FEFEDL F & 2 5 T
7. HL, WFho ¢ IZBWTh, B2, TAREZTALN D)o 7.

BT =5 L EHGLOMRE AL 720, F—ARAY 74 2174 -7z (Fig. 8). HBITRLAZEH I
qnss (Fig. 8(b)) D F DS g5, (Fig. 8(a)) XV IRREEFT TTF—IHBHON TS, —J, WlhTHilic
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Fig. 6 Scatter plots comparing lidar-derived water vapor mixing ratio ¢; (in ordinate) and radiosonde-observed one ¢, (in
abscissa). (a) g;53> for MR15-04, (b) g;s3, for MR17-08, and (c) g;3s55 for MR17-08, respectively. “points”, “RMSD”
and “cor” stand for number of data points, root mean square difference, and correlation coefficient, respectively. Quoted
from Katsumata et al. (2021) (licensed under CC BY 4.0).

12-14 UTC 3L &, 20-22 UTC LIS, ¢ DSBS RZ SN TWD
T3 14 UTCHHETIE, MABLINT® ¢, KREL %D, 20 ¢ OEWEDIEL > Twh. 14UTC DA
ETFT— I RUWATEE TV L, M ENEFTTIENEZBRAL TV, CAEBRECELEZNEI &
E-BARCELEREEZZONS. ZORMBTOBIER (1030 UTC H~1400 UTC H), SimOMKT (Fig. 8

(c)), W - K#ELAEDO LA (Fig. 8(d) »#dH Y, FOZALORNE - HTEZNIZEAZEL L Tz (Fig.
8(e)). INHLNH, ¢ TR LN 14UTC HIEDEALIX, AV AT — VTR AERE, Thbba—

VR T =)V OuOME#EIZfE) LEZ HNB.

—Ji 20 UTC i 8 ClE, ¢ 28— HRIHL 721, 1R EICH25 T g »MET L MABL 25EKLTWw5
(Fig. 8(a)). ZIBMIMIZ, VI —HELY 7V (Fig. 8(f) & LTRSS ZIED, B 0.7 km LD
DIRAICESICHET 25 4 IV 7Y L, 72, BHOWltROY 7PV E LTHRAISNIEND RO
(B3 LRI CO RS hTwa (Fig. 8(d))). M EEIITIE, [EOKT (Fig. 8(c)), KELRA
WoMT (Fig. 8(d), ZLTRHEO LA (Fig. 8(e)) PMASNTWVD. &l & KEXARA LTI EOHE, ¢
DMAE L MABL ODSFHURED BN X H127% 5 2130 UTC B E I TWw - D ERELE. Zog D
W, Tasw] BROBERE L — 7 —Wifgcid, JLl-sEahmcfo s iR Bk o L2emne, 2ok
(PR 1R 5 EIRMER KA R SN2, ZHhSBIHT— %55, 1900 UTC B~2130 UTC B D ¢,
DT, AV AT — VKT AT A2 X 2 KADSER G- THEA I F CFRE L7 Loz #h2e
B RWEIEFEZOND.
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Fig. 7 Comparison of the vertical profiles of water vapor mixing ratio. Panels in the left column ((a), (d) and (g)) are for the
averaged profile of g; (red) and g, at corresponding time (black). Panels in the middle column are for the g; — g,s, as in
the average (thick black), average + standard deviation (gray), median (thick red), and 1st and 3rd quartiles (thin red),
respectively. Panels in the right column are number of available pairs of ¢; and ¢,,. Top panels are for g;s3, in MR15-04,
middle panels are for g;s3, in MR17-08, and bottom panels are for ¢;355 in MR17-08. Quoted from Katsumata et al.
(2021) (licensed under CC BY 4.0).
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Fig. 8 Observed time series on Dec. 12, 2017 (in UTC). (a-b) Time-height cross section of lidar-derived water vapor mixing
ratio, for (a) 41532 and (b) q1355- White color indicates the location where data is unavailable. (c-e) Surface meteorologi-
cal parameters obtained by instruments onboard R/V Mirai, for (c) pressure (blue) and temperature (red), (d) rainrate
(red), relative humidity (blue) and water vapor mixing ratio (green), and (e) wind speed (black), zonal wind speed
(red), meridional wind speed (blue) and wind vector at every hour. (f) time-height cross section of the normalized
backscatter signal received at 1064 nm. Quoted from Katsumata er al. (2021) (licensed under CC BY 4.0).
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