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Abstract. We present occurrence rate statistics for nighttimeGarcia et al.200Q Kelley, 2011). Radar experiments have
medium-scale traveling ionospheric disturbances (MSTIDs)verified that MSTIDs are polarized structures, with internal
in the Central Pacific and South American sectors using dat&lectric fields of the order of 5 mV i (Behnke 1979 Saito
collected by 630.0 nm filtered CCD imaging systems. Theet al, 1995 Kelley et al, 200Q Shiokawa et a).20038.
data were collected from September 2006 through Decembe¥STIDs have been observed in conjugate hemispheres (e.g.,
2012. In general, the statistics are in good agreement with th©tsuka 2004 due to the polarization electric field within
basic linear theory of MSTIDs, with observations coinciding an MSTID mapping efficiently along magnetic field lines,
with low F10.7A values, representative of solar minimum. thereby creating a mirrored structure in the conjugate hemi-
Overall, MSTIDs are observed in approximately 68 % of the sphere.
usable nights near the solstices at mid-latitudes and approx- One of the first detections of MSTIDs was Behnke
imately 20 % of the usable nights for equinox periods. Ob-(1979 using the incoherent scatter radar at the Arecibo
servations closer to the geomagnetic equator yielded a max@bservatory in Puerto Rico to make measurements of the
imum occurrence rate of about 10—-20 % during the solsticedieight-band variations in the F region. The radar was oper-
and about 0—3 % during the equinoxes. The lower number ofited in a mode in which measurements were taken from dif-
MSTID observations near the low latitudes is attributed to ferent azimuth angles, from which the orientation and prop-
limitations of MSTID growth rate, propagation, and/or ge- agation direction of the structures could be deduBsthnke
ometrical observational effects. The relatively large number(1979 attributed these height-band variations to the Perkins
of MSTID occurrences during the solstices can be accountedhstability (Perking 1973, in part due to the angle the prop-
for by the neutral wind contribution to the MSTID growth agating waves made with the magnetic field. In his model
rate either at the local or magnetic conjugate point. of the mid-latitude ionosphere, Perkins solved the momen-
mid- um equations by integrating quantities along the magnetic
field line and found the existence of unstable modes when
a north—south electric field or eastern neutral wind existed
(in the Northern Hemisphere configuratioPefkins 1973.
The associated forces upset the balance of the mid-latitude
1 Introduction ionosphere whose equilibrium is supported by the combina-
tion of an eastward electric field and southern neutral wind
Nighttime medium-scale traveling ionospheric disturbancesagainst gravity for regions containing a finite dip angle in the
(MSTIDs) are a phenomenon often detected in the mid-Northern Hemisphere. The instability sets up a polarized cur-
latitude ionosphere characterized by waves of raised and lowrent density, which through ai x B drift creates the raised

ered bands of electron density. They typically have wave-and lowered bands of electron densiBh6u and Mathews
lengths of the order of 100-500km and travel at an an-200f.

gle to the magnetic field in the westward and equatorward
directions at velocities ranging from 50 to 150 ge.g.,
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There have been a few issues with invoking the Perkinszozr recombines, thereby producing photons with a 630.0 nm
instability as the generative mechanism for MSTIDs (e.g.,wavelength ink and Cogger1988. The electron density
Kelley et al, 2002. Specifically, the growth rate is too altitude variations (characteristic of MSTIDs) are observed
small for the instability to grow by an appreciable amount in airglow imagers as enhanced and depleted bands. Like the
from thermal noise alone. As such, it is generally accepteddense network of GPS receivers, airglow imaging systems
that some additional seed is required to augment the lowprovide 2-D spatial and temporal information on MSTIDs.
Perkins growth rate to allow for the development of MSTIDs. For a review of imaging systems used to study the iono-
Huang et al.(19949) identified gravity waves as a plausi- sphere, seMakela and Otsuk&011).
ble explanation for driving MSTIDs in the bottomside F re-  With the aid of imaging systems, seasonal and solar cy-
gion, thus enhancing their growth rate. There is also a grow<cle trends of MSTID occurrences have been studied in the
ing body of literature exploring E region coupling effects, Japanese sectoBlfiokawa et a].20033, Eastern Asian sec-
through which the polarized electric field from a sporadic tor (Fukushima et al.2012, and also at AreciboQGarcia
E layer maps efficiently to the F region, providing the seedinget al, 200Q Martinis et al, 2010. Candido et al(2008 have
mechanism for MSTIDsTsunoda and Cosgroy2001; Cos-  presented a statistical analysis of MSTID occurrences at Ca-
grove 2004 Tsunoda2008 Yokoyama and HyselR010. choeira Paulista, Brazi{22.7° N, 3150° E, dip= —30.9°)

Auroral radar experiments from the Super Dual Auroral using 630.0 nm emission airglow images during local winter
Radar Network (SuperDARN) conducted ®gawa et al.  (June—July). These studies show a semiannual pattern with
(2009 studied MSTIDs initiated as gravity waves. Using the MSTID occurrence peaks during the solstice months, and
results from this studyKelley (2011 proposed that Joule have also illustrated that occurrence rates are inversely pro-
heating dampens out evekyvector except ones associated portional to solar flux.
with the Perkins instability. The filtered modes are then am- Here, we contribute to the climatological database per-
plified at mid-latitudes with the coupled E region dynamics taining to the occurrence statistics of MSTIDs using air-
(i.e., Tsunoda and Cosgroy2001), thus forming an MSTID  glow imaging data collected from 630.0 nm filtered CCD
strong enough to be observed. imaging systems for two geographical sectors: Haleakala,

Properties of MSTIDs have been studied through the comHawaii (2071° N, 20374°E) in the Central Pacific and
bination of theory and data obtained from climatological Cerro Tololo, Chile £30.17° N, 28919 E) in the South
studies. These studies aid the theoretical understanding dimerican sector. This is the first long-term study of MSTIDs
MSTIDs by providing statistical trends of their nature. Of in the Central Pacific sector, filling the data gap between
particular interest for MSTID climatologies are their proper- studies conducted in the Japanese and Brazilian sectors. The
ties (i.e., wavelength, velocity, total electron content (TEC) site at Cerro Tololo is northwest of tiMartinis et al.(2006
fluctuations) and their seasonal and solar cycle dependencgudy located in El Leoncito, Argentina, and provides obser-
for developing and propagating in the nighttime ionosphere.vations on the west coast of South America. Observations
For example, using electric field fluctuations measured by theat Haleakala in the Central Pacific sector are approximately
Dynamic Explorer 2 satelliteSaito et al.(1995 compiled 6000 km southeast of the sites used in the previously studied
the first global statistical occurrence rates for MSTIDs over aJapanese sector. Data from Haleakala and Cerro Tololo were
19-month period. They were able to verify matching electric selected from September 2006 through December 2012, al-
field fluctuations between conjugate hemispheres, which leatbwing for coincident longitudinal comparisons to be made.
to the theory of polarization electric fields within an MSTID In addition, the times associated with this long-term data set
map along the magnetic field lines to the conjugate hemi-include recent solar minimum to solar moderate conditions,
sphere. permitting an analysis of solar cycle dependence.

Otsuka et al.(201]) used a dense network of GPS re-  Section2 describes the instrumentation used at the two lo-
ceivers in Japan to study the TEC fluctuations characteriseations, including the camera properties and associated view-
tic of MSTIDs, in effect generating maps of 2-D spatial and ing geometries. SectioB reviews the methods used to ana-
temporal information. Similarly, single GPS receivers mea-lyze the data and presents the results of the climatology. A
suring TEC fluctuations have been used to build climatologi-discussion follows in Sectl analyzing the statistical results
cal databases for regions in Japan, Europe, the United Statewjth respect to season, month, and solar flux values. Also,
Australia, and South America during 1998, 2000, and 2001the results are compared with previous studies found in the
(Kotake et al.2006. These studies have shown MSTIDs oc- literature. Conclusions are presented in Sgct.
curring during low solar flux conditions in the June and De-
cember solstices.

In addition, 630.0 nm filtered CCD imaging systems have2 Instrumentation
been utilized to study MSTIDs via observations of the air-
glow emission caused by the dissociative recombination ofAt each site, CCD cameras equipped with a 630.0 nm fil-
O; This reaction occurs predominantly in the bottomsideter are used to gather statistical data on the occurrence rates
nighttime F region where the relatively large population of of MSTIDs. At Haleakala, two imaging systems provide
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Fig. 1. Fields of view for CASI, CNFI, and PICASSO at an altitude of 250 km. Also shown are magnetic dip angle values at 250 km.

different spatial resolutions and coverages for the regions of CASI has a center look direction at zenith and a°1#&€ld
interest. The cameras are operational at night and are corof view. CNFI has a field of view of 47and looks south
trolled by software to cycle through various optical filters with an azimuth angle of 188> and an elevation angle of
and to periodically record dark images that can be used inl7.9°. The viewing configuration of CNFI was chosen such
the analysis to reduce the effects of noise. that the field of view is along the magnetic field lines in the
Figurel summarizes the viewing geometry of the instru- airglow layer, enabling an optimal viewing configuration of
mentation, showing the field of view of each instrument at anEPBs as originally proposed biinsley (1982. Although
assumed airglow emission altitude of 250 km. Also overlaid field-aligned irregularities such as EPBs were not of primary
on Fig.1is a magnetic field dip angle contour map. The dip interest in this study, the viewing configuration of CNFI en-
angles were obtained using the eleventh-generation Internaables MSTID detection for regions equatorward of Hawaii at
tional Geomagnetic Reference Field (IGRF11) modkh{ dip angles ranging from 50 3C°. Also, this viewing con-
lay et al, 2010 for a year input of 2010 and an altitude of figuration gives higher spatial resolutions for lower elevation
250 km. angles than the CASI system, allowing for clearer detection
of MSTIDs at lower latitudes.
2.1 Haleakala, Hawaii
2.2 Cerro Tololo, Chile
Two imaging systems, each with different viewing geome-
tries, are co-located at the Haleakala Volcano on the islandd Portable lonospheric Camera and Small-Scale Obser-
of Maui, Hawaii (2071° N, 20374° E). Both the Cornell vatory (PICASSO) is located at the Cerro Tololo Inter-
All-Sky Imager (CASI) and Cornell Narrow-Field Imager American Observatory (CTIO) near La Serena, Chile
(CNFI) employ a 1024 1024 pixel CCD array binned to (—30.17° N, 28919 E). This narrow-field imager is simi-
512x 512 pixels. Thermal noise is reduced by cooling eachlar to CNFI, as it looks equatorward along the magnetic
imager to—40°C. The 630.0 nm filtered images are made us-field lines to reduce blurring effects for observing FAls. PI-
ing an exposure time of 90 s. In addition to studying the prop-CASSO's field of view covers dip angles from approximately
erties of MSTIDs, CASI and CNFI have been used exten-—20° to (°.
sively for studying equatorial plasma bubbles (EPBs) since PICASSO is equipped with-a30°C cooled 2184 1472
the early 2000s (e.gKelley, 20023 Makela et al. 2009). CCD array (binned by a factor of 3) and records 90s ex-
In the current study, data are obtained beginning in Septemposures of the 630.0 nm emission. The field of view of this
ber 2006 to coincide with observations from Cerro Tololo, imager is approximately 80< 60°, covering approximately
Chile. 18 of geomagnetic latitude at an assumed emission altitude
of 250km. PICASSO has been used in previous studies to
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Fig. 2. An example image sequence displaying an MSTID passing through the fields of view of CASI and CNFI. Also shown are magnetic
dip angles at 250 km.

observe MSTIDs at low geomagnetic latitudes (evipkela We then collected the data labels into seasonal bins for
et al, 2010. This instrument has been providing MSTID ob- each year, with December solstice months corresponding
servations since September 2006. to November, December, January, and February; June sol-

stice months corresponding to May, June, July, and August;
and finally equinox months corresponding to March, April,
September, and October. The MSTID occurrences were also
binned monthly across all years to study monthly trends. Fi-
rages i e ofusabler, “VSTID, and ‘loucyibad 2% 12 OCCUT TS e DT o ton f s
data”. The subset of “MSTID” labels was included in the y g ' y Y

“ " ; : dependence.
set of “usable” labels, as usable nights consisted of clear .

. . S A i Data were analyzed for all three instruments from Septem-
skies with the possibility of observing ionospheric structure. h h he i .
In other words, a night with label “MSTID” was also la- ber 2006 t rougf December 2012. From the mstrument_s in

' the Central Pacific, we processed 820 and 1331 usable nights

_beled usable”. An MS.TID was d_etermmed o be_ presentforCASI and CNFI, respectively. Data from Cerro Tololo to-
in the data by recognizing the distinct bands traveling west-

. aled 939 usable nights. Figurgs4, and>5 display the sum-
ward and toward the Equator (however, it should be noteaI - .
that one MSTID observed by CASI was found to travel east Ny statistics for CASI, CNFI, and PICASSO, respectively.

and northward and was accounted for in the statistics Withln each figure, the left-hand plots display the seasonal statis-

an MSTID label). Bad data correspond to nights when thet'.cs for the December solstice, June solstice, and equinox pe-

instrument experienced light contamination (e.g., when the”Ods' The top right plot of each figure displays data binned

. . into individual months, while the lower right plot shows the
moon was up) or when the instrument malfunctioned.

. e : " data binned by F10.7A value. In each plot, the left-hand ordi-
MSTID candidates were verified against false positives by : .
o . ! . . ; nate corresponds to the raw counts for the usable nights (wide
using imaging data filtered for different emissions (i.e., the . : .
. red bars) and MSTIDs (thin cyan bars). The right-hand ordi-
557.7 nm green line and the 777.4 nm near IR). MSTIDs are . ;
. S nate displays the corresponding occurrence rate (blue dashed
not typically observed in images of these wavelengths. For. Lo : .
o S ) line), which is the ratio of MSTID counts to usable night
example, the radiative recombination of @Tinsley et al, counts
1973 produces the 777.4 nm emission and is relatively weak '
(especially during the low solar conditions of the current
study). Given that MSTIDs have TEC perturbations of the or-4  Discussion
der of 1 TECU Qtsuka et al.20117), which is below the sen-
sitivity of our imaging systems at this wavelength, MSTIDs Overall, from the 820 usable nights observed by CASI,
are not easily observed in the 777.4nm emission line. 48.9 % showed occurrences of MSTIDs. CNFI recorded an
An example image sequence of MSTIDs observed overoccurrence rate of 7.0 % from 1331 usable nights. Finally, PI-
Hawaii is shown in Fig2. The images are approximately CASSO recorded the smallest rate of occurrences, with 4.7 %
20 min apart and show the NW-SE wavefronts of the MSTID from 939 usable nights.
traveling SW, which are detected in the fields of view of both
CASI and CNFI.

3 Methodology

To formulate the climatology, we hand-classify each night's
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Fig. 3. Summary statistics for CASI (see text for discussion). Fig. 4. Summary statistics for CNFI.

. often observed from CASI’s field of view about 30—90 min
Although relatively few, the MSTIDs observed by CNFI rior, therefore making MSTIDs observed from CNFI an

and PICASSO are sllgmﬂ.cant becauge they are observed %tpproximate subset of MSTIDs observed from CASI. The
such low geomagnetic latitudes. Previous studies of MSTIDs | .. . . e .

) . . statistics show that MSTIDs observed in CASI’s field of view
have hypothesized the equatorward limit of their propaga-

tion to be around 18magnetic latitude $hiokawa et a). are not always detect.ed in CNFT's field O.f view, Iimiteq by
2002. However, the low latitudinal extent of MSTIDs has growth rate, propagation, and/or geometrical observation ef-

been shown befordM{akela et al, 2010, and in the current fects.

. Solstice and equinox occurrence trends of MSTIDs can be
study, several instances of MSTIDs were observed propa- . : . .
: . : . established with the aid of the binned seasonal plots (the left-
gating toward the geomagnetic equator at magnetic latitude

well equatorward of 18 A further quantitative analysis of rr%;cnodr dﬂgtsre?;tl;;gls ﬁ?)hlzgéctgﬁezigegg esr rsa?rllStilrfe,bCe”tA\\/vSe:en
MSTID propagation limits within the current data set is re- y g ging

uired to study the hypothesized equatorward limitation 35% and 72% throughout the years of observation. Com-
q . y yp q .. paratively, CNFI and PICASSO recorded fewer observations
An interesting feature of the summary statistics is the

prevalence of MSTIDs observed from CASI compared with for Fhe_Decembgr s_olstlce, possibly due t_o the low geomag
. L netic dip angle viewing geometry of these instruments as pre-
CNFland PICASSO. The low elevation viewing geometry of . . .
L . viously discussed. CNFI recorded a maximum of 23 obser-
CNFI and PICASSO could inhibit the detection of MSTIDs, . .
. : . vations (30.7 % occurrence rate) in 2008 for the December
as the look directions of these instruments integrate through .~ ; . .
: : solstice time period, while PICASSO had a maximum of 7
MSTID wavefronts. Another plausible explanation for the . .
. . counts (11.7 % occurrence rate) in 2008 for the same time
occurrence difference is due to the growth rate of MSTIDs _ .
being proportional to sthD, where D is the magnetic in- penoq. . .
S . ! . During the June solstice, CASI recorded high MSTID
clination angle Perking 1973 Hamza 1999. The fields of . .
view of CNFI and PICASSO encompass smaller inclination counts, with occurrence rates ranging between 409% and
P 78 %. With respect to CASI, fewer MSTID occurrences were

angles, thus the growth rate, and consequently the occurrence .
rate is smaller at these locations. Finally, MSTIDs could berecorded by CNFI and PICASSO. CNFI observed a maxi

. ST mum of 11 counts (10.1 % occurrence rate) in 2010 during
subject to propagation limitations as they travel equatorwardthe June solstice period and PICASSO recorded no more than
For example, given an MSTID observed by CASI, the struc- P

ture may not propagate far enough to the south to be vieweéhree observations in a given year.
by CNFI before local sunrise. For the structures that success-
fully propagate into CNFI’s field of view, the MSTIDs are

www.ann-geophys.net/31/2229/2013/ Ann. Geophys., 31, 222837, 2013
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Similar to the other time periods, greater MSTID counts Cla i ear {2003

W_ere recorded by CASI during the equinox period ComparEdFig. 6. The neutral wind contribution tpmax (Eqg. 1) plotted as a
with CNFI and PICASSO. CASI recorded as many as 22function of local time and day of year for Haleakala (top) and the

counts (41.5% occurrence rate) during the equinox periotyagnetic conjugate point of Haleakala (bottom).

for 2008. CNFI recorded onlj0, 1, 3, 3] MSTID counts in

[2006, 2007, 2008, 2009] during the equinox period with a

maximum occurrence rate of 4.5% in 2009. PICASSO had _ o ) )

[1,3,5,2] MSTID counts in years [2006, 2007, 2008, 2009] wh(_areD is thg magnetic inclination (dip) anglgis the mag-
for the equinox time frame with a maximum occurrence rate"€tic declination angle, and andv are the zonal (positive
of 12.5% in 2009. However, only 16 usable nights were eastward) and meridional (positive northward) neutral winds,

available during the 2009 equinox period, perhaps biasing®SPectively. Equationlf is plotted in Fig.6 for Haleakala
the occurrence rate. (top) and the geomagnetic conjugate point of Haleakala (bot-

In general, MSTIDs from this data set are observed pri-l0m) as a function of local time and day of year for 2009
marily during the solstices. When binned by months, data(using other years from this study yielded similar trends as
from each of the three instruments show peaks in the occurfi9- 6). For these plots; andv are obtained from the hori-
rence rate near the June and December solstices. It is difficufontal wind model HWM93Hiedin et al, 1996 and the in-
to determine the major and minor peaks of these data, as sarfilination and declination angles are from IGH{ay etal,
pling biases may influence the occurrence rate. For example?010- The quantities: andv provided by HWM93 are not
the monthly binned data for CNFI (upper right plot of F&y. ~ €Xact measurements, but. represent the general c_hmatology
appear to have a major peak in the occurrence rate near i the neutral wind for a given time. The climatological val-
December solstice, but there were also fewer usable night'€S are sufficient to elucidate the general seasonalities of the
counts in the December solstice compared with the June sofféutral wind contribution to the maximum growth rate of
stice time frame. MSTIDs given in Eq. {).

The solstice occurrence peaks of MSTIDs from the current  1he top plot of Fig.6 shows that for Haleakala, EGL)(
study could be attributed to the neutral wind component ofiS largest near pre-midnight times during the December sol-

the maximum growth rate. FollowinGarcia et al (2009,  Stice period. On the other hand, at the conjugate point of
the neutral wind contribution to the maximum growth rate Haleéakala, Eq.1) is largest near pre-midnight hours dur-
for MSTIDs can be expressed in the form: ing the June solstice period. It is likely that the December
solstice occurrence peaks at Haleakala are due to the con-
Ymax o 1 SiND SiNd 4+ u 0S8 — vSiné — v SinD €0SS, (1) ducive neutral winds contributing to the maximum growth

Ann. Geophys., 31, 22292237 2013 www.ann-geophys.net/31/2229/2013/
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rate for the development of MSTIDs, and that the June solfor Rikubetsu, Japan (42’ N, 1438° E, dip=57.4°). This
stice occurrence peaks are due to MSTIDs being generated irate is slightly lower than our major peak rate for CASI
the conjugate hemisphere during those time frames and effiranging from 64 %-72 % for June and July (compare our
ciently mapping to the Haleakala location. The observationsFig. 3 with Fig. 4 of Shiokawa et a).20033. In their study,
of MSTIDs from this study were predominantly in the pre- Shiokawa et al(20033 found a lower occurrence rate for
midnight time frame, which is in good agreement with the Shigaraki, Japan (38 N, 1361° E, dip= 48.5°) (which is
large contribution to the growth rate given in Figyduring south of Rikubetsu) of about 45 % for times near the June
these times. solstice. Analyzing the December time frames, observations
The data selected from these sites encompass the receat Rikubetsu and Shigaraki yielded about 18 % and 12 % oc-
deep solar minimum time frame, providing insight into the currence rates, respectively. Our data for CASI indicate a
occurrence of MSTIDs at low F10.7A values. Comparing 56 % MSTID occurrence rate for December, which is higher
all three instruments, we observed MSTIDs primarily dur- than the Japanese sites. It should be noted the@himkawa
ing low solar flux values, representative of solar minimum. In et al.(20033 study was from October 1998 through Septem-
fact, CASI recorded 105 counts of MSTID occurrences (fromber 2000, when F10.7A values ranged from125 SFU
a possible 182 usable nights) with an F10.7A value less tharfMarch 1999) to~ 200 SFU (June 2000), whereas in this
70 SFU. Very few MSTID observations were recorded by study the solar conditions ranged fromy 70 SFU (Novem-
CNFI and PICASSO for days with a solar flux value greaterber 2008) to~ 145 SFU (October 2011). The different time
than 90 SFU. The Perkins growth rate is inversely propor-periods may be responsible for the lower occurrences of
tional to (vin), the plasma density-weighted average valueMSTIDs in the Shiokawa et al(20033 study, as the solar
of the ion-neutral collision frequencyPérking 1973 Kel- conditions were higher than the current study. Although the
ley and Fukap1991). lon density (and consequentlyin)) magnitude of the occurrence peak values are different, the
is relatively low at solar minimum, and therefore the theoret-general trend of June and December solstice MSTID occur-
ical growth rate is higher. From the data set of the currentrence peaks appears to be consistent.
study, the observations of MSTIDs during solar minimum  Another feature of our data is the relatively low occur-
agree with this description. rence rates recorded in Cerro Tololo, Chile, compared with
To compare the occurrences of MSTIDs at two geograph-the instrumentation in Hawaii. Low occurrence rates were
ical sectors, results from CNFI are selected to compare withalso found byMartinis et al.(2006 in El Leoncito, Argentina
PICASSO as bhoth instruments look equatorward and toward—31.8° N, 29Q07° E, dip= —31.5°), which is approximately
low geomagnetic latitudes, thus removing any major bias-230 km southeast of Cerro Tololo. Analogous to CNFI and
ing in the occurrence rates caused by latitudinal and ob-CASI located in Hawaii, the narrow field view of PICASSO
servational/geometrical effects. The general trend of occurobserves lower geomagnetic latitudes compared to the all-
rence peaks near the solstices is prevalent, but PICASS®ky imager used in th®lartinis et al.(2006 study. In their
only had an occurrence rate of 10.5% and 8.9% for Janstudy, Martinis et al.(2006§ observed MSTIDs in less than
uary and July, respectively, while CNFI had higher rates of5 % of the nights between 2000 and 2005. Our complete data
22.4% and 11.3% for these months. Although both CNFIset from PICASSO includes 44 MSTID counts out of 939
and PICASSO look at low geomagnetic latitudes, the minorusable nights, which gives a total occurrence rate of 4.7 %.
discrepancies of viewing geometry between the instruments The study byMartinis et al.(2006 was performed primar-
may be responsible for the differences in occurrence ratesly during solar maximum with the F10.7A reaching a maxi-
Figure 1 shows that the viewing geometry of PICASSO is mum value of~ 220 SFU in October 2001. Due to these solar
slightly more equatorward compared with CNFI, therefore conditions, it is expected that the occurrence rate would be
MSTID development observed by PICASSO could be sub-relatively low. Solar conditions from our study ranged from
ject to the greater geomagnetic latitude restrictions previ-solar minimum to moderate conditions, and it is surprising
ously discussed. that low occurrence rates were also recorded from PICASSO.
We now compare these occurrence statistics with studHowever, the equatorward viewing geometry for PICASSO
ies found in the literature. At Arecibo (18° N, 29325° E, may be responsible for the low occurrence rates. As pre-
dip=46.5°), Garcia et al(2000 used an all-sky imager to viously mentioned, MSTIDs could be inhibited from being
observe MSTIDs and found a peak in the December solstic@bserved at these low geomagnetic latitudes. This constraint
time frame (unfortunately, data from the June solstice werewas observed at Hawaii where instances of MSTIDs detected
unavailable). This is consistent with our results of occurrenceby CASI were not observed to propagate into CNFI's field
peaks for the December solstice time frames for all three in-of view. It is unclear if MSTIDs south of PICASSO are re-
struments. stricted from propagating into the field of view of the imager
In the Japanese sect@hiokawa et al(20033 used all-  or if they are even initially present.
sky 630.0 nm imagers to develop statistics of the occurrence In the Indonesian sectorFukushima et al.(2012
of MSTIDs. They found a major maximum in the occur- conducted a study of MSTID occurrences at Kotota-
rence peak of MSTIDs near the June solstice of about 55 %bang, Indonesia—<0.2° N, 1003° E, dip=—19.9°) from
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inversely proportional to solar activity. The instabilities ob-
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