TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.6

OBSERVATIONS OF THE ATMOSPHERIC CONSTITUENTS
RELATED TO THE STRATOSPHERIC OZONE DEPLETION
AND THE ULTRAVIOLET RADIATION

By
UPPER ATMOSPHERE PHYSICS RESEARCH DIVISION
’ MRI

KRR LTS
E65
R IBE A Y Y ORI D 5 KRS

B X O HES OEH
e A L

SR W 3E B
METEOROLOGICAL RESEARCH INSTITUTE, JAPAN
NOVEMBER 1982




Meteorological Research Institute

Established in 1946

Director : Dr. S. Matsumoto

Forecast Research Division Head: Dr. A. Katayama
Typhoon Research Division Head: Dr. M. Aihara

Physical Meteorology Research Division Head: Dr. T. Okabayashi

Applied Meteorology Research Division Head: Mr. N. Murayama
Meterological Satellite Research -~ Head: Dr. K. Naito
Division

Seismology and Volcanology Research - Head: Dr. H. Watanabe
Division

Oceanographical Research Division Head: Mr. T. Tada
Upper Atomoshpere Physical Research Head: Dr. M. Kano
Division

Geochemical Research Division Head: Dr. M. Owada

1-1, Nagamine, Yatabe-Machi, Tsukuba-Gun, Ibaraki-Ken 305, Japan
Technical Reports of the Meteorological Research Institute
Editor-in-chief : Dr. T. Okabayashi

Editors : Ms. T. Akiyama Mr. J. Shiino Dr. Y. Sasyo

Dr. S. Arakawa Mr. I. Akita . Dr. M. Seino
Dr. M. Endo Dr. M. Hirota Dr. Y. Sugimura

Managing Editors : K. Nishida, H. Nishimura

Technical Reports of the Meteorological Research Institute

has been issued at irregular intervals by the Meteorological
Research‘Instituté since 1978 as a medium for the publication of
survey articles, technical reports, data reports and review
articles on meteorology, oceanography, seismology and related

geosciences, contributed by the members of the MRI.



5d

AV BRABL O OFESEAESH EICEET 50%MIEL, $hSBOEICEELS
EARL T B, EAMEHOMREMERIC nuTvtoxy v, ERBIITEE DELRY
BHBEEENO0HD DAV VESEEIS N TARMZR UH &3 25RO EFRENZ
TibN, F KR SIEAFMBELORET 3 EBBESh TN S,

REEA /Y OBIEIC DU AMBER SO TOBRAEEE LTKRE « 2—o 5,980 T 1970
ERPEDBE D - AR LE 6D THY, 4V v OBEIEET 3WET N THERISh TR
WS,

CDEHBERED S & THREMEFR TR EBYEMAR SO ETS - T, EVAREAERIEF
RERPIZLE IC L 0 BBIBTZE [ UBE A V> OBRBIC D 1hi B AGEMN D~ v 7 v (LRILKRESE
VE O & BENICRET A EFE ) AR 524FE~ 55 D 4 FEER L 1o,

LROBFO B AEE - REEAICE ) 5 S5 RE OREARNIE L € OMEHE, 7K
$ﬁm®ﬁﬁagﬁémﬁb,ébmcn%gﬂémwf£%%E@¢//Emﬁzaig%m
SHICE BT ETHDo

A I RIS & C hicBRiE A b ORE TR O —MOPARRE S LD bDTH 5o

g, &V VEOBBCEET SHABEE L ORBOBNOSLER D, BILT EEH O
A EFETERS N2 EIHE T PEAKOWE) TCORRE VS OXELRBSE 55
BETH 5o '

5745 A

[EET ESEERRHE 2 M R W



BB A VY DBHIBRIC DI 5 KRS R US4 B S o8l

H R
FF
BEBE(FIIST)  reevererrerreremmammensnanaanainannanieaenisenaevnns et e e e e s
A R N B N g T L U e

B1E A7 0777 75Kk 30HBE S X URBEKERLFERS O 5% ORIE
1.1 B L BDIT  cerveeverrnmrmeenerntitiietane et ee e e er e e e e e te e te et bbb ae et eese e
L2 S BR eeeeereeereeeeeieeee e s e e e vveeae
1.2.1 ZEGMEREE  ooereeerrreeereee i ettt et ea e et et reee e e e et e e et aenaanans
1211 TRITHEIC L BZEGDEREE - ovverrerrreenmee ettt st
1.2.1.2 KIRICEBZEQDEIEE oo, sreeennenees
1.2.2 HRI O R 5 THITE  cveveerrvrerrrnrmmeeenireeiieeeiie e et
1.2.3 BB R ceeveeeeernuertmimtenin e e s
12,4 BUSEDHEE  ooeveererererersseriiesiees st s st s s
1.3 EEBLEZEIA  woreovveeserersens somteimoneoie i oiemete stess ettt st bt st aeae s
1.3.1 AR H1F % CFoClz, CFCls BETU NGO DA woorererrremmmsennensssnnnen
1.3.2 kBBt 3 CF.Cl,, CFCly XU N0 D5
1A EBD oo e

E2E AN K B MBS OB
2.1 I U MDIT  crveeerernrrer et ittt it rraie ettt s ettt s s st s bee
2.2 B e S S PSP U PP

2.2.1 jﬁﬂﬁ%%% ....................................................................................

2.2.9 % 7 TR i veeeeeetneeeeenteaeeaeaeeereanen :

0.3 B ] ceeereveeeeereeseeneeie s e e e e e e
0301 BFZEBEEHE  ceeeveoreeeeeeeeee et et s e e s
9.8.2  TUTER /Y R JL  eesrrersesssesseneits ettt e e e e

0 AR RARY P JU  eererersrrenienie snten et e e e e s
9.4.1  Ray TIACING «rrwrereseserssrmomsmsmmsssmsce s st st st et
24.2 Line by Line %’-i-ﬁ ...........................................................................



R e e ettt oot e et 67

2.5
2_ 6 "fél: % ................................................................................................ 71
279 4 T e 72
HI3IE T—o VO
3.1 (Z LS BDIT wevererrerernereenone ettt it eet e ees e renr e e s et e e e e e es s neeaa e eat see 75
3.2 HHET — oV ORIERZHEIC L BEHI)  coveeeerrmrreemreesisnnreerieeneeieee e 75
3.2.1 T eeeeeereeee et ettt aea et er et e e e e eaa e e aas 75
3.2.2 T KM FTDOEEELIT  wovveeeerrrerrremmrineentsinie e et s e e s e aee s 78
3.2.3 BREDGEDTI — OV IUSTT  cererrerreneressrenresrrestimmmmuiiiii e naais seeees 82
3.3 HEBEx— o vLVORIEGEREBRIF/INEI T Y ) e 87
3.3.1  JUTEZBRDREEE v cerrrn e e s e e e e e 87
3.3.2  HEEZEER  cceriereiti e e e e 87
3.3.3  TREETEER  -orveevreeeeront ettt e e e eeeee s et aae et 88
3.4 FTEH etertaustet et ta sttt etete e s tes bt ebeste st ssasasersnesaesenerssrsasasasorensa sensedeseots 91
BAE BIEE L TTRE DB OB
4.1 EFUHic s 93
4.2 JETETE « JUTEIR  coeererrererrrrearemiiiiiee s e e s e s s nanes 93
4.3 BBIIEEEL  cooeveererrneeeee e e e eaesaee s 94
A4 B I B e e e et here e et e s ste e e rae e s ne e aes 147
FEoE HEETNv
5.1 ETIUDEEE  ceereteerrt e e e e e e aee e 155
5.2  ELEEEEEL  cooereeerreerniee oo e et e st ese e e ebe e seaee e 155
5.3 BEEAFETCL  ceevrerrreri e e 188
5.4 TEEDIRHE  cereereeseeoreeeeciree it ettt st seeae e s sae e e sae e e nraaeeaneneeens 189
B.4.1  JGFETE  cooeererermsiere oo e e e et e et sate e s sebeeeas 189
B.A.2  BEEIZRME  cereereersriiie i e e e e re e et e et e e e s aa et aaa e e aee e e ennes 189
B.4.3 I TG eeeeeeeecenrenntnnnneeteeeei e e e et e st eeeee e seeeen nenae 189
B.4.4  FFEL T 0 & et e e e e seeaae 191
B.4.5  BFEITR et e seaee 192
B.4.6  FE OB e 198



T = B (LT 212

5.5.1 gf%:it ............................................................................................. 212
B.5.2 HE Bl e et s 215
5.6 x \/“‘/ ‘C;r{l-ﬂ— 5 JVvi v @%3% ...................................... R R RRRLLRLIL 223

FE6E EARHORE

6.1  (Z LS BDIT  svveeoenrmrnenitet e e e e e s s sae s 229
6.2 il LT P PP PR PRI 230
6.3 @Jﬁ%% ................................................................................................ 231

6.4 Fp G F  ceeeeenees OO 249



KEPRATEMBRE £65 1982

BB A " DRHEIC D188 5 KGR

KUOSESN B S OB
SRR E NI
i 2

ABEBORRATAICKE Sh 2 BRBAYL 7 v r 7 d w4 2 OEMO D REE A+
VOREIBRE IR TV D, ZhEOWE KNS X 6?«1’503%4&%%?: b ORI HTRE
BAY v RRET 5, RERA Y v OBBIIMBRCIET S ABRMOBE 0 FHCLREBEA D
SBOEEC L W MEROKBEOEE % O TR T THEMLD B,

FBREIERBAY, 7 r eIt r ARy, BIREORTEOSMLBRL, BiekSr
VIRE X DHBERF LI DTH S,

WEH»HEE 28km % TO CF,Cl,, CFCl,, N,O OBESMOBMBAYTT -7, SHBAROEHR

IR VAR 03~1.0/ 025 v L 2l ) v A CBERARM P ERLERETH R 7 v~
b7T TR GHTET SN, BROBEIH, BIX, BEHTTH5, REECOWTIRER
M5 L DATVVARBYREEL LIRCLAIREEIACLRE TEIHAMLER L EeET
BRERLFRAZ7 v< b7 7 7LD ET o7, BRGEAR L CERIIICEBL 12,

i B O BT IE, 1980412 A 2 519814F 3 A % T M o FHERKIE A i, CF,Cl, #30.29,
‘ppbv, CFCl, %% 0.18,ppbv, N,O #%0.32,ppmv CH » e, FEELE 25 &, 197841085 51981
$3H§f@mﬁmcmazm4%,G@hmm%%ML,Monﬁvtm—ﬁﬁﬁ@oko

MBEMN D CF.Cl,, CFCl;, N.O 0BESMOBAMER, HERRC LD ETAHELL G
VB LT hEOREENBE L &L SHA LTV 5 EV I RERIME L I,

BEBE M o CF.Cl,, CFCl;, HNO;, N,O, CH, D#iERD B4 KB % X & 3 2 RARBRIX A
<7 P ADRESLERDI, FRCEFNTESHEE 2 MEECER L A& E 72 A RO KE
AR =27 P AVRIZERFIA L, KBHRAR <27 b v OBITIC RN RINE % b OKERS O RE
DHEELE T AKRKICFT B ray-tracing 52 X 5 line-by-line DFE TR WHIE I NIz A X
7 A ERBA LB O CF,ClL, CFCl, £0RAMYRE L,

AEERO—Fl% ST 5 & BE 7.6km » 5 HEIE S hic CF.Cl, CFCl; OXiE Ei—mER T
O FHEBR ST FNFh 0.280ppbv 2 U 0.183ppbv TH - 72, HNO; (X EE 18km 45 28
km ORCRA&kRS—F LTS L 9.06ppby AE S, N,O0 RO CHyoHZBCIERERLThLTHh
2570cm™ 2 O% 6004cm ™ D RIH BBITICHERHTH 5 DT - T,

-1 =



K[EMEFBENRRE #$£65 1982

BEBOXAFELE 2 52— r YLOHREBLIMC TR L L, KEB—NREROWEDOR
REYHA ST 5 B THIRE 2 SREBIE S = — » VY L DS HOBRAETT 272,

KRB TH T s —RTF &7 vAvOSmOMERM, NtE EE—RER TR B s OBE
EDWTHEN & ToTce =4+ 7 YT ORFRNES 51cdD Y v T OBF L RERBLTIe
BEH 8km ¥ TONFREOOMMNEE LRI,

K L BB KT OWE DT EEE R B bt b e SENER S R E 785 T = v b
FOEBCTOA Y, KFES, CFRClL, CFCL S04 MoOBEERF T, ¥ = v P ROFETEE
OOl EKEAD 208l (ERERD ~#o T8 - CHRERB»GRME~KATS 57
VB (RER) »HEHEL, TOBRTIRA YV VEENKEL, KER, CF.ClL, CFCl;, DEE/MN
Ty, TOBR—HBZOkm { bVLWOFEEITRR-ZVRDLAESN, BE 2km { bW THRD
LRBFHBD - 1,

$ATE 1 RICHALE IR E T ARIED 4V VICBIET A MER S B L O+ Vv 0 BEAL, BELSTR
DEFEEIT -1

ETFNADOFEIISN, EDELECOIFHTT -7, BEITCHREIN TV SFHDIOSES M &
EFAHBERIBLDORHE L TAHT, @EOMO—EDOR VD & LTI, 05, N,O, CH,, NO,
HNO,, CF,Cl,, CFCl; £TH 7, MZEO—HALLE W30 & LTk, OCP), NO,, HO %
HY, —HDR b ok, HCL ClO, Cl, CO %Th- 1,
&E%%VV&%%%CEC@(Eth@%guﬁfyéﬁuﬂbf,ﬁﬁm&%wﬁy&%zf
B ELPEORLKEVEERNISkm T Y VRBEORAIZH6%TH S &\ 5t EERENIE
bhiz,

o P EE T B KBBRA B OBEER S, REBERS B X OERKASFEZRET 5 bEHET
ERET ) XA BECLERIHBC L 5 AHFEER LBEREZT - 7.

Vv EBOBAYEEC L TEZHHRSCHT5HBEROA VY vES L= —r VARS %
DHELTRDONDL Z LW oTe, FRBRMACE T HREGELL D DL KB ST 58 &3k
FIERE L, BAAHEORMERO LD CIERRS ORER G TRR T4 TLRASOREH
VETHDHZ END o1,



KEMATBA®RE H£65 1982

Obsevation of the Atmospheric Constituents Related

to the Stratospheric Ozone Depletion and the Ultraviolet Radiation

Upper Atmosphere Physics Research Division

Meteorological Reserach Institute
Abstract

There is a potential threat to the ozone shield for the solar ultraviolet radiation due to
anthropogenic emissions of nitrogen oxides and chlorofluoromethanes. Changes in the strato-
spheric ozone concentration cah affect the ultraviolet radiation at the ground and the tempera-
ture in the lower stratosphere with corresponding changes in the earth’ s weather and climate.
The purpose of the present study is to make measurements of the relevant species and the

ultraviolet radiation to make clear the effects of anthropogenic emissions on the atmosphere.

- Air samples were collected over Japan, and analysed for CF,Cl,, CFCl; and N,O by a GC
-ECD method. Mean mixing ratios in the troposphere were 0.29, ppbv for CF,Cl,, 0.18, ppbv
for CFCl;, and 0.32;3 ppmv for N,O between December 1980 and March 1981. It was also
- observed that the mean mixing ratios of CF,Cl, and CFCl; increased by 4% and 14% respective-
ly from October 1978 to March 1981. The mixing ratios of CF,Cl,, CFCl; and N,O in the

stratosphere decreased with increasing altitude in accordance with the photochemical theory.

The atmospheric absorption spectra of CF,Cl,, CFCl;, HNO;, N,O and CH, were observed
since October 1979, using the air-borne Fourier transform infrared spectrometer. The mea-
surements of black-body radiation were used to obtain an instrumental calibration function and
to correct the spectra. The synthetic spectra were obtained from ray-tracing through the model
atmosphere and the line-by-line calculations to compare with the observed spectra.

The mean mixing ratios were 0.280 ppbv for CF,Cl, and 0.183 ppbv for CFCl; assuming the
uniform mixing along the optical path. Assuming the uniform mixing between the altitudes of
18 km and 28 km, the mixing ratio of HNO; was estimated to be 9.06 ppbv. The measured
transmittances at 2570 cm“(NZO)V and 6004 cm~!'(CH,) absorption bands were also analysed

using the model distributions of N,O and CH,.

Aerosol obseravations were made to make clear the role of aerosols for the stratospheric
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photochemistry and the mass exchange processes between the stratosphere and the tropo-
sphere. Some results concerning the relations between the Mie particles and chlorofluoro-
methanes in the lower troposphere and the relation between Mie particles and the tropopauses
in the upper troposphere were obtained. The aerosol sonde to observe the vertical distribution

of Aitken particles was developed and the preliminary profile was obtained.

The spatial distributions of ozone and other constituents were observed around the
tropopause gap and the frontal boundaries. The intrusion of the stratospheric air into the
troposphere occurred iﬁ a thin layer under the jet axis from the cyclonic side to the anticyclonic
side of the jet axis. This layer was associated with the high ozone concentration and the low

concentration of CF,Cl,, CFCl; and water vapor.

One-dimentional model dealing with the vertical distributions of 34 species in the strato-
sphere was developed. The mixing ratios of CF,Cl,, CFCl;, CH,, N,O and water vapor that we
observed were used as the lower boundary values. The estimation shows that the total amount
of ozone has been decreased by about 0.6% by CF,Cl, and CFCl;, and the maximum decrease

(about 69%) of the ozone concentration has occurred at the altitude of 43 km.

The ultraviolet solar radiation in the wavelength region from 300 to 400 nm was measured
by using the spectro pyrheliometer and spectro pyranometer. To get the effects of aerosols,
the direct, global and diffuse components were measured separately.

The direct component gives the wavelength distribution of the extinction coefficient of the
atmosphere. With the aid of the measurements in the visible region using the spectro pyrhelio-
meter and the data of total amount of ozone from the Aerological Observatory, the extinction
coefficient was separated into ozone and aerosol component, respectively.

Diffuse component showed a large part of the global ultraviolet solar radiation in the

region considered, so the measurement of this component is essential in the problem.



