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ABRSTRACT

Long-time meries of global radiation in
Purops wera imestigated. In all regions, from
the Atlantir coast to the interior of the conti-
nent, systematic changes were found. The changesz
were coused by the verying cloud conditiens. Tha
speatral mpalysis of the 100 years' sunshine du-
ration houxs for Zurich shows the pericdicity of
17 years overlapped with a generally Agoreasing
trend. s

W

.

1. INTRODUCTION

tnder the World Climate Frogram-Water Fro-
ject A7, Gichal Energy Balance archive {(GEBA),
the Department of Geography (ETH, Zurich) has
been archiving the following 14 fluxes of the
energy balance for the earth's surface, which are
instrumentally measured {excluding empirically
calewlated fluxes) (Chmara, 1286). They include
direct solar radiation, diffuse gky radiation,
global radiation, short-wave reflected radiaticon,
albeds, long-wave incoming radiatieon, long—wave
owtgoing radiation, long-wave affective radiation,
net radiation, sensible heat flux, lakent heat
flux, subsurface heat flux, heat of fuzien and
Tv-radiation. The ajm of Eroject A7 1s to archive
the measured fluxes, providing the measurenent
duration is longer than a month. Some long—time
series of giobal radiaticn in GEBA are evaluated
in WER.

Contrary to the findings by Budyko {1374)
that global radiation 1= staple in time and 10-¥r
observations are sufficlent for obtaining noris,
we Efound rather systematic zecular variations
with substaptial amplitudes. Because the range
of the variation iz well keyond the instrumental
error and the radlative changes are considered to
be ap important aspect of climatie changes, the
best time-gseries of global radiation in Furope
are apalysed and the resmlts are dlscunded. v/

2. AVAILABLE DATA

For building the GEBA, data are taken from
periedicals, data reports, monographs and unpu-
blished scurces. In the case of global radiation,
the gata for a number of statlons for the pericd
after 1963 are published monthly by World Radia-
tion Data Centre a2t Voelkov Main Geophysical Ob-
servatory. The data not forwarded to WEDC OF

IRS "8
Lenoble and Geleyn (Eds.)

298

older than 1964 must be sought in various sources.
The monthly and anpuel global radiation data for
Putsdam in IPS56 are evalvated from 1937 onward
and forwarded to the GEBA where they are stored
in WRR, The Stockholm glebal radiation iz avai=-
lable dating back to 1941 in Lindholm (1257} . The
Trémss global radlation for the period 1947 to
196% and the Sedankyld for 1853 to 1965 are pub-
lished by Marshunova and Charnigovekil {1971).
fha Hamburg and other West German data are pub=
lizhed in WRR by Kasten (1986), dating back to
1950. The Kew Station data for the period 1951
1675 are obtaiped from British Meteorological
office (1980}, The data from the Bustrian sta-
tiong, suoh as Salzhurg since the YGY, are avai-
lable in Steinhauser (1963, 1964, 1966 and 1968).
mhe Zurich data are avallable for the period 1395%
to 1068 in Scbram and Thams (15870}, up to 1972 in
ambrosetti and valke (1980} and thereafter in the
Annual Report of the Swiss Meteorological Insti-
tute, The above description is intended to show
how we collected the data for the GEBA for the
pericd prion to the regular publication by the
WRDC ip Leningrad. Pregently all these data are
stored in the VAX 3600 system and available to
extarnal users.

3. TREND YN GLOBAL RADIATION

The annual total global radiation for the

13 starjons which the authors judge to he of high
gquality ia plotted in Fig. L. The stations, such
ag Trémsd, Bergen and Kew, located near the Atlan-
tic coast, show gradual increase after 1950 at a
rate of 0.12 to 0.24 % yr~l. The interior sta-
tions, such as Potsdam, Ealzburg and Zurich de-
creased their global zadiation from the late
19505 to the end of the 1970s. Stockholm,
faarstrup (Copenhagen), Hamburg and Sodankyld,
the stations located pear the shore of the Baltic
Sea, show prowinant increase in the parly 1970=
fellowed by rapid decreate. cenerally speakings
the meridional gradient of global radiation in
Europe Qecreased during the last 30 years.

In the reglon of Zurich, there are threa
gtations with pyrancmeters, zurich Internaticnal
alrport, the Swias Meteorclogical Institute and
the Federal Inetitute of Forest Research, loca-
ted within 10 km of each other, which have many
years' overlapping observation periocds. The mean
anpual as well as summer {(Fune, July Aug.} and
winter (Dec., Jan., Feb.) global radiation for
zurich was caleulated with the dats from the
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Fig. 2Z: Annual and seasonal global radiatien for Burich. Summer and winter are periods of June, Julyr
hugust and Decetber, January and February. respectively. Dotz in the tpper-right are swmmer
evapotranspiration. Dots in the bottom figure are antwal total sunshine duration for Zurich.
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thres stationa apd shown in Fig. 2, The RMSE aof

zeasonal values for each station from the regio—
nal mean iz .35 MJ m~2g"l, In the region of !
gurich global radiation decreased over the twenty
years from the end of the 19508 to the end of the
1970= by as much as 20 % thereafter it tended

t recover slightly. This trend was shared in J
spymer and winter as well az in antinal total. i

4. FEATURES IN SUNSHINE DURRTION FOR ZURICH

For time—seriaes analysis, the prezently
available langth of glcbal radiation is too short
{n comparison with significant pericds. Be pos-—
gjble causes for the change in glebal radiation,
the changes in the atmospheric transmission and
cloud conditions were congidered. The po=gaibility
of the atmespheric transmission was unlikely as
the long trend in the transmissicon was not found
by HBoyt and Frohlich {1983) . Most of these varia-
tlong were cauzed by the ¢hange in ¢loud condi—
tions. The monthly glohal radiatien is well
correlated with the monthly sunshine Auration,
ar is seen in Fig. #. The features in the latter:
time-series were investigated.

An advantage of the Zurich sunshine duration
sarice i the clear documentation of the instru-
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Fig. 3: Annual total sunshineduzation hours for
the period 1884-1985 with the ll-year
running means for Zurich
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ments and their relative sensitivites, &ince a
Campbell-Stokes type stutshine recorder was adop-
ted for use by the Swise Meteorologlcal Institute
in Furich the instruments were exchanged in 1927
for a more sensitive rewgrder of the same type.
and in 1978 for a solar cell type sunshine recor-
der, In 1927 the old and new instruments were in
operatlon simultansously for a period of ten
menths, Since 1978 the Campbell-$tokes type and
alectric sunshine recorders heve been in parai-
1¢]l use amd both data have been published (Swisz
Mateorological Institute, 1978-1985) . This circum-
stance made it posslble for the suthors to adjust
the scale of the oldest instrument wich was used
frem Japuary 1884 to Fepruary 1827 to the present
camphell=Stokes recorder which has been in use
=ince March 1927,

The 102 year's anmual total sunshine dura-
tion hours are prezented in Fig. 3. In this dip-
gram not only the decreasing trend for Zurich ,
after the late 1950s, but alsc a peak In the mid- ;
1840s for another interior station with the long-}
est record of global radiation at Potedam are re—
cognizable.

A power spectral analysis of the 102 years'
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annual valuas ghows the most prominant peak at
12 years' pericd (Fig. 4)- overlapped with the
longer trend and short-term filuetuaticns. The au=-
thors must stillcolarify the causes of these ten-
densias.

5. CONSEQUENCE OF THE RADIATION CHANGE

The change in global radiation of ag much as
20 % over 20 years must have a significant effect
on other terrestrial procezses, The authoxs found ;,
a similar fluectuation in the 12 yrs. time-serles i
of evapotransplration whiéh has been measured con—y
tinuously at an experimental hydrological basin, %
Bletholzbach, 30 jm east of Zurich. The summer to="
£al (June, July, Bug.) of evapotranspiration plot-/
ted in Fig. 2 changed parallel to the summer glo= |
bal radiation. In most of the region north of the
nlps, the surface layer of the soll is almost al-)
ways at pear saturatien apd thig condition causes;
the evapotranspiratien to be very near the poten—t
tail evapotranspiration, which is a very distinct
function of global radiation. Thus it is possible’
that latent heat flux of vapourization axper lencea]
secular variatlon of = large amplitude during the
last 100 ye=ars. i

6. CONCLUSIONS

Despite a widely spread belief that heat bha-
lance components are stable in time, the present }
work shows that global radiation, & primary enerﬁﬁ
¢y source for the parth's surface, shows a clear;{
and relatively large secular change. The chahge
in global radiation is considered to be the pri=-
pary reason for the change in evapotranspiration.
from the estimation of the sunshine duration
hours, global radiation for Zurich is consgidered
to have changed during the last 100 yesrs, with
periodicity of 12 years overlapped with a general-
1y decreasing trend.
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