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RESUMEN

Este trabajo presenta un modelo semiempirico basado en la teoria desarrollada por Fullet-Riqd@86). EI modelo
predice cambios en el cociente entre los valores observados y las medianas mensuales de la frecuencia critica de la cap:
ionosféricad (= foF2obs/foF2mm) durante condiciones perturbadas y requiere la historia temporal de las 30 horas anteriores d
indice de potencia auroral (o del indice ap) del satélite TIROS/NOAA, afectado por un filtro. Encontramos que las dependenci
estacionales, latitudinales y del tiempo local de la ionosfera perturbada estan de acuerdo con el modelo.

PALABRAS CLAVE: lonosfera perturbada, modelos ionosféricos.

ABSTRACT

This work presents a semi-empirical model based on the theory developed by Fuller&aiigl1996). The model
predicts changes in the ratio between observed and monthly median values of the F2 ionospheric layer criticaldréguency
foF2obs/foF2mm) during perturbed conditions. It requires the time history of the previous 30 hours of the TIROS/NOAA auroral
power index (or ap index) weighted by a filter. We determine seasonal, latitudinal, and local time dependencies of tde perturbe
ionosphere in good agreement with theory.

KEY WORDS: Perturbed ionosphere, ionospheric models.

INTRODUCTION Theoretically, the prevailing summer-to-winter circu-
lation at solstice transports the molecular rich gas to mid ar

The ionospheric behavior during quiet conditions is well 'OW latitudes in the summer hemisphere over the day or t

known and efficiently modeled. However, knowledge of iono- ollowing a storm, and thus explains the seasonal dependen

spheric response during geomagnetic storms, and related'n the wmtder hemlspherfe,hpoblelvvarflj_hwmdhs relstruzjt the
process, remains incomplete. Currently no empirical storm- equatorward movement of the bulge. Thus the altered em

time correction algorithm shows improvement over clima- ronment in summer depletes the F-region mid-latitude ionc

tological references models such as the International Refer- sphere to produce a negative phase, while in winter mi

ence lonosphere (Bilitza, 1990). To predict the ionospheric Iatltudes”_a decrea_se in molecular SpﬁCle;, assoc_laFed V\:
response during storms is a priority task. downwelling, persists and produces the characteristic pos

tive storm. The seasonal migration of the bulge is superin

i . ] posed on the diurnal oscillation.
We present a semi-empirical model to predic(=

foF2obs/foF2mm) changes during perturbed conditions start-
ing from the integral of the auroral power. The model is based
on the theory developed by Fuller-Rowetlal. (1996).

Afirst approximation to the empirical model

lonospheric data was divided into six mid-latitude sec
tors, including Europe, N.E. Asia and North America in the

Prolss (1993) and Fuller-Rowet al. (1996) assumed north, and Africa, Australia, and South America in the soutt
that negative storm effects are due to regions in which the lonosonde observations from each sector were averaged, ¢
neutral composition has changed. The neutral “composition the time series of the ratio of the storm time NmF2 to th
bulge” is produced by heating and upwelling of air by mag- monthly median was assembled. Based on theory we pr
netospheric energy input at auroral latitudes. It moves to pose an empirical algorithm to represent the summer ion
middle latitudes due to nighttime equatorward winds and it spheric response, including the regional variation. We a:
is brought into the dayside as Earth rotates. sume that summer F-region ion densities are controlled t
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the magnitude and location of the thermospheric composi-
tion bulge

d=a+ blg'P(O.6+ 0.4sin(UT + (pl))dt5+
b, H P(0.6+0.4sin(UT + (p_L))dt%n(LT +@) Q)

where P is the TIROS/NOAA power indegis adjusted for
each longitude sector for the first sine function which peaks
at midnight, andp, is adjusted for the second sine function
to peak at dawn. The integral of P is over the previous 18
hours and is modulated by the sine function such that maxi-
mum weight is given for a longitude sector passing through
the midnight sector. The constants pabd lgare obtained
from multilinear regression.

The first term a is a quiet reference level. The second
term reflects the development of the composition bulge as
seen from a particular longitude sector. The third term repre-
sents the local time (LT) motion of the bulge. The phase is

Figure 1 shows an example of the fit for the storm o
June 5, 1981. Storm time, x-axis, is referred to the beginnir
of the driven phase of the storm, and the y-axis is the predi
tion ratio of foF2. The horizontal line represents the IRI re
sults, or monthly median (corresponding to magnetic quie
conditions), the full line is the actual data, and the broke
line is the model output (perturbed conditions).

The prediction accuracy of the empirical algorithm wa:
measured using the regional average of the root-mean-sque
error (RMSE). In Figure 2 we obtain that some storms sho
an improvement over climatology, but the advantage is n
consistent: averaged over the eighteen storm interval the fi
attempt at an empirical algorithm faired slightly worse thai
IRI.

The reasons for such results (predictions from the en
pirical algorithm are slightly worse than IRI) are related witt
two main assumptions. First, the model assumes a linear |
lationship between the integral of the power and the region

chosen so that more weight is given as a sector moves throughionospheric response. Second, the assumption that the me

the nightside.

mum in the energy inputs always occurs in the midnight se

storm June 5, 1981; first approximation
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—data
13 + « prediction
—IRI
g 194 DATA (SECTOR 1)
h PREDICTION
h 1.1 l“
g :'“",w‘.a
o -
g o
= RI L J
08 1 ’“"’
0.7 : : z ; : : s s : | :
0 20 40 60 80 100
storm time (hrs)

Fig. 1. First approximation fit to the June 5th, 1981 storm.
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Fig. 2. Statistical comparison between the first approximation of the empirical model and the International Referenceelonosphe

tor. If both are specified accurately and are captured in the

model, then the regional ionospheric response can be pro-

duced. If, however, the forcing is predicted in the wrong sec-
tor (a sector where there is NOT the maximum of the gradi-
ent forcing the bulge of composition), the RMSE is worse
than no specifying a regional dependence at all (Araujo-
Pradere, 1998).

A second approximation to the empirical model

In order to improve our results we design a second ap-
proximation to the empirical model. The new design does
not include the weighting of the auroral power by the local
time sector during the driven phase of the storm (avoiding in
this way the assumption that the maximum in the energy in-
puts always occurs in the midnight sector), but does retain
the regional dependence in the migration of the composition
bulge by the diurnal wind field. We also include two new
features: an optimum shape of the auroral power filter (to
consider the time history of the input and not a single value),

relationship between the ionospheric response and the in
gral of the auroral power (Figure 3). The ph@se selected
to peak at dawn.

The optimum shape and length of the filter shown ir
Figure 4 was obtained by multilinear regression techniqu
minimizing the mean square difference between the filte
input (aurora power) and filter output (ionospheric ratios). £
very good discussion about such techniques could be seer
Detman and Vassiliadis (1997). The power values have eqL
weight for the first 24 hours prior to the time of interest, an
reduce to zero linearly between 24 and 30 hours. This in
plies that, at mid-latitudes, the ionosphere is dependent
geomagnetic or auroral activity up to 30 hours before th
time that is being calculated.

In Figure 5 we show an example of fit using the secon
approximation of the semi empirical model. Data used is fror
the North America sector (sector 1). Similarly to Figure 1, x
axis is the storm time (beginning with the driven phase c

and a non-linear dependence of the integral of the aurora the storm), and the y-axis is the prediction ratio of foF2. Th

power and the ionospheric response. Including all the fea-
tures, the next algorithm describes the empirical model:

® = a+ b X(to)] + b X(to)]” + ..+  X(to)] Sin(LT + @)
(2)

wherex(to):_[F(T)P(to-r)dr, andF(1) is the filter weighting
function of auroral power, P, over the 30 previous hours (Fig-
ure 4). a, band h coefficients adjust the fit to the non-linear

horizontal line represents the IRI results, or monthly mediar
the full line is the actual data, and the broken line is the mod
output (perturbed conditions).

We conclude that the model is in good agreement wit
the actual data during the negative phase, while it is not go«
in the positive phase of the storm.

Figure 6 is like Figure 2, except for including the RMSE
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Fig. 3. Non-linear relationship between the ionospheric respd)sen( the integral of the auroral power.

Amplitude

FILTER OF THE POWER

 Noaa )

|

10
“ﬁa'ﬁ'l m/\ﬁr'ﬂf
I A

I l--_,.l' 1
o M Yo N s

Previous Hours

Fig. 4. Filter of the auroral power.

for the second approximation to the empirical model. A sta- shows a significant improvement over the first approxima
tistical analysis using the RMSE values for the eighteen storm tion and the monthly median values (IRI). The second af
intervals, including the new design of the empirical model proximation reduces the variance to values around 0.13, clo
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storm June 5, 1981; second approximation
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Fig. 5. Empirical model second approximation fit to the June 5th, 1981 storm data.
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Fig. 6. Statistical comparison between both approximation of the empirical model and the International Reference lonosphere

to the quiet-time reference level (0.12756). This level was
obtained from the variability of the data around the monthly storm data dependency.
median during quiet conditions.

second approximation to the empirical model.

In order to improve the model, we introduce ionospheri

Figure 7 presents the local time dependency of the nol
These statistical results assure us the validity of our quiet ionospheric behavior. This figure represents the lat

tude dependence on the global neutral wind field. Maximur
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Fig. 7. Local time dependency of the perturbed ionospheric response.

equatorwards winds are at midnight, and the minimum of general tendency of the wind field are in opposite sense, ct

concentration (NmF2) is near 0600 local time. Maximum ating a “border line” around 45Between the Equator and

poleward winds at noon show a maximum of concentration this border there is a positive phase related with O increast

at 1800 local time (Fuller-Rowedt al, 1998). while in winter high latitudes we can see the opposite fez

ture: a negative phase related with the increment.dfi-

Figure 8 shows the seasonal and latitudinal dependen- der both conditions there is a consistent tendency to shc

cies of the perturbed ionosphere response. As expected byde€pest negative phase in high latitudes, and highest po

the theory, the equinoxes do not show any particular behav- tive phase in low latitudes, corresponding to greatest valu

ior. We can see a clear tendency to show deepest negative®f the integral of the auroral power.

phase to greatest values of the integral of the power, which

corresponds to highest rate of recombination because the fresh DISCUSSION

molecular mass in the bulge of composition.

The model can be extended by substituting the integr
The other two intervals in Figure 8, May — June — July of the power by an integral of the three hourly magnetic ir
(mid panel), and November — December — January (low dex “ap” as the input. The weighting function was obtaine
panel) have a more complex interpretation. The picture in by singular value decomposition (Detman and Vassiliadis
summer hemisphere of both panels is very clear, deepest1997) and its shape is similar to those obtained for auror
negative phase corresponds to greatest values of the powerpower (Figure 9). The statistical analysis shows a slight in
The change in the negative phase is due to the depletion of provement using the new filter with the second approxime
N, related with the composition bulge, and since the move- tion over the second approximation and the auroral pow
ment of the bulge coincides with the general tendency of the filter.
wind field, there is not any mixed behavior.

CONCLUSION
The winter hemisphere behavior during perturbed con-
ditions of both groups of storms (Figure 8, mid and low panel) An empirical formula has been developed to accour
is more complex. Now the movement of the bulge and the for the summer hemisphere mid-latitude ionospheric respon

34



Perturbed ionosphere model

EQUINOXES
13
+ <800
£ = 800 - 1200
£ £ 1200 - 1600 14T
% 5 1600 <
= . w gl £ 0B el Pt T
5 f S i i B g HEHE
; S T Ay
2 | 2 W i * 5&’*"!{; e
N
L. as |
o
Ad 51 -4 -=20a a 2d 4] ad ad
MAY-JUNE-JULY
13
E &
E 14 4+
H
= * A1 wEx % Et% shet o3 W iae
b w HEn [ - ‘
Q2 ] b KE% o A & E n"m
S w o e T et B osnen
(™ “ as | R
o
[ =
=aad a1 g =20 a pran | di] ad ad
NOV.-DEC.-JAN
13
154 » S
€
£ 14 1 w0 ®
N
'S ®o1zq o a
= ¥ *
a | * crvpsengs o W e¥F3 .ﬁﬁtgﬁ.’;‘
Qo n g Sty R s <
o = !'n ;‘E }1 A, 13 4 -
N o ® My, w }3{2
o) a5 4
4 A s
dd 1
: : : nz : : :
=aad a1 g =20 a 243 di] al ad

magnetic latitude

Fig. 8. Seasonal and latitudinal dependencies of the perturbed ionospheric response.

as a definition of the time history of the previous 30 hours of during a geomagnetic storm. Several dependencies obtair
the TIROS/NOAA power index weighted by a filter. The for- ~ of the perturbed ionosphere response are in good agreem
mula can be used to predict the departure of the ionospheric with the theory.

F2 peak density from the appropriate quiet-time reference,
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ARAUJO-PRADERE, E. A., 1998. Perturbed ionosphere:
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