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METEQPOAOTIA.-- Tests of Randomness Against Other Alternatives
in the Mean Monthly and Mean Yearly Air temperatures
in Athens, Greece, by Christos S. Zetefos*. *Avexowddn 1mod Tob

*Axadnuainot x. I. Eavddum.

ABSTRACT

Tests of randomness against trend, persistence, cyclic phenomena,
aperiodic changes or slippages of the mean, were applied to the mean
yearly and the mean monthly air temperatures at the National Observa-
tory of Athens, Greece. The information collected from these tests can
be summarized as follows: Complete lack of trend in both the mean
yearly and in the mean monthly temperature values in Athens. Also,
both time-series (mean monthly and mean yearly) can be approximately
expressed by a first-order autoregressive model although, mean monthly
temperature values display the well-known quasi-biennial pulse and short
periodic oscillations with periods ranging from 2 to 3.5 months. A secu-
lar change is insignificantly evident in the mean yearly values, which,
however, became significant when mean monthly temperature values
were examined. When larger maximum time lags were used to compute
the spectrum of mean yearly values the secular change was very - lear.

1. INTRODUCTION

A climatological time series may consist either of completely ran-
domn or non-randomn variations, or of a mixture of both randomn and
non-randomn components. From experience, we know that some major
fraction of the total variance of climatological time series behaves as a
randomn variable. The question is then, can any appreciable fraction of
the total variance be ascribed to non-randomn changes, and, if so, what
can we surmise about the nature of non-randomness. That is, if non-
randomness is present, does it take the form of persistence, trend,
periodic or aperiodic fluctuations or perhaps some combination of these?

* XPHETOY =. ZEPE®OY, "EAeyxor Tod tuxalov év oxécel mpog étépag évaiia-
uTindg Vmobéoelg eig tég Mésag Mnviaiag xal tég Mécoag ’Etnclag Timdg Tiig Oep-
poxpaciag tob &épog év *AbBfvaic.
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In the following we shall try to give approximate answers to the
above mentioned questions, in examining the mean monthly and annual
values of air temperature in Athens. Curves with original mean yearly
temperature values at the National Observatory of Athens were first
given for the period 1858 -1929 by Mariolopoulos (1938) and completed
up to 1972 by Arseni- Papadimitriou (1973). These data were used to
examine the time series of mean annual and mean monthly air tempe-
rature in Athens during the rather long record 1858 -1972. Although
before the year 1890 the station was located on various sites inside the
city of Athens, the material used it will be shown to be free from dis-
continuities or slippages of the mean, in agreement with P. Karapiperis’
(1954) belief. Since 1890 the station’s location is at the National Obser-
vatory of Athens (Lat. 37°08'N and Long. 23°40’ E) on the well known
hill «Lophos Nymphon».

As it will be shown latter in this study, differences between means
obtained at different sub-periods of the entire record, suggest the exist-
ence of non-randomness in the time series under investigation, the
more likely form of which is persistence. Also, it was found that trends
reported earlier to exist in this record (Karapiperis, 1954, Arseni- Papa-
dimitriou, 1973 and Metaxas, 1974) were insignificant in the light of
widely accepted climatological tests. It is obvious that the expanding
city of Athens has a small effect on air temperature since our analysis
has shown that no significant trends appear in this record or parts of it
(see helow), as suggested by the above mentioned authors. On the
contrary, what has been observed are only «fluctuations in temperature
sometimes in one direction and other times in the opposite» as pointed
out recently by Mariolopoulos (1971), the non-randomn form being that
of weak Markov-type persistence. Mariolopoulos (1971) discussed also the
minor importance of the exhaust gases in the climatic fluctuations. The
absence of significant trends does not substantiate the expanding city
hypothesis of Karapiperis (1954) and Arseni (1972).

2. RESULTS

Part I: Mean Annual Temperatures.

To start with, a comparison between the overall mean of the entire
record (1858 - 1972) and the means of certain parts of the record, gives
744 1975
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an idea of the stability of this record. Cramer’s test (1946) was applied
to check whether the differences of the means are no larger than would
be compatible with a «null» hypothesis of randomness. The whole record
was devided into three parts (each of 38-year length) the means being
compared with the mean of the entire record. Table I shows Student’s
-t of this test for each part of the record.

TABLE 1
Period No of Years Mean Stand. Dev. | Cramer’s - t
1858 - 1895 38 17718 0.501 0.724
1896 - 1933 38 17.465 0.517 — 2.918
1934 - 1971 38 17.818 0.487 +2.278

The results of table I suggest that non-randommness is present in
this record.

Our next task was to do a comparison between the mean values of
the series corresponding to two different periods of the record. A sui-
table test in that case is the familiar t-test for the difference between
two means. Couples of records which were compared are shown below:

(1858 - 1895) with (1896-1933)  |t| = 2.095
(1896-1933) with (1934-1971) |t/ = 3.018
(1858 -1895) with (1934-1971)  |t| = 0.914

These results show that inconstancy of the mean is evident in the
first two couples of periods, while there is no reason to believe that the
means of the periods (1858 - 1895) and (1934 - 1971) do differ by a statisti-
cally significant amount.

The above findings suggest the presence of non-randomness in the
series under investigation and so effort should be donne in order to test
the form of non-randomnes i.e. trend, slippage of the mean, persistence
e.t.c. It is well known that in urban stations a likely alternative to ran-
domness is some kind of trend. Since we have no reason to suppose that
trends in question are linear ones, we decided to use Mann - Kendall’s
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rank test, which is of nearly uniform power for alternatives of non-linear
trends. Mann - Kendall’s t is defined by:
Tt=4P/[N(N—1)—1

N—1
where P = 3 n;, n; being the number of latter terms whose values

1
exceed the consecutive values of the time series, N the record length
and for N >10, t is nearly Gaussian with zero expectation value and
variance equal to (4N + 10)/ 9N (N — 1), so, it can be tested for its stati-
stical significance.

Three periods were chosen to be tested for trend (1858 -1895),
(1934 -1971) and (1910-1950). Mann - Kendall’s t and its to¢ value are
shown in table below. Also shown in this table is the result of the
trend test for the entire record (1858 -1972).

TABLE II

Period T to.95
1858 - 1895 —0.1578 —0.2217
1934 - 1971 —0.1749 —0.2217
1911 - 1950 +0.1128 -+ 0.2156
1858 - 1972 —.0.0001 —0.1237

From the results shown in table II we conclude that we cannot
attribute the non-randomness to trend since none of the ranks exceeds
its 95% confidence value.

Since from our analysis no form of trend can be considered as a
real alternative to randomness, we decided to check the available record
for 1) persistence and 2) for a likelihood of non-stationary slippages
of the mean.

The first task was thus to compute the lag-one autocorrelation r; for
the entire record. This autocorrelation was found to be statistically signi-
ficant at the 0.05 confidence level (r; = 0.2327 and its 5% C. L. = 0.1441).
However, we are quite unlikely to attribute the difference between
means to a «stationary» process as for example is persistence, which,
although a form of non-randomness, does not involve non-stationary slip-
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page of the mean. Consequently, since persistence is evident in our data,
to which Student’s t-test between means was applied, we wish to allow
for the effect of this persistence in the test so that this test will show the
likelihood only of non-stationary slippages of the mean.
The two periods used at that stage where 1858-1890 (u; = 17.75°C,
6; = 0.496 and r; = 0.102) and 1891-1931 (up = 17.47°C, o, = 0.508°C
and r, = 0.447). In order to allow for persistence, let us first consider
the t-test of the differences between means :

W1 — Mg

N153+N253 %
N, FN,—2 (L/N;+1/Ny)

where N; =33 yearsand N, =41 yearsand S;, S, the sample variances
in the two periods of the record. This t-statistic can be modified, to
allow for persistence, by using the «effective lengths» N;" and Ny’, instead
of N; and N,, which are defined by:
1—r

N, = Nlﬁi, Ny = N
Where r; and r, are the lag-one autocorrelations obtained for the two
sub-periods (see for example Mitschell, 1963). In our example N; = 26.898
years and Ny = 15.668 years resulting to a t-value equal to 1.728,
insignificant at the 0.05 level. Thus, non-stationary slippages of the mean
are not a likely alternative to randomness. We can thus accept that a
form of persistence is a real alternative to randommness in the mean

1—r2

21+l’2'

yearly temperatures in Athens. Calculated serial correlation coefficients
for the entire record, at lags one, two and three showed that o¥ =~ o, k
being the time lag (k =1, 2, 3), which, together with the above mention-
ed statistical significance of r; at the 0.05 level, suggest that simple
Markov «red noise» is present in this record. The simple Markov process
states that each realization of the process is composed by a part caused
by the last realization and by a noise term, which is, independently,
normally distributed. Thus, each yearly temperature will depend only
on its immediate predecessor value, but it should be pointed out that all
the above mentioned tests yield only approximate answers to the que-
stions which they intend to answer.
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The last alternative to randomness to be discussed here is the form
of possible periodicities present in this time series. Power spectrum ana-
lysis is presently the most suitable method to study the periodical alter-
native to randommness. Blackman and Tukey’s (1958) procedures were
used in this study, briefly summarized as follows: Given a series of N
equally spaced values, all serial covariances are computed for lags of 0
to m time units (m < N). Next, m 4+ 1 raw spectral estimates are deriv-
ed by computing the cosine transform of these m-+1 lagged correla-
tions. These «raw spectral estimates» are then «Hammed», that is,
smoothed by a 3-term weighted moving average with weights equal to
1/4, 1/2 and 1/4 respectively.

The procedure for evaluating the power spectrum starts by fitting
a «null» continuum, the shape of which depends on the significance of
the lag-one serial correlation. As mentioned above the appropriate conti-
nuum in our record is that of Markov «red noise». Finally, the level of
statistical significance for each spectral estimate is derived by comparing
the ratio of any sample spectral estimate S, to its local value of the
continuum, with the critical percentage point levels of a x%/v distribu-
tion for each v (v being the degrees of freedom of each spectral estimate).

In the following, maximum time lags used where 38 years and 57
years. The 38-year max. lag is approximately the one third of the length
of the record, that is a reasonable fraction of it to get enough resolu-
tion. The second maximum lag of 57 years is, however, very large (half
of the total record length) but it was used to emphasize the possibility
of the existence of a long periodic oscillation, which could not be reveal-
ed when 38-year lag was used. We will return at this point latter.

Figure 1 shows the power spectrum of the series of mean yearly
temperatures at the National Observatory of Athens, Greece. The maxi-
mum lag used was 38 years. Red noise continuum and associated 95 %
confidence limits are also shown in that figure. The comparison of the
spectrum in that figure with the «null» continuum and its confidence
limits, yield that none of the spectral estimates exceeds the 95% confi-
dence limit. Peaks at about 4.75 and 2.6 years, although possibly related
to the well known quasi-biennial atmospheric pulse, are insignificant at
the 95% confidence level. The peak at lag-one is possibly related to the
insignificant trend discussed previously.
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Fig. 1. Power spectrum of mean annual air temperatures at the National

Observatory of Athens, Greece. Red-noise continuum and associated 95°/,
confidence limits are added.
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Inspite of the absence of significant peaks in the spectrum of fig. 1,
we decided, as mentioned before, to use a larger maximum lag, equal to
half the record length. Although less resolution is obtained in this way,
it seemed reasonable to use this relatively large m (= 57 years) for the
following reasons :

1) The shape of the time series under study (see graph I in Arseni,
1973) made us to speculate a long wave-like oscillation with period great-
er than 50 years.

2) During the span 1858 - 1972 Metaxas (1974) pointed out that, sta-
tistically speaking, well above normal mean values were observed during
the periods 1858 - 1890 and about 1930-1965 while below-normal mean
yearly air temperatures were observed during the in-between period
1890 -1925. Also, after about the 1960°s a rather gradual lowering of
temperatures is observed, which can be considered to be a characteristic
feature of the Troposphere (Starr and Oort, 1973) and the lower Strato-
sphere over mid-low latitudes of the Northern hemisphere (Zerefos, 1974).

3) Finally, the t-test of the difference between means of this study,
revealed that the means of the periods 1858 - 1895 and 1934 - 1971 were
not statistically different, while, both, compared to the mean of the
in-between period (1896-1933) were found to be statistically different
(see also table II). '

Following the above mentioned reasons we calculated spectral esti-
mates using maximum lag 57 years. Only some figures are given here
from that spectrum in order to save space. In this new spectrum it was
found that only the first two harmonics exceeded their 95 % confidence
limits, S, being equal to 0.0191 and its 95% C. L. being equal to 0.0186,
this peak corresponding to a probable periodicity of about 57 years. The
first peak probably corresponding to a secular change can not be consi-
dered as trend since this hypothesis was rejected previously. However,
no further conclusion can be drawn here untill the record will include
another 30 years of data. We shall return to the periodical behaviour of
air temperature in Athens in the next Part II, where the time series of
mean monthly air temperatures is examined.

Part II: Mean Monthly Air Temperatures.

Mean monthly air temperature values at the National Observatory
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of Athens were next tested for randomness using the statistical tests
described before. Since mean monthly air temperatures are dominated
by the very strong annual variation, their spectrum can be significantly
influenced not only by the annual march but at other wavelengths as
well. This problem can be circumvented by «pre-whitening» (Blackman
and Tukey, 1958) which process completely removes the annual march.
The annual variation was removed by transforming the original mean
monthly air temperature series 'T; into a new series DT}, where

DTi=Ti—T

T being the record-mean temperature for all values of the series per-
taining to the same ith month.

The statistical tests used previously (Cramer’s and Mann-Kendall’s
tests) applied to the, free from the annual march, mean monthly air
temperature values, showed that non-randomness is present in this series,
and that trend is a completely insignificant alternative to randomness.
We recall that same results were obtained in the case of mean yearly
air temperatures.

When power spectrum analysis was performed to the mean monthly
air temperature (with the annual variation removed) some interesting
features of this variable appeared to exist. To start with, figure 2 was
constructed showing this particular spectrum, calculated by the use of
maximum lag equal to 1/3 of the total length of this record (=460 months).

From that figure it appears that significant pulses do occur in mean
monthly air temperatures in Athens. These oscillations range from a
secular one (76.5 years), a quasi-biennial pulse (27 months) and shorter
pulses from about 2 to approximately 3.5 months. All these significant
peaks are indicated by small arrows in fig. 2.

3. CONCLUSIONS

The results of several tests of randomness against other alternati-
ves applied to both the mean annual and the mean monthly air tempe-
ratures in Athens, can be summarized as follows:

1) The time series of mean monthly and mean yearly air tempera-
tures in Athens are both non-randomn, as evidenced from Cramer’s test
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on the stability of the records (Cramer, 1946), as well as from the diffe-
rence between means obtained from intercomparison of some parts of
each of the two records used (Student’s-t for the difference between
means).

2) The form of non-randomness in these two records is probably
simple Markov persistence, since slippage of the mean (a well-known
«non-stationary» process) was not evident in these time series when
effective record lenths where used in the t-tests (Mitchell, 1963), and
since, red noise criteria were fairly satisfied in both records (see, for
example, Dehsara and Cehak, 1970).

3) At the moment, there are no other forms of non-randomness
such as trends or cyclic phenomena to be accepted in the time series of
mean annual air temperatures. However secular changes and quasi-
biennial oscillations are significant in the time series of mean monthly
air temperatures. Mann-Kendall’s test (Kendall, 1948 and Kendall and
Stuart, 1966) revealed that none of the previously suggested trends in
these time series is real. Rather randomn fluctuations affected by per-
sistence are evident in the mean annual air temperatures, in agreement
with Mariolopoulos (1971) suggestion.

4) Power spectrum analysis (Blackman and Tukey, 1958 and many
others) showed that mean monthly air temperatures display very long
(secular) changes and quasi-biennial oscillations as well as short periodi-
cities between 2 to 3.5 months.

According to the above discussion we can say that although both
mean monthly and mean yeartly air temperatures in Athens can be appro-
ximated by a first-order autorregressive model, significant periodicities
are only found in the mean monthly air temperature series. Among these
oscillations the most important is probably the well-known quasi-biennial
pulse, an unknown world-wide phenomenon (Landsberg et al., 1963)
which is possibly a fundamental terrestrial oscillation.

NEPIAHVYIZ

Eic tiv magovoav perétmy fréyxdncav i dragpdowv otatiotindv uedédwv
t600v al péoal unviaial, Goov %ol ai péoor drfoton tipal tig deopoxnpactiag tod
aggog elg 10 *Edvinov *Actegooxoneiov tdv *Adnvdv xata v megiodov 1858 -
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1972. O yevipevor oratiotixol EAeyyor tdv dedouévav tovtwy Ggedomv eig T
eloeowv xhpatin®@y tdoswv, dupoviig, megoduotitov x. & Kol eig §,t dpood eig
tdg xata 10 nagehdov dvagepdeioag xhpatnag tdoeis, aitves, g elyev Hmootn-
oux 37 madadtegov, dpeilovro el v dvdaTvEw tiig méAewe TV *Adnvav, edoédn
8t adrar d&v dvrimeoswmeouv dvallaxtxiy tob tuyxalov dnédeoiv, xadéon 6oé-
Unoav ui onuavrixal elg Ty otdduny dumiotrootvng 95 % . “H #Aewpic xhpari-
il tdogws, Téoov eig tdg péoag umviatag, Soov xal elg tag wéoac Etnolag Tipdc
tiig deguoxgaoiag tol déoog v CAMivag, Emefefarddn S tob EAéyxov TdV
Mann - Kendall, tédoov & tag vmomegddovg (1858 - 1895), (1934 -1971),
(1911 - 1950), 8oov xai due 6AéxAngov Thv yeovocergav (1858 - 1972). Adyw tiic
avevoéoews ToU un tuyatov eig Tdg dvwtéom yovoselds, did Tiig Eaguoyiic T@V
Ehéyywv 1ol Cramer xai tod Student (tiic diagpopdc TV pécwv diapdomv Hmo-
neguodwv), xateBrridn mooomddela avevoéoewe Tol eldoug xai tiic nooiic avrod
elg Tag yoovooeag tavrag. Ilodyuatt, eboédn Gu ai uéoar Ervoiar Tpal Emder-
nvbouv éupovnv meglimov dmhot MagxoPravod timov, &Alwg xalovuévnv
%l €ovdoov Y6ovPov. “H wnvowréoo Widtne tiic totavtng Eupoviig
Eyxetar glg TO 6 éxdoty T tiic yoovooewpdc &Eaptdton uévov Ex tilc duéomg
mponyovuévns avtils tufic. Kota tadta of mdavdrepar mhnoogpopion Sia to
wooeyEs Eog, al dpogdoal eic Ty epuoxoaciav tod déoog &v *Advaig, déov Gmwg
AneddoL &x tob mogdvrog Eroug xai odyl éx mAngopooidv EEayouévov éx mapeh-
Yoviwv &tdv. ‘H Vmagkis tod dovdpod JopiBov eig tag nésag Etmolag Tuag tig
Yeopoxgaciag tod dégog &v *Advaig eboédn eig v orddunv dumotostvng 95%.
*Ohotiioers 1@v péowv tudy Otv aveveédnoav obite eig tag néoag rmoiag olte
elg tag péoag pmviatog tndg. ‘Qoadtmg ai rioiar tipal d&v Emdeinviouy onuav-
Txag septodbrntag, wANy mdavijc twoc aloviag mepuodixdic petaBoriic (neta
meQLodov peyatvtéoag v 60 Etdv), ftig Suwg d&v xaréetn duvatdv Gmwg dmo-
novodf) hjong xatd v gacpatixnv Gvdlvow tiig y0ovooelds Ady® ol oyeti-
%x@g ot Gorduol tdv diatideuévav Etdv. *Avndétog, xaitol ai uéoor umviaio
tpal tijg Yeouongaciog tod déoog &v *Advaic duvatdv Snwe mapactaddor Sud
t00 meomyovpévag Gvagepdéviog Eoudoot doplfov, M gacuatixy dvdivoic tov-
tov dewvie, elg v 95 % otddunv Bumotosivyg, Ty Hmagby wdg oxedov die-
tolg xuvpdvoemg (27 pijveg), dg &miong xal tivag dhhag mepLodubTnrag pixgoté-
oag meELGdov petaky 2 xal 3.5 unvav meolmov. “H avevpeoig tiig dietolg xupdv-
ocwg elg TNV Jeguoxgaciav tob déoog elg tag *Advog mBefarol v mayxo-
opfav Epgdvicty tavtng elg ta nadéxacto dtuoo@aiQrt @owvléueva, af 8¢

evpedeioal meQrodinbtnteg duvatov va magdoyovy véav dInowv el Tac mEoyV®-
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oglg néong xal paxedg daoxelag dud v megroyny t@v "Adnvav. "Ev xaraxkeid
cvpumegaivopuey Gt ai péoar mpal tiig Yeouorpaciag tol dégog T@V TAdnvadv
dvavrar va nagootoddor did twvog adtomalivdoopovpévov mootvmov mEOTOV

Baduot xai & eic orddunyv Bumiotoovvng xahvtégav tod 957, .

REFERENCES

1. A. Arseni-Papadimitriou, On the Annual Variation of Air Tempera-
ture in Athens, Meteorologika, 31, Thessaloniki, 1073.

2. R. B. Blackman and J. W. Tukey, Measurement of Power Spectra,
Dover Publ., N. Y. 1958.

3. H. Cramer, Mathematical Methods in Statistics, Princeton University Press,
_Brinc. N. J. 1946.

4. M. Dehsara and K. Cehak, A Global Survey on Periodicities in
Annual Mean Temperatures and Precipitation Totals, Arch. Met. Geoph.
Biokl., Ser. B, 18 (1970), 253 - 268.

5. P. P. Karapiperis, Trends in Athens Temperature, Geofis. Pura Appl.,
29 (1954), 212-217.

6. M. G. Kendall, Rank Correlation Methods, Hafner, N. Y. 1948.

7. M. G. Kendall and A, Stuart, The Advanced Theory of Statistics,
Hafner Publ. Co, V. 2, N. Y. 1966.

8. H. E. Landsberg, JR. Mitchell, J. M,, H. L. Crutcher and F. T.
Quinlan, Surface Signs of the Biennial Atmospheric Pulse, Mo.
Weather Rev., Oct.- Dec. 1963, 549 - 556.

9. E1. G. Mariolopoulos, The Climate of Greece, Athens 1938, p. 71.

10.——, Is the Climate Changing ?, Proc. Academy of Athens, 46 (1971), 38-53.

11. D. Metaxas, Climatic Fluctuation of Air Temperature in Athens, Tec.
Report No 19, University of Ioannina 1974.

12. JR. Mitchell, J. M., Some Practical Considerations in the Amnalysis of
Geophysical Time - Series (Available from Author) U. S. Weather
Bureau, 30 p. Washington D. C. 1963. '

13. V. P. Starr and A. H. Oort, Five-Year Climatic Trend for the Northern
Hemisphere, Nature, 242 (1973), 310-3I3.

14. C. S. Zerefos, Trends and Quasi- Biennial Pulses in the Temperature
Field of the Stratosphere During the Period 1957 - 1972, Proc. Academy
of Athens, Nov. 49 (1974), 480 - 484.



