H3E KMEOH I

(Cirrus observations from a ground-based system)

3.1 BMEHE. &SLUHABE
(Purpose and method)

BEREDKGE (LT, BELBHF) 3, #R—RIROBHINZ DA LT, HRE L
DORNFIC & > THEERBEZ I LTVED, KEYRT 20H TR - Tt WER
D—DLltoTwb, BIL, BELOEECR T, BEIEER L L THENE Y 4 — F
Ny JERARFEOLEIL LR TWABY, TOBMXOEBRIUO T T THD, HBEX, —RICHT
BEMEL , FREOCFINCHE L, THY R X OFRIMRCHE LCEEH, FERETHS &V 58
DD, BWBECHIATAZ LEDVE T, TROKELZRE: - MO EY
30, £ LT, ZORMHRE, RIETHREFEIN TV WEZOEWEREE OKGDOFIR,
BROM, BERLE) Wl EKET S, T, BEIFERBOKELLH > TWBZ LD, B
BROEFALEEORELHL LT3,

fs, BT, BEAGRE, BRIVOIRBEID L IHBEHOEEI DL
%, HFEC D X 50 ey AV EERN (BliiX, Heymsfield and Knollenberg, 1972 ;
Paltridge and Platt, 1981 72&) ®, 54 #— (BlziE, Platt (1973) & HFC & 5 —HEHOWFIE)
AR L ENSDY - MERARTbh D X 5ot LA L, fEROBHEITIE, Y
EBHORBHIEDHNL, XhdTHR\, 2D L 57z Ehb,  SUERBLE BASL X OBk
ThAfh Eh7c WCRP/ISCCP BI#E D [ZE—Bui] ERBAK IS\, BEILBHOEERR L
Ro T %, ,

APRCEHNTEH, BEHHOEREBUIGIE Iz, RREMWI-Z2OFI 1 OM-TH
H, =2k, FE2ETHRNLHBPEROREIH LS TR - FROBREL SR L LcHize
BBERTHY, 503 L5 EESENS R FBOEEY L E Licl EBRITH
%, ZOBIE, KEWRENCT, BRTV VT, 48—, SERSHZEGRIREH
RER X b, BEWRCHES BBEL EPREOKGE OB B R & B R O R KRB
F—2kBHILEXANETS, i, BREEELICE XX, NOAAFREODT — 2% INE - B

¥ KB §EBRFEZ - AL - ERER - BREEES
BRTFV VT D REEE - N EIER - KEF & - (LBEFA
T A4 F AR B KT - BEABCC(1990FEN D) - B B (1989FE ¥ T)
skk EBEFIE— (S. Asano), WILBE{E (A. Uchiyama)
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WL, BENLO LAZBHOME LTS, REBENOBCELI T — 2y ML, BED
BEHENEER P SN T B0 T, BERER LD FORRSMENFEELTA57D
DYE—+ - VY VF 4 v OEMNEROEEREER L BB,

EEOH HEHCHE LcRgs - BIHEB % Table 3.1.1 1% i, BRTF Y VT HYVIS,
LIfiZR) 3, Z2EOBPHECOWCOBRRYEEB L Z Ly BN LK Y v T ThD, 7

Table 3.1.1 Instruments for the ground-based cirrus observation and measurement
elements.
ST
Uk sk fE (D) shamEE
EHRTF/ Vv KU, B, REE, KEK R,
(HYVIS) KEDHERE, wEsHE OkROK, 4 1 X,
' K& ¥, kKR)
Lider
S [5:853 fER AE (Fi) shayEEg
VE—54 5~ 694.3nm ® A AEL R FE - ZEEE, EF,
YAG 54 57— 532am RLRHE AL DHFHE &
7KiE & KEE DK,
KB DORFKE
Radiometer
ik [:823 AER AE (i) shayEag
SEEZEHNET | 368nm, 500nm, FEEDOZ <7 v | KIBBH Cxd 2 ¥R &0
(sunphotometer) | 675nm, 862nm 51 ‘RS
bR HHE 0.4 ~1.6um SREHT I 72 | MRATORBBEINET 5 »
(R REBEE) 7 Z
7 — Y TR 800 ~ 1200cm ™! | FHRAKH R <7+ | RABFEB O G HE
FRASEERT Ao 10um B O EFHE &
(FTIR)
RABSEERT | 9.5 ~11.5um FRABHOKGHE | BRBEOH TR XFNE S
BEREE EOWERE
EXRHHE 0.3 ~ 3um SRAF7 757 2 | MRETORBEH 7 5 » 7 2
EF N CiE 5 ~ 50um RFABH7 7 | MRETOFRABKHT 75 v 7 2
7 R
BRI AZ ERENT EEDOKF5
wE
NOAA AVHRR, HIRS | Al g0 A O K R
' ROV RERE RABBROG R - AENE
EOF: i) '
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774 7Y E= DYV Y IDFRCTHSTA X —OMME, B - RERE, WHEOKFH
BI#EHNCEHETEL X ANCLTW5, HYVISHADFHC LW IR LT, 5
1 X —BFEGENEREY 52 T hb, KNS, SHEZEHT (P74 b2 —2%
(sunphotometer) % fiH), XA KAHE (BFHEZOH MCP, LAHER) »HR), &
A NOEER (FTIR), FRABEHRERT, £ XAMH S L OLRBHH T 1D 5,
BEOH LHHENE, FF (5 A~6H) LMFE (9A~11A) HBAMEERELT, kD%
HD L LT -1,
@ BXTV vV FEUNTREIAS D R ORBRFLET S,
@ KENEZCRBbhTH5,
® TROEOEEMNS5/10LLFTHS,
L, B, BETIEEREA0V —F VBIRIOREEC IS\ X 510:00~14:00,
16:00~19:30 (JST) wHilRIhiz, BUAEHET 2 & X1k, ThELhOFIBRT X 5 BHHER,
GMS © WEFAX 1 X 2EDRE, NOAA # 2 DML % Hik L&V s LB R T - T,
K S B A & AT E OWERHE Table 3121 R Lic, BRT Y Y731~ 20/ 18

Table 3.1.2 Observation date and time.

Instruments Date (YY/MM/DD) and Time(LST)

1987/12/11 | 1989/06/22 | 1989/06/30 | 1996/10/29 | 1990/11/01 | 1990/11/19
ERHF/ VT 12:11 ~ 11:05 ~ 10:44 ~ 16:58 ~ 16:51 ~ 12:05 ~
(HYVIS) 12:54 ~
544 — 10:14-14:06 | 08:50-09:22 | 10:22-11:26 | 15:58-18:24 | 15:29-16:55 | 12:07-12:31

10:30-12:10 | 12:39-13:28
14:36-14:54

SEEE A — 09:00-12:59 | 10:26-13:59 — — _
(sunphotometer)
skeXREgE —_ 09:00-12:59 | 10:26-13:59 — — _
(MCP)
ooy sestmat — 10:45-13:15 | 10:45-13:50 | 17:00-18:20 | 16:00-17:40 | 11:10-13:30
(FTIR) (5 £30E) | (5 2FBR) | (10 SRR) | (10 2RIFE) | (10 S
FRARE BT — 09:00-12:59 | 10:26-13:59 | 16:03-18:31 | 15:56-17:42 | 10:37-13:46
XM — 09:00-12:59 | 10:26-13:59 | 16:03-16:45 | 15:56-16:40 | 10:37-13:46
LXK g — 09:00-12:59 | 10:26-13:59 | 16:03-18:31 | 15:56-17:42 | 10:37-13:46
NOAA HE NOAA-9 NOAA-11 NOAA-10 | NOAA-11 NOAA-11 NOAA-11

(14:51 ~) | (13:03 ~) | (08:21 ~) | (13:44~) | (13:10~) | (13:12~)

NOAA-11 | NOAA-10 | NOAA-10
(13:29 ~) | (17:55 ~) | (18:26 ~)
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W, 51 &=k 25~%5HE, FTIRIX 5 4 % 72X 105k, SEBEFHI200MERTT — 2%
BB L7z, NOAABEDF — 2%, BHRENE 23§07 — 2 2 NE Lic, BT — 2 DL
BURPLIE, Table 3131 % Lt, ORMMEESR, AIRAE, —3F - 2ELTH5, T4
X —0D1990%E11AI9HDF — 2 X TRBOEENEL, BLAET =21 BLR TV, JXE
K BEFHIMEEIE D LD L PEEAN QLR Y F 74T o Ty, FRAVBEHRERHE—50TC
BIF I T X 7\ 2 b 19904610 H 290, 11A 1 HOF — 2 O—TER T — 2 ThH 5. 19904F
10A29A, 114 1 BiX16:00 (JST) WX OBATHZ D TRFTHER LRV ERHHT DT —
23R L&,

IFAZETIE, 220 FEAOZARCOVWCORUERLREZRL, TIrbB80h5HEE
DEIRIZOVT, AN LIckER 2R T,

Table 3.1.3 Data status.

1 Date (YY/MM/DD)
nstruments

1987/12/11 | 1989/06/22 | 1989/06/30 | 1990/10/29 | 1990/11/01 | 1990/11/19
ZHF/ VT O O O A A A
(HYVIS)
545 — O O O O O O
S CEEE S ET — O O — — —
(sunphotometer)
nELEREHE — AN A — — —
(ZEREAYE)
AR — O O O O O
(FTIR)
FRARGHRER — O O O O O
£XREHE — O O ] 0] O
2RBEET — O O O O O
NOAA #HE O O O O O @]
QO : calibrated data, A\ : not calibrated data, — : no data
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2 £ X ®

Heymsfield, A. J. and R. G. Kollenberg, 1972 : Properties of cirrus generating cells. J. Atmos.
Sci., 29, 1358-1366.

Paltridge, G. W. and C. M. R. Platt, 1981 : Aircraft measurements of solar and infrared radiation
and the microphysics of cirrus cloud. Quart. J. R. Met. Soc., 107, 367-380.

Platt, C. M. R, 1973 : Lidar and radiometric observations of cirrus clouds J. Atmos. Sci., 30,
1191-1204.
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3.2 BNF TR
(Microstructure of cirrus clouds observed with HYVIS)

3.2.1 FLHIC

LEER, HEROBS =X A F - IHCELBIR LTS, Tibb, BRI, TEE -+
BELD S ERCH - T, Kb OBSE KT L > THIRT 5 LFRHC, WREDS\VIET
JBE - FBEELLOFMNEH Y TIN L T EBEAS THRAEHEBEH LTS (B, Hb,
1985 ; Liou, 1986), LEEIFAET H L, FABH OB ESGEOHMBEF, LERD LEE
DEBEZ LA, HERPONANFEEIND =R AF - AT HZ s, HEBAUNC LS
FBEOEEIIHN% L REL DN TE Y (Barton, 1983), LBZIIMSHINTICN LTKE LY
BERIFLT5B,

DL 5 Ie EREOBSEED, ZOMpEYE (ENTORE, MR, NESAS) Ko
THEEh T3 (Liou, 1986), ZORMGHFIE LT, BBREN LB IZLZLIELERLR
LREBEDEDLYOE (=) OREREEEXETLHIENTES, O r—ik, KEBENIR
FRER D K a B A BEOJBEHTC & - TR I h D (Bix1E, Wallace and Hobbs, 1977 ; 5},
1979, 1988) #%, KEDOHRPK & I X » THEHRUN R > TE D, e —AER IR
EFEELHD, Lich - T, EEEORMEHEOMITICE - T, BYEHLMD & & 2MRAR
WEETHS (Cox et al., 1987 ; Starr, 1987),

LEREoEYEEN YRS S HEE LT, VE- VY VBRI EERN LR B S, Y
T vy V7B, BERNE S X8, V-F-BUELRH D, mERUIIEE
CIAWEF 2 EET 5 Z &2 TE (Curran and Wu, 1982 ; Barton, 1983), 5 4 X — & HNTE T
I IFEGE LBl A 472 %5 (Platt, 1973 ; Uchino et al., 1988 ; 478 - 58X, 1990 ; Imasu
and Iwasaka, 1991), L& L, V€ — b vy v Z7EINE, ZHFE I h BN T ORYEME Krim
BE 2BMT 570D, RHFOBRPKBESMEMND Z LEHTEREVSIRABD D, —77,
BEEHITCE, MEgENE v FRIERD D, ENTORDNES M OB BB LT LS
(Braham and Spyers-Duran, 1967 ; Heymsfield and Knollenberg, 1972 ; Knollenberg, 1972 ;
Heymsfield, 1975 ; Heymsfield, 1986), L7 L, #ER{THON T X oSNNI, KFH RCEIC
BT AT EDL, HEHFACIBEIBEE G E WS REBRD -, ZOETYRT HE
BEBROFRE LTV vFRHAEZ RS, ThE TERTORIRCRES M HEEN+
LY VFEAENL, VYT TE 2 BULBRRE S 5 I led KB I T o T,

% XKE £ (H Mizuno), ¥AERHH (T. Matsuo), # LT (M. Murakami) , [HE A (Y.
Yamada)
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KEPFEA T, Vv FCEB L TRN T2 B8N T 2 BERE (BT v 7)) kbl
L7 (WEBSEE &4, 1987 ; Murakami and Matsuo, 1988, 1990 ; Ki¥Fft, 1991), AfaT
i, COBNT VT eRCTHNIh I EBE6flohnrs, SEXEADOV—Y 4 vV VT
BABNARRHC TR RTER OB E e 1989 6 H22H DEBEORGIEHRET 5,

3.2.2 BAEIH
(1) BETY vF OB

EBRNFV VTR ISZENTFOBELZBUORM A, TRT (BEBKHERESHL, 1987,
Murakami and Matsuo, 1988, 1990 ; KEFh, 1991), TR TV v FHAKRRCM O FTFHRT LA
T5EE, KaFOERFHINTRHIEHOEWN 7 4 v AHRIND, KFMiRHD 7 4 v a
i, WABHE -2 - PBRB L CEER D, TO®KKY 6 BT S, 0 X 5 ERE - #ik
DFILOBEFRD A 7 V%R0 LT, HLW7 4 L AHCERE IR TRk A & 2H5D TV
BAZTHEHFIND,

TV 3 A5 O—DBEM TV » 2 5T, F0.2mm~10mm OB FE#|ET 5, & 5—2k
PSR TV 2 2 5T, ER5 pm~1000 pm ORTH#FETEEEEATVAA S THS, It
B, BEERATVIAZEA -1+ 749 A (BBKY) VY ARERMIhTEY, E-EME
TV % 2 51043, RBFIO= » FABERAH 2 50 EAG10 cmich B, 7ok, BRUEERIC
W, FEP T 4 L AEEE L TEBROSKEB L OKBEMEDOEOHETFOESD, Lich-T, X
BEANEWVE ZOEEMEG T r —FONFERER Y —RMCBETE LRSS S, ZD2
BON AT LOBEBREE L, 74 NV AD5RE) - LDV A 7 VORI D EZ HRT,
1687TMHz DE I TH_ I ER S5, L TEEINEBRIL, ©FF T — IR S T
CHWbIhS,

hk, BRTY vFE—ficv—v 4 vy vy (RS2-80MA R #&BRCH h T CERM LT
WHOT, BT LLALER (RE, SR, BE, B OBHBHNARIKCTHhh T 5,

THET HERTV v T BN OMITESNL, 19894 6 A2HO LEEOHEFTH S, B
TSR, RBEROLEHOBEBREEHMNL LIRS Sic BRI hic, BRTF Y v F RN
b, ERNFORE - BR HEEOBESMIRDLI, L—v 4 vV v FEUILOER - WE
- BOBESMAEDRI, 6 A2Z2ARIEERE A CRIBIN A ER S h 2 K302, 8 K30
Gy, 11304y, 14304, 175304y, 20M§304), 2330V — v 4 v Y VSRS h, 20
5 — & LIFFTCFIA Lic,

(Y

-
—
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3.2.3 HARR
(1) #BHRERN

Fig. 3.2.11%, 6 A2Z2HI2KDOKREHEDOTHER TH 5. HAZIEDmE LICHRILH D U r
PECIEON A EHHTAR. (HERATRED 235 0, Th & 3EFT LTiI400~500 km 6z 200 mb & & o
PREIMLE LT B, B, B O HERIATRE & 200 mb SR & DR O L & EIS LT, I8
IEHREHEEL TS, BROILDOEIE, 20 LBE~PEEOBRTH L EERL
Twd, BlE (JhoA) 3, ZOLERE~PEEOBRKOMCMEL WD, ZOLEDS
BREED YV v F RO E b OBROBIANC X 5 &, 22H 8 K300 ICITMmEE L5, 11K
IHTIEHEE L CEREE (LBEOFERRE) MRS T35, Lid-T, EENT VYV
FHUE, ERENSHBEANLZEMETT5REA 7 — v OEOZE(GEROF TiTbhl &
Abhb,

A e PR

GMS-3 VIS 1200LST 22 JUN 1989

Fig. 3.2.1 Visible GMS-3 image at 12LST 22 June 1989. Heavy line and broken line denote
a surface stationary front (Baiu front) and 200mb jet core, respectively. A triangle

represents an observation site (Meteorological Satellite Center, JMA photo).
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DL S EENTY vFHUA TR EBER, BBLA 7 — v ORISR U IBIA Rk
DEBEOIMIY TH S, Lich-T, BHIRC EBEXHR LI EFRE, BEAr—1 D
ERAWTH D, BROVEREOHDORMELHEATHI LRI > TALLIDEEL D, &
NICFESCCHHRRHOEA EJROF — 2 Enb, ERRIIHI0cm/sec & RED -7, Licdi-
T, ZOEBRERBBA S -0 FREIBCTELS DT, BRT YV VIR OMEMEZEA
Lick BB ENRTED,

(2) CREEMNAR

Fig. 3.2.21%, BRI TV v FERABCKE IS hic v — v 4 VY v FIC L BEE - BEDE S
ThH, BEETROWEHAN D, BEZH Tkm, —20CTH5Z EhHnb, 12, —40C
LUF KR COMEBNS LI BALHE TEews, BAEEENIZkm, —60CFTHELT
WBTREERE Z BB,

L, ERENOHMBEDHESTEFLLASE, BEND FRICHEL - TH4CRE
WAL TR D, £ OMEIZKCHT HHFRE (—200CT82%, —30C TTEX%HNIKITK3 5 fuFn
W) HEEHb, ZOZENLENOER, BIEKMIMTHOMLTWS LM Ihs, Lz
Do T, BRI, KOKFIRIe KMPFIET LS ERTFRINL, i, BRI TOEE
TRIFFBCREPEZRLTED, d LEENSE F T2 XS IKRRIIETCRAELCLE
5T EnTHING,

HUMIDITY (%)
4

0 60 80 100
15 T T T T T T T ] I

= \ .
\ 1osLsT 22 |0

i \ JUN 1989 1200
N TSUKUBA

o
l

—300

— 400

— 500
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o1
|

— 600
— 700
— 800

_ ~1500

| | I L <t 1000

-40 -20 0 20
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1

1
-60
Fig. 3.2.2 Temperature and humidity profiles for 1105LST 22 June 1989.
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(3) Kfh&om—

Fig. 32.31%, @E9.8km, —34CTER TV VFI L - THUMI W B TOBEBTH 5,
Fig. 3.2.3 ® FRUIEFMNEER TH v, FOREMSNEL CH S, BEMNEG T, HY
7 4 v s BB LK 2 €, £0HRERIRE ~m =B E 5 T b, BEFMNEE T
B=RALNETEND, COERBET IENTFASNARROKETH S Z LAMKESRD

(Bl %1%, Wallace and Hobbs, 1977 ; ¥4, 1979, 1988), & D & X #E» i B © E
W, RAREOKFNE - Tb, Fig. 323 TRIKCE, £3240 pm, 1E64 pm DARAEDO—HFIAR
INTD, TOXGDORAETZE L OCRKFCHN S oK - @ 5L, Magono and Lee

(1966) DKFHOEE - WEX A ¥ 75 2L I —HLTW5,

CIRROSTRATUS
1125LST 22 JUN 1989

8.5mm

-34°C
9.8 km

Fig. 3.2.3 Ice crystal images observed at 9.8km MSL (—34TC). The image above shows a
large ice crystal, the 22" halo, and a baloon taken through a close-up TV camera.

The image below shows a solid column taken through a microscope TV camera.
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Fig. 3.2.413%, BGMEBICE D~ —DRES M2 DTH L, Fig 32405, ~a—
BEES. Skm A b11.5kmICRbh % Z 0 gns, Lichi-T, BHlXhic FREVHRT S
Rk, AAEROKGETH D LRI D, EREMETEG ) DR E A TEBAD
KRERAKEL, Fig. 323 FTHD X 5 <A TH -7, 8.5kmI » FOEE T m -2 lAbh
RVCHBEE LT, BEREL R T —DRETHH TR ECHEINIKE CIe-TW B LE
Zbhb, ¥io, 11.5kmX 9 EOBEITre —pBohi Bl e LT, EXFFCHE-CL L
K ORERGHAEER TRV &L bR B, LrL, 11.5km X 0 EOEE TR KB
JCRRAER B A > THEEAEH T, SBRIO[MEHR LEENTFY v F I 5HMTHS
DT BLERD S,

(0 kEREERE
Fig. 3.2.51%, BMEIHIES & BEAEG THRN S WOk GONRNBREOBESHTH 5,
B AE G D13, BREHA104m~200 pm, BREH~10°/ M THDH Z L0350 5, KD
MR OWTE, DAIIKBIEC L BOEAIRRETH DH, KBS IEARRTH - . Kl
DRESMEL, PNIVHEDSDOHE L KRETRNED S DRPIg LS HHikis -T2, %
fo, MEOBESMCER TS &, 10kmAREOEE TR KEIOKEABISh, Thi i<
B LIty o TREEN P Te T3, iz, EBESD 9 km (L F TOXFRBENNZ
HA rRbh5, ¥, BRRELBM IR o/, Db E bbb, FEBENCIERZ
L BMENT, BEREO LEHLF T CREEE~10°/m® TFHIE LR &K (~
200 pm) DMFEL, EROTH CIKGERESD I T T 5, }
BEEMEGOKMCOWTS, BRSEERRbRS, Tiobb, BEO L LT
TRTFTARERE A (~1 mm) BAEEL, EEO T TRKMEER DI 7o T 5,
PED X3, ZEROBEMNTIEKERMTHS Z ERUKMPED EEH L THNAL - TK
ELTeoTwB T L, BRNAEL ARV EXEERTHE, BERNTRET ?EYEEARILS
ERERBETHDHEE LD,

() k& W

BRFV VT CRMShic LBER, BBAY L0 LRI L > TRRShTED, £OX
X XIWl0em/sec L RBEL LMD ERN)THRAN, 22T, ChERHICEBEELEHM 3
AR CIT o fc b — Y 4 YV VFEIOF — 2005 LRROBES M HE L, ¥1Z0 bR
WLl E 5 R B S h oK REY BT 5,
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13

TSUKUBA
1105LST 22
JUN 1989

O

HEIGHT (km)

w

Fig. 3.2.4 Vertical distribution of HY VIS images showing the 22° halo for 1105LST 22 June

1989.
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NUMBER CONCENTRATION NUMBER CONCENTRATION
(1105LST 22 JUN 1889) {1105LST 22 JUN 1989)
15 — T T 15 T T T T
v "o
. --60 o9 ° . -{-60
f . deq 9 . 0 - A g
o 05 058 o o 50
~ 40 ¢ @ i ° 4.402_
E 10 o] R ° HALO | 1y} _xl() HALO w
5 _O -30 o ~ L 8 —30&:
~ ° 2 = |05 2
s r -1-20 < T o o —-202
o g oo &
g I —H-10 & o —H-10&
Sr & 5 =
L e 1-411] 0 ¥ L e 1-99m3| -0 =
05-19 O 100-399
. Q20-79 i QO 400-1589
- Oeo- 10 I O 1600- 70
0 1 | 1 2 1 | 1 |
0 00 200 300 20 0 i 720
SIZE (pm) SIZE (mm)

Fig. 3.2.5 Vertical change in size distribution of ice crystals. The number concentration of

ice crystals in each 500 m layer are indicated.

Fig. 3.2.61%, v — v 4 vV VFBRAOFT - 2 bHEIhic ELHE (ERO W) LEAISh
TEKGBEN DR S BR EAR BRO W OBESHTHD, 22T, BRALERRE
i, TRTOKRESREL0% CGKIZxT 58F) CHENRT 5 LD BERKEI L ELHT
ERABELTERL TS, Tabb, BALARI D KERLARLRD D L, TXTDKHD
AERELRT TR EARK X » TAEAH I D KBZEWHETETIC, ROMKERINERE L
TERETHZ b, Lo T, BRNORLVWETE, BAEAK X v/ EREAHEX
nb, ¥, Fig. 326 EMO W 12, V=% 4 YV VFREIOF — 21 bKRO & 5 LTHTE
EhTwb, Tichh, BHINCEREETHS LIKE LT, MYRALOEEZELY 11R305
LIR30 DB T — 2 HRDT, EHHE LTS,

Fig. 3.2.6 KX D Waw 35, @&E 7 km 5511 km 581 ~10cm/sec D LFMAH 5 & Rboh
5, TOLERMOFEER, Fig. 321 OREORESME ISHIBEL %, i, ERKOKE
Xd, ()CHHROEE LALP LM INA ERARE L —H LTS, LI, KEBBREL
BRDOLNLER FAFA Fig. 3.26 5KD X 5ic~50cm/sec L FTHBZ EELFHFE LT
W,
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15 LA e A L N B N B 15
L L
I E> WANL I W
: D{ : ' +4-50 G
~10 ‘e T
;‘_EE B = L --30%
- F — —-20'2
ha g
5 T o T @
S | =L 1
sl T sl IOE
- - 1ostst 22 | 1° F
i . JUN 1989
- ' ﬁ B TSUKUBA 110
0 1 [ I 1
220 10 0 10 20 30 B R T
VERTICAL VELOCITY (cm/s) VERTICAL VELOCITY (cm/s)

Fig. 3.2.6 Vertical velocity (Waw) and critical vertical velocity (W¢) are indicated. Wan is
estimated from the ascent rate of contours of equivalent potential temperature at
1130LST and 1430LST on 22 June 1989. W¢ is calculated using the data of ice
crystal concentration observed on the assumption that ice crystals grow by

deposition in water-saturated condition in the absence of cloud droplets.

3.24 F&B
19894E 6 A22H, kB> IEH T LEBEOEN TV v FBU M Thbh, TOEMERE»
Ma&hi, BREIKD L >CEEDHA, Fig. 327D X 5 AR EOI B,
(1) ZoEBEZ, REAy - VORRAYEIOWRAT S L1 X 5~10 cm/sec D _EFIFIC
I o THEIN TS,
(2) EBhIAEL T2, KRETOETH S,
(3) EEWT2 ~e—2HAbh, KEDKMHIRNAETH -1,
(0) BEREEBESEBL, BEO LD FTHNED - COKBHBRELIgoTW5,
(5) IKERBBEEX~10°/m* T, NIIPRED S DOHRE S KRELMED DI Tew,

T |

BT v Y P OB DB E T, —HLTENT Y Y SO - Bl LTEG
BEEAMALH, WERHOBFEOREE LTHVCESSFRNSEEE, Bl7 — 5 Ot
3 L0 VS I B L CHRRE L BOREE Oy L TEVC R SBARE, ©OMEIRED
5B T B
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CIRROSTRATUS (1105LST 22 JUN 1989, TSUKUBA)

13km

— -60°C

~10ym

~105 /m3
| DEPOSITION

D ~tmmo VHALO g

L |CE CRYSTALS —

~10 cm/s

NO DROPLETS

Fig. 3.2.7 Schematic drawing of vertical structure observed in the cirrostratus.
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3.3 445484
(Cloud observation by lider)

3.3.1 BAEW

SA4X—BENE, HEOBASI S VA V- —KE L2IITH Y, BELSTF, =—r Y
N, BEOBEMAC S > THOBEIEACRE > CREXE2ZE/RC I vRET A LIcE 5T,
HELGOBE > M3 eSNnERENFECH S, SHOBEOH EEIEY Y —XTBTiE, B
BINSHEBEFOBROKEEL LT, ZEHNOHBREAOHE T =7 4 1+, ZEESE, Wik
BEIREEBEED v 7 4 V2B X HBHE LTV 5,

WRIBEHCE, =—a VABRRADS A X — D%, BANMTbhiizd, SIS/
® U CH—DOERE TRy, 19874128 OBEMIEEEF OB EEM.3nmD L ¥ —F 1 £ — % HL
7o, 19894F 6 A OB, RBEOKREENACHEA Shi Nd YAG L —+— & 050 cm O
BEERE R OCAT N T — T4 =0, 532nmARBEFES LT+ = SWEHDO b DKsE
LTI »t, 19904610, 11H OBINE, <A FH5 —5 4 %~ YAG L~ — D532nm ¥ %
FHL, ORBoem OFEERELZRHOE - =— v VAEHUATI £~ 27 a%BEL, £A
Lic, ZE=F4 X~ ZHPIRKEL, 1¥ay b CREANCRELIRL S L3RR,
N AZE O DB LAES 1 EE ST, S/Ni T sk 3E0F — 2 HEXTS &,
RS MEDE VT — 2 3B 5hitv., FRIZHEN, YAG L —¥— D& hELIX20Hz TH b,
HUTEHOT — 2 WEE T, BIONS ST, S/NREL, BEARES S 0B
W F— 22 B5Z LBRHES,

3.3.2 EEOHR, WS

ZE, =—-u YV LEREIRAYAG 514 ¥ — Y A7 L0 % Fig. 331 WrRY, YAGV—F—TFH
XN PFEFEI064 nm DI AFHBEBRHOT Y o — A X B I VEKRE LTS, H—
RFAEFEES (SHG) 17 X b #E&E532 nm W I ot v AT O K4 gEx A LT,
A3 D #90.5mrad DREEH E LT ERHBEIh D, EROBEMARI Y1z - XG0 5 bk
CHELE b D2, ZEXE LTBRRASO nEBecm DZELREFCA D, £XIh b, EEgE
DERCIIAHK D LZEXBRBEAOPRIKET 4 v 2 —DBhh 5, SEHED THRE HHED
K&, REXOEND XD HREVBERD B, KREOBAGHOBEND, PREDOD
1.5mrad & L7, EZEEONLEOEREL60 cm H Y, EEKS0m L LA BRI TH 5. B

% KEER (Y. Mizuno), ¥ # (O. Uchino), M b (I. Tabata, 19894 ¥ T), BEARBC
(T. Fujimoto, 19904E&E:5)

— 201 —



J[BIMRAHEMFBRE £295 1992

FROOBEFACE 2V A2~V VARDHD, TOBRAICHD, WRIEET = v 7 T5H7DD53
2nm OFH7 4 V2 —HBLHPFTRILD L5 LTS, FEHT 4 V2 —DEGCIREL
E—aAFY » 208350, FEHELFE CHANORERSIELL, ThEiBELT DRI EKEL
THEBIRCHT OIS, A7V v 2 THEIW LA ZhORERSIXBFHEBECL - T
BHEh, BRESKELZDID, TOLXHIETED LABTHEEHENT 50T, T
FHOERCEINICPHKE T 4 VX —BREXAOBICIGE CTREDORLD D ETIERLE
T2 ERTRRIIL > T D, KETHEEEOHIE2F + v X VDADCIKAD, 8 » }T
F 4o MEEhb, ADCO MY HELTE, YAG V—F —CREI XV AE, U—
V- EEOMCEB 1 HIOREE TR U AV R EEER 5, 7 4 2 2 LRI
biﬁkﬁﬁﬂ%ﬁlS km DOBRFiL100nsec (15m), 30km DBHI200nsec (30m) WHH, 1+ g v b
CBOF — 2B I000ETH B, TOF — 2 GPIBEREHLTA—VFL - 2V L — R
Ebh, TFBE, 7Ry =T 4 A7 NDOREHRThbI B, ADCO#HEHD EDHI-Zh bOM
HilavE.—20 78735 A0Y-T{Thbhb,

Receiver

telescope

Transmitter
Power )

and
cooler Computer

unit

GPIB

< N

Separator PMT

=
¥ Sep. ] SHG \\ Nd:YAG laser - ADC

™ .
PMT [] Detector
PMT l‘[J
|

Trigger

A

Fig. 3.3.1 The schematic diagram of the lidar system developed for the observation of cloud and

aerosol.

F— X DFERZS/N DR LEORDITS, HFRE L TRERNONFROFS Ew X 53
T, NEEO AT OBMS, MROBRES/AVAATRLMERE, SEIERIOND
D, TRODEEHENDDOFMESERHINIRS, F— 2 nlEETHE, #ZTIKFYa v
MEOWTHY D Ty n IR B, EEOR I EnfEcic DT, S/Nity/ nfgwcic s, L
U ERTEREE n R E L 50T, WENROE(THHEIEER L CTHENEERD 5,
SEOZEOBEMCTHETEL SHEAMOBEELY T - T\ 5,
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Table 3.3.1 C YAG 71 # — v AT AO¥EERRT, Tok, IBIFLFEHLIcvAFH T —
FA X =, REEREO AEHSS0em B D, EHEM AT 5 BB iU, LLEOR LR
AMERLTHS,

Table 3.3.1 *Performances of the lidar system developed for the observation of cloud and aerosol.

Transmitter
Laser Nd : YAG
Wavelength 532 nm
Output energy 190 m]
Pulse repetition 20 Hz
Beam divergence 0.5 mrad

Receiver
Diameter of the receiver telescope 35 cm
Focal length 3900 mm  (F=11.2)
Field of view 1.5 mrad
Transmittance of the interference filter 0.43 (@532 nm)
Photomulttiplier tube (PMT) Hamamatsu R1332
PMT maximum output current more than 1 mA(instantaneous value)

" PMT load impedance 500 Q
ADC
) Number of channels 2

Resolution ) 8 bits
Conversion rate 10 ns, sample
Maximum frequency 175 MHz
Maximum sensitivity 5 mV /div

3.3.3 F—SWEH%

REXNeSA X —F— 2 IZEEFORECHAI LT 4 2 AEROT, IhhbEFD
MEHAEK A B L DI EERAT, BERL/REOABANETHS, 7F— 20 bHEBGREEE
BIZ L O ORERD H D, KENE I DB/ NI WKGEELBANEG S L, REHIE
Baf s Z EAHKELTD, SENE7 v —F 1 FOEEM (Fernald, 1984) & vz, LT
DT OB & <7,

BANWCHIAEE LT, %D () CHEEHIE, BERESORE, ROBEHFHC X 5 FHE(L
2175, BEEETEIE, BELD DG RGO Ny Rk fabiag z © 2 T KIpIT % 0
PHIET A, BRESOBRER, BHI » b ER2OEEHLRERKEDL L OBEDLOM I 30 FHE
MMEVNCDICFDBHTOBRENERTE T, GRENER» L5255 FEEr () WHHIT |
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BEBTRDBIEEFIHLTITS, Tichh, EHMELADH L, EXLTWAREIBARITE W
<

D ) 2 = An (2) + B2 (3.3.1)

B DILD, FOBHOTF—~2D () BT, 3.3.1) ROFKK A, BERIOERETED
%, BRBNT—XDERBLSTHD, 54 X -2 5 58EMA D OEREMIE I
ZEEEHRER ) B£Bhlk-T, '

R @ =P K z#2= D () — B) 7 3.3.2

TRDIOLND, BHEHIZIR@DEHRLF — % 5 8D TITo7, 15km Vv L DOBOBEIFEY
EFET5m, 30km L v o OREIS0MTH D,
K, EMFHEINCZEREEOMRE R (2) EFHALGROBFRE, 5414 5 —-HBEXK

R =PC (Bo (& + Bz @) expi—2 |7 (0, &) +0G)dz}

=PC (Bo & + Br DT T, 3.3.3

THExbh B, TTTPBREHN, CREEER, Trt TroldthEh 74 £ — b LBEA E
TOMEHLERBLEERBOHEBERBETH D, Br (2) & () RO 0x (2) Loy () BERE
NEZHTREED OBRFHELLRH B, BIOEBEER o THY, Br ) X n (2) WHhHlT
%, ¥R () RREHHEEDBHA T > TV HBERFRERS OMTH 5, ZORIERENL
DIER D EZERHAIFNE L, —EEECES, 2ERILOFSNER TE 5 HBACHEA
Ihb.R& (3.3.3) BT L (z) BRDBLDIZ, BEHLT, 0o ) & B () 2HHIEE
R, EOH S i3 2 A LI &\ 5 fER T 5, Tiebb,

gy () =SpBr (2. 3.3.0

EICR LT, WAIGRKS, DL LT1L.68% < AVWbha, ok, ORI FHEEI OV
CIIIEEMCH DL - TH Y, HBIRE Se DIEIZ 87 /3 TH 5,
D EogtrxAVa L, Biz) & T) DRCLIT OBEHRA
L arh
25Ty 9 |
B ODT, (3.3.3) KRB THrROVWTHEBMBHRICM ZLnTEB, (3.3.5) X%
(3.3.3) RO B CRALTT DOV TERT L &,

Bo(z) = — (3.3.5)
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2

d
Do — 950pa(2)Th - £ Riz) (3.3.6)
Tr
Lith, TOWHFHBEROMRIL,
z SD_ _25D
72 = {1 = 2 R T ¥R Vg | SR (3.3.7
PoC Jo

THD, I LTRES A X =0 SHiEliz <z ¥ TORKBOBBRE, ZOX% (3.3.3) RcRA
3B E By &) +Br (2) TOWTRRIT,

R(z)exp{ —2(Sp—Sr) SZﬁR(Z' Yaz )
PiC—25 g Rz )exp{ —2(Sp=3Sr) SZI Br(2")dz" }dz'
0 0

Bo(z)+ Br(z) =
(3.3.8)

BELRL, Thhb o (2 BT B (2 BEEMTIWEWTInWas, ZRIEEBBID
SEF—20bEHLTELD, 0, KFA X — VAT ACEBWTILIP,DE = X2 —%1fT > Bk
L CTWIRWDT, RADHRE PCIZHEH 2 2 OOZEEFTHRER (=) &, LT TOREHK
FHEEBBo (=) + Br (z) TEEMZ B, TDLE2>2 BT T A £ —KA» - THEY
6% X 5 ThIIERBAELh D, ThiZ,

Bo(z)+ Br(z)

R(z)exp{ 2(Sp—Sr) SjﬁR(z' )dz'}

R(z1) (3.3.9

Bp(z1)+ Br(z1)

+25 | "RCzexp{ 20 So-50) | 7 BaC2 0z iz

¥R 2 ZEEL D SENEKT, =— 1 VA0S P EERETICRS DT, B, (2) =0,
f-T (3.3.9) Ab By (@ 2EHILNTES, EEORBEIHERLTTS ok, 3.3.9
ROBHETHEILL, 2 OBRPCHELE- T 7TAT I XABREIR TS (Fernald
1984), B, (@ 2REHIE 3.3.0) REAVTEROMUMMAEH 0, (2 HEDISD,
MEERD T r 7 g AR B IFACESTHIEBEORZHNEINELh S, BE - EHAE
i, BELE (Bo B +Br )/ Br ) DEF 2L EEL LTER L. WIBEHEY
BHIEFAH ORERD DT ARG TR, BIEMECABIINEL Lisy,

3.3.4 BEDTAE—FT—Z~DE
EREDF — 2 LEOMEYERTHHE, S/NOKEIRD LHH, BONHFRMEIN 1T
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QETELAVEAR, REL/ERYHT, BHL Y S LOBE 210 H 52255 F5 b OBE
HEZETHIENTESD, COBBIR (2) OENEMELDOT, FERPR S TCHEE
BTLENTED, 52 —% S, DfEF, BEX ) FORKBTORELOR/IMEL 11758 58
K, RSB THESLTRD S, &5 LThdbhi SOBEREICH UTHl« EBLL, 20
T2 2 i & LTIRIE T4 5 20AHE ¥ TORPOER IS, i, Kb ATICES| LT
Wi EBbhaEEZ, Ss i 2fhanfEEiss,

EOKEMES BP0KE D, EHE D b EORGENSDEESRECH R b, %
EXRAEBAHT SR £ 51T 5 &, FEER (2) DR — 5525 T EHTERS
B, ¥RIDISICRITE, 7 — 20 LERKSOBRELT OB, bTrhESTORET,
EHORSOENECRDZENBBY, COBBIARILEREDT 7 -/ FORERS,
BT CREEES T, A

ZDLX 5T - 2T ML, ¥ T LMER 2 2 EEL ) LORFOBHCIMY , L
INRIER (2) RS L TRFNCIRE, S,DERRCRD S, &0 & FEEMHECREL Tt
Gz, BABTICE LR ATTE RATORELHN L TR T T5, BREIRE > TH 584
%, SSEELTEREAEE D ETR (2) #RES LTV, HECREERSRDHDT, K¥
HCECEDHE, R (2) %A AELIRTH ZOFBIBEMICEE Y, BEUTOF -
2 BPRDI Sy REBRMEORTIIFEEHE LI, BHAILE - iR TAELY KT 58,
COFERHGD L, BEMMEL LB 00, F— 2 OFEN RIS E LR 23 3 L
Fwis s ¥ THREEL T EBRERS,

3.3.5 BAER

Fig. 33213 ¥ =54 =D 3 3 » M FHfER V19874128 11 H OBHKER T, BOW
WRED T w7 4 v, BROEOTHOQREONHFHESIOELZRLTH S, Fig. 3.3.2 it
B, HEZERTH LA, MEEROKE X2, BIO—EE D Titbb1045 M 2310/km 4
WFB I, V=T 7ey FLTHS,

Fig. 33313Y A F 5 5 — 54 £ —% A\ 719894 6 A 22 OB R TH 5, Fig. 33412F L
BB X 519894 6 AS0H ORSETH B2, &0 HIREIHE D ITRET 4 v & —%TD 1 CF
BCEREILLHZEC LD, EREABHEOBMWARARA TS, TORDIC, YAG UV —¥ —%
T e A D EIE DR EREIRAIK & W,

Fig. 335 12& - = — v VABHUAS 1 £ — % H\ 12 19904E10A 298 OBARER TH 5,

Fig. 336 XA LS54 &£ — %\ 721990%E11A | HOBERERTH 5,

Fig. 33.7T2RAUT A £ — % H\V 199011 198 OBIRER TH 5 M, ZDHIZBEDE VG
BET, FOTE~N ATHEBLTED, F— 2%, BHLEEENLDOES LHN©E 5H
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DEN 5o ted, 13EAEREEMESL TV TR,

14 87/12-11

PR
@ =MW

TIMEWJIST)

Fig. 3.3.2 The time sequence chart of the observations of middle level stratus clouds in
December 11, 1987 with the ruby lidar in the MRI The abscissa is observation
time in JST. The ordinate is altitude in km. The curved lines denote the vertical
profiles of extinction coeff1c1ent in the clouds The profiles are plotted lineally so
that the value of extmctlon coefficient should be 10/km for the time interval of
10 rninutes. The dots below the profiles denote the values of optical thickness of

the clouds.

UL

TIME(JST)

Fig. 3.3.3 Same as Fig. 3.3.2 but in June 22, 1989 with a YAG lidar system in the MRI.
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Fig. 3.3.4 Same as Fig. 3.3.3 but in June 30, 1989.
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Fig. 3.3.5 Same as Fig. 3.3.2 but in October 29, 1990 with the cloud lidar shown in Fig. 3.3.1.

: WMWW"MWMM
5

Fig. 3.3.6 Same as Fig. 3.3.5 but in November 1, 1990.
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Fig. 3.3.7 Same as Fig. 3.3.5 but in November 19, 1990. The sparse data are due to the

poor atmospheric condition on the day.

2 £ X #

Fernald, F. G., 1984 . Analysis of atmospheric lider observations : some comments. Appl. Opt.,
23, 652-653.
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3.4 WEEA”

(Radiation measurement)

3.41 Y Tx bA—2—, EXRBHE, RAWSTE, WIFTRES

BEOWZME I RDD DI, V7 4 F A—%— (EKO ; MS-115) 12 k 5 KB KHE
EXDO KB EIT -1, M, ZOMHTTIXI98%E 1 H DRER & BEMER % i, 0%
DEET, 500nm OEBER S 1 FRITH T RELL T2 L aifih o, ZOER, T8
TANE—OREFC L BIDEELDRD, TOHEFERTH L, BURATOREERT
3~ARDEENEGEND, T, HFMEIOEE TS L0.03~0. 04 Y L, KPFRC
B HEBEONFHEI2ERTH LETRKRERBEEL I DI,

PVT x b A= 2 —OBRTE, KEHFEORMITHAFEC X T, v v 7 3 b2 —2—0DF
BRI Eh5BENC L2 Bad OBBROMME MR T ERL, 2T, BHICETS, £
vFare (B, McKee and Cox, 1974) FIVWTHEBELD Y I = LV — 1 YEFTTo\N,
VYT ¢ P A= X —ORBRACEEND SERELOE 5 & A L.

PVT P A X —-OFRFIEMAL2 OB TS, £ T, MBRTKBHTRACAETICE 2
WEFDOREPNC AT HBEDLE, b LEEED SO TEREANCKEBET ROz 51.2° IMc#
AL TH R ET D MELLRFIE LI, OB, KGO BAELL MBI Takano and Liou
(1989) 77 LAERBE (Cs) =7 A 2H Lie, kEL, &oTiAR (3 wuEl He
L, RS OHRIIER Lic\, VT Ve EORBEROWTE, (VEERY OFEHEL O
&ﬁ,@M%ﬁﬁﬁ®"%ﬁﬁ&ﬁ@—Kﬁﬂﬁ@ﬁ&D%&JSWMMQEK;6Lﬁ?'T
ME75 9 7 ADFEHEEDWE, WXDF=v 7 Uik, ¥, AFETECKHTHICROAS
WEBAAN, £ORER, EERS, —KBERS, ERE - TREY 7 v 7 Ak, KBXEA
0~T75"C, slant-path DXFEME S (=HERIDIFHWE S X KRIEE) #30.5~6 OFHE T
i, AR (FERER) OBRENSKENTD S Z LN D bhi, ¥, AFETFHIT
1 FETIRIENET SR, BEY LTS5z 3 FRBELETHHZ EAbh-1DT, B
TOviarv—va VTCRELY BAATETFR 4 FESE 21,

KEEEMN 0", 307, 607, 75" DEA/WCKT LT, slant-path DHZEMEX0.5, 1, 2, 4, 6
KOWTEHE LR (Fig. 34.1), e Ehs28EEE (MRS OMCB) 1, slant-
path DXFME I TAT 2 — 2 {LTEB T LBb oz, (D=7~ —Z[A U slant-path
DHHEME I b D4 DOKBEECOWTEHE LIEROFRAME L R/MELKEAILSDT, £

% HBEEHE (M. Shiobara), HBFIFE_ (S. Asano), ##HIE&E (M. Fukabord) , WILIHEE (A
Uchiyama)
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TRANSMISSIVITY
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0.001 IR I TSRS ISR SR NN T S RS B

OPTICAL THICKNESS

Fig. 3.41 Monte Carlo simulation of solar transmissivities for various slant- path optical
thickness when a sunphotometer has a half field-of-view of 1.2 degree. The
direct (thick solid curve), the singly scattered (dot—dashed‘ curve), the secondary
scattered (double-dot-dashed curve) and the scattered over three times (triple-
dot- dashed curve) and the apparent (thin dashed curve) transmissivities are
shown. The cirrostratus model presented by Takano and Liou (1989) is employed.
The thick dashed curve shows -the apparent transmissivity presented by Raschke

and Cox (1983) where water clouds are assumed.

DENTHNEICBEIZOTRLI), ¥, KEZ{EE L TFHE L7 Raschke and Cox (1983)
OBFEIE (R ORI 13, &2 TORBCESTHE /IS WELE-THD, Kife
KEDBENMHER OEVERIL TS0 EBbh b, bisiic, Takano and Liou DELEL
AR X B &, RIABAELAL. 2 IRICEEL I b 1 RBELGIEEEELA b1 5 HHELAE D
@%K%?%o%@tb,1&ﬁﬂﬁﬁfﬁk,?fkRadhaMCw@E%b%k%{t@
B, B, AV Iab—vaviKdh, BEHEIAIL L s & 2R ELOSERALE
(Mo SR & = R8I 28 1 kEBELE (—A8#RE) ERM5Z & bbhotc, Tinbh,
PVT 5 b AR —BE Y > CEEORFHEIZRDBHEATIL, FREOXEDOEALELY
HV TR RS I 25T 5 BALE O SR 2 AT 5 BEAD 5 & L AR S hic,
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J, =—m Y ADLSCHFNEIGEL, WHAKALLKREERL BVL 58S (Thbb
VYT 3 b A= X —DRREDOHHTOFEHRET) ORINEDOHFEL AR, BELOEE
FEHTELZ bl oT,

¥R, BRIC=-rYAOLTHhOBRIOWTH, ¥V 7 i b A& —JEC LD R0
DHZEMEI v* LEOKEMEI r OBIRIL, AR THERTE L Z Ldibh o,

T*

TIT, oREEELT - F, PAQ BEBE U BEN B O R 2 HEA B ¥ T
HAES LEET, kX THE2ON5,

8
PAQ= 0P(®)sin0d0 3.4.2)

ETELRBSEEFGT, 19894 6 A22A % X 030 HIC B S Wi B BED ot O X2
EE3hbOEOKHEMEE (JEES00 nm) R>AFERY Fig. 3.4.2(2)% L O Fig. 3.43@1R
T,

HWEEBTOTREHH T 5 » 7 AW TIE, WG-305 7 4 L& — - F— a%E D M1 KF
T H 415 (EKO ; MS-801) 1= & b, 1£0.3~2.8 pm DL KB HELHE L1 (Fig. 3.4.2 (b)¥s
X0 Fig. 343 b)), £ LT, KR LM TOHHEY Fo=1318W/m? (0.3~2.8pm) L LT, X
BB 7 v 7 AERE T KA X hRD 1,

2

Focos 0

T, Fs BRI hi -2 RASE, RE 03X OROKRBGHIRFER (ROUEM) BIOKEB
KEACHS, BSDESRhET S » 7 ABEREBBEOKLHES & OB LT
i3, 3.5 TEET 5, |

—F, vV av - F—asBokakaEr (Eppley ; PIR) X b, BE 4 ~50 g m DRI kst~
5 v 7 A%PE L (Fig. 34.2 (c) ¥ XV Fig. 343 (), L, TOBUETE, FIBSETD
F— aREMHEIR TN, WIEER F—20HHS R L 5EEYEATHS (H
B, 1990), FBEDKE JTASC LD ¥V — ARE LROERTKFT HH, BBEOLHAIIE
Kig L BERBEOTEBEOYDREND B & H7c B bIE, KNPRINMEIZI~20W/m* BE
BREML B DD EEbh 5,

e, FAHRBEHRERT (Minarad ; RST-10) 1@ & b, RIEFGEH 5 OPRI.5~11.5pm D
B & IE L, ARABSHRET ORE AT 2", e THEREREIZ—50~+50T, fHE
1XE0.5CTH B, WELBEHREY BHEBH LA L TRECHRALCS O (REOHIET
2 DBREHIAESNRS) % Fig. 3.4.2 (d) % X 0 Fig. 3.4.3 (d) 7R3, 19894 6 A 228 OBHI

T = Fs- (3.4.3
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T, WDODDAAL ZIREKERBEEXRL TV BDE, BEEO T D - 1K E OB
EXPKEMLZ BB LAEOLDTH S, ChHOBRD S5 5 R KB (G55 H
) ok, FTIR OBMHTFT — 225 4 £ —BHI5 ~ 2 L e THRECEET 5,

3.4.2 FAMmE (FTIR)

B LOFRABH O =5V F ~2ERT 5 7cdc, 7 =) =FHREFASEHES (Fou-
rier Transform Infrared Spectrometer : FTIR, Digilab FTS-20C/D) % i\ CRKIEH a5 5 ALk
TEHEERVRZINDLDOHHARY P A 2BIRI LT, Fig. 344 k’.@iﬂ“%ﬁ@ﬂ%%{%?o

FTIR
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mMCT
INTERFEROMETER
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e
) l
TS ot gl
‘ <
é 2 TRANSFER
1som. OPTICS
3
nna
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. Y S

%150 M. () \/

TRANSFER OPTICS

'Fig.'3.44 Schematic diagram of the observational apparatus.

KRIEF R D AT HEROKRKRD SO =2 ¥ 1%, EEL150 mm OFEEE & #if ¥
ZEACCFTIRCEAIRS, COHBzRAX T, =47y YETEHEALTAL Vv
ﬂ—7¥nf§A&Lfﬁﬂ$?ﬁwéhéo@%ﬁmmmumﬁﬂwﬁﬂﬁﬁmﬂﬁFiﬁA
F A (MCT) v e, B Ui MCT ORSEEZH0860 cm™ X )RR CATICET LTl
Bicdiz, #860cm™ X D EFFEMOBM R =2 b v OREE MBI i U RS ETEA
Chb, BRI IHE=F A F - HHEECERT 5720, BHEFEAVWTRERZTR-
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foo BAFSMCEEN = b ABEY LTVW5, REFBIKTHE, KESREE» HEE
fHEE TOTEALDNT, 1~ 2B TFlkof, MCT DAMBRNTHH IDOY =7
V74—, KRS DERMT  TRERREORHEMAN TEHR CTH - o, BUHV - FTIRIZ,
V=3I VT y TARPEREHNDHBARE, RABRENCH T B LER %R L,
COHAOEL, BEEERECHE L THIBECRSSANDol. TODI, RAHH
NN T AHDHER LTS EHE S hicBarid, RFBHRIL T2 BGHRER
DD EBSHBEH OB EHFCTFE L FTIR O O R A RD CRMBH I OBE ST
Inote, BUKEEL, BRI EET 5 23860~1200 cm™ O THEIK TH 5,

A7 Y AOBRNE, 19894F L 1990FE DWW TEFRFRIE cm™ & 4 cm™ D4 fREETFT
Ttote ARZ PADS/NEFAEIRDLDIT, 1 VE—T v 2T AOBERI6ETTE -1,
T ORERBUEERL, HFEI6cm ™ & 4 em DBACHLERERSB LI TH o, A
7 M ADEENE, BET Y Y FEME RO NOAA #iEBEIARE 54T, 19894 T 5 4
1, 19904 CIz105 IR CHi7 » 72, |

Fig. 3.4.5, Fig. 3.4.6, Fig. 3.4.7, Fig. 3.4.8 RV Fig. 3.49 i +hFh 19864 6 H22H, 6 A30
H, 19904£104 296, 118 1 B, 115198 CEHM E 1 z800~1200 cm™ RO ER O ASKH H D
AT P AERT, KR UCBEHEE Y, BEREHEZHVCTHELETH 5,
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Fig. 3.4.5 Emission spectra over the spectral range 800~1200 cm™ observed on June 22,
1989.
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ig. 3.4.6 Same aé Fig. 3.4.5, but for June 30, 1989.
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Fig. 3.4.7 Same as Fig. 3.4.5, but for October 29, 1990.
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Fig. 3.4.8 Same as Fig. 3.4.5, but for November 1, 1990.
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Fig. 3.4.9 Same as Fig. 3.4.5, but for November 19, 1990.
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WO BB DORER? HFERBOBORHNEE ORHEILLBRIT 556, HHA <7 FLOH
ER GO R OERFERIETIT S C £ E LuWEHM S s, BAED FTIR ) HRELYESD
LAV E—7 2w s T A07— ) =FRIKEHEPDN D TE DD, @ s-OmRERHIERD
BRI HR VR H S, ZOREEZBRT S0, BHRAESTRETY — ) =EHlmOH
HIcHFRAPHHEFOBANLEEND,

z2 £ X ®
BREH, 1990 =7V —FABHFOWUERE. BAKIRESHETRE, 58, 125
McKee, T. B. and S. K. Cox, 1974 : Scattering of visible radiation by finite clouds. J. Atoms.
Sci., 31, 1885-1892. _
Raschke, R. A. and S. K. Cox, 1983 : Instrumentation and technique for deducing cloud optical
depth. J. Clim. Appl. Meteor., 22, 1887-1893.
Takano, Y. and K.-N. Liou, 1989 : Solar radiative transfer in cirrus clouds. Part I: Single;

scattering and optical properties of hexagonal ice crystals. J. Atmos. Sci., 46, 3-19.
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3.5 XEOH A"
(Data Analysis)

Table 3.1.2, Table 3.1.3IC/R LIt X 51, BT — 2 ¥ kD EH-T\51989%E 6 A22H, 6 A
0HD T — 2 BT LT,

3.5.1 R&HER
(1) 19894 6 A22H

Fig. 3.5.1 12 19894E 6 A22H9:00 (JST) (00Z) D#h - R& X% Fig. 3.5.21c GMS O A & st
DEiz R Lic, BHADOREE L, RILESHEECED SR ITRAD 5. R OILH
DHROEBEIL, BKHGEKEOHMOMRELIEATHII LRI VAETLLDTH S, BRI
ik, 21~23B 2 TH300 km/BOEA T ELTVWS, 2D X5 REDOHFT, 2IF
(36°03' N, 140°08' E) TiX, BRAKCEL oo T FEEAXEH L, SRR, FEE
THEUBIEbh T, BT, PBCEREND D BAED L2242 @8 L,

Fig 3.5.1 Surface analysis at 09:00 LST (00:00 UTC) 22 June 1989. The front line was
moving to the northward at a speed of about 300 km/day. The observed cloud
band was moving northward as the front line moved. The cloud observed at

Tsukuba gradually became thicker.

k  WILBE (A. Uchiyama), HEES (M. Shiobara), B#IEE (M. Fukabor), BEIE— (S.

Asano)
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(2) GMS-3 IR (b) GMS-3 VIS
1989 June 22 12:00LST 1989 June 22 12:00LST

30N

130E 140E  {50E

130 140E 150E

Fig 3.5.2 Satellite images from GMS-3 at 12:00 LST (03:00 UTC) 22 June 1989. (a) visible
image, (b)infrared image. (These images were offered by Japan Meteorological
Agency (JMA), Meteorological Satellite Center (MSC).)

Fig. 3.5.3 1Kl &L WEDIRE S A A /R Uiz, SUREI0E/ 3R], WEX10%/ 3 R oE & T
ENTHLTHD, WEETER 0 CLLTORBECK UK 5 HEE /R Lic, BIEMT CHE
BESACYER AL, B E & SRBENTR - TW5D, HARNBERE, BEOTTE10~20%
THHDOH LT, BN TRACE 85, BEMTKBACHTHETIONULE, £0 EDER
TiE, 80~90%TH 5, MEL, KETHBBBMTEA L T2 » — KV REF TR D
LOT, BEEH TESEDOMICAs I L, —ACUTTHEN L WA DS,

(2) 19894 6 H30H

Fig. 3.5.41 6 A30H9:00 (JST) (00Z) mib ER&KM %R Lic, Fig. 3.5.51 GMS O uJH &k
P OFE TR Uic, AN OFRHICIEZED B b 30~40km/hour THALFICHEA TV 5, KEHES
B R R CIERBERRR A E OR200km { B VWO E T ST\ 5, I ERENT
BRI h T iew sy, EREOTILEIIC 5 BEHE, ZORBRHEEEA T LRRIC L
THECLDTHSD, Fio, HBOMALZ OFTHEDOK400~500 km JLicfiBELTHD, 6 A
22H ORFRINTRRE & LT RIe B 5, H b Bk, 22° e =R 27, BMEBBRTAS L, THD
SR DME S R OMERE BN & WO BCEBEDHHEIL - D B2 %, BRI,
FEETEABRTERBHLI TR, BT, hEyEREE S L,

Fig. 3.5.6 KB L BE OWPE S LR Lic, L Fig. 354 EMUETHD, 6 A22HEMU
BRI EEA R % 5,
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Fig. 3.5.3 Time series of vertical profiles of temperature and humidity. The rawinsonde
released time (LST) is shown in the figure. Each successive temperature profile is
plotted on a scale reflecting 10 °C /3hours offset with respect to 02:30 profile.
Similarly, the humidity profile is plotted on a scale reflecting 109% /3hours offset.
The relative humidity with respect to ice for T<0T is shown. The temperature
inversion occurred at the cloud base level, which level gradually lowered. As it did
so, the high humidity region also gradually lowered. The humidity below the cloud
base is 10%~20% and the humidity rapidly increased at the cloud base and
became more than 909%. In the cloud, the relative humidity is 80 to 90% . The
hygrometer used in this observation is called the “carbon” type hygrometer. It has
a characteristic of the under estimation by several percent in the region of high

humidity.

3.5.2 ERFVLTFTHEINI KRS

ERFV vy HYVIS) T, @F0V vFCllEIRAERE - BEOHRESMOMT, K
DREE, WEN T E DROMHEEIUSN D GHITL. IHR S, 20218, ABNOHT
i, ZOWYEBEC OWCEEBRE B LN TELH—DRBTHSD, TOENTF YV VT
oy, BRZ LR, WEHEO 7 4 v s BCAE LI T2 €5 A0 b BICsE LTL 5,
EE LT BB TEL D, —21R7 4 M AHOEEERT, &5 —DXBEMEEE (%
HHI 515 ThB., FIHE, 100 pm LM mm OKEZDOSDET, HEIL, W0 gm »d
B100 pm DR E S ORFORIHATETH B, BT ORMIRKE, 10 mBEOR T TH0.2, ¥
MmO b DO TH0.8TH B, 4 TOMWBTRMESNF D Lis - 7220~50 pmBEDK T , s
XL DIERT B, B &N EFOFELHRTE 1,
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ﬂw Sy T 308 6w

Fig. 3.5.4 Surface analysis at 09:00 LST (00:00 UTC) 30 June 1989. The atmospheric
depression was in the south of Kyushu island and moving eastward at a speed of
30~40 km/hour. The warm front is analyzed and depicted from the center of the
depression to the ocean south of the Kii Peninsula. The cloud band in the north-
east part of the depression is accompanied by this warm front. The jet core is
located at 400~500 km northward. The situation is similar to the 22 June 1989,

and the cloud observed is also similar.

(@) GMS-3 IR (b) GMS-3 VIS
1989 June 30 12:00LST 1989 June 30 12:00LST

40N

30N

iy " : o ‘ v ‘ . - ;
130E 140E 150E 130E 140E 150E
Fig. 3.5.5 Satellite imageries from GMS-3 at 12:00 LST (03:00 UTC) 30 June 1989. (a)
visible image, (b) infrared image. The typical cirrus characteristic can be seen in
the image over the observation site Tsukuba; the lower reflection of visible
radiation and the lower brightness temperature. (These images were offered by

IMA, MSC)
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Fig. 3.5.6 Same as Fig. 3.5.3 but for 30 June 1989. A characteristic similar to Fig. 3.5.3 can
be seen.
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Fig. 3.56.7 Maximum size distribution spectrum measured by HYVIS on June 22 and 30,
1989. Size spectrum is derived using all level data to gain the sampling volume.
Maximum dimension is adopted as size parameter. Open symbols (A, <) are data
on June 22, and closed symbols (A, ) are data on June 30. The triangle (A\, &)

data are drived from microscope images, and diamond (&, @) data are derived

from close-up ones.
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19894F 6 A22H, B IV 6 ANHKBMLER, AEROKGELL> Tz (3.2
B, MHOEGYBT L TBLIDINESME Fig. 35.TICR LIz, AEOX6H22H, AL @
126 B0HDLDTH B, LKL, T TRLENESHIZ, BOLBELILEETHS, A
LARESGEEE, OLOIBEFTEGOMMMLLB/LhICLDOTH, EHEESG & BEFEEOD
W%OME&&DEkéwomnﬁﬁmﬁT@EEEDﬁkkofxb,ﬁ@&fﬁﬁmmﬁ%
DAABPONTNDZ 2D, 6 H22A & 6 A0HDHE & HIFER UoME LTW5BA,
CHEFHE LU LS IRETRO ERRK CHR I hicicdTHAH 5., ZORBEFMEH LT
Heymsfield and Platt (1984) i2755 - T, power low (n(L)= CL™*) THEM L TEE %KD
feo FV TV Vv IBRENDHE LT, ENREEG, BEEGOBIINLBONIREBED ) 4 X
VAL, FRERE.0m~ym™, 0.02m7pm ' BETH LD T, HEELRDIBFXIZThEh
135 um, 680 um LLT OWMERRD F — % DA L1z, '

6 H22H, 6 AR OBAMEDCEE %2 % LD % & Table 351D % 5%, FHHRIL, a=
3.24T% 1 Heymsfield and Platt (1984) @ cold cirrus (@ =3.15~3.85) WK\ METH 5,
Platt and Dilley (1981) OS54 ¥ —BEW X 5 & T=—40CHEL B HZHNBEIKELRE
o T\ 5, Heymsfield and Platt (1984) D ¥ &SI RES M T=—40CHEE - HBALN
%, ZZTh T=—40C kI power low DFEZX % RDThiz (Table 351), Z DEPHFHIT
2, T>—40CTa=3.17T, T<—40CTa=3.31TH b, EELERILLhEI T,

3.5.3 FAH—CLBEE BEEmE

S XL BB, BE - ZHAE, ZORMENES, THOXEWEL, RCHENE
HHOKFEEKFEORG, KEOEFIRR LT MB LD FEAL TS (3.382R), Fig. 3.5.81
6 228, $ X0 6 308 OBMHIC OV THRIHALL, GEITBELRE/ 2K T O%RITHALGR
B OEOREELELR L, 2RO TFORIMALLE O EE, 9:00 JST) OHEERHM D
F— 2B U, BITBELLOMER, BREORAS 52 IMCASET 5L 587 ry FLTH
%. 6220, 6 A30HE S, EREL 9~10km & » FHICoWTiE, 3 E A EBBEMEDRT
Wighy, B3 THENORTWD L5, HFHMEINIBENU ETHDH & EIHO K
ThHBH, LHL, 6 F22ADHTIR, BESRRE & DX TkmpHERAC TR T {BFEFIE X
S bbb, T, BOFBIHCOWTSHENBIRELORT IS,

3.5.4 AHITTvIREH LT PA-F—DHRFHMESE »

VYT x b A= —ERACTELI S R OBEREN LHEIAM TR LI HIEL L > THE
BALOBBEYERTH L L DAHOKFNE I 2L Z L/ TER,

Fig. 359 B 500nm TONFEWE X, R R TORBICH T 2 EZBRY & - TEHN
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Table 3.5.1 Size distribution parameter measured by Hydrometeor Video Sonde (HYVIS). The
size ‘distributjon is approximated by power low ; n(L)YdL=CL = dL. C and a are
determined by least squares method. Using the data less than 135 g m size for the
microscope" data z;md less than 680¢m size for close—up data, coefficients C and «
’a'\re determined, because sampling volume of HYVIS is iow for particles greafer
than these sizes. Judging from sample volume, noise levels are about 6m™ xm™
for microscope data and about 2 X107 m™® gm™ for close-up data. C and a for
atmospheric temperature T >—40C and that for 7<—40T are also shown in the
table. Platt and Dillely (1981) found the large difference of = optical property

‘between 7" >—40C and T<—40C cirrus. The size distribution parametrized by
Heymsfield and Plétt (1984) also show large difference between T > —407C and
T<—40C cirrus. There is no remarkable difference between the size distribution

of T'>—40C cirrus and that of T<<—40TC one in the present measurement.

(n(L) =C-L%) (T2 -—40°C’) ’

C a . C a
1989/06/22/11: 05 | 0.981 x 10° | —3.31 1989/06/22/11 05 | 0.117 x 103 | —3.02
1989/06/30/10: 44 | 0.635 x 108 | —3.14 1989/06/30/10 : 44 | 1.353 x 108 —3.28
1989/06/30/12: 54 | 0.429 x 108 | —3.28 1989/06/30/12 : 54 | 0.429 x 103 | —3.21
0.682 x 108 —3.24 0.615 x 108 | —3.17

(T < —40°C)

c «

1989/06/22/11: 05 | 1.103 x 108 | —3.27
1989/06/30/10 : 44 | 1.203 x 108 | —3.24
1989/06/30/12 : 54 | 0.666 x 105 | —3.43

0.991 x 10| -3.31

BRHOFTNTOF — 2% 7y b L, ¥V 7 4+ b 2 —&—TRBHFHE ST KESLETH
b, BT LLATPHAC—ETRVENST - 2RELOERDD, LoL, ¥V 7 x
FA—x—LARAHSPEASLRLENC LY, BBEOKBHCNTE 75 v 7 AHBRE
EMERONME I OBIGREL LN TR, HL, T TD7 5y 7 AHBRERL, BBE
FEDRKEERCHT HWRE.3~2.8 tmIBOKBBEE 7T v 7 AT HETH S,

RS ORBCIEVCETFROLETEHAI W7 5 v 7 ABAR L BRITEEY B L, B
LY PE0.3~2.8 pm OHIPH T, asymmetry factor (=g) 5%, BELSLHEBEE L LT
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‘Fig. 3.5.8 The time series of the vertical profile of back scattering ratio observed by lider.
The length of 5 minutes in the abscissa corresponds to 1 order of backscattering
ratio. The signal above 9~10 km is noisy, and no information on the upper part of
cirrus can be obtained. However, the change of the cloud l')ase height is easily

caught from these data.
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FTIR © 5 — # OffHi T HY VIS O S REELLT ORFORFFELREI NI D TH B, 5 —2
0 asymmetry factor ®5-% Ji%, Takano and Liou (1989) D¥%/EE O MR O BELIAHEIE
585t B aymmetry factor g=0.75%, W RO0.5 pm D& L, WRKFIHRR T2 EEL TH
bhichDxFote, Tiabb, RNFOHRETHEDLIHPRK0.5pm TDg=0.87L g=0.75D
HRA MO ED g T T - 7. aymmetry factor, single scattering albedo DFTE OB

— 227 —



K[BRIFRFTHEMRE #2955 1992

N . :1 L ) I TI1T17 l T I‘l T I Ti11 I TT (7] TI17r I TTI17T I TITT 7T l Tr17¢ I T l[‘:
oo (a)" 1989 June 22 -1
S s v 10:10 -- 14:00 3
;'é" aE A 3

£ T - E
2} £ o . -
c .6 5 Lo :
o E e 3
i 5 E M L ST -
= 3 s R, 3
x AF R T DR L3 - B~
=} £ ot itdeae
i 3F ;;
8 2fF 3
O £ E
0 CE E
0:lll|IIllllllll'Illlvlllll[llllllllll|lll!|ll_|_]1[l 3

0 1 5 6 7 8 9

2 3 4
- Cloud Optical Thickness

AR AN AL SRR RN LR LRI I RLILOLE BRI SR

(b) 1989 June 30
10:20 -- 14:10

LIRALE:

T T T TR RTTY OT T T T
1 [ T [ T | RRARS RAAA

P TS TS PR 1 T IAVRY FRTY PRSTI TV |

Solar Flux Transmittance
S N W S (5,1 [« ~ 0 *O‘

Evaed e deges b buaeed s b d o d s aad iy,

e 1 5 6 1 8 9

2 3 4
Cloud Optical Thickness

Fig. 3.5.9 Plot of cloud optical thickness by the sunphotometer against solar flux
transmittance during the whole period of observation. Plot points are scattered
because the optical thickness derived from the sunphotometer is that for solar

direction and the cloud is not horizontally homogeneous.
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Fig. 3.5.10 The size distribution used to compute the solar flux transmittance. The size
between 4 and 5 gm is constant, and that between 5 and 200 £ m decreases
according to power law n(r)dr=Cr *dr(a =3.5).The above size distribution is
adopted on the basis of HYVIS observation. The size distribution observed by
HYVIS is extrapolated to the small particle region.
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NRIcD, ¥lz, SAF-DLORFHEIL, W3EBLHE5FEIRKELLV B.2HBR).
IRHDOEBMAS, MEOEMET, BEAE—HK LT, KBREDORE 11 00~12: 00
(LST) ORI > THNE, 6 H22H OBEXRZHCEV- O THRNEX XS Z L1 TE
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Comparison with theoretical calculatioﬁ and observation. The observation data
are plotted for the period 11:00 to 12:00. Theoretical calculations were performed
on the following conditions. The atmospheric profile is the aerogical data at the
station Tateno at 09:00 LST (00:00 UTC) 22 June 1989. The solar zenith angle
is 13 degrees. Lambert surface is assumed. The albedo is 0.08 for less than 0.7
¢ m, and 0.13 for greater than 0.7p m. Henyey-Greenstein function is used as
a scattering phase function. Therefore, asymmetry factor is given at every
wavelength interval. Circles with dot are the values calculated by assuming ice
sphere. Pluses are the values calculated using the corrected asymmetry factor.
An asymmetry facto; g=0.75 at the wave length 0.5 m is used on the basis of
Takano and Liou (1989), and the sama wavelength dependence with ice sphere
is assumed for other wavelengths ; the ratio 0.75 to 0.87 is multiplied by the
asymmetry factor for other wavelength. The theoretical values calculated on the
assumption of ice sphere is greater than the observed values by more than 10
9. The corrected theoretical values are coincident with the observed within

4 9% transmittance in the region of optical thickness 7 =3 to 10.
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Fig. 3.5.12 Time series of cloud optical thickness derived from sunphotometer measure-

ment (dots) and that derived from lider observation (diamonds). The optical !

thickness greater than 7 ~ 3 cannot be observed by our lidar system. The
cirrostratus on June 22 and 30, 1989 are so thick that the two optical thickneses

could not be compared.
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CCT, Ip(v)iZtRTOBMBHE, lan(v; 0, z) ZEE 0 ~2 OB DO KK D DHE,

L(OWV)REBETO TFAEBSHBE, T(v;0, z) REE 0~z O0Bl0EEECcHS (Fig. 35138
i)

°

EROBANT, BAHWHIEA v TEHM I BDT, FORIIUTO X513,

(V) Ips(v)dv =\ ¢(v) Iam(v ; 0, z)dv+ | d(v) I (v)T(v ;0, z)dv,

Av TAv T Av

2T, (DT YV —OREBRBCH B, L (v)ik, HBRIHEF - B SRR T &
RVOTLTFOREERL TS C Lt B,

S $(v) I (V)T(v ;0,2) dv

-
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Fig. 3.5.13 Schematic of infrared radiative transfer. The observed radiance [, is a
summation of /.. and I;-T (0, Z) , where I.. is the emission from the
atmosphere below the cloud, /; is the radiance from the cloud, and T 0, Z,)

is the transmittance between cloud base and surface.
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_ Av Av
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$(v) By (T, dv

Av
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BEREET RN, T PHAR TR ED 28 O KE TR, BELARIIEOH LhvE
BLicholc, REDOBHEE LTI HO, CO:, O:hEf LT, $ETAOREE A k-
BAAEDRTE TH -7z (Lacis et al., 1979; Hansen et al., 1983; Lacis and Oinas, 1991), =iz X

— 233 —



[EBEFRFAEARE $205 1992

Dﬁﬂﬁﬁﬁ@éﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁ&ﬁ%&ké:amtéom%kuwmﬁﬁmmﬁvi
L, B » HEBE EBOSE - BERHTT — 7 A RER Lic, BEMEX10cm ™ 5D
EREIhBDT, FAEEHRES, FTIR O+ v+ —0EBEit, 10cm™ B mEmNS L
WHEBCE L T,

KEKDOEGRIUL, Clough et al. (1980) DE% FEHAM (1991) OBRWMES B L1950~
1250 cm " K D ER FHIE LT - 72, - 1000~1200 cm ! 3K i3, Clough et al. O{EX0.7T{ L,
.950~1000 cm™, 1200~1250 cm ™' ®fEi2950, 1250 cm™ ¢ Clough DEIC—3%3 5 X 5 ICHBIELR

B20.75 1. 0D THRIIC ISR Lic, ’

(3) KKEFN
AKUE500m il (2L, 200mBEAFE 0, 10, 20, 50, 100, 200m), BEAREH 5 ki 1km
MR THE LI, KGeF 12, BHET 5 RBASA 00 LEN (BFE, SR, B, BB
GhERE - KEXSA), KEMRTRAOSEERN (REL0, 20, 50, 100, 200m TOKIR,
BE), BRI FETA Y VT GRERE - KEKHM) L RHEARE L CGRE - KEKOHES it
bz te, KBRS, —40CLIT CENEWD, BHED D 5 —F EOEEOKERCHT 5
MHRESREE THME L, ZEZ, BRE: L, BRI D L TRARIRAREAK
2.5X10° D—EfEI Lic, BRHHHEROHE TR AR OHRES MNP BCAFE LI, AV vD
B, eﬁoiﬁﬁwﬁﬁ%ﬁotoLtL HERERERERAS A O8N H OREE
wAbET,

(4) BRHHE

MBOBSEF LG, KRETVES L, ARDOBERE, KKOBHEAKRET VO L
NEEEHET B, FDOF 2L TA X —DF— 2L RDIEBESEND, BOTFTORLDK
g, XAKROFBRYHE LBNKS > EEE FTOBECHIEL, AR, | #RDB, BOD
BE T & LTREEORE# -1,

Fig. 3.5. 14 S BSNRE b LB D W IcBRIH R ORFRIZ(L 2R Lic, 6 H22H DHITI,
- TEBECE L TEMEY LEbDbEEhTw5, KEROWMELX Lisw& 1 282 3 EKE
o TLESH, MEAILUTOECK > TW5, 6 H22H1X, HRADERCETH M
CWEWEBEZELEA LT\, 6 A30HIX, 0.5~1.0DBOBVWEHOEY & - T3, i,
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Time series of effective emissivity. (a) June 22, 1989, (b) June 30, 1989.
Effective emissivity is defined as the ratio of cloud base downward radiance to
blackbody radiance with cloud temperature 7.. The downward radiance at cloud
top is neglected. The‘c‘]ownward‘rad‘iance at cloud base is estimated from
observed radiance by subtracting atmospheric emission and correcting
attenuation between cloud base and surface. The cloud base temperature is
adopted as cloud temperature 7.. The cloud base height is derived from the
vertical profile of lidar signal. The vertical profile of the atmosphere is
interpolated from the rawinsonde vertical profile, and surface conventional
observation. The mis-corrected data are in Fig. 3.5.14 ; radiance from the low
level clouds is corrected as the high level clouds. In the case of June 22, most
of the data are near 1.0. On the other hand, in the case of June 30, effective

emissivity is between 0.5 and 1.0.
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Fig. 3.5.15 Effective emissivity spectrum in the region of 860 to 1200 cm™. (a) June 22,
1989, (b) June 30, 1989. All data are overlapped. FTIR observations were
performed every 10 minutes. Effective emissivity depends on the wave number.

Its dependence is caused by that of the radiative properties of cloud particles.

— 236 —



RBEMEFRGRE $295 1992

3.5.7 FIEOHEHNEE E10 pm BOFAEHE HE

Fig. 3516104 ¥ 7 3 b 2 — &% — 857500 nm TOHZEHE X & 10~11 ¢ m A Eic JE
LT RABSHEE DB BSHEEEL T r » + L, BHEREOTRTOF - 2%
- Fmy bl 6 ARBOF 2L, FITBECH L TEBEY LEF—238FhTw5

TSUKUBA 1989/06/22
1-5_ T T T T l T i ™, 1 r 1
- [ @ e ]
— r . &7 . . N
~ 1.0f P _ i
- - DRI S VN et v
ﬁ'{\.n (ARSI AL A . R
& i \’;"c.\r;-.'-ﬁ“'.'-f : ]
= B - ' i
“op.5F ,-'?'“' .
- - 10:10 - 14:00 -
J o .
0.0 T NS SN SR VRN S NSO SN S S
0.0 5.0 10.0
OPTICAL THICKNESS
' TSUKUBA 1889/06/30
1.5 e LA e e m By
- Lo _
> 1.0} i
—t . :— '._. ..l':)??‘".. __
= B .o b
Yog.st & -
u_' L : i
w - o0 44~ |
o 10:20 - 14:10 -
0.0 | T B B S N N B A
0.0 5.0 10.0

OPTICAL THICKNESS

Fig. 3.5.16 Plot of the optical thickness derived from sunphotometer and effective
emissivity for the whole period of observation. (a) from 10:10 to 14:00 (LST)
June 22, 1989, (b) from 10:20 to 14:10 (LST) June 30, 1989. In the Fig. 3.5.16
(a), the mis-estimated data are included. The relation between optical thickness
and effective emissivity is rather scattered than that between optical thickness
and solar flux transmittance. The width of scatter is about 0.2 for the same
optical thickness. One of the reasons for this is that the sunphotometer
measured the radiance from the direction of the sun and the infrared

radiothermometer measured the radiance from the zenith.
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Fig. 3.5.17 Same as Fig. 3.5.16 except that the data are for 11:00 to 12:00 (LST). The data
v ’for the period that the solar altitude is high are shown in the figure. In both

figures, effective emiésivity is divided into two groups for the same optical

thickness. One of the reasons for this is that the iﬁfrared optical property

reflects more of the difference -of size distribution due to the small size

parameter, (which is the ratio of particle size to wavelength).
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H%, HYVIS 3+~ CORPEAD K & X O FHE - T BbIFTiRAEWOT, FROME %
T, FTIR DA=2 }A45F0% & < BT 5 S OR BT Lic L,

(2) KFD¥ A4 XH5HE FTIR DAY + A4 F

6 A22HD11:30, 12:00, 13: 00 (JST) D=DDBEEDF — 2 % F;~%, 11:30, 12: 00,
13: 000, zhZh, KFNEIBREVWRE, FRECES, BULHACHE LTS, Ny
EBRANT P VOBIHREFRNDDCKRD & 5 e itk -Tc, BORBESAO TR (n) %
n=0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128 pm L& T KMABLHE L TH X,
HEZRNEI R EL THUARZ YLV EFHERARZ P A2 BB L, XBENE X, 955 cm™

(10.5 pm) TOX¥HNEIR =1, 2, 4, 8,16, 32 % %7,

Fig. 3.5.18, Fig. 35.19, Fig. 352012 Eh11: 30, 12: 00, 13 : 00DFHEA N2 b L &5
O R Lic, BRESME, FEEEBHECEZDOBROVHOFEHR TR LL BE=
S LB —LOBRE) /N e BBUImW/(m? st cm™) TH B, BEDOHEIL, 860~
980cm™, 1080~1200cm™ OF — X DK THE Lz, 860cm ™ LU T IZBRHI B D RREAE < K2
BB 5O TR, 980~1080 cm™ 14V v D9.6 pm HE At D THU e,

11130041 Tix, ZZCTHEAK (n, v) OMER THEENR/NCL B BEHEEROT BT &
 BRTER T, HEARZ PR A=0.5, T =320MEXEREL L bR L, 860~920
cm™ CEHAMES, FmW/(n? st cm™) BT E WAL, Vv 09.6 tmEERSHTH LS
HHLTWS, 1080~1200 cm™ O RIEOEBIC X5 A2 F AOMMG X BRI A
T\ 5, BEIZFEHTLAmW/(m® st cm™), HXEBEDOBEDOFHDOFEFIRT2.35%TH 5,
920 e LITF D RMAVISERZ DRI, HETE Ty, G2 NESHBE DL, —KEK
HEDEFANEVWDD, FTIR OBAESE DD, B EFAE - e ZERIL DB D
WNENDH, Eﬁ%ikfohéﬁifhﬁiﬁ?@#%\@& ZAGMBII,

12100061 Tix, n=4, t=8DFtEMELBHMEE Vo L xR L L, 23 FHT0.87
mW/ (m? st cm™), 1.93%TH 5, ZOFNE, + Vv D9.62mErd & TE60~1200cm™ D&
B I<ERLTVS, BESANERALE, 77 VHOEHBELZETHETIE, BENESZ
T U TRERD B, BWESADFENCH LTUIREINNI W ER/D1 5, i, KZH
BT HREDENBEINEL b LB BB BTN D,

13:00D% Tk, n=16, =2 DFEMEEBAMEE V> L xR LI, REXFHTL. 2]
mW/ (m?srcm™), 3.49%TH 5, ZDHIS, =V VD6 pmER BRI, HEME L BRED
I—BLT\ 5, COBAE, KEHCH, BOSIBIEL ) LOPBLEHDT, TIT
B xfet VB TRTSBEBETERVOE L, * Vv ORI OWTiX, Smith et
al. (1990) OEBC X - T b EBME & FHEECITK X IR B D, v D964 mE OWITRRD
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Fig. 3.5.18 (a) Comparison of the observed and the calculated radiance at 11:30 on June 22, 1989.
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Solid line is the observed radiance, diamonds the calculated radiance. The radiance
calculated on the condition n=0.5, 7 =32 is shown, where r, is the lower limit of
power law size distribution and © is optical thickness at wave number 955 cm™' (10.5
um) .

(b) Error map of radiance. Error is \/ > (Ii(computation)—I,»(o‘bservation))z/N. Data

between 860 cm™' and 980cm™, and 880 cm™ and 1200 cm™ are used to calculate error.
Data less than 860 cm ' are less accurate due to the low sensitivity of the detector. The
! is the ozone 9.6 ¢ m absorption band. Radiances are
and 7 ; n=0.5, 1.0, 2.0, 4.0, 8.0, 16.0,

32.0, 64.0; 128.0, and 7 =1, 2, 4, 8, 16, 32. Except for less than 920cm ', agreement

region from 980 cm™ to 1080cm™

calculated on some combinations of 7,

between computed and observed values is quite good. The error is 1.46 mW/(m’ sr

cm™') and 2.35% . The depression area cannot be found in this error map.
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Fig. 3.5.19 Same as Fig. 3.5.18 except for 12:00 on June 22, 1989. The radiance calculated

on the condition =4, 7 = 8 is shown with the observed values. In the region
of 860 to 1200cm™', agreement between computed and the observed values is
quite good. It is good even in the region of the ozone 9.6 gm band. The
observed data below 860 cm™ havé large errors due to the low sensitivity of the
detector. The error is 0.87 mW/(m® sr cm™) and 1.93% . The minimum error

8.

occurs at the combination of =4, 7
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Fig. 3.5.20 Same as Fig. 3.5.18 except for 13:00 on June 22, 1989. The radiance calculated on the
condition r,=16, 7 = 2 is shown with the observed values. In the region of 860 to
1200 cm™' except for ozone 9.6¢ m band, agreement between computed and the
observed values is quite good. The difference in the region of ozone 9.6 xm band is
due to incomplete information on the vertical profile of ozone and the atmosphere.
The error is 1.21 mW/(m? sr cm™) and 3.49% . The minimum error occurs at the

combination of =16, 7=2.

T A= R HEEND B AREERD B,

=0DOF LA EISEH L Cwign 2y, HYVISOBRIER HE T LT E 2 @0, 54X —T
WEShCEESE, BRI X 2#HERE - AEKOM, BRFORETHE Li—KkEBE
&, Henyey-Greenstein O#ELAABIS A HICFHE LiciRkAH0 pm BO AR 27 P A FOHEHE
Loz, 1.5mW/ (m® st em™) DRTHBHZ Ebholk, L, BENEX, XKEiX
KB THHDOT, EBOEF A% TR S SRED € F Ao 5E LR TED
EEOIREND Lhin, '

F7c, 12100, 13 : 00DHITiX, power low D FIR&ZE % fous & FTIRD A= 7 } L4 % FH,
THZLEBRTERNZEIY, FA0 pmBMO AR " ABRFTRE Z LWL - T, WAL
THEENMBL IS T L o T, 121 00DBICIE, n=4 pm ¥ CERTHBERDS C &
L0, KEOWELER 2 pmBEDNE DO F THET 2HERD S,

(3) log-normal 4#5c X % FTIR A< } L OFEE

power low CHES % 5.2 5 & X%, FiRn, EBrn, Hlarbx s Liis, S
BRI B B 7e HIEMH 5> BDEAD 52, BEHBRIC & o TEBEAMER L EAC LicBER
el T A - 2 ECHEULBEBE CRESHPEUTE LB, Thux s> HFrEMTH
%, 10 pmRTHE, BO—KRBEEZnEEL TP EO0ELLIZ L&, KEVGRTFOREE
WD PI LD, RITBT2HEIIHE Disv, L L, power low i X BRIEES AT, B
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Fig. 35.21 Same as Fig. 3.5.19 except that single scattering parameters are calculated using a
log-normal size distribution with v ,;=0.1. The minimum depression area occurs at
the combination of r.,=16.0, = = 8.0. The error is 0.94 mW/(m* sr cm™') and 1.90%.
Even if the log- normal size distribution is used, the observed radiance can be
reconstructed. Considering the difference betWeen power law and log-normal size
distributions in the region of large size, this means that infrared 104 m radiances do
not include information on large size particles. Therefore, the estimation of cloud ice

content may be difficult from infrared 102 m radiances.

SHEE LR & OBIfRE R T eI IS Eb R B FHFED I b EKFTHDOT, fFLicl
W 7o, NEUT ORI b BB AT B SR e

Z 2T, log-normal 44 (55 2 EORK (2.5.4), (2.5.5) &R Z{fi-kcitEEE FTIRD
BMARY P AR ERTHRI, DHADENDIE, vy=0.1&1, ry=0.5, 1, 2, 4, 8, 16,
32, 64, 1284, t=1, 2, 4, 8, 16, 20MARTARY M RFHELK,

121 00DBEOFEME L BEE, BEHAN %L Fig. 3521 WA L, BEOR/NMEWE ry=
16.0, 7 =8.0CTHo7h’, ry=4.0, =4 0CHDBREOHHRCLKBEARBDH D, + 7V DI.6
pmETEDTELZD Ery=16.0, T =8.0DFHEMA <7 b AIE, TOXOE, EFML
LIRS A S & 21 X > THBIANY FABKITE, r,y OER S D ) BRHR L
T BRBESACONTDERNE SN BD, 7oL, log-normal 77 & power low A7 DRI
FORECKBEBETOELELDHE, ZOZ LX10 pmIROPEIZT 25 TR, KEWHTOF
HFIBESNLWZ LD, Tihbd, KKEDHEZL ML,

(1) WHEHELEEhDER
800~1200 cm™ DA ARy PR EET B L%, FHEKMEYET 0T, HKTHARs b
NEFEEEZ I EOBERTI, £ ORERE0~980cm ™ D7 — # TH860~1200cm ' &%

— 243 —



LAERMEFBMNKRE H295 1992

ot l & LA URSEMESLRD T LA ok, Eh, 1080~1200cm™ OF — & & ff 5 & ¥
BTERD EHH 2~ 3T BE LR BB, EROFRCEILT, £AX2 L AR TH
R ABENMROBMED  BAREERT WD, LidoT, —RIERMEN 5 KRL
1080~1200 cm™ 1& & R DHEWAE & T B & & BD o 1o,

(5) FIRDOKFHIE S LHNDOHFHE S
FARDNERE X OBFTFIE, 1200213000 2 FITHIVD, vV T 5 b A=K —b
B5R720.5 pm OHAEME X £10.5 pm OFRANDOIEME L & i,

“Tis/Tos=8/4.5~1.8 for 12:00

~2/1.0~2.0 ° for 13:00

10.5 pm DXFHE R, THOXFHEIDK 2/ TH D Z B350 o T, BHFIBRD I D
E, BESTROT — T AP OCHEBCBNTEED D BERD 5,

3.5.9 BET—%&

BES -2 L EBEORIGEF S, 6 H22H13:00 (JST) @BEwHA LB L
7o NOAA-11E £ %10 pm DERFROBU T — % LHBEMET HE LI,

ng&%mAme%EM§htdLMDnﬂmAmi®h®®ﬁﬁE%%Lkoﬁﬁ
12, DR IEEREEL3 N~3T°N, 139 E~143 EOHEBTH S, RICIZFEME V- L1 I
AUTz, #EE, 6 A22H9:00 JST) ORBBIIER M\ 6.5~12.0km ORI —HRITELE
T ot FHEMER, KRS ROMETH S, power low O FRIEE, n=4, 8, 16#mEEXT
HE LI, 2L DF— 23 n=4~16 pm OHWEOBZ ML T5, HYVISIK & - T, max.
dimension T20 pm BEDON THHER I N TE D, kK, HWTE CATn = Ta(ch. 4)—Ts
(ch. 5) DAEELXHHTHLDTII/NI BN FOFEENTFHEIN T H (Prabhakara et
al., 1988; Ymanouchi et al., 1987), HENCNITENFOFEE KE AT DHEIXBEFEL T
5, ERITbR T e 57210 pmBE E TORTOWE & BHORKEN LTS Z LN T,
EROFRIBAPNCHER S hicZ LIKis b,

Fig. 3.5.23 12 HIRS @ ch. 8 ® Ty & ATss = Tsp (ch. 8)—Tss (ch. 10) DEMR %R LIz, T—
RIAILCHRIBD n=4~16 pm OFFICT — 2 B3 LTH D, AVHRR oD L[ Uk
BrEshiz, 20X 51 AVHRR DA77 5F HIRS 45 2 — 2 OB L 5 T & 35
Dote, HIRSIE, X D& DF + VERANRS VMOBERBIZOWTLECET AV THATE D
PNEBRFAERDLEND B,
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Fig. 3.5.22  Scatter plot of Ts and ATss in the region of 139° E~143" E and 35" N~37" N
over the Tsukuba area. The abscissa is the AVHRR ch. 4 brightness
temperature TBQ and the ordinate is the difference of T between ch. 4 and ch.
5. NOAA-11 passed over Japan at about 13:00 (LST). Solid lines with diamonds
are values calculated theoretically. 7, is a radius of lower limit for power low
size distribution. Most of the satellite data lay between »,= 4 and r,=16 lines.
The. analysis of HY VIS data shows that there are small ice particles which have
an order of the wavelength 10 to 20 g m. The large difference of Ts between
AVHRR ch. 4 and ch. 5 was theoretically predicted. Observation which
measures the microphysics of cloud and the radiation field at the same time has
not been performed yet. Using HY VIS, FTIR and satellite data, we observation-

ally confirmed the theoretical prediction of large AT zs.
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Fig. 3.5.23 Same as Fig. 3.5.22 except for HIRS ch. 8 and ch. 10. The central wave
number of ch. 8 and ch. 10 on NOAA-11 are 90051 cm™ and 795.69 cm™,
respectively. Most of the satellite data lay between r,== 4 and r,=16 lines as in
Fig. 3.5.22. This figure shows that HIRS can be used for cloud parameter
extraction like AVHRR ch. 4 and ch. 5.

3.5.10 &8

BRFV VT, FAKX—, V7 5+ A—2—, FTIR, KEHSIE, BET — 22802 E6b8
FBBEOM LB Y AT ARIEDZ ENTE, BudDin - RERNTRIC X 5 F — X DL
B/BMRTEI,

E|R TV VT (HYVIS) 2254k, BBEXHER L CVARTOFERRET20 pm~ 1 mm DR
BOFOBHRAE DL Z LN TER, 198946 H22H, BIU'HE6 A0AOHTIE, ENFIIER
AARERDOKETH o T, KEDH A X5 A% power low (r(L)ocL™) THEMTH T LANTE,
FOEEIIFETCa=3.2TH -7z, T>—40C TiX3.17, T<—.40°C TH3.3ITREMRETAL
Rt te. HYVISIZ, KEWS & 7 4 0h T3, EYBEELHHE—ORNBETH S5, KHE
DEHOEE A ED 51013, BUEEYTE LI, KGOV V7Y v 7 Ea T TEE
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2B E—BOREPLELRD, : R

HVTx b A= - TKEFRAOKELRET S L X b, TRROIVEBE ¥ TONXFHE
BERWETHI LN TE, KBFHROKHEIIT, i DLEBILRINEETLTEY, 5D
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10 pm BORABH OBR, 74 ¥ —DOBESE, SBEMN, HEBHNOF — 2 2fliabe
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FTIR® X 910 #m (800~1200cm™) DENHHTEIBHD AR M &2BEDH T ENTEI,
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MCEE, HYVIS 5 HELRIKES % b L1, KES % power low TR LSO FIR,
HZWE X B 2 BUE & ETEERY Tz, XFEHCEWEE, PERECHS, HWBE0=H
DIDWTIRTHERH, #BE GEOREOTHDOTFHE 1.5mW/ (m® sr em™) BT CHRIE
LR —H I D T LT EL, FECHCRHSME 7, —REE B Henyey-
Greenstein @ﬁﬁlﬁi*ﬁ B, BREIF A {K%E L CE L7 single scattering albedo, asymmetry
factor CHSWT W5, ZOBREDEFLIC L - THH0 pm BOBENIN e hHRATE S Z
EBbh oty $lo, HBOTEEYEXINNCEARY FASHABFATERNZ L LY, ZDOR
R7Z PABLRESMOEBRIBELONS Z Edbh s,

log-normal 475 > C FTIR OFMA <7 A OFBW R TSI, VE— b2y vy 7O
HxEZ25E, ADERTRBAINDINEN MRS Z LAEFITH S, LOBR, B>
{ power low & [MRBEDBX THRYEREREE TE 7, log-normal 577 & power low 3D K &
WHIRBDERELDE, TOZEXI0 pm OREKET 5 TRAEVCRFOFERIIDE VED
hignWZ Ewinsd, Tisbt, KKBEOHERLTH LV LIS, ¥, 860~1200cm™ @
LAY P AREPTL T, 860~980cm™ DARZ FARHS L TCRUBRIABONDL
Lo i, ‘
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