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ABSTRACT

A surface ocean current model, OSCURS (Ocean Surface

CURrent Simulations), has been developed as a tool in ecosystem-

fisheries- oceanographic research. Wind and ocean surface drift

are computed from historic daily sea level pressure fields (1946

to 1987) on a 40X104 grid over the North Pacific Ocean and Bering

Sea. Total f l ow  i s  the  vec tor  sum o f  l ong - te rm baroc l in i c

geos t roph i c  f l ow  (0 /2000  db )  and  sur face  w ind  dr i f t . Model

outputs include daily vector current fields or progressive vector

drift tracks from any selected location over any selected time

per i od .  Mode l tuning and cal ibration results  wil l  appear in

subsequent publications.



INTRODUCTION

Both theoretical and empirical knowledge of ocean currents

have increased gradually over the past several decades. Using

satellite navigation to determine latitude-longitude coordinates

has significantly improved our ability to accurately define the

position of ships and instruments in the ocean. Recently, f o r

the first time, drifting buoys were deployed in the North Pacific

Ocean for a long enough time (1-2 years) t o  i l l u s t r a t e  a n d

generally verify the geostrophic circulation patterns which had

been  der ived  f r om the  l ong - te rm averaged internal  density

distributions (calculated from historic measurements of

temperature and salinity versus pressure or depth). This has

provided a basis for computer simulation models of mean s u r f a c e

currents  on  an ocean-wide scale. In an ef fort  to  gain more

in format ion  about  de ta i l s  o f  f l ow  f o r  f i sher i es - o ceanography

studies, f isheries management research, and ecosystem model

inputs, t h e  f o l l o w i n g  f i r s t  o r d e r  a p p r o a c h  w a s  a d o p t e d .  A

numerical simulation model “OSCURS” (Ocean Surface CURrent

Simulations) was developed and has shown good promise in its

abi l i ty  to  assess  historic , daily ocean circulation in the North

Pacific Ocean and Bering Sea between 1946 and 1987. This post-

World War II time period was chosen because consistently better

gridded sea level pressure data were available.

Although ocean currents are affected by many factors, only

the two major factors which determine the driving forces- - the

permanent, internal, thermohaline d e n s i t y  f i e l d  a n d the
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ca l cu la ted  l o ca l  w ind  vec tors - -are  used  t o  generate  sur face

currents in this model. Other factors such as tides, bathymetry,

and atmospheric pressure effects, on sea level will be included in

future model expansions as finer spatial resolution of details

about  f l ow  over the shallow continental s h e l v e s  i s needed.

Surface ocean currents considered here are composed from the

vector sum of  the  l o ca l  geos t roph i c  f l ow  and  the  l o ca l  w ind -

induced flow. The model outputs are 1) ocean-wide, daily, vector

f ie lds  of  wind,  wind current , geostrophic current ,  o r total

current  o r 2) progressive transport vectors from any selected

spatial starting point or group of points over any time period

from 1946 to 1987.

This report describes the detailed structure and mathemati-

cal basis for the OSCURS model ‘including the (40X104) grid,

setup, input, run instructions, the nature of computations, the

daily run loop, and the output files created. The final section

o f the  r epor t contains the setup and run ins t ruc t i ons  f o r

plott ing model results on an ocean-wide scale or in zoom

p lo t  por t i ons with graphics outputs on a Tektronics CRT or

Calcomp Plotter. The Appendix contains listings of both Fortran

programs, the model and the output graphics.
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SET UP, INPUT, AND RUN INSTRUCTIONS

OSCURS Model (40X104) Grid

The (40X104) square computational grid of the model extends

laterally across the North Pacific Ocean from the west coast of

the U.S. (124°W) to southern Japan (130°E) and extends longitud-

inally southward from Bering Strait (67°N) to about latitude

30°N (Fig.  1) . Note that the corner points of this grid are not

necessarily the extremes of both latitude and longitude because

of the nature of fitting a square, equal area grid to a portion

o f the nearly spherical Earth. Being a l/4 mesh subset of a

portion of the standard U.S. Navy Fleet Numerical Oceanography

Center (FNOC) (63X63) Northern Hemisphere grid, our (40X104) grid

has the properties of the FNOC grid but only on a finer scale.

The base FNOC grid was derived by  center ing  an  equa l ly

spaced, square 380 km mesh at the North Pole of a Northern Hemis-

phere polar stereographic map projection true at 60°N with the

columns aligned parallel to longitude 170°W. Our smaller, average

mesh size of about 90 km was chosen to provide a better spatial

resolution while still  preserving cross-ocean continuity for

computing long-term progressive transport vector tracks. Again,

due to the spherical geometry, the mesh size- varies s l ight ly

with latitude (from 95 km at 60°N to 83 km at 40°N). The

formula used to compute the model grid length as a function of

latitude in the pressure gradient calculation is
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A land-sea table (Fig. 2) is used to control the

computations at different grid points related to their location

over land or sea in the model. Values are assigned as f o l l o w s :

land=0, shallow ocean (<200m)=l, deep ocean (>200m)=2.

Therefore, the land-sea table  is  used for  tests  to  avoid zero

po in t s  on the grid during both the computational and graphics

output mode. Some land-sea values are set negative at points

which are adjacent to the coastline for  boundary condit ion

calculations as described in the next section.

Input Coastline Boundary Conditions

To simulate boundary friction (zero slip at shoreline) and

deflection of currents which impinge upon the coast at an angle

all grid points within two grid lengths of  the coast l ine were

selected using the grid map (Fig. 1). Their grid coordinates

(I,J) and the length (x-coordinate and y-coordinate) of the line

normal to shore from each point were tabulated in grid space

units and stored on disk Files 25 and 26. As these disk f i les

are read into arrays, the corresponding (I,J) grid locations in

the Land-Sea table are set negative to uniquely identify these

par t i cu lar  po in ts  where  ro ta t i on  and def lect ion will be

ca l cu la ted  in the subroutine CSTROT. T h e  l o c a t i o n  o f these

points are indicated by the asterisks in Figure 3. The nature of

the boundary modifications and calculations are discussed below

under Total Currents with Boundary Effects.



LANDSEA 3

Figure 2.-- Land-Sea table for 40x104 grid points (Land=0; Shelf water (<200m) =l,
Deep water (>200m) =2).
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Input Permanent Geostrophic Current File

A major component of total ocean flow is the geostrophic

surface current computed from internal density gradients down

to an assumed level of no motion. This  is  an est imate of

long-term permanent flow. Ideally the model will be revised in

the future to have seasonal or even monthly fields of permanent

geostrophic  currents , but due to the lack of year round data in

oceanic areas and the considerable amount of time required to

prepare f ie lds  with shal low water extrapolat ions from deep

re f e rence  l eve l s ,  a constant, long-term current field was used.

To obtain geostrophic currents, anomaly of Dynamic Height

fields (0/2000 db) were computed from 1 X 1 degree historical

means of temperature and salinity versus depth from the Bauer-

Robinson N u m e r i c a l  A t l a s  o f Ocean Basins (Bauer and

Robinson 1985). Horizontal numerical interpolations were

performed using a I-point Bessel central difference formula f i t

to the 1 X 1 degree square data to obtain data at the locations

(latitude-longitude) of the model grid points.

Subroutine DELTAD accesses these data through File 33 and

3 4 (Anomaly of Dynamic Height data,) to compute the U (east-

west) and V (north-south) components o f  geos t roph i c current

(cm/sec) by standard methods (LaFonde 1951) and store these data

in  permanent  F i l e  38 . DELTAD need not be called in subsequent

runs of the model as the program then reads File 50 which is the

equivalent of File 38.
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Input of Sea Level Pressure Data Fields

The key input variable field which drives the model is daily

sea level pressure data which was obtained from files of the U.S.

Navy, FNOC Monterey, California, over the portion of the standard

FNOC 380 km (63X63) grid between latitude 50N and 68°N and

longitude 100°W and 120°E. Data processing of these data tapes

into disk files containing daily sequences of sea level pressure

data by month, season, or year for the Burroughs computer was

documented by Ingraham et al. 1983. Because the OSCURS model

grid is a l/4-mesh, higher resolution subset, interpolations are

performed using a 4-point  spl ine central  di f ference numerical

surface fitting routine each time a new input daily field of sea

level  pressure is  read. These data are the basis for the wind

and wind current computations below.

Input Starting Locations for Progressive Vector Tracks

Before the main computation loop of the model is entered, it

i s  necessary to choose the number of progressive vector tracks

that  you want to save on disk File 60 and their starting grid

coordinates (I,.J). Two methods are provided, but in this version

o f the model the second method which saves every fourth grid

point  is  skipped. Every grid point could be saved but storage

space is economized here to show only the general capacities of

the model. The f irst  method is  to  put  a  few selected ( I ,J )

starting grid points into File 28 (Table 1) which the model reads

and counts. The counter IEND (line 412) must contain the exact

number of these s tar t ing  po in ts . Although integer grid points
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Table  1 .--Selected starting grid points (I,J) for progressive transport
vector computations on 40x104 grid (File 28, Title="P/l").



are initially set up as starting locations, they may be reset to

any decimal value or fraction of the way between grid points (see

line 450-454 in the OSCURS model, Appendix 1).

Input Control Parameters and Run Instructions

Starting the model requires compiling the Fortran code and

saving the object code interactively through CANDE (the standard

Burroughs interactive language) followed by a “START M/FINAL/WFL”

command. The Work Flow Language (WFL) program (M/FINAL/WFL)

listed below (Program 1) shows the line numbers of the input

and output file names and control parameters which must be edited

to give the desired run conditions before the START command is

given.

The output file names (lines 12-34 in M/FINAL/WFL) should

include as much descriptive information about the runs they

represent as possible. Although these names are long, the extra

typing is quite important to clearly distinguish (now and at a

la te r  t ime ) the many possible combinations of run parameters,

especially when many runs of different time periods are to be

compared.

Input File 2 is FNOC daily sea level pressure data for the

desired time period. Retrieve these data from tape one year at a

t ime in separate f i les  of  dai ly  data f ie lds  from 1 January to

31 December. Edit into a smaller file if model starting month is

greater than 1 to save reading time and disk space.

Input File 28 is a sequence of ( I , J )  g r i d  p o i n t  d a t a

specifying the nearest model grid point to the desired starting
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Program 1. Listing of Work Flow Language (WFL) which starts the model run
(File Title="M/FINAL/WFL").
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position for each progressive vector to be stored on disk for the

f inal  plot .

Input File 5 contains input parameters which control the run

time, the value of wind and current tuning factors, the amount

o f  p r i n t i n g , and whether disk files are saved. Prior  to  run.

e d i t  t h i s  f i l e  a n d  s e t  t h e  l e a d i n g  c o n s t a n t  o n  e a c h  l i n e

accord ing  t o  your  des i red  run  cond i t i ons  and  the  f o l l owing

instructions.

Line 21, YEAR-1900. This value must correspond to the same
year  as the data in File 2. Each run is limited to data
from one calendar year only (at this time).

Line 24, STARTING MONTH. Program will read through the
daily SLP data file and then start the computation loop when
the starting month is encountered.

Line 23, STOP MONTH. Run will stop at the end. of this
month. To stop within a. month see next line.

Line 24,  RUN DAYS. Total number of days in run loop is used
in stopping on a specific day. Check to be sure this number
is greater than or equal to the time from start month to end
month if a stop within a month is not desired.

Line 25, WIND TUNING FACTOR. In numerical experimenting
with output vectors, different weighting factors may be ap-
plied to wind speed which will generate a corresponding
linear change in surface ocean current due to wind.

Line 26, DELTAD TUNING FACTOR. This is a direct linear
multiplier of each component of the permanent geostrophic
current.

Line 27, NEW DELTAD FILE FLAG. For the initial run or in
case the original anomaly of dynamic height field is
changed (e.g., new reference level), this flag is set to
“1” which results in the overwriting of file 38 with new
U and V fields of permanent geostrophic current. In any
subsequent run this flag is set to “0” and the program
reads the previously stored version of the same name,
File 50 with the title, “CURRENTS/40X104/DYNCURR/F”.

Line 28,  NO PRINT. Set this flag to “0” to receive a
printout of each daily SLP (Sea Level Pressure), wind speed,
U and V ocean currents due to wind before rotation of near
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coastal vectors, and U and V total rotated current fields.
For runs longer than a few weeks set the flag to “1” to
avoid reams of printing.

Line 29,  NO STORE. Set this flag to “1” to suppress storage
of disk File numbers 51, 52, 53, and 55 leaving only the
final total current fields stored in file 54. Set this flag to
“0” to store all files on scratch disk.

Line 30,  NO STORE FINAL. Set this flag to “1” to suppress
storage of File 54, the final output daily current fields.
Although these files require a lot of space these are the
main results which should be archived on tape to avoid
future reruns.

In output Files 51, 52, 53, 54, 55, and 60 the editing of

file titles should include changes in year, months, start day,

wind factor (Wl0), and delta-d factor (DDl0) before the run is

started. The “1 0 ” i n “W10” and “DDl0” indicates the tuning

factors were both equal to “1.0” or neutral. Examples of other

possible factors are “05”=0.5, “18”=1.8, and “00”=0.0. File 60

which contains the U and V components of all the transport vector

starting and ending points in grid units is automatically stored

on both SCRATCH disk and TYVO disk.
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DAILY SEQUENCE LOOP AND OUTPUT FILES

The main function of this simulation model is to compute

a surface dri f t  current  vector  (cm/sec)  at  each grid point  in

the grid on a daily basis forming a daily series of veloc ity

f i e lds  f r om which  progress ive  vec tors  o f  d r i f t  t racks  can  be

estimated. The following five steps are necessary to generate

o n e  f i e l d : 1) read in sea level pressure, 2) compute wind, 3)

compute wind current, 4) tune and sum velocity components, and 5)

add boundary effects. The sixth step is to compute the surface

transport  vectors (distance traveled per day) at each of the

chosen starting points (the end points of these computed vectors

become the starting points for the next day’s vectors). Finally,

vector velocity field components and transport vector start and

end points in grid unit values are stored on separate disk files

for plotting by the plot program. This procedure is repeated for

the specified number of days (NDAYS) in the loop. D e t a i l s  o f

these steps and theoretical considerations are described below

for one typical pass through the loop.

Sea Level Pressure

Subroutine READER (IMO, K, IYD, ITYP, SLP, SLPl) reads one 0000Z

daily FNOC sea level pressure field from FILE 2 and returns the

following variables, where IMO is the month, K is the year, IDY

is  the day and ITYP is the flag which normally equals zero but

equals 999 at end of File 2. Also returned to the main program

are the one-dimensional array SLP and the two-dimensional array

SLPl which contain the data for processing and printing in the
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program. A test is made to be sure the month read is the month

desired. If not, another day of data is read in time sequence

until the correct  month is found. Uni t s  a re  c onver ted  t o

millibars from packed units (the difference from 1000.0 in tenths

of  mil l ibars) .

Conversion. of data array, SLP, from the FNOC (20X44) grid to

the model (40X104) grid array, SLP1, is performed by a I-point

Bessel o r  S p l i n e  n u m e r i c a l  c u r v e  f i t t i n g  r o u t i n e  i n two

dimensions (a data surface fit). Comparisons between both

interpolation routines indicate either one performs quite well.

The interpolated field, array T1, is stored on disk File 51 by

setting the flag NOSTOR=0.

Wind

In subroutine WIND(T1,LS1,ALAT2,WXX,WYY) three arrays are

passed, where T1 is the SLP field which was just interpolated to

the  mode l  g r id , LS1 is a land-sea table with all values = 1

(computations are performed at each grid point even over land),

and ALAT2 has the latitudes of each grid point. Two arrays (WXX

and WYY) are returned which contain the computed U and V

components of the wind vectors, respectively. Computations are

done in two steps.

First , a  pure  geos t roph i c wind  i s  ca l cu la ted  f rom the

balance between the atmospheric pressure gradient force and the

Coriolis force to the right of the wind looking in the direction

of the wind. Since friction is absent in this theoretical approx-

imation, wind vectors are parallel to the horizontal  pressure
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isobars. Solving for wind the formula is

where W is the wind vector (m/sec), p is the density of air, 1.22

kg/m3, f is the Coriolis parameter, 1.458X10-4 X sin(latitude),

   is the atmospheric pressure change per unit grid length which

i s computed using a 5-gridpoint central  di f ference numerical

curve fitting routine.

In the more natural case friction acts to slow the wind in

the boundary layer near the ocean surface and causes the wind to

be def lected to  the le ft  o f  the geostrophic  wind with cross-

isobar flow from higher toward lower pressure. ‘Since the

conditions a f f e c t ing  f r i c t i on  vary  cons iderab ly  in  t ime  and

space, there have been many experiments to determine the effect

o f  f r i c t i o n  o n wind flow structure in the boundary layer.

Results in general show that at low wind speeds (<5 m/sec) in

mid-latitude the deflection is about 20 degrees to the left and

the magnitude r e d u c t i o n  f a c t o r  i s  a b o u t  8 5 %  o f  t h e  p u r e

geostrophic wind.

In the model variations of frictional effects with latitude

and wind speed are also included. Values computed from the

function used in the model shown in Table 2 indicate a further

reduction in speed from 85% to about 80% away from mid-latitudes

(25°-45°N), increases In the  ang le  o f  de f l e c t i on  t oward  the

equator, and decreases in the angle  of  def lect ion at  higher

speeds. Next, these resultant winds are used to calculate a

commensurate surface ocean flow field.
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Table 2. --Reduction factor and angle of deflection of the wind to the left
of pure geostrophic wind.
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Current Due to Wind

Computation of the surface current due to wind, l i k e  t h e

computation of wind, is done with emperical methods in two parts.

First, the p u r e  d r i f t  c u r r e n t  v e c t o r  w i t h o u t  f r i c t i o n  i s

calculated, then the vector is corrected for frictional e f f e c t s

(due to the drag of the underlying water) which causes an angle

of deflection of the current to the right of the wind looking in

the direction of flow. With very high wind speeds the angle of

deflection becomes very small and it also becomes smaller with

decreasing latitude.

Although the surface current in the upper 3 m of water has

been found to be generally about 2% of the average climatological

(usually the monthly mean) wind speed, what is desired here is a

relationship between the surface current and the instantaneous

wind. For  part one of our computations the formula of Witting

(1909) satisfies this purpose within the limitations previously

stated

where C is  the speed (cm/sec)  o f  the surface current  due to

wind, k is the coefficient of proportionality which equals 4.8

when it  includes both the speed of  the mixed layer  and mass

transport  by waves at  the surface, and W is the wind speed

(m/sec).

In  par t two (frictional effects on wind generated surface

current) the angle of deflection (BETA) is computed from a newly

designed three part function which starts with the Hela (1952)

relationship:
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where BETA1 is  the init ial  constant angle  of  def lect ion of  34

degrees for wind speeds approaching zero and K2 is a constant of

7.5. In the second part of the function, BETA1 is modified to

decrease linearly with latitude with a slope of 0.2933 which was

determined from a graphic fit of data for a constant wind speed

of 6 knots between 30°N and 70°N (Hubert and Laevastu 1967, p.11)

where DLAT equals 67 -latitude (ie. the difference between the

top latitude of the model (67°N) and the variable latitude. The

final part of the computation used the constraint that the angle

of deflection (BETA) approached zero at 20.59 m/sec (40 knots) at

al l  lat itudes. With BETA equal to zero and solving for K2 this

permi ts  an  ad jus tment  o f  K2  f o r  the  change  in  BETA1 wi th

latitude with the relationship

Thus, the range of values of the angle of d e f l e c t i o n  o f  t h e

surface current to the right of the wind over the latitudes (20°-

67°N) of the model for wind speeds 0 to 40 knots as computed by

the combined function are shown in Table 3. Now that we have a

permanent flow and a flow due to wind we proceed to tune and

combine the components of flow.

Tuning and Vector Summation of Currents

In this experimental model, it is desirable to have tuning

fac tors  because  o f  the  remain ing  smal l  uncer ta int i es  in  the

theoretical computations o f  o c e a n currents. Thus, a n y
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Tab le  3 . - - A n g l e  o f  d e f l e c t i o n of surface current to the right of the
wind as a function of latitude and wind speed.
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combination of weighting factors may be selected here as a linear

multiplier of either the permanent geostrophic current component

or the wind current component. These adjustments will be parti-

cularly useful in computing longer term effects on progressive

vector tracks for a variety of different conditions and comparing

these results to obtain the best match to actual measurements

from drifters that have been tracked in the ocean. Refer to Run

Instruct ions sect ion to set up tuning factors such as doubling

the wind effect or setting wind equal zero to observe the pure

permanent flow.

The total current vector field is now produced as a vector

sum of the tuned geostrophic and wind current fields components

o f  f l o w . T h i s  f i e l d  i s  s t o r e d  o n  D i s k  F i l e  5 5  f o r  l a t e r

comparison to the field in which the vectors near shore have been

adjusted for boundary conditions as described in the next section.

Total Currents With Boundary Effects

The final step in obtaining a vector field of total currents

representat ive  of this particular day in history is to call

subroutine CSTROT(KYR, IMO, IDY, OCUS, OCVS, NOSTOF). This subroutine

modifies the vectors  within two grid lengths of  the coast  al l

along the entire coastline of the model for simulated boundary

e f f e c t s . These points  have been preselected and read in as

described above in the input section.

In the subroutine CSTROT current vectors at these points

will be reduced in magnitude by the exponential function
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where x=GDIST(I,J), the normal distance from the grid point to

the coastline in grid units.

Next the angle of the current vector is rotated depending

upon its angle of incidence upon the coast relative to the line

normal to shore. Looking toward shore, normal to the coastline

trend, the current vectors w h i c h  p o i n t  t o  t h e  l e f t are

rotated further toward the left  and the vectors  which point

t o  t h e right are rotated farther toward  the  r i ght . T h e

maximum angle of rotation (45 degrees) is also diminished with

distance from shore by the exponential factor, 1/e X , and a new

function was designed to maximize the angle of rotation at an

incident angle of 30 degrees. Away from 30 degrees the angle of

rotat ion’ is  decreased proport ionately to zero as the angle of

incidence of zero  degrees or 90 degrees are approached.

Transport (Progressive) Vectors

Now that  a  f ina l  ve l o c i ty  f i e ld  i s  ava i lab le  a  t ranspor t

vector may be computed at any point on the grid, even between

grid points. Transport vectors represent the distance traveled

in one day proceeding at the velocity of the calculated surface

current at that location. The starting point and end point of

the vector are specified in grid units (I,J pairs), and the end

point of this days vector is saved to be the starting point of

tomorrows transport vector during the next pass through the loop.

The unique part of this routine is that the velocity at each

s tar t ing  po in t each time t h r o u g h  t h e  l o o p  i s  i n t e r p o l a t e d

spatially within the field using the spline surface f i t . This
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gives a much greater degree of precision to progressive  vector

tracks formed by connecting these successive transport vectors

for NDAYS compared to the tracks formed by the simpler method of

connecting the transport vectors  from a start ing grid points

which remains fixed in the field. Each day the transport vectors

from each of the selected starting points are stored in the same

order on Disk File 60. T h u s , it is important to keep track of

the number of  start ing points  selected for  later  entry in the

plot program. Note, that the plot program is organized to read

a n d  p l o t  a l l the first day vectors then all the. second day

vectors and continue in this manner, not to plot one entire

progressive vector track at a time followed by the next entire

track, etc.

The loop is  now complete  and wil l  be  entered again for

another day of computations provided another day of sea level

pressure data was scheduled by the control cards of the WFL deck.

Output files are added onto each time through the loop and are

“CLOSED” only after NDAYS when this program is stopped. Refer

to  the plot  program instruct ions below for  graphic  output  of

results on a Tektronics 4014 terminal or CALCOMP Plot.



25

GRAPHICS OUTPUT PROGRAMS

Thanks t o  t h e  a v a i l a b i l i t y  o f  t h e “GRIDS” package of

Fortran subroutines which was designed for the Burroughs 7811

computer to graphically display gridded data in geographical

coordinates  ( lat itude- longitude)  on a Tektronix CRT Terminal

or Calcomp Plotter (Swan 1983), the task of producing maps of

our  square  gr id  data  f i e lds  was  great ly  fa c i l i ta ted . T h e

following describes our Fortran program which uses the CONTOUR

and VECTOR graphics displays of GRIDS to show the model results

first on an ocean-wide (40X104) grid then on a zoom (25X35) grid

for the Gulf of Alaska.

Single  day results  of  part icular  interest  are  the spatial

relationships found among sea level pressure contours, w i n d

vectors, and wind generated surface ocean current vectors.

Choices of plots are 1) any combination of the f ive , single

day vector fields or 2) one map of progressive transport vector

tracks versus time. These are plotted for a specified number

o f days (NDAYS). A  s e c o n d  v e r s i o n  o f the same program

with more local ized geographic  coordinates  is  used for  zoom

plots (25X35) such as the Gulf of Alaska version presented here.

Select ions of  which f ie lds  and the number to  be plotted are

made by editing your choices into the WFL code of the run job

file each time the program is run. Now it is appropriate to

examine the basic results of the model on an ocean-wide graphics

scale.
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Plots on 40X104 Grid

Ocean wide plots over the entire 40X104 grid are produced

by the program “M/PLOT/AUTO” (listed in Appendix 2). I f  a n y

modifications are made to this program the GRIDS subroutines must

be bound again to the new object code by running the WFL job

“M/PLOT/AUTO/BINDER” (Program 2). Plots are obtained by running

the WFL job “M/PLOT/AUTO/WFL” (Program 3) after e d i t i n g  i n

your select ions. The following describes the sequential flow

of the plot program: the setup, the NDAYS plotting loop, and

making your selections.

Setup within the Fortran code includes the standard GRIDS

init ial ization with the reading of  lat itudes, longitudes (disk

Files 30 and 31), and the land-sea table (disk Files 13 and 14)

of the (40X104) grid and a call to STGRID to set up common arrays

for all the GRIDS subroutines. Then latitude lines on the map

are computed or read from previously stored disk file (set f lag

NOLATS=l to read disk File 36) as is the coastline file (set flag

IFAST=0 to read File 71) and the 50, 100. 200, and 2000 m bathy-

metry files (set flag NOCONV=l to read Files 66, 67, 68, and 69).

The alternative to reading the existing files is included here to

allow for future versions which change the map size or area of

interest and require recalculation of the map parameters. To

create and store new disk files of latitude lines, coastline, and

bathymetry just reverse the values set for the flags (NOLATS=0

IFAST=l, AND NOCONV=O). Next, the initial starting points for

progressive vectors are read from File 28, and the permanent

geostrophic ocean U and V current vector fields are read in from
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Program 2. --Listing of Binder Job which binds and compiles the outputs
for the 40X104 grid (File Title="M/PLOT/AUTO/BINDER").
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Program 3.--listing of Word Flow Language (WFL) Program which runs the
graphic outputs of the 40X104 grid (File Title="M/PLOT/AUTO/WFL").
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File 50. The final part of the set up is reading the card File 5

in the WFL run job (Program 3) to define the selected flags f o r

the desired plots and the other run parameters. These flags and

their respective settings to be edited into the WFL job are

EVGRPT -- On all vector plots chosen during this run, set EVGRPT
=l to plot arrows at every grid point on the grid; or
e lse , set EVGRPT=0 to plot every other arrow on the
grid which reduces the visual confusion from overlap-
ping arrows.

PLWIND -- Set PLWIND=l to plot the wind vector field in m/sec;
or else set PLWIND=0.

IPLSLP -- Set IPLSLP=l to plot sea level pressure contours on
t o p  o f the wind and ocean current vector f i e l d s  i f
they are chosen; or else set IPLSLP=0.

PLOCW -- Set PLOCW=l to plot the ocean current vector field due
to wind in cm/sec; or else set PLOCW=0.

PLOCDD -- Set PLOCDD=l to plot the permanent ocean current vector
field (Delta-D) in cm/sec; or else set PLOCDD=0.

PLOCS -- Set PLOCS=l to plot the sum total surface ocean current
vector field before adjustments for coastal boundary
conditions: or else set PLOCS=0.

PLSOCR -- Set PLSOCR=l to plot the total surface ocean current
vector  f ie ld : or else set PLSOCR=0. Th is  se r i e s  o f
f ie lds  are the f inal  dai ly  result  of  the model ,

NOPLT -- Set NOPLT=AN INTEGER to skip plotting THIS NUMBER
MINUS ONE vector fields: or else set NOPLT=l to start
the plotting at #l.

PROGV -- Set PROGV=l to plot progressive transport vectors for
NDAYS; or else set PROGV=0. Only one PROGV plot may
be run per job, thus all other plot selections must be
zero.

IJEND -- Set (IJEND=INTEGER) the number of progressive vector
start ing points stored in File 60 (the maximum #
ava i lab le  t o  p l o t ) . This may be different from the
number read in from File 28 which are the number
(IIEND) to be actually plotted.

WFAC --      Set WFAC=DECIMAL NUMBER, the wind tuning factor that
was used in this model run (usually = 1.0).

DDFAC --   Set DDFAC=DECIMAL NUMBER, the Delta-D tuning factor
that was used in this model run (usually= 1.0). Both
WFAC and DDFAC are used only in headings to indicate
which run this plot displays.

NDAYS -- Set NDAYS=INTEGER, the number of days you decide to be
plotted. This controls the amount of run time.

FILE --  Edit  al l  f i le  names to  correspond to  those exist ing
disk files you desire to be plotted.
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Each time through the NDAYS (number of days to be plotted)

loop there are two options. In the f irst  option one or  al l  o f

the five vector fields may be plotted in sequence on a Tektronics

4014 Terminal and a hard copy produced (names of flags to be set

(1 or 0) in Program 3 are PLWIND, PLOCW, PLOCDD, PLOCS, or

PLSOCR). The second option is to draw a single plot of one or

more progressive transport vector tracks one arrow at a time

fo r NDAYS (flag PROGV=l; all other plot flags=0). Examples of

these model output plots on the ocean-wide (40X104) grid scale

are shown below starting with the permanent flow field and then

the daily variable flow fields for selected dates.

Geostrophic Currents

First , the permanent geostrophic current vector field over

the whole grid is shown at every other grid point in Figure 4.

On  th i s  l a rge  gr id  the  ma jor  f ea tures  o f  the  sur face  o cean

c i r cu la t i on  in  the  Nor th  Pac i f i c  and  Ber ing  Sea  are  c l ear ly

evident. Notice the region of  strong zonal  f low of  20 to  40

cm/sec southwest of Japan in the Kuroshio Current. Th is  f l ow

gradually widens and diminishes to  less  than 5 cm/sec  as  i t

proceeds eastward generally along latitude lines in the Kuroshio

Extension. The great Divergence occurs at the North American

Continent (about 47°-49°N) with local acceleration to speeds of

about  5  to  10 cm/sec  in the two branches- -southward in the

coastal upwelling region of the California Current and northward

in the coastal downwelling region of the Alaska Current. The

next  highest current speeds of 5 to 15 cm/sec are seen i n  t h e
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westward return flow of the Alaskan Stream (another western

boundary current ) w h i c h  a c c e l e r a t e s  d u e  t o  t h e southward

displacement of the westward flow along the Alaska Peninsula.

The westward extension of the Alaskan Stream turns northward in

the western Aleutian Islands and proceeds cyclonical ly

(counterclockwise) around the Bering Sea Basin before joining the

Oyashio Current, a  th i rd  wes tern  boundary  current  f l owing

southward along the Kamchatka Peninsula and Kuril Island coasts.

Thus, the appearance of a long closed loop in the mean

circulation around’ the Subarctic North Pacific Region is shown

completed as th i s  f l ow  turns  eas tward  j o in ing  the  Kurosh io

Extension. The accuracy of these vectors in direction is quite

acceptab le  t o  show ma jor  f ea tures , but  speeds  are  suspec t

particularly in regions of concentrated flow such as the Alaskan

Stream in which port ions of  i ts  narrow high velocity  core l ie

unresolvable between grid points of the model.

A tuning factor constant (DDFAC) is included as a linear

multiplier to adjust the magnitude of the permanent flow f i e ld .

This is helpful in model calibration exercises when model outputs

are compared to actual drift current measurements (see below).

Particularly north of 40°N the need for augmentation o f  t h e

permanent flow is expected, because at the chosen reference level

for zero motion in the geostrophic calculations of 2000 decibars

(db) a deeper (about 2000 m), weak flow in the same direction as

the  sur face current may s t i l l ex i s t  l o ca l ly  ( Ingraham and

Favorite 1968). South of 40°N, however, there  i s  a l so some

question as to the appropriate reference level which may even be
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shallower than 2000 db due to the more complex water structure in

the subtropical watermass. Despite the above considerations,

this geostrophic current vector field is a good approximation to

the basic permanent flow; but it is anticipated to improve the

model by adding seasonal geostrophic flow in future versions.

The other major component of flow is the wind-induced surface

current which will be added to the permanent flow f i e l d  t o

make up the final or total f low f ie ld .

Wind Currents

Surf ace ocean current vectors due to wind are expected to

show a g r e a t  d i v e r s i t y  i n  d a i l y  f l o w  p a t t e r n s , generally

dif ferent  in both magnitude and direction from the permanent

f l ow  ye t with some localized areas of strong enhancement or

opposition on a short-term basis (generally 1-5 days). It takes

two steps to generate a surface current field from a sea level

pressure f ie ld  as  discussed above. Beginning with a sea level

pressure f ie ld  from an arbitrarily selected day in history, 17

July 1978, first a wind field is calculated (Fig. 5). Over such a

wide expanse of ocean most of the common meteorologic features

(cyclones, anticyclones, j e t s , strong shear zones, calms, etc.)

w i l l  genera l ly appear somewhere on the map. Conditions look

about as expected for July with its typical pattern of summer low

pressure areas over the Asian Continent which move eastward

along the Aleutian Islands then northward across the Bering

Sea and also a persistent Northeast Pacific High off the west

coast of the United States. The key feature to notice here in
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this one day chart is the cross-isobar wind flow. Facing with

the direction of flow the angle of wind deflection to the left of

the  sea  l eve l  p ressure  i sobars  var i es  in  a  complex manner

with latitude and wind speed but is generally about 20 degrees.

By contrast in our second step the calculated surface ocean

current has a deflection to the right of this wind which also

varies with latitude and wind speed in a complex manner but with

a slightly smaller magnitude of about 15 to 20 degrees. This

gives the surface ocean current vectors (Fig. 6) an appearance

of being more closely parallel to the sea level pressure isobars

than the wind vectors although the speed of the ocean flow is

only about 1 to 2% of the wind speed. T h e  n a t u r e  o f  t h i s

relationship and the bending of the ocean current vectors w h i c h

impinge on the coast are more clearly seen below in zoom plots of

this same data in the expanded area of the western Gulf of Alaska

(see below for discussion of calculations).

Total Currents

Adding the permanent current velocity field and wind current

velocity field produces the final resultant, the total current

vector f ie ld for  17 July 1987 (Fig.  7) . This is a one day

example of the variety of complex local flow patterns that can

occur in the Subarctic Region of the North Pacific Ocean. The

average relatively smooth eastward flow along 40 N seen previous-

l y in the permanent component appears to be masked by very

sinuous short-term variations. The effect of moving storms is

seen  in  F igure  8  where  p l o t s  o f  t o ta l  currents  f o r  the  s ix
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subsequent days show the nature of variability on a weekly basis.

Some complete reversals of flow lead to changing conditions of

convergence and divergence near shore along the coastline.

Considering the shear number of possible model output fields

(wind, wind current, and total current) the task of analysis

seems a bit overwhelming. Our present data base of 41 years of

daily data allows about 15,000 possible charts for each field.

Let us recall that the reason for making the model was to trace

the  e f f e c t s  o f  a l l  th i s shor t t e r m var iab i l i ty  over time.

Therefore, the transformation from current  vector  f ie lds  to

progressive transport (distance moved in one day) vector strings

f r o m any point in the model gives us a good simulation of

actual ocean drift conditions for as many days as we choose and

the ability to tune model results to actual drifter tracks.

Progressive Vector Tracks

Progressive transport vector t r a c k s  f o r  J u l y through

December 1978 (Fig. 9(a) )  start ing from arbitrari ly  selected

starting points give us a Lagrangian perspective of flow and an

estimate of the daily trajectory of a parcel of water near the

surface over a 5-month period under the influence of the perma-

nent long-term mean geostrophic flow and daily winds.  Of

p a r t i c u l a r  i n t e r e s t  i s the band of strong zonal flow between

about 35°N and 45°N which shows a rather uniform eastward drift

o f surface water across most of the North Pacific Ocean with

short-term (daily to a few weeks) fluctuations toward the north

or south or reversals superimposed on the main eastward flow.



Figure 9(a). --Progressive daily transport vectors-Total surface ocean transport
(17 July to 31 December 1978). Numbers along tracks correspond to
the first day of the indicated month.
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Many of these fluctuations seem to cancel each other i n  t h e

north-south direction. Although the net surface drift in Figure

9(a) appears to  be relat ively  uniform al l across the ocean

(speeds about 500-600 nautical miles per 165 days or about 6-8

cm/sec), the individual contribution from the permanent flow

(Fig. 9(b)) and the wind current (Fig. 9(c)) changes considerably

within this region. Off Japan at least during this summer the

eastward f l o w  i s  n e a r l y al l  geostrophic w i t h  l i t t l e  w i n d

contribution, but going eastward the geostrophic component

gradually diminishes while the wind component increases. In  the

western Gulf of Alaska the geostrophic southwest flow of the

A l a s k a n  S t r e a m  ( F i g .  9 ( b ) )  i s  i n  d i r e c t  o p p o s i t i o n  t o  t h e

northeastward flowing wind current (Fig. 9 ( c ) ) . Some meandering

and reversing appear in the overall cyclonic flow in the western

Gulf of Alaska, while relatively stagnant conditions are present

in the center  of  the oblong gyre between the westward and

eastward flows. The time period for this sample model run was

selected to coincide with the field data from satellite tracked

dr i f t ing  buoys  re l eased  there  in  Ju ly  and  t racked through

December 1978 (Reed 1980). These progressive transport vectors

will be examined in greater detail in the next section on the

zoom plot program.

Zoom Plot of Gulf of Alaska on 25X35 Grid

The purpose for drawing zoom plots, as the name indicates,

is to zoom in on or expand a small area of interest and more

clearly view model output. Zoom plots also assist in model tuning





Figure 9(c). --Progressive daily vectors-Surface current due to wind only
(DDFAC=0.0) (17 July to 31 December 1978).
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and verification by displaying fine-scale details for comparisons

between directly measured dr i f t  t racks  and  the  progress ive

transport vector tracks computed by the model. Our first level

of zoom is discussed here, an expansion of a 25X35 portion of the

main grid (Fig. 10) in the Gulf of Alaska. The indices of the

large grid, I=5-29 and J=56-90, correspond to zoom plot indices,

I=1-25 and J=1-35, respectively.

Because the zoom plot  program is  essential ly  the same

program as the ocean-wide plot  program ( a l r e a d y  l i s t e d  i n

Appendix 2), with some index changes and scale adjustments, the

actual Fortran code is not listed here. The WFL code of the

compiler-binder job (Program 4) must still be run before final

execution of the model if any changes are made in the Fortran

code. To run the zoom plot program, the same file name a n d

parameter changes have to be edited into the WFL code of the run

job (Program 5) as described above for the ocean-wide version.

A choice was made early in the model design to give a high

priority to simulations of continuous drift tracks which could

potentially cover ocean-wide space scales over a n n u a l  t o

interannual time scales. One obvious consequence of this choice

due to array size limitations was a sacrifice in resolution which

could have been achieved by putting together several finer mesh

submodels to make up the large grid. Avoided were the ‘immense

boundary problems of matching complex drift patterns back and

forth across boundaries of several adjacent submodel size grids:

and thus, we chose to rely on the graphics plot program to zoom

in on results in small portions of the large  gr id . Al though
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Program 4. --Listing of the Binder Job which binds and compiles the graphic
outputs of the zoom model (File Title="ROB/M/PLOT/AUTO/ZOOM/
WGULF/ARROW/BINDER").
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Program 5. --Listing of Word Flow Language (WFL) Program which runs the graphic
outputs of the zoom model (File Title="ROB/M/PLOT/AUTO/ZOOM/WGULF
ARROW/WFL") .
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other zooming is planned for future versions, the present scale

i s adequate to describe model outputs at this stage of

development. Model results which were discussed above on the

broad ocean-wide scale from plots of output values at every other

g r i d  p o i n t  a r e now shown at every grid point in  an  en larged

portion of the Gulf of Alaska.

Geostrophic Currents

Geostrophic current vectors at zoom scale (Fig. 11(a)) show

a relat ively smooth, cyclonic flow around the Gulf of Alaska

Gyre. But rather than being circular as the term “gyre” implies,

this gyre has a closed asymmetrical form. This oblong shape is a

result of the dynamic forces which cause the formation of the

Alaskan Stream western boundary current where narrowing,

southward flow, and friction along the land boundary of the

Alaska Peninsula require intensification of flow and the high

velocity axis of the Stream to be centered on the average just

seaward of the edge of the continental shelf (water depth about

200 m). Therefore, the Alaskan Stream is essent ia l l y  a

permanent feature. The gyre is manifested by southward flow in

the Alaskan Stream, by offshore flow where the stream weakens

to the west, by eastward flow o f  the  Subarc t i c  Current  t o

the south, a n d by northward then westward flow at the

head of the gulf. A  l ong , narrow, relatively stagnant zone

appears in the central part of the gyre.

The arrow lengths in Figure 11(a) indicate that velocities

calculated from data with this  large model  grid spacing are



Figure 11(a). --Surface geostrophic current vector field on 25x35 grid (0/2000 db).
Permanent flow field calculated without modifiers in the Alaskan Stream.
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slower than expected in the Alaskan Stream, generally less than

10 cm/sec. Closely spaced (5-15 km) conductivity, temperature

and depth (CTD) station data have shown that the high velocity

axis of the stream is narrow, about 15 to 40 km, much narrower

than the 90 km grid of the model, and computed geostrophic speeds,

may be as much as 60 cm/sec (Ingraham and Favorite 1968). To

increase t h e  r e a l i t y  o f this simulation, veloc ity values

calculated at certain grid points near the axis of the Alaskan

Stream have been  mod i f i ed  t o  r e f l e c t  these  h igher known

speeds. Modifiers used at specified grid points are shown in

Table  4 . Values of U and V components at these specified grid

points are multiplied by 1.0 plus the corresponding modifier

value. Figure 11(b) shows the geostrophic  current  vector

f i e l d after  modif icat ion for  comparison with the init ial ly

calculated vectors in Figure 11(a). These modifications have

greatly enhanced the simulated movement of drifters within

the Alaskan Stream and will provide another mechanism for

calibration and fine tuning of the model to actually measured

drifter tracks from reported ocean experiments.

Wind Currents

Zoom plots o f  w i n d  w i t h  s e a  l e v e l  p r e s s u r e contours

superimposed (Fig. 12), currents due to wind with sea level

pressure contours superimposed (Fig. 13), and total currents

(Fig. 14a )  f o r  17  Ju ly  1978 , are shown to provide expanded

details of the Gulf of Alaska portion of the ocean-wide plots

which w e r e  d i s c u s s e d  e a r l i e r  i n  F i g u r e s  5 ,  6 , and 7,
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Table 4. --Modifier values for the calculation of the permanent geostrophic
current field near the axis of the Alaskan Stream at specified (I,J)
grid points. Model uses (l.0+modifier) times the value at the grid
point to reflect higher known speeds.



Figure 11(b). --Surface geostrophic current vector field on 25x35 grid (0/2000 db).
Permanent flow field with double modifiers in the Alaskan Stream.
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respectively. Major output  features  of  the model  are  more

clearly seen here. Wind vectors (Fig. 12) show strong cross-

isobar flow spiraling into the low pressure center at 50°N-165°W

and out of the high pressure center at 40oN-142°W. Ocean surface

current vectors (Fig. 13) which are computed at an angle to the

r i g h t  o f the wind direction at each point in the field are now

nearly parallel to the sea level pressure isobars. Note that

some cross-isobar flow still remains in some areas such as n e a r

47°N-153°W where winds are stronger than about 15 m/sec, making

the computed angle of deflection of the currents to the right of

the wind smaller. As a general character trait, currents due

to wind are rarely less than 5 cm/sec or greater than 20

cm/sec, but most speeds do fall between 10 and 20 cm/sec over

w i d e areas. T h u s , w i n d current speeds d e f i n i t e l y

dominate over the geostrophic speeds in the overall features of

the total surface currents (Fig. 14(a)).

Total Currents

A final touch is added to this total surface current vector

field at each grid point which is within two grid lengths of land

to account for simulated boundary effects on onshore flow (see

above discussion). Here, Figure 14(b) shows a one-example compar-

ison of the two current vectors: 1) the initial vector  before

bending and reduction and 2) the final resultant current vector.

Along the west coast of Canada these near shore vectors are

deflected to the right in this example because their angle of

incidence was to the right of the line normal to shore. Along the
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Alaska Peninsula the pattern shows the opposite deflection to the

l e f t . Between these two areas along the continental shelf near

150°W the flow tends to diverge at least for this one day in

history. The lengths of the final total current vectors have also

been diminished inversely proportional to their distance from

shore. Vectors are forced mathematically to zero at shore, and

no bending effects are computed for winds that  a re  d i re c ted

offshore. This completes the computation of the total current

vector field for the first day of the model run.

As an example of the daily variability the next 6 days of

total currents are shown in Figures 15(a-f) which are zoom plots

o f the six parts of Figure 8. In these six fields the overall

flow pattern looks reasonably persistent with a strong 15 to 25

cm/sec current flowing northeastward towards the head of the Gulf

of Alaska where this onshore flow diverges to the west and south-

east. This coastal divergence area appears to shift westward

from about 130°W to about 150°W and then shift back to 130°W over

this 6-day period without substantial changes in the locations

of the cyclonic gyre south of the Aleutian Islands at about 170°W

and the anticyclonic gyre off the west coast of the United States

at about 45°N-45°W. The wind current component of flow appears

to continue to dominate portions of even the strongest geostrop-

hic areas like the Alaskan Stream, either enhancing or opposing

the geostrophic flow at least on a short-term basis (l-3 days).

These examples show that total currents of l0-20 cm/sec s t i l l

appear to be consistently active over large areas of these fields

even during summer. Velocities probably would have been even













Figure 15(f). --Total surface current vector field for 23 July 1978. Zoom plot
of a portion of Figure 8.
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stronger if a winter series of days had been se l e c t ed  in this

example.

Progressive Vector Tracks

Now that we have the complete total current vector field,

recall that the last step in the model run loop was to compute a

surface transport vector at a number of selected starting points

to get the actual drift distance per day using velocities that

were interpolated from this field at these points for the 24-hour

average. Starting points for the next day are updated to be

the end points of the previous day’s transport vectors. These

transport vectors have been saved on disk in a series of daily

start and end point locations in grid units so that all the plot

program has to do now is connect these start and end points day

by day and do the map graphics to create the progressive

vector tracks.

Zoom plots of progressive transport vectors are of particular

interest because they summarize the model results over time from

some desired historical starting date to a number of days hence.

They also provide a mechanism for comparisons of model results

with ocean drifter experiments to be used in calibration and

tuning  o f the model. In Figure 16(a), a zoom plot of Figure

l0(a) , drifter tracks are simulated for about five and one-half

months beginning in mid-July 1978, at nine starting locations

which were selected to show the overall flow pattern. Indeed,

near-surface ocean water drifted around the Gulf of Alaska Gyre

as expected with all the tracks moving toward the east to
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northeast except those that enter the Alaskan Stream west of the

top of the gulf. Speeds o f  d r i f t , however, were slower

than expected. The starting location of each track is marked

by a large dot. Small connected arrows each represent one day

o f estimated distance drifted (transported), and the large

numbers spaced along the tracks indicate the new month at the

f irst  day of  the new month as  i t  was encountered along the

track. One feature evident in all the tracks is the accelera-

tion in flow from the slow start in month 8 to a maximum in

month 10; then  re la t ive ly  s t rong  f l ow continued through

month 12. Tracks in the southern branch of the gyre appear

steadier than the others with a few small short-term loops, small

meanders, and very few reversals. The longest track which

started at 46°N-160°W had an average drift of 11 km/day or a

speed of about 10 cm/sec. Other tracks in the Alaskan Stream

and Bering Sea are shorter and display more looping and random

motions. The average drift of 3.5 km/day (3 cm/sec) for

the track which started at 57°N-150°W was surprisingly s low

for the Alaskan Stream water. The other surprising feature was

the absence of  the southeastward recirculat ion of  the gyre

which has been shown to exist in the vicinity of 160°W (Reed

1980). These f igures ref lect  the f inal  model  results  at  this

stage of development. Some insight can be gained about the whys

o f the unusual behaviors by looking at tracks o f  ind iv idua l

flow components. In other words, what would drift tracks look

l ike i f  the f low was purely  geostrophic  or  purely  local wind

driven.
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Pure geostrophic drift (WFAC=0.0) is shown in Figure 16(b),

a zoom plot of Figure 10(b). This being a constant field, this

flow has no time dependence, that is, tracks started at the same

location may be started on any date and drift will f o l l ow  the

same track. Speeds around the gyre varied from 1 to 3 cm/sec in

the southern part to about double, 6 cm/sec, in the Alaskan

Stream.

Pure wind currents (DDFAC=0.0) are shown in Figure 16(c), a

zoom plot of Figure 10(c). In contrast the flow everywhere is

toward the northeast, even in the stream. These tracks give a

better quantitative estimate of the dominance of wind-induced

flow over geostrophic flow. The strongest wind drift track which

started at 46°-160°W had an average speed of about 7 cm/sec

supporting a geostrophic flow of 2-4 cm/sec in the same direction

thus adding to the total flow of about 10 cm/sec. In  the

Alaskan Stream the wind-only dri f ter track (57°N-150°W) was the

smallest in the whole area, only l-3 cm/sec. Despite the small

speed, this consistently opposing wind current e f f e c t i ve ly

subtracted from the larger geostrophic component of 6 cm/sec to

the slower drift of 3-4 cm/sec seen in Figure 16(a).

In al l  o f  the above discussion, only the pure untuned

(DDFAC=1.0 and WFAC=1.0) basic model equations were used. These

factors must be tuned as closely as possible to conditions in

nature before indices ref lect ing changing cond i t i ons  in

nature can be computed by the model. A more complete

quantitative d i s cuss ion  o f stat ist ical averages of model

outputs (net drift in km/month, monthly displacement direction in



Figure 16(b). --Progressive daily transport vectors-Permanent geostrophic flow
only (WFAC=0.0) (17 July to 31 December 1978).
Figure 9(b).

Zoom plot of



Figure 16(c). --Progressive daily transport vectors-Surface current due to wind
only (DDFAC=0.0) (17 July to 31 December 1978). Zoom plot of
Figure 9(c).
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degrees true, e t c . ) will be reserved for a later date when

tuning and calibration are completed. Refer to the next report

in th i s  s e r i e s  o f  mode l developments for a full discussion

o f tuning results and comparisons with actual ocean dri f ter

track data. As a preview, the untuned model was run for one

month start ing at each drifter location on the first o f each

month, that is, three locations for months 8, 9, 10, 11, and 12

(Fig. 17). Note the lack of agreement in the Alaskan Stream area

and the fair agreement in the rest of the Gulf of Alaska Gyre.



Figure 17. --Three drifter tracks from Reed (1980) and simulated drifter
tracks (daily progressive transport vectors) from 30 day
runs of the untuned OSCURS numerical model starting at the
first day of Months 8, 9, 10, 11, and 12.
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APPENDIX 1

Listing of Fortran Program "M/FINAL" OSCURS Model on 40X104 Grid.
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APPENDIX 2

Listing of Fortran Program "M/PLOT/AUTO" Graphics Outputs on 40X104 Grid.
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