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INSTRUMENTATION FOR MEASURING LAKE AND RESERVOIR EVAPORATION
BY THE ENERGY-BUDGET AND MASS-TRANSFER METHODS

by Alex M. Sturrock, Jr.

ABSTRACT

Instrumentation currently used by the U.S.
Geological Survey in studies of evaporation from
lakes and reservoirs is described in this paper.
This instrumentation is used for the measurement of
solar and terrestrial energy necessary to apply

the mass-transfer or energy-budget methods. The
energy-budget method requires a quantitative
determination of all forms of energy entering or
leaving the lake, as well as determination of the

change in storage of energy within the lake.

INTRODUCTION

At present, there are four commonly used methods of
determining evaporation from a body of water. The four methods are:
water-budget, evaporation-pan, energy-budget, and mass-transfer. This
report is limited to the discussion of the instrumentation used by the
U.S. Geological Survey for the energy-budget and mass—transfer methods

to determine evaporation losses from lakes and reservoirs.

The energy-budget method requires a calculation to determine
values for parameters of reflected solar and long-wave radiation,
effective back radiation, energy advected into or out of the water body,
energy stored in the water body, and the rates of energy used for

evaporation to the energy conducted as sensible heat to the atmosphere.



The other parameters of incoming solar and long-wave radiatiom, vapor
pressure of the air, and water surface temperature are evaluated
directly from measurements made with a pyranometer, a pyrgeometer, a

nonventilated psychrometer, and a waterproof thermistor.

For the mass—transfer method, estimations of evaporation are
obtained from measurement of water surface temperature, as well as wet-
and dry-bulb temperatures and windspeeds at one or more levels above the

water surface.

In the development and selection of instrumentation for lake
and reservoir evaporation studies, it is necessary to consider the

following limitations:

1. The station located in the middle of a lake or reservoir
will not be served by power lines, so all power must be

supplied by batteries.

2. It may not be practical to visit a station more frequently
than once a week, so instruments must operate unattended

for at least that period of time.

3. The accuracy of measurement is important, so instruments

must maintain their calibrations.

At each study site, instrumentation to measure lake and reservoir
evaporation for the energy-budget and mass-transfer methods, are

operated concurrently at both land station and raft station locations.

The land statiomns are located on or near the lake or reservoir
shoreline. The instrumentation here includes a pyranometer and
pyrgeometer for measurement of the incoming radiation parameters for the
energy-budget method. It also includes a supplemental wet- and dry-
thermistorized psychrometer that serves as a backup record for the

primary psychrometer located on the raft.



The raft stations are located over the original river channels
near tributaries and at the extreme ends of the river reservoirs, and
also, at or near the center of circular and irregularly shaped lakes.

The instrumentation for the raft stations includes the water
surface temperature sensors and thermistorized psychrometer sensors,
used in both the energy-budget and mass-transfer methods, along with an

anemometer to record windspeed for the mass-transfer equation.

At lake and reservoir study sites, the number of land and raft

stations will vary according to the lake or reservoir size.

ENERGY-BUDGET INSTRUMENTATION

The energy budget for a lake or reservoir may be expressed as

follows:

Qs - Qr +Qa - Qar - Qbs + Qv - Qe - Qh - Qw + Qb = Qx (1)

where

Qs = incoming solar radiation incident to the water surface,

Qr = reflected solar radiation,

Qa = incoming long-wave radiation from the atmosphere,

Qar = reflected long-wave radiation,

Qbs = 1long-wave radiation emitted by the body of water,

Qv = net energy adverted to the body of water,

Qe = energy used for evaporation,



Qh = energy conducted from the body of water as sensible

heat,

Qw = energy advected from the body of water by the

evaporated water,

Qb = heat transfer to the water from the bottom sediments,
and
Qx = change in energy content of the body of water.

The equation above equates the net transfer of emergy into and
out of the body of water to changes in energy storage. All the terms of
equation (1) are expressed in calories per square centimeter per day
(cal/cmzld). For a detailed description of each term in equatiom (1),
the reader is referred to the report by E. R. Anderson (1954,

p. 71-119).

The energy values for the evaporation process and the
sensible-heat exchange between the air and a water surface are not
measured directly. Instead, these values are determined using the

following equation:
Qs - Qr +Qa - Qar - Qbs + Qv + Qb - Qx = Qe + Qh + Qw (2)

The terms on the left side of the equation are measured
directly or computed using theoretical or empirical methods. The three
terms on the right side of equation (2), Qe, Qh, and Qw, are not
measured directly and are determined as functions of the evaporation

rate, which will not be discussed in this report.



















































