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Preface

In the Oceanographic Research Department of the Meteorological Research Institute
(MRI), we have long made direct observations of in sifu currents at various depths to
elucidate the ocean general circulation, by means of moored current meter systems since 1979,
under the cooperative efforts by Japan Meteorological Agency (JMA) and Kobe Marine
Observatory (KMO). The current meters used until the 1990s were manufactured by Aanderaa
Instruments, and use a mechanical rotor and vane system to measure current speed and
direction. In those days, the Aanderaa current meters were well appreciated, having a
worldwide market share greater than 90%. However, they have a low sensitivity to weak
currents because of the principle behind their current measurements. Therefore, in our
measurements of deep-sea currents, they were not accurate because the current speeds there
were usually very weak.

In the 1990s, development began of current meters based on new principles of
measurement, without mechanical movement. One of them was a current meter using the
phase shift of supersonic waves as the principle for current measurements, manufactured by
Falmouth Scientific Inc. (FSI; Cataumet, MA, USA). In our research department we prepared
this kind of current meters as the next generation of current meters in time to take advantage
of the start of mooring observations near the equator in 1998. However, there arose the
problem of calibration between the two kinds of current meters. To accomplish this calibration,
we made parallel observations five times in the deep mooring system near the equator, with
each set of observations lasting about one year. In one of the five comparisons, two other
types of current meters were added, so four types of current meters were used for that set of
parallel observations.

This report presents the results of the comparisons from the parallel observations. We
found that even the new types of current meters have their own inherent measurement errors.
In particular, a few cases showed that unexpectedly large errors occurred in the deep ocean
under conditions with extreme pressure. We think the results of our comparison contain
important information for researchers occupied in field observations at home and abroad. The
classic type of current meter is often used even today, in addition to the new types, so that
information about their operating characteristics is useful.

The parallel observations were carried out as part of two projects funded by MRI’s



ordinary budget: ‘Quantitative study of the intermediate and deep circulation in the western
Pacific’ (1998-2002) and ‘Development of high-resolution (eddy-resolving) ocean general
circulation model, and study on formation, maintenance, and variation mechanisms of water
masses based on the model’ (2003—2007). We thank the people at JMA and KMO for their
cooperative efforts in carrying out the observations. We also thank Alec Electronics Company

for providing us two other types of current meters for our parallel observations.

Hiroshi Ishizaki
Director

Oceanographic Research Department
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Abstract

We compared the data from four types of current meter: rotor and vane (model
RCMS; Aanderaa), acoustic phase shift (3D-ACM), electromagnetic (Compact-EM [EM]),
and Doppler backscatter (RCM11; Aanderaa). The data were obtained from deep-ocean
moorings near the equator for a period of one year. We also analyzed data from four
additional parallel observations by RCM8 and 3D-ACM meters. The mean current speed of
the RCM8 meter was the lowest, and that of the RCM11 was lower than the EM and
3D-ACM. The mean current speed and direction data of the 3D-ACM and EM current meters
were in good agreement. There was a systematically asymmetric difference in the current
direction indicated by the RCMS8 as compared to the other meters; that is, the difference in
direction between the RCMS and the others is inversely correlated with the current speed in
the medium velocity range of 2 to 10 cm s . We found that the lower the current speed, the
greater the difference in direction. Furthermore, a comparison of paired RCM8 and 3D-ACM
meters indicated that the difference in direction for large speeds exceeding 10 cm s was
consistently high, ranging from 15° to 30° in some situations, not near zero. The
time-averaged difference in direction reflects these differences. Two current meters, models
3D-ACM and EM, exhibited different temporal trends and abrupt offsets in direction during

the observations.
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