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F—17— F ! COVID-19, vector autoregressive € 7 )V, JEEHIK, FirEE, #HE
AHE.
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W4, #iflaa g 4 b 2 EGSE (coronavirus disease 2019; COVID-19) ™\ @ 5t 3 25 %
B - BB CTHE SN Twb. COVID-19 ST 2 Ba i - EHE B WKk &
DWBENT = BRI TEY) (B - WEMHF A IO ;o 4 )V ARGEF KT A b
https://stopcovid19.metro.tokyo.lg.jp/), ZI O ZIFHEH LXK OBET B HEL 22> T 5.

Bt B R - SEER e EOME T — 713, #EREREEREELLDF L AT 7, HEN -
RN OB EZ T 520, TRNOOFEHICEBLTIEZT— 7 OBERICHHERR ) [ Xz
LN TAOOHMETVRRETETNVIHONTE 2, FIZITREN LB ET IV
T# % SIR (Susceptible-Infected-Recovered) & 7NV Z DILHEE T IV, EYE 1 AH72D D2
RIEGH B % R ER AR O RR Rk Tl 2 E12IEIA < SN T & 72 (B 2.1 Cooper
et al., 2020, Chen et al., 2020). F723FEF VIS CRETHERIC X Y, B 27 OF
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R S B R IR REHE 22 23T b T & 72 (B 2 1F Kobayashi et al., 2020, Koyama et al., 2021).

—J7, BRSTRECRFFNZ EZ HWE LT, HRELRRYET IV EOMEFET IV H W
Sz, BIZ1E Wood (2021) 1%, 4 FVYATIEE v 7 ¥ 7 ¥ LLEi» S BEEEHAIEA I U T
W7o Z & E - BALIEE TV 2 VTR L7z, 72 Murakami and Matsui (2021) 13 #5587 A1
BN EOBMELLFIC R 5 2R A EIZBAICIE L 2w 2 & 2 FEOET IV E HWT
AL7. ENHHETET VL, &% - BRSO HE - HEICELETORA N = AL %2 LR T S
LOTIRL, BAEORTHHRETVICE S, —J, it Vi, A, R, Higs
Vo 7o SRR OB FIKICHEETE, BAYEN ROMETICET 5 & 9 IRBIRES LT
W) FIEAH . COVID-19 (2K 3 2 0 RIRGEHIMEBE ORETH 5 Z L 25, KBFZETIE
Mt ETVICEHT A2 EET 5.

MR EME T 5 LTEELHEMIC, FlIXBEBOL WIHEHITEGE LT v, [HEETR
FIECY A7 3R ID &9 AR, [HEEROECBEEIE LR TEE LTV ]D
I BBLENH L. ThETICY, EPEZIHE LT, HARELOENDIEGIKITT
WD ENT & 72, F Z21E Mizumoto et al. (2020) (ZMACHE DO FIER L FGEME % 54T L,
INBOFIEFRD D7 8 &84 L7z, Griette et al. (2020) iZHARBEO R HiE Lz LT, &
WmES b EtahEE e I REICHERT L2, ¥ 72 Murakami and Matsui (2021) (57 @ {4t
EENDATIANOD ) BHERPKRECE R Z 2R L. —F, BIZETH»H T
YT 5, [HEDSEEIH I RGT 250 &) AR - BLHOMERZEMRRER S & T
ATl FE, WREMETLLETEETHL. LLALEDVS, EXEOOMBRY, BHEEEK
WCEBLT, 20X AR - B2 R o AR BIAR % R 306 L 72 AT 98134778 L 2.

Z T CARBIZETIX, 2020 4F 1 A5 2021 4F 6 H £ TEARIC, 4 - BrBoBEE
DOHBEAHBARIR L ZOREHZELZ 535, HICiE, BENLELEERRIETVTHS
vector autoregressive (VAR) E 7NV % Vx5, VAR & 7 IVIZHEE O R 251 [ O A FAHBY B 4% %
W2 ONE—FHTROBEIND S ()73 A —F BPREHMAETH ) K4 %l & & 20T 2R
WzIHV; ({D)8FT A= PL L HEPUMEALBELT V. I, BE OB L CRRAIZEALT
% COVID-19 OfFHTICER L CTiE, MAHICHRLTZ LT, TELRYETNVOHEL HD LW
Ehd5b.
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Mz, BEE, TREELEO-MEZRLWAR L Loz zneniT). 5 ETIEU L
DHREBE Z7-BEEATH. &b, AETHERTSD1EH < T TRFEED -0 OB
MTHY, REBREZFMT 2 DOTIIEVAITERE SRV,
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AR - B - AR ORGEEEL y,,0 (g 1R - BRI 7NV —TORE, t LBOHRT) 25

M3 5. BEHEERIIET 2N 7% VAR ETVIETA TS 26N 5 .
G
(2.1) Yg,t = Qg + Z Bg,g'Yg't—1 +€gt, Elegs] =0, Varleg:] = 027
g'=1

ag \FEHOH, By 3 yys 1 & yge DMAMBEDERIZ KT NI A%, 2 FHHITA—F
Thh. RGN PR CHETE 5.

VAR & 7 WA HTE Tl 72 &9 2T () % (i) 236 5 2%, TR RESRET ShTw
B DB LB, B ay 8, , PIEMHEICHES o & 2 00EF 5 VAR E7 0 (B :
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Christopoulos and Leén-Ledesma, 2008; Bringmann et al., 2018) %2, FER O WEERIZ L ) K&
LEAE G 2 L THEE 1T ) KT VAR €7V (Bl 21F Casas and Fernandez-Casal, 2019) 2%
H5. FHD L) RIBHN/NS ZEROGEIHEOHERL DV EVEOREIEH L 00
(Haslbeck et al., 2021), AL TIERAT VAR ETVEHVWL I L LT 5.

(i) BEUAH B~ O LB LT h H 21X, MHEMBE & Lg% 385 L X 5 & v vector error
correction E 7N R, Hi/MEEEH VAL TR EPRESNTEL (Bl 2 1E Gefang, 2014). —
J, RFEICERT 5 L, [ A OREEIH 2 513 &t B ORI T2 089 %
AOMHEAEZE Z DLW 720, WHEHMBERE B, ZFALBET L EFHATH L. £,
MEMBEIFIE L B E (Bg1 = B2 = -+ = Bg,c = 0) DR Z KT R oy b A
EET B EDVHRTH L. — I, BURREICIFATINEZEAT S &, 5o iRk LIk
I BUAHBATHRICHIHI S, BEN THZEEERIPBONRT VI LML TS (Kim
and Park, 2007). & Z CARMZETD, HREUIEAEGIRHEZEAT S Z & THRUAMBE Z 15 5.

DibEEEF 2, KWL TR VAR E7 NV OREBICIEARIRK 2R L2 T TR 2479

G
(2.2) Yg,t = Ag,t + Z Bg.g't—1Yg' i—1 + g, Elegt] =0, Varleg:] = 0t2
g'=1

st ag: >0, Bggi—1>0.

FRDOEEIE ag0 LRI B, o 1 ZRFTECHEET 2. AWM, v, ZETWELT 572
DIZ, \/EA— AN w, = exp(—|t —t'|/h) THEOEVERIZIYDKRELREAZGZ LI L
T, BT 2T TENDVRL LD LI age & Byygur ZWET S, FAEEOFIEZE B
WZEBIZDWTITH) T & T, ZHORBREHE L7z, WERK ag (& SIRETF NV ETHERE
N BERFEIC X 2 RO BER L v F) 2| ABRETH Y, WLk Lo
BRI 2 2 EBHFRETE S, By g SHEMBBERORMZILZHRZ 2 2 EBPRTE 5.

TR ORI, BB —ANVONY PR Z4 & Lz, S, BAD 95% HKT
BIRETH LAY PR 4v/3 ~6.93 HTH Y, BRI 50 HUHND 7 — % % T (2.2)
REMET S L2ERT L. ORI, B w,, 2HCZRFTNERN e % A
HROTTIT) 2 & TEMT 5.

(2.2) XEHW D LHIGEDOA 2V AEEIFHITE 5. 4 ¥ 7OV ZIREE, AL g DR
eg & 1 HALZEAL S 720D 1 BI OBEB T vy o010 DEALR IR, (1) = Dyg,111/eq,s TEFHS
ND. BEIAREL B, g o1 BEALT B T LITHERE L A5 MH O VAR £ 7V LRI IR,.(1)
2RO L, FHARUTTT LA 7SV RIBE I,:(1) = [IR1+(1), ..., [Ra ()] & TFTRELR S !

(2.3) I,4(1) = Btl-!—lug

Boii 1 By yrons % (g, @) BRIFOIH), w, (355 g BEHRE 1, ZRUIE 0 LT HR7 LT
b, 23)ATHNBZ LT, tHBEICHNA g DBEEES— AR 52 ED, 1 HEEOHATH]
Ptk BB T TSR TE D, RETIII R g 0B HoiEL LT, L#kEFToA
YOV AREE R LEDRI BB L, = S Lg(l) V5.

DB, 3BT Z R E Lo, 4 mTIEMELZ R L Lo, TAthn
MY 5.

3. RmEREMRE LM
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3.2 REEFIOWBEERIL
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T
1 N
(3.1) RMSE, = \l T > (Go.t = Ygt)? -
t=2

Dot EHEEBEROTFIMETH 5.

RMSE D&M R IZK 2 ICEH L8 ) TH D, KD VAR EFTNVOREERDL L, 20
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Time Series Analysis of Inter-generational and Inter-regional
Dependence of COVID-19 Cases

Daisuke Murakami and Tomoko Matsui

The Institute of Statistical Mathematics

The growing severity of the novel COVID-19 coronavirus (SARS-CoV-2) is pushing
national and local governments to launch effective countermeasures. To aid in this effort,
we performed an analysis of COVID-19 data focusing on the cross-correlation of the num-
ber of COVID-19 cases between generations, genders, and prefectures. Although we used
a vector autoregressive (VAR) model, the basic VAR model has two disadvantages: (i)
the parameters are time-invariant, making it difficult to capture the COVID-19 situation,
which is changing rapidly; (ii) many of the parameters in the model can be spuriously cor-
related. Therefore, we used a local regression modeling approach for (i) and non-negative
constraints for (ii) in our VAR model. We used the model to analyze COVID-19 cases
in Tokyo. There are three main findings. (1) The temporal patterns of cases differed
between the working and not-working generations for men and between people in their
20s and people not in their 20s for women. (2) The spread of the virus among working
people may have triggered a rapid increase in the number of infected people in Tokyo
during the winter of 2020. (3) The influence of men in their 20s-50s should be particularly
pronounced around August-October 2020, when the human flow recovers. Analysis of the
number of COVID-19 cases in the Tokyo metropolitan area confirmed that controlling the
spread of the infection among the working generation is important.

Key words: COVID-19, vector autoregressive model, non-negativity, local regression, cross correlation.



