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NIOZ3: Independent Temperature Sensors Sampling
Yearlong Data at a Rate of 1 Hz

Hans van Haren, Martin Laan, Dirk-Jurjen Buijsman, Louis Gostiaux, Marck G. Smit, and Edwin Keijzer

Abstract—Some 110 independent sensors form the NIOZ3-ther-
mistor �string� to study waves in the ocean interior sampling at a
rate of 1 Hz during at least one year. The string operates without
connecting cables between the newly designed sensors, which are
programmed and synchronized via induction. The accuracy of pre-
vious custom-made high-sampling rate thermistor strings is main-
tained, being better than 1 mK. This is demonstrated here using
data from three recent �eld trials, two above seamounts and one
in the ocean interior that occasionally show vigorous (nonlinear)
internal wave motions.

Index Terms—Deep-ocean temperature sensor, high precision,
inductive communication, minimal power consumption, observa-
tions of waves in ocean interior.

I. INTRODUCTION

T O continue monitoring ocean interior temperature varia-
tions, we have constructed a new temperature sensor that

can sample at a rate of 1 Hz during a period of 1.5 y with accu-
racy better than 1 mK. This instrument �NIOZ3� can be used as
an individual standalone sensor. Its internal clock is imprecise
by about 1 min/y. When two or more sensors are mounted on
a conductive cable they are synchronized to a single standard
clock via induction. In principle, an in�nite amount of sensors
can thus be reached at arbitrary mutual distances tested up to
300 m away from the �synchronizer.� The same method of in-
duction is used to communicate with the sensors, of which cur-
rently 110 have been built. Here, we present the �rst sea trials
above seamounts and from the open ocean.

The instrumentation is built to speci�cally study waves and
large scale turbulent motions that may contribute to mixing and
redistribution of material in the ocean. Linear, freely propa-
gating �internal waves� have periods larger than the buoy-
ancy period the buoy-
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TABLE I
SPECIFICATION OF THE NIOZ HIGH-SAMPLING RATE

THERMISTOR STRING MODEL 3 (NIOZ3)

ancy frequency, the acceleration of gravity, the total deriva-
tive, the natural logarithm, the vertical coordinate, and
the density. Deeper than 100 m from the surface, typical values
are 1000�3000 s. On the other hand, internal wave
periods are restricted by the rotation of the earth, as

the vertical component of the earth rota-
tional vector at latitude , when . At midlatitudes,

50 000�86 400 s (14�24 h).
However, linear, purely sinusoidal waves do not transport ma-

terial, but they can do so after steepening by becoming nonlinear,
eventually leading to breaking. The processes of nonlinearity and
breaking are induced following wave�wave andwave�current in-
teractions, e.g., of small scale waves of frequency interacting
withverticalcurrentshear setupbylargescalewavesof frequency

. These processes are most dramatic above sloping topography
such as seamounts where they can dominate sediment resuspen-
sion and transport up the slope [1].

To monitor nonlinear waves and breaking one has to resolve
time scales down to 1 s and vertical scales O(1 m), much shorter
than the buoyancy scales. Previously, such short scales have
been resolved using accurate temperature sensors near the sur-
face, but mainly towed from a ship (e.g., [2]) or from a device
that �oats freely for a period of a few days [3]. Near the bottom,
at great depths, few 1-mK accurate instruments have resolved
the above scales over short periods of a day [4] up to two weeks
[5]. The newly designed NIOZ3 is versatile and can be used at
slopes as well as in the open ocean down to 6000 m.

0364-9059/$26.00 ' 2009 IEEE

Authorized licensed use limited to: Hans van Haren. Downloaded on August 12, 2009 at 06:32 from IEEE Xplore.  Restrictions apply. 



316 IEEE JOURNAL OF OCEANIC ENGINEERING, VOL. 34, NO. 3, JULY 2009

Fig. 1. Some speci�c NIOZ3 pictures. (a) Enlarged sensor tip (left) and one side of sensor electronics with Lithium C-cell battery (right). (b) Box with two cases
including 110 sensors and one synchronizer on top. In the large box, an inductive magnetic �eld can be generated, for communication and programming purposes.
(c) Nylon-coated 9.5-mm steel mooring cable with end connection electrically wired to synchronizer (syn), which is followed up the cable by two NIOZ3 sensors
(S1 and S2). Photo courtesy: B. Aggenbach.

II. TECHNICAL DETAILS

The core of the NIOZ3 temperature sensor is the embedding
of its thermistor in a Wien (bridge) oscillator, just like NIOZ1
sensors [6]. In comparison with NIOZ1, a higher frequency os-
cillator is used, 48 MHz, and only one thermistor per sensor is
used instead of two. The result is a fairly accurate sensor, esti-
mated to be better than 0.5 mK, of which the precise value ba-
sically depends on the calibration. Its resolution is much higher
( 0.04 mK, or 4 10 C). The main progress of NIOZ3
over NIOZ2 [5] and NIOZ1 is its much longer endurance of
about 1.5 y instead of 15 d while sampling at a rate of 1 Hz (see
Table I for details of NIOZ3). This progress is achieved together
with a few novel changes in the setup of the instrument.

NIOZ3 has no connecting cables between the sensors, which
are therefore standalone and independent (Fig. 1). The tita-
nium housing contains all electronics, the sensors� program,
a 256-MB memory �ashcard, and a single C-cell battery. It
can only be opened on one side. The cap is sealed with two
O-rings and holds the single glass-embedded thermistor that
is led through the cap via two small O-rings. All electronic
components are designed for minimum power consumption.
This includes the internal clock, which therefore is rather
inaccurate by about 1 s/week. An additional clock is installed
in a separate housing that can also house a pressure sensor.
This �synchronizer� is used for two main purposes.

First, it sends a synchronizing clock pulse through a con-
ducting cable or frame at user-installable time intervals of typi-
cally 5�10 h. In this way, all deviations of the separate clocks are

lined up to a single standard. Second, it interfaces the commu-
nication between a computer and sensors. Each sensor contains
two coils mounted perpendicular to each other so that they can
receive signals inductively from any transverse direction and
up to a distance of 0.3 m from the conducting cable. As a re-
sult, when mounted to a 0.009-m diameter nylon-coated steel
mooring line or put in a box near a magnetic �eld creator as
during the programming, the sensors can receive communica-
tion and synchronization signals. Inductive communication is
one-way and for the return�response, an light-emitting diode
(LED) is used behind the glass opening of the sensor tip. Par-
ticular sequences of LED �ashings tell the user about correct or
false transmission codes and synchronization.

Shipborne conductivity temperature with depth (CTD) obser-
vations just before instrument deployment is used to calibrate
the sensors, besides establishing the large scale interior den-
sity strati�cation expressed in buoyancy frequency N and the
temperature-density anomaly relationship. This in situ calibra-
tion is required at approximately the same pressure level where
the sensors will be moored, but foremost a very fast ( 3 h)
manner of obtaining a 1-mK relative accuracy. The well-cal-
ibrated and accurate Seabird-911 CTD temperature sensor is
used as a reference to �nd homogeneous layers that are nu-
merous in the ocean. Such layers alternating with thin strati�ed
layers are created in part by internal waves, our principal sub-
ject of the study. After this independent calibration of sensors,
a remaining constant due to a weak in�uence of pressure on the
thermistor is added during postprocessing via �autocalibration,�
an automated procedure. This procedure corrects for the irregu-
larities in the time-averaged temperature pro�le, which is sup-
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Fig. 2. First 25 semidiurnal lunar tidal (� ; 12.42 h) periods of depth-time series of temperature measured using NIOZ3 up to 50 mab (meters above the bottom)
near the top of Great Meteor Seamount. Temperature ranges from 12.3 C to 14.1 C.

posed to be smooth, to guarantee the 1-mK absolute1 calibration
of the sensors. The same procedure corrects for any failures in
reception of the synchronization pulse.

III. FIELD TRIALS

A. Exercise 1: 19-d Deployment Above
Great Meteor Seamount

The sloping sides, having angles to the vertical, of Great
Meteor Seamount (GMS), a 4000-m-high guyot in the Canary
Basin, North Atlantic Ocean, are generally much larger than the
critical slope for internal tide gravity wave generation or re-
�ection:
for and 50 cycles per day (cpd), the typical strat-
i�cation locally near the mooring. This is still approximately
the case for the slope at 550 m near the top of GMS, where lo-
cally 3.9 0.1 as measured by tilt sensors in a current
meter and in an upward looking 300-kHz acoustic Doppler cur-
rent pro�ler (ADCP), both mounted on a bottom lander frame
in May�June 2006 (see Table II for mooring details). Attached

1We deliberately write �absolute calibration� to highlight the fact that the sen-
sors not only have a relative accuracy of 1 mK, with an unde�ned constant to
be added, but also record 1-mK temperature differences relative to each other.
Nevertheless, this �absolute calibration� is not to be understood in terms of ab-
solute temperature measurement with respect to the absolute zero.

TABLE II
MOORING DETAILS OF NIOZ3(N3)-DEPLOYMENT TRIALS.
THE �UNIT� mab DENOTES METERS ABOVE THE BOTTOM

to the frame, 96 NIOZ3 were taped to a mooring cable at 0.5-m
mutual distances. Additionally, four sensors were mounted on
the frame at the same distance of 0.5 m between them. Tilt infor-
mation of a current meter above NIOZ3 showed that the string
did not move more than 0.2 m vertically and 3 m horizontally,
despite current speeds up to 0.55 m s .
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Fig. 3. Details from the 12th panel of Fig. 2, with increasing zoom on the cold-front.

The dominant temperature variations show a semidiurnal
tidal periodicity in the bottom boundary layer (bbl) exceeding
50 mab (meters above the bottom), the range of the present
temperature measurements (Fig. 2). However, the semidiurnal
temperature variation is far from sinusoidal or linear wavelike.
The warming phase is longer and more gradual, while the
cooling phase commences abruptly. Furthermore, during none
of the 37 semidiurnal tidal periods in the record, the bbl behaved
the same in detail. These changes in detail are not associated
with the spring-neap change with time, but due to changes in
interior strati�cation and subinertial vorticity, thereby affecting
the internal wave �eld approaching sloping bottoms. Likewise,
the associated sediment resuspension as inferred from ADCP�s
echo intensity, or acoustic backscatter, is different for each of
the individual strongly nonlinear upslope motions.

Zooming in more detail, NIOZ3 reveals details of a front
(Fig. 3), similar in quality to that of NIOZ2 [5] but over much
larger time spans and with very few failing sensors. During this
�rst NIOZ3 trial, only three sensors failed and another eight
missed the �rst synchronization pulse (see the white short lines
on the left-hand side of the panel). Note that data in any panel are

Fig. 4. Detail from the 17th panel of Fig. 2 showing turbulent ��ngers� during
the warming phase of the tide. The scale is different from the one in Fig. 2.

unsmoothed, raw, and that only in the two most detailed panels
all data are represented by individual pixels. In the other panels,
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