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SOLAR-TERRESTRIAL INFLUENCES ON THE D-REGION AS SHOWN
* BY THE LEVEL OF ATMOSPHERIC RAD1O NOISE
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*Geodetical and Geophysical Research Institute of the Hungarian Acadeny of
Sciences, H-9401 Sopron, Hungary

#%Central Institute of Solar-Terrestrial Physics, Observatory of lonosphere
Research, DDR-2565 Kuhlungsborn, GDR

Measurements of the integrated atmospheric radio noise field strength at
27 kHz, used here, were made in the period 1965 ~ 75 at three unified European
stationa: Uppsala (60°N), Kuhlungsborn (54°N) and Prague-Panska Ves (50.5°N).
For some cases. also measurements at 5 kllz from Prague~Panska Ves w:re avail-
able.

In earlier papers it has been shown by the superposed epoch method that
during Forbush-decreases the level of atmospheric radio noise also decrcases at

- o niddle latitudes. In case of nccurrence of both Forbush-decrerse and geomag-
; . e net’c storm, the level of atmospheric radio noise generally increases (SATORI,

. 1976). 1In course of the theoretical interpretatiri, using the VLF waveguide
’ node theory, the attenuatio. of VLF electromapnetic waves has been computed con-
sidering electron density changes due to the Forbush~decrease. variatiors of
the cut~off rigidity and particle precipitation (SATORI, 1978).

We consider the large-scale meteorological situation by ccmparing solar
disturbed and undisturbed periods under similar weather situations. 1In order
to show the effects of the precipitating high-energy particle (HEP) flux and
of the Forbush-decrease on the noise level of all three stations simulteneously,
the correlation of the noiee level between pairs of stations were conputed as
deviustions from the montlily median, 4L (dB), day by day for all six periods
studied here. We computed the ccrrelation coefficients for noon as vell as
for night values. These correlation coefficients were compared with those for
solar undisturbed p2riods.

~ As expected, the correlation of the noise level is highest when the HEP
and the FORBUSH-decrease during disturbed periods predominantly control the
propagation conditions. The influences on the noise level are wmore distinct
at Uppaale than at Panska Ves.

- = The average correlation coefficient between Uppsala and Kuhlungeborn for
the dicturbed periods is r = 0,72 (n = 22) for the day-tize (12060-1600 LKT)
and r = 0,71 (n = 21) for the night~time noise level (2200-0200 LMT). It de-
i creases tor = 0.4 (n = 26) and r = 0.43 (n = 26), respectively, for undisturbed
- periods.

-~ For the correlation betweer Kuhlungsborn and Panska Ves there were no sig-
nificant differences between the analcgous correlation pairs r = 0.69 (n = 22),
r=0.75 (n~ 22) and r = 0.68 (n = 27). But thc =20ise level variation for a
f disturbed perica is very similar at all three stations,
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Py some case-studies of thw level of atnoapheric radio noise it has been
demonstrated that after yeoactive flares the nearly sixultaneous effects of
Forbush-decrease and that of the post-stomm-event (FSE) result in ¢ifferent
roise level changpes, depending on the strength of the Forbush-decrease and that
of the geemagnetic storm (the FnerLy spectra of precipitating clectrons), as
well as on the onset and e duration of evente as coppared to each other,

Fig. 1 shows the extrerely strong event of Avgust, 1972 from the point of
viev of both Yotbueh-decrease and Reonagnetic storm. The peomagnetic activity
is characterized by Ap-indices, the Forbush=decreane is piven in percent of the
basis of Moscow neutron romtor data, Ve studied both the day-time (1200-1600
LIT) and the night-tice (2300-0200 LMT) norse level changes as devisticns Zron
the monthly wedians “5 (dB), The scasonal variation is also recoved fron the
vedians of noise level,

Veing the teminology of different phascs of poat=storn event, nanely
PSE 1, PSE I1, PSE Il (after LAUTER et al., 1979), it may be seen that curing
FSE [ the noise level at the ditferent obdservatories decreases on 27 kKz and
alec on ¢ iz, siculfancously wvith the nain depression of Forbush~decresase toth
day and night. Duriung PS¥ 11, the noise level increases at day, depending on
latitude and {requency, but its enhencezent 1s much pore wodarate as conparcd to
the TSE 11 in absorption (LAUTIR et al., 1979), This circumstance cay be cou-
rected both with the differential eneryy spectra of precipitating electrons and
vith the modification of nuilre level by the still lasting Fortush-dezrease,
During PSE III, the noise level increases agsin and it is nore develcped than
PSE I11 in the LF absorption. This increase ray be connccted with the hardening
of energy spectra of Frecipitating electrons and vith the fact that th.e Forbush-
decrease alresdy ended. At nipht the picture is similar, bdut the PSE 11 is
longer, than at day; its {irst parct ie destroyed, but the second part of PSE 11
is vell developed, when the Forbush-decrease ended., Tlere i¢ a moderate noise
level rise correstonding to PSE I11.

Fig. 2 shows the extrzordinary event of Decesber 1921, vhken a strang geo-
Bagnetic storm (nax. Kp = J¢) occurred vith 3 very weak absorption response
wainly at higher latitudes, when the precipatation of particles has also been
observed by satellite 1971-089A (LARSEN et al., 1976; LASTOVICKA and RAFOPORT,
1979). It has to be noted that cver Outava the quasi=trapped fluxes rzay be 3 -
4 orders of ragnitude larger than those ove: other tid-latitude stations in
central Europe (10°E). The Ferbush-decrrase vas also Btrony and it ended only
after the period studied here, The noise level changes show the dayliysbht re-
sponses to the Fortush-decrease. which have been moderated at higher latitudes
by the opposite effect of the reomagnelic storn. Therefore a virtual Cpposite
latitude dependence of the etfect of Forbush-decreases eay be seen. The night
noise level changes are &=biguous,

Fig. 3 shovs an event vith a zoderate Ferbush-decrease and feonagnetic
sterm. The Forbush~decrease begins three davs earlier than the geouagnetic
stor=.  Ia this case the changes of the atoospheric radio noise level showv a
picture quite similar to tne LF abserption post-storn cffect both day and night,
In the noise level at daylight hours the PSE 1 i« leas, the FSE Il ie zore in-
tensive as cozpared to the LF absorption in Kuklungsborn,

Fig. & shows a collection of different events referring to the ef fect of
the peozagnetic storn and the Forbush-decresse for Kuhlungaborn in davlight
hours., The days of occurrence of the geomapnetic storms are indicated by the
vertical line. 1n case of the event of March, 1970, the cpposite effectg of the
Forbush-decrease and the geczagnetic ctorm practically cancel each other.
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Figure 1.

Summarizing we can see that the VLF noise level changes due to the jeint
effect of Forbush-decreases and geomagnetic storms ghow & much more varied pic—
ture as compared to the LF absorption post storm ef fects in case of different
events. Rut by means of the VLY noige level the direct influence of the galac-
tic cosmic rays in the lower D-region may be studied.

REFERENCES

Larsen, T. R,, J. B. Reagan, W. L, Iwhof, L. E. Montbriand and J. S. Belrose
(1976, J. Geophys, Res,, §1, 2200.



208

0; 100 -
0} 50&
ot E—— o
D FU K
(ot crd’-!v’l integrol eiectron thux o wh‘ld‘: Iotegrat wectron fux
‘4 A 210 key |
. no og
d;' ~\ HONTBEAND

I AND BILROSE (18761

]

ey
™ doty
A

Forbush - decrease Forbuth « decrease
o W\/\/\M A ‘
. |
l ATMOSPHERIC NOISE LEVEL
12~ ¥ N MY 1202 himMY
Uppsela 27 kM2 fAma 98 5% Mm;!! Uppsata 27 kwy
Atien)
1
2
(3]
-2
Kuhungstiom 27 kM
aneo; i
(Y3 ‘ '
4 i
e TR
-2 ol
&
o | Wt o K o8 O
| Ponska ves 7 kHe
l 3
Ponska Ves 27kM2 Ihme 9047 :
AlaB) ; 5
S ow | =
\ v
g % i
“ G 3
-6 ! %
-6

3

QW8 02 6 %A 30 says
Decernber 9T

BRI LEDH D oays
December, T

Figure 2.

Lastovicka, J. and Z. Ts. Rapoport (1979), Studia Ceoph. et Geod,, 23, 263.

Lauter, E. A., A. Grate, B. Nikutowski, J. Taubenheiwm and C, U. Wagner (1979%),

Gerlands Beitr, Ceophysik, Leipzig, 88, 73.
Satori, G. (1976), Acta Geod, Geoph, Momt. Hunmg., 11, 229.
Satori, G. (1978), Acta Geod, Geoph, Hont, Hung,, 13, 475.

.

- ———




~o’

209
wor < A 8 150 Ao
¥0 e
(4
| |
Forbysh - deurease Forbush - decrease
_“4 \lf/w dha WI\
l ATMOSPHERIC NOISE LEVEL
l , 12016 h LMY n-mntrt
afen)  Uppsola 27HE  fAe 58S Uppsala 2TkM2
Or g a098)
o f l ®
s f |4 ¢
¢ £ i “
R e 2
0 - Q
2 2
mcgl Kuhungsdorn 27kHz Atk
8 INeSLSE B
6 A SL &Y b
¢ &
g ?
¢ 0
| 2
Laes)
Allc;.\l Pgaska Ves 27kHz an
<59 L 8
6 Fa{‘ (ALL Ry c
“ y &
- ngﬁ s :
0 o
-2 ‘..-—...—.-........... -3
A3-LF :
AR *:quswn 245 kHz i8
&
E TR TR AR DT Toan
) . Seoterrder , Ocrober | 1976 4
T Mo

Ak s
Uk ol2XZR2X20802 46 duys
Septemder, October, 9%

Figure 3.




- Ne
. ¢0%
TR
N
\

\ "Q‘\\ ~ .

210

B

SrvomrcS

ATMOSPHERIC NOISE LEVEL
Kuhlungsborn 27kHz  12-16h LMY
! F Ame54 4%

_blm...;.'.a..uj___;’_.’nn
ALlGD) 1357903151719 N232%

13 mJnniT‘;’i:m 167
AEdB) |

w MM..
December, 1970

WBRTRAB SN

~ ORI P

g

rUON re

Dec, Jon 1971,972
0. 252628301

né
]
o

éOmeo&

SRR RN aoys

Figure 4,




