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ABSTRACT

Regions of the permanent ionosphere instability are identified with 24h daily global W-index maps
produced from Global lonospheric Maps of Total Electron Content, GIM-TEC, provided by Jet
Propulsion Laboratory. Planetary Wp index derived from hourly W-index maps from January, 1999,
to present, is used to compile Catalogue of more than 270 ionospheric storms which comprise 8%
of total database, and the rest represents quiet conditions. The positive storm percentage
occurrence (enhanced electron density, pW") and negative storm occurrence (depleted electron
density, pW") are analyzed in space and time showing dependence on solar activity (SA) and
seasons for the global ionosphere and its adopted 240 sub-domains (of latitude bins equal to 10° in
the polar regions and 20° elsewhere and 15° hourly longitude bins). A global occurrence of pwW*
and pW’ during Wp storms follows the 11-year solar cycle with pW™ greater than pW"* by about 2
times at high SA and moderate SA while the opposite is observed at solar minimum when pW" is
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greater than pW" by about 1.2 times. The regions of enhanced positive storm activity (pW =10%)
are found to occur in the South America, North seashores of Europe and Russia, and between
longitudes 30°W to 30°E in Antarctica. Zones of negative storms (pW'=22%) are dominated in
Antarctica. The pW" and pW" depict winter maximum of pW" and summer maximum of pW under
Wp storm conditions decreasing from high latitudes to minimum at equator throughout all seasons
in the both hemispheres. While pw* and pW' reach 20-25% under the ionosphere storm conditions,
the spatial occurrence of pW* and pW™ comprise 6% under quiet conditions at high latitudes which
testify on the persistent plasma instability in the ionosphere through more than the total cycle of

solar activity.

Keywords: lonospheric weather; global ionospheric map; total electron content; w-index; ionospheric

storm.

1. INTRODUCTION

An increased knowledge of effects imposed by
the ionosphere on operational radio systems
could be gained by the new service providing
online estimate of the degree of ionosphere
perturbation expressed by the ionospheric W
index at each grid point of the Global lonospheric
Map of Total Electron Content, GIM-TEC. Total
Electron Content (TEC) is one of the main
parameters that defines the structure of the
ionosphere. TEC represents the total number of
electrons along a tube of 1 m’ cross section
between receiver and satellite upto the satellite
orbit at 20,000 km over the Earth. Products of
GIM-TEC become possible with the emergence
of the Global Navigation Satellite System
(GNSS) which has opened new opportunities for
studying the spatial distribution and temporal
evolution of the ionosphere. The GNSS-based
global and regional ionosphere TEC maps serve
as the database for numerous investigations on
the morphology and dynamics of the ionosphere
[1-9]. Based on GIM-TEC, the differential TEC
maps present an option for a measure of the
spatial and temporal developments of a space
weather induced perturbation pattern [10].

While TEC measurements at GPS-receivers
sites are more accurate compared with spatially-
and temporally-smoothed GIM-TEC products, the
GIM data are readily available for investigating
global characteristics of the ionosphere. Besides,
it is well recognized that uneven GNSS receiver
network located mainly on the land and
islands over the globe imposes interpolation/
computational problems in maps production for
the large caveat areas over the oceans [4,11].
However, while the interpolated TEC values over
the oceans may suffer in accuracy as compared
with data available in inhabited areas, the relative
TEC variability is congruent with variability of the

ionospheric TEC measured onboard the
Topex/Jason satellites over the ocean [12].

Recently developed system of the ionospheric W
index as a measure of the ionosphere variability
with magnitude varying along the integer scale
from W = -4 (strong negative ionospheric storm)
through W = 0 (quiet conditions) to W = 4 (strong
positive ionospheric storm) allows to distinguish
the state of ionosphere and plasmasphere from
quiet conditions to the intense storms (Table 1),
ranging the plasma density from enhancements
(positive phase) to depletions (negative phase)
with respect to the quiet reference or normal
state [11,13-15]. So defined W index differs from
the relative deviation of the ionospheric F2 layer
critical frequency, the peak electron density or
TEC from the quiet reference which don't provide
a uniform measure of the ionosphere
disturbances because positive relative deviations
are deeper than negative ones [16]. GIM-TEC
maps, provided by Jet Propulsion Laboratory in
the IONEX format (-87.5%2.5%87.5°in latitude, -
180°5°180° in longitude) are used as the
database for deriving the W-index maps from
1999 to present.

Procedure for derivation of planetary Wp index
from W-index map [13] is provided in Section 2,
accompanied by criteria for the principal
properties of Wp index characterizing the global
ionosphere storm. Wp index is generated from
more than 139,000 sample W-index maps
between 1999 and 2015. According to proposed
criteria for Wp index storm specification, we
produce for the first time Catalogue of more than
270 ionospheric storms for more than sixteen
years of observation which includes the storms
comprising 8% of total database, and the rest
representing the quiet conditions.

This study is focused on global evaluation of
occurrence of the ionosphere storm in space and
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time extending investigations carried out so far
with different approaches [3,5-7,9,17,18]. The
ionosphere disturbances under quiet
geomagnetic conditions are discussed in
literature in various studies including but not
limited to those presented by [14,19,20]. Since
the Catalogue of the ionosphere storms is
compiled recently, the ionospheric storm
signatures under non-storm conditions are
specified in the present study for the first time in
the literature.

2. DATA ANALYSIS

The Degree of perturbation of Total Electron
Content, DTEC, at each grid point (¢;, A;) of the
ionosphere map (2.5°x5.0° in latitude, ¢, and
longitude, A, respectively) is computed as
logarithm of TEC relative to quiet reference. We
choose a quiet 7-day prior median value for each
UT hour (0, 1,...,23 h UT) as a quiet TEC which
is assigned to the hour UT at the day of
observation. Though in many cases the quiet
period is centered on the current day [3], usage
of deviation of an instant value from the quiet
background median for the preceding period is
important for the forecasting purposes when only
prior data are available for the current day [9,
11]. It is assumed, that value of W at grid point
(b, A) is valid also in the surrounding rectangular
section of the IONEX map, i.e. it is valid from ¢; -
1.25°to ¢; + 1.25° in latitude, and from A; - 2.5° to
Ai + 25° in longitude. The W-index map is
generated by segmentation of DTEC with the
relevant thresholds given in Table 1 so that the
local W index equal to 0, 1 or -1 stands for the
quiet state, 2 or -2 for the moderate disturbance,
3 or -3 for the moderate ionospheric storm, and
4 or -4 for intense ionospheric storm at each grid

Table 1. Categories of the ionospheric weather W-in
deviation of total electron content, TEC, from the

point of the map similar to the F2 layer peak
electron density, NmF2, related with the critical
frequency, foF2 [11,13].

The planetary ionospheric storm Wp index is
obtained from W-index map derived from GIM-
TEC as a latitudinal average of the span between
maximum positive and minimum negative W-
index weighted by the latitude/longitude extent of
the extreme values on the map [13]. Since the
occurrence of positive and negative indices
depends on season, location, external forces,
intensity and local starting time of a perturbation,
we take the advantage of a round-the-world
longitudinal presentation (24 h LT) of the index at
the latitude which allows us to investigate zones
of enhanced risk of the ionospheric storm
occurring at any local time.

The difference (span) between the maximum of
positive index, Wmaxj, and the minimum of
negative index, Wminj, at the j-th latitude, serves
as a latitudinal measure of the storm if there are
values corresponding to the storm at the
particular latitude (Eq. 1a) or otherwise (Eq. 1b):

AN =W max j —Wmin j for Wmaxj= 3

and/or Wminj < -3 (1a)
M = max(W max j,|W min j|) for
Wmaxj £ 2 and Wminj = -2 (1b)

The planetary Wp index depicts contributions of
perturbation at a global scale as

Wp = (1+ kxn™ x m‘l)x n‘lzn:d/\d @)
=1

dex corresponding to the logarithmic
median: DTEC = log(TEC/TECmed)

W-index DTEC lonospheric state

4 DTEC > 0.301 Intense positive W* storm

3 0.155 < DTEC < 0.301 Moderate W* storm or substorm
2 0.046 < DTEC < 0.155 Moderate W™ disturbance

1 0.0 < DTEC < 0.046 Quiet W™ state

0 DTEC =0.0 Reference Quiet state

-1 -0.046 < DTEC < 0.0 Quiet W’ state

-2 -0.155 < DTEC < -0.046 Moderate W™ disturbance

-3 -0.301 < DTEC <-0.155 Moderate W™ storm or substorm
-4 DTEC < -0.301 Intense negative W™ storm
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where Wp is the latitude averaged span between
extreme values of Wj at each latitude j.
Parameter n represents number of grid latitudes
(n =71 for IONEX map), and m — number of grid
longitudes (m = 72) on a map. The weight
(1+kxn*xm™) in Eq. (2) explains the latitude-
longitude extent of the areas of the greatest
positive index Wmax = max(Wmaxj), and the
least negative value Wmin = min(Wminj).
Parameter k represents total number of the
extreme positive W indices (W = 3 and 4) and
negative W indices (W= -3 and -4) on a map.

As distinct from the positive and negative local
W-index specified in all cells of a map, the
differential planetary Wp index is always positive
varying from 1.0 (when none storm W index is
present on a map, k = 0) to 10.0 i.u. (index units)
specifying the ionosphere from the quiet times
when Wp < 3.0 i.u. to the planetary ionosphere
storm times when Wp = 3.0 i.u. The upper limit of
maximum Wp =16.0 i.u. could be calculated
formally substituting maximum k = nxm, and
maximum JdWj = 8 (span between W* = 4 and W
= -4 at each latitude of a map); however, in
reality it never occurs that the peak positive W
index is equal to ‘4’ at all latitudes of the map
simultaneously with the negative W index equal
to -4’ at all latitudes of the same map, so the
actual limit of Wpmax < 10.0 i.u. is determined
empirically from the total W-index database.

Planetary Wp index is calculated from hourly W-
index maps constituting total database of more
than 140,000 hourly values of Wp for the period
from January, 1999, to June, 2015. The original
JPL GIM-TEC maps available with 2-h step
before 2008 (and 1-h afterwards) have been
linearly interpolated to 1-h resolution before W-
index map processing. Percentage distribution of
Wp index within ten ranges of Wp index unit
relative to total Wp data set for 1999-2014 is
presented in Table 2.

While from Table 2 one can see that the total
number of cases of Wp = 3 i.u. is about 30% of
the whole database, the ionosphere storm is
specified by the criteria for a period when the
following significant thresholds / conditions are
satisfied:

i) successive UT-hourly Wp values are
greater or equal to 3.0 i.u.;

i)  maximum of Wp is equal to or greater than
Wpmax = 5.0 i.u.;

iii) storm time duration satisfying thresholds
(1) and (2) is 5 hours or longer.

The storm duration of at least 5 h eliminates
incidental hour-to-hour global TEC variations and
includes at least two original GIM-TEC maps with
2-h temporal resolution before 2008.

Based on Wp index filtered with the above storm
criteria, Catalogue of the ionosphere storms is
compiled for the first time in the ionosphere
research consisting of more than 270 events
from January 1999 to June 2015 which is
permanently updated if new products of Wp
index capture a storm. With 24 hourly W-index
maps a day over more than 16 years, there are
more than 140,000 sample maps, 8% of which
comprise Wp storm times, and the rest 92%
represents the quiet conditions. These
proportions are very similar to those values for
storm and quiet TEC maps associated with the
intense ring current Dst storms [7]. In this study,
W-index maps are analyzed separately for the
Wp-storm conditions and the rest W-index maps
termed as ‘quiet’ or ‘non-storm’ conditions.

3. POSITIVE AND NEGATIVE
IONOSPHERE STORM ANALYSIS

While magnitude of the planetary differential Wp
index is always positive, the disturbances in the
ionosphere involve enhancement and depletion
in electron density and electron content, termed
as positive and negative ionospheric storms,
respectively. To analyze the both phases of the
ionosphere storm, the occurrence of the positive
storm indices W* = 3 and 4 (pW") over a
specified area can provide spatial characteristic
of the positive ionosphere storm and the
occurrence of the negative storm indices W™ = -3
and -4 (pW’) can provide characteristic of the
spatial occurrence of the negative ionosphere
storm [21]. The percentage occurrence of the
positive pW" and negative pW" storm W-indices is
deduced from the ionospheric activity W-index
maps produced from the global ionosphere maps
of total electron content of Jet Propulsion
Laboratory, GIM-TEC, for 1999-2014.

In this study, the input data are arranged in 10
spatial ranges of latitude and 24 ranges of
longitude according to an assumption that each
W-index is also valid in the surrounding cell-size
space around the grid. The latitudes for the sub-
domains are specified as follows: starting from -
88.75° to -78.75° (with step size of A¢ = 10°),
eight latitude ranges located from -78.75° to
78.75° in steps of A¢ = 20° and finally from
78.75° to 88.75°N (with step size of A¢ = 10°).
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The longitudes for sub-domains are: from -7.5° to
7.5°, from 7.5° to 352.5°E in step AN = 15° that
represent 1h bins of local times. The total global
map is divided into 240 spherical rectangular
sub-domains for evaluation and analysis of an
occurrence of positive and negative storm W
indices therein. The percentage occurrence of
positive storm index W = 3 and 4 (pW") and the
negative storm index W = -3 and -4 (pW") in any
sub-domain or the global ionosphere is evaluated
with expressions:

pPW™ =n(+3+4)/nx100 (3a)

pW~ =n(-3-4)/nx100 (3b)
where n(+3,+4) is number of positive storm index
W = 3 and 4, n(-3,-4) is number of negative
storm index W = -3 and -4, and n is number of
grid points of a specified sub-domain or the total
number of grids (n = 5112) in IONEX formatted
W-index map.

The annual mean probability of negative and
positive ionospheric storms are mapped in
Figs. la and b, respectively, estimated in 240
sub-domains of the map during Wp storms
observed in 2001. Dominant probability of
positive and negative ionosphere storms is
evident in the auroral zones with probability of
the negative storm 1.5 times greater than that of
the positive storm. The both maps in Figs. la
and b show greater probability of occurrence of
the ionosphere storms in Antarctic than in Arctic

Probability of W- storm, 2001

Latitude, deg.

180
Longitude, deg.

Fig. 1. The annual mean probability of (a) negative
estimated in 240 sub-domains on the W-index maps du

which can serve as a new evidence to possible
mechanisms of the ionospheric storms having
hemispheric differences (as opposed to simply
seasonal differences) in how solar wind energy is
transmitted through the magnetosphere into the
thermosphere-ionosphere system [22].

Two-dimensional W-index maps are proven to be
very informative in identifying the strength and
distribution of disturbance. These maps can be
utilized in spatio-temporal characterization of
storm structures. An example of GIM-TEC and
W-index maps for the peak of the Wp storm on
19" February, 2014, at 10:00 h UT is given in
Fig. 2a and 2b. The areas of an enhanced
electron content (W = 3 and 4, red) and areas of
depleted TEC (W = -3 and -4, blue) can be easily
observed in Fig. 2b. The instant percentage
occurrence of negative storm W index, pwW", for
240 sub-domains of latitude and longitude are
plotted in Fig. 2c, and the percentage occurrence
of the positive storm, pW’, in Fig. 2d. It is
observed from Fig. 2d that the positive storm
covers 60% to 100% of the Northern hemisphere
winter dusk area around East-Asia between 60°
and 140°E, a large nighttime latitudinal zone
from the North Pole to 40°S over the Pacific
Ocean, and North and South America. At the
same time, 100% negative storm (Fig. 2c) is
observed in summer at Antarctica when sunlight
illuminates the ionosphere 24 h a day. Fig. 2
demonstrates the effectiveness of evaluation of
an intensity and space location of the positive
and negative ionospheric storm characteristics
pW* and pW" from W-index maps.

Probability of W+ storm, 2001

Latitude, deg.
o

5

8o

0 90 180 270 360
Longitude, deg.

and (b) positive ionospheric storms
ring ionospheric storms observed in

2001
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Latitude, deg.

Longitude, deg.

0

o W% 19.02.2014 10UT

atitude, deg.

-1

Fig. 2. Characteristics of the peak of the ionosphe
TEC map (TEC=10*-m?); b) W-index map; c) the percentage occurrence of pwW
percentage occurrence of pwW

Table 2. Percentage distribution of Wp index in dif
the total number of more than 140,000 hourly Wp-ind

180

-180
Longitude, deg.
T
re storm on 19.02.2014 10:00 UT: a) Global
5 d) the

+

ferent ranges of index unit (i.u.) relative to
ex values from

January, 1999, to June, 2015

Range ofi.u.  1:2 2:3 3:4 4:5 5.6 6:7 7.8 8:9 9:10 =210
nWp, % 2.826  68.240 22338 4476 1353 513 .177 .063 .013 .001
A time series of the global percentage positive-to-negative  storm  occurrence  at

occurrence of pW*, pW, and Wp index are
plotted in Fig. 3 for the storm from 18 to 21
February, 2014, the same event which instant
peak is mapped in Fig. 2. While occurrence of
ionosphere storm at specified sub-domains in
Figs. 2c and d can reach 100%, Fig. 3 exhibits
maximum occurrence of pW"* up to 25% of the
total globe surface and an extreme depletion of
pW" covering 27% of the map at the peak of Wp
storm. Geomagnetic Dst index exhibits the
double-peak geomagnetic storm coherent with
the ionosphere storm signatures.

Monthly mean and annual mean percentage
occurrences of the positive and negative W-index
storms are given in Fig. 4 congruent with solar
activity indicated by the annual sunspot nhumber
(SSN) curve. The pW" exceeds pW" by about 2
times for high and moderate solar activity while
pW" is 1.2 times larger than pW for the deep
solar minimum of 2007-2009. Re-distribution of

transition from the solar maximum to minimum is
due to the lower background total electron
content at solar minimum when the logarithmic
deviation of instant TEC from the reference TEC-
median can yield greater positive W-index
occurrence than that of the negative W-index. In
general, the intensity of W-index storms
increases with increasing solar activity similar to
the occurrence of geomagnetic storms [23].

Spatial intensity of positive and negative storms
(Eg. 3a, b) under ionospheric storm and non-
storm conditions are mapped in Figs. 5a, b, c, d.
During the Wp storms, zones of dominant
negative storms (pW'=22%) are observed over
Antarctica which may be due to particle
precipitation (Fig. 5a). The zones of enhanced
positive storm activity (pW'=10%) are apparent
in the South America, North seashores of Europe
and Russia, and between longitudes 30°W and
30°E in Antarctica (Fig. 5b). Earlier the
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dependence of variability of the ionosphere peak
electron density on corrected magnetic latitude is
investigated by Fotiadis and Kouris [24] who
produced an empirical model of four zones of
uniformly distributed variability in the 24 h period.
Also it has been pointed out that the amplitude of
positive ionospheric storms near the peak of
equatorial anomaly varies substantially with
longitude [8] affected by the vertical drifts
primarily driven by meridional neutral winds

W- storm occurrence, 18-21.02.2014

blowing toward the equator from the hot auroral
regions where Joule and particle heating is
produced by continuous geomagnetic activity.
The areas of enhanced positive storm W-index
(Fig. 5b) may be affected by non-migrating tides
in the tilted ionosphere at the transition across
seashores from sea to land with dominant
plasma density and peak height over the sea
[12,25].

30 : : Wp
2 :*ﬁf% ﬁ? -+ pW* |i.u.
g 20 AN : — W J10
§ ¥ ei’g : —=— Wp
= , -
§ 10 | 'S 2k 5

LI
Q o WL T " Mo
=

50 [, =
- [
<.100
% y

-150
0 12 0 12 0 12 0 12 24
Hours, UT

Fig. 3. Global percentage occurrence of pW

: pW’, and Wp index for the W-index storm

between 18 to 21 February, 2014, and geomagnetic Ds tindex
W-index storm
12 1‘»\ —r— 7 —1SSN
/ . —— W'mn
10 / Q‘ “— Wmn
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Fig. 4. Monthly mean and annual mean percentage occ
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urrences of the positive and negative
99 to 2013
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We assume that the plasma exchange along the
magnetic field lines facilitated during the
ionospheric storm may depend on geometry of
the sea / land ends of the magnetic line-of-force
tubes. Fig. 6a demonstrates the geometry of the
magnetic conjugate points having the both ends
of line-of-force located either at the continents
(green points) or the ocean (blue points) while
those areas with the opposite sea—to-land
magnetic conjugate pairs not sampled. The
zones of an enhanced positive storm activity
(Fig. 5b) in the North Europe and Russia, South
America and part of Antarctica present areas
which might be affected by the dominant plasma
fluxes from the ionosphere over the ocean to the
magnetic conjugate continental ionosphere. The
zones of enhanced ionospheric storm activity
may be linked to a possible presence of the
inhomogeneity of geomagnetic morphology [26],
e.g. the Brasilian magnetic anomaly might be a
source for the enhanced positive W-index storm
signatures in the South America.

Though less intense in magnitude than above
results but pW=5% (Fig. 5c) and pW'=4%
(Fig. 5d) occur throughout the total Antarctica
under non-storm (quiet) conditions. Note that
results of Fig. 5a and 5b are global averages
from 8% (about 11,000) of W-index maps for 16

Latitude, deg.

180 270
Longitude, deg.

L

Latitude, deg.

270
Longitude, deg.

|
Fig. 5. Spatial distribution a) pW
non-storm conditions, d) pwW

4

" for storm conditions, b) pW

years, and results of Fig. 5¢ and 5d are global
averages from 92% (about 128,000) of W-index
maps. The persistent presence of the storm W-
indices under non-storm (‘quiet’) conditions over
Antarctica deserves special attention. Their
intensity could vary on hour-to-hour and day-to-
day scales exceeding the total averages for 16
years of observation.

Temporal profiles of the intense positive and
negative storm occurrence are plotted in Fig. 7
separately in selected zones of magnetic
latitudes (Fig. 6b) for the North and South
magnetic hemispheres. These curves are
obtained by superposed epoch analysis from W-
index storm subset for 1999-2014 with zero time
to put at the Wp storm onset. Twice as much
peak of the negative ionospheric storm
occurrence is obtained as compared with the
positive counterpart, in particular, in the polar
and sub-auroral magnetic latitudes in the
both magnetic hemispheres. The enhanced
ionosphere storms and non-storms activity in the
Polar Regions is related with the magnetosphere
structure which has an open field lines at
geomagnetic latitudes above the auroral oval.
The closed field lines at middle and low latitudes
protect the atmosphere and ionosphere from the
interplanetary particles penetration.

180
Longitude, deg.

| R

4 5 7

Occurrence pW™ %, non-storm 1999-2014

0 90 180 270 360
Longitude, deg.

*for storm conditions, c) pw ~ for

*for non-storm conditions
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Seasonal variation of positive pW* and negative
pW" occurrence is combined for the relevant
seasons in two hemispheres and plotted in
Figs. 8a and 8b for the Wp storms and Figs. 8c
and 8d for non-storm conditions, respectively.
Equinox (eqgn) results are collected and averaged
for 16 years during March, April, September and
October. Winter (wnt) results are compiled for
November, December, January and February
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domains). Summer (smr) results are compiled for
November, December, January and February
(South hemisphere sub-domains) and May,
June, July and August (North hemisphere sub-
domains). All seasonal storm intensities
decrease to minimum from high latitudes to
equator for all seasons in both hemispheres.
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The denser electron density and consequently
higher total electron content at sub-equatorial
latitudes may affect the relatively less logarithmic
deviation from the quiet background values
which result in a reduced ionosphere variability at
the lower latitudinal zone. As distinct from
geomagnetic activity which peaks at the
equinoxes [27] the pw"* and pW" do not depict
equinoctial maximum and all equinoctial curves
lay in between the winter and summer curves.
Here the winter maximum of pw" (Fig. 8a) and
summer maximum of pW" (Fig. 8b) are obtained
under Wp storm conditions. An excess of winter
results over summer results is observed for non-
storm conditions both with positive and negative
storm indices (Figs. 8c and d) but the difference
between three seasons become negligible at low
and equatorial latitudes from 45°S to 45°N. The
largest percentage occurrence is obtained with
negative storm signatures at Wp storms in
Fig. 8b.

According to [19,28] the high- and mid-latitude
positive and negative non-storm Q-disturbances
in the F2-region are mainly due to the atomic
oxygen concentration variations presumably
resulted from the vertical gas motion in the
thermosphere and lower atmosphere, including
the heights of the ionospheric E-region. The non-
storm disturbances of the total electron content
shown in Figs. 5¢ and d and Figs. 8c and d may
be also related with the lower layers in the
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atmosphere. The complementary opportunity on
the impact of the ionosphere storms and non-
storm disturbances on the weather and climate in
the lower atmosphere could be considered for
the future work.

4. CONCLUSION

In this study, the extent and intensity of the
positive and negative ionosphere storms
averaged over the globe in 240 sub-
domains of a map (of latitude bins equal to
10° in the polar regions and 20° elsewhere

and 15° hourly longitude bins) are
evaluated. The 24 h global W-index maps
are produced from Global lonospheric
Maps of Total Electron Content, GIM-TEC
provided by Jet Propulsion Laboratory for
1999-2015. Planetary Wp index generated
from W-index map serves as a source of
Catalogue of more than 270 ionospheric
storms derived from more than 140,000
sample hourly UT maps, 8% of which
comprise Wp storm times, and the rest
represent the non-storm (quiet) conditions.
The percentage occurrence pW' of
positive ionosphere storm (W = 3 and 4)
and pW" for the negative storm (W = -3 and
-4) are analyzed under Wp storm and non-
storm conditions. While intensity of
ionosphere storm at specified sub-domains
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of an instant map can reach 100%,
average enhancement near 25% of pwW"
for the global ionosphere and depletion
27% of pW" are obtained under Wp storm
conditions. A global occurrence of pW* and
pW™ during Wp storms follows the 11-years
solar cycle with pW" approximately two
times larger than pwW’ at high and
moderate  solar  activity but pwW"
approximately 1.2 times larger than pW" at
extended solar minimum between 2007
and 2009.

Zones of enhanced positive storm activity

(PW'=10%) are observed in the South
America, North seashores of Europe and

Russia, and between longitudes 30°W and
30°E in Antarctica, while zones of

dominant negative storms (pW=22%) are
observed at Antarctica. Zones of enhanced
positive storm activity over the continents
may be overflowed by plasma fluxes along
the magnetic field lines originated at the
conjugate counterparts of greater plasma
density over the oceans. Zone of
enhanced risk of the negative ionosphere
storms in Antarctica is congruent with
depressed  Antarctic  South  Auroral
Electrojet, SAE, index as compared with
the North Auroral Electrojet, NAE, index
under the storm conditions [29] indicating
strong asymmetries between the two
hemispheres. The regions of persistent
perturbations of the ionosphere don't
coincide with the regional anomalies in the
ionosphere structure such as Weddell Sea
and Yakutsk anomalies or regions of
strong / weak coupling of TEC [30,31].

As distinct from geomagnetic activity
depicting maximum at equinoxes, the pwW*
and pW do not depict equinoctial
maximum but winter maximum of pW" and
summer maximum of pW™ are obtained
under Wp storm conditions decreasing
from high latitudes to minimum at equator
throughout all seasons in the both
hemispheres.

While pW* and pW" reach 20-25% under
Wp storm  conditions, the spatial
occurrence of pW* and pW™ comprise 6%
at Southern hemisphere high latitudes
based on more than 130,000 W-index
maps under non-storm conditions. This
result indicates that persistent storm
signatures are always present in the ‘quiet’
ionosphere of auroral region that implies a
potential risk for the ionosphere weather.
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