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COMPUTER ANALYSIS OF THE SURFACE
CURRENT FIELD OFF OREGON
BASED ON DRIFT BOTTLE DATA

INTRODUCTION

This research was motivated by the desire to represent drift
bottle data in a form more useful than a chart of assumed bottle tracks
and release-recovery statistics. In this analysis, ten years of drift
bottle data were used to chart the mean surface current field off
Oregon during the fall-winter season.

The determination of surface currents by use of drift bottle data
is limited by the accuracy of the data. Errors are undoubtedly intro-
duced in the present analysis through the processes of data rejection,
linear interpolation and smoothing. It is felt, however, that the sur-
face current field obtained will be of practical use in navigation, plan-
ning for waste disposal, air-sea rescue and other practices affected

by surface currents.

The method of analysis employed here is described, and the
computer programs used are included as appendices. The errors
inherent in drift bottle data and those possibly introduced in the analyti-
cal technique are discussed. The results obtained are compared with
other determinations of the current field off Oregon. Improvements
in the analytical technique and special uses of the technique are sug-

gested.



THE DATA

Oregon State University has been conducting a long-term drift
bottle project since 1961. In the period of 1961 through 1970, a total
of 21, 615 bottles were released within 165 nautical miles of the Oregon
Coast during 87 cruises. The major release points were 5, 15, 25,
35, 45, 65, 85, 105, 125, 145, and l65 nautical miles west of
Brookings (42000"N), Coos Bay (43020'N), Newport (44039'N), and
Astoria (46014'N). Of the bottles released, 2, 938 were eventually
recovered along the west coast of the United States and Canada. The
high return rate (13%), the highest among drift bottle studies off the
west coast of North America, may be attributed in part to the large
fraction of nearshore releases. About one-fourth of all the bottles
were released within 25 nautical miles of the coast, and the return
rate of these bottles was 33%. A general offshore flow in spring-
summer and onshore in fall-winter is reflected in the smallest return
rate during June (4.2%) and greatest during September (28.5%) (see
Table 1).

Statistics of the 1961-1970 drift bottle data and monthly charts
of straightline tracks between the points of release and recovery have
been presented by Wyatt, et al. (1971). Those bottle data have been
employed by Burt et al. (1964) and Wyatt et al. (1972) in analysis of

the surface currents off Oregon.




Table 1,

Monthly Bottle Return Rate, 1961-1970,

Monthly Return Rate (%) of Releases from all Stations

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec
1961 7.0 30.1 46,5 2,6 1,2 8.3 4,2 18. 4 46,4
1962 23,6 30, 2 0% 25.8 1.6 14.0 3.3 24,2 8.3 10.5
1963 34,7 28,6 29,0 7.5 15.3 32,0 10. 8 22,0
1964 0. 4% 0.6 4,4 4, 2% 19,7 10. 4
1965 5.7 0* 36, 1%x 14, 8k 3.3 25,0 27.3
1966 13,5 4.5 0 2,2 22,2 15.2 9.8
1967 23,6 27.0 1.9 0 7.4 7.9 35, 0%k 36.3 34,8
1968 26,7 15.5 17,7 0.5 18,1 10,1 14,5 30.3 15.9 28.4 4.2
1969 18,7 10.7 18,6 8.3 9.2 21,2 11.9 6.4
1970 29,1 14,7 16.0 1.0 31,1 27,9
Average
;A::utr};ly 19, 4 13,2 10,8 18.2 10.7 4,2 7.6 12,7 28,5 15.8 20. 4 20, 8
Rate
~: Eottles releaced mostly frem stations greater than 45 nautical miles offshore,
*#% Boctles released mostly from nearchore stations less than 25 nautical miles or a small number of bottles released,

w



ANALYTICAL METHOD

The analysis performed here involves the following steps:

1. Selecting the data and numerical grid to be employed by:
sorting data for time of year; rejecting suspicious data; and selecting
numerical grid coverage and spacing to warrant best resolution of
available data.

2. Computing the current components at grid intersections by:
determining eastward (u) and northward (v) velocity components of
each bottle; associating these values with those intersections of the
two-dimensional grid which lie along the straightline track between
the bottle release and recovery points; and averaging the velocity
components at grid intersections lying along two or more tracks.

3. Applying two-dimensional interpolation to assign velocity
components to those intersections not lying along any tracks.

4. Smoothing the velocity component fields and forming the
fields of speed and direction.

5. Forming divergence and vorticity fields.

6. Forming meridional and zonal averages.

These steps are described and discussed below. The computer

programs used are included as appendices.




Selection of Data and Grid

In selecting data to be employed, existing knowledge of the cur-
rents should be taken into consideration. The surface waters of the
west coast of the United States of America are dominated by a slow
and broad equatorward flow called the California Current, and coastal
currents which vary seasonally. According to Sverdrup et al. (1942),
a subsurface countercurrent flowing northward along the coast breaks
through to the surface as the Davidson Current in the winter months
when the winds are southeasterly to southwesterly. Off Oregon the
Davidson Current begins to develop in September and becomes domin-
ant from October through February. Preceded by two months of
variable flow, the southward California Current resumes in May
through August (Wyatt et al., 1972). The width of the Davidson Cur-
rent is not well defined. The current develops along the Washington
and Oregon coast in September, first close to shore and later widen-
ing (Schwarzlose, 1964). Pilot charts for January (USNHO, 1957)
show the Davidson Current to be 60 to 100 nautical miles wide off
Oregon. Fall-winter hydrographic measurements have indicated a
width of 105 nautical miles for northward geostrophic flow (Lee, 1967).

Bottles released from stations within 105 nautical miles of the
coast during October-February were selected for this analysis.

Month to month variations in current can be presumed small in this




period and onshore drift during this period results in a high percent-
age of returns (average monthly return rate in this period is around
20%, higher than spring-summer season as shown in Table 1).

Data for bottles not recovered within 60 days of their release
(or until after March 30) were not included in the analysis. By reject-
ing these data (38% of the returns for the period) some of the bottles
which had lain on the beach some time before being picked up were
eliminated, as were some bottles which had taken circuitous routes.
The effect of this data rejection is to increase apparent mean current
speeds, especially at locations far from shore. Other rejection
schemes might involve an elapsed time criterion that increases lin-
early with distance of release point from shore, or criterion that
varies so as to eliminate the same percentage of returns from every
release point. In view of the under-estimation of current speed due
to the assumption of straight line tracks, the data rejection scheme
employed here is considered satisfactory. The spatial distribution of
release stations and the 920 data selected by this method are shown
in Figure 1.

The area selected for computation of the current field is bounded
on the east by the coast, on the west by longitude 126030 'W, and north
and south by latitudes 47°00'N and 42°00'N. The area was selected

because it is most densely crossed by tracks during the October-

February period (Wyatt, et al, 1971). It should be noted that while
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the current analysis is limited to this area, data from returns out-
side the area are included in the computation.

The selected area is partitioned by a 30X60 numerical grid
consisting of squares 5 minutes on a side (see Figure 2). The grid
spacing was chosen even smaller than the density of data appeared to
warrant in order that small features, such as quasi-stationary shear
zones, might be resolved. With such a dense mesh there will be some
grid points without data and the amount of data at each grid point is
small, but these problems can be eliminated by interpolation and
smoothing. If computer storage were a problem, a uniform rectangu-
lar grid with the long sides parallel to merdians might be used with
little loss of resolution as the gradient of velocity in the direction of
mean flow is usually small. In view of decreasing density of tracks
with distance offshore, a second solution to a computer storage prob-
lem would be a grid that expands offshore. This last solution, how-
ever, would require more sophisticated programming and distort

spatial scales of the currents.

Computation of Mean Currents Distributed in Study Area

There are three steps involved in calculating mean currents in
the study area. They are: a) computation of speed, direction and

velocity components for each bottle, b) assignment of the velocity

components to those grid points lying along the straignt line track
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10
between the release and recovery locations of each bottle and c) deter-
mination of the mean velocity components associated with each grid
point passed by more than one bottle track. These steps are described

in detail below.

Computation of Bottle Speed, Direction
and Velocity Components

The Mercator Sailing Method (Bowditch, 1962) was used for
computing direction and speed between release and recovery points.
Denoting the latitude and longitude of the release point by Ll and A\ 1’
respectively, and of the recovery point by L2 and )\2, the distance

D in nautical miles and course angle C in radians (with respect

to one of four cardinal points of the compass) are given by

D = -
|(Ll Lz)sec c|
C = arctan (()\l-)\z)/(Ml-MZ))
where Ll, LZ, )\l, and )\2 are in minutes, and M is the number

of meridional parts between the equator and a given parallel on a
Mercator chart. Meridional parts are calculated, with latitude in

degrees, by

4
2 - 3
M = (Log_l0Log tan (45° + 1./2) - (e sinL+—€? sin” L, +

6

5
—‘-5— sin"L +...)) 21600/2

The appropriate compass point is determined from the signs of
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the differences between release-recovery latitudes and longitudes.
The course angle is converted into direction from true north by the
subroutine of Appendix Ia and meridional parts for the release and
recovery latitudes are calculated by the subroutine of Appendix Ib.

The speed S of a bottle in knots is computed by

S = D/TH

where TH 1is the elapsed time in hours between release and recovery.
The zonal and meridional velocity components are computed by

U = SsinC and V = ScosC.

The above computations are made in lines 29 to 53 of the main
program (listed in Appendix I), and involve the subroutines of Appen-

dices Ia and Ib.

Generating Tracks and Assigning Velocities to Grid Points

This step involves identifying the grid points lying along each
bottle track and assigning the bottle's u and v components to these
points. In the numerical grid shown in Figure 2 the index I increases
eastward from 1 to 30 in 5-minute increments from 126%30'W to
124005'W, and index J increases southward from 1 to 60 in 5-minute

increments from 47°00' N to 42°05'N.

The method employed to identify grid points (L, J) lying along a

bottle track depends on the bottle's trajectory. Due to the
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configuration of the coast in this area, no bottles have trajectories
predominantly westward or toward the southwest. To insure all points
lying along a track are identified, tracks are divided into three
categories as shown in Figure 3. The courses are categorized, in

part, by the slope of the straight line between release and recovery

R = (L -LZ)/(xl-x )

1 2
If a bottle's trajectory is predominantly eastward, the absolute

value of R is less than unityand the grid points (I, J) lying along the

track are generated by

J J. +R(I-1),

1 1

I Il, Il+l, Il s , 30,

where the bottle release point indices are given by

Il = (126 X 60 + 30 - )\l)/5,
J, = (47 X 60 - L,)/5.
When the generated grid points (I, J) have I values greater than IZ’
these points are discarded, where
L, = (126 X 60 + 30 - xz)/s.
This case is shown in Figure 3(a).
A bottle's trajectory is predominantly northward when L2 >Ll

and |R|> 1, and for this case grid points lying along the tracks are

generated by
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[ = 12 +(J-J2)/R,

J =7 J 41, J_+2, -+, 7T

2 "2 2
where the bottle recovery point indices are

5 (126 X 60 + 30 - xz)/s

-
i

) /5

[
1

(47 X 60 - L,

This case is shown in Figure 3(b).
A bottle's trajectory is predominantly southward when Ll> L2
and R > 1; for this case (as shown in Figure 3(c)) grid points lying

along the track are generated by

I =1 +(J - Jl)r/R,

= +1 +2, -0, J..
J T I tL T J

1’

Grid points which may be generated outside the study area in
the last two cases are discarded; these have negative indices or
indices greater than 30 for I and greater than 60 for J.

At all grid points the parameters U, V and track counter N
are initially set to zero. For all grid points lying along the track of
a bottle, the parameters U and V are increased by the bottle's u
and v components, respectively, and the counter N is augmented
by unity.

The preceding step of the analysis is performed by lines 57

through 94 of the main program (see Appendix I).




L5

Averaging the u, v Components at Each Grid Point

After performing the previous two steps for all bottles, the
mean velocity components at each grid point for which N> 0 is deter-
mined through division of parameters U and V by N. In the south-
ern portion of the area, especially south of 43O3O'N, the percentage
of grid points that lie along any track is small (see Figure 4). The
highest density of tracks is off Newport; one point lies along 167
tracks. As expected,thé density of tracks decreases with distance

offshore (see Figure 5).

Two Dimensional Interpolation

Some grid points do not lie along any bottle track (i e. have
N =0, see Figure 6), and must be assigned velocity components, If
such a point lies in a row between grid points having N > 0, it re-
ceives velocity components by horizontal linear interpolation. If to
one side of the point in the row there are no points having N > 0, the
point receives velocity components of the nearest point in the row
having N > 0. The point similarly receives velocity components
based on data from the column within which it lies. Then the point is
assigned velocity components which are means of these row-hbased
and column-based computations. Both meridional and zonal inter-

polations are performed, and the mean of interpolated values is used
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19
to fill a void point.
A large part of the main program, lines 130 through 266, is

devoted to performing these two-dimensional interpolations.

Smoothing the u, v Fields

The mean current field obtained after interpolation showed
obvious small scale discontinuities in both speeds and directions.
These discontinuities are due to sparsity of data, variation in the cur-
rents over the data period, and 'bad' data that was not rejected. The
following 5-point smoothing operator is applied to smooth the u and

v components

+ K K K
; Lo (x_l,+(xk + X +xK 4k )/4) /2

X ] itl, i-1, i, j+1 i, j-1

where X 1is either the u or v component, and k indicates the
number of smoothing pases k =0,1,2,---. The 5-point smoothing
operator is not applicable at the boundaries, and a 3-point operator is

used at the northern and southern boundaries, namely,

k+1 k k k
= + +
xil (x_ll (Xi+l,1 x_l_l’ 1)/2)/2
k+1 k k k
= + +
X160 (Xi60 (Xi+l, 60 Xi-l, 60)/2)/2

Similar 3-point operators are applied to the meridional boun-

daries and at the corner points.

The spatial filtering resulting from the application of such
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operators is described by Dingle and Young (1965). It was found that
three passes with the filter were sufficient to remove features con-
sidered spurious. The program applying these operators is given in

Appendix II.

Divergence and Vorticity Fields

The finite-difference relation used to compute horizontal diver-

gence is

—

(Div, V)., = (U

-U 28X + -V 28Y
h i 41,5 Vi, AR TV )

i,j-17 i, j+1

where distance between adjacent grid points in the y (northward) and
x (eastward) directions are AY = 5.0 nautical miles and
AX = AYcosL. = 3.5 nautical miles respectively. Using smoothed values
of the u, v field, the mean divergence computed for the entire grid
is 3.8 X 10_4hr_1. Assuming a mixed layer depth of 100 meters,
this divergence corresponds to a mean upward velocity through the
thermocline of nearly 1 meter/day. This result is probably meaning-
less, however, as over this large area the divergence should be nearly
zero or perhaps slightly negative due to the coast lying to the right of
the winds during this fall-winter season.

Since the magnitude of horizontal divergence in the ocean is

typically an order of magnitude smaller than either term in the hori-

zontal divergence expression (Arthur, 1965), an error of only 10%
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in the u and v components may result in meaningless values for the
calculated divergence. The erroneous result may also be due in part
to the fact that the bottles were released within a small area of the
total grid so as they disperse with a ''random walk'' component (i.e.
spread throughout the total grid area), they appear to indicate the
presence of positive divergence of the current field. The apparent
divergence due to diffusion can be roughly calculated as follows. If
bottles are released off a meridional coast between 420N and 47ON, a
distance Y = 300 nautical miles, then due to Joseph and Sendner type
diffusion (Joseph et al., 1962) they will be located along a distance
increased by about 6Y = 4p6t after a time interval 6t. The apparent

divergence (with p = 1.5 cm/sec) is therefore

oY 4P 1

A/ = = 4ax10 dh

av. _ 1 oY

Y Y 6t

This value is fortuitously close to the calculated mean divergence of
- -1

3.8X10 4hr .

The vertical component of relative vorticity is calculated by

the expression

v ) /28X - (U

; 2
i+1, 5 -1, )/2aY

Curl V), . =(V ... =U, .
( v, )1._] ( i, j-1 i, j+1
The mean value of vorticity derived from the smoothed u, v

-5 -1
field is approximately 8.0 X10 hr ~. The meridional distribution

of vorticity is shown in Figure 7. The vorticity calculation is not
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subject to the errors of the divergence calculation, and the vorticity
distribution obtained appears to be reasonable. It is interesting to
note the large negative vorticity near the coast which may be ascribed

to the frictional interaction of northward flow with the coast to the

east.

Zonal and Meridional Averages

Zonal averages were computed by summing non-interpolated
mean values along latitude, j, and then dividing by the number of

terms in this sum. That is, they are calculated by

where Xi' denotes a smoothed grid point value (e. g., V), and the
summations are only over those i for which Nij” the number of
tracks through the point i, j, 1is non-zero. If interpolated values

had been included in summations, the data values on which the inter-
polations are based would have effectively received greater weight
than other data values. While the zonal averaging employed here does
not involve constant meridional weighting, the weighting is much more
uniform than if each track passing latitude j had been weighted

equally. That is the average formed by weighting all data equally

(ZX..N.)/ZN.. --- (summed over all i)
11 1) 1 1)
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would, as a consequence of the higher N, . nearshore (see Figures
i
5 and 6), weight the nearshore area more heavily.
The standard deviation about the mean is computed by

2 1/2
o = (X -X > -
Xj {[1( ’ J,) ]/[(z;l) 11}

where summation is again only over those i for which Nij #0.

A similar method is applied for the computation of the meridional
averages X,l and the standard deviation about these averages.

The computer program for the calculation of the zonal and
meridional averages and their standard deviations is given in Appendix
3.

Figure 8 shows the variation with latitude of zonally averaged
meridional velocity (v). Standard deviations associated with averages
at intervals of 30" latitude are also shown in this figure. Figure 9
shows the variation with latitude of zonally averaged zonal velocity
(u). Figures 10 and 11 show the variations of the meridionally aver-

aged u and v components with latitude. A discussion of these

variations will be given later.
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RESULTS AND DISCUSSION

The Mean Current

The computed mean surface flow field during the fall-winter
season is shown in Figure 12. Arrows indicate the vector mean speeds
and directions at the grid points. The overall flow as shown in this
chart and the chart of streamlines, Figure 13, is predominantly north-
ward. This is in agreement with tracks for each month from October
through February in the years 1961-1970 (Wyatt, et al., 1971). How-
ever, dominant southward flow during October off Oregon was found
prior to this drift bottle study by other measurements. The Atlas of
Surface Currents of the Northeastern Pacific Ocean (USNHO, 1947)
shows that southward flow is dominant off Oregon during October and
northward only from November through February. The mean currents
shown in this Atlas were compiled from over a hundred years of ship
reports prior to 1935, Propeller type current meter measurements
made by Marmer (1926) at the Astoria Lightship and at Umatilla Reef

Light Vessel during 1919 also indicate a southward flow during October.
Perhaps there has been a major change of the Davidson- California
Current System in the past forty years or so. Huang (1972) found
significantly more eastward transport and less southward transport

off California during the years 1958-59 than during the previous
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decade. Huang believes these decadal variations in total transport
may have arisen largely from variations in the Davidson Current
brought about by the anomalous atmospheric circulation during 1957-58
(Namias, 1959). It is interesting to note from Huang's calculations
that the only significant change in sign of meridional transport near
San Diego between these two decades occurred in September.

The mean speed of the whole study area is 0.15 knots with a
mean zonal component of 0. 02 knots and meridional component of
0.14 knots. This vectorial mean value of the surface current is
apparently lower than other measurements of current off the Oregon
Coast. Collins (1968) found a mean current speed of 0. 37 knots at
20 meters depth from current meter measurements off Depoe Bay in
October, 1965. Stevenson's drogue measurements (1966) off Newport
indicate a vector mean current speed of 0.28 knots at 10 meters
depth. These drogue measurements were conducted largely within
45 miles of Newport during the period 1962-1965. The low value of
mean surface current speed in the drift bottle study presented here is
due in part to vectorially averaging coastal currents of variable direc-
tions during the ten fall-winter seasons. In addition, mean speeds
calculated under the assumption of straight-line trajectories of drift
bottle are low, as the actual routes are probably quite circuitous.
The inevitable time lapse between beaching and recovery of bottles

also contributes to the low computed speed.
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For the reasons given above, some reservation must be placed
on the interpretation of drift bottle data. Nevertheless, drift bottle
data have proven valuable. For example, the atlas by Bumpus and
Lanzier (1965) showing the surface circulation on the continental shelf
off eastern North America between Newfoundland and Florida, the
study of the Davidson Current off Oregon by Burt and Wyatt (1964) and
by Wyatt et al. (1972) and numerous other fruitful current studies are
based on drift bottle measurements. The limitations of other forms
of surface current determination should be kept in mind. Hydrographic
determinations provide only relative baroclinic currents, while the
surface drift currents may be several times greater. Current meter
measurements provide mean Eulerian velocities which, because
Stoke's velocity is not included, may be several times smaller than
the actual mean velocity of a drifting object (Longuet-Higgins, 1969).
Ship drift data are plagued with large navigation and wind drag errors.
Surface drogue data corrected for wind drag are valuable, but like the
other types of current data they are very sparse. In fact, the only
available chart showing the surface currents in the study area off
Oregon in any detail is the atlas (USNHO, 1947) of lO square averages
based on ship drift data prior to 1935.

Variation of current speeds in the study area are shown in Fig-

ure L2, the chart of flow field, in Figure 14, the isolines of speed,

and in Figure 15, the distribution of zonally averaged speeds with
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latitude. The current speed increases from the south to the north off
the Oregon Coast. This may be a consequence of the increase in speed
of southerly winds from south to north in the study area during the
fall-winter period (Duxbury, et al., 1965). The maximum speed of
0. 35 knots is to the north of the Columbia River mouth, while the
minimum speed of 0. 01 knots is found off Cape Blanco. The highest
speeds may be associated with the Columbia River discharge, and
the low vector mean speeds in the southern portion of the study area
with variable current directions,

The meridional velocity increases almost linearly out from the
coast to a distance of 10 nautical miles as shown in Figure 11. This
may indicate a frictional boundary layer, or it may arise from the low
speed and southward flow found near the coast in the southern position
of the study area.

The latitudinal variations of zonal velocity, as shown in Figure
9, indicates that the average zonal flow is onshore, except northward
of 46°30'N. The westerly flow north of 46°30'N may be due to the
Columbia River discharge (Marmer, 1926; Brunsen, 1972), or to the
westward extension of the land north of this latitude.

The high onshore velocity indicated at 44050'N, the latitude
of Depoe Bay, may be an artifact related to the large number of bottles

released along the Newport line (see Figure 1). Diffusion, or ''random

walk'' of bottles, can introduce such an apparent onshore flow




37
component. Consider a group of bottles released at some point in an
ocean of zero mean velocity and horizontally isotropic turbulence.
The bottles will be distributed within a more or less circular patch
that increases in size with time. Bourret et al. (1960) have shown
that for horizontal diffusion of the form described by Joseph and

Sendner (1958), the mean distance from the centroid varies as

d<r>
dt

=2p
where p is the Joseph and Sendner ''diffusion velocity' and has a
value of about 1.5 cm/sec in the open ocean (Okubo, 1969). If this
ocean is bounded only by an infinite straight coast, bottles recovered
directly shoreward of the release point will have an apparent average
onshore velocity component 2p. Those bottles recovered at great
distances along the coast from the release point will have an apparent
onshore velocity near zero. As we assume the bottles spread out in

uniform directions from the release point, the mean shoreward com-

ponent is

2
, ™/ | 4
— 2psin®db == p,
0 ™

™

or about 2 cm/sec. Thus we can assume the mean zonal velocities
calculated here may be biased by about 2 cm/sec (i.e. 0,04 knots).

Since the linear density of recoveries would be greatest directly on-

shore of the release point, the bias would be greatest at the latitude
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of release. For an ocean with a mean northward velocity, the bias
would be greatest northward of the release point. This appears to
be the case shown in Figure 9, at least for those station lines having
a large quantity of data: the peak onshore velocity at 44°50'N is north
of the Newport line (44°39'N), and the peak at 43°35'N is north of the
Coos Bay line (43020'N). As the bias thus varies with latitude and is
comparable to the values shown in Figure 9, the zonal averages of

zonal velocity actually may not differ significantly from zero.
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RECOMMENDATIONS FOR FURTHER STUDIES

Investigation of Temporal Variations

It has been tacitly assumed here that month to month variations
of velocity within the fall-winter season are negligible and that year
to year variations are also negligible. This assumption should be
tested for all release stations. These tests may indicate data for
some period should be excluded from the computations and they will

provide a measure of confidence in the computed mean velocities.

Extension of Computational Method

The following extension of the computational method should pro-
vide a more accurate representation of the surface current field, The
extension does this by weighting nearshore velocities most heavily
with data from nearshore releases, and by compensating offshore
releases for velocity variations between the release stations and the
coast.

A mean current field is first computed as previously described.
Using releasefrecovery data from stations nearest the coast, bottle
velocities are then assigned to grid points lying along the tracks

between these release stations and the coast (neglecting the previously

computed mean velocities at these points). Grid points between the
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stations and the coast which do not lie along any track may retain the
original mean values or be assigned new values through meridional
interpolation.

Next, using the bottle recovery data from stations just offshore
of the stations nearest the coast, and using the grid point velocities
between the coast and the latter stations, compute for each bottle the
location and the time at which it would be found at a distance from the
coast equal to that of the nearest stations. These computed bottle

"recovery'' data for releases

locations and times are then used as
from the stations just offshore of the stations nearest the coast. The
bottle velocities calculated from this release ''recovery'' data is
assigned to those grid points lying along tracks between the release
stations and ''recovery'' locations. Those grid points not assigned
velocities by the above procedure and situated between the stations
nearest to the coast and next-to-nearest to the coast may either retain
the original mean values or be assigned new values through interpola-
tion. The choice of retaining original values or using interpolated
values might be made on the basis of the number of successive points
not lying along tracks, or one could employ a weighted average of
original and interpolated values.

Then, using recovery data from the third stations offshore and

the velocities between the second stations offshore and the coast,

times and locations of bottle ''recoveries'' at the offshore distance of
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the second stations are determined. Bottle velocities are then deter-
mined and assigned to those grid points lying along the directions of
these velocities between the third offshore release stations and
"recovery' locations situated at the distance of the second stations
from the coast. Again the grid points between the release stations
and ''recovery'' distances from the coast that do not lie along a track
may either maintain the original values or be assigned new values
through interpolation,

The procedure described above is continued out to the stations
farthest from the coast., The mean velocity field calculated in this
way should more closely resemble the actual field, especially if the

actual field has strong spatial variations,

Investigation of Diffusion

Previous research using drift bottle data has apparently been
confined to investigating mean surface advection; this information can
be used to determine the most probable location of a drifting object,
such as a life raft. It has been recommended that temporal (e. g.
year to year) variations of velocity be investigated also. With this
additional information the probability of locating a drifting object
within some area can be estimated. Such an estimate is required for
an efficient search for a drifting life raft whose position at some

previous time is known. The following research on diffusion of drift




42

bottles is recommended to provide information on the probability of
floating objects being within some area if they were close together at
an earlier time. This information is important during search and
rescue operations when one life raft is located and other life rafts are
to be found. While diffusion has been studied with drifting objects,
drift bottle data have apparently not been used. Probably this is be-
cause drift bottle data includes no information between release and
recovery. Tracking drifting objects, such as drogues, with a
ship or a plane is expensive and data can be obtained in this manner
only during low sea state conditions.

It is recommended that drift bottle data be employed in the fol-
lowing manner to investigate diffusion. Each group of bottles released
simultaneously at each station is to be treated separately. From the
recovery data for bottles of each group, mean time until recovery,
mean length of the straight line track and the angle between this track
and the coastline can be determined. The longshore distances of
individual recoveries within each group from the intersection of the
mean track with the coastline can be computed. The spreading of
these distances along the coast due to an acute angle (0) between the
mean track and the coastline can be removed by multiplying the dis-
tances by sin®. Sets of these corrected distances can then be combined
within similar classes of mean track length and similar classes of

mean time between release and recovery. The standard deviations
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of corrected distances along the coast can be determined for all classes.
Making the usual assumption that the two-dimensional distribution of a
cluster of bottles at sea is Gaussian, these are the standard deviations
of the two-dimensional distributions just before arriving at the coast.
A plot of the standard deviation of a cluster versus mean track length
class then may be viewed as the spreading with distance traveled of
any group of drifting objects released together simultaneously. Sim-
ilarly, a plot of the cluster standard deviation versus time between
release and recovery can be interpreted as indicating the expected
spreading with time of any group of floating objects released together

simultaneously.

Autoplot of Current Chart

The hand plotting of arrows of the mean current chart (Figure
12) is tedious and time consuming. Automatic plotting of arrows by
computer is not generally available. Even the plotting of streamlines
by a computer requires sophisticated programming (Dartt, 1972).
Computer plots of isolines of stream function may be readily obtained
with a contouring program once the grid points are assigned stream
function values. The problem here arises with determining the stream:
function field, for this field can only be defined in terms of the hori-
zontally non-divergent part of the flow field. Progress has been made

toward solving this program (Hawkins et al., 1965), and should a
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satisfactory solution become available it is recommended that it be
employed to represent the surface current field computed from drift

bottle data.
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SUMMARY AND CONCLUSION

The analytical method used in this study is a new approach to
the determination of currents by use of drift bottle data. The method
was applied to bottles released off Oregon. Selection of the data and
study area were based on existing knowledge of the surface currents
off Oregon and the distribution of bottle tracks. Speed and direction
of each bottle were computed by the Mercator Sailing Method, and
velocity components were assigned to numerical grid points lying
along the straight line track between the release and recovery points.
Grid points lying along two or more tracks were assigned average
values. Grid points not assigned values by this procedure were as-
signed values through two-dimensional interpolation. Small scale
irregularities in the velocity field were attenuated by smoothing.

The smoothed mean velocity field was then used to form vorticity and
divergence fields and compute zonal and meridional averages. Com-
puter programs to perform the above calculation are included as
Appendices I, II and III. The surface currents are represented in
various charts (Figures 12, 13 and 14) showing the spatial distribution
of currents off Oregon. It is believed that more of the information
contained in drift bottle data has been extracted by the analytical
method employed in this research than the methods that have been

used in the past.
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The mean currents based on the smoothed u, v fields for the
fall-winter season have a predominantly northerly flow component
with speeds increasing from the south to the north (from 0.01 knots to
0. 35 knots). This probably is related to the increase in speed of
southerly winds from south to north in the study area during the fall-
winter period. The northerly flow of the Davidson Current in October
during the years 1961-70, as compared with the dominant southerly
flow during this month prior to 1935, shown in the Atlas of Surface
Current of the Northeastern America (USNHO, 1947), may indicate a
major change of Davidson- California System within the past forty years
or so. The average zonal flow is apparently onshore, except north-
ward of 46°30'N. Diffusion of bottles may introduce such an apparent
onshore flow component, while the Columbia River discharge and the
westward extension of the land north of 46°30'N may give rise to the
westerly flow. The mean current charts appear to be useful in navi-
gation, planning for waste disposal and other practices affected by
the surface current field off Oregon.

Errors in the mean surface currents during the fall-winter
season are introduced through the analytical method and the assump-
tion of negligible temporal variations within this season and during
the ten years of this season. Further studies are recommended to

investigate both temporal variations and diffusion, and to improve
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the analytical method by compensating for spatial velocity variations

and by employing computer autoplotting.
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APPENDIX I

MAIN PROGRAM - UVFIELD

Notes on Program UVFIELD

This program reads drift bottle data and generates fields of
average speed SP(IL, J), direction DIR(IL, J), and the u and v com-
ponents U(L J) and V(I,J). In the present study these fields have the
dimension (30, 60) and are in COMMON. Also in COMMON is N(IL, J),
the number of tracks passing grid points (I, J). The fields are gen-
erated in a rectangular area (expressed in minutes) and are defined in
statements following COMMON. Statement 22 reads the drift bottle
data: release year (NR), month (MO), latitude (LATA in degrees,
ALM in minutes), longitude (LONA in degrees, AGM in minutes);
recovery latitude (LATB in degrees, BLM in minutes), longitude
(LONB in degrees, BGM in minutes); and number of days between re-
lease and recovery (DAY). Bottle data are rejected according to the
criteria described in the text by lines 22 through 33.

Lines 39 and 40 call Function F MP (Appendix Ib) which converts
latitudes to meridional parts. Function FDIR (Appendix Ia) is calied
in lines 51 and 107 to convert course angles into directicns with respect
to true north.

The WRITE statement of line 52 lists on the line printer the
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data not rejected. It also lists: number of data selected (KONT), dis-
tance between release and recovery in nautical miles (DIS), speed in
knots (S), direction to true north (CRS), and velocity components in
knots (UU and VV).

A 5 minute X 5 minute mesh size is employed in the present
study, For another mesh size lines 55 through 60 would have to be
changed, as well as the dimension of variables and the boundary
initialization.

The 'data'' fields U(I, J), V(I,J) and N(I, J) are written on
tape by statement 46. These fields and the fields SP(L J) and
DIR(L J) are written on the lineprinter by lines 113 through 128.

Interpolation is performed in lines 130 through 266. If N(I, J)
is zero the point (I, J) is first assigned velocity component value
U(L J) and V(L J) through meridional interpolation and N(I, J) is
set to 9999. The u, v velocity component fields resulting from this
interpolation are printed out in lines 176 through 185. Then zonal
interpolation is performed for those points with N(L J) = 9999, stored
in the dummy variables SP(L J) and DIR(L J), and N(L J) reassigned
the value zero. The u,v velocity component fields resulting from
only this zonal interpolation are printed by lines 249 through 258,

The means of the meridionally and zonally interpolated velocity ccm-

ponents are then computed, as well as the corresponding speeds and
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directions. These two~dimensionally interpolated fields, as well as
the field N(I, J), is punched on cards by statement 66 and printed out

by lines 273 through 292.
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PROGRAM UVFIELD 1
CCHMMON U(20 460) 3V (20,60) 3SP(30,6G) ,0IR(30,63) yN(35,60) 2
C~~FIELD BCUNJARIESS NJA=LAT 47 N=2820 MININJB=LAT 42 N=2520 MIN} 2

C-=NIAZLCNS 126 30 W=7593 MININIB=LONG 124 W=7440 MIN “
NJA=2820 5
NJ2z=25210 6
MI&=7330 7
FNIA=NIA 8
FNJAENJA 3
FNJB=NJB ;

DO 11 I=1,30 11

DO 11 J51,63 1
UCT,J)=VII,J)3SPLL, Jy=01k(I,J)=d.i 2
N(IyJd)=] 14

11 SONTINUZ 18
C--SORT FOR DATA JF NRIFT 30TTLzS RELEASED SETWEEN OCT-FEB,1961-197J - 16
L=1 17

KONT= U 13
WRITZ(5,1353) 13

22 REAI(Cy1i1) N yMOy LATA 4 LMy LONA,AGM, LAT3,8LHM,LCHS,B86M,DAY 22
IF(ICF(2))60 Tn 93 1

IF ()40 742, 0R,40,6E410)G0 TO 1 2

c-- IF(M3.L a8, ANDMULGELE) GU TO 1 3
GO TQ $9 4

1 KK=MO+2 5
IF (M35 7.1 )KK=M0O=9 A

F=182=-(<KK=1)*321

IF(DAY.ST,F)30 TO 33
ALAT=EC.*FLOAT(LATAY + ALM

ALCHZEL JRFLOAT (LONAY 254

IFCALAT LT F4J3.0RMALETWGTLFNJAIGO TO 88
IF(ALCM, 3T FNIQ)YGD TO 38

KONT=KONT +1

O w N

F o o O PV I VN RS VU (IR VIT VAN S U NI AVILICI SURN NN (VO 5
NI

C-=COMPUTE VELICITY COMPUNENTS 4
QLAT=AL #*FLOAT(LATI) +BLM 5
BLCON=62,%FL JAT (LUNR) +EGM o
OLAT=ALAT=3LAT 7

Ltz AL G- an b
AMEZFME (L 8 T) a
BMP=FMP (TLAT) o
DMz AMF=3MpP 1
ANG=DLOHN/NM 2
CASSIATAN(ANG)) 43
DIS=AES (ILAT/COS(CN) “y
TH=2U , 2% AY )
S=0I1S/TH 40
UU=A3S(3*SIN(C)) 47
VVEA3S(S*¥C0S(0)) N
IF(0CUT  5Ts su)WV==VV 4G
IF(OLON, LTe s ) UU==UY s
CRS=FLIR(UU,IV) 51
WRITI (5,100 )KENTyNZyMCy LATA,ALMyLONA,AGM,LATB,8L4,.CNB B¢

193GY,005,D3Y,S,CR3, Ui, 0V 52

C-=GEhTRALTI TRACKHFIND I,J (LOSEST TG TRACKS Sl

C-=T=1,30 REPRISINT LONG. 126 32 W TG 124 JC W 55

C--J=1,60 RePRISINT  LAT, &7 o3 N TC 42 uu N 56

IA=(FNIA=ALCN) /5. 57

I2=(FALA=-3LUN) /5.4 58

JAT(FyJR=ALAT) /5, ) 59

J3=(FrJL=3LAT) /5,7 6L
IF (30 5T 2LGMY 50 T 2 £1
SLLF=LLAT/2LUn 574
IF(3LCP,uTe=1,0)60 TO 2 o3

" IF(SLOP, 3T lal) €3 TO 231 ra
GO 37T I=IA, 33 o)
X=I=-18 0h

JEFLUNT (UBY +3LOB*FLLAT(K) ¥4

IF(Jde cT el sUFade3T,00)G0 TG 23 B
U(T,d)=u(1, 4)+UU 59
V(IyJd)=d (1, )+VV 7.
WlTy )= (I, )+l 71

23 CONTINUS 72
30 T2 23 77

2 00 <4 J=J3, Ja 7u
SLOP=COL MI/TLAT 75
Kz J=J% 7¢

SECAATHLI D +S5LUP*FLCATIX) 7
I (TalTalaORaleaTaIC)GO Tu 44 7
IF(JalT el e dReJeGTB5)G0I TU ub 79
U(Iyd)=Ull, J)+UU Q-
VIT,JY=d0T, J) sy 21
NI =D, J) el %2

4 SONTINUL a2




G0 TG 83
2u1 30 4ulh J=JA, 2
SLOP=2L 3N/ AT
K=J=-JA
I=FLCAT (L&) +SLOP*ELDAT(K)
IF(IalTeLle0Rs14GTHZ0) GO TO wi
IF(JelTelsORWJ4GTHAB1I) 50 TO Ub
UCI,Jd)=U(I,J)+JU
VI )=V (1, J)+vV
NCIyoY=N{I,J) L
Ly CONTINUZ
83 L=L+l
50 TJ 22
C=-=COMFUTL MIAN U,V IN ZVERY BLUCKS
49 20 55 I=1,3
00 B3 J=1,6:
LTFINCI, ) e Vei) G T Lo
0Ty JY=J01y, DV/ZFLGAT(NI(L,U))
VT D) =v{I, N/FCATINIL, D))
S (UT, NI, ) +V (I, )*V {1, J})
SP(I,J)=55RT(SS)
UT=U(I,))
VT=v(I,J)
T~ (T4 ))=FII=(UT,VT)

Gu TS uo

45 ATy =91, Jd)=al

SP{I, =01 (I,0)=zu.u
46 WRITE (3,27 YU 0) v (IyJ)yN(1,d)
55 JONTIMUL

WRITE(Gy4i03)

WEIT (5,100 (1yI=20,50)
WRITT(5,107) (Jy (SF(I4J),151,33)4,J=1,50)
ARITI(Ryuly)

AT (%9 1:2) (I y1=1y20)
MRITI(S5,220) (Jy (DIF(I4J),1=043.),0=1,00)
AR 1T (Fyiln)

AR ITr(5,317)(1,172,19)
WRITE(S,3113) (Jy (U(I,)yI51415),U051,67)
VRITIAS5,017)(T,I=16,40)

W ITZ (55108 (4, (UL yUY,1=22A,30)yd=1y00)
WRITI(R,it9)

WRATI(Ly1l7)(LyI=t,210)
AR ITI 5,120 0y Vi, )y I=1415),J51,0u)
WRLTZ(Sy 117 Y1y I=06,471)

WRITZ(Gy 218 0y (WL, D yIziby3u)ydziyni)
C==INTox®IuLhT L Jyv FITLD VEFTICALLY
39 4 [=1,3.
k=
OC 7 J=le5
1FCU. 13IF)C0 TC 3
IF(NCIy ) e 20003 T3 C

G6 TR
5 If(Je:"alt) 55 TO 7
NN=T
Ji=J
JM=Ji-a
50 6 &= ji,o!
IF(MIT, <) GTe )G T2 2D
STen i)5S TO 6
9
10 H
JN=JL e
M= (WA, 2 =01y M) /FH
TV (Vv {Llyd™)=J (I N )/FN
JC 12 W=l
JJ=J1-2+K
FK=z W
IF=Jti+K
M1, JJ) =30
LIy i) =0T, 0M) +FLNCY
12 VI Iy )=Vl ) +Frly
ceoJes
6 NS NS
TCOLT =l
JJ=Ji=-1+X
13
7
A T i
IF iy t) e Te ) 50 TH Lu
IF(L, T8y 560 70
3 NKZMNK +1
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14

<K=L
00 15 K=1,NK
UCTI,Ky=U(I, KK)
VLK==V (I, KK)
N(I,K)=3999
CONTINUZ

CONTINUE

CONTINUE
WRITZ (5,123)
WRITE(5,117) (1,1=1,15)
WRITZ(5,118)(J, (U(I,J),1=1,15),J=1,60)
WRITE(5,117)(I1,1=16,3()
WRITE (54113} (Jy(U(I,0),1=16,30)J=1,60)
WRITZ(5,1¢41)
WRITE(5,147)(1,1=1,153)
WRITE(5,118) (Jy (V(I,J),I=.,15),J=1,60)
WRITE(5,117)(1,1=16,3C)
WRITZ(5,118) (Jy (VD)3 1=06,35),J=1,60)

C=-INTZRPOLATY U,V FIELD HOFIZONTALLY.
C--LET SF(I,J¥3t NUMAY U(I,J)30IR(I,J) BE DUMMY
C=-FOR HCRIZONTALLY INTSRP2D U(I,J) 4ND VI(I,J)

38

37

51

81

61

92

32

34
35

D0 237 I=1,3C

NO 37 J=1,64
SP(TI,JY=U(I,N)
TIR(INJ) =V I,y )

IF(N(I, J)el0We9399) GU TU 34
50 TC 27

NIy )=

SP(I, J)=DI=(IyJd)=C4l
COMTINYZ

20 41 J=1,5u

JP=u

00 31 I=1,3%:
IF(I.EQ.JF)GU TO 31
IF(N(I, J) 8,060 TO &1
50 TC 21

IF(I«tN.1) GJ TU 32

HH=T

I1=1I

I“=Ii~1

0N 91 K=ii, .

IF(NIKy J)oGT48)GU TO 71
IF (K t3430)6GU TG ©1
WH=NA+1

FHENH+1

IN=TIL+00d
QUR=(UIIN,J)=U(IM,J)) /FH
DVR=(V (T, )=V (IM,UY)/FH
00 31 K=1,ilH

II=I1-1+K

FHK=K

J2=T14+x

NOIL, J) =3935
SPAUTL,J)=U{TI1yd) +FnK*UH
DISX(LTy ) =v{Iv,y)) +FK*IVR
GC 15 3t

NH= N+ 2

DU 32 K=1,Nd

[I=11-1+x

N(ITyJ)=usac
SPIITyJ)=U0IM,0)
DISCIIy )=V (IMy D)

GO TS 71

NHK=

DO Z4 M=1,31
IF(N(Ny )W Teu) GO T3 35
[FIM,EG.Ty) GC 7O 71
MHKINKK +1

KH =M

30 3 K=1,MNK
SP{Ky J) =SF Ky J)

NDIP (K, J)=0T (K, J)

WKy J)=3d4v0

CONTINUS
CONT LU
SUNTINIZ
00 8% I=l,
32 LN R BN

IF(SY (T ) acle s l)SF(TLJY=U(I,))
IF(NIF{LyJl a2} IIRP(I )=V I(I, D)
CONTINUZ

ol

NN

VI(I,uJ)

56

168
109
17y
171
172
173
174
175
176
77
17%
179
130
141
132
183
184
145
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WRITZI(5,122)

WRITS(5,117)(I,I=1,15)
WRITZ(5,118)(J, (SP(I,J) ,I=1,15),J=1,b60)
WRITE(5,117)(1,I=16,3L)
WRITZ(5,118) (J, (SP(I,J),sI=16,30),J=1,60)
WRITS(5,123)

WRITE(S,147)(1,I=1,15)

WRITZI(5,118)(J, (DIR(I,J4),I=1,15),J=1,60)
WRITZ(5,117)(I,I=16,230)
WRITZ(S5,118) (Jy (DIR(IsJ)4I=16,303),J=1,670)

C--COYPUTE MEAN UI(I,J) AMD V(I,J) FRCM VERT, ¢ HPORIZ. INTERPOLATION

25

62

66

109

a A
iu

D0 65 I=1,3¢

N0 €& J=il,b1

IFINCI, JYeEQe3993)N(I,J) =y

IF(N(I,J)ecGal)GO TO 26

GO 10 b2

ULIyJ)=(ULI,J)+SP(I,J))/c.

V(I J)=(VI(I,J)+DIR(I,4J)) /2.

SHE(U (I, J)*U(T, 3} ¢V (I, J)*V(I,J))

SPALI,J) =30RTISH)

Ud=utl, ))

VH=V{I,yJ)

OIR{L 3 J)=FIIR(UH,yVH)

WRIT- (2,0 0w)UCTIyd) V(1 J)ySPII,J),DIR(INJ)4yN(Iy )y
FOIVII4J) gy VORCI )

WRITR (5,113}

WRITE (5,102 (1,I=1,3)

WRITIZIAB,1u2) Iy (SP{I, N ,41=1,3),4=51,060)

WRITE(Dylle)

WRITEA(S5,122)(1,1=1,00)
WRITIA(S,105) (0y (DIR(IJ)3I=0,30)yJd=1,60)
ARIT L (5,115)

WRITI(54132)(1,1=2,713)

WRITE (5,0 20) LUy NIy J)3I=1,3u)4J=1,460)
WRITIZI(Z4124)

WRIT I (5,117)(1,I=1,4153)

WRITZI(S,3218) (Jy(U(IyJ)yI=1,15),J=1,060)

ARITE(S,117)(Ty1=16,30)

WRITZ(5,113) (U (ULT,J)yI=16,3d),yJ=1,060)

WRIT. (541¢h)

WRITZI(5,117)(1,I=1,15)

WRITZ(941i8) (Je{¥(I4J)yI=1,15),J=1,6u)

WRIT= (3,417 )(I,1516,30)

WRITI(S,113)20Jy (W, )Y, I=10,30),4=1,50)

FORMAT(/IXxy I533X9 2Tty g+ {IayF5.1),F7.1
29FBa23F303,F341,2F3.73)

FORMUT(AX,2I245Xy 4 (ILyF541),y7XyF8.2)

FORMAT(/uXydHI / T41Y43714)

FORMAT(//3X 9y 1244Xy2JFue™)

FORMaT(2X32F1 4B 4F701,I5ycF1L4b6)

FOXMAT(//3X3 I3y 4X,30Fba)

FORMAT (// 3XsI344X,y3014)

FORMATILoXy 2F13.64915)

FORMATL20 Xy 2SGRTEN DATA WITH SkztD(KTS) AND DIRZCTION?
S2CALSULATED 25/ /74Xy 2T e 23 OXy FYRFZ2X, M0, 2%, 2LAT CUT?,
S2Xy #L0H OUT 2y SXy 2LAT I 292Xy 2L 00 INZy4X,20IST#,2X,
SEUAYIUT 2,4X, ESFEC 2, 2>, 2DIRKICT#,3X, 2U=COMF¥,3X, 2V=-CCMPZ)

FORMAT (L1, /20X, 202I50NAL 5PcED DISTRIBUTION?)

FORMAT (LML, /2. Xy 20~xTIS5INAL DIRECTION DISTRIJUTIONZ)

C--111 FORMAT(i41,/2.Xy 2SFIEG JISTRIABUTIUN AFTER VERTICAL 2

C--

R 2INTERPOLATIONS)

C-=-112 FURMAT (1H19/2UX, 2)ER=CTLION DISTRIBUTION AFTER veERT2

C--
113

114

11»

116
117
113
119
124
121
122
123
124
125

H2ICAL [HTIRPULATIONZ

FORMAT(LYiy /Xy #M_A SPEEZS FROM VERT. ANDC HORIZ. 2
7EINTIRPILATIONZT)

FORMAT(LL, /2 Xy2Me AN JIRCCTIUN FROM VERT, AND 2
GrHORT Ze IMNToxFOLATIONT)

FORMAT(1HL,y /2. Xy 2NC, (F TRAZKS PASSING ZACH GR1ID 2
7TtPCINTZ)

FOMAT(LALly /2.Xy2U=COMP UF ORIGIONAL FLOW FIELOZ)
FORMAT(/4Xy 54 / 1,1X415153)

FOmt A T4, I 230Xy 15F8.,7)

FORMAT(LAL, /2. .X,2y=C0MP UF ORIGIUNAL FLOW FIELD®)
FORMAT(LHLy /20X,y #1J=00MP OF VeRT. INTCRPO. FLOW FIELDZ)
FORMATIL AL,y /2.Xy7Yy=00"P OF VERT, INTIRFI, FLOW FIELD?)
FOIMAT(LHL, /2 Xy 2U=-00MP CF HUORIZe INTERPU. FLOW FIELD?)
FORMAT(LHL, /2.Xy2V=CUMP CF #UKIZ INTZRPU FLOW FIECLDZ2)
FORMAT (UL, /20X, 2U-C0M2 UF VERT HORIZ INTLRPD FLOW FISLD2)
FARMAT (L1, /2 Xy 2V=C0O*P UF VERT HORIZ INTERPD 2
2#FLUL FIILY2)

STOP
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14
15
16
17
i8
13
20
24

23
21

APPENDI X Ira

FUNCTION FDIR(U,V)
DO=AB3(U/ V)
DIR=ATAN(OD)
DIR=DIR*57,29578
IF(V)14,15,16
IF(UY17,17,18
IF(U) 23,204,284
IF(U)19,21,21
DIR=18U.L+DIR
GO T0 21
DIR=130.C~DIR
GO TO 21
CIR=3cl.0~0DIK
GO T021
DIR=G.0
GO TO 21
NDIR=03C.C
G0 TO 21
DIR=27d4

FDIR=DIR

RTTURM

END

APPENDIX Ib

FUNCTINV FYFOXLAT)
ALAT=XYLAT*J 30029033
A=3437.74077

EP=U, (R227155
3=¢,20058%

S=SIN(ALAT)
OM=3%,16159/ 4L+ ALAT/2,]
IFgN=eprzp
ESSQ=EPII*IESA

TL=ALOGLL(T)

FME=A*R*TL- A% (EPSO*S+E550%5*5*%S/3.T)

KETLUR N
MO

58
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APPENDIX II

PROGRAM TO SMOOTH U(I, J), V(I,J) FIELDS - SMOOTH

Notes on Program SMOOQOTH

This program reads in the two-dimensionally interpolated

59

U(L J), V(L J) f{fields that were punched on cards by statement 66 of

the main program. Internal fields are smoothed MAXPAS times by

the operation

<, 5T = (ke DR+, DN x-1, S+ xn 7+ DK

+x(L 7-1)%)/4) /2

where X(I, J) corresponds to either U(I, J) or V(L J) and
k=0,1,2,- -, MAXPAS. This operation is performed by first

computing the change due to smoothing

R(L,J) = (-X(L J) +(X(I+1,J) + X(I-1,J) + X(I, J+1)

+ X(I, J-1))/4)/2

where all the X correspond to the same k. Then the X at k+1l

are computed by

X(L, J) = X(L, J) + R(L J)

At boundaries special forms of the operator are employed. At

k = MAXPAS the fields are punched on cards in DO LOOQOP 8.




o
(]

PROGRAM SMOOTH 1
C=-APPLIES 5=-920INTS SHMOOTHER MAXPASS TIMES TO UV FIELOS 2
C==I=1IMAX AND J=1,JMAX.FILES SMOOTH FIELDS 3
C-- 4

COMMON J(3],60),V(30,63),RU(30,60),RVI(30,60),N(30,60) S

IPASS =2 [

IMAX=30 7

JMAX=60 8

IM1=IMAX-1 9

JM1=JMAX=1 id

MAXPAS= R 11
C-- 12
C==-READ IN Uyv FIELDS 13

D0 1 I=1,IMAX i4

00 1 J=1,JM4aX 5
1 READ(2y L3I ULT Yy VT ) yiN{Iyd) 16
Cc-- 17
C==NcW ULI,J)=0LD U(I,J)+RULI,JIINEW V(I,J)=CLD VI, J)+RVI(I,J) 18
C==RU(I,J) ANJ kv (I, J) 8% Thi DIFSERcNCES 3ETWEEN OLD AND NEW 13
C=-FIND DIFERINCIS ON UPPER AND LUWER BONDARIES. 23
13 00 2 I=2,IML 21

RUCI 1) =(=U(I,1)+(ULI+1,1)¢U(I=-1,1))/2.)/2,
2V 1) = (=Vv (I3 1) +(VII¢1l,1)+VI-1,1))/2.)/C,
RUCT,y JUAX)I = (=ULTy JMAX) + {U(TI+1,JMAX)+U(I=1,JMAX))/24) /2,
VLT, JMaX)= (=V Ty JMAX)+ (VLI+1, JMAX) ¢V (I=1, JMEX)) /2.0 /2.
2 CONTINUZ
C==
C==FIND JIFFIRZNCES ON LATORAL 30NDARIES.
N0 3 J=2,JM1
RUGLy J) =(=U(ly )+ (UL, J¢1) #U(L,J=1))/2.)/2C.
RVILy D) =(=Vv (1, N+ (VIL,Je) ¢V (1,J=1))/Re) /0
SUCTIMAX y )= (=UCIMAXy )+ (LT 1AX,,J+1)+U (IMAX,J=1))/2.)/C.
RVIIMAX,yJ)= (=V(IMAXy )+ (VIIMAX, J+1) ¢V {IMAX,J=1))/2.)/2,

T O R S e v A Y I S N AT R {N
WO O N O LN

C-- 4
Ce=FIi NIFFoRINCIS NOT ON BCNCARIES. 35
30 4 I=2,IM1 I
RUCTy )= (=U(Ty)+(ULI+1, ) +U(I-1,0)¢ULI,J+1)+U(I,J-1))/4ba)/ 20 7
RVAI ) ==V (I, )+ (V141 ,J)#VI(I=1,0) ¢V (I,J¢)+V(I,J=1))/4k4)/2, 28
4 CONTINLE 29
2 CONTLIMNUZ Wl
C=-=- -1
Co=FIND NIFFLR.NTIS FOR COXMIRS 42
RUCL, 1) = (= (1, 1)+ (U(2,1)+U(1,2))/2.)/2. 43
RV Ly 1) =(=V (L, 1)+ (V(2,51) 47 (1,2))/24)/2, b
RUCIMAX y1)= (=U{IMAX, 1)+ (UIIYL,24)+U(IMAX,2))/24) /2, 4
PYALIMEX 3 1= =V (IMAX, 1)+ (V(IM1, L)+ vV (IMAX,2))/20) /2 4b
RU(Ly MAX) = {(=U (1, JMAX)+ (U(L1,JM1)+U(2,JMAX)) /2.) /2, u7
RV (1 JMAX)= (=W (1 JMAX) + (VL JML) +V (2, JMAX)) 724) /20 Wi
RUCTAEX, JMAX) = (=U (IHMaXy JMAX) + (U(IMAX, JM1) +U(IML, JMAX) )/ Cs)/ 20 449
RY (TMAX  JrdX) = (=V (IMAXy JMAX) + (VOIMAX, JM1) ¢V (IML, JMAX) )/ 2.}/ 2, 53
c-- 51
C==0eNOTE JdeW U(I,J) 4N VI, hn BY SAME ARRAY ANS FILZ. e
D0 5 I=1,IMAX 52
20 5 J=1,J9AX 56
Iy )=J(I, JY+RU(I,J) 25
VT, V=401, D) +2v(I,J) 56
5 COMHTINUZ 57
C==SM00TH AGATIN UNTIL IPAS3=MAXPALGS PRINT SMOOTHID FILLD PL]
C-=EVERY THro.l PASSES. 53
IPASS=I2455+1 ok
IF(I®ASS.:0.7) GO T 7 vl
IF(MAXYPASGTLIRPASS) HU TO Ly ne
REWING 2 63
7 J0 3 I=LlyiMAX x4
008 J= 1, J1ax b5
WRITZ (L1102 )UCL9d) g VIIyJ)yNIIy N %
8 CONTINUE 57
101 FORMAT(2X,2FLlueb,17%,15) )
102 SORMATI(2X,2F17 46,15) b3
oTo° 7o

N0 TL
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APPENDIX III

PROGRAM TO COMPUTE VORTICITY, DIVERGENCE,
AVERAGES AND STANDARD DEVIATIONS -
DIVORSD

Notes on Program DIVORSD

\

This program reads in smoothed U(L J) and V(I J} f{fields
output by program SMOOTH. The divergence and vorticity fields
(DIV(L, J) and VOR(L J)) are calculated for the interior grid (29 X59).
It should be noted that speeds are in knots and grid separations in
nautical miles so that divergence and vorticity are in inverse hours.
Zonal and meridional averages and standard deviations are computed

for the fields U(IL, J), V(I J).DIV(L, J), and VOR(IL J).



62

PRYGLAM NIVORSD 1
COMAUN J(3J ,6.) 4V (3d,63),014(3,60),V0R(3C,60),SX(60), 2
L1SX2(R5) P XAVE(E0) ,STDI6G) yUPFERTBG) yFLOKER(BE) , 3
2XVAR(E) 4
C-=THIS ©RJGAM IS To CUMPUTE M=RID MEANS ANO STU DEV 5
C--FOR SMO0THI) UV FIELOS b
G-= 7
C-- 8
C-= RIAD IN S4UGTHou UV FIELDS 9
01 I=2,:9 10

00 1 J=2,53 1
REAI(Ly 110U, ) 5V LIed) 12
IIVII+JI=VAR(Iyd) =00l 13

SXAIN =S X2 (D) =XVAR(I)=XAVC(I)=0,3 14
STU(TI=JPPLA(I)=FLOWER(I= 4y 15
1 CONTINZ 15
G-~ 17
C-=COMPUTE ME2L0 “-NS AMD STO DEV FUR VORTICITY FIELD 18
NRITZ (5y2uh) 19

0 I=2,29 20

0 & J=2,59 _ o1
VORI, )= (VII41,J) =V (1=1,U00 /7 u7+(UCT,J421)=U(T,J=1)) /10 a2
XVOR=AVOx+VC~ (14 J) 2z
SX(I)=SX(I) #+VUS(I,J) 2u
SX2(I)=3Xe (1) +VCR (I, J)*VQR(L,J) 25

2 CONTINYZ 26
39 % 12,29 27
XLVE(T) =Sx(1) /58, 25
XVARCI)Z(53 ,*SX2 (1) =SX(I}#5X (1)) /(53.%(55,=14)) o9
STOC(I)=39RT (XVA- (1)) I

UPPER (I =XAVI (1) +#STU() 31
FLOWZR(I)=XAVE (1) =STI (D) I
WRITE(S5,203) I, XAVE(T) ySTO(I) , XVAR(I) y UFPER (1), 32
2FLOWIRID) 30

4 CUNTIMNYZ 35
c-- 2¢
C==COMPUTE ZONAL MIAN3 AND STD OV FOR VORTICITY FIELD 37
20 5 1=2,29 7s
SXAT)=28X2 (1) =X VA~ (I =XAVE(I)=Cau 39
STS(I)=UPPE S () =FLOWIR(I)=540 "

5 COMTINUZ 41
WP L1TE(S,110) oy

20 A 122,29 43
N R J=2,5% v

SX(J) =SK(U) #VA (I, J) 45
SY2UUIEIX20 ) 4V (I, J)*VO<(I,yd) s

6 COMTINI w?
n 7 J=2,50 _ 43
xAvo (4} =3X(JY /23, 4o
XVAR(JY = (23, 55X (J)=3X(J)2SX(I)1/(23.%(28.~1,0)) 52
ST3(I)=39RT (XVAR (J)) 51
UPRL N =XAVL (1) +3TI(D) 52
FLOWER( J) =X 8V (D) =STI(J) 53

WRITZ (5,130 1,%XAVE () ,3T0(J) ,XVAR(J) ,UPPER (), Sh
IELOWAR( ) 55

7 CUNTINIZ St
C-- <
C-=COMPUTSZ MeRI0 4IANS akd STU JZv Fux OIVERGENCS FIZe) )
DO B Jz2,33 59
SN(U)=SK2 () =XVarR (1) =XAVa(J)=4.3 5
STICJ)=JPPLR(I) =FLOAIR(J) 20wl 51

8 CUNTINS ae




WRITE (5,107}
00 9 I=2,29
0 § J=2,59
DIVII,J)=(U(I+2,J)=UCI1=14J))/7.07=(V(I,J¢1)=V(I,J=17)/10.,
XDIV=XDIV+DIV(I,J)
SX(I)=SX{I) +dIV(I,d)
SX2(I)=SX2( 1) +DIV(I,4)*DIV(I,J)
9 CONTIMUE -
DD 1) I1=2,29
XAVEZ (1) =SX(1) /58,
XVAR(I)=(58,*SX2(1)=SX(I)*SX(I))/(58.,%(58.,-1.0))
STO(T)=30RT (XVAR(I))
UPPER (1) =XAVE (I) +STO(I)
FLOWER (1) =XAVE(I) =STO (L)
WRITE(S,103) 1, XAVE (L) 3STR(I), XVAR(I),UPPEF(I),
4FLOWSR(I)
19 CONTINUZ
C--
C--COMPUTE ZONAL MEANS AND STO 9£v FOR DIVERGENCE FIELDS
D0 11 I=2,29
SX(I)=SX2 (1) =XVAR(I) =XAVE(T) =y,
STO(I)=UPPER(T) =FLONCH{I) =040

11 CONTINJ:
RITZ(5,111)

SX2(J)=3X20 0y +IIv (T, J))*DIVI(I,J)
12 CONTINUZ
00 i35 J=2,59
XAVE(J) =3X(J)/23,
AVERUJ) = (28, *SX2(J)=SXUJI*SX{J))/(28.%(28.~1.))
STI ()= 50RT (AVAR(J))
UPPZIR(J)=XAVa () +STD(J)
FLOWe RO D =Xxave (J)=STD ()
WRITZ(5,iuZ) I XAVELI) ,STN(J) ,XVAR(J),
SUPPER(J) ,FLUWER(J)
13 CONTINUZ
C--
C==CO"PUTEL GRANO MZANS
XVOR=XVIR/Libl4.
XO0IV=XxDIv/1H24,
WRITZ(55109)XVOR,XDIV
131 FORMAT(2X,2F1u.b)
103 FORMAT(L3X, I2,5714.8)
166 FORMAT(///20Ky#4ER1ID MIANS AND STD OEvV FOKk VORTICITY#)
107 FURMAT(///2.iXy #MERTD MIANS ANO 57D Owv FOKk DIVERGENCE?®)
109 FORMAT(2F15.5)
1190 FORMAT(///2.%y2ZUNAL MIANS ANO 3TO DZV FOR VORTIGCITYZ®)
111 FORMAT(///2 Xy 2ZINAL MZIANS AND 3T0 JCV FOF DIVEGINGE #)
570P

END
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