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Abstract

It has been established that polar cap patches are capa-
ble of triggering phase scintillation via various convec-
tive instabilities such as Gradient Drift, Gravitational In-
terchange, Current Convective, and Kelvin-Helmholtz In-
stabilities coupled with turbulent plasma processes in the
cold and warm approximation. These multiple instabilities
provide a qualitative density peaking mechanism which ul-
timately leads to the formation of highly dense and coher-
ent nonlinear structures such as polar patches and auroral
blobs at high latitudes. It is important to note that the non-
linear evolution of these polar patches/blobs and their as-
sociated plasma number density inhomogeneities are pri-
marily controlled by dominant magnetospheric (inertial) or
ionospheric (collisional) current systems. Moreover, in-
tense observational studies on the trans-polar movement
of these polar patches/blobs and their associated morphol-
ogy further classify these structures as Type 1 and Type 2
blobs depending upon their density estimates and ionisation
sources. In this study, a correlation between inherent po-
lar patches plasma parameters and phase scintillation met-
rics is discussed in terms of Total Electron Content (TEC)
and ROTI measurements at a localised region Ny-Alesund
[78.93◦N, 11.86◦E], Svalbard which is more sensitive to the
polar patch mobilisation driven by dayside polar cusp dy-
namics. Moreover, it is concluded that phase scintillation
studied in terms of TEC and ROTI local estimations could
be used as proxies for the polar ionosphere.

1 Introduction

Plasma density irregularities drastically affect trans-
ionospheric electromagnetic signals and cause rapid fluc-
tuations of the received wave amplitude/ phase signal in-
formation, which are often referred to as scintillations [1].
Classical studies on ionospheric scintillations started early
in 1946 and thereafter later advancements and subsequent
research revealed that ionospheric scintillations frequently
occurred in the equatorial region, mid-latitude sectors and
at high latitudes.

The European arctic region is frequently monitored through
many sophisticated and advanced diagnostics for many
decades. It turns out that polar patch/blob convection is

guided by the polar sector twin cell potential. High density
polar F region plasma density coherent structures called Po-
lar cap patches exit the polar cap into the nighttime aurora
and then return to the dayside [2, 3]. Many coordinated
campaigns have revealed that phase scintillation estimates
are more dominant in this region around magnetic mid-
night as compared to the daytime scenario [4]. It has been
found that GPS (Global Positioning System) phase scintil-
lations dominate over GPS amplitude scintillations in the
polar sectors[5, 6]. These polar patches are termed auro-
ral blobs when they exit the polar cap and enter inside the
auroral oval.

Further, these blobs could be broadly classified and dif-
ferentiated into Type I and Type blobs II based upon their
convection characteristics and density inhomogeneity scale
length. Blob type 1 (BT-1) is the reminiscent or trace re-
lated to the high-density islands of polar cap patch material
that has been convected to the night-side auroral oval. How-
ever, blob type-2 (BT-2) relates to the plasma density en-
hancement/structure that has been triggered locally by par-
ticle precipitation in that localised zone. It turns out that
the BT-1 blob dynamics is responsible for the worst scintil-
lation cases.

A number of primary instability mechanisms have been
proposed to explain these density irregularity productions at
high latitudes, including the background plasma turbulence,
the gradient drift instability (GDI), the Kelvin-Helmholtz
instability (KHI), or velocity shear-driven instability. Addi-
tionally, more complex analyses of these highly dense patch
structures have been made by the temperature gradient in-
stability to address the inherent thermal properties of these
polar patches. These models also include the current den-
sity investigations arising out due to the inclusion of paral-
lel current in the proposed patch/blob convection trajectory
analysis [7, 8, 9].

2 Event details and Data

With the prime motivation of scintillation analysis in
the polar latitudes, global and local plasma parameters
responsible for the evolution and decay of the polar
patches have been compared and correlated with vital
statistical scintillation indices in the climatology study at
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Figure 1. Hourly (a) Dst; (b) Kp; (c) AE; (d) IMF indices for 8 Sep 2017 at NY-ALESUND

Ny-Alesund, Svalbard. The scintillation model has been
analysed using global geomagnetic data and correlated in
terms of ROTI measurements and global magnetic indices.
The storm of 8 Sep 2017 was marked by two CMEs
hitting the Earth’s magnetosphere with an X9.3 CME, that
emerged over the Sun’s northeastern limb leading to a
strong G-3 class in the late hours of 7 Sep/2300 UT whose
effect continued until about 0300UT the next morning and
a severe G-4 class at mid-day on 8 Sep. It hit the Earth
stronger than expected, making 8 Sep one of the highest
geomagnetic storms of 2017 and the solar cycle 24. Their
corresponding effects in the form of global indices on the
polar region has been observed.
The ionospheric response to the disturbed day of 8 Sep
2017 in the polar region has been analysed by using data
from 3 sources:
Geomagnetic indices: Comprising of Dst index,
Kp, Auroral Electroject (AE) index. Available at
https://omniweb.gsfc.nasa.gov/ow.html
Interplanetary Magnetic Field (IMF) data: Helps in
understanding the interaction of the Sun with the Earth’s
magnetosphere. Data used in this study consists of the total
strength of IMF (Bt ), x- and y- components Bx and By,
and the southward (downward) component of the IMF Bz.
Available at https://omniweb.gsfc.nasa.gov/ow.html
TEC and ROTI: Used to understand ionospheric irreg-
ularities. It is calculated using GNSS data available at
https://www.igs.org/data/

3 Results

3.1 Global parameters

The typical polar ionospheric parameters used in character-
ising the polar patch scenario are as follows:

n0 = 1011 m−3

B0 = 0.5 G
Te,Ti = 10000k
Ωe
νei

∼ Ωi
νin

∼ 102

ε−1
n = LN ∼ 5X104 m

ls ∼ 3X106 m
V0⊥x ∼ 2X102 m/sec
V0z ∼ 6X104 m/sec
E0x ∼ 10 mv/m
j0∥ = 8 µ amp m−2

BlobVelocity = 200 m/s

Here, the basic notations typical to the polar ionospheric
parameters are: n0 is the ambient plasma number density,
B0 = 0.5 is the ambient magnetic field, Te is the equilib-
rium electron temperature, Ti is the equilibrium ion temper-
ature, Ωi is the ion gyrofrequency, Ωe is the electron gy-
rofrequency, νei is the electron to ion species collision fre-
quency, νin is the ion to neutral species collision frequency,
LN is the density inhomogeneity scale length of the polar
cusp region, ls is the magnetic shear scale length, E0x is
the equilibrium electric field arising due to the perpendic-
ular flow, j0 ∥ is the equilibrium current arising due to the
parallel flow in the polar cusp region. V0⊥x is the equilib-
rium plasma drift in the perpendicular direction, V0z is the
equilibrium plasma drift in the parallel direction [7]. The
resultant equilibrium plasma drifts deduced from the ambi-
ent perpendicular and parallel dynamics imparts the finite
velocity to the plasma patch/blob. It turns out that the con-
vection dynamics of these high density patches/blobs are
controlled by the resultant equilibrium plasma drifts.

Fig. 1 shows the global parameters of geomagnetic data.
These help in assessing the quality and intensity of a storm.
The Dst value (a) subsided to reach its minimum at 0200
UT and underwent a declining phase again from 1200 UT.
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Figure 2. Top: Cumulative TEC over the 24-hr; Bottom: 2-D ROTI for 8 Sep 2017

A CME arising from a sunspot region that is close to the
centre of the Earth-facing solar disk is capable of produc-
ing aurora when it reaches the Earth. For the first half of the
day, observed Kp ≥4 (b). Kp = 4 strengthens the chances
of auroral activity at high latitudes whereas, at middle and
low latitudes, a higher Kp will be needed to achieve auroral
spotting. An important parameter observed is the AE index
which indicates the overall disturbance activity of the elec-
trojets. It is the difference between the eastward and west-
ward electrojets in the auroral region, i.e. AE = AU −AL.
From (c), an increased level of AE was observed. AE be-
gan with a swift rise at 1100 UT and then sharply increased
to attain about 1500nT at 1500UT; after which it started
subsiding slowly, marking the exit of CME. AE index is
a quantitative and qualitative representation of the iono-
spheric and magnetic disturbances below and within the au-
roral oval and is used to understand the coupling between
the interplanetary magnetic field and the earth’s magneto-
sphere. Bt represents the combined magnetic field strength
in the north-south, east-west, and towards and away-from-
Sun directions. (d) shows an enhanced Bt of 20+nT dur-
ing the early and mid-day hours. This is correlated by a
negative/southward Bz during the same hours, indicating a
connection with the Earth’s magnetosphere. Bz is another
important parameter that helps in understanding auroral ac-
tivity.

3.2 TEC, ROTI and Scintillation indices

Periods of solar activity that cause changes in the near-
Earth environment should correspond with the TEC en-
hancements and depletions. To affirm and understand this,
ionospheric irregularities causing GPS scintillation at high
latitudes are often studied in the context of storm events

[10]. Fig. 2 (top) shows the cumulative TEC from all visible
PRNs, latitude wise. It indicates the presence of electron
density irregularities dominated in the region of 75◦ and
above. TEC enhancements of the order of ≥ 9 tecu were ob-
served in 75◦ region at about 0200 UT, with fewer spottings
in the 80◦ region. Midnight behaviour of TEC enhancement
is owed to substorm behaviour and charged particle precip-
itation. The magnetic reconnection enables the transfer of
energy leading to high variational TEC in the polar regions.
After mid-day the pattern changed as prominence increased
in the 80◦ region with TEC rising to 14tecu. This can be ex-
plained by the drifting of charged particles from the night-
side due to ionopsheric currents. These irregularities are a
function of time and geographical location and are higher
due convecting plasma dominated by the presence of large-
scale(200–1000 km) clouds of high-density plasma and F
region patches [11].

Previous studies have concluded ROTI to be good indi-
cators for the presence of ionospheric irregularities even
though their individual magnitudes can differ. The correla-
tion between ROTI and scintillation indices varies with ge-
ographical location and latitudes, however, a stronger cor-
relation exists between ROTI and σφ over ROTI and S4
due to ionospheric plasma structures and high speed plasma
convection in the polar region. ROTI ≥ 0.5 tecu indicates
the presence of ionospheric irregularities at scale lengths
of a few kilometers [12]. Fig. 2 (bottom) demonstrates
consistent ROTI oscillations in the range of 0.3-0.5 tecu
in the mid-night sector indicating moderate to strong geo-
magnetic activity due to magnetic reconnection of charged
particles. The mid-day phase of the storm observed ROTI
peaks at 1.5tecu which can be attributed to R1 and R2 cur-
rents that circle the auroral oval as they precipitate in the
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dawn-noon sector. In terms of σφ , scintillation is charac-
terised as 0.1< weak <0.25 rad, 0.25<moderate<0.5 rad or
>0.5 strong wrt ROTI, indicating that TEC and ROTI esti-
mates at polar/auroral latitudes exhibit a statistically signif-
icant relationship and could be used as scintillation proxies
[13] [14].

4 Conclusion

For both scientific understanding and practically monitor-
ing space weather conditions, it is crucial to identify the
actual sources and drivers leading to the strong scintillation
estimates. Ny-Ålesund is ideally located to observe GPS
scintillations modulated by the ionosphere cusp dynamics
and is important for velocity shear and magnetic shear in-
duced effects on polar patches. This paper observes the
typical classification of scintillation occurrences suggest-
ing strong GPS phase scintillation in relation to TEC and
ROTI, signifying that TEC enhancements and strong ROTI
oscillations indicate storm behaviour in polar regions and
supports the argument of work. Further, the relative gen-
erative mechanism for the density structures such as polar
cap patches, blobs Type I and Type II, have to be under-
stood in terms of their origin from the tongue of ionisation
and auroral particle precipitation.

5 Acknowledgements

The authors acknowledge the use of IMF and solar
data from the OMNIWEB service available at SPDF -
GFSC, NASA. Information about the storm was used
from the daily archives available at Spaceweather.com and
Spaceweatherlive.com. TEC and ROTI data used in this
study is archived by the IGS and CDDIS service by NASA.

References

[1] P. M. Kintner, B. M. Ledvina, and E. De Paula, “Gps
and ionospheric scintillations,” Space weather, vol. 5,
no. 9, 2007.

[2] Q.-H. Zhang, B.-C. Zhang, M. Lockwood, H.-Q. Hu,
J. Moen, J. M. Ruohoniemi, E. G. Thomas, S.-R.
Zhang, H.-G. Yang, R.-Y. Liu, et al., “Direct observa-
tions of the evolution of polar cap ionization patches,”
science, vol. 339, no. 6127, pp. 1597–1600, 2013.

[3] Q.-H. Zhang, M. Lockwood, J. Foster, S.-R. Zhang,
B.-C. Zhang, I. McCrea, J. Moen, M. Lester, and J. M.
Ruohoniemi, “Direct observations of the full dungey
convection cycle in the polar ionosphere for south-
ward interplanetary magnetic field conditions,” Jour-
nal of Geophysical Research: Space Physics, vol. 120,
no. 6, pp. 4519–4530, 2015.

[4] Y. Jin, J. I. Moen, and W. J. Miloch, “On the colloca-
tion of the cusp aurora and the gps phase scintillation:
A statistical study,” Journal of Geophysical Research:
Space Physics, vol. 120, no. 10, pp. 9176–9191, 2015.

[5] L. Spogli, L. Alfonsi, G. De Franceschi, V. Romano,
M. Aquino, and A. Dodson, “Climatology of gps
ionospheric scintillations over high and mid-latitude
european regions,” in Annales Geophysicae, vol. 27,
pp. 3429–3437, Copernicus GmbH, 2009.

[6] P. Prikryl, P. Jayachandran, S. Mushini,
D. Pokhotelov, J. MacDougall, E. Donovan, E. Span-
swick, and J.-P. St-Maurice, “Gps tec, scintillation
and cycle slips observed at high latitudes during
solar minimum,” in Annales Geophysicae, vol. 28,
pp. 1307–1316, Copernicus GmbH, 2010.

[7] J. K. Atul, R. Singh, S. Sarkar, O. V. Kravchenko,
S. K. Singh, P. K. Chattopadhyaya, and P. K. Kaw,
“Magnetic shear damped polar convective fluid in-
stabilities,” Journal of Geophysical Research: Space
Physics, vol. 123, no. 1, pp. 808–818, 2018.

[8] J. Atul, R. Singh, O. Kravchenko, and P. K. Chat-
topadhyay, “Finite temperature and ion inertia in-
duced multiple convective fluid instabilities in polar
patches,” in AGU Fall Meeting 2020, AGU, 2020.

[9] Y.-Z. Ma, Q.-H. Zhang, Z.-Y. Xing, R. A. Heelis,
K. Oksavik, and Y. Wang, “The ion/electron tem-
perature characteristics of polar cap classical and hot
patches and their influence on ion upflow,” Geophysi-
cal Research Letters, vol. 45, no. 16, pp. 8072–8080,
2018.

[10] S. Basu, K. Groves, S. Basu, and P. Sultan, “Specifi-
cation and forecasting of scintillations in communica-
tion/navigation links: current status and future plans,”
Journal of atmospheric and solar-terrestrial physics,
vol. 64, no. 16, pp. 1745–1754, 2002.

[11] C. N. Mitchell, L. Alfonsi, G. De Franceschi,
M. Lester, V. Romano, and A. Wernik, “Gps tec
and scintillation measurements from the polar iono-
sphere during the october 2003 storm,” Geophysical
Research Letters, vol. 32, no. 12, 2005.

[12] G. Ma and T. Maruyama, “A super bubble detected by
dense gps network at east asian longitudes,” Geophys-
ical research letters, vol. 33, no. 21, 2006.

[13] Y. Jin, A. Spicher, C. Xiong, L. B. Clausen, G. Ker-
valishvili, C. Stolle, and W. J. Miloch, “Ionospheric
plasma irregularities characterized by the swarm satel-
lites: Statistics at high latitudes,” Journal of Geo-
physical Research: Space Physics, vol. 124, no. 2,
pp. 1262–1282, 2019.

[14] I. Gulati, R. Singh, J. K. Atul, O. V. Kravchenko,
and D. Satnam, “Mix-mode convective plasma in-
stabilities and statistical scintillation metrics in po-
lar patches,” in 17th European Space Weather Week,
no. swr04 - Ionospheric interactions, pp. 123–124,
2021.

Authorized licensed use limited to: Indian Institute of Geomagnetism (IIG). Downloaded on April 23,2024 at 06:51:26 UTC from IEEE Xplore.  Restrictions apply. 


