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XBT/ CTD COVPARI SONS

| NTRODUCTI ON

The Naval Postgraduate School OC3570 cl ass conpleted a
two-1eg cruise aboard the RF'V Point Sur from15 to 22 July
2002. Tenperature profile data was recorded from many CTD
and XBT drops. Twenty-eight pairs of CID and XBT data were
chosen for conparison based on their proximty to each
other. A Sea-bird CID and Si ppican XBTs (T-4 and T-7) were
utilized. These data sets were used to conmpare tenperature
measur enents between the profiles of the XBTs and CIDs. The
goal of these conparisons was to identify any biases
inherent in the XBT and to discuss the inpact of any bias.

Quality control and data editing procedures were
performed on each profile. After processing the data files,
t he nean and standard devi ati on of CTD/ XBT tenperature and
depth differences at 383 | evels between surface and 760
neters were cal cul ated. The results were that T-4 and T-7
XBTs tenperature readings were overall 0.0252°C and 0. 1074°C
war mer than CTD neasurenents over the whol e depth range,
respectively. Also T-4 and T-7 XBTs depth readi ngs were, on
average, 0.2867 mand 7.3911 m deeper than CTD neasurenents

at all levels, respectively.



These statistics were conpared to data obtai ned and
anal yzed fromsimlar past cruises by Boedeker (2001), Roth
(2001) and Schnei ser (2000). The findings between the four
studi es show simlar nean tenperature differences with a
wi der variation in standard deviations. Al these studies
show a warm bias to XBTs.

This report is concluded with a di scussion of the
i npacts of the findings, fromboth a Naval perspective and a
scientific view XBTs are the primary instrunent (T) for
devel opi ng sound speed profiles in Under Sea Warfare (USW
for the Navy. The affect of a slight warmbias is
consi dered. Likew se, the scientific comunity uses XBT
profiles for climte studies. A link between XBT bi ases and

gl obal warm ng i s expl ored.

DATA COLLECTI ON

There were 29 data sets collected fromleg one of the
cruise. On |l eg one, XBTs were released i mediately after
each CTD observation so the pairs were co-located. The
| ocations of the CTD and XBT profiles are included in
Appendi x A.

The XBT records tenperature versus depth in neters,
while the CTD records its data with reference to pressure in
deci bars (dbar). Plots of tenperature versus depth were nmade

at the time of each drop. The data was al so saved to ASCI I



files. This study was conpleted with the data fromthese

ASCI I files.

QUALI TY CONTROL PROCEDURES

MATLAB 6.0 was used for all data extraction
conputations and plotting. 58 ASCI|I data files (29 CID and
29 XBT) were edited and | oaded into MATLAB. A script-mfile
was witten to extract the depth and tenperature data from
each file. Each profile was scanned visually and by conputer
for bad data points. Bad data was rejected, and statistics
were perfornmed on the good dat a.

The first quality control check was to plot the
tenperature profile of each data set. The goal was to
visually identify any bad information. In this manner the
XBT-33 profile was seen to be corrupt. The XBT-33 plot is
i ncluded in Appendi x B. There was no indication of how this
data file was danaged. The copper wire of the XBT possibly
may have nmade contact with the ship and caused these spikes.
What ever the reason, the data pair of XBT-33/CID-7 was
di scarded for |ack of accurate digitized tenperature
r eadi ngs.

Fol | owi ng vi sual inspection, a MATLAB program was used
to conpare the tenperature at each level to the average of
the tenperature of the | evels above and belowit. In

particul ar, the tenperature of each |evel was conpared to



t he average of the tenperatures of the surrounding two
levels. If the tenperature on a level differed by nore than
0.2°C fromthe average of the surrounding |levels, it was
identified as a possible bad data point and | abel ed for

final investigation. For the top and bottom |l evels, only one
| evel was avail able for conparison. Al previous three
studi es chose 0. 2°C because it was shown to be | ess than 2
standard devi ations of the final statistics, and was,
t herefore, considered a reasonable criterion. This woul d
al so be the case in this study.

Each profile contained 383 | evels between the surface
and 760m The total nunber of |evels checked was 21448
(10724 XBT + 10724 CID). O these, 39 CID (0.36% and 44
XBT (0.41% were identified as possibly bad points. Those
that were identified were individually inspected and

conpared to the surrounding data points. Al were found to
be either within 0.2°C of one of the surrounding |evels or

were part of a |ogical sequence decreasing with depth.
Therefore, all the data points (aside from XBT-33/CID 7)
wer e consi dered reasonabl e and consi stent, and no further

dat a was excl uded.

DATA PROCESSI NG

Due To the high accuracy and calibration of the Sea-

Bird CTD, the CTD tenperature neasurenents were consi dered



to be the true representation of the tenperature profile.
Al'l conparisons were nmade conparing the XBT data to the CID
data, and any differences are assuned to refl ect
i naccuracies in the XBT nmeasurenent.

For each CTD cast, tenperature were recorded every 2
dbar. It was necessary to convert units fromdbar to neters.
A formul a descri bed by Saunders (1981) was used. Using P in

deci bars, the conversion to Zin neters is as follows:
Z=(1-C)) *P-CaP?
Where Cr=(5.92+5.25sin?9)*103 @ is |latitude;
C= 2.21*10°¢
The CTD neasured pressure in 2 dbar increnents for al
casts; therefore the only variabl e between casts was

| atitude, . The latitude of the casts were between 36
44.16°N and 34 58.33°N. Because of the close |atitudinal
spaci ng of the casts a value of 36°N was used for |atitude

and applied to the conversion for all casts. Using 36°N in

pl ace of the actual latitude introduces |ess than 0.005%
error for all depth conversions, and is therefore considered
an acceptable practice for this study.

After converting the CID data sets to tenperature
versus depth vice pressure, each CID data set had a
tenperature sanple for approximtely every 2 neters of

depth. The XBT data was al ready neasured with reference to



meters, but the data was recorder in 0.6 neter increnents. A
MATLAB program was used to linear interpolate the XBT data
sets to the CTD neasurenent depths. A linear interpolation
was consi dered appropriate because of the close vertica
spaci ng of XBT tenperature neasurenents. Follow ng |inear

i nterpol ation, both CID and XBT profiles contained 383

| evel s between about 2m and 760m Besi des, anot her NMATLAB

script-mfile was used to linear interpolate both XBT and

CTD data sets to a set of selected isotherns (from4°Cto

16°C in 0.02°C increnments) for the depth conparison | ater.
For each XBT/CTD pair, the XBT tenperature at each
dept h was subtracted fromthe CID tenperature and the CTD
depth at each isothermwas subtracted fromthe XBT depth.
Three plots were made for each pair. The first contained the
tenperature profile for each sensor. The second showed the
tenperature difference at each level. The third showed the
i sotherm depth difference at each CTD i sot herm depth. These
pl ots are shown in Appendi x C.
For both the 13 sets of T-4 XBT and the 15 sets of T-7
XBT, tenperature and depth di fferences were conbi ned, and
t he nean and standard devi ati on determ ned by MATLAB for al

| evel s. These statistics are plotted in Figure 1 and 2.
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Figure 1. The mean and standard deviation of (a)CTD XBT(T-4) (b)CTD

XBT(T-7) tenperature differences fromthe 28 collocated CTD and XBT

drops.
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Figure 2. The nean and standard deviation of (a)XBT(T-4)-CTD (b) XBT(T-

7)-CTD depth differences fromthe 28 coll ocated CID and XBT drops.



FI NDI NGS

As can be seen fromFigure 1, for both types of XBT,
the nean tenperature difference (red line) is al nost
negati ve throughout the range. This indicates that on
average, the XBT tenperature neasurenents were higher
(warnmer) than the CTD neasurenents for all depths with the
exception of several levels of T-4 that are slightly greater
t han zero.

For T-4 XBT, the greatest average tenperature
di fference occurs in the upper 60 m The |argest tenperature

differences are between 20 and 50 mw th a maxi num of

0. 2441°C at 34 mdepth. The standard deviation at 36 mwas a
maxi mum 0. 8919°C. Bel ow 50 m the average tenperature
difference was only 0.0131°C warner than the CTD neasurenent
meani ng the XBT readi ngs were very closer to the CID

readi ngs. But the standard devi ation bel ow 50m was 0.2050°C,

nearly twi ce the value of T-7 XBT (0.1147°C).

For T-7 XBT, the greatest average tenperature
di fference occurs in the upper 80m The upper 80m al so had
t he greatest standard devi ati on. However, a closer analysis

of the data shows that the average tenperature difference in

the upper 20 mwas only 0.1114°C with a standard devi ati on

of 0.2516°C. The largest tenperature differences are between



20 and 60 mw th a maxi mrum of 0.7331°C at 40 m depth. The
standard deviation at 44 mwas a nmaxi rum 0.8863°C. Bel ow 80

m the average tenperature difference was | ess than 0.08°C

and was general ly decreasing with depth neaning the XBT

readi ngs were closer to the CID readi ngs. The standard

devi ati on bel ow 80m was 0.1147°C and al so general ly

decreased with depth with a m ninmum of 0.07°C near 756 m
From Figure 2, for T-4 XBT, the nean depth difference
(red line) is positive in the upper 150 mand back and forth
bet ween positive and negative val ue below 150 mw th the
exception of the levels of the last 50 mdepth that are
decreasing across zero to negative value. This indicates
that the XBT depth neasurenents were slightly higher
(deeper) than the CTD neasurenents in the upper 150 m and
al nrost no difference bel ow 150 m except the last 50 m dept h.
The average depth difference was only 0.2867 m deeper than
the CTD neasurenment with a standard devi ation of 12.9654 m
t hr oughout the range.
For T-7 XBT, the nean depth difference is positive
t hroughout the range. This indicates that on average, the
XBT depth neasurenents were higher (deeper) than the CID
measurenents for all depths with the exception of the Ievels
of the last 50 mdepth that are decreasing across zero. The

greatest average depth difference occurs between 600 and 700



mw th a maxi mum of 18.12 mat 690 neters depth. The
standard deviation at 672 mwas a maxi rum 24.2 m The
average depth difference was 7.3911 m deeper than the CTD
measurenment with a standard deviation of 11.1775 m

t hr oughout the range.

It should be noted that the | arge magni tude of the
tenperature differences were occurred in the upper |evels.
Because of the large vertical tenperature gradients in the
upper levels it denonstrate that many of the apparent
tenperature differences are, in reality, depth differences.
Therefore, if the depth difference exists, the stronger

tenperature gradients the larger tenperature differences.

COMPARI SON W TH PREVI QUS STUDI ES

A simlar study was published in 1983 by Heinm Il er et
al. Heinmller et al. studies both Sippican T-4 and T-7 XBTs
and used a calibrated Neil Brown CTD. The portion of the
Heinmller et al. study conparing the T-7 XBT to the CTD was
conducted in the Sargasso Sea and consi sted of 139 casts.

Al so, Three previous OC3570 simlar studies of CTD and
XBT profiles have been performed by Boedeker (2001), Roth
(2001) and Schnei ser (2000). Boedeker’s, Roth’s and
Schnei ser’ s study conpared 27, 9 and 18 CTD/ XBT pairs
respectively. This study perforned statistics on 28 pairs.

Al'l conpared Sippican T-7 (also T-4 in this study) XBT's to
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a Sea-Bird CID on board the R'V Point Sur along the centra
Cal i forni an coast.

Schnei ser (2000) provides a detail ed conparison of the
data collection and editing techniques of the Heinmller et
al. (1983) study with his study. Since the techniques of
this study are very simlar to those of Schneiser (2000), a
detail ed conparison of Heinmller et al. (1983) with this
study woul d be redundant and readers are referred to
Schnei ser (2000).

In this study, as in Boedeker (2001) and Roth (2001),
the XBT data was interpol ated before being quality checked.
This was not determ ned to have a significant effect in
conpari ng agai nst Schnei ser’s data which was quality checked
before interpolation. Since the XBT sanpling interval is so
smal |, quality control after interpolation will have little
effect on the outconme of the quality control (Roth, 2001).

Table 1 is a summary of the significant findings of the
four studies. As can be seen in Table 1, the results of this
study are very simlar to results fromthe three previous
studies. Al show a warm bias in the XBT neasurenents that
i s nost pronounced in the upper portion of the water columm
and generally decreases wth depth. The 25-125m | ayer has a
mar kedly | arger nean tenperature difference in this and both
Schnei ser’ s and Boedeker’s studies but the difference is

| ess dramatic in Roth' s study.
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Studies Depth(m) Mean(°C) Std(°C)
Schmeiser 25-125 -0.2198 0.3598
08/2000 175-375 -0.1212 0.1981
0-760 -0.1549 0.2151

Roth 25-125 -0.0907 0.1779
02/2001 175-375 -0.0851 0.0960
0-760 -0.0783 0.1047

Boedeker 25-125 -0.1530 0.5135
08/2001 175-375 -0.0549 0.2157
0-760 -0.0882 0.2147

Fang 25-125 -0.2453 0.4123
07/2002 175-375 -0.0802 0.1172
0-760 -0.1074 0.1546

Tabl e 1. Mean and standard deviation of CID XBT tenperature differences

on NPS OC3570 crui ses aboard R/'V Point Sur.

upper

roughly 2-3 tinmes the value of the overall

The greatest standard devi ati ons al so occur

| evel s.

devi ati on.

Sur collected CID and XBT tenperature profiles at 29

| ocat

due to bad XBT data, and the study was conducted with the

remai ni ng 28 pairs.

Leg one of the NPS OC3570 cruise aboard the RV Point

DI SCUSSI ON

The standard devi ati on of the 25-125m |l evel

st andar d

in the

is

ions. One of these pairs was not used in the statistics
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Both tenperature and depth differences were cal cul at ed
bet ween the CTD and XBT for each pair at 383 | evel s between
2 and 760 neters. A nmean difference and standard devi ati on
was then conputed for the 28 pairs. The statistics indicated
that the average standard deviation for T-4 XBTs was al npost
twice the value for T-7 XBTs. Al so, the results showed a
warm bias in the both types of XBT tenperature neasurenents
for the entire range and denonstrated a deep bias in the T-7
XBT for the entire range except the last 50 mdepth. No
significant depth differences were found for T-4 XBT. The
greatest tenperature differences were occurred in the upper
80 neters. This was also a trend in the three previous
st udi es.

The followng is a sinple fornularized relati on anong
the effects of the tenperature gradient, depth difference

and tenperature difference. That is :
Effects of /T (domnant term * Effects of Depth diff.

= Effects on Tenp diff.
If the tenperature gradient (or depth difference) does not
exi st, we could expect that no tenperature difference wl|l
occur. But, if the tenperature gradient (and depth
di fference) does exist, even though the value is small, we
could still expect that obvious tenperature difference wll

occur.
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The Navy uses the tenperature profile from XBTs to
determ ne the sound speed profile for Under-Sea Warfare
(USW applications. From a Naval standpoint, these

tenperature differences are alnost insignificant. A genera
rule of thunb is that a 1°C increase in tenperature wll

i ncrease the sound speed by 4 m's. As shown in Schnei ser
(2000), even a bias of 0.4°C would change the conputed sound
speed by only 1.6 m's, about 0.1% of the average 1500 nis
sound speed. The average bias of 0.0252°C and 0.1074°C, for

T-4 and T-7 XBT respectively, would have an even small er
i npact. Additionally, since the XBT bias is al nost
consi stent through out the entire profile, the sound speed
will be effected roughly the same anount at each depth.
Al t hough the sound speeds nmay be slightly higher, the sound
speed gradients wll not be appreciably affected. Therefore,
t he XBT neasurenents should not inpose any operationa
problens to the acoustic, and in turn, the anti-subnmarine
war f are probl em

Wil e not posing a problemin an operational use, the
consi stent warm bias could negatively inpact climte
studies. Scientists relying on these XBT profiles to | ook

for global warmng w thout accounting for the bias would

see” a rise in ocean tenperature even if there was no

change and a higher rise if there was.
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Finally, four different NPS studies have indicated that
XBT's record ocean tenperature warner than actual. A |arger
sanple size will help to validate the statistics. As Roth
(2001) suggests, the XBTs should be rel eased before the CID
to reduce tenporal variation to a mninum In order to
generalize the results, different batches of XBTs shoul d

al so be used if possible.
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