
Introduction

M otions  of m as s  and structure s  on th e  Sun rem ain an open q ue stion, 
in spite  of tens  years  of intens ive studie s . Th e ir m anife stations  are  
k now n in various  type s  of obs e rvations , but w e  h ave only a scarce  
k now ledge about th e ir ph ys ics , about connection of ph otosph e ric 
velocity field to th e  subph otosph e ric convection and m agnetic fields . 
W e th ink  th at velocity fields  in th e  solar ph otosph e re  are  im portant 
for redistribution of th e  m agnetic flux, so th at ph otosph e ric velocity 
fields  can influence th e  solar activity in an im portant w ay.

Me th odics

A really intere sting structure  in th e  solar ph otosph e re  is  a 
supergranulation. It is  form ed by convective cells w ith  a s ize  approx. 
30 M m  and a m ean lifetim e  at least 20 h ours  (e .g. Wang and Z irin, 
19 89 ). Internal velocity field in supergranules  is  predom inantly 
h orizontal w ith  an am plitude  300-500 m /s , w h ile th e  vertical 
com ponent is  by one  order le s s  (H ath aw ay et al., 2002). 
Supergranulation can be  obs e rved in fulldis k  dopplergram s  in th e  
w h ole solar dis k , excepting its  centre . W e as sum e  th at supergranules  
are  carried by a velocity field of larger scale, so w e  us ed 
supergranules  as  tracers  to m ap its  m otions . 
Velocity field can be  determ ined on th e  bas is  of th e  track ing of 
structure s  (tracers) th at are  carried by th is  velocity field in th e  tim e  
s e rie s  of fram e s . A m eth od local correlation track ing (LCT) can be  
us ed (Novem ber and Sim on, 19 88). Th is  m eth od w ork s  on th e  
principle of be st m atch  –  local displacem ents  in each  pos itions  are  
determ ined us ing correlation betw e en a pair of subfram e s  (lim ited by 
a spatial w indow  –  correlation w indow ) and velocitie s  of th e s e  
displacem ents  are  calculated. To determ ine  th e  subpixel am plitude s  of 
vectors  th e  nine -point m eth od is  us ed (Darvann, 19 9 1).

Data proce s s ing

For th is  study w e  us e  h igh  cadence  (one  obs e rvation per m inute) full-
dis k  dopplergram s  acq uired by th e  M DI instrum ent on board th e  
SoH O  obs e rvatory. Th e s e  data cannot be  directly us ed for ongoing 
proce s s ing, becaus e  th ey contain too m uch  nois e  and oth er disturbing 
ph enom ena. So th at it is  nece s sary to do som e  data proce s s ing.

a) Data s e rie s  h om oge niz ation
M is s ing m easurem ent or m is s ing parts  of m easurem ent are  corrected 
us ing linear interpolation betw e en tw o ne igh bouring error-fre e  fram e s  
to get uninterrupted data s e rie s . From  th e s e  fram e s , th e  line -of-s igh t 
com ponent of th e  Carrington's  rotation is  substracted and th e  
calibration error of M DI (H ath aw ay et al., 2002) is  corrected.

b) Os cilation re m oval
Next step w e  rem ove h igh  fre q uency oscilation us ing a w e igh ted 
average  (H ath aw ay, 19 88). Th e  w e igh ts  h ave a Gaus s ian form  w ith  th e  
length  30 m inute s . W e sam ple averaged im age s  in th e  interval of 15 
m inute s . Th e  filter suppre s s e s  m ore  th an five h undred tim e s  th e  solar 
oscillations  in th e  2– 4 m H z fre q uency band.

c) Coordinate  s ys te m  trans form ations
Th e s e q uence  of averaged fram e s  of ch os en lengh t is  transform ed 
from  th e  sph e rical coordinate system  to th e  Carte s ian one  to 
com pensate  geom etric distors ions  of th e  s h ape  of supergranules  far 
from  th e  centre  of th e  solar disc. Longitude  of central m eridian 
rem ains  th e  sam e  in all fram e s . Th e  existence  of th e  differential 
rotation com plicate s  th e  track ing of th e  large -scale velocity field, 
becaus e  th e  am plitude s  and directions  of proce s s ed velocity field h ave 
a s ignificant dispers ion in various  parts  of th e  solar disc. So th at th e  
data are  transform ed to th e  coordinate system  th at rotate s  w ith  th e  
angular velocity w ith  re spect to th e  obs e rver, w h ich  is  given by:

ω  = 13.064 –  1.69  s in2 b –  2.35 s in4 b

w h ere  ω  is  th e  angular velocity (in degre e s  per day), b is  th e  
h eliograph ic latitude  and coefficients  w ere  determ ined from  th e  
plasm a rotation by Snodgras s  (19 84). After aplication of LCT on data 
s e q uence  th is  rotation profile is  added again to th e  re sulting velocity 
field. 

d) Fourie r filtration
Nois e  in h orizontal displacem ents  com ing from  th e  
individual evolutionary ch ange s  in th e  s h ape  of 
supergranules  is  suppre s s ed by a k -ω  filter (H irzberger et 
al., 19 9 7) in th e  Fourie r dom ain w ith  th e  cut-off velocity 
700 m /s .

After data proce s s ing done  th is  w ay, th e  velocity pattern of 
supergranular cells in full-dis k  dopplergram  is  enh anced 
(Fig. 2). Th e s e  data can be  us ed to track  supergranules  and 
to com pute large -scale velocity field. 

Re s ults

Becaus e  w e  study large -scale velocity field, w e  us e  th e  
correlation w indow  w ith  FW H M  200" (100") and a tim e  lag 
betw e en pair of fram e s  is  4 h ours . W e average  th e  
com puted velocity over 24 h ours  and sam ple re sults every 
12 h ours . Until now  w e  h ave proce s s ed one -m onth  s e rie s  
covering tim e  interval M ay 25th  to June 25th  19 9 6.

a) Inte gral ch aracte ris tics
From  th e  obtained velocity field, th e ir integral 
ch aracteristics  can be  eas ily inferred: Th e  differential 
rotation and m eridional circulation (Fig. 3). Th e  s h ape s  of 
both  curve s  corre spond to type s  m entioned in th e  literature  
(e .g. Gizon, 2003b). Value s  of fitted param etre s  B and C of 
th e  differential rotation and value s  of averaged m eridional 
velocitie s  are  in good agre em ent w ith  literature , too. 

b) Topology of ve locity fie ld in th e  q uie t ph otos ph e re
Topology of h orizontal velocitie s  can be  analysed us ing th e  
double -directional stream line s , w h e re  th e  am plitude  of th e  
velocity is  repre s ented by a colour. Stream line s  repre s enting 
m otions  of supergranular structure s  in th e  Carrington's  
coordinate system  s h ow  lam inar flow s  predom inantly in th e  
zonal direction in th e  e q uatorial and polar areas . In th e  
im age s , w h e re  differential rotation w as  substracted, th e re  is  
be st vis ible a s ignificant inclination of th e  zonal flow  
tow ard th e  m eridional direction. Th is  confirm s  th e  
existence  of m eridional flow  from  th e  solar e q uator to th e  
solar poles . 
Am plitude  of obtained velocitie s  in th e  Carrington's  
coordinate system  is  about 100 m /s  in zonal direction (from  
east to w e st) and m ax. 30 m /s  in m eridional direction in th e  
e q uatorial area. In polar areas  zonal velocitie s  w ere  up to 
250 m /s  (from  th e  w e st to th e  east), m eridional com ponent 
is  m uch  fainter h e re . 

c) Pe rs is te nt ve locity s tructure s
Re sult of th e  LCT m eth od is  a h orizontal velocity field w ith  
tw o com ponents  –  zonal velocity vϕ and m eridional velocity 
vθ. Sim ple form ula to get line -of-s igh t com ponent of th is  
velocity can be  us ed:

vlos = vϕ s in ϕ +  vθ s in θ
w h ere  ϕ and θ are  h eliograph ic longitude  and latitude  
m easured from  th e  centre  of th e  solar disc. In such  
“dopplergram s” (Fig. 5 left) w e  found areas , w h os e  velocity 
is  larger th an th e  velocity of th e  surrounding ph otosph e re . 
W e can gue s s  param etre s  of cells from  th e  e q uatorial cut 
(Fig. 5 righ t) –  a s ize  about 300 M m , internal velocity field 
w ith  th e  h orizontal com ponent ~ 20 m /s  and vertical 
com ponent ~ 2 m /s . Slow  ch ange s  and m otions  can be  s e en 
in tem poral s erie s  of th e s e  “dopplergram s”.

Proble m s

• Th e vorticity structure s  in areas  near + 40 and – 40 degre e s  of h eliograph ic 
latitude  depict areas  w ith  sm all value s  of velocitie s . In th e s e  areas , th e  s ignal-to-
nois e  ratio decreas e s , so th at th e  nois e  in th e  velocity field becom e s  m ore  
s ignificant. Tak ing into account th at stream line s  are  strongly s ens itive to th e  
local ch ange s , sugge stive vorticity structure s  probably do not de scribe  any 
ph ys ical proce s s  and are  cons e q uence s  of s h ort-lived m orph ological structure s  
and of us ed m ath em atical tech niq ue s .

• In th e  tem poral s erie s  of com puted velocitie s  w e  found tw o superim pos ed and 
topologically different com ponents  –  th e  first one  is  m oving acros s  th e  solar 
dis k  and it is  evidently related to th e  solar rotation, th e  s econd one  stays  on th e  
solar dis k  w ith out s ignificant m otion in th e  w h ole s e rie s . W e h ave no idea 
about th e  origin of s econd one  com ponent.

• Reproducibility of th e  stream line s  in tim e  is  difficult. W e th ink  th at for large -
scale velocity field it s h ould be  m uch  better.

• We h aven't found any s ignificant evidence  of pers istent velocity structure s  in 
h orizontal divergence  m aps . O nly in “dopplergram s”.
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Fig.1: Principle  of local corre lation track ing m e th od –  be s t m atch .

Fig.2: Com paris on of th e  prim ary dopple rgram  (le ft) and th e  re duce d one  (righ t).

Fig. 3: Inte gral ch aracte ris tics  of calculate d ve locity fie ld.

Fig. 5: Dopple r com pone nt of th e  h oriz ontal ve locity fie ld (le ft). Eq uatorial cut th rough  th e  Dopple r 
com pone nt.

Fig. 4: Le ft: Stre am line s  re pre s e nting th e  h oriz ontal ve locity fie ld infe re d for May 26th  19 9 6 w ith  
FW H M 200". Righ t: Re z idual ve locitie s  on th e  diffe re ntial rotation coordinate  s ys te m  –  th is  uniform  
patte rn is  e as y to be  found by th e  LCT m e th od.




