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NorAS BREVES DE pEseursA & DESBNvoLvTMBNTo rÉcnrco
SHORT RESEARCH & TECHNICAL DEVELOPMENT NOTES

foF2 FREQUENCY BANDS IN EL CERRILLO, MEXICO DURING
MAGNETICALLY QUIET CONDITIONSO

E. A. Araujo-Praclerc

'fhis work describes the f'oF2 fi'equency bands (maxir'ìrur.r.r-noon, nlinirnurn-trridnight
bands) and their main characteristics during magnetically quiet conditions and extreute
conditions of solar activity. We have observed that there is a seasonal variation and parallel
behavior between fì'equencies during lligh Solar Activity and Low Solar Activity. During
lìigh Solar Activity we can observe the seasonal anonraly and synrrrretry between both
lì'equency bands.
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BANDAS DE FRECUENCIAS foF2 EN EL CERRILLO, MEXICO, EN
CONDICIONES MAGNETO TRANQUILAS -Este trubujo dcscribc lus bundus cle

.fì'ecucncitrs tle lu cu¡tu F2 (confìtrmutlus ¡tor lus l¡ctnclus muxintos-mccliodía, mínimos-
mcdiunoche) )tsus princil'¡ctlcs c'urctclet'í:;ticcts cn cr¡ndiciones mugnclo tt'unquilas )¡ ba.it¡

t,ulorc,ç cxlrcmos de uclividud solur. Oblu't,imos quc cn Altu ), BqÌu Activid¿t¿l Solur sc

olt,çervu unu vuriucirjn cstctcionul y un compot'tumicnto pttrulelo enlre lr¡s ¡ture.s de

.fiecuencict.s. En Altq Actividud St¡lur sc ol'tservu utlcm¿is lu ttnomttlía cslcrcionul y sintetría
enlrc um bcts bctndus de.ficcuenc ius.

Palabras claves.' Ionós.f'eru; Cu¡tu F2
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INTRODUCTION

The F region has been intensively stLrdied, rnainly due

to its influence o11 the propagation of radio waves.

Determinations of the F2 fiequency bands in magnetically

quiet conditions and extrerne conditions of solar activity
give us, as a fìr'st approxinration, the typical behavior ol
F2 layer critical frequency (fbF2).

DLrring disturbed geonragnetic cond itions, these lralrds

are very different and their changes can be a nteasurenlent

of the ionospheric response to geonlagnetic stornts. 'fhis

inf-ornlation is inrportant in order to know the nlain lactols

that are affècting the ionosphere.

This work describes fbF2 fì'equency bands irr El

Cerrillo, Mexico and their nrain characteristics.

DATA AND METHODS

Day-tinre hourly valLres of f'oF2 were selected 1'or the

radio sounding station "El Cerrillo" (0: 19" 26'N, À:
99" 42' W), 'foluca, Mexico. 'Ihc nragnetic index K¡r arrd

the solar paralneter Rz werc used to def ine the level of'

geornagnetic pefturbation and of solar activity, respectively.

We have assumed Rz = I00 as lìigh Solar Activity
(l-lSA) and Rz = l0 as Low Solar Activity (LSA) (whiclr

do not imply nraxir'ìr,lul or rnirri¡nurn valucs of Solar

Activity). Irinally, wc have used Kp < 3 in orcler to assurc

a quiet condition of the nragnetospherc, thus we avoidcd

geomagnetic field perturbations. For convenicrrce , we chose

tlre year 1964 (Rz - 10.2) as LSA and 1968 (lìz - 10,5.9)

as IISA.

The data selection was conditioned by thc quality ol
the infbrnlation in the period of observation and we took

into account the amount of data available in each period.

These data were separated in fbur groups: nlaxinrurn

values, nrininlunr values and noon and nlidnight
values.The data we re averaged fbr each nlonth, in oldel to

obtain the typical behavior during both years.

RESULTS

Fig. I shows fbF2 fì'equency bands to a l-lSA year

(1968). In this fìgure we can see a typical behavior of the

ionospheric upper layer in these conditions. -fhere is a

syrnmetry between both bands of fì'ec¡uencies and dif ferent

Iìrlr2 Iìrcc¡ucnc1, llands in cl (lclrilo. Mcxico I)uring Magncticallv Quict (londitios

fì'ec¡uencies shorv a parallel behavior, i.e., the curve of
llraximuur f'oF2 is parallcl to the curve ol noon fbF2 as

well as the curvc of nrininrurl l'oF2 is parallelto the curve

of midnight fbF2.
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Figurc I - f'olrl liccprcnc¡ bantls during lliglr Solar Activity.

Fi¡¡uru I - Ilundu.s dc.fi'ccuancius clc./bF2 ¿lurunta Altu
/t'!iriJul St¡lttr

Renlarkablc f'eatures that rve can see in the superior

band arc thc seasonal variations (highest values of
fì'eqLrencies during cquinoxes) arrd seasorral anornaly

(winter valucs arc grcater than sr¡lnlrrer values).'the first

is the cause of the largest separation belween fiecluency

bands during thesc nlonlhs and is ec¡uivalent to the

nraxiururn values observecl in this peliod fbr several level

of solar activity and scve ral locations (Lois Menendez et

al., 1992; Alau.jo-Pladerc ct al., 1996).
'l'he nrost protrablc cause ol thesc variations is the

change in the atnrosphelic conrposition, but tlte mechanisnl

Iras not been delined. Seasonal variations of atontic (O)

and nlolecular (O., N,) conccntrations in the thernrosphere

(Rishbeth & Setty, l96l) have been supporred by several

studies. For nrid and lorv latitudes and during equinoxes

and winter, nraxirnunr ratios of IO]/[Or] and [O]/[N,] are

higlrer tlran cluring sLlnuner, at least two tilles (Stubbe,

197-5). Alcaydc ct al. (1914) I'ound rvinter'-surnlller rates

ol'O. ol 1.5 ancl 4.0, rcs¡rectivcly. Such changes willaffect
tlte latcs ol production and loss which prodt¡ce these

anonl a I ies.

Maeda et al. (1986) suggested that upwald energy

flux transtèr'red by propagating internal gravity waves

increases during thc transition periods bctween the sr¡nlurer
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easterlies and winter westerlies in the lower atmosphere

and this occurs twice a year (around the equinoxes) and

could contribute to introduce a seasonal variation in
turbulent mixing.

Fuller-Rowell (1997) proposed that the global scale

interhemisphere-thermospheric circulation acts Iike a huge

turbulent eddy. The effect of this "therrnospheric spoon"

is analogous to a conventional small scale turbulent eddy,

mixing the lower atmosphere species below the turbopause.

At equinox, the therrnospheric prevailing circulation is

weak since solar heating heats the atmosphere more

uniformly. The combination of solar heating at low latitu-

des and Joule heating from magnetospheric sources at high
,latitudes leads to weak latitude pressure gradients and

resultant light prevailing rneridional winds. In this

situation the species can be diffusively separated above

the level of turbulent mixing (the turbopause). At solstice,

the asyrnmetric heating of the globe produces a hot summer

hemisphere and a pressure gradient that drives a strong

interhemispheric prevailing meridional wind. This

circulation is closed by upwelling in the surnrner

hernisphere, down-welling in the winter hernisphere, and

a weak return flow at lower altitudes to mantain continuity

of mass flow.
Highest values are not at local noon. This can be

explained by the strong transport process, which are very

important in this altitude. Minimum values are just before

.sunrise, as we expected, due to loss by recombination. Other

factor to take in accoultt is the difference between the lo-

caltirne (90" W) and the realtime (99'42' W) in ElCerrillo,
which is about 35 rninutes.

lú2IIHr)
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Fig. 2 shows foF2 frequency bands to a LSA year
(1964).ln this figure we can see again the parallel behavior
between different foF2 frequencies (maximum_noon,
rninimum-midnight), but there is no symmetry similar to
that observed between both bands during HSA.

The superior band (maximum-noon) has similar
behavior. We can see the seasonal variations but not the

seasonal anomaly. The inferior band is now very flat, being
without the variations observed during HSA.

All these features were observed in similar work made

by Lazo & Palacio (1914) with data from Havana (þ:22"
58'N, À: 82'09' W). The same parallel behavior between

bands, the seasonal variations in both level ofsolar activity
and the seasonal anorrraly in HSA were obtained in their
study. This similarity can be explained by the proximity
location and similar conditions of both stations.

The absence of a seasonal anomaly during LSA may

be due to the fact that the southern winds in winter are

tnuch stronger, almost twice during the day, than the winds

in summer. The direction of the north-south component of
the wind speed is towards the pole during the day; therefore

the downward rnovement of the ionization is more intense

and there is a greater accumulation of charged particles at

lower heights in winter.

However, this is not consistent with the observational

results. Numerical solutions of the continuity equation

show that NmF2 should be reduced more intensely in

winter than in the surnmer; the decay of the ionization in

lower heights due to higher loss rate overcomes the increase

due to the downward transport of plasma. This fact, plus

the control that the ion drag exerts on the magnitude of
the winds, allows us to understand why the seasonal

anomaly does not exist during low solar activity.
The general behavior shown by the data from El

Cerrillo is well in accordance with predictions from IRI/
CCIR (lnternational Reference lonosphere / Comité
Consultatif lnternational des Radio Comunication). The

noon values of foF2 from IRI/CCIR also shows the

equinoxes maxima during HSA and the winter anomaly,

although this effect is more marked in the data than in the

predictions.

CONCLUSIONS

Bands offoF2 frequency have parallel behavior during

both level of solar activity. There is a seasonal variation

Iì. A. Âraú.jo-Pradcrc
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Figure 2 - foF2 fiequency bands during Low Solar Activity.

Figuru 2 - Bandas de.fiecuencias de.foF2 durante Baja
Actividad Solar.
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(maximum values of foF2 during equinoxes) and nraximum

values are not at noon. During HSA there is a seasonal

anomaly (winter values are greater than summer values).
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BANDAS DE FRBCUBNCIAS foF2 BN EL CERRILLO,
MEXICO, EN CONDICIONES MAGNBTO TRANQUILAS

Utilizando los datos diarios dc frecuencias críticas de la

capa F2 ionosfërica de la Estación de Radiosondeo de Ill
Cerrillo (O: 19" 26'N, À:99" 42'W), correspondientcs al

rnediodía y medianoche, y conjuntamente con los valores nlí-
nimos y máximos dc cste parámctro; sc construyen las bandas

de frecuencias para años de alta y de ba.ja actividad solar
(asumiéndose respectivamente valores de Rz = 100 y Iìz =
I 0). La banda superior queda así conlbrmada por la liecuencia
máxima rnás la fiecuencia al rncdiodía, mientras que la inlèri-
or se compone de la fiecuencia rrínima más la obtenida a la
medianoche.

Los años fueron seleccionados partiendo de la
disponibilidad y calidad de los datos en los nisrnos y sc impuso
el criterio de Kp < 3 en aras de garantizar un estado tranquilo
de la magnetosfera. A partir de los datos de loF2 se obtuvo un
promedio mensual representativo del comportanliento de estos

valores en ambos años.

I-os resultados obtenidos demuestran la cxistcncia dc un

compoñamiento típico para la ionoslera de latitudes medias. Para

el periodo de Alta Actividad Solar se observa cierto paralelismo

entre ambas bandas de frecuencias, es decir, a nrayores valores de

la frecuencia máxiura corresponden mayores valores de la
frecuencia al mediodía y viceversa. El rnismo comportamiento sc

puede observar entre la fìecuencia míninta y la frecuencia a la

nredianochc. Igualmcnte se destaca un courportan.ricnto simótrico
entre las bandas superior c inl'erior.

Las características más importantcs clue se obtienen en la
banda supcrior son las variaciones cstacionalcs (los mayores va-
lores dc ficcucncias aparecen durante los cquinoccios) y la

anornalía estacional (los valores invcrnalcs son mayores que los
dc vcrano). La primera es la causa dc las mayores desviaciones
e ntre la banda supcrior y la inf'crior en esos mcscs y es equivalen-
te a los valorcs máxinros obscrvados cn cse período para difèren-
tes nivclcs dc actividad solar y divcrsas locacioncs.

Irn periodos de llaja Actividad Solar tarnbién se puede ob-
servar cl paralclisrno entrc las dilerentes fiecucncias dc la capa

F2, pcro sc picrde la sinlctría entre las bandas superior e inferior.
En la banda supcrior se destacall nuevamente Ias variaciones

cstacionales, pero no se observa la anomalía estacional, mientras
que la banda inl'erior es ahora nruy plana, sin las variaciones ob-
scrvadas durante Alta Actividad Solar.

Iìl comportanriento gcneral lnostrado por los datos de El
Cerrillo no difieren dc Ias predicciones del IRI/CCIR (lntcrnational

Rcfcrcnce Ionosphere / Comité Consultatillnternational des Radio

Conrunication). Los valorcs al mediodía de fbF2 tanlbién nluestran

los máxinlos equinocciales durante Alta Actividad Solar y la

anonlalía de invierno, aunquc el cfecto es ntás marcado en los
datos que en las predicciones.

Reviste Brasileíra de Ceofisica, Vol. l5(2), 1997 Ile



foF2 rrequcncy Bands in El Ccrrillo, México During MagncLically Quict Conditions 

NOTAS SOBRE O AUTOR 

NOTESABOUTTHEAUTHOR 

foF2 FREQUENCY BANDS IN EL CERRILLO, MEXICO DURING 

MAGNETICALLY QUIET CONDITIONS. 

(PÁGINAS 161 - 164) 

Eduardo A. Araujo-Pradere 

Grados Académicos: 
Institución: 

Tesis: 

Fecha de defensa: 

lnstitución: 

Fecha de examen: 

Estudios Actuales: 

Areas de interés: 
- Contenido electrónico ionosférico.

1 - Maestría en Estudios Espaciales. 

- UACPyP - CCH, UNAM. Méx. DF, México.

- Morfología de la ionosfera sobre México.

- 3 de febrero de 1995.

2 - Candidato a Doctor en Ciencias. 

- UACPyP -CCH, UNAM. Méx. DF, México.

- 9 de julio de 1996.

Doctorado em Estudios Espaciales. 
UACPyP - CCH, UNAM. Méx. DF, México 

- Morfología de la región E y la región F.

- Modelaje ionosférico.

- Variabilidad de la Capa F2.

Ha realizado frecuente actividad docente en nivel de licenciatura y en posgrado y ha participado en la presentación 

de 12 trabajos en 11 eventos internacionales. 

Ha publicado como autor o coautor 13 artículos en diferentes revistas especializadas de circulación internacional y 

ha presentado 3 informes técnicos. 

Ha sido árbitro de la Revista Geofísica Internacional en diversas ocasiones. 

Revista Brasileira de Geoflsica, Vol. 15(2), 1997 


	doi: 


