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FOREWORD

Sea-surface temperature is an element used for a variety of purposes in meteorology
and its applications. The Commission for Marine Meteorology devotes great attention, in its
continuing work programmes, to the problem of arriving at measurements which are sufficiently
accurate, compatible and representative for the values that are sought. Results of earlier
comparisons were published in 1954 in Part I of WMO Technical Note No. 2 (WMO - No. 26.TP.8),
entitled "Methods of observation at sea-surface temperature".
As ships became faster and bigger, conventional methods for measuring sea-surface
temperature on board selected ships failed to give satisfactory results and the need was felt
to renew international efforts to arrive at greater uniformity of measurement. At the end of
1966, a Panel was established within the CMM Working Group on Technical Problems to study
various methods and instruments used for measuring sea-surface temperature. The Panel planned
and co-ordinated a programme of comparisons in which a number of Members actively engaged in
this type of investigation participated. A special log was designed to facilitate processing
of the data.
While this programme was going on, arrangements were made for scientific discussions
on the subject during the fifth session of CMM (1968), on the basis of a series of lectures on
the measurement of sea-surface temperature and the uses of such measurements. These lectures
have been published in WMO Technical Note No. 103 (WMO - No. 247,TP.135) entitled "Sea-surface
temperature".
Some 16 000 log entries were. received from measurements made over all oceans
including Arctic waters and the president of CMM gratefully accepted the offer from the U.S.
Naval Oceanographic Office, Washington D.C. to process and analyse this wealth of data. The
present publication co�tains the results of the analysis and a discussion of the various
conclusions which can be drawn.
My sincere appreciation is due to those Members who arranged for these special
observations to be carried out on board their selected ships, to the ships' officers for
their willingness to participate in this programme and to the experts who conducted the pro
gramme; I should mention in particular the members of the Panel: Mr. A. B. Crawford,
Mr. J. M. Dury, Dr. H. Walden, Captain R. Mottern; Captain J. D. Booth who co-ordinated the
programme after CMM-V and Dr. R. W. James who, with Mr. P. T. Fox, processed and analysed
the data and thus made this publication possible.

(D. A. Davies)
Secretary-General

COMPARATIVE S EA SURFACE TEMPERATURE MEASUREMENTS
Richard W. James and Paul T. Fox
1.

INTRODUCTION

1.1

Sea surface temperature observations
Under the auspices of the World Meteorological Organization (WMO) an inter

national program exists under which ships of many countries measure sea surface ternperatures and report them to weather centers.
The vast majority of temperatures are measured by one of two methods; by
sampling the near surface waters with a bucket and measuring the temperature of the
water thus obtained, or by measuring the temperature of the water drawn into the con
denser intake system.

A few observations are made by towed thermistors, radiation

devices, or instruments fixed to the exterior hull, but these represent a very small
percentage of the total number of reports available.
Data obtained through this cooperative program are utilized in many scientific
and commercial applications involving air-sea interface processes or delineation of the
surface isothermal pattern.

Generally sea surface temperature data are satisfactory

where the user requires either only approximate values in real time or long term means
for large areas.

Applications involving changes in the isotherm pattern for localized

areas or over short time periods, however, are not satisfactory due to errors in the
data.
Typical errors in observations

1.2

Errors in sea surface temperature reports are due to many factors but fall
generally into three categories:
(i)

Position error.

The ship's true position is not as reported for.the sea

surface temperature observation due to either poor navigation or coding and trans
mission errors.

This leads to problems in analyzing the data which are compounded if

both the temperature reported, and its position, are in error.
(ii)

Measurement error.

Errors arise from uncalibrated thermometers, poorly

sited thermometers which are difficult to read, thermometers with crude scales, and
from local influences such as engine room heating.

Sampling at random depths, as a

- 2 function of ship intake depth, or type of instrument, contributes to this type of
error.
(iii)

Observing technique.

do not agree exactly.

Temperature observations made by different instruments

Carelessness in making an observation, particularly with bucket

sampling, can lead to significant errors in the sea surface temperature under certain
environmental conditions.

Included in this category are errors arising from differ

ences in type of bucket or bucket thermometer, and through faulty coding of the
observation.
Errors in sea surface temperature reports due to faulty navigation are small
except near major oceanic fronts and will be further reduced as navigation aids con
tinue to be improved.

Although Gibson (1) found that 19 percent of synoptic sea sur

face temperature reports received ashore disagreed with the value originally entered
in the ship's log, this problem has also been reduced by simplified codes and more
reliable communications.

Improvement in the accuracy of temperature reports may be

realized, however, through standardization of observing techniques and measurement
systems.

The most desirable procedure in this regard would be to determine the optimum

measuring instrument and technique and request all ships to follow a single standard
procedure.

Because of the voluntary nature of the weather reporting program and the

diversity of the ships participating this solution is probably not feasible.

A second

method of improving the data input is to identify all outside influences leading to
errors in the sea surface temperature observation and try to reduce their effects to
a minimum.

If the variability between intake and bucket observations is established

as a function of the local environment, it may be possible to correct temperature mea
surements made by one observing technique to be compatible with those made by others.

1.3

Objectives of comparative test
Recognizing the need to reduce errors in sea surface temperature observations

the Working Group on Technical Problems of the Commission for Marine Meteorology
established a panel towards the end of 1966 to review techniques for observing
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sea...surface temperatures.

The panel* was formed for the express objective of

organizing a program to collect comparative sea.surface temperatures.

It was

hoped that from these data a standard technique could be determined, and the
ieasibility established of correcting temperature data obtained by various
observing means to compatibility with the standard.

The purpose of this report

is to describe the comparative program, and to interpret the results in terms
of the objectives expressed by the panel.
2.

COMPARATIVE TEST

2.1

Procedure followed
Comparative tests of different techniques for measuring and reporting sea

surface temperatures were made during 1968 and again in 1969-70. The procedure fol
lowed was to have participating countries distribute a special log form to ships
selected to make the desired comparisons.

In order to ensure that the comparative

data are representative of sea surface temperatures normally reported by ships it was
requested that observers follow routine procedures regularly utilized aboard the ship
in making their observations.

Comparisons were made at standard synoptic reporting

times (00, 06, 12, and 18 GMT) and only in deep water locations so as to minimize
coastal influences.

It was requested that the instruments employed for making the

comparative tests be properly calibrated prior to each voyage.
Completed logs were sent either to the U.S. Naval Oceanographic Office for
transfer to punch cards or in some cases the cards were prepared by the participating
country and then forwarded.
2.2

Log format.
The comparative sea surface temperature log was designed with 78 columns for

easy transfer of the data to computer punch cards. Environmental data desired for
correlation to the temperature data occupied the first half of the log. This included

*Panel members were:

Mr. A. B. Crawford (South Africa)
Mr. M. Dury (Belgium)
Dr. H. Walden (Fed. Rep. Germany)
Capt. R. Mottern (United States)

- 4 place and time of the comparison, information as to ship size, type, course and speed,
as well as meteorological conditions of clouds, air temperature, wind, waves, and
precipitation. Water temperatures were requested for intake and bucket observations
as well as any other available technique, including a different type bucket.

Tem

peratures were recorded to degree and tenths Celsius although it is likely that some
instruments are not accurate to a tenth of a degree. Periphery information regarding
the measurement technique was requested such as distance of the observing point from
the ship's bow, side of ship from which the observation was made, depth of the intake,
or height of the deck �hove the sea surface. A sample of the log, given in Appendix
A, includes on the reverse a description of coding procedures which were utilized in
filling in the log.
2.3

Distribution of data.
A total of 16,132 log entries were received through the WMO comparative sea

surface temperature program.

These reports were distributed with respect to areal

and seasonal coverage as shown by Table I. As would be expected data were concen
trated along shipping lanes with the highest percent coming from the North Atlantic
and North Pacific Oceans.

The distribution of the data in a latitudinal sense was

approximately 37 percent between O and 25 ° , 52 percent in the zone 25 to 49.9 and the
remaining 11 percent poleward of 50 ° .
Although there were a total of 16,132 separate log entries many ships did
not fill in all possible categories on the log.

There were, for instance, 15,438

bucket temperatures reported, of which 13,876 included an intake temperature for
comparison purposes.

Reports with both intake temperatures and a second non-bucket

temperature observation numbered only 2,316.

A wide range of temperatures were observed

as evidenced by the distribution of bucket temperatures in Table II.

- 5 TABLE I AREAL AND SEASONAL DISTRIBUTION
OF COMPARATIVE TEMPERATURE DATA
Ocean Area

Spring

Sunnner

Fall

Winter

Total

N. Atlantic

1585

2320

2271

933

7109

329

370

497

323

1519

96

82

66

20

264

Indian

403

329

s.

463

490

1685

Pacific

304

212

253

371

1140

N. Pacific

673

1550

1407

513

4143

Arctic

o
__

256

_J&_

__o

_111.

Total

3390

5119

4973

2650

16132

s.

Atlantic

Mediterranean

TABLE II FREQUENCY DISTRIBUTION OF BUCKET TEMPERATURES
Sea Surface Temperature ( ° C)
0 5 10 15 20 25 30 -

4.9
9.9
14.9
19.9
24.9
29.9
34.9

Frequency
438
735
2133
3421
4077
4573
61
15438

The distribution of bucket data has a mean temperature of 20.2 ° C and a stan
dard deviation of 6.6 ° C, but is skewed to the warm side so does not fit a normal
distribution.
3.

STATISTICAL ANALYSIS

3.1

General approach.
The initial task was to check the data for errors and inconsistencies. Key

punching and other obvious errors were edited out and the data plotted on a world chart·
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to assist in identifying position errors.

After this processing there remained

13,876 pairs of temperatures, taken by bucket and intake techniques respectively,
under varying environmental conditions.

Statistical analysis was applied to answer

the following questions:
(i)

Is there a significant difference between sea surface temperatures measured

by intake and bucket techniques?
(ii)

If there is a difference, can it be defined as a function of specific en

vironmental conditions or ship characteristics?
It should be noted that it is only the differences between two measuring
techniques that will be determined, not error or accuracy.

Without a third observa

tion of some ten times the accuracy of the intake and bucket readings the "true"
temperature is unknown.

A small number of comparisons were available with a third

observation, but generally the accuracy of the latter instrument was no better than
the above instruments.

Where a more exact thermometer was used the number of observa

tions were too few from which to draw conclusions.

Since accuracy cannot be used as

a guide in determining a standard technique, the basis for the selection must be ease
of technique, conservativeness of the observations, and economical considerations.
Sufficient data are available to determine the mean differences between
intake and bucket temperatures for various values of environmental or ship charac
teristics.

The problem is to ascertain whether the differences follow some simple

pattern, thereby permitting corrections aboard ship as a function of a number of
parameters, or are they complex and interrelated in such a manner to preclude any
systematic correction system.

A difference may exist, varying with some of the en

vironmental properties, and yet the average difference for all the data may be zero.
Differences between the bucket and intake temperatures are produced by both
1
systematic and random causes. Systematic differences are associated with the accuracy
of the instruments used and, if a bias is identified, corrections made to reduce the
differences.

Random differences are produced by fluctuations in the environment to

which the two measurement techniques respond differently.

Only if the response follows

- 7 some pattern would it be feasible to apply corrections.

In any case, the correction

would only reduce the difference in temperatures measured by two different procedures,
and would not improve the accuracy of the observation.
3.2

Relative and absolute differences (Ti-Tb)
The first statistical comparison was the mean relative difference between

the intake and bucket temperatures (Ti-Tb) for various environmental conditions, and
the standard deviation of these differences.

This was done for the following categories:

All data
Latitude
Seasons
Local solar time
Ship type
Ship displacement
Ship speed
Wind speed
Precipitation
Air-sea temperature difference
Cloud cover
Wave height
Type of intake thermometer
Depth of intake
Distance inboard of intake thermometer
Side of ship observation made
Type of bucket
Wind relative to ship heading
Ocean areas
For all categories except "side of ship observation made", there were over
11,000 comparisons available; in the above case there were 7,434.

In making the

statistical comparisons, each category was divided into four or more classes in order
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to establish the variation of the temperature difference (Ti-Tb) with varying condi
tions.

All of these comparisons are given in Appendix B.
Relative difference establishes a bias if one exists, perhaps indicating

intake temperatures are warmer than bucket temperatures for the general case.

If,

however, the intake temperature is above the bucket as often as it is below then the
relative difference would be zero.

To provide an indication of the mean difference be

tween individual observations the mean absolute differences were computed for the same
categories as above and the results also included in Appendix B.
A nineteen-variable multiple correlation coefficient matrix was also calcu
lated in order to select those categories from the log most likely to be predictors
of the difference Ti-Tb.
3.3

Signif icance of differences
Examination of the data in Appendix B reveals what appears to be meaningful

differences between intake and bucket temperatures as a function of varying outside
influences.

In order to establish that these differences are statistically significant,

i.e., real, not due to random chance, certain tests for significance were made.
A null hypothesis is made that there is no difference between temperatures
measured by bucket and intake methods.

To test the validity of the hypothesis the

differences between the two samples are computed and the hypothesis rejected if the
distribution obtained is improbable.

If the results are not statistically improbable

the hypothesis is accepted.
The usual test is to compare the means of two samples and using standard
deviations determine whether one mean could, with a high probability fall within the
distribution of the other mean.

A null hypothesis is established that the mean bucket

temperature for a given category (say winds of 7-13 knots) is not different�. the
mean intake temperature for that category.

If the probability of the means falling

within the same sample population is less than five percent, the null hypothesis is
rejected and it is inferred that the means are different.
In applying these tests for significance, it is necessary to establish the
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form of the frequency distribution of a sample since the initial assumptions are that
the data samples are normally distributed, independent, random observations.
case these assumptions are not valid.

In this

The data are neither independent nor random

because each observation is along a ship's track within a six hour period.

Independent

data are difficult to find in oceanography since the movement of a front, or modifica
tion of a water mass may produce numerous observations with the same anomalous tendency.
A more serious problem was that the chi square test of goodness of fit, and
other tests showed the data are distributed in neither a normal nor any other standard
statistical distribution.

Transformation of the data was attempted but in these cases

it was still not possible to approach a standard distribution.

Without a standard

distribution relatively simple tests for significance cannot be applied and tests
that are applicable to unknown distributions are less conclusive.
Under these conditions the use of non-parametric statistics is the only ap
proach to deducing significance.

It was decided to use the median as the measure of

central tendency and the sign test as the test for significance, Ostle (2).

This test

is based on the relative distribution of plus comparisons, where Tj_)Tb, to minus com
parisons, where the reverse is true.

A level of significance is established at the

95 percent level if the number of plus or minus comparisons is less than a computed
value based on probability.
Since the data were not normally distributed it was not possible to establish
the significance of the correlations but the matrix was used in selecting categories
to be statistically analyzed.
4.

RESULTS OF STATISTICAL ANALYSIS

4.1

Difference between Ti-Tb for all data
On the basis of 13,876 comparisons representing all seasons, all oceans

and many ships the intake temperature is on the average 0.3 ° C warmer than the bucket
temperature.

This is significant at the 95 percent level.

For these data 68 percent

of the comparisons were within ±0.9 ° C and 87 percent within ±2.9 ° C.
tribution for the range ±3.0 ° C is shown in Table III.

The frequency dis

oc

-3.0
-2.8
-2.6
-2.4
-2.0
-1.8
-1.6
-1.4
-1.2
-LO

-0.8
-0.6
-0.4
-0.2
0
0.2

17
11
20
10
14
14
14
17
35
34
40
45
47
61
61
67
87
117
199
145
177
234
295
342
479
570
746
758
1035
671
806

1.8
2.0

70

0.6
0.8
1.0
1.2
1.4
1.6

2.2
2.4
2.6
2.8

3.0

83

52

50

48
40

36
42
22

26
12
17

TABLE III
DISTRIBUTION OF (T1-Tb)

N=13511

-�

ii-

-.

Ei53

664
631
580
450
458
382
418
308
302
212
152
181
150
113
97

0.4

-..
--

Freauencl7
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- ll These results are not surprising.

A number of studies have shown that the

intake technique of observing water temperatures often gives higher values than that
of the bucket.

The above value is identical to that found by Walden (3) who used

13,847 observations of water temperature.

His data consisted of simultaneous bucket

and intake readings taken during 1960 or prior years, and was screened to eliminate
cases where the temperature differences were more than 3 ° C.
Another study, based on 6826 observations, was made by Saur (4) utilizing
twelve ships transiting the north Pacific Ocean.
with a standard deviation of 0.89 ° C.

He found a mean difference of 0.67 ° C

The WMO Technical Note 2 (5) discusses bucket

and intake observational techniques and presents cotIDllents by several countries on the
subject.

General agreement was reached by all countries that the intake temperature

reading is warmer than the bucket, the magnitude varying from 0.08 to 0.8 ° C.
Although mean differences, or the bias, are not large individual differences
1

between simultaneous intake-bucket temperatures are often in excess of 2 ° C.

Robinson

(6) reported individual differences between intake and bucket readings on Ocean Station
Vessels as large as 6 ° C.
The 0.3 ° C difference between intake and bucket temperature is generally
ascribed to engine room heating, but may be partially due to cooling of the bucket
sample.

Roll (7) measured the change in temperature of a bucket water sample over a

one-minute period as a function of wind and air-sea temperature <lifferences.

The

tests were made in a wind tunnel and he found that for winds of 4 mps and an air-sea
temperature depression of 5 ° C the bucket sample cooled 0.3 ° C within one minute.

For

stronger winds (13 mps) with a cold air mass the sample of water decreased in tempera
ture 0.1° C every 6 seconds.

Obviously, a short delay in reading the bucket thermometer

can introduce significant changes in its temperature.
Variations in Ti-Tb for specific factors

4.2
(i)

Latitude.

As seen by Table B2, between the equator and 50° latitude the

temperature difference is essentially the same as for all data.
there was no significant difference between the methods.

Above 50° latitude

This may reflect the influence

- 12 of the colder waters on reducing engine room temperatures while at the same time the
positive air-sea temperatures act to warm the bucket sample.
(ii)

Seasons.

Seasons show a definite influence on the mean intake-bucket tem

perature difference but this most likely is not due to the seasons per se, but because
of changes in mean wind force, and air-sea interface differenCials that are themselves
a function of the seasons.

As shown by Table B3 winter exhibits a larger mean differ

ence between Ti and Tb than the remaining seasons.

This would be expected, due to

the stronger winds and increased atmospheric instability which contribute to lower
bucket readings.

A study by the Netherlands Meteorological Service, and reported by WMO

(5), found a seasonal bias in the differences between bucket and intake readings, with
a minimum in sununer and autumn and a maximum in winter.
(iii)

Local time.

Table B4 shows the mean difference of Ti-Tb for local time periods.

According to the sign test the differences are significant for any given time period,
but the variation between time periods cannot be established as significant.

The reduc

tion in Ti-Tb during the afternoon hours is explained by Walden (3) as due to increased
insolation which both heats the surface waters and causes direct warming of the bucket
sample.

Walden found the mean difference in temperature to vary from 0.14 ° C in the

afternoon to 0.35 ° C at night, where values for comparable time periods in the present
study varied from 0.16 ° C to 0.34 ° C.
(iv)

Ship type and displacement.

of ship and displacement.

Tables B5 and B6 show Ti-Tb as a function of type

There is no significant difference indicated between the

measuring systems for fishing vessels· and "other" ships, or for small tonnage ships.
The majority of the "other" ships are government operated which may reflect more con
sistent observing techniques.

For freighters and tankers the mean difference is similar

to that found when all data are considered with the variation between the two types not
significant.

There is an impressive increase in mean values of Ti-T b as the ship size

increases to over 10,000 tons.
(v)

Depth of intake. distance inboard of intake thermometer.

On the basis of

both of these factors the difference between the two measuring techniques increases as

- 13 a function of increasing intake depth, and distance inboard of the intake thermometer.
This reflects the same influence found in ship displacement, as the deeper intakes
and longer intake distances inboard are associated with larger ships.
An increase of temperature difference between Ti and Tb with increasing intake
depth would be expected since under certain meteorological conditions a vertical gradient
of water temperature is present.

A study by James and Shank (8) of the thermal struc

ture of the western North Atlantic showed that isothermal conditions prevailed through
the first 9 meters 40 to 76 percent of the time on a monthly basis, with an annual
average of 57 percent.

A gradient of 0.6 ° C per 8 m (equivalent to the relative differ

ence found in Table B for 7-9 m intake depth), however, occurred on the average 6 per
cent of the time during the year.

During summer months 23 percent of the bathythermo

graphs showed gradients of at least this magnitude.
A study by the Netherlands Meteorological Office described in reference (5)
compared Ti-Tb against the depth of the intake for selected Marsden squares.

They

found the discrepancy between the two techniques significantly less when the intake
water is drawn from a shallow depth (3 m).
(vi)

Wind speed.

Increasing wind speed is generally considered to produce errors

in bucket readings through evaporation cooling.

Although the mean differences of Ti-Tb

are significant for each category there is little variation below 22 knots.
greater than this speed the means difference increases considerably.

For winds

This same pattern

was also reported by Roll (7).
Winds can also influence the sea surface temperature through movement of the
ship.

Stevenson (9) studied the temperature pattern around a moving ship and found that

the ship often modifies the surrounding surface temperatures within several hundred feet.
With a 12 knot beam wind for instance he found the water on the lee side of the ship was
decreased by 0.3 ° C due to water rising from the keel depth.

At higher wind speeds the

area of temperature anomaly was spread over a larger area but the magnitude remained at
0.3 ° C.

Similar effects were noted for head and following winds although not as great

nor as consistently as for beam winds.

- 14 A study by the Netherlands Meteorological Service (5) investigated the differ
ence between the bucket and intake temperature measurement from merchant ships and also
found a larger difference in Ti-Tb associated with higher wind forces.
(vii)

P�ecipitation. Table B9 shows that the mean relative difference between

intake and bucket temperatures is larger when precipitation is occurring than when
the weather is good.

From a mean value of .27 ° C for Ti-Tb with no precipitation,

the mean difference increases to values of .38 to .86 ° C for rain or snow.

The number

of cases are too few (17 for snow) for further breakdown, but it is possible that the
wind generally associated with the heavier precipitation contributes as much to lower
bucket temperature readings as the precipitation itself. Although rain and snow gener
ally lower the temperature of the water sampled by bucket the degree to which this
occurs is a function of the water temperature, type and temperature of the precipitation,
water stability and mixing.

In high latitudes for instance, the rain could be warmer

than the sea surface, and reverse the normal trend.
(viii)

Air-sea temperature difference.

As would be expected from experiences with

bucket readings the air-sea temperature differential is an important influence on
the mean value of Ti-Tb.

Roll (7) showed on the basis of wind tunnel tests that for a

wind of 10 mps the temperature of a water sample decreased 0.30 ° C and 0.85° C in one
minute for air-sea temperature differences of -5° C and -10 ° C respectively.

Considering

the rapidity with which the bucket sample cools in an unstable atmosphere, it is not
surprising that the mean Ti-Tb value for the very unstable case is so large.
The reverse is also true to a lesser degree.

According to the United Kingdom

Meteorological Office (10) an insulated bucket containing water at 15° C below the air
temperature placed in the shade in a still area, the water will warm at a rate of 0.19 ° C
per minute.
(ix)

Cloud cover and wave height.

These properties are considered in Tables Bll

and Bl2 but the value Ti-Tb reveals no significant variability as a function of increas
ing wave height or cloud cover.
(x)

Type intake thermometer.

Highly significant changes in the mean value of

- 15 Ti-Tb occur when a precision thermometer or thermistor probe are used to record tem
peratures in the intake system.

Where the standard mercury thermometer averaged 0.3 ° C

warmer than the bucket readings, the more precise instrumentation reduces this differ
ence to .09 ° C.

These figures indicate the intake thermometer is one of the more

important influences on the magnitude of Ti-Tb.

The data base is insufficient to com

pare temperatures taken by precision means to temperatures measured by mercury thermo
meters under varying environmental conditions.

If this could be done it may show that

the two observing techniques are both satisfactory when good thermometers are available
and care is taken by the observer in making the observation.

Farland and Kuhn (11)

evaluated a number of sea surface temperature measuring systems in an attempt to estab
lish the most desirable method for obtaining temperatures during surveys.

They utilized

thermistor probes in the intake, towed thermistors, probes mounted on the outside of the
ship, and bucket samples with thermistors to make simultaneous hourly readings.

Com

parison of each temperature to the mean of all readings for a given observational time
revealed that the majority of all instruments were within ±9.1 ° C of the average.

Their

conclusion was that with competent observers and good thermometers the reliability of
the data is independent of the observing technique used.

Since the towed devices, and

hull-mounted thermistors experienced vibration or other mechanical problems, the intake
probe or bucket reading were considered more desirable operationally.
(xi)

Side of ship observation made.

Table Bl6 shows a significant difference in

Ti-Tb for bucket observations made on the windward side of the ship compared to those
made on the leeward side.

Wind direction relative to ships heading on the other hand

is a poor predictor of Ti-Tb (Table Bl8).

The increase in Ti-Tb for the windward may

reflect the increased wind speed at the bucket on the windward side and the associated
cooling of the bucket sample.
(xii)

Type of bucket.

Table Bl7 indicates, as did Table Bl3 for intake instruments,

that the type of instrument used does make a difference.

The German, Crawford and "other"

buckets (national) all performed satisfactorily, insulated canvas did not.

The Polish

bucket readings were considerably lower than the intake temperatures but the number of

- 16 observations (25) are too small to draw any conclusions as to its reliability.
(xiii)

Ocean area.

Although Ti-Tb does fluctuate as a function of ocean area (Table

Bl9) the variations are due to the different environmental influences that predominate
in certain areas, rather than the areas themselves.

A correction system would be

applied according to physical properties, not for an area.

Negative values of T i-Tb

in the Arctic indicates the influence of positive air-s·ea temperatures.
(xiv)

Other factors.

Several other comparisons were made between Ti-Tb and environ

mental conditions or ship characteristics, but for none of these did the value Ti-Tb
vary as a function of changes in the parameters.

Other factors tested included dis

tance of the condenser discharge from the bow, side of the ship for condenser discharge
compared to intake and bucket locations, distance between intake and condenser for
cases where the intake is aft of the condenser discharge, and wind direction.

Although

wind direction relative to ship bearing is an indicator of the magnitude of Ti-Tb,
wind direction alone is not.
4.3

Miscellaneous measurements.
The comparative temperature log had space for sea surface temperatures measured

by other means than the bucket or intake method.

These consisted of drogues, trailing

thermistors, use of portable infrared devices and a category called "other instruments"
which generally was used to record a second bucket device or thermistor tow, or in some
cases was unexplained.

Temperatures measured by these instruments were compared to the

bucket temperatures, with the results shown in Table IV.

TABLE IV

MISCELLANEOUS INSTRUMENTS CO MPARED
T O BUCKE.T T EMPERATURE (Tb -T in )
s

Mean Rel. Diff. oc

Stand. Dev. oc

.1L

.17

.37

9:1

-.04

.61

306

Portable IR

-.03

.0.9

26,

Other instruments

-.04

.75

3159

Mk 1 Drogue
Trailing

thermistor

- 17 There is no apparent difference between temperatures measured by these in
struments and the bucket temperatures.

Accordingly any one of the methods could be

a reliable means for acquiring temperature data assuming no mechanical breakdowns or
operational problems.

The number of drogue and IR measurements were too few to reach

a measure of significance.

5.

DISCUSSION

5.1

Relevant factors influencing Ti-Tb.
On the basis of the statistical tests the following meteorological or instru

ment characteristics are considered relevant to the compatibility of intake and bucket
temperatures:
(i)

Wind speed

(ii) Air-sea temperature difference
(iii) Precipitation
(iv)
(v)
(vi)
(vii)
(viii)

Type bucket
Type intake thermometer
Depth of intake
Location of intake thermometer
Ship speed
A number of other factors showed influence on the magnitude of T i-Tb but

these were indirect relationships not based on physical processes.

Examples are

seasons, ocean areas11atitude, ship displacement and ship type.
A study by Knudsen (12) of comparative temperature

measurements made aboard

a Norwegian ship reflects similar difficulties in establishing significant predictors
for the difference between the two techniques.

He states "it is difficult to give a

correct answer to the question whether there is a statistically significant difference
between the two measuring systems" (intake and bucket).

Knudsen's investigation was

based on comparisons of temperature observations made by thermistor probes in the intake
system and by use of German buckets.

Since all of the observations were made on the

same ship over a period of a year more than average care was taken in the observing

- 18 technique.

Attempts at analysis revealed the same problems encountered in this study;

the data not normally distributed and even non-parametric tests were not successful
in establishing significant differences.
One parameter that was established by Knudsen as a significant predictor of
Ti -Tb was the distance inboard of the intake thermometer.

A thermistor probe was

located near the hull in the intake system, a second further along toward the center
of the ship.

The latter probe was O.169 ° C higher on the average than the measurement

made nearer the hull.

This is similar to the results of Table Bl5, where the difference

Ti-Tb increased as a function of the distance inboard of the intake thermometer.
Knudsen found that on the average intake temperatures were O.O88�C warmer than
those found from bucket observations, but concluded that the difference between the two
systems could not be considered statistically significant.

His values agreed very well

with Table Bl3 which shows for thermistor probes the mean difference for Ti-Tb to be

O.O9 ° C.
5.2

Feasibility of corrections.
Of the factors listed above as relevant to Ti-Tb the first four pertain mostly

to bucket readings,while the remainder apply to the intake technique for measuring sea
surface temperatures.

Any correction sys tern utilized would be based on these parameters

and should not include the indirect predictors described above.

The system would be dual,

reducing intake temperatures as a function of ship characteristics while the bucket
readings would generally be increased during cases where winds are strong, atmospheric
stability extreme and precipitation occurring.

The correction in these latter cases

could be mis-applied since a careful observer can minimize the amount of cooling to the
bucket sample normally expected.

Applying a standard correction would then negate his

efforts.
Crawford (13) discusses several possibilities for reducing the discrepancy
between intake and bucket temperatures, including the possibility of using bucket
readings as a standard except when the environmental conditions prevail that most strong
ly influence the bucket sample.

Under those conditions the intake temperatures would be

- 19 used.

He concludes however that it would be unrealistic to expect the observers to

relate the method of observation to be used to either environmental or geographic con
In the same way, it would be undesirable to ask the observer to apply

siderations.

corrections to a sea surface temperature observation when the correction procedure would
not be simple.
The question may also be raised as to how accurate a temperature reading
should be required considering the extent of thermal noise in the oceans.

An observa

tion made at one point reflects an estimate of temperature for an unknown area and
duration of time.

A perfect observation, at one instant, may be unrepresentative of

the area within a few hours due to advection, heating, mixing or other processes.

The

real problem in analysis lies in lack of data, with the result that analysts group
the available data over time periods several days in length, and then errors in the
observations introduce questionable isotherms.

Franceschilli. (14) found that ship re

ports of sea surface temperature, when averaged over one degree squares for 10 to 20
days, agreed quite well with isotherms for the same area and time based on oceanographic
cruise data.

The ship's sea surface temperatures cannot be utilized to portray true syn

optic conditions, or show fine details in anomalous areas.

For this one must depend

upon buoys, airborne radiation thermometers, or continuous measurements from a ship.
6.

CONCLUSIONS
On the basis of the statistical analysis certain trends or indications were

identified in the comparisons.

Although it was not possible to establish how different

the techniques are statistically it was possible to show that they are not the same in
many cases.
(i)

Within this limited basis it is concluded that:

A standard system for observing sea surface temperature cannot be established

on the basis of the comparative tests since it is not possible to judge accuracy.
(ii)

Both measuring techniques are subject to errors produced by variability in

either local environmental conditions or the characteristics of the instrument installa
tion.
(iii)

Intake temperatures average 0.3 ° C warmer than those measured by bucket samples.

- 20 This bias can be reduced by employing better intake thermometers located closer to
the point of water intake.
(iv)

Bucket temperatures are modified when samples are taken under any or all of

the following conditions; strong winds, extreme air-sea temperature differences, or
heavy precipitation.
environmental
(v)

The choice of bucket has a bearing on the degree to which these

influences modify the temperature.

Owing to the difficulty in establishing exact predictive factors for ad

justing either Ti or T b as a function of modifying factors a correction program is not
feasible.
(vi)

The best approach to decrease the discrepancy between the intake and bucket

observing techniques is to encourage use of improved intake thermometers located as
close as possible to the hull, and to continually stress that observers should use
great care in making bucket readings during conditions of strong winds, large air-sea
temperature differences and heavy precipitation.
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APPENDIX A LOG ENTRIES
CODE TABLES
*Table 1 (Q)
Quadrant

Table 2 (Z)
Type of Ship

N

1.
2.
3.
4.
5.

Q=l

Q=7
(N. Lat.
W. Long.)

(N. Lat.
E. Long.)

W - Equator-----+-------Q=S

Freighter
Tanker/Bulk Carrier
Passenger
Fishing Vessel
Other (Explain)

E

Q=3

(S. Lat.
W. Long.)

(S. Lat
E. Long.)

s
*NOTE:

Either figure may be used
when ship is on dividing line.
Table 3 (J)
Displacement (tons)

Table 4 (I)
Intake Instrument

1.
2.
3.
4.

1.

100 or less
101 - 500
501 - 1000
1001 - 5000
s. 5001 - 10,000
6. 10,001 - 20,000
7. 20,001 - 30,000
8. 30,001 - 50,000
9. over 50,000

2.
3.
4.

Ordinary Mercury
Thermometer
Precision Thermometer
Thermistor
Other (Explain)

Table 5 (B)
(Type Bucket)

Table 6 (Or)
Other sea temp. (Method)

1.
2.
3.
4.
5.
6.

1.
2.
3.

Canvas, uninsulated
Canvas, insulated
Crawford
German
Polish
Other (Explain)

4.

Mk. 1 Drogue
Trailing Thermistor
Portable infra-red
thermometer
Other (Explain)
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XX
MM
yy

Q

LaLaLa
LoLoLoLo
GG
SS

z

J

DD
VsVs
dd
ff
WW
TTT
N

¾},

LiLi
Di
Si
Lh
TiTi Ti
LdLd
sd
B
LpLp
LhLh
Sp
T bT bT b
ot
LtLtLt
Ds
St

Year (last two digits of year)
Month (01-12)
Day of month (01-31)
Quadrant of globe (Table 1)
Latitude (degrees and tenths)
Longitude (degrees and tenths)
GMl' of observation (00-23)
Serial Number of observation during a voyage (01-99)
Type of ship (Table 2)
Displacement of ship (Table 3)
Ship's Course (tens of degrees true, 00-35)
Ship's Speed (knots, 00-99)
True Wind Direction (tens of degrees, 00-35)
True Wind Speed (knots 00-99)
Present Weather (FM 21 code)
Air Temperature (degrees and tenths Celsius)
Total Cloud Amount (octas 0-8)
Height of Wind Waves (half-meters, 00-99; i.e. "3"=1 1/2m
Type Instrument for Intake Temperature (Table 4)
Distance of Intake from Bow (meters, 00-99)
Depth of Intake below Water Line (meters, 0-9)
Side of Ship Intake L ocated (1-windward, 2-leeward)
Distance of Instrument Inboard from Hull (meters 0-9)
Intake Temperature (degrees and tenths Celsius)
Distance of Condenser Discharge from Bow (meters, 00-99)
Side of Ship on which Condenser Discharge Located (1-windward,
2-leeward)
Type of Bucket (Table 5)
Distance of Observation Point (over-side) from Bow (meters, 00-99)
Height of Observation Point (over-side) above water line (meters, 00-99)
Side of Ship from which over-side observation taken (1-windward,
2-leeward)
Bucket Temperature (degrees and tenths Celsius)
Type of other temperature instrument (Table 6)
Distance of other temperature instrument from Bow (meters, 000-999)
Depth of other Sensor below Waterline (meters, 0-9)
Side of Ship on which other sensor used (1-windward, 2-leeward,
3-centerline)
Other Sea Temperature (degrees and tenths Celsius)
Type Instrument used to obtain comparative sea surface temperature.
Use the number of the applicable table (i.e., 4, 5, or 6) for the
first digit, and the applicable code numeral within that table for
the second digit.
Distance of instrument from Bow (meters, 000-999)
Depth of instrument below sea surface (meters, 0-9)
Side of ship on which instrument located (1-windward, 2-leeward,
3-centerline)
Height of observation point above waterline (meters 00-99)
Comparative sea sµrface temperature (degrees and tenths, Celsius)

- 24 APPENDIX B MEAN RELATIVE AND
ABSOLUTE DIFFERENCES BETWEEN BUCKET AND
INTAKE TEMPERATURES (Ti-Tb) °C
CATEGORY

MEAN
RELATIVE

1.

All data

2.

Latitude

3.

Seasons
Spring
Sulllller
Autumn
Winter

4.

Local Solar Time

5.

6.

0-24.9 °
25-49.9 °
�50 °

00-02
03-05
06-08
09-11
12-14
15-17
18-20
21-23

ShiJ2 Tn!e
Freighter
Tanker /Bulk
Carrier
Passenger
Fishing Vessel
Other

MEAN
ABSOLUTE

NUMBER
OBSERVATIONS

.30

1. 30

.an

13876

.34
.30
.01

1.27
1.25
1.36

.82
.78
.62

5094
7223
1559
13876

.30
.30
.20
.40

1-.40
1.30
1.10
1.20

.33
.40
.32
.32
.16
.28
.17
.34

1.32
1.20
1.12
1.31
1.16
1.33
1.15
1.-62

.79
• 79
.74
.84
.75
.76

.45

1.35

.92

6321

.35
.31
-.12
-.02

1.45
.74
.• 32
.97

.89
.59
.23
.51

3081
171
221
4047
13841

Ship Dis12lacement (Tons)

0-1000
1001-10,000
lO ,.001-30 ,000
>J0,000

STAND.
DEVIATION

.10
.00

.so

.40

o. 80
1.20
1.30
1.40

2811
3846
4032
2361
13050

• T3

.·86

1853
1379
2003
1522
2032
1526
2079
1482
13876

1008
3495
57.02
2551
12756

CATEGORY

MEAN
RELATIVE
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STAND.
DEVIATION

MEAN
ABSOLlITE

NUMBER
OBSERVATIONS

7. Shi:es S:eeed (Kts)
-.73
0
1 - 5
.09
6 -10
-.01
.42
11-15
.35
16-20
>20
.22

.33
.58
1.98
1.21
1.35
.72

1.15
.42
.78
.82
.88
.46

568
133
735
4122
6510
556
12624

8. Wind s:eeed (Kts)
� 6
7 -13
14-21
>22

.31
.28
.21
.40

1.40
1.24
1.24
1.27

.87

2407
5163
4393
1892
13855

9. Preci:eitation
No Precipitation
Fog
Drizzle
Rain
Snow
Showers

.27
.16
.45
.38
.86
.54

1.21
1.09
1.72
1.33
1.95
1.34

.68
.64
.90
.83
1.24
.86

13128
336
212
369
17

9.10
2.80
1.12

8.80
1.50
.74

99
157
12708

10.

11.

.77

.73
.80

14288

Air-Sea Temperature (TA-T B) oc
7.96
V. Stable-� 9.1
.99
Stable 3.1-± 9.0
.27
Neutral± 3.0
Unstable -3 .1
.25
to -9.0
V. Unstable
1.91
� -9.1

1.56

1.01

718

.6.20

2.85

47
13639

Cloud Cover (Octas)
.31
0 - 2
.33
3 - 5
.34
6 - 8

1.20
1.39

1.28

.82

2821
3204
6232
12257

.81
.82
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MEAN

RELATIVE

STAND.
DEVIATION

12.

Wave Height (m)
i. 3
4 - 6
l. 7

13.

Type Intake Thermometer
Mercury Therm
.30
Precision Therm
.09
.09
Thermistor
.62
Other

14.

De:Eth
0 4 7 -

15.

Distance Inboard Intake Thermometer (m)
0 - 3
.13
1.18
1.67
.78
4 - 6
.90
1.11
7 - 9

16.

Side of ShiE Observation Made
Same Side,
.62
Windward
Same Side,
.32
Leeward
.35
Opposite Sides

TyEe of Bucket
Canvas (unins)
Canvas (ins)
Crawford
Polish
German
Other

17.

.27
.27
.24

of Intake (m)
3
.21
.21
9
.60
9

.57
1.27
.23
3.18
.18
.25

MEAN

ABSOLUTE

NUMBER
OBSERVATIONS

1.27
1.21
2.69

.77
.75
1.32

12819
418
45
13282

1.34
.97
.95
1.53

.85
.47
.63
1.00

7652
2105
2182
1792
13731

1.27
1.16
1.65

.67
.76
.99

2619
7543
2594
12756

.71
1.08
1.11

8664
2478
---1.Q.§_
11,848

1.61

.98

1328

1.26
1.29

.86
.83

2844
3262
7434

.99
2.50
1.11
2.27
1.14
1.23

.80
1.58
. 70
3.26
.64
.88

779
539
935
25
6771
4788
13838
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MEAN

RELATIVE

STA!�D.
DEVIATION

18.

Wind Relative to ShiE Heading
.34
Bow
. 36
Beam
.27
Stern
.34
Quarter

1.33
1.40
1.31
1.29

19.

Ocean Area
North Atlantic
South Atlantic
Mediterranean
Indian
South Pacific
North Pacific
Arctic

1.20
1.00
.80
1.40
1.30
1.30
2.30

.20
.20
-.20
.30
.20
.70
-.40

MEAN

ABSOLUTE
.83
.85
.82
.83

NUMBER
OBSERVATIONS
2607
3660
2231
2376
10874

5835
1342
212
1474
1130
2871
186
13050

