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by
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D. G. Massey

ABSTRACT

An infra- red the rmomete r (IR T) was installed on an airc raft as
an airbo rne radiation the_rmomete r (AR T) and subjected to a program.' . . .

of te st and evaluati9nas an instrument for measurement of surface
water temperatures i'n the Great Lakes area. The first phase of the
progra'm dealt wi~h the m~u~ting and exposure ~f the sensor. The
second phase, in conjunction with the 'research vessel 1fPorte Dauphine 1f ,
dealt mainly ~ith operational and theoretical aspects of the technique.

With some limitations, as outlined in the report, it was found
that the AR T provide s 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. aCc and a relative
accuracy within a. SoC. A s a result of the evaluation program, it
is planned to operate monthly surveys next year. -
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, On a installe a bord d' un. avion un the rrhometre infrarouge

devant servirde therinornetre de rayonnementaEfr6pori:tf et 'o'n 'I'a
". .,,,". ," ',", '.- '.' " ;

soumis a un pr'ograrnrne d' e s sais et d' evaluation pour la me sure de
la temp~rature de s eaux'de surface': d'a.'ns la"r~gion de ~ Grand s
lac's. La 'pr'e~i~re phase 'de' ce p'rogra~:rrie avait,trait aU'iUontag:e
eta'l'expositi6n de l"organe sensible~La'deuxi~rhephase: 'effectuee
avec Ie concours du navire de recherches POR TE DAUPHINE,
portait surtout s'ur ,lesaspe~ts oplrationriefs et th~oriqu~sdecette
technique. ' . ,.,.,

: :J'

. Camme il e'st expose': dans lerappo rt', onat.'otfstat,Ef qu{ : .. '
l'emploi du thermom~tre de rayonnement :Cl:~rop~rb{:p~r~et,da:ns

certaines limites, d'effectuer des releve's' rapide's et' s~:f.s de la
temperature del' eau. L'instrument et l'installation actuels ont
permis d'obtenir une pr~cisionabsoluede l'ordre du degre centesimal.
A la suite de ce programme d'e-valuation, on se propose d'effectuer
des releve's mensuels au cours de l'annee prochaine.
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1. Introduction

,The Meteorological BraJ;lch has had a long standingrequirem,ent for
regular observations of surface water tell1peratures fI-oll1 the Gre'at
Lakes. These data are ll10st useful for forecasting ll1eteorological
conditions over the lake s and their adjacent land areas and the data 'are
-also becoll1ingincreasingly ill1portant for assessing water losses,
through evaporation and in studies of the forll1ationand dissipation of
ite.Foropti~ull1resultstell1peratures should be obtained over ­
large areas and in all1inill1ull1length of till1e.In order to ll1eet this
requirell1ent an infra- red radiation therll1oll1eter(IR T) was acquired
for te stand evaluation purposes as anairbo rneindicator, of surface
water tell1peratures(Airborne 'Radiation Therll1oll1eter, -ART).

Basic Principle s

In brief, theIR T senses the -radiant energy'froll1 the surface
over which it is transported. The detector, - a therll1istor bololl1eter,
looks through an optical systell1 alternately at the water surface
whose tell1peratureis desired and at an accurate'lycalibrate,d refer­
ence black body. The difference between the two radiations is
converted to an electrical signal that varies with tell1perature. The
radiant energy is passed through an optical filter which lill1its
transll1ission to between 8. 0 and 14. 0 ll1icrons. Hence, the detector
is exposed to the radiant energy only in the region where theatte'nua­
tion due to carbon dioxide 'and water vapour is faLrly sll1all, and,
therefore, the ll1easurell1ents should be relatively independent of
altitude.

The -accura,cy of such instrUll1ents depends very ll1uch on the
particular design. The 'larger and ll10re :sensitive units are reported
as being effective over a range of -2 to+35"C with an accuracy of
+ O. 2°C. Sll1aller, portable units are' -available with essentially the
-' ()

sall1e range but with an accuracy ll10re of the order of + 1. 0 C.
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Previous Applications

The -first use of the AR T technique was by, Stonunel (1) to trace the
edge of the Gulf Streall1. Ina ll10re sophisticated ll10del developed by
Richard son and Wilkins ( 2) the original Golay detector was replaced by
the therll1istor bololl1eter. ,During the past four years several COll1­
ll1ercial ll10dels of the IR T havebecoll1e available and have been sub­
jected to a variety of prograll1s of test and evaluation, Pirart (3),
Snowden (4), McFadden and Ragotzkie(S), Techniqu~s for Infra-red
Survey of Sea Tell1perature (6), Trites (7). As a resultof these and­
other prograll1s substantial ill1provell1ents have been ll1ade in the
instrUll1ents and in airborne techniques.

,It was in order to exploit the se recent advance s that the Lake In­
vestigationsUnit (Hydroll1eteorology Section, Clill1atology Division)
of the Meteorologicar Branch acquired a portable IR T for research
and eventual operational purposes, and in co-operation with the In­
strurnent Division, Basic Weather Division and the Radiation Section
of the Research and Training Division undertook a flight test and
evaluation' prograll1 iIi the Great Lakes area during the winter, spring
~and sUll1~e r of 196 S:

The Instrull1ent and Installation

An instrull1ent ll1anufactu'red by the 'Barne s Engineering,Coll1­
pany (Model IT-2S)' was selected on the basis that it was readily
available, conveniently portable and reasonably priced. This partic­
ular rnodelhasan,'advertised mid- scale sensitivity of 3/4°F, and an
absolute accuracy of 1 l/2°F.Its range"is 10 to 110°F. The field
of view is a3° Cone with tell1perature read-out directly on a ll1eter
arid attached recorder. The power requirell1ent is ,lOS -125 volts,
60 cycles per second and 25 watts.

The instrull1ent was installed ona Lockheed 14 aerial 'surrey
aircraft chartered froll1 Keriting Aviation Lirriited, Toronto Inter- '
national Airport.(Fig~l). The c'oll1pleteunit consisted of a sensor
or sensing head, an electronics console with tell1p~rature ll1eter, a
recorder and two Cornell-Dupilier Powercon l2ESW 2S power in­
verters; Two recorders were used during the te:st periods', -,an
,Easterline~Angus(0-1 millall1pere) and·a Honeywell Electronik19.
, With the'exception' of the sensor all theequipll1ent'was shock-ll1ourited
on an instrull1ent rack in the aircraft cabin (Fig~ ,2). The sensor was
ll10unted ona bracket on the 'floor of the' 'aircraft so ,that it was aill1ed
through an opening -in the 'call1e ra hatch.
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Figure 1
Aircraft Showing Outside Fitting.

Figure 2
Interior of Aircraft Showing Instrurn.ent Rack

and Sensor Mounting (Right Foreground)
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The Test and Evaluation PrograITl

The 1965 test and evaluationprograITl was planned in two phases.
Phase I \.Vas iI,lconjuriction 'withreguiar'Meteo rblp'gic:~lBr'~ilchic,e
rec'onriai's,s'ance'riights oyer the Gre'at'Lakesa3;ld :wa~ de'sign~dtci test
theiristaUation an4 mouritin,g:of the·inst~u~~nt.,·.:Phas~<IIco~sisted
of sixsi:>,e,~'i~l hight:s,over,'La~eOpt~rio,an'd'Lake'Eri~ iri.co~:,operation
with t4EC:research .vessel.CCGSlip6rte:pa~phineli.:,Thi~ latte r'phase
was desigried to te's(the eHectl;enessof the AR Tat. <:iif.£e.rent altitudes,

'. to j:>rov~theinstruITlento~ att.ualful1:-iakes.tirveys an,cf to: .ass~ s s the'
enviro'nrne~ta:l'e rrorsinher'entinthe te~hriiqu~> . ..., .....•. " " .

- - ....
, '

2. ·P!lase One - Installation ,Tests

D uringJ~riuaryand.F eb rtia ry,·)9..65 ;·the" ~riitwas ',1:e ~ t:"'flOMrri on
four ,Lce reconnaissance flights ove rtheGrecit Lake.s: The:'i~~utesand
altitude s were entirely dependent on the requirements' oJ the' ice ,
survey and no deviations £~r the sake of the -A.RT te st were :p,b~sible.

These restrictions did not; however, reduce th~ ~al~e ofJiietiight~
for preliITlinary test purposes. It had been intenaed to 'check teITl:"
perature readings against thoseohtained by the rese'arch vessel,
l1Por'te Dauphine1!, but because of a scheduled refit the ship was not,
available.

Flight 1.1 (January '25, 1965)

, 'On thefil'.st tlightthe 'indic.ated tempe r~t~re"re:rn.a:inedoff-scale
,(below-'lZ"C),as Jongas the sensor was in itshracket ITlounting. ·A
, strong turbulent flow oicold a~r- (-7°C) was detected 'entering t.hrough '~,

, the opening in):hec~rnerahatch" and the 'heater light~:mthe seIlsing
heada.tno time werit~ffindicatirigthattherefererice ,cavity never
reached operatingteITlperature; '. . . '.,

During the flight the sensor was removed froITl its ITlountihg
.andpointedITlanuallythrough the :ope:rJ.ing'froITl a few inches above

':£1oor level.. The' -re,?ding's 'returnedtoo~-'scalebut ?howed very wide
·£luCtuations,.,..5 0 to+5°C over wale r; :.10Cl 1:0 +2 °Cover ice{Fig~ 3) .

. Although no'useable data were obtaiiled,<'results did show that it
was nece s..saryta induce the 'a~r to flow outof, ,rathe~ ,than into the "
aircraft. 'To solye this probleITl a 6~inch diameter j:>lpeabout 18
inche s long ,:onstructed of sheet al~ITlinuITl'wa"s 'ITlounted on the
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Figure 3
. ART Trace Flight 1..1

Off- scale with Sensor on Original Mountin:g,
On- scale but with Large Fluctuations When held irisideCabin
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Figure 4
AR T Trace Flight 1. 2 .

Improved Trace Due to Outside Pipe Fitting and Further
Improvement when'SensorHeld Ins,ide Cabin
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underside of the aircraft directly below the opening in the camera bay
(Fig. 1). In a rde r to reduce turbulence and drag the pipe was fitted
with a stream-lined fairing. No change was ITlade at this time to the
sensor ITlounting inside th~ airc raft.

Flight 1. 2 (February 8-9)

The new installation proved partially successJul. on the second
flight in that it produced a noticeable outflow through the camera bay
opening. TeITlpe rature s reITlained on-·scetle 'and showed a direct
relationship to the nature of the surface flown over, i. e. - land, ice
and open water~ ,The fluctuations were redu~ed'although ,they were
still of the order of4 to 6° C (Fig~' 4).

While flying over open water the sensor was again reITloved from
its mounting and held about three inches above the'floor. Anim­
ITlediateand pronounced change in the character of the trace was noted
(Fig~ 4)..The fluctuations were reduced toabo,ut 2 degrees and the
averageteITlperature read 10 C,' - consistent- with open water with ice
floe s pre sent.

Flight 1. 3 (February.15)

The third flight was ITlade with the saITle installation as on Flight
2. Two tests wer,e carried out. In the first one, the sensor was
again removed frorn the bracket held by hand· about three inches
above the floor. The fluctuations were again greatly reduced (Fig~

5) and the indicated water teITlperature iITlmediately fell froITl 6°c to
a ITlore realistic OoC; As a second test the sensing head was re­
,mounted and a sheet of polyethylene filITl was placed over it. This
reduced thefluduatiops(Fig. 5) bufi:>ro~uced,ana:ve~agewater
teITlpe rature reading about 2 or3 degrees too high. .

The tests indicated that best results would be 'obtained with the
sensing head ITlounted three to four inches above the floor.

,Flight!. 4, (February 22-:- 23)

The fincH flight of Phase I was ITlade with the sensor ITlounted on an
adji.Istable shock- resistant b racket three to four inches above the
floor. ' Although the 'flight was haITlpered bylaw cloud and snow flurries
briefpe·riods of fair weather produced ITleaningful results, 1. e., Fig. 6
,shows the recorder trace at 2000 feet MSL (approxiITlately1400 feet
above lake level)' travellingfroITl t~e open wate r of Lake Huron to ice
'and then to land near SouthaITlpton.

•

•
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HAND ON··· J ••

.....--- HELD"""""-"""""----~.........,:..--~BRACKET--.----'-----~---"'"'----'ALM

Figure 5
AR T, Trace Flight 1. 3

Fluctuations ~educed by Introduc.tion ofF,'olyethylene Film and
by Holding Sensor Inside C.abin .

·5
:'i

·6

·7

·8

'---- WAT~R.-,-'--~""""-ICE---'-lI-+---'------LAND, ......::.---~-'----

Figure 6
AR T Trace Flight 1. 4

Example of Trace over Water, Ice and Land
Fluctuations Reduced With Sensor 'Mounted 3-4 Inches Inside Cabin -
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Although theab solute teITlperature s obtained with the new ITlounting
could not be checked the average reading of 0 to IDe for open water
with SOITle ice H'oes present appeared realistic and the fluctuations were
reduced to about two degree s. A s indicated in Fig. 6 teITlpe rature
variations froITl open water to ice to land were quite distinct.

3 0 . Phase Two -,Air-Ship Trials

The second phase of the testa:nd evaluation prograITl consisted of
a series of flights in co-~p'erationwitli;th'~'research vessel',"Porte
Dauphine". As indicated earlier, these trials were designed:

0) to check the AR T water teITlperatur~ readi~gs against
the ship's water teITlperature observations;

(Z) to find an optiITluITl height for flying AR T surveys;

(3) to ITlake full scale surveys of a ~Cl.keand check these
against the ship's surveys;

(4) to 'assess the environmental errors of the instruITlent
with:theend in view of ITlakingcorrections based on
ITleteorological condiJio.ns. This latter problem' is to
be the basis of anM. A. the'si~ by'H. W. Shaw,
(Meteorology - University of Toronto), and will not be
dealt with in this report.

T:he aircraft's prograITl was to fly over the ship (upwind and down­
wind) at altitudes of 300, 500~ 1000,"1500 and'ZOOO' feet above lake "level
and then to proceed ona pre-planned survey oJ the lake. The surveys
we re de signed to cri ss- c ro s s the lake to provide a double che ck on
ART teITlperatures at the cross points. In-flight,in-cabininstruITlent
calibration' checks using a wen ITlixed water bath were also planned
for each flight. . Eventually such spot checks were scheduled ,for each
leg.of each survey. InstruITlentationand ITlounilngs r~ITlain:ed the.$aITle
as in the final flight of Phase I (Flight L 4) except that beginning with
the second flight. of PhaseTI(Flight 2.2) the Este,rline-.A;ngus recorder ,
was replaced by. a Honeywell as previously noted. Eight hours of

. flying tiITle were available on a charter basis for these tests and in all
6 flights were made: ,;.
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The ship· s program was one of taking simultaneous wate 1;" tem­
perature observations by the conventional bucket thermometer and for
two flights by.a second IR T based onthe"hridge. 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 meteorolog~calboom and wire sonde facility. The se latte r
observations were. in support of the study of environ!flentalerrors.

The air- ship ,trials were held in conditions of no_precipitation,
cloud base above 2000 feet, visibility 3 mile s or better and, because of
the wire- sonde flights, surface winds of 10 mph or less. This latter
restriction was most difficult to adhere to and several operations were
made in highe r winds in 0 ider to complete the program.

. Flight 2.1 (March 25, 1965)

The first night of Phase II consisted of a full p-rogr~m of 10 passes
over there-searchvesse1 situated seven miles south of Toronto followed
bya three-hour'survey-of .Lake Ontario. The data from the fly-over
are tabulated in .Table T. The route' of theairc raft and the results of
the survey 'are shown in Fig. 7. The absolute te:n:"perature val~es of
the surface water isotherms were deduced from corrections indicated
m Table 1.

As would be expected in the early spring theAR T s.urvey reve'aled
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 Ontario taken by the ship on the same day
(Fig. 7).

Flight 2.2 (May 3, 1965)

.. The second flight ofPh~se II was-delayed unti1,~arly.May in
orde'r.to· obtain a greater range :in ~urface water temperatU:r~s. The
results warra'nted the delay as near- shore wC\,ters showed tem-
pe rature s .. The re sults warranted the delay as near- shore waters

o . '
showed tempe rature s 7 to 8 C warme r than three to four miles
offshore (Figs!ll, 12).

The -same routine was followed as in Flight 2:.1. The fly~over

, data are tabulated in Table II, the AR T survey of Lake Ontario is
sho.wn in Fig. 8.
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TABLE I

AlRCRAFT AND SHIP'S,OBSERVATIONS

FLIGHT' 2. 1 : 25 MARCH 1965

AIR CRAFT .DA TA WATER TEMPERATURE (DC).

HEIGHT (FT.)
above lake

HEADING AMBIENT
AIR

TEMP. °c

. ART
. aircraft

. BUCKET TEMP.
ship

DIFFERENCE
ART-BUCKET

IRT
ship

DIFFERENCE
ART-IRT

.J

300 West 1.2 1.7 -0.5 .
300 East 1.2 1.7 -0. 5

500 West '1.7 1.7 O. 0
500 East 1.7 1.7 0.0

1000 West 1.0 1.6 -0.6
1050 East 0.9 1.6 ~0.7

1500 West 0.9 1.6 - 0.7
1550 East O. 3 1.6 -1. 3

2000 West O. 3 1.6 -1. 3
·2000 East O. 3 ·1.6 -1. 3

SHIP'S WEA THER

CLOUDS: 4/8 of Altostratus· at 8,000 ft. and 4/8 of Cirrostratus
VISIBILITY: 15 miles
AIR TEMPERATURE: O.. C
DEW POINT: -l"C
WIND: 110 0 at 19 knots
WAVE HEIGHT : 1 to 2 feet

TABLE II

AIRCRAFT AND SHIP'S OBSERVATIONS

FLIGHT 2.2: 3 MAY 1965

AIRCRAFT DA TA WATER TEMPERATURE (OC)

HEIGHT (F.T.)
above lake

HEADING AMBIENT ART
AIR aircraft

TEMP. DC

BUCKET TEMP.
ship

DIFFERENCE
ART-BUCKET

IRT
ship

DIFFERENCE
:ART-IRT

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 TEMPERA TURE : 8'" C
DEW POINT: 5°C
WIND: 210 0 at 11 knots
WAVE HEIGHT : Le s s than 1 foot
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ART SURVEY (Isotherms)~ _
• Porte Dauphine station positions'
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Figure 7
',' ART Survey, Lake, Ontario, March .25, '1965

Showing FlatT.~rn.pe~ature'GradientTypicai of Early Spring
Lirn.ited PorteD~uphineSU:~vey fp:~Figures°c ' ,

Figure 8
AR T Survey, Lake Ontario, May 3., ·1965

, Showing ShorelineWarrn.ing ,
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There were no "Porte Dauphine l
! 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 theAR,T survey
and theab solute temperatures appear entirely consistant.

Flight 2.3 (August 11, 1965)

All the remaInmg flights of Phase II we re planned to as sist the
study of environmental errors inherent ip the AR T technique. To
this end simultaneous wir.e- sonde flights ,we re made from the ship
to obtain profile s. of temperature and humidity up to 1000 feet. The
same program of pas se s ove r the ship was carried on but th.e sub­
sequent surveys were reduced in length.

Flight 2.3 made contact with the Porte Dauphine 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 rendez~ous·

with the ship in western Lake Erie because of a recorder failure, ­
the result of one poor solder connection.

Flight 2. 5 (August 25, '1965)

The fifth flight of Phase II was also m~de to Lake Erie with the
ship stationed five miles north of Ashtabula, Ohio, where despite
gusty wind sase rie s 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 (September 2,1965)

The final flight of Phase ~I was made in Lake Ontario with the
. ship situat~d south of Prince Edward Point in an area o£strong, but
subsiding winds. One wire-·s6rideflight was completed before Jhe
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 Rive r and thence to To ronto.
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LAKE ONTARIO

PORTE DAUPHINE SURVEY 0 -65-13
1j. APR. 26 - 29. 1965 .J-------J.--..-----+-----+;--------,------t;;7'~

Surface Temperature Distribution (Oe)

• Station position

•

•
Figure 9

Porte Dauphine Survey, Lake Ontario, April 26-29. 1965
(Courtesy Great Lakes.Institute, University of Toronto)

•

....
",'

LAKE ONTARIO

PORTE DAUPHINE SURVEY 0-65-::15
1j.' urface Temperature Distribution (OeH---------f----,------+-----j,---------=<io:::l;;7:

MAY 17 - 20. 1965

Station positions

~~-----j----.:--+-----_J..._----_+-_-i?

:f.E-----

~~----I

Figure 10
Porte Dauphine Survey. Lake Ontario. May 17-20, 1965
(Courtesy, Great Lakes Institute. University of Toronto)
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TABLE III

AIRCRAFT AND SHIP'S OBSERVATIONS

FLIGHT 2.3: 11 AUGUST 1965

AIRCRAFT DA TA WATER TEMPER~TURE(DC)

HEIGHT (FT.)
above lake

HEADING AMBIENT
"AIR

TEMP. "c

ART
aircraft

BUCKET TEMP.
ship

DIFFERENCE
ART-BUCKET

IRT
ship

" DIFFERENCE
ART-IRT

350 West 15 15.3 15.0 O. 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. S 1.2
500 East 15 15.7 15. 1 0.6 14.7 1.0

1000 West .13 16.0 15.1 0.9 14.7 1.3
1000 "East 14 16.0 15. 1 0.9 14. 7 1.3

1500 West 13 15.7 15.2 0.5 14.9 O. S

1500 East 13 15.5 15.2 0.3 15.0 O. 5

2000 West 12 15.9 15.2 O. 7 14. S 1. 1

2000 East 12 15.7 15. 3 0.4 14. 7 1.0

SHIP'S WEATHER

CLOUDS: l/S of Cumulus at 1500 ft. and l/S of Cirrus
VISIBILITY : 15 mile s
AIR TEMPERATURE: ISoC
DEW POINT: 11°C
WIND: Calm
WAVE HEIGHT : Le s s than 1 foot

"TABLE IV

AIRCRAFT AND SHIP'S OBSERVATIONS

FLIGHT 2.5 : 25 AUGUST 1965

•
AIRCRAFT DATA WATER TEMPERATURE (eG)

HEIGHT (FT. )
above lake

HEADING AMBIENT.
AIR

TEMP• .,c

ART
aircraft

BUCKET TEMP.
ship

DIFFERENCE
ART-BUCKET

IRT
ship

DIFFERENCE
AR T-IR T

350 West 19. 5 21. 0 21. 7
350 East 19 20.7 21. 7

450 West 19 20.7 21. 9
450 Ea"st "19 21. 0 21. 9

950 West 20 20.4 21. 9
950 East 19.5 20.6 21. 9

1500 West 20 20. 7 21.9
1500 East 20 ib.6 21. 9

2000 West IS.5 20.7 21. 9
2000 East IS. 5 20.4 21. 9

SHIP'S WEA THER

-0.7
- 1. 0

-1. 2
-0.9

-1. 5
- 1. 3

-1. 2
- 1. 3

-1. 2
-1. 5

CLOUDS: 2/S of Altocumulus at S. 000 ft. and 2/S of Cirrostratus
VISIBILITY: 6 miles (Haze)
AIR TEMPERATURE: 20°C
DEW POINT: 14°C "
WIND: 060 0 at 3 knots
WAVE HEIGHT : Le s s than 1 foot
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TABLE V'

AIRCRAFT AND SHIP'S OBSERVATIONS

FLIGHT 2.6 : 2 SEPTEMBER 1965

WATER TEMPERATURE (oC)

HEIGHT (FT.)
above lake

HEADING AMBIENT ART
AIR aircraft

TEMP. ·C

BUCKET TEMP.
ship

DIFFERENCE
ART-BUCKET

IRT
ship

. DIFFERENCE
ART-IRT

300 West 17 18. 1 18.9 -O.~ 18 .. 1 O. 0
350 East. ·17 18. 1 18.9 -0.8 18.4 -0.3

550 West· 16 18. 1 18.9 -0.8 18.7 -0.6
550 East 16 17.8 18.9 - 1. 1 18.9 - 1. 1

1000 West 14.5 17.3 19.0 -1.7 18.7 -1. 4
1000 East 14.5 16.8 19.0 - 2. 2 18.7 -1.9

1550 West 13 17.3 19.0 -1.7 18.7 -1. 4
1550 East 13 i6.8 19.0 -2.2 18.7 -1. 9

2050 West 11.5 17. 1 19.0 -1.9 18.6 -1. 5
2000 East. 11.5 16.9 19.0 -2. 1 18. 5 -1. 6

SHIP'S WEATHER

CLOUDS: 2/8 of Stratocu~ulus at 2500 ft.
VISIBILITY: 15 miles
AiRTEM:PERATURE : 19°C
DEW POINT: 12"C
WIND: 280 0 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 presuITl~bly due to the outflow
o~ the' Niagara..

. 4 0 , . Discussion

Sen,sor Mounting

The ,results of the first part of the test and evaluation program in­
di'cate 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 ufITlost iITlportance that
there should bea gentle outflow of air with' a ITliniITlum of small scale
turbulence at the opening through which the sensor views the water .

. It is also important that all units be pr,operly sh9ck-mounted.

. For the Lockheed 14airc raft the high frequency fluctuations (or
"noise") of the AR T trace were reduced to an acceptable + I C:Cby
mounting the sensor 3 to 4 inche sinside the cabin and ,viewing ,the
water through a streaITllined pipe designed as an air diverter. A
polyethylene filITl introduced between the sensor and the ~pehing

reduced the "noise" but added 2 to 3°C to the· requ~red correction.

Temperature COITlparisons

, In comparingAR T readings and ship' s water teITlpe rature sit is
necessary to keep in ITlind that the infra-red thermometer senses the
temperature of the "skin" or ITlicro-surface of the water, whereas, the
ship' sbucket therITloITleter is more likely to read the average teITl­
perature of the top 6-12 inches of water. Recent studies (6) have
reported an average difference between skin and bucket temperatures
of O. 6°C. To check on this diffe rence, an IR T was installed on the

'Porte Dauphine for flights 2.3 and 2.6. A comparison of 20 readings
showed the IR T readings to be on the ave rage O. 4 D C lower with individual
differences 'ranging from o. 8°C to zero. More extensive studies of
this ph~n6ine'rl.o:h,areplanned for a later date. However, for the pur­
poses of this report, all further comparisons will be between the AR T
and the conventional ship's bucket temperatures.
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From Table s I and V it may.be seen .that the AR T- ship's 'bucket
temperature differences varied from -2. 1°C to +3.6DC. ·It is also
.evident that these differences are related to the height of the aircraft
and to day-to-day changes in the·atmosphere.Asa str·ictly empirical
approach once the necessary correction to theAR T has been f0':lnd
by .flying over a known water temp.eratureat a planned survey height,
it is assumed that the technique will provid,e meaningful temperatures
provided 'there' are only small chang~s in the ~atmosphere between the
'aircraft and the water duringthe period of flight. Since the flights
are 'atlow a1titudes and' over periods of only a few hou·rs the as sump­
tion appears warran~.ed.

Optimum Flying Height

The summa:r;y ~Laverage temperature differences between the
AR T and th~' ship .in 'Table VI indicates a "best" or optimum height
forAH Tflights of 300 to 500 feet with, an average difference of about
1 DC within a range of -1. 2° C to +2.9° G .

. Flights at one to two thousand feet show larger average difference s
and a greater range of differences. However, theindica,ted corrections
are smallenough. that flights at the s.e heights appear feasible if safety
or crew comfort dictates a higher altitude.

TABLE VI

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

·Aircraft Height.
(feet)

300

500

'1500

, :20'00

Ayerage Diffe'rence °c
(regardless of sign),

,0.9·

1.0

1.7

1.6

:J.7

ii .
~ange of Difference ·C

,Negative Positive

-LO '2. 2

-1. 2 2.9

:"'1- 5 3.:,6

~1. 1 3.4

-2. 1 3'.3

I
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EnvironIT1ental Errors

For consistent results the;AR T should be'u~ed ingood v{sibilities,
with no precipitation during or p:rior to the flight and'with no cloud
below the airc raft.

The relative differences found between the AR T'and the ship's
teIT1pera:tu~e on each of the five flights of Phase II are shown in Table
VII.' For any given aircraft height th~re' is a.close relationship
between the teIT1perature difference (ART - ship) and the ·teIT1perature
of the air coluIT1n through which the sensor was viewi.ng.

TABLE VII

EFlfECT OF AIR·TEMPERATURE ON AR T READINGS

Flight Temperature
'Di fferences
(ART-ship)

Ai r Temperature
(Relative to Water)

Lapse' rate' Visibility
.(miles)

2.1 small'neg?tive:'. ·air colder:than water ····est·imated··unstable 15

2.2 .' .1aTge ·positive air much ·warmer

2.3 small positive air a little warmer

2.5 negative air a· little colder

2.6 negative air and. water about
same

marked inversion:

slightly unstable

unstable

very u~stable

15

15

6

15

'-

In general terIT1S it IT1ay be stat~d that the ART re'adslower when
the air column is colder than the wat~r and conversely .readshigher
when the air coluIT1n is warIT1er than the water.

The subject of environIT1ental erro.rs is a very large and i ITl ­
portant one which also involves water vapour absorption, aerosal
scattering, surface eIT1issivity, reflected radiation and sky cover
above the sensor. The data collected from the Phase II ship..,aircraft
prograIT1 are currently under study and as stated earlier, willforIT1
the basis of a M. A. thesis. Further COIT1IT1ent will be withheld
pending the results of the study.
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Calibration

For best re'sults the infra- red thermometer requires fairly fre­
'quent laboratory calibration .checks ..

. Until more is 'learned of the 'environmental errors inherent in
the AR T technique an in-.flight calibration check ove r a ·known wate:t
temperature is re'quired preferably prior to, and after each survey.

Fre'quent in-flight in-cabin water bathcalibra tion checks are
advisable although a drift in excess of O. SoC was detected on only

. I
one flight.

A monitor of the power input to the 'AR T is also advisable to
guard a'gainst errors 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 same time
(Figs. 7, 9, 10) the tentative conclusion has been reached that with
fly-over and in-cabin calibrations the iso,thermshaveanabsolute
'accuracy of apout·l. O~C anda' relative accuracy (between isotherms)
of the order of O. SoC or less.

With these accuracie s the AR T provide s a fast and satisfactory
technique for ,making lake wale'r temperature surveys .

.Small ,Scale Va,riations

The ART tra,ce s from the 'surveyflights of Phase II have re­
,vealedsome good e~amples of the detection 6f 'surface water tem­
pe rature-schange sover short horizonta:~ distances .

..

Fig~ll(Flight 2.2,' May 3) shows the gradual near-shore
warming typiC al of .Lake Ontario in the spring. '

,Fig. ,12 (Flight 2.3, May 3) shows two abrupt changes of upwards
to SoC with the '''thermal bar" as described by Rodgers (8).
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Fig. 13 (Flight ,2. 6, ,Septerilber 2) shows' the te:mpe,rature of the
Niagara River and follows the outflow of the river three :miles into
Lake Ontario. A colour photograph taken on the £light confir:ms a
sharp change in colour arid texture· of the wate r at the point of te:m-'
perature change:

,Fig.14(Flight 2.6,Septe:mber 2) 'shows a 7°Cternperature change
in no rth-central Lake Ontario dee:med due to an· upwelling characte T­

istic of. the lake and the ti:me of year.
. ~ ;

The 'relative accuracy of these traces are thought to be- within
O. 5°C :making the 'AR T an excellent tool· for the detection ofs:mal1 '
scale horizontal gradients in surface water te:mp,eratures.

50 ,Conclusions

Although the exposure of the sensor is critical, the·ART, when
used in suitable weather and with proper calibration checks, pro­
vides a good technique for :making fast and reliable water te:mpera­
ture surveys of the Great Lakes.

The opti:mu:m height for such surveys appears to be 500 feet or
lower although, if necessary, -£lights at one to two thousand feet
appear feasible with proper calibration.

.With the 'present instru:mentation and installation the ab solute
accuracy appears to be of the order of 1. O~C with a relative
accuracy within O. 5°C.

The accuracy :may be increased with an i:mproved understanding
of the environ:mental errors involv~d.This re'quires a .further study
.for which data have been collected and which is already in progress.

The experience' gained with the instru:mentationandthe aircraft
has been'invaluable and the results confir:m the usefulness of the AR T
technique for both research and operational purposes in the Great
Lake's area. As a result, it is planned to operate :monthly AR T
flights in 1966 ove rLake s Ontario and Erie with occasional flights
over Lakes 'Hl,lron and Superior.. In addition, .preli:minary plans call
for a progra:m of :monthly surveys of all,the Great Lakes bordering
on Canada in :1967.
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~BSTRACT: An infra~ red thermometer (IR T) was instal­
led on an aircraft as an airborne radiation
thermometer (ART) and subjected toa pro­
gram o~ te st and evaluation as an instru-~ ,

"men~ 6f surface wate r tempe rature s in the
'. '-C'reat Lakes area. The first phase of the
.progrctm dealt with the mounting and ex­
posure of the senso r. The second phase,
in conjunction with the re searchve s sel
"Porte Dauphine", dealt mainly with
operational and theoretical aspects of
the tec~nique.
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