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ABSTRACT

The weekly averages·of air and water surface tem­
perature, solar radiation, wind and changes in water levels were
studied for Weyburn and Morden Reservoirs to obtain relationships
which were useful in the estimation of water surface mean ~em­

perature. Estimates are required for the computation of evapora­
tion for water supply studies. Regression equations of the form:-

Tw = a'(Ta) + b(~ Ta)+c,

where

Tw = weekly mean water surface temperature,

ta = weekly mean air temperature,

LSTa = increment in Ta from the previous to
present week~

gave the most satisfactory results", Using these equations it was
possible to estimate water surface mean temperatures with the
following accuracy:-

STANDARD ERROR OF ESTIM.:z>,TE of
.-

Weekly Estimate n Monthly Estimate n

Morden Reservoir 3 .. 3 22 - 4·

Weyburn Reservoir 2.0 53 1.4 14

* This study was undertaken while Mr. Wankiewicz, a second year
honours physics undergraduate of the University of Alberta,
was employed as a Student Assistant with the Meteorological
Service of Canada during the su~~erof 1964.
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L'ESTIMATION DE LA TEMPERATURE DE L'EAUDE SURFACE POUR
DEUX RESERVOIRS DES PRAIRIES

par

A. C. Wankiewicz

" /RESUME

Les moyennes hebdomadaires de la tempe'rature de l'air
et de la surface de l'eau, du rayonnement solaire, du vent et des

't' d' d ;' / )I d'/ 1./ ,varla lons u nlveau es eaux ont ete etu lees pour es reservOlrs
Weyburn et Morden afin d'obtenir des relations qui.ont servi ~

1 'estimation de la temp~rature moyenne de la surface de l'eau.
Des estimations sont necessaires au calcul de l'evaporation dans
les E3tudes d'approvisionnement d'eau c ' Des equations regressives de
la forme:

Tw = a (Ta) + b ( .6 Ta) + c

dans lesquelles

Tw

ta

;'= temperature moyenne hebdomadairede la
surface·de:l~eap.

= temperature moyenne hebdomadaire de l'air,

/J. Ta
, , ;' /= accrOlssement de Ta de la semalne prece-

dente ~ la pr'~ente semaine,

ont donn~ les r~sultats les plus satisfaisants. 11 a· ete possible
au moyen de ces equations d'estimer les temperatures moyennes de
la surface de l'eau avec la precision suivante:

ERREUR NOR..TV1ALE DE L'ESTIMATION EN of

Estimation hebdomadaire n Estimation mensuelle n

Reservoir Morden 3.3 22 - 4,

R~servoir Weyburn 2.0 5'3 1.4 14



THE .ESTIMATION OF. THE WATER SURFACE TEMPERATURE..
FOR TWO PRAIRIE RESERVOIRS

. "-'.' .
by

, A. C 0 W~mkiewicz

1. INTROmJCTION .

Water surface temperatu~e is used by the hydro­
logist toestimate'evaporation~ It also has wide application in
the fields of physical and biological limnology. In the esti­
ma·tionof evaporation, wat;.er temperature' is used to compute the
vapour pressure of the'ait at the water surface, a:term u~~d in
the aerodynamic-type formula.e •. ' "

'Records of water terrperatiirE;!forWestern"Canada are
few and fragmentary o' 'Cons'equently f' if" aerodynamic -'formulae' are ! 1.

to be used, water temperatures must generally be estimated~ One
'common practice for very smallreseryoirs .isto assUme that the
monthly mean air ahd water temperature areequa1 0 .The use of
this or other general approximations maylE)ad to significant'
inaccuracies for as McKay and Stich1ing (1) point out o a bias of
one degreE:! F may cause an error of about 5 per cent in computed
evaporation (based on the Meyer . formula) 0 Since, ,evaporation
extracts an average of three feet of· water annually from prairie
reservoirs (2), this 5 per cent error may represent a substantial
quantity of water c

.. .~

. ,The purpose of this report is to provide a method
of estimating water, surface temperature from commonly available
meteorological parameters such as air temperature, winds and
bright s.unshine", "rhese parameters and the water temperature were
measured du,ringthe ice-free period at Weyburn Reservoir in, con­
nection with an evaporation study initiated ,in August 1960",
Records are also available from Morden Reservoir from 1963 to date",

The subsequent pages outline the problem and
analysis o A statement of the problem is followed by a description
of the reservoirs and t.he local climate~ The data and the impor­
tance of ea'ch variable 'in an, estimation scheme ·are then discussed",
Since air temperature was found to be the best single predidtor,
its role, and the utility of the regression'equations ~re assessed o

2. HISTORY

The only lake.in the.vicinityof'the Canadian
prairies with a continuous long record (50 years) of the water
temperature is Lake-of-the-Woods o However,this lake, is non­
typical c£ prairiereservoirs u both in its large size of 950,000
acres and in its local topo'graphy 'and climate~'" Berry ·'and Stichling
(3) have correla.ted, the J;Ilonthly meap water temperature of the lake

- .~
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with- t-hea ir temper-atures0:g-preceding months.; -'I'heysu~gest-t:hati

"Very sma-II -bodies -of-- -wat:er-will- rema-inclose--te-acir--temperatu-res: .-
the larger the lake, the'ffiore the water temperature will l-ag the air •
temperature due to heat stora~e"-- (4). The latter, part of this _quote
is substantiated by records from Lakes Winnipeg;Pasquia, .. 5GOOacres;­
and Lake-of-the Woods (5). Meyercon9ludes-'fromhi-sstudy ofe

American-lakes (6) that a northern lake's water temperature aver-
ages somewhat higher thant-h-e--a ir temperature dur-ing th-e open sea son.

3. THE RESERVOIRS

The reservoir at Weyburn, -70 miles southeast of Regina,
is. in slightly rolling prairie country. A report by McKay (7)
describes the climate of the area and establishes-that- it is repre­
sentative of a broad region. The reservoir is aligned with the
prevailing northwest and southeast winds and is offered litt-le
protection in the form of trees or marshyar-eas.

Morden reservoir (Lake Minnewasta) in southern Manitoba,
is somewhat better protected than Weyburn by local topography and
vegetation. Its characteristics and those of Weyburn are shown in
Table -I.

TABLE I

RESERVOIR CHARACTERISTICS

, RESERVOIR

WEYBURN

Latitu~e ••••• w ••••••••••••• 49 c 40'

Capacity ••••••• (acre-feet). 4890

Area when full (acres)..... 570

_Average depth (feet) •••• ~ • • 8.5

Apr-Oct. average -

MORD~

2100

134

16

Air tempera ture (OF) •••••••

30' winds (m.p.h.) •••••••••

Average annual

Precipitation (inches) •••••

56

10

16

57

20 I
The seasonal variation of air temperature, insolation,

"and winds for Weyburn ·are shown in Fig. 1.
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~The ~ec6rds tised in ~his an~ly~is cover the fo1­
lo~ing periods:-

TABLE II

WEYBURN RESERVOIR

1960 Aug 4-Sep 30

1961 . Apr 28-0ct 16

1962' May' 3-Aug 31

Sep 14-25

19q3. .

.1964

MORDEN RESERVOIR

Ju1 1-S~p 30

May 5...:Jun 1

1963 Jun 12-Jul 30

Aug 6-Sep 26

-1964 May 15-Aug 3

Theparametersrec<?rded at Weyburn are:­

Water Surface Temperature

. '.' . In the years 1960-62 , the maximum and minimum
temperatures at one- and twelve-inch depths were -recorded every_
two or three days from a raft located in 18 feet of water.
Temperature-time graphs were then constructed using these values
and reconstructed values computed from the maximum and minimum
daily air temperatures. A Bristol 500 (double sensor) temperature
recorder was operating by July 1, 1963. This;provided a continuous
r~cord of-the surface·temperature. -The abstracted temperatures,
twelve per day, were _the.n averaged to give a weekly mean. -

Insolation

The unit of insolation used in this report is the

langley per week (calo~ieper cm
2

per week) .--To calculate this, a
graph was prepared which compar:edSwift Current computed versus
mea 8ured insolation "':thecomputedinsola ti·ionbe·ingdeducedfrom a
nomogr am deve loped by Hamo'ri , . Wei s-s i . andW-il son·{-8) .Weyburn
insolationwas'c6mputedfrom the graph, by using Weyburn bright
sunshine records. .
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Air Temperature

The weekly average air temperatures were obtained
from daily maximum and minimum readings for a location five miles
northwe·st -of the raft.

Wind

The parameter investigated was the weekly mean wind.

Stage

The level or stage of the lake was measured with a
Leupold-Stevens A-35 stage recorder.

The parameters from Morden Reservoir, which were used
in this study, are the air and water temperatures. .·The water surface
temperatures·were measured using a Bristol 500 recorder. THe sensors·
were located on a buoy in 25 feet of water. The air temperatures
were averaged from daily readings of the Morden Experimental Station.'

1

5. PROCEDURE AND RESULTS

Measurements of meteorological'parameters were com"'­
pared with water temperature measurements to observe i·f· relation­
ships existed which were useful for'the ·estimation of water
temperature~' Weekly average~were used since·the.. lag time between
air and water temperatures appeared from preliminary inspection to
be of this·order. It was subsequentlyfounq that correlations
between air and water temp~ratures were small where the time
separation exceed~d one·week. '

The' following is an evaluation of each of the rela­
tionshipswhich ware investigited~

Insolation

The relationship between water temperature and inso­
lation is 'shown in Fig. 2. That this is not a simple one is made evident
by the large s·catter. Consequently" any est·imate based on insolation
in subsequently tested multiple regression equations 'didnot
signif,icantly improve their value for prediction.

Air Temperature

The correlation between wa·ter and air temperature is
indicated in Figs. 3 and 4. ,. ·Both Weyburn and Morden Reservoirs have
water temperatures which avera,gehigher than theair'temperatures~'

In fact, the mean differences ·are 2.7°F and 3.2°F for Weyburnand
Morden respectively. The seasonal variations in these values are
shown in Table III.

.e
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TABLE III.

WEEKL'y: AVERAGE \-'TA'I'ER .MINUS .AIR .TEMPERATURE
(Op) ;

MONTH· WEYBURN ... , .MORDEN

Nc...
'of

..
····Difrei·ence .&0 0 o'f nif:E'erence

..

cases cases
-

MAY II, 3;;0 2 2.6

JUN 12 2 0,5 ,6 1 06

JUL 12.- 3.7 8 3 04

AUG 14 2.5 3 4.7

SEP 10 2.6 3 5.2

The potential accuracy of'a forecas·tbased on the
air temperature is indicated in Fig. 50 A regression equation on
the 13 weeks of 1963 (Tw = 0.985-Ta· +' 3.8);'WeyburnReservoir,·has
a correlation coefficient of .93. The standard error of estimatinge the-1963 Weybur:n water temperatures (weekly means) i;s 2. OOF.

. This equation, hmv'ever,. indicates the temperature·
of the lake best when conditions are not changing' rapidly. 'with
rapidly changing conditions the, high energy-st.orage-capacity of
water will result· in a prediction error 0 Because of the hi<jh:cor­
relation between, weekly air and water temperature, compensation for
this 'error may be.madeby intrqducing the previous week's air
temperature intoth,e regression. equation 0 'In Fig. 6, the est ima;.;.
tionerror using the above r~gress,ion'is plotted against the .' ..
increase in weekly mean· air temperature from the previous:week
( ~·Ta)oThe· estimate tendst·o be high for a positive change in
air temperature and vice-versa. The multiple regression equation
between the water and air temperatures· and the term (~ Ta) 1

(Tw =,l~154 Ta-0.3.18 A Ta-7 03 for WeyburnReservoir-,1963) ,has "a
partial correlation coefficient of .98.Us-ing this equat-ion the
standard error of est.imate for.' 1963 Weyburn data· is 01 02 of; and
somewhat higher if other years are included. A regression
equation which used air temperatures for the· second preceding week,
as well, failed to improve on this:accuracy. It is' reasonable/·
then, to assume :that water temperatures maybe predicted from air
temperature-using a multiple regre·ssion'of the form:·-

Tw = a(Ta)+b( A Ta)+c.
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The nature of the experimental constants and the statistical re­
sults obt.ained using this form of an eq~ation for both Morden and
Weyburn reservoirs;-,- are shown in Table IV.

TABLE IV

RESERVOIRS

WEYBURN MORDEN

Average Depth (feet) •••.•••••••.•

Equation coefficients - a ••••••••

b~ •• !' •• o.

c.~ •• ~.~.

Per iod U Si.ed ••• _.•• 0 • 0 •••• ~ ••••••••

Multiple correlation coefficient.

Standard error, of (weekly mean).

8.5 16

+1.006 +0.910

-0.298 -0.43:3

+2.4 +8.6

1961-1963 1963-1964
(53 weeks) ( 22 .."eeks-)

0.974 0.854

2.0 ~-3 .3

As an example of the use of the regress-ionequation
for Weyburn, computed for the years 1961-1963, the errors of esti­
mation for" independent data for 1964 are shown in Table V.

TABLE· V
. ,

WEYBURN RESERVOIR' - 1964

ACTUAL WATER
WEEK TEMPERATURE. ESTIMATE 'ERROR

May 6-12 52.5 51.9 -0.6
13-19 59.4 ·60.0 +0.6
20-26 62.8 63.9 +1.1

May 27-Jun 2 59.7 54.5 -5.2

Jun 3-9 62.1 58.8 -3.3
10-16 61.5 60.1 -1.4
17-23 59.9 60.1 +0.2
24...,30 69.3 66.7 -2.6

Standard error 'of estimate ••••• 2.6°F.
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Flg. 7 shows' a s.ea.sonal. corre~t·ion to the regres­
sion equation for Weyburn Reservo·ir. It was constructed from the
nine-week 'running means of the .f.orecasterror, 1.961 to 1964.
With this 'correction, 'the standcard errQrofestimate. of the.
weekly mean is .1.8C>F o ,Because, of the limited amount of Morden
data, no seasonal correction was computed~

. Winds·

The wind may lower the temperature of the water
surface in two ways. First, by mearisof' eva'poration in accordance
with the mass'-'transfer'formtila: - ,. '

;K = (a+bu) (ew-ea),

where,

u - wind speed in mop~h.,

ew = saturation vapor pressure over
,water surface,

,ea

a, 'b

air vapor pressure,

experimental constants •

• Secondly, wind may ,increase circulation so as to replace the
surface waters with the cooler ones below. However,·· an' investi­
gation for an effect of winer speed 'and/or direction on the water
temperature estimate failed to produce, any conclusive results.

Stage

The 'energy storage capacity of a reservoir '~s

proportional to its average depth. It is,. therefore,·.to be
expected that, stage plays a significant role in determining the
water temperature~ This is quite apparent whenthetemperatur~

'cyc~e of large and small lakesiscompared~

The seasonal variation of the av~rage~depth of
Weyburn Reservoir is shown .. in Fig. 8, while a comparison of stage
and error in water teinperatureeistimate'is presented as Fig. 9.
A relationship between stage. and. temperature is .. indicated.,

The effect of stage 'is a'l'so' implicit: in the
magnitude of the coeffi~ient h, Table IV, whi~h is larger for the
d~eper reservoir.

-'Tt may be reasoned from the above that the re­
lationship bet\veeD:>estimate :·error, and weekiy change in mean a·ir
temperature (Fig .6)is .al so:, affected by. .s;tage·., To show this,
The data were grouped into three classes of equal population, >

represen ting high, medium ana 'low stage. The. scatter diagrams
comparingestima·te· ,en?or and 4 T ,are shown as Fig •. 10. The
effect is evident in graphs lOa and lab, but is not apparent in
the low-water case lac.
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. THE MONTHLY MEAN~. ESTIMA.TE:

The preceding sections indicated the usefulneBs-of­
air temperatures iri predicting watertemperatures.using weekly data.
Since monthly values are required in many operations, 'it is neces­
sary to 'consider the accuracy which might be obtained in ·estimating
monthly values by this method. .For simplicity. the monthly mean is
accepted here- ·a so. thesimple---a-ver-age--of four weekly-mean ·estima-tes.
A compariscm of computed and actual values is given in Table VI.

'~.! .:' "1--· "I' .". '. ~. ";"r

TABL;E VI

MONTH
ACTUAL WATER

-TEMPERATURE
(" F)

ESTIMATE
(" F)

ERROR

WEYBURN RESERVOIR (with seasonal correction)

Jun3-Jun 30 63.3 62.0

Standard error of e~timate (1961-1964) is 1.2°F~

WITHOUT the sea sohal correctiori the
standard error of estimate is 1.4°F.. ,I '

MORDEN RESERVOIR (No seasonal correction)

1961 Apr 29-May 26

May 27-Jun '23

Jun 24-Jul 21

Jul 22-Aug 18.

Aug 19-5ep -15

:' .., Sep ·16-0ct 13

Jul 8-Aug 4

Jul I-Jul 28

Jul 29-Aug25

Aug 26-Sep 22

May '6-Jun 2

1962

1963

1964

May l3-Jun

Jun 10-Jul

9

7

51.0

68.1

70 .• 0

71.2

64.0

47.6

57~4

69.6

68.8

.72.6

71.3

63~5

58.6

50.7

69.7

71.4

71.9

65.1

47.8

56.1

68.€?

67.1

71.5

71.3

63.4

58~5

-0.3

+1.6

+1 •.4

+0.7

+1.1

+0.2

-1.-3

-1.0

-1.7

-1.1

0.0

-0.1

-0.1

-1.3

,1963 Jul 1-28

Aug12-Sep 8
o

1964 Jun 2-Jun 29

Jun '30-Ju127

75.6

70~2

60.9
..

72.2

71.9

69.4

62.2

73.4

-3.7

-0.8

+1.3

+1.2
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LIMITATIONS IN THE METHOD

Four limitations to this study are apparent.
Firstly, the assumption of a reservoir .of uniform surface tempera­
ture and of a unique air temperature associated with it is not
strictly valid o Thermal surveys at Weyburn reveal areal variations
of over l"F in the. surface 'temperature over'deep water (9). How­
ever, ·the weekly average o~ the·water.temperature appear to be
relatively'constan.t__9yer those ,parts of the'reservoir which 'are
not shallow and·donot exhibit.any exceptional pecuLiarities
(e.g., marshy ~reas)~

Sec·6ridly, two differen.t types of water temperature
measurements have been used for Weyburn Reservoir. The assumption
of homogeneity of data is.·not'correct, ~s was pointed out in the
section on Data. In 1960-1962 the weekly average is based on two
to three readings with the intervening days' temperatures recon­
structed. However, in 1963 and .1964, 84 readings were averaged
each week from the"temperature recorder I s continuous record.

Thirdly, the neglect of wind~ atmospheric vapour
pressure and stage limits the accuracy of the method. However,
there is insufficient data at this time to properly evaluate these
terms.

Finally, the general lack of data does not permit a
check 'of the general applicability of equations of this type to
prairie reservoirs.

8. CONCLUSIONS

Air temperature was found to give the most useful
prediction of water surface temperature in an investigation of
relationships between commonly measured weather parameters and,
water temperature forWeyburn Reservoir. A regression equation
of the form:-

Tw = a (Ta)+b( ~Ta)+c,

where
Tw - weekly mean water temperature,

Ta = weekly mean air temperature,

ATa = increase in air temperature from the
previous week,

was selected as mo'st' practical for prediction.
may be obtained by using the simple av'erage of
est ima tes. The standard error 'of 'est ima te for
found to be l.4°F for Weyburn Reservoir.

Monthly estimates
four weekly-mean
this method was
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Similar relation~hips were obtained for Morden Re-:­
servoir, however, the period ,of record was too'short to obtain
significant results.
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