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• Measurements of field aligned 
currents allow us to specify 
energetic input from the 
magnetosphere into the 
ionosphere-thermosphere system.


• By combining FAC and electric 
field measurements, we can 
compute an estimate of 
electromagnetic energy dissipated 
into the IT system: 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Fig. 6. $1 is the surface through which magnetospheric Poynt- 
ing flux P enters the upper atmosphere. S2 is the Earth's surface, 
which is a good conductor and therefore requires E •_ = 0 and hence 
P = 0. Assuming that the magnetic field lines are straight and 
vertical, and the fair weather electric field is vertical implies that 
P- h 3 m 0 where h 3 is a unit vector normal to the surface S 3. 

collisions are rare but below any region of significant field- 
aligned electric fields associated with the aurora. We assume 
that the zonal component of the perpendicular electric field 
goes smoothly to zero at the boundary of this region and that 
the magnetic field lines are everywhere vertical, and we 
ignore curvature of the magnetic field lines over this height 
range. The volume of interest, shown in Figure 6, is then 
bounded by the high-altitude cap, S•, the surface of the 
Earth, S2, and the surface S3 linking the cap and the Earth. 
Since the Earth is a good conductor the electric field 
vanishes on S2 and the Poynting flux is zero across it. If no 
thunderstorms are located near the boundary then we can 
assume that the fair weather electric field is vertical and the 

Poynting flux across S3 is also zero. This implies that the 
entire electromagnetic power dissipated in the volume may 
be found by integrating the Poynting flux across S•. Since S l 
is perpendicular to B0, the power input to the Earth's 
atmosphere in the high-latitude zone is given by 

Wr = -- (E •_ x gB •_). d• (A7) 

Si 

where E •_ is the perpendicular electric field on S i and/iB •_ is 
the deviation of the total magnetic field from the undisturbed 
value in the plane perpendicular to B0. 

We now argue that the cross product of these two quan- 
tities gives the local value of the energy flow rate into the 
atmosphere. Consider an infinitesimal element of the surface 
S l and the volume it subtends between S l and the Earth. 
The contribution at the Earth vanishes as before. Since we 
know that the flow in the high-altitude ionosphere is incom- 
pressible, it follows that the integral of (E•_ x /iBm_) ß d• 
vanishes there. Furthermore, since large-scale dc electric 
fields map without distortion along field lines into and 
through the E region and vertically deep into the atmosphere 
[Mozer and Serlin, 1969], where they go smoothly to zero at 
the Earth's surface, the integral of (E •_ x /iB •_) ß d• vanishes 
on these edges as well. 

The dc Poynting flux has meaning only when it has a net 
divergence when integrated over some closed surface. That 

is, V-(E x B) =B.(V xE)-E-(V x B)•:0. Forstatic 
fields V x E - 0 and V x B = /a0J; thus electric currents 
must be present for a Poynting flux measurement to be 
useful. Since the geomagnetic field B0 is curl-free, its cross 
product with any electric field vector E will have zero 
divergence. Thus the quantity E x B0 does not contain any 
useful information concerning energy flow or dissipation. 

One additional comment is of interest. As noted above, 
the magnetospheric electric field maps deep into the strato- 
sphere. If we acknowledge that there is very little dissipation 
of magnetospherically imposed electrical energy in the tro- 
posphere, then it follows that the perturbation magnetic field 
due to auroral currents near the surface of the Earth must be 
parallel to the mapped electric field. In turn, this is equiva- 
lent to the oft-quoted statement that ground magnetometers 
respond only to overhead Hall currents. The Poynting flux 
argument can thus be used to make this point without the 
need to show that the magnetic fields from Birkeland cur- 
rents cancel those from Pedersen currents. Balloon data 

taken in the stratosphere have been compared to nearby 
ground magnetic field data and the relationship EllriB has 
been found to hold [Mozer and Manka, 1971]. 
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Figure 3. (a and b) Hemispherically-conjugate bins of average PF for summer conditions where the seasonal 
component of dipole angle >0 for NH and dipole angle <0 for SH; (c and d) Percent for bins containing more than 100 
passes; (e and f) Average solar zenith angle; (g and h) Standard deviation of solar zenith angle in degrees.

Knipp, D., Kilcommons, L., Hairston, M., & Coley, W. R. (2021). Hemispheric 
Asymmetries in Poynting Flux Derived From DMSP Spacecraft. Geophysical 
Research Letters, 48(17), 1–11. https://doi.org/10.1029/2021GL094781Journal of Geophysical Research: Space Physics

noon. The enhancement extends from approximately 5–13 MLT for positive By and from 8 to 15 MLT for 
negative By conditions.

For all patterns of ∆ρ, there is a depletion region between 1 and 6 MLT, encompassing anywhere from ∼10 
to 25° of latitudinal width depending on the IMF orientation. The latitudinal extent of the depletion appears 
to also have a By dependence, where positive values show a latitudinally thinner region. This might explain 
why the depletion for the purely By positive pattern is much weaker than the others, such that it is more dif-
ficult to pick out from the surrounding areas. For patterns where Bz is negative, there is an additional mod-
erate ∆ρ depletion around 80° MLat centered on magnetic local dusk. In all other regions for all patterns, ∆ρ 
has a low magnitude on average compared to the more distinct regions just described.

Figure  3 shows the average Poynting flux (S‖) patterns derived using Equation  2 with SuperDARN and 
AMPERE data. It is important to note here that the CHAMP data set (2000–2010) does not overlap with the 
AMPERE data set (2010–2017), therefore the S‖ and ∆ρ averages are calculated from different timespans. 
Both however are calculated from ∼10 to ∼7 years worth of data, respectively, thus should give accurate 
statistical representations. The number of 2-min Poynting flux maps which were used in the averaging for 
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Figure 3. Average Poynting flux (S‖) calculated using AMPERE perturbation magnetic fields and SuperDARN electric 
fields between 2010 and 2017, in the same format as Figure 2. Only positive values are shown (downward flux), because 
negative (upward) fluxes were minuscule on average compared to the positive values. The center IMF dial also shows 
the number of Poynting flux maps that went into each average, marked with indicator circles at 40 × 103 and 80 × 103 
maps. AMPERE, Active Magnetosphere and Planetary Electrodynamics Response Experiment; IMF, interplanetary 
magnetic field; SuperDARN, Super Dual Auroral Radar Network.
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• SuperDARN can be used to estimate the 
large-scale field aligned currents via (Sofko et 
al., 1995):  
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15-16 UT March 23, 2002

AMPERE SuperDARN

Figure 4.10: One-hour maps of FAC estimates from AMPERE and SuperDARN, 15 UT to
16 UT on 23 March 2002. On the left is Figure 1c from Anderson et al. [2008], showing
AMPERE estimated FAC. On the right is SuperDARN estimated Jk/SP. In both cases FAC
is shown as a colour map, with red indicating upward FAC and blue indicating downward
FAC. The SuperDARN map also includes the HMB (a dashed grey line) and measured data
locations (black dots). Both maps are plotted in MLT and invariant latitude coordinates. The
IMF at this time was directed dawnward.
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Wessel, M. R., SuperDARN electrostatic potential function estimation of field-
aligned currents, 2017, MSc Thesis, University of Saskatchewan.
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MAG – MAGnetometers to Advance GDC   D. Science Investigation 

D-1 

D  Science Investigation 
D-1 Executive Summary 
GDC and MAG will explore the boundary 
between Earth and space, the ionosphere-
thermosphere (IT) system, to dramatically 
change our understanding of how energy enters 
our atmosphere and how it is distributed 
globally. In this region, from approximately 
100-800 km altitude, the magnetic field lines 
that extend out into the magnetosphere reach 
down and touch the upper atmosphere, guiding 
particles and electromagnetic energy.  

The convergence of Poynting flux and kinetic 
energy (via particle precipitation) into the high-
latitude IT system results in a significant 
deposition of energy that can rival the influence 
of solar inputs into the system (Thayer and 
Semeter, 2004). The dissipated energy drives 
neutral winds via ion-neutral coupling, further 
regulating how energy is deposited into the IT 
system. Currents are fundamental to this 
dynamic coupling. Field aligned currents 
(FACs) support plasma convection and are a 
source of inhomogeneities in plasma density 
and therefore conductivity, further regulating 
ion-neutral coupling. Asymmetries in Earth’s 
magnetic field affect the IT drivers in the 
different hemispheres and change over time. 
There is more complexity for GDC and MAG 
to observe than a static, symmetric model field. 

Background, Goals, and Objectives 
D-1-1-1 Why MAG?  
Measurements of the magnetic field are key to 
achieving the goals of GDC. MAG will provide 
Physical Parameter 13 “Magnetic field 
perturbation (DC field, vector)” which is a 
fundamental parameter in the geospace 
environment (cf. Figure 1) and critical for 
science closure on three of GDC’s objectives. 
MAG will provide invaluable measurements 
for investigations of FACs, electromagnetic 
energy dissipation, particle precipitation, and 

asymmetric driving of the IT system. MAG is 
based on the designs for the TRACERS SMEX 
mission and heritage from e-POP/Swarm-Echo 
making it low-noise, low-mass, accurate and 
highly dependable. 

 
Figure 1: Illustration from Heelis and Maute 
(2020), showing the integral role currents have 
in IT system dynamics. Note the number of ‘?’ 
symbols highlighting the remaining significant 
knowledge gaps about the characteristics and 
influence of currents in the geospace system, 
that necessitate MAG’s measurements. 

GDC Goals and Science Objectives 
D-1-2-1 GDC Goal 1: Understand how the 
high-latitude ionosphere-thermosphere system 
responds to variable solar wind and 
magnetosphere forcing. 
GDC Objective 1.1: Determine how high-
latitude plasma convection and auroral 
precipitation drive thermospheric neutral 
winds. 
This is the core objective of the GDC mission 
– the objective that is “elevated above all 
others” (GDC STDT Report) – and MAG’s 
primary science objective. Contemporaneous 
measurements of energy inputs into the high-
latitude IT system and the ensuing response of 
its constituents, namely the neutrals and 
plasma, are the key to understanding the spatial 
and temporal scales on which interactions 
between the plasma and neutrals are most 
effective (Heelis and Maute, 2020).  

• The connections to the magnetosphere 
and the corresponding response of the I‐T 
are clearly influenced by electromagnetic 
energy flow, precipitating particles, and 
thermal plasma outflow. The challenge of 
incorporating these processes into 
computational models is matched by the 
acquisition of observations in the I‐T that 
specify how these connecting properties 
vary in space and time within the I‐T.

Sofko, G. J., Greenwald, R., & Bristow, W. (1995). Direct determination of large-
scale magnetospheric field-aligned currents with SuperDARN. Geophysical 
Research Letters, 22(15), 2041–2044. https://doi.org/10.1029/95GL01317

Heelis, R. A., & Maute, A. (2020). Challenges to Understanding the Earth’s 
Ionosphere and Thermosphere. Journal of Geophysical Research: Space Physics, 
125(7), 1–44. https://doi.org/10.1029/2019JA027497



• Significant gaps remain in our understanding of how incident energy is deposited in 
altitude.


• The influence of the neutral winds has yet to be specified.

• Alfvénic heating is thought to play a significant role, but it is poorly characterized.

• Ground-based instruments are pivotal for science closure on these topics.
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Fig. 4. Ground-based radar measurements of (a) E-region electro-
magnetic energy deposition rate, with neutral winds (solid line)
and without (dashed line); and (b) neutral gas heating rates derived
from curves presented in graph a.

estimates of the EM energy !ux as measured by the Sondre-
strom incoherent scatter radar. The neutral wind is implic-
itly accounted for by measuring the current density directly
when evaluating j̃ · Ẽ; see Thayer (1998a, 2000). Clearly,
the e"ect of wind is structured with height, with little in-
!uence on deposition rates below 120 km. However, above
120 km the two estimates are signi#cantly di"erent, with the
winds acting to reduce the amount of energy deposited by
signi#cantly impacting the current magnitude and direction
with respect to the electric #eld.
The heating rate in Kelvins per second is given in Fig. 4b

for the EM energy transfer rates shown in Fig. 4a, assuming
that all the EM energy !ux is converted to heat. It is clear

that the heating of the neutral gas in the topside E region is
a factor of 3 smaller, due to the e"ects of the neutral wind
on the current. Thus, the wind behavior, with height and
time, plays a critical role in determining energy deposition
and subsequent heating. This has been inferred from results
published by Thayer (1998a, b, 2000) and Fujii et al. (1998,
1999). Recent wind observations from the WINDII instru-
ment on UARS also illustrate strong topside E-region wind
behavior at high latitudes, in excess of 400 m=s, during ac-
tive times (Zhang and Shepherd, 2002).
Whether all or only a portion of the Poynting !ux con-

verging in the E region is converted to heat is critical to
understanding the global IT system response to this energy
source. Thayer and Vickrey (1992) demonstrated that the
Poynting !ux is partitioned between Joule heat and mechan-
ical energy with thermospheric winds playing a key role. Lu
et al. (1995) used the IT general circulation model (inher-
ently large scale) to assess the partitioning of Poynting !ux,
and found that almost all of the energy, after integrating over
the hemisphere, is converted into Joule heating (94%), with
the remainder going into mechanical energy of the neutral
gas. However, locally the partitioning to Joule heat can be
less depending on the localized neutral wind #eld (Thayer
et al., 1995).
It has been shown, for example, by Mayr and Harris

(1978; see also the references cited), that changes in tem-
perature, composition, and wind are dramatically di"erent
when driven by a heat source as compared to a momentum
source. Given an external heat source such as Joule heat-
ing, the temperature increase produces a pressure #eld that
leads to divergent wind !ow. This divergent wind !ow is
very e$cient in creating composition changes. A momen-
tum source, such as that imposed at high latitudes by iono-
spheric convection, produces weak divergent wind !ow and
consequently little temperature and composition change. In
their model simulations, Mayr and Harris (1978) found the
momentum source of ionospheric convection to be more
than 20 times less e"ective for density variations and 100
times less e"ective for temperature changes than when Joule
heating is considered as the source. Moreover, Joule heating
causes an increase in the temperature and density of heav-
ier atmospheric constituents such as molecular nitrogen and
oxygen, as well as a decrease in density of the lighter con-
stituents such as atomic oxygen and helium. The momen-
tum source resulted in small temperature and composition
changes that were basically in phase with each other.
The scale size of the Poynting !ux and its partitioning to

heat and momentum are also important, as theoretical in-
vestigations of the thermospheric response to high-latitude
heat and momentum sources have indicated a dependence
on the scale size of the source (Mayr and Harris, 1978).
Larsen and Mikkelsen (1983), who applied the theory of
geostrophic adjustment to support the numerical results of
Mayr and Harris, found that the response of the divergent
wind #eld increases as the scale size of the forcing increases.
Meanwhile, the response of the rotational wind component

Prominent features in the modeled time series of Figure 5 are similar at
other altitudes, but the field amplitudes are smaller (larger) at lower
(higher) altitudes. Like the sample heating rates shown in Figure 3, the
Joule heating rate increases (decreases) at lower (higher) altitude due to
the increase in Pedersen conductivity with decreasing altitude, but, with
inclusion of 40x40 Alfvén modes in (14), the Joule heating rate of the mod-
eled time series peaks in the lower F region rather than in the E region.

We calculated the height-dependent, Alfvénic Joule heating rate at alti-
tudes from 100 to 500 km from time averages taken within the same 1-s
time interval of Figure 5 (WA1 = σP(z) 〈EA

2(z)〉1) and from time averages of
the complete 26.3-s time series (WA26 = σP(z) 〈EA

2(z)〉26) from which this
1-s interval is extracted. The resulting average heating rates (Figure 6) were
then added to the heating rate Wdc = σP(z)Edc

2 produced by a uniform dc
field of 10 mV/m representing an average, large-scale convection electric
field in the cusp. Edc is nearly constant between 100- and 500-km altitude,
so the altitude profile of Wdc alone in Figure 6 follows that of σP(z) in
Figure 1.WA26 is illustrative of an average profile of thermospheric heating
rate across a 200-km-wide cusp, whereasWA1 illustrates the profile of aver-
age, high burst rate heating in a single 1-s interval. The Ohmic heating rate
is not included in our calculated rates because it is small in comparison to
Joule heating and because it mainly heats ions rather than neutrals at F
region altitudes and above.

Figure 6 also shows a case when the dc Joule heating rate is added to a fic-
titious Joule heating rate—identified as a pseudo quasistatic (WQS) rate.
WQS is calculated by assuming that the rms Alfvénic electric field ampli-
tude at 400-km altitude is electrostatic rather than inductive, with the elec-
tric field at other altitudes determined by static mapping along the

background magnetic field (at 100- to 500-km altitude, a quasistatic electric field, like Edc, is essentially inde-
pendent of z). The dotted curve in Figure 6 shows the resulting Wdc + WQS. Its off-scale peak value of
58 nW/m3 obtained from the 26.3-s rms average electric field occurs at 132-km altitude in the E region where
σP(z) peaks.

The combined Alfvénic plus dc heating rates also peak near the E region peak in σP(z), with the location and
magnitude of the peak controlled by the profile ofWdc.WA26 +Wdc andWA1 +Wdc exhibit secondary peaks of
5.8 nW/m3 (26.3-s average) and 12.9 nW/m3 (1-s average) in the F region at 268-km altitude. WA alone peaks
near this same altitude and then decreases at E region altitudes to less than one half of its peak value and to a
small fraction ofWdc. As discussed below, this feature of Alfvénic heating can produce CHAMP thermospheric
density enhancements at 400 km.

The Alfvénic heating profile (WA +Wdc) and the pseudo quasistatic heating profile (WQS +Wdc) are similar at F
region altitudes, but they differ very significantly at E region altitudes. This comparison indicates that misin-
terpretation of inductive electric fields measured in the ionosphere can lead to estimates of anomalously
high Joule heating rates in the E region. Given the large difference in E region Joule heating rates for
Alfvénic and quasistatic fields, the implications of this difference for ionospheric and thermospheric ener-
getics are significant.

We can qualify the results in Figure 6 in the context of other models of Joule heating that produce thermo-
spheric density anomalies resembling those measured by the CHAMP satellite. Brinkman et al. (2016) exam-
ined Joule heating produced by zero-mean, quasistatic, rms electric fields of 20 and 50 mV/m added to the
heating rate produced by a static, uniform convection field of Edc = 10 mV/m. The altitude profiles for their
combined heating rates resemble in magnitude and altitude distribution the pseudo quasistatic profile in
Figure 6. Brinkman et al. note that their large volumetric Joule heating rates in the E region are less important
for the neutral gas upwellings observed by CHAMP than the smaller F region rates, because the heating rate
per unit mass, σP(z)E

2/ρair(z), is amplified in the F region owing the more rapid exponential decrease of the air

Figure 6. Height profiles of Joule heating rates for a 10-mV/m static, uniform
dc electric field (Wdc); for the same Wdc added to a 1-s average of the
Alfvénic Joule heating rate WA1 at each altitude (the 1-s interval at 400-km
altitude is shown in Figure 5) and for the same Wdc added to an altitude-
dependent, Alfvénic Joule heating rate WA26 averaged over a longer time
series (26.3 s) from which the 1-s interval in Figure 5 was extracted. See text
for explanation of the dotted curve (Wdc + WQS).

10.1029/2018JA025990Journal of Geophysical Research: Space Physics
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RISR-N (blue). It also shows the actual output ion temperature from IPWM (pink) and measured ion tem-
perature from RISR-N (light blue). Figures 8d and 8e show the full temperature,  , profile calculated over 
Resolute Bay using the RISR-N  and the SuperDARN  , respectively. Of the parameters that contribute 

Figure 6. Modeled and observed ion temperature over Resolute Bay from April 21, 2016 18:00 UT to April 22, 2016 
22:00 UT. Figure format same as Figure 4.

Figure 7. Snapshot of SuperDARN-driven IPWM run on April 22, 2016 at 19:00 UT. Figure format is the same as Figure 5.

Lamarche, L. J., Varney, R. H., & Reimer, A. S. (2021). Ion 
Heating in the Polar Cap Under Northwards IMF Bz. Journal of 
Geophysical Research: Space Physics, 126(11), 1–16. https://
doi.org/10.1029/2021JA029155



• GDC has the potential to significantly 
advance our understanding of MIT coupling 
at high-latitudes.


• Contemporaneous measurements of 
the plasma, neutrals, and currents*, 
with 6 spacecraft will be unprecedented.


• Alfvénic inputs into the topside 
ionosphere can be quantified.


• Resolving conundrum such as the cusp 
neutral plasma density anomaly will be 
achievable.


• Specification of mesoscale flow 
structures and associated chemistry in 
the polar-cap.


• GDC will provide the much needed global 
measurements of the MIT system and its 
dynamics for the modeling community (e.g., 
Heelis and Maute, 2021).


• However, GDC’s impact will be diminished 
without sufficient ground-based facilities.


• AMISRs, magnetometers, ASIs, etc..
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Q is the ratio of the area subtended by the three vertices of the ITB compared to the area that 
would be subtended by an equilateral triangle of equal perimeter, as follows: 
 

! = !
" [$#$% + $#&' + $&'(]    s is the “half perimeter” of the ITB. 

 

')*+,)- = (	!(! − $#$%)(! − $&'()(! − $#&') actual area of the ITB 
 

'./0)- = √	3 /120
"
     area of an equilateral ITB of equal perimeter 

 

1 = 1 + /$!"#$!%$&'(!%
0     Q = 2 is ideal, Q = 1 indicates collinearity 

 
Ideally, the ITB would form an equilateral triangle (Q = 2). The assumptions that permit 
estimation of parameters and their temporal variations and spatial gradients are broken when all 
three observatories in an ITB are collinear (Q = 1). 
 
An important observation is that for N observatories, there are “N choose 3” possible ITBs that 
can be formed. For N=6, at any given time there are 20 ITBs, with varying baselines, coverage 
regions, and Q factors. The DRM is designed to give reasonable values of Q, over the full range 
of local and regional scales. 
 
For global-scale measurements, the basic idea is similar – but instead of focusing on measuring 
average gradients between spacecraft, the goal of global-scale measurements is to more fully 
constrain and characterize the overall energy input and responses at all local times and latitudes. 
In this case, having observing points which are well spaced in local time, with local time gaps 
which are not “too large” will enable GDC to provide the first comprehensive characterization of 
upper atmospheric state and forcing on a global scale. The DRM achieves these global scale 

Mnemonic Scale name Scale size 
description 

Spatial Scale1, L Temporal Scale2, 
τ 

LF LOCAL-FAST 
Local Scale, for 

rapid variations 
300-2000 km 0.5 – 3 minutes 

LS LOCAL-SLOW 
Local Scale, for 

slower variations 
300-2000 km >3 minutes 

RF REGIONAL-FAST 
Regional Scale, for 

rapid variations 
2000-4000 km 0.5 – 6 minutes 

RS REGIONAL-SLOW 
Regional Scale, for 

slower variations 
2000-4000 km >6 minutes 

1Spatial scale, L, applies to both zonal (LZ) and meridional (LM) scale sizes. Both must fall into this range. 
3Temporal scale, τ, describes the range of temporal separations over which measurements must be made in order to provide an accurate enough 
assessment of rates of change. In principle, there is no upper bound, but in practice, designing a mission that samples a region N times per orbit 

will mean that anything greater than 1/N of the orbital period (approx. 94 minutes at these altitudes) comes “for free” in any sampling 
architecture. 

Table 1--Definition of local and regional scale sizes for the GDC DRM. 
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measurements with observatories that are appropriately distributed in local time, to get orbital 
and even sub-orbital time resolution on global-scale changes in this region. 
 
The STDT called out three spatial scale size regimes: “local”, “regional”, and “global”. The 
DRM studies each of these scale sizes with a dedicated phase, as well as measurements of 
opportunity in other phases (e.g., in Phase 3, the “global” phase, the constellation is often making 
“regional” scale measurements as well). The DRM then subdivides each of these into subphases 
corresponding to two temporal scales: “slow” (occurring on timescales of a few minutes up to an 
orbital period), and “fast” (occurring faster than a few minutes). Table 1 and Table 2 show the 
spatiotemporal scale definitions used in developing the DRM. 
 

2.3 General outline of the DRM 
 
The 36-month DRM is divided into several phases, which are listed in Table 3 and detailed in 
Section 2.5. Note that days 1-90 consist of Phase 0 – Launch and Early Operations / 

Phase Start 
day 

End day LF LS RS RF GS GF 

1a 91 190       
1b 191 290       
2a 291 390       
2b 391 425       
3a 426 763       
3b 764 842       
3c 843 1094       

Table 3 – The phases of the GDC DRM. For each phase, this table shows the day (elapsed days 
since launch) for the start and end of that phase, as well as which scales are sampled during that 

phase (see Table 1 and Table 2 for scale definitions) 

 

Scale Scale 
name 

Scale size 
description 

1st pair 
sep, 

LTAN1 

2nd pair 
sep, 

LTAN2 

Mean 
LTAN 
Sep.3 

LTAN 
Span Synch Revisit 

Time 

GS 
GLOBAL-

SLOW 

Global 
Scale, for 

slower 
variations 

2-4 hr 3-6 hr <4 hr >= 4.5 hr <15 min.4 
1 orbit 

period (~94 
min) 

GF 
GLOBAL-

FAST 

Global 
Scale, for 

more rapid 
variations 

3-6 hr 3-6 hr <4 hr >=3 hr <15 min.5 

15 min. to 
½ orbit 

period (~47 
min) 

 
1At least one pair of spacecraft (pair a) must be separated in LTAN (local time ascending node) by this amount (inclinations presumed > 

80° and within 1° of each other), and must make measurements at a given latitude within the “Synchronization” range in the seventh 

column 
2At least one pair of spacecraft (pair b) must be separated in LTAN by this amount (inclinations presumed > 80° and within 1° of each 

other), and must make measurements at a given latitude within the “Synchronization” range in the eighth column 
3The mean LTANs, calculated for each of the two pairs of spacecraft, must be within this range 

4All spacecraft contributing to this scale must make measurements at any given latitude within this time range. 
5All spacecraft in pairs a and b, separately, on a per-pair basis must make measurements at any given latitude within this time range. 

Each pair will have a mean measurement time at a given latitude, and the separation between these mean sampling times must fall in the 

range given in the eighth column. 

 
Table 2-- Definitions of global scale sizes for GDC. 
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