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I NTRODUCTI ON

The Naval Postgraduate School OC3570 cl ass partici pated
in atw-leg cruise aboard the R'V Point Sur in the coastal
and of fshore waters between Mdss Landing and Port San Luis,
California. The first leg was from 2-5 August 2001; the
second leg from®6-9 August. Tenperature profile data was
recorded from many CTD and XBT drops. Twenty-eight pairs of
CTD and XBT data were chosen for conparison based on their
proximty to each other. The CID data was obtained by a
Sea-Bird CTD and the XBT's were Sippican T-7's. The data
sets were used to conpare tenperature profiles recorded by
the two different instrunents. 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
tenperature profiles were conpared, and the nean and
standard deviation for all sanples was determ ned for 383

| evel s between and 760 neters. The results were that XBT
tenperature readings were 0.0117°C cooler to 0.4398°C war nmer

t han CTD neasurenents over the whol e depth range and



averaged an overall 0.0882°C warnmer. Only at depth |evels
6,8 and 10 neters did the XBT average slightly cooler than
the CTD, the other 380 |evels were warner.

These statistics were conpared to data obtai ned and
anal yzed fromsimlar past cruises by Roth (2001) and
Schnei ser (2000). The findings between the three studies
show sim |l ar nmean tenperature differences with a w der
variation in standard deviations. Al three studies show a
warm bias to XBT s.

This report concludes with a discussion of the inpacts
of the findings fromboth a Naval operational and a
scientific perspective. XBT' s are the primary instrunent
(T) for devel opi ng sound speed profiles in Under Sea Warfare
(USW for the surface Navy. The affect of a slight warm
bias is considered. For the scientific community, XBT s are
routinely depl oyed by ships of opportunity to provide
tenperature profiles around the world for clinate studies.

This may affect gl obal warm ng predictions.

DATA COLLECTI ON

There were 19 data sets collected fromleg one of the
cruise. On |leg one, XBT's were depl oyed between CTD casts
so the pairs were not co-located but are cl ose together.
The remaining 9 data sets fromleg two were co-located. Al

XBT' s were deployed in water with depth’s greater than the



750 nmeter operational depth of the XBT. The |ocations of
the CTD and XBT profiles are included in Appendi x A

The XBT records tenperature versus depth while the CID
records tenperature versus pressure. Tenperature versus
depth plots were printed at the tine of each drop and the
data was al so saved to ASCII files. This study used the

data fromthe ASCI| files.

QUALI TY CONTROL PROCEDURES

MATLAB 6.0 was used for all data extraction
conputations and plotting. 56 ASCI|I data files (28 CID and
28 XBT) were edited and | oaded into MATLAB. A program was
used to extract the depth and tenperature data from each
file. Each profile was scanned visually and by conputer for
bad data points. Erroneous data was rejected and statistics
determ ned on the good dat a.

The first line of quality control was to visually
i nspect each tenperature profile to identify any bad
information. In this nmanner the XBT-1 profile was seen to
corrupt. XBT-1 is shown on page Bl in Appendix B. The data
pair of XBT-1/CTD-1 was not used in the statistical
anal ysis. Follow ng visual 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. If the

tenperature of a particular 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
investigation. For the top and bottomlevels, only one

| evel was avail able for conparison. Roth (2001) and
Schnei ser (2000) chose 0. 2°C because it was shown to be |ess

than 2 standard deviations of the final statistics. This
woul d al so be the case in this study.

Each profile contained 383 | evel s between the surface
and 760m The total nunmber of |evels checked was 20682
(10341 XBT + 10341 CID). O these, 40 CID (0.39% and 51
XBT (0.49% were identified as possibly bad points. Those
that were identified were individually inspected and 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 data points (aside

from XBT/CTD 1) were included in the statistics.

DATA PROCESSI NG

Due To the high accuracy and calibration of the Sea-
Bird CTD, the CITD tenperature measurenents were consi dered
to be the true tenperature profile agai nst which the XBT
profile would be conpared. Any differences are assuned to
refl ect inaccuracies in the XBT neasurenent.

Because the CITD records tenperature versus pressure, it

was necessary to convert pressure to depth. A fornula



descri bed by Saunders (1981) for pressure (P) in decibars

and depth (2) in neters follows:
Z=(1- Ci) *P- CoP?
Where Ci=(5.92+5.25sin?®)*1073; & is |atitude;
C= 2.21*107°
The CTD neasured pressure in 2 dbar increnents for al

casts; therefore the only variabl e between casts was

| atitude, ®. Because the latitude variation was fairly
smal |, between 36 44. 12°N and 34 33. 34°N, a constant val ue

of 36°N was used for latitude and applied to all data sets.

This was perfornmed in previous studies and deened
appropriate (Schneiser, 2000). The introduced error is |ess
t han 0. 005%

After converting the CID data sets to tenperature
versus depth vice pressure, the XBT data sets were natched
to the size of the CID data using the sanme technique as Roth
(2001). The CTD data was over 383 levels while the XBT data
was over 1183 levels. A MATLAB program was used to |inear
interpolate the XBT data sets to the CID neasurenent depths.
Foll owi ng linear interpolation, both CID and XBT profiles
cont ai ned 383 | evel s between about 2m and 760m

Two plots were made for each CTD/ XBT pair. The first
contained the tenperature profile for each sensor. The

second showed the XBT tenperature subtracted fromthe CID



tenperature at each level. These plots are shown in
Appendi x B.

The 27 sets of CITD — XBT val ues were conbi ned, and the
mean and standard devi ation determ ned by MATLAB for all 383
| evel s. These statistics are plotted and shown in Appendi x

B, page BS8.

FI NDI NGS

As can be seen on Appendi x page B8, the nean
tenperature difference (red line) is negative throughout the
range wth the exception of three | evels near the surface
that are slightly greater than zero. This indicates that on
average the XBT neasured a higher (warner) tenperature than
the CTD. The greatest average tenperature difference occurs
in the upper 80m The upper 80m al so had the greatest
standard devi ati on. However, an analysis of the data shows

that in the upper 20mthe average tenperature difference is
only 0.0506°C. The largest tenperature differences are
bet ween 20 and 40 neters with a maxi nrum of 0.4398°C at 32
nmeters depth. The standard deviation at 32mwas al so a
maxi mum 1.2108°C.

Bel ow 80m the average tenperature difference was | ess
than 0. 15°C and was generally decreasing with depth neaning

the XBT readings were closer to the CID readings. The



standard devi ati on bel ow 80m was | ess than 0.3°C and al so

generally decreased with depth with a m nimum of 0.07°C near

750m

COVPARI SON W TH PREVI QUS STUDI ES

Sim |l ar conparisons of CID and XBT profiles have been
performed by both Roth (2001) and Schnei ser (2000). Roth’s
study conpared 9 co-located CTD/ XBT pairs while Schnei ser
conpared 18. This study perforned statistics on 27 pairs, 9
of which were co-located. All conpared Sippican T-7 XBT s
to a Sea-Bird CTD on board the R/I'V Point Sur along the
central Californian coast. A simlar study published by
Heinmller et al. (1983) is not conpared to this study due
to different data editing techniques. Conparisons to
HeinmIler (1983) can be found in Schnei ser (2000) and Roth
(2001).

In this study, as in Roth (2001), the XBT data was

i nterpol ated before being quality checked. This was not
determ ned to have a significant effect in conparing against
Schnei ser’s data which was quality checked before

i nterpol ation. (Roth, 2001)

Shi p | R/'V Poi nt Sur

Dat e | 08/ 2001 | 02/ 2001 | 07-08/ 2000

| Rot h (2001) | Schnei ser (2000)

Dept h Mean Std Mean Std Mean Std
(m




(°0) (°0) (°0) (°9 (°0) (°0)
25-125 [-0.1530 |0.5135 |-0.0907 |[0.1779 |[-0.2198 |0.3598
175-350 |-0.0502 [0.2131 [-0.0810 [0.0951 |-0.1171 [0.1975
175-375 |-0.0549 [0.2157 |[-0.0851 [0.0960 |-0.1212 |0.1981
250-350 [-0.0725 |0.2372 |-0.0731 [0.0903 |[-0.1076 |0.2194
Sfc-750 [-0.0882 |0.2147 [-0.0783 [0.1047 |[-0.1549 |0.2151

Tabl e 1. Mean and standard devi ati on of CTD- XBT tenperature
di fferences on NPS OC3570 cruises aboard R/'V Point Sur.

As can be seen in Table 1, the results of this study
are very simlar to results fromthe two previous studies.
Al 'l

three show a warmbias in the XBT neasurenents that is

nost pronounced in the upper portion of the water columm and

generally decreases with depth. The 25-125m | ayer has a

mar kedly | arger nean tenperature difference in this and
Schnei ser’s study but the difference is |less dramatic in
Rot h’ s st udy.

The greatest standard deviations also occur in the

| evel s. The standard deviation of the 25-125m | evel

upper
is roughly double the value of the overall standard

deviation and the three others conpared in the three
studies. In this study the 25-125m standard deviation is
much | arger than Schnei ser and especially Roth.

The | arger standard deviation in this study nay be a
result of including data pairs that were not co-I|ocated.
Al the data pairs in the previous two studies were co-
| ocated. Data sets separated in tinme and space coul d have

| arger differences in the nore m xed surface |levels than in




the nore qui escent, deeper water. The spike in the nean
tenperature difference and standard devi ation at about 30m
coul d be caused by the depth of the m xed | ayer varying
above and below this | evel between the |ocations and/or
times of the CTD and XBT casts.

The entry of the XBT into the water could al so be
responsi ble for a small anount of error. An abnormal entry
coul d cause the probe to take nore tinme to reach depth than
the software allows. A few fractions of a second difference
coul d change the depth at which the bottom of the m xed

| ayer is recorded.

DI SCUSSI ON

Leg one of the NPS OC3570 cruise aboard the RV Poi nt
Sur collected 19 CTID and 19 XBT tenperature profiles that
were not co-located but were used in this study. One of
these pairs was not used in the statistics due to bad XBT
data. The second leg of the cruise collected 9 pairs of
profiles that were co-located for a total of 27 pairs for
statistical analysis.

Tenperature differences were cal cul ated between the CID
and XBT for each pair at 383 | evels between 2 and 760
neters. A nmean tenperature difference and standard
deviation was then conputed for the 27 pairs. The

statistics showed a warm bias in the XBT neasurenments



bet ween 0°C and 0. 44°C and averaged 0.09°C for the entire
range. The greatest variation in both mean and standard
deviation occurred in the upper 80 neters. This was also a
trend in the two previous studies. It was perhaps nade
worse in this study by using data pairs that were not co-

| ocated as discussed earlier. This is likely the |argest
source of error in this study.

What inpact would a warmbias in XBT' s of the magnitude
found in this study have on Naval operations? The Navy uses
the tenperature profile from XBT's to determ ne the sound
speed profile for Under-Sea Warfare (USW applications. For

this purpose, the indicated bias would have a negligible
effect. As shown in Schneiser (2000), even a bias of 0.4°C

woul d change the conputed sound speed by only 1.6 m's, about
0.1% of the average 1500 nmi's sound speed. The average bias
of less than 0.1°C would have an even snall er inpact.
Therefore, the data fromthis and previ ous studi es suggests
that any bias present in the Sippican T-7 XBT will not

hi nder USW oper ati ons.

Wil e not posing a problemin an operational use, the
consi stent warm bias could negatively inpact clinmate
studies. As with all data, biases should be renobved before
using it to draw conclusions. Scientists relying on these
XBT profiles to | ook for global warm ng 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. A well
desi gned experinent could determ ne an inherent bias and a
correction that could be applied to XBT data col |l ected
around the world. The sanple size, in addition to the
tenporal and spatial variation, in this study is not
sufficient for such a determ nation.

Three different NPS studies have indicated that XBT s
record ocean tenperature warner than actual. Future
research should attenpt to use a |arger sanple size of co-
| ocated profiles fromdifferent |ocations. As Roth (2001)
suggests, the XBT should be rel eased before the CID to
reduce tenporal variation to a mnimum Different batches
of XBT's should al so be used if possible, i.e. do not use
100 XBT's out of the sanme box. Using XBT's with different

manuf acturing dates will nore generalize the results.
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APPENDI X A
Location of CTD and XBT Tenperature Profiles

My XBT | POSITION CTD | POSITION DATE
# # North West # North West

1 4 36-43.84 122-07.36 10 36-44.12 122-01.27 2AUG 01
2 5 36-39.86 122-19.75 11 36-42.32 122-14.14 2AUG 01
3 8 36-290.42 122-41.54 13 36-32.24 122-35.72 3AUG 01
4 9 36-24.98 122-51.93 14 36-27.17 122-46.51 3AUG 01
5 10 36-19.46 123-03.82 15 36-22.00 122-57.52 3AUG 01
6 11 36-15.32 123-13.12 16 36-17.36  123-07.88 3AUG 01
7 12 36-09.63 123-24.89 18 36-07.26  123-29.13 3AUG 01
8 13 36-02.59 123-25.88 19 35-58.58 123-22.86 3AUG 01
9 14 35-54.41 123-19.99 20 35-50.16 123-16.78 3AUG 01
10 15 354596 123-13.58 21 35-41.49 123-10.56 3AUG 01
11 16 35-37.38 123-07.63 22 35-33.06 123-04.38 3AUG 01
12 17 35-28.45 123-01.18 23 35-24.43 122-58.30 3AUG 01
13 18 35-20.20 122-55.30 24 35-15.90 122-52.14 3AUG 01
14 19 35-11.73  122-49.34 25 35-07.31 122-46.01 4 AUG 01
15 22 34-45.72 122-30.66 27 35-50.20 122-33.80 4 AUG 01
16 23 34-37.39 122-24.99 28 34-41.61 122-27.67 4 AUG 01
17 27 34-35.33 121-49.68 32 34-33.34 121-53.93 4 AUG 01
18 28 34-40.81 121-38.50 33 34-38.23 121-43.49 5AUG 01
19 29 34-46.10 121-27.93 34 34-43.39 121-30.01 5AUG 01
20 30 35-58.47 121-57.33 64 35-57.31 121-57.53 7AUG 01
21 31 36-02.63 121-52.55 65 36-01.45 121-52.53 7AUG 01
22 32 36-06.66 121-47.31 66 36-05.61 121-47.64 7AUG 01
23 33 36-18.00 122-25.95 77 36-19.96 122-25.29 8 AUG 01
24 36 36-00.45 122-09.26 78 35-59.97 122-09.12 8 AUG 01
25 37 36-05.19 122-06.78 79 36-04.61 122-06.79 8 AUG 01
26 38 36-09.87 122-04.67 80 36-09.10 122-04.53 8 AUG 01
27 40 36-30.84 122-04.40 86 36-30.27 122-03.98 9AUG 01
28 41 36-33.03 122-08.57 87 36-32.46 122-07.53 9AUG 01
Tabl e Al. Position and date of CTD and XBT data used in this study. CTD and XBT

# srefer to the number from the cruise report and shown in the following figures. My #
refersto the numbering system used in this study for simplification.

- Al-



APPENDI X A
Location of CTD and XBT Tenperature Profiles

0C3570, Leg |
2-5 August 2001
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APPENDI X A
Location of CTD and XBT Tenperature Profiles

0C3570, Leg I
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B

CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots
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APPENDI X B
CTD and XBT Tenperature Profiles and difference Plots

Composite CTD-XBT Temperature Difference and Standard Desiation
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