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A Climatological study between solar activity and 
Extreme events around the globe

Sourabh BaP & M Bose^

Abstract:___________________________________________________________________________ _______ _
Variations of sunspot numbers in connection with extreme events like flood, storm, drought, seismic 
activity, volcanic activity, extreme temperature and sum of all events, defined as total event is studied.
We have used Fourier analysis to investigate whether any periodic relation exists between Sun and 
extreme events. Correlation analysis is also employed to find if there is any relation between solar 
activity and extreme events exists. Finally, we present the comparison of extreme events with solar 
activity around sunspot maximum. Our study reveals that the maximum occurrence of drought is 
observed in the growth phase of solar activity whereas the maximum occurrence of other events 
coincide either with the sunspot maximum or in the declining stage of solar activity. Besides this we 
find that the seismic activity relates well with solar activity and the occurrence of maximum number 
of earthquakes shifted slightly from the time of Sunspot maximum.
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Introd u ction :
The Earth is a dynamic system , constantly chang
ing as m atter and energy are trai\sferred am ong 
its different parts-the geosphere, the hydrosphere, 
the atm osphere and the biosphere. N atural haz
ards strongly influence the biosphere. The Sun is 
the m ost im portant driving force for our earth. 
Recent scientific reports su ggest that the solar 
activity changes the earth 's clim ate and also trig
gers extrem e events. C ivilization's For the inter
est of civilization, predicting the location and time 
of dam aging events like seism ic activity, drought, 
flood cind other extrem e events is necessary. The 
potential for devastation o f property that other
w ise could be secured and the loss o f life that 
otherwise could be prevented are pow erful rea
sons to find predictive factors. The Su n 's output 
varies on a w ide range o f tim e scales from m in
utes in the case of some transient events to the 
b illion  year tim e scale o f solar evolution. Short

term  variations'include the transient episodes of 
solar activity like flares or coronal m ass ejection 
those due to the 27-day apparent rotation period 
of the Sun and 154-158 day cycle w hich exists in 
m any solar phenom enon. Interm ediate term vari
ations include the 16-m onth cycle discussed quite 
re c e n tly  b y  S o la r  H e lio s p h e r ic  o b se rv a to ry  
(SOH O) (h ttp ://so h o w w w .n a sco m .n a sa .g o v /). 
Long term  variations include 11-year solar cycle 
w hich is by far the better established cycle o f so
lar activity together w ith the 22-year Hale cycle 
o f m agnetic activity, the 80 to 90 year Gleissberg 
cycle etc. The question of w hether variations in 
solar activity exert any effect on clim ate has been 
under investigations since long. O dintsov et al 
(2006) com pared the century scale and decadal 
variations o f seism ic activity and tried to relate 
c e n tu ry -s c a le  an d  d e ca d a l ch a n g e s  o f  so la r  
geom agnetic activity. Also in 2007, O dintsov et 
a l h a v e  s tu d ie d  the. c h a ra c te r  an d  p o s s ib le
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successions of cause-effect relations betw een Sun 
and Earth from several days to the 11-year solar 
cycle. It has also been  indicated  that the m axi
mum of seismic energy released from  earthquakes 
in 11-year cycle o f sunspots is observed during 
the declining phase of solar cycle and lags 2-year 
behind the solar cycle m axim um . It has also been 
established that the m axim um  num ber o f earth
quakes directly  correlates w ith  the sudden in
crease in the solar w ind velocity. De et al (2005) 
presented a factual and b rie f review  of the ex
treme weather events that occurred in India dur
ing the last 100 years. T heir w ork suggests that 
the socio-econom ic im pacts o f the extrem e events 
such as floods, droughts, cyclone, thunderstorm , 
heat cind cold w aves have been  increasing due to 
large growth of population and its m igration to
w ard s u rban  areas. T h u s, g re a te r  e ffo rts  are 
needed to improve the forecast skill so as to bet
te r  the fo re ca s ts  in  d is a s te r  m a n a g e m e n t. 
Zhongrui et al (2003) investigated  the relation
ship between the length o f the solar cycle, a good 
indicator o f long term  change in so lar activity, 
w ith natural disasters (floods, droughts, earth
quakes) in China during the last 108 years. The 
results suggest that the length of solar cycle (LSC) 
m ay be useful indicator for d ro u g h t/flo o d  and 
intense earthquakes. They also obtained that the 
solar activity strengthens w ith the shortening of 
LSC and more floods occur in South China and 
frequent earthquakes happen in Tibetan Plateau. 
Solar activity m ay play an im portant role in the 
climate extrem es and behavior in the lithosphere. 
Yangquan (1.993) has show n that m axim um  floods 
w ere often  observed  in  the p eriod s w h en  the 
num ber o f su nsp ot n u m b ers w ere d ecreasing  
from  the m axim um  stage or d ecreasing  to the 
m inim um  stage. D m itrieva et al (1998) found 
m axim um  occurrences o f d rou ghts, epidem ics 
and epizootics either coincide w ith  the sunspot 
m axim um  or are observed in the grow th phase 
o f solar activity w hereas for every cold w inters 
the correlations w ith  so lar activ ity  w as not so 
pronounced.

In this research paper, we have presented some 
results o f different effects due to the variation of 
solar activity w ith extrem e events. Fourier analy
sis is used to calculate the periodicity  betw een 
the solar param eters and extrem e events. N ext, 
using correlation analysis w e t r e d  to establish 
w hether there is any linear relationship betw een

solar activ ity  and these extrem e events or not. 
Finally, d ifferent events of natural hazards are 
com pared around the sunspot m axim um  to con
clu d e w h eth er these ev en ts are controlled  b y  
grow th or declining stage o f solar activity or not.

D ata:
Em ergency events Database (EM -DAT) is a glo
bal database on natural and technological disas
ters that contains essential core data on the oc
currence and effects o f m ore than 17,000 disas
ters in the w orld from 1900 to present. EM -DAT 
is m aintained by the Centre for Research on the 
Epidem iology o f Disasters (CRED) at the school 
of public health o f the universite catholique de 
Leuven located in Brussels, Belgium . The data
base is com piled from various sources, including 
LFN agencies, non-governm ental organizations, 
insurance com panies, research institutes and press 
agencies. Priority is given to data from UN agen
cies, governm ents and the International Federa
tion of Red Cross and Red C rescent societies. This 
prioritization is not only a reflection o f the qual
ity or value o f the data, it also reflects the fact 
that m ost reporting sources do not cover all dis
asters or have political lim itations that could af
fect the figures. The en tries are constantly  re
view ed for redundancy, inconsistencies and in
com pleteness. C RED  consolid ates and updates 
data on a daUy basis. A further check is m ade at 
m onthly intervals. Revisions are m ade annually 
at the end o f each calendar year. For a disaster to 
enter into the database at least one o f the follow 
ing criteria m ust be fulfilled: ten or more people 
rep orted  k illed , h u n d red  p eo p le  rep orted  a f
fected, declaration o f a state o f em ergency, call 
for international assistance. In our present study 
w e m ain ly  co n sid er extrem e ev en ts as flood , 
drought, storm , volcanic activity, seism ic activ
ity, extrem e tem peratures and collective effect of 
all events as total events. W e use the data from 
EM D A T, w w w .em dat.net: Universite catholique 
de Leuven Brussels, Belgium . The time span con
sidered in our investigation is from 1900-2006. As 
a m easure o f so lar activ ity  w e use the sunspot 
num bers provided by N ational Geophysical Data 
Center (N GDC) h ttp ://w w w .n g d c.n o aa .g o v .

O bservations and R esults:
Tlie Fourier analysis is used to investigate com 
m on periodicities betw een two series o f data. By
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Fourier transform , it is possible to build a graph 
showing pow er density versus frequency (scale) 
and how they vary w ith time. The tim e scale or 
periodicity is obtained by taking the inverse of 
frequency (scale) at several m axim um  pow er or 
amplitude (peaks). In the present w ork, we tried 
to evaluate periodicity of each extrem e event from 
1900 to 2006 and com pare the periodicity betw een 
sunspot num bers and extrem e events. This is done 
to find if there is any periodic relation betw een 
solar activity and extrem e events. Sunspot num 
bers shows periodicity at 1 1 ,2 2  using Fast Fourier 
transform  and m atches w ell w ith  E icher (2008) 
and Zhao et al (2007).

ure l(a ) - l( f )  represents First Fourier Transform  
of drought in places m entioned above. In alm ost 
all places, the 2-5 and 9-11 year periodicity is com 
mon. Africa, A m erica and Asia contains periods 
around 22-years. Figure 2(a)-2(f) show s Fourier 
transform  o f se ism ic activ ity  in a ll m entioned 
places. In the present analysis on seism ic activity, 
a significant short period around 2-5 year is found 
in all places. The periodicity  around 11 year is 
found in alm ost all the places. Am erica, Europe, 
India and W orld contain 22-year periodicity on 
seism ic activity. Figure 3(a)-3(f) resem bles Fourier 
analysis o f flood around different regions. A f
rica, A sia, Europe, India and world shares com-

Table 1: The result o f Fast Fourier Transform  (FFT) of different extrem e events at different location. 
The periodicity is expressed in years (yr).

R eg ion s D ro u gh t E arth q u ak e Flood Storm Extrem e
Tem perature

V olcano Total
Events

Africa 20.7 21.8 10.6 15.6 6.3 15.3 22.8
13.4 14.1 6.9 5.4 4.8 6.3 14.3
4.1 3.4 4.6 3.3 2.8 3.0 10.4
3.4 2.7 4.0 3.1 2.3 2.8 6.5

America 20.2 11.4 21.2 18.2 17.5 9.1 13.8
6.4 3.7 13.9 8.4 3.2 4.9 9.0
3.8 3.4 7.8 5.1 2.7 4.2 6.5
3.0 2.3 6.5 13.7 2.5 3.3 2.8

Asia 19.3 12.3 13.1 13.1 5.5 13.7 13.2
12.0 4.7 10.0 7.2 2.5 3.6 9.9
7.3 3.9 7.0 6.2 2.7 3.3 7.2
5.9 3.1 5.1 3.9 2.2 3.8 6.1

Europe 12.1 19.6 13.2 18.3 7.3 6.3 13.7
9.6 13.3 7.8 8.4 6.0 4.3 8.4
3.8 6.9 6.3 3.1 2.8 2.6 6.1
3.5 4.2 5.1 2.7 2.7 2.7 2.7

India 10.9 11.4 19.2 35.2 34.9 35.4 35.4
6.8 3.8 14.0 4.6 10.0 10.7 10.7
5.4 3.4 10.6 4.2 8.2 7.8 7.8
4.4 2.2 7.8 3.3 3.1 5.8 5.8

W orld 18.4 18.4 9.7 18.4 6.7 18.4 12.9
12.0 12.1 6.8 13.3 5.4 13.4 7.6
3.6 4.6 5.9 7.6 3.2 7.7 5.9
2.8 4.2 4.8 2.9 2.5 2.9 2.5

Table 1 sum m arizes the periods of extrem e events 
such as drought, storm , flood, extrem e tem pera
tures, seism ic activity, volcano and total events 
in Africa, Asia, Am erica, Europe, India and World. 
Here w e investigated the periodicity in different 
regions to find w hether solar activity is related 
to extrem e events in all places o f the w orld. Fig-

m on p erio d icities o f 2-5 years and around 11 
years. ’A m erica show s 22 years periodicity in ad
dition to 13.9, 7.8 and 6.5 year periods. Fourier 
analysis o f storm  is presented in Figure 4(a)-4(f).
2-5 years p eriod icity  is com m on to all regions. 
15-19  y e a r  p e r io d ic ity  is co m m on  in  A frica , 
Am erica, Europe, India and W orld. First Fourier
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transform  of extrem e tem perature as show n in 
Figure 5(a)-5(f) ev a lu ates sig n ifican t com m on 
periodicities from 2-6 years. Sim ilar analysis is 
used to study volcano in different regions (Fig
ure 6(a)-6(f)). Here short period around 2-5 year 
is w ell supported by alm ost regions. Total events 
are the sum of all the events occurring in any par
ticu lar region and the Fou rier an aly sis is p re
sented in Figure 7 (a )-7(f). The extrem e events 
show  shorter periods around 2-5 years. In addi
tion to these shorter periods the m entioned natu
ral hazards also show s 11 and 22 years periodic
ity like the periodicity  o f so lar activ ity. There
fore one may say that the period o f occurrence of 
these events is controlled by Sun. A connection 
betw een solar activity and tiie extrem e events is 
studied further using correlation study we try to 
determ ine w hether a linear relationship betw een 
two variables exists or not and also it provides a 
m easure of the strength o f this relationship. It is 
im portant to rem em ber that the correlation coef
ficient between two variables is a m easure o f their 
linear relationship, and a value o f correlation co
efficient equal to zero im plies lack o f linearity and 
not a lack of association. In this investigation, the 
m ost widely used linear correlation betw een tv/o 
variables is called the Pearson correlation coeffi
cient (p-value) is used. The p-value is the prob
ability that one w ould find the current result if 
the correlation coefficient w ere in fact zero (null 
hypothesis). The s ig n ifican ce  o f  corre la tion  is 
nothing but given by p-value w ith 95 % signifi
cance if p-value is less than 0.05. W e have consid
ered sunspot num bers as a proxy to solar activ
ity. Therefore calculating correlation  coefficient 
(r) betw een sunspot num bers and all the com po
nents of extreme events, one m ay hint a relation 
betw een them. The calculated correlation coeffi-

suggests that solar activity may control extreme 
events in positive direction. The low r values m ay 
be explained as solar activity is not only the fac
tor affecting these hazards. The statistical signifi
cance w hich is not 95%  significant as given by p- 
value m ay be due to insufficient data.

In this section w e have superposed Sunspot num 
bers and extrem e events data around the years 
o f Sunspot m axim um  for the period 1900-2006. 
The periods of solar activity w ith m axim um  and 
m inim um  years are depicted in Table- 3. In the 
figure 8-13, the x-axis represents superposed years 
w here '4 ' on x-axis show s years o f Sunspot at its 
peak The num ber '1 to 3' on the x-axis represents 
years at early  stage o f Sunspot m axim um . The 
num bers '5 to 7 ' show s years after Sim spot m axi
m um . Thus we label x-axis o f Figure 8-13 as "years 
relative to Sunspot m axim um " or "years around 
Sunspot m axim um ". The sunspot num bers data 
are taken from N ational G eophysical Data Center 
(N G D C ) h ttp ://w rw w .n g d c .n o a a .g o v . The ex 
trem e e v e n ts  d ata  a re  ta k e n  from  E M D A T , 
w w w .em dat.net. A fter com paring the extrem e 
events w ith  su nsp ot num bers around sunspot 
m axim um  years, w e find that our results com e 
out to be very interesting (Table 4). W e find that 
in the year o f sunspot m axim um , drought events 
show s m inim um  occurrence. A lso, the peak of 
drought occurs during the early  stage o f solar 
activity (Figure 8). W e also observed another in
teresting result. W e find m inim um  flood events 
during sunspot m axim um  w hile m axim um  flood 
occur during the decreasing phase o f the solar 
activity (Figure 9). W hen w e com pare solar activ
ity  w ith  storm  w e o b serv e the p eak  o f storm  
events in the declining stage o f solar activity (Fig
ure 10). The storm  m inim izes at m axim um  sun
spot. Sim ilarly, volcano events m inim izes at maxi-

Table 2; The correlation coefficient (r) betw een sunspot and different extrem e events, w ith p-value 
in brackets.

Flood Storm Volcanic
activity

Seismic
activity

Extrem e
tem perature

D rought Total
events

Sunspot 0.09 0.19 0.05 0.24 0.09 0.22 0.15

Numbers (0.34) (0.06) (0.64) (0.01) (0.36) (0.02) (0.12)

cient betw een Su n sp o t num bers and d ifferent 
events are low valued and are not statistically sig
nificant. The sign o f the correlation  coefficient

m um  solar activity. Volcano has its peak during 
the d ecreasing phase o f su nsp ot activ ity  (Fig- 
u r e ll) . The total events occur in the descending

http://wrww.ngdc.noaa.gov
http://www.emdat.net
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Table 3: The presentation of Sunspot num bers with the respective years of m axim um  and minimum.

Svmspot
Cycle
N um ber

14
15
16 
17. 
18
19
20 
21 
22 
23

Year of 
minimum

1901
1913
1923
1933
1944
1954
1964
1976
1986
1996

Yearly
sm allest
Sunspot
num ber

2.7
1.4
5.8 
5.7
9.6
4.4 

10.2 
12.6 
13.4

8.6

Year of 
maximum

1905
1917
1928
1937
1947
1957
1968
1979
1989
2000

Yearly
largest
Sunspot
num bers

63.5
103.9 

77.8
114.4
151.6 
190.2
105.9
155.4
157.6
119.6

Table 4: The results show ing the com parison betw een Sunspot num bers and extrem e events data 
around the years o f Sunspot m axim um  for the period 1900-2006.

Events Occurrence o f these events around years of Sunspot m axim um
Drought M inim um  drought events coincide with Sunspot m axim um  (year 4 as show n in 

x-axis o f Figure 8). Tw o m axim um  events occur at year 2 i.e at early stage of 
solar activity and at years at 5-7 w hich is the descending stage of solar activity.

Flood M inim um  coincides with Sunspot m axim um  and m axim um  coincides w ith year 6 
i.e at the descending phase o f solar activity.

Storms M inim um  occurrence takes place at year 4 w hich sunspot m axim um  year and 
m axim um  occurrence is observed at year 5.

Volcanic activity M inim um  occurrence takes place at year 4 and m axim um  events occurs at year 6.
Total events M aximum  events take place at year 5 and m inim um  at year 4.
Seismic activity M inimum occurrence takes place at year 3 and m axim um  at year 5.
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Figure 4(a)-4(f) represents Fast Fourier Transform (FFT) of storm at different places mentioned in Table-1. The 
power is plotted in x-axis and frequency in y-axis. The peaks determine the periodicity of the time series in years. 
The captions (a) to (f) represent Africa, America, Asia, Europe, India and world

e x iR E L IE  TE M P eR A TU R E EKTREME TEMPERATL.RE F>:TREM E TE k lP E R A T tJR e

t I

EXTREME TEM PERATURE 
yru(W«Ft»»iW>.vSt/ti.iW"

-.vyTX_

E X T R E k *  TE M P E RA TUR E

-

y v V v y v

1

—
j

-------« j

-------Ill
1
4-- ------
1 ........... j i

-------- itj
t "

■4----------- u.,- ..1i. . . - 4 -------L— -.-w

i ! i ^------ -----------------St
’ \

I

» %

-------1------- j--------

T  1
1
-•

1 .-“f .

0*

Fc^n*t Fr»gu tv;v6p•drum

n

H-

J ’s E :

Figure 5(a)-5(0 represents Fast Fourier Transform (FFT) of extreme temperature at different places mentioned in
Table-1. The power is plotted in x-axis and frequency in y-axis. The peaks determine the periodicity of the time
series in years. The captions (a) to (f) represent Africa, America, Asia, Europe, India and world



A Climatological study between solar activity and Extreme events around the globe 45

------ 4~

4 -

VOLCAr-W 
P<uMrFr«9utACv &p«clnim

-•I---- H

-f—t— r - ......—f—
1— r

I

1  r

vou:Ar*r»
PWBIi>WA SwfcVBI

!
I -r  

02

vou:A^^o
fp-jtm  SpMtnjin

T j r :
,  V-- U-,/ ■ -.k.

I

VOLCANO 
fnjnm PfQutncy Sf»cinjm

Figure 6(a)-6(f) represents Fast Fourier Transform (FFT) of volcanic activity at different places mentioned in Table-
1. The pow^er is plotted ii i x-axis and frequency in y-axis. The peaks determine the periodicity of the time series in 
years. The captions (a) to (f) represent Africa, America, Asia, Europe, India and world

•fO T A L EV EN TS

V i i
1 1

!
1L .

i
I

- ----- ------------------;
1

1̂ i 
I i

-  ' t .... -
1 !
; i

1-------

’ 1 ! I !

■ - U  i . i i .

X M

X 61U

»W«
«»t«

T'tjlAL Fv-EflTS 
Pwiiwi Ftao‘wr*ySp»clnifii

“ 1 - ! i ! !

I .  j . .

s«e»

TOTAL Ev-ENTS

------------------1
V!

TCTAL P.'ENTS
TOTAL EVENTS

Q1 02 03 04

Figure 7(a)-7(f) represents Fast Fourier Transform (FFT) of total events at different places mentioned in Table-1.
The power is plotted in x-axis and in y-axis. The peaks determine the periodicity of the time series in years. The
captions (a) to (f) represent Africa, America, Asia, Europe, India and world



46 INDIAN SCIENCE CRUISER Volume 24 Number 2 March 2010

. ir!
' s
HI:a
O

.3

Figure 8 shows comparison between sunspot num
bers and drought events around sunspot maximum 
years. Symbol ? represents sunspot numbers and rep
resents drought events.

Figure 9 shows comparison between sunspot num
bers and flood around sunspot maximum years. Sym
bol? represents sunspot numbers and represents flood.

Figure 10 shows comparison between sunspot num
bers and storms around sunspot maximum years. Sym
bol ? represents sunspot numbers and represents 
storm

YEARS RCLATlVe TO SUNSPOT MAXIMUM

Figure 11 show s com parison  betw een  sunspot 
num bers and volcanic activ ity  around sunspot 
m aximum years. Sym bol represents sunspot num 
bers and ? represents volcanic activity.

Y E A R S  R E LA T IV e  S U N S P O T  M A X IM U M

Figure 12 shows comparison between sunspot num
bers and total events around sunspot maximum years. 
Symbol represents sunspot numbers and? represents 
total events.

Figure 13 shows comparison between sunspot num
bers and seismic activity around sunspot maximum 
years. Symbol • represents sunspot numbers and ? 
represents seismic activity.
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phase o f sunspot cycle o f sunspot m axim um  (Fig
ure 12) and the m axim um  seism ic activity is found 
close to sunspot m axim um  (Figure 13). The above 
analysis helps us to say that the occurrence of 
these events at its peak takes place after years of 
solar activity at its m axim um . This m ay be ex
plained in a w ay that solar signal take som e time 
to influence or trigger the natural hazards from 
its peak stage.

C onclusion :
The present w ork continued the consideration of 
the possible correlation betw een characteristics 
of solar activity and extrem e events in time pe
riod from 1900-2006. The m ain results o f this w ork 
are as foUows:

1. Periodicity as determ ined by  Fourier analysis 
shows that m ost events are com parable w ith 
sunspot periods, acting as a proxy to solar ac
tivity.

2. Correlation study indicates low  but positive 
r-value exists betw een sunspot and extrem e 
events. Som e o f the correlation coefficient ob
tained indicates in sign ifican t because o f its 
large p-value.

3. Lastly, the events o f natural hazards are com 
pared around sunspot m axim um . The obser
vation hints m axim um  drought occurrence in 
the grow th  ph ase o f  su n sp o t activ ity . The 
other events like flood, storm , volcano, seis
mic activity either they are antiphase w ith so
lar activity or lies at the declining stage o f so
lar activity.

There are possible tw o m echanism s for the above 
investigation w hich can exp lain  the connection 
betw een solar activ ity  and  extrem e events like 
seism ic activity. The first involves the change of 
solar activity causes irregular oscillations o f the 
angular velocity o f earth rotation, w hich result 
influences geo-extrem e events. The second in
volves the connection betw een am plification of 
the so la r  a c t iv ity  an d  th e  p e r tu rb a tio n  o f 
quasistationary state o f the atm osphere, w hich 
leads to the redistribution o f atm osphere m ass 
on the earth that is centre o f gravity m otion of 
earth-atm osphere and consequently deform ation 
of earth. Therefore, a link betw een  solar activi

ties with natural hazards like earthquake, volcanic 
activity is m ore or less significant. Therefore, the 
result obtained dem onstrates a possible Sun-Natu
ral hazards relationship and show s necessity of 
m ore detailed study in future.
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