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Time Series Analysis of Daily Restaurant Sales:
Extraction of Trend, Day-of-the-Week Effect, and Rain Effect

Masaru CHIBA !

"1 Faculty of Environmental and Information Sciences, Department of Management and Information Sciences

Daily sales of restaurants are affected by several factors such as a day of the week, holidays, and the weather. Therefore,
a model decomposing a time series of sales into such factors would definitely be useful. The present study proposes a
quantitative model for daily sales of a restaurant based on a state-space model framework, which helps in objectively
understanding the characteristics of restaurant sales that were previously discussed only through on-site intuitions. In
addition, this model was applied for three years to the daily sales data of a restaurant located adjacent to Fukui station. As
a result, the trend was found to be significantly upward during the summer and year-end but declined during the autumn.

It was also found that weather may significantly depress a restaurant’s sales.
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BOMERAED HFRATRIBELD D, AFETIE, HEAKSIERN 2) 12k > THIZ 1 BofERENS ARATRILTW
B2 S, AEHTIRBHREBRD & AHRAK D DERBIZ OV THRT 2P,

WHR RS DHEANRZ =V ThHD 5, 1R @) ITEoTRINBZ DS, UTFD LS IERMETE M,

ss1 [-1 =1 -1 =1 -1 —1[s4] [1
sl 110 0o 0o 0o olls, |0
s2l 01 0 0 0 0llsas| |0
sal=lo 0 1 0 0 o0llsaltlo® )
sal 10 0 0o 1 0 ollss| [0
ssl o0 0o 0o 1 0llsel [0

B, R (7D 1AFHIFR @), 2 F7HBAEIXEZERX (521 = Si-1y ..., S5 = Sio5) Lo TWAFUZIER I N V.

ERRIZ, RIS u, 13N (6) ITE > TRINBZ 06, LT LS IZERMETE 5.
[ Uz é1 P2 [Ut—l} " [1
U Us—n 0

I 0
BRI X, —HAEH TR 2 WS L CBITRETH 2 2 &, 85 A— & § B 1 1TIRIZEL 2 n 2 e h 5, X (1) O & 5 ITRBIT 3.
4 Table 6(Z5\\T, et HEHD YT 20 H A (@, +) I H DI, SFRIL¢ (SSAT,1» SSUN,r) WIS B DY Si—6 CRW\WPE WD &, = 7, (9)
DEAMLIZ BT 516 HEROBLEEFNTOEVRSTH S, T 2T, MHBRORILITIE0 215 R (4) DRMADS 526 =~ T3 51-p
B, 56 % —zzzo Sop ICHEEFWR T2, 0, MR ® D 8 WA BH T o1
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ZZT, (7 LFBRIZ, X ®) D 11THIZA (6), 2 fTHIFEFERX (o) =um) &> TS,
Iz, A (2), (7), (8) DAL ES S 2 BN A TR &2, AND & 5 RBIELANT ML x, TELOTERIT 5.
xt = (/'ltv st7 Sl*lv Sl*27 St*?)’ St*47 st*Sv ut9 ul*l)/

EaleRbo® &, 00T x,, A 1 BRTOEBHEZER x,.) ZFHWT, R (2), (7), (8) DEIFZEZUTD L 512K T.
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w| 00 0 0 0 0 0 ¢ é|lus| [0 0 1
u_l lo o o o o o o 1 O0llusl lo 0 o
() 9

x; = Fx,_; + Ry,

ZZT, RO D12, 8THIEE, TENRX (), (4), (6) 12, FNDADITIFEERIZR->T WS, £z,

e 0] [«* O 0
&|~1idN||0],|]0 @* O
4 oo o0 o?

) (10)
v, ~ ii.d.N(0,Q)

LIRBD, B DEREI e, 6, & AR AR ORISR CHWZHN L HE SN TV SICEESI WV, &b, ik
rezEfE T LTI, X)) DX D7 1 BOmMR2ES HFERNZ2ER AL PR

WRIZ, Az 58 B (BUAZEE) y,, AT EEE x;, SMENIZ G Z 5N 2 EH K E OMEEE) 2, 28 &, WE O
REERT D, HEPHHPHHETHTRWEGS, d,;=0,dy=0 &0, w =5 £DZ N5,

o

St
St—1
St-2
y,=[1 1 00000 1 0] i3 | + 0z,
St—4
St-5

() (1D
V. =Zx,+ Mz,

A, b, X (1) IPREZEME TV TIRERIGREA P IENS.

ZZITHERLATNERS VO, A AD I, HLETE [t HEMHXHHETH TR W] BETHD, T 5 TH
Mo 72E, X (3), Table 5,612 L7z o T Z, 2EHT H2MERHDL WO HTHD. —H, Z OLFIFEMIIAZS
3, Table TIZR U7z & DIZZEDNRR—=VIdE4 10FETH D, t HABWEDNN R =2 B PIEHINIHEE L TWA 7
b, FBIIZRHTZ, 2 ANF R 277 TL.

DL EDE#@RD S, AR TIRE S N RBIEE EOBRMAEE T IVIE, R (9), (10), (11) 12 & > TEAML X N 2 IRAEZE
ETNTRTZIENTES. 5612, R 9), (11) £ VBB AR - BHIAGRXTESEEMENEALL, X (10) & b #HELH
ZIEBADAEIZHES 2 & 55, Kalman® OJEH - SFIE 7V IV XA 2 ik z W TEBEEE x, PRHIT A —4
0 = (@,,7,6, 01, b2, w, @, ) DHEENAREL 7255

1538k - FIET LT XA 2 BAEIC O WTIRAHERS IR,
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Table7 tBHEOAL VY —KRE Z, OBERK

No tAHD AL > &=k Z,

1 BH, GHITHWFRTH R [t 1000001 0

2 ELAEIOETE [I 1-a « 0 0 00 1 0
3 KIEH DHLH [t 1-a 0« 0 0 0 1 0
4 KIEEH DB [l 1-¢ 0 0 « 0 0 1 0
5 AWEH OB H [t 1-a 0 0 0 «a 0 1 0
6 SR DL [I 1-¢ 0000 a 1 0
7 | EHTRVWARHT, »OBHAAHRA [1 1-g-y 0y B 0 0 1 0
8 | BLHTAWKEAT, »OBAIGH [1 1-g-y 00 y g0 1 0
9 | HHTRVWKEHT, »ORHARH [1 1-g=y 00 0 y g 1 0
10 | BHTRWARAT, #2BHAMBH [ [1 1-28-y 8 8 B B y-B 1 0]

ARETIE, B3 ECRESINZERNAMRET VEE 2 ETHN LSO LT — &, @ hiBEkE T — 2 0Em L
TR, RO NN T A =R EBIELRBDHERTRIZOVWTERET 5.

41 NI A—%

Table 8 13785 A — R DEBAHENM 0 % £ L DB D LA, BLHBE - SHATHNEOFMEE2 KT /85 X —% 4,8,
P IFZENTH 0.622,0.374,0.348 T, WTNEMENCERTH D Z b0 s, ZOMEL S, FHOGH IXEROH
e H OMEHZIRIZH 62% FELL TWD Z &, SEHOBLH FT HIXERT O (1) H OB H &R 37 (35)% FELL T
WBZ X, SHENR & 0 B H T HZDER O 5 HEMMEATE D (62% < 72 (= 37 +35)%) & bh 5. E, SHRER - #i
H BT H SR OREBUE AR > TEL BV DI, UE RIS ET NEHIZBI 28R THE720, SIHEOMLF %
ZRUTHBPIREEZEZ DHBAREZ VD LEEZ LN,

% 72, BOKEIZHT 555 LD HIRARE S 13 —0.216 THEAIZEE TH S Z &0 5, KRN Ilmm BNd 2 &
CEEINIZIR) 78 RIER 216 MR35 Z b s. ZoMEIE—F/NI w5 1cBbh s, 1 HOBEAKED 50mm T
H LT EI13H 10,800 FIEA 2 Z &, st &GS D58 B 50,000 FITH 5 Z & AN, H L TRET
ERWVEE WZ . X 52, AR O H R 1, o 1Z L5 S BMFHNTHERE TRV I L2 o, RRHIKS A
78 FIZ 5 2 D50 Y HABEDTE BT L T E 5.

BRI, RSy, e H R, ARAIR A ATBES 2 IEMELE DRSS O, &, 6 2 HERT 5 &, TN E 1 0.787,
0.009,33.412 THBIZ L6, o L HAFHNKREVDIEAHAILD T, £ DRPMEMES, B> L EZLHI/NI VD
DIRASIEBED THZ Z e Rbnb.

Table 8 /XS X —9HERER

& B % 5 é1 $> o & &
0.622* 0.374* 0.348* -0.216* 0.001 0.000 0.787* 0.009* 33.412*
(0.004) (0.004) (0.004) (0.080) (0.040) (0.000) (0.459) (0.000) (0.797)

1) FEIMAN OBUEIZ KN T A — R OEHERETH 5. 72, « PN EINTVBHEIE, ARUKE 5% THREAIZER 5 3=t > XAV £1.96)
THHILEEKRLTWAS, £72,6 O¥AIZ TTH/mm) , o, &, 6 DEAIE [T, 4,5, 9, 1, o FBELITKFE L8, B, K85 A —&
DFEHERE D BALE, SR T 2N T A—RDOHEALL[F—Tdh 5.
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4.2 BIELH

WIZ, AV Y T ANV RIZE > THIHE N ZERPTOVWTERT S, Fig. 3 EEIER (2) TEHZ I NEAIS D
RERIIHERS 7203, M X RARINTIT R 2 EFMEHA Z /R L TWiz Z b h 5. BARIIZIX, 2016 RIS 7
MU R THB T2 IS o200, EIZAS L 1 HHEL EF U, 2017 F£ITIEKREORIHT 5 75 5 THEEDK
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ERELUTWE. 7228,2018 4 2 A FANZMEA RS BNEE L TWE A, ZTHIE 2018 4E2 A 5 HH 5 8 HIZH I THEAR
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2 M5 3 ) LIEEIZE o727 8 A0S 9 BT THRKE MU, #ERE LT 1 55 THiELE EEML
TFTWwiEP,

Fig. 4 EBIIR (4) TEBINZIEH R ORRINMER 7208, TMIEER EWMET T 2235 2 £ 0D 2RNIZE
BN <, ZOMBIXRENTH D Z &hbh 5. Fig. 4 TEIZA 3) 0FE 211, 3 HTERINUH B LU
HetHR R ORERIERL 7203, &5 5 OEFIEL MO TN <, RATH 400 REETH B Z &h 56, FHOMH - #fiH
BT & W o DD GG DS BIZ5 2 2 MBI TRHMTH 2 2 L RS 7410,

5. 1 i

AT, 78 LIZFE L5 2 HEENOREP T OREDEAWEIET HEHRET V2T L, FHFUZBEE T 58K
BIEOHRGE LT — ZIEA L7z, ZOFER, €TV ERMRT 5357 A — X Mdrsy, BHZRKS, #LH - HLHETH
B3, RIGGr, AR DHERIZEII U7z, 8T A — X OHEERE R S, - H OHLHIZERT O HEEH OREH R RIZH
62% LU TWa Z &, FHOHHFTHIXERT O (1) BEH OREH R 37 (35)% FLLL TWE 4 L, L&
FOMEDH 2 Z &, BKED Imm 81T 5 & 78 RIEH 216 IR T 25 Z LR EDVHS L2 o 7z, £ 7z, RIS &
Drg bbby RIEEL TP 22 ERERICH L 2 8, HF (6 AN 5 8 A) PERIIRE LA T L2, MFE O An
5 11 H) IMERT 2255 2 LRI N7z, & 61T, RIEEMIRBUZ K> TE 2 HFELS B EEZHL FIFs 2
EAVHIHL 72, —J, HPVFHOMH - BHETH & \Wo 2 EN5E LIZGE X 5B EMO TR TH L ZEVHS ML
Rolz, ZO XS, AR TREINZET IV EANVD Z LT, ERIFBGOHE Wo BT UNEESNT IR o7z
AREEE 7e EORE FRINICILET 5 Z AT RE L o 7z

— 1, K TR T E L o PRI NT VWS Z L L HETH 5. D OFER, RIS OLEF)H35e LA O
K32 HOTWD Z &, YEEMITIERIFHENA S N n 2 AR I Nz, 2 ORRIT, AR TRESI N2 ER L

#2018 4D AP O KigERGH 0 2EA1E, FrBi R % s 03 2200,
HO ML DER S b, AR A O RIS 2R 7227 T 70 ZDELRIZOWTITHEET 2. b, YEHEIHEES KT 22 L TAFTE 3.
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Wz d, DN RIEEDNRE L T BB S XY — A DB XS S, SRR DB S IEAR MR R MR TD I N
VEASBIMAR R E L WS ZEREMIKRT AMBERDH DI ERIEBLTWS. LRUERLKS, T0 &5 I E NN
BRIV T T4 VIR ENBEL R E720, 5HBOMEE L2\,

El 22

ARWOUMEIZHY, BERRNEE WWERT), DN REHREEHERE 1 £O0EAL 72 -0~ X0 %<
DHMRIAY N2HEE U, 2 UTEHBEL EITET. 8554, ARHIZH D SREED IFTTRTHEHIC
#9HHDTY. b, AiFSEIL ISPS B JP18K01550 DBk %2321} 7% D TY.
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i %

RTHERINTVD XD IC, AR TIRE XN BRDEE T IV, BIE A 7 ZARLRIEZE R E 5L (9), (10), (11) 2
FoTERMETES. 22k v, Kalman® DBAF U =BRT VT XL (AN T 4 VR, AN VA L—Y) 2 H
WOBHEAROMEDAREL 725 . AR TIE, ARDPNEIZ U720 > TERELE x, E RFINST A =& 0 2 #EHL 7~

FIE1: ATV T 48 (BETILTY X L)

AN T4 RIE, LS  E TOBMIERS yi, = 055, ...y 2V TEELE x, OIEBEAHE
xt‘[ = E(x[|y1;z)y Y)}%/ﬁﬁﬁ& Pt|t = E[(xz - x,‘,)(xt - x[|,)’|y1;t] %§+%Té : t 72 EE/‘JZ bfb\é 7711/7 \/ 7 ’f }l/ﬁ ti, 1
S T W E CUTOFHER M0 IR LITT 540

Ni—1 = Yi — LiXg-1 — Mz, Fy = ZtPtII—IZ;» K, = FPt\z—IZ;F_]

tl—1°

Xt = Xg—1 + Ptlz—IZ;F,Tfl_l’]tlz—l, Py =Py - Ptlt—lz;F_l V\Zi Py, X1 = Fxyy, Py = FPIIIF/ + ROR’

tlt—

Z 2T, Qy1s Frmr 13,y O PR, FHEEDHE ZNENEIKT S, £72, K 3NV U7 v EBEND. 108,
ERT7 VTV XLEFRCEHE S N RE, BAHEE R N7 VAL —FRITRHIE T 5720, FHEBICRFEL T
BALENRD S,

AFETIE, SEREEED FHEEMROR TREND Z e 2 MU TRERFHEL, AKXV T A—R 2
T D, ABREREEIL, WV~ 7 4 VRFATRIZER I NS gy, Froy ZHWTBFO LIRS Z LN TE 5.

T | 1 <
L) = ) log2m — 5 Z log |Ft|,_1| -5 Z n;‘t_lFt_‘tl_lnﬂ,_l (12)
=1 =1

ARG T, FEMEREBUEGEIL 7 L 3D X L2 % A OO EBIE (12) Z8REL, R (12) 2Rk L 25 0 2k
T O L35, 7, RAHETEME 0 1%, NV~ Y A L—FEIFRTMEAT 5 720, GHERICIRE L TB L BB D 5.

FIE2: ATV RAL—Y (EBETILTY L)

AN AL —=HIE, 1 o T & TOBPEERS yi.r 2502, x;, v, OFRCEIRE x7 = EQlyrr), vr =
EWlyi.r) B Pyr = E[(x; — x40)(X; — Xq7) [Y1:7], Qur = E[(v = var) e —vyr) lyir] ZEHRT 2 Z e 2 HI L
LTWB. IV Y AL=TIE, AN VT 4V REGHCEE S N2 g, Fyot, Ko Xgot, Py & RAHEENE 6 %
W, T IS LI E TUAFOFRERERE DR L HEGT 515

b; = F. 1 — K., D, = F!

tlt—

| + KIN.K,, vir = QR'r,, Qir = Q- OR'N,RQ,
r1=2b,+ F'r, Ni.1=Z,D,Z,+ F'N,F - ZK,N,F - F'N,K,Z,,
Xqr = Xg—1 + Py1141, Pyr = Pyy — Pyt N1 Py
ANV AL=FIZ Ko TRHEI N xp, Pyr 1, AVI VT 1 VR K> TEHAEI N xyp, Py £ 02 OIEHE

FHWTEHBEINS 20, HERENE W EDRHSNT WS, TDD, A TIEANT Vv A L—F DR E HWNTHN
{152k & U7,

ML pu<v 7414 LTI D EROMIMME L, BRI X x1j0 = 09, Pyjo = I U7 72720, X100 D1 B S H (2016 41 A
8 H) DIE L4RHH, Py D 1175 1 1K 133 o Gl o 5¢ EegED /e Uz,

B2 BRIl LAY 7 b =7 H LT 4 75 V1 GAUSS 19 £ MAXLIK 5.0 T»H 5. £ 7=, IR BB #/L 7 )V 2 X 213 BEGS %
U 7. 28, Rk % FUT T 2 OO, o® = 0.5,89 = 025,90 = 025,60 = 0,4 = 0,40 = 0,0® = 1,a® = 1,6® = 33.989
EUTz E72, N5 A—REM O IZHN D BGEIE TV REZHVTREALZT>TWVWS. FLREZODWTIETE D 0 Web il
(http://jfa.main.jp/journal/journal-backnumber.html) % £,

B3 L= VALY EFEITT BEOYMMEE, rr = 09, Nr = 09y & L7=.
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