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A B S T R A C T
An investigation of the error in water temperatures intro-
duced through use of the injection system Is discussed .
A series of tables and graphs show the magnitude of the
temperatur e error owing to variations in intake depths.
Temperature gradients for the range of inta ke depths
(10-30 feet) are less than 0.5°F at least 90 percent of
the time . The average annual temperature error is 0.033°F
although the absolute error varies between 0° and 0.3’F
for the above gradient . The study conclude s that the use
of a thermi stor probe In the Intake system Wilt yield suffi-
ciently accurate measurements for the synopt ic oceano.
graphic net.
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EFFECT OF VARIATION OP INTAKE DEPTHS ON MTER
INJECTION T~~PERATURES

I. INTRODUCTION

Sea surface temperature (SST) charts important to many aspects

of oceanography are of parti cular interest to antisub marin e war-

fare (ASW) operations. In addition to the ir use for computing

sonar ranges , the8e charts are also utilized in many cases for

estimating subsurfa ce thermal conditions . Since easurements of

water tempe ra ture with dep th are considerable more difficult to

obtain than surface temperatures , the relationship between sur face

and subsurface temperatures is valuable. The ASW Environmenta l

Prediction Sys tem (ASWEPS) currently unde r deve lopment at the

Naval Oceanographic Office involves prepa ration of daily experi-

menta l synoptic SST charts for facsimile broadcast to Fleet units.

These charts aist be accurate and sufficien t ly detailed for opera-

tiona l utilization . Unfor tuna te ly , the reliability of the da ta

from which these charts are prepared does not alway s ensure accu-

rate analyses with the resolution desired.

Approxima tely 450 sea surface temperature rep orts are utilized

in the prep aration of a daily SST char t for the western North

Atlantic Ocean. These observatio ns , received via standard U.S .

Weather Bureau teletype circuits, are repor ted by U.S. and foreign

co ercial and government ships at 6-hour intervals • With excep-

tion of occasiona l airborne radiation thermometer data and about

50 daily bathythermograph reports , these sea surface temperature

I
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rep orts form th. bulk of date used in SST char ts and thus de ter-

mine the reliabili ty of the analy ses. With few exceptio ns , the

majority of the rep orts are based on thermome ters mounted in ships ’

water intake systems. Although adequat e for their intended use ,

these thermometers are generally inadequa te for making accurate SST

observations . Many studies concerni ng the accuracy of intake wate r

tempera ture s have been made . Although each study concludes that

better sensors are desirable , few agree on the magnitude of the

average tempera ture error . Estimated average erro rs generally

range between 10 and 4°F. Fur ther discussion concerning the accu-

racy of present water intake temperatures has been made by Saur —

(1963) , Pr anceschini (1955) , ~MO Technical Note #2 (1954) , and Kuhn

(1963) .

II • ~~~ *S IN WATER INTAKE TENPERATURES
‘
~~ Water intake temperatur e error s generally fall into one of the

following major categories:

1. Engine room heating ) -

2. Observer error

3. Coding error

4. Depth of water intake ~~~

Reliable sea surface temperature charts can be prep ared from

injection temperatu res after errors have been reduced to an

accep table limit. It is often difficult , however , to separa te

the error for a par t icular ship into quantitative contribut ions

from each of the above categories , even though the relative

t
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importance of each effect is known .

A.~ 4lthough high engine room are often sugges ted

as positively biasing intake temperature , this conclus ion is not

supported by f~~~~~, Computations revea l that for a 30°F differ-

efléial between engine room ambient tempera ture and incoming water

temperature, more than a 1,000—foot run of 8-inch intake pipe

f would be required to cause a water temperature increase of O.10F.

This is assuaing a f low of 2,000 gallons per minute , a normal

figure while underway. The bib (1954) study cites cases in which

intake t~~~eratu res are lower than bucket temperatures , in spite

of high engine room temperatures . The contr ibution of engine room

\ heating to injection tempera ture error is thus considered insig-
•
n~~Lca~~.

__I. Observer errors in reading the thermometer is undoubtedly

the major cause of large temperature errors in injection readings ~

This error is not basically due to carelessness but is more a

function of the inadequacy ai~ inconvenient location of the injec-

tion thermometer. Intake thermometers mounted in inaccessible

locations , such as behind machinery or other obstructions , render

it physica lly impossible for the o~. 
- ver to obta in a correct

position for accurate reading. In addition, the thermometers are

often too gross, permitting estimates at only 2-degree intervals

or , owing to age , have illegible scales . Such difficulties in

making a reading result in poor temperature accuracy and lead to

-
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b--- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



- ~~~~~~r r r.r4r - —

1

~1

fictitious values • The magnitude of these errors is unkno wn ;

however, it contributes the largest portion of the tota l intake

temperature erro~~~nd can be eliminated only by use of a better

sens ing system. -

~
-1
4. b Codthg errors are significant but offer the best possi-

bility for correction~~ Gibson (1960) , in a study of SST reports

via teletype and the same information ac recorded on

,/ ship.’ weather logs, showed that 13 percent of the teletype re-

/
/ ports were iacov,ectly coded. Thus , even though the original

observation may be accurate , the transmi t ted observation may be

erroneous • The maj ority of such errors become obvious through

comparison of reported t~~~erat ures • Small errors, which may be

significant, are difficult to determine. Errors due to coding

can be reduced if the codes are simplifie d, e.g., direct SST re-

porting instead of present use of air-sea temperature difference

and if the instructions for their use are made clear and concise.

Review of coding errors through a quality control program also

contributes to improved observations through renewed interest of
N
N~~e observers in the program.

Err~*ince many classes of ship. report water temperatures and

because each class has a different type of hull with a particular

denth gj water intake, errors occur in reported water temper-

atures because of the variation in sampling d.pth. i~~obvious

that this error is large in the s~~~sr and smelt or none*is tent
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during winter owing to the seasonal characteristics of the

vertical thermal structure. The magnitude of the error is
‘unkno wn but should be estima ted prior to establishment of an

improved sensor system based on location of the intake .

III • IMPROV~ bENT OF SENSOR SYST~ 1S

The importance of the last category arise s from the ease of

placing improved instrumentation in the intak e sys tem. Several

other possibilities would elimina te use of the intake , but tests

of such ins trumenta t ion (Kuhn, 1963) have shown that a thermistor

probe in the intake sys tem gives results as good as those achieved

by othe r means . Such ins tr umentation also has the added advantages

of ease of ins tallation and relative freedom from maintenance.

One possible method , for ins tance , would employ towed sensors

which rema in at a constant depth. Such ins tr~~~nts have either

developed vibration problems leading to failure of the unit or

have not intained a cons tan t depth. Hull-mo unted sensors are

more expens ive to install , tend to foul easily , and are liable to

total destruction by f loating objects. Infrared temperature de-

vices are accurate if they are sufficiently sophisticated ; however ,

inexpens ive mode ls such as would be required for a large -scale

installation progra. show considerable varia tions in tempera ture

readings with slight changes in observing angle . Although buck-

eta appear to be a simple , economical means of obtaini ng reliable

data , they have several disadvantages . Firs t , unless the observer r
is extr ~~~ly careful , the bucke t readi ng is modified by air

I
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temperature and evaporative cooling. Second , bucket readings

are difficult to mak e at night , during storms , or from larger

ships. Consequently , observations may be missed. A partial

problem will remain in all alternative systems , unless a dial

readout is available on the bridge to reduce the rep orting of

water temperatures to a simple task without interfer ing with

ship operations .

Discussions with represen tative s of the U.S . Coas t Guard ,

U.S • Weather Bureau , and other interested parties indicate genera l

agreement as to the superiority of the intake system for collect-

ing da ta . On the basis of these discussions it is planned to

utilize thermistor probes in intakes and a dial readout on the

bridge for improving synoptic SST reports in the ASWEPS program.

The bridge installation can be used with a continuous recorder ;

however , the recorder will generall y be used only during transi ts

of special regions . This installation will almost eliminate ob-

server error and greatly improve reliability of SST rep orts .

IV. OBJECTIVE OF REPORT

The objective of this rep ort is to investigate errors in water

injection temperatures due to variation in sensing depths .

V. APIROACH TO ftOBL~~

Injection tempera ture errors were evmluated with synoptic ship

repor ts and bathy thermograph observations received at the Oceano-

graph ic Office from the ASWEPS synoptic net through appl ication of

the fo llowing procedures.

6
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1. Identification of the types of 8hips reporting to the

synoptic net by reference to the synoptic ship weather re-

ports.

2. From the ship types identified by step 1 a histograjn was

constructed to show the distribution of SST repol ts received

from ships with various specified intake depths.

3. Next , by inspection of daily bathythermograph traces, the

monthly and annual percent occurrences of various vertical

water temperature gradients were ascertained.

4. Relate the two variables , dis tribution of intake depths

and occurrence of vertical temperature gradients, to show the

magnitude of the error introduced by utilizing a variable

sensing depth.

VI. DISCUSSION

Each of the above steps is discussed separately below:

A. IDENTIFICATION OF TYPES OF SHIPS REPORTING TO THE SYNOPTI C

•1 Ship weather reports for one day from each season were

selected for the first step . Days selected were 15 August and

8 Nove~~er 1962 and 1 February and 2 May 1963. A total of 705 re-

ports were available from these days . Only U.S. ship rep orts

were utilized , since installation of improved sensors is planned

for only these ships.

Of the 705 reports evaluated , 66 percent were received

from U.S • merchant ships; the remainder were reported equally by - 

-
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U.S. Coast Guard and U.S . Navy ships as shown in table 1. Owing

possibly to adverse weather , the lowest number of reports was

made on 1 February. The large variation in U.S . Navy ship re-

ports results from the scheduling of fleet exercises which places

groups of ships at seA or in port. Regarding synoptic periods

33 percent of the reports were transmitted at 1800Z , 26 percent

at l200Z , 23 percent at 0000Z , and 18 percent at 0600Z .

T&BLE I. DISTRIBUTION OF SHIP REPORTS DURING SELECTED DAYS

Date Merchant Ships Navy Ships Coast Guard ShiPS Tota l
1 Feb 63 102 10 34 146
2 May 63 102 75 27 204
15 Aug 62 133 9 31 173
8 Nov 62 127 35 20 182

Total 464 129 112 705

When making weather reports, ships normally identify themselves

by individual international call signs . Thus it is necessary to

convert each call sign to a name before the intake depth can be

determined , since ship names are needed to identify hull types

and , subsequently , the intake depths . Identification was made by

reference to the U.S . Coast Guard List of Merchant Ships , various

Navy Identifier Lists, the Military Sea Transportation Service

Ship Register , and Ships and Aircraft (1958) ; and a tabulation of

full-load drafts was prep ared for 626 of the 705 ship reports . The

remainder could not be identi fied for a variety of reasons .

Since ship specifications do not state water intake depth ,

these depths were computed by relationship to the full-load draft.

I’ 8
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Discussions were held with marine engineers and other cognizant

personnel from the Bureau of Ships , U.S • Coast Guard , U.S • Weather

• Bureau , and Maritime Administration to establish the relationship

between the full-load draft and intake depth for each bull type

identif Led in the 626 rep orts.

B. DISTRIBUTION OF INZAKE DEPTHS

Figure 1 shows the dis tr ibution of intake depth for the

ships filing the 626 weather reports • Intake depths varied from

10 to 32 feet with an average of 21 feet. The most frequent depth

was 23 feet. Over 92 percen t of the ships had intake depth s with-

in a range of 15 feet , and 65 percent were within a range of 5 or

less feet. From figure 1 it is app arent that the water temperature

error can be minimized by installing ins trumentation on only those

ships having intake depths close to 23 feet , since most intake

depths fall in this ca tegory. Of course , this would mean that SST

analyses would represen t a depth of 23 feet.

The variation shown in figure 1 is greater then normal since

the intake depths were computed for fully loaded ships; however ,

many of the ships are not usually fully loaded. The effect of this

assumption is to centralize the distribution since , for a 50 per—

• cent load , the decrease in absolute draft is grea ter for larger

ships than for smaller .

C • VERTICAL WATER T~~iPERATURE (~ ADIENTS

The first step for estimat ing the vertical water temperature

9
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gradients in time and space included typing of a n~~~er of water

masses by temperature gradients and computation of the areal

coverage of each water mass. Upon further consideration , bow-

• ever , this method appeared too subjective; therefore , the daily

bathythermograpb reports from ships of the synoptic net were

utilized to obtain vertical tempera ture gradients. These bathy-

thermographs were rando mly located with the exception of picket

ships and an ocean statio n vessel. To avoid area l bias only one

rep or t a day from each of these ships was utilized in the study .

All remaining ST reports for the area shown in figure 2 were used .

a. 
_ 50

_  

_  40

[~ . &~. I _ _ _  30
d~~~~f~~~ ’L I 1 1
~~~~~~~~~~ ~~~~~ I

~~~~

• _ 1 3
7’ ~~~~ 4 2~o

• FIGURE 2 AREA FROM WHICH BT REPORTS WERE UTILIZED FOR
COMPUTATION OF VERTICAL TEMPERATURE GRADIENTS

• This area was selected because as the ASVEPS pri ry ar ea of

interest it is sufficient ly large to tacluds a ssrte ty of wat er

masses and has th. most c~.~p iete coverage of bathytb.rmagrapk

f reports.
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Temperature gradients at depths between 10 and 30 fee t

were extrac ted from the appropriate bathythermograms . A 30-foot

• depth was chosen instead of the maximum intake depth of 32 feet

in order to simplify later calculations relating temperature

gradients to intake depths. The majority of traces, including

those with positive and negative gradients , were linear through

the 20-foo t layer under stud y. Gradients were tabulated in class

intervals of 0.2°F.

Table 2 shows the results of these tabulations as

cumulative percent occurrences of various temperature gradients.

Oniy monthly cumulative values are shown , while both annual

cumulative and annual individual category percents are given .

Seasonal changes in thermal struc ture are evident from table 2 ,

which was based on a tota l of 4 ,029 thermal traces . Note the

predominance of isotherma l temperature traces during winter (66

to 76% ) and that the winter traces have vertical temperature gra-

dients of 0.20, or less per 20 feet more than 90 percent of the

time. In December 74% of the traces were isothermal and 95 per-

cent had gradients of 0.2 F or less per 20 feet. An increase in

the occurrence of greater temperature gradient occurs toward s~~~~r:

• only 40 percent of the bathyther mograp hs collected in June

exhibited isothe rma l conditions . Isothe rma l conditions duri ng

the su~~~r were generally restricted to the Gulf Strea m; however ,

13
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mixed layers to 30 feet were found in colder waters on some occa-

ions • In terms of the 90 percentile (table 2), 90 percent of the

examined traces had vertical temperature gradients of 0.2°F or

less during winter . During three transitio na l month s (A pril ,

September , October) , 90 percent of the tx~aces had temperature gra-

dients of 0.4°F or less; and from May through Augus t 90 percent of

the traces examined had gradients of 1.0°F or less. Although there

is a high percent of isothe rma l or small negative gradients , these

results are to be expected for tvo reasons : first , the study only

considers conditions to 30 feet and second , re latively little

wind action is required to mix water to this depth.

Annual values of absolute and cumulative percent occurrences

of temperature gradients show that 57.4 percent of the time the

vertical temperature gradien t between 10 and 30 feet is zero . It

obviously follows that 57.6 percent of the time there will be no

error in intake tempe ra tures , regardless of intake depths . However ,

there are vertica l temperature gradients of varying amounts during

the remaini ng 42.6 percent of the time with the magni tude of the

temperature errors depending upon the size of the ship. Tempera—

ture error is considered in this study to be the differenc e

between temperature recorde d at intake d.pth and temperatur e at

some standard depth. The standard depth will not be the surface ,

since a more conservative temperature is ob ta ined below th. surface .

f
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For e~amp1e , 24.8 percent of the ships have 23—foot intake depths .

If this depth is chosen as the “analysis depth ,” or the depth at

which the synoptic SST analysis app lies , then these ships will

have no tempera ture error despite the vertical thermal gradient

• since the tempera ture values will not devia te fro . the analysis

depth. The rema inder of the ships will exhibit some temperature
-
~ error , the magnitude of the error being a function of the deviation

of a ship ’s intake from 23 feet and the extent of the vertical

t~~~era ture gradient. The final step of the procedures outlined

is portrayal of temperature errors resulting from various combina-

tions of these tmo var iables.

D. RELATIOP OF DISmIUTIO~ 07 V~~TICAL T~ 1PWTURE (~ ADIENTS
TO DIS~~~3I7~IOU OF IItAXE DEFfl~ 10 ILLUS’~~AXE T~ (P~~ATURE

From figure 1 and table 2 it is obvious that an infinite

n~wher of temperature errors are possible , depending on the

particular ship type and temperature gradien t considered . Tab le 2

shows no temperature error 57.4 percen t of the time owing to iso-

thermal conditions. Tab le 2 also shows that 82.3 percent of the

time vsrucal thermal gradients are 0.20, per 20 or less feet.

Assuming that alt of the ship types encounter this gradient during

the year , sensor depths mould vary from 10 to 32 feet (figur e 1).

It follows that tb. temperature erro r mould very from 0°F for ships

with a 23-foot tatak. depth to a ~~~~ of 0.1PP for the l1.st

ships or those having a 10-foot intak. depth. If a larger vertical

gr.di.s t is ooeaidsx.d , the ra.g. sad ~~~~~4— possible valus of

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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tempera ture error increase. Thua for a gradient of 3.0°F p.r 20
feet , which occurs 0.3 percent of the time accordi ng to table 2,
the t~~~eratur. error mould very from 00 to 1.93°? depending on
ship type . If all the temperature gradien ts listed in table 2
and all intake depth shown in figur e 1 are considered , tempera ture
errors between 00 and 6.501 are possibl.. The largest error ,
however , has very little chance of occurring, because the large

gradient necessary to prod uce this error occurs only .03 percent
of the time; and ships with ~4—um deviation of intake from 23
feet (which also contributes to large errors) represent only 0.5
percent of the ships studied . Thus , it is very improbable that
the tmo extremes of gradient and intake depth mould coincide to
produce an error of 6.50,.

Enowledge of the temperature error rang. is insuf ficient for
deciding the impor tance of the temperature error • Three intsrpre-

- 
- tations of the da ta given above in figure 1 and table 2 may suffice

to illustrate the rela tive importance of the t~~~erature erro r .
1. AV~~ACE TD~PERATt~.E DROIS

One form of prsssntation involves computation of average

tempera ture errors for a given month or year . Since both the
vertical t~~~eraturs gradients and ship type are - represented by

distribution functions • the magnitude and percen t occur rence of

the varioui gradients and intake depths must be considered in com-
puting averag e temperature errors.

16
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The first step is determination of percent occur rence of

ship types deviating a specified ni~~~er of feet f rom the

• analysis depth of 23 feet. Table 3 gives both individua l and

cumulative percen ts for each class interval.

TABLE 3

DEYIATIO~~ OF SHIP INTAKE DEPTHS
flOK AJI&LYSIS DEPTH (23 FEET)

Percent of Ships Cumulative
Deviation (Pt.) In Interval Percent

0 24.8 24.8
1 29.6 54.4
2 11.2 65.6
3 2.8 68.4
4 2.7 71.1
5 3.1 74.2
6 0.6 74.8
7 3.7 78.5
8 3.5 82,0
9 5.2 87.2

10 1.8 89.0
11 7.6 96.6
12 2.9 99.5
13 0.5 100.0

In order to calculate aver age temperature errors , it is

necessary to ass~~~ that each ship type represented in table 3

experiences the various vertica l t~~~era ture gradients in

• accordance with its occurrence in table 2. That is, each ship

during the year encousters gradients of 0.2°? per 20 feet 2~.9

percent of the time, 1.00? per 20 feet 1.7 percent of the time,

etc. The average t~~~erature error for each gradient in table 2

is then found by computing the t~~~eratus. error for each ship

t 17 
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type separately and weighting these errors with the number of

ships in each class interval in table 3. For ~~a.ple, when

all ships steen through a gradient of 2.0°F per 20 feet (table 3),

those with a 23-foot intake depth (24.8 percent) will have no

error . Ships having 22- or 24-foot intake depths account for

another 29 percent , but will have an error of one-twentieth of

the gradient or 0.1°F. Similarly, ships with 5-foot deviation

(18- or 28-foot intake depths) will have an error five times as

large (0.5°F). By weighting the error for each intake depth with

the percent of ships having that particular intake depth , an aver-

age temperature error of 0.33°F mes found for a gradient of 2.0°?

per 20 feet. Althoug h 0.3307 was the average temperature error,

it should be noted that absolute temperature erro rs of ships

assumed to encounter a gradi ent of 2.00F per 20 feet mould rang e

from zero to l.3oF.

Once the average temperature error is found for a gradient

of 2.00? per 20 feet , the error for all gradients in table 2 can

be determined through proportionality . Tha t is , since the cams

distribution of ships (and thus intake depths) is applied to each

gradient, the average temperature error for any particular

gradient is fousd by multip lying 0.33°? by the ratio of the

desired gradien t and 2.0°F. Selected gradients and their associ-

ated averag e errors are shown in table 4.
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AVENAGE TRIPUAThRE ~~3OIS 1O~ GIVEN VENTICAL
T~ 1PERATURE GEADIEITS

• 

____________________________________Vertical Tsui,sraturs Gradient Avera ge Tem~~r&t~ure Error

O 0
0.4 0.066
0.8 0.132
2.0 0.330
5.0 0.825
7.0 1.155

10.0 1.650
The average monthly or annual error can be computed by weighting

the temperature error for a given gradient with the percent

occurrence of that gradient duri ng the desired time period. For

example , a gradient of 0.401 per 20 feet results in an averag e

error of 0.066°? (table 4) and occurs 6.7 percen t (table 2) of

the time during a year . The same averag e error would show up

duri ng 8.1 percent of April and 2.2 percent of Decewher . By

considering the percent occurrence of all the gradients during

the year , an average annual temperature error of 0.0330? was found.

This value is small , of course , because of the high occurr ence of

small or zero gradients .

• Figure 3 shows the average tempera ture errors for a winter ,

s * r , and transitional onth CSepts~~.r) plotted against the

percent occurrences of gradien ts producing the errors • Thus

the average error of 0.0660? for the gradient of 0.4 1 per 20

feet Will occur during 3.5 percent of winter , 8.5 percent of

19
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trans itiona l periods, and 11 percent of s~~~ er . As mould be

expected in winter , when small gradien ts predominate, the

curve shows a high percent of small errors and large errors

to be almost negligible. The se er curve is the only curve

• that shows errors larger than 0. 6001; however , these errors

occur only a small percent of the time.

Smell average temperature errors resulti ng from predomi-

nance of small gradien ts are misleading. To bet ter illustra te

the possible temperature errors from variations of intake depths,

two other presentations of the da ta are given below.

2. ABSOWTE TENP~~ATURE ~~RC~S PCI VARIOUS GEADIENTS

During the year , it can be assumed that all ship types

will encounter all of the various gradients . If only the

ships having intake depths near 23 feet are considered , the

errors possible in any gradient are relative ly small , the mag-

nitude being a func t ion of the gradient. If all ships are con-

sidered , the possible errors increase as intake depths devia te

from 23 feet. Figure 4 shows abso lute tempera ture errors for

var ious gradien ts as a function of ship types , This f igure shows

that 55 percent of the ships with intakes nearest 23 feet have a

t~~~erature error of less than 0.10? when the gradient is 2.0°?

per 20 feet. Eighty percent of the ships with intakes neares t 23

• feet show an err or equa l to 0.8SF or less in a gradient of 2.0°F

p.r 20 feet. Table 4 shows the average error for this gradient

21
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to be 0.33°?. Figure 4 shows that the error ranges from 00 to

1.3°?, depending upon the percentage of ships considered.

Figure 4 is importan t in that it shows how small the range of

error will be if installations are limited to ships having

• intakes near 23 feet. Although the large st error shown in

figure 4 is 6.50? , greater errors occur when gradien ts exceed

10°F per 20 feet; however , larger errors are infrequent and

were not found in this study . Large tempera ture differences

could also occur if two ships of extreme drafts report from

the same location. Of course , one temperature mould be low,

the other high.

3. ABSOLLT~E TENPERATURE ERRORS PCI VA1IOI~ IITAXE DEPT~~
Absolute tempera ture error expected for intake depths

betwe en 10 and 29 feet at various gradients are shown in

figur e 5. An intake depth of 27 feet mould have an expected

error of 0.080, or less 89 percent of the time , 0.40? or less

98 percent of the tine, and 2.0°F or less 100 percen t of the

time.

Figure 5 also shows for a given gradient , for example ,

30p per 20 feet , that the absolute temperature error Is

0.3°F for ships with 21- or 23-foot intakes and 1.5°? for

a 13—foot intake.

• VII . COIICLUSICRS

use of the tables and figures in this study , it is possi-

• ble to determine temperature errors between and 11. ~‘1. Thus ,

23
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~1~it is difficult to select any value as being representative of

the magnitude of the temperature error resulting from varia~~.ons

in intak e depth s . The impor tan t points , however , are that .the

average annual tempe rature error is only 0033~F, and Ihet verti-

cal gradien ts at the surface were less than l.0~’F per 20 feet

94 per cent of the time . At this gradient , the average tempera-

tore error was only 0.165~F , and the absolute error for all

intake depths ranged between zero and 0.6~F. This latter error

could be halved by limiting installation to 75 percent of the

• . ships .(f-igur e 4).

This study concludes that it is feasib le to utilize the

intake sys tem as a means of improving the accuracy of sea surface

temperature observations for operational utilize tthn.~~Dsspite

occasional large temperature errors, it is clear that a large

majority of errors will be negligible owing to combination of

isotherma l conditions and a peaked distribution of ship intake

depths.
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