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Study on physical and optical properties of cirrus cloud using satellite-based
imager
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In order to capture the spatial and temporal variations of the upper clouds,
which play important roles in determining the radiation balance of the earth, we have developed
methods to retrieve the upper cloud properties from the satellite data. Variations of cloud amount
and optical and microphysical properties were investigated. In the tropics, distribution of the
optically thick uEper cloud is well associated with areas of high convective activity. The
distribution of the cirrus cloud spreads to the higher latitudes than that of the convective cloud,
and the cirrus cloud distribution also fluctuated corresponding to the seasonal cycle of the
convective activity. The interannual variation of the upper cloud is closely related to the ENSO. In
addition, we developed a cloud analysis algorithm using the Himawari-8 data, and it became possible
to capture the temporal variation of clouds with frequent observation of the Himawari-8.



M X C—19,. F—19—1, Z2—19,.

1. WFERHMA YW DO R

(1) BEIHERE T O 30%%2B->TEY,
HIER D J SIS 2 s B b CE S A A E &
RIELTWD, BEOMDPERE, FrlR T
P A RIS e > TERETHY, ZD
SRR OLBERIT IR S TY
eV, REFAOBNNIC AR T —% 0
FIRANARAI R TH DD, HFECHENEES
B 2 RO TR 5 72012, ARAMEL & T
WA FEOEANEEND, FIBINOHE
T X T L C EEEO R ERE S
HOEMCT D2 LT, BEDOAR - MR -
RO HEHE L R OB L OV E T
ETNMZBITHEORBOKBITHENLD &
s 5,

(2) 7=, RO L T, BAROF I
HERBRBEBINHEE O DY 8 51% 2015 £ 7
ANGEHBTEThH-T2720, OFEDDY
S8HEDF —FEZHWEEMFTT LY XL
DERFELERBETH -T2, OFEbY 85D
SN RERNC K Y, kX L EBEDE
FEEHEE D IR S LT,

2. WMHEOHM

(1) ABFETIX, NL#ERICE#HIN-ZT
Y URNMA A =D I DBNT —F &
WC, EORMEAMMT 2 EEERT LT Y
R LwBRA%E L, HERBIG RO RS 2
OBMT — 2 OMHTICHEA LT EEEDOY
B RO, HEL, FEIAE), £
EEIOEEZHOMNZTAZ A HEE L
7.

3. WO ik

(1) EOHEBNTEIIELY H DN, Kotz
FAWNWD FIEIFFICEZ0BANCE LTS
7=, EFIIRI 3 AN REHWD FiEL
W Aqua BHEHEEH ATH-RIA A —T
MODIS O F — Xt &#1iT>7-, LEEDOWY
B LR OB, FEIAE), FaX
B & AT L7z,

(2) £/, OFEDLY 8FICL VB LN DR
D8~10HDLF v v RN DF —2 B LOE
TIVEENT T — 2 %% VT, EORHEL
HT 2L 0EELRT7T LT XLADOBREEIT

o7z, BB O R BIHER & i L

T AN A RRGEE LTz,

4. WFFERRE:

(1) RIS AN Rt 7 T ) RLDOBER -
MODIS @ 3 DD RN FEI N K& V=%
EOMHT T T RAOLBEITV, ERpE
OHEEMEZZW CE D Lo Lz, KEM
Loy, WEHIRED QLo i EE L
T MODIS @ 8 H Xl % B & & hll %< IZ W%
ZElllz, RIBEBEDT T T 7 A NI
WTTIE KA — & 7> B[S & 22/
OWTHHIT S Z L2 LT, KBRS % T

CK—19 (Jtm@)

WAMOTFIELLERD L, HFMITHEWVWED
WFEE LS T TETRY, BEOHMAT
Wi L CW D HEIHER I, BIED0,
FUNKRFZOREERI Y v —2 HNTERD 5
NP B E M & O oAb KR T
AT X —ICL2ZEEGELOLE %
1TV, BEWREREET,

(2) RIS AN BTN TY XLITLD
BEOMN : EFR () THRB LT AT Y X
L% VT, 2007 4E 1 4E[] o MODIS O F — &
TIRMT L, BEEMEO MBS AN & ZE L)
ZHONC LTz, ZOREE, BEIIFHICE
BT HBLL, R T BB S
S 7c, BNEHECCIE TS B OO 1E 36 72 HUs TR
FEME L, FROEFEMCE W EEEETR O S
MELEZ LI, BKEDOZWGHTE X <%t
s LT e, e ity Bl OV 76 70 LT IR D
FEABICRE LT, BEOSMHEEHL T
Wiz (K1), 72720, SHEOSAMILED &
BEOSAAEILE Y @S EEMIZ LA > TV
7o ERIARE O ELEIZH 30 pn T
by, HMEBNIZX2BEOHIE HIFIT—
LTz,

0.30
0.25
0.20
0.15 1
0.10
0.05 +

000 =11

90 -60 -30 0 30 60 90
Latitude (°N)
X 1. BEEEOMKESAOZFHZ 1 A
(JAN), 4 A (APR), 7 H (JUL), 10 A (OCT)

Cloud Fraction

(3) EEEOREMZEBMHNT - MODIS DT — X
fEMT S AT L& HVT, 2003 4E D 2014 4E
D Aqua &S MODIS 7 — & OFEMT 24T\,
BTBUHE L SN X ORELE A S 9N
L7, FEEOER L EHGEOLENIEE
WOXMWEBHSLT L =—= a3 FIEH
(ENSO) & BHAZHERSOWTE Y, 124FE/- D
Ly Ry o—= g HESO FL Y R
I R EN TWa Z EnREn, &
2 A4 FIZ X 5T ENSO & BRI EVD R
LTz, NFHNTEWEDE B IEEICR
T ENSO & mWAHREZ R L, BEITHIME
DREDIZIEN > TWA T, BUFINERE LD
T REE P AR~ R 78 > 7= fE38C ENSO & &Ml
BNRE STz, KPR NEDETE S X
PEER 2> B FER O ARSF-PEIC ENSO & i W EES
DRSO, BEITE S AEER)E D T
ENSO & W HBERS B S 47z, ENSO 1Z%HS L
= ETHIEE OZEAL & IOK AR R L A
LTz, T L7z 12 SERitRk kIt T =



—=x [ZEPIEBN D o727, B OE
BEEHEEEIZH ML KRR LI, ENSO
DIEED 15T 5 Oceanic Nino Indixe
(ONT) Eiﬁﬁ (1) DRSSk T
X EEEEEM Qi) EHmThoTm,
BN ORET — &2 RN LTSS, Buiigo
A ERDOEDEE &6 L TEH
L Cuwie,

(a) ?:T'r%'

X 2. EMT S AT LIS K DB OE RO
Hrvl

4) Oxbv 85HOT7 /LAY XABFE : &
IERSHEO OV 8 Sf# Al OF —4 %
HWTEOMITIEZIT 5 72D, Eilko (1)
DT NTY ALEYFEL, RAHKDO8~1 0

oAy FEHWT, ZEREZ2HEET G
A EMHMN > A 7 A (Integrated Cloud

Analysis System; ICAS) % H7=IZBA3E L 7=,
ERAT 2T v v R EHERLT 2O, RIMNE
EHOBAMEE S E P OEBEICHRT S
T U= RETAERRE LI, ZOET VI
FVEZEESCKERELVIRFHREDIRIE
ERBTEXDH L7 oT, LEOWHE - ¢
FRHESCIEESCE S, HRRRDORBEES
MFEIREEOSTOERICERNT 5 EE

LT ALREE FEMICAHEST 2 2 & T, &
WEOMENTEHEICL, 2HOENE
2o TV DEH ORI L FEOHEE, KEL
IREDHHIATHE L 2o T2,

IR IZ MODIS (3@ L, MODIS fZE¥E~ m &
7 FEDHBIZI D RFEEZITo 72 (K2), 1
WXy NEHE LT, ICAS W5 &)
FHEWEOETEREESCLFREEZ LD E
MEWCHTEARETHD Z ENRENT-, £,
Uibws%@%ﬁﬁﬁwﬂgﬁﬁ@g@
BRI E L AR Z B0, NE— /Ny F
TS EBFFEEZHRE L, EEAE
WX TEOBENE D20, BEHEHEIC
Ko THRRDZ\ERIZHTT, ThEhDE
EM A2 EBNCIB T2 X 5 1C Uiz, B L
D KB A 56t i 5 DFENT 21TV, FEAED
DI E CEMZBIIL, ERESHFEME
X, EERESR ENEL L T DR R
ZbNl, TNHOFETILEHZOEDY 85

OEBEBNT —2 2 Wi, EIA4 794
IR HEALDIR NSO EHIFRF S LD,

5. ERFRERLE

GdEEEamsC) (B 5 1)

(D Saito, M., H. Iwabuchi, P. Yang, G. Tang,
M. D. King and M. Sekiguchi, Ice
particle morphology and microphysical
properties of cirrus clouds inferred
from combined CALIOP-—IIR measurements
Journal of Geophysical Kesearch:
Atmospheres, @i, 122, 2017, DOIL:
10. 1002/2016JD026080

@ Iwabuchi, H., M. Saito, Y. Tokoro, N.
S. Putri, M. Sekiguchi.: Retrieval of
radiative and microphysical properties
of cloud from multispectral infrared
measurements. Progress in Earth and
Planetary Science. &wif, 3:32, 2016.
DOI 10.1186/s40645-016-0108-3

® Yamada, K., T

. Hayasaka, and H.
Iwabuchi:

Variation in Radiative
Contribution by Clouds to Downward
Longwave Flux. J. Meteorol. Soc. Jpn.,
& @t A, 924, 2014,  125-140.
DOI:10. 2151/ jmsj. 2014-A08.

@ Bi, L., P. Yang, C Liu, B Yi, B.A. Baum,
B. van Diedenhoven, and H. Iwabuchi,
2014: Assessment of the accuracy of the
conventional ray—-tracing technique:
Implications in remote sensing and
radiative transfer involving ice clouds.
J. Quant. Spectrosc. Radiat. Transfer,
* @t A, 146, 2014, 158-174,
doi:10.1016/j. jgsrt. 2014. 03. 017

® Iwabuchi, H., S. Yamada, S. Katagiri,
P. Yang, H. Okamoto: Radiative and
microphysical properties of cirrus



cloud inferred from the infrared
measurements made by the Moderate
Resolution Imaging Spectroradiometer
(MODIS). Part I: Retrieval method. J.
Appl. Meteorol. Climatol., &#if, 53,
2014, 1297-1316, doi:
10. 1175/ JAMC-D-13-0215. 1

FaRR) G 151F)

@O EW GLE - P &5 - 7R HEBR - Nurfiena
Sagita Putri « J#il FH—H8, B0 Lk :
OEHLD 8 %@ﬁﬁﬁf%ﬁ?ﬁﬁf Z %

“EOMNT, HAKSR TS 2016 FHRHIK
2, ENLA Y vy JRREFEVEREE S
X — (RR#R), May 18-21, 2016.

@ &M 5LME - BT 185 - R %EEL Nurfiena
Sagita Putri: OFE 4V 8 5 5 EEELH|
T2 EHNTKEDTA 7 A 7LD
fiERT, HARKGF2 2016 FFRKIIRS, 4
HRRKFHLF ¥ 82 (BmE4L SR
i), Oct. 26-28 (26 H¥F) , 2016.

@ AW GLE - P &5 - KR HEBR - Nurfiena
Sagita Putri « Jfil #—B8, B0 FEfx
Uib@S%@?w&%mwtmﬁﬁm
%ﬁ ARG 4 2015 EFELIRE, o

IFEBSEYS (KRS EH), May
21-24, 2015. (AEH)

@ Iwabuchi, H., Y. Tokoro, M. Saito, N.
S. Putri, S. Katagiri, M. Sekiguchi:
Retrieval of multilayer cloud physical
and optical properties from infrared
measurements. The Sixth Asia/Oceania
Meteorological Satellite Users

Conference (AOMSUC), 9-13 November 2015,

Tokyo International Exchange Center /
Plaza Heisei Meeting Facilities (B
#B) (Oral)

® Iwabuchi, H., Y. Tokoro, M. Saito, N.
S. Putri, S. Katagiri, M. Sekiguchi:
Multilayer cloud detection and
retrieval of cloud physical and optical
properties from thermal infrared
measurements. AGU Fall Meeting, Moscone
Center, San Francisco (USA), 14-18 Dec,
2015. (Oral)

® Iwabuchi, H., Y. Tokoro, M. Saito, N.
S. Putri, S. Katagiri, M. Sekiguchi: Ice
cloud analysis using Himawari—8 data
Invited (A-ASO1 Advances in Atmospheric
Remote Sensing Techniques), May 27,
2015, Makuhari (Chiba), Japan
Geoscience Union Meeting 2015 (H ASHA
BReXERL R A 2015 4R K4Y), May 24-28,
2015, Wk A v EFRSEY: (THERAR
i), (Oral)

(@ Iwabuchi, H. and S. Katagiri: Cirrus
cloud properties inferred from
multispectral imager and lidar
measurements. AGU Fall Meeting 2014,

)

San Francisco (USA), 15-19 Dec, 2014.
Iwabuchi, H., S. Katagiri, S. Hioki:
Cirrus Cloud Properties Inferred from
Infrared Imager and Lidar Measurements.
AS48-A018, Asia Oceania Geoscience
Society 11th Annual Meeting (A0GS2014),
28 Jul-01 Aug, 2014, FLIREFR=HES (L
WEE ALIR ) .

Iwabuchi, H., S. Yamada, S. Katagiri:
Cirrus Cloud Properties Inferred from
MODIS  Measurements. International
Conference on Clouds and Aerosol, June
16-18, 2014, Nanjing (China) (invited).
= BME ¢ il BB - AR B —ER:
mmsfﬂﬂ/%w6%mbtm%£
FFTAIMEE. HARKE TS 2014 FFAHIR
&, fa i [ER S (R %), Oct.
21-23, 2014.

EWEME,  EE RS, BYCER, A
F5—BE:MODIS ZREM N RBiEH L7 %&
EDORMEO RS, HAKG S 2013
FEHFEZRKE, 201345 A 15-18 H, [ET
FV vy riaT ERetE 2 — R
A .

Iwabuchi, H. : Radiative and
microphysical properties of contrails
IFAR Alternative Fuels Workshop, Jul.
18-19, 2013, Washington, DC (USA).
Iwabuchi, H., Satellite remote sensing
of cirrus cloud optical and
microphysical properties: Climatology
and validation. Fourth Joint Project
Meeting on ”Interannual variations of
upper tropospheric humidity (UTH) and
radiation budget over the North Pacific
High”. June 10, 2013, Tokai University,
Space Information Center (TSIC) (REAIR
REATT) .

Iwabuchi, H., S. Yamada, S. Katagiri,
P. Yang, H. Okamoto: Radiative and
microphysical properties of cirrus
cloud inferred from the MODIS infrared
split-window measurements. AGU Fall
Meeting, Dec. 9-13, 2013, San Francisco
(USA).

Iwabuchi, H. and Yamada, S., S.
Katagiri: Retrieval of optical and
microphysical properties of cirrus
cloud from MODIS infrared window bands.
The 3rd International Symposium on
Atmospheric Light Scattering and Remote
Sensing (ISALSaRS’ 13), 2013.7.29-8. 2,
AHRRY (B4 ET).

() GFofh)
(PESEIA PEHE)

OIREL (G0 1)



LAY N
FE
HERF
FE¥H :
Ha
HFEFEHA H .
E N DRI

OBkt (G0 1)

SHRE
FE
HERF
FHAE -
Ha
IAEFAH
E NS DRI

(£ Dfh)
R— b= U

6. WFICREAE

(D) A RFTE

S 3L{E (IWABUCHI, Hironobu)
WAL KT - RFGEHE PR - HEHZ
Woe#EFE B . 80358754

(2) B 5E sy 3
L

(3) EHEEF I

B B (HAYASAKA, Tadahiro)
Wb KR « RFPBEEVFEIFZERL - B
BFFEE &5 1 40202262

A4 Al (OKAMOTO, Hajime)
JUPN R « S 15058 T - #d%
BFgeE &5 1 10333783

Frfl F5—BEB (KATAGIRI, Shuichiro)
ALK - KFBEEFR IR - SN E R
WFgeE &5 1 20358724

(4) WF5E i 17
L



