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From Rodgers, IH9

Qh = conduction of sensible heat to or
from the atmosphere

Q., = energy utilized by evaporation
Qt = energy storage within the body of

water.

4.13.1 Water Budget Computations

4.13 Water Budget

The heat budget for Lake Ontario, the only
lake for which such determination has been
made (Rodgers and Anderson,8'75 Bruce and
Rodgers,tOl and Rodgers872), is presented in
Figure 4-100. The largest energy change is
produced by the absorption and loss of heat by
the lake water mass; the lake gains heat dur­
ing spring and summer months and loses heat
in the fall and winter. The radiation processes
produce both gain and loss of heat; the lake
absorbs heat from solar radiation and loses
heat through the longwave radiation ex­
change between water surface and atmos­
phere. Evaporation cools the water surface
and produces heat loss, except during spring
when slight condensation produces small heat
gain. The transfer of sensible heat to the at­
mosphere results from the air-water tempera­
ture differences; the lake surface is cooler
than air and gains heat in the spring and
summer, and the process is reversed in the fall
and winter. The net effect of all these proc­
esses is to produce heat gain during the
spring-summer period and heat loss during
fall and winter months.

The heat budgets for the other lakes would
follow generally similar patterns, although
the amounts of energy contained in various
processes would differ depending on the hy­
drometeorological conditions on each lake.
The accuracy of heat budget presented for
Lake Ontario may be sufficient to indicate
general trends for various energy processes,
but evaporation studies show that accuracy
should be improved for successful application
to the solution of practical problems. This was
one ofthe objectives ofthe International Field
Year for the Great Lakes, an intensive field
observation program conducted on Lake On­
tario in 1972.

The water budget of the Great Lakes is an
accounting of all incoming and outgoing wa­
ter, such as inflow and outflow by the rivers,
supply from and storage in the ground, over­
water precipitation, evaporation, and varia-
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The heating and cooling processes are sum­
marized in the heat budget of the lakes, which
re presents the amount ofenergy gained or lost
by the lakes during various temperature
changes. There are five basic energy or heat
processes affecting the Great Lakes. The four
major processes include energy produced by
radiation, sensible heat transfer to or from the
atmosphere, heat loss by evaporation, and
energy storage within the lake. A fifth process
of net advected energy may be important lo­
cally, especially at the mouths of the inflow
rivers and near the effluents of sewage dis­
posal or cooling water from power plants.
However, this process has very little effect on
the total heat content of the lakes because
such inflows with substantial difference in
temperatures are relatively small. The energy
exchange may be expressed by the equation:

O. + Qv =~ + Qh+ Q., + Qt

where Q. = net solar radiation (incident
minus reflected)

Qv = net advected energy (heat due to
water input minus output and
snow melt)

Qb = net terrestrial radiation (emitted
minus atmospheric)

IJIFI .. lal .. IJIJlalsloINIDI

FIGURE 4-100 The Heat Budget of Lake On­
tario
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TABLE 4-22 Aver.,e Water Budget. 1937-1969 (Centimeters)

Balance
Water Supply Water Loss Storage Needed

Lake p R I 0 E t£, B

Superior 80 58 0 86 55 0 -3
Michigan-Huron 80 67 60 139 65 3 0
Erie 88 72 640 706 85 3 6
Ontario 84 150 927 1,077 70 2 12

P + R + I - 0 - E - 6S ... ±B

P precipitation on the lake surface
R runoff from drainage area (surface and underground)
I = inflow from the upstream lakes
o outflow to the lake below
E evaporation from the lake surface
f)S change in storage of water in the lake
B balance needed

NOTE: Diversions are included in runoff, inflow, or outflow, where
applicable.
Evaporation values are the long-term estimates, not necessarily
applicable to this 33-year period.

4.13.2 Importance of Water Budget

Lake levels and outflows of the Great Lakes

tion of these factors for each lake. The differ­
ences needed for balancing of the major fac­
tors represent a combination of any possible
ground-water flow and cumulative errors in
estimating other factors. For most lakes these
differences are quite small for the average an­
nual values, and are well within the limits of
error. The largest difference, for Lake On­
tario, is approximately equal to 15 percent of
precipitation or evaporation, 8 percent of
runoff, or 1 percent of inflow or outflow. For
shorter monthly periods and for individual
years, the percent differences should increase
significantly, because the effect ofcompensat­
ing reduction of random errors would be
smaller.

Further studies pertaining to the water
budget of the Great Lakes should be directed
towards elimination of existing gaps in pres­
ent knowledge, improvement ofdata collection
networks, comparability of measurement ac­
curacies for various factors, development and
implementation of new measurement meth­
ods, and closer coordination of these efforts in
both countries.
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tion ofwater storage in the lakes. These water
budget factors are interrelated in the hy­
drologic cycle, which is composed of a per­
petual sequence of events governing the de­
pletion and replenishment of water in the Ba­
sin. The Great Lakes water budget may be
expressed by the equation:

P + R + I = 0 + E ::t as
where P = precipitation on the lake surface

R = runoff from drainage area (sur­
face and underground)
inflow from the upstream lakes
outflow to the lake below

= evaporation from the lake surface
= change in storage of water in the

lake (plus if storage increases,
minus if decreases)

In practical applications the water budget
equation may be modified by eliminating all
factors that are negligible or not applicable to
individual lakes (e.g., inflow for Lake Supe­
rior). Factors other than those listed may also
be included. For example, runoff and ground
water may be treated separately, and diver­
sions may be included as a separate factor.

The average annual water budget for the
1937-69 period is shown in Table 4-22, which
contains groupings of water !SupplYJ water
losses, lake storage, and algebraic aceumula-
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effectively integrate all other components of
the water budget and are of primary interest
to lake users. However, growth of the popula­
tion and economy of the area has resulted in
an increase in and diversification of demands
for lake water, and the competition for its use
is increasing rapidly. Use of the lakes for navi­
gation, water power, municipal and industrial
water supplies, sanitation, irrigation, fish and
wildlife, recreation, and other riparian inter­
ests frequently results in conflietingdemands,
some of which are detrimental to water qual­
ity. To provide optimum utilization and pres­
ervation of the lakes, a thorough understand­
ing of the entire hydrologic cycle ofthe system
is necessary.

The importance of the water budget to lake
water resources has been recognized in many

studies and investigations (e.g., Freeman,ITI

Horton and Grunsky,n. U.S. Congress­
Senate ll7•IIJ). Knowledge of the magnitudes
and variations of the individual water budget
components is needed for the improvement of
forecasts of lake levels and outflows, for the
refinement of lake regulation plans, and for
determination of the effects of diversions into
and out ofthe system. Because ofthe vastness
ofthe Great Lakes, changes in lake levels take
place rather slowly and advanced information
on the expected stages is of great interest to
navigation, hydropower, and for shore protec­
tion. For Lakes Superior and Ontario, the only
lakes presently regulated, accurate forecasts
are even more important to permit planning
for the most beneficial operation of the reg­
ulating structures.


