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ABSTRACT

A description is given of the experiment and the temperature and
pressure time-series. Three separate temperature phases are identified-­
each lasting about 11 days. The last phase is believed to be a lens
of warm water intruding from the north. Originating. perhaps. in Possession
Sound. An attempt is made to estimate the contribution of mooring motion
to the temperature signal. The first temperature phase is investigated
for the possible presence of internal waves.

vi



..

•

INTRODUCTION

During the winter of 1972 the University of Washington Oceanography
Department and Pacific Oceanographic Laboratories (POL) conducted a joint
engineering evaluation of two thermistor arrays used by the Internal Waves
Project. The primary purpose of the evaluation was to test each array as
an unattended system under field conditions. However, the data that the
test provided could be used to investigate tides, temperature and salinity
structure of the Puget Sound central basin. The data could also augment
the observations of current and water properties made by POL during
Feb. 1972. This report is intended to provide a summary and analysis of
the test and data.

DESCRIPTION OF THE EXPERIMENT

Two subsurface thermistor arrays were deployed in the central basin
of Puget Sound in Feb. 1972. The north array (array 4) was deployed midway
between West Point and Pt. Jefferson in 201 mof water on 17 Feb. The
south array (array 3) was deployed on 22 Feb. midway between Pt. Williams
and Blake Island in 205 m of water. The arrays were deployed from the UW
ship On~ by streaming them out on the surface and dropping the anchor
(railroad wheels). The position of the arrays were determined by sextant
sightings on charted objects. No hydrographic casts were made at the time
of deployment. However, the data of array 4 overlaps 10 days and array 3
overlaps 7 days with POL's hydrographic and current observations. Both
arrays were retrieved by acoustic release of the anchor on 23 Mar.

The test sites were selected based on a desire fo~ data from Puget
Sound central basin and on a historic data base obtained at or near these
sites by UW on a tri-weekly interval during the previous 2 years (Lincoln
and Collias, 1970).

The configuration of each array is given in Table 1. The thermistors
used were the Wienbridge Oscillator type designed by the Applied Physics
Laboratory. The salinity sensors were Plessy conductivity cells. The
sampling interval was 2 min. Figure 1 shows a typical array configuration
and Figure 2 the site location.

DATA TAPE

Data for each sample point (T,C,P) are recorded on tape as the least
significant part (l.s.p.) of the cycle count of the high frequency clock
(Ic ~ 1.47456 x 106 Hz) during the gate-open time corresponding to 446
pu~ses of the sensor (t a 446/1

8
). For example, a typical 's is 8000 Hz.
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TABLE 1. Array location. deployment time. and configuration.

North Array South Array
Data Module #4 Data Module 13

Latitude 470 42.47' 470 32.07'

Longitude 1220 26.12' 1220 25.60'

Depth 110 fms/20l m 112 fms/205 m

Start digital electronics* 47-Z2l32 47-Z2l38

Deploy array* 48-Zl957 53-Zl932

Sensor on tape channel** III Pl 27 m Cl 180 m

Sensor on tape channel 112 Tl 103 27 m Tl 112 35 m

Sensor on tape channel fJ3 T2 316 52 m T2 301 60 m

Sensor on tape channel 114 T3 305 77 m T3 317 85 m

Sensor on tape channel 115 T4 309 102 m T4 303 110 m

Sensor on tape channel 116 T5 310 132 m TS 315. 140 m

Sensor on tape channel 117 T6 201 157 m T6 306 155 m

Sensor on tape channel 08 T7 318 172 m T7 307 165 m

Sensor on tape channel 09 T8 207 182 m T8 313 170 m

Sensor on tape channel 110 P2 102 m T9 311 175 m

Sensor on tapeechanne1 #11 Cl 4183 172 m TlO 302 180 m

* All time information = Julian Day. Zulu Time.

**All sensor information • Type (T,P,C). Serial no. and estimated depth.
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This corresponds to 446 x fcll • 83600 • (82 x 1024 + 656) cycle counts.
It is the 656 which is recorde~. If the l.s.p. is greater than 1024 • 210 •
there is an "overflow" and the count begins again at zero. Thus. the data
will be ambiguous unless overflows can be detected (Dworski. unpublished).

TWo methods were used to detect overflows. First. a coarse resolution
sample was taken every 40 min (every 20 samples). This was done by
effectively decreasing the clock frequency by a factor of 16. (fc/16). This
sample recorded the temperature which the fine resolution samples should
closely approximate. When the data were analyzed. the coarse sample value
was replaced with the next fine resolution sample. The second method to
detect overflows was a "logical" statement in the program used to process
the data tape. If the difference in two succeeding 1.s.p. was greater than
512 an overflow had occurred. This method sets an upper limit on the rate
of change of the measured parameter.

In the example above. the actual number of overflows is 82. At some
point in the data. we must know this number exactly. Let M CI actual number
of overflows. C == counts between 0 and 1023. Co lID full count. then Co III

M x 1024 + C and 4461f~ • Colfc. Thus f s III 446 x fclCo. We know T - T(fs ).
P III P(fs) and C - C(fs} from cilibration curves.

Linda Olund processed the raw data tapes. One hour of data was removed
from the beginning of the tape in order to eliminate data taken during launch.
Twenty-two anomalous values appeared randomly in the data taken at array 4.
These were replaced with the value 5000 and appear as a sharp spike in all
records from array 4. In analyzing the data. these values were replaced with
the preceding value.

Least Count

The least count (I.e.) is a measure of the resolution of the system.
('System' is sensor plus digitizing electronics.) That is

From above

I.e.
~e ~e

1:8-111--·

~fs ~fs--111--111-
~Co ~C

446 x f o lID f 8,;;,.,2_

C~ 446 x f e

~e/Af for the thermistors can be calculated from the calibration curves
8
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where (I and 8
0

are calibration constants. Therefore,

(1 + P/8
0

)2
I.e. • - -----

(1 + P/8 0 )2 • f s

(I • 446 • f e

For the thermistors used on the two arrays

The calibration curves for the pressure sensors are

and the I.e. at 27 m is

I.e. : 8 em/count.

TIME SERIES

The lunar day (l.d.) average temperature at each sensor is plotted in
Figures 3 and 4. Tables 1 and 11 in the appendix give the values plotted
and their variance. Figures 5 and 6 are plots of isotherms whose depths
were calculated by linear interpolation using the l.d. averages and the
estimated depths of the sensors.

Basically, three separate temperature structures can be distinguished
in the time series. An initial period in which the temperature profile
can be described as two layer with a maximum gradient in the thermocline of
-.00300 C/m at array 4 and -.0013°C/m at array 3. Next, a period in which
the entire water column is isothermal at approximately 6.75°C. Last, a
period of warm water intrusion during which there are large horizontal and
vertical gradients and a rapid increase in temperature at all sensors.
Each period is of approximately equal duration, 11 days.

The isotherm plots show that the warm water intrusion has the appearance
of a "lens". A particular isotherm in the lens slopes upward from north to
south. For the 6.80o C isotherm, the "outer boundary" of the lens, this
slope amounts to 35 m/19 km • 1.85 m/km = 1° slope. The warm water appears
to strike both arrays simultaneously at their shallowest sensor and
"propagate" down the array with about one days lag between sensors. This
could be accounted for by the sloping boundary of a lens intercepting
successively deeper sensors as the lens moves horizontally past the array.

6
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Tables 2 and 3 give the average temperature and gradient at each sensor
for each of the three temperature phases at array 4 but only the first phase
at array 3. The gradients were calculated from the fit of a cubic spline
to the data. Zero second derivatives were specified at the end points.
The general tendency of the three phases is evident, especially in the
temperature gradients. During phase three, the thermocline at array 4 has
moved upward from 77 m to less than 52 m. There is also an increase in
gradient at 132 m.

The plots of hourly temperature, Figures 7 and 8, show temperature
fluctuations correlated with the tide. During the initial temperature
phase, the sensors at 77 m and 102 m on array 4 and 35 m through 110 m on
array 3, show warmest temperatures occur at low tide. However, at 110 m,
array 3, these warm temperatures occur only on lower low tide. During the
isothermal phase, the temperature fluctuations are not large enough on this
scale to visually correlate with the tide. The warm water phase shows not
only a warming trend at each sensor, but also large temperature fluctuations
during each tide cycle. At array 4, the warmest temperatures occur at high
tide at 77 m and below,and at low tide at 27 m. However, at 52 m warmest
temperatures initially occur at high tide and then change to low tide after
Julian Date (JD) 77. The temperature range from high to low tide has a
maximum of =0.350 C at 27 m. During the warm water phase, the temperature
at all sensors on array 3 is warmest at low tide. However, at 35 m and 60 m
there is often a sharp decrease of :0.08°C right at low tide. This may be
due either to the leading edge of the warm water lens passing the sensors
as the lens is advected north between high and low tide or to cooler surface
temperatures.

The tide record at 27 m is plotted in Figure 8. This record also
includes the contribution from mooring motion, seiches and other barotropic
pressure forces. Since the mooring motion is due to drag on the array, its
contribution should appear proportional to a rectified horizontal velocity
signal (i.e., ClU2). Inspection of the tidal record reveals several "peaked"
high tides--for example, JD59 - JD62. These peaks are also present but not
as prominent at low tide. Irish has suggested that such peaks could occur
if maximum tidal velocity occurred near high or low tide. In this case,
the mooring would be at maximum displacement near high and low tide, making
the tide look higher and lower than it really is.

An attempt was made to estimate the magnitude of mooring motion. Using
a program developed by Irish, the surface tide was predicted based on
harmonic constants derived from tide records taken in Elliot Bay, Puget Sound.
No correction .was made for the 6' difference in latitude and longitude between
the tide station and array 4. The tidal constituents used are given in
Table V in the appendix. The predicted surface tide was subtracted from the
observed to obtain the residual. The variance of each is given in Table 4.
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TABLE 21 Array),

Ave Temp (oC)
Variance (10-4 )

Stand. Dev.
Ave Grad (oC/f'J1)

Variance (10-6 )
Stand. Dev.

me~n temperature and gradients for oeriod JDS4 - JD65.
35m 60m 85m 110m 140m 155m 165m 170m 175m

6.7780 6.7651 6.7354 6.7070 6.6933 6.6877 6.6828 6.6799 6.6768
11.6853 6.7402' 8.16i~7 4.2314' 1.1097 .8850 1.0334 1.1681 1.4337

.0)42 .0260 .0286 .0206 .0105 .0094 .0102 .0108 .0120

-.000) -.0009 -.001) -.0008 -.000) -.0004 -.0005 -.0006 -.0006

2.13161.1644 .5640 .4685 .1767 .1731 .1977 .3124 .4249
• 0015 • 0011 .0008 • 0007 .0004 .0004 .0004 .0006 • ODD?

180m
6.6736

1.9129
.01)8

-.0006

.4697

.0007

I

-
N

TA~LE )1 Array 4,

Ave Temp (oe)

variance(10-4 )

Stand. Dev.
Ave Grad (oC/m)
variance(10-6 )
Stand. Dev.

me~n temEerature and ~radients for temperature phases I, JT~ III.
27m 52m 77m 102m 132m 157m 172m 18 m Temperature

6.8;85 6.8300 6.7542 6.7047 6.6897 6.682) 6.6817 6.6826 Phase

16.2414 16.4302 17.1297 8.5355 2.604) 0.9673 1.2235 2.1588
0.0403 0.0405 0.0414 0.0292 .0161 0.0098 O.Olll~ 0;0147

0.0004 -0.0019 -0.00)0 -0.0011 -0.0003 -0.0002 0.0001 0.0001 (JD49 - JD60)
2.5532 1.1108 0.7211 0.9533 0.4731 0.3741 0.4549 0.5259
0.0016 0.0011 0.0008 0.0010 0.0007 0.0006 0.0007 0.0007

Ave Temp (oe)
-4Variance(10 )

Stand. Dev.
Ave Grad (oC/m)
Variance(10-6)

Stand. Dev.

Ave Temp (oC)
Variance(10-4)
Stand. Dev.
Ave Grad (oC/m)

-6Variance(lO )
Stand. ·Dev.

C)'

6.7839 6.7817 6.7532 6.74J6 6.7327 6.7108

13.8055 6.6805 1.7692 2.0682 2.6208 1.9142

0.0372 0.0258 0.0133 0.0144 0.0162 0.01)8

0.0002 -0.0007 -0.0009 -0.0001 -0.0008 -0.0005

2.4815 0.7306 0.6669 0.3306 0.2)51 0.1541

0.0016 0.0009 0.0008 0.0006 0.0005 0.0004

7.0102 6.8569 6.8193 6.81J6 6.7744 6.7493
304.4830 76.)005 63.2546 62.2775 8.1037 1.3965

0.1745 0.0874 0.0795 0.0789 0.0285 0.0118

-0.0073 -0.0039 -0.0002 -0.0007 -0.0014 -0.0005

J1.731; 5.9647 2.1386 2.5560 2.4785 0.5988

0.0056 0.0024 0.0015 0.0016 0.0016 0.0008

6.7089
1.2376

0.0111
0.0002

0.1926

0.0004

6.7465
1.5378
0.0124

0.0000

0.2324
0.0005

6.7113
0.9518

0.0098 II

0.000) (JD60 - JD71)
0.2623
0.0005

6.7476
1.6)Lt 9

0.0128 III

0.0001 (JD71 - JDB))
0.)662

0.0006
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TABLE 4: Variance of the tide.

Recorded Variance = 1.021940 m2

Predicted Variance m 0.9650736 m2

Residual Variance = 0.0568661 m2

If the entire residual variance is attributed to mooring motion then
the amplitude is small, =24 em. This is equivalent to a 3° displacement
from the vertical. Inspection of the residual series, however, shows some
displacements much larger than 24 cm, the largest being 1.3 m on JD6l.
This is equivalent to a 6° displacement. The predicted tidal amplitudes
and phases are given in Table 5.

TABLE 5: Predicted tide.

Tidal Amplitude Initial
Line (cm) Phase*

~ 100.0 ± 9.8 169.9 ± 5°

82 24.9 ± 2.5 223.2 ± 5°

XI 84.7 ± 12.5 92.7 ± 7°

°
1

48.6 ± 7.1 266.0 ± 7°

*Phase at be~inning of record.
Reliable conductivity data was obtained only from the sensor on array

4. However, the thermistor at the same depth (172 m) malfunctioned after
18 days. The salinity at array 4 calculated from the conductivity at 172 m
and the temperature at 182 m decreased steadily from 29.45% 0 to 28.88% 0

during the test period 17 Feb 1972 to 23 Mar 1972. This is consistent with
the similar trend shown in the POL hydrographic data discussed below.

HYDROGRAPHIC SURVEY AND OTHER DATA

During 1972, POL commenced an experimental program to study the dynamics
of the Puget Sound system. Cannon and Laird have provided an initial summary
of the experiment, current measurements and STD observations made in Puget
Sound in Feb 1972 (Cannon and Laird, 1972). Their sections of temperature,
salinity, and density are reproduced in Figures 9 through 14. The vertical
lines in the figures indicate locations occupied during the survey. Table
6 and Figure 15 summarize the results of their current measurements. The
u axis is chosen along the direction of maximum variance with +u northerly
and +v at 90° to the left.

15
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TABLE 6: Summary statistics of the current-meter records.

- - t!
Depth Direction u Variance v Total Lunar

of +u Variance Day

(m) (OT) (cm/s) (cm2 /s2 ) (cm/s) (cm2/s2 ) (n)

16 24 10.1 194. -1.3 222. 29.

41 31 2.9 530. 2.4 594. 26.

67 46 - 8.3 206. 2.5 238. 25.

90 42 -11.9 165. 4.9 201. 30.

127 48 - 9.9 236. 4.0 280. 21.

*Reproduced from Cannon and Laird, 1972. Start of records 31 Jan 1972.

The following is a summary of,their principal observations:

(1) A colder than usual winter for Puget Sound.

(2) An intrusion of slightly fresher bottom water. (Figure 10)

(3) Northerly mean flow above 50 m and southerly mean flow below.
(Figure 15)

(4) Kinetic energy maximum in the main pycnocline (~4l m) concentrated
chiefly in the lunar semi-diurnal u-component of velocity. (Table 6)

(5) Relatively large temperature fluctuations near the beginning
of the record which decay and are absent at the end of the record.

The decay of these temperature fluctuations into an isothermal phase is
observed perhaps in the time-series from arrays 3 and 4.

Wind, air temperature, and runoff data from 1 Feb through 30 Mar 1972
are plotted in Figures 16, 17, and 18. Wind observations, recorded at
West Point as part of a UW program, were obtained from Gene Collias. These
observations were reduced from analog records by visually estimating hourly
averages of speed and direction separately. The components are plotted (+)
blowing north, (-) south, (+) east, and (-) west. The wind was generally
blowing north and northeast for the entire period of recorded data. On
JD 73, after almost three days of blowing north, there was a sharp change
to bloWing northeast with an easterly component of =10 mph. This was also
the first day of the warm water intrusion. The wind change lasted about
one day.

22
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Runoff data was obtained from the weekly runoff report of the U.S.
Geological Survey. The daily averages for the Skagit River near Concrete,
Washington are plotted in Figure 18. This data shows that runoff increases
from :15000 cfs to 40000 cfs at 15 days and again at 7 days before the
warm water intrusion occurs.

Air temperature data were obtained from the monthly NOAA report of
local climatological data. The daily average air temperature is plotted
in Figure 17. Four days before the warm water intrusion the air temperature
increases by 8°C and remains high.

FOURIER REPRESENTATION

A fast Fourier transform algorithm (FFT), obtained from Cannon, was
used to compute the Fourier coefficients of the pressure and temperature
time-series. Record lengths of 34 days (25000 points at ~t = 2 min) were
used for the pressure series and 11 days (8192 points at ~t = 2 min) were
used for the temperature series. The lengths of records for the temperature
series approximately covel each of the three temperature phases. The
periodogram ordinates (amplitude2/2 vs frequency) are plotted in Figures 19
through 33.

Before analyzing the temperature periodogram, we must consider what
type of motions could make a significant contribution to the temperature
signal. The temperature measured at a fixed point (x,a) as a function of
time, can be characterized by

e(x,a,t) = eo(x - n(x,a,t), a - ~(x,a,t».

This can be written as

ae o
e(x,a,t) g eo(x,a) - n(x,a,t) --- (x,a)

ax

ae o
- ~(x,a,t) (x,a) + higher order terms.

aa

Or, to first order

\

e(x,a.t)
aeo aeo= eo(x,a) - n --- - ~ ---­
~ b
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where

and variance • «n(aeo/a~) + t(aeo/aa»)~. The temperature gradient can
be estimated from measurements as

The values for eo(~,a) • Ave Temp (OC), ae laa a Ave Grad (OC/m) and their
variances are found in Tables 2 and 3. Es~imates of the horizontal gradients
aeO/a~ are given in Table 7.

TABLE 7: Horizontal gradients

Depth Horizontal
Gradient*

(m) (OC/km)

35 -.0010

52 -.0011

60 -.0013

77 .0007

85 .0009

102 .0014

110 .0012

*(-) Temperature decreases from
north to south.

The horizontal gradients are calculated for the first temperature phase
only. They are calculated as the average temperature difference between
arrays 3 and 4 during the last six lunar days of the first temperature phase.
This is the only time that records from the two arrays overlap during phase
one. (Data from Tables I and II in the appendix were used for the calcu­
lations.)
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The horizontal gradients appear to be smallest in the thermocline.
However, they are of order 10-30C/km at all depths. These are order of
magnitude estimates at best since larger (or smaller) horizontal gradients
could exist in the vicinity of each array. For example, a larger local
gradient is seen in Figure 9 near the mooring between Point-No-Point and
West Point. The horizontal gradient is =0.04 °C/km at 50 m.

There are at least three contributions to the vertical displacement t:

where tBT • barotropic tide, tm • mooring motion. and t
BC

~ baroclinic motion.
The hor"izontal displacement n, will be

1'I • ru dt.
o

Moreover, because tm is due to drag on the mooring cable, we may expect
t au2
m •

We can now write

The vertical displacements are tBT aIm, t = 0.25 m, and t EC' as will be
shown later, is =5 m in the thermocline at ~rray 4. The hor1zontal dis­
placement n can be estimated as

f
T/2

n • Uo sin (2nft) dt.
o

1
f - 12 hr.

The maximum tidal velocity in the central basin is .~ knt. Thus ~ = 4 km.

In later analysis, only those depths will be considered where the mean
temperatures and gradients are larger than their standard deviation.
Otherwise. the higher order terms cannot be neglected.

Tide Spectra

The tide periodograms for 27 m and 102 m are plotted in Figures 19 and
20 respectively. There is little difference between them. The depth of
the lower pressure sensor was calculated from its position on the mooring
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cable and is given as 102 m. However, data from the pressure sensor
indicated the mean depth was 96 m. This difference has not been accounted
for.

The tide record was of sufficient length to resolve the M2 , 82 , Kit
and 0l lines. Peaks also occur at M2 + 01, M2 + KI and the harmonics 2M2
and 28. The amplitude of these tidal lines are given in Table 8. The
noise level in the signal-to-noise ratio (81N) was estimated by drawing a
smooth line through the periodogram.

TABLE 8: Tidal amplitudes - observed and from tide tables.

Tidal 81N Freq. Obs. Amp. Obs. Amp. Freq.
Line Tide Table Tide Table

(db) (cph) (em) (em) (cph)

M2 35 .0804 101.3 106.41 .0805114

8
2

22 .0828 21.14 25.85 .0833333

K
I 32 .042 70.3 82.94 .04178

~

°1
30 .0384 37.2 45.81 .03873

M + °1 11 .1188 4.72
2

M
2

+ KI 12 .1224 5.69r1
+ Ol~ 0.878 0.973

M
2

+ 8
2

Harmonics

2M2 15 .1608 6.59

28
2

14 .1644 5.65

Temperature Spectra

The temperature spectra were calculated in three parts--one for each
of the three tgmperature phases. Figures 21 through 33 are the periodograms.
After the lOOt harmonic, the variance in eleven bandwidths were averaged
together and the value plotted at the central frequency. A spectrum was not

44



calculated for all records. Only those records which were near the
~~hermocline and chiefly on array 4, since it had the pressure sensors,
were analyzed in this manner. The Nyquist frequency is 15 cph .. 360 cpd.

If the temperature at a sensor was determined solely by the vertical
motion of the barotropic tide and the local temperature gradient, then the
temperature spectrum would look like the tide spectrum (as long as the local
gradient was linear and time independent). This is obviously not the case
for this data.

In general, the spectra show peaks at diurnal, semidiurnal, 8 hr, 6 hr,
and 4 hr periods. The peaks are not always at the same frequency for
different time spans at the same depth nor for the same time span at
different depths. However, the peaks are often found at nearby frequencies
or split, with a peak on either side of a minimum at the previous frequency.
This can be seen more clearly by inspecting Tables III and IV in the appendix
where the variance and phase of the first 96 harmonics plotted in each
periodogram are tabulated. The phases ~ (f) have the range -1800 to +1800

•

~ less than zero "leads" 4> greater than zero. A harmonic component is
written as

A(t) • cos (2wf t - ~(f»)

where A(f) m (variance x 2)~.

Whereas the SIN for the diurnal and semidiurnal peaks in the tide
is 22 db and 35 db respectively, the same peaks in the temperature spectra
have less than a 12 db SIN. An exception is array 3 at 85 m (Figure 21)
where the SIN for the semidiurnal is ::20 db. The peak at"4 cpd in this
spectrum is also stronger (12 db) than in other spectra (usually less than
6 db).

Generally, the variance at frequencies greater than 30 cpd is less than
10-7 °C2 • At each depth, the temperature variance at low frequencies (less
than 1 cpd) is a minimum during the second temperature phase (JD60 - JD71)
and maximum during the third (JD7l - JD83).

When considering internal waves, vertical displacement at the semi­
diurnal frequency is of particular interest. The temperature spectrum
becomes a vertical displacement spectrum upon dividing by the vertical
temperature gradient. In order to be exact, however, this method requires
a constant temperature gradient. The gradients calculated from this data
are obviously not constant. Nevertheless, approximate vertical displacements
can be calculated at semi-diurnal frequency and the contribution from
barotropic and baroclinic motion estimated. The results are given in Table
9.

45



TABLE 9: Semidiurnal vertical displacements

Depth

(m)

Array 4

52
77

102

Array 3

85

Vertical
Displacement

(m)

2.3 :!: 1.2
5.0 :!: 1.3
5.8 :!: 5.2

18 :!: 11.

The vertical displacements were calculated only for the first
temperature phase and near the thermocline. This restricts horizontal
gradients to 10-3 °C/km and the mean vertical gradients "are larger than
their standard deviation (Table 3).

The contribution of the barotropic tide to the variance at the
thermocline can be estimated by assuming that both the horizontal and
vertical motions of the tide act to increase the temperature variance.
Thus, at array 4 at 77 m

as ast a2 + n az :: 1 m • (.003 °C/m) + 4 Ian • (.OOloC/km) ;: 0.007 °C.

Let this be the "temperature" amplitude of the semidiurnal barotropic tide,
then

AS ( 007°C) i (t) «A9 )2> = (.007)2 = 2.4 x 10-S(oC)2
U BT:::. • s n (1.)0; U BT 2

This is =20% of the temperature variance at 12.41 hr at 77 m. A similar
calculation for array 3 at 85 m accounts for =5% of the variance.

These estimates assume zero correlation between barotropic and baro­
clinic motion. They will be low estimates in those cases where there is
a positive correlation, i.e., <t

BT
·tBe > and <t • tBe> > 0: high in those

cases where there is a negative correlation. ThWy will also be high when
<tBT • n> < O.

Results at array 3 and array 4 are not strictly comparable since the
records used to calculate spectra at array 3 overlap only about six out of
eleven days with the records used at array 4.
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DISCUSSION

Warm Water Intrusion
i

A major intrusion of warm water occurred on 13 March 1972 (JD73). The
Ievent wrs recorded by both arrays on the lower low tide of that day.

Isotherm plots indicate that it had the appearance of a lens and was moving
from notth to south. The depth of an isotherm increased from south to
north. [A small vertical slope of these isotherms at the south array chang­
ing to ~ steep vertical slope at the north array can account for the
correlation of warm temperature with high tide at the north array and with

Ilow tide at the south array. Thus, at the north array the steep vertical
slope of the isotherms would produce large horizontal gradients and the
advection of water past the thermistor by the incoming tide would show an
increase in temperature from the colder water outside the lens to the warmer
water inside (vice versa for outgoing tide). However, at the south array,
the shallow slope of the isotherms would make the vertical motion of the tide
more important. The temperature at the thermistor would become colder as
the tide rose and warmer as it fell. The temperature record at 52 m, array
4, would change phase if the sensor moved from a region of steep isotherms
into a "core" region of shallow sloping isotherms as the lens is advected
further south. The outer boundary of the IIcore" appears to be the 7°C
isotherm (Figure 6).

Since there was no time series at Admiralty Inlet and no salinity
measurements at the depth of the lens, the source of this warm water is not
certain. However, there is evidence to indicate that it may have come from
between Camano Head and Possession Point. The hydrographicsshow that in
the period 1 Feb-29 Feb 1972, the only water north of the array warm enough
to be the lens lay in Possession Sound (Figure 12). It is of sufficient
horizontal (~24 km) and vertical (~150 m) extent to cover the dimensions
of the lens. The density of this water on 28-29 Feb between the depths
50-100 m was at = 22.8 to 23.0. If moved into the central basin, it would
lie between the depths 30 to 60 m which is where the warm water "corell is
observed.

How this water could be forced out of Possession Sound is not clear.
However, wind and runoff data may provide some clue.

Two weeks and one week prior to first detecting the warm water intrusion,
the Skagit River runoff peaked at 40 x 103 cfs (Figure 18). Also, for this
two week period, the windwas blowing generally north with velocity 10-20 mph
(Figure 16). An exception was 6-9 March when the wind is blowin2 south.
Northward velocities of 20-25 mph occurred during the first peak runoff. If
the increased outflow at the surface of Possession Sound were retarded by
the winds then outflow could occur at depth, moving the warm water south.
Alternatively, an internal seiche, perhaps initiated or aided by the sudden
change in wind to blowing south could have moved the warm water south •
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Internal Waves

The evidence for internal waves is by no means conclusive. They are
inferred from the inability to account for all of the temperature variance
at the semidiurnal frequency by barotropic motion only. Other evidence such
as a maximum amplitude and maximum kinetic energy in or near the thermocline
is also consistent with the existence of internal waves. However. this
evidence has been evaluated at each array separately. Thus. it is not
possible to distinguish between fluctuations due to internal waves and other
less regular causes. A distinction can be made, however, by calculating
the coherence between the temperature records at the two arrays and observing
whether or not there exists a phase shift appropriate to the phase velocity
of internal waves. An attempt was made in this direction by calculating the
coherence between the 27 m sensor record at array 4 and the 35 m record at
array 3. The coherence at 12.8 hr was above the 95% confidence level for a
phase shift of 48°. north leading south. The wave length is thus :120 km.
The hydrographic sections indicate that the Brunt-Vlislll frequency, N.
is highly variable throughout the central basin. Nevertheless, between the
two arrays, the mean N is =36 cy/hr at =40 m on 28-29 Feb. Using the
relation for a free internal wave

(02 - f2) n2

(N2 - 0 2 ) 02

where k D wavenumber. j = mode number. f = inertial frequency. N m Brunt­
VlisBlI frequency, H m depth, and 0 = frequency of interest. we get a mode
one wavelength of =270 km. This result is encouraging but a more extensive
analysis is needed.
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APPENDIX

Table I. Summary of lunar day average temperatures, array 3.

Table II. Summary of lunar day average temperatures, array 4.

Table III. Variance and phase of first 96 harmonics of temperature
spectrum, array 3--35 m, 60 m, and 85 m.

Table IV. Variance and phase of first 96 harmonics of temperature
spectrum, array 4--27 m, 52 m, 77 m, 102 m, and 132 m.

Table V. Tidal harmonics used in prediction•
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of lunar day averages, Array J.
.

TABLE II Summary i
Ave. Var- Stand. Ave. Var- Stand. Ave. Var- Stand.
Temp. iance Dev. Temp. iance Dev. Temp. iance Dev.
(oe) (oC 2 ) (oe) (oe) ( °e 2 ) (oe) (oe) (oC 2 ) (Oe)

-
35m 60m 85m

..... - -
6.~P5S .OOO?~~ .Olf-OIS I 6.£\790 .OOO?7c; .Ol~r;q1· 0.6';99 .OOO24c; .Olc;f\sq 5
6.f; A 13 .OOO;>1~ .OlS21Q ~.~759 .OOO?tlO .O}£..If5C:; 6.1;688 .OOOl~q .Ol~QA~ b
f).6 R30 .000]'17 .011701 ~."790 .OOf)l?t) .Ol)lQ~ 6.6743 .f)OOl~4 .011141 7
6.f.~72 .1)001?1 .Ol10Q4 6.f,~43 .()QOll<;) .OlnAA~ 6.67qa .1)00117 .OlOA34 8
6.fj~qO .OOOlno .OOQQ17 6.6 A 71 .000101 .010064 6.6A39 .000103 .01014':; 9
6.flQ25 .ooonoc:; .OOQ7~A 6.~q09 .ooooC)~ .OOqARO 6.6A80 .oonoqq ••1O~QJc; 10·

t-. ":

6.6q23 .OOOOQ7 .OOQ314
.-

6.F..Q3) .!lOOO'l7 .OOQ131 6.6A9~ .OOOOA7 .OOQ13~ 11
6.f;q63 .ooonA~ .OOq~17 ; 6.6QSO .OOOO~7 .OOq31~ 6.(,Q27 .ooooql; .OOQ26~· 12
6.6QA6 .OOOOQr) .OOQ413 1,.~Q6q .000000 .OOQ467 6.~q43 .OOOOA7 .OOQ134 1)
6.1024 .• 000 OQ';:> .00 0 1;00 6.7003 .1)000°0 .OOq~1~ 6.I\Q7S .OOOOA~ .OOQ?qq 14
6.1063 .·0001 tll .010034 6.7038 .OOOOQ4 .OOQ720 6.7006 .OOOOA~ .OOQ400 !15
6.7071 .OOOOAq .OOq4C;~ 6.70,7 .OOOt)~A .OOQ37Q 6.7029 .t)OOO~F, • • OOQ?lill ~ 16
6.7125 .OonOAq .OOQ424 1,.7104 .OOOO~7 .OOQ10? . 6.7075 .t')OOO~C; .OOQ230 '17

\II 6.7188 .IlOOOqC; .OOq7~7 6.7154 .OQOflQ1 .O(jq~4~ ".7105 • OO.OOA~ .O(\q~9c; .:18N
6.7145 • OOOO~4 .OOQ17P. .6.1124 oOOOO~l .ooqno~ .. 6.71)93 .OOOt)7~ . .OOA831 :19
6.7186 .Oonoq~ .OOQ16C; 6.7169 .OOOOAA .00Q351:) 6.713Q .OOOO~C; .OOC)}qr:; 20
6.7196 .OOOOQO .OOq4q~ 6.1177 .OOOO~A .00<:)1-71 6.1152 .OllOOA6 .Ol)Q26£5 21
6.7?24 .OOOOC)f) .OOQ46A 6.7?O6 .OOOOQO .OOQ474 6.7173 .OOOOQ7 .OOq~43 ·22
6 •.7?58 .OOOOQ~ .OOQ77C:; 6.1?28 ••OOOOQ4 .OOQ70s:\

.; .,.. .. _~.
';.7193 .oonOqO .OOQSOi? 2)

6.7?6q .000104 .OlOlQ? 6.7':'42 .OOOOQ7 .OOQ~C;c; ~.7~O~ .ooooqn .OOQ4q~ 24
6.7314 .000110 .010"11 !- 6 1?94 .. ooo)n6 .010113 6.7?~4 .oonoq~ .OOQql~ '25,...... .
1,.7157 .OOO10~ .OlO1QA i 6.7129 .000101 .0101~A 6.7?86 .I)OOOQ7 .OOQA41 26
6.7401 .OOOlf)C) .OlO~6A 6.1174 .flOOl'll .o}nOSQ 6.7334 .OOOOQ3 .00',)"14 ·27
". 7432 . .000100 .OOQqAR .~~_~.7407 oOOOOQ5 .00Q764 6.7173 .OOOOQl .OOQC:;4A :28
6~7460 .OOOOQ1 .OOQhlq 6.7440 .OonoqQ .OOQ460 6.7407 .OOnO~7 .onQ33f, 29
".7479 .OOO('\Qh .OO97Q1 ~ . 6. 7458 .0000(:)1 .0091,4Q 6.742] .OOOOQn .OOq4~1 30
6.7c;OS:\ .OOOOQ4 .009700 ... 6.7483 .OOOOQi? .OOQS92 6.7447 .OOOOS3~ .OOQ115 ')1
6.7C:;23 .OOOOQ4 .OOQf»71 ___ ._6...15.00 _ .OOOOQ1 .OOq6~7 6. 7_4.62 __ ._. 000..0-8-1..-. 00 q 3. 3~O--.J J 2



.. .0 (

TABLE Ia (Continued)

110m 140m 155m
6.Rl19 .OOO?f)6 .0141'34 6.Al00 .000211 .014c;A? (,.71;08 .0010~4 • 0·3~Ot)? 5
6.~121 .OOOl~1 .Ol?7~7 6.f\018 .f')()O~74 .01f,c;4~ 6.7c;97 .OOOA40 .02~q75 6
6.7R85 .OOO2A7 .Ol~q43 6.7A42 .00 f) 371;\ .OlQ19A '.. 6.7459 .00101;1 .0321,10 7
6.7749 .000147 .Ol?lO~ 6.7(,65 .OOO1nA .011Cj54 6.7153 .OOOf,?4 .0?4Q77 8
6.7QSB .OOO~71 .02Qc;41 6.7~31 .OOO~4R .OlQ(,S7 (,.7102 .00061Q .024R7~ 9\

.OOO1Ql .02A12R ".7(,9~ .OOllc;7 .034021 6.7';)49. .Oon(,qA. .O?(,?35 10~.A?30

F,.A?4n .OOO30? .017~AA 6.7760 .OOOQt)R .03012Q '. (,.7161 .001212 .O34~14 11
6.7 Q 37 ·.OOO11~ .0177Al 6.7~25 .OOO30A .017t:;64 .f,.7?89 .OOOn~3 .. 024Q70 12
6.7,57 .OOO?~C\ .016962 ._ 6.7c;65 .OOO11A .0117Sl .. 6.7445 .000478 .021~1l 1)
6.7~80 .000117. ..Oi7AOO 6.7558 .I)On]4A • a I? 154- 6.7/'00 .00017e; .013?2A 14
1,.7139 .OO02"R .01f\370 ft.7Cj48 .OOOIAA .013n:'J~· 6.7c;75 .000144 .Ol?O20 15
fl.7421 .OO027c; .01"SQn 6.7437 .l)onl~l .01?f>9C:; 6.7S23 .000113 .OlOf'2? 16
6.7C;19 .f)OOlC:;7 .Ol?C;3~ 6.7C\07 .0001?? I .Ol103Q . 6.7S99 .0OOlnq .Oln44R 17

VI 6.7C\12 .OOOlAC; .011C;QQ f;.7C;18 .Ot)OOQf, .OOQRIR 6.7f10S ,.OOOI0? .010120 18
w

6.7~59 .• OOOOC\5 .• OOQ?36 6.7S29 .OOOO7q .OOAF391 6.11582 .OOOO~'" .OOQ260 19..
6.1r:;70 .OOOO~C) .0094111 6.7C;21 .()OOORq .OOQ456 6.1;97 .OOOOQO .OO9C;11 20
6~7C;27 .OOOOQ~ .OOQ7qQ 6.7C;41 .OOOlOA .OlO1~6 6.71;38 .OOOOQ4 .OO970~ 21
6.7t;41 .OOOO~7 .009320 6.7C;76 .OOOOqf, .OOqBOO ... -- 6.7r:,97 .001)10" .Ol~:1I)A 22
6.7~8q .000110 .017'5QI) 6.7~18 .OOOlOq .OlO4?3 6.7~O2 .OOOlflQ .010454 2)
6~7q62 .OOOA74 .02Q~I1? 6.7~64 .OOO14~ .01?17Q 6.7c;98 .000107 .01O~C;7 24
6.~366 .OOI~C;l .0391A3 *,.7A68 .OOOA?? .02~~~7 6.7~33 .000170 .• 013053 25
6.RASO .OOl~R? .041010 6.Ql00 .0OInAl .040QQA 6.7722 .0004?4 .020C;8Q 26
6.q?73 .OOl?-?O .034Q3? ('.~423 .00251Q .OS01A4 6.7907 .OOOqqc:; .031~48 27
".9741 .OO14~1 .03A~19 6.Aq71 .00?"\'l'] .041QQ4 6.R107 .001770 .04~(11) 28
1.0?81 .OO14~4 .OSA603 6.Q;:»12 .O(141)~ .05AA6? 6.R~13 .OOlA1~ .04~P7S 29
7.0t;08 .tlO16?O .O/.. O?C:;C; 6.q~22 .001171 .05612Q 6.R107 .OO15AO .03Q74~ 30
7.0t;94 .0014C;O .03AOA2 6.9643 .• OO?O~A .O4547? 6.A546 .OO12C;R .• 03547.3 31
7.Q~20 .OO.l~l~. _.Q~_O,lU- 6.q718 _..•.OO240C; .049039 .1'.~ ~1?61'" . .00 1o~o .O3215~5 32



TABLE II (Continued)

165m 170m 175m
·6.7?62 .OOO1 ct 1 .OlQC:;OA f..7082 .()OOl~q .013tl17 6.6Q31 .Oon21J .014SQI) 5
6.7178 .OOn~~4 .Ol~AIA 6.7016 .OOfl)7ft .01325"1 fl.6 Q 64 .00021') .01';14, 6
6.7137 .000417 .0204}0 ~_.. ,6.~Q7S .ooolt;4 .012404 6.6A69 .000170 .O1102~ 7
6.1059 .000410 .020712 6.6Q43 .OaOIOe:; .OlOi'6~ 6.f.>Pt76 .000114 .Oln~94 8
~.~n61 .OOO"l47 .OlA(,27 6.nq45 .000100 .OOqqqO 6.6ABS .OOOOQ1 .OOQA61 9
n.7045 .nOO?~Q .Ol~411 6.6Q64 .OOOOq, .OOQ"41 ('.flC)14 .OOOOQ2 .OOqc;qq 10
~.7n26 .OOO14Q .OlRA7A 6.6q78 .OOOOqq .OOC)941 6.nQ16 .OOOOA~ .OOQ(!3~ 11
~.1027 .OOOl~q .Ol?q~4 6.~q82 .Ilooo~q .OQQ43,q 6.I,Q49 .Ot)f)O~A .009171 12
6.7191 .OOO?~7 .Olt'n41 6.7057 .OOOlnA .OlO1~1 . 6.f,Q77 .OOOO°;.? .OOq5~~ 13
6.7165 ·.OOO24~ .0'1 C)t;4 ! 6.7158. .()OO140 .OllA2Q 6.7022 .nOOOQ7 .OOQR35 14
6.7414 .0002'" .015150 6.7180 .• OOnl~4 .011555 6.7061 .OOOlnA .O101~3 15
6.7433 .OOfl)44 .Ol~O()Q 6.7~OA .OOOl~q .0121Q6 6.7076 • QOOO.Q5 .OOQ761 16

U1 f,.7431 .000111 .011720 6.7~61 .000141 .Oll':'A9 ·6.7135 .00 QQ.Q3 .OOqf.1~ 17.I:'-
6.7494 .OOOl~1 .011,115 6.7164 .000111 .0IOS1, 6.7;:>06 .OOOOC)A .OOQqo~ 18
6.14A2 .OOOIOR .010)96 :...... 6 •.7314 .OOOl?2 .011030 , .6.7162 .OOOO~9 .00945n 19
~.7494 .()ootn1 .010131 6.7,?Q4 .000112 .OlOSqq 6.1186 .OoonQ4 .OOCJ11Q 20
6.7498 .t)O"OQ~ .OOqq13 6.7128 .000112 .OlOC:;1Q 6.7~O2 .OOflOQ4 .009"'73 21
6.7481 00001 0 7 .010151 6.7147 .1)00115 .010737 ".1~30 .OOOOQ? .00 0 611 22
6.7487 .0001117 .OlO1C\f') f..1169 .000111 .OltJA25 6.7?74 .OOt)t')qQ .OOQQ3? 2)
6.7~O4 .OOf)OQ~ .OOQ91':' f).7401 .t)on]i'2 .011050 6.7?81 .()OOlOq .01044J ·24
6.7Ci21 .000111 .OlflC)11 .. ~.7435 . • OOOl~C; .01117C; 6.7122 .00011" .OlO7fil 25
6.7C;S4 .OOOl/.. q .0121q~ 6.1473 .noo}?? .011030 ~.7168 .000111 .OlOc;14 26
6.71,25 .oon?i1 .OlCi2S0 6.74q6 .000110 .011421 6.7400 .000107 • 0 l'O~lR 27
6.71,74 .OOO1~A .OlQ18Q 6.7~29 .000111 .01110,; 6.7435 .000102 .OlOOQl 28.-- 29(,.7744 . .OOO1~4 .OlQA40 ; h.7tl60 .OOOl~4 .Ol?193 f.t.1456 .OOOOQ1 .OOQR31
6.7~31 .OOO4t:;R .O2140~ 6.7Ci93 .OOOlC;C; .O124~2 6.7487 .I)OOOQ7 .OOQA~4 30
6.7q82 .OOO1q~ .OIQ78Q ~

6.7Fj62 .• 000174 .013186 _ .. 6.7C;17 .OOOOqc; .OOQ737 )1..
·6.A032 .oon14A .OlA~4F, ~_.6 .1~ 78.__a OJ) 0 114 .01.1560.... _ 6.7529 .OOOOQ) .OOQ"69 )2

~l



TABLE II (Continued)

180m
6.6~33 .Oon20q .014442 5
6.1,f,35 .OOOtC;6 .0124Q1 6
6.6711 .000111 .• 011440 7
6.6774 .000110 .Ol11Qr 8
6."A2!> .OOOIOt:; .OlO?C;7 9
6.6A71 .OOOOQq .OOqqC;q 10
6.6A97 .OOOOA7 .OOQ1S4 11
6."'Q28 .OOOO~I; .OOQ?71 12
f.. ~q41 . .OOOO~A .OOQ'357 13
6."'Q72 .oonOA7 .OOQ10i, .14
".7005 .OOOOR7 .OOQ341 i 15
".7028 .t)OOO~c; oOOq~lq 116

VI (,.7073 .OOOOA4 .OOQIA? I 17
VI

6.70Q4 .0000"7 .00(.)316 I 18
6.7094 .OOOO7A .OOAA1ft l 19
6.7134 .OnOOA2 .OOQ07? 120
6.7152 .OOOOAF, .OOQ25? ~ 21
6.7169 .OonOA7 .OOQ301 1 22
6.7IR1 .OOOORR .OOQ~qC) : 2)
6.7?OI .Ot)OO~7 .OOQ'l" . 24
6.7?42- .OOOOQ4 .OocHiQ1 1 25
6.7?74 ..ooonQ~ .OOQC;75 . 26
6.7121 .OOOO~q .OOQ41l5 27
6.7164 .OonOQQ • OOQ4" 1· 28
6.7403 .OOO(H~7 .OOQ342 29
6.7419 .OOOOR7 .OOQ34Q 30

.6.7441 .OOOOR7 .OOQ3~7 )1
6. 74S3.~.__._O~!L __• O(LQl.1..q__ .. )2



TABLE III Summary of lunar day averages, Array 4.
Ave. Var- Stand. Ave. Var- Stand. Ave. Var- Stand.
Tgrn}_ . ign2e DaVe Tamp. ign2e Dav • Tsmp. ign2e Dav •
( c ( c ) ( c) ( .C) ( C ) ( C) ( c) ( c ) ( c)

27m 52m 17m
6 .·o·"~'5 2 .000310 .017510 6. 8778 .000347 .013&37 &.80S8 .OOO5~8 .023204 1
6.8947 .OOOlto9 .02164-7 0.8795 .000356 .01~B80 6.7~a3 .001935 .• 032157 2
66 8727 .000205 • 01'..306 I 0.851;.5- .OOOia L• .Q13575 &.7783 .000938 .030023 :35.8721 .000402 .020055 6.8595 .000331 .O1315~ 6.7004 .000445 .021055 4
"0. 8~14 .000308 .()17559 G.8tt34. .000503 .022!t34 6.7551 .0010 .. 0 .O322~4. 5
~S. 8241 .OOO16d '-O'l?9S5 -- .0005"15 .023972 &.7561 .000883 • 0'29111 65.8243
6. 8055 .000270 .Ol:'lt-46 6.8193 .000509 .022566 6.7~25i .OO100£t , 031b~& 7
,~.7901 .000159 .0'12597 6.7961 .000170 .01303!t 6.7383 .000006 • 0 2/.~25 8
6.S0~6 .000826 .O2~740 5.7615 .000944 .03:)721 6.7095 .000478 .02135£t. 9
6.8~O3 .OOO45lt- .021310 &.7979 .000591 • ~ 2 ~·3 01 6.7262 .000661 .• 025705 10
7).8£,.9; .00037& .013384 -S.8246 .000&29 .02;077 -6. 7c~8 .000676 .02:>001 11
6.84-77 .000147 .012134 5.828'3 .000420 .02a+9~ 0.7723 .000345 .Olj582 12
S.8300 • 0 O·OZ~5 .ll15539 5.8030 .000324 .017996 6.7527 .0001:17 .Ct12534 1)

VI 0.809& ·.0005:1& .023573 -6.7970 .000278 .1)15&73 6.7&54 .000123 .011093 14.0'\

&.·7703 .OOObdl .O2~O67 5.80~1 .000305 .011ct-;7 6.7&58 .000092 • 00'3613 15
'b.7576 .OOG277 .015552 "6, 7937 .000277 .Ol~&45 6.7c28" .GOOOS9 .00'3:'24 16
&.1499 .OGfj:'31 .023037 6.773'0 .00034C .013445 6.7695 .000284 .0"1:i954 17
6.77&3 .OGOt..81 .021929 &.7676 .000131 .01144Lt 6.7605 .000130 .011389 18
&.7775 .000150 .012223 &.7724 .tJOO110 .010482 6.7578 .000137 .011&98 19
6.7762 .000139 .O10l+52 .§. 7~77 .000100 .01')307 &.75&5 .000160 .0'1341{f 20
6.7722 .000121 .011017 o.7oo~ .000101 .010056 6.7465 .000161 .012&73 21
5. 77 2l. .000122 .011052 6.7b71 .000099 .D0995& 5.7452 • 00012.0 .9109~:; 22
6.77~9 .000172 .013124 &.7601 .000110 .010475 6.7509 .O!lO100 .OQggqg 2)
6.8it~4 .005864 .a7~57a &.7080 .000128 .011309 6.7528 .000111 .O10~28 24
&.942q ,,015030 • 1"22597 &.7920 .000405 .020133 6.7673 .000244 .01:3533 25
6.9954 .007071 • 0 g ',,0 ~ 7 &.8294- .0007£,.5 .027303 6.7883 .OOO22~ .013010 26
7.0342 .0050-38 .071327 S.6561 .-000647 .C2;~21 o. 6"153 .000555 .02375Q 27
7.0824 .0046+21 .OG51t93 5.8935 .OQ1't75 .03~&+12 6.8197 .000312 •.017o€»o 28
7.0679 .002983 .O;~519 5.9320 .302031 • 0 '}50 55 G.8tt39 .000309 .017585 29
7.167G .005999 .O77~51 0.9&12 • 00.0970 .031147 6.909tt .001659 .040729 30
7.2549 .005189 • 1t7 2035 :~. 9506 .000819 .O2~621 6.9512 .001113 .033352 )1
7.2061 .OQ2380 .O~3739 6.9792 .000950 .O30~21 6.9&24- .001975 .0=+3304 32

it· ,~
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TABLE II, (Continued)

102m 132m 157m

6. 7:·27 • 000227 .1)15073 &.7220 • 000262 .015181 &.6909 .000374 .O1~335 1
5.7321 .000577 • 0"2 '.0 30 &.7147 .000159. • a1259& &.6931 .OiJ0192 .~13344 2
6.7215 .OGC5tt7 .023386 6.703& .000122 .011035 5.5910 .000110 .010451 J
&.7116 .JOO3C5 .01 7 4&7 __ O. 6999 • 000098 .1)03922 &.6995 .OGOOQ7 • 0 a';3 30 4
6.68·80 .000272 .Ol~492 u. &9.36 .000123 .011104 6.6~=>9 .000097 .o'~~a33 5
6~b<J80 .QOO368 • .)1~171 6.&884 .000133 .011517 6.6897 .000100 .010016 6.
5.697& .000331+ .013280 6.&8&8 .00C09& .0-09818 6.6878 .OOG089 .009457 '7
5.6906 .000232 .O152~5 6.6828 • 000137 .011721 &.68t+8 .OO~O94 .001715 8
6.6885", .OOOl':3Q .01 ·t1 0 0 5.0840 .DOCiO? .01 03 f. 0 6.€:'895 .000091 .003522 9
&.&952 .·000237, .Of3392 6.6904 .OOCJ116 .010782 &.6900 .00(;090 .OO3S09 10
5.7387 .001337 • 0'3 ·;5 5 3 &.7117 .000342 .013498 &.6989 .0001'+1 .011867 11
6.747& .OOO4~7 .021139 6.7&+67 .000358 .01·3913 5.7165 .000'+53 .021269 12
&.7493 .0001+9 .0'1~916 - 6.74-24 .000224 • ~1l+g ~6 .0.7140 .000237 .0133S5 13
&.7565 .000101 .010047 &.7377 .000228 .0'1::111 &.713Lt • 000143 . .!J1t971 14

VI 6.7571 .000095 • Q0 '3d 13 &.7361 6.7123 .000125 .Q11150 15
" .000192 .013573

5.75&4 .000097 .OO~872 6.7399 .000252 .015866 6.7155 .000115 .• 010700 "16
6.7~53 .000145 .012057 &.7518 .000108 • () 1 aIf.l·S &.7304- .000172 .013127 17
6.7538 .000093 .009&42 5. 7'.42 .000107 .• 010350 &.7255 .000113 .010018 18
6.7S23 • aooogo .Of)~970 &.7£+17 .onOO9g .OOg9Z8 6.7253 .000092 .0095 a2 19
0.7529 .000101 • 01 'J 0 f.q 6.749~ .000126 .011212 &.7305 • 00 Cll0 0 .0')-3994 20

6.7590 .000220 • O'l~a 35 6.7580 • 00033& .015321 5. 733'. • 0 0 02 (t 2 .O1;';;~3 21
6.7634 • GOO ~'3S .022255 &.7780 • 001606 .04f)07~ 6.7499 • ~OO3·O2· .317388 22
6.7610 .0001:>4 .tl12t+16 .5.7834 .000299 .01/2'3·5 &.7t.-94 .000302 • a1'7372 23
6.7604- .000110 .010&+96 6.7793 .000168 • 013127 &.7~O2 .000137 .011710 24
5.7510 .00009/ .OO9g25 6.77'+5 .00C,119 .010915 6.7578 • 000205 .01 ..323 25
5.7717 .000139 .Q11790 6.7694 .000095 .00 ~7 72 6.75~8 .OOO1~3 .012777 26
6.7872 .000299 .fJ17294 6.7653 • 000091 .OOgS64 6.7571 .000116 .0107::;4 27
6.8068 .000336 • ')1333:; 5.7557 .000094' .009578 0.7582 .000096 .00377& 28
6.8344 .0008£+.8 .32g120 5.776fi .000648 .025449 6.7~85 .QOO10~ .010234 29
&.8909 .001153 .033;49 &.8042 .001081 .032873 5.7629 .000126 .1l11206 JO'
6.9273 .001841 • O'~ 2912 6.7<351 .OOOLt-07 .0201S6 5.7105 .000130 .Ll11369 )1
6.9621 .0033&7 • aS~Q24 S.8253 .001814 .042590 6.7722 .0001&0 .012655 )2



TABLE III (Continued)
172m I 182m

:5.&717 .000332 • 01~227 J 0.6740 .000227 .015017 .3,
'0.6776 .\300199 .Ct14118

I
6.6801 .000101 .013~5Z 2

6.6872 .000159 .012&2D 6.6884+ .000203 .01~2ltl J.
6.6900 • 000137 .011717 I 0\. 6939 • 00013'• .01155.:> 4
&. 691-<3 .000104- .010214 &.7000 .000107 .01033S 5
6.5891 .JOOO88 .00939; ! 6~6994 .000093 .aJ09037 6
6.6875 .000080 .009382

I
&.7000 .OOu089 .OO~"'l4- 7

6.6858 .000092 • 0 0 9S ed &.6993 .000091 .00431Q 8
6.6910 .000087 .003335 I 6.7035 .000088 .. iJO~361 9
6.6900 .000035 ·.OOq35~ 5.701t-1 .000087 .\10-3345 10
6.&949 .000106 .010303 6.70&6 .OOOOd9 • OO~~31~ 11
&.7044 .000200 .a14132 &.7113 .00111:22 .011051 12
6.7024 .000155 .012£+69 &.7117 .000111 .O10?33 13
6.7C4o .000117 • 01 D83& 6.7140 .000096 .QQ97'3& 14

"" 0.7Q52 .OOOO9b .009785 &.7163 .JOa090 • OJ~'+S9 15CD

&.7078 .000092 .009517 6.7189 .000095 .OJ'3305 16
Malfunction of sensor 6.7227 .oaOO92 .003603 17
after JD16. 5.7252 .000090 • 'l'O 9471 18

6.7281 .000076 .003715 19
6.7328 .0000'd6 .OO;2S6 20
&.7359 .000126 .;J11234- 21
6.7.. 00 .OOOl&t2 .011~J~ 22
&.739:' .Oe0110 .J1J~5:' 23
&.7437 .00011& .010751 . 24

·.6.7501 .000134 .011;74 25
6.7531 .000114 .OlCoSl5 26
0.7572 .000104- .Jl'175 27
&.7620 .000091 .Oa~533 28
6.7645 .000091 • ·)J~53E. 29
6.7679 .OOCD90 • J~ 1... '30 )0
&.7718 .0000'35 • 0 0~7: 3 31
6.7734~ .000091 • nO~~53 32

'oJ



fABLE III, ARRAY 35m• SPgCTRUM FOR TEMPERATURE PHASE

FREQUE.NCY PERIOD VARIANCE PHASE
(CPH) (HOUR) (oC2)

1.1)I>::tl'F'-03 ~.73n67F'oo::t 2.!j5SI'iE-04 147.60
7.3~4;-::tF-03 1 o1653:1'::on, 5 076324E-04 73.09
I.OQA"'1F-02 Q.I0'21.F.-Ol 1.""670E-05 142.48
1.41)4Q4F-02 ".~2M7F-Ol 1.&;5144[-05 69.39
I.A1,n"F.-0::t 1i.461'11E-nt 1.740110[-05 85.04
?IQ'1'::t7F-0? 4.55111F-Ol 4.43R7~E-Olt 33.40
2.<;"14qF-0? 1.QOOQ'il:oOl 3.441('7E-0'i 101.24
2.91.Q"Q£-02 :1.41:l33£onl 2.C;497IE-06 106.07
1.?Q'iQnE-02 3.03407'::00' 1.4752IE-05 73.21
3.",,::tllf'-lJ2 ;-.730"7F;oOI 5.9475'E-06 171.74
4.0,A:l::tF.-02 ,.48?42F.oOl 2.~0954f.-05 93.15
4.1Q4<;'1f.-0? ,.?7'i5')F-01 7 • 04179E-06 -157.16
4.7"n74F.-07. ?.10051r. oOl 8.7;4110E-06 59.23
C;.I?"Q"[-02 I.Q5041'r. oOI 1.1I8698E-06 177.78
C;.4Q'1'''£-02 I.A2044foOl 8.7.199IE-07 85.67
5.A&;Q1AF-0? '.70Mi7foO' 5.37214E-06 118.6C;
".::t?C;"~F-O' 1.I;0f,27Fonl 3.20299E-06 19.16
".';QIAnf'-Oi' 1.C;,704F-Ol 7.A790?E.-06 107.IA
".QC;Q01F-0? 1.41719£001 6.9:171:"E-06 51.11i
7.,,4,::t(-01. 1.36'i33f.-Ol 2.'i3920E-06 133.31)
7."Qn41F.-02 1.10032F: oOl I.A2443E-05 19.5Q
A.01i,r,"4(-0? 1.,41?lroO' 1.10c)5c;E-06 liU.S.
A.4?'Q"f-0? '.187>5£00' 7.<;127"E-06 -20.63
A.7QQnl,E-01. '.1377QF-Ol 1.97947£-05 -139.50
Q.15C:?7F-0? 1.092271"'-0' 7.08S:19E-06 97.40
Q.<;"4QF.-0' 1.0501."F.-nl 4.2911AE-07 -112.90
Q.AA77nF-0? '.0'11"[.01 I.R40"Q£-06 94.'36
1./)'''1QF-Ol Q.75?1QE_on 9.7500AE-07 -146.2A
1.0",nlf'-01 Q.41"09EoOO 9.72024E-07 100.41
1.1)9QI,'1f-01 Q.l0,22E·on 2.12341£-07 -32.99
1.11C;?C:F-OI p.AOa6n(ono 2.60615E-06 -172.0'1
1.171 QQ E-O' A.C;:1J31E oon 1.480A7.E-06 -96.14
1.20AC;nf-Ol A.::»747"F.oon 1.1\51197E-06 97.90
1.'4'=1::t~-O' A.03137(000 7.1IA<;9E-06 69.37
1.,A174£-01 7.AOI90f-on 3.109IAE-06 102.65
1.'11A'1"f-01 7.'i8'i'9r·nn 9.32112E-07 65.64
1.1'i49AF-01 7.3RO,A(·00 1.20520E-06 133.86
1.39,MF-OI 7.18'iQ"~·OO 1.72243E-06 93.51
1.4'QnF.-0) 7.00171(00n 1.1064'iE-07 to5.23
1.4"4Q4E-OI ".A21;"7F.-on 4.78A:»9E-07 50.25
1.C;OI46,F'-01 (>."(>OH,(-nn 4."916'(-07 -22.72
1.5:\QOQf-Cl1 I;.C;0159F·on 4.:\53314£-06 94.'i9
1.'i7471f-n) f,.15n1QI".oo 4.;.TMOE-0!» -29.1\2
1."11 ""E-O) ".?~"'04,I".I)O 4.03-:'75E-07 40.74
1."47q'=E-OI ".06A15Eoon tI.7?019E-07 .45
1.6A4"7F:-01 'i. Q3"?'1E oOO 4.335';7[-06 1109.24
1.7::>IIQF-OI C;.lloQ9"(onO 1.34RAQE-06 13.00
1.7C;7 A ,r-ol Ii.M"lqQr.onn 7.:?4?:l2E-07 -153. Q5
1.7Q44'11'"-01 C;.<;7:»7Qf.nn 1.4781;C;£"-06 ROo.56
I.A11nc;F'-01 5.4"11'1l:onO 1.70?95E-07 -10.14
I.R"7"'AF'-01 C;.'54?C;!:.nn 1.1'3!»"E-06 117.11
I.Qn410f-01 C;.~C;I'AF.'.nl) 1.03,,74E-06 40.32
I.Q4nQ::t(-OI C;.IC;?::tO~onn 1.<;4"37E-07 34.2"
I.Q77c;4E-01 5.05"79(000 2.41"Q1[-07 -160.51
::t./)1411;E-Ol 4.964A5foOO l.lj7344E~06 -156.99
'.0507 Qf-01 4.lj761QEoOO 2.93509E-07 142.27
lJ.nQ74nf-01 4.790"'4~.O(l 2.94124E-07 -55.32
2.1240,r-01 4.7011nC;Eono 1.73553E-07 131j.61
'.'''"''41'"-01 4."2A2'i!:% li.lI\243E-07 73.15
?197?71'-01 4.<;5111F oOII 2.25556E-07 70.71
2.21"AQE-(1J 4.476<;0r.oOI) 7.36163£-07 54.1)"
??-70"lF:-0) 4.40410E·OO 3.72461£-07 -150.89
?:HI71'1(-01 4.33439(000 6.-;5250E-07 129.14
?34'H<;E-0) 4.?6""7~.nO 5.4A930E-07 33.12
2.1Q/)17E-OI 4.20101(·01) 1.42634£-06 121.73
2.41"QQF.-01 4.1J7'HEontl 6.6"541;E-09 -97.62
2.4<;1"1£"-01 4.07c;6~E-on 5.9(>501£-07 ?6.lfl
?4QI)?'1E-OI 4.01569(00n 7.2533Q£-07 -34.47
2.c.;?,-A"E-OI ,.95749Eoon 7.1)894Q£-08 -35.84
2.5"'4AE-OI ,.Q0095r::oOO 1.713'4E-08 130.Q7
?60n1~E-nl J.A41;01£-OO 1.06164E-07 -91.81>
?",,,7'F-01 1.7925Q£-00 7.4109?E-07 160.15
?"7'114F'-01 1.74M.4f.-00 4.98392E-07 -5.27
2.7/)Q9"E-01 1.69009[000 3.97003E-07 91.66
2.. 74"'<;AF. -01 '3.640A9r-nO 1.404Q3E-06 -18.47
?7A1::tnF:-01 3.59?9Qr-nO 1.1\7I0"E-08 -37.81
'.AIQA::>F-OI 3.5463?£-(1) 1.!'i7009E-06 10.20
?A56,4C;E-O' :l.'iOnRC;l:oOO 4.54400£-07 -13~.61

'.AQ'I)'7F-01 1.4S,,1)4F-On 1.45597£-07 117.Q9
2.9?Q"9E-01 3.41133E-00 2.13331)[-07 -138.52
'.Q""'1)E'-OI 1.371 )I~f'oOn 2.36761.£-07 -17... 01
1.00'Q'1E-Ol 1.J30I)AF.'00n 6.93415E-OR 130.2Q
3./)1Q"<;£-01 1.?A9Q6Eonn 3.~9097E-07 f-S.94
1.07"17F-OI 1.::>SI)7Qr-00 5.17R01E-07 -52.14
3.11?7Qf-O' '1.,12S5F.onn 2.71624E-07 -110.53
1.14Q41F-01 ,.1-7'ilQ£000 3.30077E-07 93.54
1.)A"'14£-OI 1.):11170£-on 5.85167E-07 -48.15
3.??::t""F-01 '1.1031)11"-01) 1.14916E-06 137.71
1.;:>5Q?Af-01 '1.O"A,I"E-OO 1.480Q6£-07 97.1"
1.;-QC;9'1f -01 1.1)1407£00n 5.83537£-07 92.46
1.11""::>E-01 1.01)071F-on 1.17047£-07 6.73
1.,,,QI4F-01 2.96A1?(.OO 7.4li766E-01i -173.0"
1.40C;71,F.-01 ?936?0f'-00 8.5329IE-08 40.73
3.44''1Q(-01 2.9049"£-00 1.R8456E-07 158.7'i
'.47QIlIlF-Ol ?A743~E·on 3.A01.56E-07 -166.11
1.51<;"'1F.-Ol ,.R44441"000 5.1?77AE-07 109.17
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"nIB lIT, &BAIX 3 Mp 5"QTBIII !OR mpgUT'WS PlUSH

PREQUENCY PERIOD YARIA"CE PHASE

(CPH) (HOUR) (oC2)

3.66?11£-Q3 2.7306'£.02 1.41:111£-0_ 60.66
.7.3242~£-03 1.36533£.01- 1.4125"£-0_ 81.54
1.09""'£-02 9.10222£.01 6.2906Q£-06 96.30
1._"4114[-02 6.R2667r:·01 8.ft9!i02[-06 94.50
I.A3101:l£-02 5.46]33£.01 1.15376[-05 8_.20
2.1Q7?7[-02 _.1)5111E.Ol 2.1621)4[-06 73.09
2.56:\48[-02 :1.9009C;F..n, 4.1;9702£-06 110.41
!.92Q6Q[-02 3.41133E.Ol 3.~4296[-O6 69.90
'3.2QC;90£-02 3.03"07[.01 2.86552£-06 131.06
1.M='\\£-02 ~.73n67[-OI 7.71"22£-06 -94.95
4.Cl2A3~[-02 2.4R24?'F.Ol 3.S0512£-05 41.27
4.39,.5'F.-02 ?~755l!Jf'-nl 5.27liQ9[-06 89.13
4.7M74f-02 2.100lil[.O' 1.1322A[-05 \ 17.21
5.12(,9C:;E-02 1.95048E.nl 8.S4A08£-07 85.33
li.,.9""[-02 l.fl2044E-Ol 3.1014U-06 23.83
5.B5Q'AF.-02 1.70"61£.0' ".8396"[-06 105.42
6.2?C:;C:;Qf-02 1.6«1,.21[.0\ 4.12195[-06 15.64"
6.C;9,AnE-0? } .liI104[-01 2.373;1.1[-06 63.11
6.9~AI)'E-02 1.431·19F-O' 1.IlM6E-06 3.01
7.3?4~~[-02 1.36533£.01 1.97421£-05 97.19
7."91)4'£-02 1.3003?£-01 3.14959[-OS 27.1Q
".051'1I>4[-02 1.2412)'--01 6.C;29C;IE-OS -176.89
8."2'''0;£-02 1.1872'i£.01 3.78752[-05 --n:n
1II.7AQO"£-02 \.1377fl£-01 1.90997E-05 -130.2"
9.1C;C;?7E-02 1.~92?7E-0) 2.4377"[-06 84.24
9.C;214Q£-01 \.0502"£.0' 3.59519[-07 -166.80
9.AIl77nE-0i! 1.0113"£·01 9.37756E-07 80.52
1.021;1Q£-01 Q.75?3A[-00 1.04(,10[-06 -170.33
1.0"='01£-01 9.4160QI:·00 4.1)3554[-07 -.11'
1.09",,'[-01 Q.l0?t''.F..nCl 5.12742[-07 97.52
1. nc;2c;r-01 A.AOAME·OI) 2.30"';4E-06 78.90
1.17)"AE-Ol A.1)3333£·00 1.t'140"[-06 6.31
1.20AI:IOE-Ol A.17475£-00 2.63670[-06 105.54
1.241:11'E-Ol A.03117E·00 1.231,7QE-07 34.74
1.'8J74F.-Ol 7.8019Ilf-00 1.93119E-06 -100.63
1.'I"'''F.-Ol 7.<;8C;IQf·00 9.31:'64£-07 12ft.00
1.:\e;49Qr-01 7.'"Ol~F.·on 9.3111OE-07 -30.58
1.391ME-OI 7.1~5Q"E·on 1.2111?E-07 -169.20
1.4lA'?F.-01 7.00171E-nn 4.?691flE-08 69.43
1.4~4A4[-01 ".Q2667E.01' A.R2'lC;SE-08 lA.el
1.501 4 "F.-0) ".661)1""'./)0 1.)4~Q"E-06 -139.71
1.I:I:,\AIlQF.-OI ".o:;nI5Qr_/)n 3. 13"7"E-07 -169.33
1.C;7471F.-0) ".'50,Q,::.00 3.~C;929E-06 -IOo.se;
1."1) "E-O) ".?O"ollr·on 1.19"17E-06 S3.1 Q
1.6",90;E-01 6.06p.Jlir-nn 1.18647[-06 159.74
1.68457f-Ol 5.93~?'F..01) 3.A2494E-06 88.26
1.72119E-Ol 5.80993£·00 1.74629E-06 -A2.78
1.7S711)E-Ol 5.ft88flQ[·00 2.ft73:?3E-06 9".04
1.7Q44'F.-Ol 5.57279£-1)0 3.'4"A~E-07 -124.01
1."310"E-Ol 5.46131E-00 9.1011"E-08 57.28
1.867MF.-Ol 5.354l5E·00 l.689:?AE-07 27.81
1.9041nF.-01 5.2512"£.nn 2.71172£-07 136.09
1.941)0='£-01 5.15~20£.0(l 5.25704E-07 9ft.60
1.977C;4[-01 C;.0567Qr.·on 1.5457CiE-06 51.17
2.0141"E-Ol 4.964A';E·on 5.17273E-07 154.50
.2.0C;07~E-Ol 4.~7619E-nf) 7.33274[-08 -50.35
2.0"740E-Ol 4.79064E.no 1.21370E-0~ 33.67
2.1240"[-01 4.70"0&;F..on 1.C;4614[-06 100.81
2.1M"4E-Ol 4.f)2"~5E.f)0 2.918"3£-08 -91.50
2.19727E-Ol 4.55111£.on 1.674""[-01 62.9fl
2.?11flQE-IH 4.47650E+00 2.9602ftE-07 39.50
2.?7nl;l£-01 4.4043n£.0!l fI·0827nE-07 -147.19
2.3071 'E-Ol 4.3343QF.-on 6.4051IE-07 95.26
2.14HC;F-Ol 4.2~667E·on 9.J;t523E-07 -37.00
2.3A1l:\1£-01 4.20101E-OO 5.72l55E-07 141.23
2.41"9Q[-01 4.13737f'-OO 1.(,777t.[-07 11 ~29
2.4C;''', [-01 4.07562F.-nn 1.33974[-06 102.63
2.49n~1F.-01 4.01S"9f·00 5.9330"[-07 -53.43
2.'i2"A6[-01 3.95749[-on 3.Ci7S25E-07 134.97
2.15"'4QE-Ol 3.90CIQo;£-00 1.004A1E-07 35.57
2.Mnlof-Ol 1.~4('01£-on 8.,.80n4E-07 120.1@
2.6'''72£-01 3.7915Q£-00 5.42637E-07 -7.45
l.f»n34E-01 1.74064E·00 5.30Q5"E-07 107.94
2.709Q"E-OI 3.69009E-on 9.97707E-08 143.23
2.74"5"E-Ol 1.640"QE-on 2.74740E-07 -74.70
2.78"OE-OI 3.Ci929AE·00 1.66"2lE-06 -144.57
2.81 Q"='(-01 3.1:146J?F-OO 1.22"OAE-06 -13.85
2. "C;,,4'>E-01 J.SOOA'3f-OO 2.42155E-07 -1",..28
2."Q'07£-01 3.45"S4£.nn 1.23435E-06 105.75
2.9296Q[-01 3.41333(·00 2.1.I01l14[-07 -51.15
2.9M'I£-01 1.17119[.00 1.895C;"E-07 63.72
3.00?Q'f-Ol 1.3300"E·on 1.~3915[-08 45.32
'.03QI:IC;f.-01 J.?899"F..on 8.A6361£-08 61.71;
3.07"17£-01 3.?507Q[.no 3.46767E-07 -28.49
3.11'7Q[-01 1.71'5';1:-/)0 4.97503E-07 65.75
3.14941f.-Ol 3.17O;I9f+no 4.42118E-09 -141.39
3.1A"04~-01 3.IJ87nF.-00 7.31845[-01 66.4ft
3.72."""[-01 1.101nlf.-00 2.C;6S6O£-07 162.57
3.?CiQ"AE-01 3.0(,"I""'.Cln 1.~892BE-07 "5.70
1.?QC;9nF.-01 1.034C17,-_on 7."38"3E-07 150.68
1.33"'i'F-01 ,.onn7'F.·on ft.QII47ftE-07 42.44
').3"QI4E-Ol ?.9""'?f:-On 3.00140E-07 169.55
3.4"C;7"[-01 ,.Q3"?Or-00 5.)90'1£-07 44.24
1.44",AE-Ol ='.904Q"'r-on 2.39"'8[-07 87.21)
1.47Qnll£-01 ?"741Qr.on 5.I)A662£-07 125.S6
1.'il'>"'f-01 2.1'44,.4"'_00 7.131520[-07 -105.42
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TiBr,n TIT J ARRAY 3 85m SPECTRUM FOR TEMPERATURE pHASE

FREQUENCY PERIOD VARIANCE PHASE
(CPR) (HOUR) (GC2)

'.6"0'11[-03 ?730"7F-0O' 1.7Aq4qE-04 9.S1
7. J24:»:»F"-0 3 1.3"<;"11f.0" 3.O'04QAE-06 10.41
1.0Qa",\F-0? CI.I0?2:>f-OI 5.RI167E-06 -IIR.91
1.466A6F-0;> ".A2667E·Ol Z.OQ1?AE-06 176.R7
I.P11n<;f-0? <;.46113f·01 1.01<;17E-05 49.71
2.1Q7O'7F-0;> 4.liSl11E·1I1 4.749 11 7E-06 -IZ.03
7..SI."14"F"-0? 3.QI)OQ<;E'·01 1.(.97AIE-06 90.?", O'.CI?CI"O[-O? 3.4lJ33F_01 3.<;1062E-07 -62.1A
1.2C1"onF.-Ol 3.03407[-01 1.6182IE-06 -54.91
1.,,"O'IIE-OZ :».7311~7F-Ol 1.0731OE-05 -11.77
4.02 11 1:»[-OZ O'.4R:»4O'F'_01 1).49?OSE-05 57.5Q
4.3045'\[-OZ ?Z7<;<;"'f-nl 1."Z"<;lE-Oo; ls0:T2
4.7""74F-02 O'.10115IF-01 2.<;15(,ZE-06 1!)6.1?
C;.1?ll.0"E'-0? I.Q504"F-0) 1.339Q3E-06 '11".71\
C;.4Q31(,f.-OZ I.A21)44[-01 4.07976E-07 S..... AQ
'i. "I)CI'\II[-OZ 1.70"b7E-01 I.ROR04E-06 79.99
6.O'?C;"Qf-0? 1 .ll.0,,?7F -cn 13.37334E-06 99.?1
".'i91""F.-0? 1.';)704[.01 7.05139E-06 RZ.Afl
6.Q';AflIF-02 1 .. 4171 0f.fll 7.45Z2(,E-07 30.011
7.JZ4O':>F.-0? 1.16"311"-0' 2.99R29E-05 95.011
7.69114'\F.-0? 1.3001"F.Ol 1.2144IE-05 72.97
R.05,,"4f-0? 1.?41?IF.OI 2,'111151,[-04 -170.9;>
R.42;>"<;[-OZ 1.1R7;>Sf·OI 9.763'nE-06 1.74
R.7ROO"r-1)2 1.'17711F"·fll 1.19(,09[-06 -72.14
9.1C;<;:>7E-0? "1.09O'?7r.OI 1.25M7E-06 -IZ~.37

Q.S?14"F.-07 l.n51)~!-F.I)' 1.0?,94RE-07 156.04
Q.RA77'lf-02 I,OllJ"f'-OI 1.72"I\7E-06 -75.45
1.0?C;10F-01 9.75~1qE·01\ 1.031)91E-06 31.04
1.0":»l)lf-Ol CI.41,,09F·1I0 3.A4977E-06 -Z6.5O
1.(lClII(,"1E-OI CI.I0???E·00 6.14501E-07 -)44.015
).13"?';E-Ol A.AORI,I)'::·OO I.A2131E-06 -106.PO
1.17I" I1F-OI A.C;1133E-00 S.C;33q?E-07 -41.7(1
1.2n"<;OE-01 A.?747C;r.·OO 4.R5,,77E-06 152.49
1.24<;PE-Ol 1t.0'137E·00 3.1>0447E-07 -40.70
1.2"'74F-01 7.AOI911':-·00 5.7.0'50E-06 -124.09
1.3IR~"E-Ol 7.<;8lilo['1\0 3.3R3QOE-06 -174.l\1l
1.154011[-01 7.1ROI AF.00 1.490qlE-06 146.2A
1."1~IME-OI 7.1R<;0l,t::.O'l 2. "15MIE-07 165.1"
1.47Q7:>E-OI 7.00171E·OO 4.00q73E-Ol -23. A?
1.4,,4A6r-01 ".112"",7F.:.on Z.20A Q1E-06 -03.1 A

1.0;014"[-01 "."60,1,F.·on 1.?AQoOE-06 -39.l)c
1.", l1 n°f.-OI (,.o;Olc;cf.'OO 4.420t?E-06 -8... 2<:;
1.<;747'(-01 ",1C;1l:10~.nn 2. RR",,?E-06 -144.3?
1.1,11'1'1£-01 ".;O"O~~_O'l 4.0?"44E-0') ... 16?

1.6470"£-01 ll.,O""I<;"oOO 1.1171,c;.:lE-01, -179.'i(l
1.I,A4"7F-OI C;.Cl3";:>~E·nn 1.42R<;(,E-01) (,9.27
1.7?110F-OI <;,Aoo01r.nn 1.7R44IE-07 3"1.4"7
1.157I1'E-OI C;.MIAQ°l;·OI\ ).:'120<)7£-07 P'l.7?
1.7C144'':--01 "."7270 F. oOn 7.4"7~"'F.-Ol 37.31
I.A1''I''F-OI «;.4f>13:tF·OO 3.Q77«;OE-Ol -167.1"
1.1l1,7"AF-01 ';.:'I';4?«;r.nl' 6.43050F-Ol -141. 1I l)

~ I.Qn4~nf-01 ... ;:>5]:)'I,,=.no ';.44447[-07 01,2"
1.04no;:>(-01 ".15O'2nF"-01l 5.I,233I1E-07 103.64
1.077«;4F-Ol «;.051,79J:"·nt) 3.2974«;E-07 129.0Q
2.0141"'f-OI 4.0,,4A<;£_0" I.Q7600f-06 -130.41
2.0C;07QJ:-Ol 6. A7"IQr·Otl R.449"'«;E ..07 ".3R
2.0A7411F"-01 4.7C1064F·on 13.I,656,7E-07 139.63
2.1240;:>f-Ol 4.101l0<;E-00 5.77Z06£-08 -126.29
2.1M"6F.-Ol 4.(,21t;>5EoOo 2. a4017E-08 -132.R(,
2.19777F"-01 4.o;SlIIF.00 J.IISAIRE-06 IB.fool
2.?31JlOf-Ol 4.41(,<;0r..n" 3.~1247E-07 5.11
2.270';tt::-Ol 4.404:,\0(·on 4.,,127AE-07 17A.I0
2.3071"1f-01 4~33439F..01) 1.114240£-07 93.11
2.:1437"E'-(ll 4.;:>1;667F.nll 2.R6700E-07 68.15
:».11103 7f.-Ol 4.20101r.·00 1."8107E-06 31.15
2.41",0°f.-Ol 4.13717F.1)0 4."447I1E-06 -141.A3
2.4"'''IF-OI 4.075"'2EoOO 9."2996(-07 58.5Q
2.400;:>"F-Ol 1o.0156C1f·01l 1.IM73E-06 -74.29
2.52611ll.£-01 3.95749[-on 9.98195[-013 -Hl.R3
O'.S"34"F"-01 3.9009<;1:·00 1.56"4£1E-08 47.61
2.f)nnlOF-01 1. A4(,01E·Oo 2."2915£-08 -3.8R
O'.I,3"'7~E-Ol J.79?SClFoOO 1.74093E-07 -78.11
2.67334F"-01 3.740(,4(.00 2.01060£-07 -99.8?
2.70001,£-01 ).1,9000£-00 5.11374E-07 71.93
2.74"C;AF.-Ol 3.f.40R9F.(l0 1.05Ql"E-07 10.50
2.7A1?Of-01 3.'39O'9I1E·(l0 5. (,53('5E-07 1I7.R9
2.AlOA:»F.-QI 3.<;4(,"1?£·nn ).0;6030£-013 -1.6"
?.R5ll.4C;r-01 3.0500A<;EoOO 1.4f>747[-07 -126.5Q
2 •.Q9107f-01 "1.4S"54r.oo 2.307b3E-07 -2.24

,0'.929"'0£-01 3.41333F.-00 1.01 f>R6E-07 171.00
?91,":'Il£-01 3.1711 QE.on 2.024A';E-06 63.5:l
1.00i'Q"1F-01 '.3300RE-00 4.11A02E-08 54.AI
3.030<;o;F-01 3.?A99"r.on 4.539')9E-07 152.58
:'I.071,17F-Ol :'I.7.5079f.on 2.331)71£-07 68.34
1. 11 ?70f-0 1 3.2125«;E·00 ".11R~AE-09 97.05
1.14Q41r-Ol 3.17'i19£·00 9.7578IE-07 -144.7R
1.1131,04£-01 3.13A70E·00 3.q721?E-0~ -113.30
'.22:»""F.-OI 3.'0:103£-00 loR0201E-07 -52.99
1.2C;0i'1IF.-01 3.0611)6... -00 1.08b23£-08 120.42
1.2C1«;Clllf-01 1.03407£.00 3.)8427E-07 152.11
1. 33'C;;:>E-01 3.00071r..00 2.A956QE-07 -59.9;>
1.36C114[-01 2.96AI2E-OO 2.39241E-07 175.36
1.40S7ll.F-01 :>.93620£+on 1.610';3[-07 A5.A6
1.44:»3Qf.-Ol ?9049I)E·00 4.A2144[-07 140.60
1.47QonE-01 ?A743QF.·00 3.44073E-08 11.61
1.51c;I)"1f-OI O'.1I4444F·00 3.43094E-07 -125.00
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TABTR IV' ARRAY 1+ 22m SPECrsUM POR TpPMA1'JIB! PHASB I

PREQUENCY PERIOD VARIANCE PHASE
(CPH) (HOUR) (oC2 )

'\ .......~11~-n ... ;J. 710"7I='.n~ 1.~'i4?IE-OJ 8 ••60
7.'\;:04~~f-O"~ ,. "'''C;)''J::.n~ 7.-;"'19£-05 .'.42
I • nOD", "F -0;> O.ln~,,~I'".o' 1.:>10"1,£-05 15.-;2
I.4':'4"4F-I1;> ",.R?""'7r..nl 2."",)4£-05 -111.18
I.""""C;f-~;> ".4f>111roO' 2.231'4E-05 -7.01
'.\07"71:;-0;- 4.C;SI11roOl A.CiPl0QE-06 61.46
::O.C;"'4"f-Ij"> '\.ollooC;~oll' 9.Ac;n4nE-06 116.1t1
::o.q~o"QF-O;> 1.~111'~onl I.A?07;Jf-O'; 22.00
'\.;>00:0",,-_1);> 1.n"'4071-".01 1.0"n"~E-05 7.2ft
"...."'~"F-O' ~.711l ... 71-"·1l1 2.134Q"E-0C; 21.';4
4.~~Q'\~f-l)? ;'·./IR~i"'~Ol J.QO"O~E-07 155.1?
4.'\04"''''-(1;> ~.::07C;"""'.01 2.90;172[-06 -5.00
4.7,,'74F-0? ;>.InllC;Ir.n1 3.Q3!AQ"E-07 -131.51
Ci.1;>"0C;F-i)~ 1.QC;1l4PF'·1l1 4.;>3340£-01 -10.56
&;.40,\''''f-O,) 1.'1;:01144"'.01 ".404::04E-0l, 1I2.,?"
Ci.ACjO""F-O;:> 1.7""'''7'''001 2.11 'iI)CiE -06 92. cU.
".~"c;"o~-/l;> 1."0,,,::071;.01 5.110l>Of-06 15.4~

I>.Ciol DnE-O' I.CiI70 lo f.Ol 1.?90)3E-01 169.51
.... o..o,n'f-u ... 1.4'371 of·nl 3.';),,?I,E-01 -)4.10
7.17~;>'f-0? I.l".. "''''",.nl 2.1Ci7""E-1)0 -41.0A
7."on4~F'-O;> l,'\I'lJ\:t'~·nl <;.771l 0 ?f-06 -27.01
".11<;""'41'-0:> .1.,;>4];;>1F'.1)1 1.<14i,.F.-lli 1"4.15
R.4;>;>""F'-!.I;> 1.HI7;>Cj~.O' 1.4'3 1>4£-IM 83.00
q.7P""~F.-I)? 1.13770,1"·01 I') .... 21'104E-06 74.32
O.lc:r:;>7f-0~ 1.IlQ;>?7F'.1I1 ~Q~£~Olo 126.41'.
O,<;;>14o,F-l';> 1.1'150;>"''''.1)1 1.1I,,?4<;(-07 102.36
O,I'IA770F-O;:> 1.0I''\'''F'00' ?0""'''0[-06 159.74
I"O;>"'''F.-OI 0.7Ci;>"'AI'".on 1.131"1[-06 50.13
1.11";>1'111'"-01 °.411,001'".00 2. Ac;o;C;I,f-06 170.10
I."OQ""F.-OI l;l.10?~'C'·01l 1 ....23:>1E-06 71\. Ie;
1,1"~;:>O:f-OI A,AOAI-o"..nn A.47;>R4f.-06 i54.34
1.17I A"F-1l1 A.~l11"1F.OO 1.ZSf)ll;J£-0F> 154.17
1.;:>n:>CiIlF-OI A.;o741""..nn 4.lo44IQf-0f> -151. 'l5
1.?4~1;>I:-OI A.031"'7F..hn I.A07"~F.-06 -86."6
1.~AI74F-01 7.I\OlQI'IF.·01' 1.0nl1,If-0" -119.96
1."1°'''1''-111 7.C;ilCilQr·l'n 2.~520'\E-07 -103.71
1.'lCit.Q"'--OI 7.1PI),"C'.on 7.Ci0411lE'-07 114.29
1.10 1"'Ilf-.) 1 7.1!iC;Q<,F.1)1l 3 .... :HAIE-07 158.91
I.",Q;>;oF-1'1 7,OO17'1'".no A.II :\"'4E-.1)7 -11.0;4
1 ,,,,,,:.0,1.[-(11 .... A?''''''7F.00 2.n~loOE-07 -105.94
1...nll. ... C'-!l1 "."''''IlI'''C'.C'' 1,9?AClQF.-06 10.34
1.,," .. nQI'"-OI I-.<;OIc;°F·II(\ 6.911AC4€-07 -S5.4~

'."7471F.-OI Fo."1">(I"'OI'".l\n I.Io;4~IE-1)1, -27.25
I."11'\1F'-n, ",;>n"'''''F.lln 7.14701[-07 -99.9A
1....470~F-1)1 ".Of>~'''F'.1I11 S.72770F.-Ol 3A.04
I ....At.<;7F-nl C:.Qv,~1F·nn B.C;II"7E-07 144.94
I. 7;>t 10F-II! C;,OlOOQ"l".I''' 1,QAVC;f-OI, 146.25
1.7<:;7;>1"-"1 c;, ""U~"'~": .no 7.AOlnE-OT 109.Q7
1.7Q/.4"'F'-"j <;.<;7;>7<1F'.(l1I 1.IPlll[-06 41.11
1.""1' " .. ~ -fJ I C;.41)1"l"1",·nn 7. I "nIlE-07 83.52
1.C;"7"Q~-1I1 C;,"1C;4""F.OII ;:O.';"";:OIE-07 6'l.AI
1,4"'."1'''-111 ",;><;I;>Qf·nll fl.Il A574f-07 44.?A
1.°/.''\1).,,4_,,\ c;.I";>~IIC'.nn ~.'110~E-Ol -171.40
, • f~.,.,C./... _I" 1 c;."""'7~C'.n" Z.Q)7O,4E'-0'" 144.~fl

'.n I!.' ..~"-.' I 1..0..4....... IIn 4.71<;nl[-07 -151\.54
'.~~"'7~;'-')1 4,117"', ::IF'.n" 4. 05 Q ·HE-07 lIOJ.OJI
"",q , .. " .. -,11 lo. 7(M"~F' .110 A.CiIl"'74E-07 If-O.flA
;>, I ;>,,"';'-')1 lo.70"nc:;C'.no 2.0J~"'7f-07 ~7.45

'.'''~''4'-'l, 4."';>lI;oc:C'.nn I.11 A",E'-0'" _1.?4
;>.~Q7~7F'_"1 lo,C;Slllf.O n 6.,,53""E-07 161.29
~,;>1'''''F'-''1 1..1.71-C;"~.01' 1.73ti?Pf-08 11~.06

~.~7"C;IF-·11 l.,lon4"'''F.on 1.40JlAAE-06 -'15.32
;>,1'171 ..... -:11 4.'l11.",0C'.tln J,OF,Q;>Qf-1I7 Jlo7.7Q
;>.14'7C;F'-01 4.~""''''7C'.l'n 4.157:4QE-07 -170.37
".,P,r."7":_1) I 4.;>/l11)1F.n" 9.80722E':07 89.69
?41 ... o0F'-I" 4.1:17171;.00 9,'5n3~£-07 -110.15
~.4<;"l""::-01 4.n7c;"~,,..no 5. O(';:OO:;I-\E-O 7 131.6A
;>.4QI)~'lF-OI 4.01<;,.°1".110 ll.9741"f-07 Ift7.64
'.";>"""F-OI 1.9<;74oF.on 3.Q53;:OOE-07 101.55
',C;"'4Qf-01 1.QonQCir..no 2.48516[-07 -I03.9A
;> ...nnlOF-OI '."4""0IF.01l 1.I,140l,E-07 -6.11
?F.""'7;>F-OI ,.7Q;>C:°F..OII 2.?2SR3E-01 -128.28
;>,"7""""'-0' '\.740~4f·OIl 1.41041[-011 -111.64
;:0.71'1'1(1"'1'-(11 "."'91) 1'101:. lin 2.C;31Q1f-OA -31.16
;>.74..<;<11'"-01 ,\."'411"01'".no 1.118.:\IE-07 -2A.73
;>.7 Q1 ;>,'F-III 1.Cio;>08F.00 2."OZ1SE-07 69.63
;>.QIQA;:>F-OI ,\.C;4""\;>J::.nl) 5.101~:?E-08 19.70
;>.1l:;<'I.<;F-oI 1.c;OItA'if·on 4.44397E-07 .69
;>."q'l07F.-Ol ".4l)"'Ci41-"00O 7.4657f1E-07 51.27
~.o;>q",of-Ol 1.41'\,,",:".nll 1.45J')FoE-OA -I04.'i"
?0..... '1C'_O)1 '\.171'~F.nn 2.1\0~""'E-07 10".23
1. II n;oo"'F'-o1 "'.11<tnRI-".etll 2.41»0?4£-07 74.7.
').1I1QC;C;F-Ol '\,;>Al)o"F.On 3.05244£-07 A9.1l1
1.117"'I7F'-01 ".;>..n7u'.ntl 1."nQ1E-06 12:'.'"
1.11 ;>7Qr-01 '\.')I~:;"F.OI\ 4.Q774"[-07 161.00
".14Q41F-1)1 1.17C;10"'.lIn 3.09464£-07 136.44
1.IJ1P)4~·-OI 1; I )Q7.1IF'.OO 4.0R773£-08 ..57.1'0
1.;:>;:>'''''''f"-OI '.If)''O'''~.f)n 9.31130E'-07 102.99
,\.;:>..O;>Il!'-fll 1.It"DI~~.lIn Q.lIOJ;:onE-OB 1"1.10
,\.~I)"onF-Ol '.014n7~•• OIl 1.18441£-07 -150.lJl
'\. 'n;>Ci'''-OI "'.00011"'·00 I.74'\1)2E-08 -llof,.S)
".J"O,IoF-OI ;>.Q~QI;>~.no 2.47911IE-07 56.13
'\.I,tI"7,,F'_O 1 ;>.Q3"'It"'.Otl ).C;4'ilolE-07 -17Q.01
1.I.4:O"'''~·-OI ~.Q040"'F·nll 1.707AflE-07 -l47.A)
1.47o n'lF:-OI ;>.A741QF'.nn .1 • 7)44CiE -OA 29.37
".''''''''''1''-01 ;0. Q44441'" oIt II 1.4"·PCiE-07 -34.~_
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TABLE IV. ARRAY 4, S2m, SPECTRUM FOR ~TUR! PHASBS I, II, UI , 111
PREQUENcr RRIOD VARIANCE IKAD VARIANCE PHABB VAKUJICa 1lIIUI

(CPD) (HOUR) (oC2) (OC2) (OC2)
1\. 7I\''',''F -Oi' 2,7:l""'7F."::> 1\ .."7';0'E-0,. 91.'1 3.18~7C;E-04 18.97 5.<;49'54[-01 ·85.59
1.7C;lA'F.-Ol 1.'''''''F.n::> 2.06"40£-0_ 75.17 4."417AF.-05 ,.".44 6.AI~70E-04 -90.97

0 i'.",c.7::>F-01 o.Ir.~::>~~.nl .1. 7?R~4E-OS 70,25 9.1'295I)E-05 113.59 1.?7AO:lE-04 -'-9.85
1.<;1C;""'f-OJ ... , "?"", 7F' .:ll l.n41>1>1IE.-05 22.RI\ 1.lfoJME-05 109.34 1.<;17<;6E-04 -93.4"
4. ,Q4C::'F-(1) C::,4&,1''tFefll 3.400"OE-0'5 87.24 1.02714E-06 150e3" 6."9;.»,,<;E-05 -'-".95
<;.::>7144f-(l1 4,"""I Fe01 1,700'I'IE-00; 110,20 1.&:;0<;07E-01» 83.35 4.41771,£-05 -Ql.)Q
".I<;::>"4f-OI '\,~!)OC<;F.n, 1... nolE-05 141.AO 1.71:11?[-07 152.20 3.45401)£-05 -1IJ5.90
7. O;H ::>C;F-O I 1,!>I,"F_1'1 I,A,,~C;'£-05 104.?1\ 5.'1,110[-06 106.39 ".150nE-O'; -70.73

f. 7.Ql n l 60 F,-01 1. n·~4:1'7F.lll 3,04441E-05 72.91 1.14170[-06 -179.61' 2.I\<;lR9E-OS ,115.33
1\.7At)nc.F-OI ? 71nt,7~·.0' t',"Al?OE-OS 70.60 3.nMlIE-06 1?6.45 4.174'13£-06 -21.20
0."i,701f-Ol ::>.4Q::>lo;>F.OI 1,::>P?AR£-05 - .... J? 1....7Al0E-0!» b.77 4.<;90AI£-05 -SA.2"
l.nc;4"''3Fe'lO :>,:n<"C;"'F.O! 7,'1574IE-07 36.';0 7.::>34QC;E-07 -4?.11 ;:0.'14"'1£-05 -A~.O~

1.14:>C;'lF'.no ".11l0C;1r:-.1)1 4 ,M~ilIE-07 -27.54 I.A25·HE-0~ oA.6P 1•.70"41 £-05 -10.25
1.::>'''4'7F·110 ,.0<;n4 11 ""01 3,J'='1I Cl F.-06 132.61 3.::>121<;E-06 42.14 4,1111\1£-0<; -1,4.35
1.'I(l'1"'~·OIl 1,;l;>fl lo 4F.II1 I ,S 7S?4E -OS -146.75 1• 7f,~39E-06 132.00 2.742?,,)[-05 -9.... 02
1.41'60?~F.01'I I. 7'1"f,7~:,n, l.1 QO/.OE-03 tl2.JJ~ 1.0547IE-05 33.63 2.070?IE-05 -15.IJ
1,I.O/.'IoF'/'I!l 1 .... n"':>1~."1 5.'111'>14£-1)6 74.91 6.::>12::>AE-06 121.43 1.45?IlAE-05 -92.13
1.,;q'Il,r:-,O'l ' ,<:17"4 .... ·01 1,r.e:,o.'lI)OE-(j'; 91. Q? 6.7I14IE-06 62.11'1 5. 15"51E-0.; -5).)~

1.",,<.nQ?Fe(lO l.4:"71"'~'OI 1.(1#''''''''1:-07 161.53 2.73004[-06 112.80 4.0 700R£-05 -90;,30
J.7"7Al~·(l0 l""", .. r.n1 A.l!lA,OF.-O" 150.81 6.• nS?:lE-06 114.01 S.·leAOoE-OS -))5.57
1.~4"7"~·OO 1',1111)"1'.'" 1.(1f.,IVF.-05 -24.]6 1."OAS?F-06 -11.14 4.A91lS9£-05 77.11
1.0''''''l'eOI'l '.:>41'1":.01 1,041\"I)E-05 101.43 6.1'19"""E-06 06.34 2.<;1211\(-05 -50.74
:> .""1""" e.'1 1.IA7?O:;F·1l1 1."0751£-0, 93.30 1.<;2170(-05 154.11 2 ....o;4)OE-05 -24.33

".,n""."lf\ 1,1''71"... 111 A,M"6H-0~ 49.94 2.0S~41E-Ol -121.53 3.A0311>E-0" -101.10
::>.10'7:>1~·.(lr. l.nQ??7F.~' 1, 77~"\lE-06 127.54 2.9241;:oE-Ol -160.19 3. "\00AI>E-05 -15.22
::>, ?A':.I'''~·. 01) 1.'1<;1\:>"'''''"1 I ,4&0'<,E-06 61.05 1.<;903I)E-Ol -152.65 2.")4?2?E-01fl -102.:?A
::>. '7"'1"~·.f,'l l,'lII ......... ·t'J' 1.133?lE-06 29.01, 1.12014E-07 30.6i! 1.23A70E-05 -82.7?
'.l....nQ4~··on a.7",:>'~r:-."r. 4.47)1-'(-01 -70.24 4.A3'iC;7£-01 -6.01 1."671\6E-06 -61.21
=,.c;laoo'"'f'.r,r ",41 "'"Qr:-.I)I' ".05711£-07 -9~.94 O;.0051AE-01l -10;8.88 9.5440QE-01» -A4.63
? ... , .. 1'~·O3 ~.10'?? .... en"l 5.l\'007?E-06 99.24 1.611 DE-06 13.4" 4.0070"\E-0" -10".4C;
? '7"""'lF·IiO ".'lOA'.·')r.no ~."'46""f-06 13.12 7.'i871><;£-07 104.15 8.1)2944E-0,> -54.02
:>."1,:,r:;!'F.0~ Q.<:'1"".l\n 5.(lf>P(lOf-06 139.9D 2,n?70E-Of) 81.43 1;1.91 ('/\"E-06 -1(14.97
:>,OI'!""'I'.'jn n~:>1lo7C;""'00 4.:\710"E-06 41.14 1.19390f.-0l, 154.08 1.21114£-06 -114.10
,.,-:q:J;t':-·r,{\ n,")I"111".,." 4."IZ(ltlO£-07 -33.1\7 J.I0<;10E-06 153.98 2.31Q';7£-OI) -56.01
'. :,." 1 7&-· •.~; 1 '7. '1lll on ..... Il.' 7,"'OM,9E-1)7 -65.4A 1,41 Q75[-01 -c;lO.91 8.17Al0(-06 -94.1~

~. , .;:. (\ ~ F"" • n ~. '7.<:'\<;I QF./\" 7,1l21 1l4E-07 3?1t 1.::>50A1£-06 109.46 7. 73811 E-06 -105.1\1
't. '''IQ<::.',O'l 7.1'\0' ...... "" 0,C;c;l?I\5f-01 114.3'" 3,'1C;';40£-06 141.9'7 1.761?9E-06 -1011.61
1. 't'''l:'.F'lll'l 7.1j,o(~Q~c:'·n~ ~,43"':;>lt-07 69.91'\ 1.'i2Q03E-06 166.37 1.50100[-06 -56.81
".!.:t 77'F .'~ (: 7. nnI711'.r,I\ I.Q2QA 2E-1)6 50.69 1.4fon~E-07 -172.03 1.'5557AE-05 -84.6.
"."'<:<'"1"'.00 .... ";;o"'<,71'".llfl 2."431AE-01 -73.58 5.2~lI6E-01 -150.04 3.140:15E-06 -1115.87
' • .:..n~I:;""'.'J') <,.", ..nl ..... I\., ;;0. A:n"l [-0" -13.6~ 3.C;29"3'5£-01 41.91 S.41l1"4E-Ol -]5.31'
'l.4.QI41:. r,'1 f,. 1:;", "O"'e"'1 2. Q 7A3 IlE-06' -13;.».26 1.7400i.'E-06 79.l:t6 1.7SP::>...E-06 -13.50
"l.77~.~f.~J' ".'''i)10 '',r.1' 9.'~4"'~E-06 -13.5;1 3.14A91(-06 14].22 2.31..10E·06 109.4A
'\, "" '71 ..... 'o)!) ~.,~"n~~.r.'" l.t:;Z'iqo!::-05 -1#:-6.60 5.7773';E-06 154.1R 3.70731£-05 -20.23
'. ::-"'= ... 'J" + ~'l "./1" II 1,,~. e(.'1 >\.'l~OI~E-O" -114.Slo !>.i.'3i>11>E-06 -151.41 2.,,0205E-05 -132.82
!, • 1"1. ':U: 7 •• :.,. ",.o'''''tFeO(l ... ,I7::>~llE-07 171.0R 2.~82.l3(-06 -100.80 1.C;5I)ME-Ol; -46.96
tt.1 'l" ..,t:.j.- .f\ •• ".'ll')OO"lI".flO j>,7217~[-0" 144,44 l,n~774E-06 -81.65 3.';91>:>1E-06 -105.13
4.'1 "7~.-.l"') <;."'lClA~~''ln 1,'04Q4!::-ill> 7~,44 4.n577<;1E-01 ~.37 4.A0491£-06 -64.1»~

4. "\n"&..!.~·.r,r C;. c:; 7;>'7"1'" .M' ..,,4~?"'1E-'H 114.A7 Q.14"Q1E-08 150.51 4."3991E-06 -119.'33
4.1('t."'I=.n(. 1:;.4"11 11"."" I,QSC;4~~-07 11 O. 7? 7.?3A"?E-Ol 121.61 5.AOO7}£-06 -71.8'
4.':':,,'4';:.Ilf\ '=;.1"4:>c;",.(l!l ~,73C;'t:l,E-07 113.A5 7.0274'5E-07 113.14 l.l1311(-OS -ll5.541
4 • <; 7.. '\ , F" • I'') 1:;. "='l ::>~"'. 0'1 "I, 141 O?E-06 06,4fo 4.03?q4E~0" -128.26 3.014R4E-06 11••13

! 4.AC::'l;>r'r .r.,} ",l,??'1Fenl) 1 ~ ;>o<;o7E -06 -1 Jl ,67 1.1,1:l0QE-Ol -136.1)3 1.112671[-06 -4.....
5o.14",no•• o;) ",IIC;f,7.::lF.01\ 1.00740£-05 135.A3 3.o:l~IJnE-06 -70.14 6.10,-,lQE-06 -101.06
4. Q 'l"'lQo1F ":~I~ t..~~4~C;"'.'1n n."S)'t7f-0'; 3.49 4.QZC;ORE-OA 61.5~ 2.0;59;9(-06 165.49
4 ..Qj>'''''F''1l0 4. R 7/;I..:lF e llr 6,130/;1(-07 42.33 ~.1130~E-07 -120.47 8.02130E-07 75.6fl
<;.lln"l7'7r:-,"'l ".7.:l0 .... 4F·0'l ),~7A'<;f-07 107.21 5.1~3!30E-Ol -61.42 2.950R7E-06 -51.51
<;. f o07J. .." .!ll) 4.70"n<:F·n" 1 ,t.5?71€-07 -~.30 6.1"4")OE-IO -25.81 4.A2549E-06 -77.46
<;.l~c:;c;"I"·n'1 I•• "''.':l:>''>Fenn 0.71C;0C;(-07 161.JJA 2. le5111E-07 -16.48 1.2044i?E-06 -124.6~

C;.::»7'4~"-.(JI) 4,<:<;1~1"='01\ 1.4000"[-01) 14".1? 5.11\c;01E-Ol -12.51 I.A81\1 0E-06 -87.04
C;.1~1 .. '\••rIO 4,471'.<:0"',on ".1:10I\Q(-('I7 114.07 4.7"407E-Ol -143.53 1.00I\A4E-06 -95.0A
';,44':1:>:;>10.')0 4.41)41',"'e"0 1.C;R"QIE-I)!> 6l,'?? II.Q4IQ7£-07 -39.75 6.70122(-06 -126.66
<;."'711~.1'l" 4,'34"0,;.nl) 4~qf\47!)E:-0.l eO.90 1.1:;01"'4E-Ol 10.29 2.00701E-06 137."4
c;.I'.::>O;:'1~··'Oli 4.?1'."''''7F.nn 1.':'3046£-01> 100,76 4.06"\07E-Ol -86.J2 7.057'55E-07 -21.15
".71 ""''''''i'l 4.::>011)'1'·110 4,?0~07E-07 ':121,70 8,1"171\£-01 -54.01' 3.110'57E-06 -101.16
",.ql)'1 7 A.·.OC 4,1'7'tU·.lln 5.1300<;(-07 171,37 ?,:l~?00£-01 2.84 5.;3?4<;E-01 -1111.71
c;,qAO""<"OIl 4,1)7<;F,:>""Iln A.IF,OO,\(-Ol -18.2" 1.r:;;:>Q;;>4£-06 58.90 5.467ME-07 -161.4A
c;. 07"'<:"~', (\n 4,nl"i ....oF.(I~ 1.RSI\47E-07 52.14 0.°1->1' I E-Ol -03.61 ~.271,7JE-06 -26.23
1,.11"44<:,'01)0 J,9S74QF.1\1l ?.104?O;E-01 78.?6 ~.~17~AE-Ol 56.20 5. 117o('I E-'06 -'41014
"'.1<;:>'4.. ,111'1 '3.onn Q c;I"·on 1.::>c;)n5(-07 93.47 1.:>I\Q41l£-06 -137.09 A.1661,9£-07 3.67
<'. ?lo"l:>";: er." 1,R4",n1"'.00 1.114;J4(-06 82.05 1,4~497E-Ol -41\.£\2 'l.1f-9A6E-06 -115.26
.... :li'Ql'•• l1:l 3,70"<;0F"01l 1.C;7014£-01 -90.44 I>,QAo17E-Ol -55.38 9.520;79£-01 -128.51
".41 "" I.?- .1;0 J.741l 60l.F.nn 4,O???;;oE-OA 51.Al ?.45A74E-06 1.12 1.40enSE-06 115.04
.... ""'Qll=.!lO 1,,,,qnO _F'enl) 3.<;4<lAQE-1)7 -117.0:1 3.4?C;AO(-01 144.19 8.16813E-07 83.10
".C::OI:tnr.o'l 1.<,40 AQI".no I. I <;(,74E-06 f\O.04 ~.?41l?IE-07 12.96 l.A410?£-06 -].65
","'7"360". -Or, 1.,,0'0'lI".no i.', ~2A'5'.'£ -06' -la.1A 3. llf>61 1::-09 -3.10 1.7Alol1E-06 -74.12
". 7"''7<:l>:- .r". J, 1:;41,:"::>'" eOO 9.007"](-01 1J1l.10 ';.71\591E-01 1.91 1.01"01£-06 8.54
.... "<:C::41F .1111 1.c;on R<;F'.00 5.04100E-07 40.9'" ?.7AOc:;0[-01 1.16 6.IAAI2E-06 -15.25
".04" ...·.".1 ').4<;1'.')4r:-.on 7.::>C;R""E-07 -169.31 1.?0944E-Ol 60.03 2.A'5'51(-06 -130.0"
7.011?l:.F'.1}1) J,41:l11r:-./ln 3.0914c;E-08 -IM.92 5.A1115(-01 10.40 1.11019(-07 111.68
1.1J<l14Ferl'l 1,,11I oF .no ?.4244~E-07 54.20 1.<;4114E-01 -64.62 I.Ofl9")OE-06 -93.01
7.::>07"'r:-·01; ').110nllF.on 5."921lR.£-01 20.51 8. <;<;1C;lE-013 40.30 1.16)lil:lE-07 -142.53
7.::>o/,0?F·no J,:>l\Qo"'F.OIl <;."141'16[-01 141.63 3.11A07E-01 -3.13 1.<;8740£-06 -83.30
7.'''''''IF.01i ").::>~07°FeOO 7.<;1'I?40E-07 113.10 5.C;(loOI\E-CI1 78.79 1.75]93E-07 -163.82
7.47n7n~ .C/I) ').::>II><;<;F.OO A.?I,,?7[-07 15.17 1.I,:lQOllE-01 44.99 1.:?9134E-06 -72.87
7.<;<;A"Q~ .r,j '3. PC;I QF.I)O 3. 14';62E-06 ·119.11 A.306"3£-07 S6.46 1."66S5E-01 -135.0fl
7."4.. t.Clr- eOi, 3.13A7nF.00 9'.051340£-01 A9.3Q 5.421»?SE-07 115.53 4.'ll1JSAE-01 100.55
7.7141"""11I'1 3.10·U'I''''eOO 1.:lc;l430E-07 30.10 6.42An4E-01l -88.95 ?.1410QE-06 -l8.7"
7.q?"::>'7l"e{)1) 3,Ol,Al",r:-.01'l 1.1>20"\7£-06 104.01 1.1Al14£-01 52.51 .9.2M?2E-07 -110.7'-
7.01 nl1;I'"·00 ),Ov.n7F.on 8,'AO"'IE-07 e5.1,9 1.A40<;A(-07 -110.77 2."97'iq(-06 -91.4A
7.90qnC:~.t:lf\ 3,!lOn71F.no I.R5flOl£-07 46.6" 1.15043E-06 -21. fo i' o;.01;31![-01 -1"9.S8
lil.IlI\<:Ot.~·~ r: l) 2, Oi>ll1::>f:+Oo S.~04"5E-07 -138.0? 4.<;7"42E-Ol 116. 714 1.14041[-06 -69.6'
q.171A"lF .,,~ 2,oJf,?'('Ir.no 5.'4001[-Oll -151.21 1.19177[-07 -7."9 4.78370[-07 -146.2~
1\ • 1>'" 17?F .1, ~ 2.CJ040",F..00 3.7(01):"IE-Ol 138.94 1.,0;00RE-01 t>A.90 7.A92i?JE-08 -114.51
1\.'411"'11'"·:)" 2.1l74JOr·nIl 4.<;9594£-07 141.14 1....QIQO£-07 1"".26 ,.35A04E-07 -11.33

l' ".4'7C::I)F.r.C 2.Q4444E+no 2."117"E-01 89.23 l'l.QC;n70F.-OA -75.31 ••~,n7l'E-0'7 -60.51
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(HOUR) (oC2) (oC 2) (OC2)
~.71njl,7F:.(I~ 4.Q3701)[-04 79.~1 1."1):-74["-05 133.07 1.7Z"li'f-Ol -7·,.1,4
1.1"""F'00~ 3.16?~C;[-04 92".91 I.~'il'lc;4(-no; 1"1).~4 I • 1Qn'\<;[-I») -Al.';<;
Cl.IO''''''''olll I.OSCl"7£-04 70.liO 1i.710nA£-0" '1'5.'~ Z.ClAnC;I,E-f)4 -1111.;;>'
I,.A~~I,7"'onl 2.06140£-05 7Z.03 1.4"01"£-05 141).1"1 9.Cl971Cl(-OS -~o;.A?

<;.4"''\'''''·1'1 1.0"'''I':'E-05 59.80 ~.7"4Cl~E-07 95.5S 1.1 J 'C;'~E-1)4 -kc;.7e.
4.0;'\ "I'" .1l1 6.1'5A~'E-01» 60./," I.AI"4 ...(-0" 17').04 Cl.'\k"OE-O~ -'-0 ..... '
".QOI\Il'\Fo,ll 3.061)94[-05 100.97 5."1J4Cl~-0" ~R.q7 $1.'171)7[-05 -Qo'\.;;>'\
'1.41,\'1"''''001 4.·79141E-06 8J.19 Cl.Cl"'14Clf-07 -QI).70 4.I~n",,£-0<; -9'l."A
".0"'4071".111 3.9l6QClE -Of>.- 11»:).66 I.II)Cl~IE-O" "H.2l 4.~""QAE-00; _cHl.',I,
?7311~7Folll 4.IZA71,E-OS 95.81 I.AI';:-A[-I)(, -113.6Q 7,~,.ClI"'f-n; -In~.ll

'.4A~4::11"01\' 4,1I1"0If-05 35.'i7 I.'Q"'11:'-05 1'5 .... 20 , .;,..1 ~"''''t·-n5 -141.'l1
'.~7"<;~1:'.01 1.(l76'1"f-Oli 165.70 Q.o"::IA"r-o~ 10).157 1.""11""£-00; -'''?<;1
'.'00"'1".0' '.4)1:-<;(-00; '01.99 4.<;C;"'''''E-Ob , C;~.)~ Cj. '1 .. I ;uolE-06 -'':>'5.?4
I.QC;04 QfoO' 4.71570'\[-06 -i'0.0C; 4." 1<;"'''(-(lh '1.... ) .... ....;;><;QQ1r-07 -<;q.A"
I. Q :-0441"'01 I.A'I"'ClO(-05 70.10 ".AIl7"AF.-(l6 -IH.)A 1.1'1:-"[-0., -"';>.10
1.71)~"'1F.nl I.QA'I7<;r-07 R.62 3.4"7"'1[-0"- -1"'S.4'" 1.'111 41)(-00; -"Q.1)1
'.6.0":>7F·n, 1).15M7F.-06 91."9 If,.Il /.Il"lU[-OA 11'>."" " ...."7-l4E-0., -11i'.ACe
1.'\17114F' ••H 3.:-0 A"olE-06 -4".35 I.Cl1"44E-06 -173.7- 1.,'\/I .. ClE-01 -1;>1.12
'.437I QI"'01 1 ......0n1(-06 1310.33 ?.4Q<;q:ll[-0" -'~2.11) 1. 7 ':)<;<;1:-05 -JO.?I
1.1f-..11Fonl 2.46J?4E-OS -136.24 ".".. ''1AE-07 --'1.20 1. 1<;7<14E-0') _#.).;>\;
1.'10/l,~~.nl 1.;>1070E-05 150.01 1.";l!4/1i-0l, -7.?tj 7.nO,\"7[-0') -"'''.4 12

1.'41'1~·II' 1.'~llnF-04 6.D ,.<;.''''11 £-0 ... _ ..... ='1} Q.Q.:.".r.. 7 f-"5 -14?ClI)
1 .1"7;'<;1" .'.1 1.;)1''1<;'[-05 6Z.R1 .1.<;4:>'''0::-07 -1-;. ?I I."~"'''·'E.-O'' -"].7"
hI 177AI".111 4.1'I??')lIf-0l, 8S.S(I 1.;";<;""':-1'1" -4-;.7; 7."'ol<;7F'-0l) -'''7.;>''
1.119';)7r·0 1 3./lIoAIII[-06 47.9A I.OA'"<;[-07 - )7;.lQ <;.11 ",oE-II1) -.:a7.4'"
I .IISI)~~folll 1.'11;)AOE-05 4?.01 1....7;)C}7[-Oh -ll.fo" 1.::I'I;);),1E-Oo; -'1".4;>
1.1'11'1"1".111 I.AQ4~4E-I)" '71o.4A I,.Cl#.R77[-01 -'..,.;>f- 1.''''7''''[-0'' ClO.'1'
Q.7<;'''''~00ll 6."75'>4[-01, 66.55 <;."b41'r-07 1~4.7? 7.'?OAt>E-O" -<l".<;?
Cl.41 ... 1I°F'·no 7.'''A~?E-07 -'34.67 ;>.".. 7Q"~-"'~ -t"r..Q;> 1.<I'~4:>[-0~ -1?'~. 77
0.10~"FoO!l 5."7I"Q'[-06 '24.73 4.""11'111":-07 "'1.7#. 0."A-';Cl1F-07 -le".77
A."I)A"'"r·on A.4I':><;[-06 Il3.54 J.<;1147f-0l\ 1;4.70;; ? .... r'4;>f-0,., -'<;Z.?t<
A."11~'F'o(\'1 2.'P547[-06 -15.61 7.'14I"'''i-1I7 -IS3. A7 ;). :>47 '''e -:11 -11".17
".'747<;1:'.110 ;>.<;1 77"f-05 ab.63 (.4.. 7"'~-07 -'?':l.?? 4."1'4<1AE-07 1<;".91
'1.'l11·t]1:'0'!0 3 ...."'1<;[-06 169.IR 1,.<;, 747F'-1I7 '<;':'.1)6 7.:>2<;l\IF.-Q7 -10;... 00
7."0IQI'I:'.II" 5.'QO~'IE-06 14.3e; 1.I"o) ....F'-Ol, I" 3.7'1 S.I\l\nI4E-07 -315 .... 1
"."A"I"lt'."", I.I,O"'O'[-OS -?Cl.Rfo 7.",17""£-O~ -"".411 .... '\1.... 17E-01 -'71.<1'"
7.'!'1"laF.nn 4.0;66. .....f-07 91.67 ?.<;A/."··IO.-07 -1"'o.I? ;;>.4.:a'~1E-0l, -91.3:-
7.1'1"~"I:'.Iln Q.lll<; .... f-Q6 -34.92 i'.4f-l'I'I"E-OR 63.6A 4 ..."n1'[-0' -'72.5;>
7.'11)1 7 IF.O" 2.:>14111)E-0" IIZ.71 7.?lRI"F.-/l7 -Sr,.Of- 7.I':'''''?E-07 '''0.1,'1
"'.0;>"'7~.0'" ?"')A,\0f.-07 -61.51 7.n''''<;7[-'17 ;;>6.75 1.1 ':";'Q,F'-O':' b?l!3
".""/lI"~·/ln ;>.c;'0I'\7<;E-06 -116.4P ,.~i'7"'F:-/l" I.{I~ 1.7r" .... f-O ... -fo.?':-
.... <;(;1:::>1".01' , ..... 1<;;><;E-06 -3Z.61 0.Qoo.....[-07 Q~."3 ;'."""':71:-0< -1~.Cl'"
"". 1"·1\,':)c:" .. t'l" Cj.,7'')'£-06 lR.5:> I.";'I·.'~-(II,- ".:.. v· '., ""'f.-n., -<;5.11
"".'ltt..~c..C".f\1" 7. c :ll''l7f-0''- '44.51\ ...... C; '11:) .."-,]#; '7,'.Cl" I. 1J 7... ·t-Ol:> -?O.OO
"". ,..... ~ 1';':-. ·"lIr 1 ,I' .1c" 71='-1\'; 11~. 7'" 1.71" '''f -06 -'7?4;> ... Q,,"7IF-Ob -CeCl.AJ
c;,.,,'a~.-.;- .n" 1."",<lI\Ot-06 24.49 ;>., ;>"QIl[-O~ -1:,-1.1(1 '. "l7"<;n~:_0... -1".IIl
~.:.aflQ")"l~.":\ 4.'1<;IQof-l)I) '1?.Cl9 1.1i'"""F-1)6 _"".C\" .... ' ..... 7;:_1\ .. -"I.~(l
..... "A~ot'.nll ?70'7A[-06 113.14 1.'14~i't:-II~ - ...s.O? ... "/1"'[-01, -7 .... <;1
".<:7'70t'."11 ";.<;I;>°n:-O" n.ll 1."l....44E-I)~ -19.70

Q ,:.t..r.-"J'.I; -0" -, 1:11. 31
C,.4"'1"'''I:'·Oll 1.4)'\'I3E-07 69.ICl 1.1I71,4"'F-0'!t -i'1.7Cl I. 7~;)7.. t -Il~ -,S4.0#.
<;.'1<;4?<;".,,1I 7. QIA"QE-07 -'02.SA c;.~0,,'-lF.-1)7 '''~.50 I. 7(l71 1F.-O~ -10;>.""
<;.?C;';>'1I"./11l 3.'1""'11'-0" 1"0.710 '•• ;:;An'''E-07 125.71 ... , ..... 'If:-/}7 -15'.V
c;.1S?:lIn".I}'l J.QI14"[-O~ -104.101, .... 1Q4'OE-07 -''''1.41 ??nA";IF.-'l~ -7,."1
<; ....<;"'1Q~.lIn ~.');> .. ~"E-Ol, -173.7? 1."07''\[-07 '<;".71 '.:>"114~·-0... -IM•• Eo5
4.~~/.p~~.n" l.o ..n..nE-06 '1;>.<'1 ".'7c;7..[-0~ --\,.~7 ;:O.<;AI4Q[-07 -40.70
".07.. ,:>~."11 1."II";AE-06 2<;.31 6. OIAQI'QE;'01 -114.4Cl 1.47""E-07 -14'.)"
4.70~"4r:."'11 A.7?I'HE-07 -39."Cl 1.1'5::17"'E-07 -~.,.O7 1.;:OQC,4 .. [-O!) -73.96
4.7I)An<;l".no 9.1,3<;04(-01 101.0? '.1 >;/1 "'(oE-O 1 -3?.64 ,."'HI"<;f.-OI) -li'l.'17
4.jl,,~:>c;~.l}n 3.C;A6./)4E-06 -12.3'l , ....,0'1°E-/l7 -12. 120 ..... o?/);>t-r, I 16... 2~
4.<;<;"11".nn 4."771"E-0" 103.41 I.OIC;~'E-(\I) -17~.01 I. 70""4~:-l)7 '17.104.411,<;!'lI".O/l 4. 0(''I74E-06 -51,.93 1.1Cl~Cl'E-07 -137.,,'1 I.Q31101£-0" l."f.4.6"4"'"F.0" Q.144 ...... f.-oa -"?IC, '."I";:>Q£-O#> -9... 7" ;>.l~;>"''''E-O~ -54.?7
4.'14,<)~.n" l.7?90"f-06 -107.11 ".744(l~E-1)7 -7:l.f-<; ~.7Q11;>~-0!> -1\!>.3Q
4.'''''''''7t'.1I:'l 4.'1:l(l"(-0!) -174.~<; 7 .... 1',/1;>£-07 -311.73 1.~'>le;:;wt:-0'" -10,."",
4. ~"ll""lC .1'''' 1."oQCl:>I"-0"; -37.23 1.'00 '5£-07 27. 4 3 (l.a3;>~"~-07 -163.4)
4.''11''7'-'"'' 4.1711 J-I'-07 -150'\.77 o.;.974,"f-07 "f? (I" , .....i'~I)7E-l)~ -57.0;1,
'.... ~7t::~?I:".. n"\ ".,oAc\7F-0l, 73.55 1."J"i:;1F.-07 11".0' ?<;411~'.r,-1)7 -1011.')14 ..... 1:;l..... r.n,. 1.1C,1'i7F-r,s 94.?1 i'.",1 .....4(-07 -114.41 ;;>.'Q.. A7f-(H -92.";A,.Q<;7.. Q ,"_/lIl !'t. '\7CjAc,E-07 3A.oA ..... , .." ... E-07 -c;4 • .cl.. I.o,,"''''t:-f)h -(,).7<;
1. QOI)0c,Fonn 1.17:lS:lE-06 66."!' 7.4.... 4'£-07 -11.;lr. 1.lo.. 7IE-07 8~.41'1.AIo ...n 11:'.110 4.R74(,1f.-06 M.lO .... '~"qF-07 -{'~.?2 f,."CjI)7i-t,-O 7 -8l.14.... 7Q'C;01:'.no 4.:-9019[-07 163.:n 1.1QA?C;[-07 ".\7 ".'\<;;>1°£-07 -51).55
".1411"4~.01' 1.'1<;1"1(-06 93.77 4.'1~A~10f.:,07 -1-'.41 ....... , AO:>~'-07 -7Q,."7
"."qOO"~'oO" 1.:-?ClQClE-06 -110.35 1.9;;>11'4[-07 -f-11.7p 1.'1""C;Q[-Of, -<;~.IO
'.jl,4111'~".(l(l 2."'''':lICl[-07 -8].Io? ~·.'C"..01~-(j7 -j.71 <!.1i'''4Q,F.-0,> -QI).ICl.... ~O'Qq"oon 4.ACl"<;4[-06 -ll.AI '."7 A<;"1'-0", -1.41 '.,..,,/I'€:-06 -, C,~.<;R,.0;4"''1:l1t'.nll Cl.'1(,~,n(-01 '40.34 "' .... 7/1 .. "E-"7 JO.21 1.":lIo"U[-Ol) IN.A(l.... C,I)Il 0')F .... Il 7. Q,on;:>£-07 99.i?~ 1.0117~F'-O" 4~.7" ,.I.A 47 / F.-0'l lOS.)"".4""<;41". nil I.A4)/1QE-06 64.0c; 7.1''''4.)'''[-(\7 <; .... 11' 4.~0'"/lF.-07 166.001.411...... I:'.nll 4.:-29Cl"E-OA 141.77 -ol.;::Qll"~-07 100."4 7.M·~C,1"-07 211.(1'".'71'QF.,..II 2.117""1£-06 IOq.57 ".'1,,00f.-(I7 'l.l.?1 ,.1c.. .. Q ..E-0~ -19.Z0'3.11/10QF.on 1.'\o;Cl<;7E-01 93.A4 '.100'I.f-07 '73.?A ".'l4"1°f.-1J7 -104.13,.::IRQQ'I"."" 2."71""[-0" 7#•• 7A 1.70l...... [-II7 -141.5C,. "."'4,,0"E-07 -S.IQ
'1.'S/l7~t'.nn 1.~~M.C;E-Ofo (lR.n 4.1"'<;41[-01 -1'\0.70 "''''1ClQ''f-06 -27.231.::II,,,0;,,·no 2 ... .,"70[-0" 125.21 Cl.7"4"7E-!)~ -J>l."4 '.-l~7j?~-06 -70.7C;1.17<;'0".011 '."QQ"'~(-06 -74.9A 1.4>l"'''F-/}7 -\79.11 H.<;;>~4::1f-07 -7~.1:t".1 'lQ7r.l".o'l 1.":-':'9nF.-0" 5R.95 1.r.17/}"E-\l7 15... 0 1 A. '7' '1'[-07 -84.311.... IO"o't'.on 1. QIIClQE-07 1;>.)0 'i.4to7A"f.-07 -'4'."'7 1.,,,,r,1Qr'-06 -'17.73" • ., .... 1lI1 ..r·0'1 1.1,90""£ -0" -16'l.OS ... 0c,OO"F.-1)7 -'4;>.7" '.<;l'''''''f-O" -13).'12".""'4071"./1" 1."A~4IE-06 -'73."7 "., ... , "--t'-01 -1".Al 7. :>..;:>71£..-01 -1f>Q.6"1./ll)n7"F' 01\11 C;.I'iRQ4E-06 121.00 C; .... 7'1\7f-0>\ -:>... 1" '.'"1.....~.-01 -135.70;
~.Cll,A"F./ln '.71Cll,P.E-OI» IZ9.A? ~.I"?:>1E-O" -<;7.41 J.~"'''n-o~ 15Q.QI
"'.Q"'~':lF'."n 1.:-"'QQ1E-06 90.70 ,\.O"'·~"F-o" -5".1 .. ,. '77 ....1::-1)1, -*'0.00,.Q04Q"'r·O ll 2.1Z44"E-O" 104.4? ".""''1'''[-1:'' 7.... 7'" t • • '11;4'01"'[ -(17 -1?0.79
'.Q74'1l~.I1'1 1.'IA/1'E-O" I I Cl.4C; '.'k"'4:>F-07 "".;>Q ". ''Ie" ~f. -1)1 -11.>.;>n
?Ole444~000 1.~00Q7E-07 -IIR.05 ;I.~ql"Of-(l' 'i' .... 74 ".ll006r -07 -'lto.77
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~.7'ln"7~.r." 3.R34RO(-04 61.62 1.1)1.1501(-0'; -166.9R 3.51111£-03 -58.24
1.1I,q~1~./I::O 1.:OOR41E-04 'n.31 3. 75<;:?4E-o" -9~.07 R.I'iQ2~E-04 -77.AA

1'1. 1M'?'C:::.IJI 4.71)Q7E-05 81.77 1.;t)R75E-07 -115.73 2.~23C;"(-04 -f!6.58
F..0l;>""7~.01 (,.<;0305E-06 119.04 9.'iQIIQ4£-07 167.42 2.1)]145E-04 -77.99
~.I.,r.l"'1'l~·1)1 1.I,<;"'I70E-05 59.310 1.77QI,C;[-nl.l -15(,.13 1.709RAE-04 -R7.4S
4.~c;I'!~·nl I).::O?,"?1[-1)6 36.69 I.Il71,RnE-06 -135.3~ 9.'i97Z3E-05 -9Q.ZO
'.QopQ""'o(il 9.7'5f-7?E-06 90.eR 2. I 9"'1«''i[-Of) -105.1.14 5.10979'i£-0'i -93.31
'.41 "'1111'".:'1 7."71,11,£-06 1"5.90 1.97111E-06 -III.OJ 1.I.'iIIOQ(-05 -AR.70
'.l)11.07FoOl 1.?OJQQ[-06 -79.5" 4."QQ14E-0'!J -IZA.17 7.0AIlIE-05 -A3.13

!
"."]n"'7F:.01 3.J3"'141E-05 122.0Q 4.7.9234E-06 -116.61 1.1)27RC;E-04 -A7.65
::>.4Q"4:O"'001 3."1917(-06 17.12 4."4'il,3E-06 -98.97 7.R21114£-0':) -114.04
".'7"""""1\1 4.'0""IE-06 -15h.3'i 2.14077E-06 -129.53 1.1147421:-05 -131.9n
::0.1/1""1"'·0' 4. Q')Q41£-06 116.3~ 7.'i75"QE-07 -106.1" 'J.144"IoE-0'!J -70.48
1.-1"n4q~.01 4. 719"IE-06 "9.54 ?.9R';9QE-06 -107.77 5.1I"?1I7E-I)I, -71 .a2
1."::0044"'001 Z.1I5?4QE-06 7S.25 1.177')3£-06 -134.39 4."5?1"E-0" -43.27
1.7;1 .... 7"'.1'1 5.Qln"IE-0" 73.64 ".494')7[-01.1 -140.20 1.C;?4?'C;E-0'i -25.RC;
1.... 0.. "71'"·01 1.1)414F.-06 22.27 9.4"710E-06 -126.5Q 2.7<;I&;lE-0') -58.0S
1.0:.1704~·'11 ?.n04AF.E-96 62.?6 1.191C;7[-05 -112.54 1.lhR03(-OS -76.IQ
1.4'l71Q~.nl 1.44QIIE-ns 7A.27 1."OQ11,E-05 -112.1" 1.1QOl,IlE-II':) -1,3.57
1.''''''1'1f.nl 6.11(,Q4£-06 -177..4" I.OARn?E.-05 -67.18 3. 744';9E-0'; -1;3.01
1.'11"":>"'·01 A.'I7R75£-07 -174.00 9.1150?QE-Olft -70.53 9.RSQ«'SE-05 -77.'J?
1.='41"11".111 ?.nIM7E-05 113.55 '5.7770:>(-01.1 -41.44 I.OMIIE-04 -140.77
1.1"7='''~·lIl 9.147'lIE-07 lIR.·72 3.771';9[-06 -61.10 I;."370QE-06 -161.7"
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TABLE VI Tidal harmonics used in predie~ion •

Tidal
Line
5~

5sa

K1

°1
P1
Q1
J 1
Ml

°°1
RO l
51

M2
52
N2
K2
NU 2
MU 2
L2
T2
2N2

*loca1 epic

Amplitude
(em)
8.)8
6.25

82.94
45.81
24.57
7.56

().6)

).05
(1.98)
(1.74)
(1.68)

106.41
25.85
21.24
7.16
4.11
).02
5.64

(1.52)
(2.84)

(kappa) •
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Phase*
- (deg)

287
202

155
1)2

. 152
127

(166)

149
(177)
(123) .
(282)

127

153
095
151
108

)45
187

(153)
(06)
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