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SPATIAL AND TEMPORAL VARIATIONS OF THE 
TURBULENT FLUXES OF HEAT, MOMENTUM, AND WATER 

VAPOR OVER LAKE ONTARIO DURING IFYGL

B. R. Bean, C. B. Emmanuel, R. 0. Gilmer, and R. E. McGavin

During the 1972 IFYGL “alert" periods, the highly in­
strumented NOAA/RFF/DC-6 aircraft was used to record the 
time series of wind, temperature, and water vapor at heights 
ranging from 18 to 300 m above the surface of Lake Ontario. 
The aircraft was equipped with a gust probe system, a fast 
response thermistor, a microwave refractometer (for water 
vapor measurements), and a downward-pointing IR system; as 
well as the normal in-flight measurement of standard 
meteorologica1 parameters.

The time series records have been found to display a 
highly intermittent nature. This is especially the case for 
evaporation when, in the fall, Polar Continental outbreaks 
move across the lake. In particular, such an outbreak of 
cold dry air moved across the lake at 12-15 m s-1 on 
9 October 1972. This resulted in the air temperature at 
30 m above the lake to drop from 12 to 6 C while the evap­
oration rate increased to more than 1 cm day-1. This may be 
compared with the 0.5 cm day-1 normal evaporation observed 
in the tropics during B0MEX. Furthermore, IR lake surface 
temperatures show cold regions (^5 C) along the north shore, 
presumably due to strong upwelling, while the center and 
south shore regions of the lake were of the order of 12 to 
15 C. The turbulent flux quantities of momenturn,.heat, and 
water vapor were obtained by the eddy correlation technique 
and their spectra were determined at several locations over 
the lake surface for 3~minute sampling lengths. At the air­
craft speed of 92 m s"1, this represents a flight path of 
^17 km for both along wind and constant fetch patterns. The 
spectra demonstrate the tendency for the peak value to march 
to higher wavelengths with increasing height.

1. INTRODUCTION

Heretofore the process of evaporation from large bodies of water 
has been studied by various techniques, including the water budget, 
energy balance, and bulk-aerodynamic methods (Webb, 1960). The water 
budget method is heavily dependent upon metering water flow into and out



of the lake or reservoir, and the quantities measured require lonq-term averages. The result is that they yield evaporation estimates for periods 
of about a week. The bulk-aerodynamic method must rely on the assump­
tion of an empirical relationship between the wind and humidity profiles over the water surface. Frenkiel (1963) concluded that for the combined 
energy budget and bulk-aerodynamic methods there is no firm basis for 
regarding any evaporation fluctuations less than 20 percent as falling 
outside the range of random experimental errors, even under the most 
favorable assumptions.

Measurement of evaporation over short periods would be very 
desirable, for then the diurnal cycle of evaporation could be ascertained. 
The eddy correlation technique (Swinbank, 1951; Bean et al., 1969) shows 
great promise. In this formulation, the eddy flux of water vapor is ex­
pressed as

E = w1 [g m_2s_1l , (1)

where E is the evaporation, p is the water vapor density, and w is the vertical component of the win<9f velocity. The primes denote departures 
of these quantities from their respective mean values. The overbar de­
notes a time average, normally of the order of a few minutes, rather 
than the many hours or days required by other techniques. The details 
of this technique as well as its accuracy are discussed in subsequent 
sections of this report.

Because of the nature of the physical environment, the measurement 
of evaporation via the eddy correlation technique, as well as the fluxes 
of heat and momentum, over a large body of water has been extremely dif­
ficult to accomplish. In recent years, however, properly instrumented 
aircraft have contributed much to our capability of making such measure­
ments and subsequently increased our knowledge of the marine boundary 
layer (Bean et al., 1972; Grossman and Bean, 1973; McBean and Paterson, 
1974). This has become possible because of the availability of precise, 
fast-response wind gust sensors, as well as sensors that sample the 
temperature and water vapor fields from mesoscale horizontal distances 
to scales of a few tens of meters within short periods of time: 3 to
10 minutes.

An adequate description of the planetary boundary layer over a lim­
ited fetch body of water requires measurements of the spatial and tempo­
ral variations of the fluxes of water vapor, heat, and momentum. In this 
report we present the work of the Boundary Layer Dynamics Group, Office 
of Weather Modification, ERL/NOAA, on the direct measurement of these 
fluxes over Lake Ontario. The work was performed during the joint U.S.- 
Canadian cooperative studies at Lake Ontario, commonly referred to as 
the International Field Year for the Great Lakes (IFYGL). The extensive 
measurements, taken during the IFYGL "alert" periods in 1972, from land- 
based sensors, buoys, and aircraft should prove most useful in parameter­
ization techniques necessary for the understanding of the physical 
processes involved in the interaction of the air-water fields at Lake 
Ontario.
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2. THE MEASUREMENT OF THE FLUXES OF WATER VAPOR, HEAT 
AND MOMENTUM VIA THE EDDY CORRELATION TECHNIQUE

The eddy correlation technique defines the flux value of a 
particular quantity as

Fx = x w , (2)

where w represents the vertical component of the wind and x denotes the 
quantity whose flux value we are attempting to determine. Evaporation 
from a water surface is defined as the amount of water vapor carried 
aloft from unit area per unit time; hence,

E = Pw « (3)

where pw is the water vapor density (q m~3), and w is the vertical com­
ponent of the wind (m s_1). Normally the determination of evaporation 
implies a time average of both pw and w. Consequently, if we express 
the instantaneous values of pw and w as being composed of a mean value 
(denoted by an overbar) and a fluctuating (about the mean value) quan­
tity (denoted by a prime), then

p = p + p '

w = w + w'
(4)

Substituting (4) into (3) and averaging, we obtain

E = (pw + pw^w + w') (5)

Upon expanding (5) and invoking the Reynolds rules of averaging, we 
obtain

E = pw w' + pw w ’

where the first term on the right is the eddy flux. For sufficiently 
long averaging times, w = 0, hence

E - W [g m“2s_1] , (7)

which states that the eddy flux of water vapor is equal to the evapora­
tion. The averaging time which is inherent in this formulation is im­portant. Swinbank (1955) found that the minimum sample size to insure
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the presence of all the flux information of a passive parameter was of 
the order of 100 seconds. If the sample is too long, the diurnal cycle 
will affect the results and thus destroy stationarity. Any sample size 
in excess of 100 seconds but less than 1 hour, except at sunrise and 
sunset, should provide an adequate averaging interval.

Expression (7) represents actually the covariance between the water 
vapor and the vertical wind. This implies that some correlation exists 
between the two variables whenever evaporation occurs, and as such it 
should be noted when the effect of errors in the determination of evapo­
ration is considered.

The covariance between two variables, say X and Y, is defined as

Cov(X,Y) = (X-X)(Y-Y) . (8)

Now let us assume that a constant bias is present in each of the measure­
ments, such that

X = XT + e 
Y = YT + 6

where the subscript T represents the true values while e and 6 are the 
biases of measurement. Substitution in (8) yields

Cov(X,Y) = [XT + e -(XT + e)][YT + 6 -(YT + 6)] . (9)
Since e and 6 are constant, (9) becomes

Cov(X,Y) = (XT - Xt)(Yt - Yt) , (10)

indicating that a constant bias in either measurement has no effect on 
the accuracy of the measurement.

If, however, we assume that e and 5 are normally distributed random 
errors then, upon expansion, (9) yields

Cov(X,Y) = Cov(Xt,Yt) + Cov(e,YT) + Cov(6,YT) + Cov(e,6) . (11)

The last three terms of this expression represent the effects of the er­
ror in measurement. If the measurement of X is independent of the mea­
surement of Y, and, therefore, the error in measuring X is not related
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to the error in measuring Y, then these terms are essentially zero since 
they are the covariances between independent variables. This does not 
imply that X and Y are independent but merely that the error in the meas­
urement of X is independent of the error in the measurement of Y.

An entirely similar approach is used in determining of the heat and 
momentum fluxes. In summary, we have

i) Water vapor flux = p1 w1 [g m_2s_1] , w
ii) Heat (Temp) flux = T' w* [m K s-1] ,

iii) Momentum flux h u1 w' [m2s-1].

The platform used for all the measurements during IFYGL was the in­
strumented NOAA/RFF/DC-6 aircraft, figure 1. The aircraft, among other 
instrumentation, was equipped with a gust probe system, a fast response 
thermistor, a microwave refractometer (fig. 1), and a downward pointing 
IR system. The wind field measurements were made via the two vanes that 
are near the tip of the boom. Strain gauges are fixed to the vanes and 
record the force exerted by the air motion. These forces are then 
related to angular deflections of the vanes (in this manner, the fixed 
vanes measure an angle of attack relative to the airstream). The details 
of the gust probe system are given in Appendix A. In addition, at the 
very tip of the boom there is a pitot tube which records air motion as 
small pressure fluctuations. The remaining instrumentation on the boom 
consists of a fast response thermistor for recording the air temperature 
fluctuations and a microwave cavity for the measurement of the short­
term fluctuations of the radio refractive index. The latter are then 
translated into short-term fluctuations of the water vapor density.

The microwave refractometer, originally designed by Birnbaum (1950), 
has undergone many changes in recent years to improve its operation and 
stability. The fundamental principle of the instrument is based on the 
relationship between the resonant frequency f of a microwave cavity, its 
dimensions K, and the refractive index, n, of the contents, i.e.,

f = - Kn, (12)
or

Af _ An 
f ‘ n An , (13)

since n ^ 1.000300. Thus, the relative change in the refractive index 
of the air inside a microwave cavity is equal to the relative change in the resonant frequency (if the operating frequency is 10 GHz and if the 
change in the refractive index is 1 part per million (ppm), then the res­
onant frequency of the cavity will change by 10 kHz).
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Figure 1. (Top): The NOAA Research Flight Facility (RFF)
DC-6 research aircraft.

(Bottom): The quiet probe system.
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When a sealed cavity is used as a reference, then the difference be­
tween the resonant frequencies of the sampling cavity and the reference 
cavity represents a measure of the refractive index of the air passing 
through the sampling cavity. Since the refractive index, n, is a number 
such as 1.000300, it has been common practice to scale the index up, i.e.,

N = (n-1) x 106 , (14)
where N is referred to as the refractivity and is related to meteorologi­
cal parameters via

N = 77.6 j + 1.72 x 103 ^ . (15)

In this expression P is the total pressure in mb, T is the temperature in°K, and p is the water vapor density in g m"3 (Bean and Dutton, 1966).Solving f$r p , (15) yields 
w

p = 5.81 x 10'4 NT - 4.51 x 10-2P . (16)

Accuracies of 1 ppm in refractive index with resolution of one part in 
108 became common. As a result, measurements in the absolute humidity to within 0.2 gm"3 with a resolution of 0.02 g m-3 (equivalent to a 
2 percent maximum error at standard sea level conditions) were easily 
achieved (McGavin and Vetter, 1965).

The gust probe defines a coordinate system which, being fixed to 
the aircraft, has three degrees of freedom with respect to a coordinate 
system referenced to the earth and translating with the aircraft. These 
degrees of freedom are known as roll, pitch, and yaw and are rotations 
about the x, y, and z axes, respectively, of the earth-referenced coordi­
nate system. The gust probe data, however, cannot be correctly inter­
preted if they are analyzed with respect to the aircraft coordinate 
system.

The inertial platform aboard the aircraft represents an earth 
referenced coordinate system which is independent of the aircraft roll, 
pitch, and yaw. As a result, the inertial platform is able to accurately 
determine the roll, pitch, and yaw angles. By use of these angles the 
gust sensed in the aircraft coordinate system is referenced to the iner­
tial platform coordinate system. This places the gust in a stationary 
coordinate system where the gusts have some physical meaning.
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Grossman and Bean (1973) have performed a detailed error analysis 
for the airborne gust probe system used during BOMEX. The same system 
was used during the Lake Ontario measurements. Here we summarize the 
pertinent findings of their work on the error analysis. In all, the 
measurements of 16 parameters are needed for the determination of the 
fluxes of heat, momentum, and water vapor. Since the data are detrended, 
the absolute accuracy of each measurement is of little concern; the er­
ror is a function of the resolution of the various instruments. Table 1 summarizes the pertinent results; these are the root-sum-square (rss) 
errors contributed by the independent sensors. Table 1 also gives the 
expected errors in the individual values and the error in the mean over 
each complete sample.

Table 1. Errors (res)  due to Response of Sensors of the Airborne
Gust Probe System

Parameter Units Error Typical Range of Values

Errors expected in the individual values
m s_1 2 x 10"2 1.0u'
m s-1 6 x lO-2 0.3w'

T' °K 0.5 x lO-2 0.4

g nr3 1 x lO"2 0.6V
m2 s-2 1.2 x lO-2 4.0u'w'

°K m s"1 1.2 x 10-2 0.4T'w'
g m-2 s-1 1.2 x IQ"1 4.0p'ww'

Error expected in the mean
10_1u'w' m2 s-2 7 x 10-6

°K m s'-1 12 x 10".5  8 x 10“4T'w'
g m-2 s-1 2.7 x lO’6 6 x 10"2
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3. MEASUREMENTS AND DATA REDUCTION

Figure 2 shows a map of the Lake Ontario basin and the locations 
(shaded area) where measurements were taken during the IFYGL "alert" 
periods. Appendix B gives the dates/times as well as the levels of 
measurements.

The reduction of the gust probe measurements to velocities is 
achieved via the expression

= T-Um + (f*a4) dt + 1*(ft x T*L) (17)

where the definitions of all terms are given in table 2. In this expres­
sion the first term on the right represents the gusts in the aircraft

Drainage
Basin

0 N TARLAKE

Lake Ontario 
Drainage Basin 

Map

Figure 2. Lake Ontario with shaded area showing regions of
intensive measurements during IFYGL.
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Table 2. Notation used in Derivation of Gust Equation

Symbol Definition

* Yaw angle; a rotation about the aircraft 
vertical axis; positive with nose of 
aircraft to starboard

0

4>

Pitch angle; a rotation about the aircraft 
longitudinal axis; positive nose upward
Roll angle; a rotation about the aircraft 
longitudinal axis; positive right wing down
Yaw rate

•0 Pitch rate
♦ Roll rate
a

3

a , z 

L
U^, 

£ •

£ 

= 

= 

x,y,z

x, y, z

Angle of attack of vertical sensing 
vane; positive upward
Angle of attack of lateral sensing 
vane; positive starboard
Accelerations of aircraft center of 
gravity for x, y, z directions, 
respectively
Distance from inertial table to gust 
Derived total air speeds along x, y, 
axes

probe
z 

U
3

Um, m = x', y', z‘
V*

Aircraft true airspeed
Angular velocity vector; ^ = + +
i‘k; where i, j, k are unit vectors in 
the x, y, z direction
Derived gusts along the x', y', z' axes
Speed of a gust being sensed by the 
probe in the x, y, z system
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coordinate system and transformed to the platform coordinate system; the 
second term represents the calculated translational velocities of the 
platform coordinate system based upon the inertial platform accelerations 
relative to the earth, and finally the third term represents a correction 
to account for the rotation of the aircraft coordinate system relative 
to the platform coordinate system. For a more detailed description of 
the gust equations the reader is referred to Bean et al. (1972). When 
all the necessary transformations are performed, the final equations for 
the horizontal and vertical wind fluctuations become

u' = U cos(a-e) - L sine -[U cos(a-e) - L sinee]
w' = U sin(a-e) + azdt + L cosee - [U sin(ci-e) + a2dt

+ L cosee] . (18)

The original recording aboard the DC-6 was done on magnetic tape.
A total of 16 channels of information was necessary for our work and the 
analysis that follows. The raw data were recorded at a density of 
556 BPI and at 100 samples per second per channel. Subsequently, a 
"least squares" method was used to detrend all data except pressure, 
temperature, refractivity, and pitot tube static pressure. The tur­
bulent fluctuating parameters of the three components of the wind, 
temperature, and water vapor were then computed as discussed above with 
the sample rate reduced from 100 to 50 samples per second.

3.1 Measurements

During the "alert" periods of the IFYGL, the DC-6 was flown at alti­
tudes ranging from 18 m to 300 m above the lake surface both along and 
across the prevailing wind field direction (see Appendix B for a 
complete list of all the analyzed time periods).

3.2 Analysis

The usefulness of an aircraft as a platform for the study of the 
boundary layer has been well established. The reason for this is that 
the aircraft acts as an Eulerian reference system in which the flow 
moves past the sensor at the true speed of the aircraft. Therefore, 
contributions to the flux quantities from wavelengths much longer than 
those normally measured from fixed platforms are accounted for. The 
horizontal resolution of the gust probe system as used during the IFYGL was from 8.4 m (the low pass filter cut-off) to 8.4 km (half the 
flight path length equivalent to a 3-minute run).
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From the original data tapes the calibrated and detrended time 
series records were constructed at 50 samples per second. From these 
records, 3-minute time segments were chosen for analysis; mean values 
of the three components of the wind (u, v, w), temperature (T), and 
water vapor density (pw) as well as their flux quantities were 
determined.

The resulting time series of u', w', T', and those of the flux 
quantities were spectrum analyzed by means of a fast Fourier transform 
technique. For convenience in the interpretation of the data, the spec­
tral as well as the cospectral densities were multiplied by frequency so 
that in the case of the cospectra, the area under the curve is propor­
tional to the energy when plotted with linear ordinate [fP(f)] and log abscissa [f].

We now discuss in some detail the results obtained on two particular 
days — 11 May and 9 October 1972. The former represents what is con­
sidered to be a "normal" day and the latter represents an "active" day. 
These classifications are totally arbitrary, at best, and are used here 
simply as reference days against which the results of other days may be 
compared. October 9 is unusual because a Polar Continental outbreak 
moved across the lake and the aircraft was able to make extensive meas­
urements throughout the lake.

Figures 3, 4, and 5 present the time series records for the tur­
bulent fluctuating components of the wind (u‘, v', w'); the water vapor density (pw), and the temperature (T). Figure 3 gives the turbulent 
parameters flying 3-minute legs at constant fetch at several levels above 
the lake surface. Figure 4 presents the same information but for flight 
legs parallel to the wind direction at approximately 10 km south of the 
north shore of the lake (in the vicinity of Cobourg, Canada). As ex­
pected, the temperature and water vapor density fluctuations exhibit a 
high correlation (negative) in all the records. Table 3 summarizes 
the pertinent statistics for each 3-minute time segment.

In general, this particular day exhibited small negative heat, water 
vapor and momentum flux; the only exception being those values obtained 
on the flight path shown on figure 5. This particular flight, however, 
exhibits a structure reminiscent of that found on measurements taken 
when breaking waves of the Kelvin-Helmboltz type are present (Woods,
1969; Browning, 1971; Emmanuel, 1972; 1973). Note the general appearance 
of the turbulent fluctuations in all the quantities. Those pertaining 
to w' have an average descending motion of 8.75 s which corresponds to a horizontal scale of~814 m at the aircraft speed of 92 m s"1. The 
ascending portion takes place in ~ 14.3 s which corresponds to~ 1330 m.
At the same time, and T' exhibit high (negative) correlation. Also, 
a slight lag is found between the minima in T' and u'. Furthermore, the 
broad maximum values of and minimum values of T' and u' compared with 
the saw-tooth structure of w1 suggest the aircraft was traversing a
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Table 3. Statistics for Each 3-minute Time Segment on 11 May 1972

Level [m] u'w1 [m2s“2] w'T' [m2 K s"1] pV [cm day"1]

30
90

150
300

-0.100
0.078
-0.000
-0.121

0.009
0.024

-0.011
-0.016

0.002
-0.021
0.037
-0.033

18
30
90

150

-0.047
0.496

-0.077
-0.389

-0.023
0.099
-0.034
-0.007

0.035
0.048
0.103

-0.004
30 -0.034 -0.016 -0.030

150 -0.821 1.013 -1.272

region of breaking waves. In addition, during this time the aircraft 
experienced three to four "bumps." The surface temperature of the lake 
during this entire flight did not exhibit any large variations; the 
surface temperature did not vary by more than 0.1C, so that we may 
exclude the possibility of thermal plumes. The surface temperature of 
the lake was much less than the air temperature at 30 m. In fact, 
strong, positive temperature gradients persisted during the day over the 
entire lake. On the average, the surface temperature was approximately 
2C while the temperature at 30 m was in the neighborhood of 10C and at 
90 m it was 14C. The temperature was nearly constant between 90 and 
300 m.

October 9 was the first day in the IFYGL "evaporation year" that a 
cold Polar Continental outbreak moved over the lake. During the day the 
winds were steady over the entire lake blowing out of the northwest at 
about 12 m s_1 at an altitude of 30 m. The continuous and strong winds 
had a pronounced effect on both the surface temperature distribution of 
the lake and the temperature at 30 m. Figure 6 gives the surface temp­
erature distribution obtained on two flight paths from Cobourg to Sodus 
Bay and back to Cobourg. Bathymetric maps indicate that there is a 
sharp increase in the depth of the lake approximately 10 km south-south­
east of Cobourg. The induced wind drag on the lake surface due to the 
persistently strong winds resulted in considerable upwelling currents 
from the north shore to about 5-10 km off-shore. The surface temperature 
distribution is shown in figure 7. Figure 8 shows the white convergence 
zone separating the cold and warm masses of water as observed on the fol­
lowing day, October 10. Also shown in the figure is the surface IR tem­
perature trace as the aircraft crossed the white "streak."

As in the case for the May data, the original time series records 
were used to extract the time series of the turbulent fluctuating
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11 May 1972
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Figure 3. Time series records for the fluctuating components of the 
wind (uf> v'y w')3 the water vapor density (p^)3 and the temper­
ature (Tr) for the height levels shown. The abscissa represents 
time with each "tick" mark equivalent to 10 s. The flight path 
was normal to the wind direction.
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II May 1972
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Figure 4. Time series records for the fluctuating components of the 
wind (u 'y v'} w')y the water vapor density and the tempera­
ture (T’) for the height levels shown. The abscissa represents 
time with each "tick" mark equivalent to 10 s. The flight path 
was parallel to the wind direction.
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wind (u’3 v’3 w’)3 the water vapor density (p^)3 and the tempera­
ture (T ’) for the height levels shown. The abscissa represents 
time with each "tick" mark equivalent to 10 s. The flight path 
was parallel to the wind direction.
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quantities of the three components of the wind, temperature, and water 
vapor density. This was accomplished by removing the mean values for 
each time segment and also any linear trends present. These are shown in 
figures 9, 10, and 11.

Table 4 summarizes the statistics for each 3-minute time segment 
for each altitude flown.

Figure 12 presents the flux statistics obtained throughout the day 
on flights made at 90 m above the lake surface. Direct comparison with 
the flux values obtained in May, which was a quiet day, shows that Octo­
ber 9 was a rather active day. In May.all flux values were small or neg­
ative, and instead of evaporation we have condensation onto the lake 
surface. The effect of the Polar Continental outbreak on the air mass 
over the lake was to diminish the air temperature, especially at 30 m.
In fact, the surface temperature at the center and south regions of the 
lake was nearly twice that at the 30 and 90 m levels. A marked increase 
in evaporation is evident from north to south of the lake normal to the 
prevailing wind field, perhaps due to building surf and resultant spray 
from white caps. Independent measurements (McBean and Paterson, 1974) 
of the turbulent fluxes made on the same day, although not necessarily 
at the same location, height, and time agree well with those reported
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Figure 6. Surface temperature distribution obtained via the IR system 
made on 9 October 1972 during two traverses across the lake at 90 m 
(solid line) and 150 m (dotted line). Also shown is the depth of 
the lake (m) in the vicinity of Cobourg3 Canada, where the surface 
temperature was lowest.

COBOURG

TORONTO

NIAGARA ROCHESTER

Figure 7. The surface temperature distribution (°C) obtained on 9 Oct 1972
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Figure 8. 27ze convergence zone separating the cold and warm water 
along with the IR surface temperature gradient corresponding 
to the photo on the right.
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Figure 9. Time series records for the fluctuating components of the 
wind (ur3 v\ wf)3 the water vapor density (p3 and the tempera­
ture (T) for the height levels shown. The abscissa represents 
time with "tick” mark equivalent to 10 s, The flight was normal 
to the wind obtained on 9 October 1972 near the northern shore 
of the lake.

18



9 October 1972

30m Center
5110

w'(m s"1) 0

5110° 
v'tms'1) o 

mo1 

u'lmsl 0 

mo* 

/oJ(g m'3) o 

i no0 

T’CK) o

90 m Center

I I 111RM tuMsM*1

5X10

5 X 10

5X10

I X 10

IXI0V

-1-111 ■11111.. . . . . . . . .
Time Time

Figure 10. Same as Fig. 9. The flight path was normal to the 
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Figure 11. Same as Fig. 9. The flight path was normal to the 
wind obtained on 9 Oct 1972 near the south shore of the lake.
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Table 4. Statistics of the Fluxes for 9 October 1972

Level [m] u'w' [m2s-2] w'i•' [m K s_1] 1-
1

r>>03
“Oo

i.

E_ HiQ

i—

Location: North
30
90

150
0.088

-0.667
-0.39

0.006
-0.021
0.011

0.482
0.546
0.584

Location: Center
30
90
150

0.023
-0.232
-0.300

0.076
0.096
0.060

0.919
1.071
0.600

Location: South
30
90

150
-0.363
0.370

-0.240
0.120
0.100
0.100

1.363
1.143
1.290

here. In fact, if we average all our flux measurements for this day, a 
reasonable estimate of the mean flux quantities over the lake may be 
made. The values we obtain at the 90 m level for momentum, heat, and evaporation are 0.18 m2 s"2, 6.3 mW cm-2, and 21.8 mW cm-2, respectively. 
The results of McBean and Paterson for the 150 m level are found to be
0.14 m s*2, 4.4 mW cm*2, and 24.7 mW cm*2, respectively. Indeed, this 
kind of agreement appears to be as good as we would expect if we were 
to compare averages of random groupings of the data measured by differ­
ent sensor systems.

Figures 13, 14, and 15 show the u', w', T', and p' as well as their flux spectra for 11 May 1972. All levels (18, 30, andw90 m) are for 
upwind flights made 10 km off-shore along the north side of Lake Ontario. 
The crosswind flights show essentially the same results and are omitted 
from further discussion. It appears from these figures that there is 
very little energy present in the turbulent field over the lake surface. 
This, of course, is to be expected since this day was chosen because of 
its typical spring calmness over the entire area, and it is to be com­
pared with the very active conditions tha-t prevailed on 9 October 1972.

Figure 16 and 17 show the spectra and cospectra of u1, w', T', ,
and their flux quantities for the 9th of October. Note the marked dif­
ference between these and those obtained on 11 May 1972. Also note the 
increase in power at the center and south sides of the lake as compared 
with that at the north. This is evident at all three levels flown on this particular day. The results obtained by Bean et al. (1972) during B0MEX 
are confirmed here. The spectra demonstrate clearly the tendency for
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Figure 12. The distribution of momentum, heat, and water vapor fluxes 
at 90 m for 9 Oct 1972 (flight paths normal to the wind).
Legend: h'w' in m2s~2, w'T' in m K s"1, w'py in am day-1.

Quantities in brackets are in dynes cm~2 for uTw7 and mW cm~2
for w’T’ and w’py .
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Figure IS. fP(f) vs. log f spectra obtained at 18 m above 
Lake Ontario during a flight path parallel to the wind 

near the northern shore on 11 May 1972.
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Figure 14. fP(f) vs. log f spectra obtained at SO m above the 
lake surface during a flight path parallel to the wind 

wind near the northern shore on 11 May 1972.
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Figure 15. fP(f) vs. log f spectra obtained at 90 m above the 
lake surface during a flight path parallel to the wind 

wind near the northern shore on 11 May 1972.

the peak value to march to lower frequencies (higher wavelengths) with 
increasing height. This, of course, implies that while the small-scale 
eddies contribute more to the flux of water vapor near the surface, 
there is a tendency for this effect to be transferred to larger and 
larger eddies as the height increases above the surface.

Plotting the maximum wavelength of the spectra vs. height on log-log 
paper, we obtain a linear relationship with a slope of~0.7 and inter­
cept at the 10 m height of 110, similar to the BOMEX results reported by Bean et al. (1972). In addition, the distinct features observed by 
these same authors in the spectra for along- and crosswind flights dur­
ing BOMEX have also been observed over Lake Ontario. Consequently, their 
assertion that the spectra reveal an extraordinary organization of the 
clear air convection regime in the lower subcloud layer is reaffirmed 
here.

Figure 18 shows the P(f) spectra of momentum, heat, and water vapor 
density at 30 m level for the north, center, and south areas of the lake 
for 9 October 1972.

The results obtained for 10 October 1972 are identical to those pre­
sented for the previous day and are not shown here. The magnitudes of 
the fluxes are slightly lower reflecting the fact that the prevailing 
winds had diminished slightly, but the overall picture of events remained 
unaltered.
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Figure 16. Spectra of u\ w\ T', and obtained during flights 
normal to the wind. The dotted line is for flights made 

at 30 m above the lake surface, the solid for 90 m.
All flights were on 9 Oct 1972.
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Figure 17. The spectra of the flux quantities obtained during flights 
normal to the wind. The dotted line is for flights made 

at 30 m above the lake surface3 the solid for 90 m.
All flights were on 9 Oct 1972.
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In early October and in particular on the 4th and 5th, the prevalent 
atmospheric conditions over the Lake Ontario basin were considered to be 
normal. Measurements taken on those days were analyzed and compared with 
those obtained on the 9th. Figure 19 shows the spectral characteristics 
of the momentum, heat, and water vapor fluxes for the 4th, 5th, and 9th 
of October. The abscissa, in addition to the frequency scale, is also 
shown as a length scale (wavelength). This was accomplished by using 
the aircraft speed of 92 m s_1 and, as a result, all our data are con­
fined between wavelengths of 9.2 m to 4.6 km. Note that at all scales 
the spectral power for the 9th of October is nearly an order of mag­
nitude higher than that obtained for either the 4th or 5th of October.

Wavelength (m) Wavelength (m)

9 October

' 9 October
5 OctoberIFYGL 

Lake Ontario
October. 1972

IFYGL 
Lake Ontario 

October, 1972

IFYGL 
Lake Ontario 
October, 1972v 4 October 5 October 

4 October

Frequency (Hz)Frequency (Hz) Frequency (Hz)

Figure 19. The spectra of water vapor, momentum, and heat 
obtained on 4, 5, and 9 Oct 1972.

4. CONCLUSIONS

Condensation onto the lake surface appears to be prevalent during 
the spring. This, of course, is due to the large temperature difference 
that exists between the surface temperature of the lake and the tempera­ture of the overlying air. For May and June, the surface temperature of 
the lake was about 8C lower than the air temperature at 30 m above the 
lake surface. August was characterized by near equilibrium temperature 
distribution between the lake surface and that of the air at 30 m. As a 
result, both the heat flux and evaporation rate were found to be very 
small. During October and November, the lake surface temperature was 
consistently greater than that at 30 m. Both the heat flux and evapora­
tion rate were large and positive.
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While the "normal" evaporation rate for October is near 0.3 cm day-1, 
this rate almost quadruples during Polar Continental outbreaks. These 
are characterized by cold dry air moving down from Canada and accompanied by sustained high winds. On October 9 the winds were 12 m s-1 over the 
entire lake. The resultant evaporation rate, at the 30 m level in cm day-1, was 0.48 at the north side of the lake, 0.92 at the center, 
and 1.36 at the south side of the lake. The heat flux also increases 
from north to south at the 30 m level with the most dramatic increase 
being from north to center. While there is upward transfer of momentum 
at the north and center of the lake, the south side is characterized by 
downward flow of momentum, again at the 30 m level.

The average annual precipitation falling into Lake Ontario is about 
80 cm, being nearly balanced by the evaporation of 70 cm. October, 
November, and December normally account for 42 percent of the annual 
evaporation, October accounts for 15 percent. The event just described 
produced 2.50 cm of evaporation in 60 hours, to account for 23 percent 
of the monthly mean evaporation in only 8 percent of the month.

The Polar Continental outbreaks are also characterized by strong 
upwelling currents along the north shore of the lake. We found that at 
10 km offshore along the north side, the surface temperature of the lake 

had the smallest value due to the upwelling of cold bottom water. This 
convergence zone also corresponded to a region in the lake where there 
is a sharp increase in the depth of the lake.

The spectral characteristics of the pertinent parameters were ob­
tained and discussed. Generally, the energy of the flux parameters 
increased from north to south and confirmed the results obtained by 
Bean et al. (1972) during B0MEX.

Derecki (1972) found that the maximum evaporation of 11.4 cm (or
0.38 cm day-1) is in September. For October, the evaporation rate is 

nearly 0.35 cm day-1. All these are from surface measurements through­
out the lake. We have found that at the 30 m level throughout the lake 
the evaporation rate is 0.32 cm day-1 for October.
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APPENDIX A
GUST PROBE DATA PROCESSING

The parameters measured onboard the RFF DC-6 aircraft are listed below.
F Force on vertical vane
F Force on horizontal vane

P

a^ Vertical acceleration (boom) 
a^ Lateral acceleration (boom)
AP Pitot pressure 
P Pressure
N Refractivity
T Temperature
<j> Roll
e Pitch
a^ Vertical acceleration (c.g.)
ap Longitudinal acceleration (c.g.)
ip Yaw Rate
$ Roll rate
e Pitch rate

From these measurements the eddy fluxes of.heat, moisture, and 
momentum are computed. The parameters are measured in analog form, con­
verted to digital and recorded on magnetic tape. The sampling rate is 
100 samples per second per channel. Five variables are produced: the 
three components of the wind, u, v, and w; the water vapor density p ; and the temperature T. Means, variances, time series and spectra ofw 
each variable and each flux quantity are then obtained.

A-1.  Basic Measurements
The winds are measured with both a gust probe on the nose boom and 

an inertial navigational system (INS). The gust probe consists of two 
fixed vanes, one horizontal and one vertical, arranged around a central 
pitot tube. The vanes measure the motion of the air relative to the air­
craft, accelerometers measure the motion of the boom, and the INS at the 
center of gravity measures the motion of the aircraft relative to an 
earth oriented coordinate system.
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The water vapor density is determined from the measurement of radio 
refractive index, which is a function of temperature, pressure, and water 
vapor density.

The temperature is measured with a small bead thermistor.
Additional parameters can be measured:

Hdg Heading 
DA Draft angle 
Vx Ground speed east
VY Ground speed north
as Lateral acceleration at center of gravity 
VT True air speed

A-2. Wind Velocities
The gust probe yields estimates of the fluctuations of the wind rela­

tive to the aircraft axis. The aircraft axes can be referred to earth 
axes by one of two means:

1. Integration of various gravity activated accelerometers
to produce the velocity of the aircraft relative to the
earth.

2. Use the velocities and heading from the Navigational
System.

Hence, a redundancy is possible to check one approach against the 
other.

In both approaches there are two expressions that must be solved. 
These are the vertical angle of attack and the lateral angle of attack 
of the two gust probe vanes.

For the alpha vane, the vertical angle of attack is
AF + m Aa.

Act = 2 N
C PVT2 Sa I

where the A's indicate detrended data and
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is in grams = 19.20963391 
is in m s-2

p is in g m-3
C is in rad-1 = 2.755 rad-1aVy is in m s_1
S is in m2 = 5.17 x 10"3m2 .

Then
p = 348.38 =j£ ,

‘v
and

VT2 = (20.046)2 EMS • Ty ,
where P is in mb 

Ty is in °K
EMS is the (Mach number)2 .

Thus, PVT = (20.046)2 EMS • Tw (348.38 j^-) 
v *V »

and
[af

Aa = 9.829587 x 10_3[——+ 1.960167 Aa
P • EMS

Also, A3 is computed in identical fashion with a and a., 
replaced by 3 and a^, respectively.

N.B. Aa is in radians 
F is in grams 
a^ is in m s-1 
P is in mb

EMS is the (Mach number)2,

EMS = [5W+’)^ ] ’
where Pp = differential pitot pressure (mb),

P<j = static pressure (mb).
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If EMS is expanded in a MacLaurin Series

EMS = 1.4286 0.5102 + 0.275 9

then the vertical gust velocity (integrated from accelerometers) is

W' = Vy(Aa + AgA<|> - A0) + aazdt + l_xA0 9

where the angles a, g, <p, e are in radians and
a^. is in m s"1 ,
Vy is in m s-1 » 
w is in m s_1 ,
Lw is in the distance in meters from the 

gust probe to the location of the mea­
surement of 0.

The angles <f> and 0 can come either from the roll and pitch gyros or from 
the INS. The integration of a^ is done by use of Simpson's Rule, i.e.,

tn+2At
f X(t)dt = [x(tn) + 4X(tn + At) + X(tn + 2At)]\

The cross axis gust component of the wind can be expressed as
V' = Vy(Ag - AaA<(> + All>) + f (AaL + AaNA<f>)dt + , (2)

where the yaw (ip) came either from the yaw rate gyros or from the oscil­
lations of the heading as measured by the INS. The longitudinal gust 
component of the wind is expressed as

u' - Aa^A©) dt. (3)

These are the three gust velocities used to compute the fluxes.
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A-3. Computation of Water Vapor 
Density and Temperature

It remains now to compute
p'w - the fluctuations of the water vapor density,
T' - the fluctuations of the temperature.

The temperature, T, is measured using a thermistor that exhibits dynamic 
heating at aircraft velocities. Hence,

T = T.(1 - 0.15 EMS)
a 1

where T = ambient temperature in °K, and 
= indicate temperature in °K.

Also the virtual temperature, Ty, is given by 

T = T /(I -0.001745 -
V a

) •

The water vapor density, pw, is measured from the refractometer (N), the temperature (T ), and the pressure (P ), hence
d S

Pw = 0.0005305(NTa - 77.6 Ps^ •

T and p are then detrended with zero mean values.a W

A-4. Computation of Fluxes
The products u'w', v'w1 2 3 4 5 6, T'w', and p^w' are then computed. From 

these data we can get
1. Time series of each variable
2. Time series of the fluxes
3. Means of each variable
4. Means of each flux
5. Variance of each variable
6. Variance of each flux.

Using the Fast Fourier Transform (FFT) subroutine we can get
1. Power spectra of each product
2. Power spectra of each variable.

Although it is not being done, we can get cospectra and quadspectra of 
the variable in each product.
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A-5. Error Analysis of the Fluxes
Each of the variables in the above expressions contains error of 

measurement. Hence, the "answers" contain some uncertainty, i.e., there 
is an error band on the "answer." If we say one variable is a function 
of a set of other variables, i.e.,

f (a) = f(x,y,z)
th6n dF(a) = dx + ^ dy + d2 .

The partial derivatives can be determined from average conditions. The 
derivatives reflect the individual error in the parameters involved. In 
this case since the means are removed, the error is not based on absolute 
accuracy but rather in the resolution of each sensor (see main body of 
this report).

A-6. Conversions
Should we wish to convert water vapor flux from units of g nT2s_1,

then
1. 1 g m-2 s_1 = 8.64 cm day-1
2. or in terms of latent heat flux 1 g nr2 s"1 = 10“4 g cm-2 s-1

Each gram of water that evaporates absorbs the heat of vaporization which 
is a function of temperature. Running a regression line from 0°C to 35°C 
results in

LH (calories) = -0.563976 T + 597.3208/g .
a

Then, the latent flux HF^ is
HF. = E -0.563976 T + 597.3208/g cal nT2 s'1

L a

1 cal s_1 = 4.18684 Watts.
HF. = E [10"1 • 4.18684 (-0.563976 T + 597.3208)]mW cm"2

L a

HF. = E [-0.2361277 T + 250.0887]mW cm-2 .
L a

If the temperature is expressed in °K

HFl = E [-0.2361277 TK + 314.5893]mW cm-2 .
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If p is assumed to be 1.2 * 103 g m-3, then
HF^ = 28.9 [E(cm day_1)]mW cm-2 at 20°C.

Should we wish to convert T'w' in °K m s-1 to sensible heat flux HF in 
mw cm-2, then

HFS = pCp T'w' ,
where p

p = 348.38 j- 
v

C = 0.240 cal g_1°K_1 P a
HF = 348.38 (0.24) y^-T'w' mw cal m"2s-1 ,

'v

HFs
348.38 (0.24)(4.1855) 10 

10
p ______y— T'w' mw cm-2 . 
v

If p is again assumed to be 1.2 * 103 g m-3
HFS = 120.6 T'w' mW cm-2 at 20°C.

The momentum flux, u'w', in m2 s“2 can be converted to momentum flux (MF) 
in dynes cm-2. We find

MF = 3.4838 u'w' dynes cm”2 . 
v

Again, if we take p = 1.2 « 103 g nr3 at 20°C, then

MF = 12 u'w' dynes cm-2 .

A-7. Calibration
Now it is necessary to consider calibration of each sensor. In most 

cases, we assume a linear relationship between the actual parameter and the recorder input. (The departure from linearity is accounted for in 
the error analysis.) For example:
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1. Each parameter has a range of values, which is repre­
sented by a ± 2.5 V range in output.

2. The A/D converts ± 2.5 V to ± 2045 digital counts.
Then,

y = mx + b,
where y is the parameter in engineering units and x is the digital count.

Vanes. A 300 gm weight is used to calibrate the vanes. The vanes
are turned in orientation from vertical to horizontal both positive and 
negative. The output with no weight and then with weights is recorded. 
From these measurements calibration curves are plotted.

Accelerometers. Since these accelerometers are of the shuttle type,changing their orientation relative to earth's gravity (at sea level) pro­
vides measurements which are used for calibration.

Pressure. A calibrated pressure system is used to calibrate both
pitot and static probes.

Refractivity. Since refractivity is measured over a restricted
scale, two calibrations are required. The average value or center scale,
and the slope or gain for departures from the center value. The former 
is determined by the Assman reading on preflight and postflight. The 
latter is determined from laboratory calibration. Likewise, the range 
switching is determined by laboratory calibration.

Temperature. Calibrated for center value via the Assman. Gain
(slope) and range switching is a laboratory calibration.

Outputs from INS. Pitch, roll, heading, and accelerations are cali­
brated by physically moving the INS (after alignment) over the three 
axes using a precision level for determining platform attitude.
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An example of the calibrations is given below (IFYGL).

x is in digital counts

Parameter Symbol Calibration Units
Roll Angle
Pitch Angle
Roll Rate
Yaw Rate

♦
0

♦

4.469 • 10 5x - 8.165 • y =
y = • 10'5x - 1.169 • 4.346

1.725 • 10"4x - 0.1772y =
y = 1.696 • 10"4x - 0.1740

10 5
10"3

rad
rad
rad s_1
rad s-1

Vertical Accel­eration (Boom)
Latitudinal Ac­
celeration (Boom)

Vertical Accel­eration (c.g.)
Longitudinal Ac­
celeration(c.g.)

Pressure
Temperature
Refractivity
Pitot
Pitch Rate
Alpha Force
Beta Force

aN

aL

az

aF
P
T
N
AP
•e

FNa
fnb

y = 9.631 • 1CT3x + 0.0353

y = 9.580 • 10_3x + 6.386 • 

y = 2.391 • 10-3x + 0.0263

-y 4.787 • 10-3x

y = -0.134709 x + 784.98
2.443 • 10“3xy =
- 7.328 • 10-3xy =

y 2.777 • 10“2x + 19.792=
1.707 • 10”3x + 0.1626y =

y = 0.1534 x + 13.804
y = 0.1578 X

10-3

m"2

m-2

nr2

m“2

mb
°K
N units
mb
rad s-2
9
9
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APPENDIX B
The time segments shown in table B-l were fully analyzed and have 

been submitted to the IFYCL archives. For further analysis as well as 
for archive storage, the processed data were presented in three basic 
forms:

1. power spectra on micro-film,
2. time series records on micro-film, and
3. means, variances, fluxes in print-out form.

A time series plot presents a smoothed time series of w', v', u', p^, and 
T'. All five variables are plotted simultaneously in the time domain at 
a sample rate of 6.25 samples per second. The means, variances, fluxes, 
correlation coefficients as well as the Monin-Obukhov stability parameters 
are computed for 3 minutes or less and use the 50 sample per second data. 
The spectra programs produce both the time series spectra and the flux or 
covariance spectra. For ease in the interpretation of the data, the 
spectra are presented in the following form: (a) log-log (512 spectral
estimates plotted), (b) log-log smoothed (28 averaged spectral estimates 
with even distribution across the frequency ranqe), (c) fP(f) spectra (512 points), and (d) fP(f) smoothed spectra (28 points). As an example 
of this type of presentation we have chosen a time period from the October 9 data. Each shows the variable (U, V, W represent u', v', w', 
respectively), the day, starting and ending time: 283150611 represents 
the day (283 is 9 October), the hour (15), minutes (06), and seconds (11) 
after the hour. The following 21 figures are the smoothed spectra of
the pertinent parameters as they appear on microfilm submitted to the 
IFYGL archives.
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Table B-1.  Analyzed Time Periods from the IFYGL Measurements

START *T IMF SAMPLF LENGTH TOTAL RECORDS PACFtO RECORDS ALTITUDE TERRAIN RELATIVE WIND

2 -wtnutes —'56.20 -33- WATCR 
127150211 2 MINUTES 59.20 St CONUS 35 500 WATER UPWIND

INUTtt S3- TOO WATfW POWNWTNP ■
127152401 MINUTES *9.20 SECONDS WATER CROSwlND

127153701
-r t-IN-UTES

MINUTES
59.20 SfCONOS
59.20 SECONDS 35 100

WATt* 
WATER 

CROSWlNP
CROSWIND

Lrf-154411
127155701

MlNUTtS
MINUTES

SECONDS
59.20 SECONDS

33
35

—366“ 
1000 

WATE3 
WATER 

CROSWlNP
CROSWINO

SECONDS -33- 1000 WAT t* CMOSWlRO
127161711
127162511

? 
T 
? 

MINUTES 
"NTNtfT€S 
MINUTES 

59.20 SECONDS
59.26 SFCONPS
59.20 SECONDS

35
—33“ 
35 

1000 
ttroo 
1000 

LANO 
~LANO— 
LANO 

CROSWINO
UPWTNO---
CROSWINO 

I SO 160919
130161601

~T
? 

M-tNtfTES—*3. *4 SECONDS
MINUTES 59.20 SECONDS

~32 
35 

1000 
500

WATER 
WATER 

CROSWINO 
CROSWINO 

622*1
130163100 2 

fNttres StOONtrS
MINUTES 59.20 SECONDS

33 
35 

—300- WATER 
WATER 

CR03W1NP 
CROSwlND 

130164666 2 MfNttTES 59.20 SPCONOS 33 WATER UPWIND---
130164451 2 MINUTES 59.20 SECONDS 35 100 WATER UP WIND 

2 MINUTES 12.72 SECONDS 31 - 300— —WATER- UPWTNP
2 MINUTES 59.20 SECONDS .15 100 WATER UPWIND

130170901
I

MlNUTtS 59.20
SECOND
SECONOS 35 500 WATER CROSWINO

130172400 

“301 72950130174046 
130174710130175401
130130401 
130161702 
I I .. 1 JUT Lit'  j 1 *> “ 1 1 130200141 

? MINUTES
MINUTES

2 MINUTES
MINUTES

2 MINUTES
? MINUTES
5 MINUTES
~l r M T T .il 1 ivj II Cj2 MINUTES

59.20
59.20
59.20
59.20
59.29
59.20
59.20
58.40
59.20
59.20

SECONDS
SECONOS
SECONDS
SECONDS
SECONDS
SECONDS
SECONDS
SECONOS

— 
15
35

--- 35---
35

35
70

-35--
35

100

1000

300
i66
500
-500
300

WA TER----
WATER

WATER
WATER

WRTtUWATER 
WATER 
WATER 

CKU3W 1 rtV
CROSwlND
CROSWIND

CROSWINO
* CROSWINO
CROSWInD
CROSWlNP--
CROSWIND

SE€ONt>5 -35-- 100 - WATER- UPW1NO-----
130202210 2 MINUTES 59.20 SECONDS 35 CROSWIND

2 MINUTES 130232011 130203600 2 MINUTES 
? MINUTES

130210101 2 MINUTES 

59.20 -35-- CROSWINO--
59.20 SECONDS 35 500 WATER CROSWIND

20 -35-- *66“ WATER - CR05W
59.20 SECONDS 35 WATER CROSWIND

311502* INUTES
131151501 ? MINUTES 

2 MfNUTES131153013 31154400 a minutes
131160000 2 2 MINUTE5MINUTES 
U1154701 fMUI6S
131165201 minutes

131170350 M I NUT t S

131172011 MINUTES
MlNUT-ferS1*11*36A1131173101 ? MINUTES 

-2 MINUTES333373501131174141 2 MINUTES
-2—MINUTE S

131175051 2 MINUTES
131175441 2 MINUTES
131180231 2 MINUTES
131 18000 -2-MfNOTES
131161321 ? MINUTES
3331U2061
131191400 217  MINUTES MINUTES
33114530 6 MINUTES
131151231 2 MINUTES

3 M3NUTES 
131160710 ? MlNUTtS

■■ 2 MINUTES
13*161910 2 MINOTES

57.66 SfCONOS -*65 WATER
59.20 SECONDS 175 35 100 WATER DOWNWIND
59.20 SECONOS 175 ---- 35---- --560---- WATER---
57.60 SECONDS 525 105 500 WATER UPWIND

SECONOS . |7^- -- — —:—----35~ ---HNT----
59.20 SECONOS 175 35 500 WATER UPWIND

SECONDS 1 7*i -------- 1666----
59.20 SECONDS 175 35 500 WATER DOWNWIND
59.20 SECONOS } 7%____ --------35---- --------- 366---- —WATER------ ypyJ^Q ----
59.20 SECONOS 175 35 100 WATER DOWNWIND
50.40 SECONOS . ^50 . ____ --------M---- —WATER-----
59.20 SECONOS 175 15 1000 WATER UPWIND
59.20 SECONDS _1 7C --------35---- -------- 1666----
59.20 SECONOS 175 35 500 WATER CROSWIND

SECONOS j 75_____ --------35- --------- 366---- ______rnnr.Ino---------
59.20 SECONOS 175 35 100 WATER CROSwlND

SECONDS 1 T“ --------- 566----—WATER-----
59.20 SE CONDS 175 35 100 WATER CROSwlND
59.20 SECONOS 175 35 300 WATER CROSwlND
59.20 SECONDS 175 35 1000 WATER CROSWIND
59.20 175 ----- 35---- --------- S66— CROSWINO---------
59.20 SECONOS 175 35 300 WATER CROSWINO
59.20 175 --------35---- --------- 166---- WA TER ______runs.Twn---------tnVjWITW
55.20 SECONOS 1050 210 300 WATER UPWIND

EGONOS 1*25 -------1-05---- --------- 366----
SECONDS 25 100 WATER

27.04 85 --------tr---- 166 WATER
59.20 SECONOS 175 35 1000 WATER
59.20 . 4 t Tfc Tzf - --_____ --------35---- --------- 566---- WATER
59.20 SECONOS 175 35 300 WATER

•2 MINUTES1323U26N3132163111 MINUTES
59t26 SECONDS I —35---- ----------T66---- vnv^w * 1117
59.20 SECONDS 175 35 500 WATER DOWNWINO

SECONDS f-ry------- ------------------------ TWO------WWTCn
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STMT Tine SShpIe length TOT»L RECORDS PUCKEO recoros altituoe terrain RELATIVE NINO

134162453 5 MINUTES 58.40 SECONCS 350 70 500 MATER DOMNMINO1341634 32 2 MINUTES 43.64 SECONDS 160 32 100 MATER134164341 5 MINUTES 59.40 SECONDS 350 70 1000 MATER134 1 65 722 2 MINUTES S'*. 0 8 SECONCS i70 34 1000 LAND134170431 2 MINUTES 59.20 SECCNCS 175 35 30 0 MATER134171111 2 MINUTES 59.20 SECONCS 175 35 100 MAfER UPMI NO1 34 1738 4 0 2 MINUTES 9.00 SECONCS 125 25 60 MATER13*175120 2 MINUTES 38.72 SECONDS 155 31 6 0 MATER134160750 2 MINUTES 28.4 8 SECONDS 145 29 60 MATER16*» 1736 01 2 MINUTES 5*.20 SECONCS 175 35 100 ” MAfER CroSwInC
164175002 2 MINUTES 59.20 SECONOS 175 35 100 mater DOM NMINO164160126 6 MINU T E S 57.6 0 SECONCS 525 105 100 MATER DOMNMINO164181802 2 MINUTES 59.20 SECONCS 175 35 100 MATER CROSMINO
164 1 8 2 9 4 7 8 MINUTES 57.6 0 SECONCS 525 105 100 MATER UP MIND
164 1 8 4 6 31 2 MINUTES 59.20 SECONDS 175 35 500 MATER164185401 8 MINUTES 57.6 0 SECONDS 525 105 500 MATER164190631 2 MINUTES 59.20 SECONCS 175 35 500 MATER164191431 2 MINUTES 59.20 SECONDS 175 35 500 maTer uRminD
164193524 2 MINUTES 59.20 SECONCS 175 35 1000 HATER CROSMINO
164194428 5 PiINUf£s 5 7.60 SECONCS 525 l¥5 1000 MATER DOWNWIND164195932 2 MINUTES 59.20 SECONCS 175 35 1000 MATER CROSMINO
167170750 2 MINUTES 59.20 SECONCS 175 ------------ 35 500 m*TT* -----DSNNWTNT5
167171241 2 MINUTES 59.20 SECONCS 175 35 300 MATER UPMINO16 7171511 2 MINUTES 38.7 2 SECONDS 155 " JT 100 MATER COMnwInO
167172332 1 MINUTES 47.52 SECONCS 105 21 60 MATER UPMINO
167163711 2 MINUTES 13.24 SECONOS 135 300 MATER DOMNMINO--------------- 17167184131 2 MINUTES 59.20 SECONCS 175 35 100 MATER UPMIND
1671646 41 2 MINUTES 59.20 SECONT5 175 35 ' 60 ~ mxror -----
167 1856 19 2 MINUTES 59.20 SECONDS 175 35 500 mater CROSMINO
167190311 2 mInuTES 59.20 SECONDS 175 -------------35 30 0 MATER DownwJnD
167 190831 2 MINUTES 59.20 SECONDS 175 35 100 MATER UPMINO
168143200 1 MINUTES 57.7 6 SECONCS 115 23 60 MATER UPMINO
168144111 2 MINUTES 28.4 6 SECONDS 145 29 60 MATER UPMINO
1681450 52 2 MINUTES 6$. 2 0 SfCONFS 175 --------35----- --------- 6 0 —firm------------- DOmnWIND
168150431 2 MINUTES 59.20 SECONDS 175 35 100 MATER CROSMINO168151435 8 MINUTES 67.60 SECONCS 525 ----------- £15 .... HI A -----wTTTS DOwnwIND
168 1530 07 2 MINUTES 59.20 SECONDS 175 35 100 MATER CROSMINO
168154023 11 MINUTES 56.8 0 SECONCS 700 140 100 MAfER UPMIND
168155706 2 MINUTES 5 3.20 SECONDS 175 35 500 mater CROSMINO166 160713 8 MI NU TTS 57.60 SECONCS 525 105 50 0 hater ---- DSmnMTWE166162156 2 MINUTES 59.20 SECONOS 175 35 500 mater CROSMINO
168163635 11 MINUTES 56.80 SECONCS 700 140 500 mater UPMlND
168165450 2 MINUTES 59.20 SECONDS 175 35 1000 mater UPMINO168170412 8 MINUTES 57.60 SECONCS 525 105 100S MATER CROSMINO
168171939 2 MINUTES 59.20 SECONDS 175 35 1000 MATER CROSMINO168173041 2 MINUTES 59.20 SECONOS 175 35 10 0 0 MAfER ---uFmTnF
168175557 6 MINUTES 57.60 SECONCS 525 105 1000 LAND1681620 31 2 MINUTES 69.20 SECONCS 175 ---------35--- 60 WATER OPwINO
168163743 2 MINUTES 59.20 SECONCS 175 35 100 MATER CROSMINO
1681847 32 6 MINUTES 57.60 SECONDS 525 105 ---- MATES —OomnmInO '100
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START TTHF TJmm.rNtTH TOT ATT REtoRG? TaFkTTT RE CORAS iLtnuOC TERRAIN RELATIVE MIND

160190209
' 160191257

160192926
-----r65I93822

160 1 952 60

2 MINUTES 59.20 SECONDS
11 MINUTES 56.60 SECONCS
2 MINUTES 59.20 SECONDS
8~ TTOUTFS T7.60 5FCFND5
2 MINUTES 59.20 SECONCS

175
700
175
525
175

35
140
35

165
35

100161
500
50 0
501

MATER
MATER
MATER
MATER
MATER

CROSMINO
UPMlND
CROSMINO

--------row mt no-------
CROSMINO
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START TIME SAMPlE LENGTH TOTAL RECORDS PACKED RECORDS ALfIT JOE TERRAIN RE'.ATIVCi MIN&

2 MlNJTES 59.20 SECONDS 
169151811 2 MlNJTES 59.20 SECONDS 
169152551 2 MlNJTES 59.20 SECONDS 
169153401 2 MlNJTES 59.20 SECONOS 
169155Q5Q— 2 MlNJTES 59*2Q SECONDS
169155621 2 MlNJTES 59.20 SECONOS 
169160251 1 UliUTlS 59*211 SECONDS 
169160941 2 MlNJTES 59.20 SECONOS 

_ 169162610 2 HIJ4JTI5 . 
169163231 2 MlNJTES §9*29 59.20 SECONDS SECONDS 
169164311_ 2 MINUTES 59.20 SECONOS
169165151 2 MlNJTES 59.20 SECONOS

_1691Tfl5Ql > MlNJTES 58.40 SECONDS
2 MlNJTES 59.20 SECONOS

169172901 2 MlNJTES 59.20 SECONOS 
1 71151353.. MlNJTES 59.20 SECONOS
171151931 2 MlNJTES 59.20 SECONOS 

59.20 SECONDS
171153142 2 MlNJTES 59.20 SECONOS

2 MlNJTES _171151712 59.20 SECONOS
171154420 2 MlNJTES 59.20 SECONOS 
171154942 _2_ MlMlT E5.
171155411 2 MlNJTES 59^2Q 59.20 SECONDS .SECONOS
171160021 2 MlNJTES 59*20 SECONDS
171164531 2 MlNJTES 59.20 SECONDS

_17116594JL___ 11 MlNJTES 56.80 SECONDS
171174531 2 MlNJTES 59.20 SECONOS
172150551_____ 2 MlNJTES S9.2Q SECOMOS
172151211 2 MlNJTES 59.20 SECONOS 
122151841 __2 MlNJTES 59.20 SECONOS
172152601 2 MlNJTES 59.20 SECONOS
JJ2153351 ___2_u!njtes 59.20 SECONOS
172153951 2 MlNJTES 59.20 SECONOS
17215-4521. ___2 MlNJTES 59*2iL_SECDND5__
172155251 2 MlNJTES 59.20 SECONDS 
122155931i- 2 UlNJTES 59.2Q SECONDS _ 
172161030 2 MlNJTES 59.20 SECONOS 

I MlMJTES 59.20 SFCOMOS 
172162411 2 MINJTE5 59.20 SECONOS 
172162.951 . 2 MlNJTES__59.20 SFCOMOS

2 MlNJTES 59.20 SECONOS 
L SECONDS 

8 MlNJTES 57.60 SECONOS 
2 MlNJTES 59.20 SECONDS
0 MlNJTES 56.32 SECONDS
1 MlNJTLS__47.S2 SECONOS

228140330 2 MlNJTES 59.20 SECONOS
- 228141 IQ Q _ - 2 UlNJTES_ 59*2 0 SECONDS _

228142011 2 MlNJTES 59.20 SECONOS
—228142831____ ^ MlNJTES 59.20 SECONDS
228143631 2 MlNJTES 59.20 SECONOS

_L75
175

__175
175-175.,
175 

JL75 
175 

_1T5_ 
175 

■ ITS .175

159175

175
-115-
175
115
175

175175
175

175

U75-175111755-_L71_
175

_L75175
___ITS-

175

_ LZ5_175
175
525
175-55
-lflS_175

175175
-175,
175

35_____________ 500 
35 300
35 __ 100
35 60
35 500
35 300
35 100
35 60
35 500
35 300
35 100
35 60
70, 500
35 500

________25 _______ 300
35 100
,35 500
35 300
35 100035 500
35 1000
35 566
35 500
3S 500

___35______ 1000
35 1000

140 500
35 60
35 . 1000
35 500
35 30035 100
35 60
35 500
35 1000
35 500
35 _ 300
35 60
35 500
35 1000
35 590
35 300
35 60

105 500
J5 60
11 500
21 500
35 1000
35 500
35 300
J5 100
35 60

MATER'DOWN* I NO
MATERi JPMINO
MATER' __ _ JPMINO _________
MATER' DOwmmInO
MATERi crosmino
MATER* CSosmInD
MATER: crosmino
MATERi “CDosmi*®
MATER UPWIND
maTeWT DDwmmInD
MATERi jpmino
MATER CrosminD
MATER* CROSMINO
MATER CROSMINO

___*AI£R_____ CROSMINO _____
MATERi CROSMINO
MATER ____ domain? .
MATERi JPMINO
MATERi downmino
MAfERi CRosmInD
MATER CROSMINO
MATERi XRbSMlND
MATER' CROSMINO
MATERi jPiTimo
MATERi 00M9M1N0
MATER' CRosmInO
MATER' CROSMINO
MATEfti cSosminO
MATERi OOMNMlNO
MATEtt. JPMINO
MATERi DO*MM I NO
MAfCll UPWINO
MATERi OOmmMINO
MATERi CRosmInO
MATERi CROSMINO
matErT EROSMInD
MATERi CROSMINO
MATER) crosmInD
MATER' ____  CRgSMlNO
MATER CftosxlxD
MATER* ;«os«ino_____
MATERi Crosmino
MATER' crosmino
MATER* UPXINO
MATER* OOXXXINO
MATERi CROSMINO
MATER* CROSMINO
MATER oownminO
MATERi JPMINO
MATER DOwmmInD
MATER JPMINO
MATER. DOwmmInO

228144731______2 MlNJTES:—59*20 SECONDS
228145451 11 MlNJTES 56.80 SECONOS

2 MlNJTES 59.20 SECONOS 
~ 228152641 5 MlNJTES 58.40 SECONOS

228153931 - 2 MlNJTES 59.20 SECONOS _
228154345 2 MlNJTES 59.20 SECONOS 
228155135 5 MlNJTES 58.40 SECONOS 
228155946 2 MlNJTES 2.88 SECONOS
228172151 281NJTES 59*20—SECONDS__
228171101 2 MlNJTES 59.20 SECONDS

SECONOS - 
228174511 2 MlNJTES 59.20 SECONOS 
228175330 _ -2 MlNJTES 59*20 SECONDS__
228180611 2 MlNJTES 59.20 SEC0N05 

2 MlNJTES 59.20 SECONDS _ .228181211_229151011 1 MlNJTES 21.92 SECONOS

229152044 2 MlNJTES 2.88 SECONOS
229161952 2 MlNJTES 59.20 SECONDS
229162701 2 MlNJTES 59.20 SECONOS
229163441 2 MlNJTES 59*20 SECONDS
229164251 2 MlNJTES 59.20 SECONOS
229170231 2 MlNJTES 48.96 SECONOS
229170831 1 MlNJTES 37.28 SECONOS
229171015 2 MlNJTES 13.12 SECONOS
229171631 2 MlNJTES 59.20 SECONOS

_L7S_
700

JL?5350
175
175
350
120

215-175
225_
175
175
175
175
80

120
175
175
175
175
175
165
95

130
175 _ 

35
140
35
70

-35
35
70
2A
35
35
35
35
353?^
35
16
35
24
35
35
35
35
35
33
1’
26
35

1500~ 500
100
TO1000Tooo
1000
1000
1000
500

_______ 300
100
60500
100

1000
1000
1006
1000
500
300
100

1000
500
100
100
60

MATER' JPMINO
MATER. WminC
MATER' OOMMMINO

---iTTTRi DOmmMTNO
LAND JPMINO
MATER JPMINO
MATER JPMINO
LAND1 JPMI NO
MATERi CROSMINO
MATERi CrosminD
MATERi_____ OOMMMINO
MATERi UP, 1 NO
MATER' __ POX'IP INC
MATER CRoskInD
MATER' CROSMINO
LAND7

MATERI
land-
MATER
MATER
MATERi
MATER CROSMIND
MATER' _____ CROSMIND 
MATER' TRosmTnD
MATER' CROSMINO
MATER TRosfflND
MATER OOMMMINO

___

1 information fjie and 79 DATA FILES ON< THIS TAPE
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SAMPLE IFNGTH TOTH PECOFTJr packui ---UTnurt—ifttkttt whaiive wiwtr

166 200621
166 20245 3
166203510
166 2049 31

11 
? 
6 
2 

minutes
MiNurrs
UNUTFS
MINUTES ' 

56.80 SFCCNOS 700
59.20 SFCCNOS 175
37.63 SECONDS 525
=9.20 SfCCMOS -----------17?--------

140
35

10E
35

500
190 0
1000
1000

HATE*
W4Te^
hATFR
wlf?3

UPHINC
CfoShTnO
COHNHINO
cooshIKiR

166210005
166? 12616

c 
6 
minutes
MINUTFS

57. E0 SECONDS 525
57.60 srccros 525

13 5
135

10C0
19"0

HITE*
LINO

LPHINC
C-o$hinG

276145301
27615000?
?76151411
276152130
276152732
276 153331
276153911
276 154501
276155110
276155631
276 lbl73l
276162450

2 
2 
2 
.? 
2 
v» 
2 
2 
? 
2 
2 
? 

MINUTFS
MINUTFS
MINUTES
MINUTES
MINUTES
minutes
MINUTFS
MIMUTES
minutes
MINUTES
MINUTES
MINUTFS

59.20 SFCONOS 175
59.20 SFCONOS r7$
59.20 SFCCNOS 175
59.20 seconds 175
59.23 SFCCNOS 175
59.20 SFCONOS 175
59.23 SFCCNOS 175
39.20 SFCCNOS 175
59.20 SFCONOS 175
59.20 SFCONOS 175
59.23 SECONDS 175
59.23 'SFCCNOS 175

3 r
35
35
35
35
35
35
35
3 e
35
35
35

1300
500
60

100
500
500
300
1?0
60

1000
500
500

HUE®
HltF®
HATER
WATF®
W3TFR
HITE?
HATE*
HATE®
HA TF?
HATFO
hater
W1TF?

CROSHINO
CpoShTnD
C5 OSH INO
rj»o$wiNb
CCHNHINO
CROSHINO
CROSHINO
rOHNWlNO
C°OSW INO
CROSHINC
CPOSHINO
croshIno

276163931
*78164711
276165331
276 1 704 11
276171940
27617274$

2 
? 
2 
r 
2 
* 

MIN'JTFS
NINJAS
MTN'JTFS
mtn'utts
MINUTFS
MtNUTFS

59.20 SFCCNOS 175
59.23 SFCCNTS 175
e9 • 20 SICO'DS 175
•3 6 • 4 0 SfCCNOS----- T^T
59.20 SFCCNOS 175
T6.40 SECONDS "

35
35
35
75
35
TO

100
60

1000
3TT3
100

ior 0

HATFO
HATP ^
Wft TF®
WATT?
HATE?
wftT73

LPHIUC
CCHNHINO
C'° HI *' C
r?b$4IWC
C^OSHTNO
CfoShInD

278 174510
279150121
279150641
27916l5 41
279152401
27^i5J*Ti
279154110
779J64041
279164730
779165411
279170150
279lTiir04
279172420
2791742$ 0
279130231
779160711

? 
2 
2 

~1 
? 
2 
t 
2 
2 
2 

’? 
i 
6 
6 
2 
2 

MTNUTFS
Nlk«ITcS
MT*KlTcr
MTNUTFS
minutes

NUTE S
minutes
MINUTES
MINUTES
MINUTFS
minutes
MTm'JTP?
MINUTFS
^iNUtES
MINUTES
m!nut«-s

59.20 SFCCNOS 175
59.20 SfCCNOS 175
56.20 sfccnos 175
ru .ttTCT^nTS----- ---------- T75----------
59.20 SFCCNOS 175

_59.?d SFCrfOS 17 5
57.60 SFCONOS 525
59.20 SECONDS j-75

59.20 SFCCNOS 175
£9.20 5fCCk05----- ---------- IT?----------
59.20 SECONDS 175
57.60 SFCONP5--- $75
57.60 SFCONOS 525
57.60 SFCONOS —*7J-

59.20 SFCCNOS 175
•59.2b' sTConTS----- T75----------

3 5
15
35

---------- T?--------
35

---------- T?
13 5

-----------35
35

---------------------
.35

-------- TJT5
105
or
. 35

---------- r?--------

500
130 0
5C0
30 0
100

6 0
1000
$b<r
300
nro
60

5TT0
3001001000
50 0

HATF3
hTTF?
H1 T E 9Wft tF9
HftTf 0
HITT5
HftTER
HaTT1?
HATE*
WITTS
HATE?
■&STF5
WATF?
~¥5 fr^
haterwTTT*

UPHi ME
cfoshInO
CEOSHINC
r^oswiNO
CPOSHINO
cfoswinC
CCHNHINO
rPOSWTTTD
C°OSHINO
ChqShinti

CPOSHINO
C°HT N tCOHNHINO
I'OHlNC
CPOSHINO
CPOSHTfJO

279161211
279161871
279162421

1 INFORMATION 

2 MINUTES
2 MINUTFS

2 mtn,JTcS
file ANQ 

c9 • 20 SFCCNOS
59.20 SFCONOS
59.20 SFCONOS

43 3AIA FILES ON THIS 

175
175
175

TIPf

35
35
35

300
60

100

HATE?
HATE?
HATFR

CPOSHINO
C90SHINO
CPOSHINO
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START TIME SAMPLE LENGTH TOTAL RECOROS PACKEO RECORDS ALTITUDE terrain RELATIVE WIND

—P0313090I g M ! NOTES—59*2* -SCCOHOS
283131701 2 MINUTES 59.20 SEC0N0S
2*3132431 2 MINUTES 59.20 rc rAAlAC
283133421 2 MINUTES 59.20 SECONDS
283134351 * MINUTES 57.60 SECONDS
203143401 2 MINUTES 59.20 SEC0N0S
203143921 2 MINUTES 59.20 SECONOS
203145131 2 MINUTES 59.20 SECONDS

2 MINUTES 59.20 SECONOS2*3195*31 203150611 2 MINUTES 59.20 SECONOS
2*31-51931 2 MINUTE5 *9.2* SECONOS
203152240 2 MINUTES 59.20 SECONOS

203153721 2 MINUTES 59.20 SECONOS 
2**159551 --2 MINUTES -59.20 SECONOS
203155251 2 MINUTES 59.20 SECONDS
2*31*055* ___a---  r AA 1 fcinTCf“Im/TtJ C A TTl QA Cu f rJtVvm/j203161221 2 minutes 59.20 SECONOS 

2 minutes 59.20 SECONOS 2*3*619*1203162611  - 2 MINUTES 59.20 SECONOS 
2*317*791 2 MINUTES 59.20 SECONOS 
203171235 20 MINUTES 54.40 SECONOS 
2*3173731 H MINUTES 56.00 SECONOS 
203100041 23 MINUTES 53.60 SECONOS 

- 20414222* — -2-- MINUTES 59.20 SECONOS 
204143101 2 MINUTES 59.20 SECONOS 
2*9143*31 2 MINUTES 59.20 SECONOS 
204144711 2 MINUTES 59.20 SECONOS 
2*9145531 2 MINUTES 59.20 SECONOS 
204150251 2 MINUTES 59.20 SECONOS

284151903 17 MINUTES 55.20 SECONOS
2*9154150 2 MINUTES 59.20 SECONOS
204161710 2 MINUTES 59.20 SECONOS
2*41*2421 2 MINUTES 59.20 SECONOS
204163121 2 MINUTES 59.20 SECONOS

—2- MINUTES 59.20 SECONDS
204164451 2 MINUTES 59.20 SECONOS
2*91*5*91 2 MINUTES 59.20 seconds
204165911 2 MINUTES 59.20 SECONDS
2*917*551 2 MINUTES 59.20 SECONDS
204171321 2 MINUTES 59.20 SECONDS
204172*41 2 MINUTES 59.20 SECONDS
204172751 2 MINUTES 59.20 SECONOS

2- MINUTES SECONDS
204174700 2 MINUTES 59.20 SECONDS
2*917*251 2 MINUTES 59.20 SECONOS
204100011 2 MINUTES 59.20 SECONDS
2*41**720 2_  MlNUT**- - 43.*9 SECONDS
204101432 2 MINUTES 59.20 SECONDS

175
175

175175
525
175

—175- 
175 
175 
175 

47*175 
175

— 475— 
175 
175 
175 

17*-175  
-175- 
1225 
7**—

1400
—475— 

175
-4-75—
175
175
175

17*1050 
175 
175 
175 
175 

175175
175
175
175
175
175
175
475
175
4-75
175

-4*0—
175

-------- 55-------- ---- hOOO —WATER _________ ------------------- -—-
35 500 WATER OTRWINO
35 300 MATER OTRWINO
35 100 WATER CROSWINO

------ 1*5 300 MATER CROSWINO
35 1000 LAND OTRWINO

-------- 55-------- ---- H88--- --MATER—__________ CROC WI NO-------- -----
35 500 WATER CROSWINO
35 300 MATER CROSWIND 
35 100 WATER CROSWJNO 
35 300 MATER DOWNWIND 
35 1000 WATER QTRW1ND

WATER--—3535 300 WATER OTRWINO 
35 100 MATER URW1N0 
35 300 WATER QTRWIND 
35 1000 MATER OOWNWlfp 

500 WATER CROSWIND
------- 55------ ------ 5*0---

WATER CROSWIfcD35 100
------- 55 — 1000 LAND CROSMlND ----------

245 1000 WATER UPWIND
------ 1*0 500 MATER DOWNWIND

300 WATER UPWIND200 WATER------  J9------ 1 I l>AAV Ww
35 100 WATER OTRWINO
35 MATER OTRMINOaoo35 60 WATER OTRWINO

------- 3*.. 500 WATER UP WI NO
35 500 WATER CROSWINO

W7Tf a OTRMINO—___________
300 WATER OTRWINO210
1000 LANO UPWINO------ 35

35 100 WATER OTRWINO
300 WATER OTRMINO---- a*------35 60 WATER OTRWINO
CAA WATER---------- OTRMINO------------------- 5C-------- ------35 1000 WATER OTRWINO
300 WATER CROSMIMO------- a*

35 1000 WATER OTRWINO
---*00 MATER OTRMINO

35 300 WATER OTRWINO
-------1*0---- WATER------------ a*------35 60 WATER QTRWIND 

35 3*0 MATER CEOS*1NO 
35 1000 WATER QTRWIND 
35 500 MATER OTRWINO 
35 100 WATER OTRWINO

—32— — *0- WATER
300 WATER OTRWINO
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START TIMF PACKED RECORDS altitude TERRAIN RELATIVE WINOSAMPIF LENGTH TOTAL RECOROS

-- 1-75-------- 4. AMO--- 07 0*1NO----
284184835 140 iooo58.60 SECONDS 700 WATER CROSWIND11 minutes
284190240 105 500 WATER CROSWINO8 MINUTES 57.60 SECONDS 525
264193000 2 MINUTES 59.20 SECONOS 175 35 500 WATER
204194001 2 MINUTES 59.26 SECONOS 175 35 60 WATER
284194711 2 MINUTES 175 35 300 WATER59.20 SECONOS

1 INFORMATION file ano 56 DATA FILES ON THIS TAPE
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START TIME SAMPLE LENGTH TOTAL RECOROS PACKED RECORDS ALTITUOE TERRAIN RELATIVE WIND

321153936 2 MINUTES •=.9.20 SECONOS 175 35 1000 WATER UPWINO
321154501 2 minutes 59.20 SECONDS 175 35 1000 WATER DOWNWIND

4-7P 35
321155730 2 MINUTES 59.20 SECONDS 175 35 500 WATER DOWNWIND
321180S31 2 MINUTES 59.26 SECONOS 175 300 WATER UPWINO
321161201 2 minutes 59.20 SECONDS 175 35 300 WATER CROSWIND
321162001 2 minutes 59.20 SECONOS 175 35 100 WATER CROSWINO
321162731 2 minutes 59.20 SECONDS 175 35 100 WATER CROSWINO

----321183831—-44- minutes -58.44 SECONOS ------------744----- PAAP i-. * kilV*35 VmTTwinu
321170001 MINUTES SECONDS 1000 WATER UPWIND
331179531 MINUTES 35 1000 WATER CROSWINO
321171331 MINUTES SE C DNDS 35 500 WATER CROSWINO

MINUTES nAyfiy uwwTtw I X lunrru^24471441321172500 MINUTES SECONDS 35 300 WATER UPWIND
-------- 35----------

321174530 11 MINUTES 56.80 SECONDS 300 MATER CROSWIND
3211606P1 2 MINUTES jCv j 1040 MATER UPWIND
321101231 2 MINUTES 84.?059.20 SECONDS 1000 MATER DOWNWIND
331184030 2 MINUTES 59.24 SEC ONUS MATE*
32118240? 2 MINUTES 59.20 SECONDS MATER

2 MINUTES 54.24 SECONOS UA4EP CROSWINO321483441321183901  - ? MINUTES 59.20 SECONDS MATER
323181330 3 minutes 54.20 SECONOS WATER
323152131 2 MINUTES 59.20 SECONDS MATER UPWIND
323182831 2 MINUTES 59.20 SECONOS MATER
323153501 2 MINUTES 59.20 SECONDS MATER CROSWIND

--- — ---*- ------323155131 2 MINUTES 59.20 SECONDS 175 35 100 WATER UPWINO
323155831 2 MINUTES 54.20 SECONDS ------- 175 35 160 WATEP CROSWINO
323160801 5 MINUTES 58.40 SECONDS 350 70 300 WATER DOWNWIND
323181841 17 MINUTES 55.20 SECONDS 4950 —310 300 WATER POWNttINO - .
323164601 2 MINUTES 59.20 SECONDS 175 35 1000 WATER CROSWIND

—--323185200 ---2- MINUTES - 59.29 SECONDS------ ------- 175----- -------- 35----- ------- 4044—
323165831 2 MINUTES SECONDS 175 35 500 WATER UPWINO
323170401 3 MINUTES 59.20 SECONDS 175 —35- 500 WATEP rnAfuinn49.20 VtTVjw t  “U
323171131 2 MINUTES 59.20 SECONDS 175 35 300 WATER CROSWINO
323171801 2 MINUTES 59.20 SECONDS 175 35 300 WATER
323172831 11 MINUTES 56.80 SECONDS 700 140 500 WATER UPWINO

-323174830 —2 MINUTES 54^29 SECONOS - 475-- 35 WATEP UPWINO---
324163630 2 minutes 59.20 SECONDS 175 35 1000500 WATER CROSWINO
324484301 2 minutes -475 35 500 WATEP
324164831 2 MINUTES 59.20 SECONDS 175 35 300 WATER CROSWINO
324188801 2 MINUTES 59.20 SECONOS 175 35 300 WATEP CROSWINO
324170201 2 MINUTES 59.20 SECONDS 175 35 100 WATER CROSWINO

175 —35— --400- WATER - CROSWINO
324171631 2 MINUTES 59.20 SECONDS 175 35 1000 WATER CROSWINO
324172201 2 MINUTES 59.20 SECONOS 175 —35— 1000 WATER
324173101 14 MINUTES 56.00 SECONOS 875 175 500 WATER CROSWINO 
324178044 2 MINUTES 59>P0 SECONOS 475— -35— WATEP CR05W1NO 
324175730 2 MINUTES 59.20 SECONOS 175 35 WATER CROSWINO
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START TIME SAMPLE LENGTH TOTAL RECOROS PACKED RECOROS ALTITUDE TERRAIN RELATIVE VINO

336i63i3i326152801
326154401
326155101
326166741
326160531
326161831
326162661
326163430
326164361-

—2^-M-fNUTES 
2 MINUTES 

-3-MINUTES
2 MINUTES

—3--M1MUTES
2 MINUTES
2 MINUTES 

—3--MINUTES-
2 MINUTES 

—3 -MINUTES 

***?* SECONDS
59.20 SECONOS 
50.30 SECONDS 
59.20 SECONDS 

5**3659.20  SECONOSSECONDS

59.20 SECONDS 
-50*30- SECONOS
59.20 SECONOS
50.26 SECONOS

175
175
175
175

175
176-
175

-------35------------ If+t — -M6T€R---------- CROSMlNO-------
35 500 MATER CROSMlNO

------- 35------------- 366------M6T5R--------- CROSMlNO--------
35 100 MATER CROSMlNO

------- 35------------ -466------MATER--------- UPM1NO----------
35 1000 MATER CROSMlNO

-------35------------- 566------MATER--------- CROSMlNO-------
35 300 MATER CROSMlNO

------- 35------------- 166------MATER--------- CROSMlNO--------
35 100 MATER UPMIND

m-----—35-------- 560 MATER---------UPMIND
326164951 2 MINUTES 59.20 SECONDS 175 35 300 MATER CROSMlNO

1 MINUTES 
326170631 2 MINUTES 
326172666 -3 MINUTES
326175731 8 MINUTES 1 INFORMATION FILE ANO

59.20 scCONOS
59.20 SECONOS
60.36 SECONOS
57.60 SECONOS66 DATA FILES ON THIS 

176 — 
175

-135--
525

TAPE

------  35 
35 

------- 35------------
105 

166 MATER 
60 MATER 

1066------ LAND---------
1000 MATER 

CROSMlNO
CROSMlNO
CROSMlNO--------
OOMNMlNO
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IFYGL 283150611 283150818 TIME SERIES

W

V

U

2X10P

5x1(f

5X10°

1X10°

WINDS IN M/S. RHOVING/M3 T IN DEG K

RHOV 0

5X10°

Time series records of the atmospheric variables as they 
appear on microfilm submitted to the IFYGL archives.
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U 283:50611 2831509C9 FiPin SMOOTH

10 2 5 10 2 5 10 2 5 10 2
FREQUENCY

a 28315:61 * 283’5C9:9

V 28315061! 2831509# n=» : Sv..’-

10 2 5 10 2 5 10 2 5 10 2 5 10
FREQUENCY

28315:511 283150939

FREQUENCY FREQUENCY
10 2 5 10 2 5 105 10 25 10 2 5 10 2 5 10 25 ! 0 210 2
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PHO V 2831506!1 283150909 r'=> * Sv..*- g* 283150611 283150909 FtP tF; SMOOTH

5 10 2 5 10 2 5 10 2 5 1010 2 5 10 25 10 25 10 2
FREQUENCY FREQUENCY

V* 283150611 283150909 FiP(F) SMOOTH 283150611 283150909 FiP(F) SMOOTH

5 10 2 5 10 2 5 10 2 5 10
FREQUENCY

5 10 25 10 25 10 210 2
FREQUENCY
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TW 283150611 283150909 FiP;F; S^CC’h pv 293150611 283150909 F»P(F; SMOOTH

10 2 5! O' 2 5 10° 2 510* 2 510
FREQUENCY

10** 2 5 10 2 5 10 2 5 10 2 5 10
FREQUENCY

283:5:6!- 28315:9:9 v 28315:6!! 283:5:909

10 2 5 10 2 5 10 2
FREQUENCY

5 10 2
frequency

5 105 10 25 10 25 10 210 2
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283:5:6:: 283:5:9:9 28315:6:' 285'5:?:9

JO 2 5 10' 2 5 iO 2 5 10 2 5 10
frequency

10 2 5 10 2 5 10 2 5 1
FREQUENCY

rhc 283:s;g: : 283:5:9:? UW 283150611 283150909 LOG W0G SYOTr.

5 10 2 5 10
FREQUENCY

10 2 5 10 2 5 10
FREQUENCY
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VW 283150611 283150909 LOG LOG Srcrn ww 283150611 283150909 LOG LOG

10 2 5 10* 2 5 10 2 5 10 2 5 10
frequency

5 10 2 5 10 2 5 10
FREQUENCY

283150611 283150909 LOG LOG SMOOTH pv 283150611 283150909 LOG LOG SMOOTH

10 2 5 10 2 5 10
FREQUENCY

10 2 5 10 2 5 10 2 5 10
FREQUENCY

57
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