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Abstract. Our goal is to discuss the notion of multidimensional trend in the climate change context. Temperature series over Europe are used to derive non
parametric trends in mean, variance and extremes. A criterion is proposed to
compare the different trends, and a general methodology is applied to test if the
trends in extremes are only due to the trends in the central field, as mean and
variance ones. Examples are given which show that the temporal evolution in
mean and variance of the temperature time series are linked, and that generally,
these evolutions explain a large part of the temporal evolution of the extremes.

1 Introduction
Climate change is generally presented and discussed in term of trends in the mean of climate
variables over different spatial scales, from individual observation stations to spatial means over
geographical areas or the entire globe. The study of temperature variability, confidence intervals
and trends in extremes are also worth of interest. Generally, trends in mean are derived using
ordinary least square regression methods [1, 2]. On the other hand, trends are usually studied
separately: papers are devoted either to trends in mean, or to trends in extreme events. The
trends in extreme events are analysed using linear least squares fit on the series of so called extreme indices [3, 4]. Mudelsee[5] uses kernel fitting to study flood risk in a non parametrical way.
In this paper, we would like to address the non parametric derivation of trends, as well as
the links between trends in different quantities such as mean, variance and extremes, and then
illustrate the point by considering temperature series in Europe [6].
Generally, a trend is computed (not defined) as a slow and thus regular component of a
time series, superimposed on a series of quite stationary and less variable residuals. In other
words, computing a trend consists in extracting some deterministic signal from noisy data. In
most studies, as stated before, this is done using ordinary least squares fitting, which will be
referred to as classical trends.
The point and main topic considered here can be formulated as follows: once the trend in
mean has been estimated, are there other trends which could describe the temporal evolution
of the series and how many are significant? Are they independent in some sense? If we leave out
of this study, for simplicity, the usual seasonality and all periodic phenomena, our goal is then
to look for multidimensional deterministic trends, which, when removed, leave an as stationary
as possible residual series. In practice, as we will illustrate on temperature series, the search for
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stationarity has to be stopped when the physical meaning of the trends becomes too weak or
when the trends are too strongly linked.
As our goal is to derive non parametric trends in the most objective and general possible
way, we first mention the general qualitative properties, requirements and assumptions made
to identify a trend. They can be listed as follows:
- Choice of the time scale: When observations are given over a time period T one has to
decide which time scale (less than T ) is of interest to study the signal variation; to simplify we
will call it the window length in this work. For example, if the topic of interest is the possible
anthropogenic effect on climate change, if one has to consider data over the industrial period,
the window length is more or less arbitrarily chosen as 30 years if two to three centuries of
observations are available. Over the most recent period, the decade is often chosen as window
length if the period length of observations is at most fifty years. The window length for a given
observation period is indeed often chosen in a quite arbitrary way and this choice is very important for instance in the case of the increasing mean temperature. We will show in the paper
that such a choice based on informal or subjective ideas (heuristics) can be improved when
using more intrinsic (mathematical) considerations.
- Almost invariance by data extension and localisation: Once the length T of the
observations has been fixed, if we add new observations whose period length is a significant fraction of T (T /2 for example), then the modifications on the previously computed trend on any
subinterval of the initial dataset have to be small. Of course, if we consider a trend estimated
on a 50-year period of observations, and then include this period in a larger period of say 300
years, the trend is obviously modified and the intrinsic smoothness will change. Nevertheless,
intrinsic choices allow to give an objective interpretation of this modification and can help to
define changes or breaks in the trend behaviour.
- Monotonicity: In order to easily interpret the physical phenomena, the monotonicity can
be imposed to a trend. For instance if trends are used in order to define an extrapolation necessary to compute return levels, monotonicity is required in general. Variants are in constraints
on the number of intervals where the trend is monotone or convex. There are general tools to
obtain constrained estimates as isotonic regression (see [7] for example).
Starting from these considerations, the paper is devoted to the identification of trends in
mean, variance and extremes of a time series, together with their possible links. It is organised
as follows: first, the statistical framework is given in section 2 before coming to the results for
trends in mean, variance and extremes of temperature series in Europe in section 3. The link
between the trends in mean and variance and the trends in extremes is discussed in section 4
and a methodology is proposed to test if the trends in extremes are due to trends in mean and
variance, before concluding in section 5.

2 Statistical framework
2.1 Trend in mean
We first discuss the trend in mean, with the supposition that there is no seasonal trend (or any
trend with an obvious shorter window, this point can be checked for example using a wavelet
analysis).
The basic approach uses a moving average procedure, with a moving window length L. In
this simplest case as for the more complicated forthcoming, we define the model, here :
X(t) = m(t) + e(t)

(1)
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where X(t) is the observation series with unknown mean m(t) and e(t) is a centred process,
which is expected in general to be stationary and uncorrelated.
This ”signal+noise” approach is first improved in using non parametric statistics, and then
often followed by the choice of a regression model in parametric statistics.
Non parametric methods satisfy the previously given requirements, but now the window
length of interest is chosen in an intrinsic way and has a precise definition. The main lines are
the following :
-We suppose that m(t) is in a space M , for instance that of the two continuously differentiable
functions.
-We suppose that e(t) is stationary. An important point must not be forgotten: the statistical
tools used to identify m(t) depends on the properties of e(t), for instance of its correlation or
of its distribution.
-A criterion is chosen to define a ”good estimate” of m(t), for instance the minimization of the
integrated quadratic error.
Z
Err =
[m(t) − m̂(t)]2
(2)
t∈D

which requires the control of the bias and of the variance of the estimator (it exists of course
the same but local criteria for fixed t).
There are two families of methods: smoothers (splines, kernels, loess, lasso) and approximations (Fourier, orthonormal systems as Fourier series, wavelets families). See [7–11] for a general
presentation of these basic statistical tools.
In all cases, the intrinsic window length is associated to a tuning parameter of the
method (penalization parameter or kernel width in the first case, threshold for coefficients in
the second one). This parameter is estimated from the data (adaptative estimation), normally
with independent data, using methods such as the cross validation (CV) or the generalized
cross validation (GCV) or other criteria as AIC (see [12–14]). Besides we have another parameter, the degrees of freedom, calculated by the trace of the smoother matrix df = tr(S)
(see [13]) which is directly linked to the tuning parameter. The more df is large, the less the
function is smooth. The degree of freedom is the only common parameter which allows to compare different smoothing methods such as loess and splines. It fixes the window length which
becomes intrinsic because the degree of freedom only depends on the data without any a priori choice [7]. Similar notions can be inferred for approximation methods. Details are given in
[30] about the technical use of CV and so the mathematical choice of the degrees of smoothness.
The methods are developed and deeply studied in the case e(t) is a sequence of independent
and equidistributed variables. In the case of dependent data, they can be used with suitable
and precise specifications and modifications depending on the hypothesis made on the process
e(t): for instance e(t) has a (short) memory (autocorrelation) or the variance of e(t) is not
constant. Examples are given for temperatures in our previous work [15]. It remains to obtain
more general results in mathematical statistics to improve the intrinsic character of the tools.
Confidence bands are obtained by bootstrap using also modifications (very close to that
necessary for the choice of the tuning parameter) to take into account the properties of e(t)
[16–18].
2.2 Trend in variance
To derive the trend in variance, we first choose a model, here :
X(t) = m(t) + s(t)(t).

(3)
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We shall use sequential plug in methods: once the trend m(t) for the mean has been estimated (as m̂(t)), it is then natural to look for a trend for the variance s2 (t) of the same
observations with the same window length of interest.
The model is now:
Y (t) = X(t) − m̂(t) = s(t)(t)

(4)

where (t) is a centred process with variance one, once again expected to be stationary and
uncorrelated. The purpose then is to estimate s(t).
For a large class of hypotheses on (t) (like for m(t)), we can proceed as for m(t) but on
the data Y 2 (t). It is worth noticing here that the fact to plug m̂(t) instead of m(t) in the data
in order to obtain Y 2 (t) does not modify, at least for large datasets, the efficiency of the usual
non parametric methods [5]. Of course, here as for m(t), statistical results are needed to extend
to very general (t) the use of the tools.
Periodic seasonality and global warming are not independent, global warming strongly depends on the season (even on the month) of the year(see [19]). Technically, this is a difficult
point .What happens for seasonal trends if these trends in mean and variance exist? We do not
discuss this problem here, as it is neither a problem of usual separation of frequencies nor a
problem of space time decomposition usually solved using wavelets for instance. Here the main
problems are that of the identification of parameters because seasonality is not invariant for
the time scale defined by the mean and variance trends, and the mean and variance trends are
highly seasonal. In a parametric context it is a simple problem but it needs tricky solutions in
a non parametric context. We shall discuss it in a forthcoming paper. (t), as defined above, is
not a stationary process because in general, and it is the case for temperatures, its dynamics
depends on the season. Of course all the difficulties previously mentioned disappear, or at least
are much attenuated, if one limits the study to a homogeneous part of the year, for instance
the 2 hottest months.

2.3 Trend in extremes
It is suspected that if a warming effect is observed for temperature, more precisely increasing
trends in mean and/or variance, then some linked phenomena has to be expected for the extremes. For the extremes, the statistical procedures are based on an asymptotic result coming
from the probability theory [20], which requires a large amount of data (the convergence is
slow) and some regularity conditions on the tails of distributions, in general quite impossible
to check but accepted for their weakness. Two other conditions have to be verified in order to
have a limit theory for the extremes:
- does the temporal structure of the process (t) adjust to a theory of extremes for this kind of
process?
- what is determinant for the extremes (what makes the extremes?): the deterministic trend
m(t) or the random fluctuations of (t)?
In our applications, the effect of the deterministic trend m(t) during a short period (some
months) can be neglected, with a statistical evidence, with respect to the random fluctuation
(t), whose distribution has parameters which are the extreme trends. Now what happens when
we consider a larger time scale?
We will consider here the classical block maxima approach [20]. The time period of observations is divided into n consecutive blocks of days of same length. Then, we select into each block
of time the maximum value of the observations X(t) obtaining a sequence M1 , M2 , , Mk , , Mn
of the maxima. We suppose that the independence or at least a weak dependence of the values
is insured if the length of the blocks is sufficiently large. In this case, the probability theory
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allows to suppose that there exist sequences µk and σk > 0 such that the distribution of Mk
is approximated by one of µk + σk Zξk where Zξk is a sequence of independent variables with a
distribution Gξk .
if ξk 6= 0, Gξk (z) = exp −(1 + ξk z)−1/ξ when 1 + ξk z > 0; =1 if not
if ξk = 0, Gξk (z) = exp (− exp (−z)).

(5)

Then the discrete model of extremes is: Mk = µk + σk Zξk and the trends for the extremes
are µk and σk (k being the block index) which will be extended into continuous functions of
time t.
The expectation and variance of the distribution are expressed as:
E(Z) =

1
1
(Γ (1 − ξk ) − 1); V (Z) = 2 (Γ (1 − 2ξk ) − Γ 2 (1 − ξk ))
ξk
ξk

(6)

So if Mk is the maximum in a block k with distribution Gξk , we have:
E(Mk ) = µk + σk E(Z); V (Mk ) = σk2 V (Z)

(7)

where µk , σk and ξk are functions of the block index k and respectively location parameter,
scale parameter and shape parameter of Gξk . The location parameter of the GEV models is
not a natural parameter, it mixes mean and variance. Thus we often consider in the following
the mean and the variance of extremes, which are more easily interpretable.
We first supposed that ξ does not depend on time (see the discussion on this hypothesis in
[21]). µk and σk > 0 depending on the block index k are then the only trends. To be compared
with the trends in mean and variance, they must be defined for every time t. Thus, we now
have to estimate the trends µX (t) and σX (t) (subscript X referring to the observation series
X(t)) and also ξX in using a non parametric method based in any case on the likelihood, and
not on least squares like for the mean trend (see [22, 23]). We use cross validations to choose the
smoothing parameters for µk and σk . These problems of optimization and choice of the tuning
parameters are quite difficult because of the correlation between the parameters (see [22]).
2.4 Measure of the similarity of trends
The different trends considered here, for instance trends in the temperature mean and variance,
show some similarities and are supposed to be both affected by climate change. Thus, for physical reasons, they have to be considered on the same time scale (or with the same window length).
Furthermore, the dependence between the different trends can be measured, as for random series, by a formal correlation defined as the scalar product
R of their reduced form, respectively called nf and ng, centred around their mean f =
f (t)dt and normalized by
t∈D
r R
(f (t) − f )2 :
t∈D
Z
r(f, g) =
hnf (t), ng(t)idt
(8)
t∈D

D is the ensemble of the dates in the total time period T .
This correlation is a measure of the linear dependence of f and g and of the quality of the
approximation of g(t) by a function of the form a + bf (t). To analyse more accurately the links
between trends, we can also calculate the correlation coefficient between the first derivatives of
f and g which is a measure of the quality of the approximation once the best linear trend has
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been removed. Another indicator of the similarity of trends is the number and the distances
between the locations of local extremes of the curves. Other quantities can be used in order
to measure the likeliness between functions f and g including non linear transformations, for
instance one can estimate θ such that the correlation between f and θ(g) is maximal.

3 Results for the European temperature series
3.1 Mean and variance trends
First we computed the trends in mean and variance of daily minimum temperature in winter
and daily maximum temperature in summer for 2 observation series in France: Paris-Montsouris
over the 1873-2003 period (131 years) and Strasbourg over the 1949-2005 period (57 years).
This avoided to deal with the seasonal effect, as previously discussed in section 2.2. The summer is defined as the 100 days between the 14th of June and the 21st of September and the
winter as the 90 days between the 1st of December and the 28th of February. These periods
have been chosen because the extremes mainly occur during these times. In our applications
to temperature series in Europe [15, 24], we found degrees of freedom corresponding to a local
window length of 20% of the total length, it means 11 to 15 years depending on the station.
Therefore, the trends are computed here with loess and a smoothing parameter corresponding
to an 11-year window length for Strasbourg and a 26-year window length for Paris-Montsouris.
The steps are then the following:
- selection of the days of the studied season over the total period length (this leads to a series
of nyear100 days for summer and (nyear-1)90 days for winter, nyear being the number of years
in the total period length)
- computation of m̂(t) from X(t) using loess
- computation of [X(t) − m̂(t)]2
- computation of ŝ2 (t) from [X(t) − m̂(t)]2 using loess.
where the hat notation corresponds to estimates.
When computing the trends in mean and variance, it came out that their evolutions seemed
linked: variance increasing when mean increases in summer and when mean decreases in winter.
In order to verify this visual link, the standard deviation evolution is super-imposed with that
obtained from a linear regression regarding the mean evolution. The results are shown in figure
1 (the length of the plotting area is proportional to the period length of each series). Although
the linear reconstruction is far from perfect, it globally shows a similar evolution. In summer,
the correlation is positive: when mean increases, variance increases; whereas in winter, the correlation is negative: when mean increases, variance decreases.
In particular, in summer, the linear relationship seems stronger for the last 50 years in ParisMontsouris than for the beginning of the period, coherently with the result found for Strasbourg
for which only the last period is available. While in winter, this relationship is similar for whole
times.
In order to verify if this is a common behaviour, the correlation coefficients between the 2
functions of time m̂(t) and ŝ(t) have been computed for a set of 55 observation series in Europe
provided by the European Climate Assessment and Dataset (ECA&D) project [6], with period
lengths between 40 and 100 years. As mentioned in section 2.4, the correlation coefficients are
used as a measure of the likeliness of the curves. The results are plotted in figure 2, and show
that this is a quite systematic behaviour in winter(correlation coefficients generally lower than
-0.5, represented by black dots), while it is also true in summer, although less systematically
(most points show a correlation coefficient larger than 0.5, represented by black dots). A more
detailed study of this link can be found in [15].
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Fig. 1. Standard deviation function ŝ(t) (solid line) and the estimate of ŝ(t) as a linear function of
m̂(t) : ŝ(t) = am̂(t) + b (dashed line) for summer (top panels) and winter (bottom panels) and for
Strasbourg (left) and Paris-Montsouris (right). Note that for the summer a > 0 and for the winter
a<0.
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Fig. 2. Correlation coefficients between the evolution of the mean and the variance of daily minimum
temperature in summer (left) and daily maximum temperature in winter (right) for the 55 ECA&D
series.
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3.2 The residuals
Now we consider that the data have been reduced, since the seasonal effect is avoided by selecting the days of the hot and cold seasons respectively and the mean and variance trends have
been removed; it remains a process (t) defined as:
(t) =

X(t) − m̂(t)
ŝ(t)

(9)

where (t) as random process can have a dynamic which is not stationary.
Once (t) has been estimated as residuals, it is necessary to check the hypothesis done on
e(t) or (t) which allows the application of the detrending procedures. So one has to study
the stationarity of (t), its autocorrelation, the boundness and the stationarity of its moments
of order larger than 2, and then, if possible, to select a parametric model for (t), but this is
not at all a requirement in order to apply the detrending procedures. An amount of non stationarity is possible in order to use the mathematical basis of the method of estimation of trends.
For temperature, (t) is often modelled in a quite convenient way, by considering it as stationary, with an autocorrelation of slow order p, AR(p), chosen by AIC criterion. As an example
see figure 3 representing partial-autocorrelation in the case of the Strasbourg temperature series
in summer, for which p=4.
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Fig. 3. Partial- autocorrelation of the residuals (t) for the temperature series of Strasbourg in summer,
the lag being expressed in days

Thus, one can fit for instance a model which has the form:
X(t) =

p
X

X(t − k) + a(X(t))η(t)

(10)

k=1

where a is an estimated non linear function bounded and uniformly lipschitz, which is zero for
X large enough in the summer, and η a sequence of independent centred random variables. But
in general this modelling cannot take completely into account the behaviour of the extremes
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even if it explains the behaviour of the very large (or low) percentiles (see [25]).

3.3 Trend in extremes
Applying the cross-validation with a specific algorithm to the time evolution of the parameters
of the GEV model (5) for the European temperature time series, we find degrees of freedom
corresponding to the local (intrinsic) window length of 15 to 20 years. It is larger than the
window length of the central field (m(t) and s(t)). This can be explained by the fact that the
extremes are more variable.
We then compute the trends for the mean of the series and of the extremes (m(t) and
mX (t)), where mX refers to the mean of the extremes, estimated from the GEV parameters as
stated in formulas (6) and (7) and for their variances (s2 (t) and s2X (t)) , s2X being as for the
variance of the extremes, expressed from the GEV parameters in (6) and (7) . Here X(t) are
the summer daily maximum temperatures or the winter daily minimum temperatures observed
in Paris-Montsouris over the 1873-2003 period and in Strasbourg over the 1949-2005 period,
defined in the same way as previously. In computing these trends, we obtained very parallel
temporal evolutions. Thus here again, we chose to plot the evolution of the mean or standard
deviation function of the extremes together with their estimation via a linear regression with
the mean or standard deviation of the whole series. The results are shown in figure 4.
We can see that the evolutions of the mean of the whole observations and that of the extremes are strongly linked, whereas the same is true, although in a less systematic way, for
the standard deviations. In the same way as previously, we verified the generality of the link
in computing the correlation coefficients between the curves for m(t) and mX (t) for the 55
ECA&D series over Europe. The results shown in figure 5 confirm that the two means are
strongly linked, as well in winter as in summer, with correlation coefficients generally larger
than 0.5 (black dots).

4 Trends in extremes and trends in mean and variance
4.1 The K hypothesis
As can be seen from the previous results, trends in total mean and in the mean of the extremes,
as well as trends in total variance (or standard deviation) and in the variance (or standard
deviation) of the extremes look very similar. The question is then: is there some systematic
link between these trends, and how can this be tested? Consider now Y(t) the reduced data:
Y (t) = X(t)−m(t)
. Some works [26–28] address the so called H hypothesis: Y (t) is a stationary
s(t)
sequence. It is, as we shall see, a too strong hypothesis and so we choose to study the weaker
K hypothesis: the tails of Y (t) are stationary, which is equivalent to say that the parameters of
extY : µY , σY , ξY are constant, where extX (µX , σX , ξX ) and extY (µY , σY , ξY ) are respectively the GEV models for X(t) and Y (t).
Their parameters are linked in the following way:
ξX (k) = ξY (k) = ξ
σX (k) = σY (k)s(k)
µX (k) = m(k) + µY (k)s(k)

(11)

k being the block index. σY (k) appears as the multiplier allowing to pass from the standarddeviation s(t) of the global sample at time k of the maximum of the temperature in block k,
to the scale parameter of extremes. In fact, as s(t) is a smooth function, s(k) is the standard

10

Will be inserted by the editor

1949

1969

1989

1873

1913

1933

1953

1973

scale_Montsouris summer

1993

3.0
2.0

s

3.0

4.0

scale_Strasbourg summer

4.0

summer days

2.0

1969

1989

1873

1893

1913

1933

1953

1973

mean_Strasbourg winter

mean_Montsouris winter

m

−10.0
1949

1969

1989

1873

1893

1913

1933

1953

1973

winter days

scale_Strasbourg winter

scale_Montsouris winter

s

2 3 4 5

winter days

1949

1969

1989

1993

−7 −5 −3

summer days

−8.0

summer days

1993

2.0 3.0

s
m

1893

summer days

1949

s

31.0
29.0

m

31.0

mean_Montsouris summer

29.0

m

mean_Strasbourg summer

1873

1893

1913

winter days

1933

1953

1973

1993

winter days

Fig. 4. Estimates of mean function and standard deviation function of the extremes and their linear
estimates in function of the mean function, standard deviation function of the whole observations
m̂X (t) = am̂(t) + b, ŝX (t) = aŝ(t) + b (dashed line) for summer (top) and winter (bottom) seasons in
Strasbourg (left) and Paris-Montsouris (right)

deviation for the days of block k. The same role for µX (k) is played by µY (k) but here again
multiplied by s(k).
If µY (k) and σY (k) can be considered as constant, which corresponds to the validity of
the K hypothesis, we can see that the difference of behaviour between the trends of the whole
sample and those of the extremes is completely due to the mean and variance trends. And then,
according to (6) and (7) , we have:
mX (k) = m(k) + s(k)(µY (k) + σY (k)E(Z))
sX (k) = s(k)σY (k)/ξ.(V (Z))−1/2

(12)
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Fig. 5. Correlation coefficients of the mean of the central field against the one of the extremes in
summer (left) and in winter (right) for the 55 European ECA&D temperature series.

If K is true, these formulas show that the strong almost affine relation found between m(t)
and s2 (t) implies a strong relation between the mean m(t) and the mean function mX (t) of the
extremes.

4.2 How to test K?
This is an example of a general method for testing the absence of trends.
The set of possible evolutions of extY parameters is very large. We have previously more
or less excluded a possible evolution of ξ [23], but there are many subtle deformations of the
distribution of Y (t). So any test suffers from the absence of natural alternatives. It is why we
prefer the use of a distance ∆ between two functions of time, defined as:
Z
(f (t) − g(t))

∆(f, g) =

2

1/2
(13)

t∈D

to test the K hypothesis. If we estimate a function of time f by g, ∆(f, g) is a measure of the
quality of g as an estimate of f . Here, we have two estimates of the parameters of extY : f˜ ,
the non parametric estimate, and fˆ the constant estimate obtained if K is true, that means if
extY is stationary. Now, in any case, K being true or false, one can prove that f˜ converges to
f when the sample size T tends to infinity, the speed of convergence depends on the supposed
smoothness of f (see [29]). The√situation is of course different for fˆ , if K is true it converges to
f with a speed of the order of T and in this case ∆(fˆ, f˜) is, for a large sample, very close to
∆(f, f˜). On the contrary if K is false, fˆ converges in general to a constant (this is a theoretical
result, [28, 30]) which is of course different from f and even if it does not converge; ∆(fˆ, f )
does not tend to zero and remains larger than some A > 0 and the same is true for ∆(fˆ, f˜).
The intuitive reason is that we try to find f in a set of functions far away from f if K is false.
These ideas could be translated in an asymptotic result. We prefer the use of a more numerical
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approach based on simulation. See [30] for details.
Our proposed solution is then to construct by simulation or bootstrap the distribution of
∆(fˆ, f˜) under the K hypothesis, that is the distribution of the distances between the non parametric estimates and the constants in case we know that the parameters are constant. To do
this, we simulate 1000 samples of the stationary GEV (µY ,σY ,ξY ) distribution with the same
size as the series of the maxima of Y (t) (an alternative will be to use bootstrap of the residuals
for the model of extremes with very similar results). From each sample, we estimate the extreme parameters in two ways: first, in considering them as constant; secondly, in considering
them as functions of time. Then we calculate the distances between these two estimations of
the parameters and so we obtain a distribution of the statistical error of estimation under the
K hypothesis. If our true distances are found lower than the 90th percentile, the K hypothesis
is considered as satisfied: the distances are only due to statistical errors.
What happens if extY is not stationary (from the test)? This is a very difficult question,
probably without any precise answer with these data. For example, when µY (k) can be considered as constant and σY (k) as a function of k, so the upper bound of the distribution of Y (k)
which is the same as that of X(k) (taken at time t which is the date of the maximum in block
k) is µY (k) − σY (k)/ξ. The deformation of the tail of the distribution can be described by this
trend on the upper bound (of course to keep a mass one to the probability this is compensated
by a slight modification of the central part of the distribution). We tested the K hypothesis
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Fig. 6. The distribution of distances under the K hypothesis with the real values of the same distance
for the observations (vertical lines) in summer for the series of Deols and for the location parameter
µ(top panel) and the scale parameter σ(bottom panel).

using this method for the series in Paris-Montsouris, Strasbourg and all European temperature
series. An example is shown in figure 6 for the Deols temperature series in summer (ECA&D

Will be inserted by the editor
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series over the period 1901-2006). The distances computed from the observed series (for both
the location µ and scale σ parameters) lie inside the distribution of the distances when K is
satisfied, thus in this case, the K hypothesis can be accepted. When considering the 55 series
over Europe, the hypothesis can be accepted in about 80% of the cases, but differences appear
between summer and winter which need to be further analysed.

5 Conclusion
In this paper, we discussed the requirements and assumptions currently associated to the identification of trends in data series and applied non parametric statistical methods to derive trends
in European temperature series. We could then show that the trends in mean and variance are
linked, and that this link induces a strong relation between trends in the whole dataset and
trends in extremes. We developed a testing procedure to verify if the extremes of the centred
and normalized series are stationary. If the hypothesis is verified, then the trends in extremes are
only due to trends in mean and variance of the whole dataset. This analysis has been conducted
for an important number of European temperature series, and showed that this is the case for
the majority of the series in Europe. Further detailed analyses have then to be conducted in
order to analyse the different behaviours and to identify some physical explanations.
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