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Methods

= Bootstrapping

From Wikipedia: In statistics, bootstrapping is a modern, computer - intensive, general purpose approach to statistical inference,
falling within a broader class of resampling methods.Bootstrapping is the practice of estimating properties of an estimator (such
as its variance) by measuring those properties when sampling from an approximating distribution.One standard choice for an
approximating distribution is the empirical distribution of the observed data.In the case where a set of observations can be
assumed to be from an independent and identically distributed population, this can be implemented by constructing a number of
resamples of the observed dataset (and of equal size to the observed dataset), each of which is obtained by random sampling with
replacement from the original dataset.It may also be used for constructing hypothesis tests.It is often used as an aternative to
inference based on parametric assumptions when those assumptions are in doubt, or where parametric inference is impossible or
requires very complicated formulas for the calculation of standard errors.The advantage of bootstrapping over analytical methods
isitsgreat smplicity - it is straightforward to apply the bootstrap to derive estimates of standard errors and confidence intervals
for complex estimators of complex parameters of the distribution, such as percentile points, proportions, odds ratio, and correla-
tion coefficients. The disadvantage of bootstrapping is that while (under some conditions) it is asymptotically consistent, it does
not provide general finite - sample guarantees, and has a tendency to be overly optimistic. The apparent simplicity may conceal
the fact that important assumptions are being made when undertaking the bootstrap analysis (e.g.independence of samples)
where these would be more formally stated in other approaches.

Here we use bootstrapping by resampling over a permutation of full years. This preserves the correlation of temperature over the
sequence of the year and alows to test whether the years selected in H and L ensemble exhibit properties different from a
random drawing. The number of drawings (10000) is large over the number of years which are considered.

Shuffle resamples a dataset made of temperatures over integer number of 365 years by shuffling randomly the years. The dataset
isfirst partitioned into years by Partition and the resampling is done RandomSample. It isfinally flattened b Flatten into a unique
list.

Shuffle[dd_, Ns_] : = Fl atten[RandonmBanpl e[Partition[dd, 365], Ns]1;
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= Student t-test
Two-sided p-value

Student-t test is the standard test to determine whether two means are different. The null hypothesisis that the two means over
the H and L subsets are not different.

MeanDi f f erenceTest [listy, list,, Apg] gi ves a p-val uefor thetest

that the di fference bet weent he means n; and i, of t he popul ati ons from
whi ch list; and list, wer e sanpl ed i s significantlydifferent fromay,.

If thevariances for thetwo popul ati ons are assuned equal and unknown,
thetest i s based on Student ' stdistributionw thLength list;] +
Lengt h [list,] - 2 degr ees of freedom
| f the popul ati onvari ances ar e not assuned known and not assuned equal ,
Wel ch' s approxi mati onfor the degrees of freedomi s used.

Needs [" Hypot hesi sTesting "]

Version with assumed equal variances

St udent Test [{Listl , List2_ }]:=TwoSi dedPVal ue /. MeanDifferenceTest [Listl, List2, O,
Equal Vari ances -» True, TwoSi ded » True]

Version with variances not assumed to be equal

Student Test 2[{List1l , List2_}] :=TwoSi dedPVal ue /. MeanDi fferenceTest [List1, List2, O,
Equal Vari ances -» Fal se, TwoSi ded -» True]

= Kolmogorov - Smirnov test

Calculation based on Numerical Recipes

XKS[A_]:=2 Z (-1)i -1 g2i%*
i1

A fast vectorized algorithm (original to our knowledge) is used to calculate the KS distance. It may fail when the two lists
contain identical values (not the case in the present application).
Kol moSmrnov[{Listl , List2_}]:=
Mbdul e[ {NL = Lengt h[Li st 1], N2 = Length[List2], XX XXO DD, Ne},

XX = Joi n[Transpose[{List1, ConstantArray| NV
[

, N1], ConstantArray[0., Ni1]}],
1

[N2]

Transpose[{List2, ConstantArray[0., N2], ConstantArray |
N

- N2}

XXO = Transpose[Sort By [XX, First11];
DD = Max [Abs [Accunul at e [XXO[[2]1]] - Accunul at e [XXO[[311111;
N1 N2

NL+ N2

Return[QKs[ «/N_e_+o.12+3; DD”];
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m Confidence interval for bootstrapping

Bi nSi ze = 0. 05;
Bi nvVal = Table[-2+BinSize/2+ (i -1) BinSize, {i, 1, 4/BinSize}];
Pdf = Bi nCounts[#, {-2, 2, BinSize}] /Length[#] /BinSize &

Confi dence[Ref pdf _, bnd_] : = Modul e[{Get Fi rst, CetlLast, First, Last},
CetFirst = Flatten[
Sel ect [Transpose[{Bi nVal, Accunul at e [#] % Bi nSi ze}], Function[x, x[[2]] > bnd], 1]] &
Get Last = Fl atten[Sel ect [Transpose[{Bi nVal , Accumul at e [#] % Bi nSi ze}],
Function[x, x[[2]] >1-bnd], 11] &
First = Transpose[Map[Get First, Refpdf 11[[1]];
Last = Transpose[Map[Get Last, Refpdf J1[[1]] - Bi nSi ze;
Return[{First, Last}]]

= Composite operations

Gat her Year [tenp_, {dl _, Il _}]:=Take[Drop[tenp, dl »365], || %x365]

Sol arSplit [tenp_, years_] : = Modul e[ {H ghTenp, LowTenp},
Hi ghTenp = Partition[Fl atten[MapThread[Gat her Year [tenp, #] & {years[[1]]1}1], 365];
LowTenp = Partition[Fl atten[MapThread[Gat her Year [tenp, #] & {years[[2]1]1}]1], 365];
Return[{H ghTenp, LowTenp}]]

SolarDiff [tenp_, years_] :=Mean[#[[1]]] - Mean[#[[2]]] & @@ {Sol arSplit [tenp, years]}

StdDev [tenp_, years_] : =

\/((Length[n[[l]]] -1) Variance[#[[1]]1] + (Length[#[[2]]1] -1) Variance[#[[2]]]
Length[#[[1]]] +Length[#[[2]]] -2

1 1
( + )] & @@ {SolarSplit [tenp, years]}
Length[#[[1]1]1] Length[#[[2]]]

= Miscellaneous

Needs [" Pl ot Legends™ " ]

Of [NIntegrate::nlim

Using the series from Praha since 1775

m Read data and preprocess them
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snm= OpenRead [SrcDir <>"TN_nonbl end_Praha. dat ni' ];

Skip[snm String, 14]; (= skip header =)

dat a = Transpose [ReadLi st [snm {Nunber, Nunmber, Nunber, Nunber3}1] /. -9999 -» Mssing[];
(» read data until the end of the file x)

Cl ose[snm];

time =data[[2]];

tempTN=0.1xdata[[3]] /. Xx___ Mssing[] » Mssing[];

snm= OpenRead [SrcDir <>"TX nonbl end_Praha. dat ni' ];

Ski p[snm String, 14]1; (= skip header =)

dat a = Transpose [ReadLi st [snm {Nunber, Nunmber, Nunber, Nunmber}]1] /. -9999 -» Mssing[];
(» read data until the end of the file %)

Cl ose[snmy];

tempTX =0.1xdata[[3]] /. Xx___ Mssing[] » Mssing[];

year = Quotient [time, 10000]; tine =tinme -10000 year;

mont h = Quoti ent [tine, 100]; day =tinme - 100 nont h;

time = Transpose[{year, nonth, day}];

= Eliminate Missing data
Missing data for Praha are grouped at the end of the record and for recent years (beyond 2005)

tenpTN = Take [t enpTN, 841267;

tenmpTX = Take [t enpTX, 841267;

tinme = Take[tine, 84126];

{Lengt h[Cases [tenpTN, _M ssing]], Length[Cases[tempTX, _Mssingl]l}

{0, 03

No datais marked as missing after removal of the last years. This helps further processes to perform faster than when Missing[]
dataareleftinthelist.

= 3-year filter
A simple 3 - year moving average is applied to the data, asin LMKC. Thetimelist is truncated accordingly.

tenpTN3 = Movi ngAver age [t enpTN, 3 » 3657;
tenmpTX3 = Movi ngAver age [t enpTX, 3 » 365];
time3 =Drop[Drop[tine, 365+ 182], -365-1827;

Dat eLi st Pl ot [{Transpose[{ti ne3, tenpTN3}], Transpose[{ti me3, tenpTX3}]1}1]

| |
1800 1850

Thisisfigure 1 of LeMouel et al.
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Figurefor publication

Calculation on unfiltered data

For commented version of the calculation, see Calculation on 21 - day filtered data below

m Calculating and removing annual cycle (on full data)

= First get rid of the 29 Febs

TT = Eval uat e [Del et eCases [Eval uat e[Transpose[{tempTN, tine}]], {_Real, {_Integer, 2, 29}}11;
{tenpTN4, tine4} = Transpose[TT];
TT =

Eval uat e[Del et eCases [Eval uat e [Transpose[{tenpTX, tine}]], {_Real, {_lnteger, 2, 29}}11;
{tenpTX4, tined} = Transpose[TT];

= Removeincomplete last year

tenpTN5 = Take[tenpTN4, 839507;
tenpTX5 = Take[tenpTX4, 839507;
time5 = Take[ti me4, 839507;
{time5[[1]], tinme5[[-11]}

({1775, 1, 1}, {2004, 12, 31}}

= Calculateand remove annual cycle

tempannual = Map[Mean, Transpose[Partition[tenpTN5, 365]]11;
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 230 % 3657;
tenpTN6 =t enpTN5 - TMP;

tempannual = Map[Mean, Transpose[Partition[tenpTX5, 365]]11;
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 230 % 3657;
tenpTX6 =tenpTX5 - TMP;

m Selecting high and low solar years for unfiltered data

Sol ar Cycl es = {{3, 1775, 1784}, {4, 1785, 1798}, {5, 1799, 1810}, {6, 1811, 1823},
{7, 1824, 1833}, {8, 1834, 1843}, {9, 1844, 1856}, {10, 1857, 1867}, {11, 1868, 1878},
{12, 1879, 1889}, {13, 1890, 1901}, {14, 1902, 1913}, {15, 1914, 1923},
{16, 1924, 1933}, {17, 1934, 1944}, {18, 1945, 1954}, {19, 1955, 1964},
{20, 1965, 1976}, {21, 1977, 1986}, {22, 1987, 1996}, {23, 1997, 2004}};
H gh = {3, 4, 8, 9, 11, 18, 19, 20, 21, 22, 23};
H ghYears = {{0, 1798 - 1775 +1}, {1834 -1775, 1856 - 1834 + 1},
{1868 - 1775, 1878 - 1868 + 1}, {1945 -1775, 2004 - 1945 + 1}}
Low = {5, 6, 10, 12, 13, 14, 15, 16, 17};
LowYears =
{{1799 - 1775, 1833 -1799 + 1}, {1857 -1775, 1867 - 1857 + 1}, {1879 -1775, 1944 - 1879 + 1}}
Years = {H ghYears, LowYears};
al = x /. FindRoot [Nintegratel[
PDF[St udent TDi stri bution[Lengt h[tenpTN5] /365 -21, y1, {y, 0, x}] ==0.45, {x, 1.6}]

{{0, 24}, {59, 23}, {93, 11}, {170, 60}}
{{24, 35}, {82, 11}, {104, 66}}

1.65156
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Calculate the composite difference between high and low solar years unfiltered data

ListPlot [{SolarDiff [tenpTN6, Years], al StdDev[tenpTN6, Years], -1al StdDev[tenpTN6, Years]},
Joi ned -» True, Pl ot Range » {Automatic, {-1.5, 1.5}}]
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ListPlot [{Sol arDiff [tenpTX6, Years], al StdDev [tenpTX6, Years], -al StdDev[tenpTX6, Years]},
Joi ned -» True, Pl ot Range » {Automatic, {-1.5, 1.5}}]
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m Analysis after removal of the last 5 cycles (ensemble IV according to LeMouel et al.)

Wedrop thelast 5 cycles or 50 years corresponding to the period where global warming isfelt



tempTN6I V = Drop [t enpTN6, -50 % 365];

tenpTX6lV = Drop[tenpTX6, -50 % 365];

H ghlV = {3, 4, 8, 9, 11, 18};

Hi ghYearslV = {{0, 1798 - 1775+ 1}, {1834 -1775, 1856 - 1834 + 1},
{1868 - 1775, 1878 - 1868 + 1}, {1945 -1775, 1954 - 1945 + 1}};

Yearsl|V = {Hi ghYearsl|V, LowYears}

Snooping3.2.nb

Ref TNI V = Transpose[Tabl e[Sol arDi ff [Shuffl e[tenpTN6l V, 180], YearslV], {i, 1, 10000}17;
Ref TXI V = Transpose[Tabl e[Sol arDi ff [Shuffl e[tenpTX6lV, 1801, YearslV], {i, 1, 10000}17;

Ref pdf TNI'V = Map [Pdf , Ref TNI V7;

Ref pdf TXI V = Map [Pdf, Ref TXI V];

Si g10TNI V = Confi dence [Ref pdf TNI V, 0. 057;
Si g10TXI V = Confi dence [Ref pdf TXI'V, 0. 057;
allV= x /. FindRoot [NIntegrate[

PDF[St udent TDi stri buti on[Lengt h[tenpTN6l V] /365 -21, y1, {y, 0, x}] =0.45, {x, 1.6}]

{{{0, 24}, {59, 23}, {93, 11}, {170, 103}, ({24, 35}, {82, 11}, {104, 66}}}

1. 65346

ListPlot [{Sol arDi ff [tenmpTN6I V, Yearsl V], SiglOTNI V[[1]], SiglO0TN V[[2]],

all VSt dDev [tenpTN6, YearslV], -allVStdDev[tenpTN6, YearslV]}, Joi ned » True]
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ListPlot [{Sol arDiff [tenpTX6lV, YearslV], SiglOTXIV[[1]], SiglOTXIV[[2]],

all VSt dDev [tenpTX6lV, YearslV], -allVStdDev[tenpTX6lV, YearslV]}, Joi ned » True]
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PVal St udent = Student Test /@ Transpose[Transpose /@ Sol arSplit [tenpTN6lV, YearslV] ;
Li st Pl ot [{PVal Student, ConstantArray[0.05, 3651}, Joi ned » True]
Mean [PVal St udent ]
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0. 525786

1 1
i st Pl ot | Transpose |{ — Range[365], Sort [PVal St udent ] - — Range [365]
Li st Pl T Ral 365], S PVval St ud Ra 365
365 365

Pval St udent = Student Test /@ Transpose[Transpose /@ Sol arSplit [tenpTX6lV, YearslV] ;
Li st Pl ot [{PVal Student, ConstantArray[0.05, 3651}, Joi ned » True]
Mean [PVal St udent ]
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0.533926

1 1
Li st Pl ot [Tr anspose[{g Range [365], Sort [PVal Student] - E Range [365] }]]

PVal Kol noSmi rnov = Kol noSmi rnov /@ Transpose[Transpose /@ Sol arSplit [tempTX6lV, YearslV] ];
Li st Pl ot [PVal Kol nroSmi rnov, Joi ned -» True]
Mean [PVal Kol noSmi r nov]

Calculations on 11 - day filtered data
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Calculations on 21 - day filtered data

= 2l-day filter
tenpTN2 = Mbvi ngAver age [t enpTN, 217;
tenpTX2 = Movi ngAver age [t enpTX, 21];

time2 =Drop[Drop[tine, 10], -10];

m Calculating and removing annual cycle (on 21-day filtered data)

m First get rid of the 29 February to get 365-day years
In order to get sets of years with equal length, the 29 February's are removed. Thisis perfomed using the DeleleCases function.

TT = Eval uat e [Del et eCases [Eval uat e[Transpose[{tenpTN2, time2}]11, {_Real, {_Integer, 2, 29}}11;
{tempTN7, time7} = Transpose[TT];
TT =

Eval uat e [Del et eCases [Eval uat e [Transpose[{tenpTX2, time2}]1], {_Real, {_Integer, 2, 29}}11;
{tenpTX7, tine7} = Transpose[TT];

= Removeincompletelast and first years
1775 has 10 days missing after filtering and 2005 is incomplete. We remove these two years to keep a dataset of complete years.

tenpTN8 = Take [Drop[tenpTN7, 355], 229 % 3657;
tenpTX8 = Take [Drop[tempTX7, 355], 229 % 3657;
ti me8 = Take[Drop[ti nme7, 355], 229 % 365]7;
{time8[[1]], time8[[-1]1]1}

({1776, 1, 1}, {2004, 12, 31}}

Thislast line shows the range of data from first to last date

m Calculateand remove annual cycle

It is not necessary to remove annual cycle in this study but it is useful to remove it to identify better the data discontinuities. This
has no effect on the analysis that follow.

tempannual = Map[Mean, Transpose[Partition[tenpTN3, 365]]1];
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 229 % 365]7;
tenpTNO =t enpTN8 - TMP;

tempannual = Map[Mean, Transpose[Partition[tenpTX8, 365]1]11];
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 229 % 365]7;
tenpTX9 = tenpTX8 - TMP;

m Selecting high and low solar years for 21-day data

We select here the High and Low ensembles according to LeMouel et al.
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Sol ar Cycl esF = {{3, 1776, 1784}, {4, 1785, 1798}, {5, 1799, 1810}, {6, 1811, 1823},
{7, 1824, 1833}, {8, 1834, 1843}, {9, 1844, 1856}, {10, 1857, 1867}, {11, 1868, 1878},
{12, 1879, 1889}, {13, 1890, 1901}, {14, 1902, 1913}, {15, 1914, 1923},
{16, 1924, 1933}, {17, 1934, 1944}, {18, 1945, 19543}, {19, 1955, 1964},
{20, 1965, 1976}, {21, 1977, 1986}, {22, 1987, 1996}, {23, 1997, 2004}};
H ghF = {3, 4, 8, 9, 11, 18, 19, 20, 21, 22, 23},
H ghYearsF = {{0, 1798 -1776 + 1}, {1834 -1776, 1856 - 1834 + 1},
{1868 - 1776, 1878 -1868 + 1}, {1945 -1776, 2004 - 1945 + 1}};
Low = {5, 6, 7, 10, 12, 13, 14, 15, 16, 17};
LowYear sF =
{{1799 - 1776, 1833 -1799 + 1}, {1857 -1776, 1867 - 1857 +1}, {1879 -1776, 1944 -1879 +1}};

Year sF = {Hi ghYear sF, LowYearsF}
{{{0, 23}, {58, 23}, {92, 11}, {169, 60}}, {{23, 35}, {81, 11}, {103, 66}}}

m Calculate the composite difference between high and low solar years for 21-day data

= Analysisof the Praha data

First wereconstruct theFig.4aof LMKC, inparticular their estimteof theerror.
The reconstructionis based on an exchange wi t h LeMouel . It was asked t o hi mby E -
mai | howowas evaluatedinFig.4a. Theresponse was recei ved by
(standard) mai | and cont ai ned a cal cul ati onof thedaily variance over
the Hand L subset s of daysthat i s (usingLeMuel notations andwords)

1
o = — » (Tiy-Tu)2where T;yi s thetenperature of thecal endar dayi,

Ny 4

Thi s the average of Tin,
Nyi s t he nunber of days enteringthe 21 -day averages for the Hensenbl e,
that i s Ng=21x119 = 2499 for Praha. Sinilar expressionholdsfor thelL ensenble. This,
obvi ously, isnot theright answer sincethisquantityisadailyvariance,
whi chis of the order of 25K?duringw nter, andnot avaiancefor thenean. It,
however, indicatesthat LMKChas usedthis quantity and our

hypot hesi sisthat they have esti matedthe vari ance of t he average over

Hf or each day by di vi di ngthis ogyby Ny. Thisis what we cal cul at e now

(notice: Nyherenot thesameas N'inour paper, inthepaper N'=119)

Algorithm:

- varTx2 : variance of the daily fluctuations over 21 - day intervals, annua cycle not removed

- varTx7: filtering out of the 29 Febs from varTx2

- varTx8: selection of the sequence of full years (1776-2004)

- tx, vx: Splitting of the temperatures and daily variance into H and L ensembles, the result of SolarSplit is athree-level list,
level 1 separatesH and L ensembles, level 2 isthelist of years, level 3isalist of 365 values for each year

- Stdx: variance of the difference H-L, according to LMKC, as the sum of the two variances, each being calculated as the daily
variance averaged over the ensemble divided by the number of days in the ensemble. In this calculation Variance and Mean are
performed on the second level of the list for each day.

The annual cycle is not removed since there is no indication that this has been done in LMKC. This has no influence on the
calculation of the variance of average temperatures tx and a weak influence on vx since 21 days is short with respect to the
length of the year.
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var TN2 = Movi ngAverage[t enpTN?, 21] - Movi ngAver age [t enpTN, 21]%;

var TX2 = Movi ngAverage[t enpTX?, 21] - Movi ngAver age [t enpTX, 2112
TT =
Eval uat e[Del et eCases [Eval uat e[Transpose[{var TN2, tinme2}]1], {_Real, {_Integer, 2, 29}}11;
{var TN7, dunb} = Transpose[TT];
TT =
Eval uat e[Del et eCases [Eval uat e[Transpose[{var TX2, tinme2}]1], {_Real, {_Integer, 2, 29}}11;
{var TX7, dunm} = Transpose[TT];
var TN8 = Take [Drop [var TN7, 355], 229 » 365];
var TX8 = Take [Drop [var TX7, 355], 229 » 365];
vN = Sol ar Spl it [var TN8, YearsF];
vX = Sol ar Spl it [var TX8, YearsF];
tN=SolarSplit[tenpTN8, YearsF];
t X =Sol arSplit [tenpTX8, YearsF];

Variance[tN[[1]]] + Mean[VvN[[1]]] Variance[tN[[2]]] +Mean[VvN[[2]]]
+ ;
21 xLength[tN[[1]1]1] 21 xLength[tN[[2]1]1]

St dN =

Variance[t X[[1]1]] + Mean[vX[[1]1]] Variance[tX[[2]]] +Mean[vX[[2]1]] _
21 xLength[t X[[1]11] ' 21 xLength[t X[[2]11]

StdX =

Fig .4 aof LMKC isthen reconstructed using the H - L differences calculated for TN and TX and plotting + Stdx

ListPlot [{Sol arDi ff [tenpTN9, YearsF], Sol arDi ff [tenmpTX9, YearsF], StdX, -StdX, StdN, -StdN},
Joi ned -» True, Pl ot Range » {Automatic, {-0.4, 1.4}}]

Thisfigure is plotted with the same scale as LMKC. The curvesfor TN and TX are visually identical to those shown in Fig.4a of
LMKC

We believe our calculation is correct. Differences are in principle only in the first and last years which are removed in our
calculations.

The"error" curves are also visually identical to those of LMKC, hence validating our hypothesis.

Thisiswrong for two reasons :

-1) because it cannot be assumed that the daily fluctuations of temperature are independent over each 21 - day sample,
while it is|legimate to make this hypothesis over two separate years; this leads to a large underestimate of o, by a factor about 3
aswe shall see below,

- 2) because + o isonly a 68 % confidence interval for a Gaussian distribution, and it is necessary to plot + 1.65 o to get a
standard 90 % confidence interval; in this case, it is still expected that about 10 % of the data can be outside of this interval
without any statistical meaning
Hence, on the overall, confidenceinterval has been understimated by a factor near to 5 as checked in the next figure.

Calculation of the afactor multiplying the Student variance to get 90 % confidence interval
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a= X /. FindRoot [NIntegratel[
PDF[St udent TDi stri bution[Length[tenpTN9] /365 -2], y1, {y, 0, x}] =0.45, {x, 1.6}]

1. 65159

Li stPlot [{Sol arDi ff [tenpTN9, YearsF], Sol arDi ff [tenpTX9, YearsF], a StdDev[tenpTN9, YearsF],
a StdDev [t empTX9, YearsF], -aStdDev[tenpTN9, YearsF], -a StdDev [tenpTX9, YearsF]},
Joi ned » True, Pl ot Range » {Automatic, {-1, 1.4}}]
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Thisis Fig.4a of LMKC asit should have been. Here we have calculated the bounds by calculating first the variance for the two
subseries and summing them (approxim if two subsets of same size) and multiplying by 1.65 to get the 90 % confidence interval.
The positive bias for the TX seriesis due to the contribution of the global warming as shown in nect subsection using an other,
non-parametric, estimate of the confidence interval.

It has been checked that this result istotally independent of the removal of the annual cycle.

Due to the number of variables in teh average, the Student distribution could be replaced without any visually perceptible
difference by the Gaussian limit distribution.

= Figurefor publication

m Calculate composite difference after bootstrapping over a random permutation of the years
Example of solar shift after resampling

Li st Pl ot [Sol arDi ff [Shuffl e[tenpTX9, 229], YearsF], Joi ned » True]

We see that any permutaion of the years produces a composite difference with similar amplitude

= Generate atable of composite differ ences with 10000 elements
Solar shift is calculated over 10000 resamplings of the dataset, the pdf is estimated by simple bining.

Ref TN = Transpose [Tabl e[Sol ar Di ff [Shuffl e[tenpTN9, 2291, YearsF], {i, 1, 10000}11;
Ref TX = Transpose [Tabl e[Sol ar Di ff [Shuffl e[tenpTX9, 2291, YearsF], {i, 1, 10000}]11;
Ref pdf TN = Map [Pdf, Ref TN];
Ref pdf TX = Map [Pdf, Ref TX];

This is an example of the estimated pdf showing fairly nice Gaussian profile and that more refined calculation with larger
number of drawings will probably not make a big change. The Gaussian is plotted with O mean and same variance as the esti-
mated distribution.
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std = \/Tot al [Ref pdf TN[[2]] Bi nVal ?] Bi nSi ze ;
gl = Li st Pl ot [Transpose[{Bi nVal , Refpdf TN[[2]]}1,
Joi ned » True, Pl otRange -» {{-2, 2}, {0, Automatic}}, Filling - 01;
g2 = Pl ot [PDF[Normal Di stribution[0, std], x], {X, -2, 2}1;
Show[gl, g2]

-2 -1 0 1 2

Let us now estimate the (5%-95%) two-sided confidence interval

Si g10TN = Confi dence [Ref pdf TN, 0. 057;
Si g10TX = Confi dence [Ref pdf TX, 0. 057;

Plot, for TN, of the confidence interval estimated using both methods (resampling and from the Student distribution)

ListPlot [{Sol arDi ff [tenpTN9, YearsF], SiglOTN[[1]], Si g10TN[[2]],
a StdDev [tenmpTN9, YearsF], -a StdDev[tenpTN9, YearsF]}, Joi ned -» True]

Plot, for TX, of the confidence interval estimated using both methods (resampling and from the Student distribution)

|13
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Li stPlot [{Sol arDi ff [tenpTX9, YearsF], SiglOTX[[1]], Sigl0TX[[2]],
a StdDev [t enpTX9, YearsF], -aStdDev[tenpTX9, YearsF]}, Joi ned -» True]

50 100

150 200 250 300

350

This shows that bootstrapping and the Student-t test provide almost excatly the same confidence interval.

This shows that the result of LeMouel et a on TN data is not significant even with all the cycles retained. The TX curve is
outside the 90% interval more than 10% of its span, hence the positive value of the solar shift isin this case significant. How-
ever, we have the aternate hypothesis that this enterely due to the contribution of anthropogenic forcing during teh last 50 years
of the data. We see below that indeed this hypothesisis not rejected by the data.

m Figuresfor publication

m Analysis after removal of the last 3 cycles (ensemble Il according to LeMouel et al.)
m Analysis after removal of the last 5 cycles (ensemble IV according to LeMouel et al.)
We drop the last 5 cycles or 50 years corresponding to the period where anthropogenic forcing is felt

tenpTNOIV = Drop[tenpTN9, -50 x365];
tempTX91V = Drop[tenpTX9, -50 % 365];
H ghlV = {3, 4, 8, 9, 11, 18};
H ghYearslV = {{0, 1798 -1776 + 1}, {1834 -1776, 1856 - 1834 + 1},
{1868 - 1776, 1878 - 1868 + 1}, {1945-1776, 1954 - 1945 + 1}};
Year sl V = {H ghYear sl V, LowYearsF}
Ref TNl V = Transpose[Tabl e[Sol arDi ff [Shuffl e[tenpTNII V, 179], YearslV], {i, 1, 10000}17;
Ref TXI V = Transpose[Tabl e[Sol arDi ff [Shuffl e[tenpTX9lV, 179], YearslV], {i, 1, 10000}]17;
Ref pdf TNI V = Map [Pdf , Ref TNI V];
Ref pdf TXI V = Map [Pdf , Ref TXI V];
Si g10TNI V = Confi dence [Ref pdf TNI' V, 0. 057;
Si g10TXI V = Confi dence [Ref pdf TXI V, 0. 057;

{{{0, 23}, {58, 23}, {92, 11}, {169, 10}}, {{23, 35}, {81, 11}, {103, 66}}}

alV= x /. FindRoot [NI ntegratef[
PDF[St udent TDi stri buti on[Lengt h[tenpTN9I V] /365 -21, y1, {y, 0, x}] =0.45, {x, 1.6}]

1.65351
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= Solar shift for TN

ListPlot [{Sol arDi ff [tenmpTNIIV, YearslV], SiglOTNIV[[1]], SiglO0TN V[[2]],
al VStdDev [tenpTNII'V, YearslV], -alVStdDev[tenpTNIIV, YearslV]}, Joined » True]

10

05.

—05!

~10h
= Solar shift for TX

ListPlot [{Sol arDi ff [tenpTX9lV, YearslV], SiglOTXI V[[1]], Sigl0TXIV[[2]],
al VSt dDev [t enpTX9l V, Yearsl V], -alVStdDev[tenpTX9, YearslV]}, Joined - True]
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= Student and Kolmogorov-Smirnov P-value for TN

PVal St udent TN = St udent Test /@ Transpose[Transpose /@ Sol arSplit [tempTNOIV, Yearsl V] ];
Li st Pl ot [{PVal St udent TN, Const ant Array [0. 05, 365]}, Joi ned -» True]
Mean [PVal St udent TN]

10+
08
06
04

0.2

200 250

300 350

0.508964

PVal Kol moSmi rnov = Kol moSmi rnov /@ Transpose[Transpose /@ Sol arSplit [tenpTNOIV, YearslV] 1;
Li st Pl ot [PVal Kol moSmi rnov, Joi ned -» True]
Mean [PVal Kol moSmi r nov]

1.0}
08

06+

0.2

50 100 150 200 250

300 350

0.513825

The distribution of p - valueissimilar to a Brownian bridge

1 1
Li st Pl ot [Tr anspose[{g Range [365], Sort [PVal Student] - ; Range [365] }]]
5 5
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= Student and Kolmogorov-Smirnov P-value for TX

PVal St udent TX = St udent Test /@ Transpose[Transpose /@ Sol arSplit [tenpTX9lV, YearslV] ];
Li st Pl ot [{PVal St udent TX, Const ant Array [0. 05, 3651}, Joi ned -» True]
Mean [PVal St udent TX]

10}
08
06
04

0.2

50 100 150 200 250

300

350

0.521503
PVal Kol noSmi rnov = Kol noSmi rnov /@ Transpose[Transpose /@ Sol arSplit [tempTX9lV, Yearsl V] ];
Mean [PVal Kol noSmi r nov]

0.518891
Test that the assumption of equal variance has no impact

Di ff PVal St udent TX =
(Student Test2 /@ Transpose[Transpose /@ Sol arSplit [tenmpTX9lV, YearsIV]]) -
(Student Test /@ Transpose[Transpose /@ Sol arSplit [tenpTX9lV, YearslV] 1);
Li st Pl ot [D ffPVal Student TX, Joi ned » True]
Mean [Di f f PVal St udent TX]

1 1
Li st Pl ot [Tr anspose[{g Range [365], Sort [PVal Student] - g Range[365]}]]
5 5

We see that the Kolmogorov - Smirnov test provides similar results to teh Student test but very noisy p - value. Thistest isin
fact poorly adpated here since we only want to test that the two means are significantly different and since the samples contain
100 elements only, which is much too small to sample a distribution.

m Figuresfor publication

Calculations on 41 - day filtered data

Estimate of the oversampling effect by LMKC

m Estimate of the oversampling factor

Vari ance [Movi ngAver age [Shuf fl e[t enpTN6, 2307, 21]]

5. 16441
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= | Resampling of the yearsdonefor each date over the whole dataset

Dai |l yShuffl e = Fl atten[Transpose [Map [RandonSanpl e, Transpose[Partition[#, 36511111 &

Vari ance [t enpTN9]
5. 36643

Var i ance [Movi ngAver age [t enpTN6, 217]]

5. 35785

Vari ance [t enpTN9] / Vari ance [Movi ngAver age [Dai | yShuf fl e[tenpTN6], 2111

7.95589

We see that the variance of the 21 - day averagesis reduced by a factor 8 when the years are resampled independently for each
date before averaging

= || Resampling of the yearswithin theH and L ensembles, leaving the solar shift unchanged

Dai | yShuffl e2 = Fl atten[Transpose [Map [RandonBSanpl e, Transpose[#]]1]1] &

Here we start from the unfiltered data, we split them into the H and L ensemble (in AA),

we shuffle separately the years for each date within the H and L ensembles, and we pass the 21 - day filter on the result (AA1)
Then remove first and last incomplte years and partition into years and make two separate sets for H (AA2H) and L (AA2H)
ensembles. The solar shift and its variance are calculated using these quantities and same formula as for the standard calcula-
tion.

This procedure leaves the solar shift unchanged up to side effects on the boundary of years and remval of 1 year with respect to
datain tempTNO.

Running following cell requires to run preliminary calculations for unfiltered data, to calculate tempTNG6 et tempTX6
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AA = Sol arSplit [tempTN6, Years];

{Lengt h[AA[[1]]], Length[AA[[2]]1]1}

AAl = Movi ngAver age [Fl atten[{Dail yShuffl e2[AA[[1]1]1], Dail yShuffl e2[AA[[2]]1]1}]1, 211;
AA2 = Partition[Take[Drop[AAl, 355], 228 » 365], 365];

AA2HN = Take [AA2, 117]1; AA2LN = Drop[AA2, 117];

SDAAN = Mean [AA2HN] - Mean [AA2LN];

St dAAN =

116 Vari ance [AA2HN] + 111 Vari ance [AA2LN] ( 1 1 )
+ )
226

118 111
Li st Pl ot [{SDAAN, StdAAN, -StdAAN, StdN, -StdN},
Joi ned -» True, Pl ot Range » All, Pl ot Range » {Automatic, {-0.4, 1.4}}]
Mean [St dDev [t enpTN9, Year sF] / St dAAN]

(118, 112}

08f
06
04f

0.2}

300

350

-02f
2.68182

We see that the solar shift is preserved and that the sigma of LMKC is recovered due to the reduction of the variance of 21 - day
averages when data are resampled within H and L ensembles. C.Q.F.D. This data to be added to the figures.
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AA = Sol arSplit [tempTX6, Years];

{Lengt h[AA[[1]]], Length[AA[[2]]1]1}

AAl = Movi ngAver age [Fl atten[{Dail yShuffl e2[AA[[1]1]1], Dail yShuffl e2[AA[[2]]1]1}]1, 211;
AA2 = Partition[Take[Drop[AAl, 355], 228 » 365], 365];

AA2HX = Take [AA2, 117]1; AA2LX = Drop[AA2, 1171;

SDAAX = Mean [AA2HX] - Mean [AA2LX];

+
226

118 111
Li st Pl ot [{SDAAX, StdAAX, -StdAAX, StdX, -StdX},
Joi ned -» True, Pl ot Range » All, Pl ot Range » {Automatic, {-0.4, 1.4}}]
Mean [St dDev [t enpTX9, Year sF] / St dAAX]

(118, 112}

116 Vari ance [AA2HX] + 111 Vari ance [AA2LX] 1 1
St dAAX = :

12
10
08
06
0af

0.2}

50 100 150 200 250 300

350

-0.2b

2.67442

This demonstatres that the sigma of LMKC is recovered using the correct formula after resampling in away which preserves the
solar shift but decorralates the daily temperatures by a permutation over the years for each date within each sub ensemble H and
L. In other word, the solar shift found by LMKC would be significant and their calculation would be correct on an hyothetical
planet with such a data series but not on the Earth.

Remark 1 : we do not do here any bootstrapping, a single permutaion is enough for the demonstration.

Remark 2 : if the permutation was done not within the ensembles H and L separately but over the whole data set, the solar shift
would bekilled or at least reduced to values unsignificant with respect to teh vhew confidence interval .

m Estimate the autocorrelation of the daily temperature fluctuations

Thisisa crude procedure which is only meant to provide an order of magnitude of the correlation time
One might also be tempted to take the life time of LM (but we know it as a bad estimator for a non pure AR(1) process)

The resampling approach in previous subsection provides a much better estimate.
Remove last 50 years to eliminate trailing correlation due to climate shift (very limited effect anyway).

autocorr TN = Tabl e[Correl ation[
Drop[Drop[tenpTN6, 50 % 3651, i1, Drop[Drop[tenpTN6, 50 x 365], -i 1], {i, O, 180}1;



Li st Pl ot [aut ocorr TN, Pl ot Range - Al | ]
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Integrate[lnterpol ati on[Transpose[{Range[181] -1, autocorrTN}], I nterpol ati onOrder - 4][x],

1.0p

08l

060

04l .

02!

. . . . 1 . | p— e Npp—
50 100 150
I nt Scal eTN =
{x, 0, 90}]

8.17591
I nt Scal eTN =

Integrate[lnterpol ation[Transpose[{Range[181] -1, autocorrTN}], I nterpol ati onOrder - 4][x],

{x, 0, 150}]
9. 2569

Oversampling factor

Li st Pl ot [1. 64 StdDev [t enpTX9, YearsF] / StdX]

Using the series from Bologna since 1814

m Read data and preprocess them

= read data

TN : minimum temperature
TX : maximum temperature
TG: mean temperature

data are read directly from the file provided by ECAD after reformatting of data separators in order to accommodate ReadL ist

reguirements (coma replaced by white space)

|21
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snm= OpenRead [SrcDir <>"TN_nonbl end_Bol ogna. dat ni' 1;

Skip[snm String, 14]; (= skip header =)

dat a = Transpose [ReadLi st [snm {Nunber, Nunmber, Nunber, Nunber3}1] /. -9999 -» Mssing[];
(» read data until the end of the file x)

Cl ose[snm];

time =data[[2]];

tempTN=0.1xdata[[3]] /. Xx___ Mssing[] » Mssing[];

snm= OpenRead [SrcDir <>"TX_nonbl end_Bol ogna. dat ni' 1;

Ski p[snm String, 14]1; (= skip header =)

dat a = Transpose [ReadLi st [snm {Nunber, Nunmber, Nunber, Nunmber}]1] /. -9999 -» Mssing[];
(» read data until the end of the file %)

Cl ose[snmy];

tempTX =0.1xdata[[3]] /. Xx___ Mssing[] » Mssing[];

snm= OpenRead [SrcDir <>"TG nonbl end_Bol ogna. dat ni' 1;

Skip[snm String, 14]1; (= skip header =)

dat a = Transpose [ReadLi st [snm {Nunber, Nunmber, Nunmber, Nunmber}]1] /. -9999 -» Mssing[];
(» read data until the end of the file x)

Cl ose[snm];

tempTG=0.1=xdata[[3]] /. Xx___ Mssing[] » Mssing[];

year = Quotient [tinme, 10000]; time =tinme-10000year;

mont h = Quoti ent [tine, 100]; day =tinme - 100 nont h;

time = Transpose[{year, nonth, day}];

= Eliminate missing data during thelast years

tempTN = Take[tenpTN, 693967;
tenpTX = Take [t enpTX, 69396];
tempTG = Take [t enpTG 69396];
time = Take[tine, 69396]7;
{Lengt h[Cases [tenpTN, _M ssing]],
Lengt h[Cases [tenpTX, _M ssingl], Length[Cases[tenpTX, _M ssing]]}

{2, 4, 4}

m Fill missing data with interpolation from surrounding dates

Cases [Transpose [{Range[69396], tenpTX}], {_Integer, _Mssing}]
Cases [Transpose [{Range[69396], tenpTN}]1, {_Integer, _Mssing}]
Cases [Transpose[{Range[69396], tenpTG}], {_Integer, _Mssing}]

({39249, Mssing[]}, {58213, Mssing[]}, {68877, Mssing[]}, {68878, Mssing[]}}
({68877, Mssing[]}, {68878, Mssing[]}}
({39249, Mssing[]}, {58213, Mssing[]}, {68877, Mssing[]}, {68878, Mssing[]}}

{time[[39249]], time[[58213]], time[[68877]], ti ne[[68878]1}
({1921, 6, 17}, {1973, 5, 19}, {2002, 7, 30}, {2002, 7, 31}
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tempTX[[39249]]
tenpTX[[58213]]
tenpTX[[688771]
tempTX[[68878]]
tenpTG[[39249]]
tenpTG[[58213]]
tempTG[[68877]]
tenpTG[[68878]]

0.5 (tenpTX[[39248]] +tenpTX[[39250]1);
0.5 (tenpTX[[58212]] +tenpTX[[58214]11]);
(2%xtempTX[[68876]] +tenpTX[[68879]]) / 3;
(tenpTX[[68876]1] +2 »tenpTX[[68879]1]) / 3;
0.5 (tenpTG[[39248]] +tenpTG[[39250]11);
0.5 (tenpTG[[58212]] +tenpTG[[5821411);
(2%xtempTG[[68876]] +tenpTG[[68879]]) / 3;
(tenpTG[[68876]] +2 »tenpTG[[68879]1]) / 3;
tenpTN[[68877]] (2 %xtempTX[[68876]] +tenpTN[[68879]1]1) / 3;
tenpTN[[68878]] (tenpTN[[68876]] +2 »tenpTN[[6887911) / 3;
{Lengt h[Cases [tenpTN, _M ssing]],

Lengt h[Cases [tenpTX, _M ssing]l], Length[Cases[tenpTG _M ssing]]}

{0, 0, 0}

No data is marked as missing after removal of the last years and interpolation of the few gaps

m 3-year filter

tenpTN3 = Movi ngAver age [t enpTN, 3 » 3657;
tenpTX3 = Movi ngAver age [t empTX, 3 % 365];
tenpTG3 = Movi ngAver age [t enpTG 3 » 3657;
time3 =Drop[Drop[tine, 365+ 182], -365-182];

Dat eLi st Pl ot [
{Transpose[{ti me3, tenpTN3}], Transpose[{tine3, tenpTX3}], Transpose[{tine3, tenpTG3}]}]

14} .

10F .

8 ; 1 | 1 1 | 1 1 | 1 1 | ;
1850 1900 1950 2000

Thisisthefigure 1 of LeMouel et al
It is very strange that the maximum and minmum temperature are so badly correlated on this scale while they are at the daily
scale

m Calculating and removing annual cycle (on 21-day filtered data)

= 2l-day filter
tenpTN2 = Mbvi ngAver age [t enpTN, 217;
tenpTX2 = Movi ngAver age [t enpTX, 21];

tempTQ&2 = Movi ngAver age [t empTG 217;
time2 =Drop[Drop[tine, 10], -107;
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= Get rid of the 29 February to make 365-day years

TT = Eval uat e [Del et eCases [Eval uat e[Transpose[{tempTN2, time2}]1], {_Real, {_Integer, 2, 29}}11;
{tenpTN7, tine7} = Transpose[TT];
TT =

Eval uat e[Del et eCases [Eval uat e [Transpose[{tenpTX2, time2}]1], {_Real, {_Integer, 2, 29}}11;
{tenpTX7, tine7} = Transpose[TT];
TT =

Eval uat e[Del et eCases [Eval uat e[Transpose[{tenpT&, time2}]1], {_Real, {_Integer, 2, 29}}11;
{tenpTG/, tine7} = Transpose[TT];

= Removeincompletelast and first years

1804 has 10 days missing after filtering and 2003 isincomplete

tenmpTN8 = Take [Drop[tenmpTN7, 355], 188 % 3657;
tenpTX8 = Take[Drop[tenpTX7, 355], 188 % 3657;
tenpTG8 = Take[Drop[tempTGr, 355], 188 % 3657;
ti me8 = Take[Drop[tine7, 355], 188 % 365];
{time8[[1]], tinme8[[-1]1}

({1815, 1, 1}, {2002, 12, 31}}

Thislast line shows the range of data from first to last date

m Calculateand remove annual cycle

It is not necessary to remove annual cyclein this study but it is useful to remove it to identify better data discontinuities. This has
no effect on the analysis that follow.

tempannual = Map[Mean, Transpose[Partition[tenpTN8, 365]1]11;
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 188 % 3657;
tenpTNO =t enpTN8 - TMP;

tempannual = Map[Mean, Transpose[Partition[tenpTX8, 365]1]11;
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 188 % 3657;
tenpTX9 =tenpTX8 - TMP;

tempannual = Map[Mean, Transpose[Partition[tenpTG8, 365]1]11;
TMP = Take [Nest [Joi n[#, #] & tenpannual, 8], 188 % 3657;
tenpT® =tenpT&B - TMVP;

m Looking at thebump
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m Selecting high and low solar years for 21-day filtered data

Sol ar Cycl eskF = {{6, 1815, 1823}, {7, 1824, 1833}, {8, 1834, 1843}, {9, 1844, 1856},
{10, 1857, 1867}, {11, 1868, 1878}, {12, 1879, 1889}, {13, 1890, 1901}, {14, 1902, 1913},
{15, 1914, 1923}, {16, 1924, 1933}, {17, 1934, 1944}, {18, 1945, 1954}, {19, 1955, 1964},
{20, 1965, 1976}, {21, 1977, 1986}, {22, 1987, 1996}, {23, 1997, 2002}};

Hi ghF = {8, 9, 11, 18, 19, 20, 21, 22, 23};

Hi ghYear sF =

{{1834 - 1815, 1856 -1834 +1}, {1868 - 1815, 1878 - 1868 + 1}, {1945 - 1815, 2002 - 1945 + 1}}
Low = {6, 10, 12, 13, 14, 15, 16, 17};

Lowyear sk = {{0, 1833 -1815+1}, {1857 - 1815, 1867 - 1857 + 1}, {1879 - 1815, 1944 - 1879 +1}}
Year sF = {H ghYear sF, LowYearsF}

{{19, 233}, {53, 11}, {130, 58}}

({0, 19}, {42, 11}, {64, 66}}

{{{19, 23}, {53, 11}, {130, 58}}, {{0, 19}, {42, 11}, {64, 66}}}
m Calculate the composite difference between high and low solar years

m Varianceof thefiltered data
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= Analysisof the solar shift

var TN2 = Movi ngAverage[t enpTN?, 21] - Movi ngAver age [t enpTN, 21]%;
var TX2 = Movi ngAverage[t enpTX?, 21] - Movi ngAver age [t enpTX, 2112

var T& = Movi ngAverage[t emp TG, 21] - Movi ngAver age [t enpTG, 2112
TT =
Eval uat e[Del et eCases [Eval uat e[Transpose[{var TN2, tine2}]1], {_Real, {_Integer, 2, 29}}11;
{var TN7, dunb} = Transpose[TT];
TT =
Eval uat e[Del et eCases [Eval uat e[Transpose[{var TX2, tine2}]], {_Real, {_Integer, 2, 29}}11;
{var TX7, dunm} = Transpose[TT];
TT =
Eval uat e [Del et eCases [Eval uat e[Transpose[{varT&, tinme2}]1], {_Real, {_Integer, 2, 29}}11;
{var TG/, dunm} = Transpose[TT];
var TN8 = Take [Drop[var TN7, 355], 188 % 365];
var TX8 = Take [Drop [var TX7, 355], 188 » 365];
var TG = Take [Drop[var TG7, 355], 188 » 365];
vN = Sol ar Spl it [var TN8, YearsF];
vX = Sol ar Spl it [var TX8, YearsF];
vG = Sol arSpl it [var TG8, YearsF];
tN=SolarSplit[tenpTN8, YearsF];
t X =SolarSplit [tenpTX8, YearsF];
tG=SolarSplit [tenpTG8, YearsF];

Variance[tN[[1]]] + Mean[VvN[[1]]] Variance[tN[[2]]] +Mean[VN[[2]]]
. .

St dN =
21 xLength[tN[[1]1]1] 21 xLength[tN[[2]1]1]
St dx Variance[t X[[1]]] + Mean[vX[[1]1]] Variance[tX[[2]]] +Mean[VvX[[2]]]
= + ;
21 x Length[t X[[1]1]1] 21 x Length[t X[[2]]1]
S dG Variance[tG[[1]]] + Mean[vG[[1]]] Variance[tG[[2]]] +Mean[VG[[2]1]]
= + ;
21 xLength[t X[[1]]] 21 xLength[t X[[2]]]
a

x_ /. FindRoot [N ntegrate[PDF[Student TDi stribution[Length[tX[[1]]] +Length[tX[[2]1]] -21, Y1,
{y, 0, x}] ==0.45, {x, 1.6}]

1. 65309
Thisisfigure 4b of LeMouel et a.

ListPlot [{Sol arDi ff [tenpTN9, YearsF], Sol arDi ff [tempTX9, YearsF], StdN, -StdN, StdX, -StdX},
Joi ned » True, Pl ot Range » {Automatic, {-1, 1.5}}]

15-
10}

05}

-0.5

—10l
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This is extremely close to figdb of LeMouel et a. Our calculation does not use two years at the beginnig and the end of the
dataset. Close inspection reveals that their error bar is perhaps slightly smaller.

Li stPlot [{Sol arDi ff [tenpTN9, YearsF], Sol arDi ff [tenpTX9, YearsF], Sol arDi ff [tenpT@&, YearsF],
a StdDev [tempTN9, YearsF], a StdDev[tenpTX9, YearsF], -a StdDev[tenpTN9, YearsF],
-a StdDev [t enpTX9, YearsF]}, Joined - True, Pl otRange » {Autonmatic, {-1, 1.5}}]

15~

—10t

Thisisthe figure as it should be. Here we have calculated the bounds by calculating first the variance for the two subseries and
summing them (approxim if two subsets of same size) and multiplying by ato get the 90 % confidence interval. The positive bias
for the TX seriesis due to the contribution of the global warming and of the 1867-1880 episode as shown in next subsection
using an other, non-parametric, estimate of the confidence interval.

m Calculate composite difference after resampling randomly the years

m Generate atable of composite differences with 10000 elements

Ref TN = Transpose [Tabl e[Sol ar Di ff [Shuffl e[tenpTN9, 188], YearsF], {i, 1, 10000}11;
Ref TX = Transpose [Tabl e[Sol ar Di ff [Shuffl e[t enpTX9, 188], YearsF], {i, 1, 10000}11;
Ref TG = Transpose [Tabl e[Sol arDi ff [Shuffl e[tenpT®, 188], YearsF], {i, 1, 10000}11;
Ref pdf TN = Map [Pdf, Ref TNJ;
Ref pdf TX = Map [Pdf, Ref TX];
Ref pdf TG = Map [Pdf , Ref TG];

Check visualy for Gaussianity on an example



28| Snooping3.2.nb

std = \/Tot al [Ref pdf TN[[2]] Bi nVal ?] Bi nSi ze ;
gl = Li st Pl ot [Transpose[{Bi nVal , Refpdf TN[[2]]}1,
Joi ned » True, Pl otRange -» {{-2, 2}, {0, Automatic}}, Filling - 01;
g2 = Pl ot [PDF[Normal Di stribution[0, std], x], {X, -2, 2}1;
Show[gl, g2]

-2 -1 0 1 2

Si g10TN = Confi dence [Ref pdf TN, 0. 057;
Si g10TX = Confi dence [Ref pdf TX, 0. 057;
Si g10TG = Confi dence [Ref pdf TG, 0. 057;

ListPlot [{SolarDiff [tenpTN9, YearsF], SiglOTN[[1]], Si g10TN[[2]],
a StdDev [tempTN9, YearsF], -a StdDev[tenpTN9, YearsF]}, Joi ned -» True]

ListPlot [{Sol arDi ff [tenpTX9, YearsF], SiglOTX[[1]], SiglOTX[[2]],
a StdDev [t empTX9, YearsF], -aStdDev[tenpTX9, YearsF]}, Joi ned » True]
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ListPlot [{Sol arDi ff [tenpT®, YearsF], Sigl0TG[[1]], Si gl10TG[[2]],
a StdDev [tempT®, YearsF], -a StdDev[tenpT@, YearsF]}, Joi ned -» True]
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This sgows that the result of LeMouel et al on TN and TG data is not significant. The TX curve is outside the significance
interv

m Analysis after removal of the last 3 cycles (ensemble Il according to LeMouel et al.)
m Analysis after removal of the last 5 cycles (ensemble IV according to LeMouel et al.)
We drop thelast 5 cycles or 48 years corresponding to the period where global warming is felt

tenpTNOIV = Drop[tenpTN9, -48 »365];
tenpTX91V = Drop[tenpTX9, -48 % 365];
tempTOIV = Drop[tenpT&, -48 % 365];

HighlV = {8, 9, 11, 18};
Hi ghYearslV =

{{1834 - 1815, 1856 -1834 + 1}, {1868 -1815, 1878 - 1868 + 1}, {1945 -1815, 1954 - 1945 +1}}
Year sl V = {H ghYear sl V, LowYearsF}

({19, 23}, (53, 11}, {130, 10}}
({{19, 23}, (53, 11}, (130, 10}}, ({0, 19}, (42, 11}, (64, 66}})

alV= x /. FindRoot [NIntegrate[
PDF[St udent TDi stri buti on[Lengt h[tenpTN9I V] /365 -2]1, y1, {y, 0, x}] =0.45, {x, 1.6}]

1.65597

ListPlot [{SolarDiff [tempTNIIV, YearslV],
al VSt dDev [tenpTNII'V, YearslV], -alVStdDev[tenpTNIIV, YearslV]}, Joined -» True]
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ListPlot [{Sol arDi ff [tempTX9lV, YearslV],
al VSt dDev [t enpTX9l 'V, YearslV], -alVStdDev[tenpTX9lV, YearslV]}, Joined » True]
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ListPl ot [{Sol arDi ff [tenpT&IV, Yearsl V],
al VSt dDev [t enpT®&IV, YearslV], -alVStdDev[tenpT®IV, YearslV]}, Joined » True]
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We see that the TX series resists to the elimination of the last fifty years. This is due to the coincidence of the 1867 - 1880
episode with a high value of the solar cycle. To be demonstrated below by analysing the homogeneised series.

= Analysis after removal of the last 5 cycles (ensemble IV according to LeMouel et al.) and of the XIX century
bump (cycle 11)

Processing the homogeneized series for Bologna

m Reading the data

snm= OpenRead [SrcDi r <> " MEANMBOL. dat ni' ];
dat a = Transpose [ReadLi st [snm Const ant Array [Nunber, 1317 I;
Cl ose[snm];
years =data[[1]]; Nyears = Length[years]
tenmpH = Fl atten[Transpose[Drop[data, 1]]11;
timeH = Transpose[{Fl atten[Transpose[Array[years & 12111,
Fl atten[Array [Range [12] & Nyears]], ConstantArray[15, 12 = Nyears]}];

193
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m Comparison of homogeneized and non homogeneized series

ti meH3y = Transpose[{Drop[Drop[Fl atten[Transpose[Array[years & 12]]1, 18], -171, Drop[
Drop[Fl atten[Array [Range [12] & Nyears]], 18], -17], ConstantArray[1l, 12 « Nyears - 35]}1;

Dat eLi st Pl ot [{Transpose[{ti me3, tenpTG3}], Transpose[{ti meH3y, Movi ngAverage[tenpH, 361}1}]

I I I I I I -
1850 1900 1950 2000

m Figurefor publication

m Definition of the solar mask for the homogeneized record

Sol ar Cycl esH = {{6, 1814, 1823}, {7, 1824, 1833}, {8, 1834, 1843}, {9, 1844, 1856},
{10, 1857, 1867}, {11, 1868, 1878}, {12, 1879, 1889}, {13, 1890, 1901}, {14, 1902, 1913},
{15, 1914, 1923}, {16, 1924, 1933}, {17, 1934, 1944}, {18, 1945, 19543}, {19, 1955, 1964},
{20, 1965, 1976}, {21, 1977, 1986}, {22, 1987, 1996}, {23, 1997, 2006}};

H ghH= {8, 9, 11, 18, 19, 20, 21, 22, 23},

Hi ghYear sH =

{{1834 - 1814, 1856 - 1834 +1}, {1868 - 1814, 1878 -1868 + 1}, {1945 -1814, 2006 - 1945 + 1}}

LowH = {6, 10, 12, 13, 14, 15, 16, 17};

LowYearsH = {{0, 1833 -1814 +1}, {1857 - 1814, 1867 - 1857 + 1}, {1879 - 1814, 1944 - 1879 + 1}}
Year sH = {Hi ghYear sH, LowYear sH}

{{20, 23}, {54, 11}, {131, 62}}
{{0, 20}, {43, 11}, {65, 66}}

{{{20, 23}, {54, 11}, {131, 62}}, {{0, 20}, {43, 11}, {65, 66}}}
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= Methods for monthly data

Shuffl eM[dd_, Ns_] :=Flatten[RandonSanpl e[Partition[dd, 12], Ns11;

Gat her Year M[tenp_, {dl _, 11 _}] :=Take[Drop[tenp, dl 127, || %12]

Sol ar SplitM[tenmp_, years_] : = Modul e[ {H ghTenp, LowTenp},
Hi ghTenp = Partition[Fl atten[MapThr ead [Gat her Year M[t enp, #] & {years[[1]11}1], 121;
LowTenp = Partition[Fl atten[MapThr ead [Gat her Year M[t enp, #] & {years[[2]]1}1]1, 12];
Return[{H ghTenp, LowTenp}]]

SolarDi ffM[tenp_, years_] :=Mean[#[[1]]] - Mean[#[[2]]] & @@ {Sol arSplitM[tenp, years]}

St dDevM[t enp_, years_] : =

\/((Length[n[[l]]] -1) Variance[#[[1]]1] + (Length[#[[2]]] -1) Variance[#[[2]]]
Length[#[[1]]1] +Length[#[[2]]] -2

1 1
( + )]&@@ {Sol ar Spl it M[tenp, years]}
Length[#[[1]1]1] Length[#[[2]]]

m Difference between high and low solar cycle

m Using all the cycles

Ref H = Transpose [Tabl e [Sol ar Di f f M[Shuf f| eM[t enpH, Nyears], YearsH], {i, 1, 10000}]17;
Ref pdf H = Map [Pdf, RefH];
Si g10H = Confi dence [Ref pdf H, 0. 051;

a = x /. FindRoot [
NI nt egr at e [PDF[St udent TDi stri buti on[Lengt h[tenmpH] /712 -2], y], {Yy, 0, x}] =0.45, {x, 1.6}]

1. 65287

Li st Pl ot [{Sol ar Di f f M[t enpH, YearsH], SiglOH[[1]], SiglOH[[2]], a StdDevM[t enpH, YearsH],
-a St dDevM[t enpH, YearsH]}, Joi ned » True, Pl ot Range » {Automatic, {-1, 1.5}}]

15

10

Student t - test
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PVal St udent = Student Test /@ Transpose[Transpose /@ Sol ar Split M[t enpH, YearsH] ];
Li st Pl ot [{PVal Student, ConstantArray[0.05, 1271}, Joi ned » True, Pl ot Range -» Al l ]
Mean [PVal St udent ]

0250
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015

010

005}
[ . /—/ PR R \1 . A T
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0. 0670208

= Removing thelast 5 cycles

tempH V = Drop[tenpH, -12 %52];

H ghH V = {8, 9, 11, 18}; Hi ghYearsH V =
{{1834 - 1814, 1856 - 1834 +1}, {1868 - 1814, 1878 -1868 + 1}, {1945 -1814, 1954 - 1945 +1}}
Year sH V = {Hi ghYear sH V, LowYear sH}

{{20, 23}, {54, 11}, {131, 10}}

{{{20, 23}, {54, 11}, {131, 10}, {{0, 20}, {43, 11}, {65, 66}}}

Ref H' V =

Transpose[Tabl e[Sol ar Di f f M[Shuf f| eM[t enpHI V, Nyears -52], YearsH V], {i, 1, 10000}11;
Ref pdf HI V = Map [Pdf, Ref HI V1;
Si g1lO0H V = Confi dence[Ref pdf H'V, 0. 057;

alV=x /.
Fi ndRoot [NI nt egr at e [PDF[St udent TDi stri buti on[Lengt h[tenmpH V] /12 -21, y1, {y, 0, x}] = 0. 45,
{x, 1.6}]

1. 65589
Li st Pl ot [{Sol arDi f f M[t enpHI V, YearsHI V], Si g1OH V[[1]], Sigl0H V[[2]],

al VSt dDevM[t enpHI V, YearsHI V], -al VStdDevM[t enpH V, YearsH V]},
Joi ned -» True, Pl ot Range » {Automatic, {-1, 1.5}}]

15~

05

—10t
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PVal St udent | V = Student Test /@ Transpose[Transpose /@ Sol ar Spl it M[tenpHI V, YearsH V] 1;
Li st Pl ot [{PVal Student |V, Constant Array[0.05, 121}, Joi ned -» True]
Mean [PVal St udent | V]

08
0.6+
0.4+

02

0.540169

m Figuresfor publication



