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Observation of Rain-out effect on Mt. Teine
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Fig. 1.

Location of observation sites and
typical direction of progression of
cold front. Triangle and open
circle are the observation sites
of Mt. Teine and the campus of
Hokkaido University, respectively.
Cross is Sapporo Meteorological
Observatory.
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BB M54 H2% 1981
| oA F &

Y, 1979410 B 19 H~11 B 6 Hoofks 19804E2 B 26 H~3 A 5 H o4&, LV 19804E 8 & 14 1
~9 B 12 foHE o= b, BRMAERLUE OO =R LTh v, Fig 1R
T X5, ZOACHERRIETEN 12 km ThH B, FRALEOEE L 1,024 m €, FEiC & D EER
A% AREL000 m §iEECH B OC, ISR CERE LBk OS5 3T rain out 1 X » T
LEARILDDERLT T EMNTED, Fig. 1 CLaliliiLg & REA TR OB A 2R EN T 5,

1979 4E8K, 1980 FEAIREAK & = — Vb, 19804FEENCIL S DWW L CEUR A HE L T, Bk DR
Fix 0 em x40 cm A Y =F U viEid i, CEGIMCLEREA S S el i T BAORFhR R o8
FE00me DHEY =5 L VABCE Lo B L, BoBGn—IHaY =5 v vBloficAh, SET
Aifie Seietl, FBRCHEY =F v vEBCB L, B Ui, ZUKOFME, JL TS Rk TR s £ e
FHRIEDEKY v 75 —F BT, ZOF Y75 — 140 cm x40 cm O ICEER 0.05 cm O Y SpA it
Wik ofob oL, oYM L CEREYGAREKAEET L VREIT57 » v E 0%, TR BFEK & EE
EFGICA BB O NAREE CARCE L, B, =—e VARBEESScm DT 7r v 7 4 4z
—EARAE PR U, WA 25 f/min O] UCHE U, FRALUIE Cuk 4 WREH~6 ), JbXigNC
VL 2 IR~ 3 I R R o B & LT,

Rk« 2B LCi SOF, Cl7, NO3, NHY, pH, B & EF#EE, =— s Lk SOF, CI7,
NO3 % 4# Uiz, 1980 4EF ik, T2k SOF, NOF iiA F v 2w~ F 757 4 —&fC308, filli
WIERDHEBSTTH D, HF, A (1972), KES - IR (1976) odjka BB LT » 1.

TG DEEROMINC B VT, HIRER S AENHRO v~ LM O = 2 —D A5y 2 HI,

¥ 72
1979 4EFK & 1980 SE B e DWW T v — F = a —JF L 0°C o % Table 1, Table 2 w3, 19794E# o
o, CCOFEEI L0 m i chy, V— = —THORE LW TRERENH D, —J, 19804ERD
CCHEEI L —#F=a —JHDOBEE L Dbl EDE WA, TROILESE LW ERL D LN TED,
SO EW LY V9TERKDEE, ENOEACKIT ORI & 2B & ENTE, 1980 FEENILF&EAD &
ERTED, 0T ERNORIBTIEOYE THSD 1979 4EFK L 1980 4L Db &, HOYE TH 51980
SEED S DT EDFERE TR,

Table 1. Heights of radar echo top Table 2. Heights of radar echo top
and 0°C level during the and 0°C level during the
observation period in the observation period in the
fall of 1979 (km) summer of 1980 (km)

Time Date | Max | Min " Mean 0°C Time Date Max Min Mean S
) T Level | T o - Level

2100 1 NOV. 4.6 3.0 ﬁ 3.8 1.0 0900 14 AUG. 6.0 4.5 5.3 4.0

0900 2 NOV.| 39 | 39 | 39 | 16 1200 14AUG., 59 39 49

1200 2 NOV. 48 32 | 40 2100 14 AUG. 48 = 40 | 44 a1

2100 2 NOV. 1 0.8 0900 15 AUG. 4.2 4.0 4.1 3.9

1200 5 NOV. 4.8 3.7 4.3 1200 15 AUG. 4.4 4.1 4.3

0400 6 NOV. 2.5 2.2 2.4 0900 11 SEP. 5.3 5.0 5.2 4.8

0900 6 NOV. 0.8 1200 11 SEP. 6.0 45 5.3
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Fig. 2. Time changes in the concentrations of SOf~ and Cl™ in precipita-
tion with the passage of cold front. Air temperature, wind and
the type of radar echo are also shown at the bottom.
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Fig. 4. Schetch of typical radar echo pattern Fig. 5. Same as Fig. 4 except St type.
of Cu type with echo intensities and
heights of radar echo top in kilometer.
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Fig. 6. Frequency distributions of the concentrations of SOjF~
and Cl™ in the precipitations of Cu and St types.
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SRV TR, 197948 11 5 1 0 2t & FRRLEO GiAb 2 R LCh B 0%, fiuadt ke
B BWEMCH 5,

V—Hxa—DAy oy F T8, Cu Cdpibk= =2 —) St (M = = —) - Mx (0887 © 321/
EhCus, KT Cu ZEWELET A YA % Culll, K28 St Fioik Mx o84 % St EFR L1,
Figs. 2, 3 DORIAF — 2 0B bRISZCH Y, Tht kb Culil - St BoOMEIERAHERE L,  2HCk
AR L, Figs. 4,5 1, ThXh Cufil St Blo=a—24 , FOHERLTHS,

FRRIMTE T FGAINE PR OB & b 3B 25 sk Tc, FRRILLTE & LKA O FilR8 oy
W <k Td 10550 & Ao s, FOME Fig 1 O FESORO L 5 CEHHTHINSIF 2 HE
R T 225 Ch %, KL ORFHBIRCR Lo b 0B il cEL L0 Cth H, MDD
BEE D o CTEMMACONBILRBING & e, Fig. 2 o 197942 11 B 5 [ic i) 5 FRILIE & Al o5
BAEITEFF L GRECWSH &, ZOANCORERI &R L T35,

AL DL, BB E s S o SO, CI7 wiii L7, Fig. 2 R4t -
R OWTHRDL E, W OB S TIUEENT ORI L, RO EIRE~OBITHRRD BB,
THECRENCOBF —2 LR THRBE, s v—F =2 — LK O (LSR5 PR & DIk D X 5 i
BURARDE NS, Tebbi L VOB T St Bl & 2 RRE ChHOCHL, JLLvol T Culllor ¥
HIERETH 5, Fig. 3 iz ibic WBIE O 5 ITH b, dr-o— MK r e j-Ib 7 e B A3 4L
LicvBiEchabhbd, 198043 H 21, 3H 3 HOMNIEI - v— &= 2 — & L iEhiE et - 7oA & Rk
OFEA AT B, Y DOZEHCOVTE, ChETERL, 5, 1980452 f 28 o fTix, Hifa:
AL YD CHHEIMEIECHD, 1979411 H 2 HLREETH 5, 197945 11 H 1 HOGICIH L b DRCC
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Fig. 7. Rain out ratio versus precipitation intensity. (O} snow;
(@) graupel; (®) snow and graupel.
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EEERESORE, LML, SheZfie ol Cofllo & EREch o St Blo & 23 {ERECH
B &S BRI I h T,

BHEMCECHEBIE RS b hie = 2 -0 LIBE o€, SO & CIT OB OMESALR L
DA Fig. 6 Chb, Cullle St Bcir TGRER TGS, Cu T OB EILEH & S B » CEIR
KHILCBOEE L, St BIOEEIMERECHER L CHALTW20M8EH Sha,

1980 4% 2 i ~8 fJ D SOF wwoWC, MAKDLHHAFRES Cp (pg/ml), =— v /A DZ %k Co(pg/md)
E L, Cp/Cq (ZR% rain out ratio WS Z LiIc$5%) & CuBlE St My L€ Fig. 7 iRk, B
IR Ch D, BWROBAKRECHHLDE0, HHIhEO, MENRELLLO%® ® OFLETELL
7co TORIPG, HH5HO rain out ratio MRBEHIAEL, ZoOEEFCOVWCo Culll St BOEE
BIENB L, CullCRASLROMHECITVA, St T CulMloL ok h FHSHM L, HEofEnrb i3
RTWBE 2D, BKBECE L Qe Bl i b hisu,

ii) BNTHEKEFOROBE

1980428 H 14 H~8 F 15 Hic &11 2 FRALIEOK K & TR O L H 55 I B % Fig. 8 wiR3, Bilix
B, ORI THhER SOF & Cl” ol ch b, BERSkE LTHIVThD, v—F=a—i%
KEGrDs St G, BKO# vEiTiz Co WAL b e, Bk MR DI BE oS ke 25 &, SO,
ClI” 23 I RN AD NS, HIRRCHER DR 2 ka8 L CEKDZh X BB THS
EDbh, —H, Fig. 9 iddb MM CEE UKok & BRRILTE CTEE LK o b3 B 2 7R L CH
505, wash out RO X » THIEM TR TWB T &Ehibins,

Fig. 10 w2k ORIz e R, BkEL, BROPEY 10 tm, Hi# % 5 m/isec, [IEER% 0.05
cm & 1, Ranz and Wong (1952), Friedlander (1977) 0§t 0.8 ZHCEK Y v 7 % — KD
BLOME U, BAKHBORVCEAI, ERRBIEE-ETHLEbbh b, ChbO i bERO

14 15 AUG. 1980
o Cloud Water 41

. Precipiltation % 14— 15 AUG. 1980
,-,o% (Mt. Teine ) B o Cloud Water
- SR 2 L 1
oo A FT e ) o Precipitation ~
T e = (univ. campus ) 3
53 < s - =
' S < ‘
‘: e el ] 5
4 i <
| 51 0
3b & R \
I ¢ e £
.é 2 r \| ’ o
3 } =3
2 < v o
b 1 'Q'\_t‘TQ';,,_—o-FG- o —_‘__:m;* L2
I St ?
Ot St Cu
-0 el 1 F
> S R > - - Q . . . : . . . L . L
g 12 15 18 21 0 3 6 9 12 15
g 12 15 18 21 0 3 6 9 12 15 Time (L.ST.)
Time (LS.T . e .
( ) Fig. 9. Time changes in the concentra-
Fig. 8. Time changes in the concentrations of tions of SOf and Cl” in precipita-
SO%™ and Cl™ in the precipitation and tion at the University campus and

cloud water at Mt. Teine. cloud water at Mt. Teine.
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o X =
r K _Ot—uﬂo“'@ﬂ—“" _.,o::.;:
SEH lifetime HEM L, Fig 11 wigd, BAH®k e o
DRI L B S 9T 8 2 0 3 6 9 12 15
Time (L.S.T.)
EHy lifetime =~ (1) Fig. 11. Time. changes in the mean life-
time ofcloud droplets and the con-
oot Weo ks, H i3 snb v — =2 —F centration of SOf in the cloud
o ater at Mt. Teine.
FCOWRE PRI b oWk T water s eme
Lo SOf LEROTF lifetime & L L1k sol-
D5 Fig. 11 Tl %, 19804%8 J 14 [{~15 Hic DL
CEAKDACFERT PP U,y shlilie—iE & R
D, BT B & S EIRTh B DKL, F z
>
¥y lifetime XBERBIDs & Bl b Tigig—E ¢, 2
B T » CRINT BB 5 5. g
1.
Fig. 12 3EBNEiT 5 SOF =—r VLR
lifetime DPE N M ER LD THB, L—&= 0

0 1 2 3 4 5 6
a—JEC=—r VARERY O L L, EEXDERC Mean Life time ( Hour)
WERBA L ChB 0 EHELTERD =~ VL Fig. 12. Frequency distribution of

Bk B oo, SHEEIEIOTY lifetime 0% the mean lifetime of sulfate
. e . ) aerosols in cloud.
hEMBECHB, Ty lifetime 13 0~6 oMy

LTV B 2%, S~ IOBIEA T b S\ FRALIEC — = /ARSI ONRL, TP C oM X
D RB T

% &
i) ERTERKNTFHEDES
—MOREK BT, BEREA T BRI AL A b i, SO, L — X e a8 L o
ZODERMEEILCHIET 5. —J, HibREE b WEE, RESR—ETH - N B E L L AL

hic, 2ofed v— =z oM EDIIMEFHRILIIL- T 5, Fig. 6 DLl E o E S b

Mean Life Time (Hour)
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fHaTEr B L, KON MCERENB LR DL, v —2=a-RN CuBloBichs, V-4
o CuBoEaiciy, ERNOWELIERR S LS\ EEL B L, RO BT HEERE O H
BT R OERCHTIEIICHREAT B L A5 2 EATE 5, Khemani (1968) o iaith FEKICO0WCTh
BDN, RO GRERE OB A A TR OLFRUBE  E C Z VR ER T B,

Tk MO B HEEE (deposition) 1L X DIKE T 50T, ZTOAFENSEER» R ECEBLLRS,
B MR SR v i i B Aoy, RIS o XM IR A, O DI, EKE
Mgl LT, =—8r VKON TH I b#EA L, Lad T8 s s HET S, SHREKHO
LR SERES 0 &L, VAOWI LMY %, 535 &, BRKOILERHIRE Cr i3

« _ CeNar!HV.
= ViNzrHY, (2)
TEHEND, TIC, riXERHOPE, H BGOSR B 7ok TIESE CGhhias g, N
R OZERIRE, V. Ve iRt ERERS EEROKH Ch D, R OLFRSERE Co i
; Ca
Ce = 'ﬁ/ac” (3)

TEHEND, Cp/Ca i Egs. (2), (B) #HO kD I 21T ENTES,

Cp 1 < Nrr?HVe )
Co = We \ VHNzi2HV,
1 1
=w. [k . (4)
H T

o il D

LV

K= "Narev, (5)
T b,

Egs. (2), 4) OROBH H S HER ChHHERES LD, REHKTHBH EPELIeb, €-TCu
T - St OB UTkD X5 IefE R lifFsh s, $/chh, (1) rain out ratio 13 Cu o & DN
St Mo & b NThkEWELAS, (2) CullofEiiy H o X »C UWe @ifisi U, £ o% it/ ¢
7%, (3) ZACH~ St WofERKS, Ll Lhk& o8t 5,

Plloz bhREoRMEch D Fig 7 LT, RORERIE S5 LD BN OB T2 3
NCEFERTH D, OB ARII S — 7 SOF =~ w VT OWTR B & LT B,

19804E 2 §~3 B SOT 12w Fig. 7T R LTH %, W SERSERCh b2l S hri., Th
VIR IR X DB 72, rain out ratio DT Cull, St MoOTOWE L v b L iE 5 &
ExzohBED, Fig 7 CRPHEINAMEC T vy FERTV5, HHNAO rain out ratio 11 1/ We g
CHENEBEZ BRAEDT, HHNofi X s EHCFER YW, 2 flucid, Zoffs Culll, St Blo sy
Mizht~<5 &, Collix YWe i<, St Bz Cu Bl X 0 FHesB L TafiL, YWehb b5,
IS OHTEC TR U & — T BHETH D, RO OFBIMAR TR OB, TR
s U CERH ORI & 2 E R B, Tiob b, SHNOMTEA L < e b ERTANER T
S CRFEGP IR AT 5 MG R EL e h, SRE B S, B5hORd, rain out ratio Wb
FNEZRIR LT BH, ORISR B LK B Ch b 2 E B2 fed & Eido®
BE—WT 5,
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Fig. 7 T, ratio out ratio &]S?&?Jiijxji&a{@’fé’ Wi, Scott (1978) PR U T X 3 A OHBIL A S uichs
otz AU, BERKOERSEELRYRY 2 HEL LG, MKEE X Y BN oOMRES OB RENTHS
e bE2bR5,

ii) ENTRERKRNFBROES

198047 8 H 14 H ~15 { Dk & 2K oBtRL Fig. 8 TABND X 5 MBI Ry 2 ORI O
BRENOMHANRETHB EBLBNS, TOHAE, WK EZKOBCK E /el BT E UnuiEch
Do Lndi, BIHEEES DI SR b 5, Scott and Laulainen (1979) 1322 AISE DK
o PR OBARC LT, DL B S L OB, 302 DNIE LK BB D b 0
Ho, CHEFAFEOZ EXWHEINDB, o T WE SR OISR R AR T 2 TR T 5 K8
DEROTH I D LE DS, WK EEKICBEXSEI A CebdsBx bR 5,

LK DAL PN X » T A DRI E B EELBIDH DT, KICEAK DRI EEC TR
%, Fig. 11 oZRKOERSBEGOIc CC, diicizEE—eefich, Bl s &uv 5 24
WERLTC WA, —Jf, EROFY lifetime (IMKT - i & DisE—Ech B2, Bhc#nTs &

5PALBITTH Do, MKAEE E BRTOIR O lifetime (XK e T bIEBICE V&2 TIvy, o
T, ChEBET S EEBROFH lifetime B3PI L, fiflic—@Ecffiioh, Blcinds v sy
fez U, BKOALER e L/ U & 70 B, Dbz & X AR E W8, Sk ORI e
FrEBR O lifetime WX o T ED, ThhRSRDEEBE LD, F L TEOEIE rain out 2x5HEL
BRI DAL T AN S, ShbD T &1, MK TAENCHOEETEII2b0EELL
Nde

BB LT SO =— = Y AOENTOFY lifetime 3 3~4 M2 2\, KES (1978) O
LB ERHE T SOF = —m VADFEHEHML 22T H el - Tk b, COMERE~D &R X 5HkE
P ORISR X 0 R IET R T h B L v B,

5

i

FRLUTC 350, rain out MBO L CEY L & DAL LB L SR DMK OCENT P 2TT - 1,

MORIHERD 5 b, MARTAEATELHLNTH - IKBFHI OV TaB &, HROWBBIENH D
A DAL A WD & O B R A B e, OB L LT, RIS O I X o THE LIcHE
B ORI IER R D) LT, BRI = - YAREE LU SR, TOBOBEA = —
@ AR A b ViAo, OB IS £ B X b d, T O XD AL B O
B \ERRI Y, SR ORI B R B S e £ ORI T-0f Wi G B R 7o, BE it Eh S X
Suitn b, SERANC T O X5 EORK O EAIIREIE L b EE L b5,

77, BARRTBRERNTHOBETOWTRDB &, MRS HRE ORRMA LTI O L h & Il
BHBIGRIC B & Edlbr o to, T OREKORE & UCER & ofHREATERN TH B EEBL bR, MR
KOS ER O lifetime WX - TREB EB2 bR, oT ZhORD - IMEREIN & #0
WCERE e D T RS S,

SO = — n VA OBNCOFRY lifetime 11 3~4 BHHO L D0 51, THITH B TO SO = —
v VL OERFG E SN TCOBEIC~ED THEINMETH B, T, rain out DR THHKIC LB = —
m S DERBRIEBIE R CH DB T LR ERI,
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e s

A ATT Db b, dLibEARS SRR R KR SR HE O 4 WS 3L H o i o

Foo K Fo[A TSR TR IS R R O KB S-S0, RINSMF, WY SR

IREERE R O RRIKPUEREE, ALUEEBAZEE AR - B R e IR O RIF BIRE R OJF 4 D BB L0 H o

Fob DB R CIREE L C el &, S A oEBIE YV W, TRLOINCH LEE S ILLAD
DHBEHET,

X ik

KESHE— IR 5 (1976): JKRHRHOME. “4bEs ~ v, 130, 53-74,

\~.§~é’w@(" (1978): A& FHRMEO HABILIER. Bt &k, 57, 871-883.

Friedlander, S. K. (1977): Smoke, Dust and Haze. A Wiley Interscience Publication, 317 pp.

Hane, C. H. (1978): Scavenging of urban pollutants by thunderstorm rainfall. J. Appl. Meteor,,
17, 699-710.

Khemani, L. T. (1968): Chemical components of rain water and rain characteristics at Delhi.
Tellus, 20, 284-292.

Magono, C., T. Endoh, T. Harimaya and S. Kubota (1974): A measurement of scavenging effect
of falling snow crystals on the aerosol concentration. J. Meteor. Soc. Japan, 52, 407-416.

EeEgEME (1939): MIKofb. WfdERk I, 17, 20-37.

Ranz, W. E. and J. B. Wong (1952): Impaction of dust and smoke particles. Ind. Eng. Chem.,
44, 1371-1381.

Sadasivan, S. (1980): Trace constituents in cloud water, rain water and aerosol samples collected

near the west coast of India during the southwest monsoon. Atmospheric Environment, 14,

33-38.
Scott, B. C. (1978): Parameterization of sulfate removal by precipitation. J. Appl. Meteor., 17,
1375-1389.

Scott, B. C. and N. S. Laulainen (1979): On the concentration of sulfate in precipitation. J.
Appl. Meteor., 18, 138-147.
e (1972): Ko S#HT. BEEkH, 121 pp.

Summary

Precipitation water, cloud water and aerosols were sampled near the cloud base and analyzed
for some chemical constituents with a view of studying the rain-out which is the removal process
of aerosols within the cloud. In the most cases, the concentration of the chemical constituents
in the precipitation changed over a wide range even during a series of precipitation.

When the precipitation was in the form of snow in the cloud, the concentrations of the
chemical constituents in the precipitation were mainly governed by the mass ratio of the rimed
clould droplets to the snow crystals. They became high when the convection in clouds were
active and as a result many cloud droplets were collected by the snow crystals. On the other
hand, when the precipitation was in the form of rain in the most parts of the cloud, the concent-
ration of chemical constituents in the precipitation were governed by those in the clould water.

The concentrations of the chemical constituents in the cloud water were strongly dependent
on the mean lifetime of cloud droplets and became high when the mean lifetime of cloud droplets
was long.

The mean lifetime of sulfate aerosols in the cloud was several hours and was very short in
the contrast to that in the troposphere. Thus the precipitation scavenging is considered to be

a highly effective mechanism for the removal of aerosols.



