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ABSTRACT

Coastal sea level, atmospheric pressure and wind speed and direction

are measured routinely at Newport, Oregon, The tide gage is situated just

inside Yaquina Bay and has been operating continuously since February 1967.
Atmospheric pressure is measured at the Oregon State University Marine
Science Center, very near the tide gage; pressure has been recorded since

November 1970, The anemometer, in operation on the south jetty since

March 1969, has good exposure in all directions except perhaps northeast
and southeast, Each variable is digitized at hourly intervals, The wind

data are used to calculate wind stress, and sea level and atmospheric

pressure are combined to yield adjusted sea level. The hourly data of all
five variables are filtered numerically to provide low-passed data and

very-low-frequency data, which suppress fluctuations shorter than 46 hours

and 51 days, respectively, For each variable, the data are suvearized in
tables of mpnthly and annual means, tables of annual standard deviations,

and time series plots of the hourly data and each form of the filtered data.
In addition, the wind data are displayed in the form of progressive vector

diagrams, scatter diagrams of the vector components, and time series of
cumulative Ekman transport.
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INTRODUCTION

Previous studies of the physical oceanography of the Oregon continental

shelf have shown that changes in the currents and hydrography are largely

driven by the local wind  e.g. Smith, 1974!. However, the effect of inter-

mittent winds is sometimes rectified, so that the mean currents and the

mean hydrography for a given period cannot be determined solely from the

mean wind. In spring, for example, the mean wind stress is zero, but the

mean currents are strongly southward--this strong mean current seems to be

the result of the first major upwelling event of the season  Huyer, Sobey

and Smith, 1979!.

For periods longer than a day, the coastal sea level  adjusted for

the effect of local atmospheric pressure variations! is extremely well

correlated with the currents over the shelf  e.g. Cutchin and Smith, 1973;

Marthaler, 1977!. The currents at all depths are better correlated with

the adjusted sea level than with the wind stress  Huyer, Sobey and Smith,

1979!. Bottom temperature are also better correlated with coastal sea

level than the wind stress  Kruse and Huyer, 1982!. Thus sea level is

better than wind stress as an estimator of other oceanographic variables.

While wind stress is the force that drives the ocean, sea level is just

one aspect of' the response of shelf waters to the wind.

Sea level has been measured at the OSU Marine Science Center continu-

ously since February 1967, wind has been measured on the South Jetty since

March 1969 and atmospheric pressure has been measured at the Marine Science

Center since November 1970. The processing and some analysis of these

data have been carried out under a sequence of individual projects to study

the ci rculation over the continental shelf. This report inclUdes data



through 1980, by which time we had continuous time series of corrected sea
level for a full thirteen-year period, wind for eleven years and atmospheric
pressure for ten years. These observations are presented in this technical
report in the form of time series plots of the hourly data and low-frequency
and very-low-frequency filtered data, and tables of monthly and annual
statistics. Our aims are to present the statistics that can be used in

modeling the oceanographic environment, and to present the data visually
in such a way that the reader will gain a qualitative understanding of the

variability of each parameter.



SEA LEVEL OBSERVATIONS

The tide gage is located at 44'37.5'N, 124'02.6'N on the OSU Marine

Science Center pier in Southbeach, just south of Newport  Figure 1!.

The fiberglass stilling well for the 9 inch diameter float is 12 inches

in diameter with a 1 1/2 inch diameter intake hole in the cone-shaped

bottom. This provides a 64:1 ratio in area in damping wave action ~

The sea level is measured by means of a Fischer and Porter model 1551

recorder. Thi s is a f1 oat-operated, negator-spr ing counterpoised instrument

that mechanically converts the motion of the rotating float-wheel shaft into

a coded digital output. The water level, to the nearest 0.01 foot, is
punched in paper tape, at 6 minute intervals, using 16-channel binary-

coded decimal format. The paper tape is replaced once a month. The

recorder has been replaced twice since its first installation: the original

gage  No. 6511 A 4632 tC2! installed on 28 January 1967 had an electro-
mechanica'1 clock; the second gage  No. 6804 A 4960 N4! installed on

17 April 1978 had a quartz clock; and the present gage  No. 7403 A 3402 M12!

installed on 7 November 1978 also has a quartz clock.

A graduated  -3.5 to 16.5 feet! tide staff was installed 28 January

1967. This was superseded by an electric tape gage installed 9 February

1968. The tape gage was moved 7 October 1974. Leveling between the

tide staff or tape gage and bench marks has been done annually by the

National Ocean Survey.

An observer makes regular comparisons  an average of 10-12 per month!

of the tide gage time and height, and the correct time of day and water

level indi cated on the tide staff or tape gage. The readings of correct

time, gage time, staff height, and gage height are tabulated and used
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Figure 1. Location of measurement sites for sea level,
atmospheric pressure and wind. Elevation is contoured in
intervals of 100 ft.



to calculate time and height corrections. The tabulations are examined

monthly and used to correct for any changes in the gage timing or height

settings.

Data from 28 January 1967 through 31 August 1973 were processed by

the National Ocean Survey and supplied to OSU. Beginning 1 September

1973 the data has been processed at OSU. Timing errors were corrected

before the hourly heights were tabulated. Pacific Standard Time was used

throughout. Height corrections are applied after final values are obtained
from the National Ocean Survey, usually 6-12 months after the observations

are made. National Ocean Survey obtains the monthly height correction

 "mean difference"! from the mean of the differences determined by the
tide gage observer; individual large differences may be excluded from the
computation of the mean difference. Changes in tide staff or tape gage

elevations determined by leveling are incorporated in a "constant for

fixed datum" to maintain the original tabulation datum. The constant for

fixed datum is added to the mean difference to determine the "setting for

fixed datum". The setting for fixed datum is subtracted from the origina1

hourly heights during the tabulation process. Updated leveling or a

revision in the monthly settings may result in an additional "correction

to summary datum". The settings for fixed datum and corrections to summary

datum are additive and are supplied by the National Ocean Survey

 J. R. Hubbard, personal communication!.

Gaps in the sea level record  Table 1! are filled by interpolation
on the basis of comparison wi th the predi cted sea level at Newport and,

beginning 17 May 1972, with the observed sea level at Depoe Bay located
20 km to the north �4'48.5'N, 124'03.5'W!. Gaps of more than a few

hours are filled by first estimating the missing high and low water



levels, from the comparison of neighboring observed highs and lows at

Newport with the predicted and the Depoe Bay values. A graphical method,

using a curve which is well rounded near the high and low waters, is

then used to infer the missing hourly values.

All sea level data has been referred to summary datum  "0" of the

1967 tide staff!. The National Ocean Survey has determined the following

elevations and ranges, based on 11 years �968-1978! of simultaneous

comparisons with Crescent City, referred to the 1960-1978 tidal epoch

 National Ocean Survey, 1981!:

feet

Diurnal range  Gt!
Mean range  Mn!
Diurnal high water inequality  DHQ!
Diurnal low water inequality  DLg!

8. 33
6. 27

0. 69
1.37

253. 9
191. 1

21.0

41.8

Mean higher high water  MHHW!
Nean high water  MHW!
Mean lower high water  MLHW!
Mean tide level  MTL!
Mean sea level  NSL!
National Geodetic Vertical Datum
Mean higher low water  MHLW!
Mean low water  NLW!
Mean lower 1ow water  MLLW!

12.90
12.21
11.52

9.08
9. 01

 NGVD! 8.6O
7.31
5.94
4.57

393. 2
372. 2
351.1
276.8

274. 6
262.1
222.8
181 ~ 1
139. 3



Ta bl e 1. Time and duration of gaps in the observations of sea level
at the Marine Science Center, Newport. All times shown are
Pacific Standard Time.

1967
1 000-11 00 2 Oc t.1975

1400 18 Feb.
1600 2 Aug.
l400-1700 9 Oct.
0500 13 Oct.
0500 3 Nov.

1976
30 Nov.

1968 7 Feb.
23 Feb.

1969 17 Jan.

19 Jan.
1977

21 Jan.
24 Jan.

1970
1978

3 Aug.
1 980

1971 0000-0300 6 Jan.
0000-0100 5 Feb.

1972 10 Feb.

6 Aug.

7 Aug.
8 Aug.
9 Aug.
10 Aug.

1973 1200-1300 8 Feb.

1974 0700 12 July
2000-2200 14
0100-0700 20
0200-0800 21
1600-2000 22
1600-2200 23
0500-1100 24
1700 24 July
0600-1200 25
1800 25 July

July
July
July
July
Jul y
July
� 0000

July
- 1600

25 July

29 July

1100 23 July
1600-2200 23 July
0400-0600 24 July
1700 28 Nov. � 2300

2100 6 Feb. - 1500
0500 22 Feb. - 1800

l800 16 Jan. � 0100
2000 18 Jan. - 0300
2100-2200 19 Jan.
2100 20 Jan. - 0300
2300 23 Jan. � 0400

0600-1100 22 Jan.
0500-0600 23 June
1100 1 Aug. - 1000

1700 8 Feb. - 1600
1100 30 July
2300 5 Aug. � 0500
1300-1600 6 Aug.
0000-0500, 1500-1700
0100-0900, 1400-2000
0100-l000, 1400-2100
0200-1100, 1500-2000
0200-0800 11 Aug.
0500-0600 3 Dec.
0100-0200 l5 Dec.

1400 27 Feb. - 0200 28 Feb.
1300-1600 3 July
1100 6 July - 1000 7 July
1100-1200 24 Oct.
0100-1400 27 Oct.
0000-0300, 1500-1600 4 Nov.

2100 28 Dec. - 1300 29 Dec,

1100 3 Feb.
1000-1400 14 Nay
0100 12 June - 0700 16 June
0200-0300 1 July
0100 5 Sept.
2200 5 Sept. � 0600 6 Sept.
1300-1700 6 Sept.
0000-0500, 1500-l700 7 Sept.
0100-0500, 1500-1800 8 Sept.
0200-0600 9 Sept.
1800-1900 16 Sept.
2000 18 Sept.
0300-0400, 1300-1700 23 Sept.
0300-0400, 0800 24 Sept.
1500 25 Sept.
0300-0700 27 Sept.
1800 30 Sept.
0900-1400, 1900, 2200-2300 1 Oct.
0100-0200, 1000-1300, 2200 3 Oct.
0000-0100, 1100-1900 4 Oct.
2300 4 Oct. - 0500 5 Oct.
1100, 1800 5 Oct.
1300-1400 7 Oct.
0000-0100, 0300-0400 8 Oct.
1200 29 Oct.



ATMOSPkERIC PRESSURE OBSERVATIEIRS

Atmospheric pressure is measured at the Marine Science Center in

Southbeach, at 44'37.4'N, 124'02.6'N  Figure 1! with a Belfort Model 5-800

Microbarograph. The instrument makes a continuous inked trace of the

pressure on a drum. The chart paper on the drum allows for recording
continuously for four days; it is changed once every 3-4 days. Hourly

values of pressure are read from the trace. The time base for recording

the data is Pacific Standard Time.

Observations began in 1968, but there were a number of major gaps

in the first few years: 22-28 October 1968, 18 December 1968�

5 January 1969, 2 June � 10 September 1970, and 5-22 November 1970.

In this report, we present the nearly continuous pressure record beginning
in 1971, using enough data from December 1970 to enab'te the filtered time
series to begin 1 January 1971. Until 1000 PST, 28 July 1972, the hourly

values were read in inches of mercury to the nearest hundredth. From 1100

PST, 28 July 1972 through 1000 PST, 29 September 1972, values were read in
milli bars to the nearest 0.5 mb. Since that time, hourly values of pressure

are read to the nearest tenth of a millibar.

Minor gaps in the pressure record  Table 2! have been filled by
linear interpolation if' they were shorter than twelve hours. Longer gaps

were filled by graphical interpolation using a curve, by obtaining si x-

hourly values from synoptic pressure charts and interpolating linearly
from these to hourly values, or by use of a computer "bridging" program

which uses the spectral characteristics on the data on either side of

the gap to extrapolate into the gap.



Time and duration of' gaps in the atmospheric pressure observations
at the OSU Marine Science Center, Newport, and the method used to
fill each gap, All times shown are Pacific Standard Time.

Table

7 July - 1500 12 July: bridging
24 July � 0700 26 July: bridging

1971 1000
0200

There may have been some linear interpolation of data but
they were not noted.

1972-1973

26 Aug.:
30 Oct.:
21 Nov.:

4 Dec.:
27 Dec.:

25 Aug. � 0900
29 Oct. - 0800
20 Nov. - 1200

3 Dec. - 0100
26 Dec. � 0300

1974 linear interpolation
linear interpolation
linear interpolation
curve interpolation
curve interpolation

1600
0800
2100

0200
1700

0400-1300 23 Jan.:
2000 21 July - 1000
1900 26 July - 0900
1900 16 Aug. � 0900
1800 1 Sept. � 1000
1400 5 Oct. - 0200
0100-1100 15 Oct.:
0600 17 Oct. - 1100

linear interpol
2l00 15 Dec. - 1600

linear interpol

linear interpolation
22 July: linear interpolation
28 July: linear interpolation
18 Aug.: linear interpol ati on
2 Sept.: linear interpol ati on
6 Oct.: linear interpolation

linear interpolation
21 Oct.: 6-hourly surface pressure maps;

ation between these 6-hourly points
19 Dec.: 6-hour ly surface pressure maps;

ation between these 6-hourly points

1975

2000 13 Mar. � 0800 14 Mar.: linear interpolation
0900-1700 27 Apr.: 1 inear interpol ation
1700 19 Sept. - 0900 20 Sept.: bridging

1 976

14 Sept. � 0700 16 Sept.: linear interpolation1977 1300

8 Sept, - 1800 9 Sept.: linear interpolation14001978

1 Sept. - 0700 4 Sept.: bridging
15 Sept. � 0900 17 Sept.: bridging

1300

1800
1979

1980 1800
1900
2300
0400
1900

0800
1900

15 Apr. � 0700
20 May � 1300
19 June � 0800
27 June - 0700

7 July � 0800
20 July - 0700
6 Sept. � 0700

16 Apr.:
21 May:
20 June:
30 June.
8 July:

21 July:
8 Sept.:

bridging
bridging
bridging
bridging
bridging
bridging
bridging



W IND OBSERVATIONS

The anemometer is located at 44'36.8'N, 124'04.0'W, just south of

Newport, Oregon  Figure 1! on the south jetty of the Yaquina River.

The anemometer is 9 m above the jetty and 14 m above 11LLW  Figure 2j.

Vegetation in the immediate area is beach grass and small shrubs.

There are two sectors which contain possible obstructions to the wind

pattern. The first, between 6' and 32', includes Newport. The second,

between 76' and 183', includes some densely wooded hunmocks about

]800 feet from the wind gage.

Three different systems have been used to measure wind speed and

direction since routine sampling began in 1969. The first system began

operating on 3 March 1969. Wind speed was measured with a National

Weather Service F102 3-cup S-type anemometer with 1 minute and 1 mile

contacts. Wind direction was measured with a wind di rection transmi tter

with 4 contact points. Both speed and di rection were recorded by an

Esterline Angus Hodel AW Operation Pecorder onto a strip chart. Four

pens were used for di rection and one pen for speed. The di rection was

sensed each minute by at least one direction pen. Speed was recorded at

the minute when a statute mile of wind has passed the instrument.

Hourly wind values of speed and direction were obtai ned from the

strip chart by counting the miles passed each hour; and by averaging the

four compass points of di rection recorded once per minute. The interval

preceding the nominal hour was used to obtain the value at the nominal

hour � e.g. the interval from 2400-0100 was used to obtain the reading

at 0100 Pacific Standard Time. Direction data was converted from

"direction from" to "di rection toward" by adding 180'.
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On 11 December 1970, the direction transmitter was changed to one

with eight contact points. There was no other change in the measuring-
recording system. The increased resolution in direction is apparently
reflected in the processed and averaged data: in each summer from 1971

on, there was a net eastward component during July and August; no net

eastward wind was detected during the summers of 1969 and 1970, when the

direction transmitter had only four contact points.

On 22 April '1972, a Bendix Aerovane was installed as the primary

wind speed and di rection recorder. The contacting anemometer has been
retained as backup. The Aerovane records wind speed in knots and di rection

in degrees on a strip chart recorder. Values are read from the strip
chart on each hour--speed to the nearest knot, and direction to the

nearest five degrees. Speed is converted to mjsec, and "direction from"
is converted to "direction toward" by adding 180'. When there are gapC

in the Bendix Aerovane record, they are filled by using data from the

backup contacting anemometer. Data from the contacting anemometer are

processed as before I972, except that the interval is centered on the
nominal hour--e.g. the interval from 0030 to 0130 is used to obtain the

0100 reading.

Gaps in the wind record  Table 3! are filled by linear interpolation,
data from the backup anemometer, or by the computer "bridging" program.

Linear interpolation is used when the data is missing for several hours
or less. Gaps longer than several hours are replaced with data from the
backup contacting anemo'meter; if only the spied or direction is missing,
only one parameter is replaced. When backup data are not available, the
"bridging" program is used to compute eastward and northward components

of the wind.
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3. Time and duration of gaps in the wind speed and direction
data from the anemometer on the south jetty at Newport, and
the method used to fill each gap. All times shown are
Pacifi c Standard Time.

Table

1500-2400 16 March: linear interpolate speed
0700 23 March - 1600 24 March: bridge u and v to get direction
1400 28 March - 2400 1 April: bridge u and v to get speed
0100 4 April - 1500 15 April: bridge speed
2300 14 July - 1000 15 July: bridge speed
0100-0900 19 July: 1 inear interpo tate speed
1700 26 July - 1400 28 July: bridge speed
0400-1200 11 Sept.: linear interpol ate speed
1300-2400 2 Oct.: 1~near interpolate speed and direction

1969

1400 8 May � 1200 21 May: bridge u and v for speed and direction
1000 6 Oct. - 1300 14 Oct.: bridge u and v for speed and direction
0600 4 Nov. - 1200 13 Nov.: bridge u and v for speed and direction
1100 8 Dec. - 1500 10 Dec.: bridge u and v for speed and direction
1400-2400 28 Dec.: bridge u and v for direction
0100 29 Dec. - 2400 31 Dec.: bridge u and v for speed and direction

1970

Ol00 1 Jan. - 2400 3 Jan.: bridge u and v for direction
2400 24 Feb. - 1100 25 Feb.: linear interpolate speed and direction
0400-2000 25 Nov.: linear interpolate speed and direction

1971

1973 1700 12 Oct. - 1100 31 Oct.: used backup gauge

0800 8 Feb. � 1200 14 Feb.: used backup gauge
0200 24 Sept. - 1400 6 Oct.: used backup gauge

1975

1976

0800 15 Feb. - 1700 18 Feb.: direction from backup gauge
1300 17 May - 1100 21 May: direct~ on from backup gauge
0100-1600 5 Aug.: used backup gauge
1800 29 Sept. - 0900 10 Oct.: used backup gauge
1100 15 Dec. - 1000 16 Dec.: used backup gauge

1977

1400 30 March - 2400 5 May: used backup gauge with
0100 2 April - 1800 3 April bridge u and v for
speed and direction

1100 3 March - 1300 10 March; di rection from backup gauge

1978

0500

0500
0100
1500

2400
2200

18 Jan. - 1200 23 Jan.: used backup gauge
18 Mar. - 1500 19 Mar.: used backup gauge
15 April - 1600 16 April: direction from backup gauge
19 May � 1200 28 May: used backup gauge
11 Aug. - 0900 12 Aug.: used backup gauge
15 Sept. - 1500 24 Sept.: used backup gauge



Table 3. Continued.

1979 0700-1700 11 May: used backup gage
'l800 11 May � 1100 16 May: bridge u and v for speed and direction
1200 16 May � 1000 29 May: used backup gage a1though E contact

not working
1300 29 May - 1000 30 May: di rection corrected by -77 degrees
1000 1 June � 0800 8 June: speed from Rustrak recorder

1980 2400 5 Jan. � 1700
1800 7 Jan. - 1700
1800 10 Jan. � 1000
2200 15 June - 0700
2200 2l July - 0700
0600 18 Oct. - l300
1600 29 Nov. - l300

7 Jan.:

10 Jan.;
11 Jan.:
20 June:
22 July
23 Oct '

1 Dec.:

bridge u and v for direction
used backup gauge
bridge u and v for di rection
direction from backup gauge
used backup gauge
used backup gauge
used backup gauge



DATA PROCESSING

For all variables, the processed data files use Greenwich >iean Time

 Universal Time! as the time base, although the data were originally

recorded in Pacific Standard Time.

The basic measured variables are sea level, atmospheric pressure, wind

speed and wind direction. Two other variables, wind stress and "adjusted

sea level', that are of oceanographic interest are routinely computed

from these measured variables.

Wind stress is the force per unit area that the wind exerts on the

water underneath. It has the same direction as the wind, and its magnitude

is proportional to the square of the wind speed. The eastward  ~ ! andX

northward  ~ ! components of the wind stress are computed from the

eastward  u! and northward  v! components of the wind velocity:

= p CD u' + v'! u

= p C  u' + v'! 'v
y D

where p is the density of air, taken to be 0.0125 gm cm ', and C is

the drag coefficient, taken to be 0.00l5.

Sea level varies both as a direct response to changes in atmospheric

pressure and in association with changes in surface currents. If sea

level is to be used as an indicator of currents or other oceanographic

variables, it is desirable to remove the direct effect of atmospheric

pressure variations. This effect is frequently described as the "inverted
barometer" effect, by which sea level falls one centimeter when atmospheric

pressure increases by one mi llibar. To adjust for this effect, vari ations

in atmospheric pressure are added to the variations in sea level. Thus,
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the adjusted sea level, n, is obtained from the observed sea level, h,

and deviations in atmospher ic pressure, p, from the standard pressure

of 1000 mb:

n = h + p - 1000.
a

Adjusted sea level is sometimes also referred to as "synthetic subsur face

pressure".

For each variable, the basic data consist of hourly time series.

These hourly data are used to compute monthly and annual statistics

and three kinds of filtered time series: low-passed  LLP!; very-low-

frequency  VLF!; and intermediate-low-frequency  ILF!. The beginning of
the hourly time series depends on the actual measurements, and is different

for each variable. The hourly time series were processed through 21 January

1981, so that all filtered time series could end 31 December 1980.

The hourly time series were low-pass filtered to remove fluctuations

wi th periods shorter than a day to produce law-passed  LLP! time series.

The filter response function  Figure 3! shows that it passes signals

with 95Ã amplitude of 0.37 cpd �4 hr!, 50K amplitude at 0.6 cpd �0 hr!
and 5X amplitude at 0.84 cpd �8 hr!; its half-power point is at 0.52 cpd

�6 hr!. Thus the low-passed time series do not contain the diurnal
sea breeze or the diurnal and semi-diurnal tides, but they do contain

the day-to-day variations associated with the weather, and longer period
 e.g. seasonal! variations. The low-passed time series are decimated to
six-hourly data. The low-passed time series are 24 hours shorter at each

end than the hourly data.

The low-passed time series were further filtered to remove fluctuations

with periods shorter than about 25 days, to produce the very-low-frequency



17

0
b

~4

p CU

0

O 0O 0

0
p
OO  D CU

0 O 0

3SNOdS38 30/7l /7dN Y

Vl
««P

Q

O 'U
C S
«U

S-
cj 4J
IU 4

«U
S-

I
3 «U
0
I

S- «U
IU M

I
tj 4

C U

«U
~ +J

«Pl
«PI ~
ll5
CL tJ

«U
3 «PI
O Vl
I PU

S-
CU

CL

S-
O M
4 C

C S-
0 «U
M r r
LP .I- t«P
C: 4 C

CL

«U M
C «U L«-
QWM

«U
S- JD

«U CI
«U «U
«II

CP
~ r- r«P «U

CL L-
4

««5 r 3
««P Q

«U C~
1 � ~ «U

E/! M
««j

~ p
O

«n «U
~~~6

~ w w C
4 .~



18

 VLF! time series. This filter  Figure 3! passes signals with 95'X
amplitude at 0.012 cpd  83 days!, 50'4 amplitude at 0.024 cpd �2 days!,
5K amplitude at 0.036 cpd �8 days!; the half-power point is at 0.0196 cpd
�1 days!. Thus the VLF time series do not contain the shorter period
weather fluctuations or events, but still contain the seasonal variations.

The VLF time series are 20 days shorter at each end than the LLP data.

Intermediate-low-frequency  ILF! time series were obtained by

subtracting the very-low-frequency  VLF! time series from the low-passed

 LLP! time series. Thus the ILF data are a residual time series, with no
energy at either very low frequencies or very high frequencies. The half-
power points are 51 days at the low frequency end and 46 hours at the high
frequency end; all of the energy wi th periods between 3 and 25 days is
retained in the ILF time series. Thus the ILF time series contains those

fluctuations usually associated with the weather; this is sometimes

referred to as the "event" time scale. The ILF time series are the same

length as the VLF ser~es.



SUMMARY OF DATA PRESENTED

Mean Wind Stress
Magnitude Direction
dynes/cm2 o T

Mean Wind
Speed Direction
m/sec 'T

MonthsSeason

21
variable
155
variable

0,49
0.27
0. 2 l
0. 09

2.2 4
1. 5 vari abl e
'I.7 152
0. 4 vari able

Winter

Spring
Summer
Fal 1

Nov-Feb

Mar-May
Jun-Aug
Sep-Oct

Statistics  Appendix A!

For each parameter, tables of the monthly means are presented in

Appendix A for each month in each year, beginning with the first full

month of data, and ending with December 1980. These tables have marginal

entries showing the mean annual values for each full year, and also the

mean value for each month. For sea level, the means are given in units

of both feet  the recording unit! and centimeters. For the wind and wind

stress vectors, we present the monthly mean vectors both as eastward and

northward components, and as speed and direction of the vector mean. These

monthly means are summarized in Figure 4.

The ten-year monthly and annual means for the period 1971-1980 when

all parameters were measured are sutmarized in Table 4, and graphically

in Figure 5. The overall means for the entire record lengths are compared

to the ten-year means in Table 5. The ten-year monthly means of adjusted

sea level, wind, and wind stress  Table 4 and Figure 5! show a difference

between summer and winter regimes. Adjusted sea level is higher than the

mean from November through March and lower from April through October. Winds

and wind stresses are from the south and southwest from November through

March and from the northwest from May through August. The ten-year mean

wind and wind stress roses  Figure 5! suggest the following seasonal groupings:
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Both the wind and wind stresses are characterized by small directional
variability in both winter and surmer, separated by transitional spring
and fall seasons. The variability in the magnitude of the wind stress

between winter and summer is much greater than that of the wind velocity.

The fa11 season has much lower wind and wind stresses than the other

seasons.

Subtracting the ten-year means for each month from the monthly means
y1elds monthly anomalies. The monthly anomalies are presented in tabular
form for each variable in Appendix A. They are sumrlarized in Figure 6.

Annual standard deviations computed from the hourly data, and for

each of the filtered time series, namely the low-passed  LLP!, very-low-
frequency  YLF! and intermediate-low-frequency  ILF! time series are also
tabulated in Appendix A. The annual means and standard dev1ations of the
low-passed  LLP! data are summar1zed in Table 6 and Figure 7. The inter-
annual variation 1n sea level and adjusted sea level is only a few centi-
meters and for atmospheric pressure only a fraction of that  Figure 7 and
Table 6!. At this time scale atmospheric pressure does not have the same
moderating effect on sea level as it does at higher frequenc1es. The
standard dev1ation of the noisiest year �973! in both sea leve] and

adjusted sea level is about 70'5 higher than that for the quietest year
�976!; for atmospheric pressure it is about 40K �978 and 1976!. The
effect of atmospheric pressure results 1n adjusted sea level having about

20% smaller annual standard deviations than unadjusted sea level.



vel  cm!

Armnep!mric preeevre  mb!

Ad i«e!ed See Level  cm!

U  m/eec!

V  m/eec!

Wind  m/eec!

Z;  dynee/cm !
0

2'  dynee/cm ! ~ I
I

Wind Sireee dynee/cm ! 0 70 71 72
76 77 78 79 ieea

Figure 4. Summary of the monthly means of sea level; atmospheric pressure;
adjusted sea level; eastward �! and northward  V! components of the wind;
wind shown as vectors; eastward  T�! and northward  ty! components of the
wind stress; and wind stress shown as vectors. The vectors point in the
direction toward which the wind is blowing.
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Time Series Plots  Appendix B!

Time series plots of each variable are shown in Appendix B. For e8ch

variable, we show plots of the hourly time series, and of each filtered

time ser ies.

Hour~I Data. Hourly time series are presented on an annuaT basis for Sea

level, atmospheric pressure and wind stress, and on a four-monthly basis

fot wind.

The hourly sea level data are strongly dominated by the semidiurnal

tides with amplitudes of a few feet. The envelope of the hourly' data

clearly shows the occurrence of neap and spring tides. In marked contrast

to sea level, the hourly atmospheric pressure data shows almost no diurnal

variability. The several-day  event! sca1e variations are strongest in

winter and weakest in summer.

The hourly wind data shows a cfear diurnal sfgna1 during summer that

is generally absent in winter. In winter, the eastward and northward

components have roughly the same amplitude, and both show strong variability

with periods of severa1 days associated with the passage of weather fronts.

In s-ummer, the northward  alongshore! component has strong variability on

both the event and the diurnal time scale, but the eastward  onshore!

component variability is predominantly diurnal.

The hourly wind stress data shows variability with diurnal, event,

and annual periods. Events dominate both eastward and northward components

in ~inter, but only the northward component in summer.

Data. To facilitate comparison among variables, all of

the low-passed time series presented in Appendix B are plotted with the

same time scale. Time series are presented for sea level, atmospheric
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pressure, adjusted sea level, eastward and northward components of wind,
and eastward and northward components of wind stress. In addition, wind
and wind stress are displayed as time series of vectors, whose magnitude

is indicated by the vertical scale on the left, with north toward the

top and east toward the right of the page.

On the plots of atmospheric pressure and sea level, the vertical
scales have the same ratio of centimeters or millibars to the inch. This
choice of scale demonstrates that sea level and atmospheric pressure are

inversely correlated, and that the effect of local atmospheric pressure

on sea level  believed to be 1 cm for 1 mb! is smaller than the variations

in sea level or adjusted sea level.

~ All VLF time series presented in Appendix

8 are plotted to the same time scale as the low-passed time series. The
sea level, atmospheric pressure and adjusted sea level are plotted with

equivalent vertical scales � mb = 1 cm!. Wind and wind stress are presented
as time series of components and of daily vectors. Seasonal cycles are

obvious in the sea level, adjusted sea level, northward wind and northward

wind stress, but not in the atmospheric pressure or in the eastward component

of wind and wind stress. The continuous time series of the YLF data are

shown in Figure 8 ~

Average daily values of the very-low-frequency adjusted sea level,
wind and wind stress were computed for the ten-year period 1971-1980 after

elimination of the values for the three occurrences of February 29th

 Figure 9!. After a winter maximum in sea level and northward winds,
adjusted sea level drops rapidly during Narch and April wh~le the winds
are veering clockwise from northward to southeastward. Sea level reaches
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a minimum at the end of Hay  Table 7! while the winds are settling into

their southeastward summer pattern; the strongest southward winds occur

in late July  Table 7!. The rise in sea level beginning in early June

is at a much lower rate than the spring drop. In October, the winds begin

blowing from the south again and sea level rises more rapidly to its winter

maximum.

Intermediate-Low-Fre Time series of the ILF data are

presented on the same time scale as the low-passed data. These time
series contain neither the shorter diurnal and semidiurnal variations

present in some of the hourly data, nor the seasonal cycle apparent in the
low-passed and ttLF data, but only those changes that have periods of a

few days to a few weeks. This variability is generally assumed to be

associated with changes in the weather, the passage of fronts etc., and

individual cycles are frequently referred ta as events. In most variables,

the amplitude of events is larger in winter than summer; this is particularly
obvious for the eastward components of the wind and the wind stress.

However, events in the northward  alongshore! component of the wind are

almost as strong in surfer as in winter.
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Mind PVD's and Scatter Diagrams  Appendix C!

The vector wind data are displayed by two additional methods: pro-

gressive vector diagrams  PVD's! and scatter diagrams. A scatter diagram
for vectors is one in which the northward  v! component is plotted versus

the eastward  u! component: each dot represents the head of a single

vector. In a progressive vector di agram, the origin of each succeeding

vector is placed at the head of the previous vector: the resulting trace

can be interpreted as a pseudo-trajectory; if the velocity field were

homogeneous, the curve wou'Id represent a true trajectory.

Progressive vector diagrams f' or the wind were constructed for each

year using hourly data; the results are shown in Appendix C. North is

toward the top, and east is toward the right of the page. The beginning

of each month is indicated by a small square labe11ed with the initial

letter of that month. Some of the PVD's show a period of almost due west-

ward flow in winter, e.g. in January 1970, December 1972 and January 1973.

The sustained due westward winds may be a result of poor exposure of the

anemometer to winds from the southeast and northeast, combined with the

very good exposure to winds from almost due east  Figure 1!.

Scatter diagrams for the low-passed wind data are shown in Appendix

C for each winter  October through March! and summer  April through

September! season. This seasonal division was based partly on the coastal

current regime: the summer regime, which prevails from April through

September, is characterized by southward surface currents and a persistent

vertical shear such that near surface currents are more strongly south-

ward than deeper currents; the winter regime, which prevails from October

through March, is characteri zed by highly variable currents wi th a north-

ward mean and no persistent vertical shear. This seasonal division is
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also consistent with the mean seasonal cycle in both wind and sea level

data as seen in the monthly mean  Figure 5! and the very-low-frequency

data  Figure 9!.

Composite scatter diagrams of the eastward and northward components

of the low-passed wind  Figure 10! show quite different patterns for the

two seasons. In summer, the wind is predominantly alongshore: either

almost due southwards, or north-northeastwards. In winter, the direction

is much more variable: although the strongest winds are toward the north-

east quadrant, weaker winds are frequently directed offshore, with both

northward and southward components. The scatter di agrams for indi vidual

seasons  Appendix C! resemble the composite diagrams  Figure 10!.

Statistics for the summer and winter wind regimes corresponding to

the scatter diagrams are presented in Table 8. The long-term mean wind

for the sumner regime is 1.14 m/sec directed towards 139'T. The mean wind

during each summer is also directed towards the southeast quadrant.

During each summer the standard devi ati on of the north-south component

is about three times that of the east-west component. The long-term mean

winter wind is 1.69 m/sec directed towards 8'T. Half of the winters,

however, have a westward component. During each winter the standard

deviation of the north-south components is about the same magni tude as '

the standard deviation of the east-west components'

Composite scatter di agrams of the eastward and northward components

of the low-passed wind stress  Figure ll! show the same seasonal pattern

as the wind.
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Cumulative Ekman Transports  Appendix D!

Simple theory indicates that there will be a net onshore or offshore
transport of surface water whenever the wind has a net alongshore component.
This transport, called the Ekman transport, is directly proportional to
the alongshore component of the wind stress, and inverse'ly proportional
to the local Corfolis parameter, f. With a north-south coastline orienta-

tion, the onshore Ekman transport, H, is directed eastward, and it is
X

proportional to the northward wind stress, <:

The simple theory assumes steady state, but it also appears to work
reasonably well for low-passed data. Since the Coriolis parameter for

-4 -1a given location is constant �.02 x 10 sec at Newport!, time series
of the onshore Ekman transport are identical to time series of the north-

ward wind stress presented in Appendix 8, except for a change in units:
-2a wind stress of 1 dyne cm corresponds to an onshore Ekman transport

of 9.8 kg per second per centimeter of coastline, or 98 metric tons per

second per hundred meters of coastline. A northward wind stress corresponds
to onshore Ekman transport  and downwelling along the coast! and a south-

ward wind stress corresponds to offshore Ekman transport  and upwel ling

along the coast!. With the change of units, and a change in sign, the
time series of low-passed northward wind stress in Appendix 8 are directly

comparable to the time series of the upwelling index at 45'N, 125'W  Bakun,
1975! except that the latter is derived from winds calculated from large-

scale pressure maps rather than measured winds.

There is some evidence  Huyer et al., 1979! that the response of

shelf waters to a given wind stress may depend on its duration as well
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as on the maximum intensity. To combine both in a single index, Huyer

et al. �979! devised time series of the cumu1ative Ekman transport, which

is a time integration of the low-passed onshore Ekman transport over the

duration of a wind event: the integration begins again from zero each

time the low-passed alongshore wind stress changes sign. The height of

the peaks is a measure of the total Ekman transport resulting from each

event; the time series thus readily show which events have greatest effect.

Time series of the cumulative Ekman transport are shown in Appendix D

for each year from 1969 through 1980.
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Acr BENDIX A

STATISTICS

Monthly I1eans
Monthly Anomalies

Ann aal Standard Devi'.talons



MGNTHL!r MEAN 5! A l EUEL  FT1

Ma y 0rr e Jul Ar!9 Sep Gct Na'rJar! Feb Mar Apr Ge "ear!

Mearr 9.41 9.39 9.15 8,79 H.r	 8.63 8.6= 8.77 8.90 8.97 9.2l 9.:9

1967 8.87
1968 9.31 9,56
1969 9.81 9.85
1970 9.HP 9.45
1971 9.2-' 8.92
197 7 9.2? 9.41
1973 9.56 9,46
1974 9.3.' 9.14
1975 9.13 9,41
1976 9.04 9.20
1977 9.03 9.07
1978 10.06 9.79
1979 9.'l5 9.57
1980 9.54 9.72

9,36 9.09
9.23 8.32
8.95 9,17
8.99 8.41
9.25 8.95
9.28 8.'99
9.10 8.28
9.49 8,98
9,16 8,66
8.88 8.65
8.83 8.'7
9.27 9.07
9 14 8 ol
9.15 9.00

8 53 8.66 8.56
8.72 8.55 �.6
8. 8 B.BZ 8.5
8.>G 8.53 8.:->

8 76
8. 36 8, 76 8. 8 '
8, 50 8.55 8.4
8 5 8 Eo 8 "'
8,'7 8.41 8.6 '
B.j4 8.55 8.9'-
B.:Z 8.53 8,4 !
8 . '. 6 8, 6!t 8 . !.

..:Z 8.4!E 8..'"
B. '3 3.25 8.66

HER 893
8.99 8,87
8 9 8 ol
8,61 8.:0
8..9 8.94
B. 1 8.77
8.64 8.74

8.84
0 8 59

8.91 H. 94
8.83 9.05
8.84 9..9
8.81 9.06
H.io 8.95

9 07 911
9.13 9. �
9.07 9
8. 9rl 9,44
8.79
8. 94
8.85 9.63
8,60 ".05
9.'ll ".19
8.95 9.63
9 7 9 "7

p6 o r,0
9. 25
8. 95 9

.:3 GE
'.!; 1

'J.'1 - '.7
'=D
'7

'6
0 '!

10
o,' . �

!. 
r9.-6 ! 



MONTHLY I4EAN SEA LEVEL  CM!

Jul Aug Sep OctJunJan feb Mar Apr May Dec MeanNov

270.4 285.3
283.8 281.4 281.3
299,0 300.2 272.8
301.1 288.0 274.0
281.6 271.9 281.9
281.0 286.8 282.9
292,0 288.3 277.4
285.6 278.6 289.3
278.3 286.8 279.2
275. 5 280.4 270.7
275.2 276.5 269.1
306. 6 298.4 282.5
278,9 291.7 278.6
290.8 296.3 278.9

260.9 264.6 272.2 274.9
264.3 274.0 270.4 278.3
259. 4 26'I . 8 271. 6 276. 5
260.0 263.3 262.1 273.7
264.3 27 1.O 272.5 267.9
268.8 271.6 273.4 272.5
258.5 260.3 266.4 269.7
271.3 264.9 269.4 262,1
262.7 262.1 264.9 277.7
269.4 271.6 272.5 272,8
258.8 271.0 275.8 276.5
263.0 269.4 277,1 270.1
267.6 268.5 276.1 281.9
264.0 266.7 272.8 272.8

289.2263.8 267.2 271.2 273.4267.9 262.6 262. 9286.9 286.1 278.9 280. 8Mean

MONTHLY MEAN ATMOSPHERIC PRfSSURE  MB!

Jan Feb OctAug SepApr May JunMar NovJul

1019.2
1018.5
1017.5
1019.8
1015.0
1019,7
1019.0
1020.7
1015. 9
1018. 6

1017.8 1019.1
1019.3 1017.7
1022.2 1018.6
1020.0 1019 4
1018.2 1019.3
1018.4 1020.5
1022.3 E017.1
1016.4 102'I.l
1018.6 1019.9
1017,5 1017.7

'I017.5 1019.1 1019.0 1019.2 1018.6 1017,5 1016.8 1018. 810E8.41018.8 1016.9 1018.2Mean

MONTHLY MEAN ADJUSTED SEA LEVEL  CM!

Dec MeanJul Aug Sep Oct NovApr MayJan feb Mar

294 .5 303.3 291,4
300,0 308.4 294.2
303.8 313.8 2B9.8
293.7 301,1 291.3
297.7 296.6 288.3
296,6 299.7 291.3
302.7 316.6 291.9
292.0 295.0 294.2
302.2 309.4 293,7
298. 9 31 n, 2 294. 6

282.6 286.9 288.6 287.0
285.9 288.3 290.0 291.0
277.0 278.4 282,8 287.2
288.9 282.5 286,2 281.9
280.5 280.6 282.7 292.7
287.8 290.1 289,9 292.6
279.9 287,4 292.4 295.4
282 2 287.4 294 3 290 6
285.9 285.5 292.4 297.8
282.8 284.7 289.8 291 4

1971 302 8 292 6 300 4
1972 301.3 304.1 301.5
1973 307.5 302,7 293.2
1974 303.0 298.5 302.3
1975 298,2 301.9 294.1
1976 299 7 298 5 291 I
1977 296.6 298.4 289.5
1978 320.2 312.6 298.7
1979 297.2 306,8 296.6
1980 307,0 308.7 297.7

283.4 285.2 288.9 290,8 298.2 305.4281.9287.5 281.7Mean 303. 4 302. 5 296. 5

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

1971
1972
1973
1974
1975
1976
1977
I 978
1 979
I 980

1021.3 'I020.7
1020,2 1017.4
1015.4 'I014.4
1017.3 1019.8
1019.8 1015.1
'I024.0 1018,2
1021.3 1021.9
1013.6 1014.1
1018.4 1015.0
1016.3 1012.5

1018.4
1018.7
1015.7
'1013,2
E015.0
1020.3
1020.4
'1016.2
1018.0
1018.7

277.1 260.0
253.6 265.8
279.5 267.6
256,3 256.0
272.8 262.7
274,0 264.0
252.4 259.1
273.7 263.7
264.0 258.2
269.7 260,3
255.1 268.8
276.5 260.9
271.6 262.7
274.3 266.1

290.7 281,9
293.3 281.7
274.6 277.8
293.8 283,0
282.2 277,5
288.2 280.7
277.5 286.0
293.0 282.0
290,3 282.6
291.8 283.8

264.0
260.6
268.8
260.0
267.0
267.0
260.0
264.0
256.3
260.6
260.0
264.0
257.9
269.7

1018. 5
1017.4
I018.3
1017.4
1019.6
1020.0
1020,6
1019.4
1021.5
1019.2

285.5
284.5
278. 9
281. 3
276. 1
280,6
280. 4
283. 3
279. 2
288. 9

1018. 4
1017. 1
E018.6
1017,5
1017.8
1018.4
1021.2
1019.2
1018.4
1019.0

10I 6.0
10E 6.7
I 018. 0
1017.6
1018.5
1018.4
1016.5
1018.0
1017.1
1018.1

1016. 1
1016.7
1016,3
1016.8
1017,9
1D17.3
1016.4
1017.2
1016.3
1017.2

277. 7
287.7
278.6
287.7
275.5
284.7
293.5
275.8
280,1
275.2
282.5
271,3
283.2
278.3

1019. 0
1015.4
1010.2
1017.9
1017.5
1021.3
1020.1
1020,9
1019.0
1020.6

281. 3
302. 7
297. 8
299.9
288,0
290.5
298,4
281.0
274.9
278.0
301,8
271.3
291.4
291.7

1015.4
101 B. 0
1015. 6
1020,2
1021.8
1021.7
1014.7
1023. 7
1018.1
1018,4

276. 2
277. 6
273. 5
273.1
276.4
273.0
273. 3
270. 3
271. 4
272.6
275.8
275.7
276.8

1018. 3
1017,8
1016,7
1018.1
1018.0
1019,9
1019.3
1018.4
1018.0
1017.8



MONTHLY MEAN EASTWARD WINO  M/SEC!

Jan Feb Apr Jul Aug Sep Oct Nov

-1.4 -1. 6
-0.3 0,1
0.2 1.1

-'l.o -'l. 0
0.1 2.1

-0.1 0.2
1.1 1.3

-0.2 ' -1.3
0.2 0.8

-0.4 -1.1
0.2 -2.0

-0.7 0.4

Mean -0.0 0.3 1,3 0.70.8 0.5 0.3 -0.2 -0,1

MONTHLY MEAN NORTHWARD WIND  M/SEC!

1.6
1. 0 -0.8 -0.5
1.1 3.4 0.7

-1 2 08 0 5
-2,'l 0.0 2.2
-0.4 O.'1 0.5
-3,0 0.3 -1.6
-2.3 0.7 1.2
-2.0 -0.9 -0.6
-0.4 -1.1 2.8
-0,8 -0.4 0.2
-0.2 0.5 0.6
-0.2 'l.l -0,5
-1.3 0.5 1.2
-2.0 -0.1 0.5

4.5 2.3 0.9
0.8 1.0 -2.2
2.8 2.8 0.5
2,5 0.2 -0.6
2.9 1.5 0.2
2.1 0.4 -0.3
1.4 -0.1 0.6
3,9 0.7 -0.'l
1.8 O.i

-2.1-1.3Mean 1.9 2.3 1.0 0.'l 1.8-D.7 -1. 3 0.1 O. 6

MONTHLY MEAN WIND SPEED  M/SEC! AND D[RECTlON  'T!

Jan Feb Mar Apr Jul Sep Oct NovJun

1969 1.3
184

1.5 1.8
291 298

2.7
339

2.0
37

0.9
110

3.7
177

0.8
355

0.7
54

1.9
162

1970 3.0 1.7 1.1
357 308 135

2.1
1OS

3.3
182

0.'1
81

0.8
149

2.1
172

2.2 1.2
353 5

0.3
67

3.4
15

1.4
62

1.5
62

1971 40 1 9 39
47 56 32

2.4
137

1.2
85

0.9
116

0.6 2.2
22 31

3.1
42

2.3
155

0.2
43

1.7
140

1,8 2.9
212 340

0.8
49

1972 3.1 4.7 2.7
33 17 33

2.8
167

1.8
146

0.3
28

3.5
354

3.0
l70

1973 3.0 2.0 1.6
339 294 50

1.3
130

1.3
99

1.2 3.7
7 35

0.7
53

2.3
159

2,7
166

1.0
47

4.2
20

2.3
169

1974 3.1 3.5 3.3
18 35 31

1,1
56

2.3
156

1.0
121

2,5
15

'1 .8
75

1.5
102

2.1
163

0.6 2.6
185 4

0.9
172

3.1 3.2
21 24

1.0
57

1975 2 9 2 5 1 1
34 4 78

1.9
157

1,8
159

1.2
165

2.5
ll

1,7
124

0.8
118

1.2
123

1.6
289

0.3 1.3
304 268

0.5
57

0.5
152

l.6
152

1.6
157

0.9
147

1976 3.0 3.2 2.4
9 27 52

1.6
134

0.7
76

0,7
57

2.8
165

3,0
9

1977 1.5 2.1 2,0
279 4 79

1.7
74

0,9
106

0.6 2.6
23 17

1.9
165

0.7
43

0.7
114

0.2
514

l.2
310

1978 2 1 1 4 0 2
321 9 239

0.8
106

0. 6 1.4
218 304

1.0
66

2.5
158

0.9
47

0. 3
358

2,4
353

1 3
167

1.2 2.1
9 287

1979 3.4 4 0 0.9
265 10

1.1
95

2.1
155

'1.4
146

0.6
39

1.0
135

0.3
76

2:1
8

1980 0.8 2,1 1.5
300 329 86

1.6
130

0.9
144

2. l
166

0,9 2.2
306 10

1.1
63

3.0
166

0,4
104

1.5 1.6
'l26 146

1.4
154

0.4 1. 9
352 1

0.3
79

2.4
5

Mean 1.9 Z 4 1.8
359I ll 47

2 0
157

1969
1970 -0.2 -1,3
1971 3.0 1.6
1972 1.7 1,4
1973 -1.1 -1.9
1974 1.0 2.0
1975 1.6 0.2
1976 0.5 1.4
1977 -1.5 0.1
1978 -1.3 0.2
1979 -3.4 0.7
1980 -0.7 -1,1

1969
1970 3. 0
1971 2.7
1972 2.6
1973 2.8
1974 2.9
1975 2.4
1976 3.0
1977 0,2
1978 1,6
1979 -0.3
l980 0.4

0.7
2.1
1.5
1.2
1.7
1.1
1.9
2.0

-0.2
0.6
1,5

1.2
2.0
1.3
l.8
O.8
1.8
1.0
0.7
0.6
0.7
1.1
1.0

0.5
0.4
1,6
1,1
1.0
1.5
'l .4
1.2
1.6
0.6
0.7
'l.2

0.4
-0.7
-1.8
-1.3
-0,8
-O. 3
-0. 9
-1 ..1
0.5

-1. 0
-0.7
-1. 0

0.8
0.6
1.2
0.6
1,3
0.9
0.7
0.7
0.7
0.9
0.9
0.5

-0. 3
-1. 8
0.1

-2.7
-0.2
-2.1
-1.7
-1.4
-2.7
0.4

-1.9
-0.7

0.2
-0.1

1.0
1.0
0.7
0.9
0.6
0.6
0.5
0.9
0.8
0.7

-3.7
-3.3
-2.1
-1.5
-2.6
-0,5
-1.7
-1.5
-1.8
-2.3
-1.2
-2.9

-0. 1
0.3
0.8
O.S
0.5
0.6
0.7
0.5
0.8
0.7
0,3
D.S

-O.l
0.1
0.1
0.1
0.8
0.1
0.3
0.2

0.3
0.4
Q.4

O,8
1.2
1.9
2.8
3,1
2.6
2.9

-0. 0
2.5
0.8
0.6
2.2

-1. 0
0.9 0. 3
2.1 1.3

-0.4 0.6
1.4 0.6
0.6 0.9
0.5 0.9

-1.5 0.4
0.4 0.6

-O.9 O. 0
-0.3 0.0
0.3 0.3

2.5
3.3 0.1
2.3 0.7
3.5 0.5
3.9 0.4
2.4 0.6
2.5 0.6
0.5 0.2
2.9 0.4
0.8 0.2
2.4 0.3
2. 1 Q. 1
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MONTHLY MEAN EAST'WARD WIND STRESS  DYNES/CM !

Jan Feb Mar Apr Jul Aug Sep OctJun Dec MeanNov

1969
1970 .26 -, D4
1971 .65 .46
1972 .46 ,40
1973 -.03 -.14
1974 .34 .42
1975 .41 .18
1976 .18 .36
1977 -.12 .I5
1978 -,09 .13
1979 -.46 .17
1980 .09 -.03

.12

.09

.24

.20

.13

.18

.19

.13

.20

.10

.10

.12

.21

.37

.22
,36
.15
.26
.17
,13
.08
.15
.15
.21

.nl .01 -.10 � .10

.02 .04 .02 .15
,12 .07 ,13 .29
.09 .09 -.06 .03
.06 .14 .10 .54
.06 ,03 .03 .16
,10 .05 .22 .33
.06 .04 .Dl -.07
.09 .06 ,08 .21
.07 .D5 -.DI � .07
.04 .09 .07 -.18
.05 .06 -.05 .22

,02
-.02

.11

.13

.07

.13

.05

.07

.05

.09

.10

.09

.04

.18

.92I

.15

.12

.07

.D9

.07

.08

.10

.06

.43 .13

.52 .29
,22 .20
.43 .15
.25 .20
.25 .19

� .07 .11
.27 .13

-,03 .04
.07 .03
.21 .11

.21

.54

.33

.23
,41
.24
.38
.35
.01
.DB
,27

.15 .19 .15.28Mean .21 .'IO .07 .06 .06 .04 .22.13

MONTHLY MEAN NORTHWARD WIND STRESS  DYNES/CMR!

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

.31
.69 .20 -.07 -.01
.74 .30 .85 .14
.69 .98 .55 ' .25
.56 .'I4 .22 -.23
.78 .57 .62 .'I3
.53 .53 .11 -.06
.69 .67 .37 .05
.02 .37 .16 -.03
.20 .19 -.00 .07

� .01 .65 ,'I3 .04
.16 .29 .06 .12

.13
-.11
-.16
-.14
-.07
-. 02
-.04
-.14

.09
-.13
-.12
-.10

-,07
-.29

.05
-.43
-.02
-.33
-.24
-.12
-.34

.02
-.26
-.12

-.52
-.45
-.30
-.25
-.41

.03
-.19
-.18
-.21
-.24
-.14
-.40

-.13,17
-.28 -.01
-,02 .04
-.48 .10
-.26 .20
-.26 -.11

.Dj -,15
-.07 -.04
-.03 .04
-.00 .14
-.'15 .07
-.21 -.01

.13

.38

.20
-.22

.22
-.05

.45

.06

.08
-.06

.19

.08

.20

.30

.48

.55

.75

.49

.61

.03

.45

.16

.07
,41

.48

.80 .09

.51 .24

.90 .20

.86 .16

.51 .20

.62 .18

.10,12

.59 .10

.17,04

.41 ,07

.49 ,06

Mean .46 .44 .27 .07 -.07 -.18 -.27 -.16 ,04 .38 .54

Jul AugApr Mea nDecSep Oct

0.2 0.2
3 322

0. 0 0.4
104 3

0.1 0.2
60 33

D.l 0.2
42 195

0.2 0.2
35 24

D. 1 0.'I
165 149

0.2 0.5
162 26

0.1 0.1
135 9

D.l 0.1
56 45

0.1 0,1
20 189

0.1 0.2
52 20

0.1 0,1
99 328

0.08 0.10
67 29

JunMarJan Feb Nov

0.1
131

0.2
333

0. 5 0.1
178 176

0.2
43

0.4
34

1969
0.5

5

1970 0.7 D. 2
21 349

0.160,9
28

0.5 0.3
183 176

0.3
172

0.3
27

0,4
92

0.1
141

0.2
108

0.7
46

0,3 0.1
160 99

0.2
74

0.3
58

1.0
32

1971 10 05
41 57

0.38
51

0.6
31

0.3
124

1972 0.8 1. I
34 22

0.28
44

0.3 0.5
153 169

0.4
166

0,2
125

0.4
55

0.6
31

0.9
14

0.6
3

0.3
147

0. 22
43

0.2
98

1973 06 02
357 315

0.3
46

1.0
27

0.9
36

0,1
118

0.4 0.3
170 167

0.28
45

0.1 0. 3
77 167

0.4
160

'1974 0. 9 0.7
24 36

0.6
26

0,5
18

0.2
96

0,3
63

0,7
33

0.26
46

0.2
102

0.7
22

0.7
28

0.2 D.'I
165 84

0.3
164

0.2
109

1975 0.7 0.6
38 19

0.3
65

0.16
43

0.1
325

0.1
69

0.1
293

D.2 0.1
t59 139

0.2
143

0.2
137

1976 0. 7 0. 8
15 28

0.5
46

0. 16
52

0,6
25

0.2 0.1
167 108

0.1
'I92'I

1977 0.1 0.4
279 22

0.5
25

0.2
66

0.4
65

0.3
168

0.06
43

0. 3 O. I
159 90

1978 0.2 0.2
336 34

0.2
350

0.2
336

0.1
76

0.2
142

0.2
65

0.0
90

0 2 0,2
144 165

0.08
21

0.4
10

0.2
291

0.2
140

0.3
159

0.2
75

1979 0. 5 0. 7
269 15

0.2
32

0.5
23

0.13
60

0.5
28

0.4 0 2
167 167

0.1
'I 53

0.2
130

0.2
60

0.3
77

19GD 0. 2 0. 3
29 354

0,43
21

0. 56
22

0.25 0.17
159 155

Mean 0. 46 0. 51
18 24

0.21
151

0.18
117

0. 20
75

0. 42
42

MAGNITUDE  DYNES/CMi! AND DIRECTION  'T! OF MONTHLY MEAN WIND STRESS
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HONTHI Y ANO�ALIEB OF SEA LEVEL  CN!

JAN FEB HAR APR iHAY JUN JUL AUG SEP OCT NOV DEC

1967 -15«
1968 -0«8 5.
1969 14.4 14.
1970 16.5 2.
1971 � 3ep � 13 ~
1972 -3«6 1-
1973 7 ' 4 2 ~
1974 1 ~ 0 -7 ~
1975 � 6 ' 3 1.
1976 -9 ' 1 � 5+
]977 -9.4 -9,
1978 22.0
1979 -5«7 6 ~
1980 6.2 10.

2 ~ 5
5 ' 9

1 ~ 3
-4 ' 5

0 ~ 1
-Q,7

� 10 ~ 3
'5 ~ 3
0 ' 4
4+1

-2 ' 3
9 ' 5
0.4

1 ~ 3
-F 1

6el
-2«7

4e3
4 ' 3

-2 ' 1
1 ~ 3

-6 ' 4
-2.]

7
1 ~ 3

-4 ' 8
7.0

6 ~ «
8 F 2
6 -'6e 3
4 -5«l
7 2.8
2 3 ' 8
7 -1 ~ 7
0 10.2

0.1
2 -8«4
1 � ]Q ~ 0
8 3 ' 4

-0 ~ 5
7 -0,2

8.7
� 14«8

lit]
� ]2«1

4«4
5 ' 6

-16 ~ 0
5 ' 3

-4 «4
1 ~ 3

� ]3 ~ 3
8« 1
3, I
5 ~ 9

MONTHLY ANOHALIES OF ATHOSPHERIC F'RESBURE  NB>

t 7
tl
~ 4
~ 0

t

«4

-0 ~ 2
-1 ~ 5

Otp
� 1.1
-Q«8

p
2e6
0 «6

-0. 2
p«4

-0 ~ 7
-I ~ 8
-0 ' 9
-1«B

Q«4
0 ~ 8
} ~ 4
0«2
«, 3

0.0

-1.3
0 ' 2
F 1
0,9

-0.9
-0«7

3.2
2 7

-0 ' 5
-} ~ 6

«8
~ '~ 4

t 5
~ 9
~ 8
«3
tp
~ 8
~ 9
~ 4

Hpl'iTHLY ANONAL IEB OF ADJUSTED SEA LEVEL  CN>

~ 6 -0
~ 6 2
«0 -6
~ 6 5
~ 8 -2
~ 3 4
5 3

,4
'7

«P -0

1971 -0.6
1972 -2 ' 1
1973 4.]
1974 -0 4
1975 � 5 ' 2
1976 -3 ' 7
1977 -6 ' 8
1978 lee
1979 � 6«2
1980 3.6

«9
~ 6

l
~ 0
«6
«0
~ 1
.1
~ 3

1971
4972
1 '9'73
1974
1975
1976
]977
1978
19'79
1980

p 5
1 ~ 4

-3 ' 4
-1 ~ 5

l«0
4 ~ e

~ U
-5«2
-Qe4

5,5

3
0

� 1 1
c'

-2
� 1

-9 1
0

-4
-0
� 4
� 4

]P 6

0 ' 9
1 ~ 2

-1 ~ 8
-4 ' 3

C

2+8
2.9
] «
0.5

3 ~ 9
p

-3 ~ 3
5.8

- e. ~ 4
-5«4
� 7 0

0.}
1 ~ 2

3

� ]2
6

-5
0

-}P
~ .

«8
.9
«3
3

~ 7
~ 0

.8
~ 3

7
3 ~ 1
4«9

-6.7
0.0
1 ' 3

-F 6
1 ~ 0

-4 ' 5
~ 4

6«1
-i«8

0 ~ 0
3 ~ 4

0 ~ 1
-1 ~ 3
-0 ' 4

0.4
Q«3
1«5

� 1 ~ 9
2«f
0 ' 9

-1.3

Q, 2
0 ' 0

-3 ' 9
1 ~ 3
4, e«

� l«p
4 ' 3
P 3
0 ~ 9
2«l

3 2
-3
-0
-5
-1

7

-3
-0

I
� 4
-0

4 6

6 4
"6
� 1 2
-0

~ 9
t 5
,4
~ 8
~ .t V

~ 0
«3
~ 5
~ 1
~ 6
~ 0
~ 8
~ 8
~ 8

8
~ 5
«4
~ 5
,9

92 C'
~ 8
~ 6

-3-l
6 ~ 3

-5«9
-4.4

3 ~ 3
3 ' 9

-7 ' 4
-2 ' 8
-5«6

3 ' 9
3«3
le!
O.e

-1 ~ 0

-l«5
-0 ~ 8

p c
0 ~ 1
1 0
0 ~ 9

-1 ~ 0
0.5

-0.4
0 ~ 6

3 ~
� 6

-4
4 ~

p.
-0

0.}
} «

-0«5
-10 ~ 0

0,4
1 ~ 3

-5 ' 7
7

7
0 ~ 4
3 ' 7
5.0
4«0
Q«7

-0
-0
-0

0 0
-0 0
-0 0

� 0,3
1.1

-6,1
7

].P
3 5
5
3 t'
0 ' 9

P,B
0 ' 1

-0 ' 9
].4

-3.4
1.3
0 ' 6

3 C
~ 4

3«8
0.2

-F 6
-8.9

1,9
1.8
4.6

-0 ~ ~
7«0
0.6

2 ~ 3
7,7

7
-4.5

4,7
13 ' 5
-4+2

Oel
-4«B

2 ' 5
-8 ' 7

3,2
� 1 ~ 7

0«S
-2 ' 8
-Btp
-0.3
-0,7

3.1
1«9
2«7
0 ' 8
1 4

-3 ' 7
1.8
5 ' 6

-4«5
-0.5
-1.6

4«5
-6 ' 2

4.0
0 ~ 7

-5 ' 4
]6 0
ll ~ 1
13 ' 2

1 ~ 3
3 ~ 8

ll ~ 7
-5 !

� ]1.8
-8 ' 7
15 F 1
]5 4

4,7
5,0

-3«4
Q,G

] ~ 4
3«O
2 ' 9

-4.1
4«9

-0 ' 7
-0.4

]
3 ~ 0
8't 4

� 4 ' 3
-8 8

li ~ 2
-10.4

4.0
4 ~ 8
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HALIES OF EASTWARD WIHD  H/SEC!HOHTk AHOLY

OCT HOU DECAPR HAY JWH JUL 4 IJAH

� 1.7
Q.o

-0 ' 7
-0 ' 8

0.4
-QADI
-0 ' 2

0 ~ 3
0 ' 2
0«0
0

-0 ' 6
� 0 5

0 ' 0

0 ' 1
0 ' 9
0 ' 2
0 ~ 7

-0>3
0 ' 7

-QADI
-0 ' 4
� 0 ' 5
-0 ~ 4

0 ~ 0
-0 ~ 1

-0.6
0 ~ 8
Oe2

-QADI
0 ' 4

-0«2
Q.b
Oe7

-1«5
-0«7

O«2

i,n
� 1.1

2.0

]
� 1,4

0.2
� 1 ~ I

0.7

-0 ' 5
0

-2 ~ I
0 ~

WIHD  H/SEC!AHOHAL IES OF HORTHWARDHONTHLY

0 ' 2
1 ~ 0
0>Q
I>9
1 ' 6

� 1>l
-0.7

0 ~ 1
-0.8

0.9
-1.7
-I.n
-0 ' 7

0 ' 9
0 ~ 5
1 ~ I
1.1
0 ~ 0

-0 ' 7

1 ~ 6
� 0 ~ 5

0.7
0 ~ 9

2
0e5

-0 ' 6
0.2

-0.3
0 ~ b

-QADI
0 ~ 5

1 ~ 2
0 ~ 1

-1.0
-0«5

0 ~ 0
0 ' 5

-0 ~ 1
-0 ' 3

1 ~ 3

QADI
1

0
l,l
I F 1

-0.2
leb

-1 ~ 0
0 ' 3

-0 ~ 8
-1«3
-0.5
-1«l

-l«4
-1 ~ 3

2 I
-1 ~ 6

0 ~ 4
0 ~ I
Oe5

-0 ' 3
� 1«0

l>5
� 0 ' 6

Q.Q
0.9
I ~ 2
0«7 O,l

0 ' 2
� f ~ 8

i.n
� 1 ~ 9

0.6
-I ~ 5

0 ~ 6
-F 1
-I ~ 3 0 ~ 1

Q0 ~ 3

HOHTHLY AHOY*LIES OF EASTWARD WIHD STRESS  DYHES/C!I !

-0.25
Q,QQ

0 'e
18
03
17
04
07
02
06
li
04
04
p e

-O«04
-n>07

0 F 08
Q>04

-0>03
0>02
0«03

-O>03
0.04

-0>nb
-0 F 06
-0 ' 04

-0 ~ 06
-0 F 05

O«05
n,n2

-0.01
-O.ni

0,03
-0 n I

0 02
0 ~ no

-0,03
-0 ~ 0"

-0.17
0-0 ~ 25

0 ' 19
-0.35

0.21
-0«03

Qet5
-Q.nb
-0 ~ OS
-0>04
-0 ' 24

0.31
0 ~ Qf
0«"2
0.04

0 ' 14
-0

O«39
Q.nf

0,04
-0-. 8

0 ~ 18
-O S ~2

0,06 0.06
-0' 4� Q>22

-0 ' 33 -0,14
Q.nn0 ' 07

ALIES OF kORTHW4RD WIHD STRESS  DYHES/CH !HOHTHL 4HOH

-0,20 -0,04
-Q.in Q. 28

26
06
09
20

08
ll
QQ
08
QA
Ql
07

Q>02
-0.13

n>13
-0 33
-n>il
-0 ~ il

Q. t6
0,08
0. 12
0 ' f5
0.00

-Q.nb

-0.27
-0 ~ 17

0 ' 51
-0>33

0 ~ ln
0>nb
0.20

-0 ~ 10
-0 ' 28

Oet8
-0, la

� 0 ' 38
0.54
0,24

� 0«09
0.31

-0 ~ 0
0,06

-Q.f5
-0.31
-0 ~ IB

p «c'

-0.01
0 3'='

0.08
0 ~ 15
0.35
0 ' Q9
0> I

0.34
-0.01

Q.tn
4

0 ~ 07
-n>37

0 ~ 05
-n., 4 -0.35
-0 33

Q.nl
-0« il
-0.03

1969
1970
f971
19 72
1973
1974
1975
1976
1977
1978
19/9
1980

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

1969
1970
1971
1972
1973
1974
1975
1976
19'77
1978
1979
1980

1969
1970
197l
1972
1973
1974
1975
1976
f977
1978
1979
1980

-0 ~ 2
3 ~ 0
1 ~ 7

-I> I
I ~ 0
I . 6
0 ' 5

e'I «5
� 1 3
-3«4
-0«7

I ~ 2
0 ~ 9
0 ' 8
1 ~ 0
I ~ I
Qeb
1.2

-Ie6
-0«2
-2.1
� l«4

0 ~ 12
0 ' 51
0 ' 32

-Oeit
0 ' 20
0 57
O«04

-0 ' 26
-0 ' 23
-O>60
-0 F 05

O«25
0 ' 30

q c'

O>12
0.34
Q>09
0 'le

-0.42
Q o4

-0 ' 45
-0 ' 28

-I
1
0

� 2
1

-0
0

-0
� 0

0
-I

~ 8
ei
,9
~ 4
C

«3
~ 9
«4
~ 3
~ 2
~ 6

-0«
0 ~
0 ~

-0 ~
0 ~

-0 ~
0 ~
O.

-0 ~
-0
-0 ~

07
26
0 C'
0 e'
13
04
in
07
A7
'1 Q
Ol

0
0 ~
0 ~
0>

-0 ~
0>

-0 ~
-0
-0 ~
-0 ~
-0

0 ~

0 ~
-0

0>
0 ~

� 0
0

-0
0 ~

-0>
0 ~

-0 ~
0 ~

0
-0
� 0

� 0 0 0 0
-n 0
-0
-0
-0

.21
F 03
>08
F 06
.Ol
~ 06
~ 04
.06
>17
F 05
«04

0

0 ' 0
0 e
O«4
0
O«5
QADI

-0 ~ 1
-ne 1
-0 ~ I

O.t
0 ~ I

-0 ' 3

Ien
-0 ' 5

1 ~ 4
-I«4

1 ~ I
-0 ~ 8
-0«4
-0 1
-I ~ 4

I ~ 7
-0 ~ 6

0 ' 6

-0 ' 02
-0 ' 06

0 ~ OS
0 ~ Ql
0 F 05
0«02

-0 ' 03
-0 ~ of
-0.03
-0 ~ 0

Q.QO
-0 F 04

0> li
-O,il

Q>23
-0 F 25

0.16
-0 ' 15
-0.05

0 F 06
-0.16

n,20
� 0 F 08

0 ' 06

-0.6
-Qe9

0 ' 2
0«2

-0 ~ 1
Qe I
0 l
0

-0«3
0.1
n,n

-nef

-I ~ 9
-1 «5
-0.3

0 ~ 3
-0 ~ 8

1«3
0.1
0 ~ 3
O.Q

-0 ' 5
0.6

-1 ~ I

-0 ~ 07
-Q. 11

0 02
0,04

-0 F 02
0.04

-0 ~ 04
-Q.Q2
-0 ~ 04

O.nn
0 OI
O.on

P 19
Q « ~

-Q.Q7
-0 F 02
-Q.]8

0,26
Q.Q4
Q>05
Q>02

-0.01
0.09

-0 ~ 17

-0

-0 0
-0
-0 ~

0 ~
0 ~
0«
0 ~
0 ~

-0 ~
-0

7

3 I I
n I I

3 I

-0 ' 4
p

-0.2
-0 ' 2

0.5
0
0.0

-QADI

0 ~ 0
QADI
0 ~ I

0.7
-0 ' I

Q.Q
0.2
0 ' 6

-1 ~ 0
I

-0 ~ 5
0«4
lan
0 ' 4

-0 ' ~

-0 ~ 06
-0 ~ 05

Q.nn
Q>02
0.07

-0.04
-0 ~ 0"
-O.Q3
-0.01
-O>02

0.02
� 0 Ql

0.14
-0 04

0 ~ ni
0 F 07
0 ' 17

-0,14
� 0.18
� 0,07

0 ~ Of
0 ll
0 04

-Q. 04

-I ~ 3
Q e
0.3

-0.9
0.2
n>n
ie

� 0 ~ I
0.3

-0 ' 3
0 ' 3

-0 ' 5

0.1
I ~ 8
0 ~ I

� 2 ' 0
Q>8

-1«n
2>4

-0.2
0.2

-0 ' 9
0 ' 8
0 ~ I

-0 ' 15
-0 ' 03

Q.OS
-Q>fl

Q«05
-Q.Q

0 ' 17
-O.O4

0 ' 03
-0 ' 06

0.02
-Q,tn

0.04
0 ' 29
Q.ii

-0 ' 31
0 ' 13

--0, 14
Q. 36

-0 0'
-0 ~ Qi
-0 ~ 15

Gain
-Q.QI

0 ' 7
I ~ 9

-F 6
1.2
0.4
0 ~ 3

-1.7



50

ANNUAL STANDARD DEVIATIONS OF SEA LEVEL  CM!

Hourly VLF ILFI ow-Passed

ANNUAL STANDARD DEVIATIONS OF ATMOSPHERIC PRESSURE  MB!

 CM!ANNUAL STANDARD DEVIATIONS OF ADJUSTED SEA LEVEL

full* These statistics are based on less than a
of data.

year

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
'I 979
1980

'I 971
1972
1973
1974
1975
1976
1977
1978
1979
1980

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

77.1*
78.4
78.4
79.3
78.1
77.9
78.8
78.2
77.8
76.9
77.5
78.0
77.4
77.7

6.9
6.1
6.5
6.7
6.8
5.1
5.9
7.0
6,3
6.9

77.5
77,5
77.9
77.5
77.2
76.7
77.0
77.1
76.9
77,1

15.0*
18.8
18.6
21.6
15.7
13.6
19.1
15.0
15.3
10.9
15.8
17.5
14.9
15,8

6.8
6.0
6.4
6.6
6.6
5.0
5,8
6.9
6.2
6.8

12.1
11.1
15.2
11.4
11.7

9.0
12. 9
13.2
11.6
12.1

9.3*
14,0
'I3. 7
16. 9

7.7
8,7

15.7
9.7

10.1
6.3

12.6
13.7
11.1
11. 5

1.8
1.8
2.6
2,4
2.2
2.3
2.6
3.0
3,5
2,6

7.6
8.6

13. 5
8.8
9.1
6.4

I 1 . 1
11. 5
9.7

10.0

11.6+
11.9
11.4
12.6
13.3

9.8
10.4
11.1
11.0
8.0
9 2

10.5
8.8

10.0

6.5
5.5
5,7
5.9
6.1
4.3
5,0
6.1
5.5

9.1
6.4
6.6
7.2
6.9
5.7
6.3
6.5
5.6
6.1



5f

ANNUAL STANDARD DEVIATIONS OF EASTWARD WIND  M/SEC!

Hourly sed VLFLow-Pas ILF

ANNUAL STANDARD DEVIATIONS OF NORTHWARD W]NO  M/SEC!

ANNUAL STANDARD DEVIATIONS OF EASTWARD WIND STRESS  DYNES/CM'!

ANNUAL STANDARD DEVIATIONS OF NORTHWARD WIND STRESS  DYNES/CMi!

~ These statistics are based on less than a
of data.

ful I year

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

1969
1970
1971
1972
1973
1974
1975
1976
1977
'I 978
1979
1980

1969
1970
1971
1972
'I 973
1974
1975
1976
1977
1978
'I 979
1980

1 969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

3. 04a
3. 97
3.48
3.56
3.16
3,01
2.91
2,75
2.94
2.66
2.92
3.00

4 94*
5.03
5.51
5.97
5.07
5.'10
5.19
4.34
4.15
3. 79
4.18
4,16

0 46+
0.72
0.67
0,60
0.54
0.54
0.51
0,43
0.51
0.35
0. 42
0. 49

O. 91*
1.02
1.22
1.27
1.03
1. 09
1 . 08
0.84
0.74
0.57
0,72
0.79

2.40+
3.32
2.81
2,89
2. 51
2,42
2.27
2,20
2.44
2,06
2. 38
2.42

4 19*
4.32
4.72
5.20
4.28
4.31
4.45
3.63
3.47
3.12
3.47
3.48

0. 36*
0.59
0.54
0.50
0.43
0,42
0.40
0.35
0.41
0.27
0.34
0.39

0, 73*
0. 83
0. 97
1. 07
0.81
0,86
0.87
0,68
0.59
0.42
0.55
0.62

1.02
0.90
0.96
1,25
0.98
0.95
0.55

1.13
0. 97
1.23
0 86

1,86*
2.10
1.68
2. 5'I
2.21
2.05
1. 97
1,50
1.69
1,14
1.81
1.60

0.10*
0.18
0.22
D.2D
0.16
0. l8
0.12
0.16
0.17
0.11
0.16
D.ll

O. 29*
0. 39
0.35
0.52
0.41
0.39
0.35
0.29
0.29
0.14
0.27
0.26

1,97*
3.07
2.50
2.41
2.31
2.12
2.11
1.81
2.07
1. 86
1. 88
2. 22

3, 60*
3,71
4.44
4.47
3.63
3.79
3.98
3.20
3.03
2.90
2.89
3. 05

0.29
0.54
0.47
0.42
0.40
0. 38
0.36
0.30
0.36
0.26
0.28
0.36

0. 62*
0. 73
0,90
D.91
0.69
0.77
0. 79
0. 59
0.50
0.40
0,47
0.56
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I-I iLJRLV TIME SERIES

Sea Level
Atropos p he ri c '0 res sar e
Adjusted Sea Level

Eastw<~rd and Northward ',~'~nd
Eastward <>nd Northway d I inc Stress
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Sea Leve1

Atlnos ph e ri c P res:ui e
Adju ted Sea Lerel

Eastward and Northw Ird Wind
Wind Vectors

Eastward and Northward Wind Stre' .s
Wind Stress Vec tor s
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