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Estimation of Dynamic Effects of Price Increase on Sales Using Bayesian Hierarchical Model

Abstract

Estimating the effects of price increase on a company’s sales
is important task faced by managers. If consumer has prior
information on price increase or expect it, there would be
stockpiling and subsequent drops in sales. In addition, consumer
can suppress demand in the short run. Above factors make the
sales dynamic and unstable. We develop a time series model to
evaluate the sales patterns with stockpiling and shortterm
suppression of demand and also propose a forecasting procedure.

For estimation, we use panel data and extend the model to
Bayesian hierarchical structure. By borrowing strength across
cross-sectional units, this estimation scheme gives more robust
and reasonable result than one from the individual estimation.
Furthermore, the proposed scheme yields improved predictive

power in the forecasting of hold-out sample periods.
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FHof] % 7 5.8 (sales promotion model) 2. 2 -8 1Hd & o] gk}
D7 Zkel] AR ARl HE, FE, AE, FE S
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QA% vpekst AlAlA Aol A Q] 9l TH(Neslin, 2002).

Leone(1987)=  Box and  Tiao®] o] & 2708
7 91 4] (intervention analysis)= ©]-&38}o] ©@7] FufF o]
dojEEe] Wsltel] w A= JFE A3t Doyle and
Saunders(1985)= Al 2~8l 98k (system dynamics)oll Al %
283 ARMARHS o] g3t HfE21EF
o] ¥ & Y(carryover effect)9t 412 Zdof &3l @AY s}=
Ay &I (lead effect)ys EH3} 3FSITE Thompson and
Noordewier(1992):i= Al A4 &4 WH S o] &35} FulF 3o
- S7AQL W Frkek AR ) RAE FASta
A F JF ofFE Frrersivh. A ATelA
gl Xl vl 31 GF 7 AHE vl 54 ®stel =,
AR AuAZE FHE d9EVE 7S (purchase
acceleration), &4 #AwFH319 S 7] & FHE

A718= Tl 7S (purchase deceleration), A A ZH 23k <F
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et al., 2000).
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¢’ (BY1-B)'s, =0"(B)e,, @, ~N(0,0,)

Y - 0,t<k Y - 0, t<k

YL >k M-kt >k
3 0, tzk—1

YO =kl (1)

vt AR B, ke HA A B AA, T 35 A

AQel o vhehilth, &= ARIMATH & mh2 = 9 34

) s s B R - Bl = A S h e R = i el =
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S X4 fHlS 4 B 8 EQ0ve FHE 2

]:]'. ;ﬂ](ﬂ’ Egéoﬂ}ﬂ E‘{’: b] ) bz ) b} > b4 L‘:“Z—}'Z‘]— 7}-7—:]1?_]_}:;— O]

by bys by by o) 2715 AR MRE 5 AT <1
Aot 23] B4} whulj ek w3l A st Zlo|t).

»

- 799 -



N DN
o O
o O
o1 Ol
T g
o 4
ey
= of
[
= &
© 2
ot
(‘){HN‘ r‘;
m
s
= ok
& g
e
M
ht)
of
offt
1%
rif
=
i)

Zh= A S AE A
2 A RS RS A E 8

(exchangeability)S 2Jv]slw, o]e] 7]qk3t
power)®ll &] $t o] A} F=7d ZF(estimator)> 771 (robust) 3l %1
o} (Lindley and Smith, 1972; De Finetti, 1964). #]©] 2]} THA| &

28 FALs MAIE 247+ 0] B 9) 2 B (hyper-parameter)

—~

5 Aol o A ARE ol &sto] xEFE FA S
b o] H M FFEAE 71D F vk NE B 5
e 2Rg e ARE wgo R /i AR B3 AR
EEFFetnE A B0 FAA FEE 71dE 5 3l

Aol T AES LT 7H ol dufjab= 7o)
o] 7HA S IR o]l whE 7} A 9] =9 WS} el
e A S 7 oz Jodck wolAqk tAF
ZR o5 R 2SR BdHE 35 o] EA5)
IO ZHE] 7} A9 BT EEETE <2 2> Aq BF
S Ho| AR AT EE o 7 AR Aot

Y, =u {qu“ +b,; .qu:,J Xy, by, X, b+,
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AR o Al A D xF (time-

.-
=
series dimension)¥H-& ©]-&3t1 §l ot Hlo] Xt ThA|F &

2 wmAgste oudt} =k AFEFAARA )] Bl < 01&6}0% )k 2} (cross sectional dimension)2 7l 1
sl AT =2 A A 7 5= 9l
(b, +b,) 12 714 o] A Hatd 49 4 } ]i1 e & O]?H 'M
I vh(A191 1601 R th <2] 2>9] wlo] X ¢t AT RE S 4 3t7] 23ko] Gibbs
Ftr 2| 44.7%(A1 S5 16) 60.3%( 6) Eay = Sampler® A} 2319101 <A 357 o] AR EEL
2RI o] T TS Trhte BE A YA midnt A o
N (prior distribution)E 7 ¢] 8} 31 T}
Wb s 9l om o] = ZhA QI W W] A 2H $F Wl
<3 1> /W8 374 (individual estimation) 2 2}
[ b1 bz bz ba RMESE R-Sguare

ALl 6,728 0.9360 —0.4025 0.6062 0, 15499 0.4777 0,779

ALz 24,985 00,9381 -0.4113 0.5228 0, 18306 1.3744 0,853

A4 3 12,207 0.9558 -0.3887 0.5999 0, 16346 0.7309 0,811

AlE 4 &.9281 09318 -0,34985 05869 0, 19801 0.8937 0,768

A4E 5 4,866 00,9138 -0,38268 0,4734 009643 0,3976 0,628

A9 B 7,490 0,9485 -0,3454 0.5697 0, 17702 0,4224 0,808

e 7 4,451 0.9475 -0.4202 0.4899 0.20645 0.3538 0,733

o 11,692 0.9168 -0.3641 06767 0.22447 0.7646 0,805

=9 33,827 0.8681 -0.3860 0.4165 0,25061 2,2986 0,831

A= 10 3,485 0.9364 -0.33E8 06412 0,19749 0.1992 0.811

=g 11 11,489 00,9860 -0.4885 0.5073 0,191 0.9083 0,750

A1z T.099 09716 -0.4382 0.58086 0,16239 0.7771 0,588

A9 13 G278 0,9608 =0, 45390 0,6431 0,23363 0,6335 0,765

A9E 14 2,097 0,8840 -0,3731 0.4485 0,02028 0,1288 0,800

A9 15 6,797 00,9368 -0.4244 0.BE28 0,11334 0.65E0 0,721

A9 16 £.314 0.9324 -0.4845 0.4934 0.30762 0.4888 0,758

F) *:0.05 < p-value < 0.1,

~N(uy,0,,), o5, ~1G(a,12,6,/2) b ~ N(by,0,,)

o~ IG(abl 12,,,/2) b, ~ N(bzovazio) ,
o N]G(ahz/zﬂﬁhz 2) by NN(bSO’O-IJZ]O)’
o5 ~1G(ay; /2., 12) by ~ N(by,07,)

0'134 ~ IG(aM 12, B4 /2) (3)

3
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Foli 3 (inverse gamma distribution)E LERATE A}
gt mel BE A7 A4S weet

A= AR} 2AEFA] et} o] 9 e
74 2] 5-A] (prior ignorance)E WFF 3t v Y B AL EEH
<*(nom-informative prior) &2 5 A EEE T g (flat
prior)7} o] AF&E Xk 8] &Y A} 25w & 8<F(improper
prior)8! 7% 213 715 (identifiability) ] - #| 7} @AY & <= 3]

© M 2 (Gelfand and Sahu, 1999), & AFoM = JFEEL = 4
T 0¥ 2AF 10,0008 TR 3L, APHEE = 5 Bel] 0.001=
A tH(Congdon, 2003).
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<3 2> wlo| R AT EY 4 Ay}
b1 (s.d) bz (s.d.) bz (s.d) ba (s.d)
0.9450 0.0196 -0.4077 0.0284 05534 00416 0.1801  0.0307
oG sd) G (sd) o (sd) o (ed)
0.0031  0.0015 0.0051  0.0029 0.0073  0.0048 0.0082  0.0038
L bii bzi bai b4i RMSE R-Souare
FER 8,711 0,9488 -0.4169 05842 0,1680 0,4838 0,774
LER 25,000 0,9508 -0.4164 05457 0,1830 1.3874 0,850
LER 12,210 0,9558 -0,4003 05636 0,1707 0,7351 0,809
FEN! 8.991 0,9424 -0.4124 05724 0.1873 0,6999 0,754
EER 4,811 0,9498 -0.,4047 05451 0,1501 0,4089 0,670
FER 7.490 0.9612 -0,3829 0.5609 01775 0.4291 0,802
FEN 4,471 0,9523 -0.4109 05370 0.1877 0,3559 0,730
HER: 11.540 0.9292 -0.3872 0.5569 0.2030 0.7749 0.800
ER: 33.290 0.9097 -0.4045 0.5404 0.2143 2.4269 0.812
PR 3.484 0.9467 -0.3745 0.5456 0.1890 0.2020 0.806
AE 11 11.650 0.9720 -0.4336 0.5432 0.1793 0.9245 0.741
PR 7.143 0.9589 -0.4159 05618 0.1714 0.7799 0.585
FERE 6.305 0.9412 -0.4305 05832 0.1956 0.5451 0.755
As 14 2.052 0.9319 -0.4023 05377 0.1167 »  0.1403 0.763
A4 15 6.756 0.9468 -0.4185 0.5579 0.1554 0.5598 0.716
PR 5.374 0.9329 -0.4320 0.5449 0.2171 0.5066 0.740

) *:0.05 <p-value < 0.1, * $&: p - value < 0.05
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X4t = : Xg, = :
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k& 3 A) 7hA 4 28 A1 - (2001d 19), ki F WA
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=
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129712 2] G FoFg 58 A <E 3> gk <
H 4> FH G A55E T 22 YERd Aot

<# 3> 547

RMSE MAFE
Aezd  wolAUCAS AEEd  wolAUTAS

o) @ /D @@

EES 05258 05141 0.978 7.91% 8.24% 1.041
EEF 1.4828 0.1829 0.123 8.52% 8.74% 1,339
LEE 0.8979 1.4823 1651 7.22% 6.97% 0,965
LER 0.6325 0.3419 1,331 7.19% 7.58% 1,055
EEX 0.3027 0.7605 2.479 7.00% 10.77% 2111
REY 0.6942 0.1762 0.254 11.22% 14,38% 1.281
LEY 05222 0.8266 1523 15.43% 17.58% 1,126
EEY 0,9601 0.4211 0,439 8.97% 8.02% 0,394
EEX 3.0000 1.9548 0,652 13.51% 2.11% 0.304
EER 0.1990 0.8963 4504 5.72% 5.47% 0,956
24 11 1.7935 0.6256 0.349 18.44% 15,55% 0,843
A 12 0.9644 0.,4935 0512 18.19% 15,74% 0,365
7913 0.9549 0.8726 0.914 21.21% 16.54% 0.780
EERT 0.2898 0.5700 1,967 17.39% 10.19% 0,586
4 15 0.7036 0.8599 1.222 12,55% 16.13% 1,285
A 16 0,4680 1,1407 2,437 10,24% 8.89% 0,363
E-E 0.8995 0.7881 0,876 11.80% 11.17% 0,947
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