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ABSTRACT

A method employing two-dimensional spline fits of spatially and temporally random hydro-

graphic data is developed in order to be able to determine seasonally averaged geostrophic cur-

rents. The method is used in an analysis of the currents in the Southern California Bight.
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THE DETERMINATION OF AVERAGE GEOSTROPHIC CURRENT VELOCITIES FROM

TEMPORALLY AND SPATIALLY RANDOM HYDROGRAPHIC DATA WITH AN APPLICATION
TO THE SOUTHERN CALIFORNIA BIGHT

INTRODUCTION

Dynamic depth anomaly data from oceanographic stations are available as a standard product

from the National Oceanographic Data Center (NODC). NODC calculates these data from tem-

perature and salinity with depth data which it obtains from various sources. It is highly desirous

to analyze these data in a manner such as to obtain seasonally averaged dynamic depth anomaly

fields, from which can be determined seasonally averaged geostrophic current velocity fields. The

location of the data is, however, generally temporally and spatially random, complicating the

averaging procedure, and thus requiring the utilization of special methods.

THE METHOD

The most direct method to analyze the data is to group together all the dynamic depth anomaly

data for a particular season and then fit this data by the method of least squares with a two

dimensional polynomial of the form:

M N

dD = T 2 Amn em n (1)
m~o n~o

where

dD = dynamic depth anomaly at depth D

Amn = regression coefficients

0 = latitude

= longitude

M,N = order of the polynomials

The virtue of this method is that it treats each data point for exactly what it is, an independent

measure of the dynamic depth field, and at the same time yields an analytic expression for the
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dynamic depth anomaly field. The latitude and longitude are used as the independent variables

because this is the most convenient form in which to obtain the data from NODC and thus no

coordinate transformations are ,ecessary. The north-south and east-west geostrophic velocities

can now be obtained by differentiating o .y ation (1):

U0 = 10 adD (2)
f R sin 0 (2

10 adD
f R 80

where

U0  = north-south velocity

VO = east-west velocity

f = Coriolis Parameter

R = Radius of the earth

The dynamic depth anomaly field frequently, however, displays so much structure that to

replicate it accurately with a single function of the form given in equation (1) would require a

polynomial of prohibitively high order. This difficulty can be overcome through the use of two-

dimensional spline fits of the data. In this case the area of interest is divided into rectangles

and the data in each rectangle is still fit by the method of least squares with a polynomial of the

form expressed in equation (1), but with the constraints that the different polynomials and their

first and, if necessary, higher derivative match on the boundaries of the rectangles. The order of

the polynomial is selected to yield whatever goodness of fit is desired. The advantage of spline

fitting is that the data which was previously fitted by one polynomial is now fitted by several

polynomials, allowing much more structure to be represented. Equations (2) can still be used to

evaluate the components of geostrophic velocity.
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Tile PROGRAM

To put this method into use a spline fit program called SPLPAK which emldoys third order

polynomials was obtained form the National Center for Atmospheric Research (NCAR) Software

Support Library. The SPPAK program has several options, the most important of which is

the number of rectangles into which the area to be fitted is to be divided. Since it was assumed

that, even with spline fits, the area to be analvzed would be too large to be fitted by a single

spline fit, it was specified for the program to have simply nine rectangles, as shown in Figure 1,

with the size of the rectangles being left as a variable to be determined by the needs of the parti-

cular area under study. The idea behind using nine rectangles was that the best fit to the data

should occur in the center rectangle where the effects of the outer boundary are least significant.

The total area of interest would then be analyzed by chosing an appropriate size for the nine

rectangles according to the amount of structure present and then moving the center rectangle

around the total area of interest with some continuity being supplied from one position of the

center rectangle to an adjacent position by means of the overlapping effect of the eight sur-

rounding rectangles. This approach would allow different size areas to be analyzed with equal

accuracy and also allow for the development of a generalized program applicable to any area.

A filler explanation of SPLPAK and its other options can be found in Adams et al. (1975).

In order to utilize SPLPAK a program called XTRACT was written to read a standard NODC

data tape and write on disk the appropriate input data required by SPLPAK. A program called

l)YFIT was then written which would read the data from the desk. call SPLPAK as a subroutine

and evaluate the components of the geostrophic velocity at any specified location. Besides the

size of the rectangles, the relative depth to which the currents are to be referenced and the time

period over which the currents arc to be averaged are variables which must be specified in IYFIT.

3
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A listing and fuller explanation of the programs XTRACT and IDYFIT can be found in k 1)pendices

A and B.

TilE SOUTHERN CALIFORNIA BIGtT

A region from 320 N to 353 N and from 117'V to 1220W off the coast of Southern California

was chosen as the area to test the applicability of the above described method. There were several

reasons for choosing this particular area:

o There have been many hydrographic surveys in the area, so there should be a sufficient
amount of data:

o Qualitatively the currents are well understood showing a definite seasonal dependence:

o The water is deep so that the geostrophic currents should be meaningful.

A standard hydrographic data tape for the above area was obtained from NODC. After initial

preparation of the data with the XTRACT program the DYFIT program was run with rectangles-

equal to 10 of latitude by 1 of longitude. Also as most of the hydrographic data extended only to

500 meters, 500 meters was chosen as the reference level, thus enabling the utilization of most

of the data. While 500 meters may appear to be somewhat shallow for a reference level, cross-

checking wherever possible showed no significant differences in surface velocities when 1000

meters was used as a reference level. The spline fit was evaluated at the center of rectangles 1/40 x

1/40, 1/20 x 1/20 and 10 x 10 on their sides. As it turned out the current structure was such that

there were no areas that requirel rectangles smaller than 1/20 x 1/20 in order to be able to cha-

racterize the currents. The data was of sufficient volume to be grouped by months for analysis.

The results of the analysis are depicted in the twelve chartlets in Figures 2-13 with the current

directions given in degrees true and the speed in knots. The currents are evaluated at the center

of the rectangle. The analysis indicates that the average geostrophic velocities in the Southern

California Bight are relatively small, Aith maximum speeds of only approximately 0.2 knot.
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Unfortunately an in-depth critical quantitative comparison of observed and predicted currents is

not possible due to a lack of detailed current measurements in the area. Tie calculated geos-

trophic velocities do, however, conform with the accepted general circulation scheme for the area

as presented for example in Pirie and Stellar (1977). This scheme presents the Southern California

Bight as being dominated by a cyclonic gyre, with tile southeastwardlv flowing California Current

to its west, the northwestwardly flowing Davidson Current to its east. The speeds in the gyre are

known to be seasonally dependent. On the west the current speeds increase during the spring and

early summer as the California Current tends to move eastward during this period. The Davidson

Current is an undercurrent during this time period with little surface manifestation. During the

fall and winter the Davidson Current surfaces and the California moves westward with a subse-

quient increase in the current speed on the eastern side of the gfre and a decrease of those on the

west. While it is realized that rigorous comparisons are not possible -ithout precise measurements,

the above described scheme is well supported qualitatively in the twelve chartlets in Figures 2-13.

CONCLUSIONS

A method has been developed which uses two-dimensional least-squares spline fits of spatially

and temporally random dynamic depth anomaly data to determine average geostrophic currents.

The method has successfully been applied to quantify the currents in the Southern California

Bight. It can be assumed that it is possible to apply this method to other areas and thus begin to

utilize the vast amounts of data in the NODC inventory.
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APPENDIX A

I. Program Name: XTRACT

Il. System Name: DYFIT

Ill. Purpoe: XTRACT is the first step in a system of programs that build a data file for
the DYFIT program. XTRACT reads NOAA STD Data tape and extracts records with valid
dynamic depth anomaly data. All other records are skipped. The data is processed (see section
VII) and written out onto a disk file for subsequent processing by the IBM SORT routine.

I V. Histor: XTRACT %as orignally' written in FORTRAN by Diavid A. Portvrata in October

1978. It was rewritten in COBOL in July 1979. The change to COBOL allowed the use of built-
in functions to handle the overpunched sign on the latitude and longitude fields, and facilitated
use of packed decimal output.

V. Machine: IBM 360/65

VI. Language: IBM COBOL VERSION 4

VII. Description of Processing:

a. Scanning for Valid Records

Many different types of data records are contained on a STD tape. Only record
type 6 contains a dynamic depth anomaly field. .U other records are skipped. The following
conditions are necessary for a record to be processed:

(1) A '6' in the 80th byte (the record ty pe field).
(2) Valid numeric data in bytes 60-63 (the dynamic depth anomaly field).
(3) Valid numeric data in bytes 7-8 (the minutes of latituide field).
(4) Valid numeric data in bytes 13-14 (the minutes of longitude field).

b. Converting Latitude and Longitude Records

Latitude and longitude records are converted from degrees/minutes/tenths
of minutes to decimal degrees. The latitudes are subtracted from 90 so that they range from
0 to 180 instead of -90 to 90. 180 is added to the longitudes so that they range from 0 to 360
instead of -180 to 180. The above operations are performed so that the output from XTRACT
need not contain signed numeric fields.

c. Computing the Julian Day

The Julian date is calculated using a formula published in the Texas Instru-
ments Master Library for TI 58/59. The factor for the cast day is calculated. and the factor for
January Ist of the year the cast was taken is subtracted from it, giving the Julian date. The
formula is: Al
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For January and February:

FACTOR = 365 (YYYY) + DD + 31 (MM- 1) + 1NT(YYYY - 1)/4)
- INT(3/4[INT] ((YYYY - 1)/100) + 1])

For March through December:

FACTOR = 365 (YYYY) + DD + 31(MM - 1)- INT(4MM + 23)
+ INT (YYYY/4) - INT(3/4[INT (YYYY/100) + 1])

In these formulas INT indicates using only the integer portion of the expression.

The number of days between two dates is found by calculating the FACTOR for each
date, then finding the difference between the FACTORS.

VIII. File Description:

a. Input File

Input to XTRACT is a NOAA tape of STD data. Specific information as to

tape characteristics will be on the tape itself. The following characteristics are assumed:

TRACKS 9
DENSITY 1600 Bits/Inch

LOGICAL RECORD LENGTH 80 Bytes
BLOCKSIZE 3200 Bytes
RECORD FORMAT FB
UNLABELED

b. Output File

Output from XTRACT is a disk file in packed decimal form. It is to read
into the IBM SORT utility. The following characteristics are used:

LOGICAL RECORD LENGTH 18 Bytes
BLOCKSIZE 6372 Bytes

c. Structures Used

The structures used for input and output of data in the EXTRACT program
are shown in Tables Al and A2.
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TABLE AI

STD DATA FILE STRUCTURE (XTRIN)
(Logical Record Length = 80 Bytes)

POSITION DESCRIPTION

01-04 Filler

05-09 Latitude - positions 5 and 6 degrees, positions 7 and 8
minutes, position 9 tenths of minutes, eleven overpunch
in position 8 for south latitude.

10-15 Longitude - positions 10-12 degrees, positions 13 and 14
minutes, position 15 tenths of minutes, eleven overpunch in
position 14 for east longitude

16-18 Filler

19-24 Date - positions 19 and 20 years, positions 21 and 22 month
and positions 23 and 24 day.

25-27 Filler

28-31 Standard Depth

32-59 Filler

60-63 Dynamic depth anomaly

64-79 Filler

80 Record type (6)

A3
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TABLE A2

STANDARD DEPTH FILE STRUCTURE (XTROUT)
(Logical Record Length = 18 Bytes)

POSITION DESCRIPTION

01-03 Standard depth

04&05 Julian day

05&07 Year

08-11 Latitude-decimal degrees

12-15 Longitude-decimal degrees

16-18 Dynamic depth anomaly

A4
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IDENTIFICATION DIVISION.
PROGRAM-ID. XTRACT.
AUTHOR. BOB STARK. CO-OP. WEST VIRGINIA INSTITUTE OF TECHNOLOGY.
INSTALLATION. US COAST GUARD OCEANOGRAPHIC UNIT. ATD/DPB.
DATE-wRITTEN. JUL 2. 1930.
DATE-COMPILED.
REMARKS.

THIS PROGRAM SCANS NODC STD TAPE RECORDS FOR STANDARD
DEPTH DYNAMIC DEPTH DATA. WHEN A STANDARD DEPTH IS FOUNn.
THE JULIAN DAY FOR THAT RFCORO IS CALCULATED. THEN THE
STANDAPD DEPTH. JULIAN DAY% YEAR. LATITUDE, LONGITUDE. AND

DYNAMIC DEPTH ARE WRITTEN OUT ONTO A FILE IN PACKED DECIMAL
FORMAT. THIS DATA WILL, AFTER SUBSEQUENT PROCESSING BY CREATE
AND DUPFIX. BECOVE INPUT TO THE DYFIT PROGRAM.

THIS DROnRAM IS A REWRITE OF THE ORIGINAL FORTRAN XTRACT
PROGRAMq WRITTEN OCT 2,1979 BY DAVID POPTYRATA. IT WAS
REWRITTEN IN COBOL TO SIMPLIFY THE HANDLING OF THE OVERPUNCH
MINUS SIGN IN THE LATITUDE AND LONGITUDE FIELDS.

* NOTE *...THE JULIAN DAY IS CALCULATED USING AN ALGORITHM

FROM .'T.I. PPOGPAMMABLE SP/59 MASTEQ LIBRARY". PAGE 76.

ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE-COMPUTER. IBM-360.
OBJECT-COMPUTER. IRM-30.
INPUT-OUTPUT SECTION.
FILE-CONTROL.

SELECT STD-DATA-FILE ASSIGN TO UT-S-XTRIN.
SELECT STtNDARO-DEPTH-FILE ASSIGN TO UT-S-XTROUT.

DATA DIVISION.
FILE SECTION.
FD STD-DATA-FILE LABEL RECORDS OMITTED

RECORD CONTAINS AO CHARACTERS

BLOCK CONTAINS 0 RECORDS.
01 STD-DATA-REC.

03 FILLER PIC X(1).
03 LATITUDE.

05 LAT-DEGREES PIC 9(2).
05 LAT-MINUTES PIC S9(2).
05 LAT-IOTH-MIN PIC 9.

03 LONGITUDE.
05 LON-DEGREES PIC 9(3).
05 LON-MINUTES PIC S9(2),
05 LON-IOTH-MIN PIC 9.

03 FILLER PIC X(3).
03 DATE-DATA.

05 DATE-YEAR PIC 9(2).
05 DATE-MONTH PIC 9(?).
05 DATE-DAY PIC 9(2),

03 FILLER PIC X(3).
03 STANDARD-DEPTH PIC 9(4).
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03 FILLER PIC X(?$)o
03 DYNAMIC-DEPTH PIC S9V999.

03 FILLER PIC X(16).
03 STANDARD-DEPTH-FLAG PlC 9,

FD STANDARD-DEPTH-FILE LAREL RECORDS STANDARD

RECORD CONTAINS I CHARACTERS
BLOCK CONTAINS 354 RECORDS*

01 STANDAPD-DEPTN-REC USAGE COMP-3.
03 ST-STANDARD-DEPTH PIC 9(5).
03 ST-JULIAN-DAY PIC 9(3).
03 ST-YEAR PIC 9(2).
03 ST-LATITUDE PIC 999V999.
03 ST-LONGITUDE PIC 999V9991
03 ST-DYNAMIC-DEPTH PIC S99V999,

WORKING-STORAGE SECTION.
77 EOF-FLAG PlC 9 USAGE COMP SYNC.
77 MINUTES PIC 99 USAGE COmP SYNC.
77 REC-COUNT PIC 9(R) VALUE 0 USAGE COMP SYNC.
77 READ-COUNT PIC 9(A) VALUE 0 USAGE COMP SYNC.
77 WS-YEAR PIC 9(R) USAGE COP SYNC.
77 WS-LATITUDE PIC S999V999.
77 WS-LONGITUDE PIC S999V999,
77 REAL-I USAGE COMP-1 SYNC.
77 REAL-2 USAGE COkP-1 SYNC.
77 REAL-3 USAGE COMP-1 SYNC.
77 INTEGER-I PIC 9(8) USAGE COMP SYNC.
7T INTEGER-2 PIC 9(R) USAGE COMP SYNC.
77 INTEGER-3 PIC 9(8) USAGE COMP SYNC.
77 JAN-I-FACTOR PIC S9(P) USAGE COMP SYNC.
77 FACTOR PIC S9(8) USAGE COMP SYNC.

PROCEDURE DIVISION,
* THIS MODULE IS THE SUPERVISOR. HOUSEKEEPING IS DONE HERE.

OPEN INPUT STD-DATA-FILE
OUTPUT STANDARD-DEPTH-FILE,

PERFORM READ-PEC
PERFORM MAIN-PROCESS THRU MAIN-PROCESS-EXIT

UNTIL EOF-FLAG = 1.
DISPLAY #END OF PROCESSING BY XTRACT g9 READ-COUNT,

I RECORDS READ ', REC-COUNT, o RECORDS WRITTEN.'.

CLOSE STD-DATA-FILE
STANDA9D-DEPTH-FILE,

STOP RUN.

MAIN-PROCESS.
* THIS MODULE MAKES SURE THE DATA IS A STANDARD DEPTH,
* AND CONVERTS THE LATITUDE AND LONGITUDE TO THE PROPER FORM.

ADD I TO READ-COUNT.

EDIT-CHECK-THE-DATA,
IF LAT-OEGREFS IS NOT NUMERIC

.. 4 . ... ,ah~il~all= . . ..



OR LON-DEGREES IS NOT NUMERIC

OR DATE-DATA IS NOT NUAEPIC
O STANDAPD-DEPTH IS NOT NUMERIC
OP STANDAOD-DEPTH-FLAG IS NOT NUMERIC

THEN PFRFOPM READ-PEC
GO TO MAIN-PROCESS-EXIT.

CHECK FOR A STANDARD DEPTH, IF NOT. READ NEXT REC. AND EXIT.
IF STAA40ARD-DEPTH-FLAG NOT = 6

OR DYNAMIC-DFPTH IS NOT NUMFRIC
THEN PFPFORm PEAD-REC

GO TO MAIN-PROCESS-EXIT.

CONVERT DEGReFS-MINUTES-TENTH-MINUTES OF LATITUDE TO DECIMAL
DEGREES. (NOTE...MINUTES IS AN UNSIGNED FIELD,)

IF LAT-MINUTES IS NOT NUMERIC
THEN PERFOR REaD-REC

GO TO MAIN-PROCESS-EXIT
ELSE MOVE LAT-MINUTFS TO MINUTES.
CONVERT HLANKS TO ZERO.

IF LAT-10TH-MIN IS NOT NUMERIC
TeEN MOVE 0 TO LAT-10TH-MIN.
COMPUTE WS-LATITUDE LAT-DEGREES + (MINUTES / 60)

(LAT-10TH-MIN / 600).

IF LAT-MINUTFS IS NEGATIVE
THEN MULTIPLY WS-LATITUDE BY -1 GIVING WS-LATITUDE,
90 IS ADDED TO ALL LATITUDES SO THEY WILL BE POSITIVF

* AND RANGE FROM 0 TO 1i0.

ADD 90. WS-LATITUDE GIVING ST-LATITUnE.

CONVERT DEGREES-MINUTES-TENTHS OF LONGITUDE TO DECIMAL DEGREE

IF LON-MTNUTrS IS NOT NUMERIC
THEN PFwFORfA READ-REC

GO TO mAIN-PROCESS-EXIT
ELSE MOVE LON-MINUTES TO MINUTES.
CONVERT RLANKS TO 7ERO.

IF LON-10TH-MIN IS NOT NUMERIC
THEN MOVE 0 TO LON-]0TH-MIN.
COMPUTE WS-LnNGITUDF LON-DEGREES * (MINUTES / 60)

+ (LON-10TH-MIN / 600).
IF LON-MINUTFS IS NOT NEGATIVE
THEN MULTIPLY WS-LOfjGITUOE RY -I GIVING WS-LONGITUDE.

* I10 IS ADDED TO ALL LONGITUDES 50 THAT THEY WILL
* BE POSITIVE AND PANGE FRO4 0 TO 360.

ADD 110, WS-1_ONGITUDE GIVING ST-LONGITUDE.

COMPUTE-JULIAN-DAY.
*FIPST WE FIND THE JULIAN DATE FACTOR FOR JANUARY 1ST OF

* THE YEAR THE CAST 4AS TAKEN,
ADD 19Vn0 DATE-YEAR GIVING ;S-YEAR.
COMPUTE INTE'ER-1 = (WS-YEAR - 1) / 4.

COMPUTF INTEGER-2 = ((WS-YEAR - 1) / 100) + I
COMPUTE REAL-2 = INTEGER-2 * 0.75.
MUVF REAL-2 TO INTErER-2.
COMPUTE JAN-I-FACTOD = (365 * WS-YEAR) * INTEGER-I 1 1 -

----------_



INTEGER-?,

*NOw wE FIND THE JULIAN DATE FACTOR FOR THE DAY THE CAST
* WAS TAKEN,

IF DATE-MONTH < 3
THEN PFQFORM JAN-FER-FACTOR
ELSE PEkFORt MAR-DEC-FACTOR.

NOW WE FIND THE DIFFERENCE IN THE FACTORS* THE JULIAN DAY
COMiPUTF ST-JULIAN-DAY = FACTOR - JAN-i-FACTOR + I.

MOVE THE HEST OF THE FIELnS TO THE OUTPUT bUFFER.
MOVE DATE-YEAR TO ST-YEAR.
MOVE STANDARD-DEPTH TO ST-STANDARD-DEPTH.
MOVE DYNAMIC-DEPTH TO ST-DYNAMIC-DEPTH.

wRITE OUT THE RECORD & READ IN DATA FOR THE NEXT LOOP.
WRITE STANDARD-DEPTH-REC.
ADD I TO REC-COijNT.
PERFORM READ-REC.

MAIN-PROCESS-EXIT.

EXIT,

JAN-FER-FACTOR.
* THIS MODULE COMPUTES JULIAN DATE FACTORS FOR JANUARY AND
* FEBRUARY. ALGORITHM FROM TEXAS INSTRUMENTS MASTER LIBRARY.
* NOTE...INTFGER-j & 2 WERE ALREADY CALCULATED WHEN
* JAN-l-FACTOP WAS CALCULATED.

CoMPOTE FACTOR = (365 4 WS-YEAR) + (31 * (DATE-MONTH - 1)
- ) + DATE-OAY # INTEGEP-1 - INTEGER-2.

MAR-DEC-FACT OR
*THIS MODULE COMPUTES JULIAN DATE FACTORS FOR MARCH THRU
* DECEMBER. ALGORITHM FROM TEXAS INSTRUMENTS MASTER LIBRARY.

COMPUTE REAL-I = (0.4 * DATE-MONTH) * 2.3.
MOVE RFAL-I TO INTEGER-I,
CoM0 UTE INTEGER-? = WS-YEAR / 4.
COMPUTE INTEGER-3 = (wS-YEAR / 100) + 1.
COMPUTE REAL-3 = INTEGER-1 - 0.75.
MOVE REAL-3 TO INTEGER-3.
COMPUTE FACTOR = (345 * WS-YEAR) * (31 * (DATE-MONTH - 1)

- ) + DATE-DAY - INTEGER-I + INTEGER-2 - INTEGER-3.

PEAD-PEC,
* THIS MOUULE WEADS RECORDS FROM THE STD DATA TAPE.

READ STD-DATA-FILE AT END MOVE I TO EOF-FLAG.



APPENDIX B

I. Progran Name: DYFIT

II. System Name: DYFIT

I1. Purpose: The DYFIT program calculates the average geostrophic velocity field from
randomly located dynamic depth anomaly data.

IV. History: The DYFIT program was written by K. A. Mooney for the CDC 3300 computer
in the summer of 1978. Due to lack of memory and slow processing speed of the CDC, this
version was impractical for production use. The IBM 360 version was written by K. A. Mooney
in the spring of 1979. This version was used to study currents in the Southern California, Gulf
of Mexico, and Hawaii regions. This version searched a large sequential file (created by XTRACT
or XTEMP) for suitable dynamic depth anomaly data. This program was highly 1/0 bound
because it only used about 0.5% of the records that it has to read. The current version of DYFIT
was written by Bob Stark in the summer of 1980. This version utilizes a COBOL subroutine
which reads small sections of an indexed sequential file. This reduced the I/O time required to
run the program. The XTRACT and XTEMP programs were rewritten and the CREATE and
DUPFIX programs written to build indexed sequential files for this version.

V. Machine: IBM 360/65

VI. Language:

a. Languages Used

1. IBM 'H' level FORTRAN (Optimized)
2. IBM version 4 ANSI COBOL (Optimized)

b. Details of FORTRAN-COBOL linkage

1. Compilation

The COBOL modules (DYFIT and SETKEY/READER) are compiled in separate
runs of the COBOL compiler. The object module produced by the first run (ddname = SYSLIN)
is passed on to the second run. All of the FORTRAN subroutines are compiled in a single run of
the FORTRAN compiler and placed in the same data set as the COBOL object modules (SYSLIN).
The linkage editor is then run to link all of the object modules into a load module and store it on
disk. The details of this process may be seen in the cataloged procedure K198PDFT, which is
used to put the DYFIT program to disk.

Transfer of control from main program to subroutine and back is accomplished
by the DYFIT program, which calls a ILBOSTPO (a library subroutine) to initialize the sub-
routine communications save area. This assures that all routines called by DYFIT, or called by
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routines called by DYFIT. will be treated as subroutines. This is especially important for the
SETKEY/READER routine, as EXIT PROGRAM statements in the subroutine communications
save area in order for control to return to the calling routine.

3. Correspondence of Identifiers

Two types of identifiers were used as parameters in the COBOL routines to be
called by FORTRAN routines: Fullword real (floating point) and halfword integer (binary).
These variables must be aligned on fullword boundaries, which is automatic in FORTRAN. In
COBOL the keyword SYNCRONIZED (abbreviated SYNC) is used to align the identifiers on a
fullword boundary.

The fullword real identifiers are declared as REAL*4 in the FORTRAN programs,
and defined as USAGE COMP-1 SYNC in the COBOL routines. These two definitions are fully
compatable.

The halfword integer identifiers are declared as INTEGER*2 in the FORTRAN
programs, and defined as PIC S9999 USAGE COMP SYNC in the COBOL routines.

VII. Description of Processing: DYFIT calls DYFORT which reads a parameter card specifying
a latitude, longitude, and time range. This card also indicates from what standard depth the data
is to come. SETKEY is called to position the indexed sequential file at the first record of the
user specified standard depth that falls within the time range chosen. The file is searched from
this point for dynamic depth anomaly data that falls within the specified latitude and longitude.
The search stops when the given time range is exceeded, the given standard depth is exceeded,
or the physical end of file is reached. SPLCW is then called to fit a two dimensional cubic spline
to the dynamic depth anomaly data. A description of SPLCW can be found in the chapter on
SPLPAK in volume 1 of the NCAR SOFTWARE SUPPORT LIBRARY, NCAR technical note
IA-105, March, 1975. Finally, DYFORT evaluates the first derivatives of the spline fit at aser
specified locations by calling the function SPLDE. A description of SPLDE can also be found in
the above reference. The components of the geostrophic velocities can then be determined from
the formulae:

10 adDgo = f RsinT 0 'O

_ 10 ad D
- fR a0

where

U0 = North- South component of geostrophic velocity

V = East - west component of geostrophic velocity
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f = Coriolis parameter

1 = Radius of earth

dID  = Dynamic depth anomaly field at depth D

0 = Longitude

0 = Latitude

The printout consists of the standard depth of the data and the center and ranges for the
latitude, longitude, and Julian day. At the end of the data list (appears if data print option was
selected), the latitude, longitude, and Julian (lay at which the plane fit was evaluated along with
the components of geostrophic velocity in knots and the number of points which were used in
the fit are printed.

VIII. File Description:

a. Disk File

1. Physical Characteristics

(a) Indexed sequential organization
(b) Sequential access mode
(c) One cylinder used for cylinder index
(d) RECFMN FB (fixed longth blocks)
(e) LRECL = 18 bytes (logical record length)
(f) KEYLENGTH = 15 bytes
(g) BLKSIZE = 6372 bytes
(h) Blocking factor 354 records/block
(i) All fields in packed decimal form.

2. Usage

The dynamic-height-file (ISAMFILE) contains the dynamic depth anomaly data
for DYFIT. It is created by the CREATE program - refer to it for sort order. In DYFIT, a call
to SETKEY opens the file and positions it at the first record matching the btarting - standard -
depth (DPDP) and the first - Juilan - day (TMIN) parameters. If there is no data in the file at
this position, SETKEY returns a 1 in key - error (KEYERR). READER is then called to read
records sequentially from that point on until a record is read whose Julian day is greater than
last - Julian - day (TMAX), whose standard - depth is greater than starting - STD - depth (DPDP),
or the end of file is found. The file is then closed and reader returns a 1 in EOF.

B3

Al



b. Card File

1. Physical Characteristics

(a) Sequential organization
(b) LRECL = 80 bytes (logical record length)
(c) Unblocked

c. Structures Used

1. The structures used for the input files are shown in Tables BI, B2 and B3.
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TABLE B1

DYNAMIC HEIGHT FILE (ISANIFILE)

POSITION DESCRIPTION

01-03 Standard depth

04&05 Julian day

06&07 Year

08-11 Latitude

12-15 Longitude

16-18 Dynamic depth

B5
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TABLE B2

PARAMETER CARD (SYSIN)

POSITION DESCRIPTION

01.05 Standard depth

06.08 Filler

09-14 Center latitude

15 Filler

16-22 Center longitude

23 Filler

24-27 Center Julian day

28 Filler

29-33 Latitude range

34 Filler

35.40 Longitude range

41 Filler

42-45 Julian dav range

46 Filler

47 Print

48-80 Filler
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TABLE B3

DATA CARD (SYSIN)

POSITION DESCRIPTION

01-06 Latitude

7 Filler

08-14 Longitude

15-80 Filler
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IDENTIF ICAT ION DTI hION.

AUT-i~f-. HOR STAqK* CO-OPv WVEST VIRGINIA INSTITUTF OF TFC6rNOLOGY.
INSTALLATION. US COAST G'JANL) OCEANOGRAPHIC UNIT* AID)/UPH.
O)ATE-wRITrFN. JUN ?601940.
SA T E -Co MIL E .

PEMARt S. THIS PRoJIqAm IS THE MAIN PkO(6RAM OF THE nYFIT SYSTEM.

IT "AS ' STATEMENTS - A CALL TO f)YFONkT (THE OLD MAIN k-OiTINF)
At-ID A S;TOP STATFMENT.

THF FIPRT COROL PHOGRPAM IN A MIXFO LAN6!AGE ENVIRONMENT
CALLS TLHOSTPO (A LIPkA; Y SUPNO0TINF) WHICH INITIALIZES Tri
SoUiPOUTINF CcnAMHNICAT IONS AkEA AN 5;AV~ POINTER L-EGIST9 ,4S
NECES)SARY FflR QFTURwN TO THE M AIN PR(,GkAy. THEREFOkE TmE FIkST
P4OGPAM MUST iF A CO 4OL PROGRAM* AS CONTkOL wOULD NOT kFTu -N

TO A MA IN FOTRAN PRoGRAM AFTER IT HAD CAL LED A Cf'~iOL StlI-
WOUTINE. FOR4 "OqF INFO* RE~FER TO CALLING ANn CALLED PkOCHAMSo

It4M OS ANSI COqOL P'POGRAMEPS GUITDE.

ENVIRONmENT DIVIS-ION.
DATA DIVISION.
PROCEDOURE DTVISION.

CALL 'DYFORT'.
STOP RUN,

IDENTIF ICAT ION DIVISION.
PROGRAM-ID. SETKFY.
AUTHOi-. CO-OP 1309 STAkK USCG OCEANOGRAPHIC UNIT.
INSTALLATION* US COAST GIJA14 OCEANOGRAPHIC UNITo ATO/np'.

SA T E -CO MPIL E0.
REMARKS. THIS PROGRAM READS AN INDEXEO SE1tiENTIAL FILE

CONTAINING LATITUIDE. LONGITUDE. YEAP. JLJLIAN-DAYP STANDARD
DEPTH, AND DYNAMIC HEIGHT RECORDS; THE FILF IS SCRTFD RY
STANDAPD DEDTH. jULIAN DAyo LATlUOEo ANn LONG-ITUD)E; SKIP
SIOC)ENTIAL LOGIC IS USED TO POSITION THE FILE AT THE PROPER
START POINT:
TwO ENTRY POINTS ARE USED:

1) SwTKFY - POSITIONS THE FILE AT THE FIRST DESIRED
RECOPD BaSED ON THE 0,TD.DEPTH4 AND JULIAN DAY

2)READEFR - READS THE RECORDS AND HETUPNS AN END OF
FILE FLAG; CLOSES THE FILE *HEN FOF=j.

ENVIRoNAENT 0IVISION.
CONFIGYURtiTION SECTION.

SOUIRCE-CO PLTER. 1-1-360.
ORJECT-COMPUTER. I4"-3hsOo
INPUJT-OUTPU.T SECTION.
FILE-CONTROL.

SELECT DYNAMTC-HEIGHT-FILE ASSIGN TO OA-I-ISAMFILE
ACCESS MODE IS SEQUENTIAL
RECORD WFY IS RECORD-KEY.

DATA DIVISION.



FILE SECTION.
FD DYNAMIC-HEIGHT-FILE LAHEL RECORDS STANAP~D

RECORD CONTAINS JA CHAPACTEHS
EPLOCK CONTAINS Ic;4 WECORDS.,

01 DYN A MI G-HF I "T-PFC.
03 RECORD-'(PY.

09 STANDARD-DEPTH PIC 9(c;) USAGE COMP-3 SYNC.
09 JtLIAN-DAY PIC QUl) USAGE COmP-3 SYNC.
05 YEAR PIC Q(?) IJSAGF COMP-3.
05 LATITUDE PIG 999VQ9Q USAGF COMP-3 SYNC.

05 LONGITUDE PIC 99qvgq9 USAGE COr4P-3 SYNC.

03 DYNAMIC-HEIGHT PIC Sq9V999 US4GE COMP-3.

WORKING-STOWAGE SECTION.
01 FOF-FLAG PIC S9999 USAGF COMP SYNC.
0'1 GENERIC-KEY.

03 NOA-STDflEP.TH PIC 9~(5) LSAGP_ COMP-3 SYNC.
03 NOMA-FIRST-JLLIAN-DAY PIC ".(3) UISAGEF COMAP-1 SYNC.

LINKAGE SECTION,
THESE AWE USED 4HEN SETKEY IS CALLPD,

01 FIPST-JULIAN-OAY USAGE COMP-l SYNC.
01 LAST-JU.LIAN-DAY USAGE COMP-1 SYNC.
01 STARTINIG-STD-DEPTH J)SACF CO m P-1 SYNC.
01 KEY-ERROR PIG S9999 USAGE COMP SYNC.

* THES;E ARE USED WHEN PEADER IS CALLED.

01 LINK-LATITUDF USArE COMP-1 SYNC.
01 LINK-LONGITUDE UISAGF COMP-1 SYNC.

01 LINK-DYNAMIC-HEIGHT USAGE CO'MP-1 SYNC.
01 LINK-EOF-FLAG PIC S9999 USAGE COMP SYNC.

*SETKEY ROUTINE
PROCEDUJRE DIVISION 1uSING FIiRST-JUILIAN-DAY, LAST-JULIAN-DAY,

STARTING-STD-DEPTH9 KEY-ERROR.
MOVE ZERO TO EOF-PLAG9 KEY-ERROR.
OPE61 INPUT OYNAMIC-HEIc3HT-FILE.
MOVE STARTING-STD-DEPTH TO NOM-STD-DEPTH.
MOVE FJIHST-JULlAN-OAY TO NOM-FIRST-JULTAN-DAY.

START tYNAMIC-HFIGHT-FILE UJSING KEY PECOPD-KEY =GENERIC-KFY
INVALI', KFEY MOVE 1 TO KEY-ERROR

CLOSE DYNAMIC-HEIGHT-FILE.
GO TO SETKEY-EXIT,

SETKEY-FXIT.
ExIT PROGRAM.

READER-ROUTINE.
ENTRY 'READER' USING LINK-LATITUDE. LINK-LONGITUDE,

L INK-DYNAMIC-HE IGHT, LINK-rOE-FLAGe
MOVE EOF-FLAG TO LINK-EQE-FLACG.



READ DYNAMIC-HEIGH-T-FILE
AT END PENrORM CLOSE-UP

Gol To EXIT-EADER.

IF STANDARD-nEPTH >STARTING-STD-DEPTH
THEN PFWFORM. CLOSF-OP

GO TO FXIT-WEADFq

ELSE IF JUILIAN-nAY >LAST-JULIAN-DAY

THEN PFRFOPM CLOSE-UD

* SIJTRACT 90 FROM LATITUDE, 180 FROM LONGITUDE TO

CHANGE THF PANGE FWOM 0-180 AND 0-160 TO -90 TO +90
* A0in -lqO TO *190.

ELS;E SUPRACT 90 FROM LATITUDE GIVING LINK-LATITUDE
SIJRTt4ACT 140 FPOM LONGITUDE GIVING LINK-LON61TUDE

MOVE DYNAMIC-HEIGHT TO LINK-DVNAMIC-HFIGHT,

EXIT - E A )E Q.

EXIT PPOGRAM,

CLOSE-UP.
MOVE 1 TO EQE-FLAG, LINK-EOF-FLAG.
CLOSE DYNAMIC-HEIGHT-FILE.

ELI-



C*

C*PRO(6,AM D)YF IT0
C*

C*WRITTEN OY KEN MOONEY
CO *

C* CHANGES
C* 1) CHANGED FROM mAIN ROUTINE TO SUHwOUTINE TO RE CALLED) BY A *

C* ~MATN COBiOL ROUTINE IN ORDER TO FACILITATE FORT~qAf AND COROL
C*SUPPOUTINI COMMUNICATION,

C* ?) ALL CALLS TO SPL4 HAVE BEEN DELETED AS SPL& HAS IIEEN

7*DELETED FROM THE DYFIT SYSTEM*
C* ENTEREO A/10/1980 HOH- STARK
C0  3) ADDED STANDAPO DEPTH OF 7EPO METERS. ENTFRED 7/1/19PO P~. STARK

SU~-i-OITINE fYFOPT
COMMON 4(16Q)
COM%-IGN XDATA(3,l000).YDATA(l000),'WDATA(lO00n)
COMMON wokN(l6)
DIMENSION l(lei)
DATA 7/0.,?0. q30..50.,75.. 100.,1?S. ,150. ,?00..?50. .300..400.,500.

A0 00.,*700.,9400O.,9900., 1000./
C*DPDP STANDAPD DEPTH

C* ALAT CENTEP LATITUDE
C*ALON CFNTEP LONGITUDE
C*CTTME CENTEP IN TIME (.JOLIAN DAY)
C* pNr RANGE FOR LATITUDF
C*XPN6 RANGE FOR LONGITUDE

C* TRN6 RANGE FOR TIME
C*IPPT IF I DATA PULLF-) OFF FILE H4Y SPL3 WILL HE PkINTED

10 READ(1 .900,END=40) DPDPALAT.ALONCTIMEYN..XNC,TRN, PRT
900 FOR'4AT(F5.o,2xp lgF6.?,1XF7.?,1XF4.0,I XFS .?. XF*?, lX,

1F4.0,1X, 11)
IF(DPr)p.EQ,9q9.) GO TO 40
PRINT 90391DPDP.ALAT.YRNGALON. XRNG.CTIMETPN(

903 FORMAT(Ol STANDARD DEPTH = ',F5.097XslLATIT.JDF = qFh.pq +/- ''

A F"5.297X,'LONt.INDE = toF7.?,' */- lF~,.?,F X90JULIAN DAY = 1
R F4.0.9 +/- I.F4.0)

c THIS SECTION CHECKS TO MAKE SURE THAT nPDP IS A STANDARD DEPTH
00 20 11I
IF(DPOPoEQ.7(I)) GO TO 30

2n CONTI NUE
PRINT ".02

902 FORMAT(l DEPTH ENTERED IS NOT A STANDARD DEPTH.')
r DPnP WASN'T A STANDARD DEPTH. NOW WE READ) AND DUMP RECORDS
C UNTIL WE FIND A 99 CARD WHICH MARKS THF ENDJf OF THIS SET UF POINTS
25 READ(1,901.EFJD=40) DPDP
4~01 FORMAT(F5.2)

IF ([PDP.EQ.99.) GO TO 10
(,0 TO ?5

C
30 CALL SPL3 (OPDPALATALON.CTIMXRNGYRN,,TPNG,. PRT)

60 TO 10



4u U TUPN
f NO)
SUMNOe)TINE S;PLI(DtWkALATALNCTIMFXNVYN(.TN,. IPWT)

CUM'40N A(l-))
COMMON X0ATA(3,1000),YD)ATA(0on)DATA(I)fl)
COMMON WORK I 1s)
DIMENSIlON X-AIN(;') .MAX(?) .NODESC2) ,NOENIV(?) qCOF (10 ) *(?)
U AT A tn I Ml/?/ oNOnE S( 1 ) /4 /*NOOE S (2)/4/ 9 ATkAP/ 1 9 '4CF / I hl/oN e&17/
wEAL mIN'LAT. mINLON, MAXLAT* MA)(LON

INTEGEIP*e- EFOR. KEFk

C THIS SECTION LwFwPIrTEN o-ii-i,48n Hy COOP Ot-H SZTA~t TO FPOvlf)F
C COf4PATAHILITY WITH- NEW COHOL INDEXEO ,E( ,JENTTAL k'COH~ RFTHIEVAL
C SUmPRO(GQAMt AflfErJ) To TtME DYFIT SYST.

xMIN(,-l)=ALAT-YkNt;
MINLAT = XMTI4(P)

AMAX(?)=AL AT+.Yd'

MAXLAT = XmAX( )

AMINI )=ALo-NxqN
MINLkOPJ =XT41
XMAX (1)=ALON.X N6
MAXLON = )XMAA~l)

TmI.N=T ImE-T.NC,
TMAXJ=C TI M * TRN(,
TMIN2? 0.

NDATA~fj
C CHECK FOP JANIJA'4Y TO UECEMHER WRAPAROUND IN S TART (nATF.

IFrTMIN*6Eoln S0 TO m
T iI N =TM IN. 36 -;.

TMAXI=?MIX

TMiAX= 36'>,.
6O TO 1n

C CHECK FON4 DECFMHif-w TO JANUJAWY WRAPAROUND IN THE ENn PflUE.
4 IF (TmAX.LF.36'>.) -CO TO 10

T MI N e = I .

TAAX

C
C SET THE STA'PTTNG FILE rEY TO DES;IWEO DYNAMIC DEPTH
C AND JULTAN DA~Y (TmIN).
10 CALL SETAEY(TMIN, TMAA., DPOP9 'KEYERR)

IF (KEYERe~.NE.1) 6,O TO 20)
C IF WE GOT HEIkE, THE SETKEY POIITINE COULO NOT FIND A K AT
C THE STARTING KEY PJINT.* NOW wE TR~Y INCk~EmENTIN6 THE 'sTAPT DAY wITH
C THE HOPE OF FINDING A 60OU KL.Y. IF WE CANIT FIND A cGOOu KEY FROM
C TMIN TO TMAX9 THE AREA "UST HE OUTSIDF TH R4NGEF OF THE FILE.

TMIN = TMIN+.
IF (TMINoLT*TMelj GO TO 10

C 0. K. WE HUmHED OUr ON THAT ATTEMPT TO r T THF KFY.
C CHECK EOW A ?ENTRY POINT CONDITION (Ifi DECEMHER-JANOAY WAPAROUND)



C IF FUUj, HWAMICri TO THE SECONO <FY SETUP -40UTINF
IF TMNNF0.NTAN.J)(10 TO L?

f.

C SOO~kY - CA14'T SET A~ FTLW KFY.

F' FOd 4A T (~ I FI, 1) ATA I N F I L F , S TD OlE PT- F '40)

c k f A [ A iT) DA~ m P ) NT S 0 14T I L A ')4 1 c F 0 JN D.

GO TO 70

r

c THIS IS T-4E MAIN PEAD LOOP.

e20 CALL 4EAtGE' (ALATT, ALONC19 DYNHGT, EOF)
IF (El)F.4E.) (-;o To i.-

c FILL: IS AT FND
c CHECK FUE TO DECE~EP-POINTS

IF (TrMIN?.FQ .c)..Ar~t.TMAX?.F).0.) GO TO 40

c WRAPANOI)NO. NOW~ WF HAVE TOSTTFKYFOHT1FSCo
C STAkT POINT OF TH- FILE.

2? TmIN = TmIN)-
ImAX = T"AX;)

T MA I = 0 .

1,0 TO 10
r

rTHIS SECTION CHECKS, TH4E OATA FOP VALIDITY. I

c THE NEAT STATEMENT ADJUSTS THE LOON('ITU0E IF TriE CENTEk
c IS tAST OF THE INTERNATIONAL OATE LINE 9,4D TNF PUIhT 11S wEbT.
25 IF (MTII.LoN.LT.-1H0..AN0).ALONG.GT.0.) ALONG =-36fl.*ALON,

r is THE NEXT STATEMEJT ADJUSTS THE LONGITUDE IF THE CENTER IS
C wEST OF THr Irti-N4TTINAL DATE LINE ANO THE POINT IS FAST.

IF (MAXLoN.-Gr.1.*.AD*r)ALI'4jG.LT.0.) ALUN(; l..LN

C NO4 CHECK( THAT LAT AN,) LONG AQE v;ITHIN PANGF.
IF (ALATT .6'T .MA LAT .UP.ALoN&('.GT.MAXLON.UIw.ALATT.LT .MINLAT.Ok.

I ALON(,;.LT.MAI',LrN) , O To ?0

(7 0. K. wF 'AL)P IT. DATA IS C-,OOD.
i..D)ATA = N[DATA.1
wDATA(N9ATA) = 1.1
Xt-)ATA(,NL)ATA) = ALATT
XDATA(1,NO44TA) = ALON6
YO)ATA('iDATA)= yHT
IF (l4rATA.(;F.I1000) -71) TO 40

CiT

C PdEsumE On. KEN MrOONEYOOS ORI(,INAL SPL; ROIJT7NF.
4 n I F ( I P %JT * NiE * 1) CC r( ) 0

PRINT -.'1
9~10 FONMAT C 1H-.10X.3HLAT.8X,44LONGI (-)XotHfl MtiT,//)

920 FONk4AT(IH .139'XF"6.2*XF7*29 5X*FM*3)



50 CA~LL S;PLCW (NOIMNqDATAXMTNXf4AXNODESXTHAPCOEFNCFN4NI~, EkNOR)
1F(IEWkOW.GF.l?) Go TO bo)
PRINT 940

940 FOkMAT( lH1 ?X,3HLAT,8X,4HLONG7X3H)AYq9,X,'Ul)JJ 7XiSPO,97x,

llHU*9X,1HVE*X9HNDA TA)
C kEAD THE LATITUDE AND. LONGITUDE AT WHICH THF 5LJ1WACF CUNNENT
C IS TO HE COMPUTED,

60 HEAD) q3O.X(?)vX(1)
9~30 FOkr4AT (Fb.2*jX*F7.?)

IFo(2)*E(,.9q.1 GO To 70
IF(IEPROH.GF.3?) 60 TO 60)
CON 1-I .2/S IN ( X(2)/57.* 96)

NDEIRIV (1) =

IF(lE~OH.GF.3?) 6o TO 70

NDEkIV(?)z0

VY =CON4?*SPLOE (ND IMX ,NDERIV. COEF, ITN. XNAX ,NODES. IERkO)
IF(INPOR.GF.3?) GO TO 70)

VEL= (VX*VXVY*VY) **1I-c
ANG=57.?9b*ATAN? (VX.VY)
IF(ANZ.iLT.O.)ANG=AN6+360.
PRINT 95OX(?).X(I),CTIME,4NG,9VELVKqVYNDATA

'J50 FORMAT(liOjF6.?,5X.F7.2,5X.F4.05xF4.0.3(S~xqF5.?) .,x.T3)
GO TO 6,0

70 HETUNj
END
SUHROuTINE SPLCW (NDIMNDATA*XMINXMAX,

I NODES, XTRAP. COEF ,NCF .NwNk * ERNOR)
C DESCkIPTION OF S;PLCW IS AVAILABLE IN NCAR SUFTWARE SUPP~fkr
C LIBRARY, NICAR T -CHNICAL NOTE IA-109, MARCH 197s,.



IST OF CAlITl(NS

Figunre 1. Noode arrangement iiseul in spline fit analysis.

Figure 2. Averagie ge(tstropi 1)11 urrents in the Southiern C:alifornia Bight1 for tlui month of

JanuarN

Figrure. 3. Average greostrophIic currents in fihl Souflu rut C;alifo.rnuia Filit for thc mnonuth of

February.

Figure 4. Average treostro 1.... currents in th Southern Caiori ightfo the itionth o

Mlarch.

Fig~ure .5. Average geostroph ic currents in the Southern California HightI for thle mointh of'
April.

Figure 6. Averag'e 'peostro ndnc currents in the Southern California Bight for the mionth of

Figure 7. Avrage g(eostro1 )hic currents in the Southern California Bight for the miondI of
Jt rue.

Figure 8. Average geostrophic currents in the Southern California Bigh t for thle mon th of

Julv.

Figure 9. Average geostrophic currents in the Southern California FBight for the mionth of
Au gli st.

Figure 10. Average greostro1 )hic curren ts in tihe Southern California Bight for themn~ onth of
Sep temb er.

Figure 11. Average geost ro utie cuirrents iii the Southern California FBight for the mlonith of
October.

Figuire 1 2. A\~eragre geost ropliic currents in the Southern California Blight for (I ie month of
No v embher.

Figure 13. .Av rage genstro phic currents in the Southern California Blight for fte month of
Decemb] er.
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