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Abstract-- This article presents a practical application of Life-
cycle estimation using the Bass Diffusion Model in the case
of a retail store. The results from the application of the model
show that the probability that a person will buy driven by ad-
vertising is 5%, whereas the probability of buying based on the
recommendation of another customer is 23%. According to the
sales Lifecycle results, the store’s monthly sales have stabilized
and its market share is near its peak.

Keywords-- Diffusion model, business Lifecycle, Bass, estima-
tion.

Resumen-- En el presente articulo se presenta una aplicacién
practica para la estimacién del ciclo de vida de una tienda mi-
norista a través de la implementacién del modelo de difusién de
Bass. Al aplicar el modelo se obtiene que la probabilidad que
una persona compre impulsado por publicidad es del 5%, mien-
tras que la que compre por recomendacion de otro cliente es del
23%. Al analizar el ciclo de venta del negocio se observa que
este llegd a un nivel estable de ventas mensuales y se encuentra
en auge dentro de la cuota de mercado que se tiene hasta el
momento.
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APPLICATION OF THE BASS DIFFUSION MODEL FOR ESTIMATING THE LIFECYCLE OF A RETAIL STORE

I. Introduction

Diffusion models describe the behavior of new
product sales over time. Numerous marketing re-
search studies show that product sales Lifecycles
follow a certain pattern over time, known as the S
curve. An S curve means that new product sales
initially grow quickly and later decrease slow-
ly over time until reaching a plateau in market
share.

Classical forecasting models are based on the
extrapolation of data from historical product sales,
but when no historical data is available, tradition-
al forecasting techniques are not applicable [1]. An
alternative is to use diffusion models, which are
widely applied in marketing [2]. The purpose of a
diffusion model is to estimate new product sales
before their actual launch [3] when no historical
sales information is available. [4]—[6] illustrate
the application of diffusion models in supply chain
management for short Lifecycle products that do
not have a historical track record.

The purpose of this study is to demonstrate how
to calculate the Lifecycle of a retail store, based on
a case study of a retail store in the city of Barran-
quilla, using the Bass diffusion model to find the
time at which its sales are expected to stabilize.
The procedure consists in estimating the model’s
parameters to then generate the Lifecycle curve
for the business. To this end, models will be used
to generate the business’s Lifecycle curve as an es-
timation to describe potential demand [7].

Diffusion model

Diffusion is the process through which an innova-
tion propagates in a social system [8]. Diffusion

models represent the form and speed at which inno-
vations are adopted. Diffusion and adoption among
the agents of a social system may occur because of
both internal and/or external influences [9].

Agents who are externally influenced, known
as innovators, are those who adopt an innovation
independently, whereas as all other agents, known
as imitators, are influenced by both external influ-
ences and the system’s social pressures [9], which
are generated by other agents who have previously
adopted the innovation. Interpersonal communica-
tions, including non-verbal communications, sub-
stantially influence the speed of the diffusion pro-
cess [10], because some agents adopt innovations
as a result of social pressure [11]. The work of [2]
includes a review of the different diffusion models
and their various applications.

In diffusion theory, it is important to distin-
guish between the individuals who adopt innova-
tions soon after their launch (called “innovators”
or “early adopters”) and those who adopt the inno-
vation in later stages (called “followers” or “later
adopters”), as shown in figure 1.

II. Methodology

In this study, the Bass diffusion model is used to
model the Lifecycle of a retail store. This model
was introduced by Bass in 1969, and it assumes
that the adoption by agents depends not only on the
internal influences of the system via social pres-
sure but also on the external influences such as
advertising. The variables and parameters used in
the model are displayed in Table 1. These param-
eters may be estimated based on expert opinion,
market research methods [3] or non-linear estima-
tions if time series data is available.
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Figure 1. Diffusion of innovations
Source: Based on [11]
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TABLE 1. MODEL VARIABLES AND PARAMETERS

N@) Fraction of agents who have adopted up to time ¢

Adoption rate of an innovator agent, or the
p probability of adoption by an agent externally
influenced by advertising

Adoption rate of an imitator agent, or the probability
q of adoption by an imitator agent influenced by
internal pressures of the system

m Potential market

Source: Authors.

The model takes the form of a differential equa-
tion (1), the solution of which (2) shows the cumula-
tive total of agents who have adopted the innovation
at time ¢. It should be noted that the Bass model
is the most used model in marketing for the esti-
mation of innovation adoption. In this sense, the p
coefficient is influenced by the marketing strategy
used by a company.

dN (1)
di =(p+qN(1))(m-N (1)) @
1 e—(p+q)l
N(e)=m g (p+ay &)
1+>e

The starting point for predicting adoption is
market research [3] and/or expert opinion, in order
to estimate the model’s parameters; subsequently,
based on the adoption information, the model’s pa-
rameters are recalculated [10]. Since it is not pos-
sible to estimate with certainty the potential mar-
ket for a newly launched product [12], a variety of
scenarios are used to describe potential demand [7].
The input parameters are estimated based on ex-
pert opinion [13], using the methodology suggested
by [14] analogous products, or management judg-
ments.

Code in R for application of the Bass model
1 DATA<-c datal, data2, -.)
2 ventas <-ts({DATA)

3 time <- seq(from = 1,to = 7, by = 1)
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A. Estimation of parameters

When sales information is available, it is also pos-
sible to find the current Lifecycle stage of the product
or innovation. [15] presents a non-linear estimation
procedure for adjusting the Bass model parameters
in order the minimize the estimation error of the
model’s parameters when initial sales information is
available, compared to that proposed by [9] based on
linear regression. The basic procedure consists in the
following steps:

1. Input the data

2. Adjust the Bass diffusion model

3. Apply non-linear regression (NLS) to estimate p,
q and m.

B. Generation of the product’s Lifecycle

Following the algebraic process described by [9], it is
demonstrated that sales S(t) at time t behave in the
manner displayed in equation (3), as a function of the
parameters p, ¢ and m.

S(t)=pm+(61—19)1\/(0—%(1\’(0)2 ®

This function is implemented over a Lifecycle to
estimate the expected sales or adoptions.

C. Computerized implementation for
the estimation of parameters and
generation of the product’s Lifecycle

The estimation algorithm was implemented by means
of the statistical software package R [16]. In the al-
gorithm shown below, the data is input in line 1, the
data is converted into a time series in line 2, and the
units of time are set in line 3. In line 4, the non-linear
model is created in memory. In line 5, the non-linear
regression proposed in [15] is applied. In lines 6 to 14
the Bass model is introduced, using as input the coef-
ficients estimated by the non-linear model in line 5.

Bass.Modelo <- Wenias ~m * ({p + q)~2/p) * (exp(-(p + q) * time)/{{q / p) *exp(-(p + q) * time)

5 ParametrosEassModelo <-nls{formula = Bass.Modelo, start = c(p = .83, g = 2.1, m = max(ventas))}
6  ModeloBass=function(p,q,m, T=1@@) {

7 S=double(T)

8 N=double(T+1}

a N[1]-e

18 for(t in 1:7) {

n s[t]=p*m+{g-p)=N[t]- (a/m)*N[t]==2

12 N[t+1]=N[t] + S[t]

13 T

14 return{list{ventas=5, acumventas=cumsum{s}))

15

16 FLM<-ModeloBass(p,q,m, T=12)
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D. Application to the case study

In March of 2017, a local retailer from the Atlantic
Coast area in Colombia opened a new store in the city
of Barranquilla, with 1600 m2 of sales floor area. In
this case, following seven months of sales, the ques-
tion is: At what stage of the Lifecycle is the business
currently at?

Even though studies of this type are usually done
with a greater number of periods, it initially provides
an approximate market position of the business, as
well as its stage in the Lifecycle, in addition to the im-
pact of advertising and word-of-mouth marketing. The
data provided by the company are displayed in table 2.

TABLE 2. STORE SALES IN 2017

Month Sales (COPY)
1 March 1,643,000,000
2 April 2,825,382,898
3 May 2,616,600,000
4 June 2,705,700,000
5 July 2,711,500,000
6 August 2,711,500,000
7 September 2,846,186,279

Source: Authors.

The behavior of the sales data is show in Fig. 2.
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Figure 2. Company sales (by month)

The procedure yields the following estimated
parameters of the model: p = 0.05189212, q =
0.2281213 and m = 33214792622 COP. This infor-
mation indicates that the probability that a person
in the target market will buy as a result of adver-
tising is approximately 5%, the probable buy rate
due to word of mouth is 23%, and the remaining
percentage are people who are not expected to not
buy.

Formula: Ventas ~ m * ({p + g)”*2/p) * (exp(-(p + g} * time)/{(g/p) * exp(—(p +

qg) * time) + 1)°2)

Parameters:
Estimate S5td. Error t wvalue Pr(>|t])
p 5.18%e-02 1.030e-02 5.037 0.0073 #*=%
q 2.281e-01 1.074e-01 2.124 0.1008
m 3.321e+10 1.036e+10 3.207 0.0327 *
Signif. codes: 0 “&&&r 0,001 “w=r 01 *%* Q.05 *.7 0.1 * " 1
Residual standard error: 338800000 on 4 degrees of freedom
Humber of iterations to convergence: 9
Achieved convergence tolerance: 3.983e-06
Figure 3. Model results
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Figure 4. Diffusion of the store
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Figure 5. S diffusion curve

Following estimation of the parameters for the
model, the diffusion model is run to estimate the
Lifecycle of the business, as displayed in figures 3
and 4. Based on these, it can be said that the store
is already at its peak: It has reached its maximum
level of monthly sales of close to 2.8 billion Colom-
bian pesos.

The company is advised to carry out a targeted
campaign aimed at increasing sales in the area of
influence in order to increase its market share.

V. Conclusions

Diffusion models are techniques used to forecast
demand for products when no historical data is
available.

The Bass diffusion model was applied to estimate
the Lifecycle of a retail store.

It was found that the probability that a customer
will buy in response to advertising is 5%, and the
probability of buying based on word of mouth rec-
ommendations from other customers is 23%. Upon
generating the curves of the model, it was found that
the business’s sales have stabilized.

Future research is expected to be performed on
the effect on products with S curves when products
are custom made through mass production in prob-
lems of combined models [17].
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