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SEMIEMPIRICAL MODEL FOR CALCULATING THE CRITICAL FREQUENCY OF THE
F - REGION OVER CONCEPCION

M.A. ARRIAGADAI; A.J. FOPPIANO2; N. SAAVEDRA2

Daily_ variations of the F-region critical @uency observed at concepción
(36.805, 73o\lD, representative of rilinter, Equinox and Su.nmer conditions for
both low and high solar activity levels are given. A scmiempirical model produced
using these data is then pro¡rcsed giving seasonal median critical frrequencies for
each hour, season, and low and high solar activity level. The model is based on a
servomechanism model publistrcd in the laûe sixties which has recently been
shown to be of value. siryle expressions for photochemical,
difü¡sive and trans¡nrt dependencies of the peak electron concentration arc
assuræd in the proposed model. Model results are coryared with both
corresponding measu¡ed data and CCIR nodel.

MODELO SEMr-EMpfnrCO PARA O CÁ,LCULO DA FREQüÊNCrA
cRfTIcA DA REGrÃo-F soBRE coNcEpcIóN - consideram,se as va-
riações di¿¡rias da freqüência crftica da regiãeF observadas em concepción
(36,8os, 73orÐ como repr€sentativas das condições de inverno, equinócioã ve-
rão, para nfveis de atividade solar baixo e alto. utilÞando esta base de dados pro
põe-se um modelo semi-empfrico que permite calcular freqüências crfticas media-
na$ para cada hora, estação do ano, e para nfveis de atividade solar baixo e alto. O
modelo se fundanenta num modelo de servomecanismo prcposto no fim dos anos
sessenta que t€m se mostrado bom nestes rfltimos tempos. Supõe-se no modelo
protr osto expressões quantitativas simples para as influências fotoqufmica, diñrsi-
va e de transpúte, na concentração eletrônica máxima. Os resultados do modelo
se comparam com dados medidos e com dados do modelo CCIR.

I. INTRODUCTION

Models to determine the peak electron
concentration at a specific place (latitude and
longihrde) and at a particular time (hour of the day,
season and solar activity level), have been known for a
long tiæ (e.g. Berkey et al., 1987).

The formulation of these models ¡s ¡gually based
on an atmospheric model gving concentration and
teq)eratue of the neutral components and on a certain
model concerning the naûr¡e of ionizing radiation.
However generally the specifications needed to apply
these aûnospheric and radiation rnodels are quite
complex. Thus it seems reasonable to reconsider
simple conceptual models to determine electron
concentration, based on simple chcmical and physical
processes, as it has been recently suggesæd by
Rishbeth (1980.

In this work the laüer approach has been chosen
to determine the peak electron concentration over
Conce¡rción, for each season and for low and hi.gh
solar activity levels, taking as reference the servo-
mechanism model originally suggested by Risbeth
(1967). The criteria used ûo define the observational

data base a¡e shown in section 2. T)ne proposed
serniernpirical model is formulaûed in section 3.

2. OBSER.VATIONAL DATA BASE

In this work values of the F-region critical
frequency measured in Concepción for each hour of
each day from 1958 to 1980 have been used. Values
were read from ionograms using international scaling
and accuracy rules as described by Piggott & Rawer
(1972, 1978). As for a fixed solar activity level, daily
variations of the monthly median values corresponding
to months of a given season show regularities in their
shapes, arplitudes and times of occurrence of a
minimum value, critical frequency values have been
grouped for each hour and for each season. Defined
groups include Winter (May, June, July and August),
Equinox (March, April, September and October) and
Sumrer (November, December, Janua4l and
February) at low and high solar activity levels.
According to details specified in Tab. L, twelve
months a¡e included for each season in both sol,ar
activity levels. The median vah¡e of the corresponding

! Universidad del Bio-Bio, Casilla 5-C, Concepción, Chile.
2 Universidad de Concepcion, Casill¡a 3-C, Coñcepción, Chile.



60 F-regìon crítícal frequency model

Tablc l. Data used to det€mine values of se¿sonal-m<inttrly median c¡itical frequency at a given hour.
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frrequency distribution for each group, which includes
approximaæly 3O x 12 : 36O values for a given hour
is considered as represcntative of the critical frequency
for that hou¡.

The daily variations of these nædian values are
adopted as the data base to model the peak electron
concentration. The daity va¡iations for \Vinter,
Equinox ¿¡d grrmrrrer at low and high solar activity
levels a¡e shotvn in Figs. 5 and 6. All variations have
¡ minimum value at dawn and a peak between l2:0O
and 15:0O hours. In particular, the hour of the
minimum values changes in phase with the time of
sunrise in all the ciaÁ¡es.

A study of the standard deviation of the median
values indicaæs ttrat they are Larger for Equinox both
at low and high solar activity levels. These tend to
occur in the aftemoon and evening hours, respectively.
Vertical bars re¡nesenting the largest standard
deviation for each season and activity level a¡e also
given in the Figs. 5 and 6.

3. MODEL

where the rate of change of the peak electron
concentration, dNm/dt, depends on:

q : rat€ of production, assuÍpd to be the Chapman
production function. This function corresponds to a
spherically stratified isothermic atmosphere, with a
single ionizable coqronent, whose concentration
decreases exponentially \¡/ith the heigbL The
atmosphere behaves as an ideal gas and is ionized with
a monochromatic sola¡ radiation.

Peak elect¡on concentration at a given hour is
assumed to be the addition of two ûerms: one related to
photochemical and diffiisive processes (Nm),
modelled from first princþles, and the other associaæd
to collisional drag transport (ANm), here considered
as a pertubation to the first term, and det€rmined
empirically by comparison of N- to appropiate values
of the observational data base. The first term is
derived by numerical solution of tlre continuity
equation with photochemical and diffr¡sive
contributions, valued at the height of the peak electnon
concentration:

Le : rate of change of chemical loss, assumed to
depend on recombination and charge transference
reactions only. This raûe is su¡rposed to be proportional
to the existing electron concentration, that is, L6 : p
Nm, in an hydrostatic equilibrium atmosphere, fòrmed
by atomic oxygen and molecular nitrogen. p varies
with height as I : Fo exp 1- Kz¡¡), whe¡e K is
fixed. K specifies the vertical gradient of p, its value
for the case of Ê being proportional to the N2
concentration is 1.75 (Rishbeth, 1967). z_ is thc
reduced height according to the atomic oxygen scale
height, at the peak electron concentration.

r.d : r.ûe of change of the electron concentration by
diffusive transporÇ related to pressur€ vertical
gradients which is su¡rposed to be also proportional to
the existing electron concentration. Thus L¿ : d N¡,
in which d can be interpreted as an equivalent
coefftcient of difft¡sive loss and varies exponentially
with the height according to d : do exp (z_). At the
height z-, the rate of change L¿ is usually comparable
to the raûe of che,micat loss I¿, so that both can be
included in a single loss term,ie,d : c¡ p N¡¡,
where c¡¡ is constent.

(dNm/dt):q-Lq-L¿) Specifically, the equation to be solved is:
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(dNm/dt) : 9o exp (l - zm - exp (- z-) Ch (X)) - cN Nm go exp (- Kzm)

where go is the rate of production for vertical
incidence of the ionizing radiation at the height of the
peak production, and Ch (X) is the grazing Chapman
fi¡nction. The height zm va¡ies during tlrc 24 hours, in
threc periods @ishbeth, 1967):

l. Sunrise perid zm : ln Ch (X) + crl

2. Diumalperid z¡: (1(K + t)) ln (po(do/L))

3. Night period z^: (tt(K + t)) ln (po(do/LJ)

T¡blc 2. Proposed model constants used for every seiarltln and solar activity levels.

K Bo (to'3 s- 1¡ do 1to-6 s- t¡ Le Ls Sunrise Day
cN

Night
cN cN

czl

t.75 9.0 9.0 0.80 0.15 t.25 1.25 1.60 0.25

The constants F6, ds, Q\[¡ c2lr Le, Lg, consigned in
Tab. 2 are also taken from Rishbeth (1962). The
prooess of inægration begins at a ti¡ne to where the
contribution to the cbange of the concentration
associated to colli¡ional drag transport is assumed to
be zero. For each season to is det€rmined according to
tbe dynamics described by Kohl & King (1962). The
inidal value No is det€rmined from the obsenred
critical frequency corresponding to the tirrp to. A
value for qo is chosen by iæration pnocess, so that the

N- value for the ti¡re t : to + 2¿+ h differs at the most
by 2Vo of the initial value No. The adopted values for
ts, çlor and No are listed in Tab. 3. Daily variations of
the critical frequencies, as deûermined from model
peak electron concentrations calculated with
photochemical and diffrrsive contributions only, are
shown in Fiee. I and2.

Values of the second term rnodel, AN- are
comput€d as

ANm : 1.24 x lo4 lco * c1 cos ((2¡r24)t - ör) * c2 cos ((2",a2) t - öz)]2

Tablc 3. Propooed model initial values of go, to and No relating photochemical and diffr¡sive contributions;

Low solar activity level High solar activity level

IVinter Equinox Summer lVinter Eq.uinox Summer

9o

(cm'3 ¡-1¡

to

(LT hour,75oW)

No

(105 cm'3¡

389 528 625 1528 1833 1764

10 9 7 t0 9 7

3.60 5.22 4.74 14.40 18.08 13.35
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FiSp¡c l. Daily vari¡don of critical frequcncy determine.d

ft,m nodcl peak clectron conce¡rtratims
cabulatcd with photocbcmical and diffusive
contributions only. Iow rclar ac'tivity level (A)
Wíntcr; (B) Equinox; (C) Summer.

wberc the arylitude coeffiçients Cs, C1 and C2, and
üe pbases angles 0r *d 0z a¡e given in Tab. 4. Daily
variations of the differences be¡reen critical
ñrequencies, detcrmined ftom model peak electnon
concontrationg calculated srith photochemical and
dift¡sive contributione only, and those corresponding
ûo tbe observational data base a¡e compared with daily
variations of (Al.[-/1.2+ x tÚ)1t2 in Figs. 3 and 4.
Although ANm has been modelled using only tivo
harmonics fr¡nctions of ùl and 12 houm periods,
respectively, the afforded fit is regarded as adequale.

Critical frequencies calculaæd using both ærms

of the proposed model O{m + ANm) are compared
with those corrcsponding to the observational base in
Figs. 5 and 6.
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Figurc 2. Daily variation of critical frequcncy det€rmined
frm mdel peak electrm concentrations
c¿lcr¡latcd with photochemical and diffusive
contributions only. High eolar activity level (A)
Winter; (B) Equinox; (C) Sumrçr.

4. CONCLUSION

In general, calculated values with the model and

obsen¡ed values are very similar. Largest differences
'occur in lVinter and Equinox, for both solar activity
levels. They range from 1O ta ?.Mo. Fot 62Vo of the
cases, the gnsitive and negative differences,
synrætrically distributed, arc smeller tttan 0.25 MHz
(see Fig.7a).

The critical frequency values calculated with
CCIR model (1967> are systematically gfea¡er than the
obsen¡ed vah¡es. The differences from obser:ved values
show a greater dispersion than those corresponding to
the model here proposed. Only 33Vo of tlrc cases show
differences smaller than O.25 MHz (see Fig. 7b).

o216
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Teblc ¡t. Proposed model amp[tude coefficients, Cs, C1, C2 and phase anglec S1 d.Ör.
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Low solar activity level High solar activity level
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diffusive contribution¡ only ( ---- ). Modelled
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t0

The siinplicity of the model allows its use in a
penonal coryutsr and even in a pocket calculator.

The reeults obtained seem to confirm that the use
of eirryle ionceptual models is stíU valid, at least for
o¡rrativec purlrosês.
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