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Ab stract—We pro pose a new tech nique for the op ti mal pre dic tion of the peak of the next 11-year ac tiv -
ity cy cle prior to the cy cle be gin ning and of the peaks of sev eral suc ceed ing cy cles on the ba sis of
long-term vari a tions in the so lar ra dius or so lar con stant. The method is based on the al ready es tab lished
fact that the long-term cy clic vari a tions of the ac tiv ity, ra dius, and so lar con stant are cor re lated in both
phase and am pli tude, since they are caused by some com mon pro cesses in the Sun. The peak of the suc -
ceed ing cy cle 24 is ex pected to have the height Wmax = 70 ± 10 (in units of rel a tive sun spot num ber). The
sub se quent cy cles 25 and 26, which will be formed dur ing the de scent of the cur rent sec u lar cy cle, will
have still lower peaks with the heights Wmax = 50 ± 15 and Wmax = 35 ± 20.
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The op ti mal me dium-term pre dic tion of so lar ac tiv ity vari a tions is pos si ble only for the cur rent 11-year
cy cle. To this end, some com mon prop er ties and sta tis ti cal pa ram e ters of the pre vi ous 11-year cy cles, which 
were re li ably stud ied, should be an a lyzed (there were 14 such cy cles, namely, cy cles 10–23). Al though their 
num ber is very small, the fur ther de vel op ment of the cur rent cy cle can be ex trap o lated af ter its first
18–24 months elapsed and af ter its curve fell on the curve of one of the known cy cle fam i lies with high, me -
dium, or low ac tiv ity lev els. As a re sult, the height and po si tion of the cy cle peak as well as the ten ta tive du -
ra tion of the cur rent cy cle can be pre dicted quite re li ably [5].

The pre dic tions of the max i mum ac tiv ity level and of other main pa ram e ters of the next 11-year cy cle
(which has not started yet) have no solid phys i cal back ground and are some times based on in cor rect as -
sump tions, since they rely on scarce sta tis ti cal data. The com mon prop er ties of cy cle fam i lies and the reg u -
lar i ties in the vari a tions of their max i mum ac tiv ity lev els have not re li ably been de ter mined yet. There is no
ad e quate phys i cal model de scrib ing the sec u lar vari a tions of the so lar ac tiv ity. This hin ders any re li able
long-term pre dic tion of the max i mum ac tiv ity level of the next 11-year cy cle prior to its be gin ning and the
max i mum ac tiv ity lev els of the suc ceed ing cy cles.

In our pre vi ous stud ies, we con cluded that the global sec u lar cy cle is a pri mary (par ent) cy cle which gov -
erns the de vel op ment of the 11-year (fil ial) cy cles of so lar ac tiv ity, in te gral ra di a tion flux (the so-called so -
lar con stant), and ra dius [1–3]. We found, in par tic u lar, that the du ra tion of 11-year cy cles de pends on
sec u lar cy cle phase and gen er ally grows from the ris ing stage to the max i mum and de scend ing stages of the
sec u lar cy cle [3]. The fol low ing uni ver sal reg u lar ity was re vealed: the long-term cy clic vari a tions of the ac -
tiv ity, ra dius, and so lar con stant are caused by some com mon pro cesses which oc cur deep in the Sun and are
cor re lated in both phase and am pli tude [1, 2]. The long-term cy clic vari a tions of the so lar con stant are de ter -
mined al most en tirely by the os cil la tions of the ra dius of the ra di at ing photosphere sur face. The cy clic os cil -
la tions of the ac tiv ity level, which de velop along with the os cil la tions of the ra dius (and, there fore, of the
so lar con stant), cor re late with the cy clic os cil la tions of the whole Sun. There fore, the Sun is not in the state
of me chan i cal and en ergy equi lib rium, and its global spa tial and phys i cal pa ram e ters ex hibit cy clic changes. 
So, the Sun is a vari able star with the cor re lated 11-year and sec u lar vari a tions of ac tiv ity, ra dius, and ra di a -
tion flux.

Thus, the ag gre gate long-term high-ac cu racy data about the sec u lar and 11-year com po nents of cy clic
vari a tions in the ra dius or so lar con stant pro vide us with an op ti mal phys i cally jus ti fied in di ca tor of the be -
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hav ior of these vari a tions in the course of
sev eral suc ces sive 11-year cy cles. These
data can also be used to pre dict more ac -
cu rately the heights of the peaks of these
suc ces sive cy cles. Note that the tem po ral
vari a tions of the so lar ra dius are mea -
sured from a circumterrestrial or bit much
more ac cu rately than the vari a tions of the 
in te gral so lar ra di a tion flux [4].

The pur pose of this study is to ex am -
ine the re li able high-ac cu racy data on the
long-term cy clic vari a tions of the so lar
ra dius or so lar con stant in or der to de -
velop a new phys i cally jus ti fied tech -
nique for the op ti mal pre dic tion of the
max i mum ac tiv ity level of the next
11-year cy cle and the max i mum ac tiv ity
lev els of sev eral sub se quent cy cles (al -
though the pre dic tions for these more dis -
tant cy cles are less ac cu rate).

Un for tu nately we still lack long-term
and high-ac cu rate mea sure ments of the
so lar ra dius from space. On the other
hand, the so lar con stant S¤ has been mea -
sured al most con tin u ously by sev eral

space ap pa ra tuses since 1978 (solid curve in Fig. 1). The vari a tions of the so lar con stant also carry in for ma -
tion about the cor re spond ing cor re lated vari a tions of the so lar ra dius [1, 2]. The am pli tude of the smoothed
cy clic vari a tions of the so lar con stant is no more than 7 ´ 10–4S¤ per cy cle, and it rap idly drops. The
short-term vari a tions of the so lar con stant with a typ i cal pe riod of sev eral days (Fig. 1) are due to the pas -
sage of plages (up ward out li ers with the am pli tude +0.001S¤) or sun spots (down ward out li ers with the am -
pli tude –0.002S¤) over the so lar disk. Thus, sun spots and plages pro duce noise in the vari a tions of the so lar
con stant all over the cy cle length, es pe cially dur ing the cy cle max i mum. This hin ders the op ti mal data
smooth ing and com pli cates the ac cu rate de ter mi na tion of the pa ram e ters of short-term and long-term vari a -
tions in the so lar con stant. Nev er the less, the gen eral be hav ior of the so lar con stant can still be rec og nized
(solid curve in Fig. 1). Since we have no re li able high-ac cu rate data on the long-term vari a tions of the so lar
ra dius, we can only use the ex ist ing se ries of the cor re lated os cil la tions of the so lar con stant.

The in te gral so lar ra di a tion flux in the cy cle min i mum also drops rap idly from cy cle 21 to cy cles 22
and 23 (dashed curve in Fig. 1). The same cor re lated de crease is also ob served in the sec u lar so lar ac tiv ity
vari a tions (thick curve in Fig. 2). These data were used ear lier to prove the ex is tence of the sec u lar com po -
nent in the vari a tions of the so lar con stant [1]. The si mul ta neous rapid de crease of the sec u lar com po nents
of the so lar con stant and so lar ac tiv ity in di cate the be gin ning of the de scend ing phase in the sec u lar cy cle.
The fact that the sec u lar cy cle de ter mines the reg u lar i ties in the de vel op ment of the fil ial 11-year cy cles
[1–3] can be used for the op ti mal fore cast of the cor re spond ing vari a tions in the main pa ram e ters of the next
11-year cy cle. In par tic u lar, the height of the cy cle ac tiv ity peak and the am pli tude of the so lar con stant vari -
a tions can be pre dicted. 

The dif fer ence be tween the so lar con stants in the post-max i mum min ima of two suc ces sive cy cles 21
and 22 was –0.02 W/m2, and the ac tiv ity Wmax de creased by 6.4 in cy cle 22. The cor re spond ing dif fer ence of 
the so lar con stants for cy cles 22 and 23 was –0.12 W/m2, and the ac tiv ity Wmax de creased by 37.4 in
cycle 23. The ex pected dif fer ence be tween the so lar con stants in the min ima of cy cles 23 and 24 is es ti mated 
at –0.18 W/m2. Hence the ac tiv ity Wmax can be ex pected to de crease by 54.0 in cy cle 24. Thus, the most
likely height of the cy cle 24 peak is Wmax = 70 ± 10. Note that in our study [3] we an a lyzed the du ra tion of
11-year cy cles as a func tion of sec u lar cy cle phase and pre dicted that cy cle 24 would be gin in Au gust 2007
(±0.4 yr) and that its max i mum would come in July 2011 (±0.4 yr).

The long-term cy clic vari a tions of the so lar ra dius (DR¤) can be cal cu lated from the cor re spond ing vari -
a tions of the so lar con stant (DS¤) [1, 2]:

DR¤ = R¤DS¤/2S¤ = 3.4813 ́  105DS¤/S¤        [km].
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Fig. 1. Vari a tions of the in te gral so lar ra di a tion flux over the pe riod
from 1978 to 2006 (the data were taken from www.pmodwrc.ch/
pmod.php?topic=tsi/composite/SolarConstant): (solid curve) 11-year
vari a tions, (dashed curve) sec u lar vari a tions. In di vid ual up ward and
down ward out li ers are due to the pas sage of plages or sun spots over
the so lar disk.



The ta ble gives the dif fer ences be tween the so lar radius cal cu lated for the min ima of cy cles 22–24 and the
so lar ra dius cal cu lated for the cy cle 21 min i mum. In 2018 the so lar ra dius will be 80 km smaller than it was
in the 1990s.

The be hav ior of the so lar con stant and so lar ac tiv ity level in sev eral suc ceed ing cy cles can be pre dicted
in the same way (but with a smaller ac cu racy). The 11-year and sec u lar com po nents of the so lar con stant
and ac tiv ity level will con tinue to di min ish, and the max i mum ac tiv ity level will fall down to Wmax = 50 ± 15 
in cy cle 25 and Wmax = 35 ± 20 in cy cle 26 (Fig. 2). The vari a tions of the so lar ac tiv ity, so lar ra dius, and so lar 
con stant are ex pected to en ter a grand min i mum phase at the be gin ning of cy cle 27 (ten ta tively in 2040).
This phase can be from 45 to 65 years long. The heights of the peaks of cy cles 25 and 26 will be de ter mined
more ac cu rately when the so lar con stant or so lar ra dius are mea sured in the min ima of cy cles 24 and 25 af ter 
the cy cle max ima. Our pre dic tions agree for the most part with the pre dic tions from [1, 2, 7, 9, 10, 11] and
dis agree with the pre dic tions from [6, 8].

Thus, we pro posed a phys i cally jus ti fied tech nique for the op ti mal pre dic tion of the height of the next
11-year cy cle prior to its be gin ning and the heights of sev eral suc ceed ing cy cles. The method is based on
(i) the fact that the long-term cy clic vari -
a tions of the ac tiv ity, ra dius, and so lar
con stant are cor re lated in both phase and
am pli tude [1, 2], (ii) the dom i nant role of
the global sec u lar cy cle in the de vel op -
ment of the fil ial 11-year cy cles of the so -
lar ac tiv ity, ra dius, and ra di a tion flux [3],
and (iii) the anal y sis of the sec u lar vari a -
tions of the so lar ra dius or so lar con stant
in the min ima of three suc ces sive cy cles.
The dif fer ence of the so lar ra dii or so lar
con stants mea sured in the min ima of two
suc ces sive cy cles was the phys i cal pa -
ram e ter we used for the op ti mal pre dic -
tion of the main char ac ter is tics of the
next cy cle, which will soon be gin. We es -
ti mated its max i mum ac tiv ity level and
the vari a tions of the so lar con stant. The
dif fer ences of the so lar ra dii or so lar con -
stants mea sured in the min ima of three
suc ces sive cy cles were used to fore cast
the de vel op ment of the so lar ac tiv ity in
sev eral suc ceed ing cy cles. How ever,
these pre dic tions are less ac cu rate.
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Cy cle
S¤, W/m2

S
¤
max  – S

¤
min ,

W/m2
Wmax DRm , km

max i mum min i mum

21 1366.49 ± 0.06
(December 1979)

1365.57 ± 0.03
(August 1986)

164.5
(December 1979)

0
(August 1986)

22 1366.46 ± 0.06
(July 1989)

1365.55 ± 0.03
(May 1996)

0.89 158.1
(July 1989)

–5.1
(May 1996)

23 1366.41 ± 0.06
(April 2000)

1365.43 ± 0.03
(July 2007)?

0.86 120.7
(April 2000)

–35.7
(July 2007)?

24 1366.24 ± 0.15?
(July 2011)?

1365.25 ± 0.10?
(September 2018)?

 0.81? 70.0 ± 10.0?
(July 2011)?

–81.6?
(September 2018)?

Note: Wmax is the max i mum rel a tive sun spot num ber in the given cy cle (the cor re spond ing data were smoothed with a 13-month 
win dow), S¤

max  and S¤
min  are the smoothed so lar con stants mea sured in the cy cle max i mum and in the min i mum of the cy cle’s 

be gin ning phase.

Long-term vari a tions of the so lar con stant S¤ and so lar ra dius R¤

Fig. 2. (Solid curves) so lar ac tiv ity vari a tions over the pe riod from
1700 to 2006 (data from [1]) and (dashed curves) our pre dic tions for
the pe riod from 2006 to 2040: (thin curve) 11-year vari a tions, (thick
curve) sec u lar vari a tions.
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