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SUMMARY

Title
Appearance of cold water at the sea surface near Ulsan:

Theoretical model of upwelling.

Objectives of the study

The purposes of the study are to reveal the structure
of cold water at the surface, to study the causes of its
appearance- and to understand its mechanism by theoretical

model.

Scope of the study

The oceanographical data gathered in summer 1982 and
1983 were used to study the structure of surface cold water
appeared frequently at the southeast coast of Korea, espe-
cially near Ulsan area in summertime, and a thgoretical

upwelling model of two-dimension and 3-layer was considered,

Results of the study
One of the most important hydrographical features in
summertime is a 3-layered structure which is divided by the

top interface corresponding to seasonal thermocline and the
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lower interface located between the Tsushima Warm Current
Water and the bottom cold water of the Korea Strait. When
the southwest wind blows continuously for several days, the
surface water of high temperature moves to offshore direc-
tion and the colder middle water moves upwards to the sea
surface and replaces the surface water. At the sea surface,
there is the appearance of a cold water and a front which is
a continuation of the top interface. During the upwelling

period, the elevation of sea surface was lowered.

A theoretical model of 'full' upwelling proposed by
Csanady(1982) was studied and its solution can easily be
obtained’by applying a rigid lid condition. The solutions
show a combination of Rossby radii of déformation which
are determined by densities(f,,P,,P;) and initial layer
depths (h:, hm, hy) of 3 layers. The layer depths (hj, ho,
h3) are varied much near the sea surface front (xy,). The

bottom layer depth of h3 near the coast has a constant

value of total depth x By , which means the lower in-
h‘m, + hb
terface is horizontal, The location of surface front can
I (ha + hy)

be approximated to x5~ and the minimum

fhg (ht + h'm + hb)
wind impulse (Imﬂp) which is necessary for the top interface
to be surfaced at the coast can also be approximated to Lmin.
ht (ht + hm)
hm

~f Ri; , where I: wind impulse, f: Coriolis
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parameter, R;;: radius of deformation between top and
middle layers. The minimum wind impulse near Ulsan area
is approximately 27 m2/s corresponding to the wind of 7

m/s for 3 days.

Suggestions for use of the study

When.a cold water is appeared at the sea surface,
decrease in the sea temperature more than 5°C can cause
dense sea fog. As seen in this study, the area of cold
water is depending largely on the wind impulse. Therefore,
a prediction of upwelling events is supposed to be directly

connected to the prediction of sea fog.

In the southeastern part of Korea (Pusan—Uléan—Pohang),
the coastal large-scale industrial complex is situated and
its necessary raw materials and products are transported
by cargo boats going-in and - out along the coast. 1In the
presence of dense sea fog, the sailing will not be safe.
Sometimes the cargo boats should wait at sea without moving

until the fog is faded away.

An establishment of the forecasting system for sea fog
in this area by means of forecasting upwelling events will
be very useful for cargo boats to sail safely and economi-

cally. With the information of sea fog, the captain will



decide the shipping route, the departing time from and the

arrival time to the port, etc.

The safe sailing will be very important not only in
shipping industry but in coastal fishery and military
operation defending the industrial complex locating in the

southeastern part of Korea.

According to this study, the surface water near the
coast moves to the offshore direction out of the front
and the water in the middle and bottom layers ﬁoves oppo-
sitely to the onshore direction. Therefore the polutants

might be accumulated near the front and the coastal bottom.
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Fig. 9. Stick plot of wind observed at Pusan during July

10-Aug. 9, 1983. Wind direction is to blow toward
from center.
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Fig. 10. Barometrically adjusted daily mean sea level at

Ulsan and sea surface temperature at Ulgi for the

period of July-Aug., 1983.
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A}, Fig.77 8o Bl il 8A2HA 5 A% FEERC HESUS
2tA HgRiol ®AZE HBEH S & + Ao

Fig.10.2 198347 A 1 H5& 87 31 HAlo] EiliolAd BME AFH WEx
ol o} Esol A RS HRE KBS Yebd Holoh Fig.be o] wEEl <
THI10 B4 8H 10 HAlol #20en & @ M=z dom ol & oo Fig.
9ol A 2ol EAEEMMA & —KStw =3 Fig.6-8o XA wkRE HAHHA
35 & —H3z Aok zY BEE KBS BEEo] B HHZ BEEFO]
7 st g wmsl o #ie sHE Vb RS HEIHE T~10 T
4 vtz Ak

wpeba] 19831 of 22 1982 3} mpAsbA B Wl REHAZE HBSH
Aon HEA MY mEe Folv Folov WEME KBS @My HR
< palch 1983 4 o BAHKe] Yebdew TRMOE dvhatd vhdel &
Qerts 7] e bAoA Hol wiebzlo] @—3 Ko R Fig.9 EFEH HEA
2wl 19834ETH 15 HEE TH 24 H7bxl [ =33.06m/s( XM 38°),
TH2 A% 8A1HAR [ =21.24m/s (K 41°), 8A2HFEH 8A4H
7z 1=224m/s (K@ 50°) 2 vepsteh webd 7H 15HYFEH 87 4 H7
x| whekfe] 56 ns AW KEE 25 mitES L HA@OER R e KEE
fgo) #eEmol LAt Fig.89 TE 29 3xlo] RO ZEE 15~ 30 kol 5
RE KBIEES HBEAZ de Aoz Yebxde

®3Em 1986 F O - RMAMASE U=

A)F7hA] 1982 7 1983 4 FHEHF-E BRME HKS HEA vty % BE



o] WipAlolol e A2 FED Mol Yo RUch BRE AKX HEIT
wiIe 9B BAke BHNES BESY] Al 1986 #T7 AR 9 A B
HHAbolol 4 fy 10mAZ S Fx 90 TR (Fig.11 3 Table 1 32) st
o §H 2@ KBS RAS BRI 1 ERE Fig.12¢ Yepich 239 E
ol 97 EEEoIA BWIH &EN FHE A, & ERelAE o) FHE
of NI MES BRSNS KB} KEY FHEE MO EB(LE LdF
@ o MitHmoZ A E @RS Al Rolx ek ouh, AgH A
e Al B 25 o HMMET LRou 2 Aol UE 2FdAE o
BiEe 2o 9

Fig.12 248 1986 & o Eql wRE HA7 WA &S maekol e 5
oo, ma BT AE WEFEY EES Wit BB 2Ue Aoz
WAy, 1986 & of Bol Al ANEA BEE oHE Fes £MAA o
gesl o ok T el ek,

Table 1. Location of shore station for the sea surface and

air temperatures during July-Sept., 1986.

station name tocation distance
Tatitude(N) longitude(E) (km)
Sinam 35°12'42" 129°13'31"
Onjeong 35%17'03" 129%15'38" 19
Pyungdong 35%21 08" 129%21 125" 12
Tongjin 35%28'47" 129°26'16" >
Tangsa 35934 144" 129°%27 133" 12
Namjeongja 35°36'57" 129%27' 09" 4
Sinmyung 35038 21" 129%26'40" ’
Eupcheon 35%1'27" 129°28'38 1
Gampo 35%8" 47" 129°31 00" 14
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Fig. 11. Location of shore station for sea surface and

air temperatures in summer 1986.



TEMPERATURE

30 T MEAN
VIV T TPV ettt VR NP A

20 AP AT vy A el v 4 A s g = VNP =V vV vy

{ GAMPQ
O'MM&VWVM‘WMWMAV*
: EUPCHEON '
0 'QUW:KFRHNA“”ﬁﬂﬂ“V¢VVAvﬂvvhﬁﬂn/ﬁ\vw“”xf\ SV
SINMYUNG
0 AL o YA AAA A IND
et TS VAT N AR AT RS AR S s
NAMJEONGJA

TONGJIN
0 -wWwwMFMﬁJL—Jh¥ECkV“f&VVL«v—Abrdwbﬁf7ﬂ~%rwv~uvvﬁwrhﬁk-
4 PYUNGDONG
0 reatmcnna,. MW A\ ~ALAS Nty s, A
\»»r'"“\y_,av \\“JanN WJJ
1 ONJEONG
o < PraV g “Avﬂ\-\_wl '\V" VW MVA;wK AAA AN "W IO
SINAM

° %AW%%\“%&MW
-10 -mﬂﬁﬁ*ﬂmﬂ%mw
JULY 4 AUG. SEP.1 0CT.1

1986
(a)

Fig. 12. Mean and deviation of (a) sea surface temperature and
(b) air temperature for July-Sept., 1986,



TEMPERATURE

30 1

" 20

MEAN

I GAMPO
~LVJVMJ\A‘TANW~VVM fﬁ«vgﬁWJ\f\wAMFwﬂﬂhvva“”VV“w~v~\

EUPCHEON

MAAAAA AN AV v

W
SINMYUNG

NAMJEONGJA

1 TANGSA iii
| TONGJIN ;

PYUNGDONG

— 35—



RIE XL ZFEEY BEANA BRe HEmrd
#185 HERR WK

HEHHE vpado] Folz o) wFEHOl A8 wEE JehbE AKX HE
S tet] §fs) Csanady(1982) o ofs Ate s FEd & 4 74ste B}

R 5o BER HoR B3y 25 Ry KK FEAY BT
29 2RE(Cx -z ) A ke AR AEY F4E hy, hy, by, BRE
B F01F 81, §os 8o, BEE pis 02y 05, YEIHAY HERS S v1s 0o
vs, xBTS HERS S ui, usy us 2 SHRE. I ZU| A 7 29 FAE

hy . Vi, U0

hm . V2,6 Uz O

hp . V3 U3 Qs

Fig. 13. Idealization of fully upwelled three-layer fluid
in which top interface intersects sea surface.
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he, hm, he 2k 3} MK Che + hm + hp) & —ES G2 Yepd F Aot
(Fig. 13). u}=ke AL v #@hat FT5he, BEEIY 2 & Aloo gE#o] gl
Stz EEste wEREAY vEENTE FESHA. dH LB fE Akl k
WERE] LRSI oA A2 x oA WRETF bz, BRRAM o}
W Rel A& BAE ol Bikrt Aotz BEA.

B /)& hydrostatic o], uhzhel o3 ¥AEBO] FERES ol EF9 5L,
Hufefy 785 (geostrophic balance) & ztecha BRESH ..

KRS KE(C—z DollA EHE b2} o] MR

Py = 18 [(-2) 4+ §, 1 eerereeressssssssssssseseoessesmeesessensassssn (12)
Py = 018L8§) + (he=§2)) + 0280(-2) — (he-§;)] oo (1D)
Py = 018081 + (he-§5) + po(8, + (hm - §40) + po8((-2) —

(Nt 4 hm — §3)]  ceereermemrermriiemne et (lc)

q714 g Ehm#EE S AKX (1) 2RE xHE BN B@EHLS

Plx = p1g§1x .................................................................. (23)
sz = Plg§lx —+ (p2 — pl)g§2x ....................................... (Zb)
Psx = p1881x + (02 — p1)882x + (p3-p2)885x wooooveees (2¢)

o2 AL =3 RS B Folot £ FAAoldl = chEel A
7t A e

§, = (h; + hy + hy) — (he + hm + hp ) cveemerecaeiineennan. (3a)
§2 = (hy + hy) — (hm 4 hp ) ceeerrreeemmmmmnn e (3b)
§3 = hg — hp  ceeeeerrnr e (3¢c)



R (3) & KR (2) A

Pix = p18Chy + hy + hg)y eeeeeeeecnes e teeeesteneeaneenentareten vennee (4a)
P,x = p,8(h, + hy, + hg)e— (Pz"Pl)ghlx ........................ (4b)
Pyx = p38(hy + hy + hy), — (p3-p2)8 Chy + hy)y — (o2-p1)

ghlx ..................................................................... (4c)

=tk wmEke mES £@elA

vy = plf Plx ............................................................... (Sa)
1

2= 53 Ppy  weeeeeveesresirentioinesnonecnnieenes saeasaet e saeeanannaas (5b)
1

vy = ;;-f P3x ............................................................... (Sc)

2 ¥A5H, 714 f & coriolis parameter ot}

A (5)oll K(4) & A 22 x oA &F FHES

g d |

v :—t:- crx(hl + h2 + hS) ................................................ (63)
g d

ve =% L (hy + hy 4+ hy — € h;) ceormmmmeisininiiine, (6b)
g d

vs = ¢ J:t(hl +hy + hy — €;(hy + hy) — e,hy) ceeene (6¢)

A7l e L -hEAR]l & - FTH Akl Y HEXE A
€1 = (p2-p1)/p2, €2 = (p3-pa2)/ps ° T}
Be e bl RS B A WAl HE B o) —mEE A

—38—



= oo} dhigiEl 2 LRl Zol 7k #4kdly] gifoll uF#e] JBk (impulse) & Lfgol
H:EA 72 b mEstH, &8l 98t potential vorticity & HESH 2 oS3 7
o] yeputr},

 f + dy, /dx f

h, — T{‘— ............................................................ (73)
f 4 dl}g/dx __ f_
" h, = hm (70
_—ha_ _——hb ...... (7(:)

o 2R mRe el ®EES Bt gobd vigtel hiEH e )
525 v 9% Zolth webd x—oool A9 EREEHL hE3 2ol BR

e},
By == Rp eereemreeesmnems st e e (8a)
By == D eeeersmemne et e s (8b)
YR P PP (8¢)
Uy == Uy = Uy == () -reececcnsroteriiommiitiiiitiiiii it (8d)

r< x|l Ae LB T S s Bay=o g TRl Yeldch &
B TR A3l sy Z% (geostrophic balance) #} potential vorticity {#%

c2yE g 2 K AL & Uck

. g h

v, _?E(hz +h3) ...................................................... (93)
g d

Vg ——?a‘(hz + h3 — €2h2) .......................................... (gb)

h, '



............................................................

BRECx=0)dA=EES HE w, = 43 = 00]7 e}y sigke] F 73
SEE UEA ge st
by = Dy m 0 eesseereresssenseseesessemsees st oo eeeees e (1)
r=zxo ol A& EEERME] wWREHS 27 A Fol LB F4 h 2
Iy S5 0 eevnreremnenntees e re e e et an e e aa e e s (12)

2 BASZ, x=xol A FH hEFH TR FA € HEE AR oo} &

Aol e},
h, = h2+ ........................................................................ (13a)
h; = hs; ........................................................................ (13b)
Vo S g e s (13¢)
Vg _ T D, et s (13d)

Eis

VFERY o,
A 2ApA £ vhakef| o3 $Fo] B TR FEAAS WY LES A7
3 Eorch S ulAEHT BmAEAlS A S v YA E@HERE

njo

o
oujt
3
=4

ol
S5

ud,

doy _ _ T Y Ry ceeveeeeeeenneeeree e ettt st e en e eaas
d_t_ u, + (.0] )/ht (143)
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oz BAHE Lo ®(14) 2 izl 27 AAstd EE TERES M
9 ;&HE (geostrophic adjustment)o] o] FojAm 7 =g Azkell A A F7]F

(water column) o] BE S webrbd A MRS FHE e

v, = -fx +%.;- ............................................................ (15a)
vy, = _fx2 ..................................................................... (lsb)
vy, = -fxa ..................................................................... (15(:)
o2 ZTAS 3, 7|4
X, = fuldt ..................................................................... (16a)
X, = fuzdt ..................................................................... (lﬁb)
X3 = fuadt ..................................................................... (16(:)
I = f(_z'_ ) g eeeeeerereern e e e (16d)

g ERgol A Hgizel AW s x Aol i BEL B BEdAM =%

o] 91g Aolch wWebH x=xoolA & o5 Azl L

ol ok,

E2E HEe &

& (6) 7 (7)) 67 HERKANANE ##It 6700|282 ®BE T8 F 2k h,
of el &y o2 2L 6 1k BOHRER Lo o

f _1 1 1 1.1 1 f*(h,+hy+h,)
®_ > = = 14 2 “w ¢ty b [¢3)
hl g Efl (ht+ hm )+€2(hm+hb )] hl + nglfzhfhmhb hl



fe fé
- By = = —g———— cerermennseresessit e e 1
g e, eahshyghy ! g% ¢, eshamhy (18

£ (18) ] M= 47 FatdAn @ech
280 & (6) 3 (T)elA vy, vy, v, 5 BEF = hyol A3 hy 9 hy &
ey 2.

h, hm h, — Eflhmh(z)

= T, i D (19a)
h
h3 = :’:—: hl _%(el_*_fz_h!—hﬂ:—hl)hl(’)-*-'&lffgiﬁ—h—b hl(‘) (lgb)
= [
o2 ¥AH: ki F & (198.) 9} (19b) & A2 H3 & FHigol T h,
2 Hsle Fd e gL RE L 4 Uk
4 o 1 1 1 1 u)
€1€,0,'0- 2 [(Et-i- E)” + (E +H;)eljh1
f‘(ht +hm+hb) . f4
t glz he hn hy h, = g2 hm hy (h1+h2+‘h3) sese (20)

WY A4S BERES Fol BT MK vId obF A7 wFol ME Stz
rigid lid g4k (he + hm + hy = hy +hy, +hy)S K (20 FHAA AURE +3
4 ouch, AR A §,~10cm h, +hy; + hy ~100 mE By 7+ @&
0.1%Ax9 s vehd Holoh 4 (200 & HH&EMFEH h,=h & 2 2
BHHERS 2o 2 EAFE 408 B £Ra, +Ray T Zivh

-~

L ! 1.1 Lya o 1oyt
+ Rmy = 2 (R f R: )+ [{2( R;? +m} (Ri;%) ] (21a)
1 _ 1 1 1 1,1 1L, 1, d



q7lA Rip, an’ R;3 £ 4% Rossby AEBHLE (Rossby internal radius
of deformation)o]a} YA = Ho&, R;y & LEH} +&, R;; & +FI
TR, RioE k- TR EF24 74595 023 28 @e et

Bahy hm b e, (22a)

‘ 1
Res =~f—< ht + hm

_ 1 gehmhy (& e e e SRR (22b)

ge1€q hs hm by )% ............... veeneraannes eeerernneaeane (22¢)

1
Ris =1 (3 Fhatn,

K (20) 9 —@M@7t x—cool A MBS ALF drhe R (8) o BHE ol g3t
o rigid lid gl A2 EMEZN LE FA hy & ohS3 o] EAHT

h, = hy + Ah, éXD{-(;;TO)}+Bh, exp{-‘(%_mx:)} ............ (233)

o714 A BE HEolu o] —BEEI x> x, oA HKIIES 57 P& x
ALCx—2x0 )F RAAZ S R(192) 9 (19) o %X (23a) & KA higst

TR F4 hy, hy =

h, = hn + Ahy, exp{- (—’;—@—)} + Bhn exp {-_(_’E_xﬁl_) }
ml1 m2

. A (x-x4) B
— .2 - 0
(he + hp)R; L R, 7 exp { — )+ -_M

exp{- (I’;"‘O) FJ erererer e e (23b)
m2
ha=hy — AChs+ha) (1-(gE)?} exp(- L5200

—=B(h: +ha){1-(

gu)z} exp{ - _(j_‘_ﬂ)_} RN CEDD)
m2



2 vepfio] ek, wepa hy, hy, hy & HWH A, BrE 2AHHE 7+ 4

2 (232), (23b), (23c)olA FoiF MEE A Ee) FolWsS FAH rigid
lid Gtk AHEshe] T3 FTLMel 7] W 2ol A3 A9 wiES] BEEE AL
S dm HEEE 22 5 vk shABsE K (6a)9 (9a)REH 12

202 v, x<x 9 v,7b 0 0F e} HFo K (13c) 9} (13d) &
AGAA 1= x4 oA

(vy —v3) = (v, —vy),

2 vejlofol ¢ olth & (23) % % (6)o] RAsH fARE HEL

o g Methm oo, A (x- xo) B (x-%9)
vi=vy = -f == R,IERmexp{ Rn, R Ry exp{ R.. }J
..................... (243)
+hm hm+h R; x-x
vimvy =1 LLE0n BeERe R (1o it ) 2 exp(- 200
il D Lxxedyy 24b
+ {1 (Rmz) } Rons exp{ Ry, 1] (24b)

©.2 vpEpite}
g gRET r<xoolME FA x 2 xeelMe B9k Fol rigid lid
(hm +hy = hy, + hg) ol Ao FLHS Tobe] A R(9)RFE LBY F

13
7l hy =

hy= Db BEaf p (25a)
hn f
- ' £2 .
2 ZAEEY Rl — g€2hbhz% o] 5}
fz(hm + hb) f2
- — o7 = - h Ba) coesscacesencacans 25b
hZ.X.‘X 862 hm hb h2 gfzhb( 2+ 3) ( )



o} zFo] vtEbutet, ®mESF hm 4+ hy = h, + hy 2P kiR K (25b) & HEHME
hn

hyp = b (h¢ + bn + hy) & 23w 2 —BFE
h =t Fn, h (ht+hy+hy )+ Chy exp(- ——) +D hn exp(——) - (264)
2 FA=Y o974 C9 DE Hgel o |
£(262) & & (252)0] AN TR S hy & e e
he =+ “+ i (he + ha + hy) = Cha exp(——)-D hm
exp(R ) ceceecsereriennnns et (26b)

% (262) 9 (26b) & & (9a)9} (9b)o] fAAAIE x< xool A MHEY HE

(v2-v3) &

Va-V3 = f —r%bth
2 vephdo
Soll A YEbd HEA, B, C, D& wEsty| st BREMHSS o] &3tc)

K (12) & (23)df FHAA I

120-C exp(- == ) +D exp( )] =-(27)
Ri, R;»

ol RADE @Dl EAAA

ofeh. X (13a) & K (23a) 9} (26a)o] FAAI7IH A9 Co HFAZE o33 o]

dg + ek

o

C=Cexp(gr)+ e (-7 BERe (il ye — (Ridyry
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h h: +hy+h
ilN2 m t m b
+(Rm2) ht+hm hm +hb

x=xg0l4 (v,-vy) :Y(V"z‘va')q- HE o] &35l K (24a) 9} @Dz =
St ASICY BiERS Jdo = At

T e s (28¢)

+h 1 1
1 ‘h m [{RifRiz (Rmi} - ng)
1 1 R;
. — —)1A 2 -(=22)%) 0 2
RIZ(R”” Rmz)} +Rmz {1 ( 8d)

871 470el & (282), (Bb), (28c), (28) 258 $ej= A B, C, D= ARw
T A WHAE 109 EEE T4 sty

- Ri, _ IRY Xo __h”'__h"f'hm'*“hb_ Riiy2
A=l ~ R R hathy (Rayo 1
1 1 1
X [Riz{ xl(le ng) (le Rmz)
X Riiva _ (Riivg 14a ‘
+ ta"h(R” ){(——le) (“Rmz) 1] (29a)

22 yepde kb xp = 0ol%l § & (20a) =

1 R; 1 1 1 1
A== = ()" Rid (5 — = )~ (= =L )1 (20p
Rmz{ (Rmz) } { l( Rm(l} ng> (le Rmz)} ( )

2= R xo = 09 Aol A8 ghe K (24b) 2 % mmay = g
Toox=x0 = 0004E vy-pg =00 TR K (2B A Figo] /0 o] 5
oloF & AHolct &

o]
ol

{1_ :l)}___+{1( il)2}~B=0
.2 m2

7ol K (28a) 9 Ast Bobol BAAE AL 7o K(29b)$4 57E HEE



AL 4 Utk T 2K Ry, ¢ BF taﬂh(——)""R— o] Hw x> R;, 27
£ 2

o
-

K (2%) o] fAASE Hob zbekdt Bk

RE Ag + Atk

£ (292) & A7 509 @MEA ehgeh w9 viEse] BAE wo A
B HRAS BIESE R (15)E £ (6) o] RAS 2340l BABHE
#el Eme

geldhl I ----------------------------------
= ax + T, e (30a)

X1-X9 = -

1
fhe

Xyp~X3 = fz Cez dx(h + hy) + fldhlj +
2 BAE BBl A siokedl Unl Sl ##sny BFE (geostrophic adjustm-
ent)o] 5 Foll= K (IT) oAt o] HHHoE x,9 MEZ BHHIZIH B

#7F 8 (mass balance)o| o] Fo|A Aolct (Fig. 14). wetA x=uxqclA oy ~

Fig. 14. Mass balance between three layers at x=Xo.



~ py ~ p3 2t B @BAbolol & og 9 #A b Razdtel
h‘xo-,—hmxz—;{-hbxazﬂ ....................................... seenenene (SOC)

£ (17) % 5% (30a), (30b), (30c)9) 4749 Ko ZHE x 9 uiBzbe) @
Al Ao chez} zto] Pojaleh,

_ht + han hyp + h, '_ Ri, 2 Rt?
Xo = hm ht + hm + th A( R ){ Rt 2(( ) RMIRM’
1
F DT = D =Rl = (R, (1€ ”>>+R,,}J
[t he)
+fht(ht+hm+hb) o (312)

3 xo oA FEHA TES BEESH i, rs, T

h hy + hy i
R R LTI i
+ __.1_(1-(..8'_2)2)} _|__{1 ( 21T e (31b)
Rm Rm, R m2
h hy + hn i
X3y = - ————hm;hb xo + ————~'_hb R; 3(A{ Rm(( Rmi)z 1
R| 1 R‘
(1 ( 1) b+ m{l_(_ﬁ_"jy}] ............ (31c)

2 uvpehdoh 4] R (3la), (31b), BlO) oA x, %2y, x5 & A 19 @K
2 Folzch aief K (292) ¢ X (Bla) & FAlo Ew B4 FigHm Ee
wpgkatol o HAIE A& £ ok

Csanady(1977. 1982) ¢l °l3) #5&% ulshgo] EHERMEO WREOE LA
of WX MEWIF HET F e il 9h B (minimum wind impulse,

Imin3 & xg= 0°] 5 Aol 22 (290) 5 (3la)e] fRAZ}H
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R
Inin= Ry, fulhe & m) R“ (1 + (1=

hm

Riiy, Rif P12 1171 Y eeeeeeeeereennan. (32)
((D® + i + ()7 =117

o2 FAS o9EUHeR Ima o e FotnAt sty K (30a) 24,

Cxo =00 A& x, = x, =00] HER

I min ge; dh,
fhe f2 dx |[x,=0

o BAE AL % 9w, odrlel £ (23a) M h, & HAISm & (Ba) 24 B
BET T K (290) 2 Ao] AT % (32) 9 £70 HRE AL & oot
% (32) o4 252 Aol 1] 7477] o Lol I:fR“M;ﬂ)—

e 7
02 vt o] AL mEY A9t AFH k- hfEtel 28 M el oo
Ak,

1E. 0o
2

£33 MUR2 BRI HS Rl BA

GAold FEY BREDERS U BE EE o EHA I 98 ol
A Hel B#f—Kawazirimisaki Alo] o] BiH (Fig. 6) ¢ ol &3lgich o234 |k
B omke WEA @ KBS 125m2 9ty 429 mEe S

01 ~1,0215 gr/em®, hy~25m
o2 ~1.0255 gr/em®, hy~75m

ps ~1.0270 gr/ cm®, h,~25m
Rz mES 35°N, ENMEE g2 980cm/s? 24 Dstsch ojw ZEAbo)
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o mEET
e; =3.900 X 1073, €z = 1.461 X 107

ols] AMWME LK (internal radius of deformation) &

R;y = 10,1 knm

Ri, = 6.2 kn

Ris = 8.0/km
b -1 A

le = 6.1]{7’1

Rns = 10.6 kn
2 vepdcoh

EEERE] BREOZ EASH wERE MRS el dgH (2. =0 9
B%), A9 ghe K (9) 2RH A=-0.02974 7} "k @A ol BLF &
ol PR Imin =27.457 /s 02 JelUs] = ldyne /cn’(B3E 2 7
m/sol AFIA A 6474 (3.24) A%, 28z c=10dyne /on’ (R
ofF 20m /sol HF) AFe T.6ANAL EUEH Bl gt ol
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Fig. 15. Constants of (a) A and (b) C and (c) bottom layer
depth h3 at the coast as a function of the distance
of surface front from the coast. The densities and
equilibrium depths of each layer are shown in the
text.
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