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ABSTRACT 

The available methods for estimation of wind currents, mass 

transport velocity by waves and permanent flow (thermohaline 

gradient current) are briefly summarized and a simplified computer 

approach is outlined. 

The computed synoptic surface currents are compared with monthly 

mean current charts and with surface wind conditions. This analysis 

indicates that the surface currents are greatly wind-driven. A detailed 

verification procedure which will use the observed changes in sea 

surface temperature is outlined. 

The use oi the synoptic current fields for computation of divergence 

and convergence and the resulting changes in subsurface thermal 

structure is described. The relative importance of the synoptic surface 

currents in ship routing, rescue operations and other practices is reviewed. 
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1. INTRODUCTION 

A number of naval, fisheries and other maritime operations require 

a knowledge of the direction and speed of surface currents, as well 

as their past and near future behavior. The Fleet Numerical Weather 

Facility (FNWF) at Monterey, California, became interested in ocean 

currents primarily because oi their importance in Anti-Submarine (ASW) 

applications. 

Large variations have been observed in thermocline depth which 

cannot be explained by mechanical or convective mixing. These changes 

exhibit cycles which correspond closely to the evolution of synoptic 

weather patterns over the ocean. It is quite clear that current atlases 

cannot be used to predict thermocline depth when considerable change 

can occur in a period of a few days. What is needed for this particular 

problem are daily current analyses and prognoses. 

Navigators also undoubtedly find that atlases, monthly mean charts 

and the like frequently do not give an exact enough answer to the question: 

what is the current at a given point in space and time? The purpose of 

this paper is to report on an attempt to compute surface current flow 

on a quasi-synoptic schedule and to show some preliminary results. 

If these results appear to be of use to navigation, means will be found 

to accomplish dissemination, 
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2. BACKGROUND 

Before selecting and justifying an approach which would be simple 

but still give some hope of yielding useful results, it was necessary 

to screen and evaluate a voluminous amount of literature on the subject. 

Fortunately, a great part of this review had been done recently by 

Laevastu (1962). 

Most theoretical approaches have been mainly concerned with 

explaining the general, more permanent features of the horizontal 

circulation patterns (see, e.g., Robinson 1963). The Russians have 

recenily applied correlation theory in an attempt to forecast detailed 

current changes from a known field; however, our knowledge of the 

initial state (and particularly its derivatives) is often rather sketchy. 

Actually, the ocean responds quite rapidly to hourly and daily changes 

in driving forces, and currents are known to be variable in space and 

time (Knauss 1960). 

These considerations dictated use of a method which would account 

for fairly rapid response and would stand up to daily verification. Many 

attempts at current prediction have been disappointments because of 

oversimplifications resulting from the assumptions made. It seems 

logical to separate the total current into its elementary components to 

see which should be neglected, which can be simplified, etc. This is 

the attack which has been followed in this investigation. 

(e>) 
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3, COMPONENTS OF SURFACE CURRENTS 

Surface currents are caused and influenced simultaneously by a 

number of forces which vary independently from each other in space 

and time. If one neglects the special effects due to variation in 

depth, coastal configuration, runoff, etc., the current vector ata 

given location, time and depth below the surface (Wee) can be 

given as the resultant of the following components: 

ee =H ent Ae WE (1) 

where ie is the permanent flow (thermo-haline gradient current or 

"characteristic current" as used by Palmen (1930) and Hela (1952)), 

Wee is the current due to transport by wind and waves, Wy is the 

periodic part of the inertia current and W, is the periodic part of 

the tidal current. 

The computations which will be described here cover a period of 

24 hours, and it will be assumed that semidiurnal and diurnal tidal 

components will equal out and can be neglected. In addition, inertial 

eddies will not be considered because the available quantitative infor- 

mation about their behavior does not warrant their inclusion in this 

simple technique. The two components which this study will attempt 

to evaluate are thus the "characteristic " or permanent transport and 

the transport due to wind and waves. 
a 
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4, THE CHARACTERISTIC COMPONENT 

The characteristic component is directly related to density 

gradients caused by areal differences in heating-cooling and 

evaporation-precipitation. Although what we usually call "the 

permanent flow" is strongly controlled by the large-scale, more- 

or-less stationary wind systems, only the thermo-haline influences 

are included in that component here. Wind and wave effects will 

be lumped into one computation to be discussed later, 

Several workers have found (e.g. Yasui 1957) that there is a 

close correlation between ocean temperature distribution and 

dynamic depth anomalies. Neglecting salinity, one can apply 

the well-known meteorological thermal wind relationship in the 

ocean if one knows the mean temperature of the layer between the 

surface and some level of zero current velocity. The characteristic 

current is then given by: 

g Az bs 
Woo eee VE Ik (2) 

fr 

where g is gravitational acceleration, fis the Coriolis parameter, 

T is the mean temperature above the level of zero current, Az 

is the depth to zero current, and |K is the unit vertical sector. 
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The determination of a representative mean temperature (T) 

is, of course, the critical factor in this part of the problem. The 

temperature structure of the ocean is certainly not constant, partic- 

ularly closer to the surface; therefore, semi-synoptic temperature 

fields should be used if possible. The only place where sufficient 

data is available for reliable analysis on a daily basis is at the 

surface so it was decided to use the FNWF Sea Surface Temperature 

(SST) analyses based on 84 hours of reported ship engine injection 

temperatures at the top of the layer. In order to include a part or 

the deeper tem perature structure, the SST field is presently combined 

with a climatological field at 200 meters depth to obtain 

ty ere) “22 200 (3) 

Finally, this field is modified empirically in areas where salinity 

considerations are known to be important (Cyashio, Greenland, 

rr Lab.rador currents). This in effect corrects the ocean temperatures 

for salinity much as the meteorologist corrects atmospheric temperatures 

for moisture content when he uses the concept of ' virtual temperature," 
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5, THE WIND CC MPCNENT 

According to Ekman (1905), the direction of the wind current 

at the surface is 45° to the right of the wind in the Northern 

Hemisphere and this angle increases with depth. Recent inves- 

tigations reveal that the deflection is more nearly 12-20 degrees, 

being larger and more irregular at the lower wind speeds (possibly 

because of the increased importance of other components) and 

smaller at higher wind speeds. As the surface wind is about the 

same angle to the left o: the geostrophic wind, it is assumed herein 

that the direction of the wind current is the direction of the geostrophic 

wind, | 

Numerous empirical studies have indicated use of a single factor 

to relate surface current speed to wind speed. The formula of 

Witting (1908) appears to agree well with available data and further 

allows approximate incorporation of mass transport by waves in a 

simple expression: 

ae KG Hl ye (4) 

where Ng is the mean geostrophic wind speed for a 24-hour period. 

In the present work it is assumed that the current is relatively 

uniform and unidirectional in the turbulent mixed layer down to the 

thermocline (or about 200 meters). The mass transport of the waves, 

however, would modify this picture as it decreases exponentially 

with depth (Masch 1962). Therefore, if, is in meters/sec and 
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Me in cm/sec, K3 is taken to be 3.3 for surface currents (ship routing 

and drift computations) and 2.2 for the average current down to the 

thermocline (convergence/divergence computations). Obviously, 

there is a time lag between the change of the wind and response of 

the sea. This lag seems to be shorter than previously believed, 

however, and is partially minimized by the 24-hour averaging. 

Since all computations are carried out in the standard FNWF 

grid system, u and v current components are determined at approx- 

imately 200 nautical mile intervals for all Northern Hemisphere 

ocean areas. From these components, direction and total transport 

(nm/day) fields are determined and stored on magnetic tape for later 

output in chart form or as special messages giving the currents at 

specified latitude/longitude intersections. 

6. RESULTS 

Figure 1 is a hand analysis of one of the first current computations 

made on a synoptic schedule (18 GMT 16 November 1964). The con- 

tours represent total current transport in nautical miles per day; 

direction arrows have been plotted in the most significant current 

systems. One can clearly distinguish such well-known features as the 

Gulf Stream, Sargasso Sea, Labrador Current, Kuroshio and Cyashio. 

The low-latitude, westerly return flow which results primarily from 

the "wind component" term is well defined in both the Atlantic and 

Pacific. A narrow equatorial countercurrent was obtained as a result 
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of the 200-meter temperature structure used in the characteristic 

component. 

Figures 2a and b are synoptic current charts for the Pacific and 

Atlantic, respectively, which have been drawn automatically on an 

incremental x-y curveplotter. Each chart requires approximately 

one minute to complete and is of sufficient quality that it can be 

used immediately for radio-facsimile transmission. 

Figure 3 is a climatological current chart for winter, It can be 

seen that many of the most important features are correctly depicted 

in this approach both in location and intensity. 

The problem of automatic plotting of direction arrows on these 

charts has not yet been solved. However, a possible substitute 

has been found and is now being programmed for numerical testing. 

Since u and v current components are available in field form at all 

grid points, it is believed a stream function field can be determined 

by a relaxation solution of the Poisson equation 

9 ov au 

Wien = (S) 
ax oy 

This would permit plotting of a second set of lines (W ) which 

would everywhere parallel the direction of flow. 

7, VERIFICATION 

A synoptic current chart would be of little value if it could not 

be verified and the computational scheme tuned as required, Direct 

9 
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current measurements in the open ocean are too few and drift 

calculations made from navigational fixes are frequently inaccu- 

rate in weak current areas, so it is difficult to make a direct 

evaluation. It has been necessary, therefore, to resort to indirect 

means which are susceptible to verification on a synoptic basis. 

Sea surface temperature (SST) is the only oceanographic element 

which permits a reasonable complete synoptic analysis ona hemi- 

spheric scale. Such analyses are made twice daily at FNVF 

Monterey (Wolff 1964), and their resolution is such that SST temper- 

ature changes can be determined for periods of 24, 48 hours, etc. 

From these changes will be subtracted the local changes computed 

from air/sea heat exchange equations. If the remainder correlates 

well with the advective change indicated by Wis aot ° VSST , the 

computed currents can be assumed to be reasonably correct. 

This method of verification is now being programmed and 

numerical results are not yet available, Subjective study of 

SST change charts and corresponding current charts does, however, 

indicate that the approach described here is useful. It is evident 

that the wind component term predominates in many areas, and 

that it is this term which is mainly responsible for the rapid 

response of sea surface temperature changes in the ocean. 

There are a number of modifications which must undoubtedly 

be made to this program; it is hoped these will be uncovered 

during the verification period. One obvious question is - what 

10 
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effect does thermocline depth itsel: have upon the surface current 

speeds above the thermocline? 

8. APPLICATICNS 

The surface current program was initiated primarily to determine 

divergence and convergence and the accompanying up and down 

movement of thermocline depth. Furthermore, the results will be 

used for forecasting the advective part of sea surface temperature 

changes. 

Over large parts of the oceans the currents have little direct 

effect on navigation. In some areas, however, they should be 

taken into consideration in Optimum Ship Routing. Charts of this 

type should also prove useful in the prediction of ice movement 

and in any rescue operations. 

It is planned to make these computations on a daily synoptic 

schedule (probably at 06 and 18 GMT), and they could be trans- 

mitted from Fleet Weather Centrals in either iacsimile or special 

message format if such is desired. Groups such as the Institute 

of Navigation may determine that there are applications in navigation 

which could make use of these products. 

ti 



“IaeTia® cova soe aren aeais pe sul ot 

rn 7 ‘ealdacumsit att man r 

Ya Ta ob. Tian tag tadodnint: 9¥ (bryan ameN/D wou. ult 

RWolt Bae qu palyneatnescs silt ais ennbbmedo: bets ‘Bore 

pe ‘fib atiuasy elt , Maat mined ‘thao’ ertioenmadt! lo sad 

Ma woyned ode tee Bee Jotau avitvebs Ort ouivenvedl hie) de: 

toad ohchir avai BINoTING WG Gisene il lo udneq epi « 

od blucda, vad? wrevewod .s4e%e. amce a Aoveniwen ng 

(hi lovaid®. «prison gid? @tieD ni NO Brehlencs vind cede 

‘ghombrom ond. to mobibibeis Stet Liiseu oveny onle- wiatae 

wine obbivbo yoit bas TMD o| bee ag 16 vitor) 

| feinage vo alimens! sadieo ne alone ortenent to@l'l itiork i me 

‘dtodisanl ordi seldove equend \posteob 2) owe yb feed) eos : 

nnizioiven ni Raotieoliage ow erent 3st ening st yom Howepivey, ; 7 

;@inghor Seedy jo osu wana bluco Moki 



REFERENCES 

Ekman, V.W., 1905; On the influence of the earth's rotation on 

ocean currents. Ark. J. Mat. Astr, och Fysik. K. Sv. 

Vet. Ak. Stockholm 1905-06 2 (11). 

Hela, I., 1952; Drift currents and permanent flow. Soc. Sci. 

Fennica, Comm. Phys-Math, 16(14):1-28. 

James, R.Vi., 1957; Application of wave forecasts to marine navigation, 

U.S. Navy Hydrog. Office, Spec. Publ 1, 78 pp. 

Knauss, J.A., 1960; Observations of irregular motion in the open ocean. 

Deep-Sea Res. 7(1):68-69. 

Laevastu, T., !962; The causes and predictions oi surface currents 

in sea and lake. Hawaii Inst. Geophys. Rpt. 21:55pp. 

Masch, F.D. 1962; Observations on vertical mixing in a closed wind 

wave system. Inst. of Eng. Res., Univ. of Calif. Berkeley, 

Ser. 138, Issue F. 

Palmen, E., 1930; Untersuchungen uber die Stromungen in den Finland 

umgebenden Meeren. Soc. Sci, Fennica, Comm. Phys-Math.5(i2). 

Robinson, A.R. (Ed), 1963; Wind-driven ocean circulation. Blaisdell 

OMS (Gag IN GCG Aude Tehove 

Witting, R., 1909; Zur Kenntniss des vom Viinde erzeugten Oberilachenstro- 

mes, Ann. Hydrogr. Marit. Met, 73:193. 

Volff, P.M., 1964; Cperational analyses and forecasting of ocean temper- 

ature structure, Rpt, Fleet Numerical Weather Facility. 

Yasui, M.; Cn the rapid estimation of the dynamic topography in the seas 

adjacent to Japan. Records of Oceanographic Works in Japan. 

Vol 3, No. 1. 
12 



Sc i .woll MoaBaneg hn dna te e200; 

ebay Wor 

fp sbobteoiven antiem 1 eteeount dw be nim csaiee EEL 4. WA 

ase FS ASU Bare Sasi ya reneu it yieewt 2.7 

sMSRSO HAYS of) At eOlicm Telugsrl To Encltew\sedO s0S8T ) ALT +36 7 i 

‘J 

— 

(eO-RO)(1) .e5 eehegged 

Rinegrits aoeher ie ooreliievw Bre esque Ot {S68 | val see ' ’ 

sUGectih pied y evrooes) feel vieWwen |, aXe bis Eset 

baiw beecis © kh} prikim fecthey se nnobaroed) 8010.4; 

MOIGar8S 4s iiete tii wind) deh oi to teal. omieye sivew 

Tt goaenl \ BEL oee” 
1 

pS \ . : 

Daéiniy iiss ni davhuniods ob lode nepsidouewt ly (WE { pe iE Le 

SMA ied ue Lis ethno d ok colt arent ‘nabaedebing 

MobelMa i nclieliony wneds nowindmmW loa)’ ay aA A sng c ¥f ‘ 

ee Lae ides 

morigawitoel need nvignmere Ghat V dMov seb walatienneds re gk weer 

(ERE TEN | JOM TPS eNe: ies iuey cana ony 

Wiest AGOGO 76 ‘onitan oer) bas Hea Deere hi) ; POLES | : ey re" bt Tate ou of 

VHS fethice! LetienwM toalh: gh POU STUER, eit . ' 

BESS tid hk ¥ gets cdo? Mipsetyh.od) Yer norednlie+ Gian ails Atha air. ae 

pbuyet at sui Sadgemoniao 19 aptoasé . . fea el Oe) Wieseibe it a i on 

vA ee a t, ie i a 



LIST OF FIGURE TITLES 

ENG 5. Ihe Hand analysis of computed currents for 1800 GMT 

16 November 1964. Transport in nautical miles per day. 

Gere. Curveplotter analyses of Pacific (A) and Atlantic (B) 

currents for 1800 GMT 24 November 1964. Transport 

in nautical miles per day at 5 mile intervals. 

JENGi4 ele Surface currents of the oceans during northern winter. 

13 



Was savory te teu 

Pies 0) “mo indy wo ate betamn w rele: bait - 

{@) ottrelsA tye (AQ ottine® ko oe i ag 24 j 

nogenst .bs01 iedeievel AS TMS O04 SO eimetiis ie 

( elevysiil deh ben 36 YOK venl mbde leokiown od i , S 

' 
| ny ret 

1einiw metho palivh sAeeod el) to elastivd aoehwe | 

Ne 
-" 

“ii tha] | 



_ OCEAN CURRENT ANALYSIS 

~ooroorr-" 

PLOTTER y Pre ee 
a) ‘ ’ dz. Re: @ EN 



j 
arn an i i pe yas a) 

y bed L oe ~~ I (ia 

} : a il Fa Ari ge a! fie! 
i he, 1 Pare | View 

: 
< *y 



a ) 

LOT OF 
eae 

AUTOP 

: ee a ee 
4 NOVEMBER 1964 NAUTICAL MILES ee 

e 
Nes 

) (TBR ton AFD 
2 iS 

UG ay i f ane as | ESO aS 

Sas] yen 
See iS RES ; 

\ Ra? or 7 : > 

a 
4 <a ; 

ose 

ey, hear a ‘) 
sen) 

, se 

i ra a 

A "182 24 NOU G4 CURTRANS 
FLEET NUMERICAL WEATHER FACILITY 



« ene ene ets ak 

ioe eae | 

Ria ; ae 

| in ain varivi tae ‘agnor ¥ S 



IN3ZYYNS LNAINWWUad ON 

LN3¥YND MOI1s Se— 

ONITTa 

AN 

e 

S3INVONNOG 

LNAYYND 

eeeeeeee 

Y) 

v2-th oe —- a < + SUYNOH b2 Yad SJIIW IWIILNYUN $2 < 

i sie NvlSNOoo —————_——_—- AI19 013A 

(@DANI A NUIHLYON ONIYNG) 

SNW390 3HL JO SLNIOYUYND BIWINNS CEC 'Biy 



2
S
M
A
3
D
0
 

SHT 
WO 

|
S
T
H
S
A
A
V
D
 

B
I
A
R
A
L
E
 

s
r
e
e
 

S
a
r
w
r
e
e
e
 

s
r
e
n
e
n
y
 

oo 
S
e
 
r
e
a
t
 
| 

a
g
e
n
a
e
 

a
c
n
e
 
|
 
s
p
a
s
m
 

cmperasniomypies. 
4
9
-
2
 ' 

Fan 
n
e
 cerieeemeee 

see 
shes a
t
c
 

e
A
 
T
H
U
O
R
 
T
H
E
R
A
 

om 
S
t
o
r
 

S
A
U
O
N
 RE
 BET 

SSIIM 
A
R
I
T
A
 

FE 
a
m
 

a
e
 

M
I
 

S
w
a
y
 

t
 

p
e
e
s
 

—
 

s
a
a
d
 roeid 

|
 

r
i
e
s
 

a
4
 

THaNRD 
Te 

on 
—_ 

TMSRAUS 
WOUE 

S
e
 |
 


