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Preface
The development of climate variability and change studies requires longer
series in time and more dense station network in space. Therefore, more and
more time series have become involved in solving applied and theoretical
problems. On the other hand, instrumental and observational parts of
measurements are mainly determined by operational requirements as well as
financial capabilities, thus station locations, the instrumentation and observing
standards have changed from time to time. These changes introduce data
inhomogeneities into the time series. For the use of the observational series,
these changes should befilteredout, otherwise we cannot distinguish between
natural and artificial change and variability.
As a consequence, the problem of homogenization is one of the central
questions of climatological databases. Recently, many new methods were
developed. Also, some national climatological databases have been
homogenized by the means of older, recommanded methods. Moreover, some
others were processed by new procedures, including more or less published
methods. We deem these methods important to be collected, compared and
investigated. This was the main motive of this seminar.
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The Seminar was held at the Headquarter of the Hungarian Meteorological
Service (HMS) in Budapest, during 6-12 October, 1996, and was attended by
29 participants from 22 countries. Besides presentations, practical exercises
and discussions were also organized.
The HMS hosted the Seminar. Financial support was provided by the World
Meteorological Organization and the European Climate Support Network,
which member HMS is. Besides these bodies, emloyees of the Climatological
and Agrometeorological Department are also aknowledged, especially Ms.
Edit Simon, Enikô Ûjhelyi and Messrs. Tamas Szentimrey, Csaba Szinell.
The success of the Seminar is a result of the common work. Therefore, I
would like to express my thanks to all the participants for their attendance,
work and useful contributions.
Budapest, April 1997
Sândor Szalai
Hungarian Meteorological Service
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THE IMPORTANCE OF THE HOMOGENIZATION OF
CLIMATE DATA TIME SERIES IN THE CONTEXT OF THE
WORLD CLIMATE DATA AND MONITORING
PROGRAMME

Peter SCHOLEFIELD

World Meteorological Organization
WMO Secretariat
41, av. Giuseppe-Motta
P.O.Box 2300
CH-1211 Geneva 2
E-mail : scholefieldjp@gateway.wmo. ch

It is my pleasure to speak to you today on behalf of Professor Obasi, the SecretaryGeneral of WMO, at the commencement of this very important meeting. The
WMO is very appreciative of this initiative of the Hungarian Meteorological
Service and was pleased to be able to make a small contribution as a co-sponsor.
The timing and venue of this meeting are particularly appropriate in view of a
number of significant international events on the climate change issue in 1996 and
recent developments within the World Climate Data and Monitoring Programme:
The third annual WMO Statement on the Status of the Global Climate was released
in April 1996 and featured two surface temperature time series graphs to
demonstrate the record global and regional (former USSR) warmth. It is important
that the individual station data used to in these composite analyses be as
homogeneous as possible, especially for possible subsequent regional and specific
site analyses.
The release of the IPCC Second Assessment stated that: "The balance of evidence,
from changes in global mean surface air temperature and from changes in
geographical, seasonal and vertical patterns of atmospheric temperature,
suggests a discernible human influence on the global climate" However, in a
cautionary note, the assessment pointed out that: "there are uncertainties in key
factors, including the magnitude and patterns of long-term natural variability"
The assessment further stated that "There are inadequate data to determine
whether consistent global changes in climate variability or weather extremes have
occurred over the 20th century". One of the inadequacies is the inhomogeneities
that exist in climate data.
At its third session in February 1996, the CCI Working Group on Climate Change
Detection strongly endorsed the convening of this homogenization seminar. It also
reviewed the progress made in establishing the Global Climate observing System

(GCOS) Surface Network. Such a global surface reference climatological network
was first proposed by the Working Group at its first session in March 1994 in an
attempt to preserve and maintain a core network of long-term data stations needed
for the detection and monitoring of global surface temperature. One of the
selection criteria is that there be a homogeneous record of the data from each site.
The Working Group also proposed the establishment of a Task Group on Indices
for Climate Change Detection. The development and utility of such indices will, in
most cases, rely on the availability of homogeneous data sets.
A one-day meeting of climate system monitoring experts in June 1996 initiated a
plan for a public information initiative on the climate of the 20th century that
would include the publication of a review document targeted at the educated
general public. This initiative and the review document itself will provide an
opportunity to enhance awareness of the importance of homogeneity in data set
analysis and give examples of homogeneous time series analyses of important
climate parameters.
The importance of scientific analysis through the EPCC Second Assessment was the
topic of considerable discussion at the July 1996 second meeting of the Conference
of the Parties to the UN Framework Convention on Climate Change.
Demonstrating the reality of global surface temperature warming will be critical to
convincing signatory nations to adopt suitable strategies to stabilize or reduce
carbon dioxide emissions. Inhomogeneities in station data sets can result in
misleading station temperature trends or fluctuations that are of a similar
magnitude to the approximate 0.5 degree Celsius warming that has occurred over
the past 130 years.
At the September 1996 GCOS meeting on In Situ Observations for the Global
Observing Systems, Mr. Tom Karl from the National Climatic Data Centre in the
USA presented a set of Guidelines and Principles for Climate Monitoring which
were adopted by the meeting and serve to emphasize the importance of
homogeneous data sets. These guidelines are as follows:
(1) Assess the impact of new systems or changes to existing systems
prior to implementation.
(2) Require a suitable period of overlap for new and old observing
systems.
(3) Results of calibration, validation, algorithm changes, and data
homogeneity assessments should be treated with the same care as the
data.
(4) Ensure a capability to routinely assess quality and homogeneity,
including high resolution data for extreme events.

(5) Assessments, like IPCC, should be well integrated into global
observing priorities.
(6) Maintain long uninterrupted stations.
(7) Data-poor regions and sensitive regions to change, should be given
high priority for additional observations.
(8) Network operators, designers, and instrument engineers must be
provided long-term requirements at the outset of new system design
and implementation.
(9) Transition from research observing systems to long-term operations
must be clearly thought out, and not abandoned.
(10) Data management systems that facilitate access, use, and
interpretation are essential.

METADATA AND THEIR ROLE IN HOMOGENIZATION

Raino HEINO
Finnish Meteorological Institute
Climate Research
P.O. Box 503, FIN-00101 Helsinki, Finland
email: raino.heino@fmi.fi

The homogeneity of the data is important in climatology, especially in the study of
climatic changes. Long-term changes due to real causative factors have been (and
probably will be) small and slow and are hidden under large year-to-variability.
Climatic records, at least those which are readily available, are normally mixtures
of both apparent and real variations (Fig. 1 ).
In practice, it is difficult to obtain long homogeneous data records. Various factors,
such as changes in instruments and their exposure, observation times and averaging
methods and observation sites and their environments introduce inhomogeneities
into the data. Most of the inhomogeneities are step-like changes and typically alter
the average value only, usually leaving the higher statistical moments unchanged.
An inhomogeneity, however, may also contain changes in variability or in other
distribution parameters. In practice, the inhomogeneity of a longer-term time
series, is usually a combination of many factors.
It is obvious that the apparent variations should be eliminated in order to get
meaningful research results. Several statistical methods are available, which can
show whether any bias is included in the data records. Some methods provide also
an indication of its location but the causes cannot be revealed by any statistical
methods. Information on the history of the measurements and stations
("metadata") is thus essential for a successful study of the data homogeneity. It
should be added that the definition of metadata is much broader and it includes
typically information related to all kind cataloguing of data, not only surface
climatological stations.
A straightforward way to identify possible points of inhomogeneity in records is a
careful study of the "methodological history" of the country in question (e. g.
country-wide changes in instrumentation or times of observations and averaging
methods). The background of each observing station should also be checked from
station inspection reports or other relevant documents. Any changes in
instrumentation or location should be checked as a possible source of
inhomogeneity. The effects due to different inhomogeneities, which are not the
same for all the climatic elements, have been summarised in Table 1.

Studies of methodological or single station histories are quite difficult and time
consuming to conduct. In addition, the necessary information sources for a given
country are available only in that country. The language in which the information is
described may also hinder this kind of study by outsiders.
Some attempts to create computerised metadata-files, however, have been made.
The National Climatic Data Center has a comprehensive metadata file system for
the United States and an ongoing activity to form a global metadata file their
Global Historical Climate Dataset. The metadata of the basic stations of the former
Soviet Union is also available.
The North Atlantic Climatological Dataset-countries have also worked hard with
the metadata issue. Similar principles will be used by the European Climate
Support Network. Metadata-files of several single countries are also known to the
rapporteur. The WMO inventory of climatological stations can also be regarded as
a massive metadata-file. It may form the basis for the global metadata system.
The role of the WMO is mainly to increase the awareness of the importance of
metadata and to encourage improved documentation and usage of metadata worldwide. The available global metadata files (in the first place the WMO inventory of
climatological statons and the activities of both the World Data Centres) should be
further supported.
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Fig. 1. Factors causing long-term climatic changes.
Table 1. Summary of the sources of inhomogeneity and their significance for the climatic
data records.
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The effect of the data homogeneity on the research results. All examples are from one
country (Finland), but similar cases are easily found around the world. Arrows indicate
changes of sites, instruments and observers. Thin lines and columns are based on original
(uncorrected) data.
a) 30-year moving average of annual mean temperature in Helsinki (60°N, 25°E). Thick
line: corrected (instrumental/averaging + urban warming + 2 station relocations)
b) 30-year moving average of annual mean temperature in Kuopio (63°N, 28°E). Thick
line: corrected (instrumental/averaging + 3 station relocations)
c) Differences of annual amounts of precipitation (in %) between two adjacent stations in
Helsinki (60°N, 25°E). Deforestation around the other station in 1914 and 2 station
relocations.
d) Differences of annual cloudiness (in %) between two adjacent stations in Hattula.
(61°N, 24°E). Changes of the observers have changed the difference considerably.
e) Diurnal temperature range (difference between annual mean maximum and minimum
temperatures) in Mikkcli (62°N, 27°E). Two site changes.

METHODS FOR HOMOGENIZATION OF DATA SERIES

Csaba SziNELL
Hungarian Meteorological Service
1525-Budapest, PO Box 38, Hungary
E-Mail: szinell@met.hu

INTRODUCTION
In the study of climatic series either climatic fluctuations or inhomogenities of
several kinds are the major alternatives of randomness. In general, the null
hypothesis of randomness consists of assuming that all observation of the series
come from the same population and that they are independent of all the other.
There are great number of alternatives that can be opposed to the above null
hypothesis, since these could be any relation between any element of the particular
series in question, or each of the others. As a consequence, a great number of tests
have been developed to characterize climatic series, which differ from each other in
a great extent.
Initially, these tests were dedicated to find changes, climatic variability and trends
in the observations. Whereas one is interested exclusively in data inhomogenities,
the climatic trends and other signals can lead to false conclusions, therefore the first
issue to accomplish in an analysis must be to „filter" the original observations, in
order to eliminate systematic climatic variability and changes. Appropriate
techniques for this procedure are overviewed in the first section, which are based
on relative inhomogenity testing. This method makes use of additional observations
(these are called reference series) to identify the climatic trends andfilterthem out.
After modifying the suspicious original data under consideration we gain a new
series, which is considered as unbiased and characteristic only to observational
inhomogenities, simpler tests can be applied to validate or to reject its randomness
(Wald-Wolfowitz, von Neumann) or to evaluate if a trend is present (MannKendall, Spearman). To verify one guessed break point, the appropriate tool is the
Wilcoxon test, whereas to find a break point with no preliminary assumption one
may use Pettitt's test. Tests are briefly summerized from the second section.
Recently, more sophisticated methods have been developed which enable the user
to detect multiple change points in the series. These tests are based on the
maximum-likelihood principle which is shortly presented as well as their principal
test statistics. Similarity in the tests is emphasised by revealing that the test statistic
of these tests can be prooved to be equivalent.

In this article the following notation is applied: yt is used for the data series under
examination, JC, is the reference series and zt is used for the filtered data which is
intended to contain no climatic tendencies, therefore its systematic changes can be
related to observational inhomogenities in,y,.
METHODS OF DATA FILTERING
The aim here is to produce data series z(t) that is characteristic only to the
observational inhomogenities of the original data y(f), as and the climate change is
filtered out. To fulfill this purpose, mainly climatological considerations should be
made, since this problem is less mathematical. In practice, more methods exist.
Here we overview them briefly, considering only one reference series, and do not
cover their extentions to the straightforward problem of more reference series,
when weighting must be applied.

Additive model
Climatic elements (such as temperature, air pressure) that are assumed to change
in paralel to the reference series, namely follow its change with the same figures
(e.g. +2°C), are called additive elements. In this case the appropriate filtering
method is:
z(t) = y(t)-x(t)

Cumulative model
Climatic elements (such as precipitation, sunshine duration, number of fog, snow
cover, etc) that are assumed to change relative to the reference series, namely
follow its change with the same ratio (e.g. -15%), are called cumulative elements.
In this case the appropriatefilteringmethod is:
*) =
W

«

x(t)/x
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Regression model
The third possibility is using the empirical regression between >/ and x:

KO = J + %-(*(')-*) and let

where Sxy is the empirical covariance, and Sx is the empirical variance of x(t).
The formulation above was applied by Potter (1981) based on the test of Maronna
and Yohai (1978). His bivariate test is a powerful tool to detect changes in means
when no climatic trend occures. When a climate change is present, it is likely that
the regression model does not filter it out from y(f). This can be concluded from
considering that the ratio S^jSx is mainly determined by stochastic relation of x
and^y, therefore it is fairly probable that z would still contain the climatic signal that
was intended to be removed. It is clear in case of independent series when the
covariance Sxy ~ 0, with which: z(t) = y(i) - y.

TESTS AGAINST RANDOMNESS
With the assumption of x(t) andy(t) being homogeneous and the elements of the
series are independent of each other in time, z(f) is a random series. The following
tests of randomness are suitable for general application to validate this assumption
for z(i), when alternative to randomness is neither known nor been able to be
assumed.

Wald-Wolfowitz test
The Wald-Wolfowitz test is also known as serial correlation test. This test is based
on the assumption that inhomogenity can be characterized in terms of relatively
lowfrequenciesof variation. Whereby it introduces serial correlation, which can be
tested by the lag-one correlation, the alternative hypothesis here is only a positive
serial correlation (persistance). Test statistics, its expected value and variance is
rather complex, therefore they are not cited here. For details, please consult either
WMO (1966) or Sneyers (1990).
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The von Neumann ratio
This test is also intended to test randomness against an unspecified alternative, and
is closely related to the lag-one serial correlation.
The test statistic of the von Neumann test is the ratio of the mean successive square
difference to the variance:
M-l

n

For large n, Kis normally distributed with the characterictics (WMO, 1966):

W) = ^

and

n-\

D^)Si^|.
{n-\)

Mann-Kendall test
In this test, each element z(/')is assigned to a value of «,, which is the number of
elements that are greater than the actual one z(J) and are preceding it (z(f)>z(f)
providing7</'). The test statistics t is given using the calculated «, (Sneyers, 1990):

Under the hypothesis of randomness, distribution function of / is asymptotically
normal with mean and variance:
K«-l)
4

n(n-l){2n
72

and

+ S)

Using these values, significance of/ can be tested using:
M(0 = ( / - E ( 0 ) / D ( 0

When the value of u is significant, its value indicate whether an increasing (w < 0)
or decreasing (w > 0) inhomogenity can be concluded. This is a powerful tool to
identify e.g. urban effects.

12

TESTS WITH RANK STATISTIC
In applying these tests, one need to consider only the relative value of all terms in
the analysed series. Each element in the series under examination is assigned to a
number from 1 to n, which is called rank, that reflects its magnitude relative to all
the other terms. All the tests that are reviewed here are based on the same rank
definition. In this sence, all the original z(i) are replaced by ranks rt that are
assigned to z(i) according to their position in the series after it was rearranged in
increasing order.
Spearman test
This test is used to detect trend in the z(i) series. The test statistics is given by the
correlation coefficient R between the i and the r, series as follows:
R=\-

n[n2 - lj zfc-f

Under the null hypothesis of randomness the distribution of R is asymptotically
normal with
2,~

E(R) = 0 and D\R) =

1

n-\

Using these values significance oîR can be tested. Significant values of R indicate
increasing (R > 0) and decreasing (R < 0) trend.
Wilcoxon test
This test is used to evaluate the validity of the hypothesis of a a premeditated break
point at the A* element of the series against randomness. The test statistics is:

1=1

which is asymptotically normal in case of randomness with
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which values are used to evaluate the significance of Rk.
Pettitt test
Pettitt's approach of change point detection is similar to the Wilcoxon test, but it is
appropriate for searching for a break point, instead of validating a fixed one. The
test statistics is (Sneyers, 1995):
*, = 2(^-%))

where Rk and E(Rk) are identical to the expressions outlined at the Wilcoxon test. A
change pont is given at E, which is the value of k for which Xk is the greatest or
smallest:
( ^ ) 2 = max(^2),
at the significance level of a = exp-6(XF)2/(«3 + «2J . The test can also be
extended to detect several change points (Sneyers, 1992).
The problem with this method lies in the determination process of the change
points. It can be seen from the definition of A* and the equation for D 2 (^), that Xk
values have different variances, therefore comparing them to each other can lead to
erroneous estimates. Moreover, it is more difficult to find break points at the ends
of the time series, which can be concluded from examining the expressions of Rk
and E(Rk).
TESTS WITH ASSUMPTION OF NORMALITY
In this case the basic assumption is that z(t) series follow the normal distribution.
The following additional notations should be introduced:

" t=l

K

r=l

n~K

t=k+l

where z is the average of the series, k is the element that we intend to test whether
there is a break point, if, k and z2 fe are averages of the subseries.
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The recent methods of homogenzation, like Craddock (1979), Potter's approach
(Potter, 1981; Maronna and Yohai, 1978), Standard Normal Homogeneity Test
(SNHT; Alexanderson, 1986), Significant Maximum-Likelihood (SML;
Szentimrey, 1994) as well as the traditional Student test are all based on the
maximum-likelihood principle or can be expressed with its nomenclature.
Therefore it is useful to summenze the idea of the maximum-likelihood principle
and then to highlight the basic common features of the above mentioned statistical
methods and also to emphasize their differences.
Maximum likelihood principle
According to the maximum likelihood principle, the test statistic to validate an
assumed break point at the &* element of the series can be written in the following
form:

T^^^-fj/sHz)
where S2(z) is an appropriate estimate of variance of z(f).
Applying the definition of 7*, a single break point is estimated at K where 7*
reaches its maximum value:
TK = max(7!)

Student test
The well-known Student test is designed to detect difference between two means
and also inconsistances of the mean. The traditional formulation of the well-known
Student test can also be rearranged:
t_

lk(n-k) h,k-z2,k

V n

Js\z)

which is similar to the maximum-likelihood test and reveals their common origin.
In this case S2 (z) = (k • S2 (z) + {n-k)- S2 (z))/(n - 2), where S,2 and S2 are the
empirical variances of the subseries.
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Similarities of tests
In general terms, homogeneity tests make use of a test statistics to detect significant
change point in the series. These statistic can be summerized as follows:
k

(1)

2 ( Z W " *)

Craddock (1979)

t=i

n

(2)

.

(3)

k(z]k -z)

(4)

v*~ ih

X(*(0-*)j
+(n- k)(z2lc - z)
k

- z2 k)2

Potter(1981); Maronna and Yohai (1978)
SNHT (Alexandersson, 1986)
SML (Szentimrey, 1994)

The above (2), (3) and (4) expressions can identically rewritten using simple
identities and the definitions of z, zxk and z2k :

and (1) can also be written in similar form: ^(z(t)-z)
t=\

=-

(zu

-zlk\.

n

This set of equations means that the methods defined by (2) (3) and (4) would give
the same result on a given series using one reference station, if they were applied to
find a single break point. Despite the similarities, substantial and important
differences exist in other featuers of the tests. These are the application and
weighting of reference series, the estimation of the number of break points, the
method of detecting multiple break points and the significance levels of these
points.
CONCLUDING REMARKS
As a consequence of the features of the datafilteringmethods described in the first
section, the use of the additive or cumulative methods is recommended.
In the last section, similarities of the homogenity tests were underlined and
stressed. It was also mentioned, that besides their common theoretic basis
(assumption of normality, maximum likelihood principle), it was shown that their
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principal statistic can be expressed in the same form, suggesting that although the
tests differ from each other in many ways, their theoretical basis are identical.
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Evaluation of various homogeneity tests
by simulation of climatological time series
Walter Bosshard and Mathias Baudenbacher
Swiss Meteorological Institute, Krâhbuhlstrasse 58, CH-8044 Zurich
tel. 0041 1 256 93 78, fax. 0041 1 256 92 78, e-mail wab@maz.sma.ch

Abstract
By now there exists a numerous set of homogeneity tests, all of them
aiming to detect potential break points in climatological time series.
An evaluation of homogeneity tests is provided, basing on ARsimulation of monthly (and for trend detection yearly) climatological
records. Three types of inhomogeneities (single shift, single shift with
change in variance and linear trend) have separately been introduced
into simulated time series. For each type of inhomogeneity the evaluation is made for two climatological parameters (relative sunshine duration and temperature) based on 1000 simulated time series covering 60
years as well as corresponding homogeneous reference series, adopting
six levels of inhomogeneity strength.
The different Standard Normal Homogeneity Tests (SNHT) turned
out to be most appropriate for detection of inhomogeneities of any type.
Shift breaks are as good to be detected by POTTER'S test. Trend
detection is far better performed by Trend-SNHT than by EASTERLING &; PETERSON'S test. In addition the powerful SNHT method is
able to detect the beginning and the end of an inherent trend sequence
quite precisely. Shift/Variance-SNHT is considered to be a useful instrument for hunting up inhomogeneities due to a change in variance,
although there is no shift.

1

Introduction

Quite an essential part of homogenization procedure consists of detecting and localizing potential inhomogeneities in climatological time series.
Several statistical test algorithms have been developed in the past few
decades. A intercomparison between some tests has been effected by E A S T ERLING & P E T E R S O N [6, 1992], who were simulating temperature time series
with some artificially introduced discontinuities. A further approach using parameter specific simulation, too, and a set of well declared levels of artificial
disturbances for several types of inhomogeneity has not yet been followed up.
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This paper provides some results of a new evaluation arrangement and intends
to reduce the actuel deficiency of detailed knowledge. A couple of selected
parametric test statistics shall be taken into account. For the two climatological parameters relative sunshine duration (RSD) and air temperature (AT),
sensitiveness and precision in detecting of overlaid single shift, shift combined
with change in variance and trend have to be checked. A test is considered
to behave well, if it's response (detected beginning or ending of an inhomogeneity) is near the true position in the simulated time series, from where on
manipulations have been executed. Basing on the findings of the evaluation,
a recommendation for operational homogeneity testing will be submitted.
The choosen parametric relative tests are called, respectively trace back to
BuiSHAND [5, 1982], Cumulative Residuals (CUMRES, e.g. Bois [4, 1986],
LAMARQUE [8, 1993]), Cumulative Sums (DWD, Thommes [13, 1991]),
EASTERLING & P E T E R S O N [7, 1995], P O T T E R [12, 1981] and the group of
Standard Normal Homogeneity Tests (Shift-SNHT, Shift/Variance-SNHT and
Trend-SNHT, ALEXANDERSSON [1, 1986], [2, 1994], [3, 1995], A L E X A N D E R SSON and M O B E R G [10, 1996]). The tests and their use in the evaluation
process are listed in table 1.

Homogeneity test
BUISHAND

CUMRES
DWD

Shift
X
X
X

Shift/Variance

X

EASTERLING &; PETERSON
POTTER

Shift-SNHT
Shift/Variance-SNHT
Trend-SNHT

Trend

X
X

X
X
X

Table 1: Evaluated homogeneity tests. An 'X' marks, what kind of inhomogeneity is analysed.

2

Methods

The evaluation requires various methodical elements: time series modelling
techniques, a representative procedure of introducing inhomogeneities and a
statistical approach that quantifies the test qualities.
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2.1

Time series modelling

For each type of discontinuity a set of 1000 candidate (Y{) and of reference time
series (Xt) has to be simulated, before breaks can be overlaid on Yi (X{ and
Yi including 60 years of monthly means). Adopting an autoregressive moving
average {AR) approach, for each cycle of evaluation the required series are
generated.
Empirical model input data is provided by some regionalized Swiss midland
and valley stations for the period between 1931 and 1960. Input data for the
>l.R-model-fitting of relative sunshine duration are the arithmetic means of
Basel, Berne, Geneva, Sion and Zurich. Empirical temperature model input
originates from monthly means of Basel, Berne, Geneva and Neuchâtel.
The reference series are formed by a 'random shaking' of untouched candidate
series. The shaking function, a Gaussian distributed offset random drawing,
is controlled by the typical correlation between neighboring sites or highly
correlated complementary parameters. Estimates of relative sunshine duration
reference series are derived from the wellknown relationship with total cloud
cover data. In case of temperature, mean differences between monthly noonvalues and monthly means are used.

2.2

Introducing inhomogeneities

Every evaluation run is coupled with six power levels, what multiplies the
amount of effectively evaluated time series by six (total amount per type of
inhomogeneity is 6000). Starting by the randomly determined series position
ao an appropriate manipulation is effected till the end of the series. In case of
trend detection, part II, results will be discussed, where the artificial change
does not end with the final element of time series, but is a random draw, too
(bo)2.2.1

Introducing single shift

Single shift inhomogeneities are overlaid on simulated candidate series in terms
of factors (RSD) or amounts (AT). Table 2 contains the type of operator and
the six levels of strength (power levels) used.
Parameter
RSD
AT

Shift operator
factor
lo

io- c

1.00
0

1.02
2

Shift levels
1.04 1.06
4
6

Table 2: Shift power levels.
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1.08
8

1.10
10

2.2.2

Introducing single shift and change in variance

In a seperate evaluation run, in addition to single shifts, distribution changes
are introduced by modifying the population's standard deviation or variance,
respectively. Random drawings out of normal distribution sets L(fi, a) will be
added to already shifted sequences, where \x = 0 and a = I (= variance level
I). Totally, per available test there will be 36 combinations (six shift levels by
six variance levels).
Parameter
RSD
AT

Unit
%

HT 1 °C

Variance levels I
0 1 2 3 4 5
0 3 6 9 12 15

Table 3: Variance power levels.

2.2.3

Introducing linear trend

In contrast to shift-analysis with temporal resolution of monthly means, the
evaluation of trend phases is executed for yearly means. Linear trend is added
to candidate series Yi in two different ways. In part I, trend sequence begins
randomly (ao) and ends with the series's last value. Part II deals with stochastically set beginnings ao and endings &o of implemented trend sequences. Again
six ascending manipulation levels are used. For the relative sunshine duration
(RSD) in part / lower trend levels are choosen, compaired to part II, because
detecting precision may diminish in part II.
Parameter
RSD
RSD
AT

Unit
%
%

l(Tl0C

Part
I
II
I, II

Trend levels
(linear increase per
0.0 0.1 0.2
0.3
0.0 0.2 0.4 0.6
0.0 0.08 0.16 0.24

year)
0.4 0.5
0.8 1.0
0.32 0.4

Table 4: Trend power levels.

2.3

Goodness of tests

A graphical analysis is given by scatterplots, where each dot marks the departure of the test-detected (ad) from the real, stocastically set breakpoint (ao)- In
the presented diagrams a positive value on the ordinate means a retarded detection, a negative value, respectively, a premature one. The x-axis runs from
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1 to 1000 (the number of evaluation run). The solid line marks zero-deviation.
From plot to plot (left to right) the power level of introduced inhomogeneity
is augmenting. To get a better visual resolution, only differences of at most
±180 months for shift and shift/variance manipulation, and of ±30 years for
trend infections are plotted.
A simple statistic quantifies the goodness of test algorithms. A test is judged
well performing, if as soon as possible (i. e. at low inhomogeneity power levels)
little departures A = |a<f — a0| are observed. In this paper only the percentages
of departures A < 11 months for shift and shift/variance evaluation and of
A < 2 years in case of trend detection are tabulated.

3
3.1

Results
Single shift evaluation

In case of sunshine duration Shift-SNHT is implemented in three different versions, the input relative series treated as differences (Shift-SNHT, d), as quotients (Shift-SNHT, q) and as log-transformed quotients (Shift-SNHT, qlog),
whereas in case of air temperature only differences are used.
For both parameters single shifts are detected more or less as good by ShiftSNHT as by POTTER'S test (cf. fig. 1, 2 and tab. 5).
Quite surprisingly, Shift-SNHT, d performs sligthly better than the quotient versions, although relative sunshine duration, as an absolute scaled
parameter, is ment to be tested advantageously by quotient input data
(PETERSON& EASTERLING [11, 1994], MALBERG [9, 1994]).
The other tests provide inferior results, but still not really bad ones. No test
turns out to be totally waste. One has to attest that detection of single shift
can easily be effected. Prominent tools (Shift-SNHT and POTTER) stand for
efficient and sensitive test results.

3.2

Shift/Variance evaluation

Judging variance inhomogeneity, Shift/Variance-SNHT is the only appropriate test applied. A valuable comparison with other techniques cannot be done,
therefore. Nevertheless, to get information about its specific quality, the evaluation is done with the common Shift-SNHT, too.
The results are given for both parameters (cf. fig. 3, 4 and table 6). In tab. 6 the
percentages for |a<j — aol < 11 months are listed at all six variance power levels
but only at two shift power levels (the neutral and the strongest level). Here,
for both parameters SNHT is implemented using differences as test input.
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Percentages of departures (\dd — a0 < 1]. months)
RSD: Shift power levels
Shift operand: factor
Test
1.00 1.02 1.04 1.06 1.08
1.10
2.3 26.3 50.5 64.4 70.9
BUISHAND
76.4
2.4 26.1 17.2 39.3 58.4
CUMRES
76.3
2.8
7.1 20.3 49.0 71.4
DWD
84.5
1.8 23.1 60.8 81.0 90.1
POTTER
95.4
2.3
27.2 68.0 85.7 93.6
Shift-SNHT, d
96.1
2.6 15.6 47.2 67.2 78.8
Shift-SNHT, q
87.5
Shift-SNHT, qlog
3.3 15.6 50.6 73.2 85.0
92.3
AT: Shift ]power levels
Shift operand: amount [10 l °C]
Test
2
4
0
6
10
8
4.4 42.6 71.2 84.8 90.6
BUISHAND
93.9
3.9 10.1 32.0 63.4 87.7
CUMRES
97.3
DWD
4.8 12.2 44.8 80.3 96.5
99.8
1.1 40.3 79.0 95.1 98.9 100.0
POTTER
Shift-SNHT, d
0.3 44.0 86.6 97.2 99.8 100.0
Table 5: Shift evaluation: Percentages of departures for \ad — a0\ < 11 months,
at six shift power levels.

Percentages of departures (|od — ao| < 11 months)
RSD: Variance power levels
shift factor
I in Gaussian population L(0,1)
Test
0
1 2
3
4
5
1.0 (neutral)
Shift-SNHT, d
1.1 1.3 0.9 1.9 2.7 3.0
1.1 (strongest)
Shift-SNHT, d
98.3 98.2 97.1 97.1 93.5 90.6
Shift/Variance-SNHT, d 1.0 (neutral)
0.9
1.2 4.4 22.8 48.7 67.8
Shift/Variance-SNHT, d 1.1 (strongest)
97.7 97.9 97.8 97.2 97.8 98.1
AT: Variance power levels
shift amount
I in Gaussian population JD(0,1)
Test
[10-1 °C]
0
3
6
9
12
15
0 (neutral)
Shift-SNHT, d
0.2 0.2 0.5 1.6 0.8 1.3
10 (strongest) 100.0 99.8 99.0 95.7 91.4 87.4
Shift-SNHT, d
0 (neutral)
Shift/Variance-SNHT, d
0.2 0.9 20.4 63.1 83.3 90.5
Shift/Variance-SNHT, d 10 (strongest) 100.0 99.8 99.2 98.3 98.0 98.1
Table 6: Shift/variance evaluation: Percentages of departures for \a,d—CLQ\ < 11
months, at six variance and two shift power levels.
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Figure 1: Single shift: Relative sunshine duration RSD. Departures from a0
[months].
By checking the results, Shift/Variance-SNHT is considered to be a very useful
instrument for hunting up inhomogeneities due to changing variance. Although
there is no shift manipulation (neutral power level), Variance-SNHT offers
respectable test results (high percentages), whereas Shift-SNHT obviously has
to fail.
On the other hand, change in variance has to be rather strong, if breakpoint
detection shall be precise. For relative sunshine duration series Shift/VarianceSNHT gets a little bit less confident when strong shifts but weak changes in
variance are introduced. In those cases Shift-SNHT turns out to have slightly
higher percentages near CLQ. Therefore, Shift/Variance-SNHT is not all around
an alternative to Shift-SNHT, but an ingenious supplementary tool.
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Figure 2: Single shift: Air temperature AT. Departures from a0 [months].

3.3

Trend evaluation

The evaluation of overlaid trend inhomogeneities, based on yearly data is subdivided in two parts (cf. section 2.2.3). The results are treated separately.
The test procedures EASTERLING k PETERSON and Trend-SNHT are taken
into account. Results can be deduced from fig. 5 to 8, tab. 7 and tab. 8.
3.3.1

Trend detection: part I

The difference method is applied for both, temperature and sunshine duration,
the latter additionally with quotients and log-transformed quotients, to produce the SNHT input series, whereas the EASTERLING & PETERSON test has
always to be fed with differences.
Only one trend break (beginning a of a trend phase) has to be detected. For
sunshine duration, at highest trend power level (+0.5%/year), in over 50%
of all cases trend break is localized correctly within CLQ =fc 2 years by EASTERLING & PETERSON'S test, and in over 95 % by Trend-SNHT, q, respectively.
The corresponding values for temperature at trend level +0.04°C/year are
about 30% for EASTERLING & PETERSON and about 90% for Trend-SNHT,
d. Thus SNHT is much more powerful than it's competitor.
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prç)

|T^r?

Percentages of departures (\a,d — ao\ < 2 years)
RSD: Trend power levels, part I
Test
increase/year [%/y]
0
0.1
0.2
0.3
0.4
0.5
EASTERLING & P E T E R S O N 8.7
13.6 24.8 32.2 43.1 51.5
Trend-SNHT, d
5.5 44.7 70.8 85.6 93.8 97.6
Trend-SNHT, q
4.9 39.8 67.7 82.4 91.2 96.1
Trend-SNHT, qlog
5.0 38.9 66.0 79.7 84.1 86.0
AT: Trend power levels, part I
increase/year [10 - 1 °C/y]
Test
0 0.08 0.16 0.24 0.32
0.4
9.4 12.5 18.2 24.4 30.4
EASTERLING & P E T E R S O N 7.4
Trend-SNHT, d
3.8 36.9 57.3 73.7 84.0 89.3

M)

Table 7: Trend evaluation, part I: Percentages of departures for \a,d aQ\ < 2
years, at six trend power levels.

i "i

f'"i

3.3.2

Trend detection: part II

This time, two trend breaks (beginning a and end 6 of a trend phase) have
to be detected. Trend-SNHT is fed by differences for temperature and, in
contrast to part I, just by quotients in case of sunshine duration.
The test by EASTERLING & PETERSON is not designed to detect two breaks.
Therefore it provides bad results. In general, the beginning of trend sequence
is somewhat better detected than the end. Trend-SNHT still produces high
percentages of fitting detections.
The figures and the table are stikingly self-explaining, and Trend-SNHT turns
out to be a very powerful detection tool.
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Percentages of departures (\aa — ao| < 2 years and |&d — &o| < 2 years)
RSD: Trend power levels, part II
breakpoint
increase/year [%/y]
Test
a or b
0
0.2
0.4
0.6
0.8
1.0
a
7.1 13.3 22.7 29.2 32.8 34.2
EASTERLING & P E T E R S O N
b
EASTERLING & P E T E R S O N
9.9
7.9
7.8
7.3
8.2
8.4
a
Trend-SNHT, q
5.8 52.2 78.5 89.3 93.6 96.1
8.2 42.4 56.9 63.8 67.4 71.0
b
Trend-SNHT, q
AT: Trend power levels, part II
breakpoint
Test
increase/year [10 l °C/y]
0 0.08 0.16 0.24 0.32
0.4
a
EASTERLING &: P E T E R S O N
6.8
7.6 11.3 14.2 17.0 19.0
EASTERLING & P E T E R S O N
b
9.0
8.5 10.5 10.9 10.7
9.9
a
Trend-SNHT, d
2.8 21.2 38.2 53.5 64.5 71.6
b
Trend-SNHT, d
8.7 22.0 34.4 45.2 51.5 57.1

Table 8: Trend evaluation, part II: Percentages of departures for |a<f - a0\ < 2
years, at six trend power levels.

4

Discussion

In general, artificial breaks in climatological time series can be detected and localized quite precisely. Exact test results of course, still depend on the strength
of inherent inhomogeneities. Weak discontinuities may not be discovered. The
sensitiveness of each test method is made plain by the introduced power levels
in the evaluation.
The detection of trend discontinuities is more difficult than of shift or variance
inhomogeneities, but can also produce results of high confidence. In real time
series, harmonic oszillations or chaotic variability may confuse the adopted
tests and cause false response.
The dominance of the SNHT-group in any type of analysed inhomogeneity
indicates a very solid theoretical and practical background. Therefore SNHT
detecting is recommended to be applied broadly for operational homogeneity investigations of all climatological parameters. The test evaluation points
to the assumption, that parameter specifications play a rather modest role.
The results for relative sunhine duration (absolutely scaled parameter) and
°C-air temperature (relatively scaled parameter) do not differ in the general
statements, although different population distributions are given.
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1 INTRODUCTION
Homogeneous climatological time series are essential for the research of climatic
changes. However, in reality many type of disturbances can cause apparent
changes, which complicate and, sometimes, even hide the true climatic signal in the
time series. The adjectives long and homogeneous can seldom at the same time be
used to characterise climatic time series. Therefore, it can be recommended that,
besides routine quality control, the homogeneity of the data is evaluated before
performing studies of climatic changes.
Standard Normal Homogeneity Test (SNHT) is a parametric test using
neighbouring station(s) as a reference to identify non-homogeneities in time series.
It is used to detect abrupt or linearly developing differences between the candidate,
i.e. station being tested, and the reference station(s). Hawkins (1977) presented the
formulation of a testing method which later on was developed to SNHT and
applied to climate series by Alexandersson (1984, 1986, 1995). The latest versions
of the test are presented in Alexandersson and Moberg (1996), hereafter AM.
This paper will concentrate on the methodology of SNHT. It simply compiles
earlier developed basic formulas of SNHT into one article. For more detailed
information the reader is advised to consult the original papers. This article consists
of, firstly, presentation of different versions of SNHT. The variants of SNHT can
be seen as the "tools" in the "SNHT toolbag for homogeneity testing". Secondly,
the building of reference series is discussed. In practise, the construction of
reference series is done before homogeneity testing. The methodology description
is finished with discussion on the adjustment methods of the time series. Finally,
some general conclusions of SNHT are given in the last chapter.
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2 METHODOLOGY OF SNHT
The following is the basic assumption behind SNHT. The ratio/difference (Q)
between e.g. precipitation/temperature at the station being tested (test station,
candidate station) and neighbouring station (reference station) is fairly constant in
time. This requires sufficient correlations between the test site and reference
stations. An inhomogeneity will then be revealed by a systematic change in this
ratio/difference.
SNHT uses standardised series of the ratios/differences, Zx, defined as
Z i =(Q i -Q)/ C r Q

(1)

where Q is the sample mean value and crQ the sample standard deviation of the
Q.'s.
The variants of SNHT can be derived from the different alternative hypotheses
which will be presented. After assuming that the Normal distribution, N, can be
used, the null hypothesis for all tests will be:
H0:

Z, GN(0,1) ie{l,...,n}

i.e. the whole series is homogeneous. All values in the series are normally
distributed with mean value equal to zero and standard deviation equal to one.
The time step is denoted /', and in many application it is one year. Word year will
be used instead of "time step" or "time unit" in this article. However, it should be
remembered that the time step is by no means restricted to one year.
2.1 Single shift of the mean level
The alternative hypothesis is that the series is inhomogeneous. In this variant of the
test, it is assumed that there is a single shift in the mean level of the candidate
station. At some unknown time the mean value changes abruptly, while standard
deviation is not changing. For example, a windshield is introduced on the
precipitation gauge thus reducing the wind error and increasing the amount of
measured precipitation. The alternative hypothesis, H,, is written as

H,

% eN(M,l) ie{l,...,a}
[Z, eNfo.l) ie{a + l,...,n}
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where /i, is the mean value during the first a years, and ^
during the last (n-a) years.

is the mean value

Alexandersson (1986) shows how the test quantity, T, to separate H, from H 0 , is
derived. The interpretation of T is that a high value at year a suggests that //, and
//j depart significantly from zero, making H, likely. The maximum value of T,
denoted T"max », is
Tmax = Max {T3S} = Max {az, + (n - a)z2}
l£a£n-l

v

'

liaSn-1

x

(2)

'

where z, and z2 are the mean values before and after the shift. The
corresponding value of a is the most probable break point, i.e. the last year at the
old level. The null hypothesis can be rejected, if Tmax is above the selected
significance level which depends on the length of the series. AM give critical T
values for 10%, 5% and 2.5% levels, T9o,T95, and T97.5 respectively (see the
Appendix).
The above formulation of the alternative hypothesis included the assumption that
the standard deviations of the sub-series at different levels are one. In reality, the
standard deviations of the sub-series are usually less than the standard deviation of
the total, possibly inhomogeneous, series because of the change in the mean level.
In a recent paper, AM have showed that the alternative hypothesis,

fz, eN(M,<7) ie{l,...,a}

H

'•

\Z, eNte.cr) i e{a + l,...,n}

where a can be less than one, produces the same test statistics (2) as the earlier
version of the alternative hypothesis for single shift of the mean value.
2.2 Single shift of the mean level and standard deviation
There are also situations when the variance of the series changes abruptly. Usually
this coincides with the change in the mean level. For example, if a station is moved
from the coastline to inland, the mean level as well as the variance of temperature
can be changed. If two different standard deviations <r, and <J2 are used, the
alternative hypothesis becomes

H,

\Z. 6N(fl,0i) ie{l,...,a}
[Z; e N U . o i ) ie{a + l,...,n}
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allowing both the mean level and the variance to change. The test parameter and
the critical levels are different from the case where only the mean value changes.
The test parameter is
T£x = Max {-2a lnor, - 2(n - a)ln<r2 -1}

(3)

2ia<n-2

where

IZz,'-<£*,)'/a
J=!

a | = 1 ) J f !

(4)

and

2>i'-(I*.) 2 /(n-a)
11 i=a+l

*-!

i=a+l

/r\

(5)

(^Ij

AM warn that this version is oversensitive at the beginning and the end of series
when few values with small variance can give high value to T^K in equation (3).

2.3 Double shift of the mean level
Alexandersson (1995) has also formulated the test for the double shift of the mean
level. The alternative hypothesis is written as

H,

Z, eN(^,l)
IZ, eN(A,l)

e{l,...,a}
e{a + l,...,b}
e{b + l,...,n}

where //,, /^, and //, refer to the three mean levels. The series are divided into
three time periods by years a and b. The test statistic becomes
T L = Max { a ? + (b - a)^ 2 + ( n - b ) ? }
l<a<b<n V

(6)

/

where z,, z 2 , and z3 are the mean values at three levels. Analogously SNHT
could be developed for higher number of breaks which would lead into rapid
increase in computing time.
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To avoid the problems of comparing results from single shift tests with multiple
shifts it can be an advantage just to make use of the single shift test starting with
the first/last 20 years, or so, and proceed forward/backward in time. In practise, the
multiple breaks are often handled by dividing the long time series into shorter
periods, possibly with the help of stations history information, if that is available.
2.4 Test for trend in the mean level
Homogeneity breaks are not always abrupt but may have a trend like behaviour.
For example, the effect of urbanisation on temperatures is often gradual. SNHT
can be formulated to include a model where Q-series have a linear trend from year
a to b. The alternative hypothesis is written as
Zi eN(tf,l)

ie{l,...,a}

H , : { Zx eN(/4+

—

,1) ie{a + l

b)

i€{b + l

n}

Zi 6N( A ,1)

where //, and /^ are the mean levels in the beginning and the end of series. During
years from a to b the mean level changes linearly from//, to /£,. The trend may
extend throughout the whole series. The test statistic T' can be calculated as
Vmax = Max {-a/42 +2a//,z, -/i 1 2 SB-/i 2 2 SA + 2//,SZB+2//2SZA
l£a<b£n *•

- 2^,//2S AB - (n - b)//22 + 2(n - b)/i2 z7}
where
SA=Z(i-a)2/(b-a)2

(8a)

i=a+l

SB=X(b-i)2/(b-a)2

(8b)

i=a+l

SZA=^Zi(i-a)/(b-a)

(8c)

i=a+l

SZB=2Zj(b-i)/(b-a)
i=a+l
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(8d)

S AB = Ê (b - i)(i - a) / (b - a)2

(8e)

//, and /^ can be obtained from

A

~

az^ + SZB-SL-SAB
a+SB + SK-SAB

(9)

/^ = //,SK + SL
_//,

(-SAB)
(n-b)z7 + SZA
+
SA +n - b
SA + n - b

(10)

where mean levels before and after the trend section are z, and z 2 , respectively.
If b=a+l, then test is like the single shift case. AM suggest that short trend periods
should be handled as abrupt breaks. The length of the trend period, b-a, should be
at least five years. In practise, it can be difficult to distinguish between several small
successive shifts with the same sign and a trend (Moberg and Alexandersson 1997).
All versions of SNHT give the following practical information:
• the date of the break
• the size of the break
© the significance of the break
This information is used in the homogeneity testing and adjusting of time series.
Especially the single shift test has been widely used (e.g. Hanssen-Bauer and
F0rland 1994, Tuomenvirta and Drebs 1994; Quintana-Gomez 1995; Nordli et al.
1996).
The detection of breaks or trends is seldom straight forward. Especially long series
with multiple breaks and trends can be difficult to handle. The successive testing,
where testing and adjusting is applied to sub-sections of the time series until whole
series is homogenised, can be recommended. However, in reality there are no
homogeneous reference series available in the beginning of test procedure.
Therefore, some breaks may not be real but artefacts from non-homogeneous
reference series. The use of available station history information may be very
helpful during testing. The possible procedures for building reference series, testing
and adjusting are discussed in Hanssen-Bauer and F0rland (1994), Tuomenvirta
and Drebs (1994), Steffensen (1996), Moberg and Alexandersson (1997), and AM.
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3 REFERENCE SERIES
Theoretically one homogeneous series having high correlation with the candidate
series is enough for testing. However, it is usually advisable to build reference
series from more than one series when available. The use of several series reduces
the effect of spatial variation and possible inhomogeneities in the reference series.
The formulas presented in the previous chapters are independent of the formulation
of the reference series. In several applications of SNHT, the ratio/difference series,
Q, are defined in the following way. Y denotes candidate series and Q( denotes a
specific value at time step (year) i. Xj denotes one of the reference series (total
number of k series). The ratio term is formed as
Y

01)

and the difference term as
-i

Qi-Y. -

fè*

•Xj+Y
J

k

/ZP/

(12)

j=i

where p; is the correlation coefficient between candidate and reference station.
Here the square of the correlation coefficient is used as the weight factor. Overbar
denotes mean value. Standardisation allows the use of shorter and non-complete
series as reference series. The mean values used in this standardisation must be
calculated for the same time period for the candidate and all reference series.
Otherwise natural climatic fluctuations may mask homogeneity breaks or even
cause false detection. Standardisation causes the ratios tofluctuatearound one and
differences around zero.
The denominator in (11) and the second term in (12) are called the reference
values. They give an estimate of the corresponding value at the candidate station.
Besides testing, the (2-values can be used to point out susceptible single values at
the candidate station.
Peterson and Easterling (1994) have developed a routine for building the reference
series. They found that the use of successive differences (differences between
successive years) in the calculation of correlation coefiBcient reduces the risk of
giving low weight to a good homogeneous reference station.
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Usually it is assumed that candidate and reference series are of same elements, e.g.
mean temperature. However, SNHT has been applied to ^-series which have been
formed from different elements from one station, e.g. mean, minimum, and
maximum temperatures can be tested against each other. In this way, the testing
can be done without neighbouring stations being available. This approach has
proved useful but it must be applied with great care. Easily same disturbances in the
observations, e.g. site change, may affect all series causing that homogeneity break
is not detected or the size of it is under- or overestimated. The use of physically
different elements (e.g. night-time cloudiness and minimum temperature) may
violate the basic assumption of SNHT that the ratios/differences stay constant over
long time. For example, a change in the dominant circulation type may break the
relationship. Best results have been achieved when station history information has
been used in the interpretation of the test results.
Other ways of construction of reference series could be used like the optimum
interpolation method (Gandin, 1961). Although, this method is very sensitive to the
structure of the correlation matrix of the test site and all reference sites.

4 Adjustment methods

SNHT provides an estimate on the size of the detected break which can be used to
adjust the inhomogeneous series. In the single shift test, the two levels of the ratios
or differences, q, and q 2 , are
a^ = o- Q z>Q

(13)

q 2 =cr Q z 2 +Q

(14)

The adjustment for years from 1 to a is q2 /q, for the ratios, and q2 - q , for the
differences. After the adjustments have been applied, the data is homogenised to
the present measuring situation provided that the series contained only one
homogeneity break. Double shift adjustments are calculated in a similar manner as
for the single shift. Trend adjustments must be calculated with /^ and /^ from
equations (9, 10) and applied to (13, 14), respectively.
One possible way to handle the change of both the mean level and standard
deviation is described in Tuomenvirta and Alexandersson (1995). Firstly, linear
regressions between candidate and reference series is performed, both before and
after the homogeneity break. Secondly, the change of slope of the regression line is
used as amplification/dumping factor in the adjustment procedure. If reference
values are denoted with R, linear regression of the candidate value Y becomes
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Y = aR + 0

(15)

where a is the slope and ft is the 7-intercept. The regressions are calculated before
and after the break, denoted 1 and 2, respectively. The adjusted value at the
candidate station, Y., can be calculated as
Y, =Y^ + AY + (a 2 /a,)(Y.-Y^)

(16)

Here AKis the change of the mean level. The last term is the amplification/damping
factor, which is the ratio of slopes times anomaly. Tuomenvirta and Alexandersson
(1995) compared monthly mean temperature adjustments calculated with the
equation (16) and "constant" adjustment q2 — q, . They showed that especially
during winter equation (16) gave more reliable adjustments. This was probably due
to the fact that the size of the adjustment is a function of the temperature anomaly.
This gives better adjustments in inversion situations, which are frequent at high
latitudes in wintertime.
There are two important remarks concerning the calculation and use of
adjustments. Firstly, the time resolution of testing and adjusting limits the use of
adjusted series. The annual values are less noisy and more suitable for testing than
the seasonal values. On the other hand, small seasonal breaks may not be detected
at the annual level. Similarly, the annual adjustment may not be representative for
all seasons. For example, the winter and summer temperature adjustments may
even have different signs. Therefore, one should remember that the adjusting of
annual series may not produce homogenous seasonal series. Different time steps
have been used, e.g. Hanssen-Bauer and F0rland (1994) tested and adjusted annual
series, Moberg and Alexandersson (1997) seasonal series, and Tuomenvirta and
Drebs (1994) tested annual series, but calculated adjustments for monthly values.
Secondly, the theory does not define the time periods to be used in the calculation
of adjustment terms. In practise, the length of the homogenous parts before and
after the break give limits for the period. The use of long time period (more than
20-30 years) is recommended if homogeneous reference series can be built.
However, sometimes it is wise to use only the part of reference series which are
known to be of good quality.

5 CONCLUSIONS

SNHT is a practical tool for homogeneity testing. The test itself is objective.
However, some subjective decisions about testing procedure must be made. SNHT
has been in use for more than a decade. Therefore, reasonable amount of
experience on the applications and capabilities has already been gained and
published.
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Some comparisons between various homogeneity tests have been published
(Easterling and Peterson 1992; Bosshard and Baudenbacher 1997). SNHT has
performed well in the comparisons and has been ranked the best or one of the best
methods. However, new methods utilising recent progress in statistics are being
developed, e.g. Caussinus and Mestre (1997) and Szentimrey (1997).
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APPENDIX
Table 1. Critical levels for the double shift test as a function of n (Alexandersson 1995).
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15.6
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Table 2. Critical levels for the trend and single shift tests as a function of n (Alexandersson
and Moberg 1997).
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Table 3. Critical levels for the single shift test with two independent standard deviations as a
function of n (Alexandersson and Moberg 1997).
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STATISTICAL PROCEDURE FOR JOINT HOMOGENIZATION
OF CLIMATIC TIME SERIES
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Hungarian Meteorological Service, H-1525, P.O. Box 38, Budapest, Hungary
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INTRODUCTION
The homogeneous time series there are indispensable in respect of the
statistical examination of climate change and climate variability. The aim of the
homogenization is to obtain homogeneous time series in climatic respect,
•without losing information about the assumed climate change. The typical
statistical way is the so called "relative homogeneity test", which is based on the
comparison of the examined time series with one or more reference time
series. In general, the reference time series are assumed to be homogeneous,
furthermore the type of inhomogeneity may be accepted to be a step function.
Consequently the essence of this problem is the detection of the break points
on the basis of the weighted reference time series. The main problems treated
in this paper are as follows.
MODELLING
Additive model
Cumulative (multiplicative) model
( climatological problem rather than mathematical one )
WEIGHTING OF REFERENCE SERIES
Optimal weighting of reference series
Optimal positive weighting of reference series
Estimation of weighting factors
BREAK POINTS DETECTION
Mathematical formalization according the statistical conventions
- first kind error ( significance ) ?
- second kind error (efficiency ) ?
Procedure for multiple break points detection
CORRECTION OF EXAMINED SERIES
Estimation of shifts
- point estimation
- interval estimation ( confidence interval)
EXAMINATION WITHOUT ASSUMING THE HOMOGENEITY OF
REFERENCE SERIES
Are there homogeneous climatic reference series at all?
Joint examination of series.
Separation of break points for examined series

47

1. MODELLING
1.1. Additive Statistical Model
(For example: temperature, air pressure, cloud cover)
Examined Time Series
Y(t) = C{f) + IH(f) + e-o(0

f=l,2,...,n

where C(t) is the trend function (signal) of the supposed climate change,
IH(t)
is the possible inhomogeneity ( step function, IH{n)=0 ), and 6Q(0 1S a normal
white noise series. The aim of the examination is to estimate the
inhomogeneity IH(t) and the correction of Y(t) too.
Reference Time Series ( homogeneous case)

m = ^(o,.,^)] 7
Xfff) = C(t) + €i(t)

( i=1,2,..A ; t= 1,2,...^ )

where C(ù is the common trend function of the supposed climate change, and
e/(f) ( z=l,2,..^y ) are normal white noise series. Furthermore let us assume
that trie joint distribution of the white noise series e/ ( z=0,l,2,..^V ) is normal
too.
Difference Time Series

z,-(0 = n o -*«(<) =zff(') + s/(0 - Z(O = [ZI(0,..,ZJV«] T
where 5/(f) ( /=1,2,..^V) are normal white noise series.
The AIM: estimation of the BREAK POINTS and SHIFTS of inhomogeneity
IH(t), and CORRECTION of Y(t).

1.2. Cumulative ( Multiplicative ) Statistical Model
(For example: precipitation, number of days with storm, fog, snow etc.)
Examined Time Series
Y(f) = C(t) *JH(t) * e 0 (0

f=l,2,...,7i

C(t) : the supposed climate change ( signal )
JH(t) : the possible inhomogeneity series ( step function, JH(n)-l
€Q(t) : noise series
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)

Reference Time Series ( homogeneous case )

*(') - pri(0™*MO]T
xt(t) = c(t) * e/(0
e

( i=1,2,..^ ; '=1,2,..^ )

f(0 ( z = 1J2,..^V ) : noise series

itaft'o r/mg Series
*/(0 = Y(t) IXi(t) = / # « * n±Q)
Hj(t) (i=lj2j..yN) : noise series
Difference Time Series ( logarithmization )
Zi(t) = In ( Rfft) ) = IH(t) + 5/(0

Z(0 = [Zi(0,., Z M 0 ] T

,

where IfiT(r) = In (JH(t) ) , furthermore 5/(0 ( i=l,2,..,N) are assumed to be
normal white noise series. Consequently the cumulative model can be traced
back to the additive model.
The AIM: estimation of the BREAK POINTS and SHIFTS ( exponential
values: RATIOS ) of inhomogeneity IH(t), and CORRECTION of Y(t).

2. OPTIMAL WEIGHTING
The derived Z/(0 ( /= 1,2,-/0 difference time series can be weighted in order
to increase the efficiency of the statistical procedures.
Vector of weighting factors
W=[Wlr.,WN]T

where WT1 = 1 (1= [1,1,..,1]T)

i. e. the sum of components is equal with 1.
The difference series belonging to vector W
The difference time series belonging to such a vector W are without the
common climate change signal i. e.
ZJKO

= TrTz(0 = IH(t) +

fi,K0

(1)

where 8jy(f) is a normal white noise, and the statistical analysis of the
difference time series Zjy(t) makes possible estimate the inhomogeneity
function IH(t). Naturally the result of the examination depends on the chosen
weighting factors therefore defining the optimal weighting vector W is one of
the basic problems. In practice there are several ways of defining the weighting
vector W but in spite of this fact in our opinion the problem of weighting can
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be solved by pure mathematical speculation. According to the statistical model
the difference time series Zyy(t) ( t=l,2,...ji ) ( formula (1) ) are applied for
break points detection. Taking into account that the efficiency of the break
points detection depends on the "signal noise ratio" so minimizing of the
variance of the noise term seems to be the natural postulate. Consequently the
following minimum problem is obtained:
Variance ( 8yy) = Variance ( Zyy ) = minimal
where the sum of the weighting factors is equal to one. The solution of this
minimum problem is presented by the following theorem (Szentimrey,(1995)).
Theorem
Let S be the covariance matrix belonging to the variables Z/ ( i=l,2,..yN ) and
let us assume the existence of the inverse matrix S . In this case the only
solution of the minimum problem
Var (ZW)

= V a r ( 8 W ) = min,

if WT1 = 1

can be written in such a form:
W=(S'11)/(1FS-11)

(2)

and the minimal variance:
Var(Zp F ) = l / ( l T 5 " 1 l )
It can be seen that the "optimal" way of defining the weighting factors is much
more complicated than the applied methods in practice.
Theorem
Let W the optimal weighting vector and V an other one ( V*l = 1 ) . Let
Zw, Zy the difference time series according to the weighting vectors W, V.
Then
Var ( Zy) = Var ( ZW) + Var ( Zy-

Zw)

Remark
The solution of the optimal positive weighting problem can be traced back to
the former theories.
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3. ESTIMATION OF THE OPTIMAL WEIGHTING FACTORS
The preceding result is theoretical one according to the probability theory. As
it can be seen the optimal weighting vector ( formula (2) ) is depending on the
covanance structure and that structure can not be estimated fairly because of
the possible inhomogeneities. In spite of the mentioned problem, "good"
( e.g. consistent ) statistical estimators can be obtained for the optimal
weighting factors.
Notations
Let
5 i = the empirical covanance matrix of the difference time series
Z/(0(/=l,2,..^)
and let
S2 - ( X (Z(0 -Z(M))(Z(r) -Z(t-1))T)/(2(n-l))
t=2
i. e. the estimation of covariance matrix S is based on the successive
differences.
The appropriate estimated weighting vectors are as follows
rr*i = (Sfh)/Q.TSfh)

(.=1,2)

Theorem
In this case
(i) if the series IH(f) ( 1=1,2,.... ) is bounded then W \ is an consistent
estimator of the optimal weighting vector W,
(ii) if the difference series IH(t) - JH(t-l) (f=2,3.. ) is bounded then W,* 2 is
an consistent estimator of the optimal weighting vector W.
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4. BREAK POINTS DETECTION
Let Zyy{i) ( t=l,21...1n ) be a given difference time series according to the
formula (1) , where the weighting vector W is fixed, and our intention is to
detect the break points of the inhomogeneity IH(t). In this case the main
difficulty is connected with the formalization of this problem according to the
statistical conventions (e. g. first kind error, second kind error etc.) otherwise
the results of the decision methods can not be interpreted. In our opinion the
mentioned formalization can be solved by the outline as follows.
Let us assume that the following points are the real break points of
the
inhomogeneity IH(t) (to the left): { P j < ?2 <•••< ?L > > ( * ^ P\ \^L<n
)
IH(t)

1

Pi

PL

n

4.1 Basic postulates for the decision methods ( formalization )
Let the detected break points: { P i <

< P*jJ* } , ( 1 < P*i ; P*£* < n )

(i) First kind error (significance)
There exists such a P / :
(P*7-l 1^*7+1 ) H {P\<Pl

<~<PL

> = empty set

homogeneous

ffl<0
-P/-1

*/

1*7+1

i. e. the interval ( P 7.1 , P 7+1 ) does not include real break points but
according to the decision method P*7 is a break point in this one. We have to
intend to give the probability of the first kind error (q) , or the significance
level (1-g) equivalently !
(u) Second kind error (efficiency)
There exists such a real break point that we could not detect.
As much as possible!
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4.2 Significant Maximum Likelihood Method ( SML )
Earlier a significant maximum likelihood method (SML) was developed by us
fSzentimrey, ("1994)), and it was compared both with "Craddock test"
JCraddock, (1979)) and with the Successive Use of SNHT (Alexandersson,
,1986)) too. The basis of the method was the maximum likelihood principle in
case of multiple break points detection. In connection with the estimation of
the break pomts number the above mentioned postulate of "significance" was
taken into account. Recently the method has been modified for the sake of
increasing efficiency.
4 3 The essence of the new method for break points detection
The basic statistic
ST(i,p,j)=

(p-i+l)(j-p)
——
U-i+1)

2
(Z^p-Zp+xj)
,J
** £
S\Z)

(1 £i<p<j

(3)

<n)

where Z/n, Zp-Kl,/ a r e m e appropriate means above the intervals
[i,p],
[p+1 ,j ] j znaS^l'É ) is a 'good' estimator for Variance( Zyy). In essence the
above statistic are the standardized differences of the neighbouring means, and
all the possibilities will be examined.
Inhomogeneitv measure for intervals
On the basis of the former statistic the intervals can be characterized in respect
of the accidental inhomogeneity.
INH([M])=

WBx(ST(i,p,})

| k<>i<p<j<l)

(l<k<I<n)

Consequently the inhomogeneity measure of intervals are larger or equal than
the measure of their subintervals.
The critical value (a)
The critical value belonging to a given significance level can be calculated by
Monte Carlo method assuming the homogeneity of the examined difference
time series.
P ( INH{[ 1,n])

> a \ Zjyif) homogeneous ) = q

i.e. if the series ZyyQ) is homogeneous then the maximum of basic statistic
must be less or equal than the critical value with probability 1-q.
Critical values calculated for significance level 0.9 are enclosed in Part 4.4..
For example if n = 100 and q = 0.1 then a « 19
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Test Statistics of difference series
The inhomogeneity of difference series Zjy(t) can be characterized by the
Test Statistics:

TS =

INH([l,n])

The Test Statistics can be compared to the critical value and in case
homogeneity it should be less on the given significance level.
Requirements for detecting procedure
(for the purpose of significance and efficiency)
(i) max (/NET ((P*/_i,P*/]) < a < min (INH( (P*/_l , P * / + 1 ] )
*

*

i.e. the intervals ( P / - l , P / ) may be accepted to be homogeneous but the
intervals ( P*/_i, P*/+i ) are inhomogeneous on the given significance level
so the estimated break pomts are not superfluous in this respect.
*

*

(ii) Let exist interval [i, j ] ( P \.\ < i <} < P / + j ) :

a<ST(i,P*i,j)

= max(ST(i,p,j)

\ i<p<j

)

The latter requirement is given in order to increase the efficiency, i.e. we are
looking for the most probable break points.
Theorem
If JNH ( [ 1, n ] ) > a then there exists such an break point estimator system
P*l <
< P*£*, which fulfils the former requirements.
Confidence intervals for the breakpoints
In consequence of the detecting procedure the interval ( P / i , P / + i ) is
inhomogeneous significantly. Assuming that the interval ( P i.\ , P*/+i )
includes only one break point then it can be estimated by confidence interval
too on level 1-q . The "power" of the estimation depends on the length of the
confidence interval of course.
Characterization of the break point estimator P /
Beside the confidence intervals the "power" of estimated break points can be
characterized with the following statistic too

r(P*/) = max(5r(z,P*/,/) | P*/_l < i <j <P* / + 1 )
on condition of

ST(iiP*hi)

= mzz(ST(i,p,j)

| i<p<j
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)

(4)

The existence and the inequality T ( P / ) > a are trivial consequences of the
requirement (ii).
„,
So the importance of an estimated break point P / can be characterized with
both the largeness of statistics T ( P*i ) and the shortness of the above
mentioned confidence interval.

4.4. Critical values for statistic
(by Monte Carlo Method)
Significance level: 0.9
Length of series: critical value
10

15.902 ;

20: 15.845

30: 16.160

40: 16.765;

50

17.156 ;

60: 17.697

70: 18.059

80: 18.369;

90

18.655 ; 100: 18.843

110: 19.008

120: 19.101;

130

19.220 ; 140: 19.397

150: 19.526

160: 19.609;

170

19.678 ; 180: 19.749

190: 19.789

200: 19.950;

5. ESTIMATION OF SHIFTS, CORRECTION OF EXAMINED SERIES
According to the former breaka t points
detection procedure the interval
( P*l-1 * * 7 + l ) does delude l e a s t one significant break point and the
probable one is P * / . So there is some significant shift of the inhomogeneity
function IH(t) above the interval ( P*/.j , P*/-n ]. The shift at the estimated
break point P*j is defined like the difference of the mean values of the
inhomogeneity IH(t) above the intervals ( P*i-\, P*/ ] , ( P*/, P*/+1 ] , and
it can be estimated by both point estimation and interval estimation alike.
5.1 Point estimation for the shift
If we assume that the real break point is equal with P / , then - by the
maximum likelihood principle - the usual method is based on the difference of
means i.e.

SH*(P*i)=Z1-Z2
where Zj , Z2 are the appropriate means of the difference series Zyyif)
above the intervals ( P*/_i, P*/ ] , ( P*/, P*/ + j ] .
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5.2 Interval estimation for the shift
If P i is the only one break point included by the interval ( P /.i , P / + j )
then confidence intervals can be obtained by using the basic statistic or rather
the "power" of estimated break points ( formula (4) ).
Let us assume that

T(P*i) = ST(i,P*i,j)=ST(i,p,j)
( P*/_l < i < P*i =p<j<

P*/+i )

*

In our case P / is a strong significant break point above the interval [i,j] and
even T ( P*/ ) > a but taking into account the definition of the critical value a
the real shift at P*/ ( SH(P*j) ) has to satisfy the following inequality with
probability 1-q :
(P-J+W-P)
(;-/+1)

{{Zi,p-Zp+iij)-SH(P'i))2^
S2{Z)

where Z; „, Zp+i j are the appropriate means ( see formula (3) ).
If the solution of the above inequality is
SHi*( P*i ) < SH(P*i) < SH2*( P*l )

, then the

confidence interval on level 1-q : [ SH\ (Pi),

SH2

(Pi)]

6. EXAMINATION WITHOUT ASSUMING THE HOMOGENEITY
OF REFERENCE SERIES
In the previous parts we assumed, the existence and applicability of
homogeneous reference series. In the examinations, generally one of the most
difficult problems is how to obtain homogeneous reference series. In practice,
there are several procedures for selecting or creating homogeneous reference
series (Alexandersson,1986; Steffensen et al.,1993; Peterson and Easterling,
1994) out one cannot circumvent the following question: Are there any
homogeneous climatic reference series at all? Of course, the climatic time
series have different quality in respect of homogeneity, but one can never be
confident of the reliability of a given series. So we have to examine the
reference series also, and the acceptance of their homogeneity would always
depend on the particular method. Additionally dividing the procedure into
parts - i e . selecting or creating homogeneous reference series, furthermore the
comparison with the examined series - seems to be artificial. Consequently, we
suggest the joint examination of the given series without assuming the
homogeneity of reference series. It can be performed on the basis of
comparing séries mutually, in respect of the possible break points. The
essential problem is the separation or the identification of the detected break
points for the series.
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The following procedure has been developed by us taking into account the
question of efficiency.
6.1 Separation of break points for examined series
Using the notations of Part 1., there are given N+1 time series, the examined
series Y(t) ( f=l,2,..,n ) and the reference series Xj(t) ( 1=1,2,..//; t=l,2,..,n ).
In this case the reference series are not assumed to be homogeneous. The aim
of the examination is to estimate the inhomogeneity of Y(t) and its correction.
Earlier we examined only one difference series namely the optimal one but this
way could cause mistakes as a result of the possible break points of the
reference series. Consequently more difference series will be examined
together which difference series do not include common reference series. Thus
the break points detected in all the difference series can be accepted to belong
to the examined series because there is no other series contained by all the
difference series.
6.2. Construction of the difference series
The difference time series are constructed by using of reference series and our
intention is to obtain good difference series with little variance (see Part 2.),
because the efficiency of the break points detection depends on the "signal
noise ratio". Let us assume having a lot of reference series furthermore the
maximal number of applied reference series for each difference series is fixed.
Each difference series will be constructed by using not more than K reference
series. In practice if K is equal to 4 , we can obtain quite good difference
series in respect of the variance.
Notations
Number of constructed difference series: L
Sets of applied reference series indexes: R( ( #R( < K < N ; i- 1,...,L )
( #Ri is the number of elements of R( )
Optimal difference series belonging to the set R( : Zyy(Ri ; t) ( i- 1,...,L )
( the weighting factors are positive )
Variance of difference series Zyy(Ri ; t) : Var(Zjy(ify)) ( i=l,...,L )
Requirements for the 'optimal' difference series system
(i)

L
D Rj = empty set
i=l

i.e. the difference series have no common reference time series.
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The latter requirement makes possible to separate or to identify the detected
break points for the examined series.
(ii)

max( Var(Zjp(i^)) | i=l,...,L ) = minimal

i.e. we intend to minimize the maximal variance for increasing the efficiency of
the break points detection.
(iii) If (i), (ii) are fulfilled then let the number L be minimal.
The latter requirement is given in order to increase the efficiency of the break
points separation.
Theorem
1. There exists such an difference series system Zyy{R{ ; t) ( i—l,...JL )
which fulfils the above requirements.
2. In that case : L < K + 1 , furthermore
3.

maximum ( V?n(Zyy(Rj)) ) = maximum ( Var(Zjp(JV \j)) )
l<z<L
l<j<N

where Zyy(N\j ;t)(j =l,...fl) is the optimal difference series which can be
constructed without the reference series X\ and the maximal number of
applied reference series is less or equal than A .
Consequently an 'optimal' enough difference series system can be obtained for
break points detection procedure.

CONCLUSION

The main problems connected with the homogenization of climatic time series
can be formulated with mathematical tools. In addition the derived
mathematical problems can be solved too, consequently we can obtain a
statistical methodology for joint homogenization of climatic time series. Of
course, the application of the statistical results does not seem to be a simple
task. For that very reason a program system was developed by us. The
programmed procedure called MASH (Multiple Analysis of Series for
Homogenization) makes possible to apply the above mentioned statistical
results. The brief description of MASH is enclosed in the following Part.
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MULTIPLE ANALYSIS OF SERIES FOR HOMOGENIZATION
(MASH)

I. PROCEDURE FOR HOMOGENIZATION IN PRACTICE ( step by step )
The given series

Xi(t)

(/=i,2,..^+i; t=i,2,~./i)

Number of series: N+1
( max: 10 )
Length of series: n
( max: 200 )
Choosing of model: additive or cumulative
(In case of cumulative model the series elements must be positive!)
( Parametrization: MASHPAR.EXE )
1. Selection of examined series Y(t)
( Help: MASHHELP.EXE )
2. Examination of difference series
2.1. Examination 1. ( MASHEX1.EXE )
(Assumption: reference series are homogeneous)
Only one difference series, optimal weighting
Examination of the optimal difference series:
breakpoints detection, estimation of shifts, confidence intervals
2.2. Examination 2. ( MASHEX2.EXE )
(Assumption: reference series are not homogeneous)
Production of the 'optimal' difference series system
(The difference series do not have common reference series)
Examination of the difference series :
break points detection, estimation of shifts, confidence intervals
3. Correction of examined series ( MASHCOR.EXE )
3.1. Correction is based on the results of Examination 1.
(Statistical results: MASHEX1.RES, Graphic results: MASHDRAW.EXE)
3.2. Correction is based on the results of Examination 2.
(Statistical results: MASHEX2.RES, Graphic results: MASHDRAW.EXE)
Separation of the break points for the examined series
Estimation of acceptable shifts
(cumulative model: ratio=exp(shift) is calculated by the program)
4. Repeating the steps ( 1 - 4 ) or END
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(Tw^l

H. THE PROGRAM FILES

1. Executive Files
MASHPAR.EXE : Parametrization

^

MASHHELP.EXE : Help for selection of examined series
f tTt ""'j

MASHEX1.EXE : Examination 1.
(assumption: reference series are homogeneous)
MASHEX2.EXE : Examination 2.

"I

(assumption: ref. series are not homogeneous)
MASHCOR.EXE : Correction of examined series

^

MASHDRAW.EXE : Graphic series
2. Data Files
MASHPAR.PAR : Parameters
MASHDAT.SER : Original data series
MASHINH.SER : Inhomogeneity series

_

MASHHOM.SER : Homogenized data series
MASHHELP.RES : Table for selection of examined series

1

MASHEX1.RES : Statistical results of Examination 1.
MASHEX1.SER : Result series of Examination 1.
(one difference series with its inhomogeneity series)
MASHEX2.RES : Statistical results of Examination 2.
MASHEX2.SER : Result series of Examination 2.
(more difference series with their inhomogeneity series)
MASHCOR.RES : Detected break points and
shifts (additive model) or ratios (cumulative model)

'
"»
(T"7"'"]
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m . THE PROGRAM SYSTEM

1. Parametrization
MASHPAR.EXE
INPUT: Parameters, Data File
Parameters: model ( additive or cumulative ) ,
number of series (max: 10), length of series (max: 200),
critical value (see Part 4.4.)
Data File (format):
Row 1.: names
Column 1.: date (14)
Column i.: series i. (additive m.: F6.2, cumulative m.: 16)
OUTPUT: MASHPAR.PAR, MASHDAT.SER, MASHINH.SER,
MASHHOM.SER, MASHCOR.RES
2. Help: Table for selection of examined series
MASHHELP.EXE
INPUT: parameters, MASHPAR.PAR, MASHDAT.SER, MASHINH.SER
OUTPUT: SCREEN, MASHHELP.RES
3. Examination 1.
(Assumption: reference series are homogeneous)
MASHEX1.EXE
INPUT: parameters, MASHPAR.PAR, MASHDAT.SER, MASHINH.SER
OUTPUT: SCREEN, MASHEX1.RES, MASHEX1.SER
4. Examination 2.
(Assumption: reference series are not homogeneous)
MASHEX2.EXE
INPUT: parameters, MASPAR.PAR, MASHDAT.SER, MASHINH.SER
OUTPUT: SCREEN, MASHEX2.RES, MASHEX2.SER
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5. Correction of examined series
MASHCOR.EXE
INPUT: parameters, MASHPAR.PAR,
MASHDAT.SER, MASHHOM.SER, MASHINH.SER
Estimated BREAKS and SHIFTS
Remark: In case of cumulative model the SHIFTS belong to the logarithmic
values of the examined series. The program calculates the RATIOS.
OUTPUT: MASHCOR.RES, MASHHOM.SER, MASHINH.SER
6. Graphic series
MASHDRAW.EXE
INPUT: parameters, MASHPAR.PAR,
MASHDAT.SER, MASHHOM.SER, MASHINH.SER, MASHEX1.SER,
MASHEX2.SER
OUTPUT: SCREEN
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INTRODUCTION
The homogeneity of long instrumental data series has been studied for a long time
by climatologists. In most of the cases, the reliability of these series suffers from
changes in the measurement conditions: evolution of the instrumentation,
relocations of the weather station, modifications of the environment (urban
effect)... These inhomogeneities often have the same magnitude as the searched
climatic signals such as long-term variations, trends or cycles. Thus
homogeneization is absolutely necessary before any serious study.
The relative homogeneity tests that are in widespread use among climatologists
(Potter, 1981, Alexandersson, 1986) are based on likehood ratio procedures
(respectively Maronna & Yohai, 1978, Hawkins, 1977). In these procedures the
homogeneity hypothesis is tested against the presence of one single change-point
(also called break). These approaches suffer from two major limitations:
- the number of breaks in the tested series is multiple and unknown. Thus
the significance of the detected change-points can hardly be deduced from the
statistic of the procedures.
- the necessary resort to a homogeneous regional reference série whose
reliability cannot be proved. The different methods for creating such series
(Alexandersson, 1986, Easterling & Peterson, 1993) do not guaranty their perfect
homogeneity.
In the following we will show that by using a step-by-step version of the invariant
optimal Bayes procedure introduced by Caussinus & Lyazrhi (1996) a new
methodology can be defined and gives much improved results. This procedure
allows the detection of an unknown number of outliers and change-points.
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1. AN OPERATIONAL STEP-BY-STEP VERSION OF CAUSSINUS &
LYAZRHI'S BAYESIAN RULE
When it is assumed that there is only one change-point in a gaussian linear model,
many procedures are based on the likehood ratio test. Page (1955), Gardner
(1969), Hawkins (1977), Worsley (1979) test no change-in-mean versus global
existence of change. When the number of possible change-points is known in
advance, say k, all the previous procedures can be straightforwardly generalized to
the choice between no change and k changes. But detecting an unknown number
of change-points in a gaussian linear model is much more difficult because here
the various hypotheses do not have the same dimension.
The problem of determining a normal linear model with an unknown number of
change-points and outliers has been studied by Caussinus & Lyazrhi (1996). They
formulated it as a problem of testing multiple hypotheses and provided a Bayes
invariant optimal multi-decision procedure for detecting at most Jmax such
perturbations. The asymptotic form of the procedure is a penalized log-likehood
procedure which does not depend on the loss function nor on the prior distribution
under fairly mild assumptions. The term which penalizes too large a number of
changes (or outliers) arisesfromrealistic assumptions about their occurence.
In the following we will study the practical computation of this bayesian rule in
the case of an unknown number of changes in mean in a gaussian sample.
1.1 Notations
Let us consider n gaussian random variables Yj, i=l,...,n and we denote Y the
column vector of the Yj. We assume that the probability distribution of Y is ndimensional normal N n ((l,a 2 / n ) where In denotes the nxn unit matrix, a being a
positive unknown parameter. The scalar product on IRn is denoted (•,•) and the
corresponding norm |-||. The set of vectors (el,e2,...,en) is the canonical basis of
IRn.
Models differ from one another in the jx space. Let Q be a given q-dimensional
linear subspace of IRn, the basic model (that is the null hypothesis H0) is defined
by:
H0:
\i e Q or \i = Zp
(3 is an unknown vector of q parameters, X being a full-rank matrix nxq whose
colomns span Q. Let Qj be a given linear subspace of IRn contained in Q1 (the
linear subspace of IRn orthogonal to Q). The hypothesis Hj is defined by:
Hj: p.GÔ0Ô/orji=Xp+nQ-KXjPj).
Qj (dimension qj) is spanned by the columns of the matrix nxqj IIQ-KXJ) where
IÏQ-1- denotes the orthogonal projector on Qj_. All the problems we deal with can
be formulated as the choice of a model from a set of hypothetical models Hj
(including H0 where Qj reduces to {0}).
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1.1.1 Change-points and outliers

The previous framework is well adapted to the problem of change-point(s) or
outlier(s) in the mean.
We denote Jl and J2 the subsets of {l,2,...,n} where Jl corresponds to the
locations of the change-points and J2 to the location of the outliers. Let |J1| (resp.
|J2|) be the number of elements in Jl (resp. J2). We denote J=(J1,J2) the pair of
subsets Jl and J2. Jl, J2 or J can be empty.
The following matrices are used:

'0Ï1

h\

^

1

~o o"
0 0
0 0

11 =

e

) =

k
II* =

k +l

0

[ll*h] = 1

1
0

1 0
1 0

A

\}Jn

\}J

n

_1 0.

1.1.2 Change-points and outliers in a gaussian sample

Let Y~N n ( |i,G 2 /„). With the previous framework change-points and outliers may
be represented by:
Ho: J=J1=J2=0
Hj:J=Jl={k}, J2=0
Hj:J=J2={j},Jl=0
Hj:J=(JU2)=({k},{j})
Hj:J=Jl={kl,k2},J2=0

IE(Y)=u.
model without perturbations
EE(Y)={X+alIk
one change-point in k
EE(Y)=(X+bej
one outlier in j
IE( Y)=jx+a 1 Ik+bej
change-point in k, outlier in j
EE(Y)=ji.+akilIki+ak2lIk2 change-points in kl andk2

Q is spanned by II, so q=l and Qj = Q({ki>k2v.},{eji,ej2>..}) is spanned by the
columns of nQ-L(Xj), with Xj=[llki|llk2|..|eji|ej2|..].
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1.1.3 Change-points and outliers in a simple regression model
For a non perturbated model IE(Y)=X(3 where X=[x|ll] and x=t(xi,X2,...,xn). Q is
spanned by x and II. For i=l,...,n, IE(Yj)=ai+piXi. In this simple regression model
q=2. Under Hj, J=(Jl={k}, J2={j}) with j>k the model becomes:
IE(Yj)=oti+PiXi
IE(Yj)=ai+PiXi +a2+p2Xi
IE(Yi)=ai+P ixi +a2+p2Xi+>-

fori=l..k
for i=k+l,..j-l j+l,..n
for i=j

In this particular case Qj is spanned by nQ-'-(ej), riQ-L(lIk) and IlQ-,-(xk*) where
xk*=t(0,0,...,0>xk+i,...,xn).
If we add a continuity constraint for the case of one single change-point in k the
model becomes:
Ho:
Hj: Jl={k}, J2=0

IE(Y)=alI+px
IE(Y)= alI+Px-P/xk* with-ptot 2<k<n-2

1.1.4 Dimension of Qj
In general for |J1| change-points and |J2| outliers:

qj=|Jl|q+|J2|

If the changes, however, do not concern all the parameters (example of
continuity assumption) then qj=|Jl|q*+|J2| where q*<q. We also denote m=n-q.
1.1.5 Invariance properties
The statistical model and the different hypotheses are invariant for the group of
transformations {y-»ay+b, a>0, bsQ} and a maximal invariant is the vector of
normed residuals T:
T=n(rL(Y)/|| nQ-L(Y)||
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1.2 Formulation of the bayesian rule
Under several assumptions (Caussinus & Lyazrhi, 1996) the bayesian rule
becomes:
Select Hj* such as:
7* = Arg min 0;lnfl-

n ôy (r| 2 l+3^1n« ,7*0

\

s

JTl

Cn(7) = ln[l- UQj(T) j+—Inn et C„(0) = O
m
The various models are defined in matrix form by: u. = XP + TlQLXj P y.
We denote R the vector of residuals:

n„.Cr)

'^('^(^-^('xxr'zjx,)" 'Xy/?
A = y-X('ZX) _ 1 'Z7 e t | | R | 2 = ' ^

This procedure is equivalent to a log-likehood term penalized by 2\j\/m- Inn. This
penalization term allows to compare different hypotheses of various dimensions. It
penalizes the detection of too many change-points.
The procedure is Bayes optimal and invariant for the prior probability and the
chosen simple loss function. The prior probabilities and the loss function (not
described here) are adapted to a climatological use.
Invariance properties involve that normalizing the samples is no longer necessary.
Furthermore the quality of the detection depends only of the ratio between a and
the effective amplitude A of the breaks. Simulations reveal that detection becomes
good enough (number and position of the change-points) when (A/c)~1.5 .
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1.3 Towards step-by-step procedure

The natural way to compute the procedure is to calculate the statistic Cn(J) for
every hypothesis Hj (complete procedure). But this approach suffers from a major
drawback: the number of hypotheses to examine rises very fast with n (length of
the série) and Jmax (maximal number of accidents to detect). In first
approximation it is equal to nJmax. Furthermore the dimension of the computed
models is nxJmax, which penalizes even more the computation speed.
From a practical point-of-view it is virtually impossible to detect more than 4
change-points in a gaussian sample of size 100 (-10E8 different hypothesis) even
on a CRAY C98 super-computer. In the case of climatological instrumental data
sets, up to 10 change-points may occur in series of 120 years or more. The limits
of the complete procedure are far exceeded in terms of computation time.
But most of the hypotheses computed are useless. In the following we will show
that change-points can be detected by a step-by-step procedure. The problem is the
behaviour of the bayesian rule when Jmax<JR, where JR denotes the real number
of change-points in the linear model.

1.3.1 An example of theoritical justification
What happens if we try to detect one single change-point when two are present in
a gaussian sample? In figure 1.3.1.a below we show the theoretical behaviour of
Cn(J) in this case (A=1.00, n=100, J={i} and i=l,...,n-l).

20

40

60
Position of i
Detection of one sinqle break

fig. 1.3.1.a

The minima of Cn(J) are correctly placed, so detecting one single change-point out
of two is possible! This can be shown for other cases (1 out of 3,2 out of 3...).
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1.3.2 Algorithms
1.3.2.1 Single-step procedure
At each step one more change-point is added to the previous selected hypothesis.
Let HjS the hypothesis selected at step s, Hjt the hypothesis selected at step t=s+l:
HJt=ARGMINj{CnU))

J = [j„{j})

7 = l,...,n-l and [j}t Js

The procedure ends as Cn(Jt)>Cn(Js).
1.3.2.1 Double-step procedure
At each step one or two more change-point are added to the previous selected
hypothesis. Let HjS the hypothesis selected at step s, Hjt the hypothesis selected at
stept=s+l:
HJt=ARGMINj{CnU))
ja=0X-..,n-2

J = {js>{jaJ„})
jb=ja+l,...,n-l

and{ja}£js

{jb}tJs

The procedure ends as Cn(Jt)>Cn(Js).
1.3.3 Performances of the step-by-step procedures
We use test series whose configuration is inspired by real climatological cases.
Here n=100, a=1.00, the changes-in-mean have an amplitude of+/- |A| as described in figure 1.3.3.a below.

J

J~~l
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20

|_J

85

I —

70 75
fig. 1.3.3.3

1000 random test series with artificial changes-in-mean are generated to test both
single-step and double-step procedures. Histograms of the position of the detected
change-points are drawn for different values of |A| (figure 1.3.3.b next page).
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Detected change-points
Single-step procedure
Double-step procedure

u-1"

TJ-""

N=100 A=1.00 Penalization: CAU Simple step procedure

N=IOO A=1.00 Penalization: CAU Double step procedure

,N=100 A=2.00 Penalization: CAU Simple step procedure

N=100 A=2,00 Penalization: CAU Double step procedure
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fig. 1.3.3.b

It is obvious that the results improve when the amplitude of the break increases.
We also should notice that the detection by the double-step procedure is always
better.
Amplitude effect: for low values of |A|, the change-points « get drowned » into the
residual variance and thus cannot be well detected (in number and position). For
|A|=2.00, good results are observed for the double-step. This procedure detects 4
or 6 change-points correctly placed most of the time. Other simulation (not
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presented here) reveal that the performance becomes acceptable for |A|~1.50 when
the double-step is used.
Symmetry effect: in staircase configurations (changes-in-mean of the same sign)
the single-step procedure is efficient. This is no longer true when the changes are
alternatively positive and negative, especially when close in position. The doublestep becomes then necessary. We can verify on the histograms that the single-step
procedure hardly detects the change-points in position 40, 50 and 70, 75.
The test statistic Cn(J) can be considered as a good-fitness criterion of the data by
a linear model with changes-in-mean. For symmetry reasons, the single-step
procedure often fails to add a change-point when not in a staircase configuration,
even for high values of |A|.

1.3.4 Confidence level a of the double-step procedure

The rejection (or acceptation) of H0 occurs during the first double-step. It is
straightforward that this double-step is equivalent to the use of the complete
procedure with Jmax=2.
1000 normal samples are generated. The confidence level is then deduced from
the number of rejections of the null hypothesis H0 according to the bayesian
decision rule (see table 1.3.4.a below).

n
a

Confidence level a for different values of n
60
30
90
0.805
0.886
0.907

120
0.926

Table 1.3.4.a

Critical values where also computed. The null hypothesis H 0 is protected at a
given level a by the introduction of the critical value w(oc,n) in the bayesian rule,
thus becoming:
Select Hj* such that: / * = Arg min w ( a , n ) ; l n l - IL, (T)

2\

2\J\

>

m

j

1+—Inn , 7 * 0

Critical values calculated for a=0.95 are given in table 1.3.4.b below.

n
w(a,n)

cc=0.95 Critical values of Cn(J)
60
30
90
-0.041
-0.133
-0.018

120
-0.008

Table 1.3.4.b

Using order statistics we show that at least two decimals of the computed
quantiles can be trusted at a confidence level of 95%.
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1.4 Conclusion
In the definitive procedure we enable the detection of the outliers. At each step the
procedure will attempt to validate the presence of:
- one more change-point
- two more change-points
- one more outlier
The procedure ends when Cn(J) fails to decrease.
This double-step procedure allows the accurate detection of multiple changepoints and outliers in a gaussian sample.
Significance of the results is given even when the number of accidents is not
known.
Furthermore this double-step procedure can be adapted quite easily to the case of
multiple change-points and outliers in a simple regression model (modélisation of
the urban effect for example). In figure 1.4.a below we study the variation of the
temperatures differences series (Budapest versus Miskolc). The double-step
procedure allows to detect multiple change-points and trends.
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2. NEW METHODOLOGY FOR RELATIVE HOMOGENEITY TESTING
The use of a reference series whose homogeneity cannot be really checked is a
serious limitation to the previous methodologies. The procedures will detect the
breaks due to the tested or the reference series without making a distinction.
In the following, the double-step procedure defined previously is used to detect
breaks and outliers in difference or ratio series considered as gaussian samples
with an unknown number of accidents.
2.1 Principle of the detection
There is a simple way to get round the reference series. It is based on the simple
constatation that between two breaks a series is homogeneous (by definition). Let
us consider the problem of three inhomogeneous series (1), (2) and (3), each one
having one inhomogeneity. This situation is represented in figure 2.1.a below.

fig. 2.1.a

Each series is now compared to the other ones. Then the ratio (or differences)
series (l)/(2), (l)/(3), (2)/(3) will have two homogeneity breaks as shown in figure
2. Lb below.

fig. 2.1.b

It is straightforward that the change-point common to (l)/(2) and (l)/(3) can be
attributed to series (1), the change-point common to (l)/(2) and (2)/(3) can be
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attributed to series (2) and so on... This can be generalized however great the
number of change-points is.
The detection of the outliers follows the same principle.
2.2 Discussion
2.2.1 Precautions
Distinction should be made between « additive » and « multiplicative » parameters. For the temperatures (additive), term-by-term difference series should be
used instead of ratios.
For multiplicative parameters (precipitations...) the ratios are not symmetrical.
Thus both the series of ratios and their inverse should be studied.
The series must be well correlated and chosen into the same climatic area.
Comparing two poorly correlated data sets would lead to a very noisy series of
differences or ratios, thus degradating the performances of the detection
procedure.
2.2.2 Limitations
Theorical: the main theorical limitation is due to the case of series having breaks
very close or in the same position. Should they occur with the same amplitude
(sign and absolute value) they will not be present in the ratios or differences
series. But most of the time the induced indétermination can be removed by
considering the whole set of comparisons and using the metadata of the weather
stations when available.
Practical: Because of the standard deviation of the series, the breaks of weak
amplitude will lead to less accurate detection and sometimes no detection at all for
some comparisons. We must not expect to find perfect results when we consider
all the comparisons.
2.3 Conclusion
This methodology is based on a very simple principle and the intensive use of the
double-step procedure for practical computation. In next part we will study an
example of application: precipitation series of the « Côte d'Or» (small region in
the north east of France).
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3. APPLICATION: PRECIPITATION SERIES OF THE CÔTE D'OR
We study ten long precipitation series of the Côte d'Or on the period 1880-1993.
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fig. 3.a

The studied weather stations are Brion-sur-Ource, Chanceaux, Grosbois-enMontagne, Laignes, Marigny-le-Cahouet, Montbard, Nicey, Pouilly-en-Auxois,
Saulieu and Vix.
3.1 Relative homogeneity testing
The relative homogeneity of the series is tested using two methods:
- SNHT as described by Alexandersson (1986) and Forland & HanssenBauer (1994). The study was achieved by Christophe Merlier (1995).
- the new methodology described previously.
Metadata were used only after the detection phase, to validate the results. We are
conscious that Alexandersson (1996) insists on the importance of using metadata
along with SNHT. But here the purpose is to illustrate what may happen when
metadata are not available.
Next page we study the case of Saulieu. Forming the ratio series between Saulieu
and every surrounding station we try to detect the constant change-points and
outliers that can be attributed to Saulieu.
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3.2 Relative homogeneity of the precipitation series of Saulieu
GROSBOIS-EN-MONTAGN£(0 «

NICEY(I) v i SAULIEU(2)

SAUUEU(2)

fig. 3.2.a

In figure 3.2.a we can see that some features remain constant in the series of
ratios: outliers in 1950 (denoted A), change-points in 1926, 1931, 1964 are seen
on most of the ratio series.
The whole set of comparisons for Saulieu is presented next page in figure 3.2.c.
The symbols used are presented in the legend below (fig. 3.2.b).

» • BREAK

—

> OUTLIER

fig. 3.2.b

76

SAULIEU
1880 —

BR

CH

GR

LA

MA

MO

NI

PO

1890
->>
1900

—

1910

—

->-

1920 —

•i—
M

r—•

—1— M — —•- - -0~4—!—•

4—' —

•
<—— M — —•

193p^_
«— —*•

•«.——•
«— —*•

•>•

1940

195IT

=»V ...
->•

-^~ • - -5*~--

—

^L..
-5*-

-S»»

1960
•>-

^

1970

1980
-4— —•

«— —>•
1990

fîg. 3.2.c

77

'4

k«

VI

On fig. 3.2.c we can detect quite easily 6 change-points in 1882, 1926, 1931,
1949,1964, 1972 and one outlier in 1950.
As mentioned previously, we must not expect to have constant breaks in every
ratio series. For example in 1970 and 1971 breaks were also detected for
Montbard and Pouilly-en-Auxois. This explains why no breaks are found in the
ratio series.
For 1882, 1926 and 1931 the metadata were not found. But considering the
constant breaks in the ratio series they can be validated.
In 1949 the observer retired and the station was to be relocated. During 1950 no
observations were made and the value had to be reconstituted. First we thought
that the outlier was caused by a bad reconstitution of the missing value. In fact
there was just an error when we corrected the file.
In the end of 1950 the station is moved to the headquarters of the « gendarmes »
(state police force). In 1964 the gauge, too close to a wall, is relocated 60 meters
farther. In 1972, due to the construction of a warehouse, the gauge is relocated
again.
SNHT allowed to detect only one single break in 1882.
3.3 Final results
Final results for the Côte d'Or are given in tables 3.3.a and 3.3.b.
New methodology and SNHT: detected breaks
SNHT
New method
Validation
Station
Brion-sur-Ource
1942
1942
Station relocation
1885
Chanceaux
1895
1895
1907
1915
1921
Station relocation
1941
Station relocation
Grosbois
1948
Gauge relocation
1976
1982
1985
New gauge type
1987
1921
1921
Station relocation
Laignes
1959
1959
Table 3.3.a
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New methodology and SNHT: detected breaks
SNHT
New method
Validation
1925
1941
Homogeneous
Marigny
Station relocation
1972
Gauge relocation
1901
Montbard
Homogeneous
1939
1949
Station relocation
1970
1921
Station relocation
Nicey
1925
Homogeneous
Station relocation
1965
1971
Gauge relocation
Station relocation
1965
Pouilly-en-Auxois Homogeneous
1971
Gauge environment
Station relocation (1919)
1917
1917
Vix
New Gauge (1962)
1964
1963
Station

Table 3.3.b

Discussion:
Before 1950 metadata are very rare and give only the main relocations of the
weather stations. Thus it is normal if some inhomogeneities are not validated.
The two methods give the same results for the main inhomogeneities. But many
validated breaks are not seen by SNHT and are detected using the new method.
After the various steps of selection in the SNHT, four non-homogeneous series are
used to build the definitive reference series!
3.5 Conclusion
When metadata are not available, SNHT may give non reliable results because:
- mathematics are not adapted to the problem of multiple change-points.
- the method used to build the regional reference series is not rigorous and
may lead to dubious results.
The solution we propose relies on new mathematical tools adapted to the problem
of detecting an unknown number of change-points and outliers and we show that
the delicate problem of generating reference series is no longer necessary. The
detection of the outliers is an other advantage and we have seen in this example
that it may provide valuable information.
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4. CORRECTION METHOD
In the method described previously, no homogeneous reference series is used.
Thus it is not possible to calculate directly correction coefficients as in SNHT.
4.1 Correction model
Let X be the vector of n observations Xy on p séries:
Ho (no change-points):

IE(Xjj)=Uj+Vj

Hj (presence of change-points):

IE(Xij)=Uj+Vjh

i=l,...,n

j=l,...,p

VAR(X)=a2Inp

For |J| change-points, h (constant between two breaks) takes the values 1,...,|J|+1
. , ,
. .. .
Exemple of a change-point in i0:
c

{lE(X i j )=^.+v y i pouri<i 0
w™- N
. .
[lE(X.)=\ii+vj2
poun>i 0

Parameter identification:^v;7l = 0 for every h (under Ho 2^vy = 0).
7=1

;=i

The dimension of the model without change-points is n-p-1, each change-point
adding p-1 dimensions.
This formulation allows to separate naturally Uj (climatic factor) from Vj that can
be interpreted as series factor (influence of the location of the weather station).
Here Vjh is the series factor between two change-points of the model.
4.2 Estimation of the parameters

We denote:

Xi+ = ~ 2 X PM J
x++ -

X+j = ~ 2 X
ni=l y

2J 2-i%ij
np ,=i y=i
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For k change-points after ii, i2,..., ik, and denoting io=0, ik+i=n, then comes:

A, = Xi+

h

l

o '=1

vjh = . _ .
l

h

l

h-\

X (x,-X»)

forh=l,...,k+l

«-'A-I+1

The corrections are made by adjusting the various coefficients Vjh.
This model is very similar to variance analysis. It is currently in test and may be
not definitive. The asymptotic properties of these estimates have to be studied.
CONCLUSION
In this article we have defined a new methology based on Caussinus & Lyazrhi's
formulation.
Intensive simulations and practical use of the double-step procedure confirm its
good performances in the delicate problem of detecting multiple change-points
and outliers in a gaussian sample.
The principle of comparing of the series together is valuable for a practical use,
even with poor metadata.
Furthermore the mathematical tool we use can be adapted quite easily to other
gaussian linear models and allows to detect trends.
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Data, metadata and the question of homogeneity for the Austrian
climatological network

Ingeborg Auer and Reinhard Boehm
Central Institute for Meteorology and Geodynamics, Vienna

DATA
Austrian climatological data are reaching back to the 2nd half of the 18th century, but
data are sparse during the first decades. However, the systematic establishment of the
network has started in the mid 19th century when the Central Institute for Meteorology
and Geodynamics was founded. Since then the network has been increasing up to
about 200 to 250 operating stations. But as time goes on the technical equipment of
the stations has been improved, observation rules have been changed, re-locations of
stations have taken place and in 1971 the evening observation has been changed. This
and some other reasons are responsible for the fact that homogeneous data sets are
only rarely available.
Normally monthly climatic data sets have been digitized back to 1948, former data are
available only in printed year books or hand written lists. Many of the Austrian longterm series show a gap during World War II , besides that other gaps caused by
various reasons have to be completed. Nowadays a number of long-term series of the
main climatic elements have been already digitized.
METADATA
An ideal climatological databank should allow to relate to metadata information to
any desired date. This is of greatest importance for homogeneity testing. The Austrian
metadata archives are not digitized, information is available only in hand written or
printed form normally starting around 1940. Older information has gone lost during
World War H. For the work of homogenizing the extracted information has to depend
on the climatological element. For example, the change of rain-gage type will normally
not affect the temperature measurements, or on the other hand the information that
thermometer screen was re-whitened will probably not influence the precipitation
measurements. General information e.g. about re-locations, changes of environment,
changes of observers etc. are expected to be important for each of the climatological
elements.
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THE QUESTION OF HOMOGENEITY
Time series analyses make no sense with inhomogeneous data , so there should be no
doubt about the urgent need for homogenized time series. In 1989 a small group of
Austrian climatologists has started with the work of homogenization. This group has
developed a system starting with raw data on monthly basis and resulting in
homogenized climatic time series. There are several steps of data completing, testing
and adjusting (comp. the example for precipitation sums in Fig.l). The two most
important tools which are used are the former mentioned metadata and a relative
homogeneity test. Although there are several relative homogeneity tests existing this
group decided to use only one, namely the Craddock-Test, as there is no uniform
opinion which test is the optimal one. Maybe this workshop will bring more clearness
into this matter. Nevertheless it is better using probably not the best method of
homogeneity testing and adjusting than doing nothing. This will be demonstrated later
by some examples.

Flowing Chart: Time Series Analysis
Example: Precipitation
DATA STORAGE

DIGITIZING
LISTS FROM ARCHIVES

SOURCES:

_l

COMPLETING
AND HOMOGENEITY
TESTING

I

MONTHLY
PRECIPITATION
D.B

I K3-Databank

rT!

PERGN1
1
•
— | PKOREL P ^

[
- » horn. prec. series

J

]=

- * horn. prec. series

TIME SERIES ANALYSIS FOR ONE STATION

I PZEfTN I

| K3PLOTT_F. K3PN.F. K3PLOTT_RF ..

REGIONAL RESULTS
| PKOMAT |

| PGEMIN |

| PREGR1 |

| PREGR2 |

|

PGRIO

|

Figure 1: Flowing chart for programs for time series analyses in Austria (Auer, 1996)
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Craddock Test:
The Craddock Test originally provided for British rainfall series is a relative
homogeneity test, which requires a homogeneous reference series (sometimes long
enough homogeneous sub-periods are sufficient). The Craddock test accumulates
normalized differences between the test series and the homogeneous reference series
according to formula:
si = si-1 + bm/am * ai - bi
with: a being the homogenous reference series
b series to be tested
am, bm means over the whole period.

Fig.2 shows the artificially error loaded January temperature series of Vienna.
Although the strong statistic noise covers the artificial inhomogeneities completely, the
test graph gives a clear signal in each case of sudden jumps even if they are small.
In practice the test results look more confusing depending on the climatological
elements. The test signals turned out to be clear in the case of pressure and
temperature. More difficulties occurred with precipitation according to the temporal
and spatial variability of this element, but all in all the results are sufficient. The test
caused serious problems being applied to snow records.
Fig. 3 shows the Craddock test results for the annual mean temperature series of
Reichenau (Austria). Reference series was a regional mean of 20 other Austrian
temperature series, detecting signals in 1870 and 1942. For the 1942 signal metadata
gave a hint to observer change and simultaneous relocation, for the 1870 signal there
was no metadata information because old metadata disappeared during World War II.
In general there is no reason to trust into the completeness of station history
descriptions also in recent times. Some information may have gone lost. Especially in
former times there was a smaller sensitivity according to re-locations of instruments
for some ten meters, changing environment (growing trees or cutting of trees etc.) is
seldom contents of station description. In many cases the frequency of station checks
there and then is too low. This means that we do adjust our series also at break-points
- although we do not have metadata documentation- if the signal is of the same (or
greater) order of magnitude as the documented signals.
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Figure 2. : Response of Craddock test function to artificially superimposed errors (Bôhm, 1992)
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Inhomogeneity errors
The study of long-term instrumental climatic time series makes no sense with nontested records. Inhomogneneity biased series can lead to misinterpretations of the
studied climate variability. Even if inhomogeneities cannot be removed from series it is
important to know its possible error. Some examples about the magnitude of
inhomogeneity errors as well as thefrequencyof inhomogeneity are shown in Fig. 4-6.
Time series of mean daily range of temperature (MDR)

MEAN OAIir HAXIH» ( - o r i g i n a l . — adjusted)
MEAN OAILY HAXIMA ( — o r i g i n a l ,

HEAK OAILY HIMIKA

( — original.

adjusted)

XEAN OAIlt MINIMA i _ o r i g i n a l . — adjusted)

adjuitad)

Salzburg

Vienna

Figure 4. Examples for necessary adjustments in time series of mean daily maxima and minima
Figure 4 shows two typical indispensable adjustments for mean daily maximum and
minimum series. In Salzburg the adjustment was necessary because of the relocation of
the city-station Salzburg University to the airport in a much less populated area in
1939. This relocation caused a sudden increase of MDR mainly by reduced daily
minima. The resulting difference in annual MDR turned out to be 1,0 °C caused by a
daily minimum decrease of 1,2°C and a smaller one of daily maximum of only 0,2?C.

88

But also a much less distant relocation as for example one within the garden of the
Central Institute for Meteorology in Vienna have to be taken into account. The
thermometer screen was moved from a shaded position near the northern wall of a
building to a more sunny and open position near the centre of the institute garden in
1953. The effect of MDR was the same as the above described relocation from
Salzburg city to Salzburg airport. In Vienna an MDR increase of 1,0 °C was caused by
an opposite change of the extremes. Minima dropped by -0,4 °C and maxima rose by
+0,6 °C with the moving to the more open location at a horizontal distance of only
50 m.
Time series of monthly precipitation amounts in Austria
For a data set of 62 precipitation stations with time lengths between 61 and 145 years
162 adjustments had to be carried out to get a network of 62 homogenized data sets,
which means an average of 2,6 adjustments per station. The number of necessary
adjustments is increasing with record length. Only four stations were found to be
homogeneous over the whole observation period, on the other hand certain stations
had to be adjusted up to eight times (Figure 5)

-50 -40 -30 -20 -10 0 10 20 30
percent of precipitation to be adjusted

40

61-80yeera

81-100

101-120
record length

Figure 5: Frequency distribution of adjusting factors for 62 precipitation stations and number
of necessary adjustments (Auer, 1994)

Mean Temperature
For the homogenization of 58 temperature series 3,2 break points per station were
found, the mean duration of a homogeneous sub-period turned out to be 26,8 years.
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Figure 6:
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since 1850 (Boehm,
2000 1992)

Multiple series
Up to now climatic change research (and also homogeneity testing) has concentrated
only on a few elements, manly on temperature and precipitation. But climate is much
more, it consists of a large number of interacting climatological elements. So moreover
testing and homogenizing rules are needed for climatic elements as there are
cloudiness, relative humidity and vapour pressure, snow observations, wind
measurements etc.. For multi-elemental climatological time series, which are the only
suitable ones to describe regional climate change, we need much more knowledge
about testing and adjusting. From the Sonnblick observatory time series starting in
1886 we gained some experiences: Some examples are given very shortly in the
following:
In the year 1971 the evening observation was changed from 9pm to 7pm followed by
modified calculations of monthly mean values. This and some other problems required
a careful control of data and some adjusting procedure. Air pressure: Owing to the
small daily amplitude of this element no adjustments had to be done. Air temperature:
All values were adjusted to 24hourly means in order to avoid the former mentioned
inhomogeneity concerning changing observation time. The adjustment of extreme
values was not necessary. Sunshine duration: Until 1932 the daily recordings of May,
June and July showed smaller values (up to 11%) as expected induced by shadowing
of the observation tower. Therefore all impaired monthly sums of sunshine duration
had to be adjusted based on the results of comparing measurements conducted
between 1932 and 1935. Cloudiness: Since 1886 the amount of cloudiness has been
reported in tenth of sky coverage. This inhomogeneity of 1970/71 could be adjusted
using regression with the homogeneous mean of unchanged 7am and 2pm
observations. But there are still some uncertainties about the not well defined
estimation rules for high clouds which are not documented sufficiently for the whole
observation period. Relative humidity and vapour pressure: A nearly 4 years lasting
period from 1919 to 1923 with low quality data could be replaced on monthly basis by
regression calculations between temperature and vapour pressure, which showed
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sufficiently high correlation. All these procedures were only possible because of the
high quality metadata information of this station which fortunately was not gone lost
during World War II. Up to now we have two multi-elemental time series in Austria
,Sonnblick and Vienna, but for the future we plan to have at least ten of them,
although we expect our metadata to be incomplete.
During the 1980s and 90s more and more conventional stations were replaced by
automatic systems (TAKLIS, TAWES) in Austria. Because of the still short time
interval for comparisons we have not yet studied the consequences for homogeneity.
This is a problem for the near future and we can only hope it will be solvable.
But the effort of homogenizing is worth. Up to now for the Austrian territory it was
possible to homogenize 62 precipitation series, 52 mean temperature series, 10
maximum / minimum temperature series as well as 57 snow series of snow depth and
snow cover duration, 10 sunshine duration series and two multi-elemental series
containing the main climatological elements. Fig. 7 shows the already existing net of
homogenized climatological time series in Austria.

D

Multi elemental series

o Daily temp, range

©

Mean temperature series

• Precipitation series

o

Combined temp.-prec.series

Figure 7: Austrian network of homogenized datasets
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• Snow series

A number of applications of the Austrian homogenized time series for research have
already been published (see reference list) and will be presented at the workshop.
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To value homogeneity of the time series, method of difference or method of relation is
used , in other words, differences or relation of annual, monfly, season values are
calculated, the series of which is tasted, to the meaning on supporting / representative/
nearest station.
Together with correlative plot, " gradation" plots are made on the series of
differences and relations for checking statistic value of disturbance of homogeneity of the
series.
Method of check of a homogeneity of series with a criterion of Kolmogorov
In contrast to traditional methods this method permits to conduct carefulness
quantitative control of homogeneity of meteorological time series at prescribedlevel of value.
The method is based on the usage of "creterion of agreement" of Kolmogorov. Detection
of hererogeneity of series reduced to determination of sharp variation of its level. For this
purpose the basic series is devided on an unequal parts in which limits the process of
changing météorologie value can be marked as statistic homogeneous. For each of stationary
part the average meaning is calculated, the plot is made in accordance with this datas of
meteorological characteristic, which has a gradation form. It's easy with the help of the plot
to mark in which years disturbance of homogeneity of the series took place and also value
it.
The check of a series on a homogeneity by means of the given method is
fulfilled under the following scheme.
The chronological series of the meteorological characteristics is numbered from
1 up to N; the ordinal numbers are appropriated to all terms of a series, regardless of the
fact that there are not any observations for any year or series of years. Whole range of
values of a series is devided into equal to magnitude gradations. The number of gradations
(K) is determined depending on length of a series under the formula K =VÎT, where N is a
phase of observations. On a being available series of observations the difference between
maximal and minimal magnitudes of each gradation ( L) is calculated and divided into
number of gradations K. Thus the magnitude of each gradation (L) will be determined. In
that way the number of signs after a comma should be per unit more, than in data of an
initial series. By addition to a minimum value of a series, representing a low bound of the
first gradation, of magnitude L, it will be received a upper bound of this gradation, which
is simultaneously a low bound of following, i.e. second gradation. As a result of sequential
addition L the lower and upper bounds of whole gradation will be obtained. The upper
bound of last gradation coincides a maximum value of a series. Further each term of an
initial series sequentially from first up to last is recorded in one of gradation K depending
on the value . In a table the ordinal number of terms of an initial series is noted.
Then in each gradation a comparison of two adjacent number will be made
in pairs; thus the first number hitting in gradation is compared with O, and last ( Nk) - with
N.
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If it will appear, that two adjacent numbers in the given gradation will be
far from each other, i.e. the difference between them exceeds some critical value ( d crit.),
it gives a reason to consider, that they belong to different fixed sites. A value d crit. for
each gradation is determined under the formula
where

d crit.= X crit/ Nk / nk;
X crit. - statistics of Kolmogorov;
Nk - last number, hitting in the diven gradation;
nk
- number of bits in gradation.

Criterion of Kolmogorov's fit test .A is choosen depending on the given
probability. À crit. for various significance levels (various probabilities) is given in tab. 1.
Table 1
!P%

! 99.99 !

! A crit.

!

0.33 !

99.0

!

0.44 !

95

!

0.52 !

5

!

1.36 !

From all gradations of numbers are selected, a residual between which
exceeds d crit. place of which is on a numerical axes from (lfN) and the first of
standing in a pair numbers is marked by a parentheses, the second by square one ( look
Fig.l). Thus a numerical axes with marked on it round and square brackets.
To reveal homogeneous sites of an analysable series and years, in which
there was the rupture of a homogeneity, all marked on a numerical axes square brackets
are considered sequentially and those are selected only from them, even though before
which there is one parentheses. The ordinal number corresponding to the square brackets of
the first such pair is the first year of violation of a homogeneity. Therefore, the fiers fixed
site includes a series of years from the first year of observation up to a year,
corresponding to the first square brackets. The year of violation of a homogeneity is not
included to this site and is the beginning of the following fixed site. The square brackets
following according to the order have before self round one,which shows the second
violation of a homogeneity of a series, etc.
After all the fixed sites are defined, the average of values of
meteorological characteristics in limits of each site will be carried out and a graduated
graph of a level of a series is created. On an offered method it is possible to analyse the
series of various meteorological elements on a homogeneity.

Conclusion about a homogeneity of series
The conclusion is made on the ground of carried out by means of indicated
above methods of quantitative check and qualitative analysis of the reasons of violations of
a homogeneity on the ground of acquaintances with notes of the inspector in engineering
matters of stations. The basic reasons of violation of climatological homogeneity of series
are: transposition of meteorological station, changes of environment, change of gears and
periods of observations. On temperature of soil a violation of vegetation and snow coverage
also leads to a heterogeneity in place of installation of soil thermometers as well as the
changes of a level of ground waters, emerging of new water pools.
The heterogeneity of series of pressure is not connected with common,
indicated above reasons. The following factors lead to a heterogeneity of series of pressure:
transpositions of a barometer and thus the inexact definition of a zero height of barometer;
a modification of tool corrections of barometer in a phase between inspections; imperfections
of barometer.
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Table 2
N!

1 ! 2

! 3 ! 4

! 5

! 6

! 7

! 8

! 9

! 10 ! 11 ! 12 !

Y ! 1937 ! 1938 ! 1939 ! 1940 ! 1941 ! 1942 ! 1943 ! 1944 ! 1945 ! 1946 ! 1947
1948!
.
_. ..
___.
... .... ,___
__..
iC! 0.1
0.2 ! 0.4 ! 0.1 ! 0.2 !
! 0.5 ! 0.5 ! 0.3 ! 0.3
0.1 !
13
1949

14 ! 15 ! 16 !

17 !

18 !

19 ! 20 ! 21 ! 22 ! 23

24 !

1950! 1951! 1952! 1953! 1954! 1955! 1956! 1957! 1958! 1959 1960 !

0.2

0.3! 0.8 ! 0.7!

25

26!

0.9 ! 0.1 !

0.4! 0.7

0.3 !

31 ! 32 ! 33 ! 34 ! 35

36 !

1961 1962! 1963 1 1964! 1965 ! 1966 ! 1967 ! 1968! 1969 1 1970! 1971

1972 !

27 ! 2 8 ! 29 ! 30 !

0.2

-0.2!

0.0! -0.2! -0.2 ! - 0 . 2 !

37

38 ! 39 ! 40 !

1973

1974! 1975 ! 1976!

0.0

0.0! -0.1 ! 0.1 !

0.6 !

0.2!

0.1 !

0.0!

0.4!

0.2

! -0.1 ! -0.1

-0.2 !

max =0.9 , min =-0.2 , k = \ r 4 0 = 6 .

Table 3
Ngrad.!

1

!

3

!

4

!

5

!

grad.! -0.2...-0.1! 0.0 - 0.1! 0.2-0.3! 0.4-0.5! 0.6-0.7! 0.8-0.9 !

0
2
5
10
11
13
( H
20]
24
(25
(33]

0
1
(4
12]
(18
27]
31
32

(0
26]
28
29
30
34
35
36
39

37
38
40

0
3
8
9
21
22

0
16
19
23

0
15
17

]
ncrit. !

8

!

10

!

10

!

5

!

3

!

2

dcrit.!

7

!

7

!

5

!

5

!

7

!

6
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Table 4
Y!

1948

!

1951

!

1956

!

1962

!

1976

!

! 1937-1947! 1948-1950! 1951-1955! 1956-1961! 1962-1975!
T
!

0.29

!

0.20

!

0.54

!

0.37

!

-0.07 !
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HOMOGENIZATION OF VARIOUS CLIMATOLOGICAL
PARAMETERS IN THE GERMAN WEATHER SERVICE
Jutta Herzog, Gerhard Muller-Westermeier
Deutscher Wetterdienst, Postfach 100465, D-63004 Offenbach
Tel.: 69-8062-2926, Fax.: 69-8062-2993,
e-mail : mueller-westermaier@k3. za-offenbach.dwd. d400. de

ABSTRACT
Several homogeneity tests for climatological time series have been tested. The
Alexandersson test, which showed to be most effective, has been used to test and
homogenize monthly time series of various climatological parameters (mean daily
mean, mean daily maximum and mean daily minimum of temperature,
percipitation, humidity) for 19 stations with continuous daily observations
beginning before 1914. Derived parameters like number of days with frost,
summer days etc. have been homogenized via applying the monthly correction
coefficients for the basic parameters (maximum and minimum of temperature,
precipitation) to the daily values and new computation of the derived parameters
from the modified daily parameters.
INTRODUCTION
Like most meteorological services the German Weather Service possesses long
time series of meteorological observations which are the basis for investigations
of climate variability and climatic trends on a time scale of decennia to centuries.
To be of real use for this purpose these time series have to be tested for
inhomogeneities and should be homogenized as far as possible. This task is being
undertaken in a research project (fig. 1) supported by the Federal Ministry of
Education and Research for 19 time series of daily observations of climatological
stations beginning before 1914 and continuing up to now without major
interruptions.

101

BMBF - research project:

preparation of long meteorological time series for climatological purposes
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Figure 1: The homogeneity tests in the context of the research programme

DATA

There is a large number of monthly time series of individual parameters
especially mean temperature and amount of precipitation, which may give
information on climatic trends. However a full understanding of climate, climate
variability and climatic change can only be achieved when all major climatic
parameters and their mutual interactions are examined. Therefore 19 long time
series of daily observations which contain a large number of different parameters
have been selected (fig; 2).
With financial support from the Federal Ministry of Science and Education
various parameters are being tested for their homogeneity and homogenized as far
as possible.
As reference stations all time series of sufficient length have been used. For those
parameters, for which a large number of time series exists (mean daily
temperature and precipitation), the best reference stations have been selected
according to their horizontal and vertical distance from the station to be tested.
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Zugspitze

Figure 2: Stations with long time series of daily observations

SELECTION OF HOMOGENEITY TESTS

A large number of relative and absolute homogeneity tests have been compared,
namely
Abbe-test,
Craddock-test,
Mitchell-test,
Buishand-test,
Mann-Kendall-trend-test,
Progressive-analysis-trend-test,
Wald-Wolfowitz-test,
Moving t-test of the constance of the mean,
t-test to compare the mean values of the time series to be tested and of
the reference time series,
F-test to compare the variance of the time series to be tested and of the
reference time series,
Helmert- and Abbe-criterium,
Moving chi-square-test to compare the frequency distributions of parts
of the time series,
Alexandersson's standard normal homogeneity test.
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The tests of Buishand and Alexandersson came out to be especially sensitive to
inhomogeneities. As the Alexandersson-Test has the advantage to give not only
the time of an inhomogeneity but also its size and as it has been proposed as a
standard test for international programmes of the European Climate Support
Network (ECSN), this test has been adopted as the standard homogeneity test for
long time series within the German Weather Service.
OPERATIONAL PROCEDURE
Computer programmes have been developed to build this test into a operational
procedure. The stations used to produce the reference time series can be specified
directly or automatic selection criteria can be given.
In the latter case the minimum and maximum number of stations to be selected,
a maximum distance from the station to be tested, and a maximum difference in
elevation are specified. If the number of stations fulfilling these conditions is not
sufficient, the limits for distance and difference in elevation are extended by
increments which have to be specified as well and the search for reference
stations is repeated.
In general the difference between the reference time series and the time series to
be tested has been subjected to the Alexandersson-test. However for the monthly
sums of precipitation the ratio of the time series to be tested to the reference time
series has been used.
Principally the Alexandersson-test can find only the most significant
inhomogeneity in a time series. Therefore the test has to be used in an interactive
procedure. When a statistically significant inhomogeneity is found, the time series
is homogenized for this inhomogeneity using the size of the inhomogeneity
(difference or factor respectively) given by the test. Then the time series is tested
again and a second inhomogeneity may be found. The whole procedure is
continued until the test does not find any further statistically significant
inhomogeneity. As significance level an error probability of 10 percent has been
used throughout. As an example figure 3 shows the time series of the difference
between the time series of Bremen and the reference time series for mean daily
temperature of September before and after the individual steps of the
homogenization procedure. Figure 4 gives the resulting time series of yearly
mean temperature for Bremen before and after homogenization. In this case a
warming trend over the past 100 years was hidden by the effect of relocations
from the city to the neighbouring airport.
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time series of the difference between the time series of Bremen
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Figure 3: example of difference between time series to be tested and reference time series
after individual steps of the homogenization procedure (mean daily temperature in
September in Bremen)
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Figure 4: Example of time series before and after homogenization with resulting low pass
filtered curve (yearly mean temperature in Bremen)
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1990

In some cases statistically significant inhomogeneities were found very near to the
beginning and to the end of the time series. As the apparent inhomogeneities
usually were caused by some casual deviation of the time series to be tested from
the reference time series in the very short intervals at the beginning and at the
end of the time series which the test has to compare with the rest of the time
series, inhomogeneities within 5 years from the beginning or the end of the time
series have been neglected.
Information on the station history is then used to find explanations of the
inhomogeneities found statistically.
In most cases some relocation of the stations or some modification of the
instruments could be found. However in many cases there was a difference of
one or two years between the date of the inhomogeneity found by the test and the
date of its physical cause. Very often the inhomogeneities found by the test in the
individual months appeared in different years, when it was clear that they had to
be attributed to the same physical reason. As an example figure 5 gives the
results of the homgeneity test for mean daily temperature for Bremen.

January
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March

April
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November December

1897/+0.3 1895/+0.3 1894/+0.3 1894/+0.4 1896/+0.3 1895/+0.4 1895/+0.4 1895/+0.5 1895/+0.6 1895/+0.6 1895/ +0.5
1935/-0.2

1935/-0.3

1935/-0.4 1935/-0.4 1935/-0.3

1977/-0.2 1978/-0.2 1978/-0.3 1978/-0.4 1978/-0.5 1977/-0.6 1977/-0.6 1977/-0.7

1977/-0.6

1977/-0.4 1977/-0.3

1935/-0.3 1935/-0.3 1935/-0.3

(year of the Inhomogeneity / correction factor)

1895,1935 and 1977:

relocation of the station

Figure 5: Results of homogeneity test for mean daily temperature in Bremen 1890 -1990

Quite frequently the inhomogeneity was significant only in some of the months.
Mostly this was due to an annual cycle in the effect of the inhomogeneity on the
parameters tested. Occasionally however, the statistical significance of an
inhomogeneity was very near to the significance level chosen in the procedure so
that it came out in the test just by chance.
Nevertheless the homogenization has been done exactly according to the results
of the test to avoid interruptions of the test procedure.
Finally the homogenized time series of the individual months are combined to
time series of seasons and of the year so that the homogenized data are consistant
internally.
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HOMOGENIZATION OF DERIVED PARAMETERS
For monthly parameters not measured directly but derived from some other
parameter such as the number of summer days (maxiumum temperature at least
25 °C), frost days (minimum temperature below 0 °C), days with 1 mm
precipitation or more etc. two procedures have been tested.
First these parameters were derived from the original inhomogenious time series
and then tested directly. However this gave rise to some problems. For all those
parameters, whose frequency shows a large annual variation and which usually
appear only in one or two seasons, it was not possible to get reasonable results
in months with very low frequency. Besides the network of possible reference
stations was very small for these parameters (only the 19 stations with long time
series of daily values).
Therefore another procedure was developed. Usually it is not admissable to
homogenize daily values, because in individual days conditions may vary so
much that the physical reason for an inhomogeneity may have quite different
effects for the climatological parameters affected. However, when monthly values
of derived parameters are computed, deviations in single days cancel out to a
large extend.
Therefore the daily values of mean, maximum, and minimum temperature and of
the amount of precipitation have been homogenized using the correction factors
for the monthly values, and the monthly values of the various derived parameters
have been computed from these homogenized time series. Schematically the two
procedures are shown in figure 6.
A comparison of results of the two procedures showed similar results as far as
comparable values could be produced. This was especially the case for
parameters derived from temperature data. The inhomogeneities found as well as
the homogenized time series were in good agreement (see figure 7 for an
example).
For parameters derived from daily precipitation larger differences appeared.
However most of this has to be attributed to the sparse station network in the
case of directly homogenized derived values. As spatial correlation is rather poor
for precipitation preference has been given to the computation of the derived
parameters from homogenized daily values of the basic parameter.
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Figure 6: Homogenization procedures for derived parameters
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Figure 7: Results of homogenization of frost days in December in Bremen using the different
homogenization procedures
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PRESENT RESULTS
Up to now the homogenization has been done for the 19 stations in the period
1891-1990 for the following parameters:
directly measured parameters
mean daily temperature
mean daily maximum temperature
mean daily minimum temperature
monthly amount of precipitation
mean daily vapour pressure
derived parameters
derived from daily mean temperature
sum of daily mean temperatures below 0 °C
number of days with mean temperature below 0 °C
number of days with mean temperature below 12 °C
number of days with mean temperature of 20 °C or
more
number of days with mean temperature of 25 °C or
more
derived from daily minimum temperature
number of frost days (minimum temperature
below 0 °C)
number of days with minimum temperature of -5 °C or
below
number of days with minimum temperature of -10 °C
or below
number of days with minimum temperature of 15 °C or
above
number of days with minimum temperature of 20 °C or
above
derived from daily maximum temperature
summer days (maximum temperature 25 °C or above)
hot days (maximum temperature 35 °C or above)
ice days (maximum temperature below 0 °C)
cold days (maximum temperature -10 °C or below)
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derived from daily amount of precipitation
number of days with precipitation of 0.1 mm or more
number of days with precipitation of 0.3 mm or more
number of days with precipitation of 1.0 mm or more
number of days with precipitation of 2.5 mm or more
number of days with precipitation of 5.0 mm or more
number of days with precipitation of 10.0 mm or more
number of days with precipitation of 20.0 mm or more
PLANS FOR FURTHER WORK
Within the research project the homogenization is planned to be extended to other
directly measured parameters, especially pressure, sunshine, cloudiness and snow
depth and a lot of derived parameters will be computed from them.
The procedure will also have to be tested with other types of derived parameters,
especially first and last date of the appearance of certain conditions like frost as
well the time between first and last appearance.
As some more long time series of daily observations are being digitized, the
whole procedure will be applied to these time series as soon as they are
available.
As far and as soon as working capacity allows, the rather large amount of long
monthly time series of temperature and precipitation will be homogenized.
Besides the procedure of homogeneity testing and homgenization will have to be
routinely repeated at certain intervals (e. g. every 10 years) for all long time
series.
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HOMOGENEITY EVALUATION OF SNOW COVER RECORDS
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INTRODUCTION

Albania is situated in South - East of Adriatic Sea and North - East of Jonian Sea, both
part of Mediterranean basin. This geographical position causes climatic variations across
the country which produce great variations in snow cover. Consequently in a little more
than one third of the territory ( the west part of it which begin from the sea shore up to the
mountain barriers orientated NE - SW ) snowfall occurs less than once in two years so
that this part of the territory isn't considered. In the part of the territory considered are
used climatic records of 127 meteorological stations distributed uniformly all over that
one and with a maximum period of observations from 1951 up to 1987.
The method of analysis is used to evaluate the homogeneity of annual maximum depths
of snow data series. The chosen of this parameter is dictated from practical consideration.
So, for example, knowing the regime of this parameter is of a great importance in
evaluation of the potential water reserves of our country, and in building constructions
because of the necessity to know snow loads on roofs.

GENERALITIES

It is known that the first step of statistical analysis of a data series is to evaluate the
homogeneity of the terms of this series and this one is said to be homogeneous if it is a
sample from a single population which requires that for every data sample the physical
processes are the same [1].
To evaluate either a given data series is homogeneous or not can be used non parametric
test or parametric ones which provide a hypothesis of homogeneity ( null hypothesis ) and
a rule for accepting or rejecting this hypothesis on the basis of probability of occurrence.
The first ones are mostly utilized to test the randomness of data because are applicable to
several distribution types or do not require postulation of the distribution type. In
addition, these tests don't need the computation of parameters of the distribution [1],
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Based on these considerations in this paper is used a method of analysis which consists in
using non parametric test to verify successively, for a given series of data,
1. the stability of mean,
2. the stability of dispersion of the variations in relation to this central value,
3. the lack of the correlation between the consecutive terms.

tm\

m

METHOD OF ANALYSIS

Stability of mean

To verify the stability of mean is used the test of tendency ( the test of Mann ). According
to this test if xi,X2,...,xn is the chronological series, the statistics of the test T(x) is the
number of inequalities Xk < Xj for all the couples k < j < n. It means this test consists in
calculating, for each term of the series, the number of previous terms which are less ( or
greater ) than the given one, and the statistics of the test is the sum of the number so
calculated,
1 (X)

2-i\ Hi-

tm

When n>10 the statistics of the test is distributed close to normal, with the mean
E(T) = n ( n - l ) / 4
and the variance

™1

a2T(T) = (2n3 + 3n2 - 5n)/72,
PfPj

and the variable
t(x) = [T -E(T)]/a(T)
may be called as the standardised variable of normal distribution.

«

When n <10, Mann has given a table of exact probabilities of statistics [4,5].
This method consists in calculating not simply the t(x) of the whole series but in
calculating , progressively, the variable t(x) for all partial series beginning from the first
term and ending term by term up to the last one of the series [5].

"^

In the case of a series with terms of equal values, T(x) is calculated augmenting the
number of inequalities Xk < Xj for k < j by the half of the numbers of relations Xk = Xj for
k < j , to receive in this way the proper value of n,- [7].
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Stability of dispersion

Because of verifying the dispersion, the stability consists in verifying the stability of the
deviations in relation to a central value ( in the case presented here the central value is the
mean ), so is used the test of tendency and the series analysed with this test are those of
absolute values of these deviations [4].

Lack of the correlation between the consecutive terms

To check the lack of the correlation between the consecutive terms is used the test for
serial correlation ( the test of Wald - Wolfowit'z ) which is specific for the correlation of
each series given term with the next one of it. It consists in calculating the statistics
n
R = £

XjXj+i

i=l
where Xi, xj, ..., xn are the terms of a given series on which is done a changement of the
origin in such a manner that
£xi = 0
and is established that
xn+i = M [Tilt means the statistics is calculated based in the series of the deviations from the mean and
is distributed close to normal for grate values of n.
To simplify the calculations and taking into the consideration that the generalisation of
the test remains the same if the terms of the series will be substituted by other ones which
conserve the relationships of inequalities existed, each term of the series can be
substituted by the number of his rank in the series of the terms arranged in order of
magnitude. In this way xi, X2, .., xn is the series of rank deviations from the ranks mean
[4]. After this simplification the statistics of the test is
R' = R/S
where
n
S = 2 (Xi)2
i=l
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To check if exist or not any correlation between the consecutive terms is calculated the
factor

pvHj

u(R') = [(n-l)R' + l ] / ( n - l ) 1/2
and with the help of a table of standardised normal distribution values can be determined
the probability:
ot,=p{u>u(R')}
FH"^

If ao is the significance level of the test, the null hypothesis (the lack of serial correlation)
is accepted or rejected, respectively, if cti > ao or ai < ao [7], [4].

APPLICATION

Using the method of analysis, above presented, on 127 series of annual maximum depths
of snow resulted that three of them were heterogeneous for the significance level
a 0 = 0,01.
Analysing, then, the causes of heterogeneities was found that in a case was changed the
station location which had caused an increasing tendency of the values recorded, as may
be seen in Fig. 1 beginning from the winter 1973 - 74.
!"""]
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Fig. 1 Max. depths of snow. Bishnica station
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In other two cases was thought that the heterogeneity was caused due to the exceptional
values noted in the records of each series of both stations, as may be seen in Fig. 2 and
Fig.3. Applying the Grubbs test [1] was found that each of the series contains really one
statistical outlier. Applying the WMO recommendations [3] the outliers were substituted
by the second maximum observed in the same winter. After this, verifying once more the
homogeneity of the terms of the adjusted series was found that both them were
homogeneous. It means that outliers, maybe, are another cause of the heterogeneity, and
substituting them by the second maximum of the same season the heterogeneity can be
removed.
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CONCLUSION

The method of analysis, used here, to verify the homogeneity of climatological records
consists in a complete analysis of the chronological series based, in particular, on a
qualitative analysis through non parametric tests.
As an example, this method was applied to annual maximum depths of snow records of
127 different meteorological stations distributed uniformly in that part of the territory of
Albania where snowfall happens more than once in two years. Only three of the series
analysed were heterogeneous. In one case the heterogeneity was found to be caused by the
changement of the station location about 5 years after the beginning of the records. In two
other cases the heterogeneity was found to be caused by the outliers.
In my opinion may be said that this method is a powerful one on verifying the
homogeneity of climatological records.
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ABSTRACT:
In the paper some examples of using selected homogenous tests for climatological
data are being presented. Tested data origin from territory of Poland and cover the
period of 1951-1990. The analysis was carried out for the most frequently
considered climatic elements i. e. air temperature, precipitation, cloudiness and
sunshine duration. The basic causes and results of inhomogeneities in Polish data
are being discussed. Necessity of employing the additional information concerning
the history of meteorological stations - metadata - is being proved.

INTRODUCTION
All studies concerning the climate variability reveal the necessity of the
homogeneity analysis of the data as the first step of the further research.
Inhomogeneous data can be the reason of false conclusions that do not correspond
to the real changes. For example, changes of the station location from the convex
into the concave landform can change the air temperature much more than the real
natural climatic variation in the particular area. In such a way observation of
climatic element fluctuations cannot be the only result of climatological factors.
Thus it is quite important to be sure that the data considered are homogenous at
the very beginning of the climate studies. However there are some suggestions that
at the present moment the objective determination of the climatic change is rather
undetectable because of the data quality (Sneyers 1992). That problem was also
noticed recently by the team of climatologist from the National Climatic Data
Center of U.S.A. (Easterling, Peterson, 1995; Easterling, Peterson, Karl, 1996).
They cited the Conrad and Pollak (1962) opinion that "climate data homogeneity
(true homogeneity) exist when variations in the data are a result only of variations
in weather and climate". Simultaneously they even suggest that "it is very rary if
not impossible to find a long-term climatic time series that is completely free of
inhomogenities".
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MATERIALS
To make some studies on climatic variability in Poland it was necessary to create
the proper data files. The basic materials consist of the monthly values of elements
such as: mean monthly temperatures, maximum and minimum temperatures and
their range, monthly totals of precipitation, sunshine duration and cloudiness for
the period of 1951-1990. For the special purposes some daily values have to be
also performed for the selected stations. According to this type of studies the
choice of the fully homogenous and comparative data is the first requirement.
Having the detailed knowledge of station history as well as using measurement
equipment, the proper selection of station is possible at the very beginning. One
can treat data from stations which have not been moved, are not under influence of
the industrial and urban areas and did not change measurement methods and
equipment as homogenous. In our practice we usually have data files without
suitable information about station history, so called metadata. In such situations
usage of the homogeneity test is the only method of checking the significance of
these data. Therefore the special separate files with metadata were created using
Paradox database. Of course the full metadata information was possible only for
selected stations containing complete documentation.

REASONS FOR THE DATA INHOMOGENEITIES
The real climate changeability can be distorted due to the methods and the way of
measurements at the meteorological stations. The basic causes of the data
inhomogeneities are caused by:
• changing in observation times and averaging methods as well as observation
sites,
• changing in instruments and methods of measurements.
The reasons of the observed changes - real and apparent - are given in the R.
Heino (1994) study. Its author modified the Mitchell scheme (1953).
One can find the reasons specified above analysing the meteorological series from
the Polish territory. Fortunately, they concern some chosen factors only. The most
significant are changes connected with the stations relocation especially in the
varied landscape. Thus, the differences in the mean annual air temperature can
reach 0.8° C in the some valley profile with the elevation difference of 20-40 m
(Niedzwiedz 1973). The second important change is caused by the changes of
observation terms and the averaging method. In case of cloudiness attention
should be paid to the changes in the scale employed (decimal or octal scale).
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METHODS OF CLIMATOLOGICAL DATA TESTING
There is very voluminous literature concerning the theory of climatological data
testing. Apart from the very simple statistical analysis usually accompanied by
some illustrations there are also sophisticated statistical tests that enable to
evaluate homogeneity of the data. Generally all tests could be roughly divided into
two groups. One of them concerns typical theoretical tests (Mitchell 1966,
Pruchnicki 1976, 1987), which analyse the homogenous structure (spectral
analysis) of the single data file only (e.g. Smirnov test, t-Student test, Snedecor
test, Mann-Kendal test, Wald-Wolfowitz test and Wilcoxon test). Those tests
allow for determining the homogeneity level of the statistical distribution in the
range of the subfiles of the whole long climatological series. They automatically
exclude presence of the significant changes of climatic elements in time.
Therefore interpretation of their results is quite difficult because it requires
determination whether discovered inhomogeneities of the two time series coming
from the same station is virtually the effect of inhomogeneities of the data or the
effect of natural climate changes. The short guidelines on the quality control of
climatological data one can find in the publication of the World Meteorological
Organization (WMO 1986). The general description of the selected homogeneity
tests is also given in the contribution edited by K. Kozuchowski (1990).
The second group, much bigger and relatively more frequently used, concerns the
methods based upon the comparative examinations originating from at least two
series (the relative methods). They point to the relatively unanimous place and
time of inhomogeneity breaks. The basic condition for this method is existence of
one fully homogenous series. Additionally, the stations have to be located at the
similar climatic conditions i.e. the correlation coefficient between them should be
at least >0.7. Generally, the usage of parametric tests is advised if the distribution
of differences or ratios proves normal, if not, the usage of non-parametric tests is
recommended. Another solution is using the bootstrap technique which was
applied for detecting inhomogeneous variance in temperature data (Downton and
Katz 1993).
In the climatological practice the most useful are the tests that are sensitive
enough and are easily applicable. Those tests consist of examining the variability
of differences or ratios between neighbouring stations or between tested station
and areal means calculated from the best stations of investigated territory. The
essence of the method lies in relatively high level of differences similarity in mean
monthly temperature or ratios of monthly precipitation, sunshine duration, etc. It
should be stressed the basic foundation of applying the tests mentioned above is
the existence of the reference series, the data of which are fully verified and
homogenous. Sometimes, mainly while testing the precipitation, the average
values from the particular stations representative for the given region are
considered.
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TESTING OF PARTICULAR ELEMENTS
Among some causes of inhomogeneity in Poland, changes of station localisation
are the most frequent. There was no significant changes in the equipment facilities
as well as in the observation principles (temperature was measured in
meteorological screen 2 m above the ground level, precipitation by using
unshielded Hellmann rain-gauge with the orifice on the level of 1 m above the
ground surface). However changes in the observation terms and the averaging
methods occurred.
Temperature observations at the synoptic stations in Poland (for climatological
purposes) have been recorded three times a day (at the 7, 13, 21 mean local time
of the each station) until 1965. The mean monthly values of air temperature (tm3)
was calculated according to formula:
tm3 = (t7+t13+2*t21)/4
Since 1966 (at the synoptic stations) data origin from observations recorded every
3 hours in GMT (8 - terms) and the mean value is averaged from all 8 values (it is
very close to the real mean).
Since 1971 climatological stations also started their observations in the four terms
using the Central European Time (1, 7, 13, 19 CET; 0, 6, 12, 18 GMT ). The
values from 1 o'clock CET origin from thermogram. Mean values (tm4) are
calculated according to the formula:
tm4 = (t,+t 7 +t 13 +t I9 )/4

So these changes and methods of averaging seem to create the main
inhomogeneities in data series. The similar situation happened in Austria although
they have not recorded data from 1 o'clock (Bôhm 1992). Such situation exists
also in some Polish data in cases where thermograph was not available or out of
order. For such situations the average temperature was calculated according to the
following formula:
tm4 = (t7 + t19 + tmax + t m i n ) / 4

This formula has been used by the whole Polish climatological network since
January 1st, 1996 (Lorenc, Suwalska-Bogucka 1995). However, according to J.
Michalczewski (1979) there is no significant inhomogeneity between these both
types of observations and calculations (in monthly values!). We have also
compared both methods of averaging with the method close to the real mean value
(taking into account 8 terms; every 3 hours - tm8) for Cracow station for the period
1961-1965. The results of these calculations were as follows:

n

m

IV

V

Diff.

I

'm8*~^m3

-0.1

0

0

*m8 — *m4

-0.1

0.1

0.2

0.1

0

0.1

0.2

0.1

Inho-mog.

vn

VI

0 -0.1 -0.1

Vffl DC

X

xn

XI

0

0.2

0.2

0.2 -0.1

0

0 -0.1 -0.1

0.1

0.3

0.2

0

0

0 -0.1 -0.1

0.1

0

0.1

0

0.1

124

We have also calculated mean differences tm8- tm4 for the period 1966-1980 for 55
stations.
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Comparison of tm3 means with the real values for Cracow (A) was done by J
Trepinska (1971) and for Vienna (B) by R. Bohm (1992)
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After many attempts concerning different types of data and inhomogeneities we
employed the Craddock test (Craddock 1979) for our studies. The test was
explained in details and used many times for the Austrian temperature (Bôhm
1992) as well as precipitation data (Auer 1992). That test was also applied for
some other long-time series detection (Schônwiese and Malcher 1985).
Additionally the latter study gives the general discussion about the problem of
inhomogeneity and non-stationarity. Simultaneously, it should be stated that we
have obtained very similar results using Alexandersson (1986) test. Sometimes
application of the latter test can make much clearer interpretation of results
because it estimates the probability level where the stated inhomogeneity is
significant. Both these tests can be also applied for precipitation, cloudiness and
sunshine duration data however, it turned out that Alexandersson test can produce
more unambiguous results. When some problems appear usage of another
"window technique" test is recommended. That test applying for climate trend
analysis is based on the complete set of orthogonal functions (Szentimrey, Farago
and Szalai, 1991). Another method using of cumulative deviations was used for
testing of precipitation data in The Netherlands (Buishand 1982).
Below we present the example of testing the mean annual temperature series at
two neighbouring stations in the SE Poland: Rzeszôw and Przemysl. The course
of temperature at the both stations in the period of 1951-1990 is similar however
one break in differences about 1969 is easily to recognize (Fig. 1). That break is
well expressed on the curves of the both test values (Fig. 2). The study of station
history confirms that in 1969 there was significant relocation of Przemysl station
from the city to the more open area.
The next step after detecting ingomogeneity at the particular station is the
correction of inhomogeneous part of data series (removal of inhomogeneity). That
aim can be obtained by applying the simple statistical methods which basically
consist in calculation of the proper differences values (for the so-called continuous
elements, e.g. temperature), or ratio values (for not the continuous elements, e.g.
precipitation). Methods mentioned above are being used for the analysis of the
mean monthly values. While reducing some fragments of the series, the decision
concerning choosing of the reference series, due to which the remaining fragments
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of the series are to be corrected, seemed the most problematic. Usually older series
were reduced down to the conditions of contemporary stations.

CONCLUSIONS
Using all kinds of tests for the series homogeneity, even the most sensitive ones,
may often fail to provide the unanimous answer to the question if the data are
homogenous or not. Craddock's and Alexandersson's tests used in this paper are
relatively simple but give sufficiently good results provided that proper reference
series are available. All tests serve only as helpful tools to detect data points where
inhomogeneity is most likely to occur. Final decision should be made by a person
who evaluates the data. The possibility of metadata use guaranties the desired
result.

REFERENCES

1. Alexandersson H., 1986, A homogeneity test applied to precipitation data.
Journal of Climatology. Vol. 6, p. 661-675.
2.

Auer I., 1992, Experiences with the completion and homogenization of
longterm precipitation series in Austria, Middle European Research
Initiative, Project Group Meteorology, Working Paper 1, Vienna, pp.7.

3. Bôhm R., 1992, Lufttemperaturschwankungen in Ôsterreich seit 1775,
Ôsterreichische Beitràge zu Météorologie und Geophysik, Heft 5, Wien,
pp. 96.
4. Buishand T.A., 1982, Some methods for testing the homogeneity of
rainfall records, Journal of Hydrology, 58, p. 11-27.
5. Conrad V., Pollak C , 1962, Methods in climatology, Harvard University
Press, pp. 459.
6. Craddock J.M., 1979, Methods of comparing annual rainfall records for
climatic purposes, Weather, 34, p. 332-346.
7. Easterling D. R., Peterson T. C, 1995, A new method for detecting
undocumented discontinuities in climatological time series, International
Journal of Climatology, Vol. 15,4, p. 369-377.
8. Easterling D. R., Peterson T. C , Karl T. R., 1996, On the development and
use of homogenized climate datasets, Journal of Climate. Vol. 9, 6, p.
1429-1434.

126

9. Downton M.W., R.W. Katz, 1993, A test for inhomogeneous variance in
time- -averaged temperature data, Journal of Climate, vol. 6, No 12, p.
2448-2464.
10. Heino R., 1994, Climate in Finland during the period of meteorological
observations. Finnish Meteorological Institute Contributions, No. 12,
Helsinki, pp. 209.
11. Kozuchowski K. (éd.), 1990, Contributions to knowledge of the climate
history in the period of instrumental observations, Wydawnictwo
Uniwersytetu Lôdzkiego, Lôdz, pp.452 (in Polish).
12. Limanôwka D., Ustrnul Z., 1993, Changes of sunshine in the altitude
profile of the Polish Western Carpathians, "Early Meteorological
Records in Europe - Methods and Results", Zeszyty Naukowe UJ - Prace
Geograficzne, z. 95, p. 115-124.
13. Lorenc H., Suwalska-Bogucka M., 1995, Metody obliczania sredniej
dobowej temperatury i wilgotnosci wzglçdnej powietrza (The methods
of calculating mean diurnal values of temperature and air humidity),
Materialy Badawcze IMGW, ser. Meteorologia-24, Warszawa, pp. 40 (in
Polish).
14. Michalczewski J., 1979, Inhomogeneity of observational series?,
Wiadomosci IMGW, Tom V(XXVI), z. 3-4, Warszawa, pp. 97-102 (in
Polish).
15. Mitchell J.M. Jr., 1953, On the causes of instrumental ly observed secular
temperature trends. J. Meteor., 10, p. 244-261.
16. Mitchell J.M. Jr., 1966, Climatic change. WMO Technical Note, No. 79,
Geneve.
17. Niedzwiedz T., 1973, Temperature and air humidity of a hilly landscape
(in Polish, summary in English), Zeszyty Naukowe UJ, Prace geogr. z.
32, pp. 7-88.
18. Pruchnicki J., 1976, Use of non-parametric tests to verify the homogeneity
of climatological series. Przeglad Geofizyczny, XXI (XXIX), 4, p.
263-270 (in Polish).
19. Pruchnicki J., 1987, Methods of the climatological analyses, PWN,
Warszawa, pp. 203 (in Polish).
20. Schônwiese Ch. D., Malcher J., 1985, Nicht-Stationaritàt oder
Inhomogenitât? Ein Beitrag zur statistischen Analyse klimatologischer
Zeitreihen, Wetter u. Leben, 37, 4, p. 181-194.

127

!•"' 1

(«F 35 )

21. Sneyers R., 1992, On the use of statistical nalysis for the objective
determination of climate change, Meteorologische Zeitschrift, Neue
Folge, 1,5, p. 247-256.
22. Szentimrey T., Farago T., Szalai S., 1991, Window technique for climate
trend analysis, Climate Dynamics, 6, p. 1-8.
23. Trepinska J., 1971, The secular course of air temperature in Cracow on
the basis of the 140-year series of meteorological observations
(1826-1965) made at the astronomical observatory of the Jagiellonian
University, Acta Geophysica Polonica, Vol. XIX, Nr. 3, pp. 277-304.

^
_

^
fm$\

24. WMO, 1986, Guidelines on the quality control of surface climatological
data, WMO Technical Documentation No. I l l , Geneve, p. 21-39.
f--:"|

LIST OF FIGURES:
Fig. 1. Comparison of mean annual temperature between two stations.
Fig. 2. Example of using two homogeneity tests for the data presented at the fig. 1.
(Explanations: DIFF - temperature diferences, S - the Craddock test values,
TV - the Alexandersson test values).
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Fig. 1 Comparison of mean annual
temperature between two stations
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The Homogeneity of the Atmospheric Pressure at the
Meteorological Observatory of Belgrade

JOVANOVIé Olivera, SPASOVA Danica
Federal Hydrometeorological Institute, 11000 Belgrade, Bircaninova 6,
Yugoslavia, Tel. (+381) 11-646-659 Fax.(+381) 11-646-369

ABSTRACT

In dealing with current questions about climate change, there is a need for analysis
of the long-term basic climatic elements. Therefore, in this paper, the results of
atmospheric pressure analysis are given. The analysis include data from the
Meteorological
Observatory in Belgrade (1888-1995). The Abbe test of
homogeneity, the linear trends, the Rescaled Adjusted Partial Sums (RAPS)
method, the autoccorelation coefficient and spectrum analysis were carried out on
the date series. Mean annual atmospheric pressure for the whole period (108 years)
is homogeneous (test of Abbe), the linear trend of mean annual atmospheric
pressure is +0.2 hPa/100 years. The spectral analysis of the cyclical mean annual
atmospheric pressure gives 2.7 year cycles, including 7.2, 13.5, 21.6 and 108
years cycles in the first 10 periods.

INTRODUCTION

The Meteorological observatory in Belgrade was founded on 1 July 1887 on the
location outside the town. Owing to the expansion of the city and its urbanisation,
nowdays Belgrade Meteorological Observatory is situated in the most densely
populated part of the town known as Vracar.
The geographical co-ordinate of Belgrade Meteorological Observatory are (p = 44°
48' N, X = 20° 28' E and Hs = 131.6 m. Belgrade with its surroundings has
moderate continental climate. The values of basic meteorological parameters based
on the series 1961-1990 are as follows: annual average temperature 11.9°C, annual
average total precipitation 685 mm, the highest maximum air temperature 41.8°C
and the highest minimum air temperature -26.2°C (the whole observing period).
The Belgrade Meteorological Observatory ceased to work during the First and
Second World War. The missing data were interpolated by different methods. In
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this paper, the results of atmospheric pressure analysis are given. The analysis
includes data from the Meteorological observatory in Belgrade (1888-1995).
The measurement of atmospheric pressure was done by mercury barometer. The
altitude of the barometer was 139.07 m by the end of 1957, and since 1st January
1958, the barometer has been moved to the height of 131.6 m, where it still stands.
In reducing barometer state to station level there is a negligible correction are to
gravitation influence (Belgrade -0.045 hPa). Mean daily pressure was calculated as
per the formula:
Pl+P\4+Pl\
=
Ps
3
The data for mean annual atmospheric pressure were tested by the Abbe test of
homogeneity, the linear trends, the Rescaled Adjusted Partial Sums (RAPS)
method, the autoccorelation coefficient and spectrum analysis.

METHOD

The linear trends are used in the standard form y=ax+b. The Rescaled Adjusted
Partial Sums (RAPS) method is used for time series analysis. The RAPS of mean
annual atmospheric pressure are defined by the equation:
o-

i

where the symbols are as follows: ps - sample average , a - sample standard
deviation , N- number of years.
The Abbe test of homogeneity is defined by the equation:
g2
where the symbols are as follows:
N-\
/V-l

1

g=

2(Â^i? ( *' +, -*' )2

and
1

N

(W-l)tr '
a - standard deviation. If the data is stohastics independent, mathematical
expectation of random value Ô corresponds 1, the dispersion being equal to:
n-2
n2-\
The autoccorelation coefficient for 20 lags and a=0.05 was computed by
STATISTDCA for Windows Realise 4.5. The spectrum analysis of date series was
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also computed by STATISTIKA for Windows Realise 4.5, using single series
Fourier analysis, the data for spectral density estimate by J.W. Tukey (1965).
SUMMARY OF RESULTS
Basic statistical parameters of atmospheric pressure for the whole analysis period
(1888-1995) are presented in Table 1. The anomaly annual values of atmospheric
pressure are 4.8 hPa. The maximum value of 1003.3 hPa was registered in 1921,
the minimum value of 998.5 hPa was registered in 1915.
Tab. 1. Basic statistical parameters of the atmospheric pressure

Xs
Max
Year
Min
Year
Max-Min
Cv(%)
Std

(hPa)
1004

Feb
Mar Apr AI a y Jun July Aug
Oct
Jan
Sep
Nov
Dec
Year
1004.0 1002.0 1000.2 997.9 998.7 999.2 999.3 999.9 1002.2 1002.9 1003.0 1003.0 1001.0
1016.9 1017.4 1010.8 1005.9 1003.9 1002.6 1003.0 1003.0 1007.5 1010.5 1012.6 1015.2 1003.3
1989
1891
1953 1947 1888
1945 1911
1973
1890
1985
1977
1921
1972
989.9 991.2 992.2 9927 99Z9 995.0 996.2 996.7 997.0 996.2 996.1 990.4 998.5
1930 1897
1933 1913
1937
1955
1916
1915
1984
1981
1974
1910
1915
18.6
13.2
11.0
7.6
27.0
26.2
6.8
6.3
4.8
10.5
24.8
14.3
16.5
0.2
0.2
0.1
0.4
0.5
0.5
0.4
0.2
0.1
0.1
0.2
0.4
0.3
3.7
2.4
2.2
1.6
5.2
5.4
1.5
1.5
1.1
2.0
4.5
2.9
3.6

The atmospheric pressure

Belgrade 131.6 MSL

Budapest 129.6 MSL

Fig. 1. The comparison of mean annual atmospheric pressure in Belgrade to Budapest

The analysis of mean annual atmospheric pressure reveals an unusual behaviour of
maximum and minimum values. The comparison of mean annual atmospheric
pressure in Belgrade to Budapest is shown in Fig. 1. As it can be seen from Fig.l. a
sudden decrease in pressure occurred between 1914 and 1915, and a sudden
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increase in pressure happened between 1919 and 1920. Mean annual pressure
series indicate a behaviour in agreement with Budapest series from 1888 to 1948.
The linear trend values of monthly average atmospheric pressure are different in
interval from +2.1 hPa /100 years, in October, to -1.00 hPa/100 years, in January
(1888- 1995), Tab. 2.
Tab. 2. The linear trends of average monthly and annual atmospheric pressure

1888-1995
1901-1930
1931-1960
1961-1990
1981-1995

Nov Dec Year
Oct
Jan Feb Mar Apr May Jun July Aug Sep
1.1
-05
05
-0.1
2.1
02
-05
2.1
-0.9
-0.4
02
-1.0
-0.3
-02
-2.0
-3.6
-3.4
-3.0
-3.6
25
-10.9
10.6
6.9
-8.7
2.6
-1.1
6.8
1.7
3.8
7.1
05
-1.8
2.1
-10.3
42
11.6
-2.4 -135
0.8
0.6
-52
1.4
-0.4
2.6
0.9
2.0
7.7
-2.4
0.6
11.0
9.7
2.4
-8.0
19.6 -10.3 10.9
-2.8
-3.9 -14.7
47.3
11.6
-0.7
-5.7 40.1
72
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Fig. 2. The linear trends of mean annual atmospheric pressure

The linear trends of mean annual atmospheric pressure were computed for five
periods and have the following values: 1) 1901-1930 -1.1 hPa/100 years; 2) 19311960 +0.8 hPa /100 years; 3) 1961-1990 +2.3 hPa /100 years; 4) 1981-1995
+7.2 hPa/100 years and for whole period 1888-1995 +0.2 hPa /100 years.
The RAPS of mean yearly atmospheric pressure values for Belgrade are shown on
Fig.3. The trends and fluctuation a series of mean yearly atmospheric pressure
values have a well- visualised representation. The behaviour of time series is
practically divided in two parts: negative trend from 1908 to 1980 and positive
trend after 1980.
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Fig. 3. RAPS mean yearly atmospheric pressure values for Belgrade

Autocorrelation coefficient of the atmospheric pressure for Belgrade does not
depend on the time (lags = 20), Fig.4.
Autocorrelation Function

atmospheric pressure (hPa)
(Standard errors are white-noise estimates)
LaqCorr.
1 +.148
2 -.037
3 +.086
4 -.034
5 -.072
6 -.044
7 -.062
8 +.086
9 -.086
10 +.010
11 +.098
12-.175
13 -.057
14 +.179
15 +.107
16 +.038
17 -.048
18 +.043
19 +.020
20 -.069

S.E.
.0949
.0945
.0940
.0936
.0931
.0927
.0922
.0917
.0913
.0908
.0904
.0899
.0894
.0890
.0885
.0880
.0875
.0870
.0866
.0861

Q
2.44
2.60
3.43
3.57
4.16
4.39
4.84
5.72
6.61
6.62
7.80
11.57
11.98
16.04
17.50
17.69
17.99
18.24
18.30
18.94

—m

K I
g
—BSccKjo*
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0
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0.1

0.2

0.3

0.4

p
1181
.2729
.3295
.4677
.5268
.6241
.6792
.6783
.6779
.7608
.7313
.4806
.5295
.3112
.2897
.3423
.3892
.4398
.5027
.5261

0.5

Fig. 4. The autocorrelation coefficient of mean annual atmospheric pressure
The variation in the mean annual atmospheric pressure from year to year is
random, applying the Abbe test of homogeneity.
Spectrum analysis is concerned with exploration of cyclical patterns of data. The
used spectrum analysis for RAPS mean annual atmospheric pressure and for mean

135

annual atmospheric pressure has identified annual fluctuations of different lengths.
Ten largest values is shown in Table 3.

The atmospheric pressure

RAPS
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Fig. 5a. The spectral analysis of RAPS mean Fig. 5b. The spectral analysis of mean annual
annual atmospheric pressure
atmospheric pressure
Table 3 The spectral analysis of mean annual atmospheric pressure and RAPS

Parameter/Lag
Atm. Pressure
RAPS

2
1
2.7 3.6
108 21.6

3
4
5
7.7 7.2 4.9
27 15.4 13.5

6
108
36

7
8
9
10
54 21.6 13.5 2.9
7.2 9.8 9.0 12.0

The spectral analysis of the cyclical nature of sun spot activity over 11 year cycles
(e.g., Bloomfield, 1976, or Shumway, 1988).

CONCLUSION
We have used several techniques in analysing mean annual atmospheric pressure
and concluded the following:
•

The linear trend of mean annual atmospheric pressure for whole period is small
+0.2/100 years.

•

The variation in mean annual atmospheric pressure from year to year is
random, applying the Abbe test of homogeneity.
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•

The spectral analysis of the cyclical mean annual atmospheric pressure gives
2.7 year cycles, including 7.2, 13.5, 21.6 and 108 years cycles in the first 10
periods.

•

The spectral analysis of the cyclical the RAPS mean annual atmospheric
pressure gives 108 year cycles, including 7.2, 13.5 and 21.6 years cycles in the
first 10 periods.
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Recommendations
of the First Seminar for Homogenization of Surface Climatological Data
held in Budapest, Hungary
6-12 October 1996
1. The Participants agreed that all major climatological time series should be tested
for inhomogeneities and should be homogenized as much as possible, because
changes in time series analyses caused by inhomogeneities can be of a similar
magnitude as climatic variations. Also, an inhomogeneous time series may indicate
trends quite different from those caused by climatic factors.
2. The Participants strongly urged against the use of non-homogenized
(inhomogeneous, not homogenized, not investigated) data for time series analyses
and climate change studies. This is especially applicable to data from reference
climatological station networks such as GCOS Surface Network.
3. The Participants emphasized the necessity of always archiving the original
(measured, observed) data as well as the homogenized time series. They also
pointed out the importance of the parallel measurements when new
instrumentation or other significant changes are introduced. Such changes should
be carefully documented as metadata.
4. Different methods of homogenizing data may have different results on the same
time series, therefore, it is desirable to identify the methods used as part of the
metadata associated with the homogenized series.
5. The Participants recommended the preferred use of relative methods in
homogenizing data rather than absolute ones. The use of absolute methods is
recommended in the cases, where there is no opportunity to use relative methods.
6. With the use of existing relative methods, the homogeneity of climatic time
series can be improved considerably. However, the testing methods still need to be
further developed. The detection of multiple change points and trends is a serious
statistical problem that also has to be investigated further. Methodologies for
constitution of reference series and adjusting them also needs to be improved.
7. Most of the homogenization methods were developed for temperature and
precipitation time series analysis. It is necessary to investigate other elements and
other types of meteorological data, including derived parameters such as days with
threshold values.
8. The use of metadata in homogeneity testing was stressed to improve the
reliability of the results.
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9. A metadata - 'rescue' project should be initiated at each NMS. It was
recommended that key metadata information be digitalized (coordinates, altitude,
etc.) for each station and that all national changes in instruments and methods be
included. Guidance should be provided by WMO.
10. The Participants suggested that the WMO encourage NMSs (the data and
metadata holders) to pay more attention to homogenization at two levels:
a) homogenizing of data nationally
b) taking into consideration the results of the homogenization of data in
neighbouring countries. The Participants suggested that WMO promote the
inclusion of information about the quality level of internationally distributed
datasets that have been homogenized.
11. The Participants recommended that WMO provide assistance and support to
data homogenization initiatives. This could include co-ordination of the work of
individual scientists and organizing training courses and workshops. It
recommended the creation of focal points for this type of activity. Metadata will
need to be included in terms of reference of designated focal points.
12. The Participants emphasized the need to catalogue methods of
homogenization, either in the form of a detailed book or as a part of the
climatological guide. The content of this publication should be updated regularly.
13. The Participants agreed to support continued seminars on homogenization in
order to estabilish a regular forum for the exchange of experience. They urged
WMO's support of these seminars and training centers in the future. It was
suggested creating an open electronic mailing network* and/or a home page on
INTERNET with bimonthly paper distribution to those countries lacking the
technical fascilities. This would allow the participation of all countries wishing to
take part in the exchange of information in the field of homogenization and
metadata.
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The electronic mailing list has already been established. Messages to be distributed
should be sent to homogenization@met.hu. You can join the list by contacting
Sândor Szalai (email: szalai@met.hu)
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First Seminar for Homogenization of Surface Climatological Data
October 6-12 1996,
Hungarian Meteorological Service,
1. Kitaibel Pal u. 1, Budapest, Hungary

PROGRAM
Registration: 6 October 1996 Sunday morning from 9h
6 October 1996 Sunday morning (lOh)
Ivan Mersich, President of HMS: HMS welcome
Peter Scholefield, Representative of WMO: Data management and the homogeneous time
series
Ingeborg Auer (A): The MERIT project
6 October 1996 Sunday afternoon (14h)
Csaba Szinell (H): Methods for homogenization of data series
Heikki Tuomenvirta (FIN): Methodology of Standard Normal Homogeneity Test (SNHT)
Walter Bosshard (CH): Evaluation of various homogeneity tests by simulation of climatological
time series
6 October 1996 Sunday evening (18h)
Welcome party
7 October 1996 Monday morning (9h)
Tamâs Szentimrey (H): Statistical problems: selection and weighting of reference series,
significant multiple break points detection, separation of break points for examined series
Olivier Mestre (F): A bayesian homogeneity test for detecting multiple breaks and outliers
7 October 1996 Monday afternoon (14h)
Ingeborg Auer and Reinhard Bôhm (A): Data, metadata and the question of homogeneity for
the Austrian climatological network
Olga Pakhaliuk (U): Methods of testing the homogeneity of climatic rows of National
Hydrometeorological Service of Ukraine
Rudolf Brazdil and Petr ètëpânek (CZ): Software for homogeneity testing and adjusting of
climatic series
8 October 1996 Tuesday morning (9h)
Heikki Tuomenvirta (FIN): Experiences on homogeneity testing and adjusting of Finnish
climatic time series
Gerhard Mùller-Westermeier (D): Homogenization of various climatological parameters in the
German Weather Service
Elena Nieplova (SK): Experience with the homogenization of the climate data sets in Slovakia
8 October 1996 Tuesday afternoon (14h)
Tadeusz Niedzwiedz and Zbigniew Ustrnul (PL): Experience with the homogenization of the
climate data sets in Poland
Aleksej Sallabanda (AL): Homogeneity evaluation of climatological records
Raino Heino(FIN): Metadata and their role in homogenization
8 October 1996 Tuesday evening (19h)
Opera
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9 October 1996 Wednesday morning (9h)
Olivier Mestre (F): Programmed method for homogenization
Tamâs Szentimrey (H): Programmed method for homogenization
9 October 1996 Wednesday (from llh)
Excursion
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10 October 1996 Thursday morning (lOh)
PC practice
10 October 1996 Thursday afternoon (14h)
PC practice
10 October 1996 Thursday evening (18h)
Seminar banquet
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11 October 1996 Friday morning (9h)
Discussion, recommendations to WMO
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