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PREFACE

This report describes equipment and procedures used and contains
some graphical results obtained mainly during 1969 in thé Rawson Lake study,
a hydrological study of a small research basin in northwestern Ontario being

carried out by several Government of Canada agencies working with University

of Manitoba staff.

The data collected are being used to establish climatic trends and
variations, compare over-lake meteorological data with data from a Canada
Department of Transport land-climatological station, determine regional

"radiation and energy budgets and determine the effect of radiation and

meteorological factors on lake productivity.

More information on the overall scope of activities is contained
in a published report on the hydrological program at Rawson Lake (Newbury
and Cherry, 1970).

The author wishes to thank Mr. K. Beaty, research technician of
the University of Manitoba for monitoring and service work in keeping the
instruments operating; and Mrs. P. Greenway of the Canada Centré. For Inland
Waters, for abstracting and plotting the Rawson Lake tower data.
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INSTRUMENTATION
R;d;ation

The Commonwealth Scientific and Industrial Research Organizations
net pyrradiometer (Funk) used in this study measures the net vertical flux
of solar plus terrestrial radiation and is mounted approximately 1.5 metres )
(five feet) above the surface of Rawson Lake (Frontispiece photo.and Figure 1).
The essential‘parts of the net pyrradiometer are a pair of black horizontal
surfaces, one facing upward and the other downward, with thermopiles for
measuring the differences in temperature between these surfaces. This
instrument is linked to a Hewlett Packard strip chart recorder with a
millivolt output of minus ten to plus forty.

One net pyrradiometer was installed on the Rawson Lake tower on
June 20, 1969. A framework of 45 by 76 mm. (1.75 by 3.0 in.) aluminum
hollow boom extending 3 metres (10 feet) from the tower center, was bolted
to the tower platform. The boom was hinged at 1.5 metres- (5 feet) and could
be swung back to the tower for easy instrument maintenance. A system of two
universals, counter-balanced by weights, provided a simple, self-leveling
mounting for the net pyrradiometer (Figure 2).

The Eppley Precision Spectral Pyranometers were used in this study;
one was used for the measurement of short-wave radiation from the sun and
sky in the waveband of about 285 to 2800 mu while the other was used in the
inverted position to measure short-wave radiation reflected from the water.

The essential part of these pyranometers is a circular multi-junction
Eppley thermopile of the recently developed wire wound type. The thermopile
has the added advantage of withstanding severe mechanical vibration and '
shock: (tested up to 20 g's with no damage to instrumeént). Both pyranometers
were temperature compensated to *1 per cent over the-ambient temperature
range -10 to +40° Celcius.

; A Kipp Solarimeter was used to measure diffused incoming solar radia-
tion. This pyranometer employs a moll thermopile consisting of fourteen copper
constantan thermo junctions arranged in the form of a rectangle, approximately
14 by 10 mm. (0.55 by 0.40 in.). Direct solar rays are screened from the
receiver by a sun ring. The shade ring, type I (diffusograph) was designed

by the Metéorological Branch, Department of Transport (1965). The diffusograph
consists of a column, clamped at its lower end to a mounting base and
supporting a shade ring (Frontispiece photo). The column can be adjusted
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Figure 1. Rawson Lake, Ontario.




Figure 2. Universal Mounted Net Pyrradiometer.

and clamped at the desired angle to a horizontal plane to adjust for the
station latitude. Clamped to the upper end of the column is an adjustable
platform which holds the Kipp Solarimeter. The shade ring is supported by
three arms and a collar sliding on the column. When the diffusograph is
properly adjusted the shade ring prevents the direct solar rays from striking
the Kipp thermopile. The position of the ring is changed periodically to
compensate for variation in the sun's declination.

Plessey Meteorological Recorder

A modified Plessey meteorological recorder was used to record wind
speed and direction, air temperature, relative humidity and water temperature.

The meteorolohical recording package was developed by the Engineering
" Systems section at the Canada Centre for Inland Waters, Burlington, Ontario.
Because the design for the system required it, the recordlng package is
capablé of recording the meteorological parameters in a digital format on
magnetic tape. The main component of the recording package is the Hymet MMI
recorder, made by Plessey Electronics.

The Hymet recorder is activated by an Ergus clock which initiates a
recordlng cycle every ten minutes. The sensor inputs are encoded by a ten-
bit, serial binary number. This binary number can be any integral number
between 0 and 1023.

- A standard calibration for each sensor was determined which related
) Plessey numbers to meteorological units.

All meteorolog1ca1 sensors of the same type can be 1nterchanged as
long as new calibrations for each sensor are applied.

The recordings of meteorological parameters on magnetic tape can be
transferred directly to a computer output. Mean hourly values of wind
speed and direction, air temperature, relative humidity and water temperature
are the final results. (Tables 1 and 2, July 19-22).




TABLE 1. METEOROLOGICAL MEAN HOURLY VALUES FOR JULY 19 & 20.

HOFUI00DE010WONWH OO0 O MW &F

Hourly and Daily Averages gon July 19 Hourly and Daily Averages for July 20
, WIND WIND AIR ‘WATER WIND WIND ATR WATER
HOUR SPEED DIR. TEMP. HUMIDITY TEMP. HOUR SPEED DIR. TEMP.  HUMIDITY TEMP.
1 3.9 35.0 16.7 80.7 22.7 1 2.5 37.0 14,3 93.2 22,
2 2.8 . 32.7 16.7 78.0 22.6 2 3.1 38.1 1k.k 93.6 22.
3 2.8 345.0 16.8 8.7 -22.6 3 2.5 348.5 1.3 '93.4 22,
L 3.4 10.9 16.5 80.5 22.5 L 3.4 282.2 = .13.h 195.3 22,
5 3.7 346.2 16.3 80.6 22.4 5 h.1 2.6 b1 .95.6 22,
6 4.3 9.8 16.0 81.8 22,4 6 5.9 18.7 1.1 94,3 C 22,
7 1.9 58.8 16.4 78.2 22.3 7 6.3 343.8 141 93.3 22,
8 1.6 314.2 18.3 70.8 22.4 8 6.0 17.3 14.8 87.4 - 22.
9 2.7  100.9 18.9 1.4 22.5 9 6.8 k.9  16.3 76.6 22.
10 5.0 327.0 19.3 9.1 22.5 © 10 6.0 70.6 16.9 STL.2 22,
11 5.k 350.0 "19.5 67.4 22.5 11 6.8 73.0 18.1 63.3 22.
12 6.6  350.7  19.T  65.7 22.6 12 5.9 39.7 - 19.h 55.7 22,
13 7.7 7.6 20.2 61.9 22.8 13 5.8 " 37.2°  20.3 48.2 23.
1k 8.3 353.9 20.3 60.5 22.8 1k 5.9 48.6 21.2 43.5 23.
15 7.7 349.8 20.5 59.6 22.9 15 5.2 31.9 21.7 2.5 23.
16 9.k 332.8 20.8 58.6 22.9 16 5.5 125.3 22.2 46.6 23.
17 9.4 33k.5- 20.5 59.6 22.9 17 6.1 69.5 22.3° ho,1 . 23.
18 9.9 346.2 20.4 59.6 22.9 18 5.1 93.9 22.3" ha.7 . 23,
19 9.8 = 352.2 19.2 65.6 22.9 19 L.6 47.8 22.2. h3.1 .23,
20 7.1  352.5 18.7 66.3 22.8 20 4.6 65.6 20.8 L8. Y - 23.
21 5.5 3Lk2.9 17.8 70.7 22,7 21 L1 10.9 19.3 576 23,
22 2.8 319.2 6.4 80.5 22.6 22 3.1 6.1 16.9 - Tl.1 .. 23.
23 2.3 26.4 154 87.7 22.6 23 2.1 Ry 15.6 78.6 23
2k 2.6 42.0 14.8 91.k4 22.5 2k 2.5 51.5 - 1h.5 - 8h.2 23,
Daily Average for Interval Considered Daily Average for Interval Considered
5.3 : 18.1 71.9 ¢ 22.7 4.8 “17.6 68.9 - 22.9
Averaged Wind Vector, Speed L4.8 a - Averaged Wind Vector, Speed 3.9 Direction 43.1

Units for Reading

Wind Speed in M.P.H.

Wind Direction in Degrees from Magnetic North
Temperatures in Degrees C

Humidity in Per Cent Saturation



TABLE 2. METEOROLOGICAL MEAN HOURLY VALUES FOR JULY 21 & 22.
Hourky and Daily Averages gon July 21 Howly and Daily Averages for July 22
. WIND WIND AIR _ WATER . WIND WIND AIR WATER .

HOUR SPEED DIR. TEMP.  HUMIDITY TEMP. HOUR SPEED DIR. TEMP.  HUMIDITY TEMP.
1 2.9 92.7 13.9 88.8 22.9 1 5.7 163.1 17.6 84.6 - 22.7
2 3.4 110.2  13.1 90. 7 22.8 2 7.0 '173.1  16.2 92.7 22.6
3 3.k 106.6 12.6 92.8 22.7 3 5.3 167.8 16.1 92.8 22.5
L 2.5 103.3 12.5 ol L. 22.5 h 5.4 161.4 16.0 91.9 22.4
S 3.1 106.1  12.3 95.5 22.4 5 5.3 166.0 16.1 92.1 22.h
6 2.2 109.8  13.5 93.7 22.4 6 5.0 148.5 16.0 91.L 22.3
7 2.k 214.0  15.9 80.6 22.h 7 6.0 157.3 16.8 88.3 22.3
8 3.3 161.5 18.1 66.7 22.4 8 6.2 155.5 17.6 83.3 22.3
9 5.3 181.9 19.6 59.4 22.6 9 7.5 162.2 18.7 75.0 22.4
10 7.8 187.8 20.6 5h.2 22.7 10 9.0 178.9  19.5 68.5 22.4
11 8.5 192.1 21.2 50..6 22.8 11 8.6 181.9 19.8 70.0 22.h
12 7.9 17h.7 21.8 h6.5 22.8 12 7.6 180.1 ~ 19.1 76.3 22.3
13 8.5 187.9 22.5 43.8 23.0 13 7.l 164.5 17.0 92.5 22.3
1k 9.1 185.6 = 22.8 ho.1 .23.2 .1k 5.9 150.4 16.6 94.6 22.2
o 15 - 8.5 179.7 22.9 Li.1 - 23.1 15 b7 127.5  16.7 9k.8 22.2
16 8.5 186.6 22.9 41.8 23.1 16 5.1 112:6 16.6 9k.5 22.1
17 T.h 181.0 22.7 h7.1 23.1 17 2.5 90.5 16.6 9k.9 22.1
18. 6.1 162.1 22.5 48,1 23.0 18 2.8 170.5 17.1 93.8 22.1
19 5.8 157.7 22.1 51.1 23.0 19 b 209.2 17.6 91.8 22.2
20 4.5 143.9 21.5 54,0 . 22.9 20 3.h 186.8 1T7.2 93.7 22.2
21 L.k 152.6 20.9 56.1 22.9 21 2.k 200.5 16.9 95.3 22.0
22 3.9 176.4  19.8 65.2 22.9 22 2.4 213.2 16.9 94,7 22.0
23 3.5. 191.2 - 19.8 63.9 22.8 23 2.4 189.7 16.8 9.5 21.9
2k 7.1 186.8 19.6 66.4 22.8 2k 2.5 220.5 16.8 95.9 21.9

Daily Average for Interval Considered = ; Daily Average for Interval Considered

5.4 18.9 . 64,0 - 22.8 v 5.2 17.1 89.1 ©22.3

Averaged Wind Vector, Speed 4.8 Direction 170.T " Averaged Wind Vector, Speed 4.7 Direction 166.8

Units for Reading

Wind Speed in M.P.H.

Wind Direction in Degrees Magnetic North
Temperatures in Degrees C

Humidity in Per Cent Saturation



To solve_the problem of easy accessibility to data and to minimize
maintenance problems, two multi-conductor signal cables were laid a distance
of about one thousand feet under water to the Rawson Lake tower. A third "
cable was installed for providing AC power for monitoring work, and for
emergency use of strip chart recorders on the tower. '

Output signals from the radiation sensors were cabled to two multi-
pen Hewlett Packard strip chart recorders. ’

The study of evaporation from a reasonably clear small lake surface
is particularly important in this investigation. An energy balance approach
to estimating evaporation employs the following equation:

Qs - Qp *+ Qv - Q% = £ Q= Qp *+ Qe + Q

where Qg is the short-wave radiation from the sun and sky, assumed by
convention to be positive.

Qr is the short-wave radiation reflected from the water.

Q¥ is the long-wave radiation received by the surface from the
atmosphere.

szf is the long-wave radiation emitted or reflected by the surface.

Q, is the net all-wave radiation. A gain of energy by the surface
is positive.

Q¢ is the net change of heat in the lake.

Q is the transfer of sensible heat to the atmosphere. An upward
flow of heat is positive.

Qe is the contribution of latent heat of evaporation. An upward
flow of water vapour (evaporation) is positive; a downward flow
(condensation) is negative.

Figures 3 to 8 were plotted to establish a direct comparison of
radiation in the four fields measured. Daily totals of incoming, diffused
and reflected short wave, and net radiation have been established for the
period June 21 to November 3, 1969. '

Water Temperature

A six thermistor, battery-operated, Tele-Thermometer Y S I model 47
Indicator, with associate bridge circuitry, was used to meéasure winter
water tefiperatures (Figure 9). This Y S I system has a one second response
with an output accuracy of + .15°C. :

Two thermistors were placed at depths of two, six and nine metres,
(6.6, 19.7 and 29.5 feet) with the first water temperature reading being
taken on December 21 (Figure 10). Weekly measurements of water temperatures
were maintained throughout the winter until the end of April.

Data for the depth 6 metres (19.7 feet) were not published in Figure
10, because of inconsistent results and the failure of probes 3 and 4 during
recalibration. '
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Figure 9. Tele-Thermometer ¥ S I Indieator

ClimatologicaIVStatiOn

The Department of Transport Climatological Station was installed in
June 1969, with observations beginning in July. This station is loéated
near the- northwest corner of Rawson Lake (F1gure 1), about 75 metres
(246 feet) inland from the lake.

The meteorological parameters measured were maximum and minimum
daily témperatures, wind direction and speed total daily sunshine, pan
evaporation, and precipitation.

In early November a short wave pyranometer was installed to record
incoming solar radiation. A back-up system consisting of a model R-401
Weather Measure Corporation Actinograph was installed for periods of power
or instrument failure.

MISSING DATA

The Rawson Lake tower data collection was interrupted by a lightning
d1scharge on July 31 making all instruments inoperative until August 12. A
minor- electrical discharge occurred on September 12 causing further damage
to the radiation sensors. The lack of reflected radiation.data during August
and September was caused by recorder malfunction and low unrecordable
measurements.

IMPROVEMENTS IN THE CONTINUING STUDY

During the 1970-72 period a continuing program of data collection
is planned, including four thermistor temperature surveys of Rawson Lake

-for evaluatlon of lake heat content.

Improvements in the collection of data during the 1970 season have

" beén implemented. Radiation measurements will be integrated with hourly

13
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mechanical counter print-outs. Daily monitoring of all equipment and data -
should improve the quality and frequency of all observations. Further
assurance of back-up data will be a Meteorograph recorder which will record
humidity, and air and water temperature on a chart.
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