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PRODUCTION ON THE SEA SURFACE AND TRANSPORT OVER LAND
OF SEA-SALT PARTICLES DURING PASSAGE OF A TYPHOON

By Masaaki TANAKA

Synopsis

Estimations of the distribution of sea-salt number concentration, the amounts of salt
sedimentation, salt impaction near the coast at Hofu, Hiroshima, Mizushima during passage
of the typhoon 9119 were carried out. As to the production rate, and the number concentra-
tion of sea-salt particles on the sea surface, new expressions by lida at als. (1992), by way
of a nondimensional parameter including the wind stress and the spectral peak frequency
of wind waves were applied. The effct of the fetch where wind flew on the sea surface and
sea-salt particles were produced were taken into consideration. The impaction amounts of
salt inland were calaculated using Tanaka’s 1966 theory.

The estimated total amounts of salt impaction near the coast can explain well with the
distribution of the observed values.
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Foo & 5iT Table 1 iR Ih S DESS, HP (1994) 7 ./é’
TR UEFETHES W BRORELX R TRRCE . 3@{
Us/vo, DI SR UKD, © 0T Us BLKAORSEE  — A
B, v REKOBRERY, o WRKO -7 ARR e )
seh s, G N

¢ ORI/ <5 A — % i3 Toba and Koga (1986) 1= |© Tg‘lg«*{F}g,;géz, i
ko TRES N, BESIUKA, KEOEROBER - o f /m L
BT ABERETH DY

CoBEK, LOE, KBE, MLRE2%b7  Fig. 1. Air mass trajectories every 30 min-
SLEBROBLETOERITE Usl/vo, DEIR 18 utes passing at Hofu, Hiroshima,
B, KBS ICEIE LSO 42 X 10° b 5, 20, 22, Miz_ughima. The mgrks (’f) show

position at 10 minutes interval

LEB®D 93 X 10t 0&EETH Y, TOBRICL-TH Numbers indicate startig (upper)
PABICEAREEL A HELZTLBRKEOTE and arriving (lower) times.
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Table 1. Characteristic values of the wind (speed, direction), wave (height, period),
fetch and estimated paramater U.%/vg, on the sea surface in the cases of air
mass passing at Hofu, Hiroshima, Mizushima for every hour during passage
of the tyhoon 9119.

a) Hofu
Arrival time Wind Wave Fetch Parameter
Speed (m/s) | Direction |Height (cm) |Deri. (sec) (km) Us'/vo,
18 20.1 SSE 270 7.0 ;ﬁr 6.4 % 104
19 16.8 SW 161 4.7 9 2.7 X 104
’ ’ (Kyushu) ’
16 .
20 24.7 WSW 214 4.4 (Kyushu) 7.6 x 10
37 \
21 25.1 w 228 4.7 (Kyushu) 8.4 X 10
43 .
22 18.9 w 206 4.7 (Kyushu) 3.7 X 10
b) Hiroshima
Arrival time Wind Wave Fetch Parameter
Speed (m/s) | Direction |Height (cm) |Deri. (sec) (km) Us*/vo,
68 .
18 13.2 SSE 96 3.3 (Shikoku) 1.0 X 10
over 167 "
19 24.1 S 182 4.1 (Bungosuido) 8.1 X 10
126 .
20 22.9 SSW 316 6.2 (Kkyushu) 9.2 X 10
. 132 (28 in land) .
21 259 SW 289 4.8 (Kyushu) 8.1 X 10
22 26.7 SW 301 56 139 (B6inland) | o4, 100
(Kyushu)
¢) Mizushima
Arrival time Wind Wave Fetch Parameter
Speed (m/s) | Direction | Height (cm) |Deri. (sec) (km) Us/voy
19 \
18 10.2 SE 49 2.5 (Shikoku) 4.2 X 10
21 ,
19 114 SSE 61 2.7 (Shikoku) 5.9 X 10
21 \
20 14.2 S 73 2.7 (Shikoku) 1.0 X 10
55 .
21 18.7 SSW 132 3.8 (Shikoku) 29 x 10
74
X 4
22 22.5 SW 215 4.8 (Shikoku) 6.0 X 10

TOSREE 21 B 1.8 X 10° L hid/h&dh - 17

3. BELTOBENTERE BEHRRE EIERE

BWBE L TOBER FERR F,, EEEE 6. 3, BR L TORDIES ERBEOEMEZLE/RIT YT £ —
¥ Usvo, 5b & % % &, lida, Tobaet. als (1992) 23% LD HROBMBA» SHER S 5 X3licb e 3
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ENTES,

log 6.=C; log(Ux¥/vo,) +C,
log F.=Cy log(U«¥/va,) +C;

22T (DRD Cy C BHKERMICES 3 FH8 Table 2. Number concentration 8,, production

_ rate F,, of sea-salt particle, salt sedime-
3 2) N, O - — S 4 A - »
TH B MRIL/¥T A — 5410 OFEID tation rate MF,, for each salt mass

WT, BN THERREF, BEEE 6., HkE class calculated from Egs. (1) at the sea
CHEER M 2R U LESERE MF. 2 KER surface for parameter Ux’/vo, of 10
- - - ¥ o Range of log M -3 F, MF,
Buk beHT Table‘ 2 ij\‘ Lo @iﬁﬁl‘?& (lOg‘"g un?t) Partiles/cm? | Particles/cm? sec {10~ g/cm? sec
BRRIEFRETRBENTFE FRCELL, 125 65 X 101 13 % 10! 0.013
Thbb, BKEOKREEL W, LT5L, F. 1.25- 175 45 X 10! 1.9 X 107! 0.060
=W:6. TH %, TXTOHHEROMD SHRIE 175-225 | 65X 102 | 60X 10~ 0.060
_ 2.25-2.75 33 X 102 6.7 X 107 0.21
ABRTRELLDD L, MRIL/NT A5 2.75-3.25 1.45 X 1072 63 x 10~ 0.63
U«?/vo,=10* T, 2.4 X 107 g/cm?sec, 1) 3.25-3.75 72X 10° | 66x102 | 21
OBURD S, ERTBOME L HICET O 3.75-4.25 4.0 X 107? 7.2 X 1072 7.2
4.95— 1.3 x 1073 44 % 1072 139

B, R IERERICHEKTE, £k D
# & Table 22 5HML LI, BLORE
2R TERRTR Usvo, BRERELEEZ, REPHVWERBOES, BH LOBEEE G, AR F 3
NS BRTFORBEFENCEHET 5D 3, LHALEBTESR MF cE53 BN FoRES )], EH
B3.16 X 107°g, AKEOEE 55, KEE W,= 9.1 cm/sec LEDSDTH 5,

CNPEEOFH VNS TR FLAEELRVWERKLIEEZELSE2BEOIVWOESOREELEL
BEVOBRVT, EESVELETH B,

4. BETOBENFRERESS

BHLEOERRF Sbhrhid, BHEH =0) doEfbsE2ro-o, BUICKZKEBR, SHEMKL
HDIXAUH, MFOHEICLEZET WOEN 5 v L T#XEh3, BLEAShok LUEEE
x TOHLERY 5 R OB TFEEEE 0(r, 2) I—EMBEEOHERNR TEHR.AT, Z0MiIRT~XT
OR, 0., F., U D, Wid—EL L, &5EITOBEBER 0=0/6(, 0), KEEM =W x/4DU, &
E¢=Wz/2D, #8BAT 3L,

9=e‘2‘—% erfc (Jg-;%y”—(%+{+ 25) erfc (\/E-l——z—j}:)
+.% ‘/Ee'(ﬁ“f'zé—‘)z ....................................................................................... ©@

n
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»ER7 S AOBKTEREEORERTERL oo FRIIKFI—RICEL HRONBERESTH O
(2, 0)=exp(—20) TH 5, I SEWISTVGERRM £ 05 20 BEL L2 5 EHFELE, KE—ED
REEL ARV B E8bh b, KB ER, W, x, D, UIKEL, REEWOKREZL, 7HLERKENR
PIFI, WGEREREx MEABICAKE R THEER—EEND, MFWNEL, BE U, HEERED 8K
B HBEAFR—ELRBICREVERE Y SNELL D,
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Fig. 2. Vertical distributions of nondimensional number B Id i - TV 5, IEREEN
concentration of sea-salt particles over sea 8(0) g1, LI OB 19 B 1> 5 22 B%
with nondimensional fetch £ calculated from Eg. .
(2). The broken line: ©=exp(—{) expresses the K18, 19, 20T, BB EA
distribution at the infinite fetch. WEIERE O BBA LN S, LD/)

. V316X 107°g 7 3 ARTANT
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5. BELICKI3BERTORE MRVENDOME

#E (x=0) »SEESHMICRTESx <8173, »3HERB7 5 20OBHRNTFEEILL, BEU, #
BEBRE D NFOETHE W, £45L, TOWMEIERRETROLIIT,

%4 %, Tobaand Tanaka (1966) [Pk Fic ki aiEMKIEN TOY v 7 L LTEAT AL %25
L, MEGCHERSshARE, MBREMEEBOREICERT 2N TERCHAT 2 L ELTHR
BREMEERR,

ae — D413 (A [))] tecescacsavsncsesossosncssesnsoresesessscsessesenssnserrastosrctnIIITITaSTIIIRERT IEIRSIRERIOIESIES
D =ub(, 0) @

fﬁibﬁkCCT,lﬁﬁw%ﬁT,ﬂ%ﬁwﬁgnﬁ¥®ﬁg,ﬁfﬁiofﬁﬂéfbéﬁﬁ,$
ﬁ%ﬂﬁﬁﬁ&%oké@%%ifﬁﬁ&btoA@@&W@T®ﬁﬁﬁ?@%ﬁmﬁ,ﬂi“®ﬁ%%
BB REERRT, bhbhOEMKEST (HEOME, 1=3 < 10 BETH5,

W (x=0) T, TITRKPC—RRICK - KEEOMEDT,

6:6((/.), 0) exp (-—-Wz/ZD) .............................................................................. (5)
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ET B, TITO(,0) BEMNICERRECEL LBERMEOHEEN THEEHEE T, 28THRLIG.
RELL, BLELOBHEBICE - THRE S Ukvo, 0k 3, Q)REBASE (), B)RX, ok k=T
E¥o, $bb, 2>0To>0 BEIRETHE, DTORE, Bl 55 MESTHERIERLE
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Fig. 3. Vertical distributions of nondimensional number
concentration of sea-salt particles inland @) with
nondimensional distances for y=5, calculated from
Eq. (7). The broken line: ®=exp(—{¢) expresses
the distribution at the coast.
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T T TTOT1TTI
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T 1T TTTTHF
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Fig. 4. Horizontal distributions of nondimensional number
concentration of sea-salt particles at surface inland
©(£ 0) for several values of the impaction-sedima-
tion ratio ycalculated from Eq. (7).

6. & ®

B 0119 2:E:@%, DEBAMHEL 2, 54 vy FETHESEER (O), BF 5 REMMTER (D),
EERSE v Y ETEMER (1), REFTOAHENRICEEB I X 2 EANER LR RIERES L2
B (@) %, B, >R S LT Fig. 5 IRk L, Boh/flid, AREEH% 10 A EEEL
ThoDORET, Witk »TRZOEKBKOEELZITVWEC L, 98 UWHES ZERLLHH
9117 Bic & 3IEAHHE » TV A EEEMES H B3 2 &, BEHD S RIEMRIKORBMRICH D bDO TRV
LEEORESS B, LoL, 1) 8RNI ENG LS LBRETOEMBERIBEBRRL - LIRA
ARLTVS, 2) ABETORI~OESNERRIBE, OHEEICAZ I LESVED L T 3RS
REE BN B,

COREII3E, 48, 5ECRNABETOBENTER, WEELEEL CERETOBENTR
BESY R, MiEPMEON FREEI O ANABEOEEERD SR Mt LBEERRORBBERL TV 5,

Table 1 25 L7B5i, KB, KEBICEBER, 2ELASKICOVWTHERII SEERICE T 51ESR
KEE5T53.16 X 10° 2 EO=207 5 ROBETOBEN TEHEKRF., KERERME Fig. 25
KB HBRETOEEBE L THEE O a=0(, 0)/6(x, 0), WRETLy, BETOESETR
aMF,, WA ER yaMF,, %3k T Table 3 it R, ZOFEERcLNE, CORBRILBBRET
OEATERIL, 1785 30 43 © 22 B 30 4y O ICB5RT 0.62 mg/cm?, 55 0.92mg/cm?, [l 0.21 mg/
em? TH - 12, O Fig. 5107 LESEORER (x=0) THIEShAERAMECHRT220L 346
AEV, LaLEBESEGEL, (LOE, MLE, SFhickd CERBCBERIATVAILZ2EE
FTRETH B, £ -ENETER, B 023 mg/cm?, B 0.26 mg/cm?, K& 0.09 mg/cm? &5 -7,
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Fig. 5. Relations between the observed amount of the impacted salt during the typhoon 9119
and the distance from the coast. Mark (O) indicates the amount impacted by pilot
inslator, mark (A) by window glass, mark (+) by high voltage pin inslator, mark
(@) total amount measured by detector at the power stations.

LEhi-T, COBBIL > TEE, IWOMEDHEERICE, AEFLETT, 1mg/cm? BEOESMNE
poEIhLEEIN S,

DEICAHBEOESMNER Yy WMO(x, 0) ORFEEH 5, ERI3 Fig. 318 L 72 FEEEE 6@, 0) i pl
L, MREMEEHEEETL =AU/W), SRR =W x/4DU itk %, WERETREHR D=
20m?/s & LT, BERICEHSICEE L AKREESEDOE NI 1I0km BAT A E LTRERY 5
2 DITIRITCEERE £10 23K Table 8 iR Utco RITFASKZ W EERTERNE £ MABUCHEAL, FhHEY
EADNBEBREVERLSBHET 5, HERMEDE5E->TWVWAA Table 3D &y, ¥ DffiE Fig. 355
PBE 10 km BERBEICIZVI L3I 1EBECROLTVWE, ThbE/Fig. 5, THEEEELDL
TWa, AAFEHEOFPEAEL VRBICAZ I LABVECHEELTVWAI ER, b1 OFEMNKE
CREE N LTETVBdd b LA,

Pk, BRE9119 SOEPNBERIC & B VWRE L B ETORE, By oEEFosm®R%4RkHS
DHETS L, HPIck 2IREEMEZM L 15 LRXER, M EYWEKONELZRY AnHERXE
WREMEOVT, BF, NEATOENETE, ABBEHE LK, 2OBREEMBEE~ZE 2V 3
BREEEEOLEMBAREY, LA LHBEZ LRI BEATV, BRICCOWMEERTS LSy, 82
FEP O TR LA VW BPIRHRIEAE S BRI E BV LT, ROMERIC
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Table 3. Values of the salt sedimentation rate ¢ MF,, salt impaction rate v « MF, for
each salt class near the coast at a) Hofu, b) Hiroshima, ¢) Mizushima for
every hour during passage of the typhoon 9119 at each time. Production rate
F, calculated Eq. (1), nondimensional fetch £ nondimensional distance for 10
km inland &) and impaction-sedimentation ratio 7 are also shown.

a) Hofu
18: 00
Ran%e of log M ) F. £ £u a ’ (j:MFC 751MFC
1072 g unit Particles/cm?s X 10 g/cm?s | X 107°g/cm?s
3.25-3.75 4,16 X 107! 0.67 | 0.05 | 0.9 6.6 1.19 7.79
3.75-4.25 4,57 X 107! over 2 0.2 1.0 33 457 15.08
4.25- 2.88 X 107! over 2 0.8 1.0 1.6 9.10 14.56
Total (g/cm?h) 5.35 X 107 1.34 X 1074
19: 00
Rang_e of log M . F. £ £ " . (itMFC r_aMFc
1072 g unit Particles/cm?s X 10°g/cm?s | X 107%g/cm?s
3.25-3.75 1.79 X 10! 0291 0.06 | 0.6 5.5 0.40 2.16
3.75-4.25 1.95 X 107! 1.16] 0.24 | 0.9 2.7 1.85 5.03
4.25 - 1.23 X 107! over 2 095 | 1.0 14 3.89 5.25
Total (g/cm?®h) 2.21 X 1075 448 X 1075
20:00
Rang_e of log M ) F. £ £ a . szFC 751MFC
107 g unit Particles/cm?s X 107°g/cm?s | X 107°g/cm?s
3.25-3.75 4,90 % 107! 0.18| 0.04 | 0.6 8.1 0.93 9.54
3.75-4.25 5.37 X 107! 0721 0.16 | 09 | 4.0 483 19.33
4.25- 339X 107" | over 2 065 | 1.0 | 20 10.71 21.42
Total {g/cm?h) 593 x 1075 1.74 X 10~
21:00
Rang_e of log M . F. £ £ a ’ (fMFc rszFC
1072 g unit Particles/cm?s X 10~°g/cm?s | X 10°g/cm?s
3.256-3.75 550 x 107! 0.15| 0.04 | 0.6 6.2 1.04 8.56
3.75-4.25 6.03 x 107! 0.60| 0.16 | 0.9 3.1 5.31 21.72
4.25- 38 x 107t over 2 0.64 | 1.0 1.5 12.01 25.22
Total (g/cm?h) 6.61 X 1078 2.00 X 101
22:00
Rang_e of log M . F, £ £ o ’ (fMFC r_aMFC
10~ g unit Particles/cm?s X 10~%g/cm?s | X 107°g/cm?s
3.25-3.75 2.40 x 107! 022 0.05 | 0.7 | 6.2 0.531 3.29
3.75-4.25 2.63 X 107! 0.88 ] 0.21 | 0.9 3.1 2.37 7.34
4.25- 1.66 X 10~! over 2 0.84 | 1.0 1.5 5.25 7.88
Total (g/cm?h) 2.93 X 1075 6.66 X 107°
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b) Hiroshima
18: 00

AP RBIRFESR 5385 B-2

F17. 4 (1995)

Range of log M F, aMF, raMF,
10-2 g unit Particles/cm?s £ Fro « 7 X 107® g/cm?s | X 107% g/cm?s
3.25-3.75 6.76 X 10~ 0.52|0.076 | 0.85 | 3.7 .79 6.73
3.75-4.25 7.41 X 1072 over 2 0.31 1.0 1.8 7.41 13.34
4.25- 468 X 1072 over 2 122 | 1.0 0.9 14.78 13.30
Total (g/cm?h) 8.63 X 10~° 1.20 X 10~®
19: 00
Ran%e of log M ) F, £ Eu o ’ iIMFc taMFc
1072 g unit Particles/cm?s X 107 g/cm?s | X 107%g/cm?s
3.25~3.75 5.25 X 107! 0.70 | 0.076 | 0.9 8.0 1.16 9.3
3.75-4.25 5.75 X 107! over 2 031 | 1.0 4.0 5.75 23.0
4.25—- 3.63 x 107! over 2 1.2 1.0 2.0 11.47 229
Total (g/cm?h) 6.62 X 1075 2.08 x 10~*
20: 00
Rang_e of Iog M ' F, £ £u « ’ flMFC 7:aMFc
1072 g unit Particles/cm?s X 107® g/em?s | X 107 % g/cm?s
3.25-3.75 5.96 X 107! 0.58 | 0.046 | 0.87 | 7.7 1.64 12.6
3.75-4.25 6.53 X 107! over 2 0.18 | 1.0 3.8 6.53 25.0
4.25- 412 X 107} over 2 0.74 | 1.0 1.9 13.02 24.7
Total (g/cm?h) 7.63 X 10-° 2.24 X 1074
21: 00
Ran%e of log M ) F, £ Eu a ’ szFc taMFc
10~ g ynit Particles/cm?s X 107" g/cm?s | X 107 g/cm?s
3.25-3.75 5.22 x 107! 0.53|1004 | 0.85 | 86 1.40 1.21
3.75-4.25 574 X 107} over 2 0.16 | 1.0 4.3 5.74 247
4.25- 361 x 107! over 2 064 | 1.0 2.1 11.41 2.40
Total (g/cm?h) 6.68 x 10~° 2.19 X 10~*
22:00
Ran%e of log M . F. £ £ @ ’ ?MFC taMFc
10~ g unit Particles/cm?s X 107%g/cm?s | X 107 g/cm?s
3.25-3.75 5.98 X 107! 0.510.037 | 0.83 | 89 1.57 1.39
3.75-4.25 6.56 X 107! over 2 0.15 | 1.0 4.4 6.56 2.89
4.25 - 4,14 x 107! over 2 059 | 1.0 2.2 13.08 2.88
Total (g/cm?h) 7.64 X 1073 2.58 X 10~*
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1)

2)

Rang—e of log M . F. £ £ « ’ ixMFc taMFc
10~ g unit Particles/cm?s X 10-%g/cm?®s | X 107®g/cm?s
3.25-3.75 2.69 X 1072 0.190.1 0.63 | 3.3 0.54 L7
3.75-4.25 2.95 X 1072 0.76 1 0.4 090 | 1.6 2.16 425
4.25- 1.86 X 1072 over 2 1.6 1.0 0.8 5.88 4.70
Total (g/cm?h) 3.27 X 107° 3.86 X 10-®
19: 00
Rang_e of log M . F, £ Fu a y flMFc 7:azMFc
102 g unit Particles/cm?s X 1070 g/cm?s | X 107%g/cm?s
3.25-3.75 3.80 x 1072 0.19(0.09 | 063 | 3.7 0.76 2.80
3.75-4.25 4.17 X 1072 0.76 | 0.36 | 0.90 | 1.9 3.75 7.13
4.25- 2.63 x 102 over 2 145 | 1.0 0.9 8.31 7.89
Total (g/cm?h) 461 X 10°¢ 6.42 X 10-¢
20:00
Ran%e of log M ' F, £ Eu . . iZMFc taMFc
1072 g unit Particles/cm?s X 107¥g/ecm?s | X 107 g/cm?s
3.25-3.75 6.61 X 1072 0.15)| 0.671 | 0.60 | 4.6 1.25 5.76
3.75-4.25 7.24 X 1072 0.60|0.29 | 0.85 | 23 6.15 14.11
4.25- 4.57 X 1072 over 2 1.14 | 1.0 1.1 14.44 15.90
Total (g/cm?h) 7.87 X 1078 1.29 X 1075
21:00
Ran%e of log M . F, £ £u o ’ szFc 7:ctMFc
10-% g unit Particles/cm?s X 107® g/em?s | X 107 g/cm?s
3.25-3.75 1.91 X 107! 0.30 | 0.054 | 0.75 | 6.2 0.45 2.81
3.75-4.25 2.09 X 107! 1.2 (021 | 095 | 31 1.99 6.16
425~ 1.31 X 107! over 2 086 | 1.0 1.5 4.13 6.20
Total (g/cm?h) 2.36 X 10° 5.46 X 1075
22:00
Rang—e of log M ) F, £ £ a y EIMFC 7:aMF,,
1072 g unit Particles/cm?s X 107¥g/cm?s | X 107%g/cm?s
3.25-3.75 3.89 x 107! 03410046 | 075 | 7.5 0.95 7.10
3.75-4.25 427 X 107! 1.360.18 | 0.95 | 38 4.06 15.21
4.25- 2.69 x 107! over 2 074 | 1.0 L9 8.50 15.98
Total (g/cm’h) 4.86 X 107° 1.38 x 107*
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