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Start from  a re gular grid Afte r 1 s te p Afte r 1000 s te ps Final s ynth e tic dopple rgram

Points , w h e re  th e  ne w  s ynth e tic 
s upe rgranule  w ill be  form e d in th e  
ne xt s te p

Prope rtie s  of individual s upe rgranule s  are  ch os e n random ly 
according to th e ir m e as ure d dis tribution functions .

Ne igh bouring s upe rgranule s  do not 
influe nce  e ach  oth e r, th e y s im ply 
ove rlap; final line -of-s igh t ve locity is  
give n by th e  s um  of individual line -of-
s igh t ve locitie s .

Firs t 1000 s te ps  are  “dum m y” to 
s tabilis e  th e  s upe rgranular patte rn.

Prim ary Re duce d “De rotate d”

Re m ape d Filte re d

Re m oval of th e  m anife s tation of th e  
Carrington rotation and p-m ode s  
re m oval by th e  w e igh te d ave rage

Track ing of th e  s e rie s  w ith  
th e  Carrington's  rate

Re m apping into Sans on-
Flam s te e d coordinate  grid k -ω filte r, cut-off ve locity 1500 m s -1
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Synth e tic data –  SISOID code

Th e SISO ID (SIm ulated Supergranules  as  
Obs e rved In Dopplergram s) code  is  not 
bas ed on ph ys ical principles  tak ing place 
in th e  origin and evolution of 
supergranulation. It is  bas ed on th e  
reproduction of k now n param etre s  th at 
de scribe  th e  supergranulation. Individual 
cells are  ch aracteris ed as  centrically 

sym m etric feature s  de scribed by pos ition, 
lifetim e , m axim al diam eter and 
ch aracteristic value s  of th e ir internal 
velocity com ponents; all th e s e  q uantitie s  
are  ch os en random ly according to th e  
corre sponding m easured distribution 
function. Th e  SISO ID s im ulation is  done  
in th e  ps eudocylindrical Sanson-
Flam ste ed coordinate grid; in each  step an 
appropriate  part of th e  s im ulated 
supergranular field is  transform ed into 
h eliograph ic coordinate s . Fig. 4. Main principle s  of th e  SISOID code , w h ich  com pute s  a s ynth e tic s upe rgranulation.

Synth e tic dopple gram s  are  vis ually 
ve ry s im ilar to th e  re al m e as ure d 
one s .

Motivation

Solar ph otosph e re  is  a very dynam ic layer 
of th e  solar atm osph e re . De spite  years  of 
intens ive studie s , velocity fields  in th e  
ph otosph e re  rem ain not so w ell k now . An 
attem pt to de scribe  th e  differential rota-
tion by a parabolic dependence  did not 
m ak e  for clear re sults . W e as sum e  th at 
th e re  exists  a tem porally variable large -
scale surface stream ing of plasm a, for 
w h ich  th e  differential rotation is  only th e  
first approxim ation.
Th e  long-term  h igh -cadence  Doppler 
m easurem ents  done  by th e  MDI instru-
m ent on board th e  SoH O  obs e rvatory 
m ade  it pos s ible to develop a m eth od of 
th e  calculation of large -scale velocitie s  in 
th e  solar ph otosph e re . Th e  propos ed m et-
h od is  bas ed on th e  local correlation track -
ing (LCT) algorith m  (Novem ber, 19 86) 
applied to supergranulation, an excellent 
tracer for its  large  tem poral stability and 
for th e  cover of th e  full disc by its  cells. 
For proper s etting of th e  param eters  and 
for tuning of th e  m eth od, synth etic 
(calculated by SISO ID code) data w ith  
k now n propertie s  are  ne eded.
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Re s ults  &  Conclus ions

Th e propos ed m eth od w as  applied to th e  s ixty-day 
s e rie s  of th e  m easured dopplergram s  covering th e  in-
terval May 25th  –  July 24th  19 9 6; th e  one -day-ave -
raged h orizontal velocity fields  in th e  Carrington 
coordinate system  w ere  sam pled each  12 h ours . Th e  
calculated velocity field (Fig. 1) h as  follow ing pro-
pertie s :
• In th e  polar areas  th e  plasm a flow s  from  th e  w e st 

to th e  east w ith  th e  m ean velocity of approx. 
110 m s−1. Along th e  e q uator th e  zonal flow  from  
th e  east to th e  w e st sligh tly prevails w ith  th e  
m agnitude  80– 100 m s−1. In th e  areas  of m iddle la-
titude s  no direction of flow s  is  preferred, th e  
m agnitude s  of th e  velocity vectors  are  typically 
under 50 m s−1. Since  th e  accuracy of th e  cal-
culation is  10 m s−1, th e  s ignal-to-nois e  ratio is  th e  
low e st h e re , so th at th e  very sm all velocitie s  (under 15 m s−1) 
h ave to be  treated as  unreliable h e re .

• Th e integral ch aracteristic can be  s im ply inferred (cf. Fig. 2). 
Th e  s h ape s  of both  curve s  corre spond to type s  m entioned in 
th e  literature , both  for th e  value s  of th e  fitted param eters  B, C 
and for th e  velocity of m eridional flow . Th e  som ew h at larger 
value of th e  coefficient A could be  a m anife station of th e  surfa-
ce  low -fre q uency w aves , recently detected in th e  super-
granulation (Gizon, 2003).

• O n one day from  th e  proce s s ed s e rie s  (July 7th  19 9 6), th e  velo-
citie s  w ere  studied closer for th e  sak e  of pos s ible influence by 
a ph otosph e ric m agnetic field. Qualitatively th ere  h as  not be en 
found any interference  w ith  th e  underlying m agnetic field (cf. Fig. 2 left); th e  velocity vectors  s e em  to h ave th e  sam e  ch arac-
ter in both  areas  occupied by th e  m agnetic field and areas  w ith out th e  m agnetic field. W h ile th is  contribution h as  a 
prelim inary ch aracter, th e  coupling betw e en th e  calculated velocitie s  and th e  m agnetic field in th e  ph otosph e re  w ill be  stu-
died later in m ore  detail.
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Fig. 1. Exam ple  of m e as ure d ve locity fie lds  in th e  Carrington coordinate  s ys te m : 
H oriz ontal ve locitie s  on July 7th , 19 9 6, one -day ave rage . Le ft –  vis ualis ation w ith  arrow s  
(th e  MDI dopple rgram  in th e  back ground, blue  (ye llow ) tone s  s ignify th e  ne gative  
(pos itive ) polarity of th e  m agne tic fie ld). Righ t –  vis ualis ation by s tre am line s .

Fig. 2. Inte gral curve s  calculate d from  th e  h oriz ontal ve locity fie ld 
obtaine d for July 7th  19 9 6. Le ft –  s ynodic diffe re ntial rotation curve , righ t 
–  m e ridional circulation curve .

Fig. 3. Cartoon de s cribing individual s te ps  in th e  data re duction follow e d by th e  calculation of th e  h oriz ontal ve locity fie lds  by th e  LCT algorith m . 

Data proce s s ing

Th e steps  of th e  data reduction to th e  form  suitable for 
th e  com putation of th e  large -scale velocite s  can be  
s e en in Fig. 3. It follow s from  th e  te sts  on th e  synth etic 
data th at th e  re sults h ave th e  spatial re solution 60" 
(43.5 M m ) and an accuracy of 10 m s−1. 

Calibration

From  th e  te st on th e  synth etic data (com puted by th e  
SISO ID code) it cam e clear th at sm all velocitie s  are  
undere stim ated by th e  LCT algorith m  w h ile large 
velocitie s  are  overe stim ated. W e found th e  calibration 
curve (1) th at fix th is  is sue . vcalc is  th e  m agnitude  of 

velocitie s  com ing from  th e  LCT, vcor is  th e  corrected 
m agnitude; directions  of th e  vectors  before  and after 
correction are  th e  sam e; c is  a constant related to th e  
ch oice  of units  (c = 1 for “pix/lag” and c = 0.009  9 3 
for m s−1).

(1)

One  dopple rgram  of th e  s e rie s  in diffe re nt s tage s  of th e  data proce s s ing

Into th e  LCT (nine -point, FW H M 60", lag 
4 h ours ) com e s  th e  w h ole  one -day s e rie s  
of dopple rgram  (9 6 im age s ). Th e  
re s ulting ve locity fie ld is  ave rage d ove r 24 
h ours .




