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All the active regions observed on the Sun with the Mount-Wilson magnetograph between August 
1959 and December 1962 have been given magnetic classifications in a system similar to the Mount-
Wilson sunspot-classification scheme. The flare productivity of regions classified as unipolar, bipolar, 
and complex bipolar, as well as regions composed of multiple bipolar components has been studied. 
It has not been necessary to provide a classification corresponding to the y class of sunspots. Although 
the relatively poor angular resolution employed in the magnetograms limits somewhat the accuracy 
of the data, it is clear that both complex bipolar regions and regions with multiple bipolar components 
produce more than three times the number of flares than the simple bipolar regions produce. The 
most flare-productive class of regions is the reversed polarity complex classification. 

The statistical relation of the spot magnetic-field classification to the classification of the corre­
sponding plage fields has been studied and found to be poor for these data. 

The distribution of the magnetic regions in latitude shows that many of the regions with polarities 
reversed from the usual orientation are confined to the equatorial zone. 

I n 1963, we began a pro jec t of s tudy ing a n d classifying m a g n e t i c r eg ions a n d c o m ­
p a r i n g these m a g n e t i c r eg ions wi th s u n s p o t s , p l ages , a n d flares. T h e M o u n t - W i l s o n 
m a g n e t o g r a m s used in th i s s t udy were t he w h o l e disk da i ly m a p s m a d e d u r i n g the 
pe r iod A u g u s t 1959 t o D e c e m b e r 1962. These m a g n e t o g r a m s c o n t a i n t h e long i tud ina l 
field c o m p o n e n t be low a b o u t 100 gauss , a n d h a v e a r e so lu t i on of 23 sec of a rc . 

A sys tem for classifying m a g n e t i c r eg ions s imi lar t o t h e o n e we a d o p t e d for th is 
w o r k w a s devised i n d e p e n d e n t l y by M a r t r e s , M i c h a r d , a n d Soru- I scovic i in 1966 
based o n o b s e r v a t i o n s m a d e a t M e u d o n . T h e M a r t r e s , M i c h a r d , a n d Soru-Iscovic i 
sys tem is surpr is ingly s i m i l a r t o o u r s , even t h o u g h they were w o r k i n g p r imar i ly wi th 
magnet ic-f ie ld m e a s u r e s of s u n s p o t s , a n d b r i g h t p lage whi le we w e r e w o r k i n g wi th m a g ­
n e t o g r a m s of p l age a n d s u r r o u n d i n g w e a k e r fields. 

Ini t ia l ly , w e t r i ed t o a d a p t t h e M o u n t - W i l s o n classif icat ion sys tem for sunspo t 
g r o u p s t o t h e w e a k fields obse rved o n t h e m a g n e t o g r a m s . After a p p l y i n g th i s system to 

* Presented by S. Smith. 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 3 3 - 4 2 . r I.A.U. 
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several m o n t h s of d a t a , it b e c a m e ev iden t t h a t the sys tem did n o t a d e q u a t e l y dis t in­
gu ish t h e s i tua t ions obse rved in w e a k fields of low reso lu t ion . The re fo re , a modif ied 
sys tem e m p l o y i n g new def ini t ions w a s deve loped . All of t h e r eg ions o b s e r v e d be tween 
A u g u s t 1959 a n d D e c e m b e r 1962 were s tud ied us ing t h e modif ied s u n s p o t g r o u p -
classif icat ion sys tem. After ga in ing a d d i t i o n a l famil iar i ty wi th t h e charac te r i s t i cs of 
m a g n e t i c r eg ions a n d the i r c o r r e s p o n d e n c e wi th plages , still o t h e r modi f i ca t ions to t h e 
classif ication scheme seemed t o be des i rab le . 

2 . The Classification of Regions 

T h e sys tem which we d i scuss in th i s pape r , we have found to be a p rac t ica l one , 
a l t h o u g h it is l ikely t h a t we will m a k e m o r e modi f i ca t ions t o it in t h e fu ture . T h i s 
sys tem is descr ibed in T a b l e 1 a n d i l lus t ra ted in F igures 1 a n d 2 . In th i s sys tem all 

Table 1 

Magnetic Region Classifications 
Definition 

Simple bipolar region 
Simple bipolar region with one polarity partially encircling the opposite 
polarity 
A simple bipolar region with an area of opposite polarity embedded in 
one or both of the main bipolar components of the region 
Bipolar region with a peninsula of one polarity extending into the 
opposite polarity 
Bipolar region with the characteristics of both a B C and a BS region. 
Bipolar region with the characteristics of both a B Y and a BS region. 
T w o adjacent simple bipolar regions not clearly distinguishable as 
separate plages 
A BB region with any of the C, Y or S characteristics 
T w o adjacent simple bipolar regions distinguished as separate plages 
T w o adjacent bipolar regions which were distinguished as separate 
plages but including any of the C, Y, or S characteristics 
Three closely spaced B regions of any complexity 
N o classification given - poor data 

G r e e k a n d lower-case le t ter d e s i g n a t i o n s have been r ep l aced w i th R o m a n cap i ta l 
l e t t e r s w h i c h a r e c o m p a t i b l e w i t h c o m p u t e r l anguages . I n F i g u r e 1, sol id l ines r e ­
p r e s e n t pos i t ive p o l a r i t y a n d d a s h e d l ines r ep resen t nega t ive po l a r i t y . I n t h e u p p e r 
left c o r n e r of the figure is a n e x a m p l e of t he m o s t c o m m o n class of m a g n e t i c r eg ion 
a s soc i a t ed wi th p lages . T h e le t ter de s igna t ion is B m e a n i n g s imple b i p o l a r r eg ion . 
T h i s c lass c o r r e s p o n d s exact ly t o t h e Sn class in t h e M a r t r e s , M i c h a r d , Soru- Iscovic i 
sys tem ( M M S ) . I n the u p p e r r igh t of F i g u r e 1, BC rep re sen t s a b i p o l a r r eg ion in which 
o n e po la r i ty is par t ia l ly enci rc led by t h e oppos i t e po la r i ty . Th i s s i t ua t ion often occurs 
w h e n a new reg ion d e v e l o p s in a m u c h older reg ion a n d , the re fore , c o r r e s p o n d s mosl 

Designation 

B 

BC 

BS 

B Y 

BCS 
B Y S 
BB 

B B C 
B - B 
BCB 

BBB 
X 
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BS - 3 DEC 1959 BY - II SEP I960 

F I G . 1. B = bipolar region; C = one polarity partially encircling opposite polarity; S = island of 
one polarity amidst opposite polarity; Y = a peninsula of one polarity extending into opposite polarity. 

closely to t he C a class in t h e M M S sys tem. In t he lower left of F i g u r e 1, BS represen t s 
a b ipo la r r eg ion w i th o n e o r m o r e i s lands of o p p o s i t e po l a r i t y in e i the r t h e lead ing o r 
fol lowing po l a r i t y of t h e r eg ion . T h i s class is exact ly a n a l o g o u s t o t h e C p class in t he 
M M S sys tem. T h e e x a m p l e of t h e B Y class in t he lower r igh t o f F i g u r e 1 is a reg ion in 
which a p e n i n s u l a of o n e po la r i t y ex t ends i n to t h e o p p o s i t e po l a r i t y . T h e r e is n o exac t 
equ iva len t for t h e B Y class in t h e M M S sys tem. W e a l so use B C S a n d B Y S des igna­
t i ons t o refer t o a m o r e c o m p l e x s i tua t ion . T h e r e a r e n o c o u n t e r p a r t s for these in t he 
M M S sys tem. 

F igure 2 s h o w s t h r e e e x a m p l e s of 'mu l t ip l e b ipo l a r r e g i o n s ' . T h e s e a r e t w o o r m o r e 
b ipo la r r eg ions wh ich a r e sufficiently close t o g e t h e r t h a t a t least a t s o m e t ime d u r i n g 
t h e disk pas sage , t h e y a r e cons ide red t o be one p lage . In t h e u p p e r left BB represen t s 
t w o s imple b ipo l a r r eg ions . In t he u p p e r r igh t BBB is used t o des igna t e t h r ee o r m o r e 
r eg ions of a n y degree of complex i ty found in B, B C , BS, a n d BY reg ions . I n t he lower 
left B B C refers t o a d o u b l e b i p o l a r c o m p l e x reg ion , a lso wi th a n y of the degrees of 

https://doi.org/10.1017/S0074180900021276 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021276


36 S A R A F . S M I T H A N D R O B E R T H O W A R D 

F I G . 2. BB = two adjacent bipolar regions; BBB = three adjacent bipolar regions; BBC = two 
adjacent bipolar regions more complex than a BB region; RB = reversed polarity simple bipolar region. 
All of these regions appeared in the Southern Hemisphere. 

c o m p l e x i t y as in the e x a m p l e s in F i g u r e 1. Las t ly , in t h e lower r igh t R B s t a n d s for a 
s imple reversed p o l a r i t y m a g n e t i c r eg ion . All of t he r eg ions in F i g u r e 2 a re S o u t h e r n -
H e m i s p h e r e r eg ions so t h a t t h e i n t e r c h a n g e d po la r i t i e s of th i s r eg ion a re s h o w n in 
c o m p a r i s o n w i th t h e n o r m a l conf igu ra t ion for th i s h e m i s p h e r e a n d solar cycle. 
R e v e r s e d p o l a r i t y r e g i o n s a p p e a r t o be s imilar t o all o t h e r r eg ions except for th i s 
p o l a r i t y reversa l . Reve r sed p o l a r i t y r eg ions m a y be of a n y degree of complex i ty . T h e y 
w e r e i so la ted in th i s c lass i f icat ion sys tem b y p lac ing a n R in f ron t of t h e r egu la r 
c lassif icat ion. 

I n a d d i t i o n t o these c lasses of m a g n e t i c r eg ions t he re a r e a l so pos i t ive a n d negat ive 
' A ' r eg ions o r a r e a s of single p o l a r i t y . I n all k n o w n cases these r eg ions a r e s imply old 
r e m n a n t s of b ipo la r r eg ions . A n ' A ' r eg ion a s defined here is a n i so la ted fea ture of 
o n e po la r i t y a n d b e a r s n o r e l a t i o n t o t he U M reg ions obse rved o n synop t i c c h a r t s . 
A l s o , a large n u m b e r of r eg ions were classified as X to ind ica te t he classification was 
u n k n o w n because of p o o r d a t a . 
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T h e M M S sys tem c o n t a i n s t w o classes, Si a n d Cy, wh ich a re n o t equ iva len t t o a n y 
of the classes in o u r sys tem. Si r ep resen t s reg ions whose polar i t ies a re a b n o r m a l l y 
incl ined such as t h o s e in wh ich t h e l ead ing po la r i ty is N o r t h of t h e fol lowing po la r i t y 
ins tead of Wes t of t h e fo l lowing po la r i t y . Th i s w o u l d be a g o o d a d d i t i o n t o o u r sys tem 
since these r eg ions w o u l d cons is t of a n i n t e r m e d i a t e class be tween B a n d R B reg ions . 
T h e Cy c lass in t h e M M S sys tem is a reg ion , l ike t h e M o u n t - W i l s o n y class of sun-
spots , hav ing the po la r i t i e s very mixed . Since we have several m o r e classes for de ­
scr ib ing complex conf igu ra t ions we find n o need for such c o m p l e x y c lass . 

3 . Statistical Characteristics of Magnet ic Regions 

In F igure 3 is s h o w n the d i s t r i b u t i o n of m a g n e t i c r eg ions a m o n g t h e va r ious classes. 
All the classif icat ions d iscussed in th i s p a p e r a re t he m o s t c o m p l e x class a t t a ined by a 
reg ion d u r i n g o n e d isk pas sage . Posi t ive a n d nega t ive A reg ions a r e t he m o s t n u m e r -

R B C 
R B S 
R B Y 

R B C S 
R B Y S 

R B B 
R B B C 
R B - B 
R B C B 

500 

NUMBER OF REGIONS 

FIG. 3. Distribution of magnetic regions by classification. Simple bipolar regions, B and BC, are 
the most common classes of young regions. AP and AN regions are remnants of old bipolar regions. 
Reversed polarity regions begin with R. X refers to regions not classified because of poor data. 

o u s . N e x t in f r equency a r e s imple b i p o l a r r eg ions , B a n d B C . T h e c o m p l e x r eg ions 
BS, B Y , B Y C , a n d B C S c o m p r i s e on ly 1 0 % of t h e en t i r e s a m p l e of over 1600 r eg ions 
classified o t h e r t h a n X o r A , a n d a re o u t n u m b e r e d by r eg ions c o m p o s e d of mul t ip le 
b ipo la r un i t s wh ich c o m p r i s e 1 9 % of t he s a m p l e . Leas t f r equen t a r e reversed po la r i ty 
reg ions wh ich a l t o g e t h e r c o m p r i s e less t h a n 5 % of t h e s a m p l e . 

I n F igure 4, we c o m p a r e t h e relat ive d i s t r ibu t ion of s u n s p o t g r o u p s with t he distr i -
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F I G . 4. Distribution of magnetic regions associated with sunspots compared to the distribution of 
sunspots. Sunspot classes do not correspond exactly to the magnetic-region classes. It is evident, 
however, that the magnetic regions contain a larger percentage of complex regions than the sunspot data. 

b u t i o n of on ly t h o s e m a g n e t i c r e g i o n s assoc ia ted wi th s u n s p o t g r o u p s . I n th i s g r a p h 
t h e m a g n e t i c r eg ions a r e c o m b i n e d in to t h e ca tegor ies wh ich m o s t nea r ly c o r r e s p o n d 
t o t h e s u n s p o t - g r o u p classif icat ions. F o r t he classes a + , a - a n d /?, t h e s u n s p o t 
r e g i o n s far o u t n u m b e r t h e m a g n e t i c r eg ions of s imi lar c lass which a r e assoc ia ted wi th 
s u n s p o t s . H o w e v e r , in all of t h e c o m p l e x classes, t he c o m p l e x m a g n e t i c r eg ions o u t ­
n u m b e r the complex s u n s p o t g r o u p s . T h e r e were n o s u n s p o t s g r o u p s classified as 
reversed for a n en t i re d i sk p a s s a g e d u r i n g th is per iod . It is ev iden t f rom th i s g r a p h 
t h a t t h e r e is n o t a 1:1 c o r r e s p o n d e n c e be tween s u n s p o t s classes a n d m a g n e t i c r eg ions 
classes . 

A g r e a t m a n y m a g n e t i c r eg ions a r e assoc ia ted wi th m o r e t h a n o n e s u n s p o t g r o u p . 
T h e ac tua l co r r e l a t i on b e t w e e n s u n s p o t s a n d m a g n e t i c r eg ions is dep ic ted in F igu res 
5 a n d 6. F i r s t , in F igu re 5, w e c o n s i d e r t h o s e cases in wh ich t he r e was o n l y o n e sun -
s p o t g r o u p p e r m a g n e t i c r eg ion . O n t h e h o r i z o n t a l axis in F i g u r e 5, t he s u n s p o t c lasses 
a r e s h o w n in five g r o u p s . /?p, a n d /?f a re all s imple b i p o l a r r eg ions . Because t h e r e 
a r e so few /fy a n d y spo t g r o u p s we cons ide r t h e m toge the r a s c o m p l e x s u n s p o t g r o u p s , 
a 4- a n d a — a re cons ide red t o g e t h e r a s u n i p o l a r s u n s p o t s . T h e r e were n o reversed 
p o l a r i t y s p o t s in th i s s a m p l e even t h o u g h t he r e were 37 reversed po l a r i t y m a g n e t i c 
r eg ions . Las t ly , t he re a r e s o m e classified a s X for u n k n o w n because of lack of d a t a . 

O n t h e ver t ical ax is is t h e d i s t r i b u t i o n of s u n s p o t classes a m o n g s imi la r g r o u p i n g s 
of t h e m a g n e t i c reg ion classes. T h e p r i m a r y r e a s o n for th is a r r a n g e m e n t is t o s h o w 
t h a t t h e co r re l a t ion be tween s u n s p o t classification a n d magne t i c - r eg ion classifi-
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MT WILSON SUNSPOT GROUP CLASSIFICATIONS 

F I G . 5. Distribution of sunspots groups among groups of magnetic-region classes for only those 
cases in which one sunspot group corresponded to one magnetic region. Complex sunspot groups tend 
to be associated with complex magnetic regions but the converse is not true. 

0 /By a + 

MT. WILSON SUNSPOT GROUP CLASSIFICATIONS 

F I G . 6 . Distribution of sunspot groups among groups of magnetic regions for those cases in which 
more than one sunspot group corresponded to one magnetic region. The correlation between sunspot 
classification and magnetic-region classification is seen to be poor. 
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c a t i o n is p o o r . Exc lud ing t h e ' A ' m a g n e t i c reg ion classification, a p p r o x i m a t e l y 6 0 % 
of t h e sunspo t s g r o u p s a s soc ia t ed w i th a n y m a g n e t i c r eg ion class a r e s imple b ipo la r 
g r o u p s ; a p p r o x i m a t e l y 3 0 % a r e u n i p o l a r spo t s g r o u p s ; a n d 1 0 % o r less a r e c o m p l e x 
s u n s p o t g r o u p s . T h e la rge n u m b e r of A P a n d A N reg ions a m o n g the ^ - s u n s p o t classes 
m a y a l so be d u e in p a r t t o i n s t r u m e n t a l e r r o r s . 

I n a d d i t i o n , in F igu re s 5 a n d 6, t he r e a r e a few significant de ta i l s . A l t h o u g h t h e 
n u m b e r of c o m p l e x s u n s p o t g r o u p s , /fy a n d y, is relat ively smal l , it is c lear t h a t these 
g r o u p s a r e a l m o s t inva r i ab ly a s soc ia t ed wi th c o m p l e x m a g n e t i c - r e g i o n classes , r a t h e r 
t h a n w i th t h e s imple classes l abe led A P , A N , B , o r B C . W h e n we cons ide r t h e cases 
a s in F igu re 6 in which m o r e t h a n o n e s u n s p o t g r o u p is a s soc ia t ed wi th o n e m a g n e t i c 
r eg ion , t he degree of c o r r e l a t i o n is even less, a s is ev idenced by t h e m o r e un i fo rm 
he igh t of each b a r w i th in each s u n s p o t g r o u p . T h e s u n s p o t g r o u p classes a r e ave rages 
for a c o m p l e t e d isk pas sage . T h e magne t i c - r eg ions classes a r e t h e m o s t c o m p l e x class 
for a c o m p l e t e d isk pa s sage of t h e fea tures . A prefe rab le w a y t o m a k e such a co r r e ­
l a t i on wou ld be t o use da i ly classif icat ions r a t h e r t h a n single va lues for a disk passage . 

F i g u r e 7 shows the d i s t r i bu t i on of flares of va r i ous i m p o r t a n c e s a m o n g t h e m a g n e t i c -
r eg ions classifications. I n t h i s figure, flare p roduc t iv i t y r ep re sen t s t h e to ta l n u m b e r of 
flares of each i m p o r t a n c e pe r r eg ion , w h e r e it is u n d e r s t o o d t h a t o n e r eg ion r ep resen t s 

, 6 i I I C Z D IMP i-

ESS IMP 1,1 + 
E » IMP 2,2 + 

, 4 ' • • IMP 3 ,3+ 

MAGNETIC CLASS OF REGIONS 

F I G . 7 . Complex reversed polarity magnetic regions were the most flare-productive regions during 
this period, Aug. 1959 to Dec. 1962. All complex regions were three times as flare productive as simple 
bipolar regions B, BC, and RB, RBC. 
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o n e disk passage of a m a g n e t i c fea ture . On ly t he i m p o r t a n c e - I flares c a n be cons id ­
ered to be a re l iable s ta t is t ical s amp le . M o s t i m p o r t a n t t o n o t e in th i s figure is t h a t t he 
reversed po la r i t y c o m p l e x r eg ions a r e by far t he m o s t f l a re -produc t ive reg ion classi­
f icat ion. Th i s gives u s a n o t h e r i m p o r t a n t p a r a m e t e r in t h e sea rch for too l s for flare 
p red ic t ion . Also i m p o r t a n t a r e t h e c o m p l e x b ipo la r reg ions a n d mul t ip le b ipo l a r 
r eg ions which a re seen to be a p p r o x i m a t e l y th ree t imes a s flare p r o d u c t i v e as s imple 
b ipo la r reg ions . 

W e invest igated t h e l a t i tude d e p e n d e n c e of r eg ions of v a r i o u s classif icat ions. S o m e 
of these resul ts a re s h o w n in F igu re 8. A fea ture t o n o t e is t he d i s t r i b u t i o n of reversed 
po la r i t y r eg ions re la t ive t o B r eg ions . T h e m e a n l a t i t ude in t h e N o r t h o r t h e S o u t h for 
t h e reversed reg ions is definitely shifted t o w a r d the e q u a t o r . T h e p r e p o n d e r a n c e of 
N o r t h e r n - H e m i s p h e r e r eg ions is reflected in all of t he m a g n e t i c classes except for t he 
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L A T I T U D E OF THE S U N IN D E G R E E S 

F I G . 8 . Distribution of magnetic regions on the sun, Aug. 1959 - Dec. 1962. Reversed polarity 
magnetic regions are the only class of magnetic regions which tend to occur most frequently within 10" 
of the solar equator. 
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A (un ipo l a r ) reg ions . ' A ? r eg ions have a un i fo rm d i s t r ibu t ion which ex tends to higher 
l a t i t udes t h a n the d i s t r i bu t ion of s u n s p o t s . 

I t shou ld be n o t e d aga in t h a t t h e classif ications given in th i s p a p e r a r e m a x i m u m -
complex i ty classif icat ions for t h e d isk passage of t he reg ions . I t w o u l d be be t te r to 
s t u d y flare p roduc t iv i ty a n d s u n s p o t co r r e l a t i ons us ing daily magne t i c - r eg ion classi­
fications. W e p l a n fur ther s tud ies us ing m o r e recent magnetic-f ield d a t a which a re of 
be t t e r qua l i t y . 
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D I S C U S S I O N 

Bumba: D o e s your classification system contain the stage of evolution of active regions, for example 
the maximum stage? 

Sara Smith: This classification system is based only on the appearance of regions and not on the 
way regions evolve. Since the classifications were assigned for each day's observations, the evolution 
of regions can be studied using these classifications. However, the diagrams in this paper employ the 
most complex classification attained during each disk passage of all regions observed during the 
period August 1959 to December 1962. 
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