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An informal planning meeting on Statistical Procedures for Climate
Change Detection was held Thursday 25 June, 1992 in Toronto, Canada. This was
a short gathering sponsored by WMO in conjunction with the Fifth International
Meeting on Statistical Climatology (IMSC), as part of the Climate Change
Detection Project of the World Climate Data and Monitoring Programme. The
meeting was chaired by Mr. Gordon McKay, the Chairman of the Commission for
Climatology's Working Group on Climate Change Detection (CCD/WG).
The CCD/WG met initially in Geneva during October of 1991 at the
request of WMO Executive Council XLIII. The Working Group formulated a number
of recommendations, one of which was to convene expert meetings on statistical
strategies and the development of datasets and statistical analysis methods to
be used for climate change detection. With respect to that recommendation,
this informal planning meeting was arranged to take advantage of participation
at the IMSC. It provided an opportunity for the CCD/WG members who were
unable to attend the inaugural meeting, and others with statistical expertise,
to express their views on the CCD/WG report (WCDMP-No. 14), which they had
received prior to the meeting. The participants endorsed the recommendations
contained in WCDMP-14 and made numerous additional proposals toward further
enhancement of the WCDMP. The following is a synthesis of key discussion
points and recommendations.
Present were: G. McKay, (chairman), D. Easterling, C. Folland,
G. "Gruza, R. Heino, P.D. Jones, T. Karl, N. Nicholls, C. Ropelewski,
R. "Sneyers, K. Trenberth and F. Zwiers (see Annex 1).
2.

ADOPTION OF THE AGENDA

The provisional agenda, Annex 2, was adopted with no changes.
3.

STRATEGIC RATIONALE

3.1
The attribution of changing climates to an a priori determined factor
(e.g. the enhanced greenhouse effect) was recognized as central to the
detection issue addressed by the experts. This requires the disentangling of
the effects of various climate forcings through hypothetical tests using
data-driven numerical model studies. The process involves global-to-local
scale interpretation of both attribution and implications. The acquisition of
long, homogeneous series of climate data is essential for solving both
problems and should be a fundamental concern of the CCD/WG.
3.2
Interpretation must be based on physical principles. Successful
discrimination of effects and detection requires the use of coupled models,
now being further developed in research centres and institutes. The study of
occurrences of abrupt variations in climate, such as the ENSO effect and its
regional consequences, is contributing significantly to better understanding
of the functioning of the climate system and to climate prediction. Such
studies and the development of needed homogeneous data sets geared to the
needs of coupled models are seen as the most important initiatives in
achieving attributed CCD. CCD/WG data initiatives have and likely will
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System (GCOS) is seen as a complementary programme focused on future data
acquisition, an activity that must be closely tied to the historic record
activities of the CCD/WG.
3.3
Because of the strong interdependence between modelling and climate
change detection, to achieve balance the CCD/WG membership should include two
more scientists with expertise in comparing observed climate/climate-change
data with models. Alternatively, balance could be achieved by the addition of
one such expert and of an internationally recognized climate modeller.
4.

STATISTICAL MEMXJS

4.1
Statistical methods have a pervasive role in CCD. In addition to the
application of existing methods for the rehabilitation of data, CCD
necessitates the use of correct and more rigorous analytical procedures in
evaluating long, homogeneous climatological series. Furthermore, new
statistical methods are needed for the development and interpretation of data
from new observing systems and for the interpretation of model products.
Typically, these deal with spatial correlations, characterizations of random
properties, representativeness, boundary definitions and movement, and
modelling techniques needed to identify and distinguish anthropogenic from
natural atmospheric occurrences.
4.2
Continued promotion, support of and vigorous involvement in future
IMSC's were considered essential to the resolution of CCD issues. Strong
participation by developing country scientists must be promoted in the
interests of achieving improved homogeneous data sets and understanding of the
functioning of the climate system. The holding of a training session in
conjunction with the Sixth IMSC has considerable merit if organizational and
financial arrangements can be met.
4.3
Dr. R. Sneyers, CCI Rapporteur on Statistical and Objective Methods,
issued several concepts related to statistical methodology and climate change
detection. His paper entitled "Use and Misuse of Statistical Methods for the
Detection of Climate Change" which was presented to the Fifth IMSC is attached
for reference (Annex 3).
5.

ACQUISITION OF LGNS-TEtH, HCMDGENEDU5 SHOES OF DATA

5.1
The experts recognized tht major temporal and spatial gaps and other
deficiencies exist in available global and regional long-term data sets.
Greatly heightened awareness of the necessity to acquire more extensive and
improved datasets is needed to address climate change and variability issues.
That action is required now if we are to impact the IPCC development of
gridded data sets for its 1994-95 evaluation and provide needed support to
model predictions, e.g. the United States NMC's major reanalysis project, to
develop a gridded, homogeneous, re-analyzed, three-dimensional data set to be
available later this decade.
5.2
The group noted that observational networks are being altered as
automation and satellites with improved sensors are introduced. These changes
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change-over period, i.e. until acceptable record blending is achieved. The
alternative is to risk the loss of irreplaceable data series that are of
critical importance in providing CCD answers. Dataset blending must take into
consideration estimation errors as well as changes in mean values. Needed are
statistical techniques to assist in blending conventional records with new
data fields (e.g. satellite SST with ship records, conventional snow cover
measurements with the interpretation of snow cover from satellite imagery),
and to better exploit reanalyses. A small addition to the GTS, CLIMAT code
could alert data managers and users to possible secular changes arising from
instrumental or procedural changes.
5.3

Conventional data

To enhance and facilitate acquisition and use of conventional data
series the experts recommended that:
5.3.1
The CLIMAT code should be modified to provide monthly mean maximum and
minimum temperatures and an indicator of instrumental or procedural change for
the measurement of temperature and precipitation.
5.3.2
The documentation procedure proposed at the Expert Meeting on Global
Baseline Datasets, documented in WCDP-11, to provide a more rigorous basis for
the assessment of the effects of urbanization and land-use changes should be
rigorously implemented (Annex 4 ) .
5.3.3
WMO should act to motivate and assist developing countries to become
more involved and familiar with the CCD project by acting to upgrade its
priority and actively facilitating its development. To that end, permanent
representatives should be alerted to the importance of their climate data in
responding to urgent national and global climatic concern and also that, for
those purposes, their data series must be homogeneous. The recent Earth
Summit in Rio de Janeiro makes the present a most propitious time for taking
such action. But CCD must be seen, above all, as nationally advantageous not just serving improved global modelling. Through it, WMO should actively
supporting national interests by addressing prime national climatic concerns
and interests. To that end the experts recommended:
(a) Permanent representatives should be asked to implement regional
programmes of assembly and analysis of national climate records
(as to completeness, homogeneity, metadata and character),
emphasizing precipitation as well as temperature. By so doing,
they will not only identify data set holdings, but also obtain
important information on the national climatic resources and
hazards and their variations in space and time, and on other
important characteristics of climate change and variations.
b)

WMO should assist in such efforts by providing software guidance,
demonstrations and training. R. Heino (Finland) has indicated
that the Nordic data set analysis could be made available to serve
as a model or prototype for other national/regional projects.
Whatever model is adopted, it would be designed or modified to
meet the specific needs of developing countries.
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CCDP:

The experts recommended several other steps to fully implement the

5.4.1
Demonstration and instructional projects should be held in conjunction
with the 1995 IMSC meeting, at meetings of Regional Associations and by
visiting scientists. Participants should be encouraged to bring along their
national data sets for analysis - a stimulus for their preparation.
5.4.2
Short courses on the assembly and analysis of national regional and
other data sets should be provided at WMO training institutes.
5.4.3
WMO should promote OCDP activities generally, by assessing software
and hardware as to their utility for use and availabiity at the
national/regional level. As an example, WMO should evaluate the merits of and
implement or promote the provision of CD-ROM readers and disks.
5.5

GOOS

5.5.1
Ihe meeting saw the initiatives of GOOS and the OCD/WG as
complementary, with GOOS focusing on the future network and the CCD/WG on
historic data in a manner somewhat parallel to the DARE rehabilitation
initiative, i.e. ferreting out series, promoting their rehabilitation as
homogeneous series and interpreting them.
5.5.2
Recognizing the vital importance of being able to bridge historic data
with records to be acquired under GOOS, and to aid future data acquisition
planning in addressing the issue of OCD, it was deemed urgent that the OCD/WG
exert pressure to have a WG member placed on the GOOS Joint Scientific and
Technical Committee (JSTC) so as to be able to shape its development. At
present the CCD/WG is too remote from GOOS JSTC to influence its formation and
operation. Should membership on GOOS, JSTC not be realized, the involvement
of a JSTC member in CCD/WG activities should be promoted.
5.6

Modelled data

5.6.1
The possibility of WMO serving as a 'global clearing house' for
model-derived data sets was discussed at length. The role was considered too
unwieldy and unwarranted by some, but others thought that well-documented GCM
output must be readily accessible, especially to interested scientists in
developing countries to help with the detection issue. The CCDP may want to
consider this topic further.
5.6.2
Discussions should be held with CIMO concerning modelling techniques
for the homogenization of instrumental records.
6.

QQALETY IDENTIFICATION

6.1
The system of data quality classification raised at the October
meeting of the WG was briefly considered. The prevailing view was that this
was probably not feasible, that data should be published as journal papers or
atlases with relevant caveats for peer-review purposes and that data-set
compilers should prepare detailed instructions on the data, including quality
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7.

SUftKRY OF KBXWMEMMTIONS

7.1
The CCD/WG membership should be increased by at least two more
scientists having expertise in comparing observed climate/climate change data
with models. Alternatively, one of these scientists may be an internationally
recognized climate global atmospheric circulation modeller.
7.2
The CLIMAT code should be modified to provide monthly mean maximum and
minimum temperatures and an indicator of instrumental or procedural changes in
the measurement of T or P.
7.3
Documentation procedures should be implemented to provide a more
rigorous basis for the assessment of the effects of urbanization and land-use
changes. The attached procedural form (Annex 4) has been used by Australia,
Canada, The United Kingdom, the former Union of Soviet Socialists Republics
and The United States of America. General use is urged of this or an
equivalent documentation form.
7.4
Recognizing that observational systems are undergoing major changes,
greater emphasis must be given to the need to take parallel sets of
observations in-situ until acceptable record blending is achieved. WMO must
promote the development and exchange of needed blending techniques and
relevant software and act to have standards, procedures and archival and
retrieval information made visible and accessible to member countries.
7.5
VvMO should act to motivate and assist developing countries to become
more involved and familiar with the Climate Change Detection Project, acting
to upgrade its priority and actively facilitating its development. Steps
therein include:
7.5.1
Sensitizing Permanent Representatives on the urgent need for
homogeneous climate data sets in addressing important national and global
climatic concerns.
7.5.2
Asking Permanent Representatives to implement national-to-regional
programmes concerning:
a)
b)
c)

data set assembly;
the development and provision of information on data set
completeness, quality, homogeneity and other metadata and
the rigorous local and regional interpretation and application of
these datasets.

7.5.3
Assisting in such efforts, by providing training, related software and
global data sets for comparison and background documentation.
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a)

the June, 1995 Sixth International Meeting on Statistical
Climatology (IMSC) meeting, Galway, Ireland;
b) WMO Training Institute courses;
c) meetings of Regional Associations and
d) seminars by visiting scientists. Other potentially productive
channels of action include the training meetings of the Third
World Academy of Sciences (Trieste) and NATO scientific meetings.
Participants should be encouraged to bring their national data
sets for analysis at these sessions - a stimulus for their
preparation.

7.5.4
WMO should assist national/regional OCDP programme development by
assessing the utility of and advising on available datasets and software (as
well as the means of their acquisition) for use in OCDP-related activités. In
addition, WMO should evaluate and advise on the acquisition of CD-ROM disks
and readers.
7.6
Action should be taken to have the CCD/WG represented on the GOOS,
JSTC. As a fall-back position, a GOOS, JSTC member should be appointed to the
WG.
7.7
Discussions should be held with CIMO concerning modelling techniques
for the homogenization of instrumental records.
7.8
A small expert group including one or two professional statisticians
and one person well-versed in climate change assessment and observational data
should be formed to prepare a critical review of statistical methods used for
data processing and to formulate recommendations.
8.

ADoaaHtMorr

Before the 10.30 adjournment, the group agreed that the Chairman,
Mr. McKay, would compile a draft of the meeting report, incorporate suggested
changes by participants and send it to the WMO Secretariat for appropriate
distribution.
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1.

root deviations, moving or weighted averaging now
commonly called filtering, empirical correlation
or serial correlation, Fourier analysis or more
generally spectrum analysis, least squares adjustment, principal component analysis or empirical orthogonal functions, and other still more
sophisticated procedures.
The object of these methods is often to eliminate from the series the so-called "noise" 1n
order to extract some special signal, forgetting
that noise is an unseparable characteristic of a
statistical phenomenon.
On the other hand, the theoretical method is
based on the theory of mathematical statistics
which gives the way for statistical inference,
way involving testing of hypothesis for adequate
modelling and for fixing the size of the estimation errors when adjusting the chosen model.
At this stage of statistical procedures, different misuses are already to be mentioned. They
affect either the use of the empirical procedure
or the interpretation of the result of statistical tests when applying the theoretical one.
The first mistake rises from confusing empirical and theoretical analysis. It consists 1n
accepting the description given by the analysis
without discussing the Influence of the estimation errors in the properties apparently revealed
by this analysis and thus without testing neither
their validity nor their predictive power.
For the second case, undue conclusions may
follow from incomplete analysis of the total sample or from unproper use of significance levels.
As an example of incomplete analysis, let us
remember that 1f an underlying hypothesis 1s Involved 1n a test of hypothesis, when this underlying hypothesis 1s not fulfilled, this may lead
to rejection of the tested hypothesis though 1t
is true.
For significance levels, considering QO as the
adopted critical level and a the level corresponding to the observed value of the test statistic
for a given sample, the null hypothesis 1s then
rejected as soon as a < ao.
It is obvious that consistence of statistical
analysis implies that the chosen critical level
remains constant once for all.
This means that when the analysis consists 1n
multiple testing as i.e., when simultaneously
testing independent subsamples or Independent
hypotheses on the same sample, proceeding to a
particular test should take account of this pecularity by a convenient modification of the corresponding critical level.
In this special case, the reason for this caution is that when adopting for each subsample the
level oo as critical level, the repeated application of the same test to each of the subsamples

INTRODUCTION

Though the evidence of the existence 1n the
past of climate changes (Le Roy Ladurie, 1967;
Lamb, 1972), until the 70es, 1t was believed
among the majority of climatologists that our
climate was stable. Even if, already 1n 1947 and
1948, Lewis, Lysgaard and Vandenplas put the
attention on a possible warming of the climate
during this century, the general belief was that
the observed temperature increase resulted from
urbanization around the observatories (heat Island effect).
Witnesses of this opinion are I.e. Dettwlller's paper on the air temperature evolution in Paris (1970) and Prof. Landsberg last activities 1n
observational experiences on the heat Island effect (WMO-CCL Session 1982).
The discovery of the growth of the concentration of trace gases 1n the atmosphere having a
greenhouse effect, growth confirmed especially 1n
the case of the C02 concentration, and the first
predictions produced by the GCMs of an enhanced
greenhouse effect, changed completely this opinion with the result of a general Jump of the
climatologists into the problem of detection of
the induced temperature Increase 1n the climate—
logical series of observations.
Actually, due to the random character of 1nterannual variability, this search for temperature change is a statistical problem and the
literature of the subject shows that, if some
valuable work has been done on this topic, correct use of misleading methods or unproper use of
appropriate ones presented in seminars, conferences and even in published papers, often led to
dubious or to weakly significant results.
The error Is not necessarily due to a lack of
experience in the case of beginners in these procedures, but affects even experienced scientists.
The aim of this paper 1s to simultaneously
report on and point out the weaknesses of the
statistical procedures used for solving the problem of climate change detection during the last
fourty years. It 1s completed with recent results
given by what we think to be the rational way for
solving the problem.

2.

GENERALITIES

Synthesis of the statistical properties of
large sets of observations 1s the fundamental aim
of statistical analysis. To reach this aim, two
quite different ways may be used: the empirical
one and the theoretical one.
The empirical one produces general descriptions by means of what we shall call empirical
methods. Examples are: averages, average square
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increases the probability of finding under the
null hypothesis a significant result, which means
that the fixed critical level of significance for
the total sample is no longer ao.
3.

putting 1 = 2k+1, we find, after some reduction
Qn = 1 + (l-1)[(1/n - (l+1)/nl]
which with (6) and
term in nl gives

THE SEARCH FOR CLIMATE CHANGE

The best means to review the different procedures to detect such changes is to remember the
way covered since the first searches to solve
this problem.
3.1

(a) as expected, moving averaging leads to no
improvement in estimating the non random component;
(b) on the contrary, the procedure introduces
an artificial smoothing effect giving an apparent
look of the climate evolution quite independent
of the non ranaom component and, at the same time, modifies the true prooerties of this component when non linear.
In particular, this explains the fact that the
occurrence of exceptional high values at the beginning or at the end of the series may give to
the series either a decreasing or an increasing
effect, appearance to be assigned uniquely to the
analysing procedure (see i.e. Parkinson, 1989).
It follows that conclusions based on the results of this procedure are completely misleading
and thus, that this method has to be avoided both
for representing the climate evolution as for the
search for climate changes.

(1)

the sum of the coefficients aj being 1.
Moreover, when aj is constant, the method reduces to the moving averaging one.
To point out the misleading character of this
procedure, consider the case of a simple random
series i.e. the elements of which are Independently and identically distributed (i.i.d.).
If a Is the mean of the distribution, the model defining the random process is then defined
by the relation

3.2

(2)

(3)

- a + e'<

e' being related to ei in the same way as x* to
x.
Computing variances and covariances of e'<
gives
var e* = (var e)/(2k+1)

(4)

while from the autocovariances it appears that
autocorrelations are
n

= 1 - j/(2k+1) for j < 2k+l

and
rj = 0

for j > 2k+1.

(5)

These relations remain the same for x'.
Moreover, 1f for a series of size n, we consider Bartels' equivalent number of repetitions Qr>
defined by the relation (see Sneyers, 1975 or
1990, p.168 and 174) .
var â*n = Qn (var x')/n,

Testing the homogeneity of two Independent
samples. Student's t-test.

Climate change destroys the homogeneity inside
independently distributed series of observation.
In the special case of a resulting division of
the total series into two independent series.
Student's t-test may be considered as an appropriate way for the purpose of climate change detection.
Note, however that, if the normality assumption for the distribution of the elements of the
series is not a drawback for its use, owing to
the robustness of the test, the non homogeneity
of the sample variances may introduce a bias in
its result.
Moreover, if for a given critical level of significance, its use gives valid conclusions in
the case of a single series, for instance to the
series of annual values, its simultaneous application to seasonal or monthly series without adjusting the corresponding critical level of significance may lead to invalid conclusions.
As an example, let us mention that comparing
by means of this test the period 1939-1953 of
available observations for Brussels with the reference period 1901-1930 (Sneyers, 1954), led
correctly, at the SX level, to the conclusion of
a significant increase of the annual mean of the
daily maximum of the air temperature.
On the other hand, the detection of three seasons and six months affected by a significant
increase at the same level, 1f confirming by
their number the existence of a climate change at
the scale of the year, it did not allow a similar
conclusion for a fixed season or month.
For the selection, the correct level a adjusted to the global level ao is then given by the

where ei is 1.1.d. with zero mean and zero autocorrelations.
Applying the procedure gives rise to the new
relation
x'i

(8)

The conclusions are

Moving averaging or more generally filtering
is the oldest procedure used for characterizing
the climate evolution. In fact, the first assumptions born 1n the 1940es of a wanning climate
were based on the results provided by this method
and even nowadays 1t 1s still used for this purpose (see I.e. Lewis, 1947, Lysgaard, 1948, Vandenplas, 1948 and a 1991 WHO Bulletin).
This method 1s mostly applied in order to damp
the Interannuel variability in view of getting a
more clear look on the long term evolution of the
non random component of the series.
It consists by replacing in the series each
value x< by the value x'i defined by the relation

Xi = a + ei

higher orde"r

With var x' = (var x)/l, we have finally
var â'n = (var x)/n.

, k

the

var â'n = (1/n) var x*

Moving averaging and filtering

x'i= I ajxi*j, where j=-k, -k+1,...

neglecting

(7)

(6)

where â'n 1s the average of the series of x'i,
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relation
(1-a)- = 1 - ao

properties of the error e, or non exhaustivity of
the relation (10).
For the statistical properties of e, the normality assumption 1s of minor Importance 1n the
case of large samples, due to the asymptotic normality of the errors on the parameter estimates.
On the contrary, the Independence of e 1s a
major assumption, the absence of which may Introduce strong blasses into the conclusions.
Moreover, when testing the Independence of e,
care has to be taken of the fact that the distribution of the serial correlation coefficient depends on the number of parameters under estimation (see Kendall, 1976, p. 164).
In the case of linear regression, the distribution of a transform of this coefficient, which
1s actually the inverse of the old Abbe criteria
for homogeneity (Conrad, 1925, Sneyers, 1957),
has been studied by Durbin and Watson (1950, 1951
and 1971).
For avoiding errors of Inference due totally
or partly to non exhaustivity or to non appropriate choice of relation (10), the best way 1s
to divide the information into two Independent
parts, one being used for estimation and the
other, for testing the goodness of fit of the
adjusted model (Panofsky and Brier, 1958, p.179).
Note that if the condition for appropriate
choice of model (10) 1s major in the case of non
linearity, when the partial derivatives of f are
finite, this condition weakens for small departures of the observations from corresponding central values of the elements. On the contrary, for
large departures, the linear approximation 1s
misleading.
In the case of climate change research, special applications generally used of this method
are linear trend detection, search for enhanced
effects on climate and Fourier or spectral analysis.

(9)

m being equal to 4 or to 12, respectively in the
case of seasons or months.
The correct selection leads then, at the global 5% level, to a significant increase for each
of the three seasons (spring to autumn), but for
only one among the
six previously selected
months.
Another interesting application of the t test,
in Its Fisher variance ratio form, for the detection of climate change was made for the period
1874-1945 by Vialar (1952) for the air temperature at P a n s .
The method consisted in applying the test to
the two partial series defined by a point running
from the beginning to the end of the series. The
first point corresponding to a significant value
of the test statistic has then been considered as
the beginning of a climate change, the 5X significance level remaining the same for each trial.
Obviously, this procedure involves two misuses:
(1) no account is taken for the repetition of
the test;
(2) the fact that a dividing point leads to a
significant value of the test statistic does not
mean that it is an outlier for the first of the
two series; thus, it may not be considered as the
starting point for a climate change.
In the particular case of a change point dividing the series into two homogeneous random series with different means, the ML estimate of the
change point 1s given by the point for which the
significance level is least.
For this case, Vialar's procedure reduces to
the parametric change point estimation developed
by Hawkins (1977) and Worsley (1979).

3.3

Least squares adjustment of a
model.

3.4

regression

In this case, the function f reduces to a linear function of the time or, the considered values being generally annual ones, of year 1 corresponding to the observation y<:

If in a process, the value y of an element
depends exhaustively of a set of values of k elements xi, X2,...
, xk, this dependence may be
characterized by a relation of the form

yi
y = f(xi, X2,.,

.

Xk)

, xn) + e

(12)

ai + et

(10)
Testing the stability of the series comes then
out to testing the hypothesis a = 0, test which
may be reduced to testing zero correlation between y< and i.
Our first use of this method showed the existence of significant Increasing trends for the
series beginning in 1885 and ending at years varying from 1930 to 1950, for Brussels-Uccle,
Greenwich-Kew, Paris-St-Maur, Frankfurt a/Ma1n,
Kleve and De Bilt (Sneyers, 1956). However, Anderson's serial correlation test (1942) applied
to the deviations of the series from the linear
model, did not allow to conclude to the linearity
of the trends.
This method is still largely in use in the
climatological literature without testing the
randomness of the deviations, the most awfull
manner being the one of applying it to the moving
averages of the global air temperature data set
prepared by Jones (1985, 1989).

More'over, if the analytical form of the function (10) is well known, except the values of
parameters involved in this function, estimates
for these parameters may be achieved by applying
the least squares procedure to a set of simultaneous observations of the elements y and xj,
J = 1, 2,... , k.
In this case, the true values differing generally from the observed ones, for the observed
values, the correct relation is then
y = f(xi, X2,.

Linear trend detection

(11)

were e Involves both the errors of observations
on y and on f.
When using this procedure, the covariance matrix of the estimation errors on the parameters
may be well determined under the condition that
the error e is a random one. Identically and
independently distributed following a normal distribution.
Two kinds of traps may lead to dubious conclusions: incorrect evaluation of the statistical

3.5

Search for enhanced effects on climate.

In this case, y is the global average
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air temperature and f is a linear function of
variables representing different effects among
which the CO2 concentration.
The first caution to keep in mind is that the
adjusted linear regression nay be but an approximation of a true non li-near relation. Extrapolation for large deviations from the observed values may then lead to dubious predictions.
Another point worth to be mentioned 1s that
air temperature and CO2 concentration series
being simultaneously growing with the year, the
fact that this last variable 1s not taken Into
account in the model modifies probably the detected correlations.
The same occurs, for Instance, with the correlation between the monthly sunshine and the corresponding air temperature. It 1s well known,
that in our country, sunshine is differently correlated with temperature for January and for July. However, correlating the observations of
twelve consecutive months leads to the opposite
result due to the simultaneous strong seasonal
variation for the two variables.
This spurious result is thus a special case of
non exhaustivity of the adjusted model.
3.6

residual was responsible for overestimating the
number of significant components.
In any case, this gives simultaneously a good
example for both the possibilities of the method
and of the usefulness of Panofsky and Brier's recommendation.
3.7
The
tions

Cumulative sums of deviations (CUSUMS).
method

consists

in computing the devia-

ei = x\ - m(x)

(13)

between the element xi of a series with Its general average m(x).
The sums Sk = Zej, where j is extended from 1
to k, are graphically represented in function of
k, for k = 1, 2,... , n, and abrupt changes 1n
the mean of the series are then characterized by
slope changes in the progression of the graph.
Craddock (1979) used this procedure for the
verification of the homogeneity of climatological
series by applying it to the differences between
the observations of stations under control and
the corresponding ones of a reference station.
Abrupt climate changes were also detected by
this procedure by Coops and Schuurmans (1986) for
the air temperature at De Bilt (The Netherlands).
Though the method has been found especially
useful for the detection of possible heterogeneities, the search for confirmation being then possible by archives examination, the absence of a
selection test for separating random changes from
significant ones makes it unsuitable for climate
change detection.
Note that the rank version of this procedure
due to Pettitt (1979) for the case of a single
change point gives the right answer to the mentioned drawback, when each of the two subseries
are i.i.d.

Fourier analysis and spectrum analysis.

Already during the 19th century the search for
periodicities in the climatological series has
been a topic of great interest for climatologists. In particular, Koppen (1873) tried to detect in these series the influence of the variation of the solar activity, characterized by the
Wolf sunspot number.
The method now mostly used for this purpose 1s
spectrum analysis, which generalizes the Fourier
analysis.
The fact that detection of the possible periodic components of the series 1s based on the
spectral density which gives the relative contribution to the total variance for each argument a
corresponding to any given periodicity, reduces
the problem of significance of these components
to the search for an adequate multiple test.
For the difficulties raised by this problem,
the best reference remains still the comments on
this subject made by Kendall and Stuart (Vol. 3,
1966).
A way for avoiding this difficulty is to note
that the results given by the usual Fourier analysis for a given period (i.e. the seasonal variation) are, in fact, those procuced by the adjustment by least squares of the total Fourier
development to the series (Sneyers, 1975 and
1990). It follows that the périodicités existing
in a series being more clearly apparent in the
empirical autocovariance function, at least 1n
Its first part, the graph of this last function
may be used for detecting the possible existing
periodic components, least squares being then
used for estimating and testing significance.
This procedure was applied to the series of
the Wolf sunspot numbers (Sneyers, 1976) and its
results were confirmed by a sequential spectrum
analysis (De Meyer, 1981).
However, testing these results with an Independent series (Sneyers and Cugnon, 1986) reduced
the number of estimated periodic components from
26 to three ones explaining only 48X of the total
variance, the remaining been divided into an
autoregressive process (37X) and Its associated
i.i.d. random variable (15%).
In fact, the serial correlation affecting the

4.

NON PARAMETRIC STATISTICAL DETECTION
CLIMATE CHANGE.

OF

A general method avoiding the different above
described drawbacks involves the simultaneous use
of a trend test (Mann, 1945), a change point test
(Pettitt, 1979) and a test of randomness against
serial correlation (Wald and Wolfowitz, 1943),
all the tests being non parametric ones (Sneyers,
1992).
In particular, for analyzing the internal
structure of the series, the trend test is applied in a sequential manner. Moreover, the Wald
Wolfowitz test being, for large samples, practically identical to Anderson's test, replacing in
the statistic, the original values oy the corresponding ranks as suggested in Sneyers (1975 and
1990) makes the test equivalent to the rank version of von Neumann's ratio test developed by
Bartels (1982).
The conclusion appearing from the application
of this method to long climatological series is
that, except for local influence of increasing
urbanization, climate changes seem generally to
proceed in an abrupt manner.
Using the sequential version of the trend test
combined with the test of randomness, this conclusion has been established for the series of
temperature:
(a) at the seasonal scale, for Brussels and
Paris (Sneyers, 1958) with changes round 1910 for
winter and spring and round 1930 for summer and
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autumn, changes confirmed 1n 1971 and 1989 for
Brussels (Sneyers, 1971 and Sneyers et al.,1989).
Note that the purpose of the paper of 1958 was
to show that a climate change was responsible for
an apparent correlation between the seasonal air
temperatures detected for Brussels and Paris;
(b) at the annual level, about 1920 for Basle
(Switzerland), Oe BiIt, Brussels and Paris and
for the Jones series for the Northern Hemisphere
(Goossens, 1986 and Goossens and Berger, 1986).
The complete analysis led, at the seasonal
scale, to the above mentioned confirmation for
Brussels and to similar results (Sneyers et al.,
1991) for the Austrian series homogenized by Bdhm
(1990) and for the series of averages computed
for P1c du M1d1 (France) by Bûcher (1990).
At the annual scale, confirmation of the
existence of the change point round 1920 was given by Demarée (1990) for both the Northern and
the Southern Hemispheres.
Moreover, the analysis of the Austrian series
reveals that actually, the last abrupt increase
counterbalances an abrupt decrease which occurred
round 1828.
For the annual amount of rainfall, results to
be mentioned are: an abrupt Increase round 1910
for Brussels (Sneyers et al. 1989), and for Africa: abrupt droughts about 1971, for Upper Volta
and Burkina Faso, but without using the trend
test (SnIJders, 1983 and 1986), for Mauritania
round 1967 (Demarée, 1990) and on the contrary,
an abrupt Increase during the period 1961 to 1972
1n Burundi (Demarée and Sneyers, 1991, unpublished paper) which might explain the Increase of
the flow of the river ZaYre, observed during this
period (Bultot and Duprlez, 1987).
Note that, for Brussels, concomitant abrupt
changes occurred for the variance of both temperature and rainfall.
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CONCLUSION

At the level of statistical modelling, the
mentioned results show that the simple random
models may no longer be considered as representing correctly the climate evolution, but that at
least bi-modality has to be taken Into account.
Note, for this point, that an adequate answer
seems to be given by dynamical stochastic models
as the one considered by Demarée and Nlcolis
(1990).
For the more general cUmatologlcal problem of
climate change, the Importance of such results 1s
emphazised by the fact that for quality control
of theoretical climate models, no other alternative exists to this control than statistical climate modelling.
At the same time, it shows the degree of poorness of results given by climate change analysis
limited to hemispheric or global series, due to
the considerable loss of information involved in
such a procedure.
If still necessary, this leads us back to the
too often forgotten necessity for the availability of world wide extended long homogeneous series of observations.
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STATE

STATION
NUMBER

STATION
NAME

OBSERVER
NAME

PRESENT, PREDOMINANT LAND USE AROUND STATION
RADIUS AROUND STATION
100 METERS
(100 Yards)

1 KILOMETER
(1/2 Mile)

10 KILOMETERS
(6 Miles)

CODES t

CODES t
0
1
2
3
4
5
6
7
8
9

UNKNOWN
NON-VEGETATED (barren, desert)
COASTAL OR ISLAND
FOREST
OPEN FARMLAND, GRASSLAND OR TUNDRA
SMALL TOWN, LESS THAN 1000 POPULATION
TOWN 1000 TO 10,000 POPULATION
CITY AREA WITH BUILDINGS LESS THAN 10 METERS*
CITY AREA WITH BUILDINGS GREATER THAN 10 METERS*
AIRPORT

*

30 feet or 3 stories tall

Instructionsi Fill in your state, station number,
station name and observer name. Enter the code
that best describes today's predominant land use within
a circle around your station at each radius shown. You
may enter more than one code on a line, but
remember to describe the predominant land use, not
all land uses.
Return this form in the enclosed
envelope, or mail tot
WMO/WWR Project, DBMB
Attnt Lewis France
NCDC, Federal Bldg.
Asheville, NC 28801
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