Regional and Loecal lonospheric Models Based on
Millstone Hill Incoherent Scatter Radar Data

John M. Holt, Shun-Rong Zhang, and Michael J. Buonsanto *
Hayutack Ohservatory, Masadmsetts Institute of Technology, Westiord, Massachusetts

Abatract. Loeal and reglonal statlstleal models to
deseribe Millstone Hill ingoberent scatier radar ohser-
vations ol electron densliy, electron tempermiure and
lon temperature sinee 1976 are developed 1sing a bin-
fit teclhndgue. The local model gemrate lonospherie
variations with lecal time, day maomber, amd altitude
from 1500 10K km. The pder day's FLU0T and the Ap
Index [rom the previous 3 bour perled are keyed n-
puts to specily solar and gepmagmetie activity. The re-
glonal modek have a latitude coverage of 32- 557 goode-
tle amd an altitede coverage of F0-G00 km. These ¢1i-
matolery models ave capable of reprodscing primary
lomeplerie varlathon features seen o previous stisd-
les as well as several newly revealed leatures, such as
the semianmisal varlation of electron density. They are
aptessible throseh the World Wide Web at the TRL
bt ! wowew openmadeigal .org.

1. Imtrodiction

Glven that global models may smear owt leatures
which are unlgue 1o a particular reglon, reglonal and
logal models can be very wselul, Milktone HIO [4246°N,
2R8NCE, Apex magnetie latitude 54° ) 15 a unlgue mid-
latitude reglon in Eastern North America, and a meglon
ol eritical Importanee lor the United States Natlonal
Space Weather Program (NSWEP). At an L walue of 3
it lies near the plasmapause boundary and may be oon-
sldered “subauroral” during geomagmetically disturbed
conditlons. In this reglon the fact that the geomag-
netle latiiude B about 127 higher than the cormspond-
Ing geegraphle latitude may cause high oomdee tivitles,



and thermosplerk creulations over thls mear-magnetle
pole ste may lead to Intersting anmgalfsemianmal
lomospheric varlations |Rishbeth, 1998; Rishbeth ef al,
KWW Bince the 1960s, Incoberent scatter [I5) mea-
surements of electron density N, electron temperatune
T, lon temperature Tj, and lne-ol-sight lon drifis have
heen acguired over Millstone HOl. The [avorable loca-
tlon at suhauroral latiiudes comblned with the great
operational ramge aflorded by the radars steerable an-
tenma permit observations over a latitsde span enom-
passing il reglon between the polar cap and the mear-
equatorial lomsplspe

From the edemsive database of Milktone Hill IS oh-
servations, emplrkal models of hasic and derived 15 pa-
rameters, Including N, , T, T}, elecirle flelds amd paral-
lel drifts, are belng developed. Here we present msulis
for the three sealar parameters, These models are wery
Iimportant In validating theoretleal models and emplri-
cal global models sisch as International Belerenoe Tong-
sphere (IR [Bilitza, 2000], and also they can be appled
to addrssing outstanding sclentific lssiws related to the
lomsplere and thermosplene cllmatolegy: e.g., the an-
nmisal amd solar ¢ycle varlatlons of N, the lonospheris
trough, the se-called disk effect, the dependence of T,
and T; on magnetle activity, et¢. In this paper, the
data wsed cover il vear period om Fehruary 1976
to Aggust HEL, over a AR km eight range and
a I-00° gepdetic latitude span lor reglonal meodeling,
andover a LML ke belght range and 30457 latitude
span for the hgher-resolution keal modelimg, Most of
measirenwnis ueed in the reglonal moedel were withina
few degrees ol Milktone Hill's lomgitsde, though at high
altitudes some wereas msch as 25° 1o the west. At L0
km, the data med 1o the local model can be up 10T 1o
il east or west of Millstome, We employ a hin fit tech-
nokrzy 1o sort the data and construct model. This will
he described, amd then we disciss the distrbution of
il gorted data bins., Next, we give general deseriptions
af the main leatures of our model esulis. Finally, we
sumnearize this work and povile Inflormation on medel
avalahility.

2. Data and Method

The Millstome Hill UHF IS5 radar system operates
with a senith-divected 68 m dlameter Goed parabolic an-
tenma, which commeneed operation ln 19663, and a lully-
steerahle 46 m antenna, which commenced operation in
1978, The eleciron demsity and plasma temperatuns
are determined [om the recelved power amxd specinim.
Ezxperlments are carrled out for more than LK) hours
per year. Data are archived In the Millstome Hill Madri-



gal online database system , which contains an extensive
oy of gromd-ha sed messurements amd models of the
Earth's upper atmosplere and onesphere. A Homether,
ST experiments were Inclisded in the models.

The statistieal models ave eompiuted using a bin-
fit technlgue, which combines data hinning with least
squares fitting. The measured N, T, and T ave sep-
arated Into bls acoprding 1o local time, altitsde, and
tlee day of year (1o represent seasonal varlations), and
also 1o geodetic latitude lor reglonal medeling. The hin
slge 15 1 howr for local time and 61 days for the sea-
sonal vadation. For the regional meosdel, the hin slee Is
1% fropm 32-55° gecgraphic latlivde, amd 50 km [oom
HHG00 k. For the local mesdel, there are 12 aliitsde
bing eentered at 150, 1Th, H00, 225, 250, 30, 250, 400,
S, e, 800, and LKD) ke, and data are Imited to 39
45° gedetle latitxde. In each hin, the depemsdencles on
solar and magnetle activity ame determined throsgh a
seqisential kast squares it based on Givens traslorms
[Gentleman, 1973] to the following equation:

P = mt+hizf+lzat+hB=x=a

where P kB eltler N, T, or T, tle Js are litlog coefli-
clents, and [ = [FL0T— 135) /135 and o = [Ap— 15) /15
arg the normalized FLUIT and Ap lndlees. FLIT Is the
previous day's LT ¢m solar e Index, and Ap is the
Fhourly equivalent range Index Ay for the previes 3
hours, Deviations of actusl data from the model mep-
resent the remaining day-to-day varlability doe to such
capses as tldal fowings, gravity waves, uneertaintles In
the solar EUY fux and high latitude loreings which
arg difficult 1o accurately specily. While the physics
lmvolwed In lomsplerk mapomes to FLOT ad Ap s
rather eomplicated, we opt for the lnear approsima-
tlon for simplification while giving the cormect gemneml]
trends of varlations for our ¢limatolegy models, A sep-
arate stidy demomstrating detalled varlation trends of
the data with F LT and Ap Indicates the general valid-
Ity of our llsear approsdmation in the it lormula.

3. Data distribution

The data distributioms of the electron density and
plasma temperatures are essentially the same. There-
fore we discuss only the W, data. For oeal medeling,
tlee data density ls very high In the 280-0E km moge,
at abenst T0-10E) ooumts ke Ior a glven day mumhber and
liseal time bin, comesponding to, lor example, about
HE- T data polnis lor the 300 km bin, For lower
ar higher altitudes, the mumber of data pelnts 1s on the



arder of LD for daytime and I for oghttioe. More
data were obtalned In the Jamary to A pril and Septem-
her to Oetober periods than In other months For the
reglonal models, more than 350 data polots are present
durimg the day, and 200 durlsg the wight In the latl-
tide ramge I-507as shown In Flgure 1. Most data are
Trom periods of 1oy ma geetle activity, with Ap<H), and
there are also many data lor 30 A pdi.

4. Hesult

Chr loeal models reprodsee the oecurrence aml evp-
lintlon of a lew Imteresting midlatitede lonospherlc ple-
nomena, Inchxling the well-kmown “seasonal anomaly™
where the midday &, Is higher In winter than in summer
and the morning N, Indreases more steeply in winter
[Rishbeth and Sety, 1961] due to the OfN, eflect, the
midday demsity depresion [ “blte-out™) which relates 1o
the northward newtral wind drag [Kobl and King, 1967,
the evening density peak In summer [Evans, 1965] (see
thee lelt panel of Figure 2), the “predawn effect™ In the
electron temperature T, [Carlson, 1966], T, enhance-
ments in the morning and in the afternoon |Brace and
Theis, 1981], and the unsual high T, on winter nights
[Fvans, 1973]. There appears a striking feature that has
not previously been reported o Millstone HIl In a sta-
tlstical manner: the semianmual varlation of N, most
promunced above the Fr peak, as shown In the center
pamel of Flgure 2. Dirlng the day, N Increases [rom
winter, reaching an maximum in spring, then decreases
toward summer when it reaches an minlmum; a similar
pattern follows in the second hall of the year. Relative
to other midlatitude sites where semianmeal varlations
oecur [Balan ef al., 1999), Millstone Hill is nearer the
north geomagnetle pole, and the winter density B sup-
posid, by tle well-estahlisled thermosplerk circulation
theory [Rishbeth e al, 300), to be highest, exceeding
thee equine demsity when the senlth angle effect Is less
important. This semianmual leature needs 1o be lirther
Imvestigated.

As for the solar activity dependence, W, and T gen-
erally Inerease with FLOT, hut tle &, Increase bepomes
smaller for very large FLOT In winter durimg noon and
later [Balan et al., 1994]. Figure 2 (the right panel)
slows an example of electron demsity rsponss 0 the
F107 chamge. T, mespomses are more complicated de-
pending on local time, season and altitude pee ako
Bilitza and Hoegy, 199%0]. I generally inreases with
F107, but decreasis In summer when N, ls not wery
high. With ncreasing geomagnetic activity, N B typl-
cally reduced In summer and equing periods [negative
storm), Tx Is elevated diring the night, and T; Is k-
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vated during almost the entiee day.

The midlatitude pnespherie wough B olten seen in
Milktone Hill radar data [Holt et al., 1983]. This fea-
ture s cleady soen o the reglonal N, model (Figure 3)
for high magmetle activity. The trough B basically an
alterneon and nighttime leature, thosgh i may ako
appear during the day [Evans et al, 1983; Vo and Fos-
ter, 2001]. The lomspherk main trough is considered
to be caused by plasma convection through tle night-
slde In the alsence of lonsation sourees and OF elwmi-
cal meeombination in the presence of large electrle elds
[Rodger ef al., 1992; Foster, 1993]. Detalled diseissions
af the trough strise ture seen near Millstome Hill have me-
cently been glven by Vo and Foster [2001). Assoclated
with the denslty depression n the trosgh, T, Is found 1o
be high due to the reduced cooling rate. Compaped with
IRI-9%, the seasonally averaged N, above Millstone Hil
is lower, Also slgnificantly different rom the IRI is the
gecurrense of a T, morning enhancement In winter: It
peaks sharply near (80 LT, while it does mot seem 1o
appear during winter In the IRL T, typlkally Ingrease
with Inereasing magnetic activity, especially at higher
latiiudes and at night. An obvims latitslinal varla-
tlon of T B the decrease toward low latitudes during
thee night. It s mest pronounced during summer, and
is also present In spring and autumn. The T, demrease
dows appear durlng winter nights, but Is ot as evident
as In other seasons. Flgure 4 shows T, In antumn or
A5 km. This leature may he ascribed to the latitsdinal
dilferenee of the leat How om tle topside lomsple e
[Sehunk and Nagy, 2000].

5. Conclusion

Loscal and reglomal statisteal moddels deseribing MO1-
stone HI IS radar olserations of electron density, elec-
tron tem perature and lon tem perature have been devel-
oped sing a bin-fit technlgee. The lecal models gener-
ate lonospherie varlations with local time, day mumber,
and altitude over L L0 km, as a Tosction of the pre-
vious day's FLOT and the Ap Index lor the previos 3
howrs, FLOT and Ap are keyed Inputs to specily solar
and geomagmetle activity, The reglonal models have a
latiiude coverage of 32-55" geodetl Tor 200-600 km al-
tlitude ramge. Tlese climatoksry models are capahle of
reprodcing primary nespleric variation [eatures sen
in previms stixdles as well as several newly revealed fea-
tures, such as 1he semiannual varlatien of electron den-
slity. They are acomssible through the World Wide Web
at the TRL hittp:/ fwww.openmadrigalorg, The wser
can select model type (reglonal or beal model) and pa-
rameter type (Ne, Ty, or T30, amd specily FLOT and Ap
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Indlpes to get outputs in the form of varkus contour
plots as well as ASCIT data ready to be sont Lo the ser's
E-mall address. Several andmated pletures demomstrat-
Iz dynamie changes of lonospherile parameters ave alko
avallable. We also provide portable soltware lor peopy-
ary of mode] values.
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