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The winter anomaly in ionospheric absorption is studiei at a mid-latitude station over ulf a solar C)de.
It is shown that the anomalous increases of absorption on some days in winter are better correlated with 10
mb-Ievelgeopotential height than with temperature at that level. The anomaly is most marked in the month of
January. It wasabout 168% in 1964 and 79% in 1969. The present results along with those reported by otben
earlier are evidencesto suggest that the possible cause of winter anomaly in ionospheric absorption may be an
Increase in ionization In the D and probably in the E regions of the ionosphere following disturbances in the
pressure and wind circulatioDsystem at stratospheric and mesosphericlevels.

1. Introduction
ATTEMPTSWERE MADE earlier by some workers1-a to

show that the so-called winter anomaly of increased
ionospheric absorption was due to stratospheric war
ming. However, Kotadia and Patel have reported4
that the anomalous increases, on some days, in ionos
pheric absorption of radio waves on 1'725 MHz at a
mid-latitude station did not show a significant corre
lation with stratospheric warming. Later studiesll-lo
showed that the soecific instances of enhancement of
absorption on some days in winter months were asso
ciated with increases in the D-Iayer ionization. From
a comparison of day-to-day variations of absorption

.on different frequencies Patel and Kotadiall showed
that the ,extent of unusual increase in absorption
generally decreases at higher frequencies and the
amount of anomaly changes from one winter to
another. In this paper, an attempt is made to exa
mine how good is the correlation of the unusual
increases of absorption with the to mb-Ievel geopo
tential height instead of temperature. An estimate of
the winter anomaly is also made for, the low and high
sunspot periods.

2. Results
Frequency dependence of the variations in ionos

pheric absorption - The day-to-day variations in
absorption are expressed as deviations of absorption
(L) from its 27-day running averages eliminating the
effect of solar rotation. These variations on the fre

quencies 1'725,2'0),2'44,2'90 and 3'45 MHz for
the winter of 1963-64 are compared in Fig. 1:

The variations in the 10 mb-Ievel temperature T and
the sunspot number Rz are also shown therein. It
will be seen that the extent of variations decreases as

the frequency increases. The increases occurrin~ on

some days of stratospheric warming become more
distinct at lower frequencies. However, there. are
significant differences in the structure of the var,iations
ftom one warming to another and also with respect
to the frequency of the radio wave. For exarnplc,L
around ) I December 1963 was greater on some fre
quencies than it was on a much warmer day aropnd
31 January 1964 on other frequencies: Curiously, a
large distinct increase in L was observed on all fre
quencies on a day of stratospheric cooling by more
than goC around 12 January 1964. Rz was also not
high, but this increase in L agreed with tbe increase

ILlo
.q:
D:::

ILl

~
oz oU +10
Z ~.• 00

~~i:,~
00

~ -10o
I +10

r-- 00
N -10

~ ~ +10
It: ~ 00
u. ~ -10

~ 1 +10

_ 00

S -10> ..,0
ILl 00o -10

10 20 30 10 20 31 10 20 31

No't11963) Dee Jan.(l964)

Fig. l-Comparison of day-to-day variations of ionospheric
absorption OD different frequencies in the winter Qfl963~

at Freiburs
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Fig. 4-Mass-plot of deviations from 27-day running avera
ges of 10 mb-\evel temperature on days when the increase in

absorption was greater than 5 dB above the average

Land hg or even between Land T is less marked
than that observed in the winter of 1963-64.

Mass-plot of deviations L, hg and T- In order to
get a general picture of the relation, if any, of the
unusual increases in ionospheric absorption to the
10 mb-level temperature and geopotential height, all
days of the three mid-winters, viz. December-January
each of 1963-64, 1964-65 and )968-69 on which L
increased by more than 5 dB above the average were
sorted out. The deviations /1 T on these days from the
27-day running average of 10 mb-Ievel temperature
are plotted against those of absorption, /1L for 2'05
MHz in Fig. 4. One may notice a large scatter of
points showing both increases and decreases of tem
perature for enhanced absorption. The stratospheric
temperature was below the average even on days
when the absorption was abnormally high by 16 - 20
dB. There are more number of points showing
decrease of temperature than its increase on days of
abnormal increases in absorption. The correlation
coefficient between /1L and /11' turns out to be nega
tive, about -0'22 at significan(;e level P = 0'17.

In Fig. 5 is shown a similar mass-plot of devia
tions /1hg of 10 mb-level g~.)potential height against
/1L for days when /1£ exceeded 5 dB. It is seen that
the situation is almost reversed from that in Fig. 4.
Althougn hg is sometimes below and sometimes above
the average corresponding to enhanced absorption,
there are many points of positive /1hg (almost double)
than of negative /1hg. However, it is difficult to
connect /1L with /1hg by a linear relation. The corre
lation coefficient r turns out to be only about + O'IO
at significance level P=O·59. It may be said that the
uplifting of stratospheric level rather than its war
ming may serve as a trigger for changing the condi
tions at higher levels up to the 0 and E regions of
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Fig. 2-Day-to-day vaflatlOns of ionospheric absorption
during the winter of 1963-64 compared with those of tempe
rature and geopotential height at 10 mb-Ievel. (Vertical
arrows identify events of in :rease in absorption with that of

geopotential height)

Fig. 3-Day-to-day variations of ionospheric absorption
during the winter of 1968-69 compared with 10 mb-Ievel

temperature and geopotential height
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in 10 mb-Ievel geopotential height (/1hg) as seen from
Fig. 2.

Absorption and geopotential height-For showing
the association of the day-to-day variations of iono
spheric absorption (L) on 2'05 MHz with the geopo
tential height (hg) of 10mb-level, the noon observa
tions of L and morning observations of hg at Frei
burg (48°N, 7'8°E; , = 64°N) are plotted in Fig 2
for the winter of 1963-64. The variations of 10 mb

level (31 km altitude) temperature T are also shown
in Fig. 2. It will be noticed that marked increases in
absorption occur when hg is lifted up. This is shown
by vertical, arrows. The coincidence of /1L with /1hg

is more distinct than with /1 T. The variability in
absorption is particularly large in mid-winter months,
and the correlation of Land hg is seen very distinctly
in these months only. It was shown earlier by
Kotadia and Patel4 that the changes in absorption
during the months March-November are generally
controlled by the solar activity represented by either
1O'7-cm solar radio flux or sunspot number.

Fig. 3 shows comparison of day-to-day variations
of L, T and hg for the winter of 1968-69 of high sun
spot activity. It is seen that the correlation between
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~ Table I-Values ora and b in the Expression L-a (I +0"')
for Different Months
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cating the 'winter anomaly' in ionospheric a_',.
tion. The yearly mean value of a and b for tbe .• ~
IO-year period is found to bc28'S and O'OO4L~
tively, These mean values are practically thesa._
those obtained by plotting 12 - montbly ronni_a"
rages of Land Rz.
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Fig. 5-Mass-plot of deviations from 2,7-day running avera
ges of 10mb-level geopotential height on days when the
increase in absorption was greater than 5 dB above the

average

the ionosphere as a result of which the gas composi
tion there may also be distl;1rbed,

Dependence on solar activity-The ionospheric
absorption at a particular place depends on solar
activity and the sun's zenith angle. The dependence
of absorption on solar activity for a particular month
is expressed by the relation

L = a (I + bRa) ..• (1)

where L is monthly median (or mean) absorption, Ra

is monthly mean sunspot number, a is a cons.tant
representing absorption for quiet sun or Ra = 0 and
b is a constant showing linearity of L with Ra.

It is seen from Fig. I that the variations in L on
1'725 MHz were not much different from those on
2'05 MHz except that the variation<; on 2'05 MHz
were a little smaller, Similar results have also been
reported elsewhere12• Fig, 6 shows the plots of obser
ved median noon Lon 1'725 -MHz against mean Ra

for each month for the years 1960-1969, The inter
cepts on the L axis and the slopes of the straight lines
give the values of a and b respectively for the differ
ent months, It will be seen that there is considerable
scatter in December and January, i. e. during the
mid-winter months, when large anomalous variations
occur depending on atmospheric conditions rather
than on solar activity, In other months, tbe points
lie close to a straight line, The values of a and b for
different months are given in Table 1. It is to be
noted that the absorption of hf radio waves is most
sensitive to solar activity in November (b = 0'01)
and least sensitive in January (b = 0'0018), There
are two maxima in the value of a, one in July and
the other in January, The former is the expected
normal one and the latter is the anomalous one indi-
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Fig. 7-Relation between ionospheric absorption on 1'725
MHz with solar zenith angle during 1964-65 and 1968·69
(Note the high anomalous values of absorption in winter

months)

are better correlated with increases of 10 mb
level geopotential height hg than with those of
temperature.

(ii) On the whole, the correlation between Land
'hg cannot be said to be very good for some
obvious reasons to be discussed later.

(iii) The anomaly of increased absorption changes
from one winter to another. It is most pro
nounced in the month of January every year.
The estimate shows that the absorption was
about 168% anomaly in 1964 and about 79%
in 1969.

(iv) In midwinter months, day-to-daychanges and
the monthly mean values of absorption do not
show correlation with those of the sunspot
number.
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4. Discussion
Gregory and Mansion13 have shown the coinci

dence of a pressure ridge at 10 mb-level and the
increase in absorption at Christchurch, New Zealand
(43'5°S, I72'goE). Shrestha14 observed large undula
tions in ground level pressure at Brisbane, Australia
(27'5°S, 152'9°E) on days of largefmin values. These
are evidences in agreement with the increases of 10
mb-Ievel geopotential height on days of unusually
large aborption, although linear relation between L
and hg is not found. This linearity is masked proba
bly because of the contributions to the overall state
of the D and E regions of ionosphere from other
factors such as day-to-day changes in the ionizing
radiation, magnetic activity, gas composition and
other irregular processes of which we have little

-information. Schwentek1s suggested a change in the
whole structure of the atmos phere from ground level
up to the E-layer on days of anomalous increases in
ionospheric absorption, According to Rowe et al.9
and Beynon and WiIliams16, the electron collisions

... (2)

3. Summary of Results
'fhe following are some of the important conclu

sions, arrived at as a,result of the present study made
on the noon values of ionospheric absorption data
on 1~725MHz and 2'05 MHz obtajned by AI-method
at Freiburg (48°N, 7'8°E).
(i) The abnormal increases in ionospheric absorp-

tiQ.n L on some days in mid-winter months

where A is a constant repre~enting ionospheric absor
Ption when Rz = 0 and the sun is at zenith. Fig. 7
shows plots of log (LII + bRz) against log (cos X)
for sunspot minimum period (1964-65) and sunspot
cmaximum period (1968-69) of the present solar cycle,
the value of cos X being that on the 15th day of the
month, The maximum monthly mean sunspot number
in 1969 was hardly 120 as against about 200 in
1957-58. (We have als~ found one-to-one correlation
between the solar radio flux on 10'7-cm and Rz).

Two appropriate boundary lines are drawn to cover
most of the points for the winter months of Decem
ber, January, and February. The slope of these lines
which is exponent n of cos Xin Eq. (2) is found to be

,0'73 in'uI964:65 and 0'47 in 1968-69. The correspond-
ing values of A for X = 0 are 33'9 dB and 28'2 dB
respectively, The slight difference in the value of A is
prooably due to the change in slope n with solar acti
vity. The departure from the mean absorption repre
sented by the middle course of the boundary lines
gives the amoupJ of anomaly'in absorption. It was
found to be about ,168% in January 1964, 66% in
January 1965 for rhe sunspot minimum period and

".8~,4;,i:nJanuary) 968 and 79%in January 1969 for
, 'tne,sunspot nFl-xi/114m,perigd.However, if we plot

the average for the.lO:ye<if period, the values come
out as follows: A = 31'7 dB, n = 0'42 and winter
anomaly of about 78% in ianuary'{figure nut repro
dueedhere); Among the winter months, the iono
spheric absorption showed highest anomaly in the
m.)nthof January meaning that the stratospheric and
probably the mesospheric pressure and wind circula
tion system are frequently disturbed in January. It
is quite likely that such disturbances may be accom
panied by temperature rises at those levels in some
cases.

::If'ii? Estimateo! winteranomaly'- In order to estimate
YjJ thewirllter anbmaly' (departure from the value expec-

tei:l;'nol1maUy'according to cos X,-law)in ionospheric
~m:;r',,;!aibs0"pti(jnrtbevalue of L normalised with respect to

,~ ,tIre SURlipotmfriber given by LI (1 + bRz) should be
plotted against cos X. The cos X-law for this is written
as
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are of secondary importance and increase in electron
density ,could well account for the enhanced absorp
tion on some days. Sechrist et dl.18 found an increase
in io~ii.ation at about the level of D-Iayer maximum
in a coordinated rocket flight measurement when the
ionospheric absorption was also abnormally large.
Thus it appearSitbat'the :most ,likely cause for the
winter anomaly in ionospheric absorption is a net
increase of ionization which. may occur due to

" changes in the gas composition, loss of ionizat~on and
production rates of ionization, in the D an<l..probably,
the E region following a shake-up in the structure of
the whole atmosphere below.
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