TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.1l

OBSERVATIONS AND NUMERICAL EXPERIMENTS ON LOCAL CIRCULATION
AND MEDIUM—-RANGE TRANSPORT OF AIR POLLUTIONS

By
APPLIED METEOROLOGY RESEARCH DIVISION, MRI
SRR AT
119

R & RATGRIE Ok BT 2R

o AR 5T

BT 52 A

METEOROLOGICAL RESEARCH INSTITUTE, JAPAN

MARCH 1984



Meteorological Research Institute

Established in 1946

Director . Dr. S. Moriyasu

Forecast Research Division Head : Mr. T. Yoshida
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 Division - Head: Dr. K. Naito
Seismology and Volcanology Research Division Head : Dr. H. Watanabe
Oceanographical Research Division i Head : Dr. H. lida
Upper Atomoshpere Physical Research Division Head : Dr. M. Kano
Geochemical Research Division Head : Mr. T. Akiyama

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 : Dr. T. Akiyama Mr. H. Kondoh © Dr.Y. Sasyo
Dr. T. Yoshikawa Dr. J. Aoyagi Dr. M. Seino
Dr. M. Endoh Dr. K. Kodera Dr. K. Fushimi

Managing Editors . K. Nishida, H. Nishimura

Technical Reports of the Meteorological Research Institute

has been issued at irregular intervals by the Meteorological Research Institute 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.



52

SEREFICARRIFE TIE 1980 ERYMIC LI 2 INATROMTLE L TRHICRKKERLSR
OHFICELHLABEOTEBL TEXTBY., BEHADO 7T — <3 h LMohOBGRE b - HEBER
S[IOPEBROME, OBRINTV S, CNLOHRAEERIC Lok DEANEIHAOD LD E
LT KRBYED 5 LRI IRGYEOES 2 [EFHAED SR 5 720 EHIER & KR
TS E O RIEEE R & 5 B8 (GRT FRIBEERE) % BT E B A ER 1 SRR
(1980 ~82MF)IC K B REMI L LTEML /oo COMRRBHASKBR LB E T VICL S ¥
Jalb—vavpolih, AR S L CRRORMMIESL BA L, BER L ILERE EPEE
LIdRtRE &2 nDFEE TN ICh 5 RKBEGRED A VR r — vOERORRE HE LU TERE LT,

AZERBO[EOFNBRIC DT, & IEKED O’ Neill b0, HFEEFA-Z M5 YT
@ Wangara 5 (1967 4E), Koorin EER (1973 )b . ZNFNEHAF—42ELHRIH
HTENn T3, CHSIBHHHMORRIKBEED & T ATD LY KBS ENBRITH 2, $7io
BAIC B CREESRFMD 200 < So0BRls 1970 ERICITS dh. & D HIJEERIEA
SERERE (1976 ) BABRESHEABRTH O, 2N ZTHWMEVPHIKIN TS, THHDE
AKRE & D SHARED < BEI/NS VA J D EHESHIE — Biic S EMERIC b EME
W HEBRD complex terrain— TO, BREGHOFHTRREAD 7 — 5 3D EETH 5,
—MRICCDBOKRBRICII L ORBLEFNEET 5 LVHBERTHE—HHULADEZ DT L
KR TECEDBRYITHD., COERBICBOTABMERE IS Lic Lz, —ARHEDS B
DEUEE T MOV TR BAEMROK[RRIC BT 5RO L NvE R B & & 00uB0 1B 05
LNTVEERD, HiEE T WVOFEIC OV TRAKBNICETH DB EDTH B4, /¥5 A —
Y DAFEE S PBRM 77— 9 OREBEUBEDEDSEEAEATHD., Tho3n,oDE O
AIERECTINESDTH 5,

FEBIFIC OV TR, 1979 FiIcsgtE il (CHIRMERR) Sic X » TiHES . 1980F»
5 3EMERS Nic, B EfTEGRHEE., MLUEE, SNKESIC X > TUREMEITS
27,

BABROERICY D, KREXRSRE LEAKKEEZ R, L. B8, S48, s, £
Fil) & L OBo# 5 B s AfrcZERE ., MUE, FIROZAERGEMHA Yy - DiH/1%E X
720 1980 ~B1FEOEANERNIBRIET 25E M3 5 HA BISHR OB & R ER L . ERORZH%
iTote b U—HFERIEE L THREOTIC OV THABRET AR & OB EZE (RFEE) i
Lo TEMES oo F /2 —HMOBATHETOWII%EZ o £ROBIRIIC DV TTFROIGAKE
REHEE I X 5 120 BAKRBA. %%ﬂﬁﬁ%@%éﬂc & TEEE N, BHBAIIAREES



ERESEHHAORA LREE DA OMED 7 v — 71T & > TEIES N, MERBRIEEL
LTAKEER. FIIE ik D SRBFABIHR M200 HE (8 L THRS N, AHEED
EDFEDIEELE UTERNYE 125 o,

FEOHMBAE 19814, 1982480 HAXAHFLASBRRI bHE SN,
ABFREOELSE SFNE—. AREEE, MHE, MK, EHSR, FREsE, MUEE.
REFE., SNRFOLE 1980 ~824) . FHEHI(19804F) . $AMWE( 1081, 8245) . F B,
FEE DL 198245, [i— (1981, 82 EHEHIE) TS 5.

MEANB94E 2 A

J[EFER  ISHASRPREE
oW F B



FF
BEETE (FIIDL)  woveveeeoemmmemeemmminrens st e st e et e e s B I |
ol g v T 5
1 HiL o EJBEEEI  ccooeeeeerrrerrerrree e e 11
ST - T U 11
I I = 1] 2 S PPN S PP 20
1.3 ERRIBEBDMHAE ooooororerrreeeennnn et 292
1.8, 1 fEJB Y T eeeeerer et e s 22
1.3.2  FREGGEER  -o-vveveeerrrrnteos st e e s 23
1.4 REMEAOBRSEREL X UT — FUERERE oo 24
BTk e 32
BB WENEBOEEEOEE L FHEREE e P 33
2.1 HEEPIEBODHERERDIIE - vererrrrrrrremrnrre ittt e e 33
211 1980AEFEERM  woovemvemmmmmmmmmeeeneeeeees et e 33
2.1.2 198 THEEEFRHL woororvrrerrmorn e - 36
2.1.3  1O8QAEREERI  -veveeevrvreerermres oo e e 40
9.9 JRGEAIAE  ceeeeeerereeeees et e e e e el e e e e e e 44
2.3 JBAJE  veereeveereree et e A4
2.4 Kz DHUERIEHE  cvrerrermereeermemre e e 48
2.5 HAEPHEEDEHIS TG oeerrree e P 50
BRE YRR coreereereeeeeraeeresnen e oot et e RS 51
HIE V)T S VICE DERER cetetesessasarsieterersbenteretassassasteantsarerssasrasssens 55
3.1 RRIDBETE  ceveeeree e e e s 55
3.9 B JHl ceeeereeeeeeeerererreeeeees e SR i 55
3.3 BRHIEEER  oereererereeeerne PP PPN PP 58
3.4 BN et e et 71
FRIETTRR  woovveeremeeemer s oo e 71

'ﬁ’ ﬁ )V l) 7 kN — y@ﬁﬁ% ............................................................ 72



WA LB e e et ettt en e e 79

U1 B LEBDIT  reremeerimrreeeaniee e e s 79
4.2 BHEIEIE oo e BEPUUURUROUURPUPURRPRPRIN 79
4.2.1 WiZeks e, ettt e re e s e s st e et e e e rea s et eeedas 79
£.2.2 A T RH—JBEESE e s 82
4.2.3 BESHEHLREEEE  cooooevreerremmree e 82
A.2.4 BEEE e s 84
4.2.5 Lyman—alphafBEEE «-reeeeeerrmererr e 86
£.2.6  FROMEEHEEETE  ooveoreerreesremnmmre et o e 89
4.2.7 EHEEF « BIERGTEE  oeerermrrmeiee e SRR 90
L.9.8 79— F 4 JIUH T Y B —  erereeee e e 93
4.2.9 RGUEHRRTELER oo e 93
4.210 REHF VTV ST VRT L weeeees e e e e R 94
4,911 VTR /R 55 Ln woeeeeresseemoteeaittisemittee e s e e et e et e e e e e e e e 96
£.212 F— FUEEER oo I PIE e 96
4.3 SOEBIHBEIE -oooeeeeeeeeeens e e e 98
4.4 SOFEEIIAERDMNT & FEL  -oereererre e irneeine et ettt e 105 -
4.4.1 BATERSIELEIBEE OB D TEOEFBL  oovereereeereeeerme oo 105
4.4.2 KEGTEUEIBEE DIKELIE DEFEE  +oovveveeoeee e semeee e e e 105
4.5 BUEBUAMEE oo o .- 107
4.6 SUFBHIEEEDMITEZE e 117
4.6.1 KGFELEERE LB, BOHOMESTEDRRL - rvereeremmeeereiieneeneeenes 117
4.6.2 HiEHEEEDBZAL I 117
4.6.3 FGESEEGBOE -vovevereemerermsemeesoemseesemsiesies e e nies oo RS 123
4.6.4 T— TV JUDERE]  coorvrereeereeraeen e e e e e 127
4.7 SVAEBLRIBEEE  -eoeverrmorremreessiome e ittt sttt 128
4.8 SUEBUAAEIDMEMT EFEEL v vorreeormrrerre e e itenieete s e et ettt sttt sntaeseeenseas 138
4.8.1 KREFELETIERE OREWTETORBL  ovveveeereee e e 138
4.8.2 FEEHNDELBEEE oo e e 142
4.9 Fo7 95—k 2 EOBE e e et e e 143
4.9.1 FUSEETE  ovooeevmmmremeie oo e e 143
4.9.2 BBIIDREEE  «oocveoreeeemr e e e e i 144



A0 T B cerrrereraeeeeeee e e ettt e et e e eea e en s annae et 147

FRIETCRER  vovvvvevmmreree e et e e et ettt ettt et 148

FE B cerreeeeee e e e et e 149

1 F—FIEBD T Oy I T AT 5 Le coreeeeeveemiimaiie et s ittt enve e 149

2 WIZEHEERIT — 4 MTHREER  oeveereeeeeees e e et 151

FEE Ny T 53—V I EBRBREFT ST A — 2D IWTTHNTE  veeeorremveeineeiinnenenns 159

5.1 BEBODEBBMES  -ooveeoreoreee e e e e 159

5.2 FEHHJUITE  cw-ieorereoeremoemmreeeoiee e oottt e s ettt et et e s 160

5.3 HEBUN T A — ZDRREE  ceereeeee e e s 164

B.A BB EASE  cveeereeeeeneee e e e st e e s 167

FRIETTHR  veoveeereereee oo e 167

= S OO 168

1 BREOREICE BIBNT A — 5 DB werevrrrereesemeisee e, 168

9 F~y7°§—‘/—9“®MTWﬁ&7F§ ............................................................ 168

BOE TT o M U— BT BIBLEER oo 173
6.2 Activable Multiple Air Tracer (AMAT) &R F L roovrsesesmss o 174

6. 2.1  BUHHTHE  ceovvereseesemsmmmieimemore e oot e e 175

B.2.2 YT Y Y S e 176

6.3 R L B FER  ceeeeeeereeennee e e e 177

631 FREEICBUB N — b FREER e e — et ee e e rreaae e ans 177

6.3.2 HREEBERNICHT 5 AMA THXER 181

6.4 AMA TOWEED LUHBIEER  ovorveresreermereeesenae et 193

B.4.1 BRI NN woveveovvmrsesseesessesssensssrese ettt e 193

6.4.2 EFH R L— G — FEERODAETE  corervemrermrseerens e e e 193

6.43 % R e e e 195

B.5 K ER cveeeeeseeereeeenseee e e 201

BREETCHR  weveseses e seense e et 201

/8 R Lt ZBR 57— £ eeessseeeene e e e 204

BI1E BMKRETVEFBELIOBMEERGEROBE Y S alb—vay o 217

Tl AL LSBT oorveererrrberense i e neeniinns e e e e s 217



7.1.1 j(%‘ﬂ::i%ﬂ%ﬂzio’ﬁ 5%%@@@%@ B L P R L4 I 4

7.1.2 RHUEBDBIEAD T 4 = F/¥y 7 oo 217
7.1.8 BT FIVDREEE  «ooovvveereemrrre et e e e 217
I = < o o 17 O 218
7201 EEBEATETL  ceoerrrrenmermerenre e e 218
7.2.2 IS D DBUYTE oo eveverermeemneennes R 291
7.2.3 BBEBDIRUY  cooveeeerererrenneeneeenns e e 295
T.2.4  FEREEIALME  cooeeveeeeeesimei e e e e e 297
7.2.5 KFHROBEREH LT YT x4 RRTF 4 VI oo SR 229
To3 RGUGHET T wovreoemeemesie e 231
7.3, 1 FEBIRHEBLAE T/ woeeevererremneeentntnteie sttt e e s e ettt s e e 231
7.3.2 255 & — FAL U Fr I BZERTI  woovverreresre e sassssreeeeaan et 239
T4  2IRTEDUBEERE FALSERGTEYL v vvveereerrrrmanmnireni et e e e e 239
O T T o - PP 239
T.4.2 JRETELDMRAT  oveeeerrreeennees e, 241
7.4.3 HILFEEOHZ L e et e e 243
Toh A T LB teeeerereereeen e et e e e e e e e e e e eeas D e 247
7.5 E « PUEMG OBIRREEOFHIE S I 2 Lm0 g ¥ e . 247
7.5.1 FEREDEL  ovveeerr e e 247
7.5.2 BEY Y al— 2 VICE BHLERDERL  ovoeovereeenre e e 249
7.6 BTG ORMEE KGERD Y T2 LmUg ¥ i 253
D 7.6.1 1981 AEREERRI & DHES  eeeeeeeeeeeeaienns ...................................... 253
7.6.2 198 2AEFEEIII & D HLER  -voereervrerrersormrsoois ettt et e 276
7.7 BEHEHHIG ~DIGH]  coeeeerrerreeeeeennn e e et et aaas ST SUTUTRR 285
7.7.1 BABHITE OWALZERGTEYLDERE  cveeeeremrrerrrrrrreensenneniee e e eeeeees 985
CTT 2 EFELDGME e 286
T.7.3 2% alim g YDEEEL oot e e e 288
TT 4 FEERDMESE  ccocrermeoreromemme et ottt et et e e b aa b eaeenas 291
TU8 T B reeeeererereeereie e ettt e e et e et ettt e e e eeeaees 294
BRETCHER oo vveereenrmrerre e et e et e e e e B 295
BEMATETRIATL Y R B coeererresenmrmrmnneeee ettt e e e e ee e se et e e e eeaveenad e e Gervennenae 297

« EHIHY = B (157 T TN 301



B =

BAE, H&0. TEMICEEICE > TOBEFER ® » 713, KRBT 3 HRYE O B
fil ¥ L OBUREERE SR N b, THHLIR & AR5 YL IR BRI 75 BAE AN & s TIRWEE DS { L K
SERE IR REL SDICL TV 3, TOXIBHRRICBEN T, bHBEDOASHOKKRHELRIE
MRZEHED B/, FELLBHED S & T, REfHIChT > THiES N5 KKBLRYEOREE I
Hd3MABMBETH 5, ARRIICDOLIBHERD S Lic, EAREOHRIBOZEE 20 H:0
HulgA BB L CEROMBHIRE LT, FTEASKICE D 5 HHIER & KRG RE O KRR (100
~200km), &R (1 ~2 ) ich 5MEBEREMAT S L2HNE LTHEIL T,

B ARPTOREERAT 3FRICL > TOXDIHALOBRE AT 5
(1) DHIERDOELED A
(2) RLBEHYED 100 ~ 200km. 1 ~ 2 Bicd 7z 5 ko fEef
(3) Bl 3 2 b— v 3 Vic k3 RHMIERRO %D FH

(1), (2)iEERuC BT 280l - HBRICK > TRITE N, (3) BBEETNVICKBERTH 5,
F/2(2)TITHONEHHELZE + v — v —ERIZ. TOFEOHREITV. ThEBFAERICHOIS

AMEOBI & EBR T 3 FFTETITE » /o8, OIFE & 2 FEERET - BREHEL & THE
CBRIDTONI DT, FBTICH 7 » TIMHEBID 7— & SER Uico UIAER LBl LU
EBREHE THLEOED TH 5,

(OVERE (1980 4F) )
R R R R
ey ae iEER - AE TH228B 9
i} + ﬁ % ﬁ&?ﬁ“%ﬁ&aﬁ %ﬁ% ?E[JJ ~924H 115% ﬁ B%
LA KA F | B - R
J: E [ﬂ @Ciél\o'f 7]‘7f—JU (f@J:"’:)’OOOm) ” ” ”
woB &R EBEYF | a0 @ | oF B e | TAZE I @aww
wREGEN | 1557477 BE R . TA2E~2UE | R
. o T*W— , fit ko BB L
IINT hoS—y 2;518 yvT . KEROB Wik 6 [ WoOBk
5 ﬁ’”ﬁicié » NO«iEREE Rk L U2 0
BB e s | R PRIt §
_ L < T 5 ] |G L B LS
—y—gg | FHEEROB g ERED | MR RHAC WERE A5
MY | At Rl M B | AT




KEFEFBINRE  HF115 1984

(24EE(19814))
IH B |8 f & & 8/ 2 R 8 Al S| 8 A B B F £
WA AR | 8 A198 6B~ [ 76 7o LETE
ok R % —mmEcER | sy |DELSEH 2HON KOs
515, FEA
LaeA Fo4 b | i - ik
B R Eaeson | GRE 2000m) " ” B &
EE SR BE | TEE - K 190 6 B~ | Subz6m] (3 Fei)
LB %2 (M1 E~ 2000m) | BB 2261 9B | T 3 (6 D)
F o oS B | BE-RE 19611565~ 21 H
fol - paEy | RO BE &R R gy 8 St
D A « R - oacr o
INA 2 v 3 18E!h3‘9.285§ N 5
F Mv— v
INT V=Y | L= 4 VS VT KERDHLER ” HARSch10/m]
2 BB
BERicEBE | BECEE | A Comd | B -
BEHIE KB EE 19HE21HD 9
ﬁﬁlﬁl‘ﬁmﬁ NOxBEEE19
Oz NOx BB H 208 3 [E
I—avyi 218 2]
FRTROMK | b - k| fh UL ML | et 8 1198
R W L 8 Ho1H
1 ZhEN3
HE e 8 1 et
b L——EEBR e, & e 200 DA
. . B B 2 Fshg
F. B, I iz
SHlFF=E.
NN T
(3EE(C19824))
IH H |8 |l /5 & |8 E £ 8 0 S8 /8 B8 | & F-
RE, BE_ | BB A
b &g —MuEeER | 2Th s, | Kkl we| TAZEIET | g gam)
- RE | W, s 0H 9
18+ K54 ¢ JEE
£ B A ahr—;uj (%T; 2000 m) ” 7 ”
BE Yy | GRS AR TAIEOE | g e osm
EFE K B8 -
PISTE KSR BE ]
RESE | Rmoas R , ,
= (#1.F 500 m)
B « R
/\4’7\77‘4 7 TH245~8HTH -
BRBSMEANE (o), 7529 25 | AoRH o0 m) Mol ghioR~sAzen| E B
Mk ic X 28 ﬂf’] JEIE, R - BF=8 | TH2TH~29H
Bl B, 51‘ Sl - BRA
o= i’fﬂ(@)ﬁ?ﬁl%(ﬂ +
BEOs NOLBEE | & 300 ~
Toau 3500m
} FHEIELROK | thEick 3i85% Jitanls
HEA Y EREBES G , i o
b U— o — B NG Wow 8A4H~6H P
FFr 40m
DFEIKIE




SEMEFHBM®RE 115 1984

BIEY 2 b— Y3 VEDOTR FEROFEREEIC X - TiT- 72

PHEEE - RHIERD > ¥ 2 L— v a VOSIREE Bl 70 B LS ERRRO EIC BT 2 7 X b

TEER  AREBRRE L C BTV OMB & TN L BTBAD IR I B RHEIEER O BB R o

=FE  BERIC X 3 EREORE A BIEER T 500 MMEFERIGE E D ANHF L E TV
DYER%

EEE R S
(1) #RMEO#EERO L. MERNCIBEZFSRESAD Shbh. hEMIIZERD KX
RRFEAEALNBNT &,
(2) Ao FHIBEREUERTL DBEECHDON ST &,
(3) TBIKY =y MROBEEIFEEST ST &,
(4) BEPSBRIOLI TR, 7TAFRT— 45 EANSERICED SNEVEATSH, 100m
ETRBERSHETH ST &, '
(5) HBEEOBHEH EOFKBRIBRETRHIZLEAETE > MBICH B4, B#ETIdg~IbE
TREIT A &,
(6) dEOHE BN T I 2 KM L CTHEETSH 505, MERITRILASEBIS 201, BEDS
FELT, R HBicEdT 52 L,
(7)) — Mk LRSS H D LT ATIE, 2 20RROHIC 100mBOEBENSZDSNS L
o
BEBPODIIS Tz, FBHTR, BLICIERICES, BRI EA CHET 5 TR OFL
L. BEEEEORIGITRE N, - BRICL 2 HEAROBRHBEOHIRAIC L > T, PEREPHE
& DERERICEDH B T EMNBD ST,
1980. 1981 FEDMZEMEIRAICLD.
(1) BER#EEID RN HRIC O > TEHS 500m  SWVWET, NODBRENFHNT &,
(2) B Qs 0@V ENE S 500m P LicBlllcs 38880855 &,
(3) FRITEAEDPTHOBOERENGES 1500m ULED LEFE THEINSG T EMRHLMIT
1 ot, 19824FITid,
(1) F5 NO, 3 ZF# TR S 500mPI T T, 0313500~ 1000mDETH,
(2) #iciEdE 0s x— oV v ERMELRORE LRE EFEATES . 2000 mffrs
THELTOW A, BETOEREIORBRIELLB &,
(3) MELRD FEBIC#®%S N BRER FBRRIC & > TR#ED FE~NRashTw s T L5
HE Nt
(4) ZHOEREEOHHH S, FELLHEER O ORBERECEABEELEITVEELD

_3_



[EFEFERRE  F11S 1984

It — oV IOBROBREERO S A EeEN R S/,

b L — EERODEER, | |

(1) SFREMETE. BEE, BREE b b L— v — R RTINS, AR
KT T 5T &,

C(2) #BBED» 520 km A THZEED SFHREBRICOETHRB L b v—9 -3, BLTERRMI
hic-> THR S, KHEBIER > TR s,

(3) &EHEV b U —+ — (3EREES0 km., By 4085 LI L BHFAlETH 5 T EMED H 4. HiFE
ANDUES 1 BLUTICT B EDARETH BT &,

REBD» T,

Fo 75—V -5 X 2BRITE.

(1) KREFEIF S BR—vic L BRAFER & K —& L7,

(2) SHERIZER, ERESZOREFLHOT S 400~ 500mDEITHE L LASECD,

#JE PR E D SR I TTRERIEAE < 13 5 AR St
(3) SAEFAOENE—RICTETAE S LETNSVH, BRISEZ#S C s dE T EER
THNS T L DSBS N7z,

VN7 b= ic L BBTE, REFEREE TORRIERIIME10 km HET & HIE X1,
Z O T SBEICRD S FENE 300 ~ J00mDEXEFH >THW A & &, B Lick i) 2 iEEE
BRoERfE THRIChI > TE 52 HBRAFINE SN,

B> av—va Y idRMEIE T ABFEDOE T VERB LT, 40— MBiKD & & TOHERE
BFEBRIC DT, BRRNEHBUCHEI L o $RMBIC & 5 BREOHIXRE MERRT 57:0D
FLOETFVERFE LI, TOETVIEHIEERIGIC OV TANICEBILEINTHEOT, FEL
ORIEEIRE CBS NTIRV 325, RERDBREF VTR S T EREE A ETE b - - BRI &
LERE ORI SHIEE . FRESFERLBELROTRES LN -l e, K
SBREOFUICENEFERELI D EEHN G,



Tech. Rep. Meteorol. Res. Inst., No.11l

SYNOPSIS

The present project consists of three parts: (a) observation of the meteorological field with
local circulations under complex terrain, (b) observation of medium-range transport of air pollutants

and (c) numerical simulation of local circulation and transport of air pollutants in it.

The studies were performed for the three fiscal years 1980 to’82. The observations (a) and (b)
were made in the central part of the Inland Sea and its coastal regions during 22—24 July 1980,18—20
August 1981 and 27-30 July 1982.

We describe our experiment in the following for each year. The prelimihary experiment was
done in the year 1980. Hourly pilot balloon observation was made at three sites to reveal the general
flow and the characteristic features of local circulation. A Doppler sodar installed at Nithama rein-
forced the observations, and gave some information about turbulence aloft. Radiosonde observation

in the lower atmosphere was also made at Niihama and provided vertical temperature distribution .

Aircraft mesurments were made of NO, NOx and O3 concentrations, air temperature, dew
point temperature, ground surface temperature. The mesurement aimed at tracking pollutants
emitted by large stacks in the Niihama area, which were transported both by the general wind and

the complex local winds.

A multiple air tracer technique applicable to the range of 10 to 100 Km was developed, and
field experiments of the technique were conducted at Nijhama. In those experiments, two different
chemical compounds, Dysprosium and Europium, were used for tracer materials, which were released

in the sea-breeze and land-breeze flows respectively. After applying neutron rays to the sample filters

Nobuhiko Murayama, Akira Harada,* Tomoaki Yoshikawa, Shoichi Arakawa ** Junji Sato,?
Fujio Kimura, Tokiyoshi Toya, Takahisa Kobayashi, Takashi Koide, Naoshi Yano,{{ Yako Suzuki,
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Office of planning, MRI 11 Saitama University
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in an atomic reactor, electron energy was measured to obtain the concentrations of the two atomic

elements.

In order to find the actual local circulations and the related transport of air pollutants in the
area concerned, trajectory experiments were conducted by tracking a non-lift balloon (*‘tetroon”).
A tetroon equipped with a set of RAWIN was launched six times during the periods, and was tracked
by the double-rawin technique which was to measure the height and position of tetroon. Thouéh
the 1980 field experiment was not necessarily conducted under the best conditions to observe the
local circulationv, we were able to have a valuable experience related tp the experiments themselves.
An evidence of local circulation under the prevailing synoptic flow which was found in both the field

experiment and numerical experiment encourages us to further studies.

Following the preliminary experiment of the year 1980, the 1981 experiment on local circula-
tion and the medium-range air pollutant transport was carried out in the Hiuchinada area, the central
part of the Inland Sea and its coastal region. The pilot balloon and surface air observations were con-
ducted hourly at eleven sites. The upper air temperature and humidity were measured 3-and 6-hourly
respectively by slowly rising radiosondes at three sites. The air temperature, humidity and wind up to
about 400 m in altitude were measured 3-hourly using tethered balloons. The sea water temperature
was recored on ship about 10 Km off the Niihama coast. The upper air observations showed that the
temperature over the Inland Sea varied in the same manner with that over the land, in spite of the dif-
ference of cooling or heating between land and sea surface. The temperature inversion layer often
appeared several hundred meters above the sea surface. The inversion layer reached the maximum
height of about 500 m in the morning and near the sea surface in the evening. A Doppler sodar was
operated and wind and turbulence data were obtained during 10th-28th August in Nijhama. Aircraft
measurements were made of the vertical profiles and horizontal distribution of air temperatures,
humidities, dew point temperatures, aerosols, O; and NOyx concentrations and surface temperatures
in- Hiuchinada and its surroundings through 8 flights. A non-lift balloon (tetroon) was released at 500
m in altitude and tracked by the double-rawin technique for several hours, 10 times in the Niihama
area. The tetroons were flown to the west and no local circulation effect was distinct.

Three different chemical compounds, Europium, Holomium and Dysprosium, were released
from the ground, boat and aircraft respectively, on 19th and 21st. The tracers were collected at 9
spots in Niihama and 11 spots in the surrounding area including 2 boats. After applying neutron rays

to the sample filters in an atomic reactor, gamma ray energy was measured to get the concentrations
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of the three atomic elements. Whether the wind was inshore or off-shore, the high concentration was
kept long and the air mass of the tracer appeared to stagnate in certain restricted areas near Niithama.
The analysis of the surface and upper winds and surface concentrations showed that the high-concen-

tration air mass hovered between land and sea owing to the land and sea breezes and could not move

far away and that the pollutants were slow to diffuse.

The numerical simulation technique developed in the year 1980 was improved. The ground
temperature was provided in definite form in the previous model, but it was determined by the
energy balance based on the solar radiation and surface characteristics in the revised model. One of
the characteristics of the wind data in the lower atmosphere over the Hiuchinada and its surroundings
was the strengthening of the wind along the prevailing wind direction in the northern part of the
Inland Sea, whenever the wind was easterly or westerly. The lower level jet was more remarkable at

night than in the daytime. This was also successfully simulated in the numerical model.

The observation points of the year 1982 were distributed along the line_ passing through Kura-
shiki and Sakaide. The observations started soon after the end of the rainy season and terminated
just before the coming of typhoons. The field experiment consisted of PIBAL, radio sounding, air-
craft and other observations. A harmonic analysis of the upper wind variation was tried. The one-day
component of the surface wind variation showed alternation of the sea breeze in the daytime and the
land breeze in the nighttime. The hodograph of surface wind variations showed an ellipse with its
longer axis perpendicular to the contour of the land surface. The wind direction backed below the

800 m-level and veered above the level which is in accord with the inertial wind direction change.

The vertical distribution of the wind was monitored continuously by the Doppler sodar system
in Okayama. The results observed were compared with that of the nearby pibal and that of sodar m
Niihama in the preceding year. It was found that the lower and upper winds shift simultaneously in
Okayama . The updraft continued during weak easterly winds in the daytime and the downdraft pre-
vailed during southeasterly winds. The variations of wind speed and direction were large when wind
shifts and the variation of the vertical wind component was large at a specified time of the day, ina

specified wind and so on .

It was found by aircraft measurements that polluted air was transported upwards vigorously by

the local winds, especially by the valley wind in the daytime, and reached to the 3000 m level in the
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evening. The high concentration of pollutants appeared at two levels above the coast of the Inland
Sea in the evening. The developed cumulus clouds seemed to help the vertical transport of ozone and

scavenging of the aersols.

The tracer experiments were made at Tsukuba where the installation and equipment were
enough to challenge the problems encountered in the previous experiments. It was found that the loss
of tracer material in the form of minute particles due to the deposition to the ground surface was

within 1% of the released material and the effect of the deposition on the plume was small.

Numerical simulation of the air pollution over the Inland Sea was carried out by the two step
model. The first step was a three-dimensional time-dependent local wind model, which calculated wind
velocity and the vertical diffusion coefficient. This model had been developed by the year 1981. The
second step was the photochemical air pollution model which was also a three-dimensional model using
the result of the first step model as input data. A second step model was further constructed with two
submodels, a diffusion and advection model and a photochemical reaction model. The emission rate of
pollutants was assumed to be a constant on the land surface whose altitude was less than 1000 meters.
But on the southern side of Shikoku, no pollutant source was assumed. The results showed than ozone
was transported upward by the well developed valley wind in the daytime, and the vertical distribution
of pollutants agreed well with the aircraft observation. In the night time, however, there was some

disagreement about the vertical transport of pollutants between simulation and observation.

In Chap. 1, ground-based observation is summarized with the description on the observation
network and period, specifications of the low-level radiosonde and tethered balloon used, and exam-

ples of data with the format of MT data files stored.

In Chap. 2, the meteorological aspects of the atmospheric boundary layer in the Inland Sea
area are discussed from the viewpoint of land-and-sea breeze by using the field observations. Individual
paragraphs deal with wind field, mixing layer, vertical diffusivity and the local phenomena, i. e., con-
vergence and divergence associated with land-and-sea breeze, and cyclonic vortex appearing at the time
of wind directionvinversion. Analyses of temperature and wind fields observed on the ship, at an inland

and coastal stations are particularly shown by crosssectional presentations to clarify the features of the

boundary layer.
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In Chap. 3, air flow observation in the land-and-sea breeze regime is described with paragraphs
on non-lift balloon observation and analysis of 1980 RUN 1. The data are presented with horizonatl

trajectories and vertical fuluctuation both in Figure and Table.

In Chap. 4. aircraft measurements of various meteorological elements and air pollutants, such
as NOx, ozone and airborne particulates, are described in detail. We were rather successful in getting
data on the areal distribution using a twin-engine plane. Instrumentation with specifications and cali-
bration of each instrument used and the data acquisition system are first given, followed by the data
observed and analyzed for 1980. 81 and 82 respectively. In particular, the vertical profiles of pollu-
tants and the diurnal variation of surface temperature are analyzed, and the data of moisture fluctua-
tion are discussed for 1981, while the diurnal variation of the pollutant distribution is discussed with
vertical cross-sectional presentation. The abrupt change of pollutant concentration observed in a con-
vective cloud is shown with a continuous record for 1982. Furthermore wind observations by use of
Doppler navigation are discussed with the data obtained in trial experiment. The data acquisition

system is shown in a flow chart which contains the MT file name.

In Chap. 5, Doppler sodar observation is presented, by which vertical profiles of wind field and
turbulent parameter are obtained up to several hundred meters in altitude. After summarizing meas-
urement concept, an example of the results observed is presented and the variation of the wind field in
the boundary layer is discussed for the days of 1981 and 1982. In the last part, the MT file data-set of

the Doppler sodar is dealt with.

In Chap. 6, transport or diffusion experiment conducted concurrently with field observation
in 1980 and 1981 and that in Tsukuba in 1982 by use of activable multiple air tracers (AMAT) are
overviewed, Here are presented a review of the foregoing studies, techniques of the AMAT, the
sampling, a comparison with that using SFy tracer, the results of field experiments, the experiment to

evaluate deposition of the tracer and the overall summary and conclusion.

In Chap. 7, Which is the last, under the title of numerical simulation of photo-chemical air pol-
lution using the local wind model, the numerical experiment on transport of primary and secondary
air pollutants is described in detail. Starting with the first paragraph on the role of local wind field
upon air pollution, summary of a numerical model and mesoscale or local-scale meteorology model is

presented with basic equation, heat budget at the ground, description of boundary layer, upper bound-
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ary condition and horizontal boundary and a simple one—Way nesting method.

Secondly, an air pollution model is presented with the description of an advection-diffusion
submodel and a parameterized photo-chemical reaction submodel. In the fourth paragraph, two-
dimensional land-and-sea breeze and photo-chemical air pollution are discussed with computational
condition, cross-sections of wind and pollutants, diurnal variation of pollutant concentration at the
ground. Next, the local wind simulation at the calm in the Inland Séa area is discussed through com-

parison with field observation.
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