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o R S B 1 S S AR L T E (%5 XDA17010201) [H 5K ARG I H (HEHES: 41621004) 807 [E R4 e th 5 5 th R LA 50
T E S AL RIT H (Y5 IGGCAS-201904) % B

WE HuBEEERBHRTRELSKRER, RTFATARFMESRAT AT +4 T ENFH. AFLE A HIKH
TERERR IWOARFRNAETRAWENBRERTRAREZEANEZXR. XEXTEERER
BREERKAEENAAIDEFHHATT RS, XN EASEREE TN ER L, BREES AR
E A — EARRE EE B, A H R K BB 2 (A Gleissberg cyclefide Vries cycle). /[N A8 T4 4 & & B,
EREHEAMBEFHEA S EA RN, W, AIAZRES )R RERS AR FHHEATHIN, ERET,
TREFEM G EMATIETHENEUEA B AR TH—F T HAHES S K BRI EEZEE
HEERZ, BEEZHNHAMEER —FHEK.

KR mm, TEER, AEES, &2

ITHIRIIZER, 1120034 ™ B 2k FF IR R St 45 A ik
(SARS). NR5ZHu4 1 B b L RAL MR 5 3ATT7K

1 55

HiER R A 1 BE = K HR 4 >k B OKPH(Gray%%, 2010;
Kren%%, 2017). Rk, AATATREARANTE: Hoxk APkl 1)
A RKBVE RN RS2 K BHTE 35 AT i Z (R 28
RIX— KT N amis A AR 2 — ik, AT
S e — PP B R AR YR AR R R, RPN
Ft 21K B A B OKESm (Appleby, 1980; ZhangZ,
2007; Pei%s, 2015; Fei%%s, 2016). i B £ ™ E A
AT R AR HE SR 7 AR SC L 2 A dm. BEAE IR
Rt RERFHEATE KL, NEHARGEHER

73 A7 (Fauci, 2006). J@IE X} D7 82id %2047 Ge it FHR R
AT I I CE LR B B 2L Y (Aalen®s, 2008; Un-
kel%, 2012; WeihsflIckstadt, 2018). iAW 7T M AT
PR AE (R RAT 03 9 491 5 ah £ R B T K FE DU AN H 11 )
HA(Mitchell F1Zhang, 2022). AT XTI K HH A 78
MEMRRFEE LA, HRRATHRICRR e
FE LB Id AR

AENHIF 78 HF AR AR ik KBRS 2 5 P47 2 181 1 2
%:. Hope-Simpson(1978) 8 Jef Hh KFHE 3 Sk 2
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(B FAAEIR 2R, 2R B rp — Rl FH AL 5 1919~19684F
A BH 27 A AR, X — W A5 15 Bl Ing(1978) LA
J:HoyleflWickramasinghe(1990) /) % #F: 5 —Fhifi ik
5K H 7 e A B B A DG, FRACNTRES K
PH BB T i I AR SR AN 2 G NG K (Ing,  1978); FESRZUI
pNUERERSIE 1T = b N E PN S A PN (9= Na R ]
e A2 T AT IR & Z —(Hoyle fl Wickramasinghe,
1990). filr, BFEFATEREFHRIMATHG S K HIE)
Z A A M IE S, IX LB AT 7T 32 BT 17004 LA
SKETILAREAE. Qu(2016) (8 AT Wi 2% 7 1E Rk 53
MTmAT I 5 KBTS B 2 [ 50 B,  RIUKBH B 7% 3)
AR LU FE N AT RE 2 5 R IRAT W R 2E; BEE R
ZUIAT B, P2 H T2 () KA WIS LAk — 25
TF FEIX Fob S B (QuAll Wickramasinghe, 2020). Navia
(2020) & 377 58 b IIRAT 98 A A s B 55 K BE B /) S AR
Wit SR, IXLEREFAN BT T E AR (R AR T
I TG1700~20194E 7], £9200~3004FK: B8 ) I 47995 2 4
0 SR RT LT AL %) O B BB 5. XA B [ 5
AN & AR FE AT 0 5 X BH VS 3l 2 8] () 4 RO A DG
A K BHE B JE AN R I AE Schwabe Ji] #7 )RE AR
b, EFRIUAE AR (8] OB ARAL, KR 7 K BH S 3)
A /NHATE], R BH ¥ 2 00 K BE 2 kA2 5 4k (Usoskin
4 2007; MiyaharaZs, 2021). 7 fERHKI 8] R
AR BHIG B S IRAT I R AE R Z R R, A ]
JRE B S AN T . rp L AR S SCA R A,
KT FEE L sE 4. KER©2007)IC
S 7 1L 2220004F FIIRATIR AT, (EIX SERE B %A 1k
JIZAEA, BT IR e G BT RAT T AR 2R
ITIREE R G 1) — LEHE ).

TAT IS B R AL 1 A2 v P S AR (M AR, g X
K HA T s Ae s B 5T AT AT AR OK BH VS Bl 2 1 AR AT
W) 2 RAEARRAE . ASCE A 5k E K (2007) 4R B 1
A TCO~18404F 1+ B A A i %, A /N e Fl 4
BOAEAS  RR B 7200 B T IRAT 0 B R A2 5 R BH 21 (1)
JE H A R SR A PR R DG

2 BARFNTT
2.1 iR
PR B AT, e ksR . RRTE T R
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HAFATHRIC S, KL 2007) K E T d EEARRAT
I3 F125004FF R (WA TCRT6TAEF] A TE18404F), §
T HAEE A (Imura, 1936)VC 4w 110 €+ E P95 o 7 52
) . IREK2007) A IE T /N RE ANFEKE 5%
i, DMK LR HERR NI 7, R OR R B A RAT
TRIE MIESR. BRI R EARERREN . HX,
PP AH AR AL ORI, AR SO IR L 34T Tl
JEIFE A, 53] 1 A TC0~1840 I KA K H (EA
RAE %),

AT K K (2007) 75 2 1 b A s B S5 K
B B 7 AT B . RS R IR B T
DR 75143 21 47 3 K B 2B 7 2 (Solanki%s, 2004),
RO TR R A H AR, F1ERT
A TCOAF EI 18404 1172 993 48 HLUFH S BH 22 150 1 e (1)
7.

22 ik

TR TR TR S K PTG B 2 A R &R, B
T /INEEAE 3 HT AN AR (WTC) 43 #7 (Grinsted 55,
2004). /NS> BT 7 I3 5 8] FE B o i R s A A ],
I [FI I A5 i JAYE (5 5 B B A2 1 FE (Torrence A1 Com-
po, 1998), WTCAKILEL 1 HA K BH 28 1 BE I ek
R

N T BN S 5 AT BRAE LR ) 4 B AR AL
G, EREENME S AR L — AL A
M (IMF) &l b, fEHE AL RS 5
(EEMD) J7 i 06 28 973 4158 $UR1 K BH 22 7 500 47 43 (Wu
FilHuang, 2004; Huang fl1Wu, 2008), & —/NMMF 2 Jil
G5 T s(0).

EEMDS L) F 28 J- 40T (Huang #1Wu, 2008):

(1) JFUEA5 5 As(0), TN R, SKs(o) ) e KA AN
%/ MH;

(2) i H = R A B K S O A R/ ME AU 3
BN, W E BTN RS LNIE R m (),

(3) HHIMFs, h(f)=s(t)—m,(f), IMFs il /& 2%
i, BISRAEHORIS F85%E TEUHZL, BRI TFE
HAZE,

(4) WEAFERBUMEsH 102644 H2FrE
IMFsFl &7, (1): s()=IMF@i)—r,(?).

AR /NP B FIEEMD J7 72 8% FH 1 9 i 50R K
FH 273, DR ZIRAT AR BH TG 3038 4k 2 TA] (1) 5K &
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Bl 1  ZAJC0~18404FEEHIE(a). KIHETFE(ELMERIEE(E L) H(b) Ry B R 5

3 4G

PNE NP N R A G S R R A LI
FH, TEATC1200~16004E 310, 29 48 550 00 W8 Vs 4k
B SR R P IROK B PR R B AR AL, R R T
P AN K BH B 2N B (Wol % /N A Sporer i /M), {H 2,
BT TR A M B AN

R T AR 2 08T TR S KB BA - H 2 TR A
KRG, AT /N 73 B 5o 1 e 4 147 93
BT, CAIRTS R AR AL v . e4h, (8 FH WTC 43 #r
925 93 Fi HURN K BH B 1 2043 B e AT B B 1) AR £ 1 AE 9%
PE. A R E2 R,

1EER2ar, FERTEECE N B, G L
FhJE A L. 40~554F, FEHILE A TUS50F 20, A
JC750~11504FE 0] DL K& A JC12504E 2 )3 60~784F, T E
HIAE A TGA50~T504E [/); 78~1284F, FE HIIAEATT
700~11004E[8]; 60~854F, EEH AL J61000~1500

M 140~1954F, FEHIAIEAILISOF L JE;
270~3604F 1 A I K W7 TE. KFH B TR R i A
WH: 40~604E, T EHIAEAIL0~2004FE. AJC
750~12504F [A]FIA TC1 73552 JG; 64~1204F, FEH
ILAE A J6200~15004[8]; 90~1504F i #A K I A7 75
180~2404F, T H HILAE A JL0~T7004F [8] F1 2 7610004
PLIS; 240~3904F Al B HIAE7E. tnWTCZ KR, AH
XPARALOG R A Ei Sk s (RIAH A, RO Ze, OKBH &
FHARATIRIEEO0°EH F). tE2cR, e %
I PH 2B T30 E72~92. 55~70. 208~276. 256~338
SEI A BAROBE EOR BRI A AL AR b, T AET74~128.
34~64E 1V B R E B 2B AR, /N KT 4
SRR, KBRS BN ARAT I 7 K JE B 2 £k ) i
BA S L. 78 B2 3% B X R R 1 2 1 2
7, B TR AN E B 51 AR I I AR 17N )
HR R ) X 45,

T ISR B 305 AT 98 18 K JE B ) ROBE
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(a) T AEERTRELIN /N (b) AFH AR T/ Nl (o) BEm TR BRI AR T 2O WTCHE . WTCHS SRARIRARN 2.5 2 (1) 47 3R W [RI AL, 1)

R AIAL). FB O S R R AL 5 (5% R A KT

IR S, A SCIEAE ] T EEMD 23 b7 308 K 3 v
WAtk ()20 5. T EEMDZ M () s K d B A N=184,
FIEEFE S E 0.2, IMFAAN BN p=logoN=7, 70 iR
JE 13 314y BAL R IGEIE FI6 N il &, DA ka3 il
2%, N T WEFIRATRG S KBS sh 2 1A K AR L SC &,
EEMDH ) i 41y f I A M FEAE N, i T K FH
PR RO R B 3~6 1 o S (W B3 FTR). IMF6 2
TNPEE I AR BRI K B ST H R IEAR S, IMFS SR 45
ORI BH 22 7308 O AE AR AR KR BUR R, IMF4[)AR
A BY B, 7578 JC14004E 2 B, BE 18 B A BH 2
TR FAAL AR AL ; 22 TC14004E PUE , B2 15 55 KB
PR R AARAI AR Y. IMF3 2R HE KR K BH 2 1
AT 2 T6350~T004F [A] F 24 716 1400~18404F [H] & £ AH
5%, TfEHALR AL RIEA DS, B E MR E3b
Fi3c)gE R iR, FEA AN IMFETE3cHI BE X AW,
HKEB #AE90% M EE K2 b X T B K
RMIIMF, 7] g2 52 HAB R 2= 152, MWEEMDSS R a]
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PLREE H, EATS5WTCE B2 —3uUk. MIMF2T] BL
E L, 7EA TT4004F 2 1T LA TE500~6004F 1 A S b A
—, A TGE600~10504FF1A TG 1350~16504F [ A28 K
M, MIME3HE] LLE H, 2 70350~7004 F114004F
Z e — A RAAL AR

T

MESRPEAR A 45 R AT LB, e dRE0R AR
15 K B BT A B — B, L REK
JE A e g 15 E S K BH AR R AR — B KIHE T
B A WA AL [ T Suess/de  Vries A BH A #(Suess,
1980; Steinhilber%:, 2012)#1Gleissberg A PH 21 J&
(SonettAlIFinney, 1990; Hathaway, 2010), H:J& 155
Z)°892104F(Wagner%s, 2001; Braun%%, 2005; Mafll
Vaquero, 2009; Ma#fllVaquero, 2020)F1884(Braun<s,
2005). AR E AR F 1, Beife ES KPHVE
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BN ARk I B AR AL, (BT S5 ) A A7 7E A A 22
IMF6 (1) J S R e X BT H K FH 458 1 12 3 B 31 ) Hall -
statt cycle(£12000~24004F)(Charvatova, 2000; Usoskin
5, 2016). K FHAR R SHANAR /N 53 7346 7] T~ /£ Hallstatt
cycleff] i RAE M /ME AL R 4. IMF5 5 Millennial
Eddy cyclefi %, KBHE 3 AL H600~7004F 5L
1000~12004F(Vitinsky%¥, 1986; Steinhilberss, 2012).
IMF4 125 4k J8 W1 5 Suess/de Vries B BAAE 24, FEIAZ1AN
2104F(Suess, 1980; VasilievFlDergachev, 2002), 1% 3 B
B AN JE H1 5y & AR H BT K PH B /N W (Usoskin %%,
2007). 2 JC15004F 11 J5 AH AR AL AE B 1 — A J5 8 A] g
& M IR T K BHE 2 () e 5 7T g B Hallstatt cyclefAH AL
M2k, A 761500~18404F 1 [H] 37 T Hallstatt cyclef¥] 5
MEZ . TMF35E55 45 HOR1 K BH 2 1% 2 18] 1) 1EAH
FPEALL P £EMillennial Eddy cycle(IME3)FIAS R B &
A AR, TTIMF3 PR 995 418 50RN K BH 28 -1 Bl 1) Skl 56
B KA EMillennial Eddy cycle(IMF5)#) & /ME
iRl

X BATE BT E R R 52 n] G2 2 REIN, & A BRA
X IEEI S I 45 5. 7ERBHTE S AS R B, K RH
KRG BIEA T — AL, HE5RAITRHEERA]
RER AR, IXATAE R RBH A BRI FIE . AT
ATH T RO B BhR i ER B AR B (s, S LR
KRR A AN s, AT R R ARt AT RE A2
B WA 2R B sz ma. B, FEREDUS, sl
A IZ 0 R R A 55 1) (B S, 2004) 37 3]
WZRERm, JEIeiaE At S EUR IR &
(Zhangf1Zhang, 2019; Zhang%, 2010), f#i 1544 &3k
BRI k. BRI, XHRAT I T IR NI AL, 7
B 2138 X RBRF AR A TEHL.

VE R HLER ) 32 BERE R RE, A BHX HbER 1) A= 1) ]
HIRZ 50 (Raman, 2011). J7 L4790 B K HESE
SERAE AR EAZAE, A A ARSI A
SR HARICEL. R D S SR T RE AR — AN
SE R R, RSB s e k. AR, X RRERK
AT R AR A ME— A I P B, R AT
KW AT ) R, e b, KEMARCLR
AT o4 FH S A5 2 (B R 98 Z (Stigess, 2007; Zhang?¥,
2007; XuZ§, 2011, 2014), FF RIS A% 2 IR S0 AT 9 (1
R . KB AR i 28 AR 5 e R R (14 £ 47 B
X T RS2 5 BURAT IR 5 KBRS Bl [F) A AL B AR o7 AR
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. R BRI 370  RE IR (Akasofu, 2011), IXA]
e 5 AT W 1 & A A S Bk (Zaporozhan fllPonomaren-
ko, 2010). KPS0 Al Gef B0 R, ] e A4
KR, KRR EHIRAM RS, 1Re2 KPS
B R 5L A2 DL Stk AR JE R AR+ 3 B0 75 R
A% (HoylefllWickramasinghe, 1990), EIXFHEHN T, K
FEIE B S 00 IEAR DG, 6k, K PH & 21 52 0 2 B 49 26
AL AR AT RE SRS AT R (Qu, 2016), ZKBHIG B4
ToPEY, FH R, S BUK M E S ARAT
Sb T ARG, FE R BTG AR A IE], K BH 28448
5 NRgEAE KD K, 44 RDKF XS5
I K (Hayes, 2010), ABHIE X477 6] 322
S0 ] BE A IEAH G P B2 AR DG, A RN A,
T B AL 2 FHHBER 5 i X1 37 2408 FN K BH ¥ 30 B
i A8 A S 8] 37 B8R TBOR 51 RS R, 2 K B Bl o A2 A
WITR), 5 25 W] e K AE AR Bl A B B (Nasirpour %,
2021; Ragulskaya, 2021), ABHYE SRS 40 HA ], 7
TR, 5KMEEZ) S IEAHERE AR, X
e — AN B BIRR W 2 2R RG]
R AERIT T K BH IS 2 A0 AR S MR SR AT 0 1R A A 1) T @
KA P st 2 b A, s EEARFEE R P8
SCHRBEUE AT S T TR AR AL AR I B, (BTG
T LT PRI 85 2 R A8 SCHIFFE R T i FLE AR
L.

5 B4

\}

ASHIF U 3 S A5 R A A AT R B ok oy
P 5 RSB RIR AR. GRR], B fa ORI
BT EEAMU AR, ERSE S, @%
ALK — B AR, 28R, AT AR
At 2 AE LR, RORIE 7 2 2 (05 S BT 7T
RIE TR T RRAT IR IR . N4 )E S
FUAT 5 K BH G Bh A A (126 3R DL AGRAT o K 142
LEIBLHIBR AL, 9 NRBRPLRAT I U R SR A3
15%.

Bt AXERSEREREE AR ERESRE (F
B & REmRATH &) , AFHET %k B Solanki% o [
fLF ERRF 110004 AFHE T, X LHE H A%
RUETHERK. EL4FRARRERZLSHFRNT



P EBNE: HIEREYE 2023 4 553 % A1

BEZN, Kaed. MK AWEeTTEREN £t
— R

S5 3k

wH, AR, MAITE, TR, g 2004 SARAR LS B E A
Fr. tHELNEICAT. BHEER, 49: 2468-2474

BN, 2007, o A ARBERTIRAT R, AR AR BERE A HR HpRA:

Aalen O O, Borgan O, Gjessing H K. 2008. Survival and Event History
Analysis: A Process Point of View. New York: Springer Science and
Business Media

Akasofu S 1. 2011. A historical review of the geomagnetic storm-
producing plasma flows from the sun. Space Sci Rev, 164: 85-132

Appleby A B. 1980. Epidemics and famine in the little ice age. J
Interdiscipl Hist, 10: 643

Braun H, Christl M, Rahmstorf S, Ganopolski A, Mangini A, Kubatzki
C, Roth K, Kromer B. 2005. Possible solar origin of the 1,470-year
glacial climate cycle demonstrated in a coupled model. Nature, 438:
208-211

Charvatova 1. 2000. Can origin of the 2400-year cycle of solar activity
be caused by solar inertial motion? Ann Geophys, 18: 399-405

Fauci A S. 2006. Emerging and re-emerging infectious diseases:
Influenza as a prototype of the host-pathogen balancing act. Cell,
124: 665-670

Fei J, Zhang D D, Lee H F. 2016. 1600 AD Huaynaputina eruption
(Peru), abrupt cooling, and epidemics in China and Korea. Adv
Meteor, 2016: 1-12

Gray L J, Beer J, Geller M, Haigh J D, Lockwood M, Matthes K,
Cubasch U, Fleitmann D, Harrison G, Hood L, Luterbacher J, Meehl
G A, Shindell D, van Geel B, White W. 2010. Solar influences on
climate. Rev Geophys, 48: RG4001

Grinsted A, Moore J C, Jevrejeva S. 2004. Application of the cross
wavelet transform and wavelet coherence to geophysical time series.
Nonlinear Proc Geophys, 11: 561-566

Hathaway D H. 2010. The solar cycle. Living Rev Sol Phys, 7: 1

Hayes D P. 2010. Influenza pandemics, solar activity cycles, and
vitamin D. Med Hypotheses, 74: 831-834

Hope-Simpson R E. 1978. Sunspots and flu: A correlation. Nature, 275:
86

Hoyle F, Wickramasinghe N C. 1990. Sunspots and influenza. Nature,
343: 304

Huang N E, Wu Z. 2008. A review on Hilbert-Huang transform:
Method and its applications to geophysical studies. Rev Geophys,
46: RG2006

Ing R. 1978. Solar activity and influenza. Nature, 276: 556

Imura K. 1936. Brief investigation into Chinese epidemics recorded in

local histories (in Japanese). New Period Medical Matters, 1232:
263-274

Kren A C, Pilewskie P, Coddington O. 2017. Where does Earth’s
atmosphere get its energy? J Space Weather Space Clim, 7: A10

Ma L, Vaquero J M. 2020. New evidence of the Suess/de Vries cycle
existing in historical naked-eye observations of sunspots. Open
Astron, 29: 28-31

Ma L, Vaquero J M. 20009. Is the Suess cycle present in historical naked-
eye observations of sunspots? New Astron, 14: 307-310

Mitchell R N, Zhang J. 2022. Four-month intrinsic viral cycle in
COVID-19. Innovation, 3: 100196

Miyahara H, Tokanai F, Moriya T, Takeyama M, Sakurai H, Horiuchi
K, Hotta H. 2021. Gradual onset of the maunder minimum revealed
by high-precision carbon-14 analyses. Sci Rep, 11: 5482

Nasirpour M H, Sharifi A, Ahmadi M, Jafarzadeh Ghoushchi S. 2021.
Revealing the relationship between solar activity and COVID-19
and forecasting of possible future viruses using multi-step
autoregression (MSAR). Environ Sci Pollut Res, 28: 38074
—38084

Navia C E. 2020. On the occurrence of historical pandemics during the
grand solar minima. Eur J Appl Phys, 2: 1-8

Pei Q, Zhang D D, Li G, Winterhalder B, Lee H F. 2015. Epidemics in
Ming and Qing China: Impacts of changes of climate and economic
well-being. Soc Sci Med, 136-137: 73-80

Qu J. 2016. Is sunspot activity a factor in influenza pandemics? Rev
Med Virol, 26: 309-313

Qu J, Wickramasinghe N C. 2020. The world should establish an early
warning system for new viral infectious diseases by space-weather
monitoring. MedComm, 1: 423-426

Ragulskaya M. 2021. Solar activity and COVID-19 pandemic. Open
Astron, 30: 149-158

Raman K S. 2011. Space weather—Sun Earth relations. Int J Astron
Astrophys, 1: 10-14

Solanki S K, Usoskin I G, Kromer B, Schiissler M, Beer J. 2004.
Unusual activity of the Sun during recent decades compared to the
previous 11,000 years. Nature, 431: 1084—-1087

Sonett C P, Finney S A. 1990. The spectrum of radiocarbon. Phil Trans
R Soc Lond A, 330: 413-426

Steinhilber F, Abreu J A, Beer J, Brunner I, Christl M, Fischer H,
Heikkilda U, Kubik P W, Mann M, McCracken K G, Miller H,
Miyahara H, Oerter H, Wilhelms F. 2012. 9,400 years of cosmic
radiation and solar activity from ice cores and tree rings. Proc Natl
Acad Sci USA, 109: 5967-5971

Stige L C, Chan K S, Zhang Z, Frank D, Stenseth N C. 2007. Thousand-
year-long Chinese time series reveals climatic forcing of decadal

locust dynamics. Proc Natl Acad Sci USA, 104: 16188-16193

173


https://doi.org/10.1007/s11214-011-9856-y
https://doi.org/10.2307/203063
https://doi.org/10.2307/203063
https://doi.org/10.1038/nature04121
https://doi.org/10.1007/s00585-000-0399-x
https://doi.org/10.1016/j.cell.2006.02.010
https://doi.org/10.1155/2016/3217038
https://doi.org/10.1155/2016/3217038
https://doi.org/10.1029/2009RG000282
https://doi.org/10.5194/npg-11-561-2004
https://doi.org/10.12942/lrsp-2010-1
https://doi.org/10.1016/j.mehy.2009.12.002
https://doi.org/10.1038/275086a0
https://doi.org/10.1038/343304a0
https://doi.org/10.1029/2007rg000228
https://doi.org/10.1038/276556a0
https://doi.org/10.1051/swsc/2017007
https://doi.org/10.1515/astro-2020-0004
https://doi.org/10.1515/astro-2020-0004
https://doi.org/10.1016/j.newast.2008.09.003
https://doi.org/10.1016/j.xinn.2021.100196
https://doi.org/10.1038/s41598-021-84830-5
https://doi.org/10.1007/s11356-021-13249-2
https://doi.org/10.24018/ejphysics.2020.2.4.11
https://doi.org/10.1016/j.socscimed.2015.05.010
https://doi.org/10.1002/rmv.1887
https://doi.org/10.1002/rmv.1887
https://doi.org/10.1002/mco2.20
https://doi.org/10.1515/astro-2021-0020
https://doi.org/10.1515/astro-2021-0020
https://doi.org/10.4236/ijaa.2011.11003
https://doi.org/10.4236/ijaa.2011.11003
https://doi.org/10.1038/nature02995
https://doi.org/10.1098/rsta.1990.0022
https://doi.org/10.1098/rsta.1990.0022
https://doi.org/10.1073/pnas.1118965109
https://doi.org/10.1073/pnas.1118965109
https://doi.org/10.1073/pnas.0706813104

W RBAE: [ AR A2 RS R B B A R M

Suess H E. 1980. The radiocarbon record in tree rings of the last 8000
years. Radiocarbon, 22: 200-209

Torrence C, Compo G P. 1998. A practical guide to wavelet analysis.
Bull Amer Meteorol Soc, 79: 61-78

Unkel S, Farrington C P, Garthwaite P H, Robertson C, Andrews N.
2012. Statistical methods for the prospective detection of infectious
disease outbreaks: A review. J R Statist Soc-Ser-Stat Soc, 175: 49—
82

Usoskin I G, Solanki S K, Kovaltsov G A. 2007. Grand minima and
maxima of solar activity: New observational constraints. Astron
Astrophys, 471: 301-309

Usoskin I G, Gallet Y, Lopes F, Kovaltsov G A, Hulot G. 2016. Solar
activity during the Holocene: The Hallstatt cycle and its conse-
quence for grand minima and maxima. Astron Astrophys, 587:
A150

Vasiliev S S, Dergachev V A. 2002. The ~2400-year cycle in
atmospheric radiocarbon concentration: Bispectrum of “C data
over the last 8000 years. Ann Geophys, 20: 115-120

Vitinsky Y I, Kopecky M, Kuklin G V. 1986. Statistics of sunspot
activity. Nauka, Moscow

Wagner G, Beer J, Masarik J, Muscheler R, Kubik P W, Mende W, Laj
C, Raisbeck G M, Yiou F. 2001. Presence of the Solar de Vries
Cycle (~205 years) during the Last Ice Age. Geophys Res Lett, 28:
303-306

Weihs C, Ickstadt K. 2018. Data Science: The impact of statistics. Int J
Data Sci Anal, 6: 189-194

174

Wu Z, Huang N E. 2004. A study of the characteristics of white noise
using the empirical mode decomposition method. Proc R Soc Lond
A, 460: 1597-1611

Xu L, Liu Q, Stige L C, Ben Ari T, Fang X, Chan K S, Wang S,
Stenseth N C, Zhang Z. 2011. Nonlinear effect of climate on plague
during the third pandemic in China. Proc Natl Acad Sci USA, 108:
10214-10219

Xu L, Stige L C, Kausrud K L, Ben Ari T, Wang S, Fang X, Schmid B
V, Liu Q, Stenseth N C, Zhang Z. 2014. Wet climate and
transportation routes accelerate spread of human plague. Proc R
Soc B, 281: 20133159

Zaporozhan V, Ponomarenko A. 2010. Mechanisms of geomagnetic
field influence on gene expression using influenza as a model
system: Basics of physical epidemiology. Int J Environ Res Public
Health, 7: 938-965

Zhang Z, Li Z, Tao Y, Chen M, Wen X, Xu L, Tian H, Stenseth N C.
2007. Relationship between increase rate of human plague in China
and global climate index as revealed by cross-spectral and cross-
wavelet analyses. Integr Zool, 2: 144-153

Zhang S, Zhang D D. 2019. Population-influenced spatiotemporal
pattern of natural disaster and social crisis in China, AD 1-1910. Sci
China Earth Sci, 62: 1138-1150

Zhang Z, Tian H, Cazelles B, Kausrud K L, Brauning A, Guo F,
Stenseth N C. 2010. Periodic climate cooling enhanced natural
disasters and wars in China during AD 10-1900. Proc R Soc B, 277:
3745-3753

(GUESiZ: )


https://doi.org/10.1017/s0033822200009462
https://doi.org/10.1175/1520-0477(1998)079&amp;lt;0061:APGTWA&amp;gt;2.0.CO;2
https://doi.org/10.1111/j.1467-985X.2011.00714.x
https://doi.org/10.1051/0004-6361:20077704
https://doi.org/10.1051/0004-6361:20077704
http://arxiv.org/abs/0706.0385
https://doi.org/10.1051/0004-6361/201527295
http://arxiv.org/abs/1602.02483
https://doi.org/10.5194/angeo-20-115-2002
https://doi.org/10.1029/2000gl006116
https://doi.org/10.1007/s41060-018-0102-5
https://doi.org/10.1007/s41060-018-0102-5
https://doi.org/10.1098/rspa.2003.1221
https://doi.org/10.1098/rspa.2003.1221
https://doi.org/10.1073/pnas.1019486108
https://doi.org/10.1098/rspb.2013.3159
https://doi.org/10.1098/rspb.2013.3159
https://doi.org/10.3390/ijerph7030938
https://doi.org/10.3390/ijerph7030938
https://doi.org/10.1111/j.1749-4877.2007.00061.x
https://doi.org/10.1007/s11430-018-9340-7
https://doi.org/10.1007/s11430-018-9340-7
https://doi.org/10.1098/rspb.2010.0890

	中国古代疫病发生率与太阳活动相关分析
	1�� 引言
	2�� 数据和方法
	2.1�� 数据
	2.2�� 方法

	3�� 结果
	4�� 讨论
	5�� 总结


