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MEASUREMENT OF EVAPORATION BY PANS AND TANKS

by W.H, R, Nimmo#*
New Farm, Brisbane, Queensland

(Manuscript received June 1964)

Abstract: More than 90 per cent of the rain falling
on the continent of Australia is dissipated by
evaporation, Consequently, accurate measure-
ment of evaporation at many stations is essential
to making the best use of our limited water re-
sources. Attention is drawn to the unsatisfactory
conditions relative to the measurement of evapor-
ation; various types of evaporation pans are des-
cribed and their advantages and disadvantages
discussed; and suggestions are made for im-~
proving the existing network of evaporation
stations.

1. INTRODUCTION

It is now generally recognised that Australia is dry compared with the other continents,
and several organisations are now concerned with a study of our relatively meagre water
resources, The aridity is due to low rainfall and relatively low cloud amount which results in
high solar radiation and consequently high evaporation, although in the far north monsoonal
rains meet the warm season evapotranspiration requirements to a reasonable degree.

The volume of surface and underground water, from which supplies for all purposes
must be drawn, is the residue of the precipitation after evaporation has taken its toll,

There is still a need for rain gauges in some isolated regions and for more recording
gauges (pluviometers) to provide area-time-intensity data, but the existing network of some
7, 000 gauges, including those in Tasmania, provides a fairly satisfactory cover. The Common-=
wealth Bureau of Meteorology estimates that the average mean annual precipitation over the
continent is 18 inches, but it has been shown (Nimmo 1949) that the quantity of water reaching
the ocean is equivalent to only 1, 3 inches, the other 16. 7 inches being consumed by evaporation
and transpiration by vegetation.

The actual loss is greatly exceeded by the potential evapotranspiration loss, that is
the loss which would occur if the soil at all times held sufficient moisture to satisfy the evapor-
ation demand. By applying a factor of 0. 85 to the value of the isopleths shown on an evaporation
map of Australia (Comxn. Bureau of Met. 1963), based on records from standard Australian
evaporation pans, it is found that the mean annual potential loss from the continent is 87 inches
or nearly five times the mean annual rainfall, It varies from about 15 inches in the highlands
of Tasmania to 110 inches over a portion of central Australia.

Evaporation is less variable than precipitation. Whereas annual rainfall may vary
by about 100 per cent of the average at Deeral in the coastal region of north Queensland or
350 per cent of the average at Birdsville, the corresponding figures with respect to evaporation
are only 19 per cent for Wilcannia and 42 per cent for Hobart, (Table 1). The range of annual
evaporation expressed as a percentage of the average tends to increase slightly with increase in
the average evaporation, (Hounam 1963.)

% Former Commissioner, Irrigation and Water Supply Commission, Queensland.
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Table 1. Annual Evaporation in inches from Australian Standard
Pans at Australian Stations
No. Station L;t' Ye:frs ::::;1 Annual evaporation Range
Record |air Min, | Mean | Max, | Inches | % mean
temp. '
) op In. In. In,
W, A,
1. Chapman 28 30 13 66.9 70 78 86 16 20
2, Merredin 31 29 41 63.5 66 83 94 28 34
N, T,
3. Alice Springs 23 38 32 69.1 | 78 94 | 108 30 32
4, Katherine Res. Stn.| 14 27 9 - 83 89 109 26 29
S. A,
5. Adelaide 34 56 15 63,1 54 64 69 15 23
6. Waite Inst, 34 58 23 61,3 50 54 60 10 19
QLD.
7. Brisgbane 27 28 36 68.8 51 60 73 22 37
8. Kirkleagh 27 4 6 68,3 58 62 67 9 14
9. S. Johnstone 17 36 10 73.9 42 49 56 14 28
N, S. W,
10. Bathurst Exp,
Farm 33 24 28 56, 2 40 48 55 15 31
11. Burrinjuck 34 59 26 57.9 28 35 44 16 46
12, Canberra 35 18 17 56. 1 45 54 62 17 31
13, Cataract Res. 34 18 31 - 27 31 38 11 35
14, Griffith 34 17 32 62.0 53 60 70 17 28
15, Gunnedah 31 0 11 64,9 42 53 61 19 36
16, Leeton 34 30 15 62.2 46 54 57 11 20
17. Prospect 33 48 34 - 39 45 50 11 24
18, Umberumberka 31 48 31 65. 8 71 89 102 31 - 35
19, Wilcannia 31 31 28 66,7 63 69 76 13 19
20, Yenda 34 15 16 61.8 50 55 62 12 22
VIC,
21. Melbourne 37 49 82 58, 8 32 39 46 14 36
22. Merbein 34 10 ‘24 61.9 53 59 77 24 41
23, Werribee 37 54 41 57. 6 39 44 51 12 27
TAS,
24, Hobart 42 53 30 54, 4 25 31 38 13 42




19

Table 2. Average Monthly Evaporation Loss From Australian
Standard Pans at Some Australian Stations

No.
Years
Station of Maximum Minimum Diff,
Record
In, In. In,
Alice Springs P.O, 32 12.13 Jan. 3.40 June 8.73
Merredin 41 13. 14 Jan. 2.15 July 10. 99
Perth 7 9.92 Jan, 1. 97 July 7.95
Adelaide 15 9. 71 Jan, 2,00 July 7.71
Brisbane 36 7.42 Dec. 2. 87 June 4,55
Canberra 17 8,72 Jan, 1. 27 June 7.45
Melbourne 82 6,47 Jan, 1, 12 July 5. 35
Sydney 16 5.33 Dec. 1. 54 July 3.79
Hobart 30 4,84 Jan, 0. 92 June 3.92

The difference between average monthly maximum and monthly minimum (Table 2)
tends to increase considerably with increasing annual evaporation in the hotter and drier
regions, Maximum and minimum do not occur in the same months at all stations.

2. NEED FOR AN ADEQUATE NETWORK OF EVAPORATION
STATIONS IN AUSTRALIA

A report by the Commonwealth Bureau of Meteorology (Hounam 1961) shows
that at the close of 1957 there were only 96 evaporation stations operating, including 8 in
Tasmania. At 84 of these stations the equipment was a standard Australian pan, at the others
cylindrical concrete pans or other types. Only about 30 per cent of the stations had records
regarded as satisfactory; of the others, 12 had records that were too short to be of value, none
of them extending back to 1950. The records from many stations were unsatisfactory because
of defective measuring equipment, lack of maintenance, unsuitable exposure, incorrect depth
of water below the rim, or incorrect height of rim above the ground. Some of the Australian
type pans varied to a minor extent from the standard specification. In some cases the outer
tank was of concrete, Some of the pans were of copper instead of galvanised iron.

To anyone who is interested in hydrology and travels about Australia, the deplorable
condition of many of these pans is evident,

Because of the great effect of evaporation upon runoff, and consequently upon available
supplies of water, Australia, perhaps more than any other country, needs an adequate network
of evaporation stations.

3. DETERMINATION OF EVAPORATION FROM METEOROLOGICAL DATA

For the World as a whole, the average volume of water evaporated annually is
determined by the heat available from direct solar plus sky radiation received at the surface.
The average annual depth of evaporation, which equals the average annual depth of precipitation,
is given by Wust (1932) as 30, 4 inches and this is in close agreement with an estimate based on
solar radiation. Over small portions of the Earth's surface, although heat is the dominant
cause, other factors, principally wind and humidity, have an important influence on the rate of
evaporation, especially in the case of the very small water surfaces of evaporation pans,
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Research by many workers since Dalton, 1802, including Ferguson (1952),
Meyer (1942), Penman (1948), Rowher (1931), Sverdrup (1937), and Thornthwaite and
Holzman (1942), and the experiments at Lake Hefner (U.S. Geo. Surv., 1952, 1954) and
Lake Mead (U, S, Geo. Surv., 1958), have made it possible to compute the rate of evaporation
at any place by some formula provided that the values of certain meteorological elements are
known. Although such formulas have met with some degree of success, those which gave good
results at Lake Hefner were found to be unsuitable for use at Lake Mead. At very few places
in Australia - and at not many places in other countries - is the necessary data available or
likely to become available in the foreseeable future. This paper is restricted to the actual
measurement of evaporation by means of pans,

4. MEASUREMENT OF EVAPORATION BY PANS

For a long time to come, engineers and hydrologists will depend upon determining
evaporation by measuring the loss of water from a pan. Such pans may be of different shapes
and dimensions and be made of different materials. They may be supported entirely above
ground or be sunk into the ground. Floating pans, supported by a raft, either entirely above or
partly immersed in the water have been used at many places, but the temperature ot the water
in a shallow pan floating in a lake varies from that of the lake. Floating pans are more
affected by splash in and splash out than a land pan and they are not further considered in
this paper. :

5. PRINCIPAL TYPES OF EVAPORATION:PANS IN USE

With the exception of the Los Angeles County Flood Control District pan, all the pans
described below have stilling wells and are equipped with either micrometer-hook or
micrometer-float gauges for measurement of the water level (Rohwer 1934).

U.S. Weather Bureau, Class A, Land Pan:

This pan is 4 ft in diameter, 10 in. deep, made of 22~gauge galvanized iron and is
supported on 2 in. x 4 in. timbers with the bottom 6 inches above the ground. The surface of
the water in the pan should be maintained at not less than 2 in. nor more than 3 in. below the
rim, It has an internal stilling well (A.S.C.E. 1934).

The U,S, Weather Bureau "Instructions for Climatological Observers' (1952) shows
a Class A pan mounted on 2 in, x 4 in. timbers laid across 2in. x 4in. timbers on edge, but it
is stated that, if necessary to prevent movement, the foundations may be filled up provided a
space of at least one inch is maintained below the bottom of the pan, Under such conditions,
even a short crop of grass could almost completely prevent circulation of air under the pan.
It appears necessary that the clearance under the pan be definitely specified.

Its advantages are:~

(i More data is available from Class A pans than from any other type of pan;

(ii) It is comparatively cheap;

(iii) It is not affected by heat transferred to or from the soil through the wall
and bottom;

(iv) It is less liable to corrosion than a sunken pan of galvanized iron and leakage
is more easily detected;

(v) Being raised it collects less drifting weeds and soil;

(vi It is less liable than sunken pans to splash in during rain storms though
en p P g g
perhaps somewhat more liable to splash out.
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Its disadvantages are:-

(i) Being fully exposed to sun and wind it heats rapidly in the morning and cools
in the evening: its rate of evaporation varies more than does that of a
sunken pan;

(ii) Its average rate of evaporation is high and must be multiplied by a low co-
efficient to reduce it to the loss from a large surface of open water;

(iii) As regards interference by birds and animals drinking and bathing, it is
no better than other open pans.,

Colorado Sunken Pan:

This pan is 3 ft square and is usually 18 in, deep, but has been used at some sites
with depths up to three feet. It is made of 18-gauge galvanized iron. It is buried in the ground
within 4 in. of the top and the water level is supposed to be maintained within one inch of
ground level. It has an internal stilling well,

The ratio of length of rim to area of water surface is 12 per cent greater in the 3-ft
square pan than it would be in a circular pan of the same area. The rim heating effect is
therefore relatively greater in square than in circular pans. This disadvantage is not out-
weighed by any advantage. Moreover, it presents a varying aspect to the sun throughout the
day.

This Colorado pan is one of the oldest types and numbers of them are in use in
California and other southwestern States of U, S, A, but they are not to be preferred to a
circular pan.

U. S, Bureau of Plant Industry Pan:

This pan is 6 ft diameter, 24 in. deep, and is made of 22-gauge galvanized iron,
It is set 20 inches in the ground and the water surface is supposed to be not more than half an
inch above, nor half an inch below the ground level. It has an external stilling well. Except at
plant experiment stations, this type of pan does not seem to have been much used. Because of
its larger diameter it has a smaller factor (see Tables 3 and 4) than 3-ft pans, but it has no
practical advantage over them.

Standard Australian Pan:

This pan consists of a circular tank, 4 ft diam., 34 in. deep, sunk with its rim level
with the ground surface. Another tank, 3 ft diam., 36 in, deep, is placed concentrically within
the outer tank., Both tanks are made of galvanized iron or copper, the latter now being pre-
ferred. The water jacket formed by the outer tank is supposed to, be kept filled to ground
level. The inner tank, having its rim 2 in. above ground level, is supposed to be kept filled to
within 3in. of the rim, so the water level in it is about ovne inch below ground level.

If the water jacket is intended to insulate the inner tank, it fails in its purpose.
Whittingham (—) has shown that there is transfer of heat to and from the soil to the inner tank,
especially during wet summer periods. The water jacket does not prevent birds and animals
drinking from or bathing in the inner tank. Many of these pans, especially in remote regions,.
have been covered by wire netting, which must change their evaporation capacity to an unknown
extent.

At the two stations, Kirkleagh and Griffith (Fleming 1964), where both Australian and
Class A pans are installed, the range of monthly evaporation relative to the mean evaporation
for all months (Table 5) is rather less for the Australian than the Class A pan. However, that
is of no practical advantage because both pans need a coefficient. The Australian pan, like all
sunken pans, is liable to undetected leakage unless it is made of non-corrodible metal.
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Table 5, Departure of Maximum and Minimum Monthly Evaporation
and Range of Monthly Evaporation (Max. - Min,) as Per-
centage of the Mean Evaporation for All Months at Several

Stations
Pan 128 | 6# 3 ft Aust. | Classa.| 2 :tene 4
Kirkleagh +51 +53 +46 +48 +49
1957-62 -51 -48 -45 -46 -53
102 101 91 94 102
Griffith ' +78 +87
| -68 -71
146 158
Fullerton +66 +64 +58 +61
1936-39 -59 -58" ~-53 -56
125 122 111 117
Dryden +56 +59 +62
1950-55 - =55 ~53 -53
111 112 115

Reference to Fig. 1 shows that although the ratio E /E, is more than five per
cent higher in the semi-arid climate of Griffith than in the sub-tropical climate of Kirkleagh,
the two types of pan are consistent with each other at both stations in their seasonal variation
throughout the year.

Los Angeles County Flood Control District Pan:

This pan is two feet in diameter, three feet deep, and is set in the ground with
three inches of the rim exposed. A brass rod, pointed at the upper end and set in a block of con-
crete on the bottom of the pan, indicates normal water level, which should correspond to
ground level. Depth of evaporation is determined by adding or subtracting measured
quantities of water to bring the water level back to normal.

12-Foot Pan:

From observations commenced during 1915 at the Irrigation Field Laboratory at the
Office of Public Roads and Rural Engineering at Denver, Colorado, Sleight (1917) found that
evaporation from a 12-ft diameter pan was closely similar to that from a large water area.
Since then 12-ft pans, usually three feet deep, have been operated at stations in Texas,
Colorado, and California in comparison with pans of other types and sizes, and have been
found to give results differing by negligible amounts from those from lakes and reservoirs,



25

*€9-0961 __mmo_.f_x pue QS 1e sued y SSe[) PUB ‘ISNY 4O LUosLedwo) 184
a N o0 s v k& o0 AN dv W 4 o.,o
- i _ :
ybeapyaiy 1SNy

N L
wisg sny / P ,

\.\ \/ 3 ‘
\ \\ \\ N
V4 \\

/

\
SN
N
\ -
eV
7)
soyou| — uoljesodea Alyjuow ueopn

| RN 9
7 s AT
gy \ =~
(L~ . \/ R |
i \\‘ 7T ;ao_a_vt_v_ VvV sse)) \ y
; | s 8
\ / | W9 v sse|y— A
r h
\\ / m
/ | /
ART-TTRTR THTTS \
A——680°1L ubeaIIY <%
| =v3 \ﬁum oney | _ N
T Th




26

Table 6. Correlation between monthly evaporation in inches from a 12-ft diam. sunken
pan and that from various other types of pan

Type of pan Period No. of Regression equation Probable Correlation
and station Months error coefficients
4t pan

Kirkleagh 1957-62 72 E4=0. 930E12+0. 64 0. 0069 0.953
3ft pan

Kirkleagh 1957-62 72 E3=0. 906E12+0. 80 0. 0100 0.957
2ft unscreened
jpan

Fullarton 1936-39 48 E,=0. 9955E12+1. 07 0. 0094 0. 995
2ft screened

pan

Falcon Dam Apr. 1956 48 Ezs:l. 084E12-0. 05 0. 0026 0.992

Mar, 1960
i

Ft. Mclntosh 1950-55 67 E25=1. 124E12+0. 02 0. 0022 ] 0.985
Dryden 1950-55 70 EZS=O' 952E12+0. 54 0. 0075 . 0.950
Fullarton 1936-39 48 | E,=0.9927E,,+0.13 | 0.0661 | 0.993
lAust, standard
}L‘“

Kirkleagh 1957-62 72 EA=1' 059E12+0' 52 0. 0044 0.971
Class A pan

Ft. MclIntosh 1950-55 66 Ecp A=l 245E,,+0.57 | 0.018 0. 880
Dryden 1950-55 70 Ecp. A=l 41E12-0. 24 0. 0527 0.98
Kirkleagh 1957-62 71 ECl. -A=1. 094E12+0. 025] 0.0095 0.937

2-Foot Screened Pan:

At its Fullerton Evaporation Station, California, the U.S. Department of Agriculture
experimented with a Flood Control pan, 2ft diameter, 3ft deep, set in the ground 2. 75 feet, to
study the effect of shading by a screen upon the coefficient of the pan. The water surface was
maintained at ground level. A screen of galvanized hardware cloth, having a % inch wire mesh
is suspended horizontally in the pan midway between the top of the rim and the water surface.
This type of pan has also been used by other organisations (International Boundary and Water
Commission, U.S. and Mexico 1960, Young 1947).

It has been claimed that this pan gives results within 2 to 3 per cent of those from a
12-ft pan or lake, and Table 4 indicates that that is so for Lake Elsinore, Fullerton, and
Dryden, but not for Falcon Dam and Fort McIntosh.

Correlation coefficients between evaporation from a 2-ft screened pan and a 12-ft
pan (Table 6) are high at all stations but their order of magnitude is not the same as that of
the corresponding ratios in Table 4.
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The 2-ft screened pan is the only pan that is adequately protected from birds and
animals, and being small it is cheap. However, it is affected by variation in climate and
measurements made with it must be multiplied by a coefficient. It is therefore not a satisfactory
substitute for the larger pans. If equipped with automatic feed on the principal of the
Marriott bottle, it may be of great value as a long period evaporimeter in isolated localities.

The International Boundary and Water Commission - United States and Mexico, has developed
such an apparatus which has given satisfaction for several years particularly on an annual
basis, but it must be calibrated against some other pan preferably in the geographic area where
it is to be used. *

6. APPARATUS FOR MEASURING THE WATER LEVEL IN EVAPORATION PANS

The oldet type of apparatus, used on Australian pans (Comm. Bureau of Met. 1925),
consists of a fixed vertical screw, having 10 threads per inch, upon which is a graduated disc
which can be revolved until coincidence of two index marks shows that it just makes contact
with the top of a brass rod supported by a glass float within an internal stilling well in the pan.
Inches and tenths are read on a vertical scale, and hundredths and thousandths on the disc.

The reading apparatus, secured to a vertical brass rod bolted to the rim of the inner pan at

its lower end and supported at its upper end by not very rigid brass back stays, is about

three and a half feet above the rim of the pan. The device is comfortable for the observer to
read but is not sufficiently robust and is easily bent by careless handling, resulting in consider-
able frictional resistance to the float rod where it passes through three guides. In at least one
case damage to the apparatus resulted in leakage at the bolt holes in the rim of the pan which
was not detected for two years. The tall apparatus, if it does not disturb the flow of wind, may
absorb sufficient radiation to appreciably increase the rim heating affect.

More recent installations (Comm. Bureau of Met., 1954) have either a hook gauge
which just touches the water surface from below, or a point gauge which just touches it from
above. The gauge, usually within an internal stilling well, is read either by a vernier or a
micrometer device supported at a very small height above the rim. Especially in wet weather
an observer can hardly be expected to assume the near prone position necessary to accurately
read a vertical scale and vernier set only a few inches above ground level.

A micrometer device set low, having a horizontal disc graduated on its upper surface,
appears to be the best arrangement. A portable apparatus, made to straddle the rim of the
pan or fit into a prepared socket, would have no effect upon the pan between observations and
should be worth experimenting with.

Mechanical devices, which may have some influence upon evaporation, can be elimin-
ated entirely by daily adding to or subtracting from the pan a sufficient measured quantity of
water to bring the surface exactly to a fixed point. A container, graduated to correspond to
hundredths of an inch on the particular pan, is required. If exact daily measurements are not
required, water may be added or subtracted by a small ungraduated container to keep the water
level between two points, a small vertical distance apart.

Any error made in adding or subtracting water from a pan cannot later be corrected.
A hook or point gauge device has the advantage that an error in an individual reading does not
affect the determination of the total depth of evaporation over a long period.

% Personal communication.
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