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ABSTRACT

Bvaporation can be determined by the aid of the first
law of thermodynamics in such a way that wind velocity need not
enter the calculation. A4ir temperature and humidity enter only
as terms in a correction which can have & relatively small aver-
age value under typical conditions. A method of finding the
difference between incoming and outgoing ra.dia,tion} from obser-
vations on a well insulated pan is described, and alse & method
of finding the ratio of sensible heat to latent heat transmitted
through the air-water surface. These guantities can be used in
estimating evaporation from an actual lake if proper corrections
are made for storage of heat in the water, expansion of the water,

and heat conveyed by inflowing ana outflowing water. Two proposed

engineering epplications are outlined.



EVAPORATION FROM LaIES

Introduction

The purpose of this investigation is to develop a method
of finding the evaporation from an actual lake. The reason for
vdesiring such knowledge is twofold: (1) This is an important
meteorological phenomenon which from the stsndpoint of pure
meteorolégical science should be studied as thoroughly as possibleg
(2) the problem has engineering applications in connection with water
supply anc hydro-electric powers

It has long been customary to estimate evaporation fronm
lakes on the basis of observations on pans in the vicinity, but
there has been no means of showing conclusively that the error
thus involved is not excessive, Thus pans of different sizes are
known to have different depths of evaporationl and this obviously
means that the uepth of evaporation from a lake cannct in general
be the same as that from any particular pan. If the theory
describeua in this paper proves to be correct, substantial progress

in the evaluation of evaporation from lakes will have been made.
Theory

It will be assumed that evaporation is uniquely deter-
mined by the energy that is rendered available for that purpose,

Expressed as an equation this is

1. R. B. Sleight, Jour. ig. Res. X 209 (1917)
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Mol =B =35=1L= C (1)
= L

where - is the evaporation expressed in centimeters of depth, I is the
incoming radiation, B the back radiation to the sky, S the heat consumed
in warming the water, K a correction due 4o heat derived from the air or
given up to the air as sensible heat, C & combined correction for heat
leakage through the walls of the container, expansion of the water and, in
the case of a lake, for heat carried by flowings water. It is supposed that
‘all the quantities in the numerator are expressed in gram calories per
square centimeter of open water surface and are to be integrated over the
same time interval as E.z The heat of v&porization of water expressed in
gram calories per cubic centimeter is denoted by L.

If it is possible to observe all the elements on the right side
of (1} except ¥, then to compute K by means of a certain equation derived
by ¥r. I. S. Bowen, which will presently be stated, and finally to compare
the right side with the observed evaporation placed on the left side, the
agreement between the right and left sides will not only constitute a check
on Bowen's equation, but it will also show whether or not evaporation can
be computed without making any rmeasurements on wind velocities as the general
theory demands, The elimination of wind from evaporation calculations is
one of" the fundamental ideas previously cutlined by the present writer.3
2. It may not be obvious that 5 and C can be thus expressed, but ii the
total amount of heat stored in the entire lake or entering by the methods
to which C refers be divided by the lake surface area, then a definite
part of each of these total quantities of heat will be allocated to &
column under each square centimeter. Jy thus centerin: attention on a
column of water having a square centimeter cross-sectional area and & depth

equal to the average depth of the lake we make all the quantities in the
numerator comparable and can express them in the same units,

5. Journal of Elec%ricity vol. 46, p 491 ¥ay 15, 1S21.



Such a comparison has virtually been made, though in order to avoid the
necessity for measuring I and 3 directly, a slight variant on the above
procedure was adoptea as folloﬁs:

We first introduce the quantity R defined by the relation

LER=K (2)

This means that R is the ratio of sensible heat swept away by the wind
to latent heat carried off by the vapor, It has been discussed by inders
angstrom, the Swedish meteorolegist,4 who finds that R averaged less than
+10 for the North Atlantic during the forepart of September 1905, Angstrom
concludes that R is in general relatively small, but until now it has been
extremely difficult to obtain extensive and reliable information with res-
pect to this quantity. However Nr. Bowen,5 a physicist in the Norman
Bridge Laboratory, has recently given us an equation which makes it possible
to compute R from ordinary atmospheric data, without knowing either the

sensible heat or the latent heat separately. His equation is

R = .46-L= %2 (3)
P = Pg

where t) - %z is the difference between the temperature of the air and
that of the water surface, and P] - Pp is the difference between the
vapor pressure of the moisture in fhe air and the pressure this would
have if the air were saturated. Equations (2) and (3) together serve to
eliminate K from eqnafion (1) and express the new quantityyﬁ in terms of
easily measurable magnitudes.

Next after substituting L E R for ¥ in (1) we solve for I - 3B,
which will be denoted by H. This is really the difference between the
4, Geografiska innaler ﬁ. 3 p’13 (1920)

5, I. S. Bowen, Phys. Rev. 27 p 779 (1926)
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solar and sky radiation which penetrates the water surface and the energy
which the water body raaiates back to the sky. For convenience it will

be called the heat budget per square centimeter of surface

H=I-3=8+ ILE(1 +R) + ¢ (4)
How I must be the same for all water surfaces exposed to the same exbernal
conditions whether the water bodies are shallow and heat up rapidly or
deep and therefore change slowly in temperature. This equality does not
necessarily hold for B, however, because if two bodies of water have dif-
ferent temperatures they must radiate energy at different rates. TFor two
surfaces exposed to the same conditions we can evidently write from (4)
on account of the equality of I; and Ig.
Bg =By +.8; +Cq ¢+ Bﬁl(l +R) = Sg + Cg + LEp(l + Rz) {5)
Since Bowen has pointed out that water radiates practically like
& black body because it almost completely absorbs low temperature radiation
we may compute 32 "Bl by means of Stefan's law, thus
B = 49.5 x 10710 7% gram calories per sq. cm. per hour (6]}
(8ee also Abbot, innals of the Astrophisical Observatory vol. IV p 291)
Because Ty - Tl in our application does not exceed 159C and T2 and Tl are
always between 0°€ and 35°C we may calculate Bz - By with sufficient
sccuracy if we aifferentiate (5) with respect to T, obtaining

%§-= 198 x 10'10 b4 (290)5 = ,5 calories per sq¢. cm. per hr. per degree {7)

and then multiply by the difference in tempersature of the two surfaces.
~ These considefations make it possible to subject equation (5] to experimental
tests
Experimental procedure
The bodies of water were contained in a tank and pan, the two
vessels being copper iined, but so dissimilar in size and shape that on the

basis of well known facts with respect to evaporation from tanks and pans,
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they could be expected to lose water at substantially difierent rates.
The volume, and therefore the heat capacity of the former was about

fifty times that of the latter, the actual dimensions being as follows:

Tank Pan
Length 4,96 ft, 2.00 fte.
Width 4,96 2400
Depth 5,06 67
Depth of water below rim 0.10 0.05

The tank was insulated by two feet of wood shavings on all
four siues and bottom. The pan had about elght inches of shavings and
boards around all four sides and bottom. 3efore the shavings were put around
the tank the heat leakage through the board walls which were 1,5 inches
thick was found to be only 1.15 calories per degree per hour per square
centimeter of open water surface, and independent experiments had shown
that the shavings woula reduce this to less than one tenth of this value.
Such an amount is wholly negligible in comparison with the unavoidable errors
of evaporation and temperature determinations in the present experiments,
for an error of .1 millimeter in measuring evaporation would cause an error
of 6 calories in the heat budget--at least six times as large as any that
could possibly have resulted from leakage since the temperature drop never
exceeded 10°C,

G" o 3 . = -

By.careful determination, the leakage coefticient of the pan was
. . . 6
found to be 3 calorie per sguare centimeter per hour per degree « The
6. The pan was taken into the laboratory, filled with water and covered
with paraffined boards. OUn this cover was placed a galvanized iron pan having
a Standpive in the center., A thermometer, stirring rod and the leads to a
heating coil passeu down through this $tandpipe and through holes drilled in
the boards and then into the water. The amount of heat needed to maintain
the water at a definite temperature several degrees above that of the room for
a period of several hours was measured with a watt-hour meter. ifter the
steaay state was reached, the only way heat could be disposed of was by leakage
through the walls since the water in the galvanized iron pan was kept at the

same temperature as that in the insulated pan. As a mean of several runs .3
calorie per hour per square centimeter of open surface was adopted,
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evaporation loss was determined in the usual way by observing the amount
of makeup water required to bring the level back to a predetermined helszht

defined by a wire projecting upward from below the surface. The error of

ke

this measurement lay between one tenth and two hundredths of a millimeter,
depending on how badly the surface was disturbea by wind.

The surface temperature of each body of water was measured by
means of a mercury in glass thermometer graquatedvin tenths, but for the
change in temperature a Beckmamn instrument was used, the water being
stirred just before the volume temperature was read. The alr temperature
and absolute humidity were determined with an Assmann psychrometer.

~ Since equation (3} was derived from instantaneous values of the
variables, we should, strictly speaking have continuouvs records for the
entire time interval., Hourly reacings are a good substitute, however.

iy m
3

The first run was maue on CUctober 6 extending from 8:00 4. I. to 5:00 P.lle;

the second on Uctober 24, from 9:45 A. M. to 4:45 P, 7, In this case the
pan was maintainew at 30°C by a measured amount of electric energy, and
proper allowance was madge in computing H., The third run extended from
5:20 i. il January 24 to 2:20 4. 1L January 25 while the fourth was

from 2:10 i. 0. February 7 to 2:10 i. 1. February 8.7

7. For the first two runs the shavings were not used, but tie walls of
the tank were carefully shaced and the heat leakage computed by multiply-
ing the coefficient 1.15 by the temperature drop through the walls,

This procedure was legitimate for, part of the day covered by each of
these runs, but when a complete twenty-hour run was abttemptea the greater
temperature gradients through the tank walls which occurrea dQuring the
night apparently caused benting with the counsequent change of volume,

4t any rate a systematic ervor was found which was eliminated by using
“the insulation.
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Hesults ana comparison with theory

fquation (4] w.s usea to compute I, the heat budget ser square

centinmeter or resultant raciation for each body of water and for each time
interval, i.e. the interval between suceessive readings which in most
cases was oné hour. The correction 55 - Bl was calculated by means of
equation {7} and applied to the budget for the Dan, in oraer to reaguce H

for the van to the temperature of the tank, as indicated by equation {5}e

This process should then have broucht the two budgets into agreements

For the purpose of comparison, cwmlative leat budgets were used,
which were obtained by a process of continued swanation as follows

Tor each vessel the budget for the first hour was added +to that
for the second hour, then the budszet for the third hour was added, then for
the foar th end so on. Zach series of these conitinuved svnrwmtions was plotited
goinst time, full lines representing pen budcets, with the Bg - 2y cor—
+0

reciions, aad circles refervin See figures 2, 2 and 4.

o

accoraing to eyuation (£) the circles should fall on tie lires. The
discrevancy is within experimentul error,

It will Ve observec that in all cases the maximun slope comes at

noon which is consistent with measurements of incoming solar radistion made

=
o'
[¢]

simultaneously. ulso the integrated value of ging to decrease alter sun~
down as it should. The date are too voluminous “u be presented in full,

vut the following avridguent (Tablel), tozether with the curves showing
cumulative heat bucgoets and sensible heat corrections will show how efiec-

tively Sowen's equation does actually take account of sensible hesat. The

able will also

ive a general indication of the magnitudes of R and of

Bz — Bl’



Cote G-
iiaxXe teup.
Hn. tempe.
Nax vap. pPres.
Iin vap. pres.
¥ax R
Mo R
AV for run
Max B, - B

2 1
¥in By - 34
Total for run

Tax H

Oct 24

iax temp.

An tempe.

¥ax vap. pres,
Iin vap. pres.
ax B

Mine. R

av for run

lfax Bg - By

o

Hn By = 34

[

Total for run

Iax H

fun

IS
ol
*

(@]

13.3

», 21

+,03

+.10

2ed:

~-1.0

Pan
3048

0.2

+.05
7.1

beb

Pahle I

Tims Tank Time
op 19.1 4y
8a 17.7 8a,
5p + .15 bp
12n -,09 12n
+,01
p
8a
206
Time Tank Time
4p 19,3 4p
lla 17.9 9a
10a -.51 10a
1p ~e25 4p
-o40

10a

1p

209

9o6mr  Ba

Bebrun 12n

Alr  Tinme
29,8 1p

2l.7  9a
848mm 10a

HeRmin &P



Jenuary 24~25

laxe t EMPe

laxe vapPe. pres.
fine vap. pres.
Min R

Ave for run
lax. Bg - By
Une By - By
Total for run

Iax heat budget

February 7-8
th.tem@.
Iin. temp.

lax. vap. pres.
lin. vap pres,
tax, R

Mn. R

AV, for run

Wax Be

2 =58
Total for run

Max H

Table L (Continued)

-.01

20,1

10,4

+25e5

226

Time
3p

7a

8a

Time
2p

7a

10a

op

7a

Tank -
9.8

Be3

+4.58
-1 457

~o 86

Tank
14.3

12,4

204

Time
5p

7a

la

Sp

Time
4p

8a

4,8
7o 9mma

S e Jrmuin

Alr

2340
7.6

11, lmm

Lo briun:

%s

Sa



10

It will be reacily understood that in working in the open air
where practically every magnitude involved in the entire experiment is
changing incessantly, various sources of error must occasionally converge
to proauce an exceptionally large aiscrepancy between the heat budget
curves for a'short part of their length. The only conspicious cases, however,
are those of the middle of the day on January 24 and the time of maximum
cumilative heat budget of February 7. The first case is explained by a
atiff{ breeze which lasted for several hours, and made accurate reading of
the water level impossible. It is to be expected that such an error would
ultime tely cancel itself however, since if at any time after the first
reading the proper amount of water is not poured in, the error must sooner
or later be corrected.

The case of February 7 is perhaps not quite so simple. It will
be observed that most of the points for the tank are toc low, but there are
none too high. This suggests an unfortunate beginning, for a single error
in the initial setting of the water surface into éuppoaed coincicence with
the peg would tend to cause a éystematic error throughout the entire run.

An initial error in rescing the water temperature would have the same effect,
These two causes combined with errors which could occur during the run might
very probably explain the difficulty since an error of .1 millimeter in one
direction on the tank and the opposite direction on the pan would account for
12 calories, while an error of 0°,05C in reaaing the tank température would
”accoﬁnt for an additional seven calories, while the total departure is only
22 calories. Although we cannot say with certainty that this combination of
errors actualiy occurred, nevertheless the mere fact that it is within the
range of probability shows that sﬁch discrepancy as does exist is not beyond -

the limits of experimental error, particularly if we allow for certain additional
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inaccuracies, the macnitude of which cannot be estimated with certainty,
Tor example, the wet anc dry bDulb therrwmeiers would often fluctuate as
puch a8 half o degree while the instruments were belung regd; there must
also have been slizht fluctustions in the volumes of the containing vessels,
and finally there was doubtless a small temporary absorption and subseguent
release of heat by the insulating material.

A continuous run of several days' duration would cause such a
large heat budget %o accwmulate that the corbinea errors due to all sources
would become negligible in comparison. To avoid the possibility of disastrous
interruption, such a program wust be carried out during the swmmer when
there 1s little or no danger of rain, because the two vessels cannot be
depended on to catch the same depth of rain. If done successiully such an
extendeu run might actually check the numerical value of the coefiicient .46
in Bowen's equation.

Although in the *wo cases mentioned the error is spproximately twenty
calories or ten percent of the maximun budget, nevertheless it is not suffi-
ciently large in any of the runs to obscure the validity of 3owen's theory,

The run which confirms this theory best is that of October 24, when the pan
was artificially heated. In this case the departure between the two curmlative
sensible heat curves is several times as large as the departure between the
heat budget curves. It is perfectly obvious that if Bowen's correcticn were
not applied in this case, the two heat budget curves would diverge widely from
egch other.

While fhis run furnishes the most striking example of the necessity
for applying equation(3), each of the other three shows it in some degrec.

Thus the difference 5etween the cwmulative sensivle heat correction curves
in the latter part of all the runs is large in comparison with any discrepancy

in the cumlative heat btudget curves. It is not fair 4o draw conclusions

~from the first part oi the runs because at this time the quantities wevare
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comparing had not Become large in comvarison with unavoidable errors.

From 4:20 to B:2C P. Il. on January 24 the ratio R has the re-
markably high numerical value of 1,57 and the complete data show that it was
’numeribally'greater than 30 during a large part of each complete run, yet
the discrepancy in the cuives is nowhere greater than ten percent of the
maximam hes’ budget, and is generally much less. The veriation of R for the
tank is far ffom being in phase with the variation for the pan, e. £. on

w

Janvary 24 the minimun R for the pan comes at 9:00 .. .. whereas for the tank
it comes at 5:;00 ?. L. During a great deal of the time the ratios have
opposite signs., Tiese facts show that Bowen's correction is really significan
Without applying it we could not obtain an agreement so long as we are dealing
with hourly changes.

The case may be quite difrerent, however for longer periods, for

although R for the tank is relatively large during the daytime run of Cctober
24, while for the pan it is not, since the pan was artificislly hesated, the
averaze value of R does not exceed .27 numerically for either pan or tank in
either of the long runs. It doubtless would not have been as large as .27

if the tank water had not been stirred so as to keep cold water at the suriace
which ordinarily would have remainec below., This inference is Jjustified by
the fact that the average R was in the direction from air to water. This
suggests that although R takes on large values at times, nevertheless when
averaged over long intervals of time, it may be a small fraction as .ngstrom
found for the conditions he investigated.

It 1s thus seen that by using Bcmen's theory we bring into agreement
the two heat budgets which we believe on the basgis of the conservation of
energy ought to agree. In other words, the theory works, and on this
ground it is Justifieds The foregoing is therefore & correct method of

computing He Lt follows that we can take the pan to & lake, compute I as
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has been done here, and after making the Bz - 31 correction, apply this H

to the lake., Ve may then determine S, R and C for the lake and compute E
by the following equation
E:h-i’- (8)

which is obvtained from (1) on substituting L & R for K and solving for B,

This can be tsken as the primary standard for calibrating all other

methods of determining lake evaporation. Other equations such as the fzmous

one that bears the name of Dalton contain certain empirical constants which

can only be evaluateda when a series of real lake evaporations are known.

The vrocedure outlined herein furnishes the only nethod thus far devised for

ascertaining these requireu lake evaporations with satisfactory precision and

[0
£u
e

reliability., Zike most primary standards, this i
under certain conditions it is possible to shorten the work considerably.
On superficial examination it might appear that this rescarch is

2

nothing but & comparison of evaporation from two vessels of different di-

nensicns, with certain corrections applied. ALs a ratter of fact it 1s more

than that. While it is 4rue that H has been deternined by means of obser-

vations on tqe pan, nevertheless this was merely an expedient that had to e

resorted to because as yet no technigue has beecn develoved for measuring B
with satisfactory precision and coavenience. If such a technique ever is
developed, then lake evaporation can be found without using any pan and

without making measurerents on wind velocity. Ibreover, if it {turns out

that the effect of the atmosvhere in causing a transfer of sensible

really is small uncer conditions that might be called nornal--which iz not

unlikely—-~then air temperature and humidity need enter the calculations

n Tor

-4

fficult o appnly although

only as terms in a relatively small correction which for many purpcses can be

neglected euulreIV. Obviously then it is worth while to accumulate as much

1nform vtion as poscible in regard to the value which £ asswaes at various
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places and various times of the year. This cen easily be done by reans
of Bowen's equation, when the reguisite wet and dry bulb and water temper-
atures become available,
Suggested Engineering Applications
The use that can be made of the foregoing facts and principles
will depend on what particular kind of information is desired anG also on
what data and facilities are available. Two highly practical applications
will be described.

One which it would be uesirable to make in the near future is
the testing of some of the most promising empirical eguations that have
been proposed for expressing evaporation in terms of various atmospheric
elements. Such an investigation would be somewhat expensive, but it
would certainly repay the cost, because if any of these equations are really
capable of expressing the facts with sufficient precision, they will withow
doubt 5e extremely useful when once their validity has been established.
The proceuure would be as follows:

A representative body of water should be chosen for which the
inflow and outflow are not sufficiently large to require any appreciable
correction for heat carried to the lake or away from it with the water,

The contours of the lake should be known. .4 well insulated pan such as
has been used in this research should be installed near the lake and hourly
readings continued for at least one month. The data should include:

Lake temperatures at all cepths, once at the beginning and

again at the end of the time interval chosen, and preferably

once or %Wtwice between.

- Hourly lake suriace temperatures.

Hourly surface and body temperatures for the water in the pan.

Hourly wet and dry bulb reaaings over both lake a1:d pan.

Hourly wind movenent.

8+ A series oi subsurface temperatures can easily be run in one houre
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The heat budget for the pan for each hour should be computed
according to equation (4). The precise method of doing this may be
illustratea by the following numerical illustration taken from our run

of February 7 and 8.
Table 1II

Time 93110 4. Il 10:10 4, ..
Total volume of watcr poured in 12 cc
Pan surface temp. (centigrade) 12.7 14,7
Pan body tenp il.9 13.6
Lry bulb 19.4 19,9
Wet bulb -9.8 11.6
av atmospheric vanor oressure 5;3 ram

Chanse in body teup. 1.7

av surface temp for the hour 13,3

Av air temp Tor the hour 19,7

Pan temp - air teup = %y - 1o ~6o4

Pressure of sat. vapor at water surf. temp. 11,4

Py - Py 6el rm

R ( direction of flow from air to water } —.48

Area of surface = 3720 sg. Clie
12 x 585

Evap. in calories = —-mmeememeeen = 1.9 cal
3720

Jorrection for expansion of wabter 2.6 cul

Corrected evaporation 4eH cal

Sensible heat { passiag Irom air to water ) - =2.2 cal

3 =17 x 19,0 = 331 cal
Heat budget = U3.1 + 4,8 = 2.2 = 354 cal
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The By - By correction should be found by the use of equation (7}

as follows: (using our tank in place of the lake)

Avefage pan surface tem@erature 13.3
Average tank surface temperature 1R2.7
mooam o

Ty Ty 6
Bz - Bl = '5 (Tz - Tl’ = 95

Applying this correction to the pan heat budget gives the correct tank
or lake heat budget,
Tank heat budget = 35.4 4 .3 = 3547

If the pan temperature is the higher, then the mumerical quantity
should be added, and vice versa.

411 these hourly heat budgets should then be added, giving the total
lake budget for the entire ménth, in case that is the interval selected. The
change in heat content of the lake should be computed from the lake body ten-
peratures as follows: |

At the Dbeginning of the month the temperature of each layer should
be multiplied by the volume of that layer and all the products surmed. This
will give the total heat above the zero temperature d.tum at the beginning
of the month, A similar sumaation should be made for the end of the monthe
The difference between these two will give S of eguation (8). Under the con=-
ditions specified, C can be taken equal to zero.

A suitable average value of L should be chosen ana the average of
all the hourly determinations of R should be found.g The monthly evaporation
can then be computed from‘equation {8)s This will constitute a more reliable
9. In practice it may not be possible to use a single average value of R,
but instead to break the main period up into smaller periods each with 1ts

proper %. There is, however, no apparent reason why this practical defail
cannot be handlea satisfactorily.
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estimate of the real lake evu_. ration than it has ever been possible to
meke heretofore. Low having this religble estinate of lake evapcration
together with all the atmospheric data we need, including wind velocities,
we can select any empirical equation, and determine its constunts., This
will put the empirical equation on a reliable basis, if it happens to be
capable of expressing the facts consistently, so that thenceforwarda the
equation can be used, and the pan with itsvhourly év&po abions can be dis-
pensed with. The following fact should be carefully Torne in nind however.

Before any empirical equation is ever uwsed for computing lake

evaporation it should first be subjected to a severe test of this kind to

make sure that it 1s actually capable of giving results that are in agree-

ment with real lake evaporations.

4 second application of the principles set Torth in the first
part of this saper may be descrived as follows:

In spite of the apparent fickleness of the atmosphere, there is
nevertheless a certain constancy in it. TFor exanple, the averace temperature
for any one month does not vary more than a few aegrees from year o vear
or from »lace to piage over vast areas. 1y analogy we should expect cortaln
resularities in the behavior of the ratio R, which, when they are weflinitely
known, will make it possible to estimate R without &ll the detailed information
needed for the experimental verification of the theory underlying this
research. The same thing applies to the Pa - B1 correction. If we orce bhe-
core acquainted with the meteorological behavior of these guantities, then a
pan placed in the vicinity of a lake can be corrected so as to give the lake

evaporation, without having observations maue more than once a day, or perhpas

once a week. Creat poscibilities lie in the use of recording instruments when

we lxow how 1o interpret the records.
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- I
red

to doand 8. - El are now availlable
&
in addition to what are contained in Table I but it is periectly stralsht-
; ard work to ovrocure any further smount that may be desired.
forw % o A

On 4pril 15, 1925 observations were mace st Silver Lake in Los anceles

ve

fie

for the purpose of estimating the magnitude of R under representat

(U]

o

conditions. The results are presented in the following +tabl

Table TII

Time Ty Vet Water 2 Tocation
bulb bulb temp

0 8:20 4 20.8 15,6 20.0 -.06 High up on bank

8:20 4 19.6 1446 20,0 *,02 Hear edge of water

8:30 & 20,0 17.0 20.0 .00 Over water nesr edge

9:00 .+ 21,0 1E8.2 20.0 .00 Tear boat landing

2:30 & 2Z.4 16.8 2003 -eld alittle north of center of lake

9:4b L 225 16.8 20.4 -.15 Near center of lake

2:00 T 2b.4 17.8 2240 ~.18 4 little north of center of

A
*»”
o
b
W
1%}
»
o
!
[Xe)]
L ]
@)
oo

22«0 - 1/4 mile to leeward of lake

B

5:00 T 21le4  16.0  21.1  =.02  lear boat landing

L

Te muast rule cut those tares

[¢]

ses in which the wet and dry bulb tempera

were halen over land ot an appreciable disteonce from the woter's edoe, becuause

in these cases the air could become heatbed and give a2 value of the ratio that

his is illustrated by the case in which the wet and dry

o

is mach too high.

- e - e / . o) %, B 1 L S o . %Y
buld temperatures were tuaken 1/4 mile from the lake. “electing the accepitable

hd /

dats zives =,08 as the average daytime value of R. =t nizht

reverse bub could net resch w very hisgh sositive volue becouse Tor sush o

hing to hapoen the dally rance of wir temperature would have to be

ioos0 small
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to m&ke’the air silcet practically neslizible. This fuct does not detract

in the least irom the usefulness of Dowen's equationy however, becziuse *this

ecuation gives us the only direct ueans we niave of showing that the exchance

of sensibleé heat is really small or perhaps negligible.

ol

3]

&

In conclusion the writer wishes to express his appreciation of the

many helpful su_ estions he has received from Dr. Idllikan and other nembers
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of the faculty of the Calif Institute, and of the voluablse suzgestions
and assistance given by lx. Durt Richardson in carrying out the observations

and computations,



