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epted ABSTRACTAims. Many studies of the North-South asymmetry of solar a
tivity and its features have been performed. However, most ofthese studies do not 
onsider whether or not the asymmetry of the time series under 
onsideration is statisti
ally signi�
ant.If the asymmetry is statisti
ally insigni�
ant, any study about its behavior is meaningless. Here, we dis
uss the diÆ
ultiesfound when trying to assess the statisti
al signi�
an
e of the North-South asymmetry (hereafter SSNSA) of the most usually
onsidered time series of solar a
tivity.Methods. We distinguish between solar a
tivity time series 
omposed of integer or non-integer and dimensionless data, or
omposed of non-integer and dimensional data. For ea
h of these 
ases, we dis
uss the most suitable statisti
al tests whi
h 
anbe applied and highlight the diÆ
ulties in obtaining valid information about the statisti
al signi�
an
e of solar a
tivity timeseries.Results. Our results suggest that, apart from the need to apply suitable statisti
al tests, other e�e
ts su
h as data binning, the
onsidered units and the need, in some tests, to 
onsider groups of data, substantially a�e
t the determination of the statisti
alsigni�
an
e of the asymmetry.Con
lusions. The assessment of the statisti
al signi�
an
e of the N-S asymmetry of solar a
tivity is diÆ
ult and an absoluteanswer 
annot be given, sin
e many di�erent e�e
ts in
uen
e the results given by the statisti
al tests. The quantitative resultsabout the statisti
al signi�
an
e of the N-S asymmetry of solar a
tivity provided by di�erent authors, as well as studies of itsbehaviour, must be 
onsidered with 
are be
ause they depend on the 
hosen values of di�erent parameters or on the 
onsideredunits.Key words. Sun: { Sun: a
tivity { Methods: data analysis, Methods: statisti
al1. Introdu
tionThe North-South (N-S) asymmetry of solar a
tivity hasbeen the subje
t of many studies using di�erent featuresof solar a
tivity. Some of the most important features
onsidered have been: the number of 
ares (Roy 1977;Gar
ia 1990; Verma 1987, 1992; Li et al. 1998; Temmeret al. 2001), the 
are index (Kno�ska 1985; Ata�
 & �Ozg�u�
1996, 1998; Joshi & Joshi 2004), the sunspot numberand sunspot areas (Newton & Milson 1955; Waldmeier1957, 1971; Roy 1977; Swinson et al. 1986; Vizoso &Ballester 1990; S
hlamminger 1991; Verma 1992; Yi 1992;Carbonell et al. 1993; Verma 1993; Oliver & Ballester1994; Pulkkinen et al. 1999; Li et al. 2000; Li et al. 2002;Vernova et al. 2002; Temmer et al. 2002; Li et al. 2003;Knaa
k et al. 2004; Temmer et al. 2006), the photospheri
Send o�print requests to: J. L. Ballestere-mail: joseluis.ballester�uib.es
magneti
 
ux (Rabin et al. 1991; Knaa
k et al. 2004)and the number of solar a
tive prominen
es (Joshi, 1995;Verma, 2000).There is an important solar a
tivity feature, the pho-tospheri
 magneti
 
ux, for whi
h the behavior of the N-Sasymmetry has been also studied. Howard (1974), usingmagneti
 
ux data from Mt. Wilson, analyzed the periodbetween 1967 and 1973; Rabin et al. (1991) using mag-neti
 
ux data from Kitt Peak, studied the period be-tween 1975 and 1987; Knaa
k et al. (2004) have used KittPeak data about photospheri
 magneti
 
ux density tostudy the time interval between 1975 and 2003; Song et al.(2005) have used Kitt Peak data, between 1978 and 2002.However, of all these authors only Song et al. (2005) haveestimated the statisti
al signi�
an
e of the North-Southasymmetry (hereafter SSNSA) of the photospheri
 mag-neti
 
ux time series under 
onsideration, applying the bi-nomial distribution, and so most of the 
on
lusions of the
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al signi�
an
e North-South Asymmetryrest of studies about the N-S asymmetry of photospheri
magneti
 
ux have been obtained by visual inspe
tion ofthe plot of the asymmetry versus time. Taking into a
-
ount the fundamental role of the magneti
 
ux in solara
tivity, a quantitative assessment of its N-S asymmetryshould be of great interest.Before studying the behavior of the N-S asymmetry,the most important point, sometimes forgotten, is to as-sess the SSNSA of the time series under 
onsideration.The most straightforward way to determine the SSNSA isby means of the binomial distribution (Li et al. 1998; Li etal. 2003; Song et al. 2005). However, other statisti
al testshave also been used, for instan
e, Joshi (1995), Temmer etal. (2001) and Joshi & Joshi (2004) have followed Leftus(1960) using a �2-test to assess the SSNSA of sunspotgroups, H� 
ares and a
tive prominen
es; Temmer et al.(2002; 2006) have used a paired Student's test to studythe SSNSA of the hemispheri
 sunspot number; Ata�
 and�Ozg�u�
 (1996) used a sign test, introdu
ed by Gleissberg(1947), to determine the SSNSA of the 
are index, andVizoso and Ballester (1990) and Carbonell et al. (1993)have used Ex
ess (Reid, 1968; Wilson, 1987) to obtain theSSNSA of sunspot areas. In all the 
ases mentioned be-fore, the authors 
on
luded that, to a great extent, theN-S asymmetry of the 
onsidered time series was statisti-
ally signi�
ant.However, a blind appli
ation of the above statisti
altests to any 
onsidered solar a
tivity time series 
an leadto misleading results. The 
ommonly 
onsidered solar a
-tivity time series have two di�erent forms: (a) 
omposed ofinteger or non-integer data; (b) 
omposed of dimensionalor dimensionless data. The �rst 
hara
teristi
, integer ornon-integer data, is relevant for the statisti
al tests that
an be applied. In the 
ase of integer data re
ords anystatisti
al test 
an be applied, but in the 
ase of non-integer data one needs to 
hoose 
arefully what tests 
anbe used. Related to the se
ond 
hara
teristi
, dimensionalor dimensionless data, this raises two interesting problemswhen dimensional data are 
onsidered: (a) How does a
hange of units a�e
t the statisti
al signi�
an
e?; (b) Isit possible to �nd a statisti
al test whose results are inde-pendent of the 
onsidered units?Here, we sear
h for quantitative 
on
lusions about theSSNSA of the most often 
onsidered solar a
tivity timeseries. To this end, we analyse the results obtained afterthe appli
ation of di�erent statisti
al tests to solar a
tiv-ity time series made of integer and dimensionless data,and the e�e
ts on the SSNSA indu
ed by data binningand point out the problems en
ountered when trying toassess the SSNSA of non-integer and dimensional solar a
-tivity time series. We perform these analysis sin
e many
on
lusions about the behaviour of the N-S asymmetry ofsolar a
tivity have been extra
ted without a proper quan-titative evaluation of its statisti
al signi�
an
e, or without
onsidering whether a de�nitive answer about the SSNSA
an be obtained.

2. Data and methods2.1. DataThe di�erent solar a
tivity time series analyzed in ourstudy are:{ The daily north and south international sunspot num-ber (1992 - 2004), whi
h 
an be downloaded fromhttp://www.ngd
.noaa.gov/stp/SOLAR/ftpsunspotnumber.html, with 4718 data points.{ The daily north and south hemispheri
 sunspot num-bers (1945 - 2004), 
ompiled by Temmer et al. (2006),whi
h 
an be downloaded from http://
dsweb.u-strasbg.fr/
gi-bin/q
at?J/A+A/447/735, with 21915data points.{ The yearly north and south number of a
tive promi-nen
es (1957 - 1998), obtained from Verma (2000),with 42 data points.{ The daily north and south X-ray 
ares (1975 - 2006),dete
ted by the GOES satellites, whi
h 
an be down-loaded from http://www.ngd
.noaa.gov/stp/SOLAR/ftpsolar
ares.html, with 11323 data points.{ The daily number of north and south solar 
areindex (1976 - 2004) 
ompiled in the KandilliObservatory, whi
h 
an be downloaded fromhttp://www.ngd
.noaa.gov/stp/SOLAR/ftpsolar
ares.html, with 10227 data points.{ The monthly north and south sunspot area be-tween May 1874 and January 2004 
ompiled byD. Hathaway, and whi
h 
an be downloaded fromhttp://s
ien
e.msf
.nasa.gov/ssl/pad/solar/greenw
h.htm, with 1557 data points.{ The north and south NSO/Kitt Peak averaged pho-tospheri
 magneti
 
ux density 
orresponding toCarrington rotations 1625 - 2007 (February 1975 -August 2003), with 383 data points.{ The north and south total magneti
 
ux from Mt.Wilson Observatory 
orresponding to Carrington ro-tations 1511 - 2013 (September 5, 1966 - August 26,2004), with 502 data points.2.2. Preliminary 
onsiderationsUsually, the appli
ation of a statisti
al test is based onthe hypothesis of independen
e of experiments. However,when we 
onsider the N-S asymmetry of solar a
tivity,the data re
ords of many of the 
onsidered time seriesare not independent. For instan
e, if we 
onsider dailysunspot areas, magneti
 
ux, solar prominen
es, sunspotnumber, et
. the values of these quantities today are notindependent of the values yesterday, in parti
ular, dailysunspot areas are 
orrelated with a typi
al 
orrelationtime of about 7 days (Oliver & Ballester, 1995). Then,stri
tly speaking, solar a
tivity does not satisfy the abovehypothesis, and, for this reason, the appli
ation of sta-tisti
al tests to determine the SSNSA is not appropriate.Another 
onsideration of interest is related to the 
har-a
teristi
s of the studied solar a
tivity time series whi
h
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an be 
lassi�ed as 
omposed of integer and dimensionlessdata, su
h as the International sunspot number, the num-ber of X-ray 
ares and the number of solar a
tive promi-nen
es, or 
omposed of non-integer and dimensional data,su
h as the H� 
are index, sunspot areas, Mount Wilsontotal magneti
 
ux and Kitt Peak averaged magneti
 
uxdensity. This se
ond 
onsideration is of paramount im-portan
e sin
e it 
onstrains the statisti
al tests that 
anbe applied to the above time series. The third 
onsidera-tion is that in all the studies about the N-S asymmetrywe only 
onsider the solar a
tivity 
orresponding to thevisible hemisphere.2.3. Statisti
al tests for dimensionless time seriesTo assess the SSNSA of solar a
tivity time series, we dis-tinguish between integer and dimensionless time series,non-integer and dimensionless time series, and non-integerand dimensional time series. In the 
ase of integer anddimensionless time series we have applied the followingstatisti
al tests:1. Binomial distribution: When the data re
ords of the
onsidered time series are integer numbers, the bino-mial formula (Larson, 1982) 
an be used to 
omputethe probability of obtaining any parti
ular distribu-tion of n obje
ts into two 
lasses. In our 
ase, these two
lasses 
orrespond to North and South hemispheres (Nand S). The binomial formula is given byP (r) = n!r!(n� r)!pr(1� p)n�r;where n is the number of obje
ts in both 
lasses, r isthe number of obje
ts in a parti
ular 
lass, and p isthe probability asso
iated with that parti
ular 
lass,in our 
ase 0:5. An alternative way (Wilson, 1987) isto des
ribe the probabilities using the di�eren
e d =jr � (n � r)j with P (d) = 2 � P (r) for all P (r) ex
eptwhen d = 0, and P (� d) is given byP (� d) = nXi=d P (i):In general, when P (� d) > 10% this implies a statisti-
ally insigni�
ant result; when 5% < P (� d) < 10% itis marginally signi�
ant; when 1% < P (� d) < 5%we have a statisti
ally signi�
ant result and whenP (� d) < 1% the result is highly signi�
ant.2. Ex
ess: An approximation to 
ompute P (� d) is theEx
ess (Reid, 1968; Wilson, 1987), whi
h is a mea-sure proportional to the un
ertainty, 
omputed asd(n=2)�1=2, where d = jN�Sj is the positive di�eren
ebetween the two hemispheres and n is the total quan-tity 
orresponding to both hemispheres. The equiva-len
e of Ex
ess and P (� d) is given by: Ex
ess < 2with P (� d) > 10%; 2 < Ex
ess < 3 with 5% < P (�d) < 10%; 3 < Ex
ess < 4 with 1% < P (� d) < 5%and 4 < Ex
ess with P (� d) < 1%.

3. Normal approximation to the Binomial distribution:Another way to study the statisti
al signi�
an
e of anasymmetry time series is to 
onsider the normal distri-bution as an approximation of the binomial distribu-tion (Larson, 1982). In this 
ase, the normal distribu-tion has the same mean � = np and standard deviation� = pnp(1� p) as the binomial distribution. Then,we have 
onsidered the standard normal distributionwith p = 0:5 Z = X � �� = N � Sp(N + S) :To test the SSNSA of our time series, we have 
ountedthe number of events in whi
h the statisti
 Z lies indi�erent intervals 0 � Z � 0:01 or 0:99 � Z � 1, whi
hindi
ate that the asymmetry is highly signi�
ant.4. Pearson's 
hi-square test (�2): For this goodness of �t
omputation (Larson, 1982), the data are divided intok 
lasses and the test statisti
 is de�ned as�2 = kXi=1 (Oi �Ei)2Ei ;where Oi represents the observed frequen
y and Ei theexpe
ted (theoreti
al) frequen
y, asserted by the nullhypothesis H0. In our 
ase, H0 is that the observeddata follow a binomial distribution with p = 1=2. Soour statisti
 is:�2 = 2Xi=1 (Ni � npi)2npi = (N � S)2N + S :The obtained test statisti
 is then 
ompared with a 
hi-square distribution �21;� with one degree of freedom,sin
e we only 
onsider two 
lasses. The signi�
an
elevel � is taken in su
h a way that when �2 � 0:01(highly signi�
ant asymmetry), 0:01 < �2 � 0:05 (sig-ni�
ant asymmetry), 0:05 < �2 � 0:1 (marginal asym-metry); 0:1 < �2 � 1 (insigni�
ant asymmetry).Probably, the most suitable test to be applied in orderto determine the SSNSA is the binomial distribution test.However, this test 
an only be applied when the data el-ements of the 
onsidered time series are integers, whi
h
onstrains its appli
ability to time series of solar a
tiv-ity made of the number of events happening in ea
h so-lar hemisphere. On the other hand, this test has to beused properly, as we now illustrate by 
onsidering two syn-theti
 time series 
orresponding to the North and Southhemispheres, respe
tively. Let us assume that we 
on-stru
t two time series 
omposed of 105 data points taken,for instan
e, at 
onse
utive Carrington rotations. In theNorthern hemisphere, the �rst 63 data points have a valueof 6 while the remaining 42 have a value of 4; in theSouthern hemisphere the �rst 63 data points have a valueof 4 and the remaining 42 have a value of 6. Song et al.(2005) 
onsider that for 63 rotations the northern hemi-sphere has been dominant and they take this quantity as
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al signi�
an
e North-South AsymmetryND �2 E P(d)7817 (93.6 %) 7749 (92.8 %) 7693 (92.1 %) 7728 (92.6 %)165 (1.9 %) 163 (1.9 %) 170 (2.0 %) 158 (1.9 %)91 (1.1 %) 70 (0.8 %) 180 (2.1 %) 85 (1.0 %)272 (3.2 %) 363 (4.3 %) 302 (3.6 %) 374 (4.5 %)Table 1. Surfa
e expressed in dm2. The labels of the 
olumns, from left to right, 
orrespond to the normal distributionapproximation to the binomial distribution, to the Pearson's 
hi-square test, to the Ex
ess, and to the binomial distribution.The rows, from top to bottom, 
orrespond to a highly statisti
ally signi�
ant result, a statisti
ally signi�
ant result, a marginallysigni�
ant result, and a statisti
ally insigni�
ant result. The numbers shown in ea
h 
olumn 
orrespond to the number of eventsand its 
orresponding per
entage with respe
t to the data re
ords of the 
onsidered time series.d while n has the value of 105. In this way the resultof the test is independent of the values of quantities inthe Northern and Southern hemispheres. Computing P (d)gives a value of 0:0252 (2:5%) whi
h suggests a strong sta-tisti
al signi�
an
e. However, a proper appli
ation of thebinomial distribution is based on determining the SSNSAof ea
h pair of values (North and South) 
orrespondingto the same Carrington rotation, evaluating, �nally, thenumber of pairs whose SSNSA is highly signi�
ant. Then,after applying this pro
edure to the above 
onsidered timeseries we obtain that P (d) is greater than 10% in all of the105 
ases. This means that the SSNSA of these syntheti
data points is insigni�
ant in all the Carrington rotationsas should be expe
ted from the small di�eren
e betweenthe Northern and Southern hemisphere values.In the 
ase of non-integer and dimensionless time se-ries, only the tests Ex
ess, Normal approximation to theBinomial distribution, and Pearson's 
hi-square test 
anbe applied.2.4. Statisti
al tests for non-integer and dimensionaltime seriesWhen the data are dimensional another problem appearsrelated to the 
onsidered units. In solar a
tivity time se-ries, the a

ura
y of the non-integer and dimensional datais determined by the measurement pro
ess, so the dataare trun
ated after some de
imal pla
es. One way to ob-tain integer data is to modify the units of the 
onsideredtime series, and to apply the statisti
al tests des
ribed inthe se
tion 2.3. Then, an interesting experiment is to 
on-sider what happens to the statisti
al signi�
an
e when theunits are modi�ed. A simple way to do this is to generatetwo syntheti
 time series, 
orresponding to Northern andSouthern hemispheres, made of non-integer and dimen-sional data. We have 
hosen two time series 
omposed ofdata re
ords representing surfa
es expressed in square me-ters up to two de
imal pla
es. These non-integer data 
anbe transformed to integer data by multiplying by 102 toobtain surfa
es in dm2, or by multiplying by 104 to ob-tain surfa
es in 
m2. To the resulting time series we haveapplied the tests of the previous se
tion and the results

are shown in Tables 1-2 whi
h point out that, when goingfrom dm2 to 
m2, the SSNSA 
hanges and in
reases. Theseresults suggest that transforming non-integer dimensionaldata to integer data by 
hanging the units modi�es thestatisti
al signi�
an
e. These results point out a diÆ
ultproblem be
ause when dealing with dimensional time se-ries the SSNSA will depend on the 
onsidered units, atleast when the above tests are used. Our problem now isto �nd a statisti
al test appli
able to non-integer and di-mensional time series, and whose results are independentof the 
onsidered units.2.5. The Student's t-testA suitable test satisfying the above 
onditions is the pairedStudent's t-test (Larson, 1982). The 
hara
teristi
 statis-ti
 t̂ is expressed ast̂ = PDi=nrPD2i�(PDi)2=nn(n�1) ;where Di is the di�eren
e of paired values and n repre-sents the number of elements that we have in ea
h of thegroups in whi
h we split the 
orresponding time series,n � 1 being the number of degrees of freedom. On
e thestatisti
 t̂ has been 
al
ulated, and taking into a

ountthe degrees of freedom, it is 
ompared with t̂n�1;� givenin statisti
al tables on a previously 
hosen probability �.The important feature of this test is that when the unitsare 
hanged, the same fa
tor appears in both the numer-ator and denominator, and the value of the t̂-statisti
 isnot modi�ed. This 
an be 
ke
ked using the surfa
e timeseries, in m2, dm2, and 
m2, 
onsidered in the previousse
tion. Then, taking n = 30 we obtain the same resultsfor the three time series i. e. the value of the statisti
 t̂ is:> 0:99 for 32:05% of the groups; between 0:95 and 0:99 for18:82% of the groups; between 0:9 and 0:95 for 14:70% ofthe groups; and smaller than 0:9 for 34:11% of the groups.Taking this feature into a

ount, the Student's test 
anbe very useful for the determination of the SSNSA of non-integer and dimensional time series.
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al signi�
an
e North-South Asymmetry 5ND �2 E P(d)8296 (99.4 %) 8293 (99.3 %) 8288 (99.3 %) 8293 (99.3 %)16 (0.2 %) 17 (0.2 %) 14 (0.1 %) 17 (0.2 %)8 (0.1 %) 2 (0.02 %) 15 (0.1 %) 2 (0.02 %)25 (0.3 %) 33 (0.4 %) 28 (0.3 %) 33 (0.4 %)Table 2. Surfa
e expressed in 
m2. Columns, rows and numbers in the rows have the same meaning as in Table 1.3. Results3.1. Results for integer and dimensionless time seriesThe statisti
al tests mentioned in se
tion 2.3 have beenapplied to the time series 
orresponding to the daily in-ternational sunspot number, the yearly number of solara
tive prominen
es and the daily number of X-ray 
ares,and the obtained results are displayed in Tables 3-5. InTable 3, the SSNSA 
orresponding to the daily interna-tional sunspot number is shown and a good agreementbetween the results obtained with the di�erent tests 
anbe seen. Also, the results show that the N-S asymmetryof the time series is only highly signi�
ant or statisti
allysigni�
ant on about 50 - 60 % of the 
onsidered days. InTable 4, the results obtained for the yearly number of so-lar a
tive prominen
es are shown. These results show astriking agreement in the statisti
al signi�
an
e betweenthe di�erent tests, and suggest that the N-S asymmetry ishighly signi�
ant in about 85 % of the 
onsidered years.In Table 5, the results for the daily number of solar X-ray
ares are shown. These results indi
ate a very low statis-ti
al signi�
an
e (between 3 - 7 % of the days) for the N-Sasymmetry for this time series, whi
h suggests that thissolar a
tivity feature displays no signi�
ant N-S asymme-try.3.1.1. E�e
t of data binningWe study the e�e
t of binning data on the statisti
al sig-ni�
an
e. We have binned the time series 
orrespondingto the international sunspot number and X-ray 
are inbins of 10, 20, 30, 40, 50 and 60 days. The same statisti
altests as in previous se
tion have been applied to these newtime series and in Figs 1-2 the SSNSA versus the numberof days per bin is plotted. Binning data modi�es the sta-tisti
al signi�
an
e, and the general trend is an in
reaseof the SSNSA. If one starts from two north and southdaily time series and 
omputes the SSNSA, the obtainedresults would be di�erent from those obtained by binningthe times series for Carrington rotation and 
omputing,again, the statisti
al signi�
an
e. In order to 
ompute ameaningful statisti
al asymmetry, what is the appropiatedata binning, if any, to be 
onsidered?

Fig. 1. SSNSA of the international sunspot number time seriesversus the number of days per bin for the binomial distribution(dash - dot line); Ex
ess (dashed line); normal approximationto the binomial distribution (solid line); and Pearson's 
hi-square test (dotted line).3.2. Results for non-integer and dimensionless timeseriesThe only 
onsidered solar a
tivity time series whose datare
ords are non-integer and dimensionless is that of hemi-spheri
 sunspot numbers. To this time series we have ap-plied the tests given in se
tion 2.5. The results are shownin Table 6, whi
h shows that there is a strong agreementbetween the statisti
al signi�
an
es obtained from the dif-ferent tests. Furthermore, the results indi
ate that the N-Sasymmetry of hemispheri
 sunspot numbers is highly sig-ni�
ant in about 60 % of the 
onsidered days.3.3. Results for non-integer and dimensional timeseriesHere, the Student's t-test des
ribed in se
tion 2.5 hasbeen applied. We have 
hosen � = 0:01 and n = 30,whi
h means that for sunspot areas we have 
onsidereredgroups of 30 months; for the H� 
are index, groups of30 days; and for the Mount Wilson total magneti
 
uxand the Kitt Peak averaged magneti
 
ux density, groupsof 30 Carrigton rotations. Table 6 shows the results forthe SSNSA and in the 
ase of sunspot areas, only 14%
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al signi�
an
e North-South AsymmetryND �2 E P(d)2608 (59.2 %) 2463 (55.9 %) 2307 (52.3 %) 2398 (54.4 %)451 (10.2 %) 410 (9.3 %) 449 (10.2 %) 394 (8.9 %)220 (5.0 %) 186 (4.2 %) 440 (10 %) 198 (4.5 %)1128 (25.6 %) 1348 (30.6 %) 1211 (27.5 %) 1417 (32.2 %)Table 3. Daily international sunspot number. Columns, rows and numbers in the rows have the same meaning as in Table 1.ND �2 E P(d)36 (85.7 %) 36 (85.7 %) 35 (83.3 %) 35 (83.3 %)0 (0 %) 1 (2.4 %) 1 (2.4 %) 1 (2.4 %)2 (4.8 %) 0 (0 %) 2 (4.8 %) 0 (0 %)4 (9.5 %) 6 (14.3 %) 4 (9.5 %) 6 (14.3 %)Table 4. Yearly number of a
tive solar prominen
es. Columns, rows and numbers in the rows have the same meaning as inTable 1. ND �2 E P(d)646 (7.5 %) 386 (4.5 %) 277 (3.2 %) 277 (3.2 %)1250 (14.6 %) 834 (9.7 %) 689 (8.0 %) 439 (5.1 %)1100 (12.8 %) 676 (7.9 %) 1703 (19.9 %) 394 (4.6 %)5568 (65 %) 6668 (77.8 %) 5895 (68.9 %) 7454 (87.0 %)Table 5. Daily number of X-ray 
ares. Columns, rows and numbers in the rows have the same meaning as in Table 1.
Fig. 2. SSNSA of the number of X-ray 
are time series versusthe number of days per bin for the binomial distribution (dash- dot line); Ex
ess (dashed line); normal approximation to thebinomial distribution (solid line); and Pearson's 
hi-square test(dotted line).of the thirty- month groups are signi�
ant at the 99%

level; in the 
ase of the H� 
are index only 32% of thethirty-day groups are signi�
ant at the 99% level; in the
ase of the Mount Wilson total magneti
 
ux only 43%of the thirty Carrington rotation groups are signi�
ant atthe 99% level; and in the 
ase of the Kitt Peak averagedmagneti
 
ux density only 48% of the thirty Carringtonrotations groups are signi�
ant at the 99% level. However,an important point to be 
onsidered when applying thistest is the value 
hosen for n. We 
an highlight this pointby 
onsidering di�erent values for n, and repeating theabove 
al
ulations. In Fig. 3 the SSNSA versus n, numberof elements in ea
h group, has been plotted, and it 
anbe seen that the signi�
an
e in
reases with n. Thus the
hoi
e of the value of n is important be
ause it determinesthe signi�
an
e of the asymmetry, modifying it when n ismodi�ed.Another interesting situation is the 
ase of solar a
-tivity time series showing 
onse
utive episodes with al-ternate dominan
e between hemispheres. Assume, for in-stan
e, that we have a time series, 
orresponding to theNorthern hemisphere, su
h as:North = 60; 60; 60; 60; 60;60;2; 3; 4;5;6;7; 60; 60; 60; 60;60;
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e North-South Asymmetry 7ND �2 E P(d)13025 (64.83 %) 12348 (61.46 %) 11547 (57.46 %) -1934 (9.62 %) 1694 (8.43 %) 2061 (10.25 %) -1076 (5.35 %) 917 (4.56 %) 2042 (10.16 %) -4055 (20.18 %) 5131 (25.54 %) 4440 (22.10 %) -Table 6. Daily hemispheri
 sunspot numbers. Columns, rows and numbers in the rows have the same meaning as in Table 1.Sunspot areas H� Flare Index MW magneti
 
ux KP magneti
 
ux33 % 32 % 50 % 58 %Table 7. Student's t-test. The numbers in the row de�ne the per
entage of groups of ea
h time series that are statisti
allyhighly signi�
ant (t � 0:99). The value of n in the Student's t-test formula is 30.
Fig. 3. Student's t-test: SSNSA of sunspot area (solid line),H� 
are index (dotted line), Mount Wilson total magneti
 
ux(dash - dot line), and Kitt Peak averaged magneti
 
ux density(dashed line), versus the number (n) of elements in ea
h group.60; 2; 3; 4; 5; 6;7;60;60;60;60;60;60;2;3;4; 5; 6;7and another one, 
orresponding to the Southern hemi-sphere, su
h as:South = 1; 2; 3; 4; 5; 6;60;60;60;60;60; 60; 1;2;3; 4; 5; 6;60;60; 60; 60; 60; 60; 1; 2;3;4; 5; 6; 60; 60; 60; 60; 60; 60representing an extreme 
ase of 
onse
utive strong asym-metry between hemispheres. First, we take n = 6 anddetermine the SSNSA between time series, obtaining thatit is highly signi�
ant (t � 0:99) for the six groups. Next,we 
onsider n = 12 and we determine, again, the SSNSA,obtaining that the asymmetry in this 
ase is not signif-i
ant at all (t < 0:9) for the 3 groups generated. Thisexample points out the e�e
t of the 
hosen n sin
e in the
ase n = 6 the test dete
ts the asymmetry between hemi-spheres, however, in the 
ase n = 12 the test is unable to

dete
t the asymmetry sin
e in this 
ase the numerator ofthe statisti
 t̂ is almost zero. Then, in extreme 
ases, su
has the one illustrated above, a null result 
an be mislead-ing sin
e it 
ould mean that the value of n 
orrespondsto a dominan
e of the Northern hemisphere followed bya dominan
e of the Southern hemisphere, and so on. Oneway to avoid this problem is to 
onsider jDij instead of Diin the numerator of the statisti
 t̂. Then, using this 
on-sideration in the 
al
ulations of the SSNSA of the abovesyntheti
 series with n = 12, we obtain that all the groupsare highly signi�
ant (t � 0:99), as one expe
ts due to thebehaviour of the asymmetry between hemispheres.3.4. Dependen
e of the SSNSA on the solar 
y
lephaseThe results shown in Tables 3-7 
orrespond to the SSNSAof solar a
tivity time series spanning di�erent time inter-vals that 
over di�erent phases of the solar a
tivity 
y
le.Due to the di�eren
e in the 
overed time intervals, thesetime series only overlap during a few solar 
y
les. In or-der to study the behaviour of the SSNSA with the phaseof the solar 
y
le we have 
onsidered the Northern andSouthern daily number of X-ray 
ares and the Northernand Southern daily hemispheri
 sunspot number time se-ries. The �rst time series 
overs three solar 
y
les and these
ond 
overs six solar 
y
les, and they overlap during theperiod 1976�2004. We have split ea
h time series as manytimes as possible using the following 
riterion: From themiddle of the des
ending phase of one solar 
y
le to themiddle of the as
ending phase of the following solar 
y
le,
overing the minimumof solar a
tivity, and from the mid-dle of the as
ending phase to the middle of the des
endingphase of the same solar 
y
le, 
overing the maximum ofsolar a
tivity. In this way, we obtained 5 and 11 shortertime series for the daily number of Northern and SouthernX-ray 
ares and daily hemispheri
 sunspot numbers, re-



8 Carbonell et al.: Statisti
al signi�
an
e North-South Asymmetryspe
tively. Then, we applied to both time series the statis-ti
al tests of se
tion 2.5, ex
ept the binomial distributiontest, be
ause the daily hemispheri
 sunspot numbers isa non-integer time series. The results obtained applyingthe Ex
ess test to the daily hemispheri
 sunspot num-ber time series are shown in Figure 4. This �gure showsthe di�eren
es between the SSNSA around the maximumand the minimum of solar a
tivity and, although they arenot large, a systemati
 di�eren
e appears: the SSNSA isalways higher around the minimum of solar a
tivity. Ithas been pointed out (Swinson et al. 1986; Vizoso andBallester, 1990) that the North-South asymmetry of solara
tivity rea
hes very high values around the minimum ofsolar a
tivity, thus, if only a few sunspot groups appear onthe Sun and all them are in the same hemisphere, the valueof the asymmetry and the SSNSA would be very high.However, around the maximum of solar a
tivity, sunspotgroups are more evenly distributed between hemispheresgiving pla
e to a lower asymmetry and SSNSA. This 
ouldbe an explanation for the dependen
e of the SSNSA on thesolar 
y
le phase.A similar behaviour appears for the 
ase of the dailynumber of X-ray 
are time series, although in this 
asethe SSNSA in any 
onsidered phase of the solar 
y
le isvery low, su
h as 
an be expe
ted due to the low SSNSAobtained when this time series is 
onsidered as a whole(see Table 5). The results obtained with the rest of testsare similar to those shown in Figure 4.
Fig. 4. SSNSA of the daily hemispheri
 sunspot numbers ver-sus solar 
y
le. Triangles denote the SSNSA around the maxi-mum of solar a
tivity. Squares denote the SSNSA around theminimum of solar a
tivity.4. Con
lusionsWe have dis
ussed the diÆ
ulties en
ountered when tryingto assess the SSNSA of the most 
ommon solar a
tivitytime series. We have found that in the 
ase of integer ornon-integer and dimensionless data sets several statisti
al

tests su
h as the binomial distribution, normal approxi-mation to the binomial distribution, 
hi-square test andEx
ess 
an be used, however, the obtained results stronglydepend on the data binning applied. On the other hand,when non-integer and dimensional data are 
onsidered, astatisti
al test independent of the units 
an be used, theStudent's t-test, but the obtained results depend again onthe value 
hosen for the binning. Our results also suggestthat there is a systemati
 di�eren
e between the valuesof the SSNSA around the maximum and the minimum ofsolar a
tivity, whi
h suggests that there is a dependen
eof the SSNSA on the solar 
y
le phase.Taking into a

ount these results, how 
an we assessthe SSNSA? It seems that a de�nitive answer 
annot begiven be
ause in one 
ase it strongly depends on the databinning performed using, mostly, our terrestrial 
alendar(days, months, Carrington rotation, years, solar 
y
les,et
.) while solar a
tivity does not 
are about it, and inthe other 
ase the answer depends on the number of el-ements in ea
h 
onsidered group. In the 
ase of integeror non-integer and dimensionless time series, the lengthof the bin should help to reveal physi
ally meaningful re-sults. Thus, for a dataset of daily values to take n = 30would be appropiate sin
e this would 
orrespond to aboutone solar rotation. Furthermore, if one wants to obtainsome information about phases of solar a
tivity su
h asthe as
ending or the des
ending bran
h of the solar 
y
le,or about the period around the maximumor the minimumof solar a
tivity, then the length of the bin has to be 
hosenin agreement with the time intervals under study. These
onsiderations 
ould also be applied to the 
ase of non-integer and dimensional time series be
ause when usingthe Student's t-test we also need to make a 
hoi
e for thevalue of n, the number of elements in ea
h of the groupsin whi
h we split the dataset. Thus, a visual inspe
tion oftime series is not appropriate to as
ertain the N-S asym-metry of solar a
tivity time series but, on the other hand,to determine an absolute value of the SSNSA is diÆ
ult,worsened by the fa
t that the re
ords of solar a
tivity arenot independent.All the results obtained up to now on the SSNSA of dif-ferent solar a
tivity time series by di�erent authors mustbe 
onsidered with 
are, as must be the studies performedof the behaviour of the N-S asymmetry of di�erent solara
tivity features whi
h assume that there is a real andsigni�
ant asymmetry between hemispheres.5. A
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