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Abstract. The location of the auroral oval and the inten- 1 Introduction

sity of the auroral precipitation within it are basic elements

in any adequate characterization of the state of the magnetoFhe auroral oval is the symbolic center of space weather re-
sphere. Yet despite the many ground-based and spacecrafiearch. Space weather as a discipline can be traced back
borne instruments monitoring various aspects of auroral beseveral centuries to early observations of the aurora (Eather,
havior, there are no clear and consistent answers available tb980; Schidder, 1984). In a geophysical sense as well, the
those wishing to locate the auroral oval or to quantify its in- auroral oval is central. The convergence of the Earth’s ge-
tensity. The purpose of OVATION is to create a tool which omagnetic field means that most of the magnetosphere is
does so. OVATION is useful both for archival purposes andtightly coupled to the auroral oval. The aurora can even be
for space weather nowcasting. The long-running DMSP par-used to define the state of the magnetosphere: for example,
ticle data set, which covers both hemispheres, and has opethe most widely accepted definition of a substorm involves
ated since the early 1980s, and which will continue to operateauroral behavior.

well into the next decade, is chosen as a calibration standard. Yet the most basic questions about the aurora cannot be re-
Other data sets, including global images from Polar UVI, liably or consistently answered, either on a historical basis, or
SuperDARN boundaries, and meridian scanning photometefor nowcasting purposes. These questions are: (1) Where is
images, are cross-calibrated to the DMSP standard. Each irthe auroral oval? and (2) How intense is the aurora? The pur-
corporated instrument has its average offset from the DMSPose of the OVATION project is to provide a tool to the scien-
standard determined as a function of MLT, along with the tific community and general public alike which answers these
standard deviations. The various data can, therefore, be congiuestions in a consistent manner over many decades. OVA-
bined in a meaningful manner, with the weight attached to aTION is intended as a multi-institutional effort open to all,
given boundary measurement varying inversely with the vari-incorporating a variety of data sources. Currently, scientists
ance (square of the standard deviation). OVATION currentlyat the Johns Hopkins University Applied Physics Laboratory,
spans from December 1983 through the present, includinghe University of Alaska at Fairbanks, and the Air Force Re-
real-time data. Participation of additional experimenters issearch Laboratory at Hanscom AFB are all involved. The
highly welcomed. The only prerequisites are a willingnesscurrent version of OVATION includes SuperDARN HF radar
to conduct the prescribed cross-calibration procedure, and tdata, DMSP particle data, UAF MSP images, and Polar UVI
make the data available online. The real-time auroral oval loimages. We hope many others will join the effort to establish
cation can be found here: http://sd-www.jhuapl.edu/Aurora/an international standard for determining the position and in-
ovationlive/north.display.html. tensity of the auroral oval.

Key words. Magnetospheric physics (auroral phenomena,;

energetic particles, precipitating; magnetosphere — iono cajibration standard: defining the boundaries of the
sphere interactions) auroral oval

2.1 The choice of standards

Correspondence td. T. Newell To combine data usefully from a diverse set of instruments,
(patrick.newell@jhuapl.edu) itis necessary to have a calibration standard. OVATION uses
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the automated boundary routines developed at JHU/APLresearch papers (e.g. Gussenhoven et al., 1983). The low-
(Newell et al., 1991; 1996) and applied to the DMSP SSJ4energy electron equatorward boundary has also been used by
particle detectors as that standard. The DMSP satellites prathe Air Force for space weather forecasting for years, and
vide the worst temporal resolution (about one oval cross-has been found useful by HF (“short-wave”) radio operators.
ing per satellite every 25 min) of any technique thus far in- Finally, the low-energy electron boundary has a clear geo-
corporated, while also lacking the hemispheric or at leastphysical meaning, both theoretically and experimentally, cor-
wide-ranging spatial coverage of certain other techniquesresponding to the zero-energy Aéfw layer and the plasma-
Nonetheless, there are several reasons why the DMSP papause (Horwitz et al., 1986).

ticle data base provides an excellent cross-calibration stan- Therefore we have opted to continue the use of the low-
dard. energy electron boundary (which is callett in the notation

First, the continuity of the data set is a major recom- of Newell et al., 1996). The chief drawback to this decision
mendation. Nearly two decades of identically instrumentedis that many other instrumental technigues are not sensitive
DMSP data is already available (from late 1983 through theenough to directly determine thiele boundary, and, there-
present), with a high probability of many more years to comefore, have to rely on statistically determined offsets. Energy
(DMSP may be replaced by 2010, but the replacement satefluxes at theble boundary are often below 0.1 ergsfs
lites will likely include a similar auroral energy particle de-
tector). Such continuity is a highly desirable attribute for a2.2 Some algorithmic considerations on the boundaries de-
proposed standard, and one not achievable with any NASA fined by OVATION
satellite or satellite program, past or planned.

The SSJ4 and SSJ5 particle detectors are, of courselhe simple or conceptual explanation for the boundaries
specifically designed to measure auroral particles, both diused by OVATION was given above, namely the poleward
rectly and in situ. They measure electrons and ions at 19oundary is the open/closed boundary, while the equatorward
distinct energy levels, ranging from 32 eV to 30 keV. No re- boundary is the zero-energy electron boundary. In practice,
mote sensing technique can infer nearly the same detail o$uch simple rules do not work without exceptions and modi-
spectral information. The spatial resolution, about 7 km, isfications.
adequate for most purposes, and is about a factor of 10 better The boundary identification algorithms described by
than that which global UV images have hitherto provided. Of Newell et al. (1996) are used for the nightside boundary iden-
course DMSP satellite particle observations are available irification. Some post processing checks are performed in or-
both hemispheres, in summer and winter, and in direct sunder to discard possible algorithm/code failures. The most
light and in darkness. Indeed, they are essentially indifferencommon failure is associated with intense penetrating radi-
to these considerations. The sensitivity, a few hundredths ofition, combined with weak auroral oval fluxes, making it
an erg/cms, is about 1.5 orders of magnitude better thanoccasionally quite difficult to computationally separate the
that from global imagers. Altogether, a more ideal calibra-signal from the noise. Data gaps larger than a few seconds
tion standard would not be easy to develop. in duration, as well as certain other occurrences also result

Nonetheless, other techniques are much better for the rou# the discarding of an auroral oval pass. Since a “pass” is
tine monitoring of the aurora. Most of the auroral oval po- defined as extending from the lowest magnetic latitude to the
sition data in the OVATION data base actually comes from highest magnetic latitude reached, some DMSP passes are
Polar UVI and SuperDARN. The slow, laborious compila- discarded simply because the satellite did not reach a lati-
tion of boundary positions from DMSP cannot realistically tude of at least L poleward of the auroral oval (i.e. reached
compete with the frequent multi-point measurements avail-into an empty polar cap). Itis likely that some of these limi-
able from other means. The SuperDARN data also has théations, and others of a similar nature, can be removed in the
advantage of near real-time availability (as does the Univerfuture with further refinements.
sity of Alaska’s Meridian Scanning Photometer). On the nightside, thé6 boundary, the poleward edge of

The obvious choice for the poleward boundary is thethe subvisual drizzle, is used to estimate the open-closed
open/closed boundary, as best it can be determined. Sedoundary. For the “normal” equatorward boundary, which is
tion 2.2 will discuss this issue in greater detail. The mostble, the zero energy electron boundary is usually used. How-
appropriate choice for an equatorward boundary is more amever, at timesh2i, which represents the peak of the 3—-30 keV
biguous. Feldstein and Galperin (1985) have vigorouslyion energy flux and a measure of the start of the main plasma
argued that the equatorward boundary of the auroral ovakheet, is equatorward bfle. In this casé2i is used. Most of
should be considered as the location of the most equatorthese exceptional cases occur in the dusk-to-midnight sector.
ward discrete arc (or at least, the earthward extent of the main Dayside precipitation regions are identified using the rules
plasma sheet, which &2e¢ or b2i for electrons or ions, re- outlined in Sect. 4 of Newell et al. (1991). This region in-
spectively, in the terminology of Newell et al. (1996). How- formation is then parsed, in order to locate the poleward
ever, a substantial body of work exists using a different equaand equatorward boundaries. Specifically, the equatorward
torward boundary identified from DMSP, namely the low en- boundary is considered located if an unambiguous transition
ergy electron boundary (Gussenhoven et al., 1981; Hardy eirom void (at lower latitudes) to either CPS or BPS (at ad-
al., 1981). This boundary has been used successfully in manjpining higher latitudes) is observed. The poleward or open-
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closed boundary is also considered located if an unambigu2.3 Cross-calibration

ous transition from a closed region (at lower latitudes) to

an open region (at higher latitudes) is observed, where CP®ifferent boundary sources are calibrated against the DMSP
and BPS are considered closed, and cusp, mantle, polar raiifandard using a simple statistical comparison. For data
and void (at latitudes above the auroral oval) are consideregource,s, providing the equatorward and poleward auroral
open. The low-latitude boundary layer (LLBL) is classified boundariesbegsandb,, a comparison is made with the re-
by the automated identification algorithms as either “open”spective DMSP boundaries,, andb,. The average differ-

or “closed”, depending on its spectral characteristics. eNnces< beqs— be; > and< by, — b, > are calculated as
functions of MLT in order to provide offsets, which compen-
sate for differences in the sensitivity of various techniques.
Variances are also calculated as a function of MLT, ideally at

Transitions are sometimes considered ambiguous if thentervals of 3h MLT (if the density of data permits):

spectral characteristics oscillate, or if an apparently incon- » 5

sistent transition is observed. (An example of an inconsis-"eas = (1/7)%i (beas— beq)

tent transition is from LLBL to BPS, while moving to higher > A/n) i (s — b)2

latitudes. Such a transition does not always imply an aIgo-GPf = @/m%ibps = bp)*.

rithmic error, since the local time might be changing rapidly. When boundary locations from different sources are com-

It is, however, difficult to interpret clearly.) Such ambiguous bined, each data set is weighted by the inverse of the appro-

poleward boundaries are also discarded from the OVATIONpriate variance H/2. The exception is the DMSP boundaries,

data set of DMSP boundaries. where the weighting functions are based on the time lapsed
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NORTH CAP - Magnetic Coordinates NORTH CAP - Magnetic Coordinates
End Time 21 Sep 1998 - 02:15 End Time 10 Feb 2001 - 15:45
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Plate 1 Example of an OVATION display with DMSP data and Plate 2 An example of an OVATION display, combining DMSP
Polar UVI data. The DMSP boundaries are marked with an “X”, boundaries, marked with an “x”, and UAF MSP data, marked with
while the Polar UVI boundaries are marked with an “U”. The total a “P”.
integrated polar cap flux is in megawebers. The equivalent instan-
taneousk , is calculated from a linear fit th2i data.
the Polar UVI poleward boundary and the DMSP-determined
poleward boundary (not shown) lie between°2aihd 3.5.

since the measurement. The average and maximal speed Jhis is just about double the st_andard deviations from Super-
the auroral oval, determined by comparing two DMSP satel-PARN. Of course, the WObb|e.In the.PoIar spacecraft despun
lites crossing the same location (local time) at differing uni- Platform may account for a fair fraction of this amount.
versal times, is 0Zmin and 0.2/min (Sotirelis et al., 1998),
which can then be used to define an appropriate variance fo§
the DMSP boundary determinations.

Figure 1 illustrates this approach in practice. We cali-3 1 Technical approach
brated SuperDARN determinations of the convection rever-
sal boundary (CRB) against the DMSP determination of theThe auroral zone at any particular time is given by deforming
open/closed boundary, in 3-h wide local time bins. (No an appropriately chosen average boundary shape into agree-
calibration exists between postmidnight and dawn, becausenent with observed boundary determinations. This provides
DMSP does not often sample this MLT range in the North- some degree of realism in local time sectors where there may
ern Hemisphere). As Fig. 1 shows, the CRB lies typically not be any observations. The average poleward and equator-
about T equatorward of the CRB, except at postnoon andward boundary shapes are taken from Sotirelis and Newell
at midnight, where the CRB and open/closed boundary arg2000). They are selected according to the current level
much closer latitudinally. The standard deviation betweenof magnetotail stretching estimated by th# boundary or
the SuperDARN CRB and the DMSP poleward boundary isother surrogate (Sergeev et al., 1993; Newell et al., 1998).
typically 1-2. Some of that scatter may be geophysical, but  The approach for combining auroral boundary observa-
probably a significant portion of the scatter is due to instru-tions s still being improved as the algorithm evolves and
mental and algorithmic “noise”. better statistical comparisons become available. The statisti-

One quite fascinating aspect of the cross-calibrations wagal weights assigned to the boundary observations are taken
the discovery that SuperDARN actually calibrates better withfrom the analysis detailed above and are then decreased ac-
the DMSP auroral boundaries than does either Polar UVI orcording to their separation in time from the time of interest,
the UAF MSP. For example, the standard deviations betweenmising the average open-closed boundary motion of Sotirelis

Integration



P. T. Newell et al.: Oval variation, assessment, tracking, intensity, and online nowcasting 1043

Pramid Power Ve PC flus DMSP particle boundaries, to determine the auroral oval po-
' ' ' sition. DMSP boundaries are marked with an “x”, and the UT
of each oval crossing by a DMSP satellite appears on the plot.
UVI-determined boundaries are marked with a “U”. OVA-
TION plots can be viewed in either geographical or geomag-
netic coordinates, and with the oval drawn either as a sim-
ple monochromatic circle, or with the Sotirelis and Newell
(2000) model precipitation intensities. The total magnetic
flux within the poleward boundary is calculated and reported
in megaWebers (MWb) at the bottom right. Th& bound-
ary measured is normalized to midnight, and is reported also
as an equivalenk ,.
+ Plate 2 presents the second example of an OVATION plot.
T T T " In this instance, DMSP data is combined with the University
Flun (havin] of Alaska’s at Fairbanks meridian scanning photometer. As
before, the DMSP boundaries are marked with an “x”, while
Fig. 2. Correlation of polar cap flux with premidnight auroral the photometer boundaries are marked with a “P”. Of course,
power. Bi_ns yvith no daFa_ are plotted as zeros but not included i”photometer data is available only for a few hours each day,
the fit (which is to the original sample population). when sunlight, cloud cover, and other conditions permit. The
photometer data is available quasi-real time, however.
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et al. (1998). Due to the low time resolution of the DMSP
observations compared to all others in the data base, usYy \sjidation of geophysical usefulness
ally itis only the DMSP boundaries that are impacted by this

loss in weighting with elapsed time. Boundary observationsthe most satisfactory way to verify the usefulness of mea-
in the same MLT hour interval are averaged together usings ,rements. such as that which OVATION provides, is to
the recipro_cal variance_as weight_s. .Boundgry points.are thergrrelate its outputs — notabpc and b2i, the polar cap

separated into categories by statistical weight. A point has &,y and magnetotail stretching index — with other geophys-

high weightifo < 1.9° for a single observation ar <2.5° i3 phenomena. The usefulness of the magnetotail stretch-
for_an averaged point; otherwise, it is considered to be a |0Wing index,b2i, has been discussed elsewhere (Newell et al.,
weight. 1998; cf. Sergeev et al., 1983, 1993). Here we concentrate

There is a third category of boundary points available for on the magnetospheric state variastesc, which measures
some instruments. Limit points indicate that a particularthe amount of open geomagnetic flux threading the mag-
boundary is higher or lower in latitude than the indicated po-netotail lobes. Although both of these variables reflect the
sition. As of this writing, the only limit points are provided global magnetic field configuration of the magnetosphere,
by the SuperDARN radar. In particular, when the equator-they are complementary rather than redundant. An analog
ward boundary point (indicated by the sudden onset of scatjs the source model of the magnetotail current, in which the
ter, andv > 100 m/s) lies almost on top of the radar position, intensity of the cross tail current and its distance from Earth

then the actual boundary can easily lie further equatorwardare independent parameters (Schulz and McNab, 1987).
Additionally, the radar measurements can fail in the dawn to

noon sector, where very weak electron precipitation can fall4.1  ®pc and global auroral power
over a sizable interval of magnetic latitude, but fail to perturb
the ionosphere enough to generate appreciable radar echogs.turns out that®pc is highly correlated with total auro-
The initial boundary shape is specified by the magneto-ral power. In this section and the nexbpc is calculated
tail stretching indexb2i. The boundary is then deformed to from DMSP measurements alone, while global auroral power
agree exactly (if possible) with all high weight observations, is calculated completely independently from Polar UVI im-
using a scaling factor that varies linearly with MLT (having ages. The DMSP oval positions were all a minimum of three-
discontinuous slope at each high weight point). The bound-point fits (thus requiring at least two satellites), with a time
ary is then further deformed locally (within 3h) to satisfy resolution of 60 min. Higher time resolution measurements
any limit points. Lastly, low weight observations are aver- would involve using data sources that were first calibrated to
aged with the resulting shape, each deforming the boundarthe DMSP standard.

only over a 3-h MLT range. Figure 2 shows the results of correlating polar cap flux
(from DMSP boundaries) with premidnight auroral power
3.2 Examples (from the UVI imager). The correlation is fairly good,

namelyr = 0.72. (Points along the = 0 axis in Fig. 2
We present two examples of the standard OVATION display.represent instances of no data within a bin. Since all corre-
The first, shown in Plate 1, combines a Polar UVI image with lations reported are with the original sample population, and
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PG Flus 1882 Distributicn B%nAion = Bion®pc. This does not necessarily predict the
' ' ' ' ' energy in the magnetotail. The magnetic fldx, which is

i ::_1’;5‘;'” 1 BionAion, is constant between the ionosphere and magneto-

200 . tail. Alas,B2A is not.

C e ] Perhaps the nonlinearity is a numerical accident, but the

5ok ] same surplus of auroral power above the linear fit at high val-

 Hwa ] ues ofdpc is observed at postmidnight as well (not shown).

200 T T

o8- * . 7 4.2 Solar cycle variation obpc

Fraquarsy Tlus o ebear-ad

5ol % ] It is desirable to have some idea of hdwc varies over the
[o* * @ 1 course of a solar cycle. Of interest is how the distribution
S PP “: of ®pc during a geomagnetically active year differs from the
zon | 400 &a0 80¢ 1000 1200 1400 (60D ®pc distribution during a quiet year. Although there have
FC e (MG been a few studies about oval boundary motion at given local
times, we believe that these results are the first to report the
PC Flus 1897 Distribution statistical distribution of polar cap flux. Therefore, the results
' ' ' ' ' ] should be of inherent interest.
_ R Figure 3 presentspc distributions for 1992 (an active
o wr Ty 7 year) and for 1997 (a comparatively quiet year). Polar cap
L ] size does not have a normal distribution; rather it evinces
150 |- " ] a pronounced skew, with a much more gradual drop off at
C ] high polar cap fluxes (active times) than for small polar cap
[ ] sizes. It is comparatively rare to observe a polar cap flux
e * ] below 300 MWhb, which is only modestly below the mode
% . ] (most common) value. By contrast, polar cap fluxes 50%
5o~ — greater than the mode were still fairly common in 1992 (the
Ly * (b) 1 active year). The reason for this asymmetry is that the polar
o , L T . ] cap only loses open magnetic flux slowly during quiet times;
20 400 80C 00 1000 1E0 1400 1800 hence it rarely drops to very low values (Newell et al., 1997).
At very small polar cap flux levels (below, say, 100 MWb),
PG flin (M) there is typically a difficulty in accurately measuring the size
from DMSP measurements. For example, it requires the
Fig. 3. Distributions of polar cap fluxgpe, for (a) 1992 (an active =~ DMSP satellites to reach high magnetic latitudes, which is
year) and(b) 1997 (a quiet year). Notice the asymmetry, with a not always the case.
clear large-polar cap size tail. Table 1 lists the mean polar cap flux for a number of years.
A reassuring pattern is evident. The polar cap size aver-
ages larger during active years (such as 1992) and is smaller
not with the averages, the cases without data are notinclude@juring quiet years (such as 1996). Indeed, the better es-
inthe fits.) Notice that at higher values®pc, auroral power  taplished and completely independent magnetotail stretch-
consistently exceeds the linear fit shown on the figure. INing index ¢2i) tracks the polar cap flux closely over many
fact, we confirmed that the correlation is actually better be'years. The pattern shown in polar cap size also agrees with
tween®Z and auroral power than is a linear fit withec.  the well-known fact that magnetospheric disturbances peak
Specifically, a fit to the polar cap flux squared improves thegpout 2 years after solar cycle maximum. Hence, it is quite
correlation coefficient te = 0.74. In this latter case, how- easonable that the polar cap was the largest in 1992.
ever, observed ayroral power for the h'ighe'st.values of polar Although DMSP is still the best tool within OVATION for
cap flux actually lies below the correlation fit line. solar cycle studies, other data sets provide it with a greater
The reason for the nonlinearity is not clear. Some speculagyantity of boundaries, which are more suitable for seasonal

tion that the energy released in a substorm is proportional tgnd especially for diurnal variation studies, as is discussed in
the polar cap area squared does exist in the literature (Lewighe next section.

1993), but it could hardly be said to have been demonstrated.

Total auroral power output probably is directly correlated 4.3 Seasonal and diurnal variationsbpc

with total magnetic energy stored in the magnetotail, namely

~B%AT, but it is not obvious how this latter quantity relates Our final example of how OVATION can be used as a re-

to ionospheric observations. search tool concerns the seasonal and diurnal variations in
The magnetic energy associated with the open polar capnagnetospheric activity. Traditionally, the only means of

area (Aon) at ionospheric levels is straightforward, namely investigating quantitatively this phenomenon has been by

250 T T

Frequency flux & ohoarved
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Table 1. Yearly average values for polar cap flux and magnetotail stretching index. Larger polar cap fluxes and lower latif:idsotbr
indicate more active years

1984 1992 1993 1994 1995 1996 1997 1998
Flux 489 510 485 488 427 404.4 422 464
MWb +155 +193 +166 +163 +155 +£133 +£148 £169
b2i 64.3 638 643 641 650 655 654 64.7
MLAT 4222 429 426 2.8 £2.3 1.8 +2.3 2.7

Palar Cop Flux from U, 1837-15335
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I 440,
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Plate 3 The seasonal and diurnal variations of the polar cap flux from 1997-1999, as determined by Polar UVI (which contributes the
majority of the boundaries in OVATION for those years). The polar cap is largest around equinoxes.

means of indices derived from chains of magnetometer stasonal and diurnal patterns &pc variation agrees fairly well
tions. Many valuable results have been learned in this manwith the variation in solar UV insolation of the nightside oval
ner (Cliver et al., 2000; Lyatsky et al., 2001). Still, it is (Newell et al., 2002).

certainly desirable that alternate measures of magnetospheric

configuration are also used.

Plate 3 shows the seasonal and diurnal variations in pofr’ Future directions

lar cap size over a 3-year period, 1997-1999, as observe
by Polar UVI. For this 3-year period, the OVATION data
base is dominated by UVI. Alternate sources make only &; js possible from Polar UVI to determine the total auro-
minor contribution to the total number of boundary determi- 15| energy flux associated with electron precipitation in the
nations, and thus hav_e k_)een omltte_d altogether fors'mpl_'c'tVNorthem Hemisphere. This auroral power measurement,
(Indeed, due to the limited local time coverage by a givenpqyever, requires careful dayglow subtraction to work accu-
DMSP satellite, which varies systematically over the COUrS€ately. If one integrates over the entire 60=9LAT range,
of a day, DMSP observations are not well adapted to a studyyisting dayglow subtraction algorithms are simply not good
of diurnal variations.) enough to completely eliminate dayglow. (Even an average
Plate 3 also shows that the polar cap is largest around theontribution of less than 1 count per pixel can make a major
equinoxes, and smaller around solstice. This agrees withlifference after integration over the entire high-latitude re-
the well-known equinoctial maximum for geomagnetic ac- gion. However, the line between under-subtraction and over-
tivity, although it is distinct from previously reported effects. subtraction is difficult to determine to greater accuracy than
(Since each auroral substorm reduces polar cap flux, one camne half-count per pixel perimage accumulation.) Automatic
imagine physical explanations for the equinoctial effect thatdayglow subtraction algorithms have a particularly difficult
predict smaller polar cap flux around equinox.) The sea-time around equinoxes.

g.l Auroral intensity
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We believe these difficulties can be overcome. For ex-with any other researchers in adding to the comprehensive-
ample, by using the OVATION boundaries of the auroral ness and usefulness of OVATION.
oval, the number of pixels integrated over the MLAT range
is greatly reduced, yet the entire signal (the auroral oval) is
retained. The result is that noise contributes far less to thé& Summary
totals.
Itis also possible to estimate global auroral power from the There are at least three classes of individuals with an interest

particle measurements of a single satellite. NOAA, for exam-N the auroral location. One is the general public, motivated
ple, offers such a power index, based on largely unpublishe(ﬁ’y curiosity or other reasons (for example, to verify whether
work by D. Evans (see, however, Fuller-Rowell and Evans it was possible that they saw the aurora at such-and-such a
1987). Evans constructed precipitation patterns binned byocation at such-and-such an epoch). Another group is space

K », each with an associated total hemispheric power. Eachjveather foreca_?_t:rsl, usitpg the ggr:ent _(zvalfsize forlnov;/_cist-
individual satellite overflight then selects among these vari-"9 PUrPOSes. 1he focation and Intensity or auroral activity

ous models to pick the best match. This work is availableS & fairly fundamental characterization of the current state
here: http://www.sec.noaa.gov/pmap/. of the magnetosphere. Finally, scientific researchers doing

. o basic science have two distinct common uses of auroral oval
The current version of OVATION works quite similarly, : :
S . N data. First, they often need to compare their own data to the
except that the precipitation bin parameter usdeRisrather

. . . . I ion of th roral oval, an i vari-
thanK,. Thus, total hemispheric power is estimated from ocation of the auroral oval, and secorhc is a state va

b2i. In fact, b2i does predict hemispheric power to the 0.76 a_ble fpr the magnetospher_e, and h_ence, Its time series on a
historical basis is useful in interpreting relationships.

level (Newell et al,, 2001), based on direct measurements by A reference standard for the location of the auroral oval
Polar UVI. Much more sophisticated algorithms are certainly.

possible, combining2i, the actual precipitation data, and IS Qverdue. It is probable t_hat_c_)ur version 17 will undergo
the Polar UVI images (when available). We expect that inrefmements and perhaps significant changes as use becomes
ore widespread and experience is gained. Nonetheless, the

\I/Caeyfsu\t/t/JiZIet,)QZr\?;\iqlzgi?fr ;;roor\il'l‘%%/vl\?.r determined in Severaneed for OVATION is immediate, ant_j the .res_ullts it generates
demonstrably have strong geophysical significance. For ex-

. ample, the amount of geomagnetic flux threading the polar

5.2 Incorporating more data sets cap as determined from OVATION, namelpc, is a better
predictor of total auroral power than is the IMF (cf. Newell

OVATION is conceived as a multi-institutional effort involv- et al. 2001; Liou et al., 1998).

ing multiple data sources, cross-calibrated to a single stan- The interested reader can find the auroral oval position at

dard. Since all currently available instruments and tech-http://sd-www.jhuapl.edu/Aurora/ovation/index.html.
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