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ABSTRACT

The study of meterological and climatic responses to solar variations has been
of iInterest since the recongnition of the sunspot cycle in the early 1800’s. Many
people have suggested in the past that the weather is influenced by the 11 and 22
year sunspot cycles. In this report, the temperature and rainfall data obtained
at 7 sites in Taiwan from 1897 to 1967 were used to investigate the possible rela-
tionships between the weather and sunspot cycles in Taiwan. No statistically
significant connection between the weather and sunspot cycles was found.

1. Introduction

The study of meterological and climatic re-
sponse to solar variations has been of interest
since the recognition of the sunspot cycle in the
early 1800’s. Many workers have suggested in
the past that the weather is influenced by the
11 and 22 year sunspot cycles. For examples,
Xanthakis (1973) observed that at high northern
latitudes, the 11 year solar cycle was positively
correlated with the annual rain fall total; at
latitudes between 60°N and 70°N the opposite
behavior occurred; while at still lower latitudes
a negative correlation existed before about 1915
and a positive one after that. Bowen (1974)
reported that, in the southern hemisphere, the
correlation between the 1l-year solar cycle and
difference from normal rainfall exhibited opposite
phase at 17°S and 4.3°S. King (1973) also re-
ported that the sunspot cycle influenced the
rainfall in opposite ways at 55°N and 35°N.
Markham (1974) reported that the annual rain-
fall totals at Fortaleza, Brazil, and at three sites
in South Africa were positively correlated with
the double sunspot cycle. Cornish (1954) re-
ported that the ten year smoothed means of
annual rainfall quartile date at Adelaide (35°S;
139°E) oscillated between August 15 and May
25 in phase with the double sunspot cycle. The
July temperature in Central England was found
to exhibit an oscillation in phase with the dou-

ble sunspot cycle. Many other examples_have
been reviewed by King (1975).

Although there were some examples showing
the dependence of weather on solar cycle, the
dependence was found only in certain parts of the
world and was not widely accepted. There were
also some reports stating no significant relations
between weather and sunspot cycle (e.g. Shaw,
1965 and Lawrence, 1966). At present, it seems
that our knowledge in this field is still so limited
that we cannot either deny or confirm the ex-
istence of connections between weather and sun-
spot cycle and further study in this respect is
necessary., The routine meterological observa-
tions in Taiwan were started more than 70 years
ago. In this report, the temperature and pre-
cipitation data observed at seven meterological
observation stations in Taiwan were used to

Table 1. List of stations
{ .
Name North Lat. 1 East Long. Ele(\;ialon

Chilung 25°08" | 121°45° ' 3.4
Taipei 2502 | 1218 | 8.0
Taichung 24°00' | 12041 | 83.8
Hwalien 25 | 1213 17.6
Tainan 23000 | 12013 14.3
Taitung 22°45" 121°09" | 8.9
Hengchun 22°00/ I 120°45 y 22.3
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study possible relationship between weather and
sunspot cycle in Taiwan. The name and locality
of each meterological station whose data were
used in the present study are given in Table 1.

2. Relationship between Temperature

and Sunspot Cpcle
a. Relation between annual mean temperature and

annual mean sunspot number

The solid lines in Fig. 1 show the variations
of the annual mean temperature, 7', for seven
stations in Taiwan. At the top of the figure,
the variation of the annual mean sunspot num-
ber, R, is also shown. From this figure, it can
be seen that there is no significant relationship
between T and R. To be more rigorous, the
regression analysis was made for the variation
of T vs. R for each station. Fig. 2 shows one
example of the scattering diagram for T vs. R
obtained for Taipei. The scattering is very
large and the regression line is almost a flat line,
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Fig. 1. Year to year variatiohs of the annual
mean temperature 7 (full line) and its
11 year running mean value T (dotted
line) for 7 weather stations in Taiwan.
The variations of annual mean sunspot
number R and its 11 year running mean
value R are also shown at the top of
the figure.
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Fig 2. Scattering diagram for T vs. R The full
line represents the regression line.

Table 2. Annual Mean Temperature (°C)

\ Stand.

Station Correl.| Slope | Error of | Mean

Name Coef. | °C/SSN) | Estimate | (°C)
R S SR T & B
Chilung 0.16 | 0.00 | 0.36 21.82
Taipei 0.19 0.00 | 0.40 21.78
Taichung 0.21; 0.00 0.46 22.31
Hwalien 0.21{ 0.00 0.39 22.51
Tainan 0.24 0.00 0.48 23.24
Taitung 0.25 0.00 0.43 23.52
Hengchun 0.29 0.00 0.44 24.43
Average of [
Dhyerage ¢ 0.22 0.00 0.40 | 22.83

Table 2 shows the correlation coefficent, r, slope
of the regression line, m, defined by the fol-
lowing equation:

T=a+mR (1)
standard error of estimate, E, and the mean value
of T for each station. The values of m are all
zero and the correlation coefficients are all
smaller than 0.3. It seems there are no relation-
ship between annual mean temperature and sun-
spot number.

b. Relation between the secular components of
T and R

The 11 year solar cycle variation of the
annual mean sunspot number, R, is clearly seen
in Fig. 1. 1In order to remove this 11 year
periodic variation to obtain the secular variation,
11 year running average values of R, denoted
by R, were calculated for each year and plotted
as a dotted line in Fig. 1.

Since the 11 year variation has been re-
moved, R can be considered as secular com-
ponent of sunspot number and its variation with



24 X WM OB

time will be called as a secular variation of sun-
spot number. A slight increase of secular com-
ponent, R, from 1900 to 1970 can be seen in
Fig. 1. Similar treafments were .madg 'to. ob-
tain the secular composients of temperature, de-
noted by 7, for each station and plotted as
dotted lines in Fig. 1. The secular variation of
temperature also shows a slight increase. It
seems there is positive correlation between the
secular components of temperature and sunspot
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¢. Reletion between monthly mean temperature
and monthly mean sunspot number in a solar
cycle
Fig. 3(a)-(f) show the variations of the 12
month running averge values of monthly mean
temperature for Taipei, denoted by T, and 12
month running average value of monthly mean
sunspot number, denoted by R, for each solar

cycle starting from cycle 13 to 18, Tt can be
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Fig. 3. Month to month variations of 12 month running mean values of monthly mean
temperature 7 at Taipei (full line) and monthly mean sunspot number R (dotted

line) for (a) solar cycle 13; (b) solar cycle 14; (c) solar cycle 15; (d) solar cycle
16; (e) solar cycle 17; and (f) solar cycle 18.
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seen there is no significant correlation between
T and R for each solar cycle.

3. Relationship Between Precipitation

and Sunspot Cycle
a. Relation between annual mean precipitation

and annual mean sunspot number

Solid lines in Fig. 4 show the variations of
the annual mean precipitations, P, for seven
stations in Taiwan. The solar cycle variation
of the annual mean sunspot number, R, is also
shown at the top of the figure. Similar to the
result obtained for the case of annual mean
temperature, T, there seems no relation between
P and R. Fig. 5 shows the scattering diagram
for P vs. R obtained for Taipei station. The
solid line represents the regression line for P vs.
R. Although the regression line sho wsa slight
positive slope, the individual data points are
so widely scattered that this positive corre-
lation is hardly convincing. Table 3 shows
the correlation coefficient, slope of the regression
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Fig. 4. Year to year variations of the annual
mean precipitation P (full line) and its
11 year running mean value P (dotted
line) for 7 weather stations in Taiwan.
Variations of the sunspot numbers are
shown at the top of the figure.
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line for P vs. R, standard error of estimate, and
the mean value of P for each station. Although
the slopes of regression lines are all slightly
positive (except for Taichung), the correlation
coefficients are so small (smaller than 0.37) and

the standard errors of estimate are so large that
it seems there is no convincing relationship be-
tween P and R.
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Fig. 5. Scattering diagram for P vs. R. The
full line represents the regression line.

Table 3. Annual Mean Precipitation (mm)
: Slope of | Stand. | Mean
S;?;log Cé);g.}l Reg. Line Error of | Value
m (mm/SSN) Est (mm) (mm)
e T B
Chilund 0.37 0.49 60.01 | 234.17
Taipei 0.23 0.14 28.92 | 166.99
Taichung 0.00 0.00 39.66 | 149.65
Hwalien 0.30 0.22 36.74 | 157.18
Tainan 0.14 0.12 42.29 | 145.64
Taitung 0.15 0.12 37.88 | 145.82
Hengchun 0.03 0.02 ! 40.55 \I 189.36
Average of I i .
7 Stations 0.29 0.17 ‘ 28.24 | 168.23

b. Relationship between the secular components

of P and R

The dotted lines in Fig. 4 shows the varia-
tions of the secular components R and P for
each station obtained by taking 11 year running
average values of R and P respectively. Unlike
the result obtained for temperature, there seems
no significant relation between the secular com-
ponents of P and R.

c. Relation between monthly mean precipitation
and monthly mean sunspot number in a solar
cycle

Fig. 6(a)-(f) shows the variations of the 12
month running average values of the monthly
total precipitation, P, for Taipei station and the
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Fig. 6. Month to month variations of 12 month running mean values of monthly- mean
precipitation P at Taipei (full line) and monthly mean sunspot number R (dotted
line) for (a) solar cycle 13; (b) solar cycle 14; (c) solar cycle 15; (d) solar cycle
16; (e) solar cycle 17; and (f) solar cycle 18.

12 month running average value of monthly
mean sunspot number, R, for each solar cycle
13 to 18. Although P does show a fluctuation
with a period of few years, there seems no
significant relation between P and R.

4, Conclusions

Using temperature and precipitation data ob-
tained at seven stations in Taiwan, the relation-
ship between weather and sunspot cycle was
studied, The followings are the major findings

of the present study.

(1) No significant relationships were found be-
tween T and R and also between P and R.

(2) The secular component of T was found to
be positively correlated with the secular
component of R. However, no significant
relationships were found between the secular
components of P and R.

(3) No significant relationship was found be-
tween the variations of 7' and R in a solar
cycle,
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(4) Although there showed a periodic fluctua-
tion of P, there seems no significant relation
between P and R in a solar cycle.
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