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Meridional	  flow	  observaIon	  in	  the	  past	  
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•  Surface	  observaIons	  
(tracers,	  Doppler	  shiYs,	  …)	  
–  Pole-‐ward	  moIon	  
–  Peak	  velocity	  about	  10	  ~	  20	  m/s	  

•  Subsurface	  measurements	  
(Ime-‐distance,	  ring	  diagram,	  
mode	  frequency,…)	  
–  Extend	  to	  the	  enIre	  convecIon	  zone	  
–  Suffer	  from	  systemaIc	  errors	  



Measurement	  Method	  
Time-‐Distance	  Helioseismology	  

(Duvall	  et	  al.	  1993)	  
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Medium-‐ℓ𝓁	  dopplergrams	  
taken	  by	  MDI	  and	  HMI	  

|m|-‐summed	  power	  spectrum	  
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Major	  systemaIc	  errors	  

•  Center-‐to-‐limb	  varia2on	  
(Zhao	  et	  al.	  2012;	  Balder	  &	  Schou	  2012)	  

•  Roll	  angle	  (P	  angle)	  misalignment	  in	  MDI	  instrument	  
(Giles	  et	  al.	  2000;	  Beck	  &	  Giles	  2005)	  

•  ContaminaIon	  from	  acIve	  regions	  
(Liang	  &	  Chou	  2015)	  
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MDI roll angle registers w.r.t. HMI 
2010.05 – 2010.10 

l  Median = 0.219456155712 ~ 0.22 
(agree with Liu et al. 2012) 

Zoom	  in	  

May	  2010	  –	  April	  2011	  (280	  days)	  



MDI	  vs.	  HMI	  

•  Data:	  
medium-‐ℓ𝓁	  Dopplergrams	  

•  Period:	  
2010.05	  -‐-‐	  2011.04	  (280	  days)	  

•  Corrected	  systemaIcs:	  
–  MDI	  P	  angle	  uncertainty	  
–  Center-‐to-‐limb	  variaIon	  



Without	  P	  angle	  correcIon	  
to	  MDI	  data	   Without	  center-‐to-‐limb	  correcIon	  



•  Most	  of	  the	  fluctuaIons	  
come	  from	  the	  Sun	  
(e.g.,	  realizaIon	  noise)	  
rather	  than	  the	  
instruments.	  

MDI	  vs.	  HMI	  (without	  smoothing)	  



Major	  systemaIc	  errors	  

•  Roll	  angle	  (P	  angle)	  misalignment	  in	  MDI	  instrument	  
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•  Contamina2on	  from	  ac2ve	  regions	  
(Liang	  &	  Chou	  2015)	  



ContaminaIon	  from	  acIve	  regions	  

•  Using	  data	  points	  inside	  
acIve	  regions	  will	  introduce	  
an	  “effecIve”	  downward	  
flow	  centered	  at	  acIve	  
laItude	  

•  It	  is	  a	  local	  effect	  and	  
unrelated	  to	  the	  large-‐scale	  
meridional	  flow.	  

•  PerturbaIons	  in	  lower	  
panels	  become	  more	  
prominent	  aYer	  the	  
removal	  of	  acIve	  regions	  
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Liang	  &	  Chou	  (2015a,b)	  

Sunspot	  number	  (WDC-‐SILSO,	  Royal	  Observatory	  of	  Belgium)	  



•  The	  contaminaIon	  in	  
cycle	  24	  is	  less	  than	  that	  
in	  cycle	  23.	  

•  A	  similar	  pavern	  to	  MDI	  
at	  the	  base,	  albeit	  
weaker.	  

excluded	  

ContaminaIon	  from	  acIve	  regions	  

Sunspot	  number	  (WDC-‐SILSO,	  Royal	  Observatory	  of	  Belgium)	  

B-‐field	  included	  
HMI	  



MDI	  +	  HMI	  
cycle	  24	  

MDI	  
cycle	  23	  

MDI	  vs.	  HMI	  

Sunspot	  number	  (WDC-‐SILSO,	  Royal	  Observatory	  of	  Belgium)	  
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MDI	  vs.	  HMI	  

Sunspot	  number	  (WDC-‐SILSO,	  Royal	  Observatory	  of	  Belgium)	  



MDI	  
cycle	  23	  

MDI	  vs.	  HMI	  
MDI	  +	  HMI	  
cycle	  24	  

•  Top	  panels	  
Slower	  meridional	  flow	  
in	  solar	  maximum	  

•  Bovom	  panels	  
Sign	  changes	  in	  rising	  
phase	  



Summary	  
•  Major	  systemaIc	  errors	  

–  Center-‐to-‐Limb	  variaIon	  
–  P	  angle	  uncertainty	  
–  ContaminaIon	  from	  acIve	  regions	  

•  MDI	  vs.	  HMI	  (overlap	  period)	  
–  Consistent	  in	  the	  overlap	  period	  
– Most	  of	  the	  fluctuaIons	  come	  from	  the	  Sun	  rather	  than	  
the	  instruments	  

•  MDI	  vs.	  HMI	  (solar	  cycle)	  
–  Near	  surface:	  Slower	  meridional	  flow	  in	  solar	  maximum	  
–  Near	  the	  base:	  A	  change	  of	  sign	  in	  rising	  phase	  
–  Solar	  cycle	  dependence	  in	  convecIon	  zone	  

Thank	  you	  


