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Abstract—A hypothesis that global climate warming observed during the last century has 
been due to anthropogenically induced carbon dioxide concentration growth provoked 
controversial response. In this context, general considerations have been discussed 
supporting the viewpoint that the “greenhouse” global warming hypothesis is doubtful, 
although, of course, the greenhouse effect contribution should be taken into account. One 
of the strongest arguments in favor of the above hypothesis is a conclusion drawn from 
numerical climate modeling data that there must be an enhancement of the “greenhouse 
signal” with latitude. In this paper some results of surface air temperature (SAT) 
observations in the Arctic during the last 20-30 years have been discussed which 
demonstrate a reduction in SAT in a number of Arctic regions. Some dendroclimatic data 
relevant to tree growth near the northern forest boundary have also been considered. 
Analysis of these data (covering larger time periods) reveals that not only the conclusion 
about polar enhancement of climate warming is wrong but the warming itself could hardly 
be realistic. So it may be concluded that no noncontroversial information exists that can 
support the hypothesis of global “greenhouse” warming.

Key-words: global climate change, polar warming enhancement, dendrochronology data, 
Framework Convention on Climate Change, climate modeling, the Arctic.

1. Introduction

The problem of global climate change has attracted great attention during the 
recent decades (see Adamenko, 1985a; Barnett, 1999; Bengtsson et al., 1999; 
Brauch, 1996; Browning and Gurney, 1999; Emsley, 1996; Flower, 1999; 
Hansen et al., 1998; Houghton et al., 1996; Jain et al., 1999; Kondratyev, 
1992, 1998, 1999; Manabe, 1998; Mason, 1995; Mysak and Venegas, 1998;
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Postmentier et al., 1999; Raschke, 1996; Schoenwiese, 1996; Scorer, 1996; 
Singer, 1997; Storch and Floeser, 1999; Warnecke, 1997; Watanabe and Nitta, 
1999; Weber, 1996; Wigley, 1998; Wiin-Nielsen, 1998; Yao and Del Genio, 
1999, and others). The problem has mainly been discussed in the context of the 
“greenhouse stereotype”, which proceeds from the assumption that global 
climate warming which took place in the course of the current century had been 
due to an enhancement of the atmospheric greenhouse effect caused by the 
growing concentration of carbon dioxide and other greenhouse gases (GHGs) 
in the atmosphere.

Even according to the assessment presented in the Report of the 
Intergovernmental Panel on Climate Change (IPCC), it is stated that “the 
balance of evidence suggests a discernible human influence on global climate”
(.Houghton et al., 1996). The assessment of this kind of ideas, discussed in 
detail earlier (Kondratyev, 1992, 1996, 1997, 1998, 1999; Kondratyev et al., 
1996; Kondratyev and Cracknell, 1998, etc.), is not only of academic interest. 
It is in this context that the Framework Convention on Climate Change (FCCC) 
approved by the UN General Assembly recommends to reduce the amount of 
carbon dioxide emissions to the atmosphere by the year 2000 to the level of the 
year 1990, and this is a minimum demand. Later much stronger reductions have 
been recommended by the Third Conference of the Parties in Kyoto (Schneider, 
1998) which, however, have not been quantitatively substantiated so far.

In this context, a non-biased evaluation of the justification of broadly spread 
estimates of anthropogenic impacts on climate acquires an exceptional 
importance. Evaluations, which are in discordance with the IPCC conclusions, 
can be found in quite a number of recent publications (see, for instance, 
Ellsaesser, 1992; Emsley, 1996; Jastrow et al., 1990; Kahl et al., 1993; 
Kondratyev, 1992, 1996, 1998; Singer, 1997; Weber, 1996, etc.). These 
evaluations, however, have not met adequate attention or have been ignored 
altogether. In the meanwhile, it is a matter of not minor remarks (concerning, 
for example, the IPCC reports) but of judgements of principal nature.

In this connection, Singer (1997) has been quite right to state that the 
science of climate is full of uncertainties of principal importance resulted from 
the fact that relevant observational data are insufficient and numerical climate 
models are far from being perfect. Here are some of the causes of these 
uncertainties.
• The problem of the global carbon cycle has not been solved so far, 

especially in the part relevant to the acquisition of anthropogenic carbon 
dioxide emissions by the ocean (the “biological pump” role) and the 
functioning of the land biosphere as a source or sink of carbon (the problem 
of the “missing” carbon sink). This creates great uncertainties in predicting 
the carbon dioxide concentration growth in the next century, especially if 
one takes into account the difficulty of prediction of time changes in using 
fossil fuels in the future.
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• The quality of data on the surface air temperature for the recent century is 
not quite up to the mark.

• Discrepancies between the results of temperature change calculations made 
with different climate models sometimes reach 300%; many of the climate 
models do not take into account meso- and microscale processes in clouds 
or numerous processes of the interaction between the atmosphere and ocean 
which are of crucial importance.

• Climate models are incapable of adequately reproducing and accounting for 
climatic changes in the 20th century, such as a SAT rise from 1920 to 
1940, a cooling before 1975 and the absence of warming in satellite data on 
the tropospheric climate, beginning with 1979 (Ellsaesser, 1992) (see also 
more recent publications, such as Kondratyev, 1998, 1999; Postmentier et 
al., 1999).

• Climate models are incapable of explaining rapid paleovariations (on a 
decadal level) discovered from the data of the analysis of tree rings, ice 
cores, sea and lake sediments {Fischer et al., 1999). Such significant events 
as El Nino/Southern Oscillation (ENSO), the North-Atlantic Oscillation and 
other rapid contemporary climatic changes have not been predicted from 
numerical modeling (although significant progress has been recently 
achieved in predictions of ENSO).

• Estimates of potential World Ocean Level (WOL) rise due to global 
warming have been broadly discussed but proved unreliable. One cannot 
exclude the possibility that enhanced evaporation from the sea surface may 
lead to a faster accumulation of polar glaciers, and consequently, to a drop 
in the ocean level. The suggestion can be supported by the presence of a 
negative correlation between the WOL rise and SAT in the tropics (see also 
recent papers published in Annals o f Glaciology, 1998, Vol. 27).

• The repetition rate of strong storms and hurricanes has not increased during 
the recent 50 years, whereas under conditions of a global warming 
(following from the calculated decrease of the latitudinal temperature 
gradient) the opposite situation must prevail (see a recent paper by Fu et 
al., 1999).

• Because the increase of carbon dioxide concentration stimulates 
photosynthesis, and the increase in SAT mostly observed in the nighttime 
and in winter leads to a longer duration of the vegetative season, this should 
be favorable for agriculture under conditions of a global warming and 
sufficient moistening. It is also important that agriculture has ample capacity 
for adaptation to climatic changes (Kondratyev, 1998).
Perhaps, the least expected and rather paradoxical aspect of contemporary 

research in climate and its variability is related to the conclusions of studies on 
the empirical diagnostics of observational data and indirect indicators of the 
state of the climatic system. The continuing analysis of observational data
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revealed new regular features of SAT variations and other climate 
characteristics. In particular, this is relevant to the high latitudes of the 
Northern Hemisphere ( “Are Human Activities...?”, 1995; Grotefendt et a i,  
1998; Kahl et a i, 1993; Kondratyev et al., 1996; Lovelius, 1997; Vaganov et 
al., 1996; Report, 1998, etc.).

2. Some results o f the analysis o f  observational data and indirect indicators 
o f the state o f the climatic System as global climate change (CC) indicators

2.1 The “anthropogenic” CC signal

The discussion on the detection of the so-called “anthropogenic” signal is being 
continued (Kondratyev, 1998). Numerical climate models (CM) and their 
paleoclimatic analogs are inadequate to assess the reality: for example, 
predictions of a “polar enhancement” of warming have not been confirmed by 
empirical data (Adamenko, 1985a,b; Adamenko et al., 1982; Anisimov, 1998; 
Grotefendt et al., 1999; Kahl et al., 1993; Kondratyev, 1998; Vaganov et al., 
1996; Woodcock, 1999; Zakharov, 1996). The numerical forecasting of 
precipitation does not reproduce the present-day climate either (Anisimov, 1998; 
Vaganov et al., 1996; Drozdov and Lugina, 1998; Zakharov, 1996). This is 
doubtless in the inadequate results of the description of physical processes such 
as feedbacks due to cloudiness, sea ice dynamics, the halocline state in polar 
oceans, etc.

As it has been revealed by Anisimov (1998), the correlation between the 
summer temperatures over the continents and the carbon dioxide concentration 
variations predicted by means of paleoreconstructions and CM is negative. 
Variations in precipitation predicted by CM are often statistically unreliable. 
Most paleoreconstructions indicate an enhanced humidification of the continents 
during warming. A great uncertainty in the assessment of future precipitation 
makes it very difficult to assess many of CC consequences.

2.2 Mountain and sea ice dynamics as an indicator o f CC

The frequently used conclusion that the state of mountain and sea ice dynamics 
is a reliable indicator of CC, is in fact controversial. The location of glacier 
edges, i.e., their retreat or advance, depends not only (and not so much) on 
climate as on the rheological state of glaciers: motion speed, bed friction, 
surface inclination, thermophysical parameters of the firn and ice thickness. 
Glaciology cannot offer a reliable explanation of the causes of the time- 
dependent motion of glaciers (Adamenko, 1985a). That is why the data on 
periods of the retreat or advance of mountain glaciers can only be used as very 
approximate indicators of anthropogenic or natural changes in the climatic 
system (CS) (Zakharov, 1996).
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The use of “the environment-glaciers” models for the diagnostics and 
predictions is only possible in some particular cases, and only if the physical 
nature of the processes of the external mass-energy-exchange and of boundary 
and initial conditions is well known.

2.3 Sea ice cover dynamics

An equal degree of uncertainty is present in the characteristics of sea ice cover 
dynamics: the sea ice cover extent, thickness, age, motions and structure, in 
spite of the fact that the data of satellite remote sensing made it possible to 
obtain a realistic picture of the phenomenology of the processes—the boundaries 
dynamics and extent changes. However, the cause-and-effect features of the ice 
cover dynamics have not been adequately explained (Kondratyev, 1998; McPhee 
et al., 1998; Zhang et al., 1998, and others). According to Zakharov’s concept 
(Zakharov, 1996), CC is not simply the cause of ice cover transformations; the 
sea ice cover dynamics at high latitudes, which is dependent upon the thickness 
and specific features of the three-dimensional structure of the halocline, the 
advection of water masses and ice and other factors, should be regarded as an 
interactive climate-forming factor (here the non-linearity of relevant depen­
dences is important). When analyzing the sea ice dynamics, it is important to 
adequately consider the spatial-temporal variability of the processes of the ice 
accretion, ablation and motions. Of course, it is obvious that, in general, the 
interrelationships between sea ice dynamics and climate change are of inter­
active nature.

As an illustration, we examine the causes of the well-known reduction in the 
extention of sea ice cover in the Arctic seas during the 1920s-1930s, as well 
as that of the mountain and surface ice changes in the Arctic and Sub-Arctic 
and other mountain regions of the Northern Hemisphere. It is known that the 
climate change at that time mainly revealed itself as a warming of the cold 
season and an enhancement of precipitation. It was due to or accompanied by 
a certain transformation of macrocirculation conditions (Adamenko, 1985a,b; 
Drozdov and Lugina, 1998; Vaganov et al., 1996; Zakharov, 1996)—a higher 
frequency of cyclonic circulations and a less frequent repetition of anticyclonic 
ones, a shift of cyclone trajectories to relatively higher latitudes. Considering 
these observational data, one cannot attribute the decrease of ice cover extent 
to the enhancement of ice ablation. The causes may be due to the following 
causes: (a) the advection of sea ice to lower latitudes; (b) the decrease of the 
ice formation intensity; (c) the increase of the duration of sea ice ablation, etc.

2.4 Possible causes for the retreat of mountain glaciers

During an Arctic warming, the retreat of mountain glaciers can hardly be 
explained by enhanced ablation (Adamenko, 1985a). Among possible causes of

223



glaciation degradation in the mountains during the warming epoch, there are the 
following:
• The speed of motion of glaciers, and consequently, the advection of ice to 

the apron parts of glaciers can decrease as a result of the approaching 
“negative” component of the anomalies of the Nay-Shumsky kinematic 
wave (Shumsky, 1968). As a result, the weakening of ice advection from the 
firn glacier parts to the apron ones takes place. It is known that every 
glaciation centre, every glacier has its characteristic time of response to 
changes in the mass-energy exchange in time and space. This time depends 
on many causes, part of which influences non-linearly the ice advection and 
has not been adequately studied thus far. The weakening of the ice 
advection of mountain glaciers may be a response to the decrease of the 
accumulation of firn and ice during the minor glacial epoch (the 
1870s-1880s).

• Decrease in the cooling of glaciers in the cold season which might be a 
result of wintertime warming and possible increase of cloud amount under 
conditions of the high cyclonic activity during the period climate warming 
in the Arctic.

• Longer duration of the ablation period in the warming periods at high 
latitudes (Adamenko, 1985a; Anisimov, 1998).

3. Empirical diagnostics o f climate change

Observational data for the aquatic areas of the Northern Hemisphere indicate 
the existence of some ocean areas where, during the recent 3-4 decades, a 
decrease in air temperature and sea surface temperature (SST) occurred. 
Analysis of these data makes it possible to conclude that a uniform “polar 
enhancement” of climate warming does not actually exist.

Large regions, where inter-latitudinal temperature contrasts have enhanced, 
are clearly pronounced. Such regions have stably existed during the recent 
decades. It is essential that the appearance of these regions is connected with 
a well-known (and unpredicted by theory) phenomenon: increased moistening 
over the water catchment area of the Caspian Sea (Adamenko, 1985a). The 
phenomenon revealed itself as a substantial sea level rise and a considerable 
transformation of macrocirculation conditions over vast territories from the 
Atlantic to Western Siberia and Central Asia (Adamenko, 1980, 1985a,b; 
Kondratyev, 1992; Vaganov et al., 1996, etc.).

These phenomena have not been predicted by numerical modeling and have 
been quite unexpected. Their causes should be sought in the manifestations of 
a whole number of factors that have not been adequately studied thus far, viz., 
autooscillations in the “ocean-atmosphere-polar ice” system, changing of the 
atmospheric optical transparency, which, in its turn, depends on quite a number
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of causes (volcanic eruptions, time-dependency of cloudiness fields, transport 
of aerosols from natural and anthropogenic sources, etc.).

Analysis of aerological data from high latitudes makes it possible to draw 
the following conclusions:
• The speed of motion of glaciers, and consequently, the advection of ice to 

the apron parts of glaciers can decrease as a result of the approaching 
“negative” component of the anomalies of the Nay-Shumsky kinematic 
wave (Shumsky, 1968). Instead of the expected warming, in a number of 
sectors of the Northern Hemisphere—from the equator to the high 
latitudes—the process of cooling took place during the periods 1961-1970 
and 1981-1990 (Drozdov and Lugina, 1998).

• According to the data of the “North Pole” stations summarized for the 
entire period of their operation, the process of cooling was taking place in 
Central Arctic with a centre mainly in the American sector of the Arctic 
(Zakharov, 1996). This conclusion can be confirmed by independent data 
(.Kahl et al., 1993) which reveal the lack of evidence of anthropogenic 
warming predicted by numerical climate modeling. During the time period 
1950-1990, seasons and regions of cooling near the surface and in the 
troposphere have been found out in the polar region of the Northern 
Hemisphere.

• It is important that, in connection with a cooling in the Arctic, in a number 
of its sectors regions have appeared where temperature gradients increased 
between the high and middle latitudes in the European sector of Eurasia 
during the recent 2-3 decades. This kind of increase is mostly characteristic 
for cold epochs observed in the past. The marked increase of temperature 
contrasts between the middle and low latitudes during the recent decades 
may be in correspondence with the discovered enhancement of cyclogenesis 
in the south-western part of the North Atlantic (Adamenko, 1985a; Drozdov 
and Lugina, 1998; Radionov et al., 1996).

• Forecasts of increased dryness in the European Russia, which should follow 
from the anticipated warming at the end of the 20th century, have proved 
wrong; one of indicators of the above is the fact that the Caspian Sea level 
ceased to drop but started rising instead. It is important that similar 
phenomena have been discovered (from instrumental and paleoclimatic data) 
for cold epochs (Adamenko, 1985a).
It can therefore be concluded that the hypothesis of anthropogenic warming 

and its variability in time and space has not been confirmed by the empirical 
climate diagnostics. It is not confirmed either by the analysis of some indirect 
CC indicators which will be examined below.
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4. The state o f large lakes as an indicator of climate change

The liquid water and heat balance of water catchment regions and aquatic areas 
of large lakes are responsible, to a great extent, for their level regime, trophic 
status, natural and anthropogenic variability (Adamenko, 1985a). For shallow 
and relatively small lakes, their hypsometric and morphometric specific features 
may result in situations when the same changes of components of the heat and 
water balances due to CC can result from very different, non-linear response 
of the level regime. This means that it is not always and not for all closed 
waterbodies true that their level regimes and their variations may be considered 
to be indicators of climate change (in this respect, an analogy can be found with 
the above-considered state of glaciers).

As has been noted above with regard to the Caspian Sea water catchment area, 
its response to CC should be considered taking account of the specific atmospheric 
conditions over the vast territory from the Atlantic to Western Siberia and Central 
Asia, from the Arctic to the subtropical latitudes (Adamenko, 1985a).

Analysis of the air temperature and precipitation anomalies in the water 
catchment area of the lake of Taimyr located at high latitudes has shown that 
the present epoch is rather characteristic of a cooling than a warming of climate 
in the region (Adamenko, 1985b). This is revealed by the higher frequency of 
negative temperature anomalies and precipitation during almost every month of 
the year; by the level regime and trophic state of the waterbody. The present- 
day decrease in the atmospheric moisture content and the cooling are very similar 
to the conditions of the end of the past and beginning of the present century.

5. Dendroclimatic indicators of climate change

5.1 Introductory remarks

Because the data of instrumental observations are limited in time, it is necessary 
to seek for and use indirect indicators of the state of the climatic system (CS) 
(see Adamenko, 1985a,b; Anisimov, 1998; Brauch, 1996; Cheddadi et al., 
1997; Duursma and Carroll, 1996; Houghton et al., 1996; Jaenicke and 
Weidner, 1996; Jastrow et al., 1990; Kahl, 1993; Kondratyev, 1998; Report, 
1998; Vaganov et al., 1996; Warnecke, 1997; Weber, 1996, etc.). Analysis of 
dendroclimatic indices makes it possible to assess long-term climate dynamics. 
Individual trees are known whose age is over 1000 years (in the Central Asian 
mountains, at the upper forest boundary), up to 600-800 years (in the forest- 
tundra, at the northern forest boundary): archa and larch, respectively; the 
gigantic sequoia in North America can be several thousand years old. The use 
of fossil and flooded wood makes it possible to obtain dendrochronological data 
for periods over 5 thousand years and more. Information obtained from tree
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rings allows to determine the temporal variation of various carbon isotopes, 
carbon dioxide, heavy metals penetrating the trees from the soil, as well as 
brought from the atmosphere due to dry and wet deposition {Adamenko, 1985a).

The main difficulty in reconstructing the climate signal from dendro- 
chronological data is the necessity to filter out the contribution of other factors 
which influence the growth rate of tree rings. Such factors may be the photo- 
synthetically active radiation, the state of the soils during the vegetation period, 
wintertime climatic conditions, the possible Markov type of tree growth 
processes (the dependence of subsequent conditions on the prehistory), the state 
of mineral and organic nutrition, photosynthesis conditions, etc.

Various methods have been developed in dendrochronology {Lovelius, 1997; 
Vaganov et al., 1996) for taking into account the biological curve of growth. 
These methods make it possible to obtain the so-called dendrochronological 
growth rate indices /, which depend only on changing external conditions: the 
heat-to-moisture relationships, the photosynthetically active radiation (PAR), 
aeration, mineral nutrition, etc. Biologists assume (although this should be 
verified) that for trees which have reached the limit of growth conditions (or 
tolerance conditions), the value of index I is determined by a certain principal 
limiting factor. If I >1.00, the external conditions determining the annual 
productivity are considered to be close to the average, and factors determining 
the annual production are considered to be favorable; if 7 < 1.0, a decrease in 
the annual productivity (inhibition) is considered to take place.

It is supposed that near the northern boundary of forest propagation the 
annual production is limited by the thermal regime, whereas at the southern 
boundary the decisive factor for the annual production is the moisture regime. 
In reality, analysis of the influence of the external environmental factors on 
forest productivity, and consequently, on tree ring width and other indicators of the 
state of trees in the sites of their growth, requires an individual and complex 
approach to the study of dendrochronological indices for the purpose of detecting 
different “signals”, including those due to the effects of heat and moisture.

5.2 Observation data

Vaganov et al. (1996) and Lovelius (1997) discussed the indicative properties 
of dendrochronological indices. Their monographs contain information 
databases obtained from vast territories of the northern forest boundary in the 
Sub-Arctic and other regions. The initial data processing answered the following 
questions: (1) Is reconstruction of various CC indices from these data possible?
(2) Are various CS indices, reconstructed from qualitative indicators, 
homogeneous in time and space? (3) What are present-day CC trends if one 
obtains them from qualitative CS indicators? (4) Can the so-called 
anthropogenic signal be detected from qualitative CC indicators? (5) Are 
variations in the qualitative CS indicators during the period of instrumental
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observations and in recent decades very different from the data for the last 5-6 
centuries? Here are brief answers to these questions.

Analysis of the information considered {Fig. 1, regions 3 and 4), obtained 
from areas separated one from the other by thousands of kilometres, about the 
temporal variation of various indicators of biological productivity {Figs. 2, 3) 
near the northern boundary of forest propagation makes it possible to draw the 
following conclusions:
• Temporal variations of indices /  during a nearly 70-year period are 

distinctly synchronous.
• Since the variations of the indices analyzed (Figs. 2, 3), as will be shown 

later, are in agreement with the summertime input of heat {Adamenko, 
1985a,b), their temporal variations indicate that the changes have not been 
unidirectional.

• During the 1930s (the trend is shown in Fig. 2 corresponding to the data for 
the northern forest boundary at the Taimyr Peninsula) and the 1960s (the 
trends are in Fig. 2) and up to now, a trend towards the decrease of indices 
I  reveals itself in the low-frequency variability range.

• Analysis of dendrochronological data shows, on the one hand, the lack of 
extraordinary features in the temporal variation of indices /; but, on the 
other hand, it reveals a long-term trend towards their decrease during the 
recent 30-60 years (the trends are in Fig. 2). As can be seen from a 
multifactor linear and nonlinear correlation analysis (see below), the 
temporal variation of indices I  is 60-80%-determined by the conditions of 
heat input. Therefore, one can draw the conclusion about the presence of 
a clearly pronounced trend at the northern forest boundary (regions 3 and 
4 in Fig. 1) towards cooling. This is revealed by the fact that the maximums 
of productivity (indices / )  during the period from 1930s to 1990s were 
becoming lower and lower with time, and the minimums were becoming 
deeper (Fig. 2).

Fig. 1 Regions where samples of trees have been taken near the polar forest propagation boundary. 
1 -  Polar-Urals; 2 -  West-Siberian; 3 -  Taimyr-Putoran; 4 -  East-Siberian; 5 -  Chukotka
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Years

Fig. 2. Variations of dendrochronological index I (%) near the polar forest boundary. 
(Data of the Institute of Forests of the Siberian Branch of the Russian Academy of Sciences.) 

1 -  Ary-Mas; 2 -  the Indigirka River basin; 3 -  linear trend

Years

Fig. 3. Variation of the comfort index of bioproductivity r/ and its linear trends.
1 -  the Novaya River (Taimyr); 2 -  the Indigirka River (Eastern Siberia); 3 , 4 -  trends
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5.3 Bioproductivity parameter

To more comprehensively characterize the variations of conditions favorable for 
forest productivity at the northern forest boundary during the last 5-6 centuries, 
analysis has been made of the temporal variation of the index of comfort for 
bioproductivity r) determined by the ratio (Fig. 3):

I > 1.20 
/  < 1.2 0 ’

( 1 )

where 7 > 1.20 is the growth repetition rate which exceeds by 20% and more 
the average long-term norm calculated for running averages; I  <  1.20 is the 
growth repetition rate which is 20% and more lower than the norm.

The values of the dimensionless parameter rj determine, therefore, the ratio 
of the frequency of the years favorable for the biological productivity to that of 
the years unfavorable for it; thus, these values may be considered to be indices 
of the comfort for forest bioproductivity at its northern boundary.

An analysis performed earlier has revealed that index r] depends on the 
summertime air temperature and the correlation coefficient exceeds 0.80 ± 0.03 
{Adamenko, 1985a,b).

Analysis of the temporal variation of index rj (Fig. 3) makes it possible to 
draw the following conclusions:
• Throughout the time period considered (5-6 centuries), there has not been 

any significant trend of a regular increase of index i? with time, which could 
be comparable with the global air temperature variation or the independently 
recorded progressive increase of the carbon dioxide (or other greenhouse 
gases) concentration in the atmosphere.

• In contrary to the idea that global warming has been more pronounced at 
high latitudes, during nearly two centuries (the trend of decreasing r? in 
Fig. 3) a significant tendency towards the decrease of r\ with time has 
revealed itself in the East-Siberian sector of the Sub-Arctic.

• During the late 1970s and early 1980s, a tendency towards the decrease of 
r? took place also on the Taimyr Peninsula. The decrease of rj reflects a 
reduction in the heat supply, i.e., the deterioration of conditions for 
biological productivity of forest at its northern boundary (region 3 in Fig. 
1). This may be interpreted as some evidence in favor of a stronger cooling 
in the region considered in comparison with other ones (region 4 in Fig. 1). 
The variation of index rj is in agreement with the results obtained by other 
investigators {Anisimov, 1998, Lovelius, 1997; Vaganov et al., 1996, etc.), 
as well as with the above-mentioned decrease in heat and moisture 
reservoirs in the water catchment region of Lake Taimyr, the lowering of 
its level, the reduction of its area and changes in its biotic state.
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• The variations of 17 during the 20th century are not exceptional (Fig. 3). 
The only specific feature of the changes is a greater intensity of the cooling 
processes. This fact is at variance with the well-known statement concerning 
universal anthropogenic warming and its enhancement at high latitudes.

• The climate warming of the 1930s at high latitudes has not clearly revealed 
itself in the variation of the rj index: its relatively high values had also been 
observed in the past (Fig. 3). Comparison of the Arctic warming in the 20th 
century with the paleodata shows that the effect of the warming on 
biological productivity has been 2-5 times weaker than that in the past (see 
curve peaks in Fig. 3 relevant to the 16th and 17th centuries). This 
conclusion is in agreement with the data of a number of publications 
(Vaganov et al., 1996; Walland and Simmonds, 1997; etc.).

5.4 Correlation analysis

In the context of the range of problems discussed, of interest is the analysis of 
the agreement between the variability in time for some CC indices used in the 
literature, which have been obtained from instrumental data on air temperature, 
assessments of the sea ice extent in the Arctic, and dendrochronological indices. 
Limiting ourselves to a very brief consideration, we present data on the 
correlation matrix of the 6th order in the truncated form (Table 1), with the 
level of confidence above 99.9%.

Not a single one of the I values of the time series presented by Vaganov et 
al., (1996) has been in satisfactory agreement with the average air temperature 
variation in the Northern Hemisphere. This indicates that the values of /  for 
each of over 60 points of observation within 5 regions considered (Fig. 1) 
cannot be regarded as indicators of global climate change but are connected 
with the regional-scale impacts. The averaging of the /  values for certain sectors 
(Fig. 1, regions 1-5), performed by making use of the image recognition 
method developed by Adamenko (1985a), somewhat increased the values of 
correlation coefficients r with the averaged air temperature but did not make 
them statistically significant. No statistically significant correlation coefficients 
have either been discovered between the summarized index series presented by 
Lovelius (1997) and each of the 61 time series borrowed from the monograph 
by Vaganov et al. (1996). The values of the correlation coefficients between the 
/  values for the series summarizing the growth rates of conifers at the northern 
forest boundary, obtained by Lovelius (1997), and all the other matrix 
parameters (Table 1) have proved to be statistically reliable and significant on 
a high level of confidence.

Hence it follows that the summarizing of I indices performed by Vaganov 
et al. (1996) or that of the results of measurements of the annual ring width of 
conifers near the northern forest boundary makes it possible to eliminate the 
influence of environmental conditions on the micro- and mesoscale levels,
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suppresses measurement noises and the effects of various artefacts, but singles 
out signals on a global or regional level. This conclusion is in accordance with 
the discovered by Adamenko (1985b) lack of a significant correlation of /  
indices for three regions on the Taimyr Peninsula with any indicators of heat 
and moisture regime on a local or mesoscale level, as well as a certain 
agreement between the 1 index anomalies and atmospheric circulation conditions 
which determine to a great extent the entire complex of conditions for biological 
productivity.

Table 1. Correlation matrix for growth rate indices of conifers near the northern boundary 
of forest propagation (ISA, according to Lovelius, 1997), air temperature of the Northern 
Hemisphere (TNH from the GRID data) and sea ice cover extent in the Arctic (SNE, SEG, 

SAA, SBS), according to Zakharov (1996)

(1) (2) (3) (4) (5) (6)

Tnh Isa Sne Seg $ a a Sbs

(1) Tnh 1.00

(2) Isa 0.55 1.00

(3) $ne -0.66 -0.58 1.00

(4) Seg -0.43 -0.34 0.79 1.00

(5) Saa -0.55 -0.44 0.93 0.84 1.00

(6) S bs -0.65 -0.57 0.91 0.47 0.79 1.00

Note: (1) TNH is air temperature in the Northern Hemisphere during the 20th century; (2) 
ISA values cover the latitude circle from the Kola Peninsula to Chukotka; (3)-(7) are data 
on sea ice cover extent in the Arctic; (3) SNE -  the North-European basin seas; (4) SEG -  
the East-Greenland region seas; (5) SAA -  the Atlantic Arctic seas; (6) SBS -  the Barents 
Sea. The value of confidence of the correlation coefficient at the level of significance above 
99.9% equals 0.31, by the module; correlation coefficient estimates have errors within the 
range from r ±  0.02 to r ±  0 .05.

The accordance between some indirect climate indicators and data on 
surface air temperature, averaged over the Northern Hemisphere, may be 
considered a physical reality (Adamenko, 1985b). This statement is based on the 
fact that the correlation coefficient values between I and T are positive, and 
between I and S negative (see Table 1). Of interest is the fairly good agreement 
between various data on sea ice cover extent obtained independently for 
different Arctic seas (Zakharov, 1996), on the one hand, and between I and S, 
on the other hand.
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6. Conclusions

The results considered above make it possible to draw the following general
conclusions:
(1) The problem of the assessment of global climate change on the basis of the 

currently existing climate models is still far from being solved.
(2) The use of empirical diagnostics results shows that the anthropogenic 

climate warming signal has not revealed itself convincingly enough thus far 
either in the data of instrumental observations, or in indirect CC indicators 
(climate dynamics is far more complex than has ever been assumed).

(3) Analysis of the results of instrumental observations at high Northern 
latitudes indicates a considerable spatial-temporal inhomogeneity of 
temperature fields both during warming and cooling periods; the variations 
of humidity fields are even more complicated.

(4) The present-day trends in the variations of the indirect indicators of the state 
of the climatic system—the levels and areas of lakes, the state of marine and 
mountain ice cover, dendrochronological indices, etc.—show that model 
climate predictions have not been adequate, and the anthropogenic signal in 
indirect CC indicators has not revealed itself clearly during the recent 2-3 
decades. The temporal variation of indirect CC indicators reveals the lack 
of polar enhancement of climate change, as well as the presence of stable 
tendencies towards climate cooling in a number of regions of the high 
latitudes of the Northern Hemisphere. Variations of the latitudinal gradients 
in the thermal regime indices, the presence of a number of specific features 
in the variations of the state of large lakes are rather characteristic for the 
cooling than warming epochs (in the regions mentioned).

(5) Any global climate change is characteristic of the presence of vast regions 
of multidirectional transformation of the heat and moisture reservoirs on the 
land and in the ocean, and the interrelated conditions of the existence of the 
biota and humans. This conclusion may be drawn from both the 
consideration of numerical climate modeling results and the analysis of the 
instrumental observation data, as well as indirect CC indicators.
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Abstract—Research on periodicity in the climatological time series has been receiving a 
lot of attention. It is important for studies of climatic fluctuations and changes. This 
paper deals with hidden periodicities in time series of annual precipitation sums of five 
stations in Serbia in the period 1925-1995. The Siegel’s test is used to perform the 
analysis. This is an extension of the Fisher’s test in the way that it may be able to detect 
even so-called compound periodicities hidden in random white noise. New critical values 
of test statistics from 5 to 100 years are calculated by using the Wei’s approximation. 
Certain conditions, such as homogeneity and Gaussian distribution of the data have to be 
fulfilled to apply the test. Compound periodicity in the Serbian annual precipitation sums 
has not been found.

Key-words', hidden periodicity, climatological statistical tests, annual precipitation sums.

1. Introduction

Many time series in the natural sciences seem to exhibit periodical struc­
tures. In such a case, a series repeats more or less the same pattern over 
time. Two classical examples are the Wolf sunspots number and the annual 
number of Canadian Lynx. Some climatologic time series seem to have 
periodical structures as well.

Standard approaches to such time series are the fast Fourier transform 
method (Cooley and Tukey, 1965; Malisic, 1990), estimation of the spectrum 
and fitting of an autoregressive-moving average (ARMA) model or an 
autoregressive-integrated-moving average (ARIMA) model (Kay, 1980; 
Thompson, 1982).
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Fitting of periodical phenomena by means of trigonometric functions has 
a long tradition in meteorology. Lots of different methods have been used for 
discovering hidden periods (Blackman and Tukey, 1959; Anderson, 1971; 
Bloomfield, 1976; Siegel, 1980; Damsleth and Spjotvoll, 1982; Newton and 
Pagano, 1983). However, during the last 20 years some new and non- 
traditional methods have been investigated: the maximum enthropy spectral 
estimation (Andersen, 1974; Padmanabhan and Rao, 1988; Padmanabhan, 
1991), the maximum likelihood spectral estimation (Friedlander, 1982), etc.

This paper is inspired by the Fisher’s and Siegel’s tests (Fisher, 1929, 
1939, 1940; Siegel, 1980) and presents an attempt of application of these 
tests to annual precipitation sums. Section 2 describes the used data and the 
results of the inhomogeneity tests. A short review of the Fisher’s and 
Siegel’s tests is given in Section 3. The new tests for periodicity containing 
the Fisher’s test as a special case, and calculations of the test-statistics and 
its critical values are proposed in Section 4. Some conclusions about ap­
plicability of the Fisher's (1940) and Siegel's (1980) tests to examine 
periodicity in the annual precipitation sums during the period 1925-1995, 
and in the annual maximum precipitation sums during the period 1888-1994 
are given in Section 5.

2. Data used

This paper takes into analysis the annual precipitation sums measured at the 
stations Belgrade-Observatory (44°48’N, 20°28’E, 132 m a.s.l.), Loznica 
(44°33’N, 19°14’E, 121 m a.s.l.), Vrsac (45°08’N, 21°19’E, 85 m a.s.l.), 
Senta (45°56’N, 20°05’E, 80 m a.s.l.) and Sremska Mitrovica (44°58’N, 
19°38’E, 81 m a.s.l.) in the period 1925-1995. These stations are located in 
the lowland of the northern part of Serbia (Fig. 1), which is spatially homo­
geneous.

Examination of homogeneity is necessary before any serious study of 
periodicity in climatological time series. In this paper the Kolmogoroff- 
Smirnoff’s, the bivariate (Maronna and Yohai, 1978) and the Alexandersson's 
(1986) tests for examination of inhomogeneity are used. The bivariate test is 
based on the assumptions of normality and independence. Assumption of 
normality is not rigorously met the by five annual precipitation series, as the 
coefficient of skewness shows, while the lag-one correlation coefficient is 
satisfied (Table /). Namely, all series show positive skewness, indicating 
that the series are only approximately normal, while low values of lag-one 
correlation coefficients indicate that the series are independent.

The bivariate and Alexandersson’s tests are based on second correlated 
series which are assumed to be unchanged and also give the maximum 
likelihood estimates of the time and amount of change. These tests allow to
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determine the year of inhomogeneity (T{), the size of change and its statis­
tical significance (level 0.05). The test statistics T0 = maxiT}, (n =  71) is

i< n

calculated and then compared to the critical value on the significance level
0.05 (Potter, 1981; Alexanders son, 1986). The statistics T0 is used to test 
whether a shift in mean has occurred. The tests used indicated that there are 
no inhomogeneity in the annual precipitation series at the five stations.

Fig. 1. Location map of the precipitation stations:
1. Belgrade-Observatory, 2. Loznica, 3. Vrsac, 4. Senta, 5. Sremska Mitrovica.

Table 1. Statistics: A -  coefficient of skewness, B -  lag-one correlation coefficient

Stations Belgrade-Obs. Loznica Vrsac Senta Sr. Mitrovica

A 0.195507 0.442214 0.529956 0.122999 0.348323

B 0.210460 0.188676 0.087799 0.078852 0.063636
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3. Review o f  the Fisher’s and Siegel’s tests

To examine periodicity in the time series of the annual precipitation sums 
(Fig. 2) we use the following analytical procedure.

Year
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Fig. 2. Annual precipitation sums for the next stations:
1. Belgrade-Observatory, 2. Loznica, 3. Vrsac, 4. Senta and 5. Sremska Mitrovica.
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First, let {Xn t — 1 , 2 N  = 2n + 1, n is positive integer, be a 
series of observations taken at equally spaced time intervals and

X ,  = £ t + e , ,  t  =  (1)

where i represents the unobservable value of the annual precipitation at the 
moment t. The series {f,} is assumed to be a strong Gaussian white noise, a 
sequence of independent, identically Gaussian-distributed random variables 
with zero mean and unknown variance a2. Let

be the Fourier coefficients of the decomposition

and statistics

R2
R| + R, +...+R

-,j = 1 (5)

Let the null hypothesis H0 that there is no periodic activity, i.e.,

Wo(C, = S2 = - = ? . v ) .  (6)

and let the compound alternative hypothesis //, (i , means the periodicities 
at the frequencies i l/N ,...,im/N. Then the Fisher’s and Siegel’s tests {Fisher, 
1940; Siegel, 1980) are based on the statistics

G = max Y :.
1 < j< n  J

(7)

2 4 1



We reject H0 if the statistics G exceeds the appropriate critical value gF 
corresponding to the level of significance a (a = 0.01 or 0.05 for example). 
Thus, if the sample value g of the statistics G exceeds the critical value gF 
we conclude that the series {Xr} has the periodic component at the frequency 
i/N, i.e., N/i is the period.

It is clear that any increase in a smaller Y- will tend to decrease their 
maximum G in Eq. (7). We remedy this case by choosing a threshold value 
g* < gF;a, i.e., we define a coefficient X between 0 and 1 as

If X = 1, we obtain the Fisher’s test, because f jX )  if and only if some 
value Yj exceeds gF;a. A value of X near 1 might be used when the simple 
periodicity is expected; smaller values of X might be used when compound 
periodicities are expected.

(8)
&F,a

Then, the proposed statistics is

(9)

where q>+ is the positive-part of the function <p, defined as

4. Calculations o f test-statistics and critical values

In the case of the compound alternative hypothesis Hu , we have

( 10)

where

R f + R f +... + R;
'1 ‘2 lm

( 1 0 ’)

y e  { ; ' i , ( 2  J
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2 9 ? 2the denominator is the sum of all values R~ except R~, R ~ R ~  and
J 4 M *2

F2m-N-i-2m are Fisher’s random variables with 2m\N-\-2m degree of freedom.
New critical values gF.a were obtained by using the Wei’s approximation 

(Wei, 1990):

p h 0 ( G > g F,a ) ^ n (  1 § F :a  )
/7-1 ( I D

for significance levels a = 0.05 and a = 0.01, and for n = 5, 6 ,..., 100 
(Table 2). We use the Siegel’s equation (Siegel, 1978, 1980) in the form

%  (F/i > 0  :

Critical values of tx, calculated for Tx, are listed in Table 2. The estimates 
have been performed for the same significance levels of a. and the same 
values of n as for the critical values of gF.a. Note that calculated critical 
values coincided with critical values obtained by using the Siegel’s test 
(Siegel, 1980) for n = 5,...,50.

5 .  Periodicity in the Serbian annual precipitation sums

The periodicity of the annual precipitation sums measured at the five stations 
during the period 1925-1995 is examined. After detrending, tapering and 
using the Hamming window (Blackman and Tukey, 1959), the values of the 
Fourier coefficients Aj and Bj, the periodogram values Rj and the values of 
inferences Yj are calculated. The same results are obtained by using other 
windows, for example, the Tukey and Parzen windows. The estimated values 
of Yj for n = 1,... ,35 are shown on Fig. 3.

Following the Siegel’s suggestion (Siegel, 1980) for X = 0.6 and on the 
significance level 0.05, we obtained \g Fa = 0.105. For the Belgrade-Obser- 
vatory annual precipitation sums Tx is equal to 0.0361 (Eq. 9). This value is 
smaller than the critical value t06 = 0.0792 (Table 2a) which indicates that 
the compound periodicity does not exist. Also, we have not found compound 
periodicity for the stations Loznica (Tx = 0.0164), Vrsac (Tx = 0.0038), 
Senta (Tx = 0) and Sremska Mitrovica (Tx = 0).

We examined the periodicity of the annual maximum precipitation sums 
measured at the Belgrade-Observatory station during the period from 1888 to 
1994 (107 years). The estimated values of Fy for n = 1,...,53 are shown in 
Fig. 4. For the annual maximum precipitation sums we have found XgF:a = 0.0752
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Table 2. Critical values gF:a and tx for X = 0.8, X =  0.6 and X =  0.4, 
when (a ) a  =  0.05, (b) a  =  0.01

(a)
n 8F;a r x(0 . 8  gF;a) gF:a) r x(0-4 gFJ
5 0.6837720 0.1365720 0.2733720 0.4101720
6 0.6161480 0.1260390 0.2465490 0.3808140
7 0.5611540 0.1123540 0.2249750 0.3556940
8 0.5156870 0.1028910 0.2074440 0.3340430
9 0.4774940 0.0959269 0.1937030 0.3160420

1 0 0.4449530 0.0890349 0.1812600 0.2995150
15 0.3346310 0.0669604 0.1398900 0.2460830
2 0 0.2704590 0.0549320 0.1162640 0.2137930
25 0.2281320 0.0462535 0.0997710 0.1905390
30 0.1979500 0.0400885 0.0878783 0.1732720
35 0.1752530 0.0358162 0.0792266 0.1603900
40 0.1575160 0.0324966 0.0724347 0.1500800
50 0.1314890 0.0268405 0.0614358 0.1329250
51 0.1293810 0.0264177 0.0605771 0.1315640
52 0.1273450 0.0260092 0.0597460 0.1302240
53 0.1253770 0.0256141 0.0589414 0.1289710
54 0.1234720 0.0252318 0.0581614 0.1277340
55 0.1216290 0.0248617 0.0574054 0.1265360
60 0.1132310 0.0231745 0.0539457 0.1209690
70 0.0996654 0.0204455 0.0482983 0.1114940
80 0.0891612 0.0183288 0.0438682 0.1039630
90 0.0807706 0.0166354 0.0402879 0.0977606

1 0 0 0.0739035 0.0152477 0.0373264 0.0925198

(b)
n SF;ct ^x(0 . 6  gF:a) 2"x(0 . 6  gF:a) ^x(0.4 gF:a)
5 0.7885260 0.1573260 0.3151260 0.4729260
6 0.7217920 0.1441920 0.2885920 0.4335800
7 0.6644040 0.1332040 0.2660040 0.3992500
8 0.6151660 0.1231670 0.2461670 0.3716520
9 0.5727130 0.1143130 0.2289220 0.3486910

1 0 0.5358410 0.1070410 0.2143120 0.3293540
15 0.4068890 0.0813024 0.1636450 0.2620020
2 0 0.3297120 0.0657631 0.1335240 0.2215180
25 0.2781960 0.0558841 0.1138340 0.1943460
30 0.2412490 0.0485633 0.0994930 0.1742640
35 0.2133840 0.0431182 0.0887140 0.1587890
40 0.1915750 0.0381133 0.0795814 0.1457610
50 0.1595520 0.0317022 0.0669352 0.1269290
51 0.1569590 0.0315165 0.0662218 0.1258630
52 0.1544540 0.0314203 0.0656144 0.1247760
53 0.1520320 0.0305923 0.0643279 0.1234020
54 0.1496900 0.0298447 0.0631322 0.1215180
55 0.1474220 0.0299904 0.0628064 0.1210250
60 0.1370940 0.0276589 0.0584460 0.1142430
70 0.1204230 0.0245975 0.0520665 0.1044270
80 0.1075300 0.0212835 0.0461404 0.0959648
90 0.0972442 0.0198151 0.0426058 0.0894190

1 0 0 0.0888372 0.0177937 0.0388304 0.0843026
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and Tx = 0.0417, which is smaller than the critical value t06 = 0.0589 
(Table 2a). Therefore the compound periodicity is not revealed in this case.

Fig. 3. Periodogram of the annual precipitation sums at 1. Belgrade-Observatory, 
2. Loznica, 3. Vrsac, 4. Senta and 5. Sremska Mitrovica stations, during 1925-1995. 

Horizontal lines represents the critical values K.
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Fig. 4. Periodogram of the annual maximum precipitation sums at the Belgrade-Observatory 
station, during the period 1888-1994. Horizontal lines denotes the critical values Yy

6. Conclusion

We examined hidden periodicity in the annual precipitation sums measured at 
five stations in the northern part of Serbia, during the period 1925-1995 (71 
years), using the Fisher’s and Siegel’s tests. The new critical values gF.a and 
tx were obtained using the Siegel’s test according to Wei’s approximation for 
significance levels a = 0.05 and ot =  0.01, for n = 5 ,..., 100, and for X = 
0.4, X = 0.6 and X = 0.8. The annual precipitation sums as well as the 
annual maximum precipitation sums did not exhibit compound periodicity 
according to the Fisher’s and Siegel’s tests.
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Abstract—Direct evidence of increased ground level ultraviolet radiation is fragmentary 
mainly due to scarce measurements and instrumental problems such as calibration shifts. 
The problem is more critical at the tropics, therefore regression models are used to relate 
global solar radiation measurements made at Colima, Mexico with UV and UV-B irradiance 
under all sky conditions, thus expanding the UV-B data set from October 1995 to June 
1999. Aging of total ultraviolet radiometer (TUVR) is also documented. Results show no 
trends in the synthetic UV-B time series. Remarkable calibration shifts occur in the total 
ultraviolet radiometer suggesting that the mean lifetime of these instruments under tropical 
conditions is about 4 years.

Key-words: UV and UV-B irradiance, global solar radiation, total UV radiometer, 
instrumental calibration.

/. Introduction

Stratospheric ozone depletion, which became evident in the 1970s, has produced 
a great concern in the scientific community in the last years. Ozone depletion 
trends are now well established in both hemispheres (Gleason et al., 1993; 
Jones and Shanklin, 1995). Solar radiation that reaches the surface of the 
Earth's contains approximately 5% ultraviolet, 55% infrared and 40% visible 
radiation. Stratospheric ozone absorbs essentially all the highest energy (i.e., 
100-290 nm, UV-C, the shortest wavelength radiation), approximately three- 
quarters of the next highest energy band (i.e., 290-315 nm, UV-B) but only a 
small part of the lowest energy radiation (i.e., 315-385 nm, UV-A). Further
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ultraviolet radiation is absorbed in the troposphere via clouds, dust and gaseous 
and particulate air pollutants. In particular, in the vicinity of active volcanoes 
there is UV absorption due to volcanic sulphur dioxide and large silicate 
particles. As human-induced depletion of stratospheric ozone is much greater 
at higher latitudes, about 30-60°N  (McMichael et al., 1996), ozone 
measurements are scarce at the tropics, therefore ozone depletion trends at the 
tropics are not yet established even that ozone variability in these latitudes is 
very low.

Spectral measurements of ultraviolet-B radiation made at Toronto indicate 
that the intensity of light at wavelengths near 300 nm has increased by 35 
percent per year in winter and 7 percent in summer. These trends indicate that 
the increase is caused by the downward trend in total ozone measured at 
Toronto during the same period (Kerr and McElroy, 1993).

Since UV measurements are difficult to made and scarce all over the world, 
indirect methods to determine UV-B irradiance have been attempted, either 
through radiative transfer modelling (Box and Loughlin, 1997; Dave and 
Furukawa, 1966, Lemus-Deschamps et al., 1997, Ruggaber et al., 1997) or 
using simple regression models (Feister et al., 1996; Nagaraja et al., 1984).

On the other hand, statistics of skin cancer incidence show percentage 
increases as a function of latitude for the period 1979-1994. The highest 
increases are reported on the middle and high latitudes (UNEP, 1994). The 
latitude span for Mexico shows skin cancer incidence increases of about 3 % for 
that period. Though these figures are not yet verified, there are relevant skin 
cancer incidence figures for the Colima state located in the western part of 
Mexico (Galindo and Loya, 1998) which justify per se the need of reliable high 
quality systematic ground-level UV measurements.

Although most of Colima sites are free from anthropogenic aerosols, Volcan 
de Fuego de Colima (see Fig. 1), which is one of the most active volcanoes of 
Mexico, has a permanent plume delivering gases (mainly S02) and large silicate 
particles into the atmosphere. Sulphur dioxide is transformed through the gas-to- 
particle conversion mechanism into small sulphate particles and sulphuric acid 
drops. It is necessary to study the effects of volcanic aerosols on the UV 
radiation field.

In this study regression models are used to relate global solar radiation 
(290-2900 nm) to UV (290-385 nm) and UV-B (290-320 nm) irradiance 
measurements. The regression equation obtained let us expand the UV-B data 
set from October 1995 to June 1999 and the UV data set from June 1993 to 
June 1999. Unfortunately, at the time that these UV measurements were made 
no ozone measurements were made within this region. Therefore the 
stratospheric ozone depletion does not appear in the expanded data set here 
reported. The new UV-B data set will be used only to support medical statistics 
on increasing skin cancer incidence. Finally, the calibration shift of the instru­
ment with the time of total ultraviolet radiometers (TUVR) is also presented.
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Fig. 1. Localization of the state of Colima in Mexico. 
The two measurement sites are also depicted.

2. Methods

2.1 Measurement sites
2.1.1 University campus

A meteorological station was installed on the roof of a 4 m high building 
located at the University Campus (577 m a.s.l.) in April 1994. In June 1995 an 
Eppley precision spectral pyranometer (PSP) No. 29102F3 was added to 
measure global solar irradiance (290-2900 nm). From October 1995 to 
November 1996 a Solar Fight Model 501 UV-Biometer S/N 1471 (290-320 nm) 
was operating. Finally, from November 1996 to January 1997 a UV-Biometer 
S/N 1458 was operating. All the instruments are coupled to a Campbell data 
logger sampling time in every 5 minutes. Unfortunately, the UV-Biometers are 
not protected electrically against shortcuts. Due to heavy storms, an electrical 
short circuit damaged very badly the UV-B sensors interrupting the 
measurements. Since the photodiode of these instruments were damaged, no 
attempts to repair and calibrate them were made. The data set of UV-B
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irradiance and global solar radiation measurements used for the regression 
analysis is from October 16, 1995 to December 31, 1996.

2.1.2 Rancho El Refugio

Our second station, installed in April 1994, is located in a rural zone at Rancho 
El Refugio (1,500 m a.s.l). The station operates two radiometers, Eppley Model 
TUVR S/N 27988 and 28928 (290-385 nm) to measure total and diffuse 
ultraviolet irradiance. Also there is an Eppley PSP No. 29102 that measures 
global solar radiation. All the instruments are coupled to a Campbell data logger 
sampling time in every 5 minutes. The data set for the year 1997 of total 
ultraviolet irradiance and global solar irradiance is used for the regression 
analysis.

A calibration program of all our pyranometers is regularly done against our 
Eppley H-F cavity radiometer No. 28965 which is one of the regional 
radiometer instruments of the Regional Radiation Center of Mexico for the 
Regional Association IV of the World Meteorological Organization (WRC, 
1995). A conservative estimate of the accuracy of the measured global solar 
radiation is ±2%.  The observing site affords optimum exposure to the radiation 
sensors, with practically no obstructions extending beyond 3° above the plane 
of the sensors. The results are expressed in physical units (W m“2).

The intensity of incoming solar radiation at the surface varies locally with 
the angle of incoming solar radiation and hence with the day, season, latitude 
and cloudiness (Kuik and Kelder, 1994), therefore local natural conditions are 
better represented performing regression analyses using measurements under all­
sky conditions. Data sets of UV-B, UV and G were matched on time forming 
n x 2 matrices (G;, UV-Bj) and (Gj, UVj), where i,j is the sampling time. The 
regression analyses were made using the MATLAB interactive system. 3

3. Calibration shift UV radiometers

The Eppley ultraviolet pyranometer (TUVR) sensor is a Weston selenium 
barrier-layer photoelectric cell (Coulson, 1975). The value of the original 
instrumental constant of these instruments is quite similar to the values shown 
in Table 1.

The instrument used as reference (TUVR S/N 28656) was received in 
January 1993, since then it has been on storage most of the time. In order to 
check irradiance levels of the other UV radiometers in operation, the instrument 
was exposed under high irradiance conditions only for several days. The other 
three radiometers were exposed under all sky conditions most of the time.

The photocell loses sensitivity with time. To study this effect, known as 
aging effect, a comparison was made under clear conditions. All the instruments
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were simultaneously exposed to the sun and coupled to a datalogger with five 
minutes sampling time.

Table 1. Original instrument constants of total ultraviolet radiometers (TUVR)

TUVR Nr. k [mW cm" 2 mV"1] Date

27831 0.518 09.18.1989
27988 0.469 11.09.1990
28656* 0.538 11.02.1992
28928 0.559 04.14.1992

* Reference instrument

4. Results

4.1 Ultraviolet-B irradiance

The degree of correspondence that exists between UV-B irradiance and global 
solar radiation G under all weather conditions is given by a polynomial of 
degree 2, which is the best fit for such regression models. Regression equation 
for UV-B irradiance from global solar radiation measurements made at campus 
Colima from October 16, 1995 to December 31, 1996 is as follows (see Fig. 
2a):

UV-B = 1.28 • 10“7 G2 + 7.42 • 10 5 G -  1.01 • 1(T3 (1)
c = 0.999, e = +7.6%,

where c is the correlation coefficient, e is the determination error.
The comparison of measured UV-B irradiance and that obtained using the 

regression equation for a particular day (January 10, 1996) is shown in Fig. 2b. 
The agreement is quite good around noon (10:30-14:30), however, for low 
solar height the estimated UV-B is relatively higher than the measured. The 
differences between modelled and measured UV-B are shown in Fig. 2c. The 
largest differences ( —12 mW n r2) are observed in the afternoon, whereas in 
the morning the difference is not larger than 9 mW m“2. At noon there is a 
negative difference ( — 5 mW mf2).

Synthetic time series were constructed for the time period from October 
1995 up to present (June 1999). No trends were observed during this period.
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Fig. 2a. Regression equation for UV-B 
irradiance from global solar radiation meas­
urements made at campus Colima from October 
16, 1995 to December 31, 1996.

N- CD CO WfiO O ■«- ■«-
Time (hours)

Fig. 2b. Comparison of UV-B measurements 
with calculated values of the regression 
equation for a particular day, January 10, 
1996.

Time (hours) Fig. 2c. Difference between modelled and 
measured UV-B for January 10, 1996.
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4.2 Ultraviolet irradiance

The degree of correspondence that exists between UV irradiance and global 
solar radiation (G) is given by a linear regression equation which is the best fit 
for such regression models. Regression equation for UV irradiance from global 
solar radiation measurements made at rancho El Refugio from January 1 to 
December 31, 1997 (see Fig. 3a) is as follows:

The comparison of measured UV irradiance and that obtained using the 
regression equations for a particular day is shown in Fig. 3b. The agreement 
is relatively good, however the model produces systematically higher values. 
The differences between modelled UV and measured UV are shown in Fig. 3c. 
The largest differences ( ~ 7 W m-2) are observed in the early morning, whereas 
during the rest of the day the differences rank between 4 and 1 W m“2. At noon 
the fit lies around 2 W n r2.

4.3 Calibration shifts

Fig. 4a shows the mean hourly voltage output of each instrument, and Fig. 4b 
shows the records in physical units. It is noticed that one of the instruments 
(S/N 28928) shows significantly higher values of incoming UV radiation, 
whereas the rest of the instruments respond quite similarly but with much lower 
signals. It is remarkable how the rest of the radiometers have degraded, 
between 40-50%, including the reference instrument (TUVR S/N 28656). 
Comparing the actual recorded values with previous records for the same time 
and place, one observes a significant loss of sensitivity (-14%) for the 
instrument S/N 28928, which shows, that this instrument was less degraded 
than the others. The above results suggest that the TUVR instrument mean 
lifetime under tropical conditions is about 4 years.

The instrument TUVR S/N 27988 was send to the manufacturer for 
photocell replacement and calibration against their standards. The new 
instrumental constant enables us to assume that the measured UV intensity with 
the reference instrument is proportional to the measured signals of the other 
radiometers:

where the K is the instrumental constants and the L is the measured voltage. 
N  stands for the new instrument S/N 27988, i stands for the test instruments.

UV = 0.0741 G + 1.8471 
c = 0.962, e =  +8.4%.

( 2)

(3)
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Fig. 3a. Regression equation for UV irradiance 
from global solar radiation measurements made 
at rancho El Refugio from January 1 to 
December 31, 1997.

Time (hous)

Fig. 3b. Comparison of UV measurements with 
calculated values of the regression equation for 
a particular day, May 1, 1998.

Time (hours) Fig. 3c. Difference between modelled and 
measured UV for May 1, 1998.

256



U sing the p roportionality  constant one can raise  the sensitivity o f  the test
instrum ent in reference  to the new instrum ental constant:

K t — K N (L N /L j) . (4)

Using the above expressions, new calibration constants were obtained for 
the operational radiometers. A new comparison between all the instruments was 
made. We have selected one particular day (July 24, 1998) to show the new 
instruments response. Fig. 5a depicts the measured UV values with the TUVR 
S/N 27831, whereas Fig. 5b is for TUVR S/N 28656 and Fig. 5c is for TUVR 
S/N 28928. All of them were compared to the new reference instrument (S/N 
27988). It is observed that there is still a response difference between the 
different radiometers.

Fig. 4. Comparison of TUVR radiometers under clear sky conditions (15-19 February, 1998): 
(a) Mean hourly voltage output, (b) mean hourly UV irradiance (W n r 2).
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Fig. 5. Comparison of TUVR instruments: (a) S/N 27831; (b ) S/N 28656; (c) S/N 28928 
for a particular day (July 24, 1998).

Let us take the ratios of the measured values to UV > 40 W mf2, i.e., for 
high UV intensities which obviously occur around noon. The results are shown 
in Table 2.

The above results show that it is not enough to refer the instrumental 
response to a new instrumental constant since sensitivity loss of the photocell 
does not reach the actual incoming high UV intensities. The TUVR S/N 28928 
instrument obviously needs a new photocell.
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Table 2. Ratio of the measured values to UV > 4 0  W n r 2, referred to a new instrumental constant

TUVR S/N Ratio (%)

27831 1.06
28656 2.42
28928 5.81

5. Conclusions

Regression methods for global solar radiation and ultraviolet irradiance data 
permit to extend UV records which, in turn, may be used to analyze time 
variations of incoming UV-irradiance.

The analysis of synthetic UV-B series obtained shows no trends for the 
period 1995 up to present (June, 1999).

The best fit is obtained between global solar radiation (290-2900 nm) and 
ultraviolet irradiance-B (290-320 nm) through a second order polynomial. 
Whereas the best fit obtained between global solar radiation and UV irradiance 
(290-385 nm) obeys a linear regression.

Significant calibration shifts occur in the total ultraviolet radiometers. 
Therefore frequent instrumental comparisons and calibrations should be made. 
It is found that the mean lifetime of this kind of instruments is about 4 years at 
the tropics.
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Abstract—Metal contamination (Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb) in suspended 
particles was studied at twelve monitoring stations in Seville. The metal concentrations in 
cellulose filter samples were analyzed by FAAS (flame atomic absorption spectro- 
photometric) and GFAAS (graphite furnace atomic absorption spectrophotometry). We 
found that the sum and the percentages of metals analyzed with respect to the Total 
Suspended Particles (TSP) were low. The study shows that Al and Fe are the major metal 
elements with concentrations of around 860 ng m 3 which together represent 90.6% of the 
sum of metals. Three statistical groups of metals were found by factor analysis and cluster 
analysis: Fe, Al and Mn; Zn, Cd and Cr; and Pb and Cu. These techniques, applied in the 
lmonitoring stations, were effective at associating the groupings obtained with the different 
environmental locations of the city and with the origin of the metals in different areas of the 
same city. Areas of the city influenced by traffic and industry were distinguished, especially 
those influenced by metal foundry industries (Camas, Puerto Este, Pinomontano and La 
Liebre). A second group comprises areas influenced by traffic alone (Los Remedios. 
Larana, Resolana, Recaredo and Luis Montoto). The remaining sites correspond to areas 
influenced by emission sources (Reina Mercedes, Bellavista and Torreblanca).

Key-words: heavy metals, factorial analysis, particulate matter, air pollution.

1. Introduction

The presence of harmful substances in the atmosphere is particularly worrying 
because of the number of people that can be affected. Also, air pollution can 
have significant negative effects on a wide range of living organisms and on the 
rocky materials of monumental buildings. The danger depends on the nature of

1 Corresponding author
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the pollutants and on its content in the atmosphere. Although there are 
considerable amount of data on gaseous pollutants (CO, S 02, NOx and 0 3) this 
is not the case for heavy metals. Heavy metals have an important effect on 
biochemical mechanisms especially because they accumulate in the biomass.

In large urban areas, the considerable amount of particulate matter in the 
air is an important problem. The main sources of airborne particulate matter 
are: agriculture, industry, fuels for domestic use and motor traffic. Particles in 
suspension comprise the most representative variable, and determination of 
heavy metals in unsedimentable particles is also of great value. Because of their 
small size, these particles have a direct incidence on health by affecting 
respiration. On the other hand, they are easily transported large distances and 
can stay in the air for some time depending on meteorological conditions.

The aim of the present work was to determine the metal content of 
suspended particulate matter in Seville, which is the most densely populated city 
of southern Spain. It presents an extension of 142 km2 and is situated only 10 
meters above the sea level on an extensive plain crossed by the Guadalquivir 
River. In 1993 it had a population of 716,937 inhabitants, but on workdays the 
effective population increases to one million mainly with commuters from 
nearby towns. Seville has a Mediterranean climate with an annual average 
temperature of 19°C and rainfall of 580 mm. Other climatological conditions 
(poor winds, thermal investments) do not favour pollutant dispersion. Industry 
as a source of metal pollutants is rather scarce and represents about 5 % of the 
city’s economic activities. Metallic products represent only 15% of this 
industry.

Several studies on contamination by particulate matter in the city of Seville 
have been carried out in order to determine metals in sedimentable particles 
(Usero et al., 1983a, b) and in suspended particles (Melgarejo et al., 1986; 
Usero et al., 1988; Luis-Simon et al., 1995). Consequently, one of the main 
goals of this work was to study the evolution of the situation after the economic 
and urban changes experienced in the city after 1992, when the World Fair of 
Seville (EXPO 92) was celebrated.

2. Experimental

2.1 Sampling

Sampling network with twelve monitoring stations was elaborated (Fig. 1). It is 
designed to encompass practically all urban areas and some peripheral zones of 
Seville. In this network stations are located near to focuses of emission (industries 
and zones of high traffic density) as well as to others with cleaner air.

The stations can be classified into three categories according to the nearest 
and most significant possible pollution sources:
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Fig. 1. Sampling network in Seville with the location of the twelve sampling.

(i) Stations under the influence o f industrial emissions. Camas (station 1) 
is 6 kilometres far from the city centre, near to two foundries of iron and 
aluminium. Puerto Este (station 3) is near to Seville Harbour in the estuary of 
the Guadalquivir, in which important loading and unloading activities take 
place. There is a certain amount of industry nearby (fertilisers, oils, cement and 
construction materials, small metallurgy and shipyards). Pinomontano (station 
10) is near to fertiliser and building material production plants. La Liebre 
(station 12) is 15 kilometres far from the city. It is next to an important cement 
factory, and there is a glass factory and metal foundries nearby.

(ii) Stations under the influence o f vehicle emissions. Los Remedios (station 
2), Laraha (station 5) in the historic centre, Resolana (station 6), Recaredo 
(station 7) and Luis Montoto (station 9). The last three sites are next to 
important communication routes inside the city.

(iii) Peripheral stations with few  sources o f industrial emissions or traffic. 
Reina Mercedes (station 4), Bellavista (station 8), near to a factory of fiber- 
cement and Torreblanca (station 11).

In this study, 48 samples were collected (four samples in each monitoring 
station on different days of the week) from Lebruary to October, 1993.
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Atmospheric suspended particles were collected on 20.3 x 25.4 cm cellulose 
filters (Whatman-41) using a Quimisur-SMAV high volume sampler on the top 
roof of buildings at 4-6 m high. Approximately 1500 m3 air was collected in 
each 48 hour sampling period with a nominal aspiration flow of 40 m3 I f 1.

In order to obtain a sufficient quantity of sample and absolute concentration 
of metals, the relationship between the duration of the sampling and results of 
subsequent analytical determinations was studied. Because of the low levels of 
metals and the small amounts of particles collected, a sampling period of 48 
hours was chosen.

Beforehand, a preliminary assay was done to select the most suitable filter. 
Although some authors prefer to use glass-fiber filters (Obiols et al., 1986; 
Clevenger et al., 1991), in our experience cellulose ones were preferable for the 
analyzed parameters {Userо et al. 1988; Luis-Simon et al., 1995), because of 
the chemical stability, low concentration of blanks and low cost. These filters 
can easily break down, and values corresponding to blanks are lower than glass- 
fiber values. These showed high levels of impurities of iron, aluminium and 
especially zinc (Berg et al., 1993), and reactivity with metals (Zatka et al., 
(1992). In addition, several experiments were done to improve the method for 
chemical attack of samples in teflon vessels. The proportions and types of acids 
used in the digestion mixture, temperature, time and other variables were noted 
in order to optimise the blanks and efficacy of attacks. Other mixtures and 
heating procedures {Obiols et al., 1986; Frenzel, 1991), have been studied, but 
we obtained the best results in the method recorded below.

2.2 Apparatus and reagents

Samples were analyzed by flame atomic absorption spectrophotometry (FAAS 
Perkin-Elmer 3100) for the majority metals Fe, Al, Zn, Cu and Pb, and by 
graphite furnace atomic absorption spectrophotometry (GFAAS Perkin-Elmer 
2380 with HGA Programmer Perkin-Elmer 300) for the trace metals Cd, Co, 
Ni, Mn and Cr.

All the reagents employed were of analytical grade, and Milli-Q water was 
used.

2.3 Methodology for the chemical analysis

A quarter of cellulose filter was finely divided into 1 cm2 pieces prior to 
chemical treatment, consisting of acid digestion by heating in a closed teflon 
vessel under pressure.

First, the sample was treated in an open vessel with 20 mf of concentrated 
nitric acid and then it was evaporated to half of the volume in a sandbath at 
180°C. Afterwards, 20 mf of water plus 2 mf of perchloric acid were added. 
The closed vessel was introduced into a stove at 120°C for six hours. The
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treated sample solution was decanted from the washed silica-carbonaceous 
residue, placed in a 50-mf standard flask and diluted to the mark with Milli-Q 
water. Treated samples were then analyzed by FA AS or GFAAS.

Blanks were determined for all metals. The previously described procedure 
was repeated with four unused filters and the average value of the blanks was 
subtracted from samples.

2.4 Multivariate analyses

To draw conclusions from the data, multivariate analyses were applied to the 
average of the four concentrations obtained for each metal in each monitoring 
station. Statistical models of parameter correlation, factor analysis and cluster 
analysis of variables and cases were applied using the CSS: STATISTIC A 
(StatSoft) software package. The data matrix represents the total contents for the 
10 metals and the 12 monitoring stations. Another matrix with an additional column 
corresponding to values of total suspended particles (TSP) was also studied.

3. Results and discussion

To interpret the data, in addition to plots and basic statistics of the results, other 
models of multivariate statistics, called pattern recognition, were also applied. 
These models can handle a large amount of numerical data reducing the 
variables to a few factors, which allow us to evaluate their combined effect and 
to classify metals by emission sources.

3.1 Heavy metal composition

Concentration values for total particles in suspension (TSP) and metal 
concentrations appear in Table 1 (expressed in nanogram of the element per 
cubic meter of sampled air).

Values for TSP, the sum of metals (S) and their relative percentages in the 
TSP (S/TSP%) for each sample are recorded in Fig. 2. Regarding these data 
globally, the following considerations can be made:

The sites with the highest levels of TSP are 5 and 1, and these, therefore, 
have low S/TSP% values. Stations 8 and 2 behave similarly, due to the even 
lower absolute amounts of metals.

The sites with the lowest levels of TSP (stations 9, 10 and 4) coincided with 
the areas of the city with the highest relative metal percentages.

These observations can be explained as follows: Evolution of S/TSP% in 
the graph follows the same profile as the total sum of metals (Fig. 2), because 
the largest variation among the different stations is given for this variable. If the 
TSP value is low and the sum of metals is medium or high, the metallic 
richness is high (sites 9, 10, 4), but if the TSP value is high and the sum of
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Table 1. Average metals concentrations (ng m 3) and total suspended particles (TSP) in Seville from February to October, 1993

Station A1 Fe Zn Pb Cu Mn Ni Co Cr Cd T SPxlO “3

№  1 895.3 1131.2 74.1 16.4 9.3 11.6 4.7 1.8 0.9 0.9 176.8

№  2 467.1 421.0 53.5 43.6 19.0 8.3 3.1 1.2 0.8 0.4 155.1

№  3 1179.4 1491.6 158.4 48.5 24.4 23.0 24.5 9.3 3.9 1.3 140.6

№  4 445.9 621.3 79.1 91.5 38.8 8.5 4.9 2.0 1.2 0.8 75.3

№  5 859.5 818.8 70.3 74.5 39.6 10.2 6.7 2.6 2.1 0.6 186.1

№  6 1299.2 1217.2 75.7 76.3 53.7 18.2 5.6 4.0 2.7 0.4 139.2

№  7 694.2 938.1 111.5 198.1 80.9 12.2 3.3 5.9 1.1 1.1 123.9

Z o 00 276.1 213.5 143.9 26.1 27.0 3.3 3.9 2.7 2.5 1.4 146.8

№  9 1192.4 1058.2 52.0 66.5 51.1 15.8 4.4 3.5 1.2 0.3 94.3

№  10 1036.8 636.1 64.3 35.9 39.1 9.6 4.6 1.8 0.9 0.5 80.7

№  11 1268.0 876.8 134.4 34.3 21.4 18.8 17.8 3.7 1.5 0.5 138.8

№  12 708.0 893.8 73.7 18.0 45.6 17.5 4.7 5.2 0.3 0.5 143.1

Mean 860.2 859.8 90.9 60.8 37.5 13.1 7.4 3.6 1.6 0.7 133.4

Range 276-1299 214-1492 52-158 16-198 9-81 3-23 3-25 1.2-9.3 0.3-3.9 0.3-1.4 75-186
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Fig. 2. Average of total particles in suspension (TSP), sum of metals (S) and their relative 
percentages in the TSP (S/TSP%) parameters at the twelve sampling stations of Seville.
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metals is low, the metallic richness is low (sites 2, 8). Therefore, the values of 
S/TSP% reflect the metallic richness of particles, although the parameter that 
measures the degree of metal pollution is the total sum of all the metals (S). 
However, the parameter S/TSP% is useful to assess the level of metal 
contamination in conditions in which, mainly due to the rains, TSP and S levels 
diminish considerably. Therefore, in spite of varying meteorological conditions, 
metal concentrations on different days or in different seasons would give some 
indication of the degree of metal contamination of the particles.

Values of metal pollution (S) (Fig. 2) reflect that the highest levels are 
found in Puerto Este (3), Resolana (6), Luis Montoto (9) and Torreblanca (11). 
The least contaminated sites are Bellavista (8), Los Remedios (2) and Reina 
Mercedes (4).

Regarding individual heavy metal contents (Table 1) we observed the 
highest average concentrations for A1 and Fe with 860 ng nT3 for both 
elements. The metals Zn, Pb and Cu presented concentrations an order of 
magnitude below the above value (91-38 ng n r 3), and finally, Mn, Ni, Co, Cr 
and Cd showed even lower amounts (13-0.7 ng m '3).

Table 2 presents the results of two experiments: the average individual 
metal content (C), the metallic fractions (C/TSP%) and the relative metallic 
composition (C/S%) obtained in 1985 (Usero et al., 1988) and 1993. The 
comparison reveals a reduction in metal concentrations (C) from 1985 to the 
present day. They are four times lower for Al, Fe, Zn, Ni and Cd and even ten 
times lower for Pb and Cr. On the other hand, these parameters remained more 
or less constant for Mn and Co. Similar values of relative composition (C/S%) 
show that the same contamination sources remained in Seville. However, lead and 
chrome are notable exceptions, since their concentrations suffered a greater 
decrease. The metallic fraction on particulate matter (C/TSP%) was also 
diminished since TSP levels were only reduced from 210,000 to 133,400 ng n f3.

3.2 Correlation o f metals

Table 3 includes the correlation matrix of the studied parameters. Tabulated 
values show that Mn significantly correlates with Fe, Al and Co (r > 0.73) and 
to a lesser extent with Ni (r =  0.69). These elements are presumably of soil or 
agricultural origin. A good correlation between elements mainly from vehicular 
emissions such as Pb and Cu (r = 0.81) is also observed. Zn correlates with 
Cd and Cr moderately well (r >  0.64) and to a lesser extent with Co and Ni 
(r coefficients of 0.62 and 0.69). All these elements are from waste stored in 
uncontrolled dumps, where burning and incineration often take place. Also, in 
the case of Ni and Co the significant correlation with earth metals marks a 
mixed origin. In the following factor and cluster analysis, TSP was ignored 
because of its low correlation with the remaining parameters.

268



Table 2. Comparative study of 1985 and 1993 in Seville

TSP

1985*

210.000 ng m 3

1993"

133.400 ng n r 3

Metal C C/TSP% C/S% c C/TSP% C/S%

Al 3070.0 1.462 39.72 860.2 0.645 45.32
Fe 3570.0 1.700 46.18 859.8 0.644 45.30
Zn 340.0 0.162 4.40 90.9 0.068 4.79
Pb 680.0 0.324 8.80 60.8 0.046 3.20
Cu*** (37.5) (0.028)
Mn 19.6 0.009 0.25 13.1 0.010 0.69
Ni 26.0 0.012 0.34 7.4 0.006 0.39
Co 4.6 0.002 0.06 3.6 0.003 0.19
Cr 16.0 0.008 0.21 1.6 0.001 0.08
Cd 3.3 0.002 0.04 0.7 0.001 0.04

Sum 7729.5 3.681 100.00 1898.1 1.424 100.00

C: total contents in ng m"3 
C/TSP%: metallic fraction 
S: sum of total contents in ng m~3 
C/S %: relative composition 
* see Usero et al., 1988 
** present work
*** the metal not was analyzed in 1985

3.3 Factor analysis o f the metals

The previous correlations were confirmed by factor analysis of the variables 
revealing three factors which together explained 87% of the variance. The 
factors that contributed to less than 5% of the variance were rejected. 
Percentages and loadings explained in each case are included in Table 4. The 
variables obtained in each factor are the following:

F a c t o r  1 . This is formed by Al, Fe, Mn, Co and Ni (it is noteworthy that 
these last two elements can also be found in Factor 2). This factor explains 
43% of the variance and it prevails in stations Puerto Este (11), Resolana
(3), Torreblanca (7) and Luis Montoto (6) (see Fig. 3). These elements 
contribute to almost 90% of metal content in the atmosphere of Seville. 
Factor 1 shows the presence of elements (Usero, 1988) of earth crustal 
origin.
F a c t o r  2 .  This consists of elements such as Zn, Cd and Cr. This factor 
explains 24% of the variance and this grouping is significant at stations of

269



Puerto Este (11) and Bellavista (12) (Fig. 3). This factor is associated 
mainly with waste combustion (Usero, 1988) and represents 5% of all the 
metals.

Table 3. Correlation coefficients (r) for the ten analyzed metals and TSP

Al
Cd
Co

1
-0.39
0.36

1
0.41 1

Cr 0.29 0.51 0.55 1
Cu 0.06 -0.11 0.29 -0.11 1
Fe 0.77 -0 .04 0.67 0.37 0.14 1
Mn 0.79 -0 .20 0.73 0.32 0.10 0.86 1
Ni 0.52 0.30 0.67 0.64 -0.34 0.54 0.69 1
Pb -0.07 0.16 0.26 0.00 0.81 0.12 -0.03 -0.19 1
Zn 0.02 0.78 0.62 0.64 -0.14 0.13 0.23 0.69 0.03 1
TSP -0.04 0.14 0.05 0.21 -0.38 0.12 0.03 0.12 -0.24 0.14 1

Al Cd Co Cr Cu Fe Mn Ni Pb Zn TSP

Factor 3. This is formed by Cu and Pb corresponding to 5% of the metal 
content. This factor explains 20% of the variance and its highest influence 
is observed at the Recaredo (4) station (Fig. 3). This reflects the effect of 
vehicle emissions.

Table 4. Factor loadings for the varimax rotation

Variable Factor 1 Factor 2 Factor 3 Communality (%)

A1 0.91 0.16 -0.06 86
Cd -0.27 -0.91 0.07 91
Co 0.63 -0.61 0.31 87
Cr 0.36 -0 .73 -0 .09 66
Cu 0.09 0.13 0.95 93
Fe 0.90 -0 .10 0.14 85
Mn 0.97 -0.09 0.02 94
Ni 0.66 -0 .60 -0.32 89
Pb -0.03 -0.11 0.93 88
Zn 0.13 -0.93 -0.06 89

% of total 
variance

43.2 23.8 19.9
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Factor 3

Fig. 3. Graphical representation of the three factors in the twelve sampling stations of Seville.

3.4 Cluster analysis

Cluster analysis of variables with the standardised matrix (Fig. 4) was also 
carried out. This analysis groups together Al, Fe and Mn, the other cluster is 
formed by Cd, Zn, Co, Ni and Cr, and the last cluster consists of Cu and Pb.
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Metals are practically classified in the same groups obtained by factor analysis, 
while Co and Ni show a mixed behavior between Factor 1 and Factor 2.

Fig. 4. Dendrogram of the cluster analysis of the ten metals.

4. Conclusions

From our results we can conclude that, in general, atmosphere of Seville is 
cleaner now than several years ago. This is indicated by the average value of 
TSP that has reduced from 210,000 to 133,400 ng n r 3. On the other hand, the 
metal fraction in TSP has diminished considerably, i.e., suspended particles 
now contain smaller amounts of metals. The decrease observed for lead and 
chromium is especially significant. In the first case, this is due to the new 
underground network of railways and ring roads constructed in 1992 for the 
World Fair. The latter has certainly alleviated dense inner city traffic. The 
continual increase of the proportion of vehicles with unleaded fuel also plays 
an important role. The decrease in chromium is especially pronounced because 
of the conversion of many former uncontrolled garbage dump sites into large 
controlled urban waste installations far from the city center also as a 
consequence of urban and environmental restructurization.

The absolute metal content has also decreased. Similarly to above, this is 
also partially due to improvement in traffic and waste management. However, 
the relative concentration of the ten heavy metals studied has not changed. 
Metals which present with the highest concentrations are still iron and
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aluminium, clearly derived from soil or building activities. Zinc, lead and 
copper present in lower levels, manganese, nickel, cobalt, chromium and 
cadmium in still smaller amounts. Unexpectedly, the percentages of each metal 
with respect to the sum (the metal fraction) also remained constant in the last 
few years (Table 2). This suggests that the pollutant sources have not 
experienced substantial changes with time, although absolute levels have 
decreased. Lead and chromium are two clear exceptions to this behavior since, 
because of the aforementioned reasons, they are now present in much lower 
percentages.

Factor analysis of variables detects the principal metal sources for 
atmospheric particles. The main one is the land, due to agricultural works on 
the periphery. Thus, the metals included in this group are iron, aluminium, 
manganese, nickel and cobalt. Other important sources are urban wastes and 
traffic. Thus, Zn, Cd and Cr are components of different waste sources, while 
Cu and Pb are grouped as components of vehicle emissions. The soil and waste 
components in particles come from the city’s outskirts, whereas the components 
of traffic origin are emitted in city centre. In this way, zones predominantly 
affected by the different metal sources in the city have been identified.
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=  BOOK REVIEWS ===5=

Rudolf Czelnai: T h e  W o r l d  O c e a n  (in Hungarian; A világóceán. Modern 
fizikai oceanográfia). Vince Kiadó, Budapest, 1999, 182 pages. Price: 1295 HUF.

Hungary has neither sea, nor ocean. Therefore the Hungarian experts of earth 
sciences had learned only the very basic knowledge about the oceans, that is 
better to say the world ocean, since the “geographic” oceans are not isolated 
from each other, so they form one complet system. Now, we have a book, 
written in Hungarian, about the modern physical oceanography! The author 
thinks that each nation and each person has relations to the ocean, since it has 
defining role in the future of the humankind. He hopes that in the future 
Hungarian scientists might take part in exploring of the oceanic secrets, since 
the science becomes more and more international.

The book consists of a foreword and seven chapters. The different chapters 
present different parts of the scientific knowledge about the ocean but in each 
case in a “easy to read easy to understand” way. The author has the remark­
able ability to describe very complicated things in a simple way, however the 
reader always feels that the reality is much more complex, but he or she 
receives the essence of it. The other general feature of the book is that the 
reader sees the fast increase of our knowledge about the ocean (or the whole 
Earth system), but he or she learns the limits of this knowledge and under­
stands the we must make all efforts to learn much more since we are 
responsible for our environment and for the future of our children.

I am sure: each reader of this book will learn a lot and, at the same time, 
enjoy this learning!

G. Major

Wilfried Schröder: A u r o r a  in  T i m e  (in German; Das Polarlicht). Science 
Edition, D-28777 Bremen, 1999, 156+10 pages. Price: $20.

This book is a reprint edition of the book “Das Phaenomen des Polarlichts”, 
besides it contains a 10 page English introduction/summary titled: “Some 
Aspects of the History of Auroral Research” . Not only the introduction, but the 
whole text deals with the history of observations and understanding of aurora 
from the Ancient Age till the end of the last century. (Developments in the 
1900’s are supposed to be known.) Besides the European history, the Arabic
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and Far-Eastern (Korean, Chinese and Japanese) historical observations and 
their descriptions are mentioned. Until the 18th century the aurora was 
regarded as miracle or astrological sign. Then the connection between the 
appearance of aurora and the irregular variations of the terrestrial magnetic 
field was recognised. It was also observed, that auroras are more frequently 
seen in those years when the sunspot number is high. More detailed inves­
tigations were made when auroras could be recorded on photos.

The history of any field of science is interesting. This is specially true for 
auroral research, since its development was driven only by the human curiosity 
until the last decades.

G. Major
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