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Abstract. In this study, we investigate two global climato- 1 Introduction
logical data sets; the occurrence rate of Equatorial Spread-
F (ESF), associated with equatorial plasma irregularities,Over the last several decades the name Equatorial Sgtead-
at ~400 km altitude obtained from CHAMP observations, (ESF) has been used to designate equatorial plasma density
and the evening equatorial vertical plasma driff, from irregularities over a large range of scale sizes which occur
ROCSAT-1 measurements. First, as retrieved for a solar fluxegularly in the low-latitude ionosphere after sunset. ESF
level of F10.7=150, the longitudinal variation of the two in- events are believed to be generated in the bottom side F-
dependently derived quantities correlates between 84% anrkgion when the ionosphere is unstable to the growth of the
93% in the seasons December solstice, equinox and June sdRayleigh-Taylor (R-T) instability (e.delley, 1989. During
stice. The highest correlation is found for the solstice seasontheir evolution they rise upward and increase in latitudinal
whenv;, is integrated over local time around the prereversalextent (e.gWhalen 2000. Strong ESF events are associ-
enhancement (PRE) and displacédi@vards east. The in- ated with large scale plasma density depletions observed by
tegratedv, is a suitable estimate of the ionospheric height atrockets and satellites and with plasma bubbles detected by
the time just after the PRE and thé displacement is con- radar measurements, also known as plumes. They drift pre-
sistent with ESF eastward drift during 2 h which is assumeddominantly eastward with velocities of more than 100ths
between creation and detection at satellite altitudes. Secon@nd are often tilted westward (see eSgbral et al.1999 Pi-
our analyses reveal a global thresholdwhich is required  menta et al.2003 Lin et al, 2005 Park et al. 2007 Yao
to observe ESF at satellite altitudes. This threshold dependand Makela 2007 Makela and Kelley 2003. Many cli-
linearly on solar flux with correlations of 97%. Both results matological features of the ESF occurrence rates at specific
bring global evidence on the linear relations between ESHocations in different longitude sectors have been revealed
and the vertical plasma drift which have been proven only byfrom the analyses of ground-based observations (see for ex-
local observations so far. ampleFejer et al. 1999 Abdu et al, 200Q Sahai et a].2004

This paper includes the first global map of the sea-Wiens et al, 2006. These studies have shown that the sea-

sonal/longitudinal variation of the ESF occurrence rate oversonal ESF occurrence is longitude dependent, and that the
local time being valid for high solar flux years 2001—2004. Number of strong ESF decreases during periods of low solar
The map reveals, e.g. a longitudinal dependence of the pelI_qu act|v_|ty. Global maps of ESF rglated occurrence rates
sistence of the plasma irregularities indicating that longitude'Vere derived from satellite observations of local plasma de-

dependent mechanisms other than the PRE determine tHY€tions (e.gKiland Heelis 1998 Huang et al.200, Palm-
ESF lifetime. roth et al, 2001, Burke et al, 2004 Park et al.2005 or from

total electron content observations at a ground-based GPS re-
Keywords. lonosphere (Equatorial ionosphere; lonosphericceiver network Kishioka et al. 2008. Alternatively, Stolle
irregularities) et al.(2006 obtained the ESF distribution from magnetic sig-
natures of the instabilities. All these observations revealed
a typical seasonal/longitudinal (s/l) distribution of the ESF
Correspondence taC. Stolle occurrence rate. The most striking feature is the very high
(stolle@gfz-potsdam.de) rate in the Brazilian/Atlantic sector during December solstice
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months. This sector is almost void of events during June solthe time of peak height rather than at the time of peak veloc-
stice months. A more longitudinally uniform distribution is ity. Maruyama et al(2002 proposed that inclined vortex-
found around equinoxes. like E x B drift which creates upward drift in the lower F-
Although the longitudinal distribution of occurrence rates region (lifting the ionosphere) and downward drift in the up-
of ESF are frequently observed, the reason of this typicalper ionosphere (steepening the vertical density gradient) is
feature is still a subject of research. The generation of ESF byspecially favorable for the gravitational R-T instability. Re-
the generalized R-T theory is described with a linear growthcently, Su et al.(2008 provided the global evidence of the

rate of; relation between these two parameters. These authors com-
pared the mean equatorial vertical plasma drift velocity be-
y & zp [ _ i} Vo R 1) tween 18:00 LT and 19:00 LT with plasma depletion observa-
25 + 21‘5 vl no tions, both derived from ROSCAT-1 satellite measurements

in different longitude sectors and found correlations coeffi-

which includes gravitational and plasma density ter@s-(  cients up to 0.91 in December solstice. They were able to
sakow 1981), as well as terms dealing with the effect of define the post-sunses as the “final indicator” for their sta-
plasma drift Ott, 1978, and conductivity distributionSul- tistical s/l ESF distribution.
tan 1999. In Eq. (1), v.=E x B/B? is the vertical compo- A threshold velocity or, correspondingly, a threshold
nent of the plasma drift related to the zonal component of theneight of the ionosphere was proposed to produce positive
electric fieldE at the magnetic equatqy,is the acceleration  R-T growth rates, and this threshold was found to vary with
due to gravitationy;, is the ion-neutral collision frequency, solar flux. Over Jicamarca&ejer et al.(1999 reported a
no is the background electron densi}y,f’E are the flux tube  threshold plasma velocity for the generation of strong ESF of
integrated conductivities in the F- and E-region, respectively,~50-60 m/s for a solar flux index of 250, and they found it
andR is the recombination rate. According to this equation, to decrease te-5—-10 m/s for a solar flux index of 70. Similar
ESF evolution is strongly determined by the strength of theobservations have been made in IndiaJayachandran et al.
plasma density gradienOtt (1978 emphasised the impor- (1993, who suggested increasing threshold velocity from
tance of the plasma drift component parallel/antiparallel to20 to 30 m/s when the mean solar flux index increases from
the density gradient which favors/reduces the probability for70 to 120. Manju et al.(2007 investigated ionosonde ob-
ESF onset. Furthermore, upward plasma drift near sunseservations in Trivandrum, India and found a threshold iono-
lifts the ionosphere to higher altitudes wheyg is reduced,  spheric height for the generation of Spre&dwhich was
which additionally enhanceg. At this local time, the up- larger during solar maximum years than during solar mini-
ward velocity amplitude usually increases sharply before itmum year.
turns downward at night (e.grarley et al. 1986. This lo- In this paper, we compare two independent climatological
cal plasma drift velocity peak is called the prereversal en-data sets; the ESF occurrence rates derived from CHAMP
hancement (PRE). The integrated E-region conductivity alsasatellite observationsStolle et al, 2006 and the PRE verti-
contributes to the growth rate, aidunodg(1985 proposed  cal drift velocity derived from ROCSAT-1 satellite observa-
that the alignment of the magnetic field with the sunset ter-tions Fejer et al.2008. We make use of the full local time
minator plays an important role for its determination. Meri- plasma drift description. This allows us to concentrate on the
donal winds can also influence the hemispheric distributionPRE drift velocity peak, as well as on the integrated PRE ve-
of the plasma and the ESF occurrence (Kigand Heelis locity, which provides an estimate of the evening ionospheric
1998. McClure et al.(1998 proposed the importance of uplift. Our observations also provide the opportunity to in-
gravity waves to initiate the R-T instability process. vestigate the linear dependence of the threshold velocity to

The close relations between the ESF occurrence and thgenerate ESF from our global view. Furthermore, we use the
amplitude of the vertical plasma drift and the layer height multi-year satellite data bases to look for seasonal and longi-
was shown empirically in several studies (é-grley et al. tudinal differences in the response time of ESF occurrence to
1970. Local evidence was given iyejer et al(1999 based  PRE actions, as well as for possible longitudinal dependen-
on radar observations from the Peruvian Jicamarca Obseeies of the ESF occurrence persistence. By this, we expect
vatory who reported that the evolution of the unstable layerto contribute to the understanding of the validity of different
depends on the history of the evening vertical drift veloc- ESF properties on global scale and in climatological sense,
ity. Mendillo et al.(2001) analysed GPS observations in the which were reported from local and time restricted observa-
western part of South-America and proposed that the vertications so far.
plasma drift at sunset is the necessary and sufficient param- The following section introduces the applied satellite data
eter in ESF forecastlayachandran et 1993 investigated  sets, the third section presents our observations, the fourth
HF Doppler radar and ionosonde measurements in Indiagontains the discussion, and last one summerizes our results.
and stated that the height of the F-layer, determined by the
evening vertical plasma drift, is the deciding factor for ESF
onset. They also stated that the R-T growth rate maximises at
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2 Data which entered the model were obtained within a latitudi-
nal range of+5° about the dip equator. The model de-
CHAMP (CHallanging Minisatellite Payload) was launched scribes the equatorial F-region vertical plasma drift veloc-
on 15 July 2000 into a near-circular orbit with an inclination ity during low magnetic activity K, <3) and for 11 levels
of 87.3 and an initial orbit altitude of 456 km, which has de- of solar flux from F10.Z100 to F10.Z200 in steps of 10.
cayed to about 400 km in 200R¢igber et al.2002. Its or- Data are sorted into three seasonal bins which are December
bital plane precesses through all local times every 4 monthsolstice (November—February), June solstice (May—August),
and through all longitudes at a fixed local time every 24 h.and equinox (March—April, September—October). The longi-
The satellite carries, among other instruments, a fluxgateudinal variation is specified at 15pacing between 180° E
magnetometer which provides precise measurements of thand +168 E derived from overlapping 30wide longitudi-
Earth’s magnetic fieldStolle et al.(2006 have shown that nal bins. Local time is provided in 30 min steps derived
these high quality magnetic field observations contain signafrom overlapping 1-h local time bins, except for the 17:00—
tures of equatorial plasma instabilities. For identifying them, 22:00 LT sector, where 30 min bins and 15 min resolution are
all other contributions to the geomagnetic field have to beused. Due to seasonal dependent data availability the model
subtracted from the measurements, e.g. as by means of tie most accurate for equinox and for December solstice. In
POMME-3 model Maus et al. 200§. POMME (Potsdam the following, we will mainly use modelled plasma drift ve-
Magnetic Model of the Earth) comprises the main magneticlocities derived for a solar flux level of F16<150, which
field, the litospheric magnetization and the effect of large-corresponds well with the mean solar flux level of nightside
sacle magentospheric currents. Orbital segments betweeBHAMP observation between 2001 and 2004.
+45° geogr. latitude are selected and each segment is high- Figure 1 provides two examples of the local time varia-
pass filtered with a cut-off period of 30 s and the AC signal tion of the vertical plasma drift velocity,, as provided by
is rectified. The filtered time series are checked for peakghe ROCSAT-1 model at-75° E and at O E separately for
higher than 0.25 nT. Plasma irregularities are identified whereach season. The vertical plasma drifts are predominantly
several neighboring peaks are found within“al@itudinal  downward during night time and upward during the day with
window. Only satellite observations during low magnetic pre-noon maxima. The magnitude of the drifts decreases in
activity (K, <3) have been considered since other magnetiche afternoon before they exhibit another positive maximum
field fluctuations may confuse the ESF detection algorithmafter sunset. Afterwards, the drift turns downward again. At
during active periods. The occurrence rate was calculatedew locations no PRE peak occurs like-af5° E during June
as the number of orbital segments with ESF encounters ovesolstice (i.e. Figl).
the sum of segments with or without ESF encounters, e.g.
in a longitudinal bin. The climatological features such as
seasonal/longitudinal and local time occurrence rate distri-3 Observations
butions derived from the multi-years magnetic surn@o(le
et al, 2009 compare very well with the global distribution This paper investigates the effect of the plasma drift veloc-
of ESFs derived from plasma depletion observations k&lg. ity during the prereversal enhancement on the occurrence
and Heelis1998 Huang et al.2001; Burke et al,2004 Park  probability of ESF. Therefore, we concentrated on two pa-
et al, 2005. This confirms the reliability of magnetic mea- rameters which typically characterize the post-sunset plasma
surements for detecting these F-region irregularities. Hereuplift: the peak value of the vertical plasma drift velocity
we make use of an ESF climatology that was derived fromduring PRE,vZP, and the integrated vertical plasma drift ve-
4 years of CHAMP observations between 1 January 2001ocity, Sprg, Which is a measure of the uplift of the F-region
and 31 December 2004 and between 18:00 and 02:00 LT. Thplasma. We retrievedf by searching for the highest drift
mean solar flux level during these CHAMP observations wasvalue measured by ROCSAT-1 between 17:00 and 21:00 LT
F10.7#=149. At the time of writing, CHAMP is still opera- at each longitude for each of the three seasonal periods pro-
tional, and the present data set covers 8 years between 208@ded by the model. No typical PRE plasma drift pattern
and 2008. with a post-sunset local maxima is visible at the longitude
Fejer et al(2008 presented a climatological model of the bins—90°, —75°, and—60° E during June solstice. In those
equatorial F-region vertical plasma drift, which is based oncases, we have chosefi as the plasma drift value from the
measurements taken by the lonospheric Plasma and Electrdin just before the time at which the plasma drift velocity de-
dynamic Probe Instrument (IPEI) on board the ROCSAT-1creases rapidly towards its night time values. For example,
satellite {reh et al, 1999. ROCSAT-1 was launched on inthe upper panel of Fid, the value at 18:00 LT was chosen
27 April 1999 into a circular orbit at an altitude of 600 km in case of June solstice.
and with an inclination of 35 The mission, which ended The quantitySpre is calculated by adding up the vertical
July 2005, sampled the dip equator at all local times indrift values obtained at a local time node,and multiplied
25 days. IPEI provided continuous measurements betweehy the time difference between adjacent bins. We start the
April 2000 and June 2004. The vertical drift observations integration from the local time bin with the first occurrence of
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Fig. 2. The integrated plasma drift plotted over the peak plasma drift
velocity during the same PRE period for all longitudes and seasons
and for a solar flux level of F10-+150. Corresponding correlation
coefficient (cc) and regression line parameters are provided in the
figure.
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40 longitude O the PRE lifting phase. The high correlation proves that the

peak plasma drift velocity describes well the distance, which
the plasma is transported upward over the entire PRE time.

Let us now compare the ESF occurrence with the strength
of the PRE. The left panel in Fi® shows the longitudinal
variation of the occurrence rate of ESF and of the amplitude
of Sprefor the three seasonal periods. The close relation be-
tween both quantities is reflected by high correlation coeffi-
cients (0.90 for December solstice, 0.84 for equinox months,
and 0.90 for June solstice).

The right panel in Fig3 provides comparison plots be-
tween the ESF occurrence rate and the peak value of the PRE
drift velocity, v”. It reveals similar correlation coefficients
(0.90 for December solstice, 0.86 for equinox months, and
0.85 for June solstice). The highest correlation is, however,
Fig. 1. Local time variation of the equatorial vertical plasma driftat found when the ESBprg curve is shifted a few degrees to-
two longitudes, as predicted by the ROCSAT-1 plasma drift modelyard east. Figurd shows the cross-correlation coefficients
for December solstice (blue), equinox (green), and June SOIStiC%etweenS'pREand the ESF occurrence rate for a range of lon-
(red) for a solar flux level of F107150. gitude shifts betweer-30° E and 37.5E in 7.5 steps. To
perform the cross-correlations, the curvesgie and of ESF

upward plasma drift (positive value of) after the afternoon ~ Occurrence rate have been interpolated using a quadratic least

local minimum (between noon and postsunset maxima) anfauare fit. In Fig4 the cross-correlation curves are further

stop at the last time node before the electric field reverse@PProximated by a cubic polynomial fit for points between
toward west after the PRE: —7.5 and 30. Then we looked for the tangent point of the

function. The curve maxima are displaced to the east by 7.8

SPRE= Y vzi Al; . (2)  (cc=0.92), 0.7 (cc=0.85), and 4.9 (cc=0.93) for Decem-

i ber solstice, equinox, and June solstice, respectively.
Spre is @ measure in length units. If no local minimum  The linear regression lines between the ESF occurrence
could be identified after 16:00 LT (16:30 LT) than the inte- rate andSpre as derived without eastward shift from their
gration started at 17:30LT (17:15LT) for solstice seasonslongitudinal variations in Fig3 are:
(for _equinoxes). The _slightly diffe_rent integration interval fqr ESFyec = 0.21- Spre— 83 (DS) 3)
equinox was chosen in favour of improvements in correlation
betweenSpre and ESF occurrence, as described below. ESFycc = 0.20- Spre— 128 (EQ) (4)

In Fig. 2 Spre is plotted versus?. Both quantities cor-  ESFocc = 0.14- Spre— 3.6 (I9 )
relate very well with ce-0.98, although the analysis is per-
formed over all longitudes and seasons. The resulting line
regression line has the forfpre=5.89v —2.91, wherev”
is given in [m/s] andSpre in [km]. For high values ofuZP
(~50m/s, cf. Fig.2) the plasma rises almost 300 km during ESRycc = 1.33- v/ — 100 (DS) (6)

ROCSAT—1 v  [m/s]

-40L. .

10 15 20
Local Time [Hours]

awhereSpRE is given in [km] and the ESF occurrence rate,
[ESFOCC, in [%]. The linear regression lines between the ESF
occurrence rate ang’ are:
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Fig. 3. Longitudinal variation of the occurrence rate of ESF magnetic signatures and integrated PRE plasspag(iéft panel) and peak
plasma drift velocity (right panel) for different seasons.

ESRycc = 1.23- v/ — 160 (EQ (7 occurrence rates within a range 620 flux units about the
ESFcc = 1.05-v” —65 (J9 (8)  center solar flux value. Here we made use of satellite obser-
vations from January 2001 to December 2007, to exploit the

wherev! isin [m/s]. Note, these equations describe the glob-\whole capability of the CHAMP data base. The F19150

ally aver_aged ESE occurrence re_ltg for each of the seasons. 5|yes are from Eqs6(8). Already at first sight, the thresh-
Equations §-8) imply that a minimum value ofpre, OF  ¢|d v” increases linearly with solar flux level in all seasons.

of v/ is required to observe ESF at CHAMP altitude. TheseFigyres also includes results from radar observations in In-

global threshold values dfbreare 38 km, 64 km, and 25km g (Jayachandran et all993 and PeruFejer et al, 1999,

for December solstice, equinox and June solstice, respecand the observational points have been connected by a dotted
tively. The global threshold? are 7.4m/s, 13.2m/s, and line for better visualisation.

6.2 m/s. The relations have been calculated for a mean solar

flux of F10.7=150. It has been frequently observed that the We have shown that ESF activity appears preferably in re-
response of strong ESF to PRE actions depends on solar flugions with high amplitudes of the PRE, and that there is little
(e.g.Fejer et al.1999 Manju et al, 2007). We investigated ESF occurrences in regions where the PRE is low. In a next
the sensitivity of the threshold PRE actions to the solar fluxstep we investigated at which local time sector the ESF oc-
level. Figure5 shows the threshold? for solar flux levels  currence rate responses best to PRE. Therefore, we first ex-
of F10.%=100-200 in increments of ten and for each seasonamined the local time variation of the PRE peak velocity as
separately. For better comparison with previously publisheda function of season and longitude. This is shown in Big.
observations we show the PRE peak velocities rather thaiThe smallest variation is observed during equinoxes, where
Spre. In this figure, we compared? from the ROCSAT-  the PRE reaches its peak at 18:30 LT or 18:45 LT over all lon-
1 model at a given F10.7 value with CHAMP-derived ESF gitudes. Larger variations occur during December solstice
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-225 =15 =75 0 75 15 225 30 375 indicates the latitudinal variation of the dip equator. The black hor-

Displocement of S_. curve [*E] izontal line represents the geographic equator.

Fig. 4. Cross-correlation betweesprg and the ESF occurrence

rate plotted versus the longitudinal shift 8fre location. Peak  hemisphere than when the magnetic equator is located in the

locations of the approximated functions (solid lines) are marked bywinter hemisphere. The PRE is a result of eastward neutral

vertical dashes winds and the sudden decrease of E-region conductivity at
sunset Farley et al. 1986. Figure6 implies that the PRE’s

[ o (w Z0.08x 39 ceco 9‘7)‘ — ] local time is relateq to the sunset time at the dip equator.
60~ © £Q (§=0:34x_38'40” cc=0.97) ] The nearly continuous CHAMP data base allowed for the
E A JS (y=0.12x—12.5, cc=0.98) I 1 compilation of a comprehensive map of the s/l distribution
£ ] of the ESF occurrence rate over local time. Figdrghows
— 401 . Fejer et al. (1999) | the ESF occurrence rate for high solar flux years 2001.0—
55" L PR o 1 2004.12 at different local time intervals. The hourly nodes
I plovechonden g (1999 1 inlocal time are derived from 2 LT-hours sliding windows of
.8 20 ;_|_ ' i CHAMP observations centered at 19:00 LT for the first and
9 : 1 at 03:00LT for the last node. The occurrence rate of ESF
N i I % ] detected by CHAMP increases rapidly betwen 19:00 LT and
> 0 R = - o ] 20:00 LT. The highest ESF occurrence propabilities is found
L © 1 between 21:00LT and 23:00LT in all seasons. The time lag

Y between the PRE occurrence (18:00LT-19:30LT) and the
highest ESF propability corresponds very well with radar ob-
servations at Jicamarc&/podman and LaHQZA.976 Kudeki
and Bhattacharyya 999, where bottom side spread-oc-

Fig. 5. The threshold;  plotted versus the solar actiity index, - o\ eq apout 1h after sunset and altitude-developed ESF
F10.7 for different seasons. Results based on radar observations a(e

also included and linked by a dotted line for better visualisation. .radar F"“mes_) at about 2-3h after Sunlset' In Ol_Jr statis-
tics mainly altitude-developed ESF are involved since the
satellite cannot detect irregularities below its orbital height

with values between 18:15LT and 19:00LT. Most signifi- (~400km).

. . : We also performed correlation studies betwéegg and
Cig{ﬂfi&lﬁig;g@?@;gﬁr'1n89 6](;1 E? zgldsnlcge_’s\gt_?r?ttgﬁoz:?ﬁ]e ESF occurrence in the different local time sectors to ver-
P . ’ . e i]‘y how long the correlation is high. Correlation coefficents
be noted that in the case of June solstice the indicated locaabove 0.6 were revealed until 02:00 LT for all seasons when
times of the PRE peak at9(°, —75°, and —60° E is the ) '

time just before the plasma drift velocity starts to decrease’ eastward shift opre of 7.5 E was considered. After-

rapidly from day to night time values. No typical PRE lo- wards, the correlation decreased rapidly, e.g. to below 0.2

cal maximum of plasma drift developed at these Iongitudes]cor June solstice.

in this season. Another interesting feature in Fgs the

apparent anti-corellation between the LT-distribution for De- 4 Discussion

cember and June solstices. For better orientation, the geo-

graphic latitudinal variation of the magnetic dip equator is We have shown that, as expected, the peak vertical plasma
overplotted. For a given longitudinal sector the PRE appeardlrift velocity of the prereversal enhancemevﬁ’,, is highly

later when the magnetic equator is located in the summecorrelated with the integrated plasma drift velociSgre
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(cc=0.98), when considering all longitudes and all seasons. 19 | 100
Correspondingly, the correlations betweeh and the ESF~ & 29
, 3 21

occurrence rate, and betwespre and the ESF occurrence i 22 90
rate are similarly good. v 23

In Fig. 4 we found a longitudinal shift of maximum cor- £ 00 80
relation between the ESF arfhre for the solstice month, g o1
but the shift was |n_S|gn|f|cant for equinox. We testgd if th<=T = 8§ Decembkr [solstice 2
eastward propagation of plasma plumes can explain the dis- =2 0" 2" "0 0T T2 o 45 o0 135 180
placement in solstice. We assume that the ESF event is cre- 19 Iy
ated at the location of the plasma drift observation around the» 20 60
time of thev!, ~18:30 LT, and that most of the plumes reach Ig 2; ©
satellite altitudes{400 km) about 2 h later at 20:30 LT. With 23 50 ©
a typical zonal drifts of ESF of 100 m/s, we derive a zonal £ o §
displacement of & This value agrees well with our observa- g o1 £
tions. The significantly lower displacement in equinox sug- 3 02 Elquinox 40 9
gests the visibility of high bottom side Spre&dwhich oc- 0_3180_135 90 —45 O 45 90 135 180 ©
cur earlier than bubble«K(deki and Bhattacharyyd 999. 19 — 30
Indeed, the longitudinally averaged’, and therefore the 7 20
F layer peak, is higher in equinox, than in solstice months 2 2; o
(Fejer et al. 2008, so CHAMP should sample more fre- 23
quently bottom side Sprea#l-during equinox. £ 00

The correlation betweevg’ and the ESF occurrence rate S o1 |10
L . : .8
is slightly lower than forSprg, €.g. in June solstice, and it = 8% Jbne solstice o

can not be increased by longitudinal shifting. Equatith ( —
: : -180-135 -90 -45 0 45 90 135 180

reveals that the ESF growth rate is proportional to the am- Longitude [°E]

plitude of the vertical plasma drift velocityogt, 1978. The

growth rate is furthermore inversely proportional to the ion-

neutral collision frequency which decreases with increasingFig. 7. Longitudinal variations of the occurrence rate of CHAMP

height. The integrated PRE velocity combines information ESF signatures for different local times and seasons.

from both parameters, hence, it is the preferred indicator for

the initiation of ESF.

Here,Spre was calculated from a varying integration start 0.14. They explained this equinoxial differences by differ-
time depending on the history of the plasma drift velocity ent plasma distribution carried on from the preceding solstice
during PRE. HoweverHaerendel(1973 and Fejer et al.  season. Also our observations show weakest correlation for
(1999 pointed out that, only the plasma drift after sunset the equinox months with 0.85, but which is still significant.
pushes effectively the F-layer profile since ion production Generaly higher correlations in our study, even from inde-
terms can be neglegted in lower regions. We also corrependent data sets, suggest thétand Spre are the superior
lated the ESF occurrence rate wifgrg which was derived  indicators for the ESF occurrence over fixed-time averaged
from a fixed integration start time at 18:00 LT, the averageplasma drift velocities. Nevertheless, we can support the hy-
sunset time. This test resulted in similar, but slightly lower pothesis ofSu et al.(2008 that the vertical plasma drift dur-
corellation coefficients (0.88 for December solstice, 0.84 foring PRE is the most important parameter to determine the s/l
equinox months, and 0.83 for June solstice). The lifting of distribution of large plasma irregularities.
the F-region plasma itself is realised also during day time Figure5 shows the solar flux dependence of the thresh-
when signifcant production occurs in all layers (eSgolle old v¥ above which we expect ESF occurrence rates higher
et al, 2008. We may assume that upward plasma drift than 0% at satellite altitudes. The very high correlation co-
closely before the PRE peak rises the F-region plasma andfficients implies that the required strength of the PRE to
that such a constellation may favour stronger vertical plasmanitiate strong ESF increases linearly with F10.7, also from
density gradients at sunset. global view. The sensitivity seems, however, to be differ-

A comparable global study was performed 8y et al. ent. While the solstices have similar slopes, the slope for
(2008 who correlated occurrence probabilities of plasma ir- equinox is much higher. This is in contrast to local obser-
regularities with vertical plasma drift velocities averaged be-vations at Jicamarca, where the solar flux sensitivity/ofs
tween 18:00 LT and 19:00 LT, both derived from ROCSAT-1 similar in December solstice and equin®efer et al.1996.
observations. They found similarly high correlation coeffi- However, at Jicamarca, these two seasons have nearly the
cients between 0.70 and 0.91, except for September equinosamev? as can be seen from Fid, but this is not valid
(months 8, 9, 10) where the correlation was decreased tdor other longitudesKejer et al. 2009. Hence, we neither
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expect such relation from our longitidinal averaged view. A given longitude since, e.g. December and June solstice show
further aspect is the much higher sensitivity of the postsunseanti-corellated occurrence rates of ESF. As an example, we
ionisation anomaly to solar flux during equinox than during take the longitude bins 2% during June solstice andl5° E
solstice. Liu et al. (2007 found that the crest electron den- during December solstice since at both longitudes significant
sity at CHAMP altitudes increases 0.02—0.025 times with theESF occurrence was observed. At these locations the local
solar flux index during equinox while it is only 0.01-0.015 time of the PRE velocity peak differs by 45min, 19:15LT
times during solstices. This may indicate that the PRE driftand 18:30LT, for June and December solstice respectively.
velocity increases more importantly with solar flux during Correspondingly, Fig7 shows the first significant ESF oc-
equinox, therefore also does the treshgfid currence for June solstice in the 20:00 LT range, but already a
The solstices have similar slopes but with higher thresholdconsiderable amount of ESF events30% occurrence rate)
va during December solstice than during June solstice for allwas detected around 19:00 LT atl5° E during December
given solar flux levels. It has frequently been observed thatsolstice. From this comparison we may conclude, that the
the ionosphere and thermosphere are denser during Decertime of the PRE determines the ESF onset, not only on a
ber solstice months than during June solstice months, anday-to-day variation, but also in a climatological sense. Also
this assymetry tends to be enhanced during low solar minthe time of highest occurrence rate is earlier&6° E during
imum years Rishbeth and Nller-Wodarg 200§. There-  December solstice (21:00 LT-22:00LT) than at Exduring
fore, we suggest that the resulting increased ion-neutral coldune solstice (22:00 LT-23:00 LT).
lision frequency requires higher threshold velocities during  Another important aspect which can be derived from this
December solstice. map is the persistence and temporal evolution of high ESF
For solar flux levels F104110, Fig.5 shows even neg- occurrence propability in different longitude sectors. For ex-
ative values for the threshold af” for June solstice and ample, we compare the American/African longitudes (from
equinox. When the solar activity is low, the PRE vertical ~—90° E to 45 E) and Pacific longitudes (aroundL6C° E).
plasma drift is weak and often downward drifts can occur.In all three seasons, signficant ESF occurrence rates in the
Since the plasma density is also weak, some excursions tBmerican/African sector arise at 20:00 LT, they reach their
positive PRE drift values can result in positive R-T growth maximum at 21:00 LT and 22:00 LT, and they decrease after
rates due to the low ion-neutral collision frequency. In our 23:00 LT. Occurrence rates of about 30% are still observed
climatological view, this means that the ESF occurrence rateafter local midnight. The ESF occurrence rate in the Pa-
is above zero, even when the mean PRE drift velocity iscific sector shows significant values during the equinoxes
downward. Few Spreadi-events were observed for nega- months and during June solstice. These rapidly increase until
tive PRE plasma drift values also Bgjer et al(1999. 21:00 LT with highest values observed globally at this time,
We compare retrieved threshald from our analyses with  but they decrease quickly after 23:00 LT. Almost no ESFs
previously published experiments. The generally higher val-have been detected after local midnight. Apparently, there
ues from local ground-based studies in Fgmply that we  are other mechanisms besides the plasma drift during PRE,
predict some occurrence of ESF even below their thresholdswhich are longitudinal dependent that influence the persis-
Here, the different retrieval methods of the threshold shouldtence of ESF occurrence. The investigation of such effects
be noted. Our values represent a threshold derived fronwould warrant a dedicated study.
longitudinal mean plasma drifts and ESF occurrence rates.
The radar-based studies show a mean of event-based derived
thresholds. Furthermore, the global threshold values stan8 Summary
for an occurrence rate of 0%. This means no ESF event was
ever observed under these conditions by the satellite durin@his study investigated independent climatological data sets
its multi-years mission time. Therefore, lower threshold val- of the ESF occurrence rate at400 km altitude obtained
ues are acceptable. from CHAMP magnetic field observations and vertical
The nearly continuous CHAMP data base provides mapsplasma drift velocities obtained from ROCSAT-1 measure-
of the local time variation of the ESF occurrenc rate in dif- ments. We determined the peak vertical plasma drift veloc-
ferent seasons and longitudes which is shown in Fi®One ity during PRE?, and the integrated vertical drift velocity
interesting point to investigate is a possible relation betweeraround PRESprE, as two measures characterising the PRE
the time ovaP and the onset of significant ESF occurrence in strength. The longitudinal variation of these PRE quantities
a climatological sense. The largest difference in local time ofwere both found to correlate with the ESF occurrence rate to
vf occurs between the Peruvian{5° E) and the Brazilian  about 90% in each of the investigated seasons, December sol-
sector (-45° E) during June solstice (Fi§). However, since  stice, equinox, and June solstice. An even increased correla-
the amplitude of plasma velocity itselfs is very low here andtion was found for the solstices when the ESF occurrence rate
there are practically no ESFs observed, this sector is not suitwas compared t&pre shifted eastward by approximately
able for investigation. It is also not recommendable to com-6° E (0.92 for December solstice and 0.93 for June solstice).
pare the ESF occurrence rates during different seasons at&his result indicates that the ESF occurrence rate is closer
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