c./

SYNOPTIC ESTIMATES OF
AIR SEA FLUXES
by
RICHARD FRANK MARSDEN

Be.Sce., Royal Military College Of Canada, 1972

A THESIS SUBMITTED IN PARTIAIL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
COCTOE OF PHILOSOPHY
in

-

THE FACULTY CF GRADUATE STUDIES

T

(Department of Physics)

We accept this thesis as conforming

to the required standard

THE UNIVERSITY OF BRITISH COLUMBIA N

October 1980 < -

(:)Richard Frank Marsden, 1980



In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at fhe University of British Columbia, | agree that
the Library shall make it freely available for reference and study.

I further agree that permission for extensive copying of this thesis

for scholarly purposes may be granted by the Head of my Department or

by his representatives, it is understood that copying or publication
of this thesis for financial gain shall not be allowed without my

written pemission,

Department of @Q SO BCRIFPH N

The University of British Columbia

2075 Wesbrook Place
Vancouver, Canada
V6T 1W5

Date /S/ @C% / QV/O




ii

ABSTRACT

Synoptic and climatological dynamic studies generally rely
cn bulk aerodynamic flux formulae to describe air-sea heat and
momentum exchénge on synoptic and climatological scales,
Barometric pressure @maps (which involve an intrinsic temporal
averaging of the wind) and wind roses provide two sources of
spatial and temporal wind information for flux calculations. .
Several investigators have shown that, due +to +the non-linear
dependence of the bulk aerodynamic formulae on the winds, time-
averaged estimates of the fluxes based on vector-averaged winds
systematically ‘underestimate the actual time-averaged fluxes.

Using 10 to 21 years of thkree-hourly sampled sea surface
meteorological cbservations from 9 weatherstations in the North
Atlantic Ocean and 2 weatherstations in the_North Pacific Ocean,
the three-hourly stresses, latent heat fluxes and sensible heat
fluxes were calculated. The samgled data. and the calculated
fluxes were then averaged over periods varying up‘to 28 dayse
The estimates of the averaged fluxes bLased on the vector
averaged winds were then compared to the directly averaged
values. .

A simple analysis revealed that an upper bound for the
difference in the two stress calculations was directly
proportional to the sum of the x and y component wind variances
lost thrdugh the averaging process (in agreement with Fofonoff,
1960) and inversely proportional to the square of the vector
averaged wind speed. The wind averaged and directly averaged

flux estimates were grcuped according to the Beaufort wind speed
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category and the period over which the variates were averaged. .2
multivariate regression was then rperformed to optimize a
transformation frem the wind averaged to the directly averaged
casee

For all fluxes, the transformation dramatically improved
the wind averaged estimates of the climatological means and
variances of the directly averaged fluxes. The residual error
between the two estimates was decreased up to a factor of 5 over
the uncorrected «case and the correlation coefficients showed a
moderate increase. The regression coefficients showed similar
values for all temperate latitude stations.

Based oh ccnsistencies observed in the wind speed and
averaging period dependencies of the multivariate . coefficients,
an empirical formula was found which interpolated the wind speed

and averaging deéendence. and duglicated +the multivariate
regression results. The data from the ten temperate latitude
stations were . grouped and a single formula found which only
moderately increased the errors between the wind-averaged and
directly averaged estimates. The geographically averaged formula
was not applicable at Station N, located at the northern
extremity of the North Pacific Trade Wind region.

Analysis c¢f the 28 day wind-averaged flux spectral
estimates =showed that they underestimated the 28 day directly
averaged flux spectral estimates. Application of the specific
ship empirical fcrmula greatly improved agreement between the
two spectral demnsities and reduced the residual series power
density at all frequencies. High 1latent heat flux errors at

Station N, <could be reduced- by application of a seasonal
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correction.

The data were also grouped into monthly wind rose
configurations and the wind rose ‘monthly flux estimates wWere
compared to the directly calculated long-term monthly mean
fluxes. In all cases, the wind rose fluxes coﬁpared favourably

with the directly calculated fluxes,
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CHAPTER I INTRODUCTION

The spatial and ’temporal scales of the turbulent
environment for air-sea coupled Systems may vary over
significant orders of magnitude. For examplé, trends in the
long-term heating and cooling of the Earth's surface of
consequence to Man may require many decades to determine while
turbulent diffusion of momentum within the sea must be measured
in fractions of a second.

Fiedler and Panofsky (1970) have suggested several
overlapping temporal (and spatial) scale ranges to aid in the
description of time-dependent meteorological phenomena.. The

first is the microscale ranging from less than a second to about

one. hour. The mesoscale ranges from several minutes to several
days, the gsynoptic scales start at akout one day and extend to
several weeks. The seasconal and_g;;ggggg4scales are longer than
the synoptic scales.

Wind stress and sensible and 1latent heat fluxas can be
described as the vertical transfer of horizontal momentun,
temperature, and huridity from the air to the sea. Microscale
experimental techniques are required to measure them. Among the
techniques developed are the eddy-correlation, profile and
dissipation methods. A detailed discussion of them may be found
in the. turbulence 1literature, Briefly, however, the vertical
and downstream wind components and temperature and humidity
fluctuations are sampled at a high rate (usually several Hertz)

for periods up to .one hour. The transport fluxes are determined

through correlation of the vertical velocity fluctuations with



the downstrean wind ccmponent, temperature and humidity

fluctuations as shown Lkelow:

T = - 1
(7\/\/\; 1. 1(a)
Hs= o Cpwit
> F F 1« 1 (b)
‘\'%(’_=E—\A/'—(T| 1. 1(c)

where | is the microscale wind stress, fD is the air density
+ Hs is the sensible heat flux, Hl1 is the latent heat flux, w'
is the vertical velocity, u' is the downstream velocity
fluctuation, t' is the absolute air temperature fluctuation, q!'
is the absolute huridity fluctuation, E is the latent heat of
vaporization (2.46x106 J kg -1), Cp is the specific heat of air
at constant pressure (1.0x103 J kg-t 0C-1) and the overbar
represents the ensemble average where all units are assumed to
be S.I.. Normally ergodicity is invoked and in practice a time
average 1is actually used.

Equations 1.1 are exacte. The rapid sampling required,
however, (about 10 Hertz in the atmosphere) generates too much
data for 1long time scale studies. Measuring the vertical
fluctuation in crparticular and the rapidity of measurements in
genéral necessitates using highly sorhisticated equipment that
is generally beyond the scope of +the. synoptic scale
investigator. .

The microscale fluxes can be related to the average of

mesoscale measurements of one hour (or 1less) of sampling



duration through the bulk parameterizations given by (eg. Roll,
1965) :

\:PCO\V

1. 2(a)

or in components:

(T¢ “Y*&\ = () CACLL,U»KT

1. 2(b)

Hs = @C?Ct Vo AT | 1.2(c)
He = CaEV AQ | 1.2()

where, T is the wind stress magnitude, Tx and Ty are the x and y
components of the wind stress, V the mesoscale vectot—averaged
wind speed, u and v are the x and y components of the mesoscale
averaged wind velocity, AT is the average air-sea temperature
difference, A Q is the average air-sea absolute. humidity
difference. cd, Ct and Cg are nondimensional transfer
coefficients ccmmenly known as the drag coefficient, and Stanton
and Dalton numbers respectively., They relate the mesoscale mean
variables of ©Equation 1.2 to the microscale fluctuations of
Equation 1.1.

Except for specific turbulence studiés, hourly wind
measurements are seldom available. Many calculations of
transport fluxes are derived from quantities that are
effectively averaged over periods much longer than one day. If

we let overbars denote a time average then an estimate of the



average x compcnen*t stress is:
L !
L T
w s T EE\-CJ\L UL(\LC—*‘\Y“:’» 1.3
L=t *

whers there are I observations and the subscript i denotes the
set of wind components, air densities and drag coefficient
observations.

An estimate of the x «component of stress based on the

component averaged winds is given by:

™= (T 2P )(_ ZZ(:d\)( Z:mx ¥
(3 Doy (121"
L
it is evident that Equation 1.3 and 1.4 are not identical. By

similar arguments the averaged heat fluxes calculated fron
Equations 1.2(c) and (d) will differ from the estimates of the
averaged heat fluxes based on the product of the averaged
constituent variables.

Malkus (1962) examined 59 three-hourly sampled wind
observations frcm the Caribb2an Sea and found that the fluxes
(inciuding momentum, latent heat, and sensible heat) calculated
ftrom the averaged constituents (Equation 1.4) underestimated th=
directly averaged fluxes (Equation 1.3) by only 7.0%. imilar
calculations for the stresses, performed on three-hourly sampled
winds at Weatherstation C revealed that the averaged constituent
variables predicted a stress magnitude of only 35% of the
directly calculated value. She attributed the differences in
reduction to the steadiness of the Trade Winds where the long-

term climatological averages are indicative of the short-ternm



mesoscale and synoptic scale conditions. Over middle 1latitude
oceans, the winds are much more variable, being dominated by
tour to seven day cyclonic storms, and the 1long-term wind
averages do not adequately indicate shorter period activitye

The wind stress input for many oceanographic calculations
is derived from estimates of the geostrophic surface winds
calcuiated frcm averaged tarometric pressure maps. These maps
are constructed thrcugh 1large spatial scale samples taken
several times daily then temporally averaged over periods of up
to a month cr mors,

Fofonoff (1960) in calculating oceanic transports in th=
North Pacific Ocean based on gsostrophic winds derived fron
mcutaly pressure maps suggests that the difference between +he
montialy stress and the stress calculated from averaged pressures
is proporticnal to the variance of the pressure gradient. The
variance cf the pressure gradient is equivalent to the sum of
the u and v wind component variances over the period in which
the pressure was averaged.

dagaard (1670) provided a particularly striking example of
the effect of using monthly averaged pressure maps in
caiculating transports in the Norwegian and Greenland S=zas.
Starting with six-hourly averaged pressure maps, he calcula*ed
the six-hourly Sverdrup transports following Fofonoff (1960).
The six-hcurly transports were then averaqged over February 1965
to arrive at a monthly average transport which appears in Fiqure
1{a). He then averaged the barcmetric pressures over the same
period and recalculated a pressure averag=ad estimate of the

total transport for February 1965. This result appears in
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Figure 1 (a) Figure 1(b)

Figure 1. The net transport in the Greenland and Norwegian Seas
tor February, 1965 based on six-hourly barometric pressure maps.
Figure 1(a) shows the month average of the six-hourly transports
and Figure 1(b) shows the transports based on the month average
of six-hourly barometric pressures. Transport units are 106 n3
sec 1, (frcm Aagaard, 1970)

Figura 1(b). It 1is quite -evident that in regions of large
average transport, the mean pressure approach underestimates the
mean transrort apprbach by a factor of four *to five.

Willebrand(1978) used twelve-hourly averaged pressure maps
to calculate spatial and temporal wind stress spectra on the
North Atlantic and North Pacific Oceans. Although the overall
spectral shapes may be gualitatively correct, the stiress power'
density estimates are probably low.

Many oceanographic phenomena such as the reversal of the
current regime in the Indian Ocean, the onset of E1l Nifio in the
Pacific Ocean, the reversal of the California and Davidson
currents off the Western United States, and the onset of coastal
upwelling have Dbeen linked with the temporal dependence of the
wind stress forcinge. A point of contention is whether the larg=s

scale (cf the order of 100 km) wind field and conseguently



Sverdrup transports (curl of the wind stress) are important or
whether local wind stresses (about 3¢ km) and Ekman transports
are controlling mechanisms. In the case of El Niﬁo, it has been
demonstrated that the total oceanic stress is important (see
HcCreary, 1976 and Hurlburt, et.ale 1976) while the local Ekman
transports are important for coastal upwelling (Allen, 1980).

For coastal phenomena the local winds, sampled at about
houriy intervals, can be readily obtained from coastal stationse.
Open ocean wind £field data are much more difficult to obtain
(0'Brien, 1971) and geostrophic wind calculations from
parometric [pressure maps at present are the only viable source
of wind information covering long time and large spatial scales.
In the future satellite scattercmetry may present an alternative
source of wind information but at present these measurements are
still in their infancy.

It is c¢nly recently that time-dependent meteorological
conditions have been used to drive simulaticn models of the flow
in large oceanic basins. Among others, a recent attempt in this
vein has been the work of Huang(1978 and 1979) in modelling
climatological and seasonal variations of +the North Pacific
Oceane. TIwo stages of his model have been presented. First, the
model was spun up tc quasi-steady state using an initial set of
data based on climatologically averaged (over 20 years) stress,
latent heat flux and sensible heat flux. The stress field
resempied that cf Hellerman (1967). 1In the next stage, a second
set of data was used based on monthly sstimates of the three
fluxes at each grid pcint from monthly averaged values of air

temperaturs, vapcur fpressure and zonal and meridional winds. A



quasi-deterministic annual cycle was then calculated at each
grid point by fitting the first three harmonics of the annual
cycle to the second data set and accepting the climatological
information of the first data set for the constant term. It is
evident that his technique should lead to the errors outlined by
Aagaard (1970) shown in Figure 1. Scme of the inherent averaging
errors in Huang's model have been compensated by using a drag
coefficient of 2.5x10-3 which is approximately double th= mor=
recent estimates (ege Large 1979, Smith and Banke 1974).

Thus an objective of this thesis is to quantify on the
mesoscale and synoptic scale, the reductions in air sea fluxes
occurring when estimates are made wusing averaged wind and
temperaturce datae.

Fissel (1975) made an initial attempt at quantifying the
discrepancy using as a data base +ten years of meteorological
observations at Weatherstation P. He found that the stress
calculated through Equatiocn 1.4 consistently underestimated thaz
calculated thrcugh Equation 1.3 and <that the reductions wers
quite regular for averaging periods up to two years.

The present study examines a data base of meteorological
observations sampled at three-hourly intervals from nine
weatherstaticns on the Atlantic Ocean and two weatherstations on
the Pacific Ocean to determine the extent of the discrepancies
rererred to above and any generalities which may be projected
from the results.

Normally climatclcgical wind stress information is based on
a wind rose analysis as outlined by Hellerman (1965). Hers

irregularly sampled wind measurements are sorted into discrete



wind speed and direction categories, The probability
distribution of the wind components can be calculated and used
to cbtain estimates of the monthly or annual wind stress.
Calculations of this sort have Leen used particularly for ths
Steady state momentum flux dinputs of large-scale ocean
circulation numerical models.

The data base of the =eleven weatherships' meteorological
observations could be —readily sorted into various choices of
wind rose configurations. The "wind rose" fluxes were then
compared to the actual individually de*ermined fluxes (using
Equation 143) to investigats the error induced by intrinsic wind
rose averaging of the winds and thus errors in the estimates of

the climatolcgical wind stress fields.
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CHAPTER II DATA PKEPARATICN

21 Data QOrigin

Tne data base for the study originated frecnm meteorological
observations at Ocean Weatnerstations Alpha, Bravo, Charlie,
Deita, Echec, India, Juliet, Kilo, Mike, November and Papa which
will nencefcrth be referred to by the capital letter only of the
station (eg. Weatherstation E). The quantities recorded at
each station were wind speed and direction, barcmetric pressure,
wet and dry bulb temperatures and sea surface temperature which
were samplad at three-hourly intervals. Maps of the weathership
locations agpear in Figure 2.

Data from Stations A through M were transferred from IBM
punch cards to seven-track magnetic tape at +the University of
Southampton, England while Station N data were transferr=d to
seven track magnetic tape at Oregon State University. The wet
and dry bulb temperatures were converted to a dew point
temperature cn these tapes. The Station P data were entirely
processed at the University of British Columbia and dstails of
the editing can be found in Hertzman, et. al. (1974). A resume
of the number of years of data, ccuntry responsible for
coliection, and latitude and longitude of the stations can be
found in Table I. Further details of data collection techniques
can be fcund by addressing inquiries to the national weather

bureau services of the responsitkle countries.

22 Data Verification

In order fcr tagpes from the University of Southamptor and
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Figure 2(a) Ncrth atlantic Stations.

Figute 2(L) North Pacific Stations.

Figure 2. Locations of the 11 weatherstations involved in the
study.
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Details of the staticns locations and number of years of data
that were collect=sd. The start date is 1 January of the start
year and the end date is 31 December of the end year.

== oo es s oo ———— L e T Te———- 1
| STATION| COUNIRY | LATITUDE | LONGITUDE | START| END |
| [ | | | i i
| f RESEONSIBLE| § {DATE {DATE |
b B e it B it e ———— - +-——— 1
| A jNetherlands|é61-63 ON }31-35 oy | 1949 11965 |
i [-UeSe. | | | | |
| B [Canada 155.5-57.5 ON [45.5-52.5 OW {1949 1967 |
| | ~U.Se | | | | |
| C 1U.S. {51.5-53,5 ON |34-37 og {1949 1367 |
| D | UeSa |43-45 ON {40-42 oy 11945 11967 |
I z | Ue Se |34-36 ON j47-49 oy 11949 11967 |
{ i {UeKe. {59-61 ON | 18-21 oW 11949 (1964 |
| J | Netherlands|52+3-54.3 ON |17,8-20.8 ON (1949 |1965 |
| |- U.S. | l | | |
| K |Netherlandsjdd4-46 ON | 15-17 oy 11949 11861 |
| I-France | | | | |
{ M |Ncrway €567 10-4 OFE 11949 11963 |
i N {UeSs ] 2845-31.5 ON | 138-142 of {1949 11969 |
i P | Canada {48e5-5145 ON | 142.6-147.6 OW[1958 | 1967 |
| IR, —de e e B d e ————————e P I W R, J

Oregon State University to be compatible with the University of
British Columbia computer systems, the original data tapes had
tc be reformatted from seven to nine tracks. Simultaneously,
missing data were identified and flagged by replacing the
missing values with -999.9. The reconstructed time series were
then compared, point-by-point, to extreme values as outlined in
Table 1II. Any data which had values outside these ranges were
considered to ke in error and these were also eliminated fron
calculations by flagging them with -999.9. An example of the
dew point temperature time series for Weatherstation A at this
level of prccessing is shown in Figure 3{(a). At this stage, the
u and v wind velocity component time series were produced fron
the wind direction and speed choosing the positive x and y

directions as east and north respectively,
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r-TTTTT T r—"sT==== T === T b}
i QUANTITY i UNITIS |LOWER|UPPEK |
i { | LIMITILIMITY
pomm +-—————————f - 4
|Wind Direction|9 from N |-180 | 180 {
| i i i |
[Wind Sgeed Im/sec | 0t 70 |
| i | | |
|Barcmetric Imillibars| 900 {1060 |
|Pressure | | i |
I . | | |
|AlrT |9C. | =20 § 40 |
{Iemgerature { i [ {
| | | | |
|Dew Point joC. | =20 | 40 |
|Temperature ] { | |
| | | { |
|Sea Surface {9C. | =10 | 40 |
|Temperature i | | 1
! | | | i
Lo oo o s o o e e —_—t e ————— S I dom e e 4

3ecause the data analysis required a continuous three-
hourly time series, the flagged data of all channels were
replaced by a value which was linearly interpolated between the
nearest preceding gocd point and the next anteceding gcod point,
The wind u and v compcnents were interpolated and the speed and
direction then calculiated from the components. Figure 3 (b)
shows the interrolated time series reconstructed from Figure
3(a)e There were two main types of errors present., The
bplackened areas of Figure 3(a) correspond to every second or
third measuremen* being either missing or out-of-range. When
these values are replaced, the corresponding sections in Figure
3(b) are virtually indistinguishable from the remainder of the
time series. The arrow in Figure 3(a) indicates where data are
missing for seven days corresponding to instrument malfunction

or the ship being off station. As can be seen in Figure 3(b),
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Figure 3(a). Missing and out-of-range flagged datae.
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Figure 3(c). Same as abcve with the spikes identified and

interpolated.

Figure 3. The dew pcint +temperature at three 1levels of
processing for Station A from Jan 1 1951 to July 20, 1951,



the linear interrolaticn results in a flattened region where the
variance has teen markedly reduced.

The arrcws in Figure 3(b) illustrate examples of "spikes"
or regions where the data are discontinuous and obviously
erroneous even though within the limits of Table 1II. In the
mcre prominant case, the dew temperature rises from -4.89C to
364 10C and tack to -3.90C in twelve hours. Consequently all the
data were visually monitored on the UBC Department of
Oceanography PDP - 12 computer. Obvious spikes were identified
and the points replaced by interpolatesd values. At this s=%age
an eight bit flag recorded each data point which had been
interpolated. Table III gives the total number of missing,
erroneous, and out-of-range data points for each of the measured
guantities. The Station P information was extracted from
Fissel (1975).

With the exception of Weatherstation I, the dew point
temperature displays the largest number of interpolated points.
This 1is representative of a large number of missing readings
rather than spikes. Weathership A, for example, has dew point
measurements for every second reading only for the period 1952
to 1954, Similar situations exist for the cther weatherships.

Analyses attempted in the study required yearly blocks of
data that <closely approximated the actual times series. The
regularly missing (that is, every second or third point) data
presented 1little problem because major features such as the
diurnal cycle remained intact. Large blocks of missing data
severely distcrted the time series to the extent that it was

felt that they could influence +he final results. For any
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IABLE II1

Total number of missirng, cut-of-range, and erroneous (spiked)
data points per time series and weatherstation. The total
column signifies the total number of samples taken (ie. the
numeer of days studied tim=s 8).

| TIME SERIES {
re=-=- S t-=m—- $=—mmm t-=--- e P
| SHIP |WIND |BARO-|AIR |(DEW {SEA {TOTAL|
| IMETER |TEMP. | | | i
| | | | TEMP. | | |
! l | | | TEMP. | i
tmmmmm tmmmm t-—--- fmmmmmfmmm o= i
| 4511} 46181 4620| 8668) 5659|49672]
| 2043} 2029 2061417730 6341155512
I 17021 1692 1708417654 3102155512}
| 1567 1532] 1523117851 5955155512
| 1677{ 1678] 1642] 17683 5921{55512]
| 20664 2395| 2377] 2405| 2577{46752]
| 3703§ 3837| 3669 4325 3636/49672|
| 17041 1591) 1619] 4767| 4758| 37984
| 2778| 2780| 2938| 4605| 287943824
| 1432 1278 1298117814 5754164280
H

2351 238 231 233} 244129216
..... VI WSS TSI [N T |

variate which contained more than 125 consecutive missing data
points in any given mcnth, the entire year of data for that
varianle was rejected. Table IV shows the years of rejected

data for each ship,

2.3 Density Calculaticns

Page F-S ¢f ths Handbook of Physics and Chemistry (59th
edition) gives an empirical formula for the density of moist air

asca
P =1.2%29(273.13/T7a) (P~0.3783e/760) 2 1

where P is the air density in kg/m3, Ta 1is the dry air

temperature in 0K, P is the barometric pressure in mmHg, and e
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IABLE IV

The year(s) of eliminated data for each weatherstation.

r—=——== T e T-——="="—=== e |
|SHIP { STRESS | HEAT |
| { | FLUXES {
b= tomm tomm 4
| i | I
[ a 1950 | 1950 {
| B | - | 52,53 [
| Cc - | 1953 |
| D | - [ 52,53 |
i E - I 52,53 |
S S 1952 i 1952 |
T 1952 I 52,57 |
| K | 1953 | 49,50,51 |
| I | 53,54 |
i M 1949 | 194¢ i
| N i - | 52,53 [
- ~ i - i
I [ | |
| R A e 3 4

is the vapour pressure of the moisture in mmHg. Hertzman
ete al. (1574) give a formula to calculate the absolute humidity
based on values in the CRC Handbook of Physics and Chemistcy

(51st edition):

4=6.4038%x108 exp (-51C7.4,Td) 2.2

waere g 1s the absolute humidity in gm/m3 and T4 is the dew

Ecint temperature in 0K, By the ideal gas law:

e/Ta=qR 2.3

where K is the ideal gas constant=8.0143 J mol-1 (OK) -t and Ta
is the air temperature in 9K, The quantities recorded are the
barometric rressure in millibars and the air and dew-point

temperatures in degrees Celsius. Making appropriate unit
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ccnversions, and substituting Equation 2.3 in 2.2 gives:

€=2,2158x10% x (Ta) x exp(-5107.4/T4d) 2. 4

After obtaining the varour pressure Equation 2.4 was substituted

in Equation 2.1 to give the air density.

2.4 Assumptigns

Tae most sensitive parametesrs in the bulk aerodynamic flux
formulae of ©Equations 1.2 are the transfer coefficients. For
example, the form of the drag coefficient has undergone
considerable debate. Estimates vary frcm a constant value (Pond
et al. 1971), to a step function of wind speed (Rossby and

Montgomery 1935), tc a linsar function of wind speed (Smith and

Banke, 1$75) . Traditionally mescscale and synoptic scale
dynamic studies have employed the constant fornm. Recent
estimates (ege. Large, 1979) at wind speeds greater than 15

m/sec have indicated that the linear form may be appropriate.
Consequently for this study two drag coefficient formulations
were used -- a constant form of 1.5x10-3 (after Pond, 1971) and

a linear form (from Large, 1979):

cd

Te 14x10 -3 0< vV < 10 m/sec 245

cd

{0 49+0,065V)x10 -3 V > 10 m/sec

where V is the wind velocity averaged over one hour,
The Stanton and Daltonr numbers are less well understood

than the drag coefficient., Large lists instrument contamination
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from sea spray as a major impediment in their measurement. Thus
a value of 1.5x10-3 after Pond et ale. (1974) was taken.

Normally the +ransfer «coefficients are assumed to ke
calculated at a reference level of 10m and under conditions of
neutral stability. Neither of these conditions is met by most
oL the data wused 1in this study. The anemometer level, for
example, at Station P is at 22m, cver most of the Northern
temperate oceans the sea is generally warmer than the air and
the sea surface saturation 1s generally greater than the
absolute humidity of the surrounding air indicating that
generally unstable ccnditions <xiste.

Large (1979) and Turner (1973) give the corrections required
to the transfer coefficients to account for non-normal
conditions., Ccrrecticns applied in turbulence studies require
tne calculation of a flux Richardson number involving the
correlation ¢f the vertical velocity fluctuations with the air
temperature fluctuations and the air absolute humidity
fluctuations at microscale sampling ratese. A bulk stability
parameter could be estimated from the data. Large (1979)
indicates that <certain oceanic conditions (eg. an air-sea
temperature difference of 5.0 9C and a wind speed cf 10.0 m/sec)
could induce about a 10% error in the transfer coefficients du=
to stability. Averaging the fluxes would lead to much smaller
errors and because the study will be concerned with ratios of
fluxes, such errors will further <cancel. Furthermore, th=2
relationshir Letween the stability and the flux ratios at
Station A for 1949 was 1investigated and no <correlation was

evident. Thus stability considerations are left as minor =rrors
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in the data. Non-standard height is not corrected because it
would involve a direct multiplication factor to the stresses
(Fiss=si et al. 1977). Since this study will be ccncerned with
ratios of stress, the height corrections cancel. (Indeed any
constant formulation of the transfer coefficients cancels).
Thus it 1s assumed that the transfer coefficients defined in
Equations 1.3 and 1.4 are at 10m reference height and at neutral
stability.

In order to calculate the latent heat flux it was necessary
to find the sea surface saturation and absolute air humidity
difference, The absclute air humidity is given by Equation 2.2.
The sea saturation was assumed to be at the sea surface
temperature<e. Ts was wused in place of Td to calculate the sea
surface humidity. This value was then nmultiplied by 0.98 to
account for the depression of the saturation point due to the
presence of salt.

Throughout the thesis, the air-sea humidity differences and
not the constituent sea surface and dew point temperatures were
averaged. For wusual climatic calculations, however, averaged
humidity differences are seldom available. Rather, the normal
intormation is the averaged constituent variables. Consequently
a systematic error is induced in most calculaticns.

If we consider a single estimate of g to be based upon a
mean temperature T and a deviation from the mean T' then (seo

Equation 2.2):

g=C1lexp (C2/(T+T")) 2.6



Assuming that the  @mean temperature is much greater than the

fluctuation, the exponential can then be re-expressed as :

e 53]

which pecomes:

ot ilE A -

A typical ratio of T'2/T2 for the dew point temperatures was
found to be 1.2x10 -4, Allowing a fluctuation of 5 standard
deviations and a value of C2/T=-18.0 (ie. T=273 0K), the terms
above in the exponential are corrsct to 0(10~-2),

Expanding Equation 2.7 in a Taylor series and keeping all

terms of 0(>10-2) gives:

- C”*l’(‘i"ﬂ“f 53
(&)= —F—‘)] '
¢ FIPCE (] A TE -

Averaging both sides of Equation 2.8 and recognizing that

N[~

—TT

—-)

Cl exp(C2/T) is the absolute humidity determined from th=

average temperature (g(T)) then :
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1f the distribution is reasonably Gaussian then:

a. T'"  -n cdd =0.0

c. TT4=3x (T'2)2
The terms in T'4/T ¢ are all 0(<10-3) and Equation 2.9 reduces

to:

RIS S PR

Taking (C2/T) = -18.0 and T'2/T 2 = 1.2x10-4 (a typical

value) we see that:
g = g{T) (140.02)

Since the maximum averaging period is 28 days, an upper limit on
the systematic error induced in averaging +the humidities over
averaging the dew point temperatures is approximately 2.0%.
Furthermore, the T#E/i 2 ratio for the sea surface temperatures
was adabout one half that of the dew point temperatures. This
gives a systematic sea surface humidity bias of about 1.0%.
Since the twec biases are subtracted in the latent heat flux,
this gives a negative systematic air-sea humidity difference
bias of only 1.0%. This was considered negligible in comparison

with the prckable sampling errors in the datae.
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25 Analysis And Lefiniticns

Because e€ach ship contained a varying number of years cf
data, they were reccnstructed into yearly blocks of 2912
opservations e€ache. The 2912 figure was chosen because it was
evenly divisible by multiples cf 2, 4, and 13 allowing semi-
annual and lunar monthly divisions of the year. The eight (or
16 for a leap year) cbservations at the end of each year were
omitted from <calculations. This is unlikely to significantly
influence the final results.

From the raw three-ihourly data set, the three-hourly
densities, absclute humidities, stresses and heat fluxes were
calculated. The sampled and calculated varjates were then
averaged in sets cf 2, 4, 8, 16, 3z, 56, 112, and 224 readings,
corresponding to averaging cver 0.25, 0.5, 1.0, 2.0, 4.0, 7.0,
14.0, and 2z8.0 dayse. Thus for a one year sample, the set of
variates averaged c¢ver 224 three-hourly readings contains
2912/244=12 members. The length of time over which the three-
aourly data set was averaged will be referred to as the
averaying period, will bte denoted Ly the capital letter L, and
will be expressed in days. Thus averaging 224 three-~hourly
measurements yields an averaging period of L=28.0 days.

The fluxes were then recalculated using the averaged
constituent data., The winds and fluxes calculated in this
manner will referred to as the vector averaged or VA winds and
fluxes. The VA fluxes were then compared +to the directly
averaged fluxes frcm the original three-hourly time series., The
directly averaged fluxes will be referred to as the three-hourly

averaged or :H fluxes.
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An examrle using the stress components should clarify these
definitions. Defining the positive x and y directions as =ast
and north respectively, the 3H stress vector components averagsad

over L days are:

[

I
L o . £
(Tx;,Ty:) = ( ;C Cdsr?) W Py
J Yé) T Z‘f d(LxL+\J]> L T

1=

()L'CQ\L (Q;.L+U—£‘3'/Lu’g )

-

26 11

where 1I=L days x 8 measurementsyday, u. and v, are the
constituent wind compcnents from the raw three-hourly series, fh

are the three-hourly air densities, Cd | are the three hourly

drag coefficients, and sz and Tyi are the 331 x and y stress
components. The VA wind vectors over the same averaging period
are:
S { A
(USrV_&) = (_T_Z W ,IZ\J",' ) 2. 12

where ay and vs are the VA wind components averaged over L days.

A VA stress can then be calculated from the VA winds by :
' ‘. - . R T2 e . g g Vv .

Fj is the density averaged over 1 days, Cdi is the drag
coefficient Lased on the VA wind and fxs and I}J are tha VA
Stress compcnent estimates.,

Throughout the text, the subscript i will refer to a member

of the raw three-hourly data set and the subscript j will refer

to a memker of the data set obtained from averaging the three-
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hourly set in L day groups. The 3H fluxes will appear without
fFrimes and the VA fluxes will appear with primes.

The analysis of the differences between the VA and 3H
fluxes requires three distinct steps. First, the raw VA and 3H
variates must be evaluated statistically to determine the
inherent differences Letween the two estimates. Next, since the
3H variate is the more accurate flux estimate, transformations
must oe fcund for the VA variate so that it more closely
approximates the 3H variate. Once a suitable transformation has
been found, it must ke applied to the VA variate and the
statistics re—-evaluated. Thus, the analysis involves two
distinct calculations -- computing the statistical relationship
between the VA and 3H variates and computing the transformation
itself.

Let Xj and X'j ke members of the 3H and VA flux variates
respectively for an averaging period L. The £'j may or may not
include ths transformation step and Xj and X'j define generally
the X or y ccmponents of stress or the latent or sensible heat

fluxeses The long-term means (X,X') are defined as:

L]
«

(X, <) = (72N, J;s"f\_:qlxw 2. 14

=1

a

wners J is the total number of averagings available in the
record for a given averaging period L. Similarly the long ternm

. 2 2 .
variances, 0y and <, , are defined as:

J —\2
(¢§\®;>= (Jj" §'<X§’i>z,j; (KS‘W>> 2.15

™M=

=1

.
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The relaticnship between the 3H and VA variates is then
defined 1in terms of four statistical quantities which will
collectively bke <called the test functionse. First, the
efrectiveness of determining the long term mean flux is defined

by:

AX

n
%
1

bad

2. 16

.

This will be referred to as the difference mean (or DM), A
measure of the <conservation of the +total variance, in the

transformaticn, is given Ly:

AF: = (T-aR)
Tx

and will ke referred tc as the difference variance (DV). The
efrectiveness cof the transformation on a pcint-by-point basis is

given by the residual variance (RV), defined as:

Finally, the correlation coefficient determines the statistical

dependence of one variate on the other and is defined by:
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Assuming that the atmosphere has a climatological steady
state, the DMs indicate whether the climatological mean of the
VA variate approaches that of the :H variate. For spectral
studies such as Willekrand(1978) both the total variance and the
Lrequency-by~-frequency power spectral densities for the two
variates should match. The former ccndition is determined by
tne DVs; the latter conditicn will ke investigated in Chapter V.
The EKVs determine the relationship between the VA and 3#
variates on a pcint-by-pcint basis (ie. On the fime scales of
the avaraging pericd itself) . Finally, the <correlaticn
coerficients determine statistically the ability of one variate
to infer the other. It is quite conceivable, for example, to
find a scale factor which will effectively reduce the DMs, DVs,
and Vs, while leaving the correlaticn coefficients unchanged.

Tne DVs, RVs and correlation coefficients have Dbeen
normalized by the 3H variance for ease of inter-comparison
between shipse. This effectively removes the height correction
(discussed in Section 2.4) from the statistics since 1t would
appear to the same power in the numerator and denominator in all
three cases. The DMs have not been normalized because an
appropriate ncrmalizing factor would be the mean 3H flux value.
At <certain locations, however, it approached 0 dPa for the
stress (DeciPascals are used for units and are numerically

equivalent tc dynes/cm?2) and 0 Wattsym2 for the heat fluxes.
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Tne absolute value is used in the DM calculation because we are
concerned that the «climatological 3H value be estima*ed
irrespective of sign. Recent information (Large, personal
communication, 1980) indicates that the Stanton and Dalton
numbers used in this study (1.5x10-3) are abcut 20.0% high,
Furthermore, the ncn-standard heigh* and the stapility
assumptions outlined in Section 2.4 may induce a further 20.07%
errcr in the data. Thus, when a DM or a mean 3H flux is guoted,
the values given may be biased high.

A discussion of the VA transformaticn procadures forms an
integral part cf the text and will ke discussed in more detail
later. In all <cases, however, the test functions defined in
Equations 2.16 to Z.19 will be used to evaluate the

effectivenzss of the transformations.
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CHAPTER III MOMENTUM FLUXES

The processed data base outlined in Chapter II was analysed
to determine the extent of the expected underestimation of
stress when using winds averaged over tinmes longer than one
nour,. The reductions are studied both for calculations of
Climatological values cf long term net stresses, (based on wind
data averaged over a month or more) and for calculating actual
time history values for which data might be averaged to about
one month,. Climatclcgical stresses are used as an input in
rumerical models attempting to «calculate the steady state
oceanic circulation. The temporal variations are required for
such studies as that by Willebrand (1978) for calculations of the
Stress spectra using vector averaged winds derived from pressure
maps or for models attempting to examine the effects of time-
dependent wind stress forcing. The bulk aerodynamic formulas
ftor the calculation of the stresses are given in Equations

1.2(a) and (k).

3.1 The Vector Averaged 3H And VA Stress

The 3H stress prcvides an estimate of the 'true' strsss and
will ©pe examined first. The annual cycle, in terms of monthly
3H means and standard deviations will be examined wusing 224
pcints per mcnth giving 13 lunar months per year.

Due to the enormous amount of data analysed, not all of the
results can be presented in this thesis. All ships exhibited a
winter maximum and summer minimum both in the average stress and

in the stress variability of which Weatherstation C is an
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example. This ©pattern is indicative of a winter storm season
typical of the northern temperate latitudes.

A plot of the stress ccmponents for Weatherstation C
appears 1in Figqgures 4(a) through (d). The error bars are + 1
standard deviation about the mean. It is readily apparent that
the standard deviations may be as much as one order of magaitude
larger than the mean stress value (and thus the variance to mean
squares ratic cf order 100) in either component for any given
year, Over the whole record, the x component mean value is
positive with an overall average value of about 1.0 dPa (which
is numerically equivalent to 1.0 dynes cm-2) while the y
component average value is about 0.20 dPa and the x component
standard deviation is about 1.25 times greater than the y
cecmponent standard deviatione. The maximum difference in
standard deviaticn Letween years appears 1in the x component
between 1952 and 1959 where the ratio is about 2, Figures 4(c)
and (d) demonstrate the annual cycle in variability; the ratio
of standard deviations between month 1 (January) and month 7
(July) is akout 3.

The standard deviation of the nmonthly means was also
calculated and appears in Figure 5 to show the inter-annual
variability of the monthly stress mean. The annual cycle of the
mean stress is evident particularly in the x component which
varies from abcut 1.5 dPa in the winter to about 0.5 dPa in the
summer. An annual cycle in the mean y stress is not evident. A
comparison between the standard deviations of Figures 5 and 4(c)
and (d) indicates that they have been reduced by a factor of two

to three, not +the factor of 15 one might expect if the 224
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Figure 4.

Figure 4 (4)

C as a function of year and month.

X and Y components of the 3H
The

stress at Weatherstation
sclid 1line shows + 1

standard deviation using the constant drag coefficient and the
dashed line + 1 standard deviation wusing the 1linear drag
coefficient. Means are indicated py horizcntal bars.

three-hourly values on which each monthly mean is based were
statistically independent. The result suggests that
measurements akout 3 tc 7 days apart are independent whica is
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Figure 5. The 3H stress as a function c¢f month at Station C.
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using the ccnstant drag coefficient and +the dashed 1line + 1

standard deviation of the monthly means using the linear drag
coefiicient. The means are indicated by the horizontal barse

similar to the time scales of storms in the mid-latitudes.
Taktle V gives the averages and standard deviations of the

entire record for all the stations examined. Note that Station



The x and y components of 3H stress means and standard
deviations for all ships and years examined. The standard
deviation Jg = (Tk2-Tk2)1/2 where k denotes the x or y component.
All measuremsnts are in dPa.
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N valuss of the standard deviation are 1/3 to 1/2 of those of
the other weatherships (or the variance is 1/9 to 1/4 of *he
others)

in Figure €, the 3H stress components are plotted varsus
the VA stress components for the constant drag coefficient and
L=284.0 days for Station A. 7The diagonal solid 1line indicates
the equivalence line between the 34 and VA stress. Rather +han
scattering around this line, the absolute value of the VA stress
is consistently less than that of the 3H stress although they
are fairly well correlated.

Figure 7, <=hows estimates of the four test functions
defined in Equations 2.16 - Z.19 for the x component, constant

drag coefficient when no correction to the VA stress has Leen
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Figure 6., 3H versus VA stress for the constant drag coefficient
at Station A, L=28.0 days with no corrections applied.

applied. »Ihe actual values for both components and drag
coefficients are given in Appendix B . Symbols that will te
used in the figures throughout the text to indicate ship are
given in Table VI.

in Figure 7(a), the difference means are small for shor:
averaging periods indicating that +the VA stress closely
approximates the long term 3H mean. As the averaging period
increasss, the VA estimates become increasingly inaccurate and
the errors appear to increase approximately exponentially with
averaging rfperiod. There 1is a distinct crdering in the DMs by
ship through all averaging periods. A compariscn of Appendix B
and fTable V indicates that the ordering may be dependent upon

+he mean 3H stress component value averaqed over the entire
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Figure 7. EFxample of the «composite test functions for all
ships, x ccmpcnent, ccnstant drag coefficient with no correction
applied.

record. Those ships with larger initial 3d values appear to
nave large difference mean stressese.

Tihe difference variances appear in Figure 7 (D). For
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IABLE VI

Symbols us2d in the figures throughout the text.

r-—=-=="r==~———
| SHIP|SYNBOL|
s i
(a2 1 @ |
1B | o |
I C | A |
1D 1+
[ E | x |
LI 1 6 |
Ld 1 4 |
LK | 5 |
Lu |z
LN Y
[P | X |
I n
| OSSR S 4

Note: When it is indicated that Station N is excluded from the
figure, Staticn F is indicated by Y .

reference, the 3H stress variances for all averaging periods
appear in Table VII. Again the VA variance closely approximates
the 3H variance for small averaging periods. By L=1.0 days,
however, the VA variance underestimates the 3H variance by about
20%e At L=28 days, the variance reducticn is 60 to 80%. The
Ship-to-ship DVs are more tightly grouped than +he difference
neansSe. The relative position of each ship appears to shift as
the averaging period increases.

The residual variances appear in Figure 7(c). At L=0425
days, the residuals are less than 1.0% of the total 3H variance.
By L=4.0 days this rises to a mean of about 10% and by 28 days
the vaiue is between 20 and 40% of the total 3H variance.

Overall, the correlation coefficients shown in Figure 7(4)
are quite high. At L1=0.25 days, all values are greater than
0.99 wnile at 1L=28,0 days all values lie between 0.93 and 0.97.

Although only the x component, constant drag coefficient

appears here, the range of values for the y component constant
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TABLE VII (continued)
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drag coefficient are similar to +those quoted above Wwith
differences occurring only in the detail of the scatter. The
difference means, difference variances and residual variances
are greater for all ships and averaging periods using *he linear
drag co2fficient than when using the ccnstant drag coefficient

while the correlaticn coefficients are consistently smaller,

3.2 Previouvs Studies

Fissel (1975) analysed 10 yecars of data from Station P. He
divided his data into five two-year blocks of 5832 data points
e€ach and quantified the reduction in terms of +two functions

which 1 define as

sy, LY. v
() (T3
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wnere T'x and T'y are the x and vy component VA estimates of the
two—-year mean stresses for an averaging period of L days and Tx
and Ty are the two-year mean 3H stress components. One S(L) and
A(L) value was <calculated for each 5832 point block, and the
sample means and standard deviations were calculated over the
five plccks.

The Fissel results appear in Figure 8. (Fissel used the
linear Cd form cf Deacon and Webb (15€2) rather than the one used
here). The 9%5%% confidence zones (equal to + 2 standard
deviations of the +two-year means) were typically of the order
0e1 times the mean value cf S{L) and 20 for A(L)e.

S(L) determines the ratio of the climatological average VA
stress magnitude to the average 3H stress magnitude and A (L)
determines the average difference between the 3H and VA stress
directions. Exact 1long-term mean 3H stress from VA stresses
within the two-year averaging block should result from the
application of S(L) and A(L) to the VA stresses. The test
functions were calculated by applying S(L) and A(L) to the data
and the DMs were substantially improved but the other test
quantities remained nearly identical to those in Figure 7 wherse
no correction was applied.

This tachnique was attempted on the North Atlantic ship
data. In thes present study, it was found that one-yearly blocks
of 2912 data points simplified the analysis when using data of a
varying number of years. For most weatherstaticns, the Station

P results were well replicated as shown in Figures 9 {(a) and (b)
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Figure 8. The ratio cf the wind stress magnitude computed fron
wind data that are vectcr averaged over a period, T to the
directly calculated wind stress. The lower plot represents the
difference between the direction of the directly calculated winAd
stress and the direction of the wind stress computed from the
vector averaged data. The vertical error bars represent

approximate 95% <confidence intervals of the mean. (From
Fissel (1975))
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for Station C. The S(L) values at Weatherstation A (Figures 9
(c) and (d)), however, differ markedly from the other ships.
Wuereas Stations P and C, S(L) values are consistently less than
1.0, Station A has several values significantly greater than
1¢0 The standard deviations for averaging periods from 0.5 to
28,0 days are as puch as 100 times larger at A than C and are
large ccmpared to the mean S(L) values. Station A has direction
shifts (A(L)) of up to 300 for averaging periods greater than 14
days. Fer a 1large value to arise in S(L), the denominator of
Equation 3.1 may t2nd tc 0 while *he numerator remains finite.
One would expect high values of S(L) to occur for low values of
tne average 3H stress magnitude. The yearly values of S(L) at
Station A are listed in Table VIII along with the yearly
averaged 3Hd stress magnitudes.

From Table VIII it is clear that generally low yearly
averaged stress values lead to S(L)>1 (alsc true for the linear
drag coefficisnt). This 1is not, however, a sufficient
condltione The 1955 stress magnitude is 0.3 dPa while
S(025)=1.0005; in 1952 the stress is 0.1C7 dPa but S(0.25)<1. 0.
Tae highest stress value for which S(L) is greater than 1.0 is
at Weatherstation B in 1965 where the stress was 0.372 dPa. In
yeneral, houwever, small vector averaged 3H stress magnitudes
lead to 1large values of S (L). Furthermore the lower the 234
stress, th2 more averaging periods are affected. All values of
S(L) greater than 2.0 have vector averaged 3H stress magnitudes

less than 0.05 dPa.
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IABLE VII1I
The S5(L) readings for all years of data at Weathers+*ation A
asiny the constant drag coefficient . The 3H vector averaged
stress magnitude is in dPa,.

1001 0.95| 0921 0.80f 0472] 0.65| 0.51] 0.41{
l | | l | | | |
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11549 | 048 | 0.96| 0.92] 0.84f 0.74| C.55| 0.61] 0.52} 0.41]
11951 | 0439 | 0.96{ 0.95| 0.89| 0.80] 0.55| 0.68] 0.53| 0.
11952 | 0e11 | 098] 098] 0.72] 0.77} Co57} 0.28] 0.16] 0.17|
11953 § 0451 | 1,001 0.95| 0.88] 0.77| 0.57] 0.49] 0.47( 0.41]
11954 | 0436 | 0.99| 0.95] 0.88] 0.85| 0.7C| 0.50| 0.43| 0. 35]
11955 | 0430 | 1.00] 0.98] 0.96] 0.84] 0.70f 0.68] 0.27] 0.20]
{1956 | 0467 | 0.99] 0.93) 0.87] 0.8C] 0.7C| 0.59] 0.52] 0.41]
(1957 | 0.01 | 1.281 2.12{ 3.30| 6.46{ 8.67110.98] 9.26] 8.51]
11958 | 0612 | 1406 14C7] 109] 0.EE] 0s77| 0.60} 0e54} 0427]
{1959 | 0.27 | 0.98] 0.89] 0.78] 0.57{ 0.53| 0.53] 0.60] 0.76]
1960 | 0.47 | 1.00] 0.99| 0.97| 0.51] 0.86] 0.71| 0.50| 0.43]
11961 | 0.08 | 0.96] 0.86| 0.79] 0.73] 1.04f 1.54| 1.68| 0.88|
11962 | 0412 | 0.97| 0.84] 0.78] 0.55| C.33| 0.32| 0.33| 024
11963 | 0421  1.00f 0.99] 1.03] 0.57] 0.92] 0.79( 0.56] 0443
1964 | 0.33 | 0.98] C.94| 0.88| 0.74] 0.71] 0.62] 0.51f 0.33]
1 l
l |
i S N

3.3 Individual ERatics

In attenpting to quantify the reduction in stress due to
vector averaging the wind, the functions S (L) and A (L) have
several disadvantages. First, in regions of small average
stress, the functions may assume radically different values fron
cne year *o the next, indicating that they may not be generally
applicable to years other than those over which the initial
averaging was dcne. Second, the S(I) and A(L) functions do not
improve the RVs and correlation coefficients. For <calculations
of actual time variations it is necessary to estimate the
accuracy of tke individual stress values. Consequently *wo

functions Rj(L) and Bj(L) were defined as:
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By(L) = Arefen | T\M) Arctan [ 1 (‘;‘%
Y4

wnere T'XJ and T'YJ are the sets of VA x and y component stress
estimates and TXS and Tyi_are the sets of 3H x and y component
stress estimates for an averaging period of L days following the
notation given in Section 2.5.

The RJj(L) <for any given averaging period can be examined
mathematically tc gain some insight into its expected behaviour.
Equation 3.3 for the constant drag coefficient can be rewritten
as:

2 -
U~c\ +\Y_é3'

R L) = \ 2 ‘ !
B( \ i[-z- ZL(WW\TL‘\”LM *[_JT_- ZLLL':*U'I ‘11 ‘3/2— 3.5

with the approximation that the air density and the drag
coefricient are constant. Applying the Schwartz inequality (see
Preiffer, 1965, pp. 223) to the denominator and rearranging

terms, a lower bound for the functicn can be established:

1

ks 2
QACL\) P4 1 + G\X'\f G'L 36
oy ey

2
Where: U\; and Gﬁs are the x and y wind velocity component
variances in averagying period j. Thus the lower bound for any
particular averaging period increases for higher vector averaged

mean winds and lcwer variances.
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kEj(L) has no upper bound. If one takes the s=t u =v = {
3,4,-5 } and substitutes into Fquation 2e5, then the numerator
is finite and +he dencminator is 0.0, or Rj(L)=cO,. The
probability of such an occurrence is remote. Whenever the 3H
stress averaged exactly to 0.0, 1leading to Rj(L)=e0, the
particular averaging values were eliminated freom calculations.
After imposing this criterion, in over 750,000 cases (all ships,
averaging periods and drag coefficients) examined, not one
instance of RJj(L) greater than 1.0 appeared. Furthermore, in
all cases where the 3H stress was 0, the mean VA s*ress was also
Oe

The smoothed wind data as encountered in surface pressurse
maps, hides the internal variance through the averaging process,
cut the square of the vector averaged wind is not only readily

K'value of Vva

calculable Lut essential in determining the jf
fluxes. Although the value of any single Rj(L) and the lower
bcund may nct coincide, an average value (R(L)) may be wind
speed dependent. Consequently <the effect of grouping RJ7j(L)
value according to the vector averaged wind speed was
investigated.

kj (L) and Bj(L) were sorted into twenty equally spaced
divisions acccrding tc value. For each Rj(L) and Bj (L) reading
the vector averag=ad wind speed (u52+vé2)1k was determined and
tane functicns were further sorted into thirteen divisions
according to the Beaufcrt number of the j*h value of the vector
averaged wind speed. The Beaufort wind speeds according to the
Marine Climatic Atlas, U.S. Office of Naval Ogperations are

given in Table IX.
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BEAUFOKT WIND SPEED INTIERVALS

(o= ———— T——-= Frm——————— Tm————— 1
|EEAUFORT # | SPEED INTERVAL| MEAN i
{ i | VALUE |
{ | m/sec | m/sec |
fomm o e tomm e t=-—m-- ~
| 1 { 0.0-0.4 | 0.2 |
’ 2 I Ooa’loé l 1:0 l
i 3 { 1.€6-3.4 | 25 |
{ 4 | 3. 4=5,E | 4,45 |
| 5 | 5.5-84,0 | 6075 |
| 6 | 8.0-10.8 | 9.4 |
| 7 | 10e8+~13. ¢ | 12.35 |
| 8 | 13.9~-17.2 | 15455 |
| 9 | 17.2-20.8 i 1%9.0 |
{ 10 | 20.8-24.5 { 22.65 |
| 11 | 24,5-28.5 | 265 |
| 12 { 28.5-33.5 { 31.0 |
| 13 | > 33.% | 35.0 |
| | | |
b e e B g |

Figure 10 is the histogram of Rj(L) and Figure 11 the
histogram for Bj(L) for the ccnstant and linear drag
coefficients respectively at Weatherstation C. Beaufort numkters
2 (1.0 m/s=c), © (Se4 m/sec), and 10 (22.65 m/sec) for an
averaging period of L=0.25 days were selected as baing
representative, The standard deviation was calculated from all
the values of Rj(L) and Bj(L) 3in each wind speed-averaging
pericd category and will te referred to as the sample standard
deviation and its square will be referred +o as the saaple
variance.

As seen in Figure 10 at 1.0 m/sec, Rj(L) has a distinct
mode petween 0.45 and 0.50 with an average value of 0.530. Th=
rest of the distribution 1is nearly flate. At 9.40 m/sec the
distripution of Rj(L) beccmes markedly skewed towards 1.0. The
standard deviaticn has also significantly decreased. At 22.6%

m/sec, the skewness Lecomes even more pronounced to 1.0 with 93%
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of the distribution in the 0.9%5 to 1.0 slot. Because of the
increasing ccncentration of values to the nigh end of the
distrivution, the standard deviation continues to decrease with
averaging speed. The trend to higher ﬁTf} values and lower
standard deviations for increasing wind speed is generally +true
for all averaging periods.

Bj(L) has a distinctly spiked distribution at low wind
speeds. The histcgram for 1.0 m/sec has €4% of the total number
of 383 points in the 0 to 1.00 direction shift slot. There are,
nowever, an additional 59 points froem -109 to -180° and an
additional o8 ©pcints frem 100 to 1800 accounting for the large
180219 standard deviation. As the wind speed increases to 9. 40
m/sec, the mean remains very close to 0.09, The number of
exterior r[pcints decreases causing the sample standard deviation
to decrease so that at 22.€5 m/sec the distribution appears
approximately Gaussian.

The Jjcint histogram for ERj(L) and Bj(L) was calculated for
all snipse. 1The arithmetic means, F(L) and B(L), were then
calculated for each Beaufort category and averaging period.
Thus each ship was assigned R({L) and B(L) values that were
functions cf windspeed and averaging period.

Tue mean K(L) values for all the ships appear in Figure 12
while the means E (L) values appear in Fiqure 14. Iwo s+*tandard
deviations are also shown. Particularly for larger VA wind
speeds and longer averaging periods, R(L) and B(L) may be
calculated frcm differing numkers of measurements. First,
weights propcrtional tc the number of estimates within each

Beaufort-averaging period category were applied +to the ship
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means values cf R (L) and B(L) to arrive at an estimate of +the
standard deviations of the geographic means. This 1is the
standard deviation of the means shown in the figures and it is
indicated Ety the dashed 1lines. Next similar weights were
applied to tne sample variances to arrive at an average sample

variance. This indicative of the average sample variability

apout any single R(L) estimate and is indicated by the solid
line in Figures 12 and 14, Finally, it will be shown that
Station N differs markedly from other locations and its values
are excluded entirely frcm standard deviation estimates.

Figurs 12(a) shows R (0.25) (the 0.25 indicates L=0.25 days)
as a rtunction of wind speed. The valus of R (0.25) approaches 0
rer very small wind speeds. For larger vector averaged winds
K(0.25) rapidly increases. At 7 m/sec R(0.25) is 0.90. As the
wind speed increases, the values approach 1.0. Both the
standard deviations of the sample and the standard deviations of
the snips' means have maxima at low wind speeds and then
decrsas= gradually as the wind spesd increases. For all wind
speeds, the average error in the sample is much larger than the
error inm the means indicating that the value cf R(0.25) may be
indeperdent of geographical location.

The results can be explained in terms of Equation 3.6. An
averaging period of 0.25 days contains only twc three-hourly
measuremants, Lower vector averaged winds result from
simultansouvs cancellaticn of the x and y wind components. Thus
tne variances will Le much greater than the means of the
components resulting in a lower Lkound that approaches 0. For

higher wind speeds one expects a strcng steady wind to blow for
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Figure 12. Plcts cf R(L) for representative averaging periods
and wind speeds of all ships wusing the . constant drag
coefficient. Y denotes Weatherstation N. The so0lid line is
a weighted mean sample standard deviation and the dashed line is
the standard deviation of the ships' means. Since N differs

trom the other =ships, its values were not included in the
calculaticn cf the standard deviaticns. -



a relatively long length of time in which case the variance of

the two components is small compared to the vector averagad wind

and the lower lound in Equation 3.6 approcaches 1. R(4)

approaches 0 as the wind speed goes to C m/sec. The valuz of

K (4) lncreases with wind speed. The scatter in measurements for
both ths mean and sample values is larger than for E?ETEE). At
the largest wind speed, the scatter in +the means appears to be
mere significant than the scatter in +he individual estimates.
The <four values at 21 m/sec, however, ccmprise less than 17 of
the total numkter cf pcints measured and this value cannot be
ccnsidered sStatistically reliable. From 0 to 14 m/sec,
Weatnership N has systematically higher values than the others.

Figure 12(c) exhibits further evidence of the higher values
of E?E] for Weathership N. Here, -ﬁTff for wvarying averaging
periods is rlotted for a constant wind speed of 6.75 m/sec, The
Station N R(L) values are more than two standard deviations of
the medan larger than any cther ship indicating that its values
are significantly larger than the cther stations. The scatter
in the individual @measurements reaches a maximum for an
averaging period of two days and then decreases slowly with
increasing averaging period. The scatter in the ships!' means
increases rapidly tc two days and then maintains a relatively
ccnstant value.

———

Ine anomaly in R (L) at Station N is consistent both with

(99

Equaticn 6 and the findings of other researchars.
Malkus(196Z2) notes that Station N is at the northern extremity
or the Northern Pacific Trade Wind region characterizesd in both

direction and magnitude by moderate and steady winds. This is
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confirmed in Takle V where the total 3H variance is about 1/10
imes that of the more northerly stations. Thus Equation 3.6

predicts that one should get systematically larger values of

Ej(L) and hence R(L). This 1is confirmed by Malkus where
substantially smaller discrepancies tetween +he 3H and VA stress
over a single monthly averaging were found in the Caribbean Sea
at 190 N, 6€9 W than were found at Station C. Thus th=
corrections required fcr the tropics and subtropics may be much
less than those required for temperate latitudes.

Figure 13 shcws the gszographic (ie. average of all th=

staticns) average values of R(L) for the «constant drag
coefficient, excluding N, as a function of wind speed. The
welghting outlined above was employed in the <calculation of
these gecgraphically averaged values. All the curves appear to
be regular with the exception of the highest wind speeds. This

may be a result of there being too few averagings at the higner

wind speeds to yield a representative value of R(L).

Th2 =scatter and ctehaviour of ETI) as a function of
averaging period are indicated in Figure 14, There is a high
degree of scatter at a wind speed of 0.2 mn/sec for both the
sample and between ships. There does not appear <*o te a
systematic differsnce between ships. At 6.75 m/sec, the sample
standard deviaticn 1is <raduced from 35¢ to about 159 and the

variarility between ships is nearly zero. Fiqure 14 (c) clearly

indicates that non-zero values of E(L) occur only for low wind

speeds. For winds greater than about 3 m/sec, B(L) averages to
exactly z=ro. It is nct clear whether the large values of B(L)

for low wind speeds are statistically significant since the low
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Figure 13. Geographically averagesd R{L) values for all wind
speeds and averaging periodse. The numbers indicate lines of.
equal averaging pericds (in days). Station N has been excluded
from the averaging.

wind speeds account for only a very small percentage of the

total number of wind measurements made.

3.4 Multiple Regressior Analysis

Frcm the previous discussion it - is evident that the
reduction in stress due to vector averaging of winds varies with
the averaging period and the measured VA winds.. For wind speeds
greater than 3.0 m/sec the average shift in direction is 00
indicating that, on average, there may not be significant
differences Letween the transformaticns required for the x and y

components., This implies that a single transformation based on
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the stress magnitude is feasible. A single set of correction
factors equally applicable to both ccmponents reduces the
required parameters by a factor of 2.

The otkject of any transformétion is to reduce the
differences means, difference variances, and residual variances
to predict accurately the long-term and point-by-pcint 3H stress
from the VA stress. Specifically, if the point-by-point 3H
stress (as quantified by the «residual variance) can be
accurately determined then the difference variances and means
should also ke reduced. The residual variance can be optimally
reduced by a least squares fite.

To this end the 3H and VA stress magnitudes were calculated
and sorted according to the Beaufort interval as previously

outlined. For each averaging period, the following gquantity:
2

€ 13 Je \
Q\QT %u: -\R Z Z (T\'&&‘ ERQT\‘LOz 367
Rt 3!

was minimized by :

3T Ser)
a é\zg 3.8
giving :
:hf . ,
2. e b TeyTey
{ 3.9
Z?'ra;
8

where T g and T'hé are the 3H and VA stress pmagnitudes , Sev is
+h
the stress magnitude residual variance for the 1 averaging

period, ERQ is a multiplicative factor which nminimizes the
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residuals in Beaufort category k and the lfﬁ' averaging period,
N is the total number of averagings available in the record and
Jr. is the number of averagings within Beaufort category k.

Eg( is the slope of a stress magnitude regression line
passing through the origin. This is not a bad assumption in
light <c¢f Figure 6, where the =scatter of the x and y stress
components beccmes constricted at the origin. Appendix & gives
an outline of scme of the relationships between the difference
variances, residual variances, and correlation coefficients for
the regression analysis. Notice +that Eguation 3.7 unlike
Equation 2.18 exciudes the mean termse. They were excluded
because as demcnstrated in Figure 4 and Table V, the stress
component fluctuations dominate the mean. Appendix A.1 includes
the influence of the linear term on the residuals. This form of
the regression will be applied pfesently tc the heat fluxes. 1In
fact a regressicn c¢f the type outlined in Aappendix 4.1,
including the mean stress magnitude was tried on the stress
magnitudes. Up tc Beaufcrt interval 3, scme of the Ek( values
were found to be negative in contradiction with Equation 3. 3.
Furthermore, the component residual variances were significantly
larger than when the means were excluded.

An estimate of 95% confidence zone of the slope was made
by:

t«\ .05
Afee = z Gu-2) T Tay" %wz
Z

" —_é (
é(\né—zhe\"ng

3. 10

where tg.ozf is the Student t statistic with J -1 degrees of

freedcm at a 0.95 level of significance. This is not a precise
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estimate of the error because as shown in the previous section,
the distribution c¢f Rj(L) is highly skewed around the mean for
most averaging periods and wind speeds and consequently the

statistics are not Gaussiane

3.5 Variance Underestimation

The Zne values were calculated for each ship and the four
test functions ocutlined in Section 2.6 were then found by
aéplyingzkg -to the VA stress components.

The difference variéncesv using the constant drag
coefficient are shown in Figure' 15.  Values for all ships,
components dnd drag coefficients are greatly reduced from the
values shown in Figure 7. All values are positive definite
which implies that the lcng term 3H variance is systematically
larger than the long term corrected VA variance., Although only
the constant drég coefficient results are shown, every case
examined showed a positive difference variance.

This is an artifact cf the regressicn analysis. Appendix
A.1 shows that when the optimal Zne is applied, the difference
variance and the residual variances must be identical. Note
that even though appendix A.1 applies to including the long-term
difference means in the calculation of Zhﬁ_, identical results
can be «cbtained by setting the DMs to 0. Since the residual
variance must be Ecsitive definite, so is the difference
variance. For this result to Lke exactly applicable in the
stress components, the x and y components must be regressed
independently and a separate set of transformations found for

each compcnent. Here the stress magnitude was regressed and ZQ{
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Figure 15. Systematic variance underestimation for all ships,

constant drag coefficient using the initial estimates of &,
Station N is represented by \ -

applied identically to each componente. Thus the applied
transformaticn may differ from the optimal component
transformation. The fact that the DV «corrections 3in this
section are positive definite indicates that the calculated
~Zne based on the stress magnitude; approximates the optimal
component corrections reasonaﬁly well., Finally, this suggésts
that a trade-cff cccurs in which one can either reduce the RVs
to a minimum value and accept a systematic error in the long-
term variance or minimize the DVs and accept an increase in the
"residuals.
if the difference variances for each component were
identical then this bias could be made exactly 0 by multiplying
-ihe‘by either OX /Gy or Wy /Gﬁ} where ( 0x e Ty )

and ( le','qy«') are the ccmponeht 3JH and va standard
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deviations with +the transformaticn applied to the VA variate.
. \
This is not sxactly the casec. Consequently a new Eihe term was

fcund by :

I
Ere= 5 (& - \¢
RO WX “e 3,11

The Zh{ has been multiplied by the mean correction requir=d for
both the x and y VA stress components.

The DVs fcr the corrected transformaticn appear in Appendix
D, and the specific constant drag coefficient results will be
shown later. The variance differences are now randomly
scattered positive and negative. Appendix D shows that for all
ships, comnpcnents, drag coefficients and averaging periods, a
positive difference variance in the x component implies tha+ the
y component DV is, within several tenths of a percent, the exact
negative.

Since the objective has been to minimize +the RV, the
correction applied to Ewe to remove the systematic bias from the
variance differences ©perturbs the residual variance so tha+*t it
is no longer a minimum. The amount c¢f this perturbation can be
calculated wunder +wo different sets of assumptions as outlined

in Appendices 4.2 and A.3. If we define:
|
L\fé\: EV—!’-/ E’(p_i 3.12

and assume that Ox/0%'» ¢ﬁf@y', then it is demonstrated in

Appendix A.3 that:
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<

Rt - %f».T: e - {lee[20+e>(-R) +52]§
Ser | '

3. 13

3

where SLT is the RV after (1+¢&) has been applied. The
relative increase in the RV can be determined in terms of the
applied correction and the correlation coefficient. Figure 16
shows this function for the ranges of € and T associated with
this problem. Excluding Station N, Figure 15 indicates that the
largest DV values are about 0.(8 which gives a typical value of
0. 04 for €& e« A lcw estimate of the «correlaticn coefficient
is 0.95. When Equation 3,13 is then evaluated, the relative
increase in RV is 2.4%. Allowing for a residual variance as
high as 50%, the absolute change in RV is about 1%. (The
initial residual variances are, in fact, significantly less than
10%)« The actual change in RV was calculated and in all cases
was substantially less than 1.0%.

Henceforth, the primes will be dropped and it will be

understocd that chincludes the DV correction. .

3.6 Hind Dependent Correction Factors

The correction factors Zte for all ships, averaging periods
and wind <speeds are given in Appendix C - Part I. The
corresponding error estimates of the 95% confidence intervals on
these values as estimated by the Student 't' test are given in
Appendix C - Part II. Fiqure 17 shows the inverse of correction
factors (1[&y, ) as functions of wind speed and averaging period.
The inverse 1is plctted for ease of comrparison with Figure 12.
Also, the inverse ratio is bounded between 0 and 1.0.. Since e

increases as the wind speed approaches 0 m/sec, the inverse
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Figure 16. The relative error induced in the residual variances
by application of a correction factor ({+€) to readjust for the
systematic bias in the difference variances.

ratio is more convenient for plotting.

In all respects, the regressed correction factors are

qualitatively similar to the average ratio of stresses (R(L

—

defined Lkefore). The mean ship values are nearly identical.
The disparity of Station N at L=4.0 days and 6.75 m/sec pléts is
also evident. The gecgraphic standard deviations are similar in
shape and magnitude. Finally an examination of Appendix C -
Part II reveals that the error in the slope is larger than the
scatter between ships and has the largest values ‘for low wind

speeds. .
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The difference means, difference variances, residuaal
variances and correlaticn coefficients were determined by
applying éue and the results appear in Appendix D. These
quantities will be examined in light of their actual values and
the arithmetic difference between the unimproved values of
Appendix B and the improved values cf Appendix D.

As an example, tke difference means for the x <component,
constant drag coefficient appear in Fiqure 18(a). A comparison
with Figure 7 illustrates several interesting features. First,
the difference means have been reduced by a factor of about 10.
Second, there appears to be an inverse relation in the amount of
reduction achieved. 1In Figure 7 Stations A& and N, with no
correction applied, have the smallest difference means. 1In
Figure 18, after application of Eae, they now have the largest
difference mean values. Conversely, Stations C and D have the
highest difference means with no correc{ion, but are 1less than
0.02 dFa for all averaging periods after correction. The
improvements appear in Figure 19(a) for the x component,
constant drag coefficient. In all «cases there was some
improvement. An inspection of Appendices B and D indicates that
the most dJdramatic improvements occur where +the uncorrected
values were initially 1large -- in particular for 1longer
averaging periods and the linear drag coefficient.

The difference variance values are now randomly scattered
and bocunded between about + 6% using the constant drag
coefficient and about + 10% using the linear drag coefficient --

again a 10 fold improvement over the uncorrected values. The
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most accurate values cccur, not unexpectedly, for the lower
averaging periods. The differences between Figures 18 and 7 for
each averaging pericd appear in Figure 19(b)e Again_all changes
are positive, indicating that the corrections have improved the
long-term variance. Indeed for L=28 days there are improvements
up to 85% in the 3H variance.

Figure 18(c) shows the final calculated residual variances
for the x component constant drag coefficient. Note that the RV
axis scale has been increased by a factor of 5.0 from Figure
7(c)e With the excepticn cf Station N all values are less then
6%. Figure 19 (c) indicates the improvements achieved. . For 1low
averaging periods, the differences are gquite small. By L=U
days, however, an improvement of about 5% has been achieved.
These improvements increase to L=28 days where improvements of
the order of 20% for the constant drag coefficients and 30% for
the the linear drag coefficients values are common.

Figure 18(d) shows the final <correlation coefficients.
Because the raw correlation coefficients are all quite ‘high
(>0.90), the broad features of 19(d) are not significantly
different frcm the raw values. The high initial correlations
account for the large reductions in the residual variances that
can ke achieved with cnly a linear regression. Figure 19(d),
however, demonstrates the improvements achieved over the raw
correlation coefficients. 1In all cases the improvements are
small for low averaging periods and rise to values of up to 0.05
at L=28 days. An examination of Appendix B reveals that at L=2
days there are no values less than 0.99 . Since the correlation

coefficient is bounded by 1.0, there is 1little room for
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improvement at the low avgraging periods.

For averaging periods of greater than 1.0 days, the va
estimates of the long-term variances as quantified by the DV and
the pcint-by-pcint variance as quaﬁtified by the RV can be
substantially improved' through application of the Eﬁ{
corrections given in Appendix C. In regions where the
unimproved estimates of the climatological VA fluxes differed
greatly from the ZH fluxes (as quantified by the DMs), dramatic
improvements resulted with application of the Eke factor. The
major strength of the multivariate regreésion is to increase the
correlation coefficients particularly at longer averaging
periods., I1f a similar regression had been .performed
irrespective of wind speed grouping nb impfovements would have
resulted because the correlation coefficient is independent of

an overall scale change.
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CHAPTER IV HEAT FLUXES:

-

This chapter describes the effects of averaging winds,
temperatures, and absclute humidities on the sensible and latent
heat fluxes, The sensible heat flux is a measure of the heat
transferred by convection into or out of the sea surface while
the latent heat flux is a measure of the heat lost or gained by
the evaporation or condensation. The bulk aerodynamic formulae

for their calculaticn are given in Equations 1.2(c) and (d).

4.1 Three—-hourly Heat Fluxes

Similar +to the 3H momentum fluxes, the 3H heat fluxes had
summer minima and winter maxima average values of which station
C was chosen as an example.

Plots fcr Station C of the yearly and monthly latent and
sensible 3H heat fluxes with error kars indicating % 1 sample
standard deviation appear in Figures 20 (a) and (b)e. Similar
graphs with ¢ 1 standard deviation of the monthly means appear
in Figures 20 (c) and (d) reépectively. 'In this section, the
sensible heat results will be quoted in parentheses following
the latent heat results., The extreme values in the means are
much greater ketween months than between years. Between months
the maximum values are 80.8 (34.7) Watts/m2 in December (January)
and the minimum values are'12.u(-7.U) Watts/m2 in July(July).
The minus sign indicates a net transport of heat from the air to
the se¢a. This may be due to advection of warm continental air

in the summer to the mid-Atlantic. Between years the
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latent (sensikle) heat fluxes have maxima 1in 1959 (1957) of
67.9(19.9) Watts/m2 and minima in 1949 (1949) of 34.5(2.3)
Watts/m=2.

It 1is clear from Figure 20 that the standard deviations in
the yearly heat values are fairly constant. The maximum yearly
standard deviaticns for the latent (sensible) heat fluxes are
90.3 (069.8) Watts/m2 for 1957(1957) while the minimum values are
6242 (34.4) Watts/m2 in 1956 (1950). 1The standard deviations of
the wmonthly means for both heat fluxes are approximately one-
half of the total standard deviations based on all the three-
hourly £flux readings indicating that about one-quarter of the
total variance may be in periods of greater than one month.

Figures 20(b) and (d) show the difference in standard
deviation between the summer and winter months. The December
heat flux standard deviation is 91. 1(69.5) Watts/m2 while the
July values are 38,3(19.0) Watts/m2., The standard deviations of
the monthly means vary from 34.0(26.8) Watts/m2 in December to
12.8 (6. 3) Watts/m2 in July indicating that the annual cycle is
present in the means and th=2 variances,

Ine total ships' means and standard deviations of the
velocity components, air-sea temperature, air-sea absolute
aumidity difference, 1latent heat and sensible fluxes appear in
Taple X« The mean heat fluxes are all of the same order as <+he
standard deviations.

Oceancgraphically, the data may ke divided into four main
regimes. Stations A, B, C, and M are in Sub-Arctic regions.
They are characterized by sea surface temperatures of about 10 C

and colder air +temfperatures. As one proceeds south the air
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warm (about 5-100C) accounting for large air-sea temperature
differences. The advection of 1large horizontal sea surface
temperature gradients and invasions of continental air account
for large standard deviations in the heat fluxes.

Stations E and N lie in the.middle of the 1large Atlantic
and Pacific sub-tropic gyrese. They are characterized by
moderate air-sea temperature differences and by dry prevailing
winds thus accounting for moderate sensible heats and large
latent heat flux values. Station N is the. Trade Wind region,
where steady summer winds account for the small heat flux
standard deviations in ccmparison to Station E,.

Staticns I, J, and K lie on the eastern boundary of the
Atlantic Ocean. Proceeding south, the ai; temperature becomes
warmer more quickly than the «corresponding increase in sea
surface tempefature accounting for lower sensible heat fluxes.
The .three stations show similar air-sea humidity differences and

moderate latent heat flux values.

4,2 Uncorrected Test Results

The difference means; difference variances, residual
variances and correlation coefficients as defined in Equations
2016-2.19 wvwere ,calculated with no correction factors applied.
The results appear in Figures 21(a) through  (h) while the raw
values are in Appendix E. Table XI contains the 3H heat flux
variance at each averaging period so the difference variances
and residual variances can ke converted to absolute quantities.

| As in the wind stress case, the heat flux difference means

(DMs) appear to be dependent upon the average 3H heat flux value



74
IABLE XI

The absolute latent and sensible heat flux variances as a
function of averaging period. The coclumns refer to the
" averaging period in days and the variances are in
(Watts/m2) 2x103,

| ittt TommTT T i
| VARIANCES -~ SENSIBLE HEAT FLUX |
b fm—m - tommmn T DT B T e Fo—mmm -
ISHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 { 14.0 | 28.0 |
pmmmmtmmmm - tommmm tmmme N e e e e
| A | 3.511] 3.303| 2.982| 2.508| 2.035{ 1.669| 1.331| 0.994|
| B { 6.154] 5.900f 5.461] 4.870] 4. 142| 3.684] 3.077| 2.530]
| C | 2.496f 2.314] 2.020| 1.626] 1.263] 1.045| 0.797{ 0.566|
| D | 6.947] 6.512] 5.725{ 4.646] 3.679] 3.084] 2.479| 1.892]
I E | 1.133) 1.057| 0.921] 0.759] 0.573] 0.451| 0.326| 0.245|
| I | 2.3741 2.219] 1.998] 1.687| 1.383| 1.133| 0.867( 0.670|
| 3 1 1.423] 1.316] 1.160] 0.968] 0.747f 0.602] 0.412] 0.325]
| K | 1.001] 0,941 0.860| 0,764 0.672| 0.589] 0.510( 0.442]
| M | 2.398| 2.266] 2.058] 1.775| 1.453| 1.200] 0.900| 0.706]
| N | 0.341] 0.302f 0.275] 0.236] 0.192f 0.162§ 0.124| 0.081]
| P | 0.856] 0.806f 0.708] 0.577| 0.448] 0.345| 0.240] 0.181]
| [ | [ | | | | [ |
pro——bmme e S [ I, e S i S G O T ¥
i VARIANCES - LATENT HEAT FLUX |
I At S e e e Fommme -
ISHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e B tommmem fommm fmmmmme tommmme $—mmmm e
| A | 4.078] 3.785] 3.343] 2.751] 2.1791 1.812] 1.426| 1.064]
| B | 4.017f 2.795} 3.443]| 2.989] Z.484] 2.161] 1.812( 1.518|
| C | 5.326] 4.951] 4.330] 3.495| 2.663] 2.154] 1.639| 1.233]
I D { 21.51] 20.15) 17.70] 14,711 11.67| 9.680f 7.830| 6. 171]
i E | 12.79] 12.01 10.74| 9.036f 7.008] 5.693] 4.237| 3.295|
| I | 4.600| 4.205f 3.655] 2.933| 2.318f 1.879| 1.373| 1.029]
| 9 1 5.010f 4.5821 3.966] 3. 112 2.242| 1.732| 1.132( 0.836|
| K | 6.155] 5.753] 5.165| 4.351| 3.500] 2.847| 2.091f 1.668]
| M | 3.374§ 3.122) 2.747f 2.297( 1.838| 1.502f 1.133] 0.884]
| N | 5.084] 4.701| 4.213| 3.542| 2.732] 2.157| 1.481] 0.870]
| B | 3.115] 2.853] 2.509{ 2.034] 1.580f 1.253f 0.957| 0.750]
[ | | 1 [ I | [ | |
| VNP NSRS K. y PO, —d e e P . 5 NS O NP |

and with mincr exceptions, increase approximately exponentially
with averaging period. A ccmparison of Table X and Appendix E
indicates that the =sizes of the difference - means are well
correlated with the average 3H heat flux. At L=28.0 days, the
sensible heat fluxes fall into two distinct groups -- Stations

A, B, D, I, and M with average DMs greater than 18 Watts/m2 and
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Stations <¢,D, E, J, N, and P having DMs less than 10 Watts/m2.
The latent heat fluxes have three distinct grourps. Stations D
and E have uncorrected.DMs greater than 60 Watts/m2, At L=28.0
days, Staticns A, B, C, I, J, K, M and N have DMs in the range
of 20 to 60 Wattsym2; Station P has distinctly smaller DMs at
less than 20.0 Watts/m2. The same groupings occur in the 3H
mean flux values shown in Table X indicating that the larger
climatological errors occur in regions with the higher initial
mean flux. .

The  difference variances (DVs) for all ships excluding
Station N differ cnly slightly. Both heat fluxes show increases
from near 0 at L=0.2f5 days to mean maximum values of about 0.55
to 0.65 at L=28.0 days. Station N has markedly lower DVs from
L=1.0 to L=14.0 days in the sensible heat flux. For the latent
heat flux, Stations N's values are nearly 0.0 Watts/m2 up to
L=4.,0 dafs and then go negative =-- in contrast to all the other
ships. .

All ships have similar residual variances (RVs) up to L=4
days. The sensible heat fluxes them split into vtwo distinct
groups.,‘The first includes Stations A, E, I, M, and N having RV
values of greater than 40.0% at 1=28.0 days. The others have
RVs less than 30.0%. The latent heat flux RVs are generally
larger (except at Station E) than for the .sensible heat fluxes.
The average value at L=28.0 days is about 35%. Up to L=7.0
days, the Station N values are indistinguishable (although
biased high) from the other values, At L=14,0 days, however,
the Staticn N values are much greater than the other ships.

Indeed, at L= 28.0 days the Station N RV is greater than 100.0%
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which is not shown in Figure 21.

The <correlation coefficients for the lheat fluxes are lower
than for the mcmentum fluxes. Those for the 1latent heat flux
are lower than for the sensible heat flux. At 1L=28.0 days
Station N has the lowest correlation coefficient of 0.438 (not
shown) for the latent heat flux and 0.736 for the sensible heat
flux. After L=14,0 days, the sensible heat flux correlation
coefficients divide into the same two groups as for the RV
values -- Stations A,.E, I, M, and N with values less than 0.835
(at L=28.0.days) and the rest having correlation coefficients

greatér than 0.900.

4.3 Heat Ekegression

Figure 2z shows an example of the 3H heat flux plotted
against the VA heat flux for StationvA, 1=28 dayse. Similar to
the stress case, shown in Figure 6, the scatter increases for
extreme positive and negative values. As the VA flux approaches
0.0 Watts/m2, the scatter becomes more. constricted. Note,
however, that there is a bias towards pcsitive heat fluxes. .

Two important differences exist between the heat flux
regression and the momentum flux regression. First, the
analysis of the raw 3H values revealed that the latent and
sensible heat fluxes are statistically quite distinct
guantities. Ccnsegquently the regression was performed
separately on each flux. Thus, nc attempt was made to assume
that the fluxes might ke similar and thus produce .a single
transformaticn applicable toAboth. Second, as shown in Table X,

the means are of the same magnitude as the standard deviatioms.
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equation of the form

X = b« AY 4,3

where x and t are vectors with ccmponents corresponding to 13
Beaufort categories and A is a 13x13 matrix. The solution was
obtained by Gaussian elimination followed by iterative
improvement until a relative error of less than .001 was found.

Appendix 3.1 shows that the DVs were exactly equal to the
RVs and the systematic positive DV bias again exists. This fact
provided a convenient check to ensure that the computer
programmes were running correctly. The systematic bias was
eliminated by :

E’\;e = ‘W—i z"l“e

*!

where {x is the 3H standard deviation , x' is the VA standard
deviation with Zwe applied and X represents either the latent
or sensible heat. An attempt was made to correct Eee on a
Beaufort categcry basis (ie. 241 = %%£ Zn¢ )« However, in many
cases the feguired iterations failed to converge..

Appendix A.3 shows that when readjusting from the minimum

RV value, the correction given in Equation 4.4 induces a further

error in RV given by:

{z

Gae= San - @%gﬁ (=R

Thus for correlation coefficients of 0.9 or greater, the induced
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error is less than 1.0%. .
Again, the primes will be dropped and it will be understood

that EWN includes the DV correction. .

4.4 Wind Dependent Correcticn Factors

The &we for the heat fluxes were calculated and appear in
Appendix F - Part I. Figure 23 shows the |[§pvalues as
functions of wind speed and averaging period.

In general, the inverse heat corrections \Igue follow a
similar pattern to the stress values. For low wind speeds ‘{50{
approaches 0.0 (Eheapproaches oo ) . 4s the wind speed
increases, \(Ema approaches 1.0 for all averaging periodse.. 1In
general Appendix F indicates that the corrections required for
the sensible heat fluxes are larger than those required for the
latent heat fluxes. Furthermore, a comparison with Appendix C
indicates that the stress corrections are larger than both the
heat corrections.

An estimate cf the error in ihﬂ was cbtained by employing
the Student 't' test as outlined in Equation 3. 10. The results
appear in Appeﬁdix F - Part II. These results should be viewed
somewhat skeptically as no attempt was made to aésure that the
scatter about the regression was Gaussian. Similar patterns to

the stress errcrs, however, are exhibited in the heat flux

€IrorS,. For the 1lowest wind speed categories, the 95%
confidence zone is large compared to the E:Q4 values, By
Beaufort interval 3 (1«6 - 3.4 m/sec2) errors in the

calculations are reduced to less than 10% of the calculated Ehc

value for all averaging periods. In general, the errors
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line

at the bottem indicates t one standard deviation of the means

excluding Station N

~Staticn N is Y . Station K is Y ..
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increase as the averaging period increasese.

The gne heat corrections for all ships are fairly tightly
grouped. Station N shows significantly larger 1.0/ ékf (smaller
Zw{) values at averaging periods greater than 0.5 dayse.
Station K also shows significantly larger 1.0/, Values for the
sensible heat flux -- lying between the Station N values and the
main ship grcuping. An inspection o¢f the sensible heat raw
statistics in Table X does not reveal anything either to
distinguish Staticn K frcm the other ships c¢r to show any
consistencies with Station N to account for the.difference. In
the latent heat fluxes, the Station K values are biased towards
high values in the 1.0/&pe plots Lut can be considered within
the general ships' geographic grouping and are far below those

of Station N.

4.5 Beaufort Groured Test Results

The three test quantities were «calculated for the &y
values given in Appendix F. The results appear in Appendix G
and are shcwn in Figure 24. The arithmetic differences between
Figures 24 and 21 are shown in Figure 25. The difference
variances are not considered in this section because the
correction for the systematic bias forced all values to exactly
060a .

The difference nmeans have improved markedly after the
application of 5@@._ A conmparison of Figures 24 and 21 indicates
that both the latent and =sensikle heat flux DMs have. been
improved Ly a factor cf 5.0. . Climatolcgical errors are now less

than 3.5 Wattsy/m2 for the sensible heat flux and 17.7 Watts/m2
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for the latent heat fluxe. Ignoring Stations E and N for the
latent heat flux, the DM errors are then all less than 10.0
Watts/m2. The improvements shown in Figure 25 and are virtually
a replication of Figure 2z1 indicating that the greéter the
initial DM error, the greater the improvements that can be
obtained.

The residual variance errors are somewhat less encouraging
for longer averaging periods.. <Station N in particular, has
extremely high (up tc 0.23 for the sensible heat and 0.83 for
the 1latent heat flux) RVs at L=14,0 and 1=28.0 days.. If one
considers 10% to be an acceptable noise 1level then an
appreciable number of ships lie above this level at L=14.0 days
for the sensible heat flux and at L=4.0 days for the latent heat
flux. The application of EQQ has markedly improved the final
residual variances over the initial raw values. The RVs at long
averaging periods are now about one-half the uncorrected values.
Figure 25 indicates that improvements of 0.25 for the sensible
heat flux and 0.15 for the latent heat flux at L=28.0 days are
typical.

The application of ‘EQQ. has improved the correlation
coefficients. The sensiktle heat flux correlations, with the
exception of Station N, L=28.0 days, are all above 0.90. The
latent heat flux correlations are above 0.90 up to L=U4.0 'days
after which scme stations fall off, for example, to values as
low as of 0.583 at Station N and 0.750 at Station E (both not
shcwn) for L=28.0 dayse.. According to Equation 4.8, this partly
explains the large RVs at Stations N and E. If the DVs were not

corrected, the RVs would be reduced by 17.4% and 6.25%
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respectively. The improvements shcwn in Figure 25 have similar
ranges for koth the latent and sensitle heat fluxes. There is a
tendency for the stations with the 1lower initial correlation
coefficients to shcw the most improvement. For example, in
Figure 21, .the sensible heat flux raw correlations at Stations
A, E, I, M and B are distinctly grouped lower than the others.
Figure 25 shcws these <same stations gfouped with the most

improvement.
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CHAPTIER V EMPIRICAL FORMULA AND TEMPORAL - -VARIATIONS -

51 Introdﬁction

In the previous two chapters it has been established that
systematic reductions cccur in the 3H momentum and heat fluxes
when estimated through VA parameters. 1In Chapter III it was

shown that the 1/¢,, optimally regressed stress reductions were

gualitatively similar +tc the set of averaged corrections R(L).
With the exception of Station K, sensible heat flux, it was
noted that the 1/§,, optimal corrections for the heat fluxes
were similar tc the ccrresponding 1/%e. corrections found in the

stress. Rj(L) of Equation 3.14 can ke rewritten as:

, z z
h L\'-L e \J’~1 5- 1
d 4
using notation previously defined. As stated ©previously the

variance information is lost to the averaging process, however,
the VA wind speeds, (uf+gf) 12, are required for the estimates
of all the VA fluxes. Given these arguments, an expected wind

speed dependence of Zuc for all fluxes is:

5812

The = '}_'\'o((ungu'g

where 2¢ and A are constants to ke determined. .

The temporal aspects of the reductions have also not been
investigated. These may manifest themselves in two ways.
First, there may be consistent variations between averaging

periods which will Le called functicnal temporal variations.
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Establishing consistencies in these variations would aid greatly
in interpclating the reductions to averaging periods not

specifically investigated. Second, the Zuc transformations may

be influenced by time scales greater than the averaging period.

For example, the corrections required in December may be

markedly different from those required in July. These will be

called intrinsic tempcral variations.

Finally, it was shown in  Chapters III and IV that the
optimal corrections gna (with the exception of Station N for all
fluxes, and Staticn K for the sensible ﬁeat flux) dc not differ
markedly from one ship lccation fo the next. If a formula which
is applicakle at most ship locations can be found, then the ease

of applying the tranfcrmations would be greatly enhanced.

52 Empirical Formula

To verify the arguments of the previous section, the &rke
values of Appendix C for the stresses and cf Appendix F for the
heat fluxes for each ship were weighted and averaged (excluding
Station N) according to the method outlined in Section 3.3 to
arrive at a geographically averaged estimate E:; of the
corrections. The results appear at the ends of Appendices C and

F - Parts 1I.

(fwe -1) was initially plotted versus (qf+%f)lk on a 1log
scale and the results for all fluxes appear in Figure 26. The
horizontal 1line indicates where a correction of 10% or greater
is required. In all cases the curves are quite 1linear in “the
range 0.5 to 20 m/sec except in the linear drag coefficient case

where a discontinuity in the slope cccurs at 10 m/sec. This is
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the wind speed at which the drag coefficient changes form (see

Equation 2.5). For wind speeds greater than 20 m/sec, the

points beccme scattered. This may be due to there being
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substantially fewer averagings in this regime. The slopes for
all curves appear to be similar for all averaging periods. Note
that typical wind speeds of 1-10 m/sec at L=28.0 days yield
corrections of about 1 to 8 which are of the correct order to
improve the transport calculations by Aagaard shown in Figqure
1(b)..  The individual ships' plots of (?5;-1) versus (Qf+wf)vb
were examined and were all qualitatively similar to the
geographically averaged case.

Next, (Z;;~1) was plottad versus averaging period (L) on a
log scale tc determine any functional temporal variations which
appear in Figure 27. Again all fluxes show similar patterns.
All points above the horizontal 1line require at 1least 10%
correction. Beaufort interval 1 (0.2 m/sec) is more scattered
than the others. This extends to Beaufort interval 2 (1.0
m/sec) on the individual ships (211-1) versus L plots.. This is
not surprising since the extremities in wind speed <contain the
fewest number of pcints and the lowest wind speeds have the
largest inherent errors of Appendices C and F - Parts II.. At
L=2.0 days, the * represents Beaufort category 12 (26.0
m/sec) and appears distinct from the pattern of the rest of the
points. This point was determined from only four out of
approximately one million total possible averagings and cannot
be considered statistically valid.

All <cther curves appear to increase systematically.. Fron
L=0.25 to L=2.0 days (which I call Region 1I) the slopes are
steeper than frcm L=4.0 tc 1=28.0 days (which I call Region II).
The vertical 1line at 1=3.0 days demarcates the two regions.

Within each region the slopes do not appear to change
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dramatically frcm one Beaufort category to the next.
' . T
Figure 26 indicates a power law behaviour of (Ek4-l) with

wind speed which appears to be independent of averaging period
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and Figure 27 indicates a power law behaviour of (;nr4) with
averaging period which appears to be independent of wind speed.

It is assumed a priori that the correction 7( is of the form:

] NN LR
7? = | + c((L% +(f§> L

where (uf+vf)1P is the vector averaged wind speed and L is the
averaging pericd in dayse.
The assumed form of the X (3H) variate and X' (VA) residuai

is :

Gy 62 = (- nxY

where the cverbar indicates averaging over all Beaufort

categories and averaging periods which can be rewritten as:

TS%= LOx-X)-(G-nNx1”

which immediately leads tc :

Blz

Ty §x = Lxx) - o C‘*;f* “’Q Lx]T 5.5

Note that we ncw regress the assumed form directly to the data. .

This is a ncn-linear regression of the form:

a8 (-S0n5 (g U%I)"‘“, AP 5. 6

where  Y=X - X', N = Y-8 1 for i=1, 2, 3 anad
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f(>¢;(uf+jf)1P.L)= diuf+%2)ﬁ/2LX e« If we have an initial guess
£ ( XLO ), Equaticn 5.6 can be expanded in a Taylor series to

first order as fcllows:

SIS D (SO T RO

The quantity AL5\S can then be minimized giving:

O = iXX X - \C()\\XQ] ;>\<\'\ o -

5.8
3
5 Chy \Mg >t |
2N . -
(=t I Nio \So
this is a matrix equation of the form:
IF = _é\__—x-h 5.9

where:

=[x v BN SRS

\ Xéo

Ao %
S

aﬁ\ X

>\La 2}\5 %bb
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By evaluating explicitly the derivatives in Equation 5.8, the
A)\L can then be iterated  until ZX\C is small compared to
Nle ., TIteration was halted when\AxibGo\<°-°<’l «. Note
that XX' and X'2 are the <cross products and éguares of the
individual variates and not the squares of the average within
each Beaufort categcrye. Furthermore, the difference means have
been remcved frcm the regression residuals. It will be
demonstrated that this has little influence on the final result.

Since Figure 27 indicated a definite break in the slope a£
1=3 days, the regression was performed piecewise with a separate
set of constants for the two regions. A regression of this type
greatly reduces the regquired number of constants to be stored;
consequently a separate regression was performed on the x and y
stress components. Thus the number of parameters were reduced
from 104 per ship tc 12 for the stresses and 6 for each of the
heat fluxes.

To be rigorous, the regression should be performed directly
against the VA and 3H estimates from each individual averaging.
This would entail calculations involving as many as 50,000
points per ship and flux repeated over several iterationmns. The
computer costs would bke excessive in storage and processing
time. The Beaufort-averaging period groupings of the sums, éums
of squares and sums.cf crcss products of the 3H and VA variates
were stored during the an calculations. By appropriately
weighting these stored statistics, an approximation for the <,
/g and X/ cculd be achieved requiring effectively only 13x8=104
pcints per ship and flux.

A weighting matrix was created in order not to bias the
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parameter estipatés. First, each Beaufort category contained
unequal numkters of pointse The first order weight then was
directly proportional +to the number of 3H/VA averagings within
each Beaufort category. By the nature of the'averaging of the
3H and VA variates, the 1longer averaging periods had fewer
estiﬁates of the reduction which would tend bias the temporal
power ( Y ) in favour of the shorter averaging periods.
However, we wish an unkiased estimate over all averaging
periods. Conseguently, the number o¢f estimates within each
Beaufort category and averaging period was expanded to the total
number of raw three-hourly samples that went into the
calculations of the statistics of each category.. Thus, if
Beaufort interval 8 at L=1.0 days ccntained 4 3H/VA estimates,
since there were 8 readings per day, the. U4 readings were
expanded to 32.

This type of regression minimizes the +total residuals
within each regiomn. That is, each averaging period is no longer
considered as a single block of data but the total residuals
from L=0.25 to L=2.0 days (Region I) and from L= 4.0 to L=28.0
(Region II) are now minimized. It will be shown that the
regression performed in this manner did not significantly
increase the residuals when compared with a direct regression.

The first guess ( \o) was made by performing a linear
regression in log space. At several locations, the iteration
failed to converge with this value. Fortunately, it was
established that most ships converged to values of /2 =-1,0 and
X' =10 in Region I and X/ =04 25 in Region II. Consequently

these values as well as an arbitrary « =2.0 were used as
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initial guesses. ©Not only did all ships converge, but in cases
where the iteraticn had previously succeeded, the convergence
weﬁt to the same values in fewer recursions. This indicates
that a linear regression in log space may not produce suitable

estimates of the coefficients.

5.3 Ship Parameter Estimates

In 1light of the dramatic improvements in test fesults
achieved by the Enz calculations, they provided an acceptable
means of comparison to determine the effectiveness of the 7{
technique., If the 7{ results compare favourably with the %ke
results, then the empirical formula would be an effective
replacement. In this section, the residual variances were
calculated by applying the regressicn coefficients against the
stored Beaufort number-averaging period statistics outlined
above and the empirical formula was not allowed to interpolate
wind speed.

Figure 28 shows the 7? RV estimate minus the &we RV
estimate in percent. For the stresses, nearly all results are
within 1.5% of the Zne values for all averaging periods. The
only exception is Station D, L=7.0 days, 1linear drag
coefficient, x component where the difference was 2.3% (not
shown). . Staticn N was also within 1.5% of the fe¢c residuals.
Many stations showed an improvement (ie. negative residual
variances in Figure 2Z8) in the stresses. This occurred because
here a separate regressicn was performed on the components.

The heat flﬁx RVs (Figures 28(e) and (f)) were generally

within U4.0% of the ch RVs for all averaging periods. The
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exceptions were Station N (not shown) where the results in
Region II were generally poor and Station J, L=28.0 days, latent
heat flux where thé regression induced a further error of about
10.0% (also not shown). Note, however, up to 1L=14,0 days the
differences were all within 1.5% of the ©we values.

As a further indication of the accuracy of the technique,
all fluxes (momentum and heat) showed a positive bias in the
difference variances (not shown). Althocugh they were not
identical to the residual variances, they were close enough to
indicate that a DV/RV statistical biasing was occurring.
Consequently, X cf Equation .3 was adjusted by a
multiplicative facter _£{¢ to reduce the difference variances.
Again considering the 3H variate to be X and the VA variate to
be X', +the «ccnditicn for O difference variance for each

averaging period is :

2 e 2 IXQEI L)Xlee_]
(cFacthe- L% 7 [Clmsed) Xeel
V=i R= N
3 ( 2
[Z \(ul: IZ ((*ML'D\(WJ = 0O 5. 10
et e N
where the summation is over 13 Beaufort intervals, $ is

the minimum approximation outlined in Equation 5.6, Af¢ 1is a
multiplicative correction factor forcing the difference variance

(
tc 0 for each averaging period, and X'n¢=2:>(m3 . This

[t(”“*) Z&m»}

2;44{ Z_._%ie . (Z_}_é\_@XZ_:{gﬂ— (G;'W;TA =0 5e 11

gives:
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where <§§e \<r§e are the raw 3H and VA variances with no
correction applied.- This is then a quadratic in /q& - ‘The
correct root was <chosen by comparison with the uncorrected
difference mean value. The corrections for each averaging
period within each region were then averaged to determine a mean
regional correction. |

After this correction was applied, the constants « ,/§ ’
and X/cf Equaticn 5.3 were calculated and the fesults appear in
Appendix H. The /S term for the linear drag coefficient (g'~
0.9), constant drag coefficient(gJ-l.3), and heat fluxes (-1.2
to -1.4) tend to decrease in this order, for most shipse. The
temporal power ({ K coefficient) - is regular fcr all ships
excluding Station N. 1In Region‘I, it varies from a low of 0.860
to a high of 1.04 indicating that the corrections required in
this region vary approximately linearly with averaging period.
In Region II the { coefficients vary from 0.166 to 0.359 with
most lying between 0.20 and 0.30. Furthermore the temporal
power is independent of type of flux. Thus the discontinuity in
the time dependence is quite distinct between two and four days
which appears to correspond to a discontinuity observed 1in the
slope c¢f the stress ccmponents spectra noted by Willebrand
(1578) .

The four test functions were then calculated. Calculation
of the Z&e_ values required storing the sums, sums of squares,
and sums cf the cross products of the 3H and VA variates within
each Beaufort category. These stcred values served as the raw
Statistics from which the four test functions were calculated.

The empirical formula allowed interpolaticn of the VA wind speed
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correction within each Beaufort category. When the empirical
formula was applied tc each VA estimate individually, certain
ships <chcwed a dramatic decrease in residual variance. For
example, Station N latent heat flux, had a Zwe RV of 82.0% for
1=28 dayse. When the empirical formula interpolated the
velocities, the RV was only 58.9%. 1In the sensible heat flux,
the chahge was from 23.3% to 12.6%. At 1L=28.0 days, 78% of the
data is grcured in Beaufort categories 3 and 4. = Consequently
the interpclation of the correction within the two groups was
important. At locations where the data were more evenly
distributed among Beaufort categories (ege. Station C), the
improvement by direct application of 7{ was less than 1.0%.
This immediately suggests rthat the empirical formula
regression ccefficients should also be calculated directly
against the data rather than against the Beaufort grouped
statistics. Since the,regreséion involved several iterations of
large amounts of data the only feasible method was to regress
the daté in Region II cnly. This was done for several ships
including Staticn N, 1latent heat flux and in no case were the
residuals improved more than 1.0%. In some cases the difference
variances increased to values of about 30.0%. Since the
regression against the data réquired several iterations over
large amounts of information proving extremely costly in
computer time and was of dubious value , this avenue was not
pursued, |
The four test functions were thén calculated by applying
72 to each vA flux and stfess estimate. The complete results

appear in Appendix I while the x ccmponent linear drag
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coefficient and the heat fluxes appear in Figures 29 to 32. .

The difference @means appear in ‘Figure 29, . Except for
Station 4, all DMs are below 0.08 dPa for the 1linear drag
coefficient.s A comparison of Appendix I with Appendix D ( Ekﬁ
results) indicates that the values found by the empirical
formula, although noct identical to the & e DMs, both show
similarvranges of values. The heat flux DMs are generally 1.0-
2.0 Watts/m2 1larger with the empirical formula than with the
directly applied éne technique. The sensible heat flux DMs,
with the exception of Station I, L=28.0 days, are all less than
2.5 Watts/m2 while the latent heat fluxes are mostly below 10
Watts/m2, Station E in Region II is a notable exception where
the DMs are as large as 20 Watts/m2. According to Table X,
Staticn E also has the second largest mean latent 3H heat flux
at 124, 7 Watts/m2,

The difference variances appear in Figure 30. Since the
DVs at all averaging periods could not be set simultaneously to
0, they are all larger than those that appear in Appendix D for
the stresses (the heat flux DVs are indentically 0). Up to
L=2.0 days the'DV stress error for all components is bounded by
+ D5.0%. This increases to + 10.0% for the majority of ships by
L=28.0 days. Aan exception is Station D L=28.0 days which will
be investigated later. Up to L=7.0 days (with the exception of
Station N), the DV heat flux errors are all bounded between +
10. 0%e. Frcm L=14.,0 to L=28.0 days, particularly in the latent:
heat flux, the DV errcrs become quite large -- up to 30.7% at:
Station M. . These are, however, all substantially lower than the

60-60% error in the uncorrected tests outlined in Figures 7 and
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Figure 29. The difference means using the 'empirical formula.

The &heat flux DMs are in Watts/m2? while the stress DMs are in
dPa. D.C. denctes drag ccefficient.

21. The DV error in the stresses and sensible heat fluxes
appears to oscillate. Generally the first and last points in
each region (ie. 1=.25, 2.0, 4.0, and 28.0 days) afe biased
lower than the middle points. This indicates that the

adjustment to the constant (<{ ) term alone of Equation 5. 12 may
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not be appropriate and 'that an adjustment of all three
coefficients may be necessary to force all the DVs to zero.
This was not attempted in light of their reductions over +the

uncorrected DVse.

The residual variances appear in Fiqgure 31. For nearly
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every ship, averaging period, and flux, the directly applied
empirical formula registers an improvement over the ghe RVs. 1In
the stress case, the improvements are marginal -- being limited
to about 1.0%. Both of the heat fluxes, however, show marked
improvements. At 1=28.0 days, there are many instances where
the empirical formula residuals are about one-half of the &ge
values. This = is quite remarkable when one considers that the
formula predicts both the temporal and velocity dependent
corrections.

Generally, the 1linear drag coefficients RVs increase with
averaging period in Region I while the scatter of values is a
fairly constant in Region II. The x component RVs are between
6.0 - 12.0% in Region II while +the y component values lie
between €.0 - 17.0%. The corfesponding constant drag
coefficient values are about one-half of the 1linear drag
coefficient values, The sensible heat fluxes generally follow
the pattern of the stress and, with the exception of Station N
are 1less than 8.0%. . The latent heat fluxes are somewhat less
accurate with all stations except N, E, and M being less than
18.0%. Again a marked reduction frcm the uncorrected values has
occurred.

The correlation ccefficients appear in Figure 32.  Those
points having 1low RVs have high correlation coefficients and
vice-versa. For thé stresses the 7{ correlations are
marginally larger (ie. better) than the Zwa correlations, having
imprcvements c¢f several vparts per thousand. More substantial
improvements are shown in the heat fluxes where improvements of

0.05 to 0«1 are conmone.
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Even though the mean wvwas not included in the non-linear
regression, all fcur test functions closely proximate the éu(
test results for the heat fluxes where the mean was included.

The 7( empirical formula offers suktstantial improvement over

the uncorrected test results.

.0
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54 Geographical Averaged Results

The sums, sums of squares, and the sumé of the cross
products of the VA and 3H variates were saved from the initial
én{ calculations and were then added (excluding Station N) to
create a set cf tctal statistics for all the ships.. The non-

linear regressicn (Equation 5.9) was then applied to achieve an
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estimate of geographically  averaged regression coefficients
{ 2? ) and hence a single set of formulae applicable to most
ship locations. The results appear on the AVG row of Appendix H
and in Table XII.

U The geographically averaged empirical formula ( ﬂj )} was
then used to determine the four tesf functions at each location.
The ccmplete results for all ships including Station N and K,
appear in Appendix J. Again only the x component linear drag
coefficient and the heat fluxes will be presented .

The difference means are shown in Figure 33. In general
the range of values is similar to those of the 7{ results
with most values being less than 0.1 dPa for the stress, and 5.0
and‘ 12.0 Watts/m2 fcr the sensible and latent heat fluxes. The
inapplicability of ;i at Station N is readily evident in the
abnormally large DM values for all three fluxés (see Appendix
Jd} .

The difference variances appear in Figure 34 excluding
Station N for all fluxes and Station K for thé sensible heat
flux. . For all fluxes, the DV values have a range approximately
twice that of the Zze DVs. The oscillating béhaviour is no
longer evident. In the stress case, the DVs are dispersed
fairly regularly around 0.0%. The heat fluxes , however, have a
positive bias. Station K was not removed from averaging in the
sensible heat fluxes. The effect of the geographical formula on
Station K 1is reflected in its abnormally low DV values in the
sensible heat flux (see Appendix J) =-- indicating that the

geographical averaged formula overestimated the 3H fluxe . There

are two ©possible causes for the positive DV bias. The
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IABLE XI1I
The geographically averaged ships' regression coefficients for
the form 1 =1+ o(ua+v2)?’* L . The C denotes the
constant drag coefficient, the L denotes the 1linear drag
coefficient, the X denotes the x component, the Y denotes the y
component, the H denotes the heat fluxes,  the S denotes the
sensible heat flux and the L denotes the latent heat flux. .

T r0 === it ettt addeth ittt siaieadeteatinatentang Tt T T |
fSHIP |TYPE | REGION I { REGION II i
i | | «25 - 2.0 DAYS | ‘4.0 - 28,0 DAYS {
R N prmm e R e et B e fmmm———— 4
I 1 | < | A Y 1 x5 1Y I
e = N fm————— o — e } -t -——q
{AVG IC X }3.337 {-1.322 10.920 4237 {-1.150 |0.261 {
{ iC Y |3.437 |-1.336 0,901 j4.639 {-1.183 (0.231 {
| L X 2325 [-0910 [0.967 |[3.27€ |-0.795 |0.310 |
| 1L Y |2.322 |-0.910 0,940 |30 754 | -0.853 0.275 i
i |JH S |2.874 |-1.469 |0.984 {3546 |-1.2U4 0,244 i
| {H L |1.365 1-1.251 | 1.021 12335 |-1.108 0.263 |
L — P Y R o Y R P e P . -

geographical average, , May generally reduce the residuals
sufficiently so the DV values begin to approach fhe RV values;
or the effect of including Station K is to weight the statistics
so the <calculated regression ccefficients slightly under-
estimate the required corrections.. Since the positive bias' is
also felt in the latent heat flux where Station K did not differ

radically from the other locations, the former is the probable
cause of the Lias.

The residual variances appear in- Figqure 35. The
geographically averaged values are, with the exception of
Station- W, .remarkably similar to the individual ship empirical
formula “% RV values. For the stresses and the sensible. heat
fluxes, the RVs at -all -averaging periods are within 1.0% of
thosé listed in Appendices:D and G.  Staticn .-K sensible heat
flux -values show a 5.0% increase in the residuals at L=28 days

over the individually calculated values. As noted in Chapter IV
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, the Station K Zwevalues differ quite markedly from the other
ships' values. The 8.0% residual listed in Appendix J is not,

however, markedly larger than thosé <calculated for - the other

In several instances, the dgeographically averaged RVs show
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an improvement over the individual ship RVs. For exanmple, at
Station D L=4.0 days, the geographically averaged latent heat
flux RV is 12+ 2% while the individual RV is 13.3%. A comparison
between the resgective difference va;iances indicates a rise to

‘13.8% from -7.0%. Thus the geographic empirical formula has
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more closely afpproached the 1least squares estimate"of the
Station D parameters and negated the DV bias correction. .
The latent heat flux geographic 3{ residuals are

substantially larger in several instances than the individually

calculated values., For example, at Station I, the geographic’
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residuals at L=28.0 days are 27.6% where the individual formula,
71 ¢+ 9ives 18.,0%. 1In all other cases, the geographic residuals
are within 5.0% of the individually calculated values.

The correlation ccefficients appear in Figure . 36. In all
cases, the geographically averaged correlations are about 0.02
less than the )( values.

The geographically averaged empirical fcrmula approach,
with two exceptions, appears to yield nearly identical results
to the individual ships empirical formulé. This approach is not
viable for any of the fluxes at Station N and may not be the
best estimate for the Station K sensible heat flux correction.
For Station D, particularly at- longer averaging periods, the
geographical wempirical formula shows RV improvement over the
individual ships empirical formula because no attempt is made to
remove the DV biase This 1is also reflected in the general
positive DV bias indicating that the geographical average may
not predict the long-term 3H variance quite as accurately as the

individual ships' empirical formula (2{ ) e

5.5 Intrinsic Temporal Variations

The 1latent heat flux corrections at Station N are
characterized by markedly larger residuals and lower correlation
coefficients for averaging periods in Region II. When the
empirical fcrmula, 7{ , 1is applied, at L=28.0 days, the
residuals are as high as 58.9% of the 3H variance. Although the
sensible heat flux residuals are larger at Station N they are
less pronounced than fcor the latent heat flux.

The required transformations may be inherently non-
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stationary. It has been assumed that the winter corrections,
for example, are identical to the summer corrections. Dorman
(1974) has demonstrated that at Station N there are large
amounts of energy.at the annwal cycles for the winds, wind

components, sea surface temperatures, air temperatures and dew
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point temperatures. Except for sea surface temperatures, the
character of all ccmpchnent ﬁariates changes markedly frcom winter
to summer. Dorman also showed that the winter clockwise wind
ccmnponent power is more than four times that of +the summer
power. . Some of the scatter that is evident between the 3H and
VA variates may be due to seasonal changes in +the regquired
corrections.

One methcd to determine whether the annual cycle plays a
dominant rcle in the required corrections is to examine the 3H
and VA and residual (3H - VA) spectra. If a significant peak in
the residual spectra occurs, then a seasonally dependent
correction may be necessary. To this end Station C was selected
as a control because it exhibits particularly stable heat flux
residuals at L=28.0 days‘~- 1.6% for the latent heat flux and
3.8% for the sensible heat flux as ccmpared to 58.9% and 12.6%
respectively at Station N after the ships empirical férmula,
71, was applied. The data at both ships were averaged, and the
lunar monthly 3H, VA and residual stresses were calculated. The
three time series were then broken into 9  two-year blocks at
Station C and 10 two-year blocks at Station N.

Each block of data was detrended and a cosine taper was
applied (following Bendat and Pierscl (1971)) to 10.0% of the
data at <each end c¢f the blocks +to reduce ringing from the
convolution in frequency space of the box window inherent in the
data. The spectral characteristics of the box window and the
ccsine taper «can be seen in Bendat and Piersol(1971) pp. 324-
325, The cosine taper also tends to reduce the power of the

input signal. Consegquently the variance was calculated before
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and after the taper'and all the output gpéctra multiplied by the
appropriate correction at each frequency.

The twenty;six pcints within each biock were then fast
fourier transformed by the UBC FOURT prbgramme and the square of
the magnitude of each fourier sine/cosine pair was calculated.
The spectral density estimates for all blocks were added and the
mean power density estimate was found.

The error in the mean spectral density estimates follows a
2

X

1972) where N is the number of blocks. The 95% confidence zone

distribution with 2N degrees of freedom (Jenkins and Watts,

is determined frcms:

-

ps” é_cylé: Vs
')C—g‘o,ozs’ ')(_,L)D)o.??b/

5.12

where D), is the number of degrees of freedcn (2N),759,u015' and
7Cb,oﬁ15’are the 7(7 statistics at 0.025 and 0,975 probabilifies
and Y degrees of freedom, s2 is the‘spectral density estimate
and T% is the actual unknown spectral density. Equation 5.12
is correct assuming that the input series is Gaussian and that
the spectral €stimates between blocks are independent.
Deterministic signals, non-stationarity, and non-normality of
the input series reduce the actual degrees of freedom causing an
increase in the confidence zones. Sophisticated techniques have
been developed +to calculate the effecfive degrees. of freedon.
These will not be implemented because the aim is to determine
only if outstanding peaks exist in the data. Consequently it

will be assumed that 2N is also the effective degrees of freedon

h%
and the factor (X:Dood” Zonha will be guoted.. For two degrees
[ 1=
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of freedom (ie. one independent spectral estimate), this factor
is approximately (. 2%5,U4.0).

. The spectra of the uncorrected 1latent and sensible heat
fluxes at Stations C and N appear in Figure 37.. In all cases,
the annual cycle in the 3H flux is evident. At Station C, the
VA power is always less than the 3H power and if one considers
the 3H ©peaks to a be a factor of 4.0 above the 3H noise level,
they are significant tc less than 2.0 degrees of freedon.

At Staticn N, however, the VA power densities often exceed
the 3H valﬁes in the latent heat flux, éonsistent with the
negative uncorrected DV values shown. in Figure 21.. In the
sensible heat flux, the VA annual cycle is well within the VA
noise level while the 3H annual cycle is weil above the 3H noise
levels Furthermore, the residual series power density for both
fluxes at the annual <cycle is much greater than the residual
noise level. In fact, the annual cycle frequency band for the
latent heat flux accounts for U42% of the total power of the
residuals. The processes behind this power may also influence
the semi-annual cycle causing slightly larger.pouer densities at
this frequency. |

The individual empirical formula , 7( , was applied and the
spectra for the heat fluxes recalculated. The results appear in
Figure 38. .

At Station C, sensible heat flux, the VA series closely
matches the 3:H series at all frequencieé. | At 0.5 cycles/year
the VA serieé slightly under predicts the 3H series while at 3.5
cycles/year, 'it slightly o§er predicts the‘3H series., The over

and under predictions counter-balance accounting for the 1low
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0u5% DV level shcwn in Appendix I. The residual series power is
gquite negligible at all frequencies cohéared to the 3H series.
The latent heat flux VA series also éloéely approximates the 3H
series for all but the annual cycle. The 350 (Watt/m2)2 years
difference at this frequency accounts for a large‘portion of the
3.0% difference variance. The residual series shows a slight
increase at the annual cycle but it cannot be classified as
significant. Thus, even though there is substantial power 1in
the 3H and VA variates at the annual cycle there 1is no
indication of a substantial peak in the residual series.

At Station N, the sensible heat flux results approximate
the 3H results reasonably well at all frequencies except the
annual cycle where the VA results underestimate the 3H results..
At 8 other harmonics, the VA series slightly overestimates the
3H series. In attempting to reduce the DV error to 0.0, the
variance difference at the annual cycle may have been increased
to the detriment of the other frequenéies, The residual series
shows a slight rise at the annual cycle but is probably not
significant in ccmparison tc the error at the other frequencies.
In the latent heat flux at Station N, the va series
underestimates the 3H spectral demnsities at most frequencies.
At the annual cycle, the residual power density is more than U
times that at any other frequency. Thus seasonal corrections
may be required at Station N in the latent‘heat flux and this
may in part accoﬁnt for ité larger residual variances. The
residual power density is approximately equal to the sum of the
VA and 3H powers. It is demonstrated in Appendix A.4 that this

can occur when a there is a 909 phase shift between the 3H and.
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VA variates.

Tne time series of the residual latent heat flux at Station
N with 7? applied is shown in Figqgure 3S(a). The annual cycle
is evident. In contrast, the Station C residuals are in Figure
39(b)e As suggested in the spectra, there are no dominant
signais.

An inspecticn of the data at Station N, L=23.0 days, latent
heat flux revealed that grouping months 1-5 and 11-13 inclusive
reflected a positive tias in the residuals while months 6-10
inciusive reflected a negative tias in the residuals. The data
were then arranged in these groups and a winter and sunmer
empirical fcrmula calculated for 1L=28.0 days. The results
appear in Takle XIII. The summer /g values of about -1,8 are
substantially lower (more negative) than any other values. The
latent heat residuals were calculatéd using these values and
were reduced to 31.9% and the sensible heat residuals wvere
reduced to 8.0%.

The spectra for the seasonally corrected fluxes at Station
N appear in Figure 40. The 3H and VA series VA series now match
more closely at the annual cycle. A ccmparison witk Figure 38
reveals that a slight reduction in the power of the residuals at
2.0 cycles/year and a slight reordering of the relative
positions of the VA and 3H spectral densities has cccurred at
nost frequencies. The spectral density of the residual series
at the annual cycle is well within the scatter of the other
frequencies. The pcwer of the residuals at all frequencies
other than tne annual cycle has remained, however, virtually

unchanged.
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IABLE XIII

The summer and winter formula coefficients required at Station N
for the heat fluxes at L=28.0 days. .

r=—======= T‘”“"""-’—--';-'-T °°°° - - |
| TYPE | WINTER | SUMMER |
T e N BRI
l N O T4 I «x g |
fommmm e e pommmmmme pommmmmee tommmmmm - fomt oo
| Sensible| 5.337 | =1.368 | 4.399 | =-1.730 |
| Latent | 4.9S7 | =1.373 | 3.€7€ | -1.824 |
| O S R _— e B I, e e e e e e -1

Station D has the largest residuals for the y component,
linear drag coefficient and the seccnd largest residuals for the
X component linear drag coefficient. Coasequently, the spectra
at this station were examined at L=28.0 days.. Fiéures 41(a)
and (b) are the x and y ccmpcient spectra calculated from the
uncorrected time series.  The x component 3H and residual
spectra both show distinct increases in spectral density at the
annual <cycle while the y ccmporent is quite white. In both
components the residual spectra are larger at all frequencies
than the VA spectra indicating that the error is greater than
the actual VA estimate of the power.: This indicates that severe
errors may arise if geostrophic winds from barcmetric pressure
maps averaged over periods of greater than perhaps four days are
used to <calculate stress spectrae. One expects much smalier
errors in the spectra calculated by Willebrand (1978) since the
errors for the 28 day averaging period shown here is much larger
than those for +the 12 hourly averaging period upon which he
based his study.

Figures 41(c) and (d) show the VA and 3H spectra with 7{
applied to the VA series,. In the x component there is a

definite mis-match between the 3H and VA spectra at the annual
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cycle while the resiaual spectrum shows a slight peak. At all
other frequencies, hcuwever, the 3H and VA spectra match gquite
well. After correction, the y component 3H and VA match fairly
well at all frequencies while the residual series is much 1lower
in power.. Since the y component power scale is 1/2 of the x
component power scale, the variance of the residuals of the vy
scale are somewhat 1less than 1/2 of those of the x component.
Table V indicates, however, that the actual 3H variance in the y
component at Station D is only 1/10 of that in the x component.
Thus the generally larger relative residual variances shown in
the y component for the linear drag coefficient may be partially
attributed to dividing by the smaller 3H variance.

The geographical emfirical formula, 3? , Was applied to
the 1linear drag coefficient =stress at Station D and the
resulting spectra appear in Figure 42. The residual spectra are
virtually identical to those obtained when +the individual
correction, 7{ , was applied. The VA spectra, however,
systematically underestimates the 3H series spectral densities
at all frequencies. This is consistent with +the increased
difference variances induced by aprlication of the geographical
empiricalcformula.

The Staticn N residual series, latent fiux shows a 1large
amount of power at the annual cycle which can be reduced by
applying a semi-annual correction. This suggests that a time
dependent correction maf te required for the stresses at Station
N - The individual Station N stress corrections for the linear
drag coefficient were applied and the results are shown in

Figure 43, Note that the scale on the y axis (spectral power
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density) has been increased by an order of magnitude over that
for Station © consistent with the lower variances reported in
Table V. There is a slight mis-match of power between +the 3H
and VA series as well as a slight rise in the y component stress
power densities at the annual cycle. The increase in the
residual power is not significant. Ccnsequently a monthly or
seasonal dependence 1in the corrections may not be required for

the stresses,
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CHAPTER VI WIND ROSE MEASUREMENTS

6.1 Introduction

Qver nuch of the Worldst's oceans, +the only source of
climatic information is from weather 1logs of ships of
opportunity. The Office of the Chief of Naval Operations, US
Navy has ccmpiled and smoothed, in the format of wind roses, the
meteorological observations of weatherstations and ships-of-
opportunity for each of the twelve months of the year as well as
a conglomerate wind rose kased on all the available data.

The wind rose is ccnstructed by sorting the data into eight
directions and four Beaufort categories. They are then
presented as the relative frequency cf wind events within the
four directicn/Beaufcrt groups and as the relative frequency
within nine Beaufort classes irrespective of direction. Further
details can be found frcom the Marine Climatic Atlas (MCA). .

Hellerman (1965 and 1967) has used wind roses to estimate
world climatic wind stress patterns. Using a discrete and a
continuous stress calculation technique and three different drag
coefficients tc compute. stress values, he estimated the wind
stress curl and calculated different values of the wind driven
western boundary currente. He concluded that the selection cf
drag coefficient had a much larger influence on the magnitude of
the western toundary current than errors arising fr&m the type
of calculaticn of stress from wind roses.

The weatherstation data offered an opportunity to
investigate in detail the inaccuracies arising in calculation of

wind stress frcm wind roses.
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6.2 Analysis

To facilitate discussion, the nomenclature of
Hellerman (1965) will be used. The variable,fgg will refer to
the relative ffeguency cf wind events in Beaufort category i and
direction j while Fi will refer to the relative frequency of
wind events in Beaufort category i irreépective of direction.
Note that Hellerman lakelled his Beaufort categories from i = 0
- 11 where the present study will use intervals i = 1 - 12,
Beaufort category 13 (> 33.5 m/sec) will be arbitrarily
incecrporated into class 12.

The original wind direction was digitized in 100 increments
giving 36 directions. The Marine Climatic Atlas was formatted
into 8 directions. Because eight is not a factor of 36, the
intervals between the twc wind roses do not coincide and a bias
occurs in the <constructions of the 8 direction wind rose as
cutlined by Lea and Helvey(1971).

To ccmpensate fcr this bias, a linearly piecewise
continuous :6 direction distribution for each Beaufort category
was constructed. Hellermén used a similar techpique to
interpolate wind speeds; we adapted the technique to interpolate
directional distributions. For each of the. 36 direction
intervals, fiﬁ was assumed to be centred on the j direction (eg.
5.09). The relative frequency was divided by the width of the
direction <category (in this case 109) +to arrive at a total
frequency deansity for each direction/Eeaufort categqgorye. The
frequency densities at the ends of each category (f'ns) were
determined by interpclation between adjacent centre points as

shown 1in Figure 44. The centre points were then readjusted to
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conserve the total frequency density in the interval according

to:
Pig v 285 48,

Ly ¥ 2 gi\s + '?[,Sn = 4 QL‘\L ' 6o 1
where f'ﬂis the frequency density at the lower end of the jTK
direction, f{dﬂis the frequency density at the upper end of the
category, fgis the readjusted centre point, fg&is the original
centre point frequency densitye. In the case that fgd =0.0 then

' c
f'gs and f'ky‘ were set = 0.0a . If f:@ < 0.0 f?@ was set = 0.0

and f£'. .
'y

Yo 8 = 50y /0y
g\\& r Q‘C\A+\ = 4 ?L\l'

and f'gy| were determined by:

The preceding centre point fiﬁ was then again adjusted to
conserve the continuity and‘frequency of the distribution. |
The area under the curve was eéual to the frequency of
occurrence o¢f the wind within each direction interval. The
tctal 3€00 was then divided into blocks of 450 with +the first
interval centred on 0,09 and the area within each block was
calculated to determine the eight directicn frequency function.
The MCA format wind rose groups the Beaufort intervals as

follows:
f3..+,j;f§‘(o.,j;f7.q,j;fe, =f°\.\o.\\“7, rJj: j=1,8 and:

En,3F3;fq;F5;FL;Fz3fk3F§;Fw-
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Figure U44. Construction of the piecewise 1linear distribution
for the directicn interpoclation.

The Modified Scri?ps prccedure (MSc) involves expansion of the
of the fLS categories through proportionality assumptions fronm
the four speed/direction groupings to 12. The stress is then

calculated Ly:

8 M .
el o5 ), ZQ{‘,§CA(VL> Vi

— 90 L3

'y

Suw@s

Cos 93 6.3

Hellerman exrands the gale force wind categories only following
the MSc rprocedures and then aprlies the frequency density

conservation techniques to calculate the stress as:
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Ignoring the intrinsic error of the +transfer «coefficients
and accepting those wused in the ©previous chapters, three
immediate scurces of errcr can be identified as follows:

a. errors in the directional construction of the wind rose;
b. errors in wind magnitude grouping; and
C. differences in calculation techniques.

Assuming that the 36 direction wind comprises the initial
data set, the reductioﬁ to 8 directions induces errors to the
stress calculations in twc ways. First, since the 1linear
piecewise ccontinuous distribution is an approximation of the
actual continuous distribution, the assumed overlap calculations
may not be accurate. Second, the reduction from 36 +to 8
directions reflects a reduction in the number of degrees of
freedom of the distribution (and hence +the total -information
available about the statistical structure of the system) by a
factor greater than four. A wind speed averaging is inherent in
the reducticn cf number of directions and should result in a
decrease in accuracy cf the stress calculations.

Errors due to wind speed smoothing arise in a similar
manner to the errcrs due tc direction smoothinge. The original
data for Stations A thrcugh N are digitized to 1.0 knot (0.515
m/sec). The initial grouping to 12 Beaufort intervals markedly
reduces the number of degrees of freedom of the distribution and
induces the vector averaging of the wind. The MCA format

increases the wind smocthing by a further reduction in grouping
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from 12 Beaufort categcries per direction to four. The Modified
Scripps technique attempts to overcome this reduction by
expansion c¢f the MCA format to 12 Beaufort categories whereas
Hellerman exfpands through interpolation of the given frequency
densities. .

The Mcdified Scripps calculation is essentially a discrete
calculation 1in which it is assumed that the frequency densities
within each Beaufort category should have little effect on the
final flux results, The Hellerman technique assumes that the
frequency densities are continuous and that an attempt to
interpolate the variations within each Beaufort category may be
more effective. A discrete and continuous flux calculation
technigue <can be arprlied with facility at all levels of wind
rose construction.

The total data sample. was divided 4into actual monthly
groupings and the =stresses and heat fluxes were directly
calculated. Tc simulate irregqgular samplings by ships-of-
opportunity, any 3H reading which contained erroneous data for
any variable was rejected from calculations. Wind roses were
then constructed in three stages including monthly and total
wind groupings. The 36 direction, 12 Beaufort interval was
initially ccnstructed. The stress was then calculated by the
discrete and continucus methods to determine +the 1loss 1in
accuracy from wind speed smoothing alone. An 8 direction, 12
Beaufort interval wind rose was then constructed from the
previous wind rcse and the stress calculated by both techniques
to indicate the loss in accuracy due to direction smoothing.

Finally a MCA type wind rose of 8 directions and 4 Beaufort



135

intervals was constructed and the stress calculated by the
Hellerman continuous technique and the Modified Scripps
procedure to determine the loss of accuracy due to further wind
speed smocthing and the accuracy one can expect from Marine
Climatic Atlas wind roses.

In order +tc facilitate identification, the type of
calculation will be identified by the number of directions and
number of Beaufort intervals of the wind rose and the type of
flux calculation. The tybe of flux calculation will ©be
abbreviated as : (1) D - discrete, (2) C - continuous (3) MSc -
modified Scripps.. Thus the 36-12-D stress will be the stress
calculated frcm the 36 direction 12 Beaufort interval wind rose
by the discrete technique. The discrete technique applies
Equation 6.3 directly. The MSc method involves the expansion of
the four Beaufort categories to 12, then the. application of
Equation 6.:Z. The abbreviations and symbols to be used in the
stages of calculation of the wind rcses appear in Table XIV.

The stress differences were quantified by deterhining the
absolute differences in stress magnitude and direction between
the wind rose stress and the 3H stress. The heat fluxes were
determined by calculating the monthly average air-sea
temperature and humidity differences directly. The wind roses
were used to calculate the monthly averaged wind speeds. The
wind rose heat flux was then the product of the wind rose wind
speed and the monthly average temperature dr humidity
difference. The difference between the directly determined and
wind rose heat fluxes then quantified>the inaccufaCies.

The differences were determined for each monthly group and
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TABLE X1V

Coding for the wind rose levels calculated in Chapter VI. .

fmem e e————— LIt et St e rTo————-= -
|DIRECTIONS | SPEEDS ICALCULATICN IABBREVIATION { SYMBOL |
i { {TECHNIQUE | { |
b - te-—mm—————— t-——————————— - -4
| 36 | 12 |Ccntinuous |36-12-C | + |
i 36 | 12 ‘IDiscrete {36~12-D I O [
] 8 | 12 jContinuous |8-12-C | X |
| 8 | 12 |Discrete |8-12-D | A (
| 8 | MCA |Continuous [MCA { |
| i |- |Icontinuous { o |
| 8 l MCA |MSc {MCa MSC | 4 i
| | | i ( |
T L ——— _—te e —————— _—t e ——————— —h e e —-d

for the ccmposite record wind rose for each ship. The monthly

differences were then averaged in two manners. First, the
annual cycle for each ship was averaged and the standard
deviations of the monthly discrepancies determined. . Fdr
example, thke discrepancies from January +through December for
Station A were averaged tc determine a typical error for Station
A. This averaging will be referred to as the ghip average error
and the corresponding‘ standard deviation, the ship error
standard deviaticn. The second averaging was performed between
ships for each month. For example, the January errors only for
all ships were summed, averaged and the standard deviations
determined. This technique should indicate if the errors are
induced by the annual cycle and will be referred to as the

monthly average and mcnthly error standard deviatione.

6e3 Eesults
The stress and heat flux components were calculated through
the six stages previously outlined. 1In all cases the errors

involved were generally much smaller than the difference nmean

errors discussed in Charpters II1I, IV, and V. In most cases the
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€rror in stress magnitudes were less than % 0.05 dPa; the errors
in direction were generally less than 5.00 ; and the heat flux

errors were generally bounded tetween 5.0 Watts/m2,

Stress Magnitude Errors

Figures 45 (a) and (b) <contain the ship mean and error
standard deviations for the constant drag coefficient
respectively. Figures 45 (c) and (d) contain the monthly mean
and error standard deviations respectively for the linear drag
coefficient,

In all cases the 36-12-D calculation is biased slightly
negatively at about 0.01 dPa indicating that this technique
consistently overestimates the actual stress. . This is
accompanied by a standard deviation of similar order of
magnitude suggesting that the bias is statistically significant.
It is douktful, however, that errors of this magnitude
contribute greatly to induce errors in oceanic circulation
calculations.,

In Lboth +the ship and monthly means, fhe_ 36-12-C
calculations. are virtually 0.0 dPa. The error standard
deviations are roughly equivalent to the 3€-12-D technique.

The 8-12-C has a mean error of about 0.02 dPa larger -than
the 8-12-D <calculations - with .nearly identical error standard
deviations. Furthermcre, both cases show a consistent reduction
of 0.01 ; 0.02 dPa from the respecfive 36 airection calculation.
Thus an effect cf reduction of direction degrees of freedon is
to 1induce a slight undérestimation of the stress. It 1is

interesting that this induced underestimation in the discrete
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calculation re-adjusts a systematic overestimation for 36
directions to an over-all mean of nearly 0.0 dPa in +the 8
direction case. In the continuous calculation, the means are
consistently underestimated by about 0.02 - 0.03 dPa.

The MCA <continucus and discrete calculations 1lead to
curious results.. The continuous calculation mean errors (with
several exceptions), appear to underestimate the total stress to
about the same degree as the 8-12-C technique. The MCA MSc mean
values are, however, lower than the 8-12-D technique.. 1Indeed,
during the summer months the MCA MSc technique overestimates the
"actual" stress to an even dreater degree than the 36-12-D
technique, The standard deviations for the discrete and
continuous calculations are nearly identical and display
distinct increases (up tc 0.1 dPa) in the winter.

The MCA fcrmat does not'resolve the gale force winds into
direction categories. To achieve this, Hellerman divides 1/6 of
the total gale force winds into Beaufort categories 11 and 12
irrespective of seascn and location.. Since the. stress is
calculated as the square of the wind speed (a cubic in the
linear case), even small gale force wind frequency densities can
make dispropcrtionately large contrikutions to the total stress,
Thus, if the actual ratio of Beaufort categories 11 and 12 is
substantially less than 1/6 then a fictitiously high stress will
result, Fcr examgle, at Station J where the discrete
calculation yields a particularly high value in January, the
gale force winds account for 18.0 % of the distribution. The
ratio of Beaufort categories 11 and 12 to the tctal gale force

winds 1is only 11.3% and not 16.7%. Furthermore, in June and
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July there are no reccrded values in Beauforf categories 11 and
12,

All errors calculated by all the techniques are very small.
The reduction in directicnal degrees of freedom leads to a
slight increase in the underestimation of the. "true" stress.
The discrete calculaticn consistently yields 1larger stress
magnitude estimates than the continuous calculation for
equivalent degrees of freedom. Inaccuracies associated with the
MCA techniques may be due to inadequate interpolation of the

gale force winds.

Stress Direction Errors

The ship 1linear angle  difference wmeans and standard
deviations appear in Figures 46 (a) and (b) respectively while
the monthly constant angle difference means appear in Figures 46
(c) and (d). )

The mean angle differences are all less than 5.00. The
standard deviations, with the exception of Stations D and K,
linear drag coefficient, are also less than 5.09. The means for
the constant drag coefficient as a function of month are biased
positively while the limear drag coefficient biases appear less
evident.

'The mean errors appear to be dependent upon degrees of
freedom and not upcn discfete or continuous calculation
techniques. The 36-12-C, 36-12-D, 8-12~C, and 8-12~D techniques
are virtually identical in both means and standard deviations.

The two MCA calculations are also very close in their mean

values although the parallel is much less evident in the
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standard deviations. Where the two MCA" standard deviations

diverge, the continuous calculation shows more fluctuations. .

Heat Fluxes

The errcrs in the sensible heat fluxes appear in Figure 47.
Errors are very small -- the means are generally bounded by =+
2.0 HWatts/m2, Within each ship or month category the standard
deviaticns for all calculations +techniques are virtually
identical. The reduction frcm 3€ tc 8 directions appears to
have a negligikle effect on the mean error for either the
discrete or continuocus calculations. There 1is, however, a
slight positive bias (or underestimation) in the mean error for
the 36-12-C, 36-12-D, 8-12-C, and 8-12-D calculations.

Wind speed grouping according to the MCA format induces a
small mean error. The continuous MCA calculation consistently
underestimates the sensikle heat flux in ccmparison to the other
calculations while the MCA MSc calculations yield a consistent
overestimaticn in relation to the other techniques. The effect
of this slight overestimation is that the MCA MSc calculation on
the average has zero bias in the means for both the ship and
monthly average calculaticnse.

The latent heat flux results appear in Figure 48. Many of
the observations of the sensible heat flux are also applicable
to the latent heat flux. There is little difference in the
means between any calculation for the direction reduction and
the major discrepancies occur for the MCA formate. The
continuous MCA calculation again underestimates the latent heat

flux in relaticm +tc the other techniques while the MCA MSc
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calculation again overestimates the latent heat flux.. The
standard deviations fcr all techniques are virtually identical.
The mean latent heat errors are largely bounded by + 5
Watts/m2 with a general negative bias for for all techniques 1in
both the mcnth and ship mean errors. The effect of the negative
bias 1is that the MCA continuous calculation now provides on

average, the most accurate estimates of the latent heat fluxe.
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CHAPTER VII SUMMARY AND CONCLUSIONS -

Time series of varying lengths from° nine weatherships in
the North Atlantic Ocean and from two weatherships on the North
Pacific Ocean were examined. The data consisted of three-hourly
readings of wind compcnent velocities, barcmetric pressure, air
temperature, dew point temperature, and sea surface temperature
from which were calculated three-hourly air densities, air-sea
temperature differences, air-sea humidity differences, x and y
component wind stresses (using both constant and 1linear drag
coefficients), sensible and latent heat fluxes. The calculated
gquantities and the wind ccmponent velocities were averaged over
varying periods. The fluxes were then recalculated using the
appropriate averaged ccnstituent variates to arrive at a vector
averaged (VA) estimate. The VA flux estimates were then
ccmpared to the directly averaged (called 3H) fluxes.

4 systematic underprediction of the. 3H air-sea fluxes
occurs when they are estimated through VA parameters. The
required transformaticns tc correct for these losses are similar
for all fluxes and are dependent upcn.the VA wind speed and upon
averaging period. (Chapters III and 1IV)

Four test functions: the difference means, difference
variances, residual variances, and correlation coefficients were
defined in Equations 2.16 - 2.19 to quantify the differences
between the VA and 3H fluxese. In all cases the difference
means, difference +variances, and residual variances increased
roughly exponentially with averaging period while the

correlation coefficients showed a similar decrease. The
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residual variance measured the point-by-point differences and
had maximum uncorrected values at L=28.0 days of 30.0-40.0% for
the constant drag coefficient, 40.0-50.0% for the linear drag
coefficient, 25.0-45.0% for the sensible heat flux and 40.0%+
for the latent heat flux. (Sections 3.1 and 4.2)

A simple analysis established a lower tound of the point-
by-point magnitude reductions in the constant drag coefficient
stress, Rj(L). They Were proportional to the variance of +the
wind speed lost through averaging, and inversely proportional to
the calculated vector averaged wind speed squared. Although not
exact, the simple mcdel aided in explaining many distributional
features of the 3H-VA discrepancies. The fact that the point-
by-point directicn differences, Bj(L), averaged to 0.09 for
moderate wind speeds indicated that a single +transformation
would suffice for both the x and y stresses. (Section 3. 3)

The . most precise method of correcting £for the 3H-VA
discrepancies was to linearly regress the two variates on a
Beaufort category/averaging period basis arriving at a
transformaticn ZRQ « Marked improvements were found in all four
test quantities. The residuals increased exponentially to 3.0
days and then remained fairly constant from 3.0 to 28.0 days.
At L=28.0 days, the ccnstant drag coefficient residuals were
reduced to S5.0-8.0%, the linear drag coefficient residuals were
reduced to 10.0-15.0%, the sensible heat flux residuals were
reduced to 5.0-10.0% and the latent heat flux residuals were
reduced to 10.0-40.0+%., Significant (>10.0%) transformations
were required for all wind spegd categories for averaging

periods greater than 0.5 days. (Sections 3.7 and 4.5)
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Due to mathematical aspects of the regression, it was found
that a positive bias in the difference Qariances, exactly equal
to the residual variances was induced. Because correlations
were generally high tetween the 3H and VA variates, this biés
could be corrected without markedly increasing the residuals.
(Sections 3.5 and 4.3)

Plots of-Ezl indicated that the transformations may be
quite regular cver varying averaging periods and varying wind
speeds for all fluxes. A non-linear regression of the forn
7( =1 + cX(u2+v2)5/2L( was performed and an analysis of the
test quantities revealed that application of this formula to the
VA fluxes produced identical results to the .Z@e test results,
The Lkest methcd of application of the formula was to allow it to
correct each VA estimate on a point-by-point basis.. (Section
5¢2)

The similarity of the results for all fluxes indicated that
the vector averaging cf the wind in general, and the 1loss of
wind variance information in particular, determined the extent
of the reducticn for all fluxes. This was confirmed at Station
N where a 10 fcld reduction in wind speed variance accounted for
markedly reduced transformations required for both drag
coefficient calculaticns, and for both heat fluxes. The
discrepancy at Station K, sensible heat flux, remains an enigma.
(Sections 3.1, 3.4, and 4.4)

It was shown by direct observation that all éhips excluding
Station N for all fluxes and Station K for the sensible heat
flux required similar transformations. The directly calculated

difference means, residual variances, and correlation
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coefficients wWwere insensitive to a geographic grouping of
transformations. . The difference variances, in some instagces,
rose substantially (Section 5.4). This was confirmed in the
spectra at Station D where a geographically averaged correction
was applied. (Secticn 5.5)

An analysis of the heat flux spectra at Stations C amd N
demonstrated some of the internal properties of the
transformations, A large annual cycle in both +the latent and
sensible 3H heat fluxes did not necessitate a seasonal
transformaticn at Station C where the residual variances were
lowest, An analysis of the residual spectra at Station N,
exactly where the heat flux residuals were highest, revealed
that a seasonal transformation cculd markedly improve the
residual variance. Thus, the gross form of +the transformation
may be dictated by the vector averaging of the wind; deviations
from +the brecad transformations may be dependent upon the
correlation of the annual air-sea temperature or humidity
differences with the annual winds. Other areas of high
residualé (ege Station E, latent heat flux) may also require a
seasonally dependent transformatione (Section 5.5)

An analysis of the uncorrected stress component spectra
showed a consistent underestimation of the 3H spectra by the Va
spectra at all frequencies. Even though Station D showed the
highest residuals after transformation, there was no evidence
that a scasonal transformation improved the situation. (Section
5.5)

Any one of the three transformations (Ept,a( ,ii )  will

greatly aid calculaticns based on air-sea fluxes calculated from
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averaged constituent datae. The EQe transformations for the
égnstant drag ccefficient are in the correct range to aid in
improving the pressure averaged transports of Figure 1(b) to
more closely resemble the averaged transports c¢f Figure 1(a)e.
Consequently application of the transformation may yield more
accurate results frcm numerical models while using more
realistic air-sea transfer coefficients. Furthermore, the
technique cffers the possibility of numerically depicting the
time history development of specific wind forced oceanic events.
Given the similarity in the test function results between
Zne,’ﬂ», and iz r the tvwo empirical formulae should ease
implementation of the transformations with 1l1little 1loss in
accuracye.

The improvements in the spectra are very clear. From a
situaticn at 1=28.0 days where +the wuncorrected time series
yielded large discrepancies between the VA and 3H spectra and a
residual spectrum which was as 1large or larger than the VA
estimated spectrum, the }( transformaticn produced a match
between the two estimates on a frequency-by-frequency basis and
produced substantial reductions in the residual power density.
{(Section 5.5)

Several facets, particularly in applying transformations to
barcmetric pressure calculations, require further investigation.
First, the Dbarometric pressure maps have an inherent spatial
averaging which could not be simulated in this study. Similar
calculations at the eleven weathership locations based on
geostrophic wind data (such as developed by Willebrand,1978)

could confirm whether similar transformations for geostrophic
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wind are required. Aprlication of the transformations to
transport <calculations similar to those of Aagaard (1970) could
add further ccnfirmaticn. Second, the sub-tropics, tropics, and
mcnsoon regions (where a strongly deterministic annual signal is
inherent in the winds) have not been investigated. 1f
ccnfirmation of the technique could be gained from replication
on geostrorphic winds, then it may Lke possible to extrapolate
transformations tc other regions of the world using these data.
The wind rose errors were investigated at all levels of
construction. In all cases, the average errors were equal to or
less than the corrected difference mean errors for the
equiva%ent L=28.0 days of +the vector averaged winds. Slight
overpredicticn could be detected in the discrete versus the
continuous calculation.. The reduction from 36 to 8 directions
induced a slight underestimaticn in the 3H stress. Errors in
the MCA (Marine Climatic Atlas) calculation were probably
affected by the allocation of the gale force winds and inherent
correlation between the winds and the air-sea temperature and

humidity differences. (Chapter VI)
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Appendix A

Development of some mathematical aspects of the multiple
regression analysis. .

. T

A.1 Equivalence Of & 2nd AT

Let X be the 3H variate and X' be the VA variate and k be
the Beaufort interval (from 1 to 13). The object is then to
minimize the residual variance defined as:

~ . (3 n :
Q/x Sex® hZ‘ [\Lhé Efzexn(j Iz‘ ZKﬁL_"Q_}_“A] 1.1

LB

where N is the total numker of pcints in the averaging 1length
and J is the number of values in Beaufort category k.

3 Ox Sex
Setting 3%,, -9Qfor each k:

k<t }=1

Jr » Ik
L &hﬁké‘im\/\(@]*’ ZM ZZ XMS 1.2a
A" éﬂ

Redefine:

Je (
S\z = ? X\LAXRé
. Ta p
ng: 7 Xng
é=\
. Je o
Xa = %Qﬁ
3=
Te

ax i{“ﬁa;s_@éﬁ,—
R=t =t
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expanding AX in full gives:
(3 T

Cre = Se- Ye {N Z X - Cee Xv.é]

Kl

This equation was solved by Gaussian elimination with
iterative improvement.

Expanding equaticn 1,17 gives:

2

i3
g g‘ﬁm-zsnzw 2o T ()
=

1 43

Substituting 1.3A gives:

3

2
Ty Sax = |

2 "
{3(«2' e, Mbi_ (axy~ 1. 54

W= n Y&

Similarly the difference variance is:

T aGe = ng Zoe X0 \i -,‘;lé*‘n»‘ ﬁ?lén\(w

h’l

Again substituting 1.3A gives:

T A L 5 {xﬁ:— S—:& - —XIEAZ‘EX*_lﬁ% Zm—\l\/ﬁcyﬁ ¥)

“’ Y =

HERT ({ D)
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Or:
" (e SnL Xk ()
= Z~ __?_{ Xh_ A)( i
Q—X ATU N %‘?Xu X(n,+ S - <AX\ 1.7a
k

2 2 2 ?
This 1is exactly equal to 1.5 r inﬁx’TxS&xo The

approximation for the wind stress was that all linear terms

(neans) are small ccmpared to the quadratic'and cross terms in

which case:

q gzx—qﬁ(A@)x ):\ )(VL—_S—V-L——]
N =i %,

A.2 The Effect Of The Change In %&we On (r:%:ﬁ

Let X and X' be the 3H and WVA variates, and(wé)er_“n_gw
Y G Ene

i X
,Q}ch is the residual variance before application of (i+¢)

after application of

[
andﬂ3§:$ is the residuval variance
@4&\ e« . Then:
___________7_.
T gm' C)( ¥V - Ox=xt) ). 1

Where is the averaging operator.

Which reduces to:

11- k3 L
GX‘BXQ.: Tx +Too- 2 e T3 Ot 5. 32



158

2\ -
Uk Sexs T+ (4e) T - 2@ (@ 2. 4A

Where K, is the correlation coefficient = (¥R -XX/T, (o
Since Ry is invariant under a scale <change and

(t+e)Ty = §x 5 Subtracting 2.3a from 2.4A gives

Ty (S‘xe‘ S‘;QS = 1z¢ re?r-2z Kyel ‘*C’>] T:'

1

€2 +e - 2R C+e)] T
2¢ 5A

Equaticn 2.3A can ke rewritten is terms of

Ve S - 12+2e - 2R ((re)er | ¢4 2. 64

Substituting 2.64 into 2.5A gives

T ($Ve-85e) - e TSk - (eved] o

Dividing by(T:Q;é gives:

\ 2

%xt"%‘iﬂe . & - [CE_Z:_,G_EM
I A =

T =
e W; Sxe 2. 74

substituting 2.54 into 2.7A gives:

/@xe“ %“> - - {ler /a0 + c21}

2e 8A
Ske
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=

This result is independent of whether %xe is at the

minimum or not and thus may be positive or negative.

2 2
A.3 The Effect Of 1The Change In Evu on - g;\g When gxelis_

Minimizede.

Considering the primed variates to be uncorrected and the

unprimed variates to be the variables corrected for the DV bias,

then according to Section A.2:

2
qZAG\: T:’Fff

*

3.12
. g N 2 z
T%xe:¢;+ﬂt—2ﬁx@ﬁ'
At the minimum:
2~ < T
q}(%XQ = q}. ZXVZ
Ty -T2 = @2 2
- . =
X K » * ql‘"“QEZx;q; T
which reduces to
TZ _ |
I<y = 3.22

AlA

Now:

G’Lg":b = WZZ -+ Tt-— @\;G—t
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v 2@ P> (A
T (She - Swe) - T~ Vot =205 (0% 05
3. 34

Substituting Equation 3. 124 gives:

VW(&‘;-S?;Q = T% - (T:. -2 0 (U“x-OZ) N (@«R\L

or.. giﬁ‘g;== <q1—0%51= (V—RQY-

'x

- /
A.4 Proof That A Shift Of /2 Is Induced Between The VA

(£
=]

d

I

Variates At Station N.

If we let the spectral components of the VA series at any
cycle be (a,+iby;) , and the 3H series be (a,+ib.). Since the
fourier transform of the residuals is a linear operation, the

power at the residuals is :

(220w (b)) | @)+ (a7 vb2)-2Gutath, be)

4. 12

if we consider that the VA variate must be stretched and rotated

tc match the 3H variate then

. - =
\Ck>_+ Lbif} = %{G&.-+£.b,\>uﬁ _ 4. 2n
where: d@. D is the stretch; and
b & is the angle frcm the VA tc the 3H spectral
pairs.

t
Expanding £ and matching real and imaginary parts gives:
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Oz - W Q;{Cese- b\shué3

\Dl: M (Q\ eSS + \Q.Q‘:V\»@>

Squaring both sides of Equation 4, 3A gives the identity

() < mE (ke by

un aA
Substituting Equaticns 4.2ZA and 4.32 intc 4.4A gives
2
v o) (ba-b)) = (o~ ‘>\Z><" 2 cost6 + )
4e 52

From Figure 5-12, the residual power at the annual cycle is
approximately equal to the sum of the pcwer of the 3H and VA

series, or:

o+ (bu-be [t eh™)s @b

= (@2 bE)U- 2 gos2@4 )
4.64

Using 4.47A gives:

(Qf+Q}>ZWJm§9=o,
Neither m nor the VA power density equals 0.0 thus = ¢
or, a 909 phase shift has been induced between the 3H and VA

series at the annual cycle..
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Arpendix B

Difference means in AdPa, difference variénces, residual
variances, and correlation coefficients for the uncorrected VA
stress. The first row gives the averaging length in days.
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e A SR G FEe me Sme e Ghe R S

| ettt ehattaintndadat Sttt ittt It thntntntattententht bt mEmm————— TETTmTm |
| DIFFERENCE MEANS - CONSTANT D.C. X COMPONENT {
S tommme- o +omme- oo e i St
fSHIP] 0.25 | 050 | 1.0 | 2.0 | 4.0 | 70 | 14.0 | 28.0 |
e B O Ot O e S B
[ & | 4002 { 4008 | <022 | -044 | .C67 | .070 | .069 | .068 |
I B | «010 | 022 | <051 | ,098 (| 145 | 175 | 220 | 247
| C § 4022 | 058 { <127 | 2233 | 4329 | +391 | 458 | .511 |
| D | +034 | 4079 | «162 | <275 | 371 | 437 | .516 | .587 |
I E | <015 | 034 | 066 | «112 | 4151 | 182 | 227 | .261 |
I I | «012 | <027 | <056 |- 2098 | <135 | «159 | 202 | .234 |
I J | «020 | 043 | <1071 | «175 | 4248 | 4296 | «383 | 449 |
| K | <018 | 043 | 083 | 4128 | .164 | 204 | .257 | .313 |
I M| <007 { 4017 | 038 | 065 | 2090 | 118 | 153 | 172 |
I N | «007 | 011 | 4013 | 017 | .035 | .058 | 085 | 113 |
I P ] «014 | <034 | «065 | «098 | «127 | 2136 | «152 | 177 |
| | | | | | | | | |
I..._...-.L--_--.L ...... 5 IR -t —te e Ao - i K. --.‘
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I B |l 004 | 4008 | «023 | <054 | o094 | 2125 | <157 | 183 |
I C | «012 | o029 | 042 | 048 | 052 | 052 | 063 | 068 |
I D | «015 | 4036 | 056 | «073 | 4077 | 089 | 100 | 109 |
| E | .007 | 4015 | .023 | 2039 | .C50 | .066 | .086 | 105 |
| I 1 <015 | 035 | 2063 | 2093 | 4133 | 170 | .210 | .249 |
I J 1 «014 | 4034 | 068 | 093 | 127 | 161 | 4199 | .224 |
I K | «002 | 4006 | C08 | «006 | «002 | 015 | 032 | 021 |
I M| 001 | .00 | <007 | 008 | 000 | 006 | .026 | .028 |
I N | <004 | o005 | oC06 | 009 | 017 | 022 | 033 | .0uy4 |
| P | 026 | 4062 | 4126 | 2225 | .331 | .398 | .501 { .578 |
F | | | | | | | [
l...._..._.L ______ ) . _—t e e 3 EOUNSERIY NP ¥ R, ..‘
| DIFFERENCE MEANS - LINEAR DeC.. X COMPONENT |
o Bt fommmam B $-=mm
ISHIP| 0.25 | 0450 | 1.0 [ 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
et e B S G e S t—meomm ~
A |- +005 | «017 | <043 | 082 | «115 | 117 | 4113 | 113 |
B i 016 | 2033 | 075 | o139 | 2195 | .225 | .266 | .289 |
C i o040 | <101 | 2212 | 2370 | 495 | o561 | .627 | .674 |
D | 057 | 133 | 4265 | <420 | .538 | .€09 | .686 | 753 |
E | 4023 | 4052 | 4098 | 4156 | 2201 | 2233 | .274 | .302 |
I 0 2022 | 4045 | 4098 | 4160 | 212 | .241 | .286 | 317 |
J | <035 | 082 | <162 | <270 | 4363 | 417 | 508 | .565 |
K | 4030 1 4069 | 4127 | 187 | 4232 | .278 | .330 | .377 |
M| +012 | <030 | 4062 | «100 | <134 | 163 | .195 | .210 |
N | <006 [-4009 | 4009 | o012 | 2027 | .044 | .065 | .086 |
B f -024 | 4056 | 2100 | o141 | 167 | .171 | .181 | 201 |
n | | 1 4 | | I !
| [ Y RS, i R, A -
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et |
i DIFFERENCE MEANS - LINEAR D.Cse Y COMPONENT |
T B e 4=—mme Y -4
ISHIP| 0.25 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s e s B —ommmae o e tommee ~
I A | <004 | 013 | 020 024 | 026 | 027 | 007 | 001 |
| B | <010 | 019 | 048 | o103 | +164 | 2200 | 233 | 256 |
| C i 021 | 4047 | 2066 | 064 | 2065 | 2062 | 072 | 076 |
| Dl «024 | 4056 | +C79 | 4092 | .086 | .093 | .102 | .109 {
I E | «009 | 020 | C28 | 042 | 047 | 059 | 075 | .089 |
I I | 4025 | 2059 | <100 | 145 | 197 | 235 | 4274 | .309 |
| J § 023 | 4054 | 2101 | o132 | 168 | .201 | .236 | .258 |
I K| <004 | «011 | «012 | 010 | 003 | 4013 | 026 | 017 |
I M { 003 | <010 | <014 | 018 | 013 | 022 | 043 | 0u45 |
I N | «003 | 004 | o004 | 007 | 014 | 019 | 028 | 036 |
I Pl 043 | 104 | 206 | «349 | UBU | 560 | 660 | 723 |
| | [ | | | | [ P
‘._—_._L_---_.J. ...... B DT SRR, - e —t e 5 R, A _.._.l
| DIFFERENCE VARIANCES - CONSTANT D.C. X COMPONENT {
S e pomeman fommmne to=m—- —pmmmmam o= o fommme -4
ISHIP| 0.25 | 0.50 { 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s oo tommmmm s S e S -
I A | «0471 | 103 | «201 | «347 | 487 | 585 | 710 | 810 |
I B «042 | 2099 | «197 | «335 | 507 | 624 | o725 | 811 |
I C | <042 | <100 | <190 | 336 | U486 | 549 | 640 | 719 |
I D | <045 | 2703 | <209 | o341 | <UES | «539 | 626 | -740 |
I E | <044 | 4,098 | o182 | .313 | 444 | .552 | .641 | ,694 |
I I | «037 | o090 | 173 | 4299 | 440 | .524 | 648 | 749 |
I J | <035 | <082 | 2158 | «270 |- «390 | <477 | 4595 | .666 |
I K | «040 | 091 | o171 | 4258 | 369 | 490 | 634 | .726 |
I M | <038 | 4093 | 186 | «320 | UEU | 587 | 703 | .781 |
| N | «04S | 4096 | +160 | .240 | .355 | .426 { .520 | .602 |
| P ] o048 | <115 | .234 | <366 | 489 | 607 | .710 | .781 |
I | | | | | | | |
|.__..._.L ______ N S, ¥ I —_—d e ¥ IS, Y . 4 -..——-.{
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I B pommmmm pommmme o - R, —
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S e g e S e e B —
| A | <038 | 4095 | <187 | .325 | 465 | .595 | .714 | .801 |
| B | w043 | 2106 | +215 | «375 | 540 | .634 | .725 | .809 |
| C | <058 | 2137 | 4255 | .405 | .561 | .652 | .728 | .793 |
| D | .060 | +142 | 4255 | 4399 | 4574 | .659 | .743 | .827 |
| E | 051 [ <110 | 4214 | +339 | 486 | .596 | .728 | .812 |
| I | «045 | 106 | «197 | 321 | 461 | 561 | 648 | 703 |
| J 1 <043 | 2102 { 197 | 317 | 456 | .570 | .654 | 2715 |
| K | 047 | 2107 | 4207 | 2323 | o450 | .589 | .705 | .806 |
| M | <037 | 4090 | .177 | 4293 | 445 | .539 | .697 | .785 |
I N | 053 | <105 | 172 | «285 | 406 | «522 | «629 | 711 |
| P | «041 | 098 | 194 | 331 | 468 | 2520 | 628 | 691 |
Lo 1 | [ l | | y l
| EORN N I, —t e O, 4 b e e ——— P IS RPN |
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[ ittt ettt sttt atseaddeatendendantes b s b N |
i DIFFERENCE VARIANCES - LINEAR D.Ce X COMPONENT |
bt +--——— fe————— +---— St r———— t-—m——— 4 t=me—- —
|SHIP| 0025 | 0450 | 1.0 | 2.0 | U4e0 | 70 | 14.0 | 28.0 |
fb——t-———— t-———— t-———— 4 +—————- 4= t=-———— +-——— -~
I A | «07C |-174 | o321 | o513 | <€60 | 746 | 847 | .908 |
I B | <073 | 2165 | 311 | 480 | «690 | «787 | «860 | 910 |
I C | «072 | 168 | «301 | «513 | €87 | 741 | .818 | .876 |
I D | «081 | <183 | 4358 | «535 | <667 | «727 | 809 | .894 |
I E | 077 | 4163 | 2297 | 470 | 617 | 717 | «796 | 833 |
I I ] «067 | 2156 | «283 | U457 | «617 | «700 | 802 | .876 |
I T | «063 | <183 | 4266 | «U21 | 2571 | «660 | «777 | 830 |
I K| 072 | 4162 | 4295 | 411 | 548 | .667 | .781 | .850 |
I M| <064 | <155 | 4294 | U465 | €26 | «736 | 830 | .876 |
I N | «077 | 4150 | 2239 | 334 | <457 | 4522 | 595 | .659 |
I P | «089 | <198 | 2376 | <56 | «674 | 4779 | «850 | <891 |
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I D | «107 | 4239 | U401 | 566 | «749 | 808 | «859 | 916 |
| E | <094 | 189 | 334 | U89 | 641 | .740 | 830 | .884 |
I I | «080 | <186 | 2323 | <483 | o641 | 736 | «802 | 839 |
I J 1 «078 | o180 | 4323 | U476 | 641 | 741 | 803 | 843 |
I K | 2083 | «188 | «338 | <490 | «618 | «750 | .826 | .890 |
I M| 4062 | 4151 | 4281 | 438 | 606 | «692 | 819 | 870 |
I N | 088 | 4160 | 2250 | 387 | «516 | «623 | «706 | «770 |
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i | | I i . | | | |
},____.__J, _____ S T, W T L - 4 PR W L - 1 "‘"i
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-t t-—— fo— —+-—-—— t-————— 4= +=———— 4
I A | «003 | <010 | 2030 | w072 | «132 | 187 | <271 | 367 |
I Bl «003 | <010 | 2029 | «072 | 138 | 4206 | 283 | 360 |
I C | «004 | 40011 | o030 | «070 | «125 | <154 | 4213 | «267 |
I D | «008 | o013 | «037 | «07€6 | «121 | <160 | <205 | 287 |
| E | <003 | «009 { «023 | «058 | «105 | «156 | 205 | 246 |
I I ] <003 | .008 | o022 | 4050 § 096 | 135 | 213 | .300 |
| J | «003 | <008 | 4021 | 046 | «CG82 | o117 | «178 | 227 |
I K | «003 | 4008 | 4019 | o038 | 069 | <116 | 208 | .283 |
I M| «003 | 4008 | 024 | «059 | «109 | «172 | «256 | 349 |
I N | <003 | 007 { .06 | 4037 | 077 | 110 | 164 | <220 |
I P | <004 | o012 | «037 | 077 | <125 | <187 | «257 | <320 |
i - [ [ | | | { [ |
L e o _—t e 4 A i I i L P |
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| ittt ettt dete et ettt deshatei ettt o s i |
i RESIDUAL VARIANCE - CONSTANT D.C. Y COMPONENT [
R S te-mee fomeee e —-———- -
ISHIP| 0.25 | 0450 | 1.0 | 2.0 { 4.0 | 7.0 | 14.0 | 28.0 |
et e Hommae e S At O -
| A | +002 | .008 | 2025 | 062 | 119 | .185 | .276 | .366 |
| B | «003 | 4010 | 032 | 086 | «166 | 224 | .294 | .380 |
| C 1 <005 | <016 | o045 | 4097 | <167 | «220 | «286 | .346 |
I D | 007 [-.020 | 049 | o101 | .186 | .243 { .312 | .393 |
| E | «004 | 2012 | <033 | 071 | o141 | 196 | .286 | .378 |
| I | <004 § o011 | .026 | 4059 | 108 | .157 | .225 | .287 |
| 3 1] 4003 | 010 | 4025 | 4062 | .108 | .166 | 220 | .270 |
| K | 004 | 4011 | <030 | o057 | <103 | .166 | «256 | .370 |
| M | <002 j 4007 | 4022 | 4051 | o104 | .148 | .255 | .345 |
| N | <004 | <010 | 020 | <050 | .095 | .148 | =218 | 2286 |
| P ] <004 | 4011 { 031 [ .074 | .125 | <146 | 203 | 4257 |
l [ [ [ I [ [ [ [
| WPEPEIY TSP D i R, 1 ———de b . -
| RESIDUAL VARIANCE - LINEAR DuC. . X COMPONENT |
S s ST b SRS e -
ISHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
O St S B e B O |
I A | 007 | 4024 | .069 | «158 | +262 | +335 | 433 | .529 |
| B 1 «008 [ 4023 | <068 | 4149 | 4272 | 4365 | 449 | .528 |
| C | <008 | 4024 | .067 | =158 | .269 | .307 | 391 | .466 |
| D | <009 | <031 | 095 | .183 | 264 | .317 | .383 | 496 |
| E | «008 | 4022 | 4054 | 4127 | 4200 | <274 | 344 | .385 |
| I ] 4007 | 4027 | 4053 | «114 | 4198 | .256 | .360 { .464 |
| J 1 <006 | 4020 | «049 | .106 | 178 | -230 | .331 | .392 |
| K | «006 | <020 | 4052 | 2090 | 4153 | o224 | 4337 | 422 |
| M ] +006 | «019 | 2054 | 4120 | «203 | 2292 | .396 | 476 |
| N | <007 { 4015 | 4032 | 4064 | «120 | <159 | .211 | .267 |
| P | <011 | 2033 | 094 | 4175 | 4256 | «345 | 425 | 489 |
I i i [ [ [ | | [ [
'..--——-_J. ______ o U ¥ I _-—t e e e N . e e e o —_—t e ?.i
| RESIDUAL VARIANCE - LINEAR D.C. Y COMPONENT i
S St B B e B s —
[SHIP] 0025 | 0.50 | 140 | 2.0 { 4.0 | 7.0 | 14.0 | 28.0 |
R B B St B B B S S |
| A | <005 | 2020 | 4057 | 4132 | 4232 | 4336 | 437 | .519 |
| B | <007 | 024 | o4C73 | <179 | 4310 | 4382 | 457 | .539 |
I C | «014 | o042 | 4106 | «209 | 324 | 384 | .451 | .504 |
| D} <017 | 2051 | <117 | 4211 | 349 | 412 | .478 | .561 |
| E | <011 | 2029 | «G77 | <141 | 2251 { <321 | <411 | 493 |
| I 1 009 | <028 | «C63 | «130 | 4218 | +295 | .376 | .436 |
| J 4 <005 | 4027 | 4070 | 4133 | 4223 | 305 | 365 | 415 |
| K i «009 | <028 | «C76 | +134 | 4204 | .301 | .392 | .510 |
I M | <005 | 4017 | 4052 | 4107 | «1S7 | .256 | 383 | .462 |
| N | «009 | 4019 | o038 | 084 | 147 | 211 | .282 | .349 |
I P | <010 | 4027 | o074 | 4168 | .263 | .295 | .384 | .449 |
[ | | i i | | | | |
| FONE T, -t e ¥ N L ¥ I & ) I b S, J
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[ ehaataiha e ettt |
| COERELATION COEFFICIENT - CONSTANT DB.C. . X COMPONENT |
G e T B e tomm—e A fmmmmmy
|SHIP| 0e25 | 020 | 1.0 | 2.0 | 4.0 | 7.0 | 14,0 | 28.0 |
I e B e S t--=-—— Hommmam temmmmm
| A& 4 2999 | <996 | 2990 | 2978 | .64 | .953 | .946 | .945 |
| B 1l <995 | 2996 | 4990 | 4977 | 4965 | .954 | .946 | .953 |
| C 1 «998 | 2996 | «989 | .978 | .968 | .966 | .956 | .957 |
| D | 2998 | 2995 | 2986 | 2975 | +967 | .958 | .956 | 954 |
I E | 999 | «997 | «992 | 982 | 4973 | 4965 | 4963 | .959 |
I I | «99S% | 2997 |-2992 | 986 | «S78 | «972 | «960 | 949 |
I J | «999 | «997 | 4993 | 985 | 978 | 972 | 964 | 957 |
| K | «99S | 4997 | .994 | 989 | .984 | .976 | .957 | .947 |
I M| «99C | «9S7 | 992 | 983 | «S75 | 2965 | «955 ] «930 |
I N | «999 | 2997 | 995 | 988 | «976 | 966 | 949 | 933 |
| P | 2998 | <995 | 4588 | 4978 | .S70 | .962 | 959 | .960 |
I | | [ | | 1 Lo
|..._.._<L ______ 5 NP [ ¥ R —— -t A N . I ,i
{ CORRELATION COEFFICIENT - CONSTANT D.Ce. Y COMPONENT |
G tommmm fommmam G - R G 1
ISHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s T tmmme pommmmm tmmme O B Fommmm ~
I A | 2999 | 4997 | 4992 | 4982 | 4968 | .S58 | 944 | .933 |
I Bl «99G | «996 | 989 | «973 | «S54 | 944 | .936 | 929 |
I C | «998 | «994 | «S8E5 | <971 | o560 | +956 | 946 | 946 |
I D | «997 | 992 | 4982 | «967 | 4950 | 941 | 4933 | 937 |
I E | «998 | 996 | 988 | «978 | .S57 | .950 | 944 | .934 |
| I ] «998 { 996 | 2992 | 983 | 974 | 4967 | «950 | .927 |
I 0 1 2995 | 2956 | 2990 | .981 | .973 | .964 | .958 | 4950 |
| K | <998 | 4996 | +990 | 2984 | .S76 | 971 | 957 | .935 |
| M | <999 | +997 [-2993 | .985 | .ST4 | .967 | .952 | .937 |
| N | <998 | 2996 | «993 | 985 | 972 | 962 | .946 | .933 |
| P ] 2998 | 4996 | .988 | .975 | .S65 | .962 | .958 | .946 |
| 4 [ | | | | | | |
l,___-_,j_ _____ i T ¥ I, 1. —— L P Y 'y -_.._i
i CORRELATION COEFFICIENT - LINEAR D.C. . X COMPONENT |
I O B Fommmmm tommmam tommmmm o= Ammmmme OGN -
ISHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
o R tommmen $ommmom OOt et tmmmmm oo e -4
I A1 <997 | 2991 | 2977 | 2952 | 4925 | .912 | .920 | .929 |
I B | «997 | «991 | «S76 | «950 | «933 | 4919 | 923 | «938 |
| C 12997 14991 | 4976 | 4952 | 2933 | .935 | .927 | .933 |
| D | <996 | -988 | 2565 | 940 | .526 | 915 | .924 | .935 |
| E | <997 | 4992 | 983 | .964 | .956 | .948 | .953 | .956 |
| I 0 2997 | 4992 | .983 | 4969 | .S58 | 2953 | 2942 | .939 |
I 0 | <997 | 4992 | <983 | 4968 | .S55 | .952 | 944 | .943 |
I K | «997 | «993 | «984 | o977 | 4966 | <961 | 943 | 941 |
| B «997 | 4993 | 4983 | 4967 | 4S57 | 945 | .939 | .920 |
| N | 4997 | 4995 | 4991 | 3981 | .966 | 2954 | .938 | .920 |
I P | <995 | 4988 | «969 | 949 | «S37 | «932 | 936 | 941 |
1 [ i T B b | l
| ISHEONNPEESEN RSN, 3 IR RIS DSOS S IS o e P A SRR R J



168

| ittt === -"""
i CORRELATION COEFFICIENT - LINEAR DeCe Y COMPONENT {
G B tommmm- et tommmem == G 1
[SHIP| 0.25 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R tomemem Ot O tommm H==mn o=y
| B | +998 | .993 | 4982 | 4962 | .937 | .924 | .919 | .916 |
| B i <997 | <991 | 2S76 | 943 | .S08 | .899 | .899 | .905 |
| C | <994 | 4985 | .963 | 2935 | 4917 | 921 { 2917 | .931 |
| D j 993 | .980 | .S58 | 928 | .S01 | .890 | .883 | .901 |
I E | «995 | <989 | <8784 | .958 | «S24 | 2921 | 4921 | .915 |
I I | «996 | «990 | 981 | 4965 | 952 | 943 | 924 | 903 |
| J 1 <996 | 2990 | 4976 | 961 | .S48 | 937 | .938 | .937 |
I K | <996 | 2990 | «S75 | 963 | .53 [ 949 | .937 | .904 |
I M| <998 | 994 | 2983 | «970 | 954 | 948 | <938 | <925 |
I N | 996 | 993 | 589 | «97€ | .S61 | 949 | .933 | 918 |
| P | 4995 | +990 | .S74 | 946 | 4929 | .933 | .937 | .916 |
| | | [ | | | | | |
[ TSR [ i i i I R i T i ——
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Appendix C - Part I

The Zﬁﬁ values for the stresses after <correction for the
systematic bias in the variance differences. 0.0 indicates no
data. : . .



[ttt et et b addeatentnh ettt S of i |
i STATION - & CONSTANT C. C. l
G S - e tommm e tommmmm e B -
SPEED| 0.25 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
T B S s O S 4
| 0l 4.82 | 7.56 | 9438 | 42.93| 0.0 | 45.11( 181.5] 14.81]
| 1.6 2433 | 4,28 | 8.17 | 9.38 | 14.35| 20.58| 17.53] 18.62|
| 3e4] 131§ 1.70 | 2.42 | 3.05 | 3.83 | 4.13 | 4.63 | 5.05 |
| 5451 1213 | 1231 | 1.60 | 2.02 | 2.46 | 2.65 | 2.96 | 3.12 |
| 8.01 1.06 | 1216 | 1.33 | 1.56 | 1.77 | 2.00 | 2.07 | 2.26 |
11081 1,04 | 1,10 | 1.21 | 1.36 | 1.51 | 1.54 | 1.69 | 1.83 |
113291 1203 | 1.07 | 1.13 | 1223 | 1.32 | 1.43 | 1.48 | 1.46 |
117.2) 1202 | 1405 | 1210 | 1.17 | 1.21 | 1.17 | 0.0 | 0.0 |
120.8f 101 | 1.04 | 1.09 | 111 | 1.13 | 1206 § 0.0 | 0.0 |
24e5] 1202 | 1,03 | 1406 | 111 [-1.08 | 0.0 | 0.0 | 0.0 |
128.5f 1201 | 1.03 | 1.05 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
133.50 1.01 j 1.03 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
135.0{ 1400 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 [ 0.0 |
i | | | | | | ( | |
b e e ¥ R ¥ R —t e N et e i |
| STATION - B CONSTANT D.C. . |
I e B R T B Bt o -
SPEED| 0425 | 0.50 { 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
b o fmmm o tmmmmm tommmme oo R S tommm e tommme —
| 0a47 7.30 | 9.73 | 46.06| 34.76] 106.7] 97.29( 78.98| 69.30]
| 1.6] 2.78 | 4.85 | 9.83 | 13.87] 1S.86] 16.39] 15.62| 14.82]
| 341 131 | 1.67 | 2.33 | 3.32 { 4.01 | 4.35 | 4.58 | 4.85 |
| 5450 114 | 1230 | 1.67 | 2.5 | 2.49 | 2.78 | 2.97 | 3.22 |
| 8.0f 1.07 { 1.18 | 1.36 | 1463 | 1.90 | 2.02 | 2.21 { 2.19 |
110281 1205 | 111 | 1223 | 1.40 | 1.56 | 1.68 | 1.74 | 1.85 |
11309 1.03 | 1.07 | 1,15 | 1.28 [ 1.36 | 1.41 | 1.42 | 0.0 |
117421 1,02 | 1.06 | 111 § 1217 | 124 | 1.28 | 1.23 | 0.0 |
120,81 1202 | 1.04 | 1.08 | 1.11 | 1217 | 1.11 | 0.0 | 0.0 |
[24.5f 1.02 | 1.03 | 1.07 | 1.08 | 0.0 | 0.0 | 0.0 | 0.0 .|
128451 101 | 1,03 | 1,04 | 1,06 | 0.0 | 0.0 | 0.0 | 0.0 |
133651 1201 | 1.02 | 1.02 | 1.04 | 0.0 | 0.0 | 0.0 | 0.0 |
135,01 1,00 | 0.0 § 0.0 { 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
t [ [ | [ [ - | [ |
‘.__.....L ______ ¥ 1 RO ¥ N - | . - S S d e e .l
{ STATION - C CONSTANT DeCa . |
O S B et B T O s,
SPEED| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
N $mmmem tmmm—- t--—=—- fommme O o 7.
| 0.4 12.66] 14465 3C.89 27.44] 56.65| 280.2| 65.84] 274.%9]
| 1.6] 3.28 | 5.49 | 8.09 | 15.35| 17.66] 17.00| 26.85| 21.48|
| 3e40 1236 | 1.79 | 2.49 | 3.12 | 3.68 | 3498 | 4.40 | 4.72 |
| 551 117 | 1,36 | 1.72 | 2.12 | 2.35 | 2.52 | 2.78 | 2.83 |
| 801 1.09 | 1.19 | 1439 | 161 | 181 | 1.95 | 2.05 | 2.16 |
(10481 105 | 1,12 | 1.24 | 1.37 | 1.52 | 1.62 | 1.72 | 1.87 |
113291 1.04 | 1.08 | 1.16 | 1.26 | 1.40 | 1.43 | 1.49 | 1.65 |
117420 103 | 1,06 | 1.12 | 1.23 | 1.29 | 1.35 | 1.42 | 0.0 |
120481 1.02 | 1.05 | 1,10 | 1214 | 1.18 | 1.23 | 0.0 | 0.0 |
24250 1,02 | 1,04 | 1.07 | 1.13 | 0.0 | 0.0 | 0.0 | 0.0 |
128050 1.02 | 1.04 | 1,06 | 0.0 [ 0.0 | 0.0 | 0.0 | 0.0 |
133051 1.02 | 1.04 | 1,05 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
{350 1.01 | 1.02 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
1 [ | [ | | | [ | |
| VO T i § RN —th e e - e —te ¥ |
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[ e e == Ittt |
| STATION - D CONSTANT D.Ce |
R A S T T T |
SPEED| 0425 | 0.50 | 140 | 2.0 [ 4.0 | 7.0 | 14.0 | 28.0 |
. S t-mmmee tommmm G tommmme tmmmm o $o-m=——i

Oel4] 14,331 9.74 380771 75. 111 173.1}| S1.56] 555.1| 325. 8}

| |
I 16| 3.00 | 640 | 8466 | 13.43| 18.13| 19.68]| 22.87| 16.40]|
| 3e4] 1.38 | 181 | 2,50 | 3.46 | 3.77 | 3097 | 4.22 | 431 |
| 5450 1218 | 1.36 | 172 | 2.05 | 2.38 | 2.48 | 2.70 | 2.80 |
| 8400 1.08 | 1.20 | 1.37 | 1.58 | 1.81 | 1.93 | 2.08 | 2.36 |
11081 105 | 113 | 123 | 1.40 | 1.53 | 1.68 | 1.78 | 2.02 |
11391 1.04 | 1.09 | 1.18 | 1.28 | 1,42 | 1.49 | 1.65 | 1.64 |
11721 103 | 107 | 113 | 1.21 | 1.31T | 1.31 | 1.41 | 0.0 |
120481 1.02 | 1.05 | 101 | 1,12 § 1,15 | 1.17 | 1.28 [ 0.0 |
126.5) 1.02 | 1.04 | 1,05 | 1.12 | 1.16 | 0.0 | 0.0 | 0.0 |
128431 1.02 | 1.04 | 1,06 | 1.28 | 0.0 | 0.0 0.0 | 0.0 |
133.5] 1.02 | 1.03 ] 1.20 | 00 | 0.0 | 0.0 | 0.0 | 0.0 ¢
135.01 1.03 | 1.06 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 [ 0.0 |
4 4 | i | | | | | |
‘______L ..... P Ry Ao PN SIS T ) I, R _l
| STATION -~ E CONSTANT D.C, v {
e e T tommm fmmmmnm tmmm e o 4
SPEED| 0.25 | 0450 { 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
o Bt o Tt S —f-m=mm- o tmmmmmm temmmei
I Ou.4] 8.03 | 620 | 10.29| 15.52| 47.59| 51.96| 30.76| 28.10]
| 1461 1.98 | 3.90 | 4.59 | 8.34 | 12.14] 13.58| 15.86( 12.45]
I 340 1018 | 1239 | 1.75 | 2.42 | 2.90 | 3.16 | 3.46 | 3.34 |
| 5451 1410 | 1.20 | 1.37 | 1.63 | 1.93 | 2.04 | 2.26 | 2.57 |
| 8a0f 105 | 1e11 | 121 | 1237 | 154 | 173 | 1.84 | 2.07 |
110481 1.04 | 1,08 | 1.16 | 125 | 1.38 | 1.47 | 1.62 | 1.64 |
113.9) 1.03 | 1.06 | 112 | 1.20 | 1.28 | 1.36 | 137 | 1.50 |
117.2] 102 | 1.05 | 1.09 | 1,13 | 1.22 | 1.18 | 0.0 { 0.0 |
120.8] 102 | 104 | 1.06 | 114 | 1.15 | 0.0 | 0.0 | 0.0 |
12405 102 | 1.03 | 1,08 { 1.05 | 0.0 | 0.0 | 0.0 | 0.0 |
128.5] 1.01 | 1.02 | 0.0 § 0.0 [ 0.0 | 0.0 | 0.0 | 0.0 |
133e51 1.07 | 1,20 | 1,05 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
135001 1.01 | 1.01 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
| i | | I | | | | |
l.____.L ...... RO, e e N, [ I, —d e S R ¥ S .i
4 STATION - I CONSTANT De.Ce. |
e P e + T S
SPEED| 0425 | 0550 | 1.0 | 2.0 | 4.0 | 720 | 14.0 | 28.0 |
o B oo to-mmmm tommmm G Bt pmmmmee tommmm -4
| 0.4] 6429 | 24.89] 12.18] 174.5| 49.46{ 0.0 | 0.0 | 0.0 |
| 1e6] 2022 | 3.61 | 10.92f 12.04] 15.23] 16.61| 19.63] 22.02
| 3.41 1.48 | 1.82 | 2.50 { 2.91 | 3.52 | 3.76 | 4.30 | 4.51 |
| 5450 115 | 1.33 | 1.58 | 193 | 2.27 | 2.50 | 2.77 | 2.96 |
| 8e0f 106 | 115 | 1231 | 1.52 { 1.71 | 1.85 | 1.99 | 2.08 |
110481 1405 § 1.11 | 1220 | 1231 | 1.45 | 1.53 | 1.64 | 1.61 |
11391 1.03 | 1,07 | 112 | 121 | 1.29 | 1.36 | 1.43 | 1.62 |
{17.2] 1202 | 1.05 | 1.09 | 115 | 123 | 1.28 | 1.32 | 0.0 |
12081 1.02 | 1.04 | 1.07 | 1,14 | 1,14 | 1,28 | 0.0 | 0.0 |
[2445] 102 | 1204 | 1407 | 1,08 | 1.18 | 0.0 | 0.0 | 0.0 |
128.5] 1.02 | 1204 | 1.05 { 1.07 | 0.0 | 0.0 | 0.0 | 0.0 |
{33e51 101 | 104 | 040 | 00 | 0.0 | 0.0 | 0.0 § 0.0 |
135401 100 | 0.0 | 0.0 § 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
1 | | l | | L | |
| APSSOUPURGNS IS ¥ U, ¥ R, L y ISR | ——tr e el
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[ ettt ittt al
| STATION - B LINEAR D.C. i
s S B Bt T B S
SPEED| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 14,0 | 28.0 |
e T ot R tommm- pommmme t--—=—- tmmmmmm o 1

11,651 17.11] 29,731 25.06} 25.11| 22,23)

i | |

| 304 132 | 1472 | 258 | 4.10 § 5.17 | S.82 | 6429 | 6.64 |
| 5451 115 | 1433 | 1.85 | 2.59 | 3.19 { 3.78 | 4.08 | 4.58 |
| 840( 1.09 | 1e24 | 151 | 2.00 | 2453 | 2.78 | 3.13 | 3.12 |
11081 1.09 | 1221 | 1.44 | 1.82 | 2.18 | 2.44 | 2.58 | 2.78 |
113.9] 1406 | 1.15 | 1232 | 1460 | 1.79 | 1491 | 1.95 | 0.0 |
117421 1405 | 1412 | 1423 | 1,38 | 1452 | 1463 | 1.49 | 0.0 |
[2008] 1,04 | 1209 | 1218 | 1.24 | 1.38 | 123 | 0.0 | 0.0 |
[26405] 1.04 | 1.07 | 1.16 | 1.20 | 0.0 | 0.0 | 0.0 | 0.0 |
12845f 1.03 | 1.07 | 1.09 | 113 | 0.0 |} 0.0 | 0.0 | 0.0 |
13305] 1402 | 1.05 | 1.05 | 1.09 | 0.0 | 0.0 | 0.0 | 0.0 |
13540] 1,00 | 0.0 { 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
I i | | | ! | | | l
|.-_.._.L ...... Y K Ry [ I, —e e e e e e i e P I —_— e ——— - .‘
| STATION - C LINEAR De.Ce |
s Dt S e o= T fm=m—-- - === S {
SPEED]| 0425 | 0450 | 1.0 | 2.0 | 440 | 740 | 14,0 | 2840 |
pmmmmpm——m—- e S fommm—- e - 4 ———— R 1
| Oul| 12.71) 14.79] 35.98] 28.21) 91.02] 443.7] 88.52| 384.9]
| 146) 3436 | 5480 | 9.64 | 21.07] 28.05] 25.22| 48.62| 40.70]
| 308 1239 | 1.87 | 2483 | 3.72 | 4.56 | 4.96 | 5.76 | 6432 |
| 550 1418 | 1482 | 1492 | 2.56 | 2493 | 3.22 | 3.72 | 3.78 |
| 840§ 1a11 | 1426 | 1457 | 1.98 | 2436 | 2.66 | 2.84 | 3.11 |
11028 1410 | 1a24 | 1a47 | 1275 | 2e11 | 2.34 | 2.58 | 2.88 |
§13.9] 1.07 | 117 { 1.35 | 1.58 | 1.92 | 1.96 | 2.11 | 2.53 |
11720 106 | 1a184 | 1227 | 1.51 | 1.67 | 1.79 | 2.00 | 0.0 |
12008 1405 § 112 | 1422 § 1.31 | 1.41 | 1,53 | 0.0 | 0.0 |
{24.5] 1,04 | 1409 | 1216 | 1.30 | 0.0 | C.0 | 0.0 | 0.0 |
128451 1204 | 1209 § 1.13 § 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
133.5] 1.04 | 1209 | 1.12 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
135.0] 1203 | 1.04 | 040 § 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
i | l | i i I i | |
‘.-_-_.L ...... ¥ U i I 3 S, —de e - [ A, P O I .‘
i STATION - D LINEAR T.Ce. |
pm———t———-—- et fom——— fmmm—— t-—m—=- o= N O
SPEED| 0425 | 0450 § 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e fmm——-= 4o fmmm S e O R -
| O0uli| 19.36] 9484 | 40.4S| 88.10] 362.7f 137.4] 1034.| 457.0]
| 1.6] 3.04 | 7.42 | 974 | 16.64] 25.11] 29.75| 38.98] 31.7Y|
| 34 1a41 | 1294 | 2.87 | .34 | 4.66 | 4.99 | 5.44 | 5.66 |
| 5¢5] 1420 | 1.42 | 1297 | 2445 | 2497 | 3415 | 3.59 | 3.74 |
] 8401 111 | 1428 | 1457 | 1493 | 2¢37 | Ze61 | 2.89 | 3.48 |
110a8] 1410 | 1.24 | 1.45 | 1.83 | 2.13 { 2.46 | 2.73 | 3.30 |
113.9] 1.08 | 1419 | 1439 | 1463 | 1495 | 2e11 | 2.50 | 2.45 |
11721 1206 [ 1,15 { 1.29 § 1.47 | 1.69 | 1.68 | 1.89 | 0.0 |
1208 1405 | 1412 | 1.24 | 1428 | 1.32 | 1.38 | 1.64 | 0.0 |
2405 1404 | 1.10 | 1213 | 1.27 | 1.35 | 0.0 § 0.0 | 0.0 |
12845] 1403 | 1410 | 1.14 | 1.82 | 0.0 | C.0 | 0.0 | 0.0 |
(335 1.04 | 1.08 | 1.49 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
({35¢0] 1405 | 113 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
i | i | | | I | | |
[ (R S, A e = i P R R P S T —— o N, 4
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] STATION - E LINEAR D.Ce i
S R g - === === $mm——- O t=———q
SPEED]| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
S B O === T t—mmm—fmm o= ~
| Oul| 8.05 | 6.22 | 10.40| 20.20( 80.28| 61.55] 33.35] 43.63f
1 1.6] 1498 | 4217 | 5.01 | 10.S7] 16.07| 18.03| 20.22| 16.46]
I 3240 1019 | 1,42 | 1.81 | 2.67 | 3.27 | 3.65 | 4.10 | 3.81 |
| 5251 1410 | 1222 | 143 | 1277 | 2.20 | 2.33 | 2.70 | 3.19 |
| 8.01 1205 | 1,13 | 1.28 | 1.52 | 1.81 | 2.15| 2.33 | 2.79 |
110281 1207 | 114 | 1.30 | 3.49 | 1.73 | 1.94 | 2.26 | 2.27 |
13491 1205 | 1212 [ 1.25 | 1.43 | 1.59 | 1.78 | 1.82 | 2.10 |
[1722] 1.05 | 1.10 | 1.98 | 1.28 | 1.49 | 1.41 | 0.0 | 0.0 |
120281 1403 § 1.09 | 1.14 | 1.31 | 1.32 | 0.0 | 0.0 { 0.0 |
[2425] 1403 | 1206 | 118 | 1.12 | 0.0 [ 0.0 | 0.0 | 0.0 |
[2845] 1.03 | 1.05 | 0.0 | 0.0 | 0.0 | 0.0 { 0.0 | 0.0 |
133450 1414 | 1243 | 122 | 0.0 | 0.0 | 0.0 { 0.0 | 0.0 |
1354001 1.02 | 1.03 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
i [ [ [ [ [ | [ | [
| STATION - I LINEAR D.C. {
S S 4--mmmn t-—m—-- Hmmmme- === N o G 1
SPEED{ 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e === o fmmmme Bt s ST == ~
| 0.4] 6.30 | 32.238| 12.31| 227.8] 76.01] 0.0. | 0.0 | 0.0 |
[ 161 2.22 | 3.63 | 13.09] 15.37| 20.41) 30.98] 30.83| 36.96]
| 3el] 1449 | 1.89 | 2.75 | 3.29 | 418 | 4.66 | 5.60 | 5.78 |
I 5450 1216 | 1237 | 1.69 | 2.19 | 274 | 3.16 | 3.67 | 4.07 |
| 8400 1.08 | 1.19 | 1.44 | 1.78 | 2.13 | 2.38 | 2.66 | 2.86 |
110.8] 1509 | 1.20 | 1.38 | 1.62 | 191 | 2.07 | 2433 | 2.29 |
133490 1205 | 1213 | 1.26 | 1.43 | 1.63 | 1.77 | 1.93 | 2.38 |
117220 1.04 § 1,10 | 1.19 | 1.33 | 1.50 | 1.62 | 1.67 | 0.0 |
20.8] 103 | 1.08 | 1.16 | 1.31 | 1.31 | 1.62 | 0.0 | 0.0 |
[20o5] 1,04 | 1,08 | 1217 | 1.19 | 1.42 | 0.0 | 0.0 | 0.0 |
12845f 1404 | 1,68 | 1.11 | 1216 | 0.0 | 0.0 | 0.0 | 0.0 |
133.50 1.02 | 1.08 | 0.0 | 0.0 | 0.0 | 0.0 { 0.0 | 0.0 |
135.0] 1.01 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
| | | | | | b | [
S S, U R Lo S R T i i W, 4
| - STATION - J LINEAR D.C. |
T Bt S e o= s B
SPEED| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R B t-—m=—- R Rt T —
| 0ul4] 5.69 | 8.36 | 11.55| 84.01] 95.85| 0.0 | 0.0 | 102.2§
| 1e61 221 | 5.26 | 5.32 | 20.26| 26.00] 28.94| 28.06] 16.79]
| 3.4]1 1.40 | 1481 | 2.45 | 3.26 | 3.93 | 4.36 | 5.55 | 5.20 |
| 5¢51 1415 | 1233 | 1.64 | 2.12 | 2.66 | Z.94 | 3.21 | 3.45 |
| 801 106 | 1,18 | 1.40 | 1.71 | 1.92 | 2.29 | 2.43 | 2.67 |
110.8] 1.08 | 1218 [ 1.34 | 1.55 | 4.81 | 1.97 | 2.24 | 2.36 |
113090 1.05 | 1,13 | 1225 | 141 | 1.61 | 1.73 | 1.87 | 2.02 |
117.21 1204 § 1.09 | 1.18 | 1.30 | 1.46 | 1.64 | 0.0 | 0.0 |
120,81 1.03 | 1.08 | 1.15 | 1.27 § 1.33 | 1.22 { 0.0 | 0.0 |
[24.5] 1203 [-1.08 | 1417 | 1216 | 1.08 | 0.0 . | 0.0 | 0.0 |
[28.5] 1,02 | 1.08 | 1.07 | 1.04 | 0.0 | 0.0 | 0.0 | 0.0 |
13345] 103 | 1.03 § 0.0 | 0.0 | 0.0 | 0.0 ] 0.0 | 0.0. |
135000 1,04 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 { 0.0 | 0.0 |
i ! [ [ [ o I
R T [ SO § L ———t e b i R &
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| bbbttt et etndesbis Attt —— -
| .~ STATION - F LINEAR D.C. i
bt t-———— te———— -t == —
SPEED| 0425 | 0450 | 1.0 | 2.0 { 4.0 | 7.0 | 14.0 | 28.0 |
b———t——— temm——— -t - t-———— $=———— - -
| Oelf 10,74} U4.56 | U8, 14} 20.79] 17.04| 14.01} 0.0 | 0.0 |
| 1e6}] 2.50 | 3.82 | 8.64 | 11.13| 41.57| 42.75| 63.84f 0.0 |
| 304 1231 | 1.87 | 2,44 | 3.62 | 4426 | 5422 | 511 | 5.17 |
I 551 114 | 1.36 | 1.77 | 234 | 2481 | 330 | 3¢35 | 3.79 |
I 840 1409 | 1e24 | 1.50 | 1297 | 2431 | 2,42 | 2.81 | 3.16 |
1108) 110 | 1.24 | 1.46 | 174 | 1498 | 2423 | 2.38 | 2.74 |
113091 107 | 117 | 1.306 | 1,54 | 1.77 | 1.89 | 2.31 | 1.97 |
11721 1405 | 112 | 124 | 142 | 158 | 167 | 0.0 | 0.0 |
120,81 1.04 | 1.10 | 1.20 } 1.32 | 1.36 | 0.0 { 0.0 .| 0.0 |
128.5) 104 | 1,07 | 1.16 | 131 | 0.0 | 0.0 | 0.0 | 0.0 |
12845 103 | 1410 | 1,15 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 {
13351 103 | 1.05 | 00 | 0.0 } 0.0 | 0.0 | 00 | 0.0 |
135.0f 1.04 | 1.04 | 0.0 | 0.0 | 0.0 | 060 | 0.0 | 0.0 {
| | I | | { | l | i
',___...L ..... —de = i N, L i SO I W RN, ..'
| AVERAGE VALUE - CONSTANT L.C. |
t-—-——t-—-t-————d fe————— +=———— +-——— 4
SPEED| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14,0 | 28.0 |
pr——t————- t-—rmmf temw——— t-m——— +-——— +-———— +=——
| Ocd| 6484 | 9.77 | 19.68| 41.17} 71.48| 8u4.77| 147.8] 75.72}
| 1.6 2.2€ | 4.34 | 7.32 | 11,401 15.73f 16.43] 18.75§ 17.03|
| 38 131 | 1065 | 221 | 292 | 348 | 3.78 | 4,16 | 4.32 |
I 551 113 | 1429 | 1.56 | 1292 | 2.24 | 2.42 | 2.66 | 2.86 |
| 801 107 | 1016 | 131 | 1252 | 1.71 | 187 | 2.01 | 2.15 |
11081 1.04 | 1,10 | 1,20 | 133 | 1.46 | 1.56 | 1.66 | 1.78 |
11391 1.03 | 1.07 | 114 | 1423 | 132 | 1.39 | 1.46 | 1.58 |
117.2] 1,02 | 1,05 | 1,10 | 1417 | 1.24 | 1.28 | 1.37 | 0.0 |
[208] 1.02 | 1.048 | 1.08 | 113 | 1.15 | 1.19 | 1.28 | 0.0 |
124051 1,02 | 1.04 | 1,07 | 111 | 1.12 | 0.0 | 0.0 | 0.0 |
128.51 101 | 1.04 | 1.05 | 111 | 0.0 | 0.0 | 0.0 ] 0.0 |
133451 1.02 | 1.03 | 1.08 | 1.04 | 0.0 | 0,0 | 0.0 | 0.0 |
1350 1202 | 1.03 | 0.0 | 00 | 0.0 | 0.0 | 0.0 | 0.0 {
| | | | | i | { i |
prm—h e e I i I S P I ¥ D, S R, —t e -
| AVERAGE VALUE -~ LINEAR D.C. |
N Sttt e B E e e | Bt t-=--- —
SPEED| 0425 | 0450 | 140 | 2.0 | 40 | 70 | 14,0 | 28.0 |
bt ——— f-———— t-———— t-rm—— +-———-—-- +-- +-=- t=——— -
| Ocli] 7all4 | 10069 21.45| 56438 125.8| 126471 216.6] 120.0]
] 166 2429 | U4.59 | €457 | 14.58] 22.79| 2U4.62| 28.56] 27.85]
I 304 1232 | 1,70 | 2.42 | 3441 | 4,21 | U4a68 | 5436 | 5.58 |
I 551 1415 | 1233 | 1.7C | 2422 | 274 | 3,05 | 347 | 3.80 |
| 8.0] 1.08 | 1.20 | 1.44 | 1.79. | 2416 | 2.46 | 2.72 | 3.02 |
11081 108 | 1419 | 1439 | 1466 | 1495 | 2.16 | 240 | 2.65 |
11391 1.06 | 1515 | 1.29 | 1.50 | 1.71 | 1.86 | 2.04 | 2.31 |
11721 105 | 111 | 1222 | 137 | 153 | 1.62 | 1.81 | 0.0 |
1208 1.04 | 1.09 | 1.19 | 1.28 | 1.34 | 1.42 | 1.64 | 0.0 |
[24.5) 1.04 | 1.08 | 116 | 1425 | 1.26 | 0.0 | 0.0 | 0.0 - |
12851 1.03 | 1.08 | 1.12 | 1.29 | 0.0 | 0.0 | 0.0 | 0.0
13325] 103 | 1.08 | 1.20 | 109 | 0.0 | 0.0 | 0.0 | 0.0 1}
135.0f 1,03 | 1.08 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 { 0.0 |
| i i | I | I J | |
i | I T, 5 S _—t e ¥

| FONEOUIPIPS E . —te e
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Appendix C - Part II-

Errors of gm calculated by the Student 't' test. -
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Appendix D

Difference means, difference variances, residual variances, and
correlaticn ccefficients for the final values of +the £&we
transformation after +the systematic error in the variance
difference has been removed. The units of the difference means
are decipascals while the difference variances are in percent. .
The residual variances and correlation coefficients are
dimensicnless.
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| A ] -0.45] =1.23] =2.11] =3.06] -3.55] =1.01] -0.62f 0.76 |
| B | =0.09] 0424 | 0.76 | 1.59 | =Ce74] =2.93| =3.00] =4.09]
| C 4 1450 | 2496 | 3.43 | 2416 | 2.10 | 3.58 | 0.42 | -0,22]
i D | 1.04 | 2.09 | 0.85 | =2.19] 0.31 | =0.72| -0.46{ 045 |
| E | 0416 | =0.38] 1416 | =1.36] -1.45] =2.39] =0.42{ 2.14 |
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| 0§ 0.58 | 1.46 | 2422 | 1.32 | 1.80 { 3.91 | -0.84] =3.00]
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I E | <004 | <008 | 4021 |- «036 | «C65 | 070 | 070 | 079 |
I I | «003 | 008 | 014 | 025 | 032 | 037 | 043 | 054 |
I J | «003 | 008 | 018 | 028 | .036 | 043 | .039 | 042 |
| K | <003 | .008 | .018 | 4027 | .035 | .039 | .057 | .073 |
| M | 002 | 4005 | 4012 | 4022 | .033 | .036 | 048 | .047 |
I N | <003 | <006 | «001 | «025 |:.039 | 045 | 064 | 4070 |
| P | +003 | .008 | 4020 | 040 | .051 | .052 | .060 | .070 |
| | | i | | I | l
|......-_.L_-_......J'. ...... ¥ I, P IO IS, 3 I, A — I -.l
| RESIDUAL VARIANCES - LINEAR D.C. .X COMPONENT ) |
e S G Hommmee tommmm tm=mmmm fommmmm
ISHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R B O tommmme S o S ey
| A j <006 | <017 | 041 | 079 | «107 | «110 | 107 | 090 |
| B i 006 | <016 | o042 | 076 | -103 | .107 | .089 | .078 |
I C | <007 | 018 | 044 | 086 | 117 | 109 | 121 § . 117 |
| . D | «008 | 024 | «062 | «101 | «119 | 116 | 104 | 104 |
I E | «006 | «O014 | 4032 | 065 | 078 | 082 | 075 | 061 |
I I | «006 | <015 | 2032 | 053 | 066 | 073 | 081 | .089 |
| 30 <005 | 015 | 032 | .056 | <074 | .077 § .093 | .093 |
| K | 005 | o014 | o031 | .046 | .061 | .069 | .084 | .095 |
| B | <005 | 4013 | 2031 | .056 {-.C70 | .078 | .092 | .087 |
| N | -005 | 009 { .018 | 4035 | .057 | .072-| .082 | .095 |
| P | 4009 | 4023 | 4057 | 2091 | 105 | .108 | .108 | .084 |
| | | | | I B | |
P WU ¥ I R e P T dme o S R S R 4
| RESIDUAL VARIANCES - LINEAR D.C. Y COMPONENT {
I S B T B tomm—e e fmmmmm -4
ISHIP| 0425 | 0.50 § 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
pmmmmf o Ot S o tommmm e o —
| A | 2004 | 014 | O34 | .064 | .096.| 109 | 112 | .084 |
| B | 2006 | 4017 | <043 | 4089 [ 134 | .134 | 4123 | .127 |
| €1 4011 ] 2029 | 4066 | «111.| 141 | 124 | 128 | 115 |
I D i w014 | 4038 | o078 | 2125 | 171 | .180 | 174 { .178 |
| E | <009 | 019 | 050 | 4079 | 4136 | 141 | .132 | 4139 |
| I 0 -008 | <020 | 4035 | 4060 | 077 | .087 | .096 | .120 |
| J 1 4007 | 019 | 044 | 067 | 087 |- .097 | .086 | .086 |
| K | +007 |- .019 | 048 | 2069 |- .082-] 092 | 113 | 147 |
| M | 4004 | J011 | 2031 | 4053 | .074 | .077 | .093 | .089 |
| N | <007 | 013 | 4022 | 044 | 4C67 | 4076 | .100 | .106 |
| P [ 4009 { .019 | 049 | .098 | 120 { 113 | .116 | .135 |
| | | I E Y I IR I
| N R ——de e e i i R I N, A - i J
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T T T T T T T T T T T T T T e e — e |
i CORRKELATION COEFFICIENTS - CCNSTANT D.C. X COMPONENT |
pm———t———— femmm— +-———— +-———— t-———— - 4 e 4
ISHIP| 0.25 | 0.50 | 140 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
p————t-————- f-=——— t-———— tee—— —te———— tr——— - te———— 4
i & | 4999 | 2997 | 4992 | 984 | .S78 | «977 | 976 | «979 |
Il B | «999 |- e9S7 | «992 | 984 | 2S79 | «977 | .980 | 982 |
I C 1 «998 | 2996 | 991 | «983 | «S77 | 978 | «974 | 974 |
I D ] «¢998. ] <995 | %88 | .980 | «S76 | «975 | <974 | 971 |
I E | «99S | 2997 | 2993 | «986 | «981 | 4979 (| «980 | .982 |
I I} 999 | 2997 | <994 | 2989 | «S€6 | «984 | <981 | .978 |
I J ] 999 | <997 | 2994 | .988 | «S85.1 «983 | 978 | .976 |
I K | 2995 | 2997 | 994 | <991 | .S88 | 985 | 978 | 972 |
I Ml 999 | 2997 | «993 | «988 .| S84 | «981 | «977 | 975 |
| N | «999 | <998 | «996 | «991 | .S84 | 980 | 975 | 968 |
I P | 998 | «996 | «990 | «983 | «S79 | +S78 | «975 | .982 |
{ | | | | | [ | i |
|._._ I ;I 3 I, -—d e —l e e P R (. ¥ S .l
| CORRELATION COEFFICIENTS - CONSTANT DeC. Y COMPONENT |
-t 4= t-————— tm————— == t———— te——— —t————
ISHIP| 0425 | 0450 | 10 | 2.0 | 4.0 | 70 | 14.0 | 28.0 |
I St e e A -4 L it o -
i A | 4999 | 2997 | <993 | 4987 | +980 | «977 | «975 | .980 |
I Bl 2999 | «997 | «991 | 2981 | «S72 | «971 | 2973 | 970 |
I C | 2998 | «994 | «S87 | «978 | «S73 | «974 | <973 | 973 |
I D | @997 | 2993 | 2985 | «975 | <964 | 961 | .961 | .958 |
I E ] 2998 | «9S6 | 2990 | 2982 | 4967 | <965 | 965 | 960 |
I I ] 998 | #2996 | «993 | 988 | 984 | 2981 § 979 { 974 |
I J | «9399% | <996 | 2991 | 986 | «982 | «979 | 981 | .979 |
I K | 2998 | 2996 | 2991 | 2986 | «982 | «980 | «972 | .963 |
I M | 2999 | 2998 | «994 | 4989 | .98U4 | «982 | 976 | 977 |
| N | <998 | 997 | «994 | o988 | .S80 | «977 | .968 | .965 |
I P | «998 | +996 | 4990 | 980 | S74 | «974 | 970 | 965 |
i | | | | [ | I | |
’..._.._.L-.........J...-_..-.J._--_--.L-..__-.1. ..... i 4 P R .‘
i CORRELATICN COEFFICIENTS - LINEAR D.C. . X COMPONENT |
- +-———— t-———— 4 t-————— tm——— $=———— t-——— -
ISHIP| 0.25 { 050 | 1.0 | 2.0 | 4.0 | 7.0 | 14,0 | 28.0 |
bt t-————t————- t-———- +————— t-——— t————— e —
I A | «997 | 992 | 2579 | 2960 | S46 | 945 | 946 | <955 |
I Bl 997 | 2992 | «S79 | 962 | «S48 | 946 | .955 | 960 |
I C 0 997 | «991 | 978 | «958 | <942 | <947 | 2940 | 942 |
I D | «996 | <988 | 969 | 949 |- 941 | 942 | 948 | 948 |
I E | «997 |- 2993 | S84 | 2967 | 4961 | 958 | 962 | 970 |
I I} «997 | <993 | 984 | 2973 | <967 | 964 | «959 | 954 |
I J ] «998 | 2993 | 988 | 4972 | «€63 | «962 | 953 | 953 |
| K| 997 | 2993 | <985 | 24978 | 970 | «967 | «959 | 953 |
| M ] «997 | 994 | 58U | «972 | %65 | 4960 | 4953 | «955 |
I N | «997 | 2995 | «991 | 4983 | 972 | 4966 | 2962 | 956 |
i Pl «995 | 2989 | «S71 | «955 | <949 | 946 | .946 [ .958 |
[ | | [ | | | | { 1
[ IO TP R 3 . b - ——md - e W R, A - F I, ¥ |
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[ ekttt Sttt ittt et bt adesshaindestt b g |
| CORRELATICON COEFFICIENTS - LINEAR D.C. Y COMPONENT |
I e S e S tommmmi- S B -4
[SHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
ot e - tomm=c —t-mm G H-—mm— - ~
| A | 2998 | 2993 | .983 | .968 | .953 | .946 | 944 | .958 |
| Bl <997 | 4992 | «S79 | <955 | .S33 | .934 | .940 | .938 |
I C | «994 | .985 | 4967 | 944 | o929 | 2937 | «936 { 943 |
| D f +993 |- 2981 | .961 | o938 | .S14 | .911 | .913 | .911 |
| E | «996 | 990 | .S75 | 4961 | 932 | .931 | .934 | .930 |
I I | «996 | «990 | 982 | 4970 | .962 | 4956 | 953 | .9uu4 |
I 31 «996 | 2990 | .S78 | 966 | w956 | .951 | 2957 | .958 |
| K | «996 | 990 | «S76 | 2965 | .S58 | .953 | 943 | .926 |
| M | 4998 | 2994 | 4S85 | .974 | .964 | .963 | .955 | .958 |
| N | <996 | 29923 | 2989 | .978 | .S66 | 961 | .948 | .946 |
I P | 4996 | «990 | «S76 | 951 | 4939 | 944 | 942 | 932 |
[ [ | | | | | 1 | |
TG T P T, i W O I, —tme o U R e § I |
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The raw difference means, difference variances, residual
variances, and correlaticn coefficients for the heat fluxes with
no correction applieds The difference means are in Watts/m2
while the cther test parameters are dimensionless.
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| thatethatvienidhataiateniadienintfendeieateudanibaia bbbt s |
i DIFFERENCE VARIANCES - LATENT HEAT FLUX |
b= fomm——e - N - == N fmmmmm {
|SHLIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
p-———t-——-—- t=mm——- s --m——- e N 1
| B ] 4016 | «039 | 088 | 197 { 314 | 436 | .558 | .688 |
| B i «019 | «OU4 | 4093 | 184 | <316 | 393 | <508 | .627 |
| C | «027 | «059 | 4127 | «244 | 4361 | 430 | .505 | -560 |
| D | o020 | o046 | 108 | 4231 | <355 | 425 | 492 | .600 |
| E | «018 | «039 | 096 | «195 | «331 | 424 | .502 | .539 |
| I ] «013 | 4034 | 4072 | 148 | .270 | 312 | 414 | .502 |
b 3 | 014 | 4033 | 4076 | 152 | 42204 | «268 | 4322 | 388 |
| K | 020 | 4045 | oC95 | <168 | <249 | 348 | 561 | 644 |
I M | 015 | 4034 | 4075 | 140 | 276 | 347 | 479 | .637 |
| N | «007 | 009 | 008 | 012 | .008 | ~.049] -.070| -.239]
| E | «017 | o046 | 4099 | 2205 | 4312 | «365 | 489 | 573 |
i | | | | | { | | {
l_____,‘,____-, L - B I, i PRESE RSV R i IR ) _Q__-_l
| RESIDUAL VARIANCES - SENSIBLE HEAT FLUX {
e e B i
[SHIP| 0025 | 0450 | 1.0 | 2.0 | 4.0 [ 7.0 | 14.0 | 28.0 |
e B N e === o - === fmmm———- i
{ A | .004 | o010 | 4032 | 075 | «130 | 215 | «299 | 432 |
| B | 003 { .008 | 4023 | 4057 | 102 | .135 | .201 | .282 |
| C | 005 | 4013 | 4033 | 069 | 113 | 145 [ o197 | .267 |
{ D | <004 | 012 | «036 | 079 | 124 | .162 | <197 | 262 |
| E | 005 | «011 | 4032 | 083 | o165 | 4230 | .315 | 415 |
| I | 005 | 4012 | 4031 | 4071 | 121 | 4185 | .308 | .425 |
| 0 1 004 | 4012 | 027 | 054 | .CE6 | =126 | «192 | .249 |
| K | «003 | 008 | 019 | 041 | 4078 | 111 | 2215 | .271 |
[ M| 004 | 4012 | «030 | 067 | 140 | .185 | .323 | 457 |
| N | «006 | 4013 | o024 | 4057 { o117 | 154 | 271 | 464 |
| P | «003 | 010 | .029 | .060 | 056 | «129 | .208 | .232 |
| i | | | | | l l i
|.-_.-.-.L.----.._.J. ...... 3 . L [P ¥ TR Lo e e I .‘
} RFESIDUAL VARIANCES - LATENT HEAT FLUX |
s e e B - 1
[SHIP] 0.25 | 0.50 | 1.0 | 2.0 { 4.0 | 7.0 | 14,0 | 28.0 |
e T et S B s Sttt
| A | «005 | «014 | 046 | 108 | o187 | 289 | 382 | .498 |
| B | 004 | 4012 | 2037 | 087 | 145 | .180 | 245 | 295 |
| C | .005 | <015 | <041 | «087 | <135 | 4175 | <224 | 273 |
| D | «006 | 018 | 4051 { o111 | 4169 | «213 | .264 | .333 |
| E | <006 | «014 { o043 | <124 | 243 | o347 | <449 { .573 |
| 1] <006 | «017 | .C47 | 107 | .180 | +255 | «408 | 4552 |
| J | .004 | -013 | 035 | 081 { o134 | 185 | 4292 | .385 |
| K | «004 | o010 | 025 | «062 | 115 | +188 | .347 | 473 |
| M | +005 | -016 { 044 | .102 | 215 | +278 | <437 | .555 |
| N | «006 | «012 | 031 | 2093 | <229 | «332 | 661 | 1.16 |
| P | 003 | 4010 | «031 | <073 | 116 | 4150 | 4203 | .210 |
| | [ | | | | I | |
[ Y Ep P B i R U W ) VR, —tde e e d e - Bt o |
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re=———==-- T T T T T T T T S T S, - 1
| CORRELATION COEFFICIENTS - SENSIBLE HEAT FLUX i
b-———+------t--— g e e
ISHIP| 0425 | 050 | 1.0 | 2.0 | 40 | 7.0 | 14.0 { 28.0 |
-t $mm——— et +-———— fm————— - -
| 2 ] 2998 | «995 | «S85 | 968 | +949 | «917 | +889 | .835 |
| B | 2999 | 4996 | 4990 | «976 | 2963 | 954 | 938 | «933 |
I C ] 2998 | «99U8 | 4987 | 4976 | «S65 | <959 | 948 | <945 |
| D | «998 | «994 | 4983 | 967 |- «S54 | <943 | <934 | .923 |
I E | <997 | 2995 | «S87 | +966 | 4536 | 4916 | 880 | 822 |
I I 1 <998 | <994 | .986 | «968 | «S53 | 2923 | <864 | «803 |
I T | «998 | <995 | «988 | «977 | «S67 | «954 | .930 | .906 |
I K | 2999 | 2996 | <993 | «986 | «S7U | 4970 | 940 | .924
I M | 4998 | «994 | 986 | «970 | +939 | 924 | 858 | 801 |
I N | «997 | 994 | .989 | «972 | <943 | 924 | .861 | 736 |
| Pl 2999 | «995 | «S88 | «978 | «S70 | «963 | 948 | .964 |
| | [ | | { { | I |
l,..-..-.l. ...... 9 S K, —hm e e [ S, ke e e o w—de i e e .‘
i CORRELATION COEFFICIENES - LATENT HEAT FLUX {
I B R B e B s B gt |
ISHIP| 0425 | 050 | 1.0 | 2.0 | 4.0 | 7.0 | 4.0 | 28.0 |
bt - +-————t—————- + + +-———-—q
[ A | «998 | 993 | 4977 | <946 | «905 | .849 |. .797 | 729 |
I B | 2998 | 29984 | 2982 | «957 | «931 | «916 | «889 | .883 |
I C | +997 | <993 | 980 | 960 | «S41 | «924 | .904 | .880 |
I D | <997 | 4991 | 4975 | 946 | «S19 | 898 | .872 | .843 |
I E | <997 | 2993 | «979 | «937 | 872 | 810 | 744 | .654 |
I I 997 | 2992 | «S76 | «945 | «S07 | 864 { 770 | .671 |
I J | 998 | 4994 | 4983 [ «959 | «532 | 904 | .841 | .784 |
I K § 998 | 2995 | «S88 | «970 | «S44 | o907 | <824 | 740 |
| M| 4998 | <992 | «S78 | «9U8 | 4887 | «851 | «751 | 671 |
I N | 997 | 4994 | 584 | <953 | <885 | .838 | 681 | .u483 |
I E 1 <998 | 4995 | «985 | 4965 | «S47 | 2932 | 915 | 931 |
| | | I i I i I | |
[ I R, R R, JN R, - P T, i R ¥ Y R |
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Appendix E

Part I - The individually calculated Zwe values for the heat
fluxese 0.0 indicates no data.
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STATION A - SENSIBLE HEAT FLUX
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STATION B - SENSIBLE HEAT FLUX
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STATION C - SENSIBLE HEAT FLUX
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i STATION B - LATENT HEAT FLUX {
N A tm—mm—- - fommmme - t-——o- o -
SPEED| 0425 | 0450 | 1.0 | 20 | 420 | 7.0 | 14.0 | 28.0 |
S e t---mme e s e tmmmmm- N {
| Oat] 4.05 | 8410 | 11.91] 11.84] 12.61] 27.46| 38.01] 28.15]
| 1261 2.36 | 2.48 | 4.48 | 7.27 | S.23 | 10.31] 11.51] 10.02]
I 3.40 118 § 1.37 | 1482 | 2.54 | 3.29 | 3.32 | 3.70 | 3.81 |
| 5451 1405 | 1a18 § 1237 | 1.67 | 1.98 | 2422 | 2.33 | 2.48 |
I 804 1.03 | 1.08 | 1218 | 1434 | 1.55 | 1.60 | 1.75 | 1.78 |
11081 1.02 | 1205 | 1411 | 1.21 | 1.33 | 1.39 | 1.47 | 1.56 |
11390 1201 1 1,03 | 1,07 | 1a¥4 [ 1221 { 1.24 | 1.20 | 0.0 |
11721 1201 1 1403 | 1205 | 1.09 | 116 | 117 | 1.12 | 0.0 |
120081 1,01 | 1.02 | 1.05 | 1408 | 1.07 | 1.05 | 0.0 | 0.0 |
24250 101 | 1.02 | 1.05 | 1.03 | 0.0 | 0.0 | 0.0 | 0.0 |
128050 1.01 § 1.03 | 1,02 | 1.03 [ 0.0 | 0.0 | 0.0 { 0.0 |
133451 1.01 | 1.02 | 1.00 | 1.01 { 0.0 { 0.0 | 0.0 | 0.0 |
135.00 1.00 | 0.0 | 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 | 0.0 |
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{ STATION C - LATENT HEAT FLUX |
T A B e e tommee tommome t-m—e- 4
SPEED| 0425 | 0450 { 1.0 | 2.0 | 440 | 7.0 | 14.0 | 28.0 {
R e B B B S G T S —
| 0at] 6.61 | 4.97 | 18.51| 18.02| 31.95| 24.50| 24.96| 94.36]
I 1.61 1.96 | 2.48 | 4.59 | 6.55 | 8.00 { 11.03f 13.10] 10.82]
| 3e41 117 | 141 | 1.75 | 2.36 | 2.62 | 3.06 | 3.39 | 4.07 |
| 5451 1,07 | 1218 | 1.35 | 1.60 | 1.87 | 2.11 | 2,29 { 2.30 |
| 8401 108 § 1.09 | 1.21 | 1.37 | 1253 | 1.63 | 1.75 | 1.78 |
(10281 102 | 1.06 | 1.12 | 1.23 | 1.32 | 1.40 | 1.49 | 1.58 |
11391 1202 § 1.04 | 1.08 | 116 | 1.24 | 1.28 | 1.31 | 1.41 |
117020 1.02 | 1.03 | 1.07 | 1413 | 1217 | 1.20 | 1.25 { 0.0 |
120281 1401 | 1.03 | 1.05 | 1.09 | 112 | 1.21 | 0.0 | 0.0 |
{2425] 1,01 | 1.02 | 1203 | 1,07 [ 0.0 | 0.0 | 0.0 | 0.0 |
128051 1.01 | 1.02 | 1.03 | 0.0 | 0.0 | 0.0 § 0.0 | 0.0 |
13350 1401 { 1,01 § 1.03 { 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
135001 1401 | 1402 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |
[ 1 [ 1 [ l | l l [
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i STATION D - LATENT HEAT FLUX |
G A tocee 4o to———- tommmmm e tommmee 1
SPEED| 0425 | 0450 { 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
I it B S B e I
| 0.4| 4.03 | 7433 | 14.52] 17.601 25.60| 34.81] 55.75f 49,72
| 1e6] 1.84 | 3.34 | 4.75 | 7.37 | 8.43 | 11.52{ 11.38| 14.044]
| 3.40 115 | 1.3€ | 1.81 { 2.57 | 3410 | 3.12 | 3.45 | 3.64 |
| 5450 106 | 114 | 138 | 1.62 | 1.95 | 2.07 | 2.26 | 2.35 |
| 8401 1403 | 1,08 | 1.18 | 1.36 | 1.56 | 1.68 | 1.76 | 1.93 |
110481 1402 | 1.05 | 1411 | 1.26 { 1.38 | 1.48 | 1.52 | 1.67 |
[13.9] 1202 | 1.04 | 1,09 | 1.18 | 1.28 | 1.32 | 1.40 | 1.42 |
11720 1401 | 1203 | 1.07 | 1«14 | 1221 { 1.21 | 1.29 | 0.0 |
120481 1,01 § 1.02 | 1.05 | 1.09 | 1.13 | 1.12 | 1,17 | 0.0 |
26451 101 | 1.02 | 1.04 | 1.08 { 1.17 | 0.0 | 0.0 | 0.0 |
(28451 1401 | 1,02 | 1,04 | 1.11 | 0.0 { 0.0 | 0.0 | 0.0 |
[33.5] 1401 | 1.02 | 110 | 0.0 | 0.0 | 0.0 {§ 0.0 § 0.0 |
135401 1201 { 1.04 | 0.0 | 0.0 | 0a0 | 0.0 | 0.0 | 0.0 |
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STATION K - LATENT HEAT FLUX
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Part 11

The errcr estimates of the slopes calculated by the Student
*t' test outlined in Equaticn 3. 10.
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STATION B - LATENT HEAT FLUX
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STATION C - LATENT HEAT FLUX
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STATION D - LATENT HEAT FLUX
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Appendix G

The test values fcr the corrected énc calculations for
the heat fluxes., The difference means are given in Watts/m2 and
the difference variances were forced to 0.0 in all cases and are
not shown.
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| RESIDUAL VARIANCES - LATEN’I HEAT FLUX |
I B S s B e S S
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| J § «998 | <994 | .S85 | 4970 | .954 | .939 | .904 | .865
| K | 2998 | 995 | 2989 | 2975 | .958 | .939 | .901 | .842
| M | 4998 | 2993 | 981 | 4958 | «S23 | <901 | .842 | .794
| N | 2997 | .994 | .985 | .957 | .S05 | 866 [ .733 | .583
| P | 999 | 2996 | 2987 | 4972 | 4965 | «962 | +951 | .962
i | | [ | | | o |
| IOVRDSUpERRI Y y R, —te e e ¥ RN tmde - y -
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Appendix H

The ships' regression coefficients for the empirical equation of
the fornm k=l+d(w%qﬁ“‘L* « The gecgraphically averaged values
appear at the end. The C indicates the constant drag
coefficient, the L indicates the linear drag coefficient, the H
refers to the heat flux with S for the sensible heat and L for
the latent heat. The X and Y refer to the x and y stress
components respectively. . »



r=——=- T T I g
SHIP {(TYPE | REGION I
i | «25 - 2,0 DAYS
————— T S R
| |l =« I 4 01X
————— T D e vt
4 C X {4.108 |-1.365 [0.941
IC Y 4190 |-1.410 }0.951
{L X {3.081 |-0.982 |0.984
IL Y |3.046 [|-1,022 (0.991
{H S 13.227 |-1.440 10,980
tH L (2.945 (-1,433 {1.014
| | n I
B IC X 84951 {-1.423 |0.947
{C Y {4.127 (-1.341 40,970
(L X {4.259 |-1,101 |0.980
IL Y 34295 . |-0.588 [1.022
[H S 13.997 |-1.589 [1.014
{H L |3.164 |—-1.487 |1.039
| | I |
C |C X |4.564 |-1.376 |0.912
{C Y |4.487 |[-1.318 |0.884
1L X |34222 }-0.S75 |0.972
IL Y |3.132 [|-0.890 (0.935
jJH S §2.766 [-1.336 |0.929
{H L (2,463 |-1.351 1,003
1 1 o
D JC X 3561 |—-1.250 {0.908
IC Y (4.618 [-1.334 |0.860
IL X |2.895 |[-0.885 {0,976
IL Y |3.152 (-0.900 |0.897
tH S |4.034 §-1.484 (1,027
{H L j2.€39 |-1.366 [1.029
| | 1 !
E JC X f1.661 [-1.090 |0.916
IC Y 12.060 [|-1.172 |0.879
IL X j0.769 |-0.526 |0.968
{IL Y (1.032 {-0.616 §0.907
|[H S (2059 [-1.327 (0.990
{H L 11,204 j-1.145 (1.029
[ | ! |
I jC X j4.413 |-1.443 |0.924
IC Y 15.079 (-1.474 [ 0.872
L X 3155 [|-1.041 |0.966
IL Y 13.592 |-1.054 |0.912
{H S J4.991 |-1.622 0.905
IH L 3903 [-1.52¢€ |0.958
l [ | |
_____ i Y Y WU R

r—-—-.———.—._‘————————_—__-————————._‘—_-_-.-._.-————-———
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T T EEEe e Ee e i |
| REGION II i
| 4,0 - 28.0 DAYS |
fmmmm e mm e m e —
|l « 4 B 1 ¥ I
 Aette e S S 1
15.866 |~-1.212 (0.210 |
156537 |-1.250 J0.263 |
| 5694 {-0.944 J0.256 |
{5.216 |-0.980 (0.318 |
{4.275 1204 0,243 |
| 3. 967 {-1.215 104250 (
| | |
{6.053 -1« 189 |0.209 i
{5662 |~-1.162 (10,203 |
{6.084 | ~0.926 {0,249 |
|5«430 }-C.890 j0.248 i
(4,991 |~1.315 |0.,208 |
|4.388 |- 1275 |0.214 |
| |- i |
l4.772 i-1.137 |0.238 i
15890 -1, 168 {0« 189 |
|3. 6€4 |-0.745 (04280 |
{5. 157 {-0.819 0.216 {
}]3.358 {-1. 155 {0,248 |
13.199 |-1.171 J0.268 |
I i | {
(4030 {-1.036 |0.244 i
|66302 |J-1.,167 |0.166 |
| 2758 |-0.627 |0.305 |
15317 [-0.803 §0.197 |
{4510 (-1.190 0,201 ]
j4.068 |-1.153 06200 |
| | | |
{2612 [|~-1.013 0.287 |
|3.515 {-1.083 0.216 i
| 1787 |- 0.632 |0.359 i
2527 | -0.733 (0,287 |
|3.698 |-1.,226 {0.217 i
13.045 |-1.126 [0.218 |
i | i 1
{5. 10C |= 1237 10.260 |
15928 §-1.291 |0.225 |
{4409 | -0.914 {04299 |
{5140 {=0.966 |0.261 |
15.065 |-1.355 |0.278 |
144182 §-1.296 (0.300 |
|

i

|

)
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: | | |

J |C X {3.770 |-1.420
IC Y JU4.515 |-1.458
IL X {2.426 |-0.979
IL Y 13.019 [|-1.01¢€
{H S 3755 |-1.565
IH L (2.517 |-1.473
i | I

K C X 2123 |-1.219
IC Y J2.242 {-1.134
I X |1.016 |-0.657
IL Y |1.077 [-04624
IH S |1.248 |-1+231
IH L 1,189 |-1,247
| | |

M |C X |3.843 |-1.437
IC Y [3.837 (-1.465
L X 12.400 [|-0.982
IL Y |12.381 (|-1.C09
IH S [2.598 |-1.458
{H L 12,010 {|-1.357
| i I

N |C X 12.210 [|-1.474
IC Y |1.943 |-1.341
IL X |0.860 [-0.810
(L Y {0.827 {-0.720
{H S {1.533 {(-1.51¢
(H L |1.950 (-1.423
| | | '

P |C X |4.118 (-1.339
{C Y {3.989 |-1.330
IL X {3.315 |-0.96¢6
IL Y {3.494 |-1.CCé€
{H S (2265 |-1.315
IH L {1.902 |J-1.345
| | I

AVG |C X [3.337 (-1.322
IL X | 2,325 |-0.910
IL Y |2.322 |-0.910
|H S |2.874 |-1.469
|{H L (1.365 (-1.251

_____ B D S e T
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resTTT== | ntdnabadatnd dinsnia T =" -
| | [ | l
10.915 |4.448 |-1.256 (0.280 |
10.895 |5.9€4 (-1.320 (0229 |
10956 |2.931 |-0.813 (0.319 |
10,925 JU4.77C }-0.948 |0.252 |
[0.940 [4.685 -1.391 (0277 |
11.005 |3.879 {-1.348 ]0.297 |
| | N | |
}0.860 (2.407 {-1.114 |0.388 |
] 0.856 12830 |-1.103 |0.341 |
|0.891 | 1.485 |-0.685 {0.458 |
10.904 1,970 |-0.709 (0.402 |
10.921 |3.618 |-1.468 (0.246 |
10979 | 1.807 |[|-1.253 j0.418 |
i | [ i |
| 0e 958 3622 [|-1.146 |0.302 |
10920 (4.414 |-1.228 |0.250 |
10996 (2.644 |-0.811 (0.385 |
10943 3,439 |-0.912 [0.315 |
{0965 3.711 |-1.269 0.271 |
{1.019 }12.698 |-1.213 |0.309 |
| I | i |
10.682 {4,177 |-1.553 (0.230 |
10.764 | 3.507 |-1.378 |0.240 |
10.690 }j4.305 |-1.393 (10.218 |
10.785 13217 {=-1.170 j0.262 |
{0,836 2.082 {-1.520 (0s329 |
10.857 11.376 {-1.603 (0.327 |
| l | | |
10,887 |5.U487 (=-1.237 |0.2517 |
10903 (4.825 |-1.,159 |0.,243 |
10933 (u4.u464 |-0.863 (0.280 |
10937 [3.749 -0.773 |0.279 |
10998 [3.657 {j-1.233 (0.264 |
112020 }3.387 |-1.230 |0.265 |
- | S ! |
10920 {4,237 |-1.150 (10.261 |
10901 f4.639 |-1.183 10.231 |
10967 (3.27€ |-0.795 10,310 |
10940 | 3.754 |-0.853 |0.275 {
10.984 |3.94€ |-1.244 (0,244 |
{1,021 2.335 (-1.108 (0.263 |
N A i 1 P |

—
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Appendix ‘I

The four test values for the stresses and the heat fluxes when
the individual ships® eguationl+o‘(u;‘~\r';5“"l—K was applied to each
velocity individually. The stress DMs are in dPa and the heat
flux DMs are in Watts/m2, .
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DIFFERENCE MEANS - X COMPONENT CCONSTANT D. C.

| ! | I

-1

T S o t-———-- e + e e
ISHIP| 0425 | 0.50 | 1.0 | 2.0 { 4.0 | 7.0 | 14.0 | 28.0 |
R B $o-mm—e t-—mm- e B G S S
| & | 0.003f 040091 0.023|] 0.045| 0.066| 0.069| 0,069 0,067}
| B | 0.004) 0.004| 0.001] 0.003} 0.000f 0.005f 0.012] 0.006]
| C | 0.002] 0.011j 0.036} 0.051f 0.064] 0.078] 0.076] 0.043]
I D | 0,005 0.023¢f 0.054} 0.060} 0.060) 0,071 0,068} 0.039}
I E | 0.001} 0.004f 0.007| 0.004] 0.014) 0.042) 0.013] 0.033]
I I 1 0.001] 0.003f 0.010] 0.0C8] 0.003{ 0.005} 0.013}] 0.003]
i J | 0.006{ 0.001| 0.003] 0.015] 0.030f 0.030] 0.017( 0.041|
| K | 0.001] 0.009f 0,017 0.002] 0.022| 0.044§ 0.012] 0.020]
| M | 00001 0.003] 0011} 0.012) 0.011] 0.024) 0.036} 0.028}
I N | 0.014] 0030 0.065| 04131} 0.1€3| 0.174] 0.198| 0.233{
I P ] 0.002] 0.012f 0.024] 0.015j 0.005| 0.001{ 0.016f 0.031]
i i | | | | | | 4 |
|.__...-..l. ______ ¥ R, —_ e ke oy e s e e e e -t 4 ..-‘
| DIFFERENCE MEANS - Y COMPONENT CCNSTANT D.C. |
O O S tommme fommmmm tmmmm e {
{SHIP| 0425 | 0.50 | 1.0 | 2.0 [ 4.0 | 7.0 | 14.0:f 28.0 |
S SOt t-—mmem o fommmme s pmmmmmm Hm—m e oo

I 4 | 0.003] 0.008) 0.012) 0.014f 0.015) 0.020f 0.005( 0.0014
| B | 0.002| 0.003f 0.001] 0.012] 0.030| 0.050f 0.065| 0.071]
I C | 0.006} 0,016} 0.017f 0.001] 0.015|] 0.025] 0.029¢ 0.042}
I D | 0.007| 0.020f 0.024| 0.0104 0.00S] 0.013] 0.021| 0.036}
i E | 0.005] 0.006) 0.017] 0.038] 0.055] 0.057| 0.062| 0.077]
} I | 0.00%) 0.005] 0.0051 0.018] 0,028f 0,017 0.016| 0.023]
I 3 | 0.002| 0.004| 0,011 0.018| 0.031}] 0.024} 0.024}) 0.042}
| K 1 0.005f 0.012f 0.018] 0.025] 0.026| 0.015| 0.006| 0.022
I ¥ | 0.000j 0.002| 0.0C2(| 0.002y 0.015| 0.012| 0.003} 0.002}
| N § 0.005] 0.011] 0.024f 0.047] 0.059| 0.065] 0.070] 0.080]
| P | 0.006] 0,001 0,010y 0.001f 0.006§4 0.020}) 0.044) 0.027]
| 4 | | | | | l 1 |
'..._.._J.--.._._...L... ..... N I A e —_—t e e L PRSI § _—_Q.L__--_..'.i
] DIFFERENCE MEANS - X COMFONENT LINEAR D.C. . |
O S S T
{SHIP| 0.25 | 0450 1 10 [ 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e $-——mm Fommome $-mmmee T e B
[ & | 0.003| 0.012f 0.037| 0.076] 0.114] 0.118] 0. 111] 0.112]
| B ] 0.007| 0.011} 0.009| 0.015] 0.00S| 0.007| 0.004] 0.036]
| € | 0.006} 0.014) 0.0514 0.080f 0.10S} 0.125( O.114}) 0.065|
| D | 0.006] 0.035| 0.084] 0.089] 0.092| 0.104{ 0.092( 0.052]
| E | 0.002| 0.004] 0.007| 0.012| 0.028] 0.029| 0.032| 0.064]
I I | 0.001] 0.005| 0.016f 0.009] 0.007| 0.007f 0.017| 0.000]
Il J | 0.011] 0.006) 0.003] 0.036f 0.055| 0.063| 0.047| 0.096]|
| K | 0.000] 0.012f 0.022] 0.009| 0,03S| 0.028] 0.029| 0.044]
| M | 0.001| 0.004] 0.013f 0.011f 0.012| 0.030| 0.042f 0.028|
| N | 0.018f 0.037| 0.080| 0.163| 0.210] 0.232| 0.269] 0.347]
{ 2 | 0,007 0.024¢1 0.041] 0.032] 0.020| 0.003} 0.032f 0.053)
-
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[ aatebehatahadentusnih ettt ittt it _——== i |
| DIFFERENCE MEANS - Y COMPONENT LINEAR D.Ce. |
e o - e y et e
{SHIP| 0425 | 0450 | 140 | 2.0 | 440 | 7.0 | 14.0 | 28.0 |
pomm e E R s e g e -
i &4 | 0.0C5) 0.015] 0.025) 0.032{ 0.038} 0.041} 0.017| 0.011}
| B | 0.005] 0.009| 0.003( 0.014] 0.052f 0.081| 0.100] 0.103]
{ C | 0.012) 0.030) 0.035| 0.0G61 0.017| 0.035] 0.043| 0.061]
| D | 0.013] 0.035] 0.041| 0.020] 0.016] 0.025] 0.039f 0.060]
| E | 0.005] 0.005{ 0.019] 0.048) 0.077| 0.083}| 0.093] 0.108j
{ I | 0.002f 0.0081 0.00€) 0.022| 0.040] 0.031}) 0.034] 0.052]
| 3 | 0.003| 0.006f 0.014}4 0.030f 0.052] 0.047| 0,053} 0.085]
| K | 0.008] 0.018f 0.025| 0.034] 0.034] 0.018] 0.007] 0.024]
| M | 0.000| 0.003]| 0.002}] 0.0C5} 0.021} 0.016] 0.005} 0.003]
} N | 0.007) 0015 0,031} 0.060] 0.077| 0.086] 0.096| 0. 111}
| P | 00131 0.003f 0.009] 0.007] 0.017) 04037| 0.060| 0.017}
I I | [ T | | | |
S . S S B, N R e 4 BRNRP S RO R—————
i DIFFERENCE VARIANCES - X COMPCNENT CONSTANT D.Ceo |
e T St FE T S T S - fommm e fmmmmm -
§SHIP| 0.25 |} 0.50 | 1.0 | 20 | 4.0 | 7«0 | 14.0 | 2840 1}
ot TR EREILEU T S BRI fmmm—— fmmm e o 1
| & | =-«007f 0.010f 0020 =-«015| -4037] 0.007] 0.064)§ 0.088]
§ B | =«004] 0.008}| 04017) -«026) =040} 0.038} 0.057} 0.032}
] € | -.006}) 0.008] 0.015] -.0C8] =-.000} 0.004) 0.015} 0.003]
| D | =«0C7] 0.006f 0024 -.011} -,0u43] =-.012¢4 0.019] 0. 103]
| E | =004 0.007| 0010 -.012} =-.023| 0.035| 0.042| -.016]
| I | -«0C5}4 0.008] 0.015)] -.013} ~-.016f 0.009) 0,044} 0.030}
{ 3 | =.005] 0.007| 0.014{ ~.014] =.009| 0.019] 0.045| 0,007|
| K | =-005] 0.009] 0.019] =.026( —.023] 0.017] 0.059] -.022]
| M | -.005| 0.009) 0.018} -.018{ -.0231 0.038] 0.037¢ 0.001}
| N | =<006] 0.007] 0.014] -.002] 0.008f 0.032| 0.033] -.005]
| P | =.00S{ 0.008| 0.032] =.021] -.016] 0.030f 0.037{ -.006]
I 1 i b I i | | |
I.__,._L_____,__L ______ o o - ) I & I R i ‘,_{
i DIFFERENCE VARIANCES - Y COMECNENT CONSTANT D.C. . ]
e pmmmmmm N e e o T e
[SHIP] 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
pmmm—p e Tt fmmmr e femm—— fmm fmmme -
| A | -.006] 0.009] 0.018] -.013] =.029] 0.036f 0.062| 0.031]
| B | -.006] 0.008] 0.021] -.017] =.01€| 0.033] 0.041] 0.015]
I} C |} -.008) 0.014) 0,024f -o035] =009 0.042] 0.037] 0.023]
| D | --007] 0.017] 0.021| -.041f -.029] 0.018] 0.052] 0.071{
| E | -.0C5] 0.006] 0.021] =.021] -.062] 0.007{ 0.089( 0.128]
| I | =+0061 0.011f 0.019| -.021] -.003] 0.041f 0.040] =-.010]
| 3 | -.006] 0.010] 0.021] -+ 024] —-.010] 0.056] 0.050| -+ 009]
| K | =<007] 0.008] 0.023] =017] -.014| 0.051] 0.051f -.024]
| M | -.006] 0.009] 0.019] -.018| -.031{ 0.011] 0.077| 0.029|
{ N | =.003] 0.009f 0.006] =.005| -.004| 0.057| 0.064] 0.005]
| P | -.008) 0.007} 0,020} -.003f 0,007 -.009}) 0.0271 0.002]
I | | | | | | L |
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| | | I I | | l
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| Setattatatstattntatbntnbatt ittt tt et ettt ettt it et 3
i DIFFERENCE VARIANCES - X COMPONENT LINEAR D.C. |
G At t—-——- e e S e -
ISHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 { 28.0 |
S S tomm-- e tommmme N o —
| & | -.012f 0.018] 0.029| =-.022| =-.048| -.003]| 0.075| 0.078]
| B § =.007f 0.013{ 0.027f -.049] =.050| 0.055| 0.061| -.006|
| C | -.010f 0.013§ 0.015f 0.003] -,009f =.014f 0.018] 0.017|
| D { =.011] 0.009| 0.045] -.028] -.070| =.056| 0.004]| 0.158]
| E | -.006] 0.008| 0.017f -=.014f =.012] 0.054| 0.048] —-.099]
| I | -.008] 0.014f 0.019| -.028] =-.035] =.003] 0.044| 0.047]
i 3 | =.007| 0.011f 0.021f -.029] -.039] 0.001{ 0.077] 0.015]
| K 1 =.012] 0.013] 0.03S§ -.044f -.015] 0.032| 0.052| -.075|
| M | -.008| 0.015| 0.027f =-.036] -.007| 0.058] 0.034] =.094]
| N | --011| 0.010f 0.021f =.010| 0.036| 0.050{ 0.011| =.070]
I P | -.013f 0.012{ 0.048] -.042{ =-.040( 0.044| 0.046] =-.035]
[ | I ! | I [ [ | l
}--—-L—---_..L_-.--.——-.L_-_...._.L-_.:--..L ..... ' N 4 - e e et .,I
i DIFFERENCE VARIANCES - Y COMPONENT LINEAR D.C. {
S St Hommmme tommmee - e 1 ~
ISHIP| 0.25 | 0450 { 1.0 | 2.0 | 4.0 | 7.0 { 14.0 | 28.0 |
e tommmee $o-mmoo t-m———v P AR St
A | =.<011] 0.014] 0.027{ -.018| =-.044| 0.062| 0.070] -.021]
B | =.010] 0.013j 0.032f -.032] =-.015| 0.042f 0.031} -.020]
C | =.010{ 0.024f 0.025] -.061] =,020] 0.043| 0.028| 0.002]
D | -.013] 0.028] 0.032| -.066] =.051] 0.002] 0.028| 0.085]
E | =.006( 0.010| 0.024f -.040] =.052| 0.023| 0.064| 0.055
I § =-011] 0.021f 0.027{ =.047f -.005| 0.066| 0.041{ -.060|
J | -.010] 04018f 0.032| -.051f =.016] 0.075] 0.049| =-.050]
K | =015 0.013] 0.038f -.023| -.016| 0.083| 0.028] =-.084]
M | =.011] 0.014] 0.029| =.026] -.014| 0.022| 0.076] =.058|
N | -.004} 0.012f 0.003] -.015f 0.025| 0.075| 0.035| =.07 1
P | -.012] 0.007| 0.029f 0.010{ -.014] -.025] 0.062] -.017}
i [ [ [ [ | l | o
————d e T i P ISR WS G R 4
RESIDUAL VARIANCES - X COMPONENT CONSTANT D.C. |
I St et SL o= e R ~
ISHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R H i B BN S Bt OGO
| & | 0.002{ 0.007] 0.017f 0.031| 0.045| 0.047| 0.044{ 0.038]
i B | 0.003] 0.007| 0.017] 0.032| 0.043| 0.045| 0.038{ 0.031]
i C | 0.003j 0.008( 0.018| 0.034| 0.045] 0.042| 0.048] 0.048|
I D | 0.004] 0.009f 0.024] 0.040f 0.048{ 0.051| 0.047| 0.051]
| E | 0.003] 0.006f 0.014f 0.029] 04037 0.041] 0.038{ 0.032]
| I | 0.002] 0.006] 0.013| 0.022| 0.029| 0.030f 0.035} 0.035]
[ J | 0.002f 0.006] 0.013| 0.023| 0.030{ 0.033| 0.042| 0.038]
| K | 0.002] 0.006f 0.012] 0.018] 0.024| 0.030] 0.039] 0.044]
| B | 0.002| 0.006f 0.013] 0.024] 0.031f 0.035] 0.043| 0.040]
| N | 0.003] 0.004| 0.008{ 0.017{ 0.02S{ 0.035| 0.041| 0.041]
{ P ] 0,003 0.008f 0.020f 0.034| 0.040} 0.043| 0.042| 0.035]
l [
L
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| RESIDUAL VARIANCES - Y COMPONENT CCNSTANT D.Ce |
G 4o e tammem ~---oo- e s
[SHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s e s S O R OO 1
| & | 0.002] 0.005] 0.014{ 0.026] 0.040| 0.046] 0.048] 0.035]
| B | 0.003] 0.007| 04017 0.037| 0.056] 0.058] 0.054f 0.049]
| C | 0.004] 0.011] 0.025f 0.044] 0.054| 0.049| 0.049] 0.04l
| D | 0.006] 0.014| 0.030| 0.050] 0.070| 0.074§ 0.074] 0.075]
| E | 05004 0.008] 0.021f 0.036] 0.065| 0.067| 0.064| 0.064]
| I | 0.003] 0.008f 0.014] 0.024| 0.031] 0.035] 0.040| 0.042]
| 3 | 0.003| 0.008] 0.017| 0.028] 0.036| 0.041{ 0.037] 0.033]
| K | 0.003] 0.008] 0.018] 0.027| 0.036] 0.040] 0.048| 0.066]
{ M | 0.002] 0.005{ 0.012| 0.022] 0.033f 0.034) 0.041] 0.040]
| N | 0.003| 0.006] 0.011] 0.024] 0.038| 0.045] 0.052f 0.055]
| P | 0.003f 0.008{ 0.019] 0.039f 0.050| 0.050] 0.053| 0.067]
| | | | 1 | | l [ [
'.-..-.J. ..... P RUSEII [N [ -t e P I ¥ SO, —r e e .‘
i RESIDUAL VARIANCES - X COMPONENT LINEAR D.C. 4
G S to—mm- tommomm oo 4
{SHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s S I S TG e
| & | 0.006( 0.017| 0.041] 0.082] 0.117| 0118 0.100| 0.087|
| B | 0.006] 0.016f 0.041| 0.079| 0.107{ 0.108] 0.090{ 0.079
| C | 0.,007| 0.017] 0.043] 0.085] 0.11€{ 0.107| 0.119| 0.118]
| D | 0.008] 0.024f 0.065f 0.111] 0.133] 0.138] 0.115] 0.107]
{ E | 0.006] 0.015] 0.032] 0.068] 0.075f 0.084] 0.077| 0.064}
| I | 0.006f 0.015f 0.032| 0.054] 0.06S| 0.070{ 0.079{ 0.085]
| 3 1 0.005] 0.015] 0.031] 0.057| 0.077| 0.076{ 0.094] 0.089]
| K | 0.005| 0.014] 0.031] 0.046] 0.061f 0.066] 0.081| 0.091]
| M ] 0.005{ 0.013| 0.031] 0.058( 0.069| 0.078{ 0.094| 0.089]
| N | 0.005} 0.009] 0.0184 0.034| 0.053| 0.063| 0.065] 0.067]
| P | 0.009] 0.023| 0.057f 0.092| 0.105] 0.109| 0.099| 0.089]
| [ [ P I [ [ 1 l
',-_-_J... _____ 3 KOO 5 S, - —-—t e e I PRI -J.-----,.l
{ RESIDUAL VARIANCES - Y COMPONENT LINEAR D.C. |
G tomemee t----- tommmme to—m-- fomm—— fom fmmmee 4
ISHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R tomm e 4ommm- tommm . +--me T A |

041 0.014] 0.033) 0.064] 0.097| 0.111] 0.107) 0.086}
0€| 0.017| 0,042 0.093| 0.138| 0.136| 0.125| 0.116]
121 0.029f 0,066f 0. 117§ 0. 143) 0.124} 0.1251 0. 111}
15 0.038)] 0.078| 0.128] 0.175f 0,179 0.177| 0.173]
10] 0.021) 0.0501 0.080| 0.138] 0.137| 0.131} 0.124]
0.020] 0.036) 0.062f 0.076] 0,084 0.096| 0. 102}
C7f 0.0204 0.044}) C.070] 0.08S| 0,096 0.086] 0.079]
071 0.020f 0.049] 0.072| 0.085( 0.093) 0.104] 0.159]
041 0.011] 0.031) 0.0E3f 0.075} 0.075( 0.084] 0,086}
071 0.013) 0.0221 0.045f 0.068| 0.080| 0.090( 0. 1014
09} 0.019] 0.048| 0.096] 0.12Z| 0.114] 0.112| 0. 144|
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[ saabahatiath bt et Attt T T T T T T e b |
| COFRKELATION COEFFICIENTS - X COMEONENT CONSTANT D.C. |
p————t-——-- e e tmmmee e s T

ISHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s S e e e O B A
| & | 0.9SS] 0.997] 0.992] 0.984] 0.$78| 0.976] 0.978{ 0.981]
| B | 0.9S9| 0.997| 0.992] 0.984] 0.97S|{ 0.977| 0.981| 0.985]
| C | 0.998| 0.996] 0.991| 0.983] 0.978] 0.979( 0.976] 0.976|
| D | 0.9S81 0.995| 0.988{ 0.980| 0.977| 0.975| 0.976] 0.974]
| E | 0.999] 0.997| 0.993] 0.986] 0.982| 0.979| 0.981( 0.984]
| I | 0.955f 0.997| 0.994| 0.989| 0.986| 0.985| 0.983| 0.982]
| J | 0.959] 0.997| 0.994| 0.989| 0.985] 0.984f 0.979| 0.981|
| K | 0.999] 0.997| 0.994| 0.991| 0.$88| 0.985] 0.980| 0.978]
| M | 0.959] 0.997] 0.993| 0.9881 0.985| 0.983]| 0.978| 0.980]
| N | 0.999| 0.998] 0.996] 0.991] 0.986]| €.982| 0.979| 0.980]
| P | 0.9S8| 0.996| 0.990| 0.983| 0.980| 0.978] 0.979} 0.982]
[ [ [ [ [ | g [ | o
| A WU e T L —~——4d -t - |
| CORRELATION COEFFICIENTS - Y COMECNENT CCNSTANT D.C. |
S S B e $o——— . —
[SHIP| 0425 { 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e S tommmm- O I et  — e o —
1 A | 0.999| 0.997] 0.993] 0.987| 0.$81| 0.977| 0.976] 0.982]
| B | 0.9551 0.997f 0.991| 0.981] 0.972f 0.971| 0.973( 0.975|
| C | 0.998] 0.994] 0.987| 04979 0.973| 0.975| 0.975| 0.978]
| D | 0.997] 0.993| 0.985{ 0.976] 0.965] 0.963| 0.963| 0.962]
i E- | 0.9S8| 0.996{ 0.990| 0.982| 0.969] 0.966] 0.968( 0.968|
| I i 0.958] 0.996] 0.993| 0.988{ 0.985| 0.983] 0.980| 0.979|
| 3 | 0.999] 0.996] 0.991f 0.98€| 0.582| 0.979| 0.981] 0.983]
[ K | 0.9S8] 0.996] 0.991f 0.986| 0.982| 0.980] 0.976] 0.967|
| B | 0.999] 0.998} 0.994] 0.989| 0.984| 0.983| 0.979] 0.980]
| N | 0.558] 0.997| 0.9S4| 0.988| 0.981| 0.977f 0.973| 0.972|
| P ] 0.998f 0.996| 0.990| 0.980] 0.975f 0.975| 0.973| 0.967]
i | [ | | | [ | I [
l._.-_....L ..... ¥ P 5 N, [ IS WS & A 4 -_.-.l
| - CORRELATION COEFFICIENTS - X COMPONENT LINEAR D.C. . |
S B - R G e e —p——me 4
{ SHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R B O B S A S S —
| & | 0.997] 0.992| 0.979} 0.959) 0.943| 0,941} 0.949| 0.956]
| B | 0.997] 0.992| 0.979] 0.9€2| 0.948| 0.945] 0.954] 0.960]
| C | 0.997| 0.991] 0.978f 0.957| 0.941| 0.947| 0.940f 0,941
| D | 0.9S6] 0.988| 0.967| 0.946] 0.936| 0.933| 0.942f 0.946]
| E | 0.997] 0.992] 0.984] 0.966] 0.$61| 0.957] 0.961] 0.970]
| I | 0.997] 0.993] 0.984| 0.973] 0:966] 0.965] 0.960] 0.957|
I 3 | 0.9S8] 0.993f 0.984| 0.972f 0.962]| 0.962| 0.952] 0.955]
| K | 0.997f 0.993] 0.984] 0.978{ 0.970] 0.967{ 0.959| 0.957]
| M 0.997| 0.994| 0.984] 0.972| 0.965| 0.960| 0.952| 0.959]
I ¥ | 0.997{ 0.995| 0.991f 0.983| 0.973] 0.968{ 0.967| 0.968]
| P | 0.955| 0.988] 0.971f 0.955| 0.949| 0.945{ 0.949| 0.957]
i [ [ [ [ I l 1 |
| FONPEIPNIPHIN R —thwm b y N — s i N I, TRV |
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I B TR P ——— P -
[SHIP| 0425 | 0250 | %40 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R et $o——mv tmmmm o e . tommmm O et 4
| & | 0.998] 0.993]| 0.983] 0.968] 0.953| 0.943{ 0.945] 0.958]
| B | 0.9S7] 0.992] 0.979] 0.954] 0.931f 0.931] 0.937f 0.943|
| C | 0.994] 0.985{ 0.967| 0.944| 0.929f 0.937] 0.937| 0.944
i D | 0.993] 0.981| 0.9€1] 0.939) 0.915] 0.911| 0.910| 0.911]
| E | 0.995] 0.989] 0.975| 0.961] 0.933| 0.931| 0.933| 0.937|
| I | 0.996] 0.990| 0.982] 0.970f 0.962] 0.957{ 0.951] 0.951}
| 0 | 0.996] 0.990| 0.978] 0.966| 0.956] 0.951| 0.956] 0.962]
| K | 0.996] 0.990] 0.975{ 0.964] 0.958| 0.952| 0.948| 0.925]
| M | 0.998| 0.994]| 0.984] 0.974] 0.563| 0.962| 0.957] 0.959]
| N | 0.996] 0.993| 0.989f 0.978] 0.966] 0.959f 0.954] 0.952]
| P | 0.996] 0.990| 0.976§ 0.952| 0.939] 0.944] 0.943| 0.929]
| [ | T : | [ L
',-_..-.L ...... [ A e -~ —te e 4 -k - L _-—-.‘
| DIFFERENCE MEANS - SENSIBLE HEAT FLUX |
I B S T e T I Ot
ISHIP| 0.25 | 0.50 | 1.0 { 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R St tmmmmmm O B S e S S
[ & | 0.235] 0.120] 0.041] 1.013] 1.487| 0.589] 0.324{ 1.282]
| B | 0.107f 0.011] 0.067] 0.706] 0.381| 0.802| 1.756| 1.563]
| C | 0.0671 0.046] 0.121] 0.302] 0.64C| 0.924] 1.145] 1.192]
| D | 0.218] 0.157| 0.148] 1.743]| 0.773| 0.248] 0.348| 0.197|
| E § 0.081] 0.116] 0.265| 0.719] 0.747] 0.437| 0.619] 1.497]
| I § 0.361] 0.417] 0.739| 2.254] 2.253| 2.196| 2.465| 4.649]
| 3 | 0.159] 0.106f 0.239] 0.958| 1.002| 0.882| 0.999| 2.007|
| K | 0.006f 0.055] 0.027| 0.061f 0.113] 0.523| 1.130] 1.109]
| M | 0.302f 0.299) 0.471| 1.645] 2.064| 1.467] 1.165| 2.746]
| N | 0.134] 0.235| 0.476f C.976} 0.511] 0.469| 0.589] 1.452]
I P | 0.053] 0.130] 0.249( 0.561| 0.716f 0.676] 0.570] 0.710 ]
| | [ [ | | | 4 [ |
‘___ )y WO PR N o I PNy S A - 4 - L _.__-_{
| DIF¥FERENCE MEANS - LATENT HEAT FLUX |
T B - Hommmmm e T s
ISHIP| 0425 | 0.50 | 1.0 [ 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
S B e tommmm o T 4
| A | 0.628] 0.731] 1.287| 4.264] 4.687] 3.532| 3.443| 5.762|
| B | 0.305] 0.342] 0.530] 2.546] 1.736f 0.105] 0.572| 0.793|
| C 1 0.302] 0.251] 0.221f 1.566] 0.676| 0.002| 0.199| 2.546]
{ D | 0.532| 0.260} 0.347| 5.249] 9.077| 6.566| 7.050{ 10.70|
| E | 0.937| 1.645f 3.537| 8.837| 19.16] 16.61] 17.67| 22.88]
I I | 1.132] 1.634] 3.047] 7.801f 7.558| 7.697| 9.290| 15,22
| 9 | 0.481] 0.397] 0.735] 3. 140 4.806f 4.557| 5.516] 10.14]
| K | 0.314] 0.274] 0.606] 2.003| 1.310f 0.509f 1.917( 3.327|
| M | 0.620] 0.750f 1.345| 4.086] 4.606(| 3.462] 3.706] 7.933]
{ N | 3.2721 5.933( 11.31] 21.51] 3.827| 6.403| 8.751] 6.815]
| P | 0.228] 0.165| 0.268] 1.087| 2.444] 2.027{ 2.150| 3.802]
[ n
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[ taatuktatnatenbad bt Ittt et - - et |
| DIFFERENCE VARIANCES - SENSIBLE HEAT FLUX i
e O e $em——- e S S A
ISHIP| 0.25 | 0.50 | 1.0 | 2.0 { 4.0 | 7.0 | 14.0 [ 28.0 |
s B e e B B o S T s
{ A | -.0084] 0.002f 0.012] 0.016f -.041| 0.049| 0.102] 0. 120]
{ B | =.001f 0.006] 0.067| -.020{ -.030] 0.006| 0.065| 0.103}
| C | =.0C5{ 0.004] 0.019] =.001f 0.003| 0.015{ 0.015] 0.005]
| D | =.002f 0.002] 0.014] =.004] =~.010] 0.027| 0.028] 0.064]
| E | =.002] 0.001] 0.017] =.005] -.001| 0.058] 0.059) 0.004]
| I | =-.003f 0.008f 0.013f -.010f 0.012| 0.028| 0.084| 0.045|
1 3 | =.004) 0.005] 0.015] =.002| =.001j 0.037| 0.046] =-.041]
| K | =.005| 0.004] 0.017| -.004f 0.001| 0.037| 0.084] -.021]
| M | =.001f 0.004{ 0,011 =.015] =.023| 0.026{ 0.104{ 0. 1374
| N | 0.001{ 0.008] 0.002| -.012| 0.041| 0.053| 0.086| 0.027]
| P | =.006] 0.004{ 0.020f =.001| =-.004] 0.009{ 0.055| 0.014]
| i | ] I | | | [ |
|.__-—.L_-_.._-J...--..-..L ..... e o ey e e e -_— e ) I, i I Y ..l
| DIFFERENCE VARIANCES - LATENT HEAT FLUX |
T e B B T T s ST
{SHIP| 0.25 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 { 14,0 | 28.0 |
bt N it St —m—m e 4-————- R —
| & | =-.002| 0.003f 0.010] 0.015] -.022| 0.078§ 0.172| 0.260]
{1 B | 0.000| 0.004] 0.005{ =.015] =.022f 0.019] 0.089| 0. 148|
| C | =.001f 0.002| 0.009] =.000{ 0.001] 0.033| 0.038( 0.030]
| D | -.002] -.000] 0.008j 0.022| -.013f 0.039] 0.068| 0.136]
| E | =002] =.001] 0.012] 0.020f 0.022] 0.123| 0.182} 0.203]
| I | =.002f 0.006] 0.012] 0.014| 0.027] 0.049| 0.147| 0222
| d | =.002{ 0.001fj 0.010] 0.017{ 0.006} 0.032] 0.104] 0.113]
| K | =.002f 0.003| 0.010f =-.004] 0.010] 0.043| 0.127| =-.011]
I 4 | -.000{ 0.003] 0.008] -.012] 0.007| 0.063§ 0.176] 0.307]
I N | 0.003] 0.012f 0.009| =.003| 0.095} 0.089| 0.163| 0. 136]
| P | -.004] 0.002| 0.00S] 0.017| =.007f -.001} 0.059| 0.061]
i | I l ! i | | |
}..._.._J. ...... i . I R, —d = —dr e e G I -t -.'
| RESIDUAL VARIANCES - SENSIBLE HEAT FLUX |
b———t————t e == e 4-———- - |
{SHIP| 0425 ] 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
p————f———-—- tmmm——= oS S R O - = -
| & | 0.003] 0.008] 0.022| 0.040] 0.056] 0.070] 0.063} 0.053]
| B | 0.003] 0,006 0.016| 0.032| 0.039| 0.034] 0.031} 0.024]
| ¢ | 0.004f 0.010f 0.021] 0.034§ 0.042| 0.040| 0.039] 0.038}
| D | 0.004f 0.010f 0.026] 0.039] 0.045| 0.047] 0.044| 0,037]
| E | 0.005f 0.009] 0.023] 0.046] 0.06Sf 0.075] 0.076] 0.081]
| I | 0.004] 0.011j 0.021| 0.038] 0.044] 0.054] 0.065| 0.057]
| Jd | 0.003] 0.010] 0.019| 0.032] 0.037] 0.045] 0.059]| 0.063]
|.K | 0.003] 0.007] 0.013| 0.023| 0.031] 0.037] 0.037] 0.032]
| M | 0.004] 0.010] 0.021) 0.043] 0.065] 0.069] 0.087f 0.070]
| N | 0.006} 0.011] 0.019| 0.042] 0.072f 0.071] 0.094] 0. 126]
| P | 0.003] 0.008] 0.021f 0.035] 0.039] 0.036] 0.041] 0.030]
I l | i [ | | | I
| IS S, —dm e W IS, —t e -t e e A N |




230

¥ ettt ettt it 7
| RESIDUAL VARIANCES - LATENT HEAT FLUX {
I o S o tmem—- e 1
| SHIP| 0425 | 0.50 § 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
T e e R o e e 4
| & | 0.004] 0.013f 0.038] 0.077f 0.112| 0.141] 0.148) 0. 147
1 B | 0.004] 0.010f 0.029f 0.059f 0.077f 0.074| 0.071] 0.060 |
| C | 0.005] 0.012] 0.031] 0.054] 0.070| 0.075] 0.077| 0.076]
| D | 0.006] 0.016] 0.042] 0.071f 0.083] 0.094| 0.098| 0.095]
| E | 0.006] 0.014f 0.040] 0.104] 0.180] 0.218] 0.259| 0.316]
| I 1 0.006f 0.016] 0.039] 0.077] 0.096{ 0.144| 0.147| 0.180]
| J | 0.004] 0.012) 0.030] 0.060| 0.07S| €.103| 0.139| 0.156]
| K | 0.004]1 0,009] 0.021f 0.047{ 0.078] 0.111f 0,157 0. 165|
| B | 0.005] 0.015| 0.038] 0.081] 0.142| 0.159] 0.215] 0.204]
| N | 0.007| 0.015] 0.040] 0.1164 0.189| 0.232( 0.396] 0.589]
| P | 0.003f 0.009| 0.026f 0.053] 0.067} 0.068f 0.078| 0.073|
I | | | [ | [ l [ [
l._-....—.L ..... - Y TR, ¥ IR —te e e —i e e e 4
| CORRELATION. COEFFICIENTS - SENSIBLE HEAT FLUX |
I At S s s I
[SHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 4.0 | 28.0 |
I St B B S O B S R ~
| & | 0.998| 0.996{ 0.989] 0.980| 0.973] 0.964| 0.968] 0.974]
| B 1 0.999] 0.997| 0.992| 0.984] C.981| 0.983( 0.984] 0.989]
| C | 0.998| 0.995| 0.98S| 0.983} 0.979] 0.980| 0.980f 0.981]
I D | 0.9S8| 0.995| 0.987| 0.9801 0.978f 0.977] 0.978{ 0.982]
| E | 0.998] 0.995| 0.989} 0.977| 0.965{ 0.962] 0.961| 0.960]
| I | 0.998| 0.955| 0.990| 0.981| C.S78| 0.973| 0.967| 0.971]
| J | 0.598] 0.995] 0.991] 0.984] 0.982( 0.977| 0.970| 0.970]
i K | 0.999] 0.997§ 0.994| 0.989| 0.984| 0.981| 0.981] 0.984|
| M | 0.998| 0.995| 0.989| 0.979| 0.968| 0.965| 0.956| 0.965]
| N | 0.997| 0.994] 0.990] 0.979f 0.963| 0.964] 0.952] 0.936]
| P | 0.999] 0.996] 0.989| 0.983| 0.981] 0.982] 0.979| 0.985]
[ [ [ [ [ IR [ [ [
I..._._..‘L.. _____ 3 RN, 4 L ——-—tem e e e ¥ S —t e .|
i CORRELATION COEFFICIENTS - LATENT HEAT FLUX |
G o S B tommmee e e tm—mmm- 4
ISHIP| 0425 { 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
RS tomemae tomme e i S tomemee == —
| & | 0.998] 0.994] 0.981| 0.961( 0.944| 0.928]| 0.923| 0.926|
| B | 0.998] 0.9S5| 0.985] 0.9711 0.962| 0.963| 0.964] 0.971
| C | 04957 0.994] 0.984] 0.973| 0.965| 0.962| 0.961| 0.962|
| D | 0.997| 0.992] 0.979f 0.964] C.959] 0.952| 0.950] 0.952]
| E 1 0.957f 0.993| 0.980{ 0.948{ 0.909) 0.885| 0.862| 0.829]
f I | 0.9S7| 0.992| 0.980| 0.961| 0.952] 0.942| 0.923]| 0.906]
| J | 0.598| 0.994| 0.985| 0.97C| 0.960( 0.948| 0.928] 0.919]
| K | 0.998] 0.995| 0.989| 0.976] 0.961{ 0.943] 0.918] 0.918|
| B | 0.998) 0.993| 0.981| 0.960f 0.92S| 0.919| 0.886| 0.894|
i N | 04997 0.993| 0.980| 0.942] 0.902| 0.879f 0.788| 0.686]
| P | 0.999| 0.996f 0.987] 0.973] 0.967| 0.966| 0.960]| 0.963|
[ [ | [ [ | | [ | |
| ISP WSpIRpINpIE (OIS SIS ISy, _—t e A —de e e 4
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Appendix -J

The four test values for the stresses and the heat
the geograhically averaged equation, ¥
velccities individually.

flux DMs are in VWatts/m2.

fluxes when

, Was applied to the
The stress DMs are in dPa and the heat
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[ T e e e e e e e e e T e  — e — e — - 1
| DIFFERENCE MEANS - X COMPONENT CCNSTANT D.C. |
T i S e e e e L S
[SHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 { 7.0 | 14.0 | 28.0 |
e G S E N e fomm e o S ey 1
i & | 0.003| 0.009| 0.023( 0.045] 0.066| 0.069] 0.069| 0.067|
| B | 0.004] 0.004f 0.001| 0.003| 0.000|f 0.005] 0.012] 0.006]
| C | 0.002] 0.011f 0.036f 0.051f 0.064| 0.078| 0.076] 0.0u3|
| D | 0.005| 0.023| 0.054] 0.060f 0.060| 0.071| 0.068| 0.039|
| E | 0.001f 0.004] 0.007| 0.004] 0.014{ 0.012] 0.013| 0.033|
| I | 0.001] 0.003{ 0.010] 0.008{ 0.003| 0.005] 0.013] 0.003]
I J | 0.006f 0.001] 0.003| 0.015| 0.030f €.030] 0.017§ 0.041|
[ K | 0.001f 0.009] 0.017| 0.002] 0.022| 0.014] 0.012{ 0.020]
| M | 0.000] 0.003] 0.011| 0.012] 0.011] 0.024] 0.036| 0.028|
| N | 0.014] 0.030] 0.065| 0.131f 0.163| 04174 0.198( 0.233]
{ P | 0.002] 0.012| 0,024| 0.015] 0.009| 0.001| 0.016f 0.031]
[ [ [ [ [ [ | | [ |
|.-——-L_-_-—-&—-----L---—--L--_-__.L ...... ¥ IO RS & IR, .i
i DIFFERENCE MEANS - Y COMPONENT CONSTANT D.Ce. |
$—— - $omem e e 4o e e 4
{SHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
B e B o A S S e |
I & | 0.003] 0.008( 0.012f 0.014] 0.015| 0.020| 0.005] 0.001]
| B | 0.002f 0.003] 0.001| 0.012] 0.030f 0.050| 0.065| 0.071
I C | 0.006f 0.0164 0.087| 0.001f 0.015| 0.025] 0.029] 0.042|
| D | 0.007{ 0.020f 0.024) 0.010| 0.009| 0.013| 0,021} 0.036]
| E | 0.005| 0.006| 0.017] 0.038| 0.055| 0.057| 0.062| 0.077|
i I | 0.001] 0.005{ 0.005| 0.018{ 0.028| 0.017| 0.016] 0.023]
| 3 | 0.002| 0.004f 0.011f 0.018] 0.031(. 0.024| 0,024 0.042]
| K | 0.005] 0.012] 0.018| 0.025] 0.026] 0.015] 0.006] 0.022]
| M | 0.000f 0.002] 0.002f 0.002|] 0.015] 0.012| 0.003| 0.002]
{ N | 0.005{ 0.011] 0.024] 0.047] 0.059| 0.065f 0.070f 0.080]
| P | 0.006f 0.001{ 0.010] 0.001] 0.006{ 0.020( 0.044] 0.027|
| [ i [ 'I | | | | |
}......-.L._--_—-L---_--J.......-__.L ..... —t e =L A i I, .l
| DIFFERENCE MEANS - X COMPONENT LINEAR D.C. |
S At S $mmem e fomeme e fommmm I e G
[SHIP| 0425 | 050 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
s e fommmam o U S tomm e $mmam —
| & | 0.003{ 0.012] 0.037| 0.076] C.114] 0.148f 0.111] 0.112]
| B { 0.007] 0.011] 0.009] 0.015] 0.00S| 0.007{ 0.004] 0.036|
[ C | 0.006f 0.014f 0.051{ 0.080| 0.109] 0.125] 0.114| 0.065]
i D. | 0.006| 0.035| 0.084| 0.C89| 0.092| 0.104| 0.092| 0.052]
| E | 0.002] 0.004{ 0.007| 0.,012{ 0.028] 0.029f 0.032] 0.064|
I I | 0.001| 0.005{ 0.016f 0.009{ 0.007| 0.007| 0.017f 0.000]
| 3 | 0.011f 0.006] 0.003| 0.036] 0.055] 0.063| 0.047| 0.096]
| K | 0.000] 0.012{ 0.022f 0.009f 0.039f 0.028| 0.029]| 0.044]
{ B ] 0.001] 0.004f 0.013] 0.011| 0.012f 0.030| 0.042| 0.028|
| N | 0.018] 0.037f 0.080| 0.163] 0.210{ 0.232| 0.269f 0:317]
| P | 0.007{ 0.024f 0.041] 0.032| 0.020f 0.003| 0.032f 0.053]
[ i |
A

| ISP
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| === - - -
| DIFFERENCE MEANS - Y COMPONENT LINEAR D.Ce |
S S T S T T B R

ISHIP| 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14,0 | 28.0 |
R e T S O O TS SN Tt
I A | 0.005] 0.015f 0.025{ 0.032{ 0.038| 0.041{ 0.017| 0.011]
| B | 0.005| 0.009| 0.003| 0.014] 0.052{ 0.081f 0.100f 0.103|
| C | 0.012] 0.030f 0.035] 0.006{ 0.017| 0.035] 0.043| 0.061|
i D | 0.013§ 0.035( 0.041| 0.020| 0.016] 0.025| 0,039} 0.060
| E | 0.005f 0.0054 0.019) 0.048] 0.077| 0.083] 0.093) 0.108]
I T | 0.002] 0.008] 0.,00€6] 0.032f1 0,040| 0.031} 0.034f 0.052]§
i J | 0.003] 0.006] 0.014} 0.030| 0.052| 0.0471 0.053f 0.085j
| K | 0.008] 0.018| 0.025] 0.034] 0.034| 0.018] 0.007| 0.024]
[ B | 0.000] 0.003] 0.002f 0.005] 0.021| 0.016{ 0.005] 0.003
| N | 0.007§j 0.015} 0.031f 0.060| 0.077f 0.086] 0.096] 0.111}
| P | 0.013fy 0.,003|] 0.009f 0.007| 0.017| 0.037| 0.060| 0.017}
| | | | | [ | -| | |
F_____L________L___- A L —— i ek PN i T _‘
{ DIFFERENCE VARIANCES - X COMEONENT CONSTANT D.C. |
G o= fommm e tommme —pmmmmmm S 4mmmmmm o= i
ISHIP| 0425 | 0450 | 1.0 { 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
S G o Sty S pommee o N 1

+ +
I &4 | -.004] 0.018¢f 0.038] 0.031} 0.027| 0.068} 0.118] 0.132]
| B { -.001f 0.017; 0.041) 0.035| 0.072} 0.149| 0.1701 0. 145}
I C | 0,002 0.023] 0.044) 0.052| 0.062| 0.068| 0.079f 0.064]
i D | 0.006] 0.030f 0.069| 0.073|] 0.068] 0.103} 0.139) 0.217]
Il E | =+009f -.003] =«014) -.073] =-.108) -.066]| -.074| -.152|
} I | -.008] 0.004) 0.009| -.020f] -.02Sf -.002| 0.042] 0.0u43}
Il J | --010) -.004} ~-.008| -«057| -.104} -.080| -.060} -.103}{
I K | =010 -«005f =015 =4 114 -.185| =-.140| -.070| - 104
| B | =016} -«008| -«01C} -« 059| -.080] -.011| -.001] -.015]{
| N | =-e036] -a067] -o163) -oU424] -.599| -.685| -.876} -1.19]
I P | 0.002Z2] 0.027| 0.06%5] 0.038| 0.00S| 0.066| 0.086| 0.056{
L | L | | | | |
AL

I. ______ ¥ I ¥ R, P S R 4 - b A _-_...|
| DIFFERENCE VARIANCES — Y COMPONENT CONSTANT D.C. ‘ i
I S tommm tomma G 4 e —
ISHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e et oo fo—me o oo - - -
| 0.006] 0.019f 0.006] 0.007f 0.096f 0.163f 0.191]
| 0.020| 0.053{ 0.069| 0.1C7| 0.160{ 0.175] 0.157]
| 0.049| 0.089] 0.091] 0.120f 0.170f 0.165] 0.144]
| 0.053| 0.086] 0,077 0.130( 0.169( 0.188] 0. 185
| -+004] -.006] -.093| =-.125] -.082] -.049| -.067]
=003} 0.016f 0.026] -.0C8| =.011] 0.037| 0.043| 0.002]
-.008] 0.006] 0.015] =.034] -.048] 0.023| 0.021] =-.031|
-.007| 0.004f 0.007] =+070f =.114] -.033| 0.000]| -.024]
-.018] =.013| -.020| -.088| =-.106] -.063] 0.005| -.038|
=.031] =-.0541 -.139| =.341| =.481] -.478] -.578] =.790]
~<000] 0.021] 0.048] 0.053]| 0.058] 0.061f 0.113] 0.109

[ [ [ I | [ [ |
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[ s S T e e e e e e e e - ~-v=
| DIFFEFENCE VARIANCES - X COMPONENT LINEAR D.C. |
o B tommm- - tmmmmm o ~
ISHIP| 0425 { 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R e S S Tt B S . ~
| & | -.008] 0.028] 0.054] 0.041] 0.048] 0.094] 0.181| 0.198|
| B | -.004] 0.020( 0.049] 0.015( 0.127| 0.227{ 0.248| 0.206]
| C | -.000f 0.033] 0.056| 0.088| 0.145| 0.142] 0.167} 0.155]
| D | 0.012] 0.055| 0.131| 0.138} 0.138| 0.163]| 0.222| 0.340]
| E | -.008f 0.001] -.008] -.096( =-.144| -.085] -.103] -.261]
| I 1 =.014f 0.004] 0.002f =.051f =.049f -.014] 0.048] 0.074]
| d 1 =.0181 -.010] =.021} -.143| -2161| -.130| -.060f =-.143|
| K | =012} 0.002] -.005| -.181f -.283| -.207| -.135| -.195|
| M | =a026| =.015] =<023| =a117| =.138| -.042] ~.022| =.083]
| N | -.053] -.104| -.268] =.741f -1,10] -1.34| -1.85] -2.63|
| P | 0.009] 0.051f 0.114] 0.077| 0.04&| 0.136] 0.142f 0.067]
i | l | [ [ | [ [ [
‘.—_-—L ...... ¥ RN —t e —-—the e e - e [ I .l
| DIFFERENCE VARIANCES ~ Y COMEONENT LINEAR D.C. |
N At B T S B e -
[SHIE|] 0425 | 0.50 | 1.0 | 2.0 | 40 | 7.0 § 14.0 | 28.0 |
R Rt B e G e I SO SO
[ & | -.021] 0.001| 0.016] =.009f 0.020] 0.170{ 0.248] 0.257]
| B | -.009] 0.024] 0.074] 0.092] 0.179| 0.242| 0.253] 0.235]
| C | 0.026] 0.090f 0.146] 0.160] 0.237| 0.284] 0.263] 0.221|
{ D | 0.027| 0.095Q 0.146( 0.126] 0.248{ 0.277| 0.273{ 0.281]
| E | -.003] 0.008] 0,000} -.130f =.163| =o 112§ = 117| =-. 174
| I | -.005{ 0.031] 0.042f -.018| 0.012| 0.091| 0.076] -.013]
| 3 | -.011] 0.015( 0.026| =061 =.031| 0.060] 0.028| -.082]
| K | =+007{ 0.019] 0.030| =.079f -.136] =.006] -011] =.056]
| B =.032] -.026] -.045| -.162] =-.161] =.114] =.032| -.139]
| N | -.044f -.085] —.229| -.567] -.826] -+875] -1.13| =-1.53]
| P | -.002f 0.027{ 0.069| 0.090| 0.143] 0.150] 0.240| 0. 194
| | { | | | I | | o
l,______L______J.____ A i P o el e e i e et s L ____"
[ RESIDUAL VARIANCES - X COMPONENT CONSTANT DacC. |
S oo S fommmee e T o 4
{SHIP| 025 | 0450 | 1.0 | 2.0 | 420 | 7.0 | 14.0 | 28.0 |
b=t Fo————— Lttt Bttt +-—=——- t-=——— B B et -4
| & | 0.002] 0.007| 0.017| 0.031] 0.045] 0.049| 0.047| 0.040]
I B | 0.002{ 0.007{ 0.017| 0.032| 0.044] 0.051| 0.046} 0.035]
| C | 0.003f 0.008f 0.018] 0.034] 0.045f 0.042| 0.049] 0.048|
| D | 0.004] 0.010| 0.025] 0.040| 0.0464 0.051] 0.049] 0.059]
[ E | 0.003] 0.006f 0.014] 0.032( 0.041f 0.042| 0.040{ 0.038]
| I ] 0.0021 0.006] 0.013| 0.022{ 0.029] 0.031f 0.036| 0.036]
| J | 0.002] 0.006] 0.013| 0.024f 0.034| 0.036f 0.044| 0.043]
| K | 0.002] 0.006] 0.012| 0.023| 0.035] 0.036] 0.040| 0.048]
| M | 0.002| 0.006] 0.013| 0.,025| 0.033| 0.035| 0.043| 0.040]
| N | 0.003| 0.006] 0.016] 0.060| 0,106| 0.134| 0.191| 0.292]
| P | 0.003| 0.008] 0.021] 0.034| 0.040f 0.045| 0.043| 0.036|
| i ‘
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[ T T e e e e e e e e e = 1
| RESIDUAL VARIANCES - Y CCMPONENT CONSTANT D.C. |
I S B B e et S t=r——e
ISHIP| 0.25 | 0450 | 1.0 | 2.0 | 4.0 [ 7.0 | 14.0 | 28.0 |
R S $oemee t-mom e tommee to—mmmo e . t==m—e —
| A | 0.002{ 0.005( 0.014] 0.026] 0.040] 0.049( 0.055| 0.045]
| B | 0.003] 0.007| 0.018]| 0.038] 0.05&| 0.063| 0.060| 0.053]
| € 1 0.004] 0.012] 0.027| 0.043] 0.055| 0.054| 0.054] 0.047]
I D | 0.006f 0.015f 0.031] 0.049f 0.071] 0.077| 0.078] 0.078|
{ E | 0.004f 0.008f 0.021] 0.040| 0.068] 0.070{ 0.065| 0.069]
| I | 0.003] 0.008f 0.014] 0.024] 0.032| 0.036| 0.043] 0.047]
| 3 | 0.003| 0.008] 0.018f 0.029] 0.038f 0.042| 0.038] 0.035]
| K | 0.003] 0.0C8] 0.019{ 0.030f 0.040{ 0.041| 0.048| 0.065]
| M ] 0.002f 0.005( 0.013| 0.024] 0.037| 0.036] 0.041] 0.041]
| N | 0.004] 0.007{ 0.017f 0.055] 0.094j 0.101| 0.130]| 0.186]
| P | 0.003| 0.008f 0.020] 0.039| 0.050] 0.049] 0.054] 0.066]
[ [ l | I | 1 [ P
‘...-..-.L.--——-...L ...... I IR ¥ IS, —te e ¥ IS, [F NP ¥ R, ..l
| RESIDUAL VARIANCES -~ X COMPONENT LINEAR D.C. |
G e tome e S tmmmee- T N —
ISHIP| 0425 { 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R e e S O Ot B S St
| A& | 0.006f 0.017f 0.042f 0.081] 0.116] 0.122| 0.106] 0.091
| B | 0.006| 0.016] 0.042{ 0.079] 0.105] 0.118] 0.103] 0.085]
| C | 0.007] 0.017| 0,043} 0.084| 0.114] 0.104f 0.117( 0. 116]
I D | 0.008| 0.024] 0,066 0.107{ 0.122| 0.128] 0.113| 0. 1284]
| E | 0.006] 0.015{ 0.033| 0.074] 0.089f 0.090( 0.086] 0.080]
| I | 0.006) 0.015] 0.032| 0.055| 0.071| 0.072| 0.080| 0.084]
| 0 | 0.005] 0.015f{ 0.03Z| 0.062| 0.087| 0.085| 0.100| 0.100]
| K | 0.005] 0.014] 0.032| 0.058] 0.087| 0.083| 0.090| 0. 103]
| B | 0.005] 0.013] 0.032| 0.063| 0.078] 0.081f 0.097| 0.089]
| N | 0.006] 0.013] 0.038| 0. 151] 0.284| 0.383] 0.598§ 0.976|
| P | 0.009| 0.023f 0.05&| 0.088]| 0.102f 0.109| 0.100| 0.086]
[ I | | | [ [ [ [ |
pm——tee - T RO T P R T P S e 4
| RESIDUAL VARIANCES - Y COMPONENT LINEAR D.C. |
T R B tmmm e e 4em—me -
ISHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
R R e O R T B
1 A | 0.005f 0.014] 0.033| 0.064] 0.096] 0.114] 0.116] 0.097|
| B | 0.006f 0.017f 0.043] 0.C92{ 0.138] 0.143{ 0.132{ 0.119]
| C | 0.011] 0.030f 0.068] 0. 111 0.141] 0.131f 0.129] 0.111]
| D | 0.014] 0.039] 0.079| 0.121| 0.166] 0.175] 04175 0. 174]
| E | 0.010| 0,021f 0.051f 0.088] 0149 0.149) 0.144] 0.145]
| I | 0.008] 0.020f 0.03€| 0.061f 0.077| 0.085| 0.098} 0.107|
| J | 0.007] 0.020{ 0.044| 0.071] 0.090f 0.097| 0.088| 0.083|
| K | 0.007f 0.020f 0.04S| 0.077f 0.094] 0.097| 0.106{ 0.153]
{ M | 0.065f 0.011| 0.032] 0.062| 0.086f 0.083| 0.088] 0.094]
| N | 0.008f 0.016f 0.038f 0.124] 0.220] 0.251] 0.346]| 0.509|
| P | 0.008| 0.020| 0.048f 0.095( 0.118] 0.109f 0.116] 0. 139]
1
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CORRELATICN CCEFFICIENTS - X COMEONENT CONSTANT DeC. . |

i D Tt B i e Tt S B -
ISHIP| 0.25 | 0450 | 1e0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |§
$————f—————- O - D mm—— fmmm O N {
| & | 0.999] 0.997| 0.992| 0.984} 0.977| 0.975] 0.977| 0.981]
| B | 0.9SS| 0.997] 0.992] 0.984]| 0.S78] 0.976] 0.979| 0.984]
| C | 0.998] 0.996] 0.991| 0.983] 0.977] C.979] 0.975| 0.976]
| D | 0.998§ 0.995] 0.988] 0.980| 0.977| 0.975] 0.976] 0.974]
| E | 0.999] 0.997) 0.993] 0.985| 0.982] 0.980f 0.981f 0.985]
I I | 0.999] 0.997] 0.994| 0.989| 0.986f 0.984] 0.982] 0.982]
| J | 0.999{ 0.997| 0.994| 0.989]| 0.S85] 0.983] 0.979| 0.981]
] K | 0.959] 0.997| 0.994] 0.991] 0.588| 0.985| 0.981] 0.979]
| M | 0.999] 0.997{ 0.993| 0.988] 0.985} 0.983] 0.979]{ 0.980]
| N | 0.99S| 0.998] 0.995] 0.990| 0.986| 0.983| 0.980§ 0.979]
| P | 0.998] 0.996( 0.990{ 0.983| 0.580| 0.977| 0.978( 0.982]
i l { I i | i T |
l.-_-_.l. ..... ks e ' Iy i R, P IS R R—— S I .‘
i CORRELATION COEFFICIENTS - Y COMEONENT CONSTANT D.C. |
S B B e B o D T RS
{SHIP|{ 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
T T B B D e —
| & | 0.999] 0.997| 0.993} 0.987] 0.980| 0.976| 0.974| 0.981}
i B | 0.999] 0.997| 0.991| 0.981] 0.571] €.970f 0.971f 0.975]
| C | 0.998] 0.994| 0.987|] 0.978] 0.973| 0.975] 0.975| 0.978§
| D | 0.997f 0.993] 0.985| 0.975] 0.965| 0.962| 0.962| 0.962]
| E | 0.998] 0.996f 0.990{ 0.982] 0.96S| 0.967| 0.968| 0.967|
| I | 0.998]| 0.996] 0.993| 0.988| 0.984] 0.982] 0.978{ 0.977]
| 3 | 0.999] 0.996] 0.991] 0.986] 0.982| 0.979]| 0.981] 0.983]
| K | 0.998{ 0.996) 0.991] 0.986] 0.983| 0.980]| 0.976| 0.968]
| M | 0.999f 0.998] 0.994f 0.989] 0.984| 0.983] 0.979| 0.980]
| N | 0.968f 0.997{ 0.994( 0.987f 0.981] 0.978| 0.974] 0.973]
| P | 0.5$8] 0.996] 0.990f 0.980{ 0.975f 0.975| 0.973| 0.966]
| i l [ i P i | ,,
}-—-_L—-_--.‘L ...... ¥ I, [P VORI U P I R J-....---...‘
| CORRELATICN COEFFICIENTS - X COMPONENT LINEAR D.C. |
p————f - e Dt e S e -
[SHIP| 0425 | 0450 | 120 | 2.0 | 4.0 | 7.0 | 14,0 | 28.0 |
R S G s S s - = 4
| & | 0.997| 0.992] 0.979] 0.959f 0.941] 0.937f 0.946] 0.955]
| B | 0.997f 0.992{ 0.975| 0.960] 0.946] 0.941] 0.951] 0.959]
| C | 0.997] 0.991] 0.978| 0.957| 0.941{ 0.947( 0.940f 0.94 1]
I D | 0.996| 0.988( 0.967| 0.945f 0.937| 0.934| 0.944] 0.945]
| E | 0.997| 0.992| 0.984] 0.966] 0.961| 0.958{ 0.960| 0.971]
| I | 0.9S7] 0.993] 0.984| 0.973| 0.966] 0.964] 0.959f 0.957]
| 3 | 0.998] 0.993] 0.984¢ 0.972] 0.963| 0.962] 0.952] 0.955]
| K | 0.997f 0.993] 0.984f 0.977| 0.969]| 0.967( 0.960{ 0.957|
| M | 0.997| 0.994{ 0.984] 0.972] 0.566| 0.960f 0.952] 0.958|
I N | 0.957| 0.995] 0.990f 0.981f 0.972] 0.967| 0.964] 0.959]
| P | 0.955| 0.988] 0.971| 0.955| 0.948| 0.944] 0.949] 0.956]
I I l | I | [ | [ I
[ Y I R i Y T, T T i G T N, S T
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0.280

[ teniahatentntatt sttt ettt bt skttt -
| COREKELATION COEFFICIENTS - Y COMPCNENT LINEAR D.C. |
pmm—— - s + e 4 - o {
[SHIP] 0425 | 0.50 | 140 | 2.0 | 40 | 7.0 | 14.0 | 28.0 {
e i e e B o e T B
i A | 0.998] 0.993] 0.983] 0.968f 0.951] 0.942| 0.943| 0.955]
| B | 0.997] 0.992f 0.978] 0.953| 0.929| 0.928] 0.934| 0.941]
| C | 0.954] 0.985| 0.966f 0.943f 0.929f 0.937| 0.937{ 0.945]
| D | 0.9S3] 0.981] 0.960] 0.938] 0.914] 0.910] 0.910] 0.911}
| E | 0.995| 0.989| 0.975| 0.960] 0.934] 0.931] 0.933| 0.936]
i I | 0.9S6{ 0990 0.982] 0.970f C.961] 0.957| 0.950| 0.947]
| J | 0.9G6] 0.990] 0.978| 0.966f 0.956] 0.950| 0.955{ 0.961]
| K | 0.996] 0.990| 0.975| 0.964{ 0.958] 0.952] 0.947| 0.926|
| M | 0.598] 0.994] 0.985) 0.974| 0.963f 0.962| 0.957| 0.958]
| ¥ | 0.996§ 0.993| 0.S88| 0.976f 0.964] 0.958] 0.954] 0.950] -
| P | 0.9S6{ 0,990| 0.97€| 0.951f 0.939] 0.944| 0.943| 0.928]
I I { i | | | o
ISR U —— - - 4 Y W R —he ) R i _,_____4‘
| DIFFERENCE MEANS - SENSIBLE HEAT FLUX i
e N T e T N e - fmmm {
[SHIP| 0425 | 0450 | 1.0 { 2.0 { 4.0 | 7.0 | 14.0 | 28.0 |
e fmmmm e T fmmm e e R I
{ A | 0.070] 0.204] 0.603| 0.275f 0.281] 1.411f 2.001| 1.392f
{ B | 0.069] 0.130] 0.408f 0.229] 0.198] 1.337| 2.240| 1.836]
{ C | 0.017] 0.095] 0.366] 0.687] 0.739] 1.025] 1.257| 1.291]
I D | 0.068] 0.499] 1.364] 1.752] 1.772] 2.694] 2.562| 1.605]
| E | 0.125] 0.208f 0.466] 1.180| 1.180| 1.072] 1.551] 2.876]
| I ] 0.012f 0.179] 0.241] 0.616( 1.245] 0.531| 0.383]| 0.086]
| J | 0.088] 0.009] 0.074f 0.720( 1.383] 1.137] 0.872| 1.375]
| K | 0.029] 0.024{ 0s144] 0.322] 0.531] 0.165| 0.328] 0.296]
| M | 0.356] 0.436| 0.800] 2.439] 2.884] Z.156| 1.553| 2.608]
| N | 0.423] 0.508] 1.986| 4.355{ 5.495] 6.009| 6.822| 8.334]
| P | 0.087| 0.118] 0.220] 0.490] 0.763| 0.713| 0.579| 0.677|
| l 1 [ | I [ i | !
I..-.-__.L ...... I, I IS R Lo I . y i _.._-1
| DIFFERENCE MEANS - LATENT HEAT FLUX |
e i e B B e s Tt SR
| SHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e S N N R T T B

| & | 0.027] 0.643] 1.592( 1.871] 2.093] 4.750| 7.173| 8.262]
| B | 0.123] 0.592| 1.562] 2.300] 2.818] 5.2074 7.036{ 6.980]
| C | 0.195f 0749} 1.780| 2.630] 2.562] 3.992{ 4.959] U4.311]
| D | 0.816] 2.587] 5.764] 8.111f .8.618] 12,29 13.02j 10.20]
| E | 0.782] 1.326] 2.887| 7.584] 10.C5] 7.326] 8.728( 14.31]
| I | 0.084] 0.698| 1.343] 0.770] 0.429] 2.230] 5.462] 6.749]
1 3 | 0.190] 0.1961 0.425] 0.655] 2.528] 0.960| 1.122{ 0.205f
| K | 0.417] 0.575] 1.408] 4.019] 6.961{ 3.866]| 0.661| 1.604]
| M | 0.306] 0.083] 0.028f 1.092| 1.447] 1.564] 4.627] 5. 199]
I N | 1.805| 3.984{ 9.403] 21.30] 30.13] 31.79| 33.81| 42.42f
| P { 0.103] 0.099] { 0.091f 0,620] 0.383] 0.892] 0.015]
!
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[ atastatahetbababah bttt - ainateatteten et st K}
i DIFFERENCE VARIANCES ~- SENSIBLE HEAT FLUX |
S SOt o e D fmmmmmm t-=m- o= mmmmpmm =
|SHIP} 0625 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
|...-__..

0 0.013] 0.034}) O0.064] 0.0U41] 04140 0.206f 0Oa241)
002} 0.006| 0.010] =001 -.020| 0.010| 0.0631 04095}
009 0,026} 0.059| 0.067| 0.021] 0.032f 0.028] 0.005}
«005f 0.017{ 0.050( 0.087] 0.080| 0.116| O.114j 0.139]
«002{ 0.0011 0.015] -.021] -.0411 -.002| -.038] -.166]
«003}] 0.018] 0.029) 0.023| 0.028| 0.066f 0.163f 0.204}
<e002| 0.008f 0.018] 0.000| -.055) -.011] 0.016] -.015]
~e012] =o015] =-4033| =5 139 -4282| -«294| -.298| -.497]
-«003] 0001} 0.002f -.041] -.062| -.009] 0.078| 0.132|
~e020f -.0381 -.109| =307 -S54} -.604| -.713| -.892|
-.002] 0.013| 0.038] 0.035} -.015] 0.0021 0.054] 0.024|
| I | I l { | i | |

RO HE-NOODS

’.—--—.L.___-.,..J...-_--_L-.,---.L--_--.J. ______ ¥ S IS, Y I, ..‘
| DIFFERENCE VARIANCES - LATENT HEAT FLUX |
s e B T e T B s |
ISHIP] 0.25 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
S Ot oS St S fommm = +=——=- -4
| 2 1 0.001] 0.008{ 0.023] 0.060] 0.056( 0.165] 0.274| 0. 394
i B | 0.001] 0.008] 0.016] 0.024f 0.023] 0.060f 0.132] 0.193]
i C | 0.007] 0.018| 0.043] 0.075] 0.065] 0.107] 0.132| 0. 141f
| D | 0.004f 0.012] 0.037f 0.091f 0.112] 0.162| 0.193| 0.263]
| E | 0.003] 0.009] 0.032] 0.059] 0.078] 0.173| 0.230( 0.250]
| I | =.001] 0.005] 0.014] 0.031| 0.043| 0.069| 0.176] 0.281]
| 3 | =.004] -.002{ 0.003| 0.008] =.040| =-<017] 0.027) 0.080]
| K | =003 =.001f =.002| -=.035) ~.131| ~-.086] 0.052f 0.034j
| M | =-.000] 0.002] 0.009f -.003fj 0.009] 0.069{ 0.196] 0.377]
| N | =005] =.010] ~.035] =.085| =.272| =381} ~.453] -.670|
| P | =.003] 0,005} 0.015f 0.034| 0.016] 0.028] 0.103] 0. 114§
i [ I | [ i [ [ [ I
l.-__-.L__..--.‘L_-..- / 3 N S o I —t e e -l
i RESIDUAL VARIANCES - SENSIBLE HEAT FLUX |
bt fommmrmpmmm - +-——-=- t=mm—e- t--———- == - -4
{SHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
e e fmmm——- N R - 4= = o -
| A | 0.003] 0.008] 0.022| 0.041] 0.055| 0.074| 0.072] 0.065]
{ B | 0.003( 0.006| 0.017f 0.031f 0.040{ 0.037]| 0.033| 0.024]
| C | 0.004) 0.010{ 0.022| 0.035f 0.041f 0.039] 0.038| 0.039]
| D | 0.004] 0.010f 0.026] 0.040| 0.046] 0.049] 0.046] 0.039]
| E | 0.005f 0,010f 0.024j 0.049( 0.071] 0.076] 0.0784 0. 100
| I | 0.004] 0.010f 0.021] 0.037| 0.047{ 0.061] 0.082| 0.077|
| 3 | 0.003§ 0,010] 0.019f 0.031f 0.040] 0.047| 0.059| 0.048]
| K | 0.003§ 0.007] 0.015] 0.035] 0.055| 0.061f 0.063| 0.088]
| M | 0.004{ 0.010| 0.021f 0.046] 0.067| 0.069| 0.087| 0.071j
| N | 0.006}f 0.014] 0.030] 0.097f 0.137| 0.157{ 0.201] 0.271]
{ P | 0.003] 0.008f 0.021] 0.035] 0.039] 0.036] 0.041] 0.030]
i i i | | { | | I |
| I S —te ot e e I, whaeemewcwoda—a - - - ¥ SIS | I, I 4
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| RESIDUAL VARIANCES - LATENT HEAT FLUX |

T B B B S B e .

ISHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 | 14,0 | 28.0 |

e B S tommm - tmmmo- O S ~

| & | 0.004] 0.012| 0.038] 0.077| 0.122| 0.167| 0.190| 0. 204

| B | 0.004] 0.010{ 0.030| 0.062] 0.C88| 0.092| 0.098] 0.080]

I C | 0.005] 0.013] 0.033] 0.056] 0.074] 0.083| 0.089] 0.090 |

| D | 0.006f 0.017] 0.043| 0. 077| 0.094f 0.110] 0.119] 0.123]

i E | 0.006] 0.01%4f 0.0401 0.103) 0.176] 0.221| 0.263f 0.317|

| I | 0.006f 0.015) 00,0401 0.076| 0,113 0. 148 0.223]| 0.276]

I dJ | 0.004| 0.0124 0.030] 0.059] 0,091 0,120 0.,178) 0.188]

| K | 0.004] 0.009] 0.022| 0.049] 0.089{ 0.121| 0.172| 0.182f

| M § 0.0C5| 0.015| 0.038] 0.079| 0.151] 0.175f 0.252f 0. 254

i N } 0.006) 0.012] 04033} 0.0S5| 0.221f 0.301| 0.527]| 0.894]

| P | 0.003| 0.009] 0.026| 0.054] 0.069| 0.075| 0.087F 0.075]

[ [ I | | | T | |

‘......__.L ______ ¥ U ¥ RO, [ R — —_—rh e L dmm Lo e - ..l

| CORRELATION COEFFICIENTS -~ SENSIBLE HEAT FLUX |

po—mmpmmmm - to—mm- tommm o= fmmmmmm tmmm o H==-m= e {

[SHIP| 0425 | 0450 | 1.0 | 2.0 | 4.0 | 7.0 [ 14,0 | 28.0 |

e B o tommmmm +ommmme fommmmm +-—mmm= fomemmvf

4 | 0.998| 0.996] 0.989| 0.980] 0.972| 0.963} 0.967| 0.972|

B | 0.999] 0.997] 0.992| 0.985| 0.980| 0.982| 0.983| 0.989]

C | 0.958] 0.995| 0.989| 0.983f 0.97S| 0.980| 0.981| 0.980}

D | 0.958| 0.995| 0.987) 0.980| 0.977] 0.976} 0.978] 0.982]

E | 0.997f 0.9S5| 0.988] 0.976] 0.966] 0.962| 0.962| 0.957]

I | 0.9S8] 0.995] 0.990] 0.982| 0.976] 0.969| 0.959] 0.963]

J | 0.968) 0.995| 0.991f 0.985| G.981] 0.9761 0.970}] 0.976]

K | 0999 0.996] 0.993| 0.986( 0.984) 0.982| 0.981] 0.984}

M | 0998} 0.955| 0.989| 0.978| G.S6€] 0.966} 0.956]| 0.965]

N | 0.987| 0.994] 0.987] 0.966| 0.966f 0.966] 0.960] 0.953]

P | 0.999) 0.996] 0.989| 0.982) 0.981) 0.982| 0.979} 0.985]

| | | [ [ [ | TR

————tee e e e _—tem e = I —t - d N P 4. _...-.‘

CORRELATION COEFFICIENTS - LATENT HEAT FLUX |

R Bt S t-——e- tm—mmme tommmmm to—mmmpm ~—-—

[SHIP| 0425 | 0.50 | 1.0 | 2.0 | 4.0 | 7.0 | 14.0 | 28.0 |
‘.----

+ -

[ 0.9941 04981 0.961f 0.938] 0.913f 0.901] 0.900¢{
| 0.9951 0.985] 0.969| C.956| 0.953| 0.950f 0.961]
| 0.997| 0.994| 0.984} 0.972| 0.963| 0.958] 0.955| 0.955]
I 0.9S7| 0.9921 0.978| 0.961| 0.952| 0,944 0.939] 0.940{
I 0.4987| 0.993] 0.980f 0.947] 0.909¢ 0.883| 0.859| 0.828]
I 0997 0.993| 0.980) 0.962| 0.942| 0.924] 0.882| 0.851}
I 0.5681 0.994( 0.985¢( 0.970f 0.956f 0.941f 0.910f 0.90 3}
i 0.968| 0.995] 0.989) 0.976f C.960| 0.943] 0.9124 0.908]
| 0.3958] 0.993f 0.981| 0.961] 0.924f 09104 0.865f 0.867|
I 0997 0.994f 0.984)] 0.955] 0.909| 0.885] 0.799) 0.687]
| 09951 049961 0.987) 0.973| 0.965| 0.962] 0.955| 0.962]
| - | | | | | | i
4
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