
ARE 

LABORATORY REFERENCE NUMBER 80-27 

XBTs EXPENDABLE? 

by 
DANIEL PAT ANJO 

Northeast Fisheries Center· 

Notional Morine Fisheries Service 

Woods Hote t MA 02543 

AUGUST 19S0 



ABSTRACT 

Appraximately 25 Marine Manitaring Assessment and Predictian (MARMAP) 
cruises were made fram 1977 to. 1980. A callectian af temperatures fram re­
versing thermameters and expendable bathythermagraph (XBT) data abtained an 
three MARMAP cruises is presented in graphic farm. The camparisan af battle 
cast versus XBT cast suggests that XBTs are redundant far present MARMAP pur­
pases and shauld be used anly when battle data are nat available. 

INTRODUCTION 

Since the beginning af MARMAPin 1977, XBTs have been used an selected 
statians (see Figure 1) making cantinuaus prafiles af the water calumn tem­
perature to. supplement the battle cast IS thermameter -readings. In 1977 MAR­
MAP cruises were usually canducted wi thaut persannel from the Fishery Ocean­
agraphy graup, althaugh the Oceanagraphic graup pracessed and stared the data 
ance the cruise was campleted. In 1978 the Fishery Oceanagraphy group was 
requested to. take part in the sea-gaing aperations after which the callectian 
af water, temperature, salinity, axygen and nutrient data and assaciated re­
card-keeping became an impartant and ful1-time jab with the graup. In the 
middle af 1979, the Fishery Oceanagraphy graup hired twa retired aceanagraphers 
to. caardinate wark an MARMAP cruises. Cruises in 1980 have been very success­
ful as far as aceanagraphic data quality and quantity are cancerned. The pur­
pase af this study was to. examine the need far expendable bathythermagraphs 
(XBT) an future MARMAP cruises. Reviewing the experience acquired fram past 
MARMAP cruises, we ask these questians: 1) have we iearned what was planned, 
2) can aperatians be impraved, 3) can time and/ar maney be saved? 

Data and Methads 

Data presented in this repart is fram three MARMAP cruises from different 
years. The first cruise, DELAWARE II 78-02, was conducted fram February 14 -
March 13, 1978. The secand, ALBATROSS IV 79-11, fram Octaber 1-19, 1979; and 
third, EVRIKA 80-01, April 14-May 15, 1980. XBTs were taken an all transect 
statians alang with battle casts. The transects presented here are the MA.RMAP 
transects "N', "B", "C", "D" (See Figure 1), which are narmal to. the caast. 

Niskin battles, with ratating thermometer fJ;'ames, were lawered an a 3/8-in. 
hydra wire with an electranic meter black & readout. Reversing thermameters 
were the deep sea reversing type fram variaus manufacturers. When" the depth 
was 150 meters ar greater, at least ane unpratected thermameter was used. 

The pracedures far" MARMAP XBT, and battle cas t was as fallaws 1 : up an 
arrival an statian an XBT was cast. If the statian depth was mare than 75 meters, 
a regular battle was placed ane meter abave the lead bal1. If the statian depth 
was 75 meters ar less a Hbattam trip,,2 battle, ·,vi theut thermameters, was placed 
ane meter abave the lead ball and the deepest regular Niskin battle was placed 
ane-half meter higher. The remaining battles were hung accarding to. trip at 
0, 5, 10, 15, 20, 25, 30, 35, 50, 75, 100, 150, 200, 250 and 300 meters, de­
pending an battam depth. A timer was set far 5 minutes after which the messen-
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ger was dropped and wire angle and time were recorded. At stations less than 
75 meters, the hydro wire Mas lowered until the "bottom trip" bottle tripped 
and the depth was recorded. Bottles were removed and placed on the rack and 
the water samples were drawn. Piny malfunctions, leaks or other problems were 
recorded. The thermometers should have been read twice (no sooner than 15 
minutes 3 after they were removed from the water). The hydrographer and assis­
tant each read the thermometers once then entered the temperature on the master 
hydro log. At sometime during the cruise the temperatures were corrected using 
the proper "thermometer correction" graphs. 

The XBT models 4 used were T6s (vertical temperature profile to 460 meters) 
and TI0s (vertical temperature profile to 200 meters). XBTs were cast on an 
average of 18 minutes before the hydro cast (with a range from 6 to 49 minutes); 
figured from the messenger time on the hydro log and the cast time on the XET 
graph sheet. . 

Contouring of bottle sections was done independently of XBT sections by 
not permitting the same person to contour both sections. This was to avoid 
the subjective "fitting" of the second section to the first. 

RESULTS 

Duplicate sections by XBT and bottle cast for DELAWARE II 78-02 are shown 
in Figures 2-5, with station information in Tables 1-4. In Transects A and 
B (Figures 2 and 3) The sections are almost identical in the upper SO m where 
the bottles were closel6 spaced. Even small features such as the surface lens 
of water warmer than 17 C in Transect A are duplicated. Transect B is a close 
match except at station 28, where the XBT (taken 28 minutes earlier) shows 
some fine structure missed by the bottle cast. This close similarity is missing 
in the deeper water in all four transects, and also at lesser depths in the 
offshore stations on Transects C and D (Figures 4 and 5). There are three ex­
planations for the discrepancy: 1) inadequate bottle spacing (there's no bottle 
between SO and 200 m at Station 68, Figure 4a, for example); 2) time delays 
between XBT launch and bottle cast; and 3) variations in contouring, which be­
comes more subjective with fewer data points. 

By late 1979, when ALBATROSS IV cruise 79-11 was made (Figures 6-9, Tables 
5-8), equipment deficiencies had been corrected and much tighter bottle spacing 
was achieved. The four sets of sections show quite gOOQ agreement at all depths. 
However, time delays between XBT drop and messenger ranged from 5 to 40 minutes. 
Such delays tend to increase when the weather is bad, so that the ship is drift­
ing not only longer between observations, but faster, The edge of the shelf, 
in particular, is a very complex area and substantial changes occur even in 
very short distances. Some features, such as the tight gradients at stations 

IHydrographic work on MARHAP cruises, manual prepared by Ron Kirschner, 
NEFC Lab. Ref. 80-25. 

2Bottom trip designed by Jay O'Reily, NMFS Sandy Hook. 

3Naval Oceanographi.c Handbook of Oceanography. 

4See Sippican XBT Handbook. 
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59 and 60 (Figure 8b) are inevitably more sharply defined by XBT. 

Sections in 1980 (Figures 10-13) show continued improvement, with only 
small differences between the two sets of contours. 

CONCLUSIONS AND RECOMMENDATIONS 

It is clear that in the early cruises the XBTs were a valuable addition 
to the thermometer data, filling in gaps in the bottle spacing and providing 
a check on the quality of thermometer perfonnance. From 1979 on, however, it 
appears that the XBTs are redundant, as both sets of sections show the same 
essential features. Where fine-scale structure is revealed by XBT it is of 
no value because (a) the spacing between drops is greater than the horizontal 
scale such features, and (b) no other variables are sampled continuously with 
depth. 

Furthermore, data 
thing that can be done 
XBTs goes up annually. 
all stations in MARMAP 
cost approximately $20 

reduction and archiving are already a problem, and any­
to reduce dilplTc"8.tion will help. Finally, the cost of 
In 1978 about $13 000 worth of XBTs were used to cover 

cruises. In 1981 to provide the same coverage will 
000, and doing transects only would cost about $8000. 

It is recommended therefore that 

1. XBTs be used on MARMAP cruises, as presently conducted, only for backup 
in the evept of loss or breaking of thennometers. . . 

2. If an XBT is to be made at a ~~ station, for any reason, it should be 
dropped at the same time as the messenger, to eliminate one major source 
of difference between the two techniques. 
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MARMAP Figure 1 

1977 XBT were taken on all stations. 

197e 1979, 1980 XBT were taken on only transect stations. 



Duplicate sections based on XBT and reversing thermometer data are shown 
side by side on the following pages. In each case the thermometer section is 
on the left, with dots representing the depths of observations. The tables 
give data on observation times and bucket temperatures for the stations shown 
above. This information was not available for EVRIKA 80-01. 
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