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Customer Lifetime Value Model that Accommodates Cyclic Purchase Behavior:
Overcoming the limitation of Pareto/NBD models using Complete Purchase History

In non-contractual CRM whereby customer churn cannot be observed, BTYD (Buy Till You
Die) models permit one to infer the churn. Amongst these models, the most popular one,
Pareto/NBD posits strong assumptions on purchase behavior in order to allow its model
estimation from a minimal amount of information, namely, customers’ recency and frequency
(RF) data. The assumptions, however, place two serious restrictions. First, the Poisson purchase
is not appropriate for stores, categories, and products that exhibit cyclic transaction behavior.
Second, the independence of two gamma mixture distributions for the purchase and churn rates
ignores the association between purchase and churn behaviors.

This research proposes a customer lifetime (CLV) model that can accommodate both
memoryless and cyclic purchase behaviors from customers’ complete purchase history.
Identical to extensively studied Pareto/NBD and its variant models, the proposed model
assumes random churn and stochastic spending per transaction following a lognormal
distribution. In contrast, purchase behavior, to address its cyclicity, is captured by a logistic
threshold model. This CY (cyclic) model provides customer-specific marketing metrics that are
useful for one-to-one marketing, including CLV and purchase cyclicity.

Using purchase history from hair salon customers, the proposed model (CY) is compared
against two models, both of which assume memoryless purchase: one is an individual-level
Poisson purchase / Exponential churn (PE) model, and the other is a Pareto/NBD that captures
customer heterogeneity through independent gamma mixture distributions. CY model resulted
in superior performance over PE and Pareto/NBD in terms of both fit/prediction and parameter
estimate. In order to demonstrate application to a retention tactic, the model derived customer-
specific optimal level of interception that maximizes the return on CLV.
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x3: RIEHVFEPOBRREHREBREHEOFARE
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BEEH correlation 0.6446 0.6197 0.5770
MSE 10.4191 10.9865 16.8072
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MSE (x 109) 1.4038 1.4466 2.2449
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LT PE DERABIEE n (X, 0 DEATZEMNICZ L., HELFLZE (IZEREHLK
L)) THo= (H9), FDEAIK. CY ETILDOHEEN. 4 DL LOBEERR (D
FUBBERHSEULE) LV —DT—2ZFE>TVSDITR LT, PEETIL
TIERFT—RIZEFENS 3 DDIEH (BERM. HEHM. VEo2—) Eithd
HESNTWNEE=HTHS,
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= EICRRANSHD &K ST,

MR EABEANICHEL TS CY & PE TIHBEESTNEELLW=O, /AT A+
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HERLZOT, EE (BAFRE) LYBLLGEEZEDSIEITEELTAHLL,
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—-6-— Pareto/NBD
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041) Z &L RHB,
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5. 8
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b

K

m
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0

avespend

cyclicity

pactive

(e

me

CLV

coupon

6.330362

0230804

3.56E-14

16603.58

0.295763

19249.19

0347092

1277135

2458459

1832483

5829912

0.159729

3.67E-14

21008.3

0.128693

22405.08

0376384

9.472844
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4697085

0.15349%

349E-14
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391E-14
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0.105657
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1.186925
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304
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1685.743
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3240

0

3240
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3240

0

3240
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1461.045
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307

0.996714

0.023422

0.00745

1080

0
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2.204469

0022021

0.053854

56.1624

3240.152

926.6464

average

1540367

0.160521

0.000506

9.09584

0.12344

10504.25

0486755

0.888215

6.250155

66525.39

509290.4

487.8623
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47.15214
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0.007901

10.083%

202569
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1
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1832483

4759.15
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0.017802

2.54E-15
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0
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0
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2016 £ 7 A1 HRRIZCB T AEFEEREIIBERIZK 5T 0.00053~1.0 L XELELS
M. EH1F 08882 DT, 1 FRDTEHBMAREIL 11.2%I2H 5, BEA—X EFEIN
DEFELTVWIEEZDOHEASF AL, 273 (=307x0.8882) & THS,

cyclicity (A#it4) 2R 5 &, HEMLEEDNSS. READBEIFIBEMRD 1.49
BELAAIZ I0NDHERTRET 5, - LREIDEEN 0%DHEETHREY HHARA.
FHBEERROD 1.05 ETHAHARVMGEEN . FHBERRD 452 ETHLHIER
AIMBRREF T, BAZEXEN., —EH-YDOHFEEEREE. FHH° 10504 A,
AN 26302 . /NN 1080 ELZ ST, HRYESHIIE, /85 A—%{ab, u,m,
SIDHEEETH D

BEEHEFNAELT. BENEMR L TUWVHE, RELAN)LcIT& > THEE r(c) TH
UREHE8 D& ST IEHAIRZESE X D (k=0.000981), 3. A4EITH~AF=LIIZ, C
DIEBEROAAKE, RRICITREBITELGZETHET . X 8 DFEMRIL. 1000 AD
D—ROBRE)ZEMNT A LIS > THBBEDHDIFURE A, LW HEEE
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8. HFNAREEE c LBHEE r(c) DISEHEIK
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0.8 =R ..........................................
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1000 ¢
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6. &R

ARRTEH. FRT ST 2 ZRINDCBAAXDBENRAEZTDEEEEAT-BER
EBREICIRT D EICE > T, AHMEDOHLBETHICHLERN L-FRTETLE
MEETILERE L ETHAENEEEITHETILBIYD ICEDE 0D Pareto/NBD
RETIVEFR, BRES AL, 1TEISYDEEEEIBENTHHBERSAICL
EHSERET S —AH. BEIRAHEICHE T SL3HM-LGETILEZREL .
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[ZKkDEETETIL (Pareto/NBD) & TLHE L1z, TDHEER. T—2~D T4 v EFHI
FREICELTH. "IA—FDHEREICEALTEH., IREET/LA Pareto/NBD > PE
KYUEBN TV,

ZLT.CRM TOEEFEEL. BRHEFNAANDICAHGIZ R LTIz, Tl BE
DBt L TULV=EE. TALARNIL ¢ I2&2Tr(c) ODERTEVREDES. CLVD
BIAZRKICESIRENALANILc* ZBERAMIZEL LT,

SEOMEILFEDARE LTIE, BEMRICHELEZ HHBAEHEZENH-Y . BHE
23 L COEMEICEHT HRBAEREHAATEEBIEGENHA S, F-. AMET
(FEMIED-OHIC, HEETHOBEBE BRI O ER E2E T O ANERFNTIEIH
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CLV#H# & YIEHEICHTE T H-OICHRILDTH A 5 51X 1L Jen, Chou, and Allenby (2009)
Tk, EEOSVWVEEORIIREIOEBENENS EVWSHRRZHAL TS,
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1%
1. £FHEER (X4) CLEEHK (X10) OFEH
AFERFT ARSIV —ILEFO>THEEBENK ALDEIICEBHTES,
P(z > T | B E BIEE ) = P(alive | history)
(A1)

B P(alive & history)
~ P(alive & history )+ P(dead & history)

CCT.r[TEFRRE. T IXEASRTH S,

AT« IBEETILTEK., BERRREEOZRBZERH G) LZEBS g@t) FX
A2 TREND,

—a-+bt

e
G(t) = p(t) e

A2
= _dG(t)

g(t) ot

ZIHhBRALDHE® 2 EIZ. FhENLTIZHS,

P(alive & history) = P(t. interpurchases & nopurchase between [T —r,T])
=]Tott)a-G(rle

P(dead & history)= f P(t, interpurchases & nopurchase between [t,,t] & dieatt [t , T])dt

=TTo@)] f-GM)}ue ™ dt

Lf=h\>T. EFHEREIIRK 4127435,
1-G(r)

r —ut
L-G(n)}+e | efbt L

@  PlaiveatT)=
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FE#TE.XALOSBIEDOT, R 10 TRES,

R
(10) L(a,b,ultn,nT)OCl:[g(tn)e"T{{l—e(r)“eﬂr : e-iebt +1dt}

2. (X5) ® E[y] wherey =min(r,w) DEH

E[w] = E[w | 7 > W]P[r > W]+ E[w | z < W]P[z < W]
— we +Tt ft]t<w)dt-1-e*")

1-e™"
)7

e

where f (t|t<w) = —
1-e™

(O<t<w)
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