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AIRBORNE INDIC'A,TQR OF SURFACE WATER TEMPERATURES.

by

T, L RichaArds
and
D. G. Massey

ABSTRACT

An infra-red thermometer (IR T) was installed on an aircraft as
an airborne radiation thermometer (ART) and subjected to a program
of test and evaluation as an instrument for Ameasurement of surface
water temperatures in the Great Liakes area. The first phase of the

program dealt with the mountmg and exposure of the sensor. The
second phase, in conjunction with the research vessel "Porte Dauphlne"
dealt mainly with operational and theoretical aspects of the technique.

With some limitations, as outlined in the fepbrt, it was found
that the ART provides a good method of making fast and reliable |
water temperature surveys. The present instrument and installation
produced an absolute accuracy of the order of 1. 0°C and a relative
accuracy within 0. 5°C. As a result of the evaluation program, it
is planned to ope rate monthly surveys next year.
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RESUME

"On a installé a bord d'un avion un thé rmométre infré.rotige ;
devant servir de thermometre de rayonnement aeroporte et on 1'a
soumiis a un programme d'essais et d'evaluatmn pour la mesure de
la temperature des eaux -de surface’ dans la” reglon des Grands .
lacs. -La premifre phase ‘de ce programme avait’ tra1t au montage
et a-1'exposition de 1*organe sensible. La’ deuxieme phase, effectuée
avec le concours du navire de recherches PORTE DAUPHINE,
portait surtout sur les aspects opératlonnels et theorlques de cette
techn1que ' " '

- Comme‘il est expose ‘dans le rapport on a constaté que
l'emploi du thermomeétre de rayonnemeént aeroporte permet dans
certaines limites, d'effectuer des relevés rapides et sirs de la
température de l'eau. L'instrument et 1'installation actuels ont
permis d'obtenir une préc-ision absolue de 1'ordre du degré centésimal.
A la suite de ce programme d'évaluation, on se propose d'effectuer
des relevés mensuels au cours de 1'année prochaine.
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1. Introduction

The Meteorological Branch has had a long standing requirement for
regular observations of surface water temperatures from the Great’
Lakes. These data are most useful for forecasting meteorological
conditions over the lakes and their adjacent land areas and the data are
‘also becoming increasingly important for assessing water losses.
through evaporation and in studies of the formation and dissipation of
ice. -For optimum results temperatures should be .obtained over .
large areas and in a minimum length of time. .In order to meet this
requirement an infra-red radiation thermometer (IRT) was acquired.
for test and evaluation purposes as an airborne ‘indicator of surface
water temperatures (Airborne Radiation Thermometer, - ART).

Basic Principles

In brief, the IRT senses the radiant energy from the surface
" over which it is transported. The detector, - a thermistor bolometer,

looks through an optical system alternately at the water surface
whose temperature is desired and at an accurately calibrated refer-
ence black body. The difference between the two radiations is
converted to an electrical signal that varies with temperature. The
radiant energy is passed through an optical filter which limits
transmission to between 8.0 and 14. 0 microns. Hence, the detector
is exposed to the radiant energy only in the region where the attenua-
tion due to carbon dioxide and water vapour is fairly small, and,
therefore, the measurements should be relatively independent of
altitude.

The accuracy of such instruments depends very much on the
particular design. The larger and more 'sensitive units are reported
as being effective over a range of -2 to 4+35°C with an accuracy of
+ 0.2°C. Smaller, portable units are available with essentially the
‘same range but with an accuracy more of the order of + 1. o’c.



‘Previous -Applications

The first-use of the ART technique was by.Stommel (1) to trace the
edge of the Gulf Stream. In a more sophisticated model developed by
Richardson and Wilkins (2) the original Golay detector was replaced by
the thermistor bolometer, -During the past four years several com-
mercial models of the IRT have become available and have been sub-
jected to a variety of programs of test and evaluation, Pirart (3),
‘Sniowden (4), McFadden and Ragotzkie (5), Techniques for Infra-red
Survey of Sea Temperature {6), Trites (7). As a result of these and
other programs substantial improvements have been made in the
-1nstruments and in -airborne technlques '

It was in order to exploit these recent advances that the Lake In-
vestigations Unit (Hydrdmeteorolo’gy Section, Climatology Division)
of the Meteorological Branch acquired a portable IRT for research:
and eventual operational purposes, and:in co-operation with the In-
~ strument Division, Basic Weather Division and the Radiation Section
of the Research and Training Division undertook a flight test and
evaluatmn program in the Great Lakes area during the W1nter, spring
and’ Summer of 1965,

The Instrument and Installation

An instrument manufactured by the Barnes Engineering Com-
pany (Model IT-2S) was selected on the basis that it was readily
available, conveniently portable and reasonably priced. This partic-
ular model has ‘an-advertised mid-scale sensitivity of 3/4°F, and an
absolute accuracy of 1 1/2°F. .Its range'is 10 to 110°F. The field
of view is a:3° Cone with temperature read-out directly on a meter
and attached recorder. The power requirement is - 105 - 125 volts,
60 cycles per second and 25 watts. '

The instrument was installed on a Loockheed 14 aerial suryey
;aircraft chartered from Kenting Aviation Lirnited, Toronto Inter-
national Airport. -(Fig. 1). The complete unit consisted of a sensor
or sensing head, an electronics console with temperature meter, a
recorder and two Cornell-Dupilier Powercon 12ESW 25 power in-
verters. Two recorders were used during the te'st petiods, --an
.Easterline=Angus (0-1 millampere) and-a Honeywell Electronik-19.

- With the exception of the -sensor all the equipment-was shock-mourted
on-an instrument rack in the aircraft cabin (Fig. 2). The sensor was
mounted on a bracket on the floor of thé aircraft so that it was aimed

through -an opening in the camera hatch.




Figure 1
Aircraft Showing Outside Fitting

) Figure 2
Interior of Aircraft Showing Instrument Rack

and Sensor Mounting (Right Foreground)
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. The Test and’Evaluation Program -

_ The 1965 test and evaluat1on program was planned in two phases

f Phase I was in comunctmn with regular Meteorologlcal Branch ice’
reconna1ssance fl1ghts over, ‘the Great Lakes and ‘was des1gned to test
.the 1nstallat1on and mount1ng of the- 1nstrumen Phase I cons1sted
of six spec1al f11ghts .over. Lake" Ontarlo and- Lake Er1e in co- operat1on -
with the-résearch. vessel. CCGS: ”Porte Dauph1ne” Th1s latter phase

. was des1gned to test the effect1veness of the ART at. d1fferent altltudes, '

- to prove the 1nstrurne1r1'r on actual full lake surveys and to assess the

env1ronmental errors 1nherent 1n the technlque s o

2. ~313haise One - -Insta‘llation- v'I"estsvf‘. SR - . ‘ | '.

Dur1ng January and February, 1965 the. umt was test flown on

-four Ice reconnaissance flights over ‘the Great Lakes . The’ routes and
_alt1tudes were entirely dependent on the requ1rements of: the ice o
survey and no deviations for the sake of the, ART test were p0351ble
These restr1ct1ons did not however, reduce the value of the fl1ghts
'for prel1m1nary test purposes It had been intended to check tem-
~perature readings against those obtained by the research vessel:
“"Porte Dauphine', but because of a. scheduled refit the ship was not
~available. ' Lo : o

g _Flight 1.1 '(January 25, -19.65)

On the flrst fl1ght the 1nd1cated temperature remamed off—scale
__'(below —12°C) as long as the sensor was in its bracket mounting. -A .
-strong turbulent. flow of cold air- (- 7°C) was detected enterlng through SN
" the opening in; the camera hatch’ and the heéater llght on the sensing o
head at no time went off 1nd1cat1ng that the reference cav1ty never

- reached operatlng temperature L

_ Durlng the fllght the sensor was removed from 1ts mount1ng
-and pointed’ manually through the openlng from a few inches above .
“floor level.  The readings feturned to on-'scale but showed very wide
: jflvu_c'-'tuat‘ion»s', ‘_.—,50 to_.;+5 :C overvwater, -1() to +2°C over _1ce, (Fig. ;3).

Although no useable data were obtalned - results d1d show ‘that 1t
was necessary. to induce the -air to flow out. of, rather than into the.
aircraft. To solve this problem a 6-inch dlameter pipe about 18
inches long constructed of sheet alum1num wa's mounted on the -
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. ART Trace Flight 1.1
Off— scale with Sensor on Or1g1nal Mountlng
On-scale but with Large Fluctuations When held inside Cabin
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Improved Trace Due to Outside Pipe F1tt1ng and Further
Improvement when’ Sensor Held Insjide Cabin- )
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underside of the aircraft directly below the opening in the camera bay ,
(Fig. 1). Ih order to reduce turbulence and drag the pipe was fitted .
with a stream-lined fairing. -No change was made at this time to the
sensor mounting inside the aircraft.

Flight 1. 2 (February 8-9)

. The new installation proved partially successful on the second
~_ flight in that it produced a noticeable outflow through the camera hay
opening. Temperatures remained on-scale and showed a direct
relationship to the nature of the surface flown over, i, e. - land, ice
and open water. .The fluctuations were reduced although they were
still of the order of 4 to 6°C (Flg '4).

While flying over open water the sensor was again removed from
its mounting and held about three inches above the floor. "An im- A
mediate and pronounced change in the character of the trace was noted
(Fig. 4). The fluctuations were reduced to about 2 degrees and the
‘average temperature read 1°C, - consistent with open water with ice
floes present. ' ' o

Flight 1. 3 (February 15)

The third flight was made with the same installation as on Flight
2. Two tests were carried out. In the first one, the sensor was
again removed from the bracket held by hand-about three inches
above the floor. The fluctuations were again greatly reduced (Fig,
_5) and the iindicated water temperature immediately fell from 6°C to
a more realistic 0°C. As a second test the sensing head was re-
mounted and a sheet of polyethylene film was placed over it. This
reduced the fluctuations-(Fig. 5) but produced-an average Water .
temperature reading about 2 or 3 degrees too h1gh

The tests 1nd1c:ated that best results would be obtained Wlth the
sensing head mounted three to four inches above the floor.

.Flight 1. 4,(F,ebruary 22-23)

The final flight of Phase I was made with the sensor mounted on an
-adjilsféble shock-resistant bracket three to four-inches above the
floor.  Although the -flight was hampered by low cloud and snow flurries
brief periods of fair weather produced meaningful results, i.e., Fig. 6
shows the recorder trace at 2000 feet MSL (approximately 1400 feet
‘above lake level) travelling from the open water of Lake Huron to ice
and then to land near Southampton.
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Figure 5
: ART Trace Flight 1.3 s
Fluctuatmns Reduced by Introduction of Polyethylene F11m and

| by Holdmg Sensor Ins1de Cabm

| WATER ~——ta—|CE = LAND =

Figure 6 - :
ART Trace Flight 1. 4
‘Example of Trace over Water, Ice and Land .
Fluctuatmns Reduced With Sensor Mounted 3-4 Inches In51de Cabm



- 8-

Although the absolute temperatures obtained with the new mounting
could not be checked the average reading of 0 to 1°C for open water
with some ice floes present'appeared realistic and the fluctuations were
reduced to about two degrees. As indicated in Fig. 6 temperature
variations from open water to ice to land were quite distinct.

3. . Phase Two - Air-Ship Trials

' The second phase of the test and evalua’c1on program consisted of
a series of fllghts in ¢o-operation with'the ‘research vessel "Porte
Dauphine'. As indicated earlier, these trials were designed:

(1) to check the ART water temperature readiﬂgs agai’hst“
' the ship's water temperature observations;- . ‘

(2) to find an optimum height for fi'ying ART surveysy

- {3) to make full scale surveys of a lake and check these -
- against the ship's surveys;

(4) to -assess the environmental errors of the instrument
with the end in view of making eorrections based on
meteorological conditions. This latter problem is to
be the basis of an M. A, thesis by'R., W. Shaw,
(Meteorology - University of Toronto), and will not be
dealt with in this report. - '

The aircraft's program was to fly over the sh1p {upwind and down-
Wlnd) at altitudes of 300, 500, 1000, 1500 and 2000 feet above lake lével
and then to proceed ona pre-planned survey of the lake. The surveys

- were designed to criss-cross the lake to provide a double check on

ART temperatures at the cross points. -In-flight in-cabin instrument
calibration checks using a well mixed water bath were also planned. .
 for each flight. . Eventually such spot checks were scheduled for each
leg of each survey. Instrumentation and mountings remained the-same
as in the final flight of Phase I (Flight 1. 4) except that beginning with

the second flight.of Phase II (Fllght 2.2) the Esterline-Angus recorder .

was replaced by.a Honeywell as previously noted. Eight hours of
flying time were available on a charter basis for the se te sts and in all
6 flights were made: = :
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The ship's program was one of taking simultaneous water tem-

" perature observations by the conventional bucket thermometer and for
two flights by.a second IRT based on the'bridge. In addition, of

regular meteorological observations the ship on three occasions also
took micro-profile measurements of the atmosphere to 1000 feet by
means of its meteorological boom and wiresonde facility. - These latter
observations were in support of the study of environmental errors.

The air-ship trials were held in conditions of no_precipitation,
cloud base above 2000 feet, visibility 3 miles or better and, because of
the wire-sonde flights, surface winds of 100 mph or less. This latter
restriction was most difficult to adhere to and several operations were -
made in hlgher winds in ofder to complete the program

-Flight 2. 1~(March 25, '1965)

‘The first flight of Phase II consisted of a full program of 10 passes .
over the research vessel situated seven miles south of Toronto followed
by a three-hour -survey-of Lake Ontario. The data from the fly-over
are tabulated in Table I. The route of the aircraft and the results of
the survey-are shown in Fig. 7. The absolute temperature values of
the surface water isotherms were deduced from correctlons 1nd1cated
in Table I. '

‘As would be expected in the early spring the 'ART survey revealed’
low temperatures and -a flat gradient in the isotherm pattern. How-
ever, both temperatures and gradient were consistant with a limited
survey of eastern Lake Ontar1o taken by the ship on the same day

F11ght 2.2 (May 3, 1965) °

' -The second fl1ght of Phase II was- delayed until early May in .
order to obtain a greater range in surface water temperatures. The
results warranted the delay as near-shore waters showed tem- '

peratures.  The results warranted the delay as near-shore waters
showed temperatures 7 to 8°C warmer than three to four miles
offsho_re (Figs. 11, ‘12).

The same rout1ne was followed as in Flight 2,1. The fly~-over
; data are tabulated in Table 11, the ART survey of Lake Ontario is
shown in Fig. 8. '
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 TABLEI

AIRCRAFT AND SHIP'S;OBSE.R VATIONS

FLIGHT 2.1 : 25 MARCH 1965

AIRCRAFT DATA

WATER TEMPERATURE (°C)’

HEIGHT (FT.) HEADING AMBIENT | - ART ~ 'BUCKET TEMP, DIFFERENCE IRT DIFFERENCE
above lake AIR ‘aircraft ship ART-BUCKET ship ART-IRT
TEMP. °C
300 West -- 1.2 1.7 -0.5 - -
300 _ East -- 1.2 1.7 -0.5 - -
500 West .- ‘1.7 1.7 0.0 - --
500 East -- 7 1.7 0.0 - -
1000 West - 1.0 1.6 -0.6 -- --
1050 East -- 9 1.6 -0.7 - --
1500 West - 0.9 1.6 -0.7 -- -
1550 East - 0.3 1.6 -1.3 -- --
2000 West -- 0.3 1.6 -1.3 -- --
.2000 0.3 1.6 -1.3 -- --

East . --

SHIP'S WEATHER

CLOUDS : 4/8 of Altostratus at 8, 000 ft. a
VISIBILITY : 15 miles .
AIR TEMPERATURE : 0°C

DEW POINT : -1°C

WIND : 110° at 19 knats

WAVE HEIGHT : 1 to 2 feet

nd 4/8 of Cirrostratus .

TABLE II

AIRCRAFT AND SHIP'S OBSER VA TIONS

FLIGHT 2.2 : 3 MAY 1965

AIRCRAFT DATA

WATER TEMPERATURE (°C)

BUCKET TEMP,

HEIGHT (FT.) HEADING AMBIENT | ART DIFFERENCE  IRT  DIFFERENCE
above lake AIR aircraft ship ART-BUCKET  ship ' ART-IRT
» TEMP. °C R

350 West 16 4.5 2.5 2.0 - -
350 East 16 4.7 2.5 2.2 -- --
450 West 18 5.4 2.5 2.9 -- --
450 East 18 4.8 2.5 2.3 -- --
1000 West 21 6.0. 2.5 3.5 -- --
950 East 21 6.1 2.5 3.6 -- -
1550 West 20 5.8 2.5 3.3 -- .-
1550 East 20 5.9 2.5 3.4 -- --
2050 West 20 5.8 2.5 3.3 -- --
2050 East " 20 5.8 2.5 3.3 -- --

SHIP'S WEA THER

CLOUDS : 3/8 of Cirrus
VISIBILITY : 15 miles

AIR TEMPERATURE : 8°C

DEW POINT : 5°C

WIND : 210° at 11 knots

WAVE HEIGHT : Less than 1 foot

‘
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There were no '""Porte Dauphine' temperature surveys to directly
. compare with this flight but ship's surveys of April 26-29 (Fig. .9) and
May 17-20 (Fig. 10) show a similarity in pattern to the ART survey
‘and the absolute temperatures appear entirely _cp,nsisfavnt’.

Flight 2.3 (August-11, 1965)

All the remaining ﬂ*ghté of Phase II were planned to assist the
study of environmental errors inherent in the ART technique. To
this end simultaneous wire-sonde flights were made from the ship
to obtain profiles of temperature and humldlty up to 1000 feet. The
.same program of passes over the ship was carr1ed ‘on but the sub-
sequent surveys'were reduced in length.

Flight 2. 3 made contact with the Porte Dauphiné 6 miles south
of Toronto and after the program of fly-overs proceeded on a track’
to the mouth of the Niagra River and return to Toronto. Results of
the fly-over are in Table III. » ‘

Flight 2.4 (August 24, 1965)

This flight was aborted within 30 miles of a planned rendezvous.
with the ship in western Lake Erie because of a recorder fa11ure, -
the result of one poor solder connect1on

~

Flight 2.5 (August 25, -1965)

The fifth flight of Phase II was also made to Lake Erie w1th the
ship stationed five miles north of Ashtabula, Ohio, where despite
gusty- winds a series.of wire-sonde flights were completed. Data,
from the fly- over are in Table IV. Although not shown, a limited
ART survey of Lake Erie compared favourably with a ship's survey .
of August 23- 26

Flight 2. 6 (Septtember 2, '1965)

- The final flight of Phase II was made in Lake Ontario Wifh the
ship situated south of Prince Edward Point in an area of strong, but
subsiding winds. One wire-'sonde: flight was completed before the
instrument was damaged by gusty winds. A complete set of fly-over
data is in Table V. "After the rendezvous with the ship the aircraft
flew to the mouth of the Niagara River and thence to Toronto.
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TABLE 1

AIRCRAFT AND SHIP'S OBSER VATIONS

FLIGHT 2.3 : 11 AUGUST 1965

AIRCRAFT DATA WATER TEMPERATURE (°C)
HEIGHT (FT.) HEADING AMBIENT ART BUCKET TEMP. DIFFERENCE IRT .DIFFERENCE
above lake . "AIR aircraft ship ART-BUCKET ship ART-IRT
TEMP. °C ’
350 West 15 - 15.3 15. 0 0.3 14. 6 0.7
350 East 15 15.4 15.0 0.4 ° 14.5 0.9
500 West 14 16.0 15. 1 0.9 . 14.8 1.2
500 - East 15 15.7 15.1 0.6 14,7 1.0
1000 West .13 16.0 15.71 0.9 14.7 .3
1000 .East 14 16.0 15.1 0.9 14.7 1.3
1500 West 13 15.7 15. 2 0.5 14.9 0.8
1500 East 13 15.5 15.2 0.3 15.0 0.5
2000 West 12 15.9 15.2 0.7 14.8 1.1
2000 East 12 15.7 15. 3 0.4 14. 7 1.
SHIP'S WEATHER
CLOUDS : 1/8 of Cumulus at 1500 ft. and 1/8 of Cirrus
VISIBILITY : 15 miles
AIR TEMPERATURE : 18°C
DEW POINT : 11°C
WIND : Calm . .
"WAVE HEIGHT : Less than 1 foot
'TABLE IV .
AIRCRAFT AND SHIP'S OBSERVATIONS
FLIGHT 2.5 : 25 AUGUST 1965
AIRCRAFT DATA WATER TEMPERATURE (°C)
HEIGHT (FT.) HEADING AMBIENT ART . BUCKET TEMP, DIFFERENCE IRT DIFFERENCE
above lake AIR aircraft . ship ART-BUCKET ship ART-IRT
: TEMP. °C- : : :
350 West 19. 5 21.0 21.7 -0.7 -- --
350 East 19 20.7 21.7 -1.0 - --
450 West 19 20.7 21.9 -1.2 -- --
450 Ea'st 19 21.0 219 -0.9 -- --
950 West 20 20.4 - © 2.9 L5 -- --
950 East 19.5 20. 6 21.9 -1.3 - -
1500 West 20 20.7 219 -1.2 - .-
1500 East 20 20.6 21.9 -1.3 -- --
2000 West 18.5 20.7 21.9 .12 -- -
2000 East 18. 5 20.4 21.9 -1.5 - -
SHIP'S WEA THER
CLOUDS : 2/8 of Altocumulus at 8, 000 ft. and 2/8 of Cirrostratus
VISIBILITY : 6 miles (Haze) .
AIR TEMPERATURE : 20°C
DEW POINT : 14°C
WIND : 060° at 3 knots
- WAVE HEIGHT : Less than 1 foot
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“ . h ‘ o B ' TABLE V'
: S . . AIRCRAFT AND SHIP'S OBSERVATIONS

FLIGHT 2.6 : 2 SEPTEMBER 1965

.AIRCRAFT DATA o ‘ WATER TEMPERATURE (¢ C)

HEIGHT (FT.) HEADING AMBIENT | ART BUCKET TEMP., DIFFERENCE IRT DIFFERENCE
above lake : AIR aircraft ship - ART-BUCKET  ship _ ART-IRT
: TEMP, °C, . o ‘ : :
: 300 West 17 18.1 - 18.9 0.8 18..1 0.0
. : 350 ¢ East. - 17. 18.1 18.9- -0.8 18.4 -0.3
: 550- o West - 16 . S 18.1 18.9 -0.8 18. 7 -0.6
e . 550 East ) S17.8 18,9 1.1 18.9 -1
1000 West 14.5 17,3 19.0 B L7 - 187 . 1.4
1000 ° East 14.5 16.8 " 19.0 : 2.2 8.7 -1.9
1550 " West a3 17.3 19.0 L7 18.7 S1.4
1550 . East 13 6.8 19.0 , Y A 18. 7 -9
2050 © . West  11.5 17.1 . 19.0 L9 186 T s
2000 . East. - . 1L.5 16.9 19.0 2.1 T 18.5 -1.6

SHIP'S WEATHER

CLOUDS : 2/8 of Stratocumulus at 2500 ft.
VISIBILITY : 15 miles S
AIR TEMPERATURE : 19°C
"DEW POINT : 12°C
] ) WIND : 280° at 12 knots (gusty) . -
. WAVE HEIGHT :'1 to 2 feet
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Two rather dramatic changes in water temperature were noted on
the flight. One was across an area of upwelling in north central Lake
Ontario (Fig. 14), the other at the mouth of the Niagara River (Fig. 13).
The latter change was accompanied by an-abrupt change in colour
from brown to. greenish blue, and was pre sumably due to the outflow _
of the Niagara.. ~

4, Discussion
Sensor Mounting

The results of the first part of the test and evaluation program in-
dicate that the mounting and exposure of the sensor is critical and a
review of the literature indicates that there is likely a different re-
‘quirement for each type of aircraft. It is of utmost importance that
there should be ‘a gentle outflow of air ‘with a minimum of small scale
turbulence at the opening through which the sensor views the water.

‘It is also important that all units be properly shock-mounted. A

-For the Lockheed 14 aircraft the high frequency fluctuations (or
"noise'") of the ART trace were reduced to an-acceptable + 1°C by
mounting the sensor 3 to 4 inches inside the cabin and .viewing .the
water through a streamlined pipe designed as an- air diverter. A
polyethylene film introduced between the sensor and the opemng
reduced the '""noise' but added 2 to 3°C to the required correction.

Temperature Comparisons

In comparing ART readings and ship's water temperatures -itis
necessary to keep in mind that the infra-red thermometer senses the
temperature of the '"'skin" or micro-surface of the water, whereas, the
ship's bucket thermometer is more likely to read the average tem-
perature of the top 6-12 inches of water. Recent studies (6) have
reported 'an average difference between skin-and bucket temperatures
of 0.62C. To check on this diffe rence, an IRT was installed on the

"Porte Dauphine for flights 2.3 and 2. 6. A comparison of 20 readings
showed the IRT readings to be on the average 0.4°C lower with individual
differences ranging from 0. 8°C to zero. More extéensive studies of
this phenomenon are planned for a later date. However, for the pur-
poses of this report, all further comparisons will be between the ART
and the conventional ship's bucket temperatures.
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-From Tables I and V it may be seen that the ART-ship's bucket
temperatur'e differences varied from -2. 1°C to +3.6%C. It is also
evident that these differences are related to the height of the aircraft
and to day-to-day changes in the atmosphere. -As a strictly empirical
approach once the necessary correction to-the ART has been found
by flying over a known water temperature ‘at-a planned survey height,
it is assumed that the technique will provide meaningful temperatures
provided'there are only small changes in the ‘atmosphere between the
aircraft and the water during the period of flight. Since the flights -
are-at'low altitudes and over periods of only a.few hours the assump—
tion appears warranted.

Optimum Flying Height

The summary of.average temperature differences between the
‘ART and the ship in-Table VI indicates a '""best' or optimum height
for ART flights of 300 to 500 feet with' an average d1fference of about. -
"1CW1th1narangeof—l2Cto+29C o

-Flights at one to two thousand feet show larger average differences
and a greater range of differences. However, the indicated corrections
‘are small enough. that flights at these heights appear feasible if’ safety
or crew comfort d1ctates a h1gher altitude.

TA,BLE 25

- TEMPERATURE DIFFERENCES WITH HEIGHT
o (ART - Ship's Bucket)

?Airo_raft Helght Co ’A_y,erage Diffe~rence OC o Range of Differeoce oC
' (feetv)‘ . . j's('%'.e‘gan":dlless of sign), o ‘Negative . PoSitive
300 ‘a» : E - 09 . ; © =10 . 2.2
500 - _'; 1.0 1 - - Ji;z_ 2.9
‘-1‘060‘ e - "‘1',.7 ' S S1.5 ‘ | 33.}'6
‘§156§E E;“ R W E | AL 1 3.4

L2000 » LT o -2 33
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Environmental Errors -

For consistent results the ‘ART should be used in 'good vfsibilities,
with no precipitation during or prior to the f11ght and with no cloud
below the aircraft. . :

"The relative differences found between the ART and the ship's
temperature on each of the five' flig'h‘ts of Phase II are shown in Table
VII.- For-any given aircraft height there is a’'close relationship
between the temperature difference (ART - ship) and the temperature
of the air column through which the sensor was viewing.

TABLE VII

EFEECT OF AIR: TEMPERATURE ON ART READINGS

Temperature Alr”Tempgrature R Lapse rate- . - VlSlbllltX
Differences (Relative to Water) E . . -+ Amiles)
(ART -shi p)
small?neggtiVe%aair'colderithannwabe£~é»espimatedmﬁnStébte 15
large positive - air much warmer - - - marked inversion’ - 15
small positive air a little warmer slightly unstable 15
negative air a little colder ~° unstable _ , 6
negative air and water about’ = “very unstable o 15
same o :

‘ In'generall terms it may b'e. stated that the ART reads lowér when
the air column is colder than the water and conversely reads ‘higher
when the air column is warmer than the water,

The subject of environmental errors is a very'large and im-
portant one which also involves water glapoui‘ absorption, aerosal
scattering, surface emissivity, reflected radiation and sky cover
above the sensor. The data collected from the Phase II ship-aircraft
program are currently under study and as stated earlier, will form
the basis of a M, A, thesis. Further comment will be W1thhe1d

pending the results of the study.




- 21 -
Calibration

For best results the infra-red thermometer requires falrly fre-
‘quent laboratory calibration checks.

-Until more is learned of the -environmental errors inherent in
the ART technique an in-flight calibration check over a known water
temperature is required preferably prior to, and after each survey.

Frequent in- ﬂight in-cabin water bath calibration chécks are
advisable although a drift in excess of 0. 5°C was detected on only
one flight. .

" - A monitor of the power input to the ‘ART is also advisable to
guard against ertors introduced by frequency changes to which the.’
instrument is extremely sensitive.

Temperature Surveys

Two complete surveys (Flight 2. 1, Fig. .7; Flight 2.2, Fig. 8)
and three limited surveys (Flights 2.3, 2.4, 2..6) produced realistic
isotherm patterns of surface water temperatures. ‘As discussed
earlier, 'when compared to ship's surveys at or near the sarne time
(Figs. 7, 9,10) the tentative conclusion has been reached that with -
fly-over and in- ca’b1n calibrations the isotherms haveé -an absolute
‘accuracy of aboutl 0°C and a- relative accuracy (between isotherms) -
of the order of 0.5 °C or less.

With these ac'curacies the ART provides a fast and satisfactory
technique.for making lake water temperature surveys. '

-Small .Scale Variations
The ART tra_ce's from_the survey.flights of Phase II Have re-
‘vealed some good-examples of the detection of ‘surface water tem-

perature-s changes over short horizonta‘l di—stances.

TFig. 11 (thht 2.2, May 3) shows the gradual near-shore
_Warm1ng typ1ca1 of Lake Ontar1o in the sprlng

_ vFig 12 (F11ght 2. 3 May 3) shows two abrupt changes of upwards
to 5°C with the ""'thermal bar' as described by Rodgers (8).
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Fig. 13 (Flight 2. 6, -September 2) shows the temperature of the
‘Niagara River and follows the outflow of the river three miles into
Lake Ontario. ‘A colour photograph taken on the flight ¢confirms a
sharp change in colour -and texture ‘of the water at the p01nt of tem--
perature change: '

.Fig. 14.(Flight 2.6, September 2) shows a 7°C temperature change
in north-central Liake Ontario deemed due to -an upwelling character-
istic of the lake and the time of year.

The -relative accuracy of these traces are thought to'be within’
0. 5°C making the ART an excellent tool for the detection of smali -
scale horizontal gradients in surface water temperatures.

5. Conclusions

.Although the exposure of the sensor is critical, theART, when
used in suitable weather and with proper calibration checks, pro-.
vides a good technique for making fast and reliable water tempera—
ture surveys of the Great Lakes. . '

The optimum height for such surveys -appears to be 500 feet or
lower although, if necessary, flights at one to two thousand feet
appear feasible with proper calibration.

.With the present instrumentation and installation the absolute °
‘accuracy appears to be of the order of 1. 0°¢ C with a relative
accuracy within 0.5°C.

The accuracy may be increased with an improved understanding
of the environmental errors involved. This requires a further study
for which data have been collected and which is already in progress.

The experience 'g,ai'ne'd ‘with the instrumentation and the aircraft
has been invaluable and the results confirm the usefulness of the ART
tecl{miqué for both research and operational purposes in the Great
"La-kes area. As a result, it is planned to operate monthly ART
flights in 1966 over Lakes Ontario and Erie with occasional flights
over Lakes-Huron and Superior. -In addition, preliminary plans call
for a program of monthly surveys of all.the Great Lakes bordering
- on Canada in 1967,
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