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Wind-Driven Sea Level Change of a 3hallow Sea
Over a Continerntol. Shelf-

by

Koji Midaka

IMST RACT

A theory of wind-driven surface slope and level change in a shallow
sea close to the coast is given taking into account the earth's rotation
and both vertical and horizontal mixing. A wind zone of finite vidth
extend.ng from the coast is assumed and the surface slopes in a steady
state are computed at several distances from the coast. If these are
pieced together, we can give the surface water level change as a function
of the distance from the coast. This research represents a portion of a
voluminous work which the author is carrying out concerning the three,-
dimensionml steady,. of water and the surface-contours as generated
by a steady wind,

The concept of horizontal mixing introduced by C.-Go Rossby (1936)

and subsequently developed by Re B. Montgomery and He. U. Sverdrup has

presented several important changes and advantages in the physical explan-

ation of various meteorological and oceanographical phenomena which had

hitherto been very hard to explain. *Montgomery mentioned various evi-

dences which showed that some oceanographical. phenomena cannot be explained

without taking this concept into account, We can mention the successful

1 Contribution from the Department of Oceanography of the Agricultural

and M-echanical College of Texas,, Oceanographic Series No. 000 based in
part' on investigations conducted throug]" the Texas A. & M0 Research Founda- K
tiong under the "ponsorship of the U. S. Navy Of'ice of Naval Researchs, Con-
tract N7onr-48702o



explanation of the westward intensification of the Gulf Strewn and the

Kuroshio by this idea demonstrated several years ago by Henry Stornnel

(1948), Walter JIf ffiXwk (1950) and Koji 11idaka (1951). A theory of upwell-

ing recently worked out by Hidaka (1953) is also based on t his consider-

ation. The present discussion also consists of an application of this

concept and treats the surface form of the sea off a straight coast

developed by the ef 'ect of steady winds blowing in a certain direction

in a finite band within a certain distance from the coast.

The theory of piling-up of water on the coast by the action of the

wind was first treated by V. W. Mm1an•,• lls explanation consisted of the

fact that very close to the coast the steady flow of water driven by wind

toward or auy from the coast just balances the I'low due to the slope

current produced by the piling-up on or taking-•ay of water from the

coast, This seems to have. been successful in predicting the slope and

of the water surface approximatelyo Bit since his theory assuses that the

velocity and surface slope are uniform in horizontal dire ctions the diffi-

ci!ty is that of how far from the coast the predicted slope is. Present

* i researeh abows that the slope and level change of the water surface occurs

mnostly belcw the .wind zone only.o Fwtherp Ekmanns theory is unable to say

how the height of the sea surface varies as -e are removed away from the

coast. This is matle-,atically impossible because only the vertical

momentum transfer is taken into account and the velocity components and

s•rpe of water surface are functions of vertical coordinates ý alone.

In order to discuss the horizontal variation of these quantitiest howeverg

it is necessary to consider horizontal zmixing°

ne following theory is nothing but a nodification of Ekman~s theory

of wind-driven currents made by introducing t~e effect of horizontal eddy

i"I



viscosity. Still the result has some advantages over the classical theory

in explaining various fe.tures encounterod in the actual sea, ezypcially

in enabling us to know the horizontal variation of the velocity components

and surface slope. If the complete numerical computation could be worked

out, this problem would give a complete structure of water motion produced

by the stress of the winds in both deop and shallow seas. Hlowever, this

would require a great amount of tedious calculation so the complete dis-

cusslon is left for the future and only the distribution of the surface

slope and the change of level in an offshore direction will be treated in

this paper. It givee the steady surface slope developed by wind in a sea

of finite depth and will be especially applicable to the problem of wind-

produced piling-up or lowering of water in continentall shelves such as

found in the GCul. of 1 exico or the North Siberian Shelf.

11. Theory

Consider a straight coast coincident with the axis of • with the

7-axis perpendicular to it in the offshore direction. (Figure 1) Suppose

a wind of constant force and direction is bl wing steadily in a belt of

limited width. I at a certain angle with the coast. Take the p-d

vertically downward.

If a constant wind blown for a sufficiently long tune, a steady state

will be attained in which the motion of water is independent of time. We

assume that the wind stress cannot vary in the y-direction, but may be a

function of 7- . This means that the w7 nd can vary in an offshore directlon

only. In such a steady state all the vertical and horizontal components of

the currents can bo det'rmined as functions of a and , only. Of eourse, the

it

,'-3



•y

* I NO

WIN
rii

WIN ZN WIND

" /7//fL
I

WIND ZONE

Fil. CO~it WNDZONE AND CALM AREA.'i



surface of the sea will not be a plne, but have a slope in the offshore

direction; the amount of s lope varying as a function of the distance x from

the coa-t• In suci, a case -.he hydrodynamical equations of motion are, after

sevrat reasonable sim.plfications,

T 7T.•; 1, ,- --r.(.)

wlere and £ are the horizontal conponents of -the current velocity in the

x-- and X- .irections, the "surface elevation depending on x on•ly-

the density_, AV and Ah the coeff icients -)f vertical aM horizontal mixing

(eddy viscosity) of sea water, C0 the angular velccity of the earth and

J the fgcographic latitude, In addition to theseo we have the equation

of continuity in the form

(2)

si= Her " is the vertical component of" currents,,

the zone of wind is of finite width within a distance L from the coast,

the conditions to be satisfied on the surface of the sea are therefore

A= - , -• . • <
14v2
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Whare and ( may be either cokLstants or functions of X only., On

the bottom 7 A we mut have

because of the vertical friction,, Along the coast .vhlch for the sake of

s•bnplicity may be supposed to be vertical

beeause of horizontal friction., In the region very far from either coast

or the wind region,, ),A"

"~6)

Let us d&fine an. and by

-- (7)

1 is the "depth of frictional influence" defined by Ekman (1905) in his

theory of wind.driven ocean currents,, n.id Z/, is a quantity having a di-

mension of length and may be ca.llhd "frictional distaance",,) Is is a

measure of the horizontal turbulence.,

If we Pnt
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V the equations in (1) now become

7 ~7r

In order to solve these equation' (9)s uppose vith Takegmil (1934')

~ i(1',A)-.-/' (,2,0) ¶.i,•/, o.
'77

C, 0

'i ~~Next suppose fr the wind •rs
6 0

, 1Qo<• i !/•,,) ,(1/+)
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if'7 and (5.are independent of 2 Substituting (10), (11)~ and (12)

into (9) and writing

the two equations (9) can be combined into

and the conditions to I e satisfied along the boundaries nov become

(1)7)

"The solution or equation (16) subject to conditions (17) and (18) is

r-.ý

-t,--'- (19)

(V4+.0e-7



"IV we separate the real part , ofi from the imaginary

part V , we have

TII

(20)

Thus the re).1 part of y \izr sawy rae hn7

bave no vertical motion of vrater on the surface of the sea. So we have

since the vertical velocity always vanishes on the bottom. Integrating

the equation of continuity (2) with respect to 5 from the surface ddwn

to the bottom. we have

Ths mens that the integrao, /Z i is independent of 2 or there-

fore a constanwt But as this integral must vanish along the coast or for

. 0 • •we must have

S~(21)
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alvi~e.~ Integrating, (:19) vith re~rect to fr'om ~)to and

equating, the real part of the resultinr, equation to zero, we have the

'olloving expression for Y'()

A.p

iliS2e kus•t~ t(&Q exrz slo in{ (/t.7 •, oi•C?"hQ((

-ehv th u~c lp s•dcdb h •srs hscmoe~
(a4r ) lY / (P. ~ &d4rN s/)c-tl(4 /l)

On t tZpr•!o f &i) JdtrZd o

V ~V.

P)~ (Q T

,•~P 11.1/1)) .

7 Z
7ý we substitute th1d exrre.ý,iox-i in (.)or

~1 / (23)

we hav*6 t~he surf~ace slope as ir~ductd by the wind stress ihose. conponents

Once' the 6xZpresaion f~or ý,/ l deteavinned, we can obtain

aml Ll by,1~ vub.Wtuittbg ý/)In (119). Rirther substitutdons of 6Xand $

W ox~osionm (10) and (11) vill pive the 11c zontal eomr'onents of velocity.

f Toe vertcal valovIty can be, obuitned f~rom~

I~r~ L~yi(24)



an equation derived by integmting the equation of continuity (2) from

the surface down to a depth

The preceding dnlysis oovers the principal part of the theory of

upwelling discussrd by the author rocently as a special case when the

depth of the sev is Very large. In that case we had 6 0 So

only the socobd torin in the ribht-lani member of (19) was consideredo A

complete nurarical computation involving three components of velocity and

the surface slope will be aehieved orily after a tedious work of very l'ng

period. We shall give in this report only the computations as to how the

slope (f the sea surface varies as we go away from the coast. The author

wants to express his desire to extend the computations to all three com-

pono•rts o' the motion of water in the future because this promises a great

number cf practical applications, The comparison of computed motion to

thai; actually observed wL3. enable us to estimate the approximate intensity

Sof bo'-n vertical and 1orizontal turbulonce in the sea, thus making it

posalhle to predict the wind currents in the sea more accurately.

IV, 2fae JSca M e r fiq. Variation of Z Level.

It is a qjuestioa of practical calculations to carry the analysis to

numnricel resmltso A rather elaborate computation has been carried out by

the authcr dur:.,g the sumrer of 1953 when he stayed in the Department of

Oceagtraphyq Agricultural and Mechanical College of Texas.

The grrbter part of the work consisted of numerical evaluation of the

function Y'[) as given by (22). Because the components of wind stress are

given in advsnc' we have only to evaluate the two functions a , \t) amd

Ž h) given by (26) and (27). They have been computed for

""2/16sI/8p/4,3/2plp2and 4



Otfshore Slope of the Se. %n-faf ae.-7-;-Iauca
By a Wired Pependio'u.ar to -the Coast (' , A ) m m,•olped

at, DiLtez Di tancI/ ' -' "- from thm oast

L

816 si V4 '2 I Oftbore
Wixrd Stress

0 0 0 0 0 0
01 1..5071 1,4883 11:o+012 ' 4.. 3274 +1.6,308
0,2 1.5226 1.,•915 1.4'720 +1.3203 40.9259
o 3 !. .5239 I 4984 1 .479i +1-3076 +0o6857
04 :L4999 1.4970 Iý4467 4-1.3270 41.26%

005 0,7503 40.7.a13 +0.7425 4.0, (6651 +D,3380 12 .
o,,6 .00046 +0OO091 +0o0362 Qo4o011 --0•8992 0
0,7 -.0.0069 +0oOO83 +o0. oo64 0,,0324 -,04360 0
0,8 .0o0096 ,00065 ,0,00001 40,0027 40,0015 0
019 40,0030 40,0002 .400001 -_20.163 ~-0.3723 0

1.0 --0-0040 40,0054 40.0005 -0,0318 -0o2 .29 0
11 ,4%00007 O,,0044, -1.0o0007 +0,,0354 40.o242 0

12 .ox0 o00a6 =0,0049 ,-0.0012 40, 0 088 40,0812 0
1.3 40o0007 +0. 006 .0.0004 -0.0227 01o19I.0 0
L4 1+0o0000 £o0 .0042 +D.o0000 -0.0077 +,.oIA3 0.

1,>5 410.00Y76 40,0003 +0,0022 40,0157 +401036 0

N



Tabl•e II

Offshore Slope of the Sea Surface, 7 inducted
by a Wind Parallel to the Coast ( ') Computed
at Different Distances '/XPA from th6coast.

2/8 /4 V/2 'I Longshore
Wind StressXlOk

0 0 0 0 0 TY

0.I 0o041a 0. 13 ,47 2577 -0,o2173 -,.%8402
0.2 0.0477 0o1745 1.5085 +1-1535 +1.9789
0°3 0ox481 0.1813 1.5815 +1.6083 +3,.2510
0,4 0°0460 0.1622 1.4518 +0o6742 -0M386 T

0,5 0o0241 00958 0o8431 40.9606 1o8433 1/2 77
o06 O.002-1 0,0292 0.2663 1.6698 4.7393 0
0.7 00001o4 0o0089 0.1163 0.7947 2.2709 0
0o8 *400001 0.0011 0,0179 0,0527 0.0622 0
01o9 0o0001 0.o0013 0,0512 0.5501 1.7700 0

1.0 -0.o001 0°0004 0°0335 0o3901 12799 0
1.1 0o0000 -0.0007 -0.0326 -0.3542" -1o1416 0
1.2 -0,0002 -0.0012 -0-0104 -0.1181 -003825 0
1.3 0o0000 +0o0005 40.0248 +0.2778 +0,9025 0
1o4 000000 -0.0002 -0°0067 -0o0714 -0.2291 0

1.5 0.0002 -0.0008 -0 o0130 -0-1o4I93 -0o4765 0



and for a nmber of necessary valtes of i.

v. D.Ummsion gf I~ x"l&tti at a Lat-cz f-uncm ke S~mot

Expression (23) can be written

(A

A A (25)

where

h/£ ,j ; /- r).J-CT.

/ , n)(•

(26)

2 (1F)~-~

41-



2 (30)

((32(4j2- 2 /( 
2

-I
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W.s ~ ) n \ depni pn-- avd> cinly.y while

7i(~ ~are~ of course glverx qus0ttWies.

Next we bave

7z (376)

Figurea 2 av 3 give ths g.-cp1; c U- fthe t" £ onzs L I~

x rzrvpawh ive2',ý,. l teo o, fucd:n bone bac setIma fo

off

i/4v 2 11 ad 4,

and1 some values of An~ms~sry' o.ý t-t~hezing the, comiputataions. Only the

cur~ves for V.1. ~1.61, 2/. 1/14-j mo I wrý given in `Ie~e

From these diagrams wa reoogni>&o that the itmiue o~f tlo 7mamt-.ý -.n
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Table Inl

Sea Level Difference betwen the Coast and a
Point Distant , from the 0oest, induced by an
Offshore Wind Stress o (UnitU (7' /,,

""I2-. ,A6 3/8 V/4 ,/2 1 Off ore
Wind Stress

0 0 0 0 0 0
0.1 0.075 0,074 0.071 00o66 0,082
0,2 0.227 0.223 0215 0.199 0209
003 0.379 0°373 0,362 0.330 0.290
0,4 0,530 0o523 0.509 0o462 0.387

0.5 0°643 0.635 0.618 0o 512 0o467 1/2
o.6 0.680 0.672 0.657 0,592 0"439 0
0o7 0o680 o.673 0,659 0o588 0.373 0
6.8 0o679 0.673 0.659 0.587 0o351 0
0o9 0.678 0o,673 0o659 o.586 0o332 0

1.0 0.678 o.673 0,659 0.583 0,300 0
I'll 0o678 0.673 0659 0.584 0.299 0
1.2 0.678 0o673 0.659 0o586 0o315 0
1.3 o.678 0.673 0o659 0.582 04309 0
144 0o678 0o673 0.659 0o584 0.302 0

105 0,678 01673 0o65-4 0.584 0.310 0



Table IV

Sea Tevel Differeno. between te Coast and a
Point Distant X. from the Coamt, induced by a
Iongshore WInM Stress ec, (i '- ee

2146q ]A~ V/ 2 1 Longsbore
Wind Stress

0 0 0 0 0 0 "TV
0.1 0.002 0,007 0.063 -0.0n -0.092
0.2 0.007 0.022 0.201 40.036 -0,085
0.3 0.012 0.040 0.356 40.174 +0o176 'Ty
0.4 o0x06 0.057 0.507 40.288 40-358

0,5 0.020 0.070 0.622 40-370 40-470 2/2 T7
0.6 0.021 0°O76 0.678 40.501 40.799 0
0.7 0.022 0.078 0.697 40.625 +1.150 0
0.8 0°022 0.079 0.703 40.667 1.266 0
0.9 0.022 0.079 0.707 40.697 1.358 0

1.0 0°022 0.079 Oo711 o0744 1o510 0
1.1 0.022 0.079 0.711 o.746 1.517 0

102 0°022 0.079 0.709 0.722 1.4/1 0
1.3 0,022 0.079 0.71o 0173 1.462
1.4 0.022 0.079 0,711 0.741 1.496 0

1.5 0.022 0.079 0.710 0.730 1.461 0
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I
related to or the offshore component of wind stress does not show any

marked variation for either - or,\ except that its value suddenly falls

to zero at 0 for larger vailues of while t]-,e function L q-k /A

related to I or the longshore component of wind stress has a very large

variation. For a smaller value of r//2 this function varies slightly

arnd smoothly.~ When 0 V-Increasesp however, its value at A Oincreases

very rapidly. This function thus has always a peak at 0 () and the

height of this peak increases proportionally to the square of when

___ is small and is directly proportional to 7Pr w)en it is large. At

Sany rate this shows a rapid increase of the function L ( X around

u'• when k/( 2 t increases from a small value to a larger val.ue.

Now since the function of the type

Ai

always has-a largest value ( ~) at 0) and falls rapidly as

increases, it can be anticipated that the contributions of the functions
•:•/1/ • and !!t.., to the Integrals

66

and

will be largest at A - This fact clearly shows that tb e value of

j L:



the integral

6<1,

SL ( , A)- • •- • I ..•
Cli

increasev greatly as iacreases. In other words, the influence

of the earx'hls rotation is more conspicuous in producing the slope of water

surface win it is induced by a wind parallel to the coast than by a wind

perpendi,'mlar to the coast 0

VL. r~nmtation of the Sla SiZ-face SlOPe0

fiow expression (25) becomea

(38)

/ihere

Lý )ý = ( M)/(5 J2.
6

(40)

ri



It is q'tte easy to compute these integrala if the functionru

(42)

0

and.

1;

(42-)

are computed and compiled. Tables V end VI giwe p.aits of ouch compilations.

For exnmple,ý when we wwit to compute the integral (39) for

assumi.ng 6>, 4.. va haves simply by (36) and (37) to maake a

s161.

-" ;k (o. )•-± ((w oJ b

.. 2--

of Y_. oThe same applies for `Iba Pinction 7

the oms of integmls of the form' (42) Tables v w vi uill enahae us to

nmke computations for other values of the ratio 5

,By this proces 9s wo can compute very easily the slope of water surface

inducea by both offshore ard longshore 'drd stress components.

The folUouning computa•tion uaO made wh.n thl,. vidth IJ of the wInd zone

is half as large a the frictional dietanc So le have .''/ A

I|I
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Table V

Function / or Computing the Sea Surface
Slope for Uniform Wind Stress

6 82/ /21
lb0 0 0 00

0.1 1.5104 1-4856 1.4099 1.2737 1.1531
0.2 1o5147 1o4948 1.4705 1,,2912 o.6486
0,3 1.5156 1.4972 1.4853 1.12990 0.4594

0o4 1o4939 1.5043 1,4833 1.3276 o.6716

0.5 1.5002 1.4937 1.4838 1.2848 0.2828
o.6 1o5004 1o4989 1.4826 1.2200 -.0.2838
0,7 1.4998 1o503-9 1.4824 1.2408 -0.0953
08 1,4980 1.4926 14830 1.2739 0,1933
0.9 1o5000 1.5001 1l,4830 1.2748 -0.0248

L.0 1.4997 1°5025 1.4825 1.2394 -,01104
I.1 14995 14940 1.4830 1o2687 04,0775
1.2 1.4986 1o4955 -14814 1o2551 0°0328
143 1./+996 1.5009 1.4826 1o2-434 -0°0758
1o4 1o5001 1.4955 1.4829 1o2547 40-0234

1.5 1°5074 1.5006 1.48/4 1.2577 ,+0/0422
i.6 1.999 1.4980 14819 1.2464 -OO60
1.7 L5005 1.4969 1o4829 1.2518 -0o0014
1.8 1.4998 115000 1.4830 1.2563 0-00372
1.9 1,5001 1o4993 14829 1.2500 -0.0249

2.0 104997 14980 1.4828 L2505 -0.0125



Tabl.e VI

Functtion >&i ?,,L f or Computing the Sea Surfaee
Slope forz 1nibfoin Wind Stress

X/16 /8 1/4 1/2 1

0 0 0 0 0 0
01 0.0442 o1363 1, 3230 0,4856 (, /272
0.2 O0 04,75 0.1762 1.5620 1.6098 3.3560
0o3 0,,0484 0. 1893 L6717 2o1035 4o5417
0o4 0,,0481 0,1904 Lo6760 1.80909 3o6600

0-5 0,,0482 O.1923 1°7339 2,,4,812 5.,5289
0,6 0o0482 0o1936 1.8064 3.2966 8.191,9
0.7 0o0481 0.1928 1.7787 3.0161 7.2959
0o,8 0 0482 0o1922 13.7425 2,6002 5M9374
0o9 0.0482 03.928 1M7714 2.9189 6.9699

1.0 00482 0.1930 1.7817 3o0411 7.3713
1.1 0o0 482 0,.1925 1L7573 2.7681. 64 4840
1.2 0 04.82 0.1916 1.7628 2.8330 6.69/41
.3 0,0482 0,,1929 1.7774 2.9915 7. 2088
1.4 0.0482 03.1926 1o7644 2.8469 6.o7397

1.5 0.0482 0.1928 1,7624 2.8209 6ý6538
1o6 0,,0482 0.1.928 1.7735 2o 9479 7,0563
1.7 0M0482 0o1927 1.7677 2.8861 6,,8573
1.8 O0482 0,1926 1,7628 2.8273 6o6751
Io9 6-o01,82 0,1928 1.7709 2o9177 6<,9676

2.0 0o0482 0o1942 17691 2°8993 6&9094



and the slope of the water surface was computed at severa!, distances from

the coast, Both the surfaco slopes induced by the offshore and longshore

wind stress components are given in Tables I and 11.

From these results it can be concluded that the slope of the watert|

surface is chiefly found in the wind zone and it is mostly very smal).

outside the latter. However, the manner of increase of the slope of the

water surface with increasing ratio f/PtL- is much different between the

offshore and longshore winds. In case of the offshore wind T the

slope induced by it does not vary much with the ratio 7 g Their

values within the wind zone lie mostly between

3/3

On the contrary, the slope caused by a longshore wind stress is very

small when I is small and increases very rapidly as this ratio

increases. Thus the slope in the uind zone is a little less than 0 ,05 for

h*/D = 1/16, But it increases to almost 25 times when the ratio h/DV in-

creases to 1/4o, At M/Dv = lý the slope varies rather irregularly. This

may be because-of the incompleteness of the numerical integration and it

would be dangerous to believe this result to be very accurate. At any rate

the slope increases very rapidly with the ratio 1/Av provided there is a

stationary stage around - 6¾

From this result it can be concluded that the slope of the sea surface

induced by wind stresses is proportional to the wind stress 7z and r

inversely to the depth 1 of the sea provided the ratio is given.

They are nearly Independent of the magnitude Dh or the horizontal turbulence.

1



If we take 1 =50 metersk then we shall have

.- I 7

This is a slope about 3 cm per 100 km, or about 2 inches per 100 nautical
miles. The stress I3 1 corresponds to a wind of speed about 6 or 7 .

When h 100 m the slope is half as large.,

The fact that the slope is very small when is small, means that

the influence of the eartht s rotation is largely pressed down by the bottom

friction, As the depth of the water approaches Dv gradually, the earth's

rotation becomes a more and more important factor.

Although these results are all purely theoretical ones$, tlere is no

reason why they are of no practical application. Comparison with great

numbers of observations will give some idea about the magnitudes of both

horizontal and vertical mixing coefficients.

VII.o0 LJ2g of Sea Level in an Offshore Direction.

* Determination of the slope of the sea surface enables us to know how

the surface of the sea rises or falls as we are removed from the coast.

Because the water surface is assurned to neither rise nor fall in a direction

parallel to the coasto we have only to check the change of sea level in an

offshore direction.

An approximate formula to compute a curve y= F.( from the values of

at two points separated by Z is

where and /, are the values of y at a and~" I



separated by4- X Assuring we have a water height on the coast,

we have for the change of level produced by an offshore stress

and so on. The same applies to the slope induced by longshore stress

By this process it will be possible for us to derive the sea surface profiles

produced by both offshore and longshore wind stresses. Actual sea level

consists of the sum of these two. Tables V and VI give the results for both

of these stress components respec tively. These are also illustrated by

Figures 4 and 5.

Looking at Tables III and IV and the two diagrams (Figures 4 and 5) we

at once notice that there is practically no change in sea level outside the

wind zone within a width L from the coast.

For a longshore wind blowing in such a manner that for an observer

looking in the direction of the wind with the sea on his right hand sidev

the sea level rises nearly linearly as we are removed away from the coast

until we arrive at the and of UtPh wnd zone. This tendency is common to the

cases =A69 V8$> 34 but some irregularities occur when VD, =12.

It will be hard to know if those irregularities really exist or if they are

actually due to some incompleteness of the procedure of numerical integration.

Perhaps the latter explanation holds better. In any event, the general

tendency is that the sea surface outside the wind zone suffers no appreciable

level change. Now since the sea is supposed to extend infinitelyp the change

of the sea level in a finite area will not affect the level in an infinitely

1 .19-.
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wide area outside the wind zone, This means that when tho wind blows in the

above manner, we can expect a depression of sea level beneath the wind-swept

area deepening linearly toward the coast. The maximum level fall occurs

of course along the beach. If the wind blows in the opposite direction, there

will occur an elevation of the sea surface toward the coast, The magnitude

of these depressions and elevations of course depends upon the ratio .v and

S. • the width of the wind. zone.

For an offshore wind blowing in such a manner that the observer looking

towards the sea has the wind on his back•, the same sort of depression takes

place, of course, the manner of its dependence upon VD, differing from the

case of longshore wind, If the wind blows from the sea to land there will

occur an elevation beneath the area swept by the wind.

These details are illustrated by the diagrams in Figure 6.

VIII. Relation Between the Wind Direction and the § Level Chane.

The diagrams in Figure 6 give us an approximate idea of the relation-

ship between the direction of the wind stress and the sea level change in

a steady state. The sea level rises approxinately linearly as we are removed

away from the coast. No slope of the sea surface is seen outside the wind

zone. The sea level responds to the offshore and longshore wind in different

ways. For example, in the area of' California, a north wind lowers the sea

level below the wind zone and a south wind raises it. On the other hand an

east wind raises the level and a west wind lowers it. Thua is can be con-

cluded that for some direction of wind and for some ratio h/Dv there will

occur neither rise nor fall of the sea level however strong the wind may blow,

Such directions will be found in the sectors between north and west and south

and east.

On the contrary there will be a wind direction which gives a maximum

rise or fall of the sea level0  This direction must of course depend upon

I
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the ratio 1I/D,, that is to say, on the square root of the mixing coefficient,

providing the depth to the bottom is given, Off Texas and Louisiana coasts$

the wind from east to southeast and from opposite directions will not be

effective in raising or lowering the sea level on the continental shelf0 On

the contrary north or south winds are expectedi to produce strong falls or

rises in the sea level on the shelf.

S_!=. The theory of the wind-driven currents in a shallow sea is considered

taking into account the effect of horizontal momentum transfer. Other assump-

tions and conditions are nearly simdlar to kmian s work except that we assume

an infinite straight vertical barrior for the coast . The complete solution

invlving the expressions for the three components of velocity and the varia-

tion of the surface slope at different distances from the coast appears to

take a very long time and require tedious computations For this reason only

the result for the slopes of the sea surface is given in this paper, The

following conclusions have been drawn,

(i) Due to the stress of wind there occurs a rise or fall of the sea

surface, When the wind blows within a finite zone from the coastp this sur-

face slope occurs only in this zone and no slope is seen outside it.

(2) When the wind is uniform,, te sea surface within the wind zone rises

or falls linearly toward the coast 0

(3) For a certain wind direction and for certain values of the ratio

/ , no rise or fall of the sea level will occur0  On the contrary, there

will be directions of winds for which we have a maximum rise or fall of the

sea level, These features will depend upon the direction of wind, depth to the

bottom latitude and the vertical mixing coefficient.

(4) Complete numerical solution of this problen for the three dimensional

water movement is intended by the author for a fMture opportunity.
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