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Changes in solar activity and the development of the COVID-19 pneumonia epidemic
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Abstract: Background, aim, and scope Studies have shown that the occurrence of COVID-19 pneumonia and
past infectious diseases outbreaks are closely related to changes in solar activity. However, there is no consensus
on what kind of relationship exists, and most of these studies focus on the correspondence between the year of
pandemic events and the peaks and valleys of the solar cycle, but rarely analyze the relationship between the
development process of a pandemic and solar activity. This paper analyzes the COVID-19 pneumonia data and the
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sunspot index in the past 639 d, in order to explore the relationship between them. Materials and methods Based

on the daily, weekly and monthly data on the sunspots number and the number of confirmed cases of COVID-19
pneumonia from January 1, 2020 to September 30, 2021, this paper explores their relationship through sequence
comparison, correlation analysis, ensemble empirical mode decomposition (EEMD) and period analysis, and
discusses the possible causal relationship between them. The developmental trend of COVID-19 in the future
is predicted on the basis of the trend in sunspots. Results The development process of COVID-19 pneumonia is
positively correlated with the change of solar activity on daily, weekly and monthly scales, and not only has the
same trend, but also has the same periodic components, for example 3.49—4.04 d, 23.67—24.58 d, 106.50 d,
and 319.49 d. Discussion The development of COVID-19 pneumonia has a strong positive correlation with the
changes in sunspots. This indicates that the development of COVID-19 pneumonia may be affected by solar
activity. Conclusions The development of COVID-19 pneumonia may be affected by solar activity. If other factors
do not change, with the increase of solar activity the number of new confirmed cases of COVID-19 pneumonia in
the future will continue to increase. By September 2022, the average monthly increase in COVID-19 pneumonia
cases will be at least 25—30 million, with a median of 33—38 million, and a high scenario of 40—46 million.
Recommendations and perspectives We must pay attention to this phenomenon and take measures as soon as

possible. With the implementation of vaccination measures and the presentation of collective immune effects, the

number of new cases of COVID-19 pneumonia in the future may be smaller than predicted.

Key words: solar activity; COVID-19 pneumonia; relationship analysis; epidemic prediction

IR FEA R (COVID-19) , A 2019 4
12 ARG, W8T 48k, OAR Rk R
7 (WHO, 2020-03-11) . 4 tH 5 T A= 40 21 % v
O EE Bon, MER 2021459 H 30 H, £k
WAL 2K F) 2.331 4261 JET-H 5% 1
LA 3 477 76 (WHO, 2021) . AR e il
JePENE BB e WA RE S R 2019 A BRI 27 5 |
EEY, HIZR 7 A 28R H B LA MO e 1 e A
AL EIE R I ANTE 2 . Andersen et al (2020 ) TA
Jy, B RLTEERE RE A A AR AR, A& S
B2 AN . BT R S BE F A LR O, —
Pl F AR A AE A G R DR B A 5, Tl A B
PR fGRE, S N RS, AR IE A
B Iy i —F R R B A R,
T 2 A B B SRR o BT A TR S B A T o 3
P E 23R4S TR NRIRE Ty, M S At
BBl N B R AL AR B (Jietal, 2020) o

— ez AR R R R B T K BT B 5
5 2 VA B A% Y PRSI 0 #8 Z 1A i 5& & . Hope-
Simpson ( 1978 ) i £ #4341 T K FHTE 2h & H 5
TR AT R, Ertel (1994) #5581 1700 —
1985 4E AT RESCA A THE , AN 18 AL iitT
9 1 K2 A5 K P sl 55 B G . Tapping et al

(2001) WIIAR, KWATRIF 5 5 i oK FHE 2))
Ao Yeung (2006 ) 38 i XF [ B L A9 — 28K BH
BABGH T RS, 8 1 AE 1700—2000 4,
BRI K AT 5 R BHIE Sh AR oG, A BH 2
X R UAT R I 7 R 8RS 85.7%.  Vaquero and
Gallego (2007 ) HYAF5E45 RS Yeung (2006 ) (1)
WA R KRB R, AR (1985) B9 &
IR BH R 50 1 A0 L I S0 A I i 2 1 300 9 ORI
17, AEESOR BRI IRAT, HIA Sy KB
PRI Bl AR AL B 1 R 5 R i B A T ) — 1
AR, MARICERH, =534 (2005)
SIRTERI, PR iFE SR REEEFR
JRZ 5 K BH 28 -3 3l ) A 52 R oG il VSO
BRI (2012) #FFEINN A PH 2R TR AE 4 ol AT e
— AR IR R R R AR (57.14%) & T
HABAEOY B9 & 4% (24% ) . Nasirpour (2021 ) X
1750 —2020 4 & AR TAT I Br e R 2 1R
BT EE TS 8 XA 1 HHE AR I A7 -5 K BH PR - A A1
MWIE, 36 WRFATHI 27 W (75% ) KAFEKR
PHER T M Lo XEEWFoE R KFHTE 3 5 ik
WEGYIRMAT AL —E MR, LR
TR OER, MR —BA BN Jf HiXsemf
TR Z KT RKIFAT I KA WA 5 K H T )

DOI: 10.7515/JEE212021



560 HOERIRIE 24

JE U (L BAT Ay 2 [RIB6 E  2R, AR DL &
JR SRR AR bk 44T KA T 5 K PHTE ) 2 ] i ¢
ZIBFSE ., ASCEET 20204E 1 H 1 HF| 2021 4F 9
A 30 H RFHEFEFIHENE R 28 H . A
R, R R PR %55 507 e il R B2 50 6 R
AT T Z2A 8T, DUHZR A SR W ke
AT REEE R .

1

1.1

111 KPR

K BH PR Hdli ok A LA 5258 K 3CH WDC-
SILSO ( http://sidc.oma.be/silso/datafiles ) . HEHL T
2020 4F 1 H 1 H #2021 4F 9 H 30 H 4 H KFH
T EEON 2020 4F 1 A 3] 2020 4F 9 A By & H P
BapNIEEESSE ¢
112 RBHMR-F T

g R FH PR E U EL 23 )R B LA i 5L
F R A B WDC-SILSO ( http://www.sidc.be/silso/
forecasts ) I 52 [F g V4 A1 K U4 B sy 1 25 ) SRS
i H 0> NOAA-SWPC ( https://www.swpc.noaa.
gov/products/predicted-sunspot-number-and-radio-
flux ) o TG ZTEMEERN 13 4 H Vi i &
AR BTE 5y, FIBya oy . Mk
Ja—HZHE 5 S HBIZE/R 1241, RBIF2021
A4 73 2022 4 9 1. NOAA-SWPC $2 Aty Tt
MG — A Z 00 5 A H BIZ 518 240 ) .
113 HrEhli s B s 4

e i A Bk H OB 2 BOoR B S AR

(WHO) 94245 (https://covid19.who.int/ ) .

1.2
1.2.1  RFEORHHEEISECN R B [a] RO AT
| H Excel. IBM SPSS Statistics 26 F1 Matlab
TR R 7 KA 14 R sE4F5) . J T8
AR5,
122 £k RIE T R R ST
I FH Excel AR AN ] s [a] ]R8 ) A BH 22744
U G602 807 9 AT R B2, S miAs 3 4
PR REFILE T R,
123 RELBBIEHITIE
25 06 1525 4 i T % (empirical mode decom-

DOI: 10.7515/JEE212021

#1285

position, EMD ) , i T HradE gt 4P
¥ %155 (Huang et al, 1998) , % ¥ 1E 5
A — RIIARIEBS K% (IMFs) iRE, Um
I ZR AR A I 43 i 13X 28 IMF J3 5, AN[R T/
% TN (i) B Y GO TP N S BT A LK (=R
TR — RN B IE R G T, BEAF
Ffd = FRAERY IMFs ( ¥, 2018) o kT EMD
S R BEAS IMF 434 i 26 5 ) S S0 R g 38 s S
ATDATE I B SR T 28 B B2 40 A 7 Ve )12 g
B AT e S FETER SR &, 30T 1) IMF 73
N —E B A YR o B X A n] @,
Wu and Huang (2009 ) X} EMD #f17 ek i, 42
RELBBINS 7 (ensemble empirical mode
decomposition, EEMD ) , [H/{55 HImA & i 1
L R BIRIRE RN, IR 25 # 1 IMFs
PR B - nyiE—ME, 55T EEMD, B [E] /541 Af
DI o3 i R T W B SUIY IMF 43 i D) S
i (JEE, 2017) o

2
21

ACHET 202041 A 1 H 32021 4£9 A 30
H (3£ 639 K. 91 A 21 AN H ) At ili 4 574
WM K HR T8, NE . . A=A REk
XoF b 43 B A et Al 8 47 5 B 12805 K BH 2R 20 ]
BT ES) . A 1la, & 1b FE 1c ATLIEH,
PN 2020 A1 5 it 58 2 155 W W B (A Bf e, kg
WHISECF R BH A TR >, 75 2020 4F 7 2
A, BEERPHR TR m, Hrisehiz i
TEGNEIE,; 157 A% 10 A KFHBTBOERE,
BB M BE R E TIRZ., 7510 H
J&, KB BRI IfAE 11 AIREIE A4
KUEAE, 51 R BT A 2 B U s 4 o, A
12 ARSI 1 Amslikmig, s, KHEBT
BORH D, B a2 Fi B 2 s e O 7E 2
AT A — A E . T4 TR AP A R]
L, HHEESEOR KRR FEOLE L, £4 1
HN A ROBGR B2 AN, R 3 SR B U
A fE6 AP R AL — S E, R XCHIR
[l 7t



s =, S KBTS S S TR AR T i A 5

TR AR

100 - 120

— 1 Daily

= 5
R = &8
~ ~ <—§

172]

2 ¢ 2
D g BE 2
& = EZ
|2 K5
= %

0+l bl | } i 1)
2020- 2020- 2020- 2021- 2021- 2021-
01-01 05-01 09-01 01-01 05-01 09-01

HHl Date

90 — 100
A 80 b TRHEIT MA7
= 704 F80 . 5
S 32
D & 404 B £
£ = 304 0z s
BHomo Q =]
=50 %ﬁ T
S 10_

O M}

2020- 2020- 2020- 2021- 2021- 2021-
01-01 05-01 09-01 01-01 05-01 09-01

H#] Date
90 — 70
= 80- ¢ 14RIMANTHE MAl4 A L 60 _
= vS 704 [ 150 :%B
~ = 60 & E
& 8 504 r40 - =
D F 404 L30 BEZ
£ z 304 Ly E2
2 204 X 3
=104 ro @
O T T T T T 0
2020- 2020- 2020- 2021- 2021- 2021-
01-01 05-01 09-01 01-01 05-01 09-01
HH# Date ~
60 é
— d JH Weekly
s 501 & 2
R &
~ = -2
F 2 30- %3
N ° _]'? =
3 i ¢ <
%%m 5 E
= 107 /L/\ B >
oM AR 03
1 10 19 28 37 46 55 64 73 82 91 =
J&  The No. of week from 2020-01-01 -
L
=)
M 25 e JJ Month - g
=
2o 207 il
o= - &
> 8 157 =
® 32 B 5
25 104 Eg
= B X 38
mZz o RE
A =z
0 . . . . —L0 3
2020- 2020- 2020- 2021- 2021- 2021- =

01-01 05-01 09-01 01-01 05-01 09-01
H#] Date

BEILNERARTE, KEBRAEFHHIZE: MAT R
MA14 353 7 KA 14 K gr4,

The black solid line represents the sunspots number, and the gray dotted
line represent the number of new cases; MA7 and MA14 represent the

7 d and 14 d moving average, respectively.

SR SN PR 22 GlIPN LS Gl e
Fig. 1 Comparison of the number of newly diagnosed
COVID-19 pneumonia and sunspots number

2.2

A 2 FE% 1 ATLAER 1, 76 H e R -

XiF R 8] 3 370 2645 M sl - 24 b B Fﬁ%{%zﬁﬂﬁiﬁﬂi
B, & H B2 ECS A H KR 50
KARBOEWIE K, MHXREAMRKIK N 0.477. 0.53 Fl
0.636, X F/nAE HBr v afi2 B0 A H R FH S 745k
B EEMAG, BEMEDT 0.01 K1k,

IE AR TSRS IG , AHOCRE] s
e JE R H B R)RORE L, B RS a) RO R 38 i
FHICREH 0.547 ¥ 03] 0.701, W ZF PR T
0.01 7K FRAS B8 o AN [] Asf [i) R BE F 7 0 2 B K
BH 27 H5CFN 97 e il 92 5 1 i 12 80 (R B AT I8 25 1Y)
IEAEK R

[l Daily
= ° o ° ) ® oo’
R 2 o % oo
o o 0 g o
% qm') qﬁweo o ® ° 00 ®
2 5 o cb.“.aggggﬁe o o

O [+

QZ% g% ®8 e o
=

y=6121.5x+271281
R=02275
T
50 100
KFHETA %

Daily sunspots number

7
— 6 b Ji Weekly
% ‘= o o ° ° e
o= 59 o0 O © ° © e
3%5 § 4 °© %o °p 8 e o o
‘<\\\ 8 3 O% a",..o' o
S e :
B 2 2 ¢¢ o o
| 00 y=54124x+2X10°
. 0° R=0.2995
O 1 T T T
0 20 40 60 80
S Y RPA BT A
Weekly mean sunspots number
30
X ¢ H Monthly
= 254
R e o e
m =204 o 9 e
;g %15_ o e ‘g °
N 9 0 .
g 0%10— O e ]
z e
3 5:"’ o y=377897x+5X 10°
b ° ’=0.4916
O T T
0 20 40 60
IR BA BT A%

Monthly mean sunspots number

P2 N[ T] RO 7 e
i(ﬁH?%ﬁw‘é%élgl

Fig.2 Relation of new cases of COVID-19 pneumonia with

Ry ks

sunspots number at different time scales

DOI: 10.7515/JEE212021



562 Mo ERFREE-A 4 512 %
F 1 ANIRII ) RUBE 4 A 12 AORN A FH ] 18] 17 47 B AR DG 53 A
Tab. 1 Correlation analysis of the number of new cases with the sunspots number at different time scales
7 KB 14 K13 e 85
e I L
Dailv sunspots SR BH R SR B AR BT BT

Y b > 7 d moving average 14 d moving average Weekly mean ~ Monthly mean
fumber sunspots number sunspots number sunspots number sunspots number

5 H3 e

& H ARG HIZ AL 0.477%%

Daily new cases
7 RIS
7 d moving average new cases
14 R 3T LB 5
14 d moving average new cases
BEFBIE B E
Weekly new cases
BB E

Monthly new cases

0.553%**

0.636%*

0.547%*

0.701**

A2 0.05 205 (BUR) , HISGHERE . **: 7E0.01 5] (XUR) , HRHERE.

*: significant correlation at the 0.05 level (two-tailed). **: significant correlation at the 0.01 level (two-tailed).
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Tab.2 Results of EEMD analysis of daily sunspots number
and new cases of COVID-19 pneumonia
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Periodic components of daily sunspots number
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Periodic component of daily new cases
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C-IMF6 319.49 0.11
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S: KMHMTH, C: Hmiss.
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