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RESUMEN
Se presenta un análisis de series de tiempo de números de Wolf, frecuencia diaria de explosiones de rayos X de intensidad M

y X, valores diarios del índice geomagnético Ap, y número de pacientes tratados con crisis de asma en el Hospital Calixto García
de la Habana entre 1987-1990. Se detectan variaciones en la curva de incidencia asmática después del primer evento protónico de
bajo nivel en el ciclo 22. La ocurrencia simultánea de periodos de 76 días en las curvas de asma y de rayos X sugiere un efecto
complejo y no lineal de la actividad solar.

PALABRAS CLAVE: Actividad solar, asma, efectos solares sobre la biosfera.

ABSTRACT
A time series analysis of the daily  values of the Wolf number, the daily rate of X-ray bursts of  M and X intensity, the daily

values of the Ap geomagnetical index and the daily rate of adult patients receiving treatment for asthma crises at the Calixto García
Hospital in Havana City from 1987 to 199O shows a change in behavior in the asthma index curve immediately after the occur-
rence of the first low-level proton events of cycle 22. The simultaneous onset of oscillations of 76 day period in asthma and X-ray
indexes further indicates a complex non-linear effect of solar variability on asthmatic patients.

KEY WORDS: Solar variability, Sun-biosphere, solar activity, asthma.

affecting the biosphere and the equilibrium of the environ-
ment.

In this paper we present a time series analysis of the
daily values of the Wolf number, the daily rate of X-ray bursts
of M and X intensity, the Ap geomagnetical index taken from
the Solar Geophysical Data Bulletin and the number of pa-
tients over 15 years of age receiving treatment for asthma
crises at the Calixto García Hospital in Havana from 1987 to
199O (Asthma National Commission Data Base). The data
includes has 71 456 asthma cases and 784 X-ray solar bursts.

The period of 1987-1990 corresponds to the rising limb
of the 22-year solar cycle. The activity level in each year can
be characterized as follows. 1987 was a year of low activity;
during 1988 the Wolf number starts rising, but explosions
are few; 1989 is the year of peak solar activity and 199O still
has a very high activity in all solar indexes.

The time sequence plots of these parameters were
smoothed with an 361 days window using the formula
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   Although precipitating factors of asthma crises are well
studied, medical practice shows that there are occasional in-
creases in the number of crises for which a known cause
cannot be found. Several authors have demonstrated the re-
lationship between asthma crises and meteorological phe-
nomena (Piccolo et al., 1988; May, 1983; Lim et al., 1991),
but in a given period of time, they cannot always explain
away all variations. Other environmental factors, such as solar
activity, have not been considered.

During the last decades, solar variability influence on
the biosphere has been studied mainly through statistical
analysis, (Druzhinin et al., 1976; Moiseiv and Llubtskii,
1986), but no definite mechanism has been given to account
for the correlations found. A possible influence of an increase
in solar activity on cardiovascular infarcts, alterations of blood
coagulability, and other conditions has been suggested
(Novikova and Vnevyshev, 1968; Sierra et al., 1982).

The solar activity indicator mainly used in these statis-
tical studies is the Wolf number, but other indicators such as
X-ray burst frequency can be more relevant. Solar X-ray or
ultraviolet emissions, for example, arrive almost immediately
after highly active eruptive phenomena on the Sun, ionizing
the Earth’s atmosphere and changing the conditions in it, thus
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Figure 1 shows, in average, a larger number of asthma
crises during low solar activity than during high solar activ-
ity. The number of crises starts falling around March 1988
reaching a minimum in August 1988. From here on, the num-
ber of asthma crises climbs and falls following solar activity.
The asthma and X-ray burst frequency curves in 1989 are
significantly similar. This behavior might be due to a thresh-
old crossing of a factor hitherto undetected.

For independent corroboration of a link between these
phenomena, periodicities of all these indexes were studied
for the whole period and for each year separately using Fast
Fourier Transform power spectra (FFT). The X-ray index
showed the highest maximum at 76 days in the periodogram
for 1989 (Figure 2a). This period had also a significant maxi-

mum in the periodogram for the four years. A similar period-
icity had been found by Ichimoto (1985) for Hα flares of
Importance 1, 2 and 3 for solar cycle 21, and by Özgüc, (1994)
for periodicity of the flare index during the solar cycle 22.

In the asthma index periodogram for 1989 we find a
distinct peak with significant amplitude at this value (Figure
2b). This same period  is also  present in  Ap and  Wolf num-
ber periodograms for this year, but with small amplitudes.

Figure 3 shows the time variation of the difference be-
tween the 25 and 121 days moving averages on a relative
scale of the asthma and X-ray indexes for the whole period
using the formula
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Largest amplitude oscillations appear during 1989.
These oscillations correspond to the 76 day peak present in
the 1989 periodograms. They appear in November 1988, first

Fig. 1. Daily rate of asthma crises in adults (15-64 years old) from 1987 to 1990. Daily values of the geomagnetic Ap index, Wolf number
values and X-ray daily rate (M and X events) values have been converted to plot them on the same scale.

Table.1

Uncertainity per Year in Asthma

ERROR BARS 1987 1988 1989 1990

Variable Asthma ±1.64 ±1.40 ±1.74 ±1.17
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Fig.2 Periodograms for 1989: X-ray daily rate (a), asthma crises daily rate (b).
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in the  X-ray index, following the first low-level proton events
of this solar cycle. It is interesting to note that these oscilla-
tions are shorter lived in the asthma index, having two dis-
tinct increments in amplitude starting at the end of 1988 and
middle of 1989, respectively.

   These two effects (i.e. the change in tendency and
the onset of oscillations of the same period) are present si-
multaneously in the time sequence plot of the 25-day mov-
ing average (Figure 4), using the formula
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Note that the first peaks in the X-ray index curve (sec-
ond half of 1988) immediately precede the change in ten-
dency and onset of large amplitude oscillations in the asthma
index curve.

It is common to look for solar activity effects on the
biosphere only after very large energetic processes in the solar
atmosphere. In our case, we find a highly discernible effect

in the time sequence plots simultaneous with the first low-
level proton events, and the onset of oscillations of a defi-
nite period in the X-ray and asthma crises indexes, long
before the appearance of the very large active regions of
March 1989 on the Sun.

This effect is complex and possibly non-linear, sug-
gesting an influence of the variation of the solar activity on
asthmatic patients. It would be advisable in future studies
to investigate not only the peaks of solar activity, but also
its variability. Combined studies of meteorological and so-
lar indexes might also shed light on the possible mecha-
nism for the interaction between environmental factors and
the biosphere.

Fig. 3  Time variation of the difference between the 25 and 121 day moving averages of the asthma and X-ray index in relative scale.
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Fig. 4  Time sequence plots of the 25 day moving averages: asthma daily rate (a), X-ray daily rate (b).
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