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An array consisting of four buoys and a single shore based

meteorological station were established to sample the horizontal

wind field within the near shore zone off the Oregon coast. On two

consecutive days in April 1973, the wind speed and direction were

recorded at 75 second intervals at distances of up to 14 kilometers

offshore, Investigation of the existence and position of a boundary

between marine and terrestial environments proceeded through an

examination of wind statistics for significant differences among the

buoy and shore station locations. This boundary or transition zone

will be referred to as a front in the meteorological sense of a dis.-

continuity in some physical properties.

Jnder the influence of steady meridional flow due to an unusual

high pressure system more typical of summer conditions, a front

developed at about seven to ten kilometers offshore. In addition, an
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average wind speed of 9 rn/s and slightly unstable conditions were

favorable for generation of atmospheric roll vortices in the first half

of the data record. These disturbances migrated eastward at the

rate of approximately 2. 1 rn/s. Although these two phenomena were

shown to exist for these rather special conditions, their general

occurrence under other synoptic situations is still unknown.
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AN EXAMtNATION OF THE MESOSCALE
CHARACTERISTICS OF THE COASTAL WIND FIELD

INTRODUCTION

During the period April 17-21, 1973, off the coast of Oregon,

data were collected from an array of four toroid buoys and a single

shore based station (Figure 1). The shore based station was located

near the mouth of Beaver Creek at Ona Beach State Park, Oregon

(Lat. 44031!N). Inland of the site, the coastline rises to form a

100 foot high bluff that runs north to south. Just offshore, there are

notable, above surface, rock formations known as Seal Rocks. The

buoys were anchored at distances from 5.2 to 14.2 kilometers

offshore, forming three triangles with an average side length of

approximately 6. 6 kilometers. The depth of the moorings ranged

from 42 to 72 meters.

The shore station was instrumented to measure wind speed,

wind direction, and air temperature. In addition to these para-

meters, sea surface temperature, at a nominal depth of 0. 5 meters,

was measured from the buoys. In the past, measurements from

toroids have displayed good agreement with wind speed and direction

as determined from National Weather Service charts. The advantage

of buoys are their ability to provide a continuous record of near

surface conditions (Day, 1970).



Figure 1. Observation array.
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Sensors and data recorders were manufactured by Ivar Aanderaa

(Bergen, Norway). The wind speed sensor, consisting of a light

weight, low friction, three cup anemometer, was mounted with an

obstruction free exposure. The number of revolutions during the

sampling interval was counted and recorded electronically. This

gave a wind speed value integrated over the sampling interval. In-

strument accuracy was rated at 0.40 rn/s. Wind direction was

measured by means of a heavily damped vane with ± 3° accuracy.

True direction was obtained by summing the recorded direction,

buoy orientation direction, magnetic declination, and 180°. The

180° correction means that the wind direction is given in terms of

the direction that the wind is blowing towards. For example, a

true direction of 180° indicates a wind blowing towards the south.

A schematic of a toroid mooring is provided in Figure 2. Note that

individual components are not necessarily drawn to the same scale.

Data were recorded at a sampling rate of 75 seconds. The net

observation period was nearly 46 hours, totaling 2205 points .for

each of five stations. Processing was done on the CDC 3300 at the

Oregon State University Computer Center. The complete time series

was not used intact, but broken into shorter segments. These seg-

ments, to be referred to as I and U and defined in Table 1 are used

throughout this analysis. During these periods, the wind speed and

direction remained relatively invariant. The frequency range of
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interest was from 0,5 cycles per hour (2 hour period) to 24 cph (2.5

minute period). The highest discernable frequency (24 cph), the

Nyquist frequency, is defined as 0.5 cycles per data:interval. The

lowest frequency was more arbitrarily chosen so that at least four

to five complete cycles could appear in the time span of observation

in each of the two segments that were chosen for detailed study.

Table 1. Data Sets for Segments I and II.

Segment Station Start time (GMT) End time (GMT) # Points

I 1 April 19 2125 April20 0626 434
2 2125 1021 622
3 2125 1229 724
4 2125 1330 773
5 2125 1335 793

II 1 April20 1601 April21 0320 544
2 1618 0920 819
3 1626 1120 908
4 1651 1229 943
5 1821 1228 870

The objective of the experiment was to investigate the inherent

properties of the horizontal wind field as a function of time and space

within the nearshore zone. Of primary concern were phenomena

within the confines of the mesoscale. The mesoscale forms an

essential link between synoptic and small scale atmospheric motion.

Based on observations of the wind speed and vector direction, esti-

mates of divergence and vorticity were also computed and analyzed.



Principally, interest was centered on investigating how the

oceanic wind regime is altered near an abrupt continental boundary.

The mountains of the Coast Range constitute a significant barrier,

tending to deflect the winds towards alignment with the coastline

(Cooper, 19ES). Once over land, the air mass has several possible

routes governed somewhat by stability. A stable air mass is more

likely to proceed around obstacles, while an unstable mass will more

readily ascend a slope. Due to this and other effects, wind measure -

ments taken at shore stations may not be representative of conditions

one to ten kilometers offshore.

As a rule, the coastal winds over the ocean are stronger than

winds over nearby land for any given setof meteorological conditions.

The air at low levels is strongly influenced by friction with the under-

lying boundary and thermal convection, if a temperature gradient

exists. Friction can cause a reduction in the geostrophic velocity

of as much as 25% over the ocean and 50% over land (Willett and

Sanders, 1959).

Turbulence has been observed to increase as .the roughness,

temperature gradient at the interface, and wind speed also increase.

This leads to the hypothesis that the more uniformly defined oceanic

winds are apt to be disturbed by local changes once over land. The

offshore extent of the influence of this continental boundary has yet

to be investigated. This question was approached by examination of
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various statistical properties of each segment of the data set.

The synoptic scale meteorological picture in the Pacific North.-

west exhibits a seasonal cycle that is largely determined by circula-

tion about the North Pacific High and Aleutian Low pressure areas.

Locally, winds vary from NW to SW throughout most of the year..

During the summer, the high reaches its strongest development

(1030 mb) and is centered at 30° to 400 N and 1SO°W, while the low

is weakened. Summer winds are generally from the NW to N over

nearshore and coastal areas. During the winter season, the high

weakens and shifts 10° south as the low intensifies. Clirnatological

records show that spring is a transitional period with the wind

shifting from S to N. Data from April 1961, 1962, and 1963 showed

that the winds were normally from the SW with n average speed. of

5.9 to 7. 1 m/s, with a significant onshore component (Bourke et al.,

1971).

A review of National Weather Service surface analysis charts

(Figure 3) for the observation period revealed that the North Pacific

High was prematurely displaced to the north producing surface winds

from the N to NW. This acted to impose summertime synoptic COn-

diticins on an otherwise non-summer situation. During segment I,

the center of the high reached its maximum northward excursion,

being located at 45°N and 135°W. There was no evidence of frontal

activity near the array area. Towards the end of segment II, the
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high began to weaken an.d was centered at 40°N. A low in the Gulf

of Alaska was intensifying.

Normal summertime conditions, with the sea temperature lower

than the air temperature (near the coast), produce a stable air mass.

However, during April 1973, the sea temperature was anomalously

greater than the air temperature for that time of year. This tended

to decrease the stability of the maritime air mass, providing

favorable conditions for upward vertical motion under circumstances

usually associated with subsidence or downward motion due to the

presence of the high.

One other unanticipated occurrence was the appearance of two

land breeze events attributed to enhanced radiational cooling on clear

nights (Burt, Crew, and Poole, 1975). However, no companion sea

breeze was experienced during the day as differential surface heating

was apparently insufficient to generate this form of local circulation.

When they do occur, sea breezes can be detected from as early as

0900 until late afternoon local time. In order to remove the dorriin-

ating influence of the land breeze on the prevailing winds, those por-

tions of the time series were not included in the statistical analysis

in this study. The diurnal component, although most pronounced at

the land station, was evident in all of the records. The resultant

time series consis.t of from 9 to 19 hours of data at each station.

These series will hopefully yield some information about the coastal
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effects on s.teady longshore meridional winds.

Periodic disturbances within the rnesoscale will also be studied.

Roll vortices are an example of a phenomenon operating in this

frequency range. Briefly, roll vortices have been observed to occur

during slightly unstable conditions with moderately strong prevailing

winds. They are helical in form with their axes parallel to the wind

and migrate in a transverse direction. Roll vortices produce alter-

nating intervals of convergence and divergence. Their presence is

often indicated by parallel bands of cumulus type clouds. The mode

of generation is not clearly understood, but buoyancy, instability and

wind shear are among the proposed mechanisms.



12

ANALYSIS OF WIND

Measurements of wind speed and direction were taken at the

height of 5. 0 meters above sea level. The time series of wind

speed, wind direction, U and V components of the wind velocity, and

air and sea temperatures are given in Figures 4 through 8 with seg-

ments I and II clearly indicated. U and V are defined as the two

orthogonal vectors (zonal and meridional) whose sum produce the

wind velocity. By convention, U and V are positive in the east and

north directions, respectively. Here, U and V were used synono-

mously with onshore and longshore.

Calibration of wind sensors was done in a wind tunnel under

controlled conditions, averting such sources of error as buoy motion

and environmental turbulence. These errors, collectively called

noise are high frequency disturbn-ces that may obscure a system's

response to a given stimulus. Noise may be either internal or

external in origin and is usually unavoidably included in the data.

The integrated wind speed filters out much of the effects of higher

frequency disturbances. The wind direction is inherently noisy,

consisting of the difference between two instantaneous observations

that are not sampled simultaneously. This may introduce greater

variability between consecutive samples than naturally occurs.

Noise will have a more critical effect on the U component than on V.
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The V component is larger in magnitude than U by a factor of two to

four and dominates the wind vector direction.

Among the statistical properties that were compiled in the

attempt to describe the nearshore transition zone and other features

of the wind field are the following: Progressive vectot diagram

(PVD); Mean wind speed, vector direction, U and V components

(WS, VWD, U, 1/); Mean magnitude ( 1U , V ); Maximu.m (MAX;

Minimum (MIN); Standard deviation (S); Coefficient of variation

(CV); Resultant wind speed (RWS); Persistance (P); Divergence

(Dlv); and Vorticity (VOR). Auto and cross correlation, spectral

estimates and analysis of variance were also computed for each

segment. All statistics use the entire segment length except cross

correlation, vorticity and divergence which are computed from the

longest coincident series within a segment. Table 2 lists some of

the more standard statistical results. The sample mealls from

segments I and II were also tested for significant differences in

Table 3. Before a discussion of results, further description of

some of the above procedures will be given.

The PVD (Figure 9) is a graphical technique for charting the

wind in an Eulerian manner (at a fixed point in space as a function

of time) rather than a Lagrangian sense which follows the trajectory

of an individual parcel. It is sometimes used to imply parcel tra-

jectory assuming a uniform velocity field. If the velocity field is
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Table 2. Basic Statistics for Wind Speed, Direction, U and V.
Statistics for segment I are to the left of the / and for
segment IL are to the right of the /.

SI SZ S3 S4 S5

WS 8. 18/8.85 9.37/9.21 9.32/9.40 9.39/9.97 9.46/10. 17

MAX 11.53/11.53 12.65/11.53 11.90/12.65 13.02/12.65 12.65/13.78

MIN 2.23/4.46 5.95/5.95 5.58/5.21 5.21/5.21 5.58/5.95

S 1.55/1.33 1.33/1.09 1.24/1.33 1.56/1.37 1.41/1.43

VWD 165.5/169.2 164.3/174.6 164.7/166.7 170.9/176.4 161.4/168.1

CV .036/. 023 .020/. 014 .018/. 020 .028/. 019 .022/. 020

U 2.00/1.60 2.26/0.83 1.94/1.93 1.19/0.57 2.65/1.98

MAX 5.5/4.3 9.8/9.4 10.7/11.1 10.7/10.1 10.5/12.1

MIN -4. 0/-a. 3 -10.4/_9. 3 -l0.2/-9.8 -11. 1/-u.S -12.3/-9. 7

S 1.57/1.05 3. 70/2. 63 4. 75/3.91 4.58/3.82 3.95/3. 13

2.20/1.67 3.66/2. 16 4.38/3.53 3.91/3.07 4.07/3.03

CV .616/.431 2.68/10.04 5.99/4.10 14.81/44.9 2.22/2.50

V -7. 74/8. 65 -8. 04/-8. 77 -7. 11/ 8. 16 7.44/9.05 -7. 86/-9. 44

MAX -. 3/_4. 3 8.1/_a. 7 8.5/0.0 9.7/6.3 8.1/-i. 7

MIN -11. 1/-11.2 -11.9/_Il. 3 -11.5/ 12.3 -12.6/ 12.5 _12.4/_13.4

S 1.71/1.31 2.50/1.25 3 40/2. 15 3.58/2. 14 2.66/1.61

7. 74/8. 65 8. 15/8.77 7.45/8. 16 7.87/9. 11 7.97/9.44

CV .048/.023 .097/.0Z0 .230/.069 .232/.056 ..115/.029

RWS 7. 99/8.80 8. 35/8. 81 7. 37/8. 39 7. 53/9. 07 8.29/9. 65

P .98/. 99 . 89/. 96 . 79/. 89 . 80/. 91 . 88/. 95

UP .91/. 95 .62/. 38 .44/. 55 .30/. 19 . 65/. 65

VP 1.00/1.00 .99/1.00 .95/1.00 .95/. 99 .99/1.00
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Table 3. Difference of Means, Segment I - Segment II.

Si S2 S3 S4 SS

W -.67 .16 -.08 -.58 -.71

U .40 1.43 .01 .62 .67

V .91 .73 1.05 1.61 1.58

.52 1.50 .85 .84 1.04

IV -.91 -.62 -.71 -1.24 -1.47

Difference WS YES NO NO YES YES

Significant U YES YES NO YES YES

At 95% V YES YES YES YES YES
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of such uniformity that the observed velocity can be considered as

representative of the velocities in the neighborhood of the point of

observation, this interpretation is justified. A PVD is constructed

by placing the origin of each vector at the endpoint of the previous

sample vector. The PVDt5 show the marked influence that the

diurnal component had on the otherwise consistent S to SE flow.

The Persistence (P) is useful in summarizing the behavior of

the wind direction. P is equal to 1. 0 for wind whose direction does

not vary and is less than 1.0 if the direction varies. The high

pressure system gave consistently high P values during segments I

and II. Some variability may be attributed to noise introduced by

the motion of the buoy. The shoreline may act to discourage varia-

tions in the direction by deflecting the wind. A similar statistic was

computed for U (UP) and V (VP) as the ratio of mean to mean magni.-

tude values. V rarely changed sign and was almos.t exclusively

negative (to the south). However, there was evidence of frequent

switching of the sig.n of U causing IJto be considerably smaller than

JUJ.

Divergence (or its negative counterpart, convergence) may be

visualized as the expansion (contraction) of a volume of air.

Mathematically, it is the scalar quantity defined as:

au av awv-.v = - + - + -
ax ay az
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4.

where V is the wind velocity vector and U, V and W are the scaler

components in the x, y and z directions, respectively. U and V are

horizontal velocity components and W is the vertical velocity corn-

ponent. The third term, normally negligible near the surface when

compared to the first two, is neglected. En a compressible fluid

such as the atmosphere, horizontal divergence is in general non zero.

The absolute vorticity is the sum of the relative and planetary

vorticity components. The planetary vorticity (vertical component of

the rotation of the surface of the Earth), f, is zero at the equator

and increases poleward. Also called the Coriolis parameter, f is

equal to 2 sin, where = 7. Z9 x lO sec', the angular velo-

city of the Earth and is the latitude. At the latitude of this experi-

ment, f is approximately lOg. The relative vorticity is a vector

quantity defined mathematically as:

t

Vx* 11GW V ' BW 313 + , 3V 313

," 53x 3y)

4-where V, Ti, V, .W are as defined above and i, j, are the unit

vectors in the x, y, z directions, respectively. Only the t, vertical,

component is of interest. Since the value of f changes little over the

buoy array, only changes in the relative vorticity will be considered.

Vorticity is present in curved as well as straight motion, due to

curvature and velocity shear, respectively.

Divergence and vorticity estimates were computed by a modified
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version of the program VORT (Cummings, 1972). Formerly, its use

was restricted to equilateral triangles, but it is now applicable for

any triangular array. Each triangle is rotated by a correction angle

so that one of its sides is aligned in a North-South direction (Figure

10). The length of side 2-3 becomes y and the length of the perpen-

dicular from 1 to 2-3 becomes x. An interpolated wind vector is

computed for point 4 with the assumption that it varies linearly with

distance between 2 and 3. This means that if 4 is the midpoint of y

then the wind at 4 is simply an average, otherwise the average is

weighted wLth the point closer to point 4 receiving the greater

weight. Divergence and vorticity were estimated for triangles A, B,

C (Figure 1) using a finite difference approximation of the expressions

mentioned above, namely:

_U .VDIVr+

-
Lx Ly

An alternative computer program that estimated divergence as the

net transport across the three triangule faces produced comparable

results.
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Figure 10. Vorticity and divergence estimation procedure.

In addition, estimates of divergence and vorticity were corn-

puted from the above finite difference expressions by evaluatin.g the

horizontal rate of change of the mean wind components between adja-

cent stations (ie. Si and S2, Si and S3, SZ and S3, S2 and S4, S3 and

S4, S3 and S5, S4 and S5). This procedure gives seven estimates

each of the average divergence and vorticity (over a common time

interval) at a mean distance offshore for the given pair of stations.

For example (Figure 11), there is positive divergence occurring

between Si and S3 when U1 is greater than U3 and positive vorticity

(counter-clockwise circulation) when V3 is greater than V1. A plot

of these estimates vs. distance from shore is given in Figure 17

(Appendix),

S3
SlL

Figure 11. Alternate estimation procedure.



The time series for divergence and vorticity for .the data record

are given in Figure 12, 13, and 14. There is a great deal of varia-

tion between consecutive estimates. This is particularly true in

three cases of vorticity (triangle A segment I and triangle B seg-

ments I and II) where the distributions closely resemble white noise

and are nearly random. Table 4 gives the statistics for divergence

and vorticity for each segment based on the longest coincident series

of the three stations defining a particular triangle. The hypothesis

tested (at 95%) is that the mean value is zero.

Table 4. Statistics for Divergence (Dlv) and Vorticity (VOR) for
triangles A, B, and C. Statistics for segment I are to the
left of the / and for segment II are to the right of the /.
(Mean, S x 10 Max, Miii x 10 3)

Mean S Max Mm Reject

VORA -0. 05/ 0.58 9. 00/ 7.49 3. 04/3. 09 -2. 81/ 2. 86 NO/YES

VORB -0.44/-0.6]. 12.50/ 9.53 4.21/2.84 -4.81/-4.38 NO/NO

VORC 2.55/ 1.23 12.50/10.40 3. 12/2.93 -3. 84/ 3.80 YES/YES

DIVA -1. 42/ 0. 68 9. 67/ 8. 37 4. 78/3. 01 -4. 12/_3. 47 YES/YES

DIVB 1. 67/ 1. 34 12,, 30/ 8. 75 3. 90/3. 30 -3. 70/-4. 48 YES/YES

DIVC 1.28/ 1.50 7.50/ 6.28 3.80/2.91 -2.58/-1.83 YES/YES

Spectral estimates were products of the OS-3 ARAND System and

in nrticu1ar the program SPECT1C (Ochs, Ballance, Baughman,

). This program outputs the frequency components in cyc1es
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per data interval., but period in minutes will be used whenever

possible. Auto-correlations are computed via a fast correlation

algorithm. Spectral estimates are then formed from these values.

The estimation procedure utilizes a Tukey or Cosine lag window

based on the trucation points input. Three.truucation points, corres-

ponding to the length of the input series times 1/20, 1/10, and 1/5

were used. A confidence interval bar is given on each plot repre-

senting the 95% confidence level.

The cross correlation measures the correlation between two

time series as a function of lags or discrete intervals of time. In

this instance each lag is equal to 75 seconds. The function is jn

general not even or symmetric about zero lags.

Analysis of variance is a technique which evaluates the con.tri-

bu.tions of specific sources of variation to the total variance of a

process. The purpose is to separate random and systematic fluctua-

tions and determine whether means are significantly different. The

three sources considered as contributors to the total variance of

the wind speed are time, space or location, and residual or random

variations. The spatial variation is further divided to distinguish

differences between the shore station and all of the buoys and also

among the buoys. The wind speed data for each segment was

arranged as shown in Table 5 where w represents an individual

observation, T is the column sum at time j, T. is the row sum
+3 1+



of all the observations.

Table 5. Data Organization for Analysis of Variance Procedure.

Station 1

2

3

4

5

Time

1

Wi1

1

W31

w41

w51

T+l

2 a

w
12

w la Tl+

T T
+a

31

Analysis of variance includes the following calculations:

a 5 2
2 T

Total sum of squares TSS (w. .) - (5a-i) d.f.
ji i=1 13

where d. f. indicates the degrees of freedom of each variance source

a (T)2 T2 (a-i) d.f.Column sum of squares CSS = 5 5aj =1

5 (T
)2

Row sum of squares RSS = a (5-i) d.f.

Residual sum of squares SSR = TSS - CSS - RSS
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Mean square = Sum of squares d.f. for each variance source

F = Mean square Residual mean square

Table 6 and Table 7 summarize these computations. The SS

(sum of squares) and d. f. (degrees of freedom) for each source of

variation referred to as Total, Time, Station, and Residual are

equivalent to the above defined. TSS, CSS, RSS and SSR with their

respective d. f. The mean square for each source is the ratio of

SS divided by d. f. for that particular source. If the computed value

of F is greater than the tabulated F 95(d.f., residual d..f.) then the

means are significantly different (at the 95% confidence level).
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DISCUSSION OF RESULTS

Comparison of the means revealed that the mean wind speed,

WS, in segment I was less than in segment II at all stations except

S2. In three case s.of WS, four of U, and five of V, the null hypo-

thesis proposing that the two samples were drawn from the same

population (and thus had the same population mean and variance) was

rejected with 95% probability. For this reason, data segments I and

II were analyzed individually and then compared. This approach is

realistic, reasoning that the coastal front does not form a permanent

boundary, but varies in time, intensity and distance from shore with

day to day changes in the weather.

Two way analysis of variance of the wind speed (Table 6 and

Table 7) showed that the largest sums of squares were associated

with the residual or random (34% of the total sum of squares in

segment I and. 46% in segment II) and time (56% and 42%) variations.

In segment I, essentially all of the variation among the stations

(10%) occurs between Si and the four buoy stations. This may in

part be due to the different instrument platforms used at Si and S2

through S5 in addition to space variations. No attempt was made to

remove the effects of these differences. For this reason, locating

any change in character between two buoy stations would provide a

more convincing argument. The computed F value did not indicate
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significant differences (at 95%) among the buoy mean wind speeds.

Paired comparison of these means showed that only 83 and S5 were

significantly different at 80%. Station to station changes in selected

properties of the wind field are shown in Figure 15 as a function of

relative distance from shore. There was a general trend in the mean

wind speed, decreasing by 1. 3 rn/s from S5 to Si. U at S4 was a

significant minimum and increased towards Si and S5. The increase

from S4 to Si might indicate some turning towards the coast. Such

counterclockwise rotation of the wind vector is called backing and

could be caused by increased surface friction. This appeared

weakly in the mean vector direction as a 50 difference between S4

and S3. The mountainous terrain inland may inhibit the development

of extensive eastward surface motion, opposing the backing tendency

mentioned above.

Table 6. Analysis of Variance of the Segment I Wind Speed.

Source of Variance d.1. SS Mean Square F

Total 2169 4887.87 --

Time 433 2722.24 6.287 6.57

Stations:
Si vs. buoys 1 502.73 502.73 525

Among buoys 3 4.44 1.479 1.55

Residual 1732 1658.46 .958 --
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The wind speed sample variance (52) showed a definite division

between S3 and S4. Values for SZ and S3 were not significantly

different while all other pairs involving these two stations were

different. The mean V component, RWS and P had minima between

S3 and S4 and IUI had a maximum. Differences were generally

tested for significance at a 95% level.

Table 7. Analysis of Variance of the Segment II Wind Speed.

Source of Variance d.f. SS Mean Square F

Total 2160 4231.9

Time 431 1795.5 6.230 5.59

Stations:
Si vs. buoys 1 239.5 239.9 215.1

Amongbuoys 3 266.8 87.6 78.5

Residual 1724 1929.7 1.11 --

In the mean, divergence was significantly negative for triangle A

(indicating a convergence zone that may be associated with the coast)

and positive for triangles B and C. Vorticity was not significantly

different from zero in triangles A and B, but in triangle C was

significantly positive. The expanded plots of divergence in Figure 17

(Appendix) also showed convergence within triangle A and divergence

in triangles B and C. The divergence estimates were dominated by



the -- term, evaluated as a weak indicator due to variable U and

likewise variable . The features of vorticity were a positive

peak between S3 and S5 and a large negative area centered between

S2 and S3, Both of these features were due to the behavior of the

contribution..Ax

In many respects, segment II closely paralleled segment I.

The difference in the analysis of variance of the wind speed was that

only half of the variation that occurred among all stations (12% of the

total sum of squares) was accounted for b.y the dLffernce between Si

and the four buoys. There appeared to be a break in characteristics

between S3 and S4 such that only the pairs S2-S3 and S4-S5 had

statistically equivalent mean wind speeds. This accounts for the

measurable variation among the buoys. In a similar fashion to

segment I, Figure 15 shows that in segment II WS decreased by

1. 3 rn/s from S5 to Si, U increased from a minimum at 54 (but not

as consistently), and the wind direction backed by. 1O from S4 to

S3. V was identical in behavior (having minima between S3 and S4)

though greater in magnitude by 1 rn/s. Other statistics sharing the

same properties were IUI RWS and P.

In the three triangular areas, mean divergence was significantly

positive while mean vorticity was greater than or equal to zero. In

AUthe divergence estimates between consecutive s.tatipns,

accounted for a convergence peak at about 7 kilometers. Vor.ticity
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in segment II closely resembled that in I with the same peaks occurr-

ing due to the influence of the - component.

To summarize, the frontal zone in segment I was between S3 and

S4 based on a small difference in the mean wind speed at S3, backing

of the wind direction, low persistence, significant changes in the

wind speed variance and U between S3 and S4, and convergence and

positive vorticity due primarily to In segment II the front was

well defined by the analysis of variance, wind direction, convergence

and vorticity in the same genera.l area as in segment I (approximate-

ly 8 kilometers offshore).

Wind speed cross correlation confirmed the results of the analy-

sis of variance. In segment I, values were lowest for pairs of

stations that included Si with an average value of . 19 at zero lags

as compared to an average of . 53 for all other pairs. In segment II,

the highest correlation occurred between S3 and S4 with S5 decidedly

different from all other stations. Most of the correlation in the wind

speed was contributed by V with U adding a small value having no

apparent frequency dependence. The wind speed proved to be the

most suitable variable for detailed study. Spectral analysis of the

U component revealed that itwas essentially random, explainingthe

unusually low persistence and high coefficient of variation experi-

enced at the buoy stations. The spectra of divergence and vorticity

were likewise random due to the influence of the U component,
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Spectra and cross correlation will be examined further to detect

periodic variations.

Frye (1972) discussed the spectrum of wind speed that was ob-

tamed during typical summertime conditions in Oregon at a shore

based station. The wind for the period he investigated was from the

north with an average speed of 7. 1 rn/s. Frye confirmed the

existence of a spectral gap.between one minute and one hour where

the energy did not exceed 0. 05 m2/s2. The existence of this gap

implies the absence of processes capable of sustaining energy at

these periods. The spectral gap has been investigated extensively

only over land with little information available over the oceans.

Van der Horen (1957) showed a spectral gap between 5 and 20 minutes

and 5 to 8 hours. This represented data taken overland at a height

of 108 m.

The wind speed spectra produced a scattered frequency picture.

Many peaks appeared but were not consistent among .the five stations

that were analyzed. A confidence interval bar was included as a

guide in the evaluation of the signIficance of energy peaks. The

variable truncation point, m, provided three degrees of smoothing

by increasing the bandwidth of the spectral window as m decreased.

The resolution of peaks is much greater for higher frequencies and

sometimes more averaging (smoothing) is desireable, while, when

examining the lower frequencies averaging was of little value.
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The results of spectral analysis were generally poor and did not

contribute much information to this investigation. No significant

peaks were identified which tends to confirm the presence of a

spectral gap with low spectral energy values. A representative

sample of wind speed spectra with three degrees of smoothing are

provided in Figure 18, Figure 19 and Figure 20 in the Appendix.

The cross correlation of wind speed in segment I (see Figures

21 through 30 in Appendix) dramatically show the influence àf

periodic disturbances that have been interpreted as roll vortices.

This can best be seen in pairs of stations involving SI, but is also

evident as peaks in the correlation for other pairs. Segment II did

not display this feature at all. A distinct periodicity ranging from

38 to 48 minutes (average period of 42 minutes) was observed. The

convention described in the Appendix immediately preceeding

Figure 20 indicates that the vortices are moving towards the coast.

Roll vorticies produce alternating regions of convergence and

divergence due to adjacent counter rotating rolls. The research of

LeMone (1973) suggests a roll dimension or wavelength of 1.5 to 6.5

kilometers and a period of 30 to 60 minutes. This period represents

the observed time span between successive divergence or convergence

zones at a fixed station. The migration speed is equal to the wave-

length divided by the period and is of the order of 1 rn/s transverse

to the mean flow.
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The model in Figure 16 provides a picture of the cells as a

function of distance and agrees with the available data. The rolls

are approximately 2. 7 kilometers wide and are migrating eastward

at the rate of 2. 1 rn/s. Roll vortices that occurred during the land

breeze event portion of this observation period are well documented

b.y Burt, Crew and Poole (1975), and these results show agreement

with the exception of the direction of migration. This may be a

consequence of the predominant westward flow associated with the

land breeze. These findings were based on strong evidence of

periodicity in the divergence and U component records, but the pre-

sent investigation did not have these advantages. The cross wind

U component) which would be most significantly influenced by these

vorticies could not be productively analyzed.

Once the high pressure system and the coastal front were suffi-

ciently well established, rolls ceased to occur or at least were Un-

detectable. The presence of roll vortices over the ocean has been.

confirmed, but more precise information as to their generation and

propagation is still unknown.
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CONCLUSIONS

The primary objective was to investigate the question of how the

oceanic wind field is influenced by the presence of land. A coastal

front or boundary that marked the seaward extent of the continental

influence was shown to exist at a distance of seven to ten kilometers

offshore. This front became well defined in segment II as the high

pressure system developed, but was present throughout the observa-

tional period. The U component of the wind speed was anticipated as

a valuable indicator of change in the wind character, but its small

mean and noisy record made its usefulness doubtful. U was essen-

tially uncorrelated at zero lags of the autocorrelation among all

stations. Ultimately, the wind speed and V component provided the

most useful information.

The front was detected as a difference of the means by analysis

of variance, a change in the wind speed sample variance, and back-

ing of the wind direction. Vorticity, due mainly to a maximum in

the -p- term between S3 and S4 (8 kilometers offshore) was positive

within the frontal zone. In segment I, this was associated with

significant convergence. In addition, the frontal zone was character-

ized by low P, and significant changes in U.

Finer scale changes within the portion of the field closest to

land have escaped the sampling network. This experiment has
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offered the opportunity to examine the coastal effects on steady

meridional winds only. To complete the study it would be necessary

to include other meteorological situations such as mid-latitude

cyclones which are more energetic and a situation with strong on-

shore flow.

Periodic disturbances in the wind field were successfully

analyzed by the cross correlation function. Evidence indicated the

presence of roll vortices with a period of 42 minutes migrating east-

ward at 2. 1 rn/s during segment I. Once the high had become

established and the front developed, these disturbances apparently

ceased. The auto.correlation function for WS, U, and V did not

contribute any strong evidence in favor of periodic disturbances.

Similarly, the spectra produced inconsistent results, but did mdi-

cate the presence of a spectral gap. Divergence and vor-ticity were

also poor indicators, as the grid was too coarse to respond to the

passage of individual vortices and the erratic U component also

created problems.

Knowledge of the presence of roll vortices is only a beginning

to understanding the mechanisms for these occurrences and their

role in marine atmospherics.
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Figure 17. Additional divergence and vorticity estimates
6 denotes segment I and denotes segment II.
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NOTE:

The cross correlationfunction values are plotted from left to

right in the order R (rn-i),, R (m-2), . . . R (1), R (0) =x2xl x2xl xzxl x2.xl

R (0), R (1), . . . R (rn-i).xlx2 xlxZ xlx2

where: R = x1(t) x2(t + u)
xl x2

R = x2(t) x1(t + u)
X2X1

The summation is taken over all time for a given u number of lags.

The cross correlation is not generally symmetric about zero lags,

implying that H (u) ?' R (u).x1t2 X2x1

A positive value of R (u) means that x2 has a positive phase
2

shift with respect to x1 and therefore leads x1. This is interpreted

to mean that the change occurs first at x1 and is followed at a later

time by a corresponding change at x2. For positive R (u)
X2l

leads x2, and has a similar interpretation.

Figure 24 shows the cross correlation function for the case

where x1 is the wind speed at S5 and x2is the wind speed at Si. A

positive value at approximately 21 lags (26 minutes) indicates that the

change in the wind speed occurs first at S5. This convention is as

described in Jenkins and Watts (p. 32 -325). From this, the
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disturbance is progressing from S5 to Si. Similarly, the other

figures confir.m this eastward movement.
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Figure 21. Wind speed cross correlation S1-S2.
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Figure 23. Wind speed cross correlation S1-S4.
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Figure 24. Wind speed cross correlation S5-S1.
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Figure 25. Wind speed cross correlation S3-. w



kJ LJ(,OF ' (.)VA NC-. ( LFTiON FUNCT1Q
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Figure 27. Wind speed cross correlation S5-.
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Figure Z8. Wind speed cross correlation S3-S4.
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Figure 29. Wind speed cross correlation S5-S3.
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