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ABSTRACT. A new autoregressive method is proposed for predicting monthly
mean values of the solar radio emission on 2800 MHz, stoo' A prediction one
month ahead is carried out using a high-order model. Prediction filter para-
meters are determined with the aid of the Burg algorithm which id used for es-
timating the power spectrum density by a maximum entropy method. The optimum-
~filter length is determined from the condition for variation coefficient mi-
nimum. Considering several examples of retrospective prediction, a study is
made of the main properties of the prediction model.

PROGNGZA STREDN{CH MESASNYCH HODNOT INDEXU Foggo SLNECNEJ AKTIVITY, podf-
TANA MNOHONASOBNIM AUTOREGRESIVNYM MODELOM: Nové autoregresivna metdda umoiiu-
Je predpovedat stredné mesainé hodnoty rédiovej emisie Slnka na frekvencii
2800 MHz (F,gqq ). Progndza je po¥itané jeden mesiac dopredu, pomocou modelu
vy88ich réddov. Burgovym algoritmom sui urlované prognézne £iltrové parametre a
hustota vykonového spektra metddou maximélnej entropie. Z podmienky pre mini-
mélnu varidciu parametrov je vypo¥itand optimdlna df%ka filtra. NiekoTko pri-
padov retrospektfvnej progndzy umoZnilo urfit hlavné vlastnosti predpovedného
modelu.

Monthly mean values of the solar radio emission on 2800 MHz, like most of
the other solar activity indices, form a nonstationary time series. Jakimiec
(1976 ) has shown that the time series of values of the F,g,, index is a multi-
plicative one. Let us represent the original process Ft’ according to the mul-
tiplicative model, as

F, = T30 + K,
where P: is a function which describes the smoothed-out variation of the index
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over a solar cycle, and the fluctuation addition !’ Fr is proportional to the
mean level of the index at a given instant of time md involves the factor Ff
which takes fluctuations proper into account. The transformation

Y, =1n F (1)
allows us to
switch over from the nonstationary time series l"t to the time series b & which

is charscterized by an about constant varisnce with respect to the mean level
of the index. For purposes of global indices predicting of complex systems,
autoregressive methods are often successfully employed (Lukashin, 1979). We
will be seeking a model that is adequate to the time series Yt in a class of
autoregressive processes

L

Y= WY +Ey, 1=1,2,..., N, (2)
1=1

where !1 is a centered value of the discrete time series !t at time t = ) L
is the order of the model, and éi is white noise with zero mathematical expec-
tation. The filter parameters VI1 » W5y «0oy and VIL are obtainable using the
Burg procedure which is applied for spectral evaluation by the maximum entropy
method (see, e.g. Kiselov, 1980).

The i-th value of the time series Y; is predicted with the aid of the
prediction filter

L
¥ = > wY
i = 1 “i-1

Prediction errors £ 1= Y:L - ?1 form a time series of prediction errors. Opti-

mum values of the filter coefficients w,, '2. eee, and 'L are determined from
the condition for the minimal sum of the prediction errors squared

9 2
L g& = 0, k=1,2, «eo , L.
The procedure of estimating the prediction filter parameters is based on recur-
rent estimations by sequentially increasing the order of the model. At the
(m + 1)-th step, the parameters v, a1 '2 méy? oo 8nd Wo . ,m+) T related
to the previous-step parameters W, m* Yo qpr eeer and W by
’ 1 )
"

='1,ll-' W

,m+1 n+l,m+1 * "m,m ,

Yot * Y2,0 = Yarr,m41 ¢ Ypor,m 0

'n,nﬂ = 'l,l = Yan ,m+1 ° Lf ,m ?
Pez = Paay (1 = Wy ym+1)
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L-m

where Poe = 4 = 6,2. is the power of the series of prediction
m
i-1
errors. The parameters W m+1,m+1 are calculated from the formulae

Le-m . b
2. > 834-m+1,ne;j,m
W = J=1
AR . 2 BRE
5 ] 3]
where r

éj’m = Yj - w1’an_‘ cee = w j"n y

€3m = T3~ Yi,aTyn oor ~ Vo,uTyem

are the prediction errors in forward and inverse directions. The final values
of the filter parameters W1 ,L? '2,1.’ cee, and 'L,L are determined form + 1 =
= L.

In order to determine the order of the model, L, let us consider a par-
tial autocorrelation function (PAF). By PAF of the process Y, we mean the
quantity 'L L considered to be a function of L. For a stationary autoregres-
sive p order process the PAF fluctuates abot zero when L. p + 1 (Lukashin,
1979).

A criterion for breaking off the PAF is

(W, 1) a1/N (3)

where 6 (w ) is the standard error of the thus estimated partial autocorre-
lation. F:lgure 1 shows a PAF of the process I, that was constructed with the
use of data covering a time interval from 1948 to June 1985 (N = 450). The PAF
decreases rapidly to zero already for L = 4; for larger lags the PAF fluctua-
tes about zero. The fluctuation amplitude decreases to reach a value close to
1/ 22 0.05 after L = 20. This leads us to conclude that L 20. The criterion
(3) has an approximate character. In order to choose the optimal length of the
prediction filter and to illustrate the capabilities inherent to different mo-
dels, let us consider the dependcncé of prediction errors on the order of the
model.

A time series of monthly mean values of the 32800 index, reduced to 1 AU,
for the period 1948 - June 1985 was taken as initial data on Ft.' According to
the model in (1) and (2), the prediction one month ahead was performed using
.the formula

L ad L -—
F; = exp ( 121 WY, Y ) ’
=
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Fig. 1: The partial asutocorrelation function of the proceas Yt’ as
‘constructed using eroo data for the time interval 1948 - June 1985.

where Y is an estimate of mathematical expectation It’ For different i and L,
a retrospective prediction was performed and the prediction accuracy estima-
ted. The prediction quality is characterized by the variation coefficient

S (r, - 7,)°

F, - F

v=n L * 100 %
-Jn-l %Pi

i=1

where ri and i;i are the observed and the predicted values of the series Ft’

and n is the number of predictions done. Figure 2 presents the dependence of V
on the order of the model L. The predictions have been performed for the last
five years, with n = 60. As is apparent from the V(L)-ploi, for L = 5, 6 there
is a slight decrease of the variation coefficient; afterwards, the prediction
error increases. A global minimum of V occurs when L = 18, 19. At larger L,

the variation coefficient increases. Such a decline in the prediction quality

is, seemingly, due to the excess sensitivity and the instability of multi-para-
meter models.
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Fig. 2: The dependence of the variation coefficient V on the order of the
model L.

Predictions using the procedure we elaborated showed that both the optimal or-
der of the model and the values of the parameters Wl vary in different time
intervals. For the optimal logarithmic autoregressive model of the order L=18,
to be referred to as LAR (18), the prediction filter coefficients, in ascen-
ding order of £, are: 0.8968, -0.1885, 0.2422, -0.0970, 0.0999, -0.0296,
0.0293, 0.0917, -0.0664, 0.2399, -0.2463, 0.1526, -0.1122, 0.0392, 0.0040,
0.0452, -0.0833, and ~0.0690; Y = 4.795. Values of the parameters '1 are de-
termined from those of F2800 from 1948 to 1985 and bear an averaged character.
Highest - quality predictions are obtained with the use of an adaptive version
of the method proposed in which the prediction filter parameters are determi-
ned for a relatively short time interval (of a few years) immediately before
performing a prediction. The adaptation mechanism implies that for the time-
interval under consideration, an optimal predicstion model is always construc-
ted from the variation coefficient minimum condition. In so doing, a feedback
is realized when the altered characteristics of the process analyzed introduce
a reconstruction in the prediction model. Such a self-adjusting model is ca-
pable of representing new tendencies in the development of the process. The a-
daptive prediction model often includes lags corresponding to two years, which
is accounted for by the presence of quasi-biennial variations of solar activi-
ty (Apostolov, 1985).

' For the sake of comparison, we want to point out that the Msyaud method,
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often used in prediction practice, for L = 4 (Vitinsky, 1973) for the period
1982-1985 yields V = 16.6 % whereas in the LAR (18) model the variation coeffi-
cient is appreciably samaller, V = 12.1 ¥. For another time interval from March
1980 to February 1982, the LAR (20) model yields V = 11.4 % rather than 13,6 %
for the modernized Mayaud method (Vitinsky et al., 1982). The high quality of
the LAR prediction model is also evidenced by the absence of significant suto-
correlations of £ i remainders. Errors £ y are uncorrelated noise whose power
PL-'-! decreases with increasing order of the model. A rapid decrease in the po-
wer of noise occurs up to L = 20; afterwards, there occurs a relatively slow
decrease of P which is, to some extent, of formal character because there is
actually no improvement of the prediction.

In conclusion, the suthor would like to thank Dr G.V. Kuklin for discus-
sion and helpful comments on this work.
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