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KGR HER EDH WP BBREOBRFELX L TBZ &
BEESERRI V. S35 ZofstTiamy. &
MBI TR SR 2B EKE L, SHE
HTRDI. —FTHER» S EEANEHERF O )
HEahz8= 3 A F—IHREC Lo TThiE LR hE
Episv, T L UERERT TR ORBERZHE X
DS, BREBTTIREOMICIoT V5B, £k
REMBEL CRE= 2 A F—2NERIN, SEEH)
TRMEFEIN TS, T oled, EEEMTORS OB
= RAF L EHRERTSESNL, REOKRFEEE
B2k D, ThAHBREEOEEY ST, K&DK
BBROBERYIET S, 20X 5 KEORBEEYIRE
THELARERE, B =s A F—pERIESFEED
REZ, HREEORANTHS. D LITHBRAK
CRLT, oREOBANDLLHLATH S Mintz,
1961). Zhi HE =R F-pinfic K &g k&
BER LT 0005 —BITh 52, EEKSE
EXFRINTHD, ERMECEmRATRIENTIEL
th, [REEOEHNLERCERL>ob 5. AL
H OWERTNTERBHUET, = OBEFOUTEIFRE
REF 3R X > THIH F RS Skt @
CCitiebins. 2ok 5 B OHE XSS BN
DETHRE LFO Lo TR,

2. FERERS
KRG BHEBRAAST 5 =5 L F—RITKEFECcE

* Introduction to Atmospheric Radiation

** M. Kano (K4 %)
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Qx5 Johnson (1954) ORD-fET, WL
Fie X 0 SDRBENARE N TE D, KA Stair and
Ellis (1968) % 1. 95 cal min~lem™2 O{EXH L T\ 5.
CHRABEBCEEAEOR T B =R AF—TH DM
S HIERI: BAAT TR, BAArEERHIY DI EE L KB E RO
1/4 D=3 AF—%ZF 5. KEHEZEH T
EWERS & Ligh, BEHAZXELII<17=%
DIEIRICE TR LATUVSA, KifHD=xrx— (99
%A ) 3 FE0.3 X D5 oflicHB. 0.3 TFo
AR <4 7 e JIFFHICERARE L, FCETER
EEAREOHEEANKREL, BHERE VYV vEBOA
REBEBECKESEELTV B0, KBEOEBS=*

s AF—OEENLIEFICAIV. b0 ERERSNTH

BAGE W - CTHFEECEL, T2 TRESBIREH,
— LR SR THEOARLR Y B o TEBANR 5.

AWRERHEAKBET B, TE X OHELE 5
FTEET 5. RRQUETIRIRZBEHEO 55, K,
X oTe ) OWMMI LKL FrBREF Il L ¢,
BB, AV vBREHRT OEFL, Tofii kR
YEERD 50 EFST 5. BEBSE L oREN E
BaaBHEL, REORELMLEABE L EH LT T W
B, B, #HEHS LD HER—ARROE = KA F -
FRHFELTWBHZ LIZES FTHRL.

KRR L BHET ORI D R EEOERILE 1 KR
%, SEREANDERNMCHILoTVWB2, TD5D
ARRBORGMIOETRTEHEIEDLI LS. &
REORIHD 5 BT, KEFL=FALF-—HNIKIE
B ot k#EK R T, BEORINC & 5 K& D ik
DRBREZZIIC LB DT, CO, Op O3 PNKIKEET
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H,0 (rotation)y

—laa Maﬂ M/

BN

REC L 2BEHOTN, ERBAK2EC X 2TRINE T, TREERHR (11km) M Eok
KL H2BRNPART, PREOHBMLRLET, BEEEFCOVCRKBEE40°T,
REERSC VTR EXEYE 2 T\ 5, (after Goody, 1964)

1R RK DR BRI S SERE DA ES AT 1+cos2f (0 X AT &8k
EE (0 N Bk | :£ M3 /A) kL, ;f;iﬁiﬁrM %v:bibi:mtt
‘ FILTEEL SN B, L2 ARKRRRID TR T, &
<0.20 N, N;, O, O, Ho=—a VAR TFREATS. chbolTid M
e o | ey B OWFICKE CHEL, 110 BHRECHT 5HHO
o ioo 18 o Chagsius ’ B AREEAT ¥ R BB X > TRENBA, &
0. 75—0. 77 0, EZ R oOWTEBR D 592 (Yamamoto et al, 1967)
0.91—0. 97 H,0 pot WAL MM, =— v VKT X B oFEL: Mie
1. 10—1. 19 H,0 o ” Bl X > CERB s, BATRAANEE S h s E Ak
1. 34—1. 47 H,0 v ” HERECOIFEETHD (B2, BRELIERILLE
1.76—1.98 H,0 2 ” fFHRERC AL, ToRBRBRHIL et 3+ 5
2.52—2.85 H,O X ” efficiency factor L Xi¥h, #HIRoDZE<, #il.ko
4.0—4.5 CO, £ () EWR D) clFRTS. Zo Mie #TELico>

H5. O3 X5 AHORIVTEBE, FREIBOBEIT
FIHHC BB RELE L TV5. BREORIUZ DT
13 <1k Fowle (1917) o E Bk #4 BT 98, Migge and
Msller (1932) DIERMAIFIESES < OWELD Y, I
IZ7¢ »C Roach (1961 a), Yamamoto (1961) %3 &7
LU FERE R Y AV TRR ORI D 58 % 4T\ », Roach
(1961 b) & Robinson (1966) i3 Tk & AUE
7o H,O HEHED T2 & 2 RINOERATFEEIC A
THEEN 2 L Eieh, =— v VY ARTFIC L BRIL
PEFATFRIBThI D IRELLoTWBIERR
HL7.
B ATRo X 5, BEC X - THET B2, 2%
DFE L HEELIIV o B Rayleigh #ELIC & - Tiedb
S, AFHERBRKEURE L TRV B iz iiEl

2

VTl Van de Hulst (1957) 12 & %3 SR & s
BB, ITAEFIIFExDORE I DR TFHEFEHFEL TV
B, TOREAMIRKC LD, HFrck v BicoTw
B2y, FHELTE Junge BRI X b, FED4E
CREFILTHOHAL T D ERILENG., ZDX 5k
AT =— v VARTIC X 5 B S 7o D ORERK
BRIFERCHERHAL T B,

Z o Mie OELOFE, KEAFTEHL DHEHED 5NX
FRBE BRI (FEMW, 1966), zoHT, HLFL
\Bigt solar aureole & Xi¥h B H DT, KEDITE
ORI B FBERE 10° LU 0222+ & 38\ B ELE2 E IR 3
HBHTHS. THEIIBO LT, =— = VAKTFIC
I ABAEADRIAFEATIEFCRE VW LT LB, ok
EOBMEDAESMI—E T, R&FD=—n Y
LT ORES LT ONFMEE (BHR) KioT

VR&! 16. 11.
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D BILR.
A

(after Méller, 1957)

RELEASKhS. Thig, Y oBExFEL =
—u VAR TFORRNFi%% solar aureole DITE L »
RDBZ EMNTES. =0 solar aureole {&-OUTILIR
IWDOWFFELD B2, T D & D Tix Volz (1954),
Deirmenjian (1956), Volz and Bullrich (1961), Murai
(1967) %235 %. Zd X 51z solar aureole |3 K& H D
=—u VARFOREL B ERIDDTH DL, —
F T BHOWEY PIF T\ 5. Sekihara et al (1969)
1L H4t & solar aureole »EFHIE % 8 = 7¢ \», solar
aureole R HHOWECHBEBEDBRELX LT &
R LA, Mie 8%z ¥ RGP0 mERL C 3 K
ELHFL, =—u Vg, RESHOEILICE L
T, REOEEOEIL, FILE (REDEKT, TOHHA
X DRBEEDCFEIE L ToveVy) oBEE,N AT 5.
b DRSS REHRER S KED UCLA T
MBI Tleb T 50, ToKROKL 2D
DIt Sekera (1959) % Sekera and Collaborator (1955)
Lo THEIH, PALABBHOBERPTTIECOV-TL
Kano (1964) OBF%EHD 5. ’
HR—AKZROBNT DBEND, 74— FOW%E
WEETH B2, Fritz (1949) (X BHOREEI B KRR
DT N_— ¥Rk, Kano (1958), Coulson (1959) i%
Rayleigh KGO\ TD7 A _— F&EE L7-. Roach
(1961 b) X ATHEBMC & HWEE & L350 Rayleigh X
REDVCTOHAMEXRZELTC, === VAR LSBT
N_N— FOFEREREZ DR T eD L Y e hRE
{, BEATRIBZTADOLEfELH D, 22 ThHE
fez—m VAL DEENRKEVERbND, =— 8 VLT
L BRI & FT & D IO TS E—BOPRINELR L
N5, BETE, ATHEC L7 A~<— FOEEHN
I LI b frisbh T % (Fritz et al, 1964),
RO EECENCHRAT I, BiEE
FERE @Erle TR bl 23, FERROBHE,
Ko LICHEAAS L, KEO T TIRAS RS
W ETHE, CHIZRD X ST B.
pit——port Laof et
+ P,oL, Y )dpde!

+Pv2[vf) d‘u/dﬁol— 417f kv(v) Plvlov

1 (oo
——\ky()dz
xe Fo fe
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| XOEY FRONE N (2)
4 So So P oi g, ) dpdy Y XON
=0,=<1 (3 )

T L BREH v 0L AOBHBRE, kb, ko,
ksy ILERTHAER (BALARMY) BERE, #HER
IR, SEEEAEEFT. P QB tREomE
Sk TR E Lith b0 Th B, 2 TEE,
¢ BWHEHOELTTEOTALA, LIELOREADRKLT
»5. @y T single scattering IZxTHTAN— L
R, BREELTEVEE O E IR LB, RER
B, lezhfhiAag, THREFOBHETRL, %
0SB (KB 2R %L, IAWmTE1, 21
FRENF LIS L ORATA~OBIL BT 5.
L itz p ¢ oOETSHY, Py, ¢ (EXTW5
W oELTAERT) & &, ¢ (ChBbADTEER
) offiTHH. BREBSOBAKIE, BESELT
LB T B, PHBEDOBC, REOREL
BT B EHSLETH S, Chandrasekahr (1950) (34R
¥y v By Ee2CRERT bowic, Lok
B bz, Stokes HBA L\ 3owp 5 Stokes para-
meter ¥ T HBE~7 I, OEENBRAYE
AL, ZhhABeX (1a) < L » I, &, 4
BAE P AT Py TEEHBRZ b 0T, RO
(la) t2ALTRDLICKS.

dlvt.:_ + 1 Szn‘gl Pt
/l dZ kav + T kv 0 0( 1%y

+ Py, I, )dp'dp!
P dar,’ =k, I," _|__]:,A.k,,SM‘SI(I)NL/+
dz 4m 020

(lb)
+ Ido! —_ 1
+ P I.Ydy'de

X kvPvlev‘ 3_%'(?)“‘12
L OHBAIHBESTERT, MEB05LD
WD B - 7y, BINO WS FERELETZEC AN
K& (Rayleigh X&)z >\ Tit Chandrasekhar (1950)
wkh (1b) ORELFEAELN, ToOff o BE R
Chandrasekhar and Elbert (1954), Coulson et al (1960)
Brri-tHErnhTuws.
EROAKIIFRD L S =— v VY VRTFEEATE
h, TRABHEBERECKELEEY S IIETH, Fof
MR IE Mo, RGO BEENTH 5.

4

Chandrasekhar ks T ¥ ¥ @ATHZ LI W&
T, BloRE rNEL 3h52, BERSVCRAIRT
W50t Van de Hulst (1963) o\ 4545 [doubling
method | 23S D THB. Z DHELREIC B N
5. BhELE X 0°%8BEI% 0 (Chandrasekhar, 1950) — K
BELET X BEE L TRDThH, BENEGHR S LK
DTHECBEYEL D, T5LZ0BoBEs L OEBE
BRBEHeRDLNS., Rz DX 5@ oERT
HikE B3 L\ Bo#ELEs L0t 5 8 B 313 Principle of
invariance (Chandrasekhar, 1950) #&F LT, #ioE
VBOMELR L OEBRBEAIC L s TRkdbhE, Tk
SIEREBVIETZ LICX - TEHEHKELI S b feikE
T HEVCEOHELS L OBEBEH, o THHEE
ROf@ErRDOOND. ZDEZHAT, i Twomey
et al (1966, 1967) %5 X ¢t Hansen (1968, 1969) &%
BEEAZCEOHACHEALT (12) o BTk
b, M (1968) (MRt a ZRIC Ah, Twomey DIJjk
IR L CTREAKC OV CEERFER (1 b) O
sk 7-. F7- Herman and Browning (1965) 13{R)t%
FZRCANIRRLRI 5B AV THMME 2 T E X
(1b) DffERDI-.

EBLER LS [=—mVAKNT] OEDT, ZoOK
TULfE < DRFC L BEkELOB L Mie #EL TR X
NH0T, BEREOBALFARERL & 5 Bk 230
BETHA. EDEBE LTI —BINCIEENE S I
CEWZ ETHD. Zokd, Eol, TRII % K
¥, ERNTRBEEIME 4 DRITIC X AEELOAES 1
I2Fa C R & e 0, SEUR e R R BRE TR D 5 <, B <
X 0% OELFEL T e, Bl Tl Twomey et al
(1967), Kattawar et al (1968) W) H 5. EN
BHBICIFFCRESHFEL, HR—KKROAINE,
o TREKERICERAFESY 5 LIETHIRMOHE
ETH 5 BREREIC OV, hEBR— KGR0 T
N=FDORENEBL I HIDTHBZ bbb,
3. RipEmat
FAREBHRAREF LR I D25, KSR HhE
ETERIREh, =3 A X - EmEEN & LCH
BRI KRS BERE LTV 5. &2 AXRERBGHT
HFEI LRG> TRIRZ R, FhThZholi
Bt Lol 5L, iEEo2bT, K&ED
Bz ¥ —Of M KELSEETS. TOREFTD
CEOMBIEZEOF RS, BEHILIERASh, o
TEROFBER (12) T £®=0 L, kau® ofth

VR&” 16. 11.
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i, k'™ R, BHADE 25EEY kpB, TE
Mz B LI S TEBLRS. Thbb

dl,?

bl PSS, (m)avf_v
4 = — R mpu(l,t —B,) 1

) 4
¥
1 mouL,—B,)

Z T, B, % Planck o<, kM 13 BERIVER
¥, 0o RBNGAROEETHD. HUDE2EHY Ll
D k5 kB, L3512, RFTH B YE
IRETBUNERD B, IR ES FEOBEEE
HINEL e b EEAK (T0km B E) TR SLA76 <
7£% (Curtis and Goody 1956). & DFFBRDOHRMc
R RN 1,1 (2=0)=B,(0), L,*(z=)=0 O
T, kKo Xsichzrbhs.

L Cer ) =By(0) & d 7 W

% S kutmpaat_dt

7

+( #mpuB,e”
)(5)

LG, — )=\ k008,

——L ft ky(mpadt dt
R - -

¢ Iz

—fRICTINE I XL OREORES BT X - T
HTH Db, kB BRFEAGKEFOMERL b RDBH
g, GHORRIELCHETES, f&¥FTi L Xy
LU LA, ThrERBE AETHEHILLE Thbd
KD X5 I K PE DB E R S = 5 /L ¥ —Jf (flux)
MNERLS.

Fro=\ a7 ae | 1,1pap
2

FV(2) =S;°dzgo 6

dp | 1, pap

FT T, BRE I, ¥103 flux F 25k 30 E—
LB DI REHRDOME 2 DRINE A (H,0, CO,, O5)
OBIROEREH B L THB. ZRHORBC L HR
IR D EERRITZEL & < 13 Fowle (1917), Callendar (1942)
0, B Tix Kaplan (1950), Walshaw (1957),
Haward et al (1956) ZRIUDOWEND 5.

K X BB TINE & Lidh s e o IR
BHRERP N O E > THR TV AR L 5Tk
Zithbh a2, ORI ERIFAR TR, &
2DRRTME S o5, KEFLEELLOKE
DB > TED—DIBINSF L EEH T L OEHEC X -

19694£11

THELBMT, X HRINERDOFL Lorentz profile
LXEns. BLRRIRS FORERNC X >THELSM
T, ZHhIC X BRIE DL Doppler profile & Xifh
%. Lorentz profile 13/ FREDEEHISEE TH 5 KRR D
TE (30km LIF) THE#EL, Doppler profile (3/F
OB ZEIEE WML T\ 5 LB (70km Bl L) THE
LCWw5. FoHfEo 30~70 km T, S LM
profile DIERTHFTTH 2%, & TIRBRIGERD ik
Voigt profile THixN 5. = profile FEHDKE
\RRFE Tt Lorentz profile ¢7¢ b, EHD/NAIVEERIE
Tt Doppler profile }7¢ 5.

LEoRGIR, BEERFOGETHELTHREK
HIE T, IEMCRIUDRIERE b - T b (~1000), Zh
B ORI B B IREVBEIR i B feduc fZE L,
fi D FEIR TR HANC 2 X THANCEEL, LCE
BV B THEELTVS, ¥-E5RIUROMESL Eb ¥
HLTHB. ZDL S BINOBERNIEHCERTHHD
T, IWEBUC O\ TR T B IR, ERRE L 2 L TRINGR
BodsEOFEIEL IS o (—RILRIRED #HEA L
b, WD T A REALCHEL T8> TR,
Elsasser (1938) [XARD IR D} D% Lorentz profile
hb, BEI—HT, SHERICERIZILA TVHRIN
#Hox5 4 (regular band) #IH L, Goody (1952)
IR SRR RIR OB R b &  RERI T
»5 X 5 IeBIE (random model) 20\~ TE AR
%k, Kaplam (1953), Godson (1955), Plass (1958)
13 _EZ2 o regular band } random band ¢ & L7 &
5 fe—f AL B ¥k £ % 7. Cowling (1950) % Ya-
mamoto and Sasamori (1957) 13 /kZKK O HREK A E
BR{ED D EHEANC FHE L TRD e,

2T (6) ROBHXTTL S DRI EZ bcD
TIEHRIC X 5RE#S OTETH 5. BRI Migge
and Moller (1932) LSRR &h, RILDEHR,RH
IhTw5, X {FERENR TV % 0 ik Elsidsser
(1940) & Yamamoto (1952) D DT, HBHITRKE
HADERY AEICEAL TV A HTRLIBEED I\
bOTHS. hboBHRIL flux & HETH0H0
bDOTHHA, KIDOME, GHCEEBRTHOE
@ divergence T, ChHEERDH B b DD DT
Cowling (1950 a), Brooks (1950) 35t ¢t Yamamoto
and Onishi (1953) NS 5.

Zh b OEFRIEHER E—20RIREHC & 5HHE
BOHERTIR 570DDS DT, o TKERIC L D]

5
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MEZDOHEAY T 5 - LREHBSIN, RET A
LBLDIIPEL XN, AV VIREB DXL EE IR
Tihev., Fhig O DFBO/ S REEToRSH RS
DHECFER IR B LD THS. FROWRCHLRS
Wy, REETI O 0Bz ERHKI Y, o
FEx F e TRV B,
REFREHCEINEEC Y > TEFCRL T
5. —HRIUREERE, EhC ks TKELELASR
5. 72T (5) REEE (RE) €oWTHEST 58
ZOBREERICANR S TR b, ToMRELEE
THOIRLEHRTE LAV F BB BHOR
IR EDEDN DV ICRIRG D BICEHOME & Lo
b (Bl i EERKELRE) #ERATHHETHS. &
FTEHKY AV 2B F/IN T 5. RICBEL
CHVBRDG 5 EREED X\ Jkit Curtis-Godson 3ff
L (BF C-GEple Ls8) T, Zhut Curtis (1952)
L Godson (1953) It R LAcb D THB. =D
ELBE TR, B, ENoRks ZonEERD
KHOBEBEE T (4, u:) REEEMOEINKRT
EHEINDPHES

‘D=u2-1-718u| pdu 7
THHELLEOEBMEMER U TH 5. Walshaw
and Rogers (1963) {32 DITLIEDREEEC D\ T 3% 3
L, KRZRDOEEEBGNC & 5inE, HHROHEICHEH
LcBAOEET .60 RIVFOBA LR E, 3%
P Thsrz b RHE LA, F7 Goody (1964) i C-
G Al &2k B LT, three parameter model % & H L
7o, FOI Armstrong (1968) 13 C-Gia{il% His 5 7k
THEHL, TONT, XFNEIXEHOBEREL
T Taylor BEATAHER LD, $F2HO—KREEED
ENHEZ H&MED, GGl LAt DTHHE
RL, #3%Y C-G EUOMEC X BHEEL, 0D
MEShi C-G ] Eko C-G ik hisE
NI BT ExmRLI.
ENRBEEBSICRE CHEL, Mo THER—ARKR
DE=FAF—~NKCKRELFFTHZ LIRE BB
M COEOHBEIET 0K, EFHEYRMELLT
Bk o T, #CE, B2 3BED & 5 iz g
LONCEK L D TRTCT, TR B R
BTHs. LEZAHANIDL S KBEIHMR—KEROH
HIRFeRE MBS 2, Fmll YABTRL
WES I KEVENRBO LS5 b D THANTHE X

6

h, MEEMREDCRIEY T HRECCEBEOHEEL ALt
h (Kuhn and Suomi, 1965), £EFEERKL 6.0~6.5 ¢
DOWEB ML EEARE 25 BEHE, FhEth#10
%, 6.5%BEBEIC X > T4 T 5 (Zdunkowski et al
1965). Yamamoto et al(1966) 3 i@y B 7c 10 ¢ 7
FROBH D KED A TCORMGEYBE L L, &
BB x single scattering LT 57V <— F 0 TR
BA L principle of invariance % F\\ THEf 7. & 0ff
DEDOHFTOBIHREDOWH ISR ELETE LD LT
5.

4 KTORERBEEBITRE

1902 4 Teisserene de Bort &t - CHRBEARHE X
Tk, ToERCOVTE L BRI TR T
k7. #HoBF421: Humphreys(1909), Gold (1909) 3
L 08 Emden (1913) it X > TfEIND. B
RTIRIREHE LTKER DA R E L, Rohw K
WA LARE LTz, D & 5 efliBibnid, FELD
R—BHIrYUREL GNDBH, FTOIEMATHELVDOIZRK
BEAOFE L LIREO VIR FHTE 2 L TH
5. TARBHIENE G L LTKER DAY HE L oD
Lic kB, Ktk Gowan(1947) 13 KFEKL DIZ AN 9.6 ¢
Os, CO; 12 X BEFEEMSOWIN, 4, Os, HO i
X5 HHOBRNAEZEL T, BEBEOBS PERE A 3
BLC BREASI LML TV5Z EXFELE.
Lo LI D 3EEE BIE X © A3/e D @&y, Dobson et
al (1946) 129.6 ¢ Oz #s, 151 CO, #:, H,O MR
EE L CTHBOHEERE S Ko7z, 2L TCO, HO
RBEN TOEIINI WV ERELT, £LLT 0 0
Bluc oS- CREBIRE, BAmEEOKEREEL
¥ L OB TORES M & EMERIC BRI 5 DI R
L. ZoEMmTIEx 0EBNKERZ L, Os ohiE
HBRICEBEFH L T 5. Goody (1949) 122 EILK
e Os DR RARICEE L, KEETIIEL L TR
i 75 A D INEAER & KZER OB EER OPFIT X 5 TR
FRS AR D LTV B E LT, BRESESCKE
BRREOFE, MEE(LS%HM L. &I, Manabe
and Maller (1961) (3 H,O, CO,, O; Iz & 32 EFHEK
B Ioohb=20%6%C L 5 BHEORINY ZEic A
nT, FE, EER OB PR & $03 ER E o T
gL LTRDA. TofR, REBRE, BRAGEED
B 3 L OFEHE Lo BN oo % LS FR
L 7c2s, BCBRIE E —B L T v S0 5.
Bz EEREMOEOREBEN E L » 20~40°C § (€

VK& 16. 11.
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RN
—(50)
2.3
—(40)
a 7 U.S. STANDARD ATM. >
E 104 # 4
w T thermaL eQuiL. (No ¢ —(30)
w FAR . (NO CLOUDS) 3
) #2 L-THERMAL EQUIL. (AVG. CLOUDS) o
2 i u
ul | =
& ¢ 20) 3
1
100 §
[}
N CLOUDINESS
H— 28)| 1,0
v, M—— (.090)
‘o L D (-313)
R T L Y O O
180 220 260 300 340

TEMPERATURE (°K)

BAN RRKEEOEBEDM. HEARRKEFHAMBE
DO, RoFHNCERLEGYRT.
(after Manabe and Strickler, 1964)

<, FREMHSEOERTEOEERBUECHEN T b
(4km FBE) Ky, Manabe and Strickler (1964) (3
RO LY FIC BRI TEDRR S AN T M i 4
PEREY, *oidoRrcdioRey ZEic AR
T ERE RIS A B IERI B OWRE i & LTk i, Eie
DFERAE TS &, BPERIRE DT EE S A% AP i BE o
Th 5 TR EE OSSR, EIKERO RS, LRI
B (4D L. 372 03  HO o EE{LAR
BB OSSR OE S DMERILICEFF LTV BT &%
R L7, Lo LBRESEOMEEbo FHEE 2 B
fEIC b TH950% b /&2 &, LR BB B %
#z\» polar night temperature % HEH) R LTV 5T
L, BIUKEOTE, IR ERE O FERE L TR
DBDHENBP LTS EEBRAE LR — B 7 &
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EIZMFEEBRORGIC & » THE F i REt S h Bt %
WEL, FhnbHERRUTKRZOBELHEL LS &
%% DT, Imverse Problem bt Xifn (3D ThS.
LFczoli@r XREoBEBE L HEE T 2B 81O
TRITH B DOND.

K& BHE SN B EEEBRFNEIRZFORINYE
D&, BERIVRECE->TEE S, CO 172245
L OBEAK T0km f1F T—E LRI, oTx
DEEGHIFEMEEL TV, Fhik CO, M BHH
INHHHEAXVETNIREOEE (RE) 4 1sHE
EHK D FEEME 2 S 5. Kaplan (1959) (I ATHEI
X% CO,; 15 ¢ HOWHMOAHMEL & » TREARED
|ESMEHETEHEKDZ EXRLIL. XKD LS e
ZEICHESL . 15 pHEORLATE DRV R D kA &
BHEERED LML WRB DT, TRES L VRDK
FHIBRPTREBIRENS. Thiiz o> IETH
AR ELHOBEDERIMEOND. R DFF K
i o oBEhE CO, REE LHRIBALTWED
T, BICKKDOTEES L kB DHEL, o7
FZ OBREOEHRY 52 5. King (1958) i3 KRE%R
BT 5 iz COl5 ¢t H DR ERKR TAES Ml
ETTHZ LRI o TRRRECEER G, HEEH RS &
LERHUA. SAUTHENC X b o mBEEE, R 5
Zlizk s, LaL King o FETIRK K #1000 km
BEChHIo TKETRI—HTHD &\ 5 REX S
BL3an, ERCRZ oMM IhE V- o T,
Kaplan 0#x 77 OB - TR ED LI TV 5.

L omHmE It ¥£h3ido (5) Rk B,
(T) PILH DR EREN vo D& 25D Byo(T) Kk
RN Sl [E

B,(T)=a(*)By(T)+Bw) (8)

25 ERETIE, BHICKD L 57 Fredholm %
—HWOBH TBROWC T2 (Wark and Fleming,
1966).

9= 'K DB (9)

10

22T K, BB exp (- k™ (2) pudz)
DEEBHTHB. 2T, fFO=BIT®], g=
[L,*(z=2) =B ]/a(»), t ZHAERTHS. (6)R
TK, ) BEEATHH05, §0) #HRATC L -T
RDIVIKAMBEE f @), o TREOEESMRE
BT i, LI AN, TFELFIC k5T Fredholm o
HE—FOBAITBRALEI —BCEEDL e L D T,
B L5 xR LFEROS LIl » T 5.
Wark (1961) 13 k&% 1~400mb % 2 BIcHF, %
2 DBOBECEESMOM Y —ELAML, 3WEL
AVWTRECEHEA M HEE L, Yamamoto (1961)
Planck pR¥f () #ZERTRET5TET, 4 KE
DUETCREDEEN ML HEE L. Twomey (1961)
1 (9) ROMBIERHE (FR) 20T Lz - THE
PRREEL D, BONIHERIEERELDZ EXR
HiL7:. RUE Phillips (1962) X (9) ROMEHMNZ (¥)
DL LOER (%) NTORKEhEL LTI L
HRL, CONEELILTHIDICRD DL (9)
REMETHHDOIBLTIROAL—RILSDTHD L\
S MG L TR RECTHHELREL, ¥
Twomey (1963) 3 Phillips %2 A\, fhoffngk
# (R % @i trial solution k2% A THBH) T
A KEIRDHHEL K L /o, Wark and Fleming
(1966) 1Ik¥ 5a%% Alishouse et al (1966) D3R
Fo\ o B ERREZZ IR (REDREREE S 0 Bkt
ZHRWTELRS) TREL, TOREDREE Lo
fRREEE AV ORD . #Ro—flx IR R T,
F 7o KFRKADBES IOV ULTRE O EEH M BEA
ThUDELoHETRDLN B (LA « Hrf, 1966) k
LOEMRETIZEL LT 500mb Ll Fo@EEL R L L
TV 54, OB Smith (1968) XX HBORE, &
EoREASMENUTETHH0FELEL . RECOW
TINEEE BT, &R sERE b, BE
EOWTR—2DFEEAMEYREL. T L TEDDEK
B, ThbbRER KEKOBERIC—D T, &
DD=2%C0; DRIV (15 ¢ HOIRE) V577
Bk b ote. BREIO—HE-> TV BBARCOWTE
OFERBERAL, VVFoBIlE LB 5ERYE
7o, KeRFIMEE AV TCEZOoToRESMLWET S
LRTRTEETH 525, THICIZER X A WHEOIEF T/
WO, T 5 0.5ecm o<1 7 a X HIE L T
ZOTORESMEHEET HHELRBIN TV 5 2

\RK&” 16. 11.



SEATTLE

2] T \ T T

(mb)
3
]

100 r_

PRESSURE

1000 L
200 250 300
TEMPERATURE (°K)
HIOR ARBEDOEBE S5 OREM(ER) 215 ¢
CO, #ic 5 WIEME % BV 7o HE B 0E (AR
(after Wark and Fleming, 1966)

(Meek and Lilley, 1963, Westwater and Strand, 1968),

FepE LR e AR TH .

B EEE UTREDEES i ATHEEN D OHEZ
Lo THEE T ATRIC oL Tl ies, F YV vEOERE
AACOVCTHIEBOFETHEETE S, hizounT

Singer and Wentworth (1957) 23adC#H L Tk,
Twomey (1961), Walshaw and Sekihara (1969),

Herman and Yarger (1969) 24 < oW %enid 5. HE

Ihic O3 BEESHO—FEFIRKCIBIFS.

BEMbh O3 bR o ROBES MY HEET 51
Eo LB ORE, 8E, + Y vSoXmEst
EAMEFALTL2DT, chboffik bt
NI O HTIT LE DT Tl T 5 0 lElc /e

20, THEDWTRASHOM LRI FUT By,

51 B X

Alishouse, J. C., L. J. Crove, H. E. Fleming, F. L.
Van Cleef and D.Q . Wark, 1967: A discussion
of empirical orthogonal functions and their ap-
pliation to vertical temperature profiles, Tellus,
14, 477-481.

Armstrong, B.A., 1968: Analysis of the Curtis-

1969411 A

g 497
1
Feb. 8, 1964
Actual Distribution
45 Inversion Results (no error)e e eee
2 Inversion Results (1% error) X XXX X

\To!al Ozones 369 m atm.-cm
40

N ™
N T
5,

=

[
R ~.
£ ol _
s \ N Bt
s
v X‘R\ P
LI X o 90
E | K } 20
\ o
(i) \i\\\ > {F‘} 5
100+ £ ’?"
{ % s
\ M D \\
200) X §Ai°9 5
\ ﬂ)ﬁ \ \'\q.lo
O: \ ,
sool 2%
FA N\ B
% T~
! N2
Q 50 100 150 200 250 300

PARTIAL PRESSURE OF OIONE (umb)
BN Vv OBESMOREME & B RE 2
bR o EE. (after Herman & Yarger,
1969)

Godson approxiation and radiation transmis-
sion through inhomogeneous atmospheres. J.
Atmo. Sci, 25, 312-322.

Brooks, D.L., 1950: A tabular method for the
computation of temperature change by infrared
radiation in the free atmosphere. J. Meteor, 7,
313-321.

Budyko, M.I. and K.Y. Kondratiev, 1964: The
heat balance of the earth. Research in Geophys.
2, 529-554.

Chandrasekhar, S., 1950: Radiation Transfer,
Oxford press.

——, and D.D. Elbert, 1954 : The
illumination and polarization of sunlit sky on
Rayleigh scattering. Trans. Amer. Phil. Soc.
New Series 44, Part 6.

Coulson, K.L., 1959: Characteristics of the radia-
tion emerging from the top of a Rayleigh
atmosphere II. Planet. Space Sci. 1, 277-284,

, J.V. Dave and Z. Sekera, 1960:

Tables related to radiation emerging from a

planetary atmosphere with Rayleigh scattering.
Univ. of Calif. Press.

Cowling, T.G. 1950a: The calculation of radiation

1



498 g B K #H #

temperature changes. Centenary Proceedings of
the Roy Met. Soc.

, 1950b:  Atmospheric absor-
ption of heat radiation by water vapour, phil.
Mag. 41, 109.

Curtis, A.R., 1952: Discussion of a statistical model
for water vapor absoption by R.M. Goody.
Quart. J.R. meteor. Soc. 78, 638-640.

, and RM. Goody, 1956: Thermal
radiation in the upper atmosphere. Proc. R. Soc.
A. 236, 193-206.

Deirmenjian, D., 1956: Atmospheric Scattering of
light and the sun’s aureole Sci. Report No. 1, 1.
Depart. of Met. UCLA.

Dobson, G.M.B., A.W. Brewer and B.M. Cwilong,
1946: Meteorology of the lower stratosphere.
Proc. R. Soc. London, Ser. A. 185, 144-175.

Fritz, S., 1949: The albedo of the planet earth
and clouds. J. Meteor., 6, 272-282.

——————, P. Krishna Rao and M. Weinstein, 1964:
Satellite measurements of reflected solar energy
and the energy received at the ground. J. Atmo.
Sci. 21, 141-151.

Godson, W.L., 1953: The evaluation of infrared
radiative fluxes due to atmospheric water vapour
Quart. J.R. meter. Soc. 79, 367-379.

, 1955: The computation of infrared
transmission by atmospheric water vapor I, II,
J. Met. 12, 272-284, 533-535.

Goody, R.M., 1949: The thermal equililbrium
at the tropopause and the temperature of the
lower stratosphere. Proc. R. Soc. London Ser.
A. 197, 487-505.

, 1952: A statistical model for water
vapor absorption. Quart. J.R. meteor. Soc., 78,
165-169.

, 1964: Atmospheric radiation 1.
Theoretical basis., Oxford Press P. 436.

, 1964: The transmission of radiation
through an inhomogeneous atmosphere. J. Atmo.
Sci 21, 575-581.

Gowan, E.H., 1947: Ozonosphere temperature
under radiation equilibrium, proc. R. Soc.
London Ser. A 190, 219-226.

Hansen, J.E., 1968: Radiative transfer by doubling
very thin layers. Astrophys. J. 155, 565-573.

, 1969: Exact and approximate solu-
tions for multiple scattering by cloudy and hazy
planetary atmospheres. J. Atmo. Sci., 26, 478-
487.

Herman, B.M. and S.R. Browning, 1965: A
numerical solution to the equation of radiative
transfer. J. Atmo. Sci., 22, 559-566.

12

Hermman, B.M. and D.N. Yarger, 1969: Estimat-
ing the vertical atmospheric ozone distribution
by inverting the radiation transfer equation for
pure molecular scattering. J. Atmo. Sci. 26,
153-162.

Houghton, H.G., 1954: On the annual heat
balance of the northern hemisphere. J. Meteor.
11, 1-9.

Howard, J.N., D.E. Burch and D. Williams.,
1956 : Infrared transmission of synthetic atmo-
spheres. J. Opt. Soc. Amer. 46, 237-245.

Johnson, F.S., 1954: The solar constant. J. Meteor.,
11, 431-439.

Kano, M., 1958: The albedo of the earth’s atmo-
sphere- a Case of a Rayleigh atmosphere-, Pap.
Met. Geophys. Tokyo, 8, 113-122.

, 1964: Effect of a turbid layer on
radiation emerging from a planetary atmosphere,
Ph. D. Dissertation, Depart. of Met., UCLA.

FEMRE, 1966 1 REXFES L OBREHEEL &
Jox— A VA, KEPE ., — b+, 16, 412-429,

Kaplan, L.D., 1950: Line intensities and absorp-
tion for the 15-micron carbon dioxide band. J.
Chem. Phys. 18, 186.

, 1954: A quasi-statistical approach
to the calculation of atmospheric transmission,
proc. Toronto. Met. Conf. 43.

, 1959: Inference of atmospheric
structure from remote radiation measurements
J. Opt. Soc. Amer., 49, 1004-1007.

Katayama, A., 1967: On the radiation budget of
the troposphere over the northern hemisphere
(II), (III)-Hemispheric distribution. J. Meteor.
Soc. Japan 45, 1-25, 26-39.

Kattawar, G.W., and G.N. Plass, 1968: Radiant
intensity of light scattered from clouds Appl.
Opt. 7, 699-704.

King, J.I.LF. (1958): The radiative heat transfer
of planet earth, Scientific Uses of Earth Satel-
lites, revised edition, Univ. Michigan Press, 1-
15.

Kuhn, PM. and V.E. Suomi, 1965: Airbone
radiometric measurements of effects of par-
ticulates on terrestrial flux. J. Appl. Meteor., 4,
246-252.

Kuhn, W.R. and J. London, 1969: Infrared radiat-
ive cooling in the middle atmosphere (30-110
km). J. Atmo. Sci. 26, 189-204.

Leovy, C., 1964: Radiative equilibrium of the
mesosphere. J. Atmo. Sci., 21, 238-248.

London, J.,1952: The distribution of radiational te-
mperature Change in the northern hemisphere

during March. J. Meteor. 9, 145-151.

VR&! 16. 11.



g % & & 499

Manabe, S. and F. Msller, 1961: On the radiative
equilibrium and heat balance of the atmosphere
Mon. Wea. Rev. 89, 503-532.

, and R.F. Strickler, 1964: Thermal
equilibrium of the atmosphere with convective
adjustment, J. Atmo. Sci. 21, 361-385.

Mecks, M.L. and A.E. Lilly, 1963: The micro-
wave spectrum of oxygen in the earth’s atmo-
sphere. J. Geophys. Res. 68, 1683-1703.

Mintz, Y., 1961 : The general circulation of
planetary atmospheres. The atmospheres of Mars
and Venus. National Academy of Siences-
National Councill Washington. 107-146.

Moller, F. 1957: Strahlung in der unteren Atmo-
sphire. Handbuch Phys. 48 Geophys II, 156-
253.

Murai, K., 1967: Spectral measurements of direct
solar radiation and of sun’s aureole (I)-Instra-
mentation and the measurements in visible region
Pap. Meteor. Geophys. 28, 239-291.

Murgatroyd, R.J. and R.M. Goody, 1958: Sources
and sinks of radiation energy from 30 to 90 km.
Quart. J.R. meteor. Soc. 84, 225-234.

Ohring, G., 1958: The radiation budget of the
stratosphere. J. Meteor, 15, 440-451.

Phillips, D.L., 1962: A technique for the numerical
solution of certain integral equations of the first
kind. J. Assoc. Comp. Machi. 9, 84-97.

Plass, G.N., 1956a: The influence of the 9. 6 micron
ozone band on the atmospheric infrared cooling
rate. Quart. J.R. meteor. Soc. 82, 30-44.

, 1956 b: The influence of the 15
carbon-dioxide band on the atmospheric infra-
red cooling rate. Quart. J.R. meteor. Soc. 82,
310-324.

, 1956 c: The carbon dioxide theory
of climatic change. Tellus, 8, 140-154.

, 1958: Models for spectral band absorp-
tion. J. Opt. Soc. Amer., 10, 690-703.

Roach, W.T., 1961: The absorption of solar radia-
tion by water vapour and carbon dioxide in a
cloudless atmosphere. Quart. J.R. meteor. Soc.,
87, 364-373.

, 1961: Some aircraft observations of
fluxes of solar radiation in the atmosphere.
Quart. J.R. meteor. Soc. 87, 346-363.

Robinson, G.D., 1966: Some determinations of
atmospheric absorption by measurement of solar
radiation from aircraft and the surface. Quart.
J.R. meteor Soc. 92, 263-269.

Sekera, Z., 1956: Recent developments in the
study of the polarization of skylight, Advances
in Geophys. III.

19694£11

, and collaborators, 1955: Investiga-
tions of polarization of skylight, Final Report,
UCLA.

Sekihara, K., M. Kano, M. Murai, M. Suzuki
and F. Fujimoto, 1969: Influence of the
circumsolar radiation on measurements of the
direct solar radiation. to be published in pap.
Met. Geophys, Tokyo

Singer, S.F. and R.C. Wentworth, 1957: A method
for the determination of the vertical ozone
distribution from a satellite. J. Geophys. Res.
62, 299-300.

Smith, W. L., 1968: An improved method for
calculating tropospheric temperature and mois-
ture from salellite radiometer measurements.
Mon. Wea. Rev. 96, 387-396.

Stair, R. and H.T. Ellis, 1968: The solar con-
stant based on new spectral irradiance data from
310 to 530 nanometers. J. Appl. Meteor., 7,
635-644.

HiEZ, 1968 : WAt ERFEROMMERE, BE
KRFELBZAEEE.

Twomey, S., 1961: On the deduction of the vertical
distribution of ozone by ultraviolet spectral
measurements from a satellite. J. Geophys. Res.
66, 2153-2162.

, 1963: On the numerical solution of
Fredholm integral equations of the first kind by
the inversion of the linear system produce by
Quadrature J. Asso. Comp. Machi. 10, 97-101.

Twomey, S., H. Jacobowitz and H.B. Howell,
1966: Matrix methods for multiple-scattering
problems. J. Atmo. Sci., 23, 289-296.

, 1967: Light scattering by cloud
layers. J. Atmo. Sci., 24, 70-79.

Van de Hulst, H.C., 1957: Light scattering by
small particles. John Wiley and Sons, press,
p. 470.

, 1963: A new look at multiple
scattering. Institute for Space Studies, INASA,
Rept.

Volz, F.E.; 1954: Die Optik and Meteorogie der
atmospharischen Trubung. Ber Dtsch. Wetteral
2, Nr. 13, 47.

, and K. Bullrich, 1961: Scattering
function and polarization of skylight in the
ultraviolet to the infrared region with haze of
scattering type 2. J. meteor. 18, 306-313.

Walshaw, C.D., 1957: Integrated absorption by
the 9.6 ¢ band of ozone. Quart. J.R. meteor.
Soc. 83, 315.

, and C.D. Rogers, 1963: The effect

of the Curtis-Godson approximation on the ac-

13



500 % & K s %

curacy of radiation heating-rate calculations.
Quart. J.R. meteor Soc. 122-130.

, and K. Sekihara, 1969: A T#HE
MHDLE6ULFHE LBV VvEAKDOWT, BE
RBFLBFERIBMH.

Wark, D.Q., 1961: On indirect temperature
soundings of the stratosphere from satellites. J.
Geophys. Res. 66, 77-82.

Wark, D.Q. and H.E. Fleming, 1966: Indirect
measurements of atmospheric temperature
profiles from satellites I. Indroduction. Mon.
Wea. Rev. 94, 351-362.

Westwater, E.R. and O.N. Strand, 1968: statistical
information content of radiation measurements
used in indirect sensing. J. Atmo. Sci.25, 750-758

Yamamoto, G., 1952: On a radiation chart. Sci.
Rept. Tohoku Univ. Ser. 5. Geophys 4, 9-23.

, and G. Onishi, 1953: A Chart for
the calculation of radiative temperature changes.
Sci. Rept. Tohoku Univ. Ser. 5, Geophys, 4, 106.

, and T. Sasamori, 1957: Numerical
study of water vapour transmission. Sci. Rept.
Tohoku Univ. Ser. 5, Geophys 8, 146-155.

, 1961: Numerical method for

estimating the stratospheric temperature distribu-
tion from satellite measurements in the CO,
band. J. Meteor. 18, 581-588.

, 1961: Direct absorption of solar
radiation by atmospheric water vapor, carbon
dioxide and molecular oxygen. J. Meteor., 19,
182-188.

, M. Tanaka and K. Kamitani,
1966: Radiative transfer in water clouds in the
10-micron window region. J. Atmo. Sci, 23, 305-
313.

, , and K. Arao, 1968:
Hemispherical distribution of turbidity coefficient
as estimated from direct solar radiation measure-
ments. J. Meteor Soc. Japan. Ser. II ,46, 287-300.
WARHZE—, HBIEZ, 1966 : ATHEKC X 5 KEXK
EESMORE. AEARBEFLERZREHE.
Zdunkowski, D., and D. Henderson and J.V.
Hales, 1965: The influence of haze on infrared
radiation measurements detected by space
vehicles. Tellus, 17, 147-165
) WEOHS THAT (19455 T D3
FL,

F 15 56 10 MIE B g kiR

B B RR44£9 8 H 15:00~18: 00
B A KRBT TRBEHRE

HEE WAHERE KB £F N BEx @&
Bk E R mil dul BEEEE

JfFEE Am@mE
® &

2 MEAAEMEBAEBRHEL D OERREY
EEL, &8 L LT3 HAMETS.
2. REFEBEARBHECOVT
ZEHEA&ER (BHER) *HETS.
3. T off
(1) K[EFESERHE EFD) AlRRCOWT

¥ 8 AR THARELAEED SHEEH O A
MBS A IE s v Y ADBEEE R

BIET 5 THRETS.
BRZERCERE, HE BR JUISEEREELE

TUGHEEE (5 RRLIMEE L LT AL,
b, BEFEA DU E DT, SR @ KEFLYN, BRERNEREEASEEER

#L, ZRLLT, MNES, FEE=, H5 IR O T

B2, EHE, FE£BETVEA L. HIBNC X b ke CRB LcHIZRE L, o
E | MEELTESS.
HREH HRHH
1. KEREOEMZOWT B BARBEKSWEHRAS WS 31, BEEER
(1) FREE, BVHEEE URMETEE ST 5. UNBEAASED AT RET S.

14 VR&! 16, 11.




