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Abstract Whereas millennial to submillennial climate variability has been identified during the current
interglacial period, past interglacial variability features remain poorly explored because of lacking data at
sufficient temporal resolutions. Here we present new deuterium data from the EPICA Dome C ice core,
documenting at decadal resolution temperature changes occurring over the East Antarctic plateau during
the warmer-than-today last interglacial. Expanding previous evidence of instabilities during the last interglacial,
multicentennial subevents are identified and labeled for the first time in a past interglacial context. A variance
analysis further reveals two major climatic features. First, an increase in variability is detected prior to the glacial
inception, as already observed at the end of Marine Isotopic Stage 11 in the same core. Second, the overall
variance level is systematically higher during the last interglacial than during the current one, suggesting that a
warmer East Antarctic climate may also be more variable.

1. Introduction

Among other long palaeoclimatic records, the EPICA Dome C (EDC) ice core (75°06'S, 123°2’E, see insert of
Figure 1) has contributed in a major way to characterize glacial/interglacial climate variability over the last
800 thousand years (hereafter kyr), by providing multiproxy records of climate and atmospheric composition
variations [Jouzel et al., 2007; Lambert et al., 2008; Loulergue et al., 2008; Luthi et al., 2008; Siegenthaler et al.,
2005; Spahni et al., 2005; Wolff et al., 2010]. Continuous 55 cm deuterium (5D) measurements (Figure 1) [Jouzel
et al.,, 2007] have in particular documented past EDC long-term temperature changes and evidenced
recurrent millennial-scale variability of glacial periods, characterized by Antarctic Isotopic Maxima (AIM)
events known as counterparts of rapid temperature changes in Greenland [EPICA-community-members, 2006;
Capron et al., 2010]. So far, Antarctic temperature variations during the last nine interglacial periods (cf.
Figure 1)—occurring under global warm climatic conditions (e.g., surface temperatures, sea level, and sea ice
extent) close to the modern ones—have shown differences in terms of shape, intensity, or duration [Tzedakis
et al., 2009]. While these features highlight the climate heterogeneity of interglacial periods at multimillennial
scale, they do not bring evidence of higher-frequency climate variability at play during interglacial periods.

Well dated and highly resolved climate records of the current interglacial period have yet allowed one to
document climatic variations expressed at millennial to submillennial scales, with regional specificities [e.g.,
Masson et al,, 2000; Mayewski et al,, 2004; Wanner et al,, 2008, 2011]. Understanding the mechanisms at play in such
variability is important with respect to future climate change and climate predictability [Braconnot et al., 2012;
Deser et al,, 2012]. However, the dating uncertainties and the limited temporal resolutions associated with natural
archives restrain the documentation of such high-frequency variability during previous interglacials. Ice core
records are for instance affected by the thinning of ice layers in the ice sheet, which progressively compresses the
climatic information (Figure 1) and increases chronological uncertainties [Kawamura et al,, 2010]. Yet palaeoclimatic
records resolved at subcentennial scale and covering Marine Isotope Stage 5 [e.g., Bigler et al,, 2010; Galaasen et al.,
2014] or MIS 11 [Koutsodendris et al., 2011; Pol et al., 2011] have recently emerged, providing strong evidence
that previous interglacial periods also experienced significant climatic variations at millennial to submillennial scale.
However, it is still unknown whether all interglacial periods present the same patterns of variability and whether a
link between this high-frequency climate variability and mean climatic states can be established.
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Figure 1. Vertical profile of the 55 cm EDC 6D record (%o, bottom axis) along the ~3190 m of the core (left axis, see insert for the
position of the EDC site over the East Antarctica plateau). Corresponding ages (right axis, kyr B.P.) are given using the EDC3
chronology [Parrenin et al., 2007]. Interglacial periods are labeled with respect to the Spectral Mapping Project (SPECMAP) ter-
minology [Imbrie et al., 1984]. The blue-shaded area indicates the ice core section which has been analyzed at 11 cm resolution.

Here we address these questions for the last interglacial or MIS 5e (Figures 1 and 2, MIS 5 substages are
nominated according to the marine SPECMAP terminology [Imbrie et al., 1984], assuming that air surface and
sea surface temperatures vary simultaneously in the subantarctic zone [Govin et al., 2012]), by looking at
different aspects of the climate variability: the occurrence of climatic subevents, detected changes in
variance, and their potential connection with long-term trend changes. The last interglacial is of prime
interest for three main reasons. First, due to its position in the EDC core, Antarctic temperature changes
during MIS 5e can be described at the same 20 year temporal resolution as during MIS 1, using new 6D
measurements of 11 cm samples produced for the purpose of this study (see Text S2). Second, the existing
EDC oD record exhibits an early isotopic optimum at the end of Termination Il comparable to the MIS 1
early optimum (or AIM 0 [Stenni et al., 2011]). Albeit occurring under different orbital configurations, both
optima have been similarly hypothesized to reflect bipolar seesaw processes linked to reorganizations of
the Atlantic Meridional Overturning Circulation (AMOC) [Masson-Delmotte et al., 2010; Stenni et al., 2011].
Third, MIS 5e is characterized by enriched Antarctic water stable isotope values reflecting a warmer than
present regional climate (temperatures at least ~4.5°C above present day) [Jouzel et al., 2007; Sime et al.,
2009] and a sea level high stand at least 5.5 m above today [Dutton and Lambeck, 2012; Kopp et al., 2009],
caused by reduced Greenland [Dutton and Lambeck, 2012; NEEM-community-members, 2013] and Antarctic
ice sheets [Bradley et al., 2012, 2013; Holden et al., 2010; O'Leary et al., 2013]. Therefore, it provides the most
recent case study for understanding the climate/ice sheet interaction processes associated with warmer-
than-today polar temperatures.
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Figure 2. Climatic context and Antarctic temperature variability during the last interglacial. The studied interval extends from the
glacial inception or MIS 5d (110 kyr B.P.) to the transition MIS 6/ MIS 5e or Termination Il (140 kyr B.P., see delimited intervals on
top). (@) Changes in summer insolation at 65°N (W m72, yellow). (b) Estimate of sea level changes according to Kopp et al. [2009]
(in meter relative to present sea level, displayed in blue with the associated uncertainty in shaded blue). (c) EDC CH4 concentra-
tions (ppb, green) [Loulergue et al,, 2008; Spahni et al,, 2005]. (d) CO, concentrations from the EDC and Vostok ice cores (ppm, red)
[Luthi et al., 2008; Siegenthaler et al,, 2005]. Both GHG (for greenhouse gas) signals are plotted with respect to the EDC gas
chronology [Loulergue et al., 2007]. (e) Smooth JD signals (%o), derived from the 500 year binomial smoothing of the 20 year
resampled (f) raw data (%o). Fifty-five centimeter samples in grey and 11 cm samples in black, shifted by a 10%o offset on y axis;
the noticeable events (see Figures 3c and 3h and section 2.1 in Text S2 for details) are highlighted by grey-shaded areas

and labeled. (g) Running standard deviation over a 3 kyr window of the black D signal of Figure 2f, resampled on
a regular time step of 20years and detrended (Text S1). Three different phases of variability have been identified
(see section 2.2 of Text S2 and Figure S7 for the description of the method) and labeled 1, 2, and 3 (see black arrows);
they are reported by black dashed lines over Figures 2a-2g. (h) Wavelet spectral analysis of the black dD signal of
Figure 2f, resampled and detrended. The spectral power is displayed in function of time (kyr B.P.), frequency (left axis, 1/
kyr), and corresponding periodicity (right axis, kyr). Black dashed contours delineate the significant periodicities, as the
black line delineates the cone of influence (see Text S2). Red arrows and red dashed lines define the three different areas of
variability identified in Figure 2f.

POL ET AL.

©2014. The Authors. 4006



@AG U Geophysical Research Letters 10.1002/2014GL059561

2. Data and Methods

Using the —403%o oD threshold in the EDC core to define past interglacials [EPICA-community-members,
2004], the warm Antarctic phase of MIS 5e is found between depths of ~1531 m and ~1742 m in the EDC
core, corresponding to a time interval ranging from ~116.3+ 1.5 kyr to ~132.3 + 6 kyr before present
(hereafter B.P, see the dashed line on Figure 2f) according to the EDC3 chronology [Parrenin et al., 2007]
(see section 1.2 of Text S2). We have here produced 2415 new 6D measurements (11 cm length samples:
see section 1.3 of Text S2) along a widened interval from ~1490 m (~112.4 kyr B.P.) to ~1756 m (~134 kyr B.P.)
(blue area of Figure 1), in order to also encompass the penultimate termination (Termination Il) and the onset of
the glacial inception following the interglacial interval. Depending on the location in the core and therefore on
associated changes in accumulation and thinning function (Figure 1) [Parrenin et al., 2007], the time step of our
new record (black, Figure 2f) varies from 6 to 14 years against 30 to 70 years for the initial one (grey) (section 1.1
of Text S2). This new record is compared to the initial low-resolution profile (from 55 cm samples) on Figure 2f
(respectively black and grey curves); both signals are given with an identical analytical accuracy of + 0.5%o at 10
(see section 1.2 of Text S2). Our new data highlight isotopic variations showing amplitudes of up to 14%o
(2.5 higher than the ones exhibited in the initial record).

As demonstrated by a signal-to-noise study conducted at Vostok [Ekaykin et al., 2002], central Antarctic ice
cores cannot, however, archive climate variability on time scales below ~20years, due to postdeposition
effects (e.g., wind scouring or isotopic diffusion, see section 1.1 of Text S2). Antarctic climate variations over
MIS 5e are thus thereafter examined after a 20 year resampling, as previously done for MIS 1 [Masson et al.,
2000; Pol et al., 2011]. Investigated features of the MIS 5e variability (climatic subevents, changes in variance
and links between long-term trends and high-frequency variability) are compared to those extracted from
the existing MIS 1 EDC 6D data. We, however, note that such variability analyses in ice cores can be limited by
two major critical points. First, the isotopic diffusion occurring both in the firnication zone [Neumann and
Waddington, 2004] and in solid ice [Ramseier, 1967] can smooth or erase the highest-frequency climatic
information in ice core isotopic signals. Our diffusion calculations for the EDC core (see section 1.4 of Text S2
and Figure S3) over MIS 1 and 5e intervals have shown that only climatic variations shorter than 6 years were
affected by diffusion, thus allowing us to rule out any diffusive biases in our variance analyses performed on
20 year resolved records. Second, spectral analyses have been demonstrated to be highly dependent on
chronology uncertainties [Pol et al., 2011]. Age-scale tests have therefore been performed to assess the
reliability of the EDC3 chronology over our extended MIS 5e interval (see sections 1.3 and 3.3 of Text S2 and
Figure S2) and to demonstrate the robustness of our results against given uncertainties [Parrenin et al., 2007;
Bazin et al., 2013].

3. Results and Discussion

3.1. Detection of Interglacial Multicentennial Climatic Subevents

The added value of increasing the resolution of the EDC JD record over MIS 5e is first evidenced when
examining our two signals (Figure 2f) at multicentennial scale. Wanner et al. [2011] used a 500 year
binomial filter to highlight climatic events taking place during the current interglacial period in a large
variety of records. For comparison, we applied the same filter both on our new 20 year resampled signal
and on the initial 70 year resampled one (see section 2 of Text S2; results obtained from a reduced by a
factor of 2 length of smoothing are also illustrated in Text S2). The resulting curve from the 20 year record
(black, Figure 2e) reveals 18 climatic excursions (hereafter called climatic subevents and labeled SE) that
were hardly distinguishable in the initial profile (grey, Figure 2e). The detection of these subevents has
been conducted with respect to the methodology described in section 2.1 in Text S2 and Figure S4 (see
also Figures 3c and 3h). They are labeled over the whole MIS 5e interval and independently numbered
for the discontinuous MIS 5d and 6 segments (see Figure 2e and the delineated periods on top). Their
respective duration, shape, and intensity are summarized in Table S1. All of them exhibit isotopic
amplitudes of at least 4 + 1%o, which can be converted into minimal temperature changes of 0.6 +0.15°C
using the present-day spatial slope of 6%o/°C [Jouzel et al., 2007]. However, simulations performed with
one atmospheric model equipped with water stable isotopes have suggested that the use of this spatial
slope may lead to an underestimation of past temperature changes for warmer-than-today conditions,
by at least 30% [Sime et al., 2009].
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With the exception of the long SE 5e.2 and 5e.12 events which stretch over 1 kyr, our subevents are recorded
at a typical centennial time scale. Eighty-five percent of those subevents are characterized by 6D amplitudes
ranging from 4 to 8 + 1%o; three of them, however, stand out by showing dD amplitudes exceeding 9%o
(or temperature changes larger than 1.5°C): SE 5e.14 during Termination I, and SE 5e.8 and 5e.10 following
the early MIS 5e isotopic maximum. They have been detected using the detrended record (see section 2.1
in Text S1 and Figure 3h); but when mapped back onto the original signal (Figures 2e and 3g.), three types of
events can be distinguished, mainly depending on the variations of the long-term trend (displayed in
Figure 3fin red) on which they are superimposed (see section 3.1 in Text S2): (i) warming events (SE 5e.13 and
5e.14), (ii) cooling events (SE #1, #2, and #3, 5e.1, 5e.2, 5e.10, and 5e.11), and (iii) triangular shape events (SE
5e.3 to 5e.9 and 5e.12 and SE #4). We, however, note that SE #4—albeit occurring on top of the dominating
warming trend of Termination ll—shows a standing-out triangular shape. Subevent 5e.2 over the glacial
inception is also noticeable because of a prominent warming at its beginning, which contrasts with the
following cooling trend. SE 5e.1 and 5e.13—showing a plateau instead of an isotopic excursion, respectively,
at their start or end—can also be pointed out as they evidence a pause in the course of either the glacial
inception or Termination Il. Hence, while the majority of subevents are just superimposed onto the associated
dominating long-term trend, the previous exceptions stand as hiatus in the natural multimillennial course of
Antarctic climate variability.

Over the 12 kyr interval from 130 to 118 kyr B.P., we report 11 events (SE 5e.2 to SE 5e.13), including two
events with 6D amplitudes exceeding 8%o (Table S1). Applying the same methodology (Figure 3c) over the
equivalent ongoing MIS 1 11.7 kyr interval only shows five comparable subevents, with none of them
showing 0D amplitudes exceeding 8%o (Figure 3b, see Table S2 for a detailed characterization). Assuming that
the main features of the Antarctic climate variability are reliably recorded in the EDC 6D signal [Masson-
Delmotte et al., 2011], MIS 1 and 5e subevents demonstrate the recurrence of submillennial variability during
the two last interglacial periods in Antarctica and suggest a more variable climate over the East Antarctica
plateau during the warmer last interglacial period than during the current one.

Detected interglacial subevents in the EDC JD record show amplitudes high enough to be expected to
witness larger-scale changes. For reference, temperature changes during the smallest glacial AIM

(#9 and #13) are estimated, respectively, at 0.5 and 0.6°C over the East Antarctic plateau according to
Stenni et al. [2010]. However, in the absence of a Greenland ice core record covering MIS 5e which could
be used as a reference to investigate possible counterparts of the present subevents in the Northern
Hemisphere [EPICA-community-members, 2006; NEEM-community-members, 2013], it is not possible to
conclude about the large-scale relevance of present Antarctic subevents during the last interglacial.
Clues for submillennial-scale variability in MIS 5e Antarctic greenhouse gas (GHG) records do exist
[Loulergue et al., 2008; Luthi et al., 2008; Siegenthaler et al., 2005; Spahni et al., 2005] (Figures 2c and 2d); but
an objective matching between 6D and GHG features is limited by the resolution of existing GHG records,
the loss of centennial variations caused by firn gas diffusion [Spahni et al., 2003] and the uncertainties linked
to ice and gas-age differences [Bazin et al., 2013]. Referring to available records from different archives showing
compatible instabilities over the MIS 5e—for instance in Europe [Allen and Huntley, 2009; Drysdale et al., 2009;
Milner et al., 2013; Miiller et al., 2005], Mediterranean [Martrat et al., 2004; Sprovieri et al., 2006], or North
Atlantic [Bauch and Kandiano, 2007; Galaasen et al., 2014; Oppo et al., 2006] basins—would appear even
trickier in the absence of synchronized age scales. Concluding about the spatial representativeness of

such interglacial subevents would thus require further investigations which are beyond the scope of the
present paper.

3.2. Characterization of the Antarctic Climate Variability During the Last Interglacial Period

We now consider the full range of information contained in our detailed EDC dD record in order to investigate
changes in Antarctic high-frequency climate variability. After removing the climatic long-term trend (shown in
Figure 3f, red, for the 118-130 kyr B.P. interval, see section 2.2 in Text S2 for details) from our 20 year resampled
signal, a 3 kyr running standard deviation (Figure 29) is used to characterize the distribution of those changes over
the studied interval (see section 2.2 in Text S2 and Figure S7 for details). Three patterns of variability (labeled 1, 2,
and 3 in Figure 2g) are distinguished: high variance levels are recorded during the glacial inception (interval 1) and
over the early MIS 5e maximum and Termination Il (interval 3); an interval of reduced variability (interval 2) is found
in between.
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Figure 3. Comparison of (a—e) MIS 1 and (f-j) MIS 5e variance analysis over 12 kyr intervals. (a and f) Normalized 20 year resampled EDC D records (black)
and their associated multimillennial trend (red), calculated from a singular spectrum analysis method (SSA, see section 2.3 in Text S2). (b and g) Smoothed
oD signals resulting from the 500 year binomial smoothing applied on the 20 year resampled data of Figures 3a and 3f. Detected events with respect to
methodology displayed in Figures 3c and 3h are labeled for both MIS 1 and 5e intervals (in line with Figure 2e). (c and h) Detrended signals obtained by
the subtraction of the red signals of Figures 3a and 3f from the black signals of Figures 3b and 3g. Black dashed lines represent the respective +10 levels
of the MIS 1 (1.4%o) and 5e (1.5%o) data distributions (Figure S5). Extreme isotopic values which do not range within the £1¢ interval are highlighted by
red (warm excursions) and blue points (cold excursions). Significant interglacial climatic subevents are commonly taken as sequences of two consecutive
opposite excursions (see section 2.1 in Text S2 and Figure S5 for details). (d and i) Running standard deviation over 3 kyr of the black minus the red 6D
signals of Figures 3a and 3e (detrended signals). (e and j) Wavelet spectral analysis of the detrended signals. The spectral power is displayed in function of
time (kyr B.P.), frequency (left axis, 1/kyr), and corresponding periodicity (right axis, kyr). Black contours delineate significant periodicities and black lines
cones of influence (see section 2.3 in Text S2). Grey-shaded areas indicate minimum variance intervals, possibly reflecting true MIS 1 and 5e (interval 2)
Antarctic “stable warm phases”.

While intervals 1 and 3 show similar levels of variance, they are, however, expressed at different frequency
ranges (Figure 2h, wavelet analysis method described in section 2.3 in Text S2). The variability within interval
1—exclusively expressed at centennial scale—clearly differs from the dominating millennial-scale variability
identified during interval 3, which is also characterized by multidecadal to centennial significant periodicities.
The minimum of variance recorded within interval 2 coincides with a loss of millennial variability and only
one prevailing significant multicentennial periodicity (~600 years).

In Antarctica, the last interglacial period is characterized by three different climatic substages, composed of two
transition phases surrounding a more stable climatic state. Our results emphasize a close link between those
long-term trend changes and higher-frequency variability (additional statistical calculations in section 3.2 in
Text S2). Interval 3—spanning Termination Il and MIS 5e maximum—may thus be related to the climatic impact
of the deglaciation history, driven by large insolation variations (Figure 2a). In the absence of information about
volcanic and solar activity as well as about AMOC variability during MIS 5e, it is not possible to conclude about
the causes of the detected millennial variability. Nevertheless, the two significant ~1100 year and ~1450 year
periodicities identified over this period are similar to millennial periodicities commonly attributed to solar and
AMOC imprints in MIS 1 climate proxy records [Debret et al,, 2009]. We also note that the maximum level of
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variance occurs at the beginning of the EDC plateau following MIS 5e early optimum, coinciding with the sea level
high stand due to reduced ice volumes in Greenland ice sheet [ Dutton and Lambeck, 2012; NEEM-community-
members, 2013] and strong presumptions of significant Antarctic ice volume loss [Bradley et al.,, 2012, 2013; Holden
et al,, 2010; O'Leary et al., 2013]. Increased freshwater fluxes from both hemispheres are known to potentially
influence AMOC [Galaasen et al,, 2014; Oppo et al., 2006; Swingedouw et al., 2009], with implications for Antarctic
sea ice extent and climate [Mathiot et al., 2013].

The EDC 6D plateau (122.8 kyr B.P.)—coinciding with local temperatures estimated ~2°C warmer than present
day (Figure 2f) and a stabilized global sea level (Figure 2b)—is marked by a 20% decrease in variance
occurring within 1.2 kyr. While the EDC JD values start to slowly decrease, the variance level gradually
increases before reaching the same level as during interval 1. This 4 kyr long period (interval 2 between
122.8+ 1.5 and 118.8+ 1.5 kyr B.P.) characterized by a minimum of variability is here proposed to represent
the MIS 5e Antarctic “stable warm phase.” Similarly, a 20% decrease in variance (within 1.7 kyr) is detected at
6.7 kyr B.P. during MIS 1 (Figure 3d). This makes the current Antarctic stable warm phase already 2.7 kyr
longer than its MIS 5e analog (Figures 3d and 3i, grey areas).

Interval 1 and its strong centennial variability come along with the glacial inception and the associated
decreasing orbital forcing (Figure 2a). We note that the increase in high-frequency variability predates the
Antarctic cooling trend (Figure 2g). This feature—also observed at the end of MIS 11 [Pol et al., 2011]—
supports the existence of early warning signals for critical climate dynamics transitions [Scheffer et al., 2009].
The absence of such significant variance increase during the last millennia could then be interpreted as the
lack of any precursor sign for an imminent natural glacial inception.

This comparison between MIS 1 and MIS 5e Antarctic isotopic variances further confirms that the East
Antarctica plateau experienced significantly more variable climate conditions during MIS 5e than during the
last millennia—even within the most stable phases. Evidence based on the number and amplitudes of
multicentennial climatic subevents detected during these two interglacials are here reinforced by a MIS 5e
standard deviation being systematically 20% higher than during MIS 1 (Figures 3d and 3i).

4. Conclusion

Using new high-resolution EDC 6D data, we have demonstrated the existence of submillennial-scale
variability during MIS 5e, expanding the documentation of high-frequency variability during past interglacial
periods. We have evidenced and numbered multicentennial climatic subevents occurring in an interglacial
climatic context, but competing with the smallest AIM events of the last glacial period in terms of amplitude.
While it is consequently reasonable to expect an imprint of such interglacial Antarctic events at larger scale,
such investigation hangs on the emergence of new and well-synchronized records at sufficient resolution to
possibly enable an accurate one-to-one identification. Three distinct intervals have further been highlighted
in the EDC record, including two transition phases surrounding a period of minimum variability from
122.8+1.5to 118.8 = 1.5 kyr B.P. The level of variability during this period remains higher than during the last
6.7 millennia of the current Holocene, thus providing first observational evidence that a polar climate warmer
than today may also be more variable. The mechanisms causing such enhanced variability remain to be
understood, but may involve ocean-atmosphere interactions in response to a different orbital context, and
likely reduced austral sea ice extent and Antarctic ice volume [Bradley et al., 2012, 2013; Holden et al., 2010;
O'Leary et al., 2013]. As previously observed in a comparable study focusing on MIS 11 [Pol et al., 2011], we
have also detected an increase of MIS 5e climate variability prior to the glacial inception. We notice that the
EDC 6D Holocene record does not show any equivalent feature, thus possibly suggesting that the current
interglacial—prior to recent increasing anthropogenic radiative perturbation—was not near its natural end.

In a context of growing interest for the last interglacial period as target for model evaluation [Holden et al.,
2010; Lunt et al., 2013; Stone et al., 2013], our data add to benchmark Antarctic information for climate and ice
sheet models and highlight new features of interglacial climate variability under warmer-than-today climatic
conditions, which may be of prime importance for future climate scenarios. We, however, stress the need for
additional palaeoclimatic records at sufficient temporal resolutions to further investigate the links between
orbital contexts, mean climatic conditions, and higher-frequency variability. Efforts in synchronizing age
scales also appear essential in order to assess the global features of climate variability during

interglacial periods.
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Introduction

This auxiliary material contains 3 text files (text01 to text03.txt), 8 supporting figures (fsO1 to
fs08.pdf) and 2 tables (tsO1 and ts02.pdf) attached to the article “Climate variability features
of the last interglacial in the East Antarctic EPICA Dome C ice core”. The first text file
contains the high resolution deuterium dataset supporting main results of the paper and
obtained from the measurements of 11-cm samples of the EPICA Dome C (EDC) ice core in
East Antarctica, over the last interglacial period. Data are given in per mil relative to the V-
SMOW standard and with respect to depth in the EDC core. Isotopic analyses have been done
at the Laboratiore des Sciences du Climat et de I’Environnement, in Paris-France, using an
uranium reduction method described in Vaughn et al. (1998); the analytical accuracy is on
average +0.5%o at 1o. The second text file, referred as “Supporting Material” in the main text,
describes the methods in use in the paper and presents complementary results that haven’t
been included in the main text. Figures fsO1 to fsO8 and tables tsO1 and ts02 come with this
Supporting Material file; associated legends can be found below. The third text file finally
contains the Fortran 90 code used to perform additional statistical tests about the discussed
links between long-term trend changes and higher-frequency variability during interglacial
periods.

Texts:

textO1.txt: High resolution deuterium data from the EPICA Dome C ice core newly obtained
for the purpose of this study.

1.1 Column “depth”, in meters, location of analysed samples from the top of the core.

1.2 Colum “deuterium”, in per mil relative to VSMOW.

Text02.txt: Supporting Material containing the description of the methods used in the paper
and complementary results. All additional references are listed in this file.

Text03.txt: Fortran 90 code developed by M. Mudelsee to statistically asses the links between
changes in long-term climatic trends (typically expressed at multi-millennial scale) and
changes in higher-frequency climate variability (from millennial to sub-millennial scale).
Performed statistical tests are described in the Supporting Material (text02.txt) and shown on
Figure S8 (fs08.pdf)



Figures:

fsO1.pdf (Figure S1): Comparison of low resolution and high resolution EDC oD signals
in function of depth. a. Raw data from the EDC 8D measurements of 55cm or low
resolution (LR) samples (grey) versus 11lcm or high resolution (HR) samples (black). b.
Coherency test comparing EDC LR 38D signal (grey) with the calculated dD signal (black)
from the average of 5 HR oD values over the corresponding depth interval covered by one
LR value. Insert: Cutting scheme of the EDC ice core.

fs02.pdf (Figure S2): Comparison of Antarctic ice core age-scales. Blue, EDC oD data
plotted against the EDC3 chronology [Parrenin et al., 2007]; red, EDC 6D data plotted
against AICC2012 [Bazin et al., 2013]; green, DF 80" data on the DF06 age-scale
[Kawamura et al., 2007]. Note that differences between EDC and DF isotopic profiles may
also arise from different changes in moisture sources and ice sheet topography [Masson-
Delmotte et al., 2011; Uemura et al., 2012].

fs03.pdf (Figure S3): Diffusion effects in the EDC ice core, expressed as climatic time
periods that may have been removed from the originally deposited isotopic signals (original
amplitudes of variations reduced to 10%, red) along the 800 ky of the EDC core as estimated
by the model age-scale. Diffusion simulations have been performed using the model of
Johnsen et al. [2000] with the implantation of the EDC parameters [Pol et al., 2010].

fs04.pdf (Figure S4): MIS 5 high frequency signal. a. MIS 5 HR EDC 38D data re-sampled
every 20y (black) with respect to EDC3 age-scale, with the associated long-term trend (red,
similar to the red curve of Fig. S5). b. De-trended signal obtained by the subtraction of the
red signal of panel a from the black one.

fs05.pdf (Figure S5): Detection of MIS 1 and MIS S sub-events. a and b. MIS 1 and MIS 5
20 y re-sampled EDC 8D data normalized and smoothed over 25 (black) or 13 points (blue)
to filter all frequencies lower than 500 or 260 years, plotted against the associated climatic
long-term trends (red) extracted from the first component of the Singular Spectral Analysis,
performed using the SPECTRA software [Ghil et al., 2002]. c¢. and d. De-trended signals
obtained by the subtraction of the red signals of panels a and b from the black ones. Black
dashed lines represent the + 1o levels according to the data distribution of Fig. 5a and b.
Extreme isotopic values which do not range within the + 1o interval are highlighted by red
(warm excursions) and blue points (cold excursions). Significant interglacial climatic sub-
events (labelled using the same terminology as in the manuscript) are commonly taken as
sequences of two cold excursions framing a warm one. Intermediate points (grey) are at some
places added as starting or ending points of a sub-event (SE 1.2 or 1.4 for instance), when
opposite isotopic variations of amplitude higher than 1o interrupt a common sequence of
consecutive blue-red-blue points. e. and f. De-trended signals obtained by the subtraction of
the red signals of panels a and b from the blues ones. Black dashed lines represent the + 1o
levels of 1.6 and 1.75%o respectively valid for MIS1 and MIS5 260-y smoothed signals. The
method to detect significant interglacial sub-events is the same as applied on panels ¢ and d.
All data are plotted with respect to the EDC3 age-scale.

fs06.pdf (Figure S6): Distribution of MIS 1 (left) and MIS 5 (right) values of Fig. S4c and
d (blue histograms). Both MIS 1 and MIS 5 data distributions can be assimilated to normal
ones (red) with respective standard deviations of 1.4%o and 1.5%0. 71% of MIS 1 smoothed
and de-trended values range between + 1o, against 73% for MIS 5.



fs07.pdf (Figure S7): Method for delineating intervals of variability during MIS 5,
calculating either a running standard deviation over a 1.5-ky (blue), 3-ky (black, same as the
one of Fig. 2 and 3 of main manuscript) or 5-ky time interval. The red line refers to the 4.4%o
threshold used to delineate intervals of high and low variability. Blue, grey and green areas
(associated with their respective uncertainty arrows) refer to the middle-interval recognized
as periods of reduced variability. The two vertical back lines refer to the delineated period
discussed in the main manuscript.

fs08.pdf (Figure S8): Statistical test to verify the null hypothesis of Section 3.2 of Supp.
Mat. for both MIS 1 (left) and MIS 5 (right) periods. Results are expressed as absolute
correlation values between high frequency variability and climatic long-term trend, in
function of the number of points per chosen segments. We note that the number of points can
be transformed into average segment length by using the average time resolution.

Tables:
tsO1.pdf (Table S1): Characterization of MIS 5 detected climatic sub-events
1.1: Column “Event 1d”, label used in the main manuscript to identify sub-events

1.2: Column “Type of event”, describes the typical shape of one sub-event according to the
method described in Supp. Mat. (file text01.txt)

1.3: Column “Starting Point”, in ky BP, dates the beginning of a detected sub-event
according to the EDC3 age-scale [Parrenin et al., 2007]

1.4: Column “Ending Point”, in ky BP, dates the end of a detected sub-event according to the
EDC3 age-scale

1.5: Column “Duration”, in ky BP, estimated duration according to previous column 3 and 4
with the associated 20% uncertainty given with the EDC3 age-scale

1.6: Column “Amplitude”, in per mil, estimated amplitude of a detected sub-event as plotted
on the smoothed 500-y signal of Fig. S5a, associated with a 1%o uncertainty related to
measurements uncertainty.

1.6: Column “Temperature”, in degrees Celsius, estimated temperature change recorded by a
detected sub-event from the use of the 6.07%o/°C spatial slope [Jouzel et al., 2007]

1.7: Column “Temperature”, in degrees Celsius, second temperature change estimate
increased by 30% as suggested by [Sime et al., 2009]

ts02.pdf (Table S2): Characterization of MIS 1 detected climatic sub-events
1.1: Column “Event Id”, label used in the main manuscript to identify sub-events

1.2: Column “Type of event”, describes the typical shape of one sub-event according to the
method described in Supp. Mat. (file textO1.txt)

1.3: Column “Starting Point”, in ky BP, dates the beginning of a detected sub-event
according to the EDC3 age-scale [Parrenin et al., 2007]



1.4: Column “Ending Point”, in ky BP, dates the end of a detected sub-event according to the
EDC3 age-scale

1.5: Column “Duration”, in ky BP, estimated duration according to previous column 3 and 4
with the associated 20% uncertainty given with the EDC3 age-scale

1.6: Column “Amplitude”, in per mil, estimated amplitude of a detected sub-event as plotted
on the smoothed 500-y signal of Fig. S5b, associated with a 1%o uncertainty related to

measurements uncertainty.

1.6: Column “Temperature”, in degrees Celsius, estimated temperature change recorded by a
detected sub-event from the use of the 6.07%o/°C spatial slope [Jouzel et al., 2007]
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1. EPICA Dome C (EDC) 6D signals

1.1 Low resolution (LR) versus high resolution (HR) samples

Two types of samples from the EDC ice core have been allocated to water stable
isotope analyses: the LR samples - continuously cut every 55 cm of the core - and the
HR samples, which are 11 cm long (see insert of Fig. S1). From the 5800 LR samples
has been derived the first long EDC 8D signal, unveiling 800 thousand years (ky) of
past Antarctic temperature changes along the 3190 m of the core [Jouzel et al., 2007]
according to the EDC3 chronology [Parrenin et al., 2007] (see section 1.3 for
discussion about the EDC age-scale). Due to ice thinning and changes in accumulation
between climatic periods, the LR samples provide an unevenly spaced temporal
resolution along regular 55 cm depth intervals, which extends from 8 to 20 years for
the current interglacial period, then progressively decreases while going deeper in the
core. However, because of wind scouring and diffusion processes [Ekaykin et al., 2002]
(see section 1.4), the effective preservation of initial climate information in central
Antarctica ice cores is anyhow restricted to ~20 years. At the last interglacial depth
and over our studied interval, the temporal resolution reachable from the LR samples
ranges between 30 and 70 years (y). Through a depth resolution increased by a factor
of 5, the use of the HR samples improves the temporal resolution accessible for past
interglacials, allowing us to describe MIS 5 climate variability at the target 20 y
temporal resolution.
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1.2 Measurements

Over our delineated depth interval between 1490 and 1756 m, 2415 HR samples have
been measured in 6D (Fig. Sla, black) to compare with the 483 LR samples of the
initial signal (Fig. S1la, grey). Measurements of both LR and HR samples have been
performed at the Laboratoire des Sciences du Climat et de I'Environnement (Gif-sur-
Yvette, France), using the method of water reduction on uranium described in [Vaughn
et al., 1998]. Results are given with an analytical accuracy of 0.5%o0 at 1o, verified
thanks to 10% of duplicate measurements for the LR signal and 30% for the HR one.
The coherency between both signals can be checked by calculating an averaged signal
of 5 HR samples over the corresponding 55 cm depth interval of one LR sample
(respectively black and grey curves on Fig. S1b, r’=0.99, p=0). The average signal is
statistically more accurate (= 0.23%o0 at 1o) than the LR one (= 0.5%o0 at 10), due to
an experimental noise reduced by a factor of V5, as explained by the use of 5 6D
values instead of one over a same 55 cm depth interval.

1.3 Age-scales for the EDC ice core

The age-depth correspondence is given by the official EDC3 chronology for the EDC ice
core [Parrenin et al., 2007], which is based on a glaciological model constrained by a
set of independent age markers along the core. Corresponding EDC3 ages for our
depth interval range from 112.4 to 134 ky BP (Fig. S2, blue), with a 3 ky uncertainty on
absolute ages until 130 ky BP - increasing at 6 ky for the rest of the core, and a 20%
uncertainty on MIS 5 duration. The uncertainty estimate is derived from the
comparison with the chronology of the Antarctic Dome Fuji ice core (DF06), first
established for the past 360 ky [Kawamura et al., 2007] (Fig. S2, green). It has been
produced from measurements of O,/N; ratios in trapped air of the DF ice core, used to
establish an orbital tuning chronology [Bender, 2002].

Two main differences between both chronologies can be noticed around MIS 5: (i) the
estimated age of Termination Il, leading to a MIS 5e 8D optimum dated 3 ky younger
(~128.66 = 3 ky BP) by the EDC3 chronology than using the DF06 one (~131.38 + 1.9
ky BP), and (ii) a 1.7 ky difference in MIS 5e duration (16.2 ky at EDC against 14.5 ky in
the DF ice core). Based on an inverse method for ice core dating [Lemieux-Dudon et
al., 2009], a new chronology - AICC2012 (Antarctic Ice Core Chronology 2012, [Bazin
et al., 2013]), combining glaciological modelling with absolute and stratigraphic
markers between 5 Greenland and Antarctic ice cores - has been recently produced
(Fig. S2, red). It supports the reliability of the EDC3 chronology by dating MIS 5e D
optimum at ~128.48 + 1.69 ky BP. Its duration (delineated using the -403%o threshold
in 8D [EPICA-community-members, 2004]) is estimated slightly longer by AICC2012,
16.9 ky against 16.2 ky initially, thus differing by 5% and remaining fully consistent
with the 20% uncertainty associated with the EDC3 chronology.

The consequences of age scale uncertainties on spectral and variance analyses are
discussed in Section 3.3.

1.4 Isotopic diffusion
After snow deposition, water stable isotopes in ice cores undergo a physical process
named diffusion, which progressively results in the loss of highest frequency climatic
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information, first during the firnification [Neumann and Waddington, 2004], then in the
solid ice [Ramseier, 1967]. In the upper part of the firn, direct exchanges between
snow water molecules and vapour - involving sublimation-condensation processes
during snow metamorphism - lead to erase seasonal to decadal signals originally
deposited on the surface. In solid ice, the temperature-dependent molecular diffusivity
of water stable isotopes causes self diffusion inside ice crystals, thus carrying on the
smoothing of isotopic profiles deeper in the core. Diffusion models can be applied to a
given ice core to evaluate the impact of diffusion on isotopic profiles. When required,
back diffusion calculations are then performed to correct the signals and reconstruct
the originally deposited climatic variations.

Using a method developed for Greenland ice cores [Johnsen et al., 2000] but adapted
to suit the EDC site conditions (see [Pol et al., 2010] for implemented parameters), the
diffusive effects have been evaluated along the ~3190 m of the EDC core. First
expressed through the use of the diffusion length parameter - characterizing in cm the
part of an ice layer affected by the diffusion at a given depth, the diffusive effects can
then be translated into periodicities that may have been removed from the original
isotopic signals (Fig. S3). For both MIS 1 and MIS 5 periods, only periodicities lower
than 6 years are estimated to be significantly affected by diffusion. In reference to the
effectively preserved 20 y resolution in the EDC core, the diffusion process is here
considered to have negligible impacts on our 8D profiles.

2. Statistical methods

Statistical methods used in the present study (e.g wavelet and singular spectrum
analyses) require the re-sampling on a regular time step of unevenly spaced climatic
time-series before any investigation. The choice of a 70 y time-step for MIS 5 LR data
has been imposed by the lowest temporal resolution accessible over the studied
interval (see Sect. 1.1). MIS 5 HR data - characterized by temporal resolution varying
from 6 to 14 years - have been re-sampled every 20 years (Fig. S4a), according to the
effective preservation of climatic information in central Antarctica sites [Ekaykin et al.,
2002]. For comparison, the same re-sampling has been applied to MIS 1 raw data, as
done in [Pol et al., 2011].

2.1 Highlighting interglacial sub-events

Multi-centennial sub-events in MIS 5 HR and LR EDC 6D profiles are first revealed by
the application of a binomial smoothing - respectively over 25 and 7 points - on our
re-sampled signals. It corresponds to a Gaussian filter convolving data with normalized
coefficients from Pascal’s triangle at a level equal to the smoothing parameter. The
algorithm is derived from [Marchand and Marmet, 1983]; smoothing parameters have
been chosen in order to reproduce the 500 y low-pass filter used in [Wanner et al.,
2011] to investigate multi-centennial events during MIS 1 in different paleoclimatic
records. Barely distinguishable in MIS 5 LR EDC 8D signal (cf. Fig. 2e of the main text),
the significance of the sub-events has been tested using MIS 5 HR signal only (Fig. S5,
right panels). The same analysis has been similarly applied to MIS 1 EDC 6D values
(Fig. S5, left panels).
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For this purpose, climatic long-term trends - extracted from a Singular Spectrum
Analysis (SSA) method [Ghil et al., 2002] equivalent to a low pass filter for periodicities
lower than 5 ky (Fig. S5a and b, red) - have been first subtracted from our 20 y re-
sampled and smoothed signals (Fig. S5a and b, black). Resulting 8D values - whose
statistical distribution can be approximated to a normal one (Fig. S6a and b) - have
been then tested against associated standard deviations of 1.4%o for MIS 1 and 1.5%o
for MIS 5 (Fig. S5c and d). Significant events have been taken as sequences of isotopic
values consecutively exceeding the +10 and -10 levels. The identified interglacial sub-
events are thus characterized by amplitudes of at least 2o and usually delineated by
two cold isotopic excursions (blue points on Fig. S5c and d) framing a warm one (red
points); intermediate points (grey) are added when detected events are not
symmetrically distributed over the climatic long-term trend and are disrupted by
intermediate fluctuations of amplitudes higher than 1o, which we do not consider as
part of our detected events. The method of detection serves as basis for the definition
and the characterization of interglacial sub-events in section 3.1.

We note that, because of the exceptional resolution of our record, more significant
sub-events can be detected using a shorter time-interval for the application of the
binomial smoothing. Data smoothed every 260 years (corresponding to a reduced by-
a-factor-of-two number of points used for the smoothing, Fig. S5a and b, blue) enable
the identification of new sub-events shown on Fig. S5e and f, here detected according
to the newly associated standard deviations of 1.6%o0 for MIS 1 and 1.75%o0 for MIS 5.
They are labeled without modifying the previous labeling of the main manuscript. 4
new significant sub-events thus appear during the Holocene, labeled SE 1.0, 1.6, 1.7
and 1.8. For the last interglacial period, one new sub-event (SE 5e.3b) becomes
significant following the previous SE 5e.3 (now labeled 5e.3a). Resulting changes in
duration, shape or amplitudes are discussed in section 3.1.

2.2 Variance analysis

Unlike the previous section which focuses on multi-centennial variability, the purpose
here is to explore the whole range of variability. Again, the climatic long-term trend
representing multi-millennial scale variations has first been subtracted from the 20 y
re-sampled signal (Fig. S4a, black curve). Changes in variance have been then
investigated by the calculation of a running standard deviation on the de-trended
signal (Fig. S4b) over 3 different time intervals: 1.5, 3 and 5 ky. As referred to the
running standard deviation calculated over the 1.5 ky interval (Fig. S7), an obvious
decrease in variance is noticeable at 123.5 ky BP. Until this point (starting from 135 ky
BP), the overall variability level was of ~4.4%o (red line on Fig. S7). When calculating
the running standard deviation over respectively 3 or 5 ky intervals, the same mean
level of variability is found until reaching the respective critical points of 122.8 or
122.6 ky BP. This 4.4%o level has then been used as the reference-threshold to cross
for delineating the second interval of high variability reached at the end of the record.
Intervals of reduced variability are thus found in a time-window where all standard
deviation values are systematically below 4.4%., after the strong decrease in
variability detected at ~123 ky BP. They respectively extend from 118.8 to 123.5 +
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0.75 ky BP, 118.8 to 122.8 = 1.5 ky BP and 117.8 to 122.6 = 2.5 ky BP, when
calculating either a running standard deviation over 1.5, 3 or 5 ky.

Albeit less accurate than its 1.5-ky homologue, we have chosen to keep the 3-ky
running standard deviation in the main text, as more relevant to investigate long-term
changes in high frequency variability in relation to multi-millennial climatic trend. We
note that the 4-ky time interval of reduced variability found by using this 3-ky running
standard deviation is shorter that using the other two 1.5 and 5-ky intervals. Thus, the
existence of such a time period where the variance level was systematically lower
than during the rest of the last interglacial is robust against associated uncertainties.

The reliability of those changes in variance in respect to the associated long-term
trend has been further checked using additional statistical tests (see Sect. 3.2). The
methodology has been similarly applied on both MIS 1 and MIS 5 signals.

2.3 Time-frequency analysis

Examination of the frequency distribution of MIS 1 and MIS 5 HR isotopic records has
been performed by using a wavelet analysis method (mathematical formalization
described in [Mudelsee, 2010; Vidakovic, 1999]). It decomposes the signal in a sum of
small wave functions of finite length that are highly localized in time, thus being well
adapted to describe non-stationarities usually encountered in climatic time-series,
unlike spectral analysis which fails to detect time-variable statistical properties of
stochastic processes [Torrence and Compo, 1998].

To avoid edge effects and spectral leakage, time-series are zero-padded to twice the
data length. This however leads to underestimate the lowest frequencies near the
spectrum edges. Delineated areas known as cones of influence thus highlight parts of
the spectrum where estimated energy bands may be less powerful than they really
are. For all local wavelet spectra, Monte Carlo simulations are used to assess peak
significance. The background noise for each single signal is first separated and
estimated using a SSA method. An autoregressive simulation is then performed for
each noise time series to determine the AR(1) stochastic process, against which initial
time series had to be tested. Estimated power spectra are thus here tested against a
AR(1) background red noise; confidence levels are taken above 99%, consistently with
the recommended level of 1-1/n [Thomson, 1990], where n is the number of points in
the time interval of interest (1084 and 580 respectively for the MIS 5 and MIS 1 re-
sampled signals).

3. Complementary results

3.1 Characterization of MIS 1 and MIS 5 sub-events

Tables S1 and S2 bring complementary information on multi-centennial climatic sub-
events detected during MIS 1 and MIS 5 in EDC 8D signals. Their characterization is
based on the original re-sampled and smoothed signals (Fig. S5a and b); variations of
climatic long-term trends are thus taken into account. The first column of each table
uses the labeling of Figs. 2 and 3 of the manuscript to identify sub-events; the second
column characterizes their shape. Using the arbitrary criterion of a difference of a
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factor of 2 in temporal trends on both sides of each event, we can distinguish events
showing a nearly symmetrical shape (here called triangular events) from asymmetrical
ones, which present either dominating cooling or warming trends. Columns 3 and 4
respectively provide estimated ages of starting and ending points (see sect. 2.1 for the
referent points used to delineate each sub-event) according to the EDC3 chronology;
the derived duration estimate is given in column 5 with the associated 20%
uncertainty. 86D amplitudes indicated in column 6 are associated with a 1%o
uncertainty linked to measurements; the associated temperature changes are given in
column 7 using the EDC isotopic spatial slope of 6.07%o/°C valid for modern
interglacial conditions [Jouzel et al., 2007]; and in column 8 using a 30% lower slope
simulated from projected warmer climates [Sime et al., 2009].

Applying a shorter 260-y smoothing on our MIS 1 and MIS 5 20-y EDC 6D signals
generally leads to an increase in detected amplitudes ranging from 5 to 25%
(depending on the location of the events in the records). Except for SE 5e.2 which is
now better defined as a triangular event on top of a cooling trend (Fig. S5a) and whose
duration becomes significantly shorter (~0.3 ky), shape or duration of detected
interglacial sub-events are not affected by the reduction of the time-interval
considered for the smoothing. Newly revealed MIS1 SE 1.0, 1.7, 1.8 and MIS5 SE #0,
#2b, #3b and 5E.3b are identified as triangular shape events, unlike MIS1 SE 1.6
which is characterized by a dominating cooling trend.

3.2 Statistical calculations for variance analysis

To test the suggestion of a millennial to sub-millennial scale variability closely linked to
climatic long-term trends, a statistical test [Lehmann and Romano, 2005] has been
developed and here applied to MIS 1 and MIS 5 EDC 8D values. Given the null
hypothesis of a change in high-frequency climate variance (squared standard
deviation) being unassociated to climatic long-term trend, the general test procedure
consists in the following steps: (1) calculating non-parametric trends via running-mean
smoothing; (2) dividing the intervals (MIS 1 and 5) into contiguous segments with
constant number of data points; (3) calculating segment-wise the standard deviation
on the residuals (de-trended data); (4) calculating segment-wise the average trend
values; (5) calculating as test statistic the correlation coefficient between the standard
deviation and the averaged trend over the different segments; and (6) determining the
critical test values (under the null hypothesis) by means of bootstrap re-sampling. A
Fortran 90 implementation can be downloaded from www.climate-risk-
analysis.com/software and is attached to the manuscript.

The running mean (step 1) has been here calculated using a number of window points
of 163 (MIS 1) or 335 (MIS 5). This corresponds to a window length of about 3000
years. We have let the window shrink to 1 point at the interval boundaries. The
standard deviation (step 3) has been then calculated as sample standard deviation.
The correlation coefficient (step 5) is Pearson’s. The bootstrap re-sampling (step 6)
consists in moving overlapping block bootstrap re-sampling from the residuals
[Mudelsee, 2010]. This allows one to take into account non-normal distributional
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shapes and autocorrelation. The number of bootstrap simulations is 100,000, which is
sufficient to evaluate confidence levels as high as 0.999 [Efron and Tibshirani, 1993].

Application of the test procedure to MIS 1 and 5 EDC 6D time series leads to the
following results: (1) the null hypothesis (“no association”) cannot be rejected at any
reasonable confidence level (from 0.9 to 0.999) for MIS 1; (2) the null hypothesis can
be rejected against the alternative one (“association”) at high confidence levels
(around 0.98) for MIS 5. Results are shown to be robust against the number of
segments arbitrarily chosen for step 2 (Fig. S8).

3.3 Impact of age-scale uncertainties on variance and wavelet analyses
Uncertainties associated to the EDC3 age-scale [Parrenin et al., 2007] - especially
regarding the duration of events - have previously been demonstrated to affect
spectral analysis [Pol et al., 2011]. Despite its good agreement with the new AICC2012
chronology [Bazin et al., 2013]around MIS 5, the EDC3 age-scale shows differences
with the DF06 [Bender, 2002], leading to a 1.7 ky differing MIS 5 duration (sect. 1.3,
Fig. S3). Therefore, alternative age-scales shortening or lengthening our MIS 5 interval
by 2 ky have been tested (not shown); they had no impact on the values of significant
periodicities identified by wavelet analysis. Regarding the variance analysis, the
examination of standard deviation variations are conducted with respect to the
associated trends, both calculated on 8D values. These results thus only minimally
depend on time-scales.
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Event Id Type of event Starting Point|]Ending Point DL‘I.[atiTon Amp:tuu T°C £ 0.15 T°C+0.15
(ky BP) (ky BP) .,,‘LT (£ 1%o) (Jouzel et al., 2007)] (Sime et al., 2009)
#1 cooling 112,85 113,45 0.60 £0.10 5 0,85 1,1
#2 cooling 113,65 114,25 0.60 +0.10 5,7 0,95 1,25
#3 cooling 114,55 114,95 0.40 +0.10 5,7 0,95 1,25
5e.1 cooling 116,2 117,05 0.85 +0.15 6,8 1,1 1,45
5e.2 cooling 117,05 118,25 1.20 =0.25 8,2 1,35 1,75
5e.3 triangular 118,65 119,45 0.80 £0.15 4,2 0,7 0,9
5e.4 triangular 119,95 120,65 0.70 £0.15 4,8 0,8 1,05
peak a . 120,65 121,3 0.65 x0.15 4 0,65 0,85
5e.5 triangular

peak b 121,3 122 0.60 +0.10 5,3 0,9 1,15
5e.6 triangular 122 122,5 0.50 £0.10 4,3 0,7 0,9
5e.7 triangular 123,35 124,05 0.70 +£0.15 4,7 0,75 0,95
5e.8 triangular 124,05 124,75 0.70 £0.15 9 1,5 1,95
5e.9 triangular 125,1 125,85 0.75 +£0.15 4,5 0,75 0,95
5e.10 cooling 126,45 127.,4 0.95 +0.20 11,3 1,9 2,2
5e.11 cooling 127,65 128,15 0.50 £0.10 6,6 1,1 1,45
5e.12 triangular 128,15 129,15 1.00 +0.20 6,5 1,05 1,35
5e.13 warming 130,75 131,55 0.80 £0.15 8,2 1,35 1,75
5e.14 warming 132,05 133 0.95 +0.20 13 2,15 2,8
#4 triangular 133,25 133,75 J0.50 +0.10} 8,1 1,35 1,75




Starting Point|JEnding Point] Duration | Amplitude T°C £ 0.15
Event Id | Type of event ey —
(ky BP) (ky BP) 20%) (£ 1%o0) | (Jouzel et al., 2007)
1,1 triangular 2,35 3,25 0.90 £0.20 7,9 1,3
1,2 cooling 3,25 3,9 0.65 +0.15 5,3 0,9
1,3 cooling 5,5 6 0.50 £0.10 5,5 0,9
1,4 warming 6,6 7,15 0.55 +0.10 5,6 0,9
1,5 triangular 7,15 8,15 1.00 =0.20 6,4 1,05
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I'Test for trend-variability relation in high-resolution EDC time series from MIS 1, MIS 5 and MIS 7
!

! f:/EDC-VAR /test/
!

! Manfred Mudelsee

! Climate Risk Analysis

! Schneiderberg 26

30167 Hannover

! Germany

! Email: mudelsee@mudelsee.com
! URL: http://www.mudelsee.com
!

!

|

! Change log

! e —

!

! Version  Date Comments

!

.1 3 May 2011 MIS1 added
'1.0 18 April 2011 to 25 April 2011 original version
!

!

!

I'NR files

include 'd:\nr7790\double\nrtype.f90' | uncomment this line if using gfortran instead of AbSoft
include 'd:\nr7790\double\nrutil.f90' | uncomment this line if using gfortran instead of AbSoft
include 'd:\nr7790\double\nr.f90' | uncomment this line if using gfortran instead of AbSoft

!

!

|

module datatx
use nrtype
implicit none

! Data: t, X, t rm_sim, X_rm_sim.
save



real(sp), allocatable, dimension(:) :: t ! time
real(sp), allocatable, dimension(:) :: x ! x-value
real(sp), allocatable, dimension(:) :: t rm_sim ! time
real(sp), allocatable, dimension(:) :: x_rm_sim ! x-value
end module datatx
!
!

|

module parameters
use nrtype
implicit none

! Parameters.
save

character (len=4), parameter :: misl = 'MISI' ! attribute
character (len=4), parameter :: mis5 = 'MIS5' | attribute
character (len=4), parameter :: mis7 = 'MIS7' | attribute

character (len=16), parameter ::
character (len=16), parameter ::
character (len=16), parameter ::
character (len=12), parameter ::
character (len=12), parameter ::
character (len=12), parameter ::

infile_misl ="../data/mis].txt'
infile_mis5 ="../data/mis5.txt'
infile_mis7 ="../data/mis7.txt'
outfile misl = 'testmis].txt'
outfile mis5 = 'testmis5.txt'
outfile mis7 = 'testmis7.txt'

! file name input
! file name input
! file name input
! file name output
! file name output
! file name output

integer, parameter :: n_mis1=639 | data size
integer, parameter :: n_mis5=2416 ! data size
integer, parameter :: n_mis7=505 ! data size

Trend estimation 1: Running mean, number of window points

integer, parameter :: k rm_mis1=163
integer, parameter :: k rm_mis5=335
integer, parameter :: kK rm_mis7=153

3. Trend estimation 2: CHECK

4. Segmentation

!
!
!
!
!
!
!
!
!

Note: n points are put into m-1 segments of k_seg points and 1 last segment with the
remaining points.

! Average trend and standard deviation are then calculated over segments points.

! => Adjust k_seg start, end and step values such to avoid the last segment having only 1



point.

!

!
integer, parameter :: k seg start mis1=10 ! number of points per segment, start
integer, parameter :: k seg start mis5=10 ! number of points per segment, start
integer, parameter :: k seg start mis7=10 ! number of points per segment, start

integer, parameter :: k seg end mis1=60 ! number of points per segment, end
integer, parameter :: k seg end mis5=250 ! number of points per segment, end
integer, parameter :: k seg end mis7=50 ! number of points per segment, end

integer, parameter :: k seg delta mis1=10 ! number of points per segment, step
integer, parameter :: k seg delta_ mis5=10 ! number of points per segment, step

integer, parameter :: k seg delta mis7=10 ! number of points per segment, step

5. Bootstrap simulations

integer, parameter :: n_sim=100000

integer :: ibig=10000
end module parameters
!
!

|

module residuals
use nrtype
implicit none
! Residuals.
save
real(sp), allocatable, dimension(:) :: ¢ rm ! running-mean residuals
real(sp), allocatable, dimension(:) :: € rm_sim ! running-mean residuals, simulation
end module residuals
!
!

!
module segmented
use nrtype
implicit none
! Segmented trends and variabilities.
save
real(sp), allocatable, dimension(:) :: x_trend rm_seg ! trend, running mean
real(sp), allocatable, dimension(:) :: x_trend rm_sim_seg ! trend, running mean, simulation
real(sp), allocatable, dimension(:) :: s rm_seg ! variability around trend, running mean



real(sp), allocatable, dimension(:) :: s rm_sim_seg ! variability around trend, running mean,
simulation
end module segmented
!
!

!
module setting
use nrtype
implicit none
! Setting.
save
character (len=4) :: mis ! input: MIS1, MISS5 or MIS7
character (len=16) :: infile ! input file
character (len=12) :: outfile ! output file
integer :: k rm=-999 ! x_trend rm estimation: number of window points for running mean
integer, allocatable, dimension(:) :: k_seg ! segmentation, number of points per segment
integer :: n_segmentation=-999 | segmentation, number of segmentations
integer, allocatable, dimension(:) :: m ! segmentation, number of segments
integer :: n=-999 ! data size

real(sp) :: a_ rm=-999.0 sp ! equivalent autocorrelation coefficient, residuals from trend 1:
running mean
real(sp) :: tau_rm=-999.0 sp ! persistence time, residuals from trend 1: running mean
integer :: lopt rm=-999 ! optimal block length, residuals from trend 1: running mean
end module setting
!
!

!

module statistics
use nrtype
implicit none

! Test statistics.
save
real(sp), allocatable, dimension(:) :: r rm ! correlation, trend-variability, running mean
real(sp), allocatable, dimension(:) :: r_rm_900 ! correlation, false-alarm level, 90.0%
real(sp), allocatable, dimension(:) :: r rm 910 ! correlation, false-alarm level, 91.0%
real(sp), allocatable, dimension(:) :: r_rm_920 ! correlation, false-alarm level, 92.0%
real(sp), allocatable, dimension(:) :: r rm_ 930 ! correlation, false-alarm level, 93.0%
real(sp), allocatable, dimension(:) :: r_rm_940 ! correlation, false-alarm level, 94.0%
real(sp), allocatable, dimension(:) :: r rm_950 ! correlation, false-alarm level, 95.0%
real(sp), allocatable, dimension(:) :: r_rm_960 ! correlation, false-alarm level, 96.0%
real(sp), allocatable, dimension(:) :: r rm 970 ! correlation, false-alarm level, 97.0%
real(sp), allocatable, dimension(:) :: r_rm_980 ! correlation, false-alarm level, 98.0%
real(sp), allocatable, dimension(:) :: r rm 990 ! correlation, false-alarm level, 99.0%
real(sp), allocatable, dimension(:) :: r_rm_991 ! correlation, false-alarm level, 99.1%
real(sp), allocatable, dimension(:) :: r rm 992 ! correlation, false-alarm level, 99.2%
real(sp), allocatable, dimension(:) :: r_rm_993 ! correlation, false-alarm level, 99.3%
real(sp), allocatable, dimension(:) :: r rm 994 ! correlation, false-alarm level, 99.4%



real(sp), allocatable, dimension(:) :: r_rm_995 ! correlation, false-alarm level, 99.5%
real(sp), allocatable, dimension(:) :: r rm 996 ! correlation, false-alarm level, 99.6%
real(sp), allocatable, dimension(:) :: r_rm_997 ! correlation, false-alarm level, 99.7%
real(sp), allocatable, dimension(:) :: r rm 998 ! correlation, false-alarm level, 99.8%
real(sp), allocatable, dimension(:) :: r_rm_999 ! correlation, false-alarm level, 99.9%
real(sp), allocatable, dimension(:,:) :: r rm_sim ! correlation, trend-variability, running mean,

simulation

end module statistics

!

!

|

module trends
use nrtype
implicit none
! Trends.
save
real(sp), allocatable, dimension(:) :: x_trend rm ! running mean
real(sp), allocatable, dimension(:) :: x_trend rm_sim ! running mean, simulation
end module trends
!
!

|

program tl
use datatx
use parameters, only: n_sim
use residuals
use segmented
use setting
use statistics
use trends
implicit none
! Main program.
integer :: 1
integer :: 1_segmentation
integer ::1_sim
integer :: j

1'1. Initial

call infol ! welcome

call chsettl ! changes setting: mis, infile, outfile, k rm, n

call allocatel ! allocates and initializes t, x

call allocate2 ! allocates and initializes x_trend rm, e rm

call chsett2 ! changes setting: n_segmentation

call allocate3 ! allocates and initializes k_seg, m, r rm, false-alarm levels
call chsett3 ! changes setting: k_seg, m

call readl ! reads t, x



!

2. Calculation of test statistics
!
!
!
2.1 Trend estimation 1: Running mean
!
!

call trend rm(x,n,k rm,x _trend rm)
!
!

2.2 Trend estimation 2;: CHECK

call trend rm(x,n,k rm,x _trend rm)

2.3 Residuals, trend estimation 1: Running mean

!
!
!
!
!
!
!
!
!

call calc_residuals(n,x,x_trend rm,e rm)
!
!

2.4 Residuals, trend estimation 2: CHECK

call calc_residuals(n,x,x_trend rm,e rm)

2.5 Persistence time estimation 1: Running-mean residuals

!
!
!
!
!
!
!
!
!

call tauest(t,e_rm,n,'rm',tau_rm)
!
!
1 2.6 Persistence time estimation 2: CHECK
!
!

! call tauest(t,e_rm,n,'rm',tau_rm)
!

! test

!

! print *, 'tau_rm: ',tau_rm

! open (unit=7, file='e.dat', status="unknown', form='formatted', action="write')
! doi=1,n

! write (unit=7, fmt="(2(2x,f12.6))") t(i),e _rm(i)

! end do

! close (unit=7, status='keep')

!

!

!

2.7 Segmentation loop, start
!




|

seg: doi segmentation=1,n_segmentation
!

call allocate4(m(i_segmentation)) ! allocates and initializes x_trend rm_seg, s rm_seg

12.8  Segmentation, trend 1: Running mean

call trend_seg(n,x trend rm,k seg(i_segmentation),m(i_segmentation),x trend rm _seg)

2.9  Segmentation, trend 2: CHECK

2.10  Segmentation, variability around trend 1: Running mean

!
!
!
!
!
! call trend_seg(n,x _trend rm.,k seg(i_segmentation),m(i_segmentation),x trend rm_seg)
!
!
!
!
!

call variability seg(n,e rm,k seg(i segmentation),m(i_segmentation),s rm_seg)

2.11  Segmentation, variability around trend 2: CHECK

2.12  Calculation of test statistic for measures from trend 1: Running mean

!
!
!
!
!
! call variability seg(n,e rm,k seg(i segmentation),m(i_segmentation),s rm_seg)
!
!
!
!
!

call calc_statistic(m(i_segmentation),x trend rm_seg,s rm_seg,r rm(i_segmentation))

2.13  Calculation of test statistic for measures from trend 2: CHECK

!
!
!
!
!
! call calc_statistic(m(i_segmentation),x trend rm_seg,s rm_seg,r rm(i_segmentation))
!

!

12.14 Final stuff
!
!
! test

! optional output of segmented trend and variability values
!

open (unit=1, file='seg_rm.dat', status="unknown', form="formatted', action="write")
write(unit=1, fmt='(a,2x,a)') 'x_trend rm_seg','s rm_seg'
do j=1,m(i_segmentation)

write(unit=1, fmt="(2(2x,f12.6))") x_trend rm_seg(j),s_rm_seg(j)



end do

close (unit=1, status='keep')

print *

print *

print *

print *, 'Currently ',k _seg(i_segmentation),' values per segment'
print *

print *, 'xtrend rm_seg vs s rm_seg data written into seg_rm.dat'

read (*,'()")

call deallocate4
!
!
! 2.14 Segmentation loop, end
!
!

end do seg

3. Calculation of null distribution of test statistics

3.1 Initial stuff

call ranseed ! seed random number generator

call allocate5 ! allocates and initializes t rm_sim, X_rm_sim

call allocate6 ! allocates and initializes x_trend rm_sim

call allocate7 ! allocates and initializes e rm_sim

call calc_lopt(n,t,tau_rm,a_rm,lopt rm) ! calculates a_rm, lopt rm
call allocate8 ! allocates and initializes r rm_sim

!

!

!'3.2 Bootstrap simulation loop, start
!

!

sim: doi sim=Il,n sim

!

if (mod(i_sim,100) .eq. 0) &

print '(2(a,16))', 'Bootstrap simulation # ',i_sim,) from '.n sim

3.3 Simulation x data, using trend 1: Running mean

call simulation_x(n,x_trend rm,e_rm,lopt rm,x_rm_sim)

3.4  Simulation x data, using trend 2: CHECK




call simulation_x(n,x_trend rm,e rm,lopt rm,x_rm_sim)

3.5  Simulation t data, using trend 1: Running mean

call simulation_t(n,t,t rm_sim) ! currently: t rm_sim =t

3.6  Trend estimation 1: Running mean

call trend rm(x_rm_sim,n,k rm,x trend rm_sim)

3.7 Trend estimation 2: CHECK

call trend rm(x_rm_sim,n,k rm,x trend rm_sim)

3.8  Residuals, trend estimation 1: Running mean

call calc_residuals(n,x_rm_sim,x trend rm_sim,e rm_sim)

3.9  Residuals, trend estimation 2: CHECK

3.10 Segmentation (simulations) loop, start

!
!
!
!
!
! call calc_residuals(n,x_rm sim,x trend rm_sim,e rm_sim)
!
!
!
!
!

segsim: doi segmentation=1,n_segmentation
!
call allocate9(m(i_segmentation)) ! allocates and initializes x_trend rm_sim_seg,
S rm_sim_seg
!
!
13.11 Segmentation, trend 1: Running mean
!
!

call
trend_seg(n,x_trend rm_sim,k seg(i_segmentation),m(i_segmentation),x trend rm_sim_seg)
!
!
13.12 Segmentation, trend 2: CHECK
!
!




! call
trend seg(n,x_trend rm_sim,k seg(i_segmentation),m(i_segmentation),x trend rm_sim_seg)
!

!
13.13 Segmentation, variability around trend 1: Running mean
!
!
call variability seg(n,e rm sim,k seg(i_segmentation),m(i_segmentation),s rm_sim_seg)

3.14 Segmentation, variability around trend 2: CHECK

call variability seg(n,e rm sim,k seg(i_segmentation),m(i_segmentation),s rm_sim_seg)

3.15 Calculation of test statistic for measures from trend 1: Running mean

call
calc_statistic(m(i_segmentation),x_trend rm sim_seg,s rm_sim _seg,r rm_sim(i_segmentation,i_si
m))
!
!
13.16 Calculation of test statistic for measures from trend 2: CHECK
!
!
! call
calc_statistic(m(i_segmentation),x_trend rm sim_seg,s rm_sim_seg,r rm_sim(i_segmentation,i_si
m))
!
!
13.17 Final stuff
!
!
! test

! optional output of segmented trend and variability values, simulation
!

! open (unit=1, file='seg_rm_sim.dat', status='unknown', form='formatted', action="write')
! write(unit=1, fmt='(a,2x,a)') 'x_trend rm_sim_seg','s rm_sim_seg'

! do j=1,m(i_segmentation)

! write(unit=1, fmt="(2(2x,f12.6))') x_trend rm_sim_seg(j),s_rm_sim_seg(j)

! end do

! close (unit=1, status='keep')

! print *

! print *

! print *

! print *

! print *, 'Currently 'k seg(i_segmentation),' values per segment'

! print *

! print *, 'xtrend rm_sim_seg vs s_rm_sim_seg data written into seg_rm_sim.dat'
! read (*,'()")



call deallocate9
!
!
13.18 Segmentation (simulations) loop, end
!
!

end do segsim
!
!
! 3.19 Bootstrap simulation loop, end
!
!

end do sim
!
!
14, Calculate false-alarm levels
!
!
!

4.1 For measures from trend 1: Running mean
!
!

call
calc_statistics_fal(n_segmentation,n_sim,r rm_sim,r rm_900,r rm_910,r rm_920,r rm 930,r rm_
940, &
r rm_950,r rm _960,r rm_970,r rm 980,r rm 990, &
rrm 991,r rm 992;r rm 993,r rm 994,r rm 995, &
r rm_996,r rm _997,r rm_998,r rm_999)

'S5, Output
! s ————
!

call output
!
!
6. Exit

call deallocate8
call deallocate7
call deallocate6
call deallocate5
call deallocate3
call deallocate2
call deallocatel

!

end program tl

!

!




|

subroutine allocatel
use nrtype
use datatx
use setting, only: n
implicit none

! Allocates and initializes t, x.
allocate(t(n),x(n))
t=-999.0 sp
x=-999.0 sp

end subroutine allocatel

]

!

|

subroutine allocate2
use nrtype
use residuals
use trends
use setting, only: n
implicit none

! Allocates and initializes x_trend rm, e rm.
allocate(x_trend rm(n))
x_trend rm=-999.0 sp
allocate(e_rm(n))
e rm=-999.0 sp

end subroutine allocate2

!

!

|

subroutine allocate3
use nrtype
use setting, only: k seg,m,n_segmentation
use statistics
implicit none
! Allocates and initializes k_seg, m, r_rm, false-alarm levels.
allocate(k _seg(n_segmentation))
k seg=-999
allocate(m(n_segmentation))
m=-999
allocate(r_rm(n_segmentation))
r rm=-999.0 sp
allocate(r rm_900(n_segmentation))
r rm_900=-999.0 sp
allocate(r rm_910(n_segmentation))
r rm_910=-999.0 sp
allocate(r rm_920(n_segmentation))
r rm_920=-999.0 sp



allocate(r_ rm_930(n_segmentation))
r rm_930=-999.0 sp
allocate(r_ rm_940(n_segmentation))
r rm_940=-999.0 sp
allocate(r_ rm_950(n_segmentation))
r rm_950=-999.0 sp
allocate(r_ rm_960(n_segmentation))
r rm_960=-999.0 sp
allocate(r_ rm_970(n_segmentation))
r rm_970=-999.0 sp
allocate(r_ rm_980(n_segmentation))
r rm_980=-999.0 sp
allocate(r_ rm_990(n_segmentation))
r rm_990=-999.0 sp
allocate(r rm_991(n_segmentation))
r rm_991=-999.0 sp
allocate(r rm_992(n_segmentation))
r rm_992=-999.0 sp
allocate(r_ rm_993(n_segmentation))
r rm_993=-999.0 sp
allocate(r rm_994(n_segmentation))
r rm_994=-999.0 sp
allocate(r_ rm_995(n_segmentation))
r rm_995=-999.0 sp
allocate(r_ rm_996(n_segmentation))
r rm_996=-999.0 sp
allocate(r_ rm_997(n_segmentation))
r rm_997=-999.0 sp
allocate(r_ rm_998(n_segmentation))
r rm_998=-999.0 sp
allocate(r rm_999(n_segmentation))
r rm_999=-999.0 sp

end subroutine allocate3

!

!

!
subroutine allocate4(m)
use nrtype
use segmented
implicit none
integer, intent(in) ::m
! Allocates and initializes x_trend rm_seg, s rm_seg.
allocate(x_trend rm_seg(m))
x_trend rm_seg=-999.0 sp
allocate(s_rm_seg(m))
s rm_seg=-999.0 sp
end subroutine allocate4
!
!




!

subroutine allocate5
use nrtype
use datatx
use setting, only: n
implicit none

I Allocates and initializes t rm_sim, X_rm_sim.
integer :: 1
allocate(t rm_sim(n),x_rm_sim(n))
t rm_sim=-999.0 sp
Xx_rm_sim=-999.0 sp

end subroutine allocate5

!

!

!
subroutine allocate6
use nrtype
use trends
use setting, only: n
implicit none
! Allocates and initializes x_trend rm_sim.
integer :: 1
allocate(x_trend rm_sim(n))
x_trend rm sim=-999.0 sp
end subroutine allocate6
!
!

|

subroutine allocate7
use nrtype
use residuals
use setting, only: n
implicit none

' Allocates and initializes ¢ rm_sim.
integer :: i
allocate(e_rm_sim(n))
e rm_sim=-999.0 sp

end subroutine allocate?

!

!

|

subroutine allocate8
use nrtype
use parameters, only: n_sim
use setting, only: n_segmentation



use statistics
implicit none

! Allocates and initializes r rm_sim.
allocate(r rm_sim(n_segmentation,n_sim))
r rm_sim=-999.0 sp

end subroutine allocate8

!

!

|

subroutine allocate9(m)
use nrtype
use segmented
implicit none
integer, intent(in) ::m

! Allocates and initializes x_trend rm_sim_seg, s rm_sim_seg.
allocate(x_trend rm_sim_seg(m))
x_trend rm_sim_seg=-999.0 sp
allocate(s_rm_sim_seg(m))
s rm_sim_seg=-999.0 sp

end subroutine allocate9

!

!

|

subroutine bootstrap1(n,x,l,x _resample)
use nrtype
use nr, only: ran
implicit none
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: x
integer, intent(in) :: 1
real(sp), dimension(n), intent(out) :: x_resample
! MBB.
integer, dimension(n) :: indxx
integer :: i=0
integer :: j=0
integer :: k=0
integer :: idum=1
integer :: n_block start
n_block start=n-1+1
if 1==1) then
doi=1,n
indxx(1)=int(n*ran(idum))+1
end do
else
k=1
outer: doi=l,n
indxx(k)=int(n_block start*ran(idum))+1
k=k+1



if (k > n) exit outer
do j=1,I-1
indxx(k)=indxx(k-1)+1
k=k+1
if (k > n) exit outer
end do
end do outer
end if
x_resample(:)=x(indxx(:))
end subroutine bootstrapl
!
!

|

function brent(ax,bx,cx,lstau,tol,xmin,xfunc,yfunc,nfunc)
use nrtype; use nrutil, only : nrerror
implicit none
! Brents minimization (Numerical Recipes, modified: last three arguments).
integer, intent(in) :: nfunc
real(sp), dimension(nfunc) :: xfunc
real(sp), dimension(nfunc) :: yfunc
real(sp), intent(in) :: ax,bx,cx,tol
real(sp), intent(out) :: xmin
real(sp) :: brent
interface
function Istau(a,t,x,n)
use nrtype
implicit none
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: t
real(sp), dimension(n), intent(in) :: x
real(sp), intent(in) :: a
real(sp) :: Istau
end function Istau
end interface
integer(i4b), parameter :: itmax=100
real(sp), parameter :: cgold=0.3819660 sp,zeps=1.0e-3 sp*epsilon(ax)
integer(i4b) :: iter
real(sp) :: a,b,d,e,etemp,fu,fv,fw,x,p,q,r,tol1,tol2,u,v,w,x,xm
a=min(ax,cx)
b=max(ax,cx)
v=bx
w=v
X=V
e=0.0
fx=Istau(x,xfunc,yfunc,nfunc)
fv=fx
fw=tx
do iter=1,itmax
xm=0.5_sp*(a+b)
tol1=tol*abs(x)+zeps



tol2=2.0_sp*toll
if (abs(x-xm) <= (tol2-0.5_sp*(b-a))) then
Xmin=x
brent=fx
return
end if
if (abs(e) > toll) then
r=(x-w)*(fx-fv)
g=(x-v)*(fx-fw)
P=(x-V)*q-(x-W)*t
q=2.0_sp*(q-r)
if (g > 0.0) p=-p
q=abs(q)
etemp=e
e=d
if (abs(p) >= abs(0.5_sp*q*etemp) .or. &
p <= q*(a-x) .or. p >= q*(b-x)) then
e=merge(a-x,b-x, X >=xm )
d=cgold*e
else
d=p/q
u=x+d
if (u-a < tol2 .or. b-u < tol2) d=sign(tol1,xm-x)
end if
else
e=merge(a-x,b-x, X >=xm )
d=cgold*e
end if
u=merge(x+d,x+sign(tol1,d), abs(d) >= toll )
fu=Istau(u,xfunc,yfunc,nfunc)
if (fu <= fx) then
if (u >=x) then
a=x
else
b=x
end if
call shft(v,w,x,u)
call shft(fv,fw,fx,fu)
else
if (u <x) then
a=u
else
b=u
end if
if (fu <= fw .or. w == x) then
V=w
fv=fw
w=u
fw=fu
else if (fu <=fv .or. v==x .or. v==w) then
v=u
fv=tu



end if
end if
end do
call nrerror('brent: exceed maximum iterations')
contains
bl
subroutine shft(a,b,c,d)
real(sp), intent(out) :: a
real(sp), intent(inout) :: b,c
real(sp), intent(in) :: d
a=b
b=c
c=d
end subroutine shft
end function brent
!
!

!
subroutine calc_lopt(n,t,tau,a,lopt)

use nrtype

implicit none

integer, intent(in) :: n ! number of data points

real(sp), dimension(n), intent(in) :: t ! time

real(sp), intent(in) :: tau ! persistence time

real(sp), intent(out) :: a ! equivalent autocorrelation coefficient

integer, intent(out) :: lopt ! optimal block length

! Calculates optimal block length after Mudelsee (2010: Eq. 3.28).

real(sp) :: d ! average spacing

real(sp), parameter :: zero=0.0_sp

real(sp), parameter :: onethird=0.3333333333333333333333333333333333333333 sp
real(sp), parameter :: twothird=0.6666666666666666666666666666666666666666 sp
real(sp), parameter :: half=0.5_sp

real(sp), parameter :: one=1.0_sp

real(sp), parameter :: two=2.0_sp

real(sp), parameter :: six=6.0_sp

real(sp) :: dummy1

real(sp) :: dummy?2

real(sp) :: dummy3

!'1.  Equivalent autocorrelation coefficient

d=(t(n)-t(1))/(n-one)

if (tau/d .le. 0.001 sp) then
a=zero

else
a=exp(-d/tau)

end if



!

2. Optimal block length
!
!

dummy1=six**half*a
dummy?2=one-a**two
dummy3=(dummy1/dummy?2)**twothird*n**onethird
lopt=anint(dummy?3)
lopt=max(1,lopt)
lopt=min(n-1,lopt)
!
! test
! print '(a,i4,a,18.2,a,18.2)", 'lopt: "lopt,’ a:',a,' tau:'tau
end subroutine calc_lopt
!
!

|

subroutine calc_residuals(n,x,x_trend,e)
use nrtype
implicit none
integer, intent(in) :: n ! number of data points
real(sp), dimension(n), intent(in) :: x ! x-value
real(sp), dimension(n), intent(in) :: x_trend ! trend
real(sp), dimension(n), intent(out) :: e ! residual
! Calculates residuals.
integer :: i
e=x-x_trend
!
! test
!' doi=ln
! print '(a,i4,a,18.2,a,18.2,a,18.2)’, &
! =41, x(1)="x(@1),! x_trend(i) ="x_trend(i),! e(i)=",e(i)
! end do
end subroutine calc residuals
!
!

!
subroutine calc_statistic(m,x_trend seg,s_seg,r)
use nrtype
implicit none
integer, intent(in) :: m ! number of segments
real(sp), dimension(m), intent(in) :: X _trend seg ! trend, segmented
real(sp), dimension(m), intent(in) :: s_seg ! variability, segmented
real(sp), intent(out) :: r ! test statistic = correlation coefficient
! Calculates test statistic.
call pearsn(x_trend seg,s seg,m,r)
end subroutine calc_statistic
!



|

subroutine calc_statistics fal(n_segmentation,n_sim,r_sim,r 900,r 910,r 920,r 930,r 940,
r 950,r 960,r 970,r 980,r 990, &
r 991,r 992,r 993,r 994,r 995, &
r 996,r 997,r 998,r 999)

use nrtype
use nr, only: sort
implicit none

integer, intent(in) :: n_segmentation ! number of segmentations
integer, intent(in) :: n_sim ! number of simulations
real(sp), dimension(n_segmentation,n_sim), intent(in) :: r_sim ! simulated test statistic

real(sp), dimension(n_segmentation), intent(out)
90.0%

real(sp), dimension(n_segmentation), intent(out)
91.0%

real(sp), dimension(n_segmentation), intent(out)
92.0%

real(sp), dimension(n_segmentation), intent(out)
93.0%

real(sp), dimension(n_segmentation), intent(out)
94.0%

real(sp), dimension(n_segmentation), intent(out)
95.0%

real(sp), dimension(n_segmentation), intent(out)
96.0%

real(sp), dimension(n_segmentation), intent(out)
97.0%

real(sp), dimension(n_segmentation), intent(out)
98.0%

real(sp), dimension(n_segmentation), intent(out)
99.0%

real(sp), dimension(n_segmentation), intent(out)
99.1%

real(sp), dimension(n_segmentation), intent(out)
99.2%

real(sp), dimension(n_segmentation), intent(out)
99.3%

real(sp), dimension(n_segmentation), intent(out)
99.4%

real(sp), dimension(n_segmentation), intent(out)
99.5%

real(sp), dimension(n_segmentation), intent(out)
99.6%

real(sp), dimension(n_segmentation), intent(out)
99.7%

real(sp), dimension(n_segmentation), intent(out)
99.8%

real(sp), dimension(n_segmentation), intent(out)
99.9%

221900 ! correlation, false-alarm level,
;o1 910! correlation, false-alarm level,
::1r_920 ! correlation, false-alarm level,
::1r_930 ! correlation, false-alarm level,
::1r_940 ! correlation, false-alarm level,
;o1 950! correlation, false-alarm level,
o1 960 ! correlation, false-alarm level,
;o1 970! correlation, false-alarm level,
;o1 980 ! correlation, false-alarm level,
221 990 ! correlation, false-alarm level,
i1 991 ! correlation, false-alarm level,
;i1 992 ! correlation, false-alarm level,
;i1 993 ! correlation, false-alarm level,
::1r_994 ! correlation, false-alarm level,
;1995 ! correlation, false-alarm level,
i1 996 ! correlation, false-alarm level,
;i1 997 ! correlation, false-alarm level,
;i1 998 ! correlation, false-alarm level,

21999 ! correlation, false-alarm level,



Calculates false-alarm levels.

integer :: i

real(sp), dimension(n_sim) :: dumr ! dummy
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter :
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter :
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter :
real(sp), parameter ::
real(sp), parameter ::
real(sp), parameter ::

7900=0.900_sp
2910=0.910_sp
7920=0.920_sp

:2930=0.930_sp

7940=0.940 sp
7z950=0.950_sp
7960=0.960 sp
z970=0.970_sp
z980=0.980 sp

:2990=0.990 sp

7z991=0.991 sp
7992=0.992 sp
7993=0.993 sp
7994=0.994 sp
7995=0.995 sp

:2996=0.996 sp

7z997=0.997 sp
7z998=0.998 sp
7999=0.999 sp

real(sp), parameter :: one=1.0_sp

if ((one-z999)*n_sim .le. 10) print *,'Too few simulations---increase n_sim and re-run.'

do i=1,n_segmentation
dumr(l:n_sim)=r_sim(i,1:n_sim)
call sort(dumr)
r_900(1)=dumr(nint(z900*n_sim))
r 910(1)=dumr(nint(z910*n_sim))
r 920(1)=dumr(nint(z920*n_sim))
r_930(1)=dumr(nint(z930*n_sim))
r_940(1)=dumr(nint(z940*n_sim))
r_950(1)=dumr(nint(z950*n_sim))
r 960(1)=dumr(nint(z960*n_sim))
r 970(1)=dumr(nint(z970*n_sim))
r 980(1)=dumr(nint(z980*n_sim))
r_990(1)=dumr(nint(z990*n_sim))
r 991(1)=dumr(nint(z991*n_sim))
r 992(1)=dumr(nint(z992*n_sim))
r 993(1)=dumr(nint(z993*n_sim))
r 994(i)=dumr(nint(z994*n_sim))
r 995(@1)=dumr(nint(z995*n_sim))
r_996(i)=dumr(nint(z996*n_sim))
r 997(1)=dumr(nint(z997*n_sim))
r_998(1)=dumr(nint(z998*n_sim))
r 999(1)=dumr(nint(z999*n_sim))
end do
end subroutine calc_statistics_fal



|

subroutine chsettl
use parameters
use setting
implicit none
! Changes setting: mis, infile, outfile, k rm, n.
character (len=1) :: answl

integer :: i
outer: do i=1,ibig
print '(a)', 'Input data: MIS1 [I]'
print '(a)', ' MISS5 [5]'
print '(a)', ' MIS7 [7]'

read (unit=5, fmt='(al)') answ1
if (answ1 .eq. '1") then
mis=mis]
infile=infile misl
outfile=outfile mis1
k rm=k rm_ misl
n=n_mis1
exit outer
else if (answl .eq. 'S') then
mis=mis5
infile=infile mis5
outfile=outfile mis5
k rm=k rm mis5
n=n_mis5
exit outer
else if (answ1 .eq. '7") then
mis=mis7
infile=infile mis7
outfile=outfile mis7
k rm=k rm_mis7
n=n_mis7
exit outer
end if
end do outer
if (mod(k rm,2) .eq. 0) then
print *,'k rm: 'k rm, ' running mean # window points is even --- please check.'
stop
end if
end subroutine chsettl
!
!

!
subroutine chsett2
use nrtype



use parameters
use setting, only: mis,n_segmentation
implicit none
! Changes setting: n_segmentation.
integer :: k_seg_start
integer :: k seg end
integer :: k_seg delta
if (mis .eq. mis1) then
k seg start=k seg start misl
k seg end=k seg end misl
k seg delta=k seg delta misl
else if (mis .eq. mis5) then
k seg start=k seg start mis5
k seg end=k seg end mis5
k seg delta=k seg delta mis5
else if (mis .eq. mis7) then
k seg start=k seg start mis7
k seg end=k seg end mis7
k seg delta=k seg delta mis7
end if
n_segmentation=int((k_seg end-k seg start)’k seg delta)+1
end subroutine chsett2
!
!

|

subroutine chsett3
use parameters
use setting, only: k seg,m,mis,n,n_segmentation
implicit none
! Changes setting: k_seg.
integer :: 1
if (mis .eq. mis1) then
do i=1,n_segmentation
k seg(i)=k seg start misl+(i-1)*k seg delta misl
end do
else if (mis .eq. mis5) then
do i=1,n_segmentation
k seg(i)=k seg start mis5+(i-1)*k seg delta mis5
end do
else if (mis .eq. mis7) then
do i=1,n_segmentation
k seg(i)=k seg start mis7+(i-1)*k seg delta mis7
end do
end if
do i=1,n_segmentation
m(1)=ceiling(1.0_sp*n/k_seg(i))
if (n-(m(i)-1)*k_seg(i) .eq. 1) then
print *'Segmentation problem: Last segment has only one point.'
print *,'Please adjust k_seg values in module parameters.'
stop



end if
end do
end subroutine chsett3
!
!

|

subroutine deallocatel
use datatx
implicit none
! Deallocates t, x.
deallocate(t)
deallocate(x)
end subroutine deallocatel
!
!

|

subroutine deallocate?2
use residuals
use trends
implicit none

! Deallocates x_trend rm, e rm.
deallocate(x_trend rm)
deallocate(e_rm)

end subroutine deallocate2

!

!

|

subroutine deallocate3
use setting, only: k_seg, m
use statistics
implicit none

! Deallocates k_seg, m, r_rm, false-alarm levels.
deallocate(k seg)
deallocate(m)
deallocate(r_rm)
deallocate(r rm_900)
deallocate(r_rm_910)
deallocate(r rm_920)
deallocate(r rm_930)
deallocate(r rm_940)
deallocate(r rm_950)
deallocate(r rm_960)
deallocate(r rm_970)
deallocate(r rm_980)
deallocate(r rm_990)
deallocate(r rm_991)



deallocate(r_rm_992)
deallocate(r rm_993)
deallocate(r_rm_994)
deallocate(r rm_995)
deallocate(r_rm_996)
deallocate(r rm_997)
deallocate(r_rm_998)
deallocate(r rm_999)

end subroutine deallocate3

!

!

|

subroutine deallocate4
use segmented
implicit none

! Deallocates x_trend rm_seg, s rm_seg.
deallocate(x_trend rm_seg)
deallocate(s rm_seg)

end subroutine deallocate4

!

!

|

subroutine deallocate5
use datatx
implicit none

! Deallocates t rm_sim, X_rm_sim.
deallocate(t_ rm_sim)
deallocate(x_rm_sim)

end subroutine deallocate5

!

!

|

subroutine deallocate6
use trends
implicit none
! Deallocates x_trend rm_sim.
deallocate(x_trend rm_sim)
end subroutine deallocate6
!
!

|

subroutine deallocate7
use residuals
implicit none



! Deallocates e rm_sim.
deallocate(e_rm_sim)

end subroutine deallocate?

!

!

|

subroutine deallocate8
use statistics
implicit none
! Deallocates r_ rm_sim.
deallocate(r_rm_sim)
end subroutine deallocate8
!
!

|

subroutine deallocate9
use segmented
implicit none
! Deallocates x_trend rm_sim_seg, s rm_sim_seg.
deallocate(x_trend rm_sim_seg)
deallocate(s rm_sim_seg)
end subroutine deallocate9
!
!

|

subroutine infol
implicit none
! Welcomes.
integer :: 1
do i=1,100
print *
end do
print '(a)', 'EDC-VAR: '
print *
print '(a)', "Testing for a relation between trend and variability
print *
print '(a)', 'Manfred Mudelsee '
print '(a)', 'www.mudelsee.com
print '(a)', 'April 2011 '
print *
print *
end subroutine infol
!
!




!

function Istau(a,t,x,n)
use nrtype
implicit none
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: t
real(sp), dimension(n), intent(in) :: x
real(sp), intent(in) :: a

! Least-squares function for tau estimation.
real(sp) :: Istau
integer :: 1
Istau=0.0 sp
doi=2,n

Istau=Istau+(x(i)-x(i-1)*sign(1.0_sp,a)*abs(a)**(t(1)-t(i-1)))**2.0_sp

end do

end function Istau

!

!

!
subroutine minls(a_arl,n,tol,tol2,t,x,amin,nmu_)
use nrtype
implicit none
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: t
real(sp), dimension(n), intent(in) :: x
real(sp), intent(in) ::a_ arl
real(sp), intent(in) :: tol
real(sp), intent(in) :: tol2
real(sp), intent(out) :: amin
integer, intent(out) :: nmu_
! Minimizes least-squares function s using Brent's method.
real(sp) :: dum1=-999.0 sp
real(sp) :: dum2=-999.0 sp
real(sp) :: dum3=-999.0 sp
real(sp) :: dum4=-999.0 sp
real(sp) :: a_arl1=-999.0 sp
real(sp) :: a_ar12=-999.0 sp
real(sp) :: a_ar13=-999.0 sp
real(sp) :: brent
interface
function Istau(a,t,x,n)
use nrtype
implicit none
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: t
real(sp), dimension(n), intent(in) :: x
real(sp), intent(in) :: a
real(sp) :: Istau
end function Istau
end interface



nmu_=0
dumI=brent(-2.0_sp, a arl, +2.0_sp, Istau, tol, a_arll, t,x,n)
dum2=brent( a_arl, 0.5 sp*(a_arl+1.0_sp), +2.0_sp, Istau, tol, a_arl2, t,x,n)
dum3=brent(-2.0_sp, 0.5 sp*(a_arl-1.0 _sp), a_arl, Istau, tol, a_arl3, t,x,n)
if ((abs(a_arl12-a_arl1) > tol2 .and. abs(a_arl2-a_arl) >tol2) .or. &
(abs(a_arl3-a arll)>tol2 .and. abs(a arl3-a arl) >tol2)) &
nmu_=1
dum4=min(dum1,dum2,dum3)
if (dum4 == dum?2) then
amin=a_arl2
else if (dum4 == dum3) then
amin=a_arl3
else
amin=a_arll
end if
end subroutine minls
!
!

|

subroutine output
use parameters
use setting
use statistics
implicit none
! Outputs.
integer :: i
open (unit=1, file=outfile, status="unknown', form="formatted', action="write")
write (unit=1, fmt='(a)") 'Output from /EDC-VAR/test/t].exe '
write (unit=1, fmt='(a)") 'Author: Manfred Mudelsee (www.mudelsee.com)

write (unit=1, fmt='(a)") ' '

write (unit=1, fmt='(a)") 'EDC ice core dD '
write (unit=1, fmt='(a)") ' '
write (unit=1, fmt='(a,a)") 'Isotope stage: ', mis

if (mis .eq. mis1) then
write (unit=1, fmt='(a)')  'Timescale after Lemieux-Dudon et al. (2010)

end if

if (mis .eq. mis5) then
write (unit=1, fmt='(a)')  'EDC3 timescale shifted '
write (unit=1, fmt='(a)')  '(at 112.4 ka by +2 ka and at 134 ka by +1 ka)

end if

write (unit=1, fmt='(a)') ' '

write (unit=1, fmt='(a,a)") 'Input file: 'infile

write (unit=1, fmt='(a,i6)")  'Number of data points: 'n

write (unit=1, fmt='(a)") ' '

write (unit=1, fmt='(a)') "Trend estimation #1: Running mean (RM)

write (unit=1, fmt="(a,i6)')  "Number of window points: 'k rm

write (unit=1, fmt='(a,f0.6)") 'Persistence time of trend residuals (in time units): 'stau rm
write (unit=1, fmt="(a,f0.6)') 'Equivalent autocorrelation coefficient: ,a_rm

write (unit=1, fmt='(a)') ' '



write (unit=1, fmt='(a)")
write (unit=1, fmt='(a)')
write (unit=1, fmt='(a)")
write (unit=1, fmt='(a)')
write (unit=1, fmt='(a)")
write (unit=1, fmt='(a,16)")
write (unit=1, fmt='(a)")
write (unit=1, fmt='(a)')
write (unit=1, fmt='(a)")
write (unit=1, fmt='(a)')
write (unit=1, fmt='(a)")
write (unit=1, fmt='(a,16)")
write (unit=1, fmt='(a,i6)")
write (unit=1, fmt='(a)')
write (unit=1, fmt='(a)")
write (unit=1, fmt='(a)')
write (unit=1, fmt='(a,a)")
write (unit=1, fmt='(a,a)")
write (unit=1, fmt='(a)") '
write (unit=1, fmt='(23(a))")

'# segmentation ',

'Segmentation for calculating

'test statistic as correlation between
'average trend (within segment) and
'standard deviation (within segment)

'

'Number of segmentations:
'Calculation of null distribution of the
'test statistic and false-alarm levels:
'MBB resampling
'(index denotes trend estimation)

'Block length 1 RM:

'Number of simulations:

"Test results

'(index denotes trend estimation)
'"Test statistic:

'False-alarm levels at P = 90% etc.

'# points_per segment ',

'# segments ',

't RM ',
't RM_900 '
't RM 910 '
't RM_920 '
't RM_930 '
't RM_940 '
't RM_950 '
't RM_960 '
't RM_970 '
'r RM_980 '
't RM_990 '
't RM_ 991 '
't RM_992 '
'r RM_993 '
't RM_994
't RM_995 '
't RM_996 '
't RM_997 '
't RM_998 '
't RM_999 '

b

do i=1,n_segmentation

write (unit=1, fmt="'(i4,12x,14,18x,i4,7x,16.3,1x,18(18.3,2x),18.3)")

Lk_seg(i),m(i),r_rm(i),
r rm_900(i),r rm 910(i),r rm 920(i),r rm_930(i),r rm_940(1),

'

,n_segmentation

L't 900 etc.'

'

&

&

PRI ®

&

&

r rm_950(1),r rm_960(i),r rm 970(i),r rm_980(i),r rm_990(1),

r rm _991(%1),r rm 992(i),r rm 993(i),r rm_994(i),r rm_995(1),



r rm_996(i),r rm_997(i),r rm_998(i),r rm_999(i)
end do
close (unit=1, status='keep')
end subroutine output
!
!

!

subroutine pearsn(x,y,n,r)
use nrtype
use nrutil
implicit none

! Pearson's correlation coefficient (Numerical Recipes, modified).
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: X,y
real(sp), intent(out) :: r
real(sp), parameter :: tiny=1.0e-08 sp
real(sp), dimension(n) :: xt,yt
real(sp) :: ax,ay,sxx,sXy,syy
ax=sum(x)/n
ay=sum(y)/n
xt(:)=x(:)-ax
yt(:)=y(:)-ay
sxx=dot_product(xt,xt)
syy=dot_product(yt,yt)
sxy=dot_product(xt,yt)
r=sxy/(sqrt(sxx*syy)+tiny)

end subroutine pearsn

!

!

!
subroutine ranseed
use nrtype
use nr, only: ran
implicit none
! Seeds random number generator.
integer :: seed=0
real(sp) :: dummy=-999.0 sp
! print *,'seed random number generator (negative integer): '
! read (5,*) seed
seed=-610622867
dummy=ran(seed)
end subroutine ranseed
!
!

!
subroutine readl



use nrtype
use datatx
use setting, only: infile,n
implicit none
! Reads t, x.
character (len=1) cl
real(sp) :: tedc3
real(sp) :: z
integer :: 1
open (unit=1, file=infile, status='old', form="formatted', action="read)
read (unit=1, fmt='(al)") c1 ! header line
doi=1,n
read (unit=1, fmt=*) z,tedc3,t(i),x(i) ! depth, EDC3 age, t = EDC3 age shifted, x =dD
end do
close (unit=1, status="keep')
end subroutine readl
!
!

|

subroutine rhoest(n,x,rho)
use nrtype
implicit none
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: x
real(sp), intent(out) :: rho
! Estimates autocorrelation coefficient (equidistant data).
integer i
real(sp) :: sum1=0.0 sp
real(sp) :: sum2=0.0_sp
doi=2,n
suml=suml1+x(i)*x(i-1)
sum2=sum?2+x(1)**2.0_sp
end do
rho=sum1/sum2
end subroutine rhoest
!
!

!
subroutine simulation_t(n,t,t sim)
use nrtype
implicit none
integer, intent(in) :: n ! data size
real(sp), dimension(n), intent(in) :: t ! time
real(sp), dimension(n), intent(out) :: t sim ! simulated t

Simulates t.

Currently: Trend estimation #1 running mean does not require t simulation because
it works with the points and not with the times.



t sim=t
end subroutine simulation_t
!
!

!
subroutine simulation_x(n,x_trend,e,lopt,x_sim)
use nrtype
implicit none
integer, intent(in) :: n ! data size
real(sp), dimension(n), intent(in) :: X _trend ! trend
real(sp), dimension(n), intent(in) :: e ! residuals
integer, intent(in) :: lopt ! block length
real(sp), dimension(n), intent(out) :: x_sim ! simulated x (block bootstrap resampling)
! Simulates x (MBB resampling).
real(sp), dimension(n) :: ¢ mbb
call bootstrap1(n,e,lopt,e_mbb)
X_sim=x_trend+e mbb
end subroutine simulation_x
!
!

!
subroutine tauest(t in,x_in,n,c,tau)
use nrtype
use nr, only: avevar
implicit none
character (Ilen=2), intent(in) :: ¢
integer, intent(in) :: n
real(sp), dimension(n), intent(in) :: t_in
real(sp), dimension(n), intent(in) :: X _in
real(sp), intent(out) :: tau

Estimates AR(1) persistence time tau using
the least-squares algorithm of Mudelsee (2002).

Notes:
(1) assumes t = age (see Point 1)
(2) automatic bias correction (see Point 5)

real(sp), dimension(n) :: X

real(sp), dimension(n) :: t

real(sp) :: avex=-999.0 sp

real(sp) :: varx=-999.0 sp

real(sp) :: delta=-999.0 sp

real(sp) :: scalt=-999.0 sp

real(sp) :: tho=-999.0 sp

real(sp) :: tho non=-999.0 sp

real(sp), parameter :: e_inv=0.3678794 sp
real(sp), parameter :: tol =3.0e-08 sp



real(sp), parameter :: tol2=1.0e-06_sp
real(sp) :: amin=-999.0 sp

integer :: mult=-999

integer :: 1=-999

Rename and change time direction

do i=n,1,-1
t(1)=-1.0_sp*t_in(n+1-1)
x(1)=+1.0_sp*x_in(n+1-1)
end do

Scaling (x)

call avevar(x,avex,varx)
x=x/sqrt(varx)

Scaling (t)

=> start value of a = 1/e

delta=abs(t(n)-t(1))/(n-1)

call rhoest(n,x,rho)

if (tho <= 0.0_sp) then
rho=0.05_sp

else if (tho >=1.0_sp) then
rho=0.95 sp

end if

scalt=-1.0_sp*log(rho)/delta

t=t*scalt

Estimation (tau)

call minls(e_inv,n,tol,tol2,t,x,amin,mult)

if (mult ==1 .or. amin <= 0.0_sp .or. amin >= 1.0_sp) then

if (mult == 1) then
print '(a,a)', 'data',c
print *, 'Estimation problem (tau): LS function has > 1 minima
read (*,()")

end if

if (amin <= 0.0_sp) then
print '(a,a)', 'data ',c
print *, 'Estimation problem (tau): a_min =< 0'
read (*,'()")

'



else if (amin >= 1.0_sp) then
print '(a,a)', 'data ',c
print *, 'Estimation problem (tau): a_min >= 1"
read (*,'()')

end if

print *, 'Input tau per hand:'

read (5,%) tau

tau=tau*1.0_sp

else

! Bias correction and rescaling

rho non=1.0_sp*amin**(delta*scalt)
rho _non=rho non+(1.0_sp+3.0_sp*rho non)/(n-1)
amin=1.0_sp*exp(log(rho_non)/(delta*scalt))
tau=-1.0_sp/(scalt*log(amin))
end if
end subroutine tauest
!
!

!

subroutine trend rm(x,n,k,y)
use nrtype
implicit none
integer, intent(in) :: n ! number of data points
real(sp), dimension(n), intent(in) :: x ! x-value
integer, intent(in) :: k ! number of window points
real(sp), dimension(n), intent(out) :: y ! running mean

Trend estimation via running-mean smoothing:
k window points and boundary kernel.

integer :: 1

1. Left boundary

do i=1,(k-1)/2
! test
! print *, 'counter left boundary: ',i
y(1)=1.0_sp*sum(x(1:2*i-1))/(2*i-1)
end do
]

12. Centre

do i=(k+1)/2,n-(k-1)/2
! test
! print *, 'counter centre: ',i
y(1)=1.0_sp*sum(x(i-(k-1)/2:1+(k-1)/2))/k



end do
!
!'3.  Right boundary
!
!

do i=n-(k-1)/2+1,n

! test

! print *, 'counter right boundary: ',i

y(1)=1.0_sp*sum(x(2*i-n:n))/(2*n-2*i+1)

end do

!

! test

! doi=1,n

! print '(a,i4,a,14,a,f8.2,a,18.2)", 'i="1,) k=

! end do

! read (*,'()")

end subroutine trend rm

!

!

nk,x(@@) ="x(@),

y(®) ="%y()

!
subroutine trend seg(n,x_trend,k,m,x_trend seg)

use nrtype
implicit none

integer, intent(in) :: n ! number of data points

real(sp), dimension(n), intent(in) :: x_trend !
integer, intent(in) :: k ! number of points per
integer, intent(in) :: m ! number of segments

trend
segment

real(sp), dimension(m), intent(out) :: x_trend seg ! segmented trend

! Segmentation, trend.
integer :: j
do j=1,m-1

x_trend seg(j)=sum(x_trend((j-1)*k+1:3*k))/k

end do

x_trend seg(m)=sum(x_trend((m-1)*k+1:n))/(n-(m-1)*k)

!
! test
! do j=1,m

! print '(a,i4,a,14,a,i4,a,8.2)", '} ="J,' m='m, k seg="k,

'x_trend seg(j)

! end do

! read (*,'()")

end subroutine trend seg
!

!

x_trend seg(j) =

!

subroutine variability seg(n,e,k,m,s seg)
use nrtype
use nr, only: avevar



implicit none
integer, intent(in) :: n ! number of data points
real(sp), dimension(n), intent(in) :: e ! residual
integer, intent(in) :: k ! number of points per segment
integer, intent(in) :: m ! number of segments
real(sp), dimension(m), intent(out) :: s_seg ! variability, calculated as standard deviation over
! residuals within segment
! Segmentation, variability.

integer :: j
real(sp) :: avex,varx
do j=1,m-1

call avevar(e((j-1)*k+1:j*k),avex,varx)
s_seg(j)=sqrt(varx)
end do
call avevar(e((m-1)*k+1:n),avex,varx)
s_seg(m)=sqrt(varx)
!
! test
!' doj=Lm
! print '(a,i4,a,14,a,i4,a,£8.2)", ' ="j,' m='m," k seg="'k, s seg(j)="s_seg(j)
! end do
! read (*,'()")
end subroutine variability seg
!
!

|

! Used Numerical Recipes files on the computer:
!

include 'd:\nr7790\avevar.f90'

include 'd:\nr7790\ran.f90'

include 'd:\nr7790\sort.f90'



High resolution deuterium data attached to the manuscript by Pol et al., 2014 entitled "Climate
variability features of the last interglacial in the East Antarctic EPICA Dome C ice core"

DESCRIPTION:

High-resolution (11cm) deuterium (dDice) profile from the EPICA Dome C Ice Core,

Antarctica (75 06' S, 123 21' E), with an optimal accuracy of plus or minus 0.5 per mil (1 sigma),
on a depth-interval ranging from ~1490 to ~1765 m covering the last interglacial period.

Column 1: Top depth (m)

Column 2: dD data (per mille relative to the VSMOW standard)

Depth (m) dD (per mil)

1489.95 -425.11
1490.06 -417.49
1490.17 -413.04
1490.28 -429.46
1490.39 -428.08
1490.5 -413.57
1490.61 -423.06
1490.72 -423.52
1490.83 -411.69
1490.94 -423.98
1491.05 -415.75
1491.16 -435.69
1491.27 -422.04
1491.38 -432.27
1491.49 -424.04
1491.6 -417.01
1491.71 -416.48
1491.82 -415.16
1491.93 -420.17
1492.04 -421.92
1492.15 -411.5

1492.26 -417.77
1492.37 -421.66
1492.48 -420.36
1492.59 -417.14
1492.7 -417.34
1492.81 -418.45
1492.92 -417.51
1493.03 -426.56
1493.14 -435.72
1493.25 -428.66
1493.36 -422.89
1493.47 -418.69
1493.58 -421.58
1493.69 -423.63
1493.8 -424.82
1493.91 -415.98

1494.02 -424.02



1494.13
1494.24
1494.35
1494.46
1494.57
1494.68
1494.79
1494.9
1495.01
1495.12
1495.23
1495.34
1495.45
1495.56
1495.67
1495.78
1495.89
1496
1496.11
1496.22
1496.33
1496.44
1496.55
1496.66
1496.77
1496.88
1496.99
1497.1
1497.21
1497.32
1497.43
1497.54
1497.65
1497.76
1497.87
1497.98
1498.09
1498.2
1498.31
1498.42
1498.53
1498.64
1498.75
1498.86
1498.97
1499.08
1499.19
1499.3
1499.41
1499.52
1499.63
1499.74

-430.12
-428.86
-405.53
-434.87
-425.96
-426.82
-419.53
-421.7
-421
-419.21
-423.58
-416.38
-427.15
-422.19
-417.06
-424.53
-418.12
-424.8
-424.68
-421.32
-424.37
-427.55
-422.44
-414.45
-421.64
-404.87
-412.16
-403.08
-431.86
-414.53
-421.11
-423.71
-413.34
-421.18
-422.46
-428.84
-415.78
-407.51
-413.98
-422.75
-421.42
-420.46
-418.23
-411.53
-420.51
-422.1
-430.26
-430.42
-433.58
-425.4
-410.41
-420.09



1499.85
1499.96
1500.07
1500.18
1500.29
1500.4

1500.51
1500.62
1500.73
1500.84
1500.95
1501.06
1501.17
1501.28
1501.39
1501.5

1501.61
1501.72
1501.83
1501.94
1502.05
1502.16
1502.27
1502.38
1502.49
1502.6

1502.71
1502.82
1502.93
1503.04
1503.15
1503.26
1503.37
1503.48
1503.59
1503.7

1503.81
1503.92
1504.03
1504.14
1504.25
1504.36
1504.47
1504.58
1504.69
1504.8

1504.91
1505.02
1505.13
1505.24
1505.35
1505.46

-419.6

-416.41
-414.37
-422.43
-418.09
-408.69
-416.49
-416.75
-421.53
-420.23
-412.08
-424.08
-427.65
-429.72
-426.23
-410.46
-415.98
-416.65
-419.07
-418.77
-420.01
-426.29
-419.29
-407.78
-400.67
-403.49
-406.7

-414.74
-416.31
-420.49
-425.26
-411.51
-411.91
-415.73
-423.57
-418.87
-418.23
-404.45
-412.92
-418.49
-418.53
-417.32
-413.26
-412.57
-413.57
-412.57
-415.34
-410.03
-414.11
-419.26
-414.61
-405.49



1505.57
1505.68
1505.79
1505.9
1506.01
1506.12
1506.23
1506.34
1506.45
1506.56
1506.67
1506.78
1506.89
1507
1507.11
1507.22
1507.33
1507.44
1507.55
1507.66
1507.77
1507.88
1507.99
1508.1
1508.21
1508.32
1508.43
1508.54
1508.65
1508.76
1508.87
1508.98
1509.09
1509.2
1509.31
1509.42
1509.53
1509.64
1509.75
1509.86
1509.97
1510.08
1510.19
1510.3
1510.41
1510.52
1510.63
1510.74
1510.85
1510.96
1511.07
1511.18

-394.94
-417.27
-412.07
-417.48
-419.4

-415.54
-421.27
-416.4

-411.16
-416.19
-411.43
-412.42
-418.42
-422.2

-420.15
-410.01
-410.66
-412.34
-413.95
-415.38
-414.59
-409.91
-407.9

-394.54
-409.8

-418.94
-411.88
-409.4

-404.73
-417.68
-419.01
-417.02
-413.3

-413.62
-421.72
-420.5

-415.95
-411.89
-415.56
-424.83
-414.34
-414.24
-410.53
-403.95
-413.12
-413.12
-410.87
-422.47
-415.06
-407.47
-416.16
-407.77



1511.29
1511.4

1511.51
1511.62
1511.73
1511.84
1511.95
1512.06
1512.17
1512.28
1512.39
1512.5

1512.61
1512.72
1512.83
1512.94
1513.05
1513.16
1513.27
1513.38
1513.49
1513.6

1513.71
1513.82
1513.93
1514.04
1514.15
1514.26
1514.37
1514.48
1514.59
1514.7

1514.81
1514.92
1515.03
1515.14
1515.25
1515.36
1515.47
1515.58
1515.69
1515.8

1515.91
1516.02
1516.13
1516.24
1516.35
1516.46
1516.57
1516.68
1516.79
1516.9

-409.9
-414.99
-407.25
-409.62
-399.59
-398.23
-404.36
-410.09
-411
-407.26
-403.38
-413.79
-416.07
-411.49
-406.27
-415.51
-405.82
-420.29
-418.92
-418.5
-413.27
-403.31
-414.02
-414.76
-409.77
-406.79
-412.07
-414.07
-411.54
-412.61
-408.52
-411.43
-405.88
-405
-404.18
-412.36
-404.75
-413.11
-413.44
-405.16
-414.36
-413.6
-420.48
-405.2
-396.77
-408.32
-407.22
-411.33
-407.57
-407.21
-408.46
-408.71



1517.01
1517.12
1517.23
1517.34
1517.45
1517.56
1517.67
1517.78
1517.89
1518
1518.11
1518.22
1518.33
1518.44
1518.55
1518.66
1518.77
1518.88
1518.99
1519.1
1519.21
1519.32
1519.43
1519.54
1519.65
1519.76
1519.87
1519.98
1520.09
1520.2
1520.31
1520.42
1520.53
1520.64
1520.75
1520.86
1520.97
1521.08
1521.19
1521.3
1521.41
1521.52
1521.63
1521.74
1521.85
1521.96
1522.07
1522.18
1522.29
1522.4
1522.51
1522.62

-409.66
-391.53
-401.51
-409.16
-413.74
-405.92
-412.6
-417.65
-414
-405.72
-412.29
-406.33
-409.46
-409.86
-415.04
-411.31
-417.51
-409.6
-404.61
-407.76
-402.24
-412.36
-402.7
-415.19
-405.68
-410.75
-406.29
-414.75
-405.43
-405.41
-404.01
-402.24
-406.44
-410.52
-415.84
-407.5
-413.87
-407.62
-405.34
-411.31
-417.85
-411.68
-410.71
-405.92
-412.89
-393.14
-402.95
-410.11
-408.22
-406.51
-409.76
-409.61



1522.73
1522.84
1522.95
1523.06
1523.17
1523.28
1523.39
1523.5

1523.61
1523.72
1523.83
1523.94
1524.05
1524.16
1524.27
1524.38
1524.49
1524.6

1524.71
1524.82
1524.93
1525.04
1525.15
1525.26
1525.37
1525.48
1525.59
1525.7

1525.81
1525.92
1526.03
1526.14
1526.25
1526.36
1526.47
1526.58
1526.69
1526.8

1526.91
1527.02
1527.13
1527.24
1527.35
1527.46
1527.57
1527.68
1527.79
1527.9

1528.01
1528.12
1528.23
1528.34

-399.08
-403.03
-404.74
-394.37
-414.57
-418.48
-422.2

-407.85
-406.03
-401.68
-401.87
-409.24
-403.39
-397.99
-407.66
-401.52
-412.64
-412.47
-412.44
-401.06
-417.2

-411.99
-403.35
-407.38
-411.18
-411.35
-395.72
-407.35
-398.02
-399.53
-408.92
-408.49
-411.8

-417.23
-414.12
-412.71
-419.93
-411.64
-401.07
-404.82
-408.6

-403.9

-409.17
-395.57
-403.52
-394.15
-398.76
-403.15
-409.34
-399.85
-398.03
-402.6



1528.45
1528.56
1528.67
1528.78
1528.89
1529
1529.11
1529.22
1529.33
1529.44
1529.55
1529.66
1529.77
1529.88
1529.99
1530.1
1530.21
1530.32
1530.43
1530.54
1530.65
1530.76
1530.87
1530.98
1531.09
1531.2
1531.31
1531.42
1531.53
1531.64
1531.75
1531.86
1531.97
1532.08
1532.19
1532.3
1532.41
1532.52
1532.63
1532.74
1532.85
1532.96
1533.07
1533.18
1533.29
1533.4
1533.51
1533.62
1533.73
1533.84
1533.95
1534.06

-407.46
-416.12
-406.69
-394.07
-392.16
-403.02
-390.1
-400.32
-409.16
-403.24
-397.19
-399.43
-400.47
-399.95
-410.33
-397.79
-402.44
-404
-405.05
-403.43
-406.18
-403.31
-407.04
-403.97
-399.19
-402.05
-403.96
-404.96
-395.06
-395.63
-398.7
-399.95
-393.55
-405.25
-389.42
-404.81
-403.38
-410.66
-387.27
-398.5
-410.45
-413.75
-405.31
-402.09
-403.44
-400.99
-393.89
-381.35
-405.88
-415.02
-398.42
-400.38



1534.17
1534.28
1534.39
1534.5

1534.61
1534.72
1534.83
1534.94
1535.05
1535.16
1535.27
1535.38
1535.49
1535.6

1535.71
1535.82
1535.93
1536.04
1536.15
1536.26
1536.37
1536.48
1536.59
1536.7

1536.81
1536.92
1537.03
1537.14
1537.25
1537.36
1537.47
1537.58
1537.69
1537.8

1537.91
1538.02
1538.13
1538.24
1538.35
1538.46
1538.57
1538.68
1538.79
1538.9

1539.01
1539.12
1539.23
1539.34
1539.45
1539.56
1539.67
1539.78

-397.44
-407.01
-403.47
-400.25
-393.88
-400.24
-401.63
-399.41
-400.26
-400.43
-401.89
-408
-400.65
-402.62
-401.61
-401.49
-417.85
-402.22
-396.12
-396.15
-399.62
-397.01
-397.72
-393.64
-406.4
-400.38
-404.52
-391.47
-406.87
-394.28
-401.47
-406
-397.76
-398.78
-405.6
-389.05
-398.26
-411.27
-406.97
-397.64
-397.49
-388.64
-398.59
-400.97
-393.08
-390.05
-394.76
-393
-387.61
-392.02
-402.34
-406.26



1539.89
1540
1540.11
1540.22
1540.33
1540.44
1540.55
1540.66
1540.77
1540.88
1540.99
1541.1
1541.21
1541.32
1541.43
1541.54
1541.65
1541.76
1541.87
1541.98
1542.09
1542.2
1542.31
1542.42
1542.53
1542.64
1542.75
1542.86
1542.97
1543.08
1543.19
1543.3
1543.41
1543.52
1543.63
1543.74
1543.85
1543.96
1544.07
1544.18
1544.29
1544.4
1544.51
1544.62
1544.73
1544.84
1544.95
1545.06
1545.17
1545.28
1545.39
1545.5

-405.73
-406.45
-408.76
-396.94
-398.25
-393.48
-394.22
-395.4
-401.95
-397.91
-390.18
-385.14
-398.54
-399
-402.69
-393.28
-401.25
-395.82
-390.2
-403.83
-398.42
-388.02
-381.69
-396.53
-395.49
-403.33
-400.26
-394.46
-398.59
-393.54
-405.54
-400.27
-407.53
-405.08
-396.26
-385.62
-402.7
-404.59
-379.19
-386.66
-397.23
-400.25
-394.61
-401.39
-409.13
-389.13
-389.92
-394.48
-390.79
-397.24
-395.81
-394.72



1545.61
1545.72
1545.83
1545.94
1546.05
1546.16
1546.27
1546.38
1546.49
1546.6
1546.71
1546.82
1546.93
1547.04
1547.15
1547.26
1547.37
1547.48
1547.59
1547.7
1547.81
1547.92
1548.03
1548.14
1548.25
1548.36
1548.47
1548.58
1548.69
1548.8
1548.91
1549.02
1549.13
1549.24
1549.35
1549.46
1549.57
1549.68
1549.79
1549.9
1550.01
1550.12
1550.23
1550.34
1550.45
1550.56
1550.67
1550.78
1550.89
1551
1551.11
1551.22

-396.25
-399.93
-402.39
-406.56
-399.38
-396.97
-399.51
-399.44
-399.37
-379.72
-381.73
-387.62
-396.86
-398.66
-399.44
-388.17
-380.19
-391.05
-400.4

-395.67
-384.6

-388.17
-385.32
-394.42
-392.81
-391.46
-390.81
-412.25
-396.37
-388.29
-402.34
-403.64
-398.99
-411.24
-402.66
-396.01
-391.56
-393.35
-394.77
-395.69
-398.5

-392.48
-397.94
-404.43
-406.89
-395.96
-392.03
-399.99
-401.1

-392.44
-396.05
-393.09



1551.33
1551.44
1551.55
1551.66
1551.77
1551.88
1551.99
1552.1

1552.21
1552.32
1552.43
1552.54
1552.65
1552.76
1552.87
1552.98
1553.09
1553.2

1553.31
1553.42
1553.53
1553.64
1553.75
1553.86
1553.97
1554.08
1554.19
1554.3

1554.41
1554.52
1554.63
1554.74
1554.85
1554.96
1555.07
1555.18
1555.29
1555.4

1555.51
1555.62
1555.73
1555.84
1555.95
1556.06
1556.17
1556.28
1556.39
1556.5

1556.61
1556.72
1556.83
1556.94

-393.72
-401.49
-398
-392.18
-402.71
-405.4
-400.66
-394.69
-399.31
-393.68
-381.81
-401.86
-396.18
-404
-395.03
-401.64
-395.64
-397.28
-393.77
-398
-387.18
-387.38
-401.12
-395.38
-394.54
-399
-400.22
-405.04
-397.35
-399.53
-398.62
-392.65
-409.23
-395.21
-384.14
-393.5
-398.19
-396.98
-394.4
-398.65
-387.69
-390.33
-395.27
-393.85
-401.22
-400.98
-387.39
-388.79
-395.36
-395.87
-395.29
-393.98



1557.05
1557.16
1557.27
1557.38
1557.49
1557.6
1557.71
1557.82
1557.93
1558.04
1558.15
1558.26
1558.37
1558.48
1558.59
1558.7
1558.81
1558.92
1559.03
1559.14
1559.25
1559.36
1559.47
1559.58
1559.69
1559.8
1559.91
1560.02
1560.13
1560.24
1560.35
1560.46
1560.57
1560.68
1560.79
1560.9
1561.01
1561.12
1561.23
1561.34
1561.45
1561.56
1561.67
1561.78
1561.89
1562
1562.11
1562.22
1562.33
1562.44
1562.55
1562.66

-396.93
-394.23
-398.2

-396.75
-386.46
-392.21
-388.65
-388.84
-382.57
-392.56
-398.65
-399.64
-405.35
-386.89
-388.86
-399.19
-391.36
-372.16
-387.01
-391.09
-395.96
-407.6

-392.34
-394.22
-386.81
-388.44
-391.33
-403.34
-394.41
-384.82
-390.89
-400.04
-396.31
-397.63
-391.96
-392.77
-399.84
-399.05
-393.46
-398.71
-401.74
-380.61
-388.74
-396.58
-398.53
-390.73
-395.55
-387.92
-398.23
-393.71
-400.89
-396.85



1562.77
1562.88
1562.99
1563.1

1563.21
1563.32
1563.43
1563.54
1563.65
1563.76
1563.87
1563.98
1564.09
1564.2

1564.31
1564.42
1564.53
1564.64
1564.75
1564.86
1564.97
1565.08
1565.19
1565.3

1565.41
1565.52
1565.63
1565.74
1565.85
1565.96
1566.07
1566.18
1566.29
1566.4

1566.51
1566.62
1566.73
1566.84
1566.95
1567.06
1567.17
1567.28
1567.39
1567.5

1567.61
1567.72
1567.83
1567.94
1568.05
1568.16
1568.27
1568.38

-396.45
-390.69
-389.03
-396.29
-398.07
-399.98
-384.19
-383.99
-396.9

-399.06
-398.5

-398.67
-400.12
-395.59
-400.19
-398.76
-401.88
-396.17
-393.61
-400.41
-387.2

-390.66
-381.32
-393.95
-377.34
-403.71
-402.26
-393.83
-392.73
-397.01
-388.69
-389.34
-384.85
-386.72
-400.29
-396.56
-397.48
-404.29
-397.04
-397.33
-391.3

-394.36
-389.51
-386.75
-380.44
-399.57
-397.93
-396.69
-389.07
-375.9

-370.1

-394.23



1568.49
1568.6
1568.71
1568.82
1568.93
1569.04
1569.15
1569.26
1569.37
1569.48
1569.59
1569.7
1569.81
1569.92
1570.03
1570.14
1570.25
1570.36
1570.47
1570.58
1570.69
1570.8
1570.91
1571.02
1571.13
1571.24
1571.35
1571.46
1571.57
1571.68
1571.79
1571.9
1572.01
1572.12
1572.23
1572.34
1572.45
1572.56
1572.67
1572.78
1572.89
1573
1573.11
1573.22
1573.33
1573.44
1573.55
1573.66
1573.77
1573.88
1573.99
1574.1

-392.63
-400.54
-392.53
-386.41
-388.45
-395.88
-399.32
-393.03
-387.17
-393.12
-394.68
-390.46
-393.33
-390.74
-380.76
-399.66
-399.92
-388.26
-397.29
-394.54
-394.38
-395.77
-402.39
-389.77
-394.04
-398.86
-387.11
-396.64
-391.45
-386.42
-392.51
-386.85
-397.53
-403.06
-390.58
-373.63
-392.12
-391.64
-385.27
-392.61
-401.95
-394.81
-387.9

-385.59
-376.46
-385.34
-394.93
-389.89
-393.51
-394.56
-398.22
-385.39



1574.21
1574.32
1574.43
1574.54
1574.65
1574.76
1574.87
1574.98
1575.09
1575.2

1575.31
1575.42
1575.53
1575.64
1575.75
1575.86
1575.97
1576.08
1576.19
1576.3

1576.41
1576.52
1576.63
1576.74
1576.85
1576.96
1577.07
1577.18
1577.29
1577.4

1577.51
1577.62
1577.73
1577.84
1577.95
1578.06
1578.17
1578.28
1578.39
1578.5

1578.61
1578.72
1578.83
1578.94
1579.05
1579.16
1579.27
1579.38
1579.49
1579.6

1579.71
1579.82

-385.06
-394.83
-388.17
-379.61
-386.22
-388.08
-391.73
-388.1

-383.91
-386.1

-397.05
-384.99
-387.29
-385.73
-392.39
-393.47
-389.06
-381.2

-380.68
-392.95
-394.18
-386.59
-384.89
-396.22
-394.69
-381.62
-394.58
-389.98
-396.41
-393.46
-386.23
-382.94
-385.37
-389.55
-389.96
-384.98
-392.53
-396.64
-390.61
-389.31
-385.54
-394.23
-402.03
-396.46
-385.79
-389.02
-396.17
-393.56
-394.39
-390.75
-389.55
-393.3



1579.93
1580.04
1580.15
1580.26
1580.37
1580.48
1580.59
1580.7
1580.81
1580.92
1581.03
1581.14
1581.25
1581.36
1581.47
1581.58
1581.69
1581.8
1581.91
1582.02
1582.13
1582.24
1582.35
1582.46
1582.57
1582.68
1582.79
1582.9
1583.01
1583.12
1583.23
1583.34
1583.45
1583.56
1583.67
1583.78
1583.89
1584
1584.11
1584.22
1584.33
1584.44
1584.55
1584.66
1584.77
1584.88
1584.99
1585.1
1585.21
1585.32
1585.43
1585.54

-384.09
-390.65
-386.41
-406.02
-391.38
-391.39
-383.24
-396.16
-389.67
-390.62
-390.34
-392.72
-383.42
-385.6
-392.04
-388.71
-387.47
-385
-384.72
-400.22
-394.38
-389.39
-389.23
-391.78
-384.42
-390.2
-385.05
-392.21
-392.02
-388.99
-382.6
-391.03
-386.24
-381.69
-387.76
-387.34
-395.35
-386.53
-382.11
-389.08
-394.18
-380.63
-386.21
-383.14
-378.87
-375.27
-393.76
-394.96
-392.48
-395.68
-383.32
-389.66



1585.65
1585.76
1585.87
1585.98
1586.09
1586.2

1586.31
1586.42
1586.53
1586.64
1586.75
1586.86
1586.97
1587.08
1587.19
1587.3

1587.41
1587.52
1587.63
1587.74
1587.85
1587.96
1588.07
1588.18
1588.29
1588.4

1588.51
1588.62
1588.73
1588.84
1588.95
1589.06
1589.17
1589.28
1589.39
1589.5

1589.61
1589.72
1589.83
1589.94
1590.05
1590.16
1590.27
1590.38
1590.49
1590.6

1590.71
1590.82
1590.93
1591.04
1591.15
1591.26

-388.55
-399.4

-391.17
-388.08
-390.41
-383.17
-370.99
-384.35
-385.57
-383.67
-385.35
-393.47
-387.46
-389.88
-391.87
-383.74
-397.2

-390.59
-391.9

-378.54
-386.07
-389.74
-393.5

-392.06
-386.74
-393.05
-387.6

-384.75
-386.06
-387.01
-387.34
-387.78
-384.74
-383.58
-397.08
-386.95
-388.12
-388.11
-387.94
-387.44
-387.26
-366.97
-388.27
-388.11
-387.77
-387.2

-390.32
-387.71
-384.66
-393.03
-375.24
-374.59



1591.37
1591.48
1591.59
1591.7
1591.81
1591.92
1592.03
1592.14
1592.25
1592.36
1592.47
1592.58
1592.69
1592.8
1592.91
1593.02
1593.13
1593.24
1593.35
1593.46
1593.57
1593.68
1593.79
1593.9
1594.01
1594.12
1594.23
1594.34
1594.45
1594.56
1594.67
1594.78
1594.89
1595
1595.11
1595.22
1595.33
1595.44
1595.55
1595.66
1595.77
1595.88
1595.99
1596.1
1596.21
1596.32
1596.43
1596.54
1596.65
1596.76
1596.87
1596.98

-382.22
-364.51
-370.33
-387.07
-396.99
-382.46
-382.46
-391.28
-400.53
-388.71
-390.21
-390.87
-385.74
-390.19
-380.7
-384.6
-381.17
-393.68
-394.7
-386.96
-382.52
-382.16
-376.34
-380.98
-377.5
-388.9
-398.02
-390.79
-388.25
-371.16
-396.11
-393.48
-392.97
-384.7
-389.9
-385
-380.06
-392.09
-385.97
-378.2
-385.9
-386.98
-386.85
-387.72
-390.35
-384.95
-392.88
-391.17
-390.26
-399.61
-398.44
-388.52



1597.09
1597.2

1597.31
1597.42
1597.53
1597.64
1597.75
1597.86
1597.97
1598.08
1598.19
1598.3

1598.41
1598.52
1598.63
1598.74
1598.85
1598.96
1599.07
1599.18
1599.29
1599.4

1599.51
1599.62
1599.73
1599.84
1599.95
1600.06
1600.17
1600.28
1600.39
1600.5

1600.61
1600.72
1600.83
1600.94
1601.05
1601.16
1601.27
1601.38
1601.49
1601.6

1601.71
1601.82
1601.93
1602.04
1602.15
1602.26
1602.37
1602.48
1602.59
1602.7

-400.7

-386.48
-387.28
-388.15
-391.54
-396.54
-398.04
-386.33
-384.87
-383.87
-390.34
-393.2

-392.32
-389.92
-388.74
-393.4

-391.65
-384.58
-391.28
-387.98
-388.23
-386.19
-396.69
-393.58
-394.18
-380.87
-393.51
-392.29
-388.11
-380.44
-386.73
-378.88
-382.5

-383.55
-393.59
-393.31
-388.77
-387.64
-384.44
-379.35
-382.44
-386.7

-392.92
-389.42
-386.29
-386.43
-384.71
-380.57
-380.57
-388.92
-383.62
-373.84



1602.81
1602.92
1603.03
1603.14
1603.25
1603.36
1603.47
1603.58
1603.69
1603.8
1603.91
1604.02
1604.13
1604.24
1604.35
1604.46
1604.57
1604.68
1604.79
1604.9
1605.01
1605.12
1605.23
1605.34
1605.45
1605.56
1605.67
1605.78
1605.89
1606
1606.11
1606.22
1606.33
1606.44
1606.55
1606.66
1606.77
1606.88
1606.99
1607.1
1607.21
1607.32
1607.43
1607.54
1607.65
1607.76
1607.87
1607.98
1608.09
1608.2
1608.31
1608.42

-391.38
-388.55
-387.78
-393.63
-401.34
-385.6

-389.93
-391.83
-387.45
-388.95
-391.17
-391.38
-381.36
-396.97
-389.09
-378.53
-379.29
-388.02
-397.39
-391.84
-392.04
-390.99
-390.86
-385.67
-393.76
-390.79
-381.2

-382.39
-396.43
-384.27
-379.78
-382.21
-391.7

-396.83
-386.48
-380.02
-390.25
-379.96
-387.87
-390.31
-382.94
-375.15
-380.13
-398.32
-392.66
-393.79
-382.93
-379.51
-394.26
-381.8

-386.27
-389.13



1608.53
1608.64
1608.75
1608.86
1608.97
1609.08
1609.19
1609.3

1609.41
1609.52
1609.63
1609.74
1609.85
1609.96
1610.07
1610.18
1610.29
1610.4

1610.51
1610.62
1610.73
1610.84
1610.95
1611.06
1611.17
1611.28
1611.39
1611.5

1611.61
1611.72
1611.83
1611.94
1612.05
1612.16
1612.27
1612.38
1612.49
1612.6

1612.71
1612.82
1612.93
1613.04
1613.15
1613.26
1613.37
1613.48
1613.59
1613.7

1613.81
1613.92
1614.03
1614.14

-383.83
-381.7
-389.04
-380.42
-388
-382.3
-387.99
-377.56
-391.07
-396.41
-387.15
-382.44
-389.59
-398.6
-388.47
-392.89
-396.7
-389.03
-382.71
-394.15
-379.45
-376.8
-383.37
-383
-389.77
-387.3
-390.24
-382.72
-387.77
-390.18
-381.74
-386.46
-383.94
-385.66
-384.7
-390.75
-394.23
-386.95
-383.53
-386.29
-382.48
-384.54
-402
-394.39
-390.72
-393.72
-395.81
-382.54
-395.56
-380.01
-382.15
-378.57



1614.25
1614.36
1614.47
1614.58
1614.69
1614.8
1614.91
1615.02
1615.13
1615.24
1615.35
1615.46
1615.57
1615.68
1615.79
1615.9
1616.01
1616.12
1616.23
1616.34
1616.45
1616.56
1616.67
1616.78
1616.89
1617
1617.11
1617.22
1617.33
1617.44
1617.55
1617.66
1617.77
1617.88
1617.99
1618.1
1618.21
1618.32
1618.43
1618.54
1618.65
1618.76
1618.87
1618.98
1619.09
1619.2
1619.31
1619.42
1619.53
1619.64
1619.75
1619.86

-373.37
-375.58
-388.93
-390.67
-390.65
-388.84
-383.71
-383.89
-397.9

-393.46
-399.75
-401.62
-385.32
-383.95
-389.57
-387.31
-381.89
-377.46
-389.69
-383.24
-390.84
-398.36
-391.56
-394.54
-380.89
-384.29
-388.99
-384.65
-384.5

-388.33
-389.63
-383.92
-383.93
-386.47
-386.7

-381.1

-393.77
-385.38
-378.97
-362.84
-385.17
-394.04
-382.25
-390.9

-394.13
-391.42
-380.72
-388.49
-396.45
-388.68
-387.01
-382.05



1619.97
1620.08
1620.19
1620.3

1620.41
1620.52
1620.63
1620.74
1620.85
1620.96
1621.07
1621.18
1621.29
1621.4

1621.51
1621.62
1621.73
1621.84
1621.95
1622.06
1622.17
1622.28
1622.39
1622.5

1622.61
1622.72
1622.83
1622.94
1623.05
1623.16
1623.27
1623.38
1623.49
1623.6

1623.71
1623.82
1623.93
1624.04
1624.15
1624.26
1624.37
1624.48
1624.59
1624.7

1624.81
1624.92
1625.03
1625.14
1625.25
1625.36
1625.47
1625.58

-368.11
-387.78
-391.16
-389.61
-385.45
-363.39
-372.76
-394.12
-394.99
-388.33
-377.04
-380.4
-382.12
-384.85
-381.42
-381.42
-386.6
-391.84
-391.33
-384
-395.46
-383.7
-383.11
-374.09
-382.27
-381.85
-379.73
-373.33
-383.6
-382.68
-377.69
-377.67
-386.04
-380.08
-378.9
-385.34
-394.36
-386.52
-393.22
-380.61
-388.53
-379.47
-375.66
-387.37
-395.54
-381.91
-386.84
-396.03
-387.83
-390.86
-390.89
-400.45



1625.69
1625.8
1625.91
1626.02
1626.13
1626.24
1626.35
1626.46
1626.57
1626.68
1626.79
1626.9
1627.01
1627.12
1627.23
1627.34
1627.45
1627.56
1627.67
1627.78
1627.89
1628
1628.11
1628.22
1628.33
1628.44
1628.55
1628.66
1628.77
1628.88
1628.99
1629.1
1629.21
1629.32
1629.43
1629.54
1629.65
1629.76
1629.87
1629.98
1630.09
1630.2
1630.31
1630.42
1630.53
1630.64
1630.75
1630.86
1630.97
1631.08
1631.19
1631.3

-398.12
-382.51
-389.09
-391.9
-376.1
-368.83
-390.24
-378
-382.43
-391.1
-381.2
-370.03
-387.94
-387.52
-389.34
-394.76
-376.95
-366.9
-384.21
-379.34
-373.28
-384.94
-381.03
-385.44
-386.15
-378.82
-379.21
-382.99
-373.5
-383.97
-373.54
-367.16
-376.75
-375.01
-368.61
-387.78
-385.35
-390.68
-379.37
-389.57
-387.56
-379.08
-368.44
-393.48
-378.87
-386.86
-385.25
-377.24
-375.48
-387.34
-392.56
-382.01



1631.41
1631.52
1631.63
1631.74
1631.85
1631.96
1632.07
1632.18
1632.29
1632.4

1632.51
1632.62
1632.73
1632.84
1632.95
1633.06
1633.17
1633.28
1633.39
1633.5

1633.61
1633.72
1633.83
1633.94
1634.05
1634.16
1634.27
1634.38
1634.49
1634.6

1634.71
1634.82
1634.93
1635.04
1635.15
1635.26
1635.37
1635.48
1635.59
1635.7

1635.81
1635.92
1636.03
1636.14
1636.25
1636.36
1636.47
1636.58
1636.69
1636.8

1636.91
1637.02

-375.72
-376.1
-386.97
-373.21
-395.28
-381.9
-391.15
-391.28
-394.51
-387.91
-386
-381.14
-397.89
-392.69
-392.6
-392.47
-392.68
-395.82
-385.38
-382.96
-388.1
-389.78
-382.78
-387.83
-388.42
-381.02
-396.06
-382.06
-385.74
-394.23
-401.13
-391.14
-393.23
-388.78
-388.36
-377.96
-390.35
-398.52
-403.55
-385.03
-382.57
-388.86
-391.37
-383.26
-380.43
-403.43
-386.64
-388.15
-381.17
-385.58
-382.18
-379.86



1637.13
1637.24
1637.35
1637.46
1637.57
1637.68
1637.79
1637.9
1638.01
1638.12
1638.23
1638.34
1638.45
1638.56
1638.67
1638.78
1638.89
1639
1639.11
1639.22
1639.33
1639.44
1639.55
1639.66
1639.77
1639.88
1639.99
1640.1
1640.21
1640.32
1640.43
1640.54
1640.65
1640.76
1640.87
1640.98
1641.09
1641.2
1641.31
1641.42
1641.53
1641.64
1641.75
1641.86
1641.97
1642.08
1642.19
1642.3
1642.41
1642.52
1642.63
1642.74

-376.23
-395.61
-382.67
-395.99
-384.98
-388.87
-395.56
-382.72
-382.79
-378.88
-387.21
-385.71
-393.23
-386.17
-402.14
-383.48
-394.83
-385.02
-389.84
-400.97
-393.31
-392.68
-396.19
-372.99
-372.81
-392.78
-397.99
-406.38
-402.07
-383.25
-378.39
-396.2

-377.54
-399.11
-387.42
-385.99
-386.72
-394.84
-386.61
-373.39
-388.46
-388.56
-396.31
-380.65
-382.45
-385.1

-391.35
-386.08
-384.67
-387.74
-393.95
-382.23



1642.85
1642.96
1643.07
1643.18
1643.29
1643.4

1643.51
1643.62
1643.73
1643.84
1643.95
1644.06
1644.17
1644.28
1644.39
1644.5

1644.61
1644.72
1644.83
1644.94
1645.05
1645.16
1645.27
1645.38
1645.49
1645.6

1645.71
1645.82
1645.93
1646.04
1646.15
1646.26
1646.37
1646.48
1646.59
1646.7

1646.81
1646.92
1647.03
1647.14
1647.25
1647.36
1647.47
1647.58
1647.69
1647.8

1647.91
1648.02
1648.13
1648.24
1648.35
1648.46

-389.4
-395.27
-387.7
-394.56
-390.99
-375.7
-384
-385.09
-386.15
-392.5
-393.59
-377.96
-383.92
-389.33
-386.35
-383.26
-383.73
-389.52
-393.33
-376.67
-380.72
-389.44
-385.93
-390.05
-389.21
-398.54
-387.74
-395.31
-380.43
-392.13
-384.15
-387.49
-396.19
-392.81
-397.83
-388.82
-391.24
-378.69
-382.79
-392.92
-392.84
-398.45
-392.81
-377.84
-389.89
-382.64
-387.21
-389.53
-395.14
-392.54
-382.59
-392.31



1648.57
1648.68
1648.79
1648.9
1649.01
1649.12
1649.23
1649.34
1649.45
1649.56
1649.67
1649.78
1649.89
1650
1650.11
1650.22
1650.33
1650.44
1650.55
1650.66
1650.77
1650.88
1650.99
1651.1
1651.21
1651.32
1651.43
1651.54
1651.65
1651.76
1651.87
1651.98
1652.09
1652.2
1652.31
1652.42
1652.53
1652.64
1652.75
1652.86
1652.97
1653.08
1653.19
1653.3
1653.41
1653.52
1653.63
1653.74
1653.85
1653.96
1654.07
1654.18

-389.62
-383.9
-388.82
-393.58
-394.75
-405.54
-394.47
-388.38
-392.74
-402.23
-389.08
-399.29
-399.76
-389.88
-377.01
-385.65
-377.96
-391.6
-378.6
-387.18
-389.6
-394.14
-392.58
-389.27
-391.51
-393.09
-392.32
-389.22
-388.18
-394.17
-396.42
-391.11
-387.07
-392.57
-394.65
-385
-380.42
-396.41
-403.87
-388.26
-386.94
-392.65
-389.17
-385.62
-378.61
-383.21
-387.57
-389.3
-385.55
-390.68
-397.06
-395.4



1654.29
1654.4

1654.51
1654.62
1654.73
1654.84
1654.95
1655.06
1655.17
1655.28
1655.39
1655.5

1655.61
1655.72
1655.83
1655.94
1656.05
1656.16
1656.27
1656.38
1656.49
1656.6

1656.71
1656.82
1656.93
1657.04
1657.15
1657.26
1657.37
1657.48
1657.59
1657.7

1657.81
1657.92
1658.03
1658.14
1658.25
1658.36
1658.47
1658.58
1658.69
1658.8

1658.91
1659.02
1659.13
1659.24
1659.35
1659.46
1659.57
1659.68
1659.79
1659.9

-389.98
-388.32
-387.24
-391.7
-394.8
-394.79
-382.64
-376.92
-390.28
-389.17
-392.03
-394.04
-391.42
-377.07
-374.95
-392.36
-399.73
-399.05
-400.43
-395.18
-382.91
-385.89
-382.65
-393.14
-391.74
-397.55
-386.65
-403.45
-397.35
-392.29
-389.94
-382.76
-392.02
-407.36
-394.25
-391.41
-372.22
-372.79
-395.41
-389.06
-396.2
-401.89
-383.95
-386.37
-389.04
-391.77
-383.9
-379.02
-376.21
-395
-400.64
-379.71



1660.01
1660.12
1660.23
1660.34
1660.45
1660.56
1660.67
1660.78
1660.89
1661
1661.11
1661.22
1661.33
1661.44
1661.55
1661.66
1661.77
1661.88
1661.99
1662.1
1662.21
1662.32
1662.43
1662.54
1662.65
1662.76
1662.87
1662.98
1663.09
1663.2
1663.31
1663.42
1663.53
1663.64
1663.75
1663.86
1663.97
1664.08
1664.19
1664.3
1664.41
1664.52
1664.63
1664.74
1664.85
1664.96
1665.07
1665.18
1665.29
1665.4
1665.51
1665.62

-387.84
-374.06
-393.11
-392.66
-384.35
-386.04
-389.47
-390.27
-385.08
-381.23
-375
-389.17
-389.06
-378.12
-375.2
-382.81
-384.22
-377.67
-382.68
-375.71
-379.5
-386.46
-394.05
-383.48
-369.23
-397.56
-395.82
-379.67
-372.1
-377.77
-370.66
-387.73
-373.03
-380.98
-373.14
-385.81
-390.72
-377.97
-373.65
-380.67
-371
-384.26
-373.6
-377.75
-386.68
-389.6
-387.81
-386.81
-374.68
-372.83
-381.43
-378.26



1665.73
1665.84
1665.95
1666.06
1666.17
1666.28
1666.39
1666.5

1666.61
1666.72
1666.83
1666.94
1667.05
1667.16
1667.27
1667.38
1667.49
1667.6

1667.71
1667.82
1667.93
1668.04
1668.15
1668.26
1668.37
1668.48
1668.59
1668.7

1668.81
1668.92
1669.03
1669.14
1669.25
1669.36
1669.47
1669.58
1669.69
1669.8

1669.91
1670.02
1670.13
1670.24
1670.35
1670.46
1670.57
1670.68
1670.79
1670.9

1671.01
1671.12
1671.23
1671.34

-374.39
-399.23
-381.51
-373.3

-374.75
-373.67
-377.15
-378.8

-379.9

-379.01
-384.22
-378.54
-386.5

-389.42
-385.84
-372.3

-387.35
-390.57
-387.68
-377.78
-385.84
-381.3

-381.49
-376.63
-387.92
-385.86
-391.38
-381.26
-378.61
-380.06
-377.63
-387.41
-388.66
-373.59
-368.56
-388.27
-375.37
-381.8

-389.46
-389.48
-380.54
-388.65
-386.41
-390.42
-388.67
-383.03
-380.2

-387.12
-384.31
-380.3

-386.25
-382.28



1671.45
1671.56
1671.67
1671.78
1671.89
1672
1672.11
1672.22
1672.33
1672.44
1672.55
1672.66
1672.77
1672.88
1672.99
1673.1
1673.21
1673.32
1673.43
1673.54
1673.65
1673.76
1673.87
1673.98
1674.09
1674.2
1674.31
1674.42
1674.53
1674.64
1674.75
1674.86
1674.97
1675.08
1675.19
1675.3
1675.41
1675.52
1675.63
1675.74
1675.85
1675.96
1676.07
1676.18
1676.29
1676.4
1676.51
1676.62
1676.73
1676.84
1676.95
1677.06

-372.33
-365.86
-384.92
-382.86
-385.65
-377.81
-367.92
-371.75
-377.08
-379.6

-381.09
-374.5

-388.15
-390.53
-378.6

-381.26
-379.27
-382.65
-374.53
-380.36
-374.59
-379.76
-377.53
-384.38
-369.99
-384.85
-380.59
-384.63
-388.18
-379.01
-375.93
-374.89
-384.66
-382.94
-374.26
-367.25
-375.73
-377.59
-382.9

-375.39
-382.84
-381.86
-379.16
-374.99
-368.23
-375.6

-371.82
-383.47
-381.2

-383.09
-375.84
-368.51



1677.17
1677.28
1677.39
1677.5

1677.61
1677.72
1677.83
1677.94
1678.05
1678.16
1678.27
1678.38
1678.49
1678.6

1678.71
1678.82
1678.93
1679.04
1679.15
1679.26
1679.37
1679.48
1679.59
1679.7

1679.81
1679.92
1680.03
1680.14
1680.25
1680.36
1680.47
1680.58
1680.69
1680.8

1680.91
1681.02
1681.13
1681.24
1681.35
1681.46
1681.57
1681.68
1681.79
1681.9

1682.01
1682.12
1682.23
1682.34
1682.45
1682.56
1682.67
1682.78

-365.46
-375.35
-364.31
-368.07
-379.66
-376.19
-377.2

-386.96
-373.27
-364.03
-368.02
-371.55
-380.35
-363.56
-376.53
-373.01
-369.53
-369.46
-368.07
-373.48
-372.21
-374.64
-357.1

-378.51
-372.44
-378.44
-379.13
-370.35
-372.26
-382.75
-365.91
-369.69
-364.51
-379.58
-381.41
-376.73
-374.11
-371.21
-375.51
-368.65
-369.18
-377.63
-379.12
-381.01
-373.97
-385.06
-374.91
-371.51
-372.01
-369.28
-374.09
-371.97



1682.89
1683
1683.11
1683.22
1683.33
1683.44
1683.55
1683.66
1683.77
1683.88
1683.99
1684.1
1684.21
1684.32
1684.43
1684.54
1684.65
1684.76
1684.87
1684.98
1685.09
1685.2
1685.31
1685.42
1685.53
1685.64
1685.75
1685.86
1685.97
1686.08
1686.19
1686.3
1686.41
1686.52
1686.63
1686.74
1686.85
1686.96
1687.07
1687.18
1687.29
1687.4
1687.51
1687.62
1687.73
1687.84
1687.95
1688.06
1688.17
1688.28
1688.39
1688.5

-361.52
-374.42
-388.45
-380.5

-380.21
-375.5

-348.31
-356.11
-374.11
-375.32
-372.24
-377.53
-371.56
-377.2

-367.6

-367.4

-373.41
-390.61
-382.65
-375.1

-371.9

-363.73
-371.85
-364.56
-378.62
-374.78
-375.69
-370.95
-375.61
-377.47
-370.6

-359.79
-365.23
-365.86
-376.82
-369.49
-373.3

-363.16
-369.35
-367.7

-368.28
-371.8

-373.01
-359.61
-371.83
-361.08
-354.59
-367.22
-358.4

-362.24
-365.63
-362.98



1688.61
1688.72
1688.83
1688.94
1689.05
1689.16
1689.27
1689.38
1689.49
1689.6
1689.71
1689.82
1689.93
1690.04
1690.15
1690.26
1690.37
1690.48
1690.59
1690.7
1690.81
1690.92
1691.03
1691.14
1691.25
1691.36
1691.47
1691.58
1691.69
1691.8
1691.91
1692.02
1692.13
1692.24
1692.35
1692.46
1692.57
1692.68
1692.79
1692.9
1693.01
1693.12
1693.23
1693.34
1693.45
1693.56
1693.67
1693.78
1693.89
1694
1694.11
1694.22

-352.51
-371.92
-376.87
-371.67
-380.23
-366.52
-367.49
-371.57
-380.66
-368.44
-374.34
-363.78
-374.73
-372.76
-359.43
-367.98
-366.48
-351.63
-374.44
-356.46
-372.59
-369.54
-358.35
-356.43
-368.46
-373.07
-381.95
-367.61
-366.51
-376.63
-374.9
-371.4
-369.66
-382.47
-383.12
-388.44
-362.03
-355
-354.33
-371.19
-365.17
-364.85
-369.65
-367.92
-364.81
-372.54
-371.19
-368.08
-366.03
-381.37
-370.39
-368.65



1694.33
1694.44
1694.55
1694.66
1694.77
1694.88
1694.99
1695.1

1695.21
1695.32
1695.43
1695.54
1695.65
1695.76
1695.87
1695.98
1696.09
1696.2

1696.31
1696.42
1696.53
1696.64
1696.75
1696.86
1696.97
1697.08
1697.19
1697.3

1697.41
1697.52
1697.63
1697.74
1697.85
1697.96
1698.07
1698.18
1698.29
1698.4

1698.51
1698.62
1698.73
1698.84
1698.95
1699.06
1699.17
1699.28
1699.39
1699.5

1699.61
1699.72
1699.83
1699.94

-373.13
-377.03
-377.95
-368.43
-365.8

-361.21
-370.39
-371.69
-364.09
-359.93
-373.45
-383.95
-369.43
-374.2

-386.27
-380.35
-386.12
-374.22
-376.64
-375.54
-369.34
-367.43
-355.15
-366.38
-375.24
-378.86
-359.87
-375.18
-371.68
-369.36
-371.82
-370.09
-369.64
-374.81
-374.58
-382.23
-373.59
-371.49
-369.91
-384.08
-382.54
-378.51
-376.81
-374.67
-367.95
-365.71
-368.91
-380.87
-370.49
-360.41
-373.14
-377.01



1700.05
1700.16
1700.27
1700.38
1700.49
1700.6
1700.71
1700.82
1700.93
1701.04
1701.15
1701.26
1701.37
1701.48
1701.59
1701.7
1701.81
1701.92
1702.03
1702.14
1702.25
1702.36
1702.47
1702.58
1702.69
1702.8
1702.91
1703.02
1703.13
1703.24
1703.35
1703.46
1703.57
1703.68
1703.79
1703.9
1704.01
1704.12
1704.23
1704.34
1704.45
1704.56
1704.67
1704.78
1704.89
1705
1705.11
1705.22
1705.33
1705.44
1705.55
1705.66

-371.62
-370.92
-367.94
-377.78
-372.9

-361.73
-365.43
-368.79
-377.06
-366.38
-366.61
-369.07
-381.77
-385.71
-386.08
-380.06
-374.95
-376.62
-373.27
-378.97
-383.17
-377.87
-376.96
-372.14
-368.32
-371.84
-362.85
-368.54
-359.96
-370.84
-381.97
-377.74
-382.47
-361.68
-371.51
-370.22
-371.41
-377.26
-381.36
-380.44
-381.53
-368.33
-375.48
-364.44
-372.51
-383.54
-377.86
-364.04
-381.5

-364.53
-375.03
-367.1



1705.77
1705.88
1705.99
1706.1

1706.21
1706.32
1706.43
1706.54
1706.65
1706.76
1706.87
1706.98
1707.09
1707.2

1707.31
1707.42
1707.53
1707.64
1707.75
1707.86
1707.97
1708.08
1708.19
1708.3

1708.41
1708.52
1708.63
1708.74
1708.85
1708.96
1709.07
1709.18
1709.29
1709.4

1709.51
1709.62
1709.73
1709.84
1709.95
1710.06
1710.17
1710.28
1710.39
1710.5

1710.61
1710.72
1710.83
1710.94
1711.05
1711.16
1711.27
1711.38

-359.8
-385.3
-378.09
-376.3
-373.06
-372.62
-376.14
-368.32
-367.53
-364
-371.54
-377.25
-382.41
-373.29
-371.37
-386.05
-366.21
-367.09
-373.66
-379.26
-389.08
-388.73
-373.02
-377.28
-377.19
-382.12
-373.7
-373.3
-373.55
-374.1
-382.6
-367.2
-363.16
-370.86
-374.2
-376.42
-372.21
-374.12
-382.53
-372.88
-378.88
-371.49
-369.47
-368.2
-364.58
-379.62
-373.26
-376.19
-362.79
-383.8
-370.98
-383.91



1711.49
1711.6
1711.71
1711.82
1711.93
1712.04
1712.15
1712.26
1712.37
1712.48
1712.59
1712.7
1712.81
1712.92
1713.03
1713.14
1713.25
1713.36
1713.47
1713.58
1713.69
1713.8
1713.91
1714.02
1714.13
1714.24
1714.35
1714.46
1714.57
1714.68
1714.79
1714.9
1715.01
1715.12
1715.23
1715.34
1715.45
1715.56
1715.67
1715.78
1715.89
1716
1716.11
1716.22
1716.33
1716.44
1716.55
1716.66
1716.77
1716.88
1716.99
1717.1

-371.28
-387.25
-379.14
-378.88
-377.72
-376.68
-379.29
-380
-378.37
-377.75
-374.02
-365.43
-376.39
-372.93
-384.85
-376.54
-353.25
-372.14
-376.69
-371.23
-377.1
-383.71
-382.32
-382.21
-383.3
-385.81
-382.53
-376.9
-381.01
-374.42
-383.21
-378.38
-380.03
-379.77
-373.31
-373.7
-374.2
-388.67
-375.84
-380.41
-378.15
-381.08
-385.87
-389.43
-372.71
-373.8
-377.6
-373.51
-384.71
-384.47
-370.16
-378.92



1717.21
1717.32
1717.43
1717.54
1717.65
1717.76
1717.87
1717.98
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