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The Poynting flux problem: How much are we 
underestimating? 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pared to the smaller ones, which stresses the importance of small-scale measurements46

in estimating the space weather - atmosphere energy budget.47

1 Introduction48

The energy transfer rate between the magnetosphere and the ionosphere-thermosphere49

via field-aligned currents, known as the Poynting flux, quantifies the impact of space weather50

changes on the atmosphere of Earth. The magnetosphere-ionosphere-thermosphere (MIT)51

system at high-latitudes is strongly coupled ultimately as a result of Poynting flux trans-52

fer. Due to the ubiquitous impact of various Poynting flux conditions, it is perhaps the53

most significant measure of the MIT energy budget and thus important to measure ac-54

curately.55

The Poynting flux along a field line can be considered as consisting of two compo-56

nents. First, the quasi-static/DC large-scale Poynting flux associated with the typical57

R1/R2 field-aligned current system (Iijima & Potemra, 1976), with a scale size of sev-58

eral hundreds of kilometres at ionospheric F-region altitudes. The second is Poynting59

flux fluctuations on small spatial scales, less than ten kilometres, which can include and60

can be dominated by Alfvénic/AC fluctuations of the electric field (Knudsen et al., 1992).61

Electric field variability on small spatial and temporal scales have been a consistent source62

of uncertainty in calculations of MIT energy transfer (Codrescu et al., 1995; Cousins &63

Shepherd, 2012), leading to significant underestimations in models and statistical stud-64

ies (Matsuo & Richmond, 2008; Cosgrove & Codrescu, 2009).65

Localised Poynting flux (S) at ionospheric high-latitudes (upwards of 60 degrees66

in both hemispheres), caused by fluctuations in the electric field, is given by:67

S = � 1

µ0
(�E⇥ �B) · B̂ (1)68

where �E is the electric field perturbation from the background, large scale plasma con-69

vection electric field. �B is the magnetic field perturbation from the terrestrial magnetic70

field as a result of field-aligned currents and µ0 is the permeability of free space. B̂ is71

the unit vector parallel to the magnetic field such that S is also field-aligned. Fluctu-72

ations in �E and �B are however typically almost entirely horizontal (in the plane of the73

ionosphere), resulting in the Poynting flux being essentially field-aligned regardless. With74

su�ciently high spatio-temporal resolution measurements of the electric field such that75

fluctuations on scales <10 km are observed, S in Equation 1 should represent the afore-76
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Ionospheric electric field variability is significant, 
especially at small scales

What’s the problem?

Swarm Mission: 16Hz electric field 
measurements, ~1km scale size 

Question: How much do the small-scales 
actually matter?
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/~1km
1. Low-pass filters 
to “increase” the 
scale-size of 
measurements:

3. Integrated Poynting 
flux energy decreases

2. Poynting flux variability 
is smoothed out at larger 
scales



Statistics with increasing scale-size
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Northern hemisphere, dayside plots 
(mLat-MLT coordinates)

Hemispheric integrated values:

North

South

Northern hemisphere preference 



The Poynting Flux drop off with scale: enhanced

Percentage of unfiltered data - Northern hemisphere:

~50% drop in Poynting 
flux measured at largest 
scales

~10-20% drop within the 
smallest scales!

Many instruments measure 
upwards of tens of kilometres 
scales! How much are we 
missing?



Summary Contact: daniel.billett@usask.ca

2. Mesoscale to large-
scale measurements have 
potential for large 
underestimations

1. Measured 
Poynting flux 
drops off 
quicker at 
small-scales

3. Importance of small-
scale electric field 
variability in calculating 
the energy budget



16Hz/~1km Poynting flux statistics 
Northern hemisphere Southern hemisphere


