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Abstract. A series of laboratory experiments has been car- This phenomenon is widely referred to as Atlantic mul-
ried out to model the basic dynamics of the multidecadaltidecadal oscillation (AMO), a term coined kerr (2000.
variability observed in North Atlantic sea surface tempera-In the recent years, as paleoclimatic records revealed further
ture (SST) records. According to the minimal numerical sec-information on this signal, the usage of a more appropri-
tor model introduced bte Raa and Dijkstré2002), the three  ate term “Atlantic multidecadal variability” (AMV) started
key components to excite such a low-frequency variabilityto spread, implying far more complex dynamics than a sin-
are rotation, meridional temperature gradient and additivegle oscillatory mode\(incze and anosj 2011). Numerous
thermal noise in the surface heat forcing. If these componentstudies suggest that at least two dominant timescales can be
are present, periodic perturbations of the overturning backdistinguished within the aforementioned spectral band: one
ground flow are excited, leading to thermal Rossby modeof a 20-30-yr and another of a 50-70-yr variabilifyong

like propagation of anomalous patches in the SST field. Ourand Sutton2005 Vellinga and Wy 2004). Arguments based
tabletop scale setup was built to capture this phenomenomn field data and numerical results attribute the former to an
and to test whether the aforementioned three components aiaternal variability of the Atlantic meridional overturning cir-
indeed sufficient to generate a low-frequency variability in culation (AMOC), whereas the latter is possibly driven by
the system. The results are compared to those of the numeriew-frequency atmospheric forcing and Arctic—Atlantic ex-
cal models, as well as to oceanic SST reanalysis records. Tohange processeBrankcombe et 312010.

the best of our knowledge, the experiment described here is As a measure of this variabilit§nfield et al.(200)) in-

the very first to investigate the dynamics of the North At- troduced an “AMO index” (AMOI), which is defined as the
lantic multidecadal variability in a laboratory-scale setup.  ten-year running mean of detrended SST anomalies, aver-
aged over the North Atlantic (i.e. north of the Equator). In
the 1940s, as well as in the past two decades, the Atlantic was
relatively warm, corresponding to positive values of AMOI,
while for the 1970s the data indicate a rather cold phase (neg-
ative AMOI). Note that this variability has a magnitude of
o ) _ 0.2-0.5°C only; therefore, it is largely suppressed by the
Low-frequency variability has been detected in various seasignals corresponding to anomalies of shorter (e.g. annual)
surface temperature (SST) records in the North Atlantic. Paymescales. Nevertheless, its signature is significantly present
leoclimatic evidence reaching back to 500 AR&nn et al, in the smoothed SST records.

2009 and instrumental observations since the 1850s suggest A certain spatial pattern of the AMV can also be found,
that a certain variability in the spectral range of 20-70yr 555gciated with the temporal behaviour of AM®WEhnir,

has been persistently present throughout the centuries anfhgg. Averaging over the warm intervals, one can observe

has considerably contributed to the climate variability of the positive SST anomalies all over the North Atlantic basin,
Northern HemisphereSutton and Hodsqr2005.

1 Introduction
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336 M. Vincze et al.: An experimental study of AMO

except for the coast of Newfoundland, where a localized neg-
ative anomaly is present. During the cold phases, the basil

exhibits a similar pattern with the opposite sign: an over- D
all cold anomaly, accompanied with a warm “patch” around zonal
Newfoundland. direction

In order to capture the basic governing dynamics of the
AMV, various numerical models were proposed in the past [&
decades, ranging from simple box modé(2012) to full-
up CGCMs Delworth et al, 2000, which include the effects
of, for example, bottom topography or atmospheric coupling.
An important member in this hierarchy of models is the ide-
alized ocean-only minimal model, proposed teyRaa and
Dijkstra (2002. This setup consists of a rotating rectangular
sector of a uniform depth ocean and meridional SST gradi-

-
ent.Frankcombe et a(2009 showed that a multidecadal os-
cillatory mode can be excited in this arrangement, by adding

N

temporally and spatially correlated red noise forcing to the
SST field, representing ocean—atmosphere interactions. Thi

model is “minimal” in the sense that if any of the three - -
key components (rotation, meridional temperature gradien L
and thermal noise) is removed, the oscillatory mode can nc meridional direction

longer be excited. Note, however, that salinity is not a neces-

sary ingredient of the minimal model, as it does not play anFi9- 1. Schematic drawing of the setup. 1: lamp (for the sur-

important role in this process. face heat qux. perturbatllon), 2: dllglta.l temperatgre sensors (mne
Based on our previous experience in environment-oriented! ©0&): 3: axis of rotation (the direction of rotation is also indi-

experiments@yiire et al, 2007 Janosi et al.2010), we built cated), 4: electric heating module (“Equator”), 5: the cooling sector

. 4 L ﬁacked full of ice (“polar region”), 6: radio transmitter for real time
a laboratory-scale equivalent of the aforementioned minimak,:, acquisition. The geometric parametersD and H are indi-

model, and carried out measurements to acquire anq Procegated, together with the corresponding terminology (“zonal” and
the analogues of SST records. Despite the extreme simplicitymeridional”), used throughout the paper. The thermometer pairs,

of our setup, the results were found to be in fairly good agreefrom which the “meridional” and “zonal” temperature difference

ment with those of the numerical models, and with actual At-anomaly records were obtained, are marked by blue and red circles,

lantic SST reanalysis data. To the best of our knowledge, théespectively.

experiment described here is the very first to investigate the

dynamics of the North Atlantic multidecadal variability in a

laboratory-scale setup. of releasing a maximum flux of 0.3 W crA. These two heat

The paper is organized as follows: Sects. 2 and 3 discussources provided the analogue of the meridional temperature

the layout of the setup and the basic steps of data processingradient in our setup.

respectively. The results are presented in Sect. 4. In Sect. 5 The differential heating at the sidewalls led to the forma-

we compare our findings to ocean SST reanalysis records, apion of a full-depth single-cell overturning background flow

plying the data evaluation methods used for the experimentathat is visible in the dye patterns shown in the snapshots of

data processing. Fig. 2. Note that, for a “sideways convection” arrangement,
there does not exist a critical Rayleigh number, which im-
plies thatany temperature differencAT between the side-

2 The experimental setup walls can initiate such an overturning flow. The typical val-
ues of the basin crossing time of the overturning ranged be-

Our experiment has been carried out in a rectangular acrylitween 300 and 1000 s, dependingAa®. Naturally, a larger

tank, divided into three sectors by two internal vertical walls, “meridional” temperature difference initiates faster overturn-

as depicted in Fidl. The central domain of length = 68 cm ing, which is of great importance in setting the timescale of

and widthD = 25 cm was filled up to heightf = 10 cm with the observed variability, as discussed later.

tap water. One of the side sectors — separated by a copper The tank was mounted onto a platform, rotating at period

internal wall from the central domain — was packed full of P = (3.0£0.05) s. Nine digital thermometers, placed into

melting ice, enough to keep the temperature in this separatethe uppermost 1 cm of the working fluid, were arranged uni-

compartment at (8 0.1) °C for up to 5h (the average du- formly to measure the temperature in the central domain of

ration of our experimental runs). On the opposing verticalthe tank. The frequency of temperature recording was set to

sidewall, an electric heating element was mounted, capablé s 1.
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3 Data processing

We intended to observe the laboratory-scale analogue of
the dynamics described g Raa and Dijkstrg2002 and
Frankcombe et a(2009. In those minimal models, the dom-
inant timescale is set by the time that it takes for a patch-like
sea surface temperature anomaly to cross the basin in the
zonal direction. To find a similar crossing time in our exper-
imental setup, one first needs to calculate the characteristic
horizontal velocityU in a rotating, thermally driven flow. In
such an arrangement (see, danosi et al(2010), U can be
estimated as

U~ agATH
T2l

=14x10*ms?, 1)

Fig. 2. Three subsequent snapshots of the background flow in avherea = 4.3x 10~ °C~1 is the volumetric thermal expan-
non-rotating control experiment, visualized by red dye injected insion coefficient of freshwateg is the gravitational accel-
the middle of the tank. The full-depth overturning circulation is eration, AT ~ 1°C denotes the characteristic “meridional”
clearly visible. The arrows indicate the direction of the cold bottom temperature difference between the two ends of the basin (On
flow (blue) and the warm surface flow (red). distancel), and$2 = 2.094 s 1 represents the angular veloc-
ity of the tank, corresponding to periael, and H = 10cm
Besides temperature gradient and rotation, the third ke)}s th(.a aforementu_)ned water he|ght in the Setup. From here,
component in the minimal models of multidecadal variabil- the time of crossing the tf”mk width can be estlmgted.as
D/U ~1700s, or approximately 578. Note that in this

ity is the presence of a spatially correlated and tempora"yreasoningU was estimated from theneridional tempera-

red noise-like surface heat flux perturbation (representing( . i .
s i X ure difference; yet, we intended to calculate the character-
annual variability and the interactions between the sea sur:

face and the atmosphere). This effect was modelled by istic timescale of zzonalcros_smg. This can be justified by
he argument that the flow in our setup can be treated as
halogen lamp, mounted 50 cm above the water surface (no . : -
. ) : : quasi-geostrophic, where the zonal and meridional compo-
co-rotating). The lamp radiated markedly in the infrared :
) : . nents of the flow velocity are generally on the same order
spectral range; thus, it was able to generate spatially quasi-

. of magnitude. Such estimations and the preliminary inspec-
homogeneous temperature anomalies on the order 6£0.5 ) X i
tion of the obtained temperature records yielded the selection
all over the water surface (whereas the value\@f var-

ied between 0.25 and 1.78). The lamp was switched on of the range 1500-5000s (500-16BYfor further analysis.

and off according to a stochastic sequence. controlled b Melting of the water ice in the cooling compartment of the
9 q ' Y fank also imposed an important constraint on the length of

computer. In this algorithm the time intervals between the . . :
. . the quasi-stationary part of the experimental runs, and thus
subsequent switches (either on or off) were drawn randomly .
. N on the upper limit of the selected spectral band. Hence, we
from a Gaussian distribution of meam= 200s and stan-

dard deviations — 50 s. This set the timescale of the external were unable to resolve variability on timescales longer than

heat flux perturbation to approximately 400 s, or Z80This NZO.O 0P S|g_n|f|cantly. Future expe_nmen;s involving electrlf:
. . ... cooling are intended to explore this regime of the dynamics
timescale corresponds to a seasonal-annual variability in th

forcing. However, besides its direct effect on the surface tem-Fn at might cprresppnd to the Iong—perlod AMV mode (50-
70yr), mentioned in the Introduction.

perature, lamp heating also leads to turbulent convective “at- Although for the real ocean the multidecadal mode is usu-

mospheric” dynamics in the closed air box above the water e .
. : o . .~ ~ally quantified in terms of basin-scale averages of local tem-
surface in the tank, which mimics daily, atmosphere-driven

L . N perature anomalie€ffield et al, 2001, it can also be de-
variability, or “weather”. : . L
. tected directly from the differences of pointwise SST records
In a test run where only the lamp forcing was ac-

tive (i.e. neither differential sidewall heating, nor rotation atlarge distances from each other (see Sect. 5). Analogously,

L ' o in order to eliminate the signals from external sources (most
was present), the characteristic response time or “restor-

ing timescale” of the surface temperatures was found to b notably, our spatially correlated "lamp noise, but aiso the
9 . peral . EEiny daily temperature changes in the laboratory), we chose to
T ~100s (33P). This value was obtained by fitting expo-

X . : f\nalyze the temperature differences between the digital ther-
nential saturation curves to the temperature response signals

recorded during a sequence of lamp switches mometers.
9 q P ' After the start of a given experimental run, the system

needed approximately one hour (1260 time to reach a
quasi-stationary state. The records of this transient phase
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Fig. 4. Comparison of the filtered “zonal” temperature difference
anomaly §77) time series (left panel) and their power spectra (right
panel) for three runs: “lamp noise” only (red), side heating and ro-
tation, but no lamp (orange), and an all-up case (blue).
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can be observed in the case when all three components were

Fig. 3.A typical “zonal” temperature differencé {z) signal before ~ Present. Note that the introduction of “lamp noise” forc-
and after band-pass filtering (inset), and the correspondlng spectrdg Yielded significant amplification in the spectral range of
band in an experimental run where “lamp noise” is present. Theour interest (i.e. 500-166P), although the characteristic
time unit was taken to be the revolution periBdNote the log scale  timescales associated with this “lamp noise” are an order of
in the horizontal axis of the spectrum. magnitude smaller. The principle of “noisy” forcing is simi-
lar to the case ofFrankcombe et a[2009; yet, the fact that
the penetration depth of infrared radiation into water can-
were dropped, and subsequent steps of data processing wemet be scaled down to a laboratory tank leads to differences
carried out only for the remaining part of the time series. in the mechanism of perturbation. In contrast to the ocean,
We applied band-pass filtering, retaining the aforementionedn our setup even the bottom of the basin experiences de-
range of interest (periods between 500 and 18§.7A typ- tectable warming if the lamp forcing is turned on. During the
ical “zonal” temperature difference signallz, before and  “off” phases, the water surface cools first, while a signifi-
after filtering, and the corresponding spectra are plotted incant amount of the heat originating from the preceding “on”
Fig. 3. phase is still stored deeper in the basin. This surface cool-
ing decreases static stability near the top boundary, creating
descending plumes, which cause small perturbations in the
4 Results overturning background flow. This perturbation is present if
the amplitude of lamp noise in the surface temperature vari-
For an ocean-scale numerical minimal model, it has beerability is on the order 0f~0.5°C, which is comparable to the
found that the presence of the meridional temperature graaforementioned typical values &7'. This is also different
dient and rotation are necessary but not sufficient conditionsn the numerical model, where the characteristic amplitude
to initiate a marked multidecadal oscillation, once a realisticof SST noise is an order of magnitude smaller tiAgh.
parametrization of surface heat boundary conditions is ap- Next, using the average “meridional” temperature differ-
plied (Frankcombe et gl2009. However, it has also been ence(ATy) as a control parameter, we evaluated the pe-
shown that by adding a spatially correlated noise term to theiods corresponding to the largest spectral amplitude for
surface heat forcing, this otherwise damped eigenmode stilkeven experimental runs at different values of side heating.

becomes excited. (ATy) was obtained directly by averaging over the mea-
A similar amplification mechanism was demonstrated in sured “meridional” surface temperature differences through-
our setup by a series of control experiments. In Bithe fil- out the given run, obtained from the records of the two ther-

tered signal and the corresponding power spectrum ofFig. mometers, which are marked by blue circles in HigThe

are repeated, together with those of two control runs. In theperiods were acquired from the “zonal” temperature differ-
first test (red curve), only the “lamp noise” was present (nei-ence anomaliess{z), measured by the thermometers with
ther rotation, nor side heating/cooling). The other control runred circles in Figl. From Eq. () one can conclude that the
(orange curve) was conducted in the opposite arrangemenpatch crossing time, and hence the period of the oscillatory
i.e. with rotation and differential side heating, but without mode, scales witthA7 —1. This assumption fairly agrees with
“lamp noise”. It is clearly visible that the largest amplitudes our finding that a clearly decreasing trend can be observed,
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Fig. 6. (a) band-pass filtered, standardized signals of the “merid-

ional” §Ty (blue) and the “zonal8T (red) temperature difference
as visible in Fig.5. A similar dependence on Equator-to- anomalies. Note the phase shith): cross-correlation diagram of
Pole temperature difference has already been reported in thiae above two time series, exhibiting a maximum at #33
aforementioned numerical minimal modé&ijkstra, 2006.
However, the divergence of the oscillation period for even
smaller values ofAT could not be resolved in this experi- between the two time series, cross correlation analysis was
ment, as under such conditions the period would already haveonducted with a maximal lag of 5000 s (1687. The cor-
been larger than the upper limit of the selected spectral bandelation diagram for this particular run is depicted in Fab.
of our interest, which was determined by the maximum mea-We chose the location of the first maximum at a positive lag
surement length. as a measure of the phase shift, which was found to be at

As a “mechanistic indicator” associated with tepatial 1000 s (333P) in this case, corresponding to a cross correla-

patternof the multidecadal variabilityDijkstra et al.(2006 tion value of about 0.6. Interestingly, in this cas&, seems
proposed to measure the phase lag between east-west atalleads Tz, contrary to the findings aie Raa and Dijkstra
north-south temperature differences. Inspired by this idea(2002. The reason for this disagreement needs to be clari-
we processed the “meridional” and “zonal” temperature dif- fied in future experiments, involving high resolution detec-
ference anomaly signal$% and §77) accordingly. It is  tion of the surface temperature patterns by a co-rotating in-
worth mentioning that Dijkstra et al. (2006) obtained thesefrared camera. The differences in the geometry of the basin
differences using zonally and meridionalyeragedtem- and in the method of surface heat forcing might be responsi-
perature signals in their study, instead of pure differencesle for this deviation from numerical results.
of a pair of pointwise temperature records. This definitely To reveal the true spatio-temporal pattern of the zonal
yielded a more robust indicator of the dynamics; however,propagation, the filtered temperature anomaly time series
in the case of our setup such averaging would have intro$7 (¢) of three individual thermometers at the same “merid-
duced a significant bias. Looking at the arrangement of théonal” coordinates were combined into Hobtier diagrams.
nine thermometers in our tank (see Flj, it is easy to no-  Cubic splines were used to interpolate the temperature field
tice that with averaging over the “latitudes” and “longitudes” between the measurement locations. A slice of such a dia-
of such a 3x 3 array of sensors, the signals at the cornersgram is shown in Figz, for the same experiment as the one of
would be taken into account twice, both in the zonal and inFig. 6. It is visible that the zonal displacement of an anomaly
the meridional averages. We also note here that, in order tis predominantly “westward”, i.e. it tends to move towards
obtain 8T, the signal of the “northern” thermometer was the left of the horizontal range. Similar patterns have been
subtracted from that of the “southern” (S—N), andd®@y the  obtained earlier using a GCMr(ankcombe et gl.2010.
“eastern” signal was subtracted from the “western” (W-E). However, eastward propagating anomalies are also present
Two such detrended, standardized and band filtered recorda the diagram, implying more complex dynamics than in the
are presented in Figa. In order to quantify the phase shift original (noise-free) model de Raa and Dijkstr§2002, in
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balance which enables a meridional temperature anomaly
to initiate an anomalous zonal velocity perturbation. In re-
turn, this anomalous overturning pushes the patch towards a
meridional sidewall, which leads to a zonal temperature gra-
dient, and hence, to the excitation of a meridional overturning
anomaly e Raa and Dijkstr&2002. This interplay between
temperature and velocity anomalies drives the observed pat-
tern formation in the system and sets the timescale of the
oscillation. As a consequence of this reasoning, one would
expect a correlation between the above discussed zonal-
. P iy SRR meridional phase lags and the period of the oscillation itself.
320 200 -180 -160 -140 -120 -100 -80 -60  -40 Figure8 shows this dependence for seven experimental runs.
zonal location [mm] For each run, the phase lag value was obtained via the afore-
mentioned cross-correlation method.
Fig. 7. Hovmbller diagram of a “zonal” slice of band-pass filtered  This relation is not nearly as clear as th&Ty ) depen-
temperature anomalies in our setup. The “meridional” location Ofdence of F|95, yet' a certain trend is present: in the vast
the three thermomeFers (pn which the di.agram is bgsed on) Wagnajority of the measurements, the observed phase lags are
15cm from thg _heatmg side of the tank (i.e.~a.2 L distance).  found to be between quarter and half a period (see dotted
The zonal positions of the three thermometers are marked by ver;

n hed lines in Fig), implyin rrelation. Naturall
tical dashed lines. The rest of the temperature field was interpo-a d dashed lines @), implying correlatio aturally,

lated by cubic splines. Note the similarities to the Hdler plots for a clear oscillatory mode with one single frequency and

in Frankcombe et a{2010), obtained from GCM runs. one persistent, permanently cycling surface patch (a “thermal
Rossby wave”), the phase lag between zonal and meridional

temperature differences would be exactly one fourth of a pe-
/ ‘ s riod. However, for a “lamp noise”-induced dynamics present
| / i here, it is not surprising at all that the spatial and temporal
behaviour appears to be more complex.
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/ 5 Discussion

1000 - / _ For a better comparison of our findings with the phenomena
/ in the North Atlantic, we carried out a similar analysis on
F / ( 1 actual SST data, obtained from the NOAA Kaplan Extended
SST V2 data setaplan et al. 1998. This reanalysis data
5001~ . set stores monthly averaged SST anomaly values from 1856
s to present, with a global coverage of resolutior 5°.
/. | To imitate our measurement technique, we selected four
ol grid points in the four “quarters” of the North Atlantic basin:
0 200 h4001 p600. 800 1000 The northern location (N) lies in the vicinity of Iceland
phase lag [P units] (62.5° N, 22.5 W); the southern (S) around Cape Verde, off
Fig. 8. Period of the largest observed Fourier component of thethe coast of Mauritania (123, 22.5 W), the western site
band-pass filtered zonal temperature difference anomalied as (W) was selected in the region of Newfoundland (415
a function of the phase lag between the meridional and zonal tem57.5 W); and the eastern location (E) was picked at the
perature difference anomalies (obtained via cross correlation analCeltic Sea, nearby the British Isles (4718, 7.5 W).
ysis). The dotted line represents= 2x; the dashed line marks Firstly — as in the case of experimental data processing
y= 4?c. The fact .t.hat most of the data points lie between the two _ we acquired the period corresponding to the largest am-
lines implies positive correlation. plitude on the interdecadal timescales, and determined the
appropriate spectral range for the subsequent band-pass fil-
tering, using the W-E signal (Fi§). The maximal peak was
efound at a period of 7580 days (or approximately 20.8yr),
which led to the selection of the range between 5000 and
12500 days (or 13.7-34.2 yr).

period [P units]

which a pure westward propagation was found. This issu

hopefully will be settled by conducting technically more ad-

vanced future experiments using an infrared camera to obtai

more accurate Hoviler plots than the one of Fig, which

is based on data from three thermometers only.
Theoretically, the mechanism of multidecadal oscillation

is based on the principle of quasi-geostropthiermal wind
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Fig. 9.Monthly averaged zonal temperature difference anomaly sig-
nal (inset) and its power spectrum, as measured between the region
of Newfoundland and the British Isles. The band-pass filtering re-gig. 10. (a) band-pass filtered signals of the meridional S-N
tained the periods between 167-411 months, or 5000-12 500 daygp|ue) and the zonal W—E (red) temperature difference anomalies.
(b): cross-correlation diagram of the above two time series (the

dashed lines represent the 95 % confidence interval).
Next, we determined the characteristic phase shift between

the filtered W-E and S—N records, the analoguesigfand
8Tw in the experimental setup. These time series and theipcean), and can be expressed in terms of the non-dimensional
cross correlation diagram are presented in E).The first  thermal Rossby numbetor (see, e.g.Janosi et al.2010),
maximum at a positive lag was found at around 4200 dayswhich has the form of
(or 12 yr) with a correlation value of 0.45. These data appear ATH
. . . og

to agree with other, much more detailed reanalysis resultRot = ARRZ
(see, e.g.%inha and Topliss2006, where eastward prop-
agating SST anomalies have been identified with characterwhere R denotes a characteristic horizontal length scale of
istic basin crossing times of 10yr). As mentioned before, the system. As for the laboratory setup, we usee: D,
both the minimal numerical model @é Raa and Dijkstra and all the other geometric and material parameters had the
(2002 and our results imply that the SST anomajesdom-  same values as in Sect. 3. For the North Atlantic, we set
inantlytend to propagate westward (though, some counterexR = 6.4 x 10° m, the radius of Earth (also coincides with the
amples were found in our setup, as discussed in the previousiaximum width of the Atlantic basin) as length scale-
section). In reality, wind-driven surface currents (most no-3.0 x 10~4°C~1, as the volumetric thermal expansion co-
tably, the Gulf Stream in the case of the North Atlantic, as efficient of seawaterAT = (ATs_n) = 15°C, the average
reported bySinha and Toplis®008 definitely affect the cir-  Equator-to-Pole SST difference agtl=7.272x 107 °s71,
culation of such anomalies. Nevertheless, what is of impor-the angular velocity of Earth. The proper setting of the height
tance here is the order of magnitude agreement between ttecale H of the multidecadal variability is not trivial, as this
observed basin crossing timescale of an SST patch and theould require knowledge about the vertical structure of the
lag between meridional and zonal temperature differences. velocity fields associated with this variability, on which only

Obviously, our laboratory setup is vastly different from the sparse field data exist. As for now, the penetration depth of
actual North Atlantic; nevertheless, we carried out an ordethe multidecadal anomaly is still a matter of debate. Sub-
of magnitude estimation to see whether the experimental resurface signatures of this oscillation have already been de-
sults of Fig.5 are consistent with those obtained from the tected down to a depth of 400 m using expendable bathyther-
field data. For this purpose a scale transformation was apmograph (XBT) dataKrankcombe et 12008, but accord-
plied. The periodP of a revolution around the rotational axis ing to the best of our knowledge, no such analyses have been
(i.e. a day in the case of Earth) provided an appropriate natearried out so far for deeper regions. As an order of magni-
ural timescale. The temperature difference paramgiis tude estimate, we used = 1000 m. This set of parameters
taken to be the value @A Tiy) (or (ATs_n) inthe case of the  yieldedRot ~ 0.5x 10~ for the North Atlantic, whereas for

time delay [years]

)
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9000 — good agreement with field data. However, even within this
- minimal model, there are still many parameters (e.g. the ge-
8000 ! S ometric dimensions of the tank) that could be adjusted in fu-
) 10000 . i ture experiments, to test whether the above proposed nondi-
7000 [~ _ F e E mensionalization is indeed sufficient to link the oceanic phe-
o =) - . nomena to the ones observed in the laboratory.
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