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AIMS
� Analysis of high-precision positions and rotational velocities of 

sunspot groups for the time period 1874 – 1976:

� dependence of the differential rotation of sunspots on: 

- the phase of the cycle (Balthasar and Wöhl, 1980, A&A, 92, 111)

- time (Brajša et al. 2006, Solar Phys., 237, 365)

� relationship between the solar rotation and activity (Brajša et al. 2007, 
Astron. Nachr. 328, 1013.)

� temporal variations on KSOsd analysed only for the period 1947-
1981 (Lustig, 1983, A&A ,125, 355)

Main aim : to extend analysis 1977 – present 
(using Kanzelhöhe Observatory for Solar and Environmental 

Research sunspot drawings and white light images –KSOsd and KSOwli)
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The main idea:

� provide a continuation of the investigations done in Lustig (1983)

� analyze the relationship between the solar rotation and activity

Determination of the heliographic positions:

� solar cycles nos. 20 – 24 were processed (51 year period, 1964 – 2015)

� for the first time, solar cycle no. 21 is examined completely (previously, it 
was just partially processed), as well as solar cycles nos. 22-24

� solar cycle no. 20 represents the overlapping part(our work and Lustig, 1983)



MANUAL vs. 
AUTOMATIC

special software 
Sungrabber 

MANUAL 
(INTERACTIVE) 

METHOD 
(1964 – 2010)

KSOsd
2014

two procedures for determination 
of the heliographic positions of 

sunspot groups

METHODS

AUTOMATIC 
METHOD 
(2010-2015)

KSOwli

the algorithm for 
automatic recognition 
of the sunspot groups
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2014 – max of 
the cycle no. 24



MANUAL METHOD (1964 – 2010)

- processing of the KSOsd

- a special software for the 
determination of tracer’s positions in 
full disk solar images –Sungrabber*
(Hržina et al., CEAB, 2007, 31, 273).  

* www.zvjezdarnica.hr/sungrabber
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Kanzelhöhe drawing (25th Jan. 1993)



- interactive, visual 
estimation of the 
area weighted 
positions of
sunspot groups
were applied

MANUAL METHOD 
(1964 – 2010)



- interactive, visual estimation of the 
area weighted position of sunspot 
groups by the observer

- the differences between Sungrabber 
coordinate determinations of the two 
observers are negligible -
approximately 0.1 deg, always less 
then 0.2 deg (Poljančić et al., 2010, Sun and 
Geosphere, 5(2), 52)

- three observers

MANUAL METHOD (1964 – 2010)



AUTOMATIC METHOD 
(2010-2015)

- processing of the KSOwli

- the algorithm for automatic 
recognition of the sunspot groups –
(Watson et al., 2009, SoPh, 260, 5)

- morphological image processing –
an erosion following a dilation

- successive erosion and dilation are 
used for the elimination of small 
objects (marking, calculating the 
area)
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AUTOMATIC METHOD 
(2010-2015)

- we used raw fits images and 
corresponding dat files acessible 
via the Kanzelhoehe ftp

- for a single day, we used just one 
fits file which produced dat file 
with the highest memory

- fits header - P and Bo

- the corresponding dat file - solar 
radii and X and Y pixel coordinates

- center based on center of gravity 

- calculations from Meuss 
(Astronomical algorithms)
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METHODS
� Identification of sunspot groups: 

� Greenwich Photoheliographic Results, GPR

� Debrecen Photoheliographic Data, DPD

� Rotation velocities were calculated by:

a) daily-shift method (DS), i.e., from the daily differences of the 
Central Meridian Distance (CMD) and the elapsed time 

(Eq. 1)

b) robust linear least-square fit (LSQ) from the function 

CMD(t) for each tracer
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RESULTS

� the solar differential rotation � � = � + � sin


� (Eq. 2)

� Filters: 

� ± 58º in CMD (in order to avoid solar limb effects)

� 8 – 19 deg/day in sidereal rotation velocity (to eliminate 
any gross errors resulting from misindentification of 
sunspot groups)

� in both methods (DS, LSQ) - assigning the velocity to the 
latitude and time of the first position measurement 
(Olemskoy&Kitchatinov, 2005, 31, 706)

� robust linear least square fit (cases with only two dots 
excluded)
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RESULTS
� two methods for the heliographic positions determination have been 

used (1964 – 2015)

� in order to be able to discuss them simultaneously – automatic vs. 
manual comparison („calibration”)

MANUAL 
METHOD 

(1964 – 2010)
+2014
KSOsd

AUTOMATIC 
METHOD 
(2010-2015)

KSOwli

DSman LSQman LSQautDSaut
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RESULTS for 2014 
(differential rotation coefficient A)

LSQ fit: Robust LSQ fit: 

LSQ fit - DS method more precise than LSQ method
- LSQman North – obvious errors in identification 

of sunspot groups etc.
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RESULTS for 2014 
(differential rotation coefficient A)

� robust LSQ fit – DS and LSQ 
precisions equalized (error bars)

� for all cases lower velocity values 
for North

� all measurements (N+S, N, S) are 
within the1 common sigma – it 
is possible to use the methods 
simultaneously



The North and South components of the monthly 
smoothed sunspot number (SILSO)

� Green– North 
number higher than 
the South number

� Red– South 
number higher than 
the North number

� explains the 
difference between 
the number of 
calculated 
velocities for North 
and South
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RESULTS for 2014 
(differential rotation coefficient B)

LSQ fit Robust LSQ fit 
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RESULTS for 2014 
(differential rotation coefficient B)

The same conclusions as 

for coefficient A:

� robust LSQ fit – DS and LSQ 
precisions equalized (error bars)

� for all cases lower absolute B

values for North (except for 
DSaut)

� all measurements (N+S, N, S) are 
within the 1 common sigma– it 
is possible to use the two methods 
simultaneously
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Thank you!
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