
AIR-WATER TEMPERATURE RELATIONS
OF SMALL SHALLOW PRAIRIE

RESERVOIRS

INTRODUCTION

Evaporation from lakes and reservoirs
in the semiarid region of the Canadian
prairies amounts to between two and
three times the amount of precipitation
and may exceed 40 inches (1.0 m)
annually. Because this constitutes a signif
icant portion of the water budget it is
important that estimates of evaporation
be as accurate as possible, both from an
engineering and from an agronomic stand
point.

All methods of measuring or estimat
ing evaporation have some limitations.
Water budget techniques are laborious
and may be unsatisfactory because of the
problem of accurately determining input
data. Evaporation pan conversion
methods, with careful on-site correlation
of evaporation and certain climatic vari
ables, are fairly satisfactory but their
widespread application requires an exten
sive network of evaporation pan installa
tions (10). The energy budget and mass
transfer equations are fundamentally
sound but require either elaborate instru
mentation or a backlog of meteorological
data that are not available on a wide

spread network basis. Even the Meyer
equation (8), one of the simpler methods
of estimating evaporation, requires water
temperature data as an input parameter.
Water temperature provides, in effect, an
integration of the energy balance indices
of a specific lake. The biggest problem in
applying the Meyer equation is the
paucity of water temperature data for
Canadian lakes, and small inaccuracies in
the estimate of water temperature cause
large errors in calculated evaporation.

Air-water temperature correlations (1,
5) for large deep lakes exhibit a lag in
water temperatures early in the season
and a storage of heat as the season
progresses. Berry and Stichling (1) assum
ed that large prairie lakes would respond
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similarly and that mean water tempera
ture of small artificial ponds would be
synonymous with mean air temperature.
They further assumed that the tempera
ture regime of lakes of intermediate size
would be somewhere between these two

extremes. Recent studies show that the

mean water temperature of prairie lakes
usually exceeds the mean air temperature.
It has become apparent that size, depth,
and configuration are important causes of
differences between lakes, and that gener
alizations previously made do not ade
quately describe the specific situation for
small and intermediate-sized lakes.

Recently produced Canadian evapora
tion maps (2, 4) illustrate improvements
on previous estimates. They are, however,
generalizations involving considerable
computation and interpretation and do
not eliminate the need for evaporation
determinations for specific periods and
locations.

Air-water temperature correlations for
a wide size-range of prairie lakes would
permit the useful application of available
meteorological data for prediction pur
poses. To this end, the Hydrology Divi
sion of the Prairie Farm Rehabilitation
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Administration, Canada Department of
Agriculture (now Department of Regional
Economic Expansion), instituted a pro
gram to study the air-water temperature
relation of prairie lakes. This paper
presents results obtained from measure
ments on two small shallow lakes that

were included in the broader study.

PROCEDURES

The two lakes (Figure 1), Henderson
Lake in the city of Lethbridge and Gaol
Lake 2 miles (3.2 km) east, are both
small impoundments in the irrigation
district water system. Neither is used
extensively for irrigation so outflow is
limited and inflow is regulated to main
tain a nearly stable level throughout the
season. Gaol Lake, 30 acres (12.1 ha) in
area, has a maximum depth of 6 ft (1.8
m) and an average depth of about 4 ft
(1.2 m). Henderson Lake, which covers
69 acres (27.9 ha), also is shallow but has
a trough up to 16 ft (4.9 m)
deep through its center. Both lakes have a
length-to-width ratio of about 4:1 and lie
in an east-west direction parallel to the
prevailing wind. Henderson Lake has
some surrounding trees but, like Gaol
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Figure 1. Location map of Henderson and Gaol lakes and recording stations.
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Lake, is well exposed. Both lakes become
ice-free in March or early April. Ice
re-forms in early November but the sur
face usually is not continuously covered
until about the 20th of the month.

Water temperature was recorded in
both lakes from 1965 to 1968, inclusive,
and in Henderson Lake only in 1969 and
1970. Thermograph sensing elements
were attached to a buoy in each lake
about 100 ft (30.5 m) offshore, where
water depth was about 5 ft (1.5 m). The
elements were located in continuous
shade about 6 inches (15.2 cm) below the
water surface. On 15 occasions during 3
years, water temperature profiles were
measured at 1-ft (30.5-cm) depth incre
ments at specific locations on each lake
(Figure 1). At Gaol Lake the water depth
was 5 ft (1.5 m) at the recorder station
and 6 ft (1.8 m) at the profile location.
At Henderson Lake, depth varied from 5
ft (1.5 m) at the recorder to station to 16
ft (4.9 m) at the most westerly profile
station. Air temperature was recorded
continuously in 1966 and 1967 in a
Stevenson screen located on the shore of
Gaol Lake and in all years in the meteoro
logical lot at the Canada Department of
Agriculture Research Station, 0.5 miles
(0.8 km) west of Gaol Lake (Figure 1).

Hourly data were abstracted, and daily
and monthly means were calculated. Cor
relation coefficients and regression equa
tions were calculated from daily data for
individual months, for series of months,
and from monthly mean data.

The following definitions were used:
TW, mean water temperature of surface
6-inch (15.2-cm) depth on day of mea
surement; TA, mean air temperature on
day corresponding to TW; TA(—1), mean
air temperature on previous day; TA(—2),
mean air temperature 2 d previously; and
TA(-3), mean air temperature 3 d pre
viously.

RESULTS AND DISCUSSION

Air Temperature Data

Air temperatures recorded at Gaol
Lake were almost the same as those

observed at the Research Station meteor

ological lot (Table I). Correlation be
tween the daily mean temperatures at the
two locations was continuously high, and
differences between the monthly means
were only fractional degrees. Consequent
ly, air temperature data from the meteor
ological lot were used for all regressions.
This type of air temperature record
would be widely available when estimat
ing evaporation regionally.

TABLE I MONTHLY MEAN AIR TEM
PERATURES (°C) AT GAOL
LAKE AND THE RESEARCH
STATION METEOROLOGICAL

LOT

Year Location June July Aug. Sept.

1966

1967

Gaol Lake

Met. lot

rt

Gaol Lake

Met. lot,
rt

13.8

14.1

0.97

13.7

14.0

0.97

17.8

17.2

0.96

19.0

19.0

0.92

15.7

15.8

0.97

18.6

18.9

0.96

14.5

14.7

0.97

16.4

17.0

0.98

t Monthly correlation ofdaily means.

TABLE II WATER TEMPERATURE GRA

DIENTS (°C)

Henderson Lake Gaol Lake

Site 1 2 3 1 2

depth (ft)i 5 12 16 5 6

1965

July 15 0.6 4.8 11.4 2.0 2.0

July 21 0.0 1.9 2.5 - -

Sept. 7 3.0

1966

3.1 1.7 2.2

June 16 1.0 2.0 1.5 4.0 0.5

July 13 0.8 1.0 1.0 0.7 2.3

Aug. 17 1.0 1.5 1.5 0.8 0.5

Sept. 14 0.8 1.0 0.8 1.0 0.7

Oct. 25 0.0 0.5

1967

0.2

May 19 - 3.0 3.0 1.5 0.7

June 14 1.5 3.3 3.9 3.4 5.7

July 31 0.5 2.6 1.6 1.1 1.9

Aug. 14 3.8 4.2 3.5 0.6 3.1

Aug. 22 0.8 3.0 2.7 1.0 1.7

Sept. 14 2.0 2.5 1.5 0.7 0.9

Oct. 26 0.3
-

0.5 0.2 0.3

Water Temperature Gradient

It is generally conceded that water in
shallow exposed prairie lakes becomes
thoroughly mixed by wind and that very
little temperature gradient develops. This
situation existed in the Weyburn reservoir
(6) and in Lake Hefner, Oklahoma (5),
and was essentially true for Gaol and
Henderson lakes (Table II). But in one
instance, 15 July 1965, a temperature
difference of 11.4°C occurred at the
deepest site, no. 3. Only two degrees of
this difference occurred in the top 12 ft
(3.7 m), the remainder being concentrat
ed between 12 and 16 ft (3.7 and 4.9
m). The development of this gradient
may be explained by the prevailing
meteorological conditions. Maximum air
temperature on each of the preceding 2 d
was about 30°C, and winds were light.
This combination of high temperature
and continuously light winds did not
prevail prior to the other gradient mea
surement periods but apparently when it
does occur it can contribute to short-term

temperature stratification in shallow
lakes.

Air-Water Temperature Relations

Daily mean water temperature (TW)
for each lake for 1965-68 was correlated

with daily mean air temperature (TA)
(Table III). Air temperatures TA(-l),
TA(-2), and TA(-3) were also used as
independent variables, both singly and in
combination. In the regression analysis
these independent variables were intro
duced one by one so that the variable
introduced at each step was the one that
reduced the residual variance by the
greatest amount.

From April through July, TW was
more closely related to TA than to any of
the air temperatures of the preceding 3 d.

TABLE III CORRELATION COEFFICIENTS AND STANDARD ERRORS OF ESTIMATE ( C)
FOR MEAN DAILY WATER TEMPERATURE AND MEAN AIR TEMPERATURE

MEASURED ON 4 SUCCESSIVE DAYS

Apr. May June July Aug. Sept. Oct.

Correl. coef. of TW with:

TA 0.77 0.84 0.71 0.68 0.75 0.80 0.52

TA(-l) 0.74 0.80 0.66 0.64 0.76 0.85 0.61

TA(-2) 0.61 0.70 0.38 0.48 0.68 0.82 0.61
TA(-3) 0.45 0.60 0.08 0.33 0.59 0.79 0.61

Multiple 0.80 0.87 0.78 0.75 0.87 0.91 0.79

SE of estimate of TW for:

TA 1.23 1.66 1.23 1.25 1.43 1.58 1.72

Multiple TA(-l) 1.18 1.49 1.12 1.16 1.61 1.99 1.51

Multiple TA(-2) 1.18 1.49 1.11 1.17 1.23 1.56 1.94
Multiple TA(-3) 1.18 1.49 1.11 1.15 1.24 1.67 1.56
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TABLE IV CORRELATION COEFFICIENTS AND STANDARD ERRORS OF ESTIMATE FOR WATER AND AIR TEMPERATURES, MAY
1965,1967, AND 1968

TW/TA

TW/

TW/

TW/

TA+TA(-1)

TA+TA(-l)+TA(-2)

TA + TA(-1) + TA(-2) + TA(-3)

The longer the interval between water
and air temperature readings the less was
the effect exerted by the air temperature.
In August, TA(—1) was as important as
TA, and as the season advanced water
temperature became increasingly depen
dent upon the air temperature of the
previous day. This suggests that heat
storage occurs in shallow prairie lakes in
amounts that may have short-term signifi
cance, particularly during periods of
generally decreasing air temperature, but
that would be of little importance over
longer periods.

In each month, the multiple correla
tion coefficients accounted for a slightly
greater percentage of variation than the
single correlation coefficients. The differ
ences were greater in the fall months.
This also suggests that some heat storage
occurs but, again, amounts are small.

The possibilities that temperatures
TA(-l), TA(-2), and TA(-3) should be
considered in combination with TA, and
that the TW/TA relation might not be
linear were investigated using data for
May of 3 successive years. Air tempera
tures were averaged for 2, 3, and 4 d
preceding TW measurement. Correlation
coefficients, standard errors of estimate,
and linear and polynomial regression
equations were calculated (Table IV).

Averaging air temperatures TA and
TA(-l) improved the estimate of TW by
little more than 0.1 degree C. There was
no improvement by averaging air temper
atures for the current and previous days
over a longer period. Linear relations
were nearly as good as those of a higher
power. The best combination, that of a
cubic equation and 3-d average air tem
peratures, was only 0.16 degree C more
accurate than the simple linear relation of
TW to TA.

An obvious and apparently linear rela
tion exists between TW and TA (Figure
2). The relation of TW to TA appears
stronger during the May-August period
than during the spring and fall months.

77

SE SE SE SE SE

0.84 1.66

0.86 1.55

0.83 1.67

0.83 1.69

0.84 1.66

0.86 1.54

0.84 1.67

0.83 1.68

0.84 1.65

0.87 1.51

0.87 1.50

0.84 1.63

0.84 1.65

0.87 1.51

0.87 1.50

0.84 1.64

0.84 1.66

0.87 1.52

0.87 1.50

0.85 1.63

This is probably because mean air temper
atures are much more constant in the

summer months than in the spring and
fall. Also, the April data are mostly from
observational periods of less than 1 mo.

Except for one September and several
October comparisons, TW was always
higher than TA (Figure 2). The difference
was fairly consistently about 3 degrees C
except in October, when mean water
temperature and mean air temperature
were about equal. This situation differs
from that encountered in Lake of the

Woods (1), and also from the concept
that water and air temperatures are the
same. Water temperatures higher than air
temperatures have been recorded at sever
al lakes and reservoirs (3, 6, 7, 8, 9). In
the bodies of water that were larger and
deeper than those of the present study it
was usually June or July before water
temperature exceeded air temperature,
indicating a slow increase in water tem
perature and considerable heat storage.
Results obtained from the reservoirs at

Weyburn and Morden (3) most closely
resembled those obtained at Lethbridge,
in that the monthly water temperature-air

22 r-
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temperature difference was positive
throughout the season and relatively con
stant. The Glenmore (Calgary) reservoir
and Lake of the Woods are typical of
those that have a definite heat storage
component as the season progresses.

Regression equations of TW on TA
were calculated for all monthly mean
data, 1965-70, and also for the periods
May-August, May-September, April plus
October, and September (Table V). In
spection of the standard errors and correl
ation coefficients suggests that other fac
tors besides mean air temperature
influence the air-water temperature rela
tion. These could include wind, vapor
pressure, radiation, physical dimensions
of the reservoir, and aquatic growth.
When only the summer months of May-
August are considered, however, the error
of estimate is reduced to 0.78 degrees C.
The spring and fall months have a much
wider range of mean temperature, are of
less importance from the standpoint of
evaporation, and should be treated separ
ately. Because cooler temperatures pre
vail, the actual amount of evaporation
during these months is only a small

J_J L1_J I I I I I l—J I I
6 10 14 18

TA°C

Figure 2. Relation of mean monthly air and water temperature.

CANADIAN AGRICULTURAL ENGINEERING, VOL. 14, NO. 2, DECEMBER 1972



TABLEV REGRESSION EQUATIONS FOR MONTHLY MEAN AIR (x) ANDWATER TEM
PERATURES 00, HENDERSON AND GAOL LAKES, 1965-70

Regression equation
Error of
estimate

Correl.

coef.

All data

May-Sept.
May-Aug.
Sept.
Apr. & Oct.

y = 1.547 + 1.056*
y = 4.296 +0.894*
y = 4.342 +0.910*
y= 6.533+0.625*
y =5.351 +0.266*

1.54 0.96

1.05 0.95

0.78 0.97

0.66 0.97

0.54 0.92

TABLE VI DIFFERENCES BETWEEN OBSERVED AND ESTIMATED MONTHLY MEAN
WATER TEMPERATURES FOR HENDERSON AND GAOL LAKES, 1965-70

Apr. May June July Aug. Sept. Oct.

No. comparisons

Avg prediction
error (°C)

6 8 10 10 10 10 10

1.0 0.8 0.6 0.7 0.4 1.6 3.3

portion of the seasonal total.

The similarity of the general equation
of Buckler and Quine (3),

TW = 6.5+0.95 TA (1)

to the equations derived for the two lakes
at Lethbridge (Table V) indicates that
this form of equation may have fairly
wide application. Equation (1) was used
to estimate monthly water temperature
for the two lakes at Lethbridge for the
years 1965-70 (Table VI). Estimated
values agreed fairly closely with observed
values during the summer months. Aver
age prediction errors exceeded 1 degree
C only when monthly mean air tempera
ture differed markedly from normal. For
the fall months the estimates were less

accurate and consistently high. It is
obvious (Figure 2) that air-water tempera
ture relations were not consistent
throughout the ice-free period.

SUMMARY AND CONCLUSIONS

Development of the water temperature

gradient in two small shallow prairie lakes
during a 6-year study was minimal. Mean
monthly water temperature exceeded
mean air temperature from early spring
until fall. The difference was fairly consis
tently about 3 degrees Centigrade and
indicated that buildup of heat storage
occurred early in the spring but did not
continue throughout the season. Daily
water temperature was primarily depen
dent upon the air temperature of the
same and the preceding day but did not
depend appreciably on air temperatures
more than 1 day previous. Thus the
influence of stored heat was of short

duration.

Since seasonal buildup of heat storage
occurs in some lakes it is the important
criterion involved in transferability of
estimation equations. Regression equa
tions apparently can be used with consid
erable confidence to estimate water tem

perature for lakes comparable with those
for which the equations were derived.
Additional comparisons will determine
the extent to which physical characteris
tics and geographical location influence
the widespread application for specific
equations.
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