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The launch of the twin STEREO spacecraft in 2007 allowed for the first simultaneous global views 
of the Sun in the extreme ultraviolet (EUV). It also permitted simultaneous sampling of the solar 
wind (SW) from widely spaced points in the ecliptic, as well as stereoscopic views of the Sun’s 
corona in white light (WL) and EUV. Virtually all corona and solar wind models are driven by 
global estimates of the photospheric magnetic field. Other data sources, such as EUV, WL, and in 
situ plasma data are essential for both validating and constraining these models. Unfortunately, the 
STEREO (ST) mission payload did not include magnetographs, so the opportunity to 
simultaneously measure the Sun’s global magnetic field has not been possible until the recent 
launch of Solar Orbiter (SolO). Vector magnetographs onboard the Solar Dynamics Observatory 
(SDO) and SolO spacecraft will, on rare occasions, allow for nearly complete 360° coverage of 
the Sun’s surface magnetic field. It is argued in this white paper that to significantly advance 
basic understanding of the corona and solar wind, it is essential to have continuous monitoring 
of the Sun’s global magnetic field distribution, along with equivalent coverage in EUV and WL, 
as well as in situ monitoring of the solar wind from multiple and widely spaced vantage points.  

Coronal and SW models are increasingly relied upon to explore the basic physics of the Sun such 
as coronal heating and the origin and evolution of the SW. They are also used to interpret 
observations from in situ spacecraft (e.g., Badman et al., 2019; Szabo et al., 2020; Allen et al., 
2020; & Odstrcil et al., 2020), to provide a physical context of the environment around them, and 
to connect SW measurements made at the spacecraft to their solar sources. Without reliable global 
and simultaneous observations of the Sun’s magnetic field, it is difficult to determine whether a 
model solution disagrees with observations because of inadequate physics or due to problems with 
the input maps themselves. In general, no matter how good the physics is in a model, if the 
boundary conditions (B.C.) used to drive it are wrong, its solutions will be, to greater or lesser 
degree, wrong too. This problem is slowing progress in our understanding of the physics of the 
corona and SW, as well as the ability to model them for practical purposes (e.g., space weather 
forecasting).    

Until SolO, constructing a global solar magnetic field map involved acquiring ~27 days of full-
disk magnetograms and then assembling them into a map, typically by using a weighting function 
that is sharply peaked at central meridian. The resulting maps represent the time history of central 
meridian (i.e., diachronic maps) and not what the Sun’s field looks like at any given moment in 
time (i.e., synchronic maps), which is the real need. Attempts to produce maps that are more nearly 
synchronic have been generated using flux transport models (e.g., Schrijver & De Rosa 2003; 
Upton & Hathaway 2014; Hickmann et al. 2015). While these models can generate maps that are 
better than standard synoptic maps, they are still rife with problems. They have two critical 
limitations due to the lack of global, simultaneous observations: 1) flux emergence on the solar 
far-side and 2) large measurement uncertainties near the solar limb. These two issues create several 
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problems in the maps used to drive models (summarized in Table 1). Missing active regions (ARs) 
in the maps can and do impact the global magnetic solutions (e.g., Arge et. al., 2013; Cash et al., 
2015). Their subsequent, artificially sudden appearance on the east limb and their inclusion (often 
only partially) in the photospheric maps produce abrupt non-physical changes in the coronal and 
SW model solutions. This is especially troublesome for time-dependent modeling, as they produce 
non-physical effects that propagate throughout the model solution. Additionally, the lack of 
simultaneous observations, unreliable or lacking measurements of the polar fields, or the inclusion 
of only part of an active region produce artificial monopoles. These monopoles must be removed 
from the magnetic field maps before they can be used in coronal models to ensure the global field 
is divergence free. In general, there is no real way to do this properly, and correcting the input 
maps result in non-physical changes in the global solution. Finally, unreliable measurements of 
the Sun’s polar fields are a major issue for coronal and heliospheric models, as they are extremely 
sensitive to the field strengths there. In fact, this problem makes SW predictions very unreliable 
whenever the heliospheric current sheet is flat and lies near the ecliptic plane (e.g., near solar 
minimum).  

 

Table 1 – Observations issues, problems, and impacts resulting from the lack of global solar 
magnetic field observations.  

 

While the largest source of inaccuracy in global coronal and SW models stems from the 
photospheric magnetic field B.C., a secondary problem is the lack of sufficient data to validate and 
constrain model physics and parameter choices. Single-point EUV and coronal WL observations 
suffer from the same limitations as single-viewpoint magnetographs – the timescales required to 
gather global corona/heliosphere observations are greater than the timescales on which those 
systems evolve. The STEREO mission demonstrated that data from spacecraft located at different 
positions around the Sun can be combined to construct a global picture of the corona over much 
shorter time scales. A number of approaches to validate and constrain (V&C) coronal and solar 
wind models are described in Table 2, all of which would benefit from multi-point imaging and/or 
in situ observations. Table 2 also shows the current and planned capabilities, as well as those that 
are missing and urgently needed.  

 

 

Observational Issue Problems Impact 
Missing solar far-side 
magnetic field 
measurements  

ARs on solar far-side not 
included or partially 
included in photospheric 
magnetic field maps  

• ARs affect global magnetic field configuration  
• Partial incorporation of ARs at limb produce 

nonphysical magnetic monopoles and time-
dependent effects in coronal/SW models  

Large uncertainties in 
magnetic field 
measurements near limb 

Unreliable polar magnetic 
field estimates 

• Coronal/SW model solutions highly sensitive to 
polar fields 

• Monopole moments introduced into maps  
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Critical 
Data 

Product 

Impact Current & Needed 
Observational 

Instrumentation 

Dates 

Global 
synchronic 
magnetic field 
maps 

Improved B.C. used to drive coronal 
& SW models, especially time-
dependently 

SDO/HMI & SolO/PHI 
Polar SolO 
Missing: Polar imager, 
continuous far-side imaging 

Periodically 2022-? 
2023-2027 
 

Global 
synchronic 
EUV maps 

Coronals holes identified in EUV 
maps can be used to V&C coronal 
models   

ST A&B+SDO  
ST A+SDO+SolO 
Missing: Polar imager, 
continuous far-side imaging 

2011-2014  
2021-? (Periodically) 

Coronal 3D Ne 
& plane of the 
sky magnetic 
field 
reconstructions  

3D WL electron density (Ne) 
tomographic reconstructions & plane 
of the sky WL images segmented to 
surmise the coronal magnetic field 
observationally  
- Used to V&C models 
- Multiple viewpoints improve V&C 

ST A&/orB+SOHO  
ST A+SOHO+SolO 
+CODEX+PUNCH 
Missing: Out of the plane & 
widely spaced, strategically 
located imaging  

2007-2022 
2020-? 
2023-? 

Multi-vantage-
point in situ 
plasma 
observations 

SW plasma observations from 
multiple, widely spaced vantage 
points used to V&C SW models. 

(L1: ACE, WIND, DSCVR), 
Ulysses, STEREO A&B 
+PSP, SolO 
Missing: Out of the plane & 
widely spaced, strategically 
located imaging  

1990-? 
 
2019-?, 2021-? 

Table 2 – Critical data products needed to improve, validate, and constrain coronal and SW 
models. 

In summary, simultaneous and continuous observations of the Sun’s global magnetic field, as well 
as similar observations in other wavelengths are needed to significantly advance basic 
understanding of the corona and solar wind. Global photospheric field maps of the Sun are 
critically needed to provide the proper boundary conditions to drive models of the Sun and solar 
wind, which are used to explore and test our understanding of the fundamental physics occurring 
in these domains. Other types of global and/or multi-vantage-point observations such as EUV, 
WL, and in situ solar wind are also needed to adequately validate and constrain these models.   
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