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An Individual Level RF Analysis based on Consumer Behavior Theory:

A Hierarchical Bayes Framework on the Pareto/NBD Model

ABSTRACT

This research extends a Pareto/NBD model of customer-base analysis using a
hierarchical Bayesian (HB) framework to suit today’s customized marketing. The proposed
HB model presumes three tried and tested assumptions of Pareto/NBD models: (1) a Poisson
purchase process, (2) a memoryless dropout process (i.e., constant hazard rate), and (3)
heterogeneity across customers, while relaxing the independence assumption of the purchase
and dropout rates and incorporating customer characteristics as covariates. The model also
provides useful output for CRM, such as a customer-specific lifetime and survival rate, as
by-products of the MCMC estimation.

Using two different types of databases --- music CD for e-commerce and FSP data for a
department store, the HB model is compared against the benchmark Pareto/NBD model. The
study demonstrates that recency-frequency data, in conjunction with customer behavior and
characteristics, can provide important insights into direct marketing issues, such as the

demographic profile of best customers and whether long-life customers spend more.

Key words: CRM, One-to-One Marketing, Bayesian method, MCMC, data augmentation
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D=7 47 (D hy— Ul =0T 0 7)) 132 OB O EEM:
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B2 HABOREEK L LIEEANA X2 T NAA~DILREZAT D, TOER /T A—=FIC
LR BEIER A 2 UE LTe~A AEYFEZITIEZE < OF TV TRIREN TR Y | #HEEN
B THD,
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[2b] zi=O0 3% | DEAIEE t O%., BUAE TR T K VAN L7 2 & 25k
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B A1 A ) 2 AR ZER O HAR (RMS) TREM L 7=, £ 2 122 ORERNHE ST
W5, FEFHLVLANATIEMET VOREIZETW DD, L5 L LDOEETIT
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CDNOW : 5 —#& Oitab szt

Fiy BEERE B/ B’
JE—FEEH 1.04 2.19 0 29
AR T(BH) 229.01 23.29 189 272
J—t2— (T-1) (BE) 181.09 77.11 0 272
NEEELE (FL) 32.99 34.66 0 506.97
# 2. CDNOW : EFNVDT7 4 v b
FEERE Pareto/NBD HB &5 /L
FEEH L L OIEE
FRBISRER WBEET — & 0.63 0. 62
HeET —# 1.00 0.98
MSE RRIET— & 257 2.61
HeET —# 0.64 0.58
EH LV DEE
SEd WAL — # 55.2 97.5
RMS
HeET —# 68.2 167.6
LT — X 61.9 136.7
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#% 3. CDNOW : EFNDHEREE

(Y aNOEFIT 25% & 97.5% DEREERT)

* I % THEEZRT

HB

fE R i)y -4.19
(-4.33,-4.06)

A VIHRE S5 3.16*
($107) (1.54, 4.79)

B =R i)y -4.36
(-4.60, -4.15)

1 P E S5 -0.042
($ 10 (-1.15, 1.06)

FHEAMREL -0.07
(log(A), log(w) ) (-0.34, 0.26)

JE L R -1385
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#£4 R_RZANI0BEEL YV —R N 10BEEOHHE

BESVY | FREY | BRTY | BFEEH | 1580 | BARTERR | REMETO
M) (M) MDFEH HER | TOEFHEE | HSFBREDK
(%)

1 0.793 0.0117 1.88 0.573 0.998 25.01
2 0.708 0.0117 191 0.572 0.996 22.28
3 0.523 0.0124 1.78 0.554 0.994 16.21
4 0.494 0.0118 1.84 0.570 0.998 15.59
5 0.442 0.0118 1.84 0.569 0.990 13.80
6 0.397 0.0123 1.81 0.558 0.985 12.27
7 0.386 0.0124 1.79 0.557 0.980 11.82
8 0.458 0.0128 1.69 0.546 0.757 10.61
9 0.330 0.0120 1.78 0.562 0.994 10.30
10 0.325 0.0121 1.85 0.563 0.992 10.15
2348 0.015 0.0157 1.44 0.486 0.503 0.18
2349 0.016 0.0162 1.38 0.476 0.493 0.18
2350 0.015 0.0158 1.40 0.479 0.496 0.18
2351 0.015 0.0155 1.48 0.493 0.512 0.18
2352 0.014 0.0159 1.37 0.481 0.512 0.18
2353 0.015 0.0159 1.45 0.484 0.505 0.18
2354 0.015 0.0164 141 0.477 0.495 0.18
2355 0.015 0.0159 1.41 0.482 0.502 0.18
2356 0.015 0.0161 1.39 0.478 0.500 0.18
2357 1.097 0.0165 1.36 0471 0.007 0.03
15 0.038 0.0149 151 0.502 0.628 0.75
=2 0.014 0.0117 1.33 0.463 0.007 0.03
™A 1.097 0.0169 191 0.573 1.000 25.01
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#5 T/8— b T—FOREdHE
Fiy BEERE B/ B’
JE—FESH 16.02 16.79 0 101
HAME T 171.24 8.81 151 181
—od— (T-t) (B %) 24.94 42.82 0 181
THEESEE (X 10° yen) 0.067 0.120 0.0022 1.830
FOOD 0.79 0.273 0 1
AGE 52.7 14.6 22 87
FEMALE 0.93 0.25 0 1
#6. TRX—h:EFALDT 4 F
B Pareto/NBD HB M3
FEEH L NNV DOIEE
EBIFRER WAL — # 0.90 0.90
HET—# 1.00 1.00
MSE REET — & 58.2 58.6
HET—# 1.22 1.16
EEH LNV DIEE
EEl RREET — % 222.1 213.6
RMS
HeET —# 3745 326.1
E-vababd 307.9 275.6
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#£7. FT— b EFNVOHEERER

(Y aNOETFIT 25% & 97.5% DEKEERT)
*X5% THEREERT

HB M1 HB M2 HB M3

WEAE sy -0.89 -1.92 -2.09
(-1.00, -0.79) (-2.27, -1.56) (-2.62, -1.56)

A NS 3] -0.18* -0.19*
RE SR (-0.32, -0.05) (-0.33, -0.05)

FOOD 1.44* 1.43*
(1.05, 1.84) (1.02, 1.84)

AGE 0.08
(-0.58,0.72)

FEMALE 0.15
(-0.22,0.52)

B R 1) -8.74 -8.87 -8.75
(-10.60, -7.50) (-11.53, -6.70) (-10.79, -6.77)

u -3 -0.33 -1.24
HEE&H (-2.39, 0.78) (-2.53, 0.72)

FOOD -0.73 -0.59
(-2.77, 1.40) (-3.14, 1.56)

AGE -0.39
(-2.73,1.92)

FEMALE -0.58
(-2.34,1.33)

FHEARE -0.14 -0.19 -0.12
(log(n), log(p) ) (-0.55, 0.29) (-0.57, 0.20) (-0.51, 0.33)

BB Bk -1695 -1682 -1650
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